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Introduction: 

The field of weed science is a relative 
newcomer to the agricultural arena. However, 
the innovations and developments that have 
stemmed from the research in this area have 
had a major impact on agricultural practices 
and productivity. With the introduction of the 
first selective herbicide onto the market, 
researchers ensured the continuation of the 
newly recognized science by demonstrating 
how significant herbicides could be in 
increasing producers’ yields. Today, although 
chemical weed control plays a major role in 
weed management and remains a key 
element of weed science, research interests 
have become as diversified as any subject of 
sciences. The goals of weed science remain 
the same, to identify and establish effective 
weed management strategies in order to 
reduce detrimental effects to agricultural 
crops; however, these practices now include a 
greater focus on sustainable agricultural and 
environmental conservation. Management 
strategies include an array of cultural 
practices and ideas that not only work to 
suppress weed populations but also help to 
preserve the environment.  

Challenges, like herbicide resistance, 
force the researchers in this field to remain on 
the cutting edge of technology and lead to 
even greater developments associated with 
weed science. As with any science, the 
dynamic nature of weed science will continue 
to present future researchers with challenges 
that require innovative solutions that may 
once again revolutionize agriculture as it first 
did with the introduction of herbicides not so 
long ago.  

What is a Weed?  

Traditionally, a weed is defined as any 
plant growing where it is not wanted. This 
definition can apply to crops, native plants as 
well as non-native species. If it is considered 
to be a nuisance where it is growing, it can be 
termed a weed. However, weeds are not just 
unwanted species; they can have substantial 
negative impacts when they are present. 
Weeds can effectively compete with crop 
species, can lower yields, increase labor 
requirements and, ultimately, increase food 

costs for the consumer (Klingman and Ashton, 
1975).  

Competitive ability by weeds is 
determined by several plant characteristics. 
One of the most common traits of a weed 
species is its tendency to be an annual or 
biennial rather than a perennial; this allows 
the species a faster reproduction rate leading 
to a higher fecundity (Sutherland, 2004). 
Other characteristics that determine the 
“weediness” of a species is the ability to 
colonize under high sunlight and low soil 
moisture conditions. Plants that have 
capabilities of dealing with herbivory as well 
as plants that have allelopathic traits also tend 
to be better at out-competing surrounding 
plant species.  

Some non-native species of plants 
are considered to be very weedy in nature. It 
is reported that some non-native plants can 
grow faster and bigger, increase reproduction 
rates, and can have increased survival rates 
when outside of their native habitat. This may 
be due, in part, to the loss of environmental 
checks that keep these plants in balance 
within their natural habitat. Genetic make-up 
also determines the ability of a plant to 
become weedy in nature; however, a genetic 
pattern has yet to be described (Ward et al., 
2008).  

History of Weed Science  

The science of weed control as we 
know it today is still in its infancy when 
compared to the other agricultural sciences. In 
fact, weed control received little attention or 
research efforts until the late 1800’s and early 
1900’s even though man has been plagued by 
unwanted plants among cultivated fields since 
Biblical times. For centuries weed control has 
been accomplished as a byproduct of 
seedbed preparation. Even the modern hoe, 
which is synonymous with weed control, was 
specifically designed by Jethro Tull to break 
up the soil to make nutrients more readily 
available to the crop’s roots (Timmons, 2005).  

Other early methods of weed control 
include labor intensive hand hoeing and hand 
pulling of weeds as well as cultural practices, 
such as crop rotation. Although hoe-hands are 
rare in developed countries, hand removal of 
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weeds remains the dominant form of weed 
control in many undeveloped nations. Rotation 
practices were largely replaced by 
monoculture systems and chemical weed 
control by the 1940’s (Appleby, 2005); 
however, crop rotation has become an integral 
part of weed management in organic farming 
as well as integrated weed management 
practices in conventional farming systems. 
Until recently, research to understand weed 
populations and attempts to control weeds 
within a crop went largely untried and control 
of the weed was left in the hands of fate and 
some very tired farm workers.  

Chemical weed control was first 
mentioned when describing the effects of 
mainly inorganic substances and their ability 
to offer some form of selective weed control. 
Some of the chemicals with herbicidal activity 
prior to the 1940’s were salt, iron sulfate, 
sulfuric acid, and copper sulfate (Klingman 
and Ashton, 1975). Many of these compounds 
were used extensively in Germany, France, 
and the United States within specific areas, 
but until the 1940’s, herbicides were not 
widely used as a form of weed control.  

Weed science received a major boost 
as a valid scientific discipline with the 
synthesis of 2,4-D by R. Pokorny in 1941 and 
its subsequent commercial acceptance as an 
effective herbicide. Until this point, research 
was limited in funding as well as in interest by 
the scientific community; those who did dare 
tackle questions about weed control did so 
neither with the chance of recognition nor with 
insight from previous research. When 2,4-D 
appeared on the market, it offered users a 
cheaper option of weed control that could be 
applied at relatively low rates and in many 
agricultural settings (Ross and Lembi, 1999). 
The characteristics of 2,4-D offered hope that 
chemical weed control could revolutionize 
global food production, in turn, drawing a 
great deal of attention to weed control 
research.  

The 1940’s and 1950’s saw an 
explosion of synthesized herbicides. By 1950, 
there were roughly 25 herbicides available for 
use (Timmons, 2005). By the late 1950’s and 
1960’s, enough effective herbicides appeared 
on the market to ensure that chemical weed 
control was a viable replacement for hard 
labor mechanical weed removal. In the same 
manner, weed science was guaranteed a spot 
among respected subsets of agricultural 
sciences. In more recent years, weed 
scientists have been challenged to meet 
herbicide regulations to secure a safe 
environment for future generations. The 

researchers have responded with 
overwhelming success in the form of 
herbicides with low use rates, low 
environmental residual, and little to no non-
target effects (Zimdahl, 1999). Glyphosate is 
an example of this technology; it was 
introduced during the 1970’s and offered 
excellent weed control at these lower use 
rates (Ross and Lembi, 1999), and with little 
harm to the environment as indicated in the 
ranking of the World Health Organization (see 
also: Land Use Management).  

In the 1980’s and 1990’s, herbicide 
introductions included new compounds at 
even lower rates than before, allowing for the 
total weight of chemicals being used to 
decrease even though herbicide use was on 
the rise. Weed science also saw the adoption 
of herbicide resistant crops in the 1990’s. 
Although this technology offers an 
extraordinary opportunity to increase crop 
yield throughout the world, it has been met 
with scrutiny that today’s weed scientists must 
research and overcome.  

As weed science develops into a 
more mature science, it is assured a place 
among the most important areas of 
agriculture. However, this is the only constant 
within the field. Weed scientists will be faced 
with an ever changing landscape of problems 
to undertake. Today’s weed researchers must 
be willing to explore the complex issues like 
herbicide resistance among weed species, 
effective herbicide use within conservation 
systems, organic herbicide use, 
implementation of integrated weed 
management and a score of other important 
issues within weed science. Not only must 
they be ready to face these issues, they must 
also remember that goals are of a global 
nature. In order to meet ever increasing food 
demands, weed scientists will not only have to 
keep an eye to the future, but also to the past 
since many nations still labor under these 
conditions.  

History of Weed Management  

As more and more researchers begin 
to explore the realm of weed science, new 
ideas and technologies have emerged that 
have drastically altered the approach to weed 
management. In early agricultural production, 
little weed control existed except through 
tillage and/or hand-hoeing. Agricultural 
mechanization efforts largely ignored weed 
control implements until 1914 when the 
rodweeder was introduced primarily for weed 
control (Timmons, 2005). During this time, one 
farmer could provide food for just six other 
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people. As technologies improved, including 
weed management tactics, the number of 
people a single farmer could feed would see a 
sharp increase.  

Until the 1940’s, chemical weed 
control was practiced mainly in agricultural 
and non-crop situations in Europe. Some of 
these inorganic compounds, including: salt, 
sodium arsenate, carbon bi-sulfide, and 
petroleum oils, offered weed control but not at 
highly effective rates. This less than superior 
control, coupled with the large acreage 
available at the time in the United States, 
limited the American farmer’s adoption of the 
slightly yield-increasing inorganic herbicides 
(Zimdahl, 1999). By the 1940’s, however, 
much of the United States frontier had been 
settled and the population was ever 
increasing. These factors made the timing of 
Pokorny’s synthesis of 2,4-D in 1941 a major 
herbicide discovery rather than a passing 
novelty among heretofore uninterested 
farmers. The commercialization of the 
compound in 1945, which was relatively 
inexpensive, could be applied at low rates, 
had a broad area of uses, and was relatively 
well received by farmers, spawned an influx of 
interested developers into the herbicide arena.  

By the 1960’s, over 120 herbicides 
were available for weed management. At this 
time, however, public concern over health and 
safety issues with herbicides and herbicide 
residues led to growing pressure on chemical 
companies to develop herbicides with 
increased efficacy at lower rates, less 
residual, and less toxicological effects on non-
target species. In 1974, when Monsanto 
introduced glyphosate to the market, the type 
of herbicide desired by government agencies 
and portions of the public had been achieved. 
Because of its non-selective nature, 
glyphosate was used mainly in non-crop 
situations or prior to crop planting in 
conservation tillage practices.  

By the mid 1990’s, weed control 
would once again receive a boost on par with 
that of the 2,4-D discovery when glyphosate-
resistant soybeans were introduced in 1996 
(Green et al., 2008). This technology allowed 
for the use of a non-selective herbicide within 
a row crop setting without injury to the 
resistant crop. Introduction of other resistant 
crops on a large scale, as well as the sole 
dependence of some farmers on this 
herbicide, has inevitably produced glyphosate 
resistant weed biotypes. This development 
has required the swift adaptation of weed 
management research and protocol. Most 
recently, chemical companies have worked to 

design an herbicide resistant crop that 
contains resistance to multiple non-selective 
herbicides. This feat would allow farmers 
greater flexibility in herbicide choice, reduce 
dependency on a single herbicide, and reduce 
selection pressure toward glyphosate-
resistant weed species.  

At a time when farmers face the 
potential loss of certain herbicides due to 
resistant issues, adoption of alternative weed 
control tactics has been touted by weed 
researchers as a means to control weed 
communities as well as to prolong the field life 
of certain herbicides. These alternative 
measures can include: biological agents, 
mulches, use of allelopathy, cover crops, crop 
rotation, and soil fertility manipulation. The 
combination of these weed control tools along 
with conventional chemical control might 
provide effective weed management while 
preserving important herbicide formulations 
for future generations.  

Much advancement has been 
achieved in weed control since research 
began in earnest. These achievements have 
not come without complications and defeat, 
however, advancements have still been made 
and improved weed control methods have 
allowed farmers to witness dramatic increases 
in yield. As the world’s population continues to 
increase and agricultural land diminishes, it is 
imperative that the research in weed 
management progress with the changing 
agricultural needs to guarantee adequate food 
for ourselves and posterity.  

Weed science in Indian scenario 

Agriculture is the mainstay of Indian 
economy because of its high share in 
employment and livelihood creation. This 
sector supports more than half a billion people 
providing employment to 52 per cent of the 
workforce. It is also an important source of 
raw material and demand for many industrial 
products, particularly fertilizers, pesticides, 
agricultural implements and a variety of 
consumer goods. However, the share of 
agriculture in the gross domestic product has 
registered a steady decline from 38 per cent in 
1980-81 to 24 per cent in 2011-12, which is 
quite alarming. But, high dependency of 
majority of poor makes this sector all the more 
important. As of today, India has about 17 % 
of the world’s population living on 4.2% of the 
world’s water resources and 2.3% of the 
global land. A large proportion of India’s 
geographical area is under cultivation, being 
51%, as compared to mere 11% of the world 
average. However, the present cropping 
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intensity of 137% has registered an increase 
of about 26% since 1950-51.  

India has made impressive strides on 
the agricultural front during the last six 
decades. The food grain production increased 
by about 5 times from a meager 50.8 million 
tonnes in 1950-51 to an estimated harvest of 
about 257 million tons in 2011-12. This 
increase was achieved despite the fact that 
the net sown area has plateaued around 145 
m ha since 1970s till date. Similarly, there was 
not much increase in the net irrigated area 
also which is about 58 m ha at present. Thus, 
virtually all of the increase in the foodgrain 
production resulted from yield gains rather 
than expansion of cultivated area.  

Though, the average annual growth 
rate of foodgrain production since 1950-51 to 
2011-12 was 2.5 per cent compared to the 
growth of population which averaged at 2.1 
per cent, it however, decelerated to 1.2 per 
cent during 1990-2011 which was lower than 
the annual rate of growth of population, 
averaging 1.9 per cent. To meet the growing 
needs of the food security, 2.0 percent growth 
in food grain production is considered 
essential. Increased agricultural productivity 
and rapid industrial growth in the recent years 
have contributed to a significant reduction in 
poverty level. Despite the impressive growth 
and development, India is still home to the 
largest number of poor people of the world. 
With about 250 million below the poverty line, 
India accounts for about one-fifth of the 
world’s poor. 

As per the projections of IFPRI, 
Washington there is a likelihood of shortfall of 
41 per cent in the food grain production in the 
country by 2020. With the medium fertility 
assumption of 1.6 per cent, we ought to 
produce 300 million tones of foodgrains in 
2020. The country has high population 
pressure on land and other resources to meet 
its food and development needs. Low and 
stagnant yield per unit area across almost all 
crops has become a regular feature of Indian 
agriculture. Besides, the natural resource 
base of land, water and bio-diversity is under 
severe pressure. The massive increase in 
population and substantial income growth, 
demand an extra about 2.5 mt of foodgrains 
annually. In this backdrop, the required 
increase in food production can be realized 
only through vertical increases in productivity, 
as the possibilities of horizontal increase i.e., 
expansion of area are minimal. The vertical 
increase has got tremendous scope which can 
be achieved with better genotypes and 
providing farmer-friendly input technology. 

One such technology which has a potential to 
yield substantial increase in the production of 
foodgrains is proper weed management as 
weeds alone are known to account for to 
nearly one third of the losses caused by 
various biotic stresses. In some situations the 
uncontrolled weeds can even lead to complete 
crop failure. The efforts to control weeds many 
a time, also contribute towards the increased 
cost of cultivation of crops. A study 
undertaken at this Directorate suggests that 
proper weed management technologies if 
adapted can result in an additional production 
of foodgrains, pulses, oilseeds and 
commercial crops, per annum, which in few 
cases are even equivalent to the existing 
annual production. The losses due to weeds 
in foodgrains and oilseeds are almost half of 
the current production level while an equal 
amount are lost in pulses.  

 

Table1. Potential yield losses due to weeds 

Category Losses 
due  
to 

weeds  
per 

annum 

Current  
production 

(2011-
12) 

Gap in 
demand 
by 2030 

million tonnes 
Food grains 82 257 88 
Pulses 14 17 13 
Oilseeds 12 30 52 
Commercial 
crops 52 262 - 

Total 160 566 - 
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Therefore, greater awareness about 
the losses caused by the weeds and the need 
for improved weed management technologies 
are very vital to meet the growing demand for 
foodgrains, pulses, oilseeds and other crops 
by the ever increasing population. There is 
tremendous scope to increase the agricultural 
productivity by adapting the improved weed 
management technologies that have been 
developed in the country by Directorate of 
Weed Science Research, Jabalpur along with 
its 22 Cooperating Centres working under the 
All India Coordinated Research Project on 
Weed Control (AICRP-WC). Despite the 
enormous magnitude of the losses due to 
weeds, policy makers have not yet felt the 
significance of weed management as 
happened in case of varietal breeding and 
other inputs such as irrigation, fertilizers and 
seeds. 

What weeds cause? 

 In agriculture, weeds cause huge 
reductions in crop yields, increase cost of 
cultivation, reduce input efficiency, interfere 
with agricultural operations, impair quality, act 
as alternate hosts for several insect pests, 
diseases and nematodes. Weeds compete 
with crop plants for various inputs/resources 
like water, nutrients, sunlight etc.  

 In addition to agriculture, weeds also 
affect and interfere in the management of all 
the terrestrial and aquatic resources. They 
endanger the native biodiversity by choking 
and deliberate takeover of the native plants 
and also by corrupting and invading open 
lands, road sides and recreational areas like 
public parks. They also affect the aquatic 
resources by interfering in fisheries/ 
aquaculture, navigation and irrigation water 
management besides reducing the aesthetic 
and recreational value of water bodies. Weeds 
do not spare even animals and stealing land, 
homes and food from animals by invading the 
grazing areas. They cause health hazards like 
skin allergy, asthma, nasal diseases etc., to 
both humans and cattle. Weeds also interfere 
with maintenance and inspection of various 
defence, electrical, railway and airport 
installations besides being a potential fire 
hazard. Besides weeds also are a nuisance in 
forestry reducing their productivity. Out of the 
total 826 weed species reported in the 
country, 80 are considered as very serious 
and 198 as serious weeds. The importance of 
their management seldom requires any 
mention especially under the present day high 
input farming systems.  

Origin of DWSR 

Considering the problem of weeds in 
crop fields and the need for weed research in 
India, it was decided to set up a nodal centre 
for basic and applied research in Weed 
Science in the VIl Five Year Plan. 
Consequently, the Directorate of Weed 
Science Research, previously known as 
National Research Centre for Weed Science, 
came into existence in April, 1989. It is the 
only Institution in the world at present, dealing 
exclusively with the problems posed by weeds 
in a comprehensive manner using 
multidisciplinary approach. 

The mandate of the Centre is as follows:  

 To undertake basic, strategic and applied 
researches for developing efficient weed 
management strategies in different agro-
ecological zones; 

 To provide leadership and co-ordinate the 
network research with State Agricultural 
Universities for generating location-
specific technologies for weed 
management in different crops, cropping 
and farming systems; 

 To act as a repository of information in 
weed science; 

 To act as a centre for training on research 
methodologies in the areas of weed 
science and weed management; 

 To collaborate with national and 
international agencies in achieving the 
above mentioned goal; and  

 To provide consultancy on matters related 
to weed science 

The institute, since its inception has 
significantly contributed in the areas of 
identifying major weeds in different crops and 
cropping systems of the country, development 
of national database of weeds, evaluation of 
new herbicides and making herbicide 
recommendations, monitoring of herbicide 
residues in food chain and environment,  
identifying weed competitive crop cultivars, 
weed smothering intercrops, non-chemical 
and biological methods of weed control, weed 
dynamics in crops and cropping systems, 
management of parasitic weeds, allelopathic 
studies, management of perennial weeds and 
other invasive weeds in non-crop areas and 
transfer of improved weed management 
technologies. 

 

Potential yield losses due to weeds 
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Challenges, Issues and strategies for weed 
management 

The main challenges and issues 
concerning weeds and weed management in 
India along with the strategies to tackle these 
through scientific research and technological 
redressal are highlighted below:   

1. Invasive Alien Weeds: Invasive alien 
weeds (IAWs) are plants that are moved from 
their native habitat to a new location and in 
the absence of their co-evolved predators and 
parasites they eventually become established 
and spread rapidly causing tremendous harm, 
often irreversible to the environment, economy 
and in some cases to human health. As per 
Convention on Biological Diversity (CBD, 
1992) alien invasive species are the biggest 
threat to biodiversity next only to human 
resettlement. A large number of alien invasive 
weeds have invaded our ecosystems and are 
threatening their survival and productivity. 

a) Management of IAWs that have already 
entered the country: Majority of the important 
weeds in India have been introduced into the 
country in the past either accidentally or 
deliberately. Some of the major alien invasive 
weeds include Lantana camara, Eichhornia 
crassipes, Savlinia molesta, Parthenium 
hysterophorus, Chomolaena odorata, Mikania 
micrantha, Mimosa spp. etc. These weeds 
(except aquatic ones) have invaded vast areas 
of forest, grassland, wastelands, and in some 
areas orchards and plantation crops too. 
Lantana was introduced in the year 1908 and 
since then it has invaded almost all parts of 
the country. Chromolaena odorata, earlier 
restricted to NE region and Western Ghats is 
now fast spreading to other areas. Besides 
wastelands, grasslands and cleared forests, it 
is proving to be major weed in orchards and 
plantation crops.  In non-crop areas of 
Western Ghats it has almost replaced Lantana 
camara. Similarly Mikania micrantha, which is 
popularly called mile-a-minute weed on 
account of its rapid growth is a big nuisance in 
forestry and plantation crops in NE and South 
India. Similarly, Parthenium hysterophorus is a 
serious weed which has spread throughout the 
country in a big way. These weeds are a 
serious threat to the biodiversity or native 
flora. Hence, management of such IAWs is a 
great challenge to the weed research 
scientists in the country as these are not only 
adversely affecting the human and cattle 
health but some have now also entered the 
crop fields, thus reducing crop yields.  

b)  Management of future 
introductions of AIWs: Increasing trade and 

globalization coupled with liberalization 
policies will further increase the risk of 
invasion by such weeds leading to decrease 
in native biodiversity, reduced productivity of 
different ecosystems, reduced input-use 
efficiency and increased production cost. 

 It is observed that a record number of 
major weeds which exist in other countries, 
are at doorstep awaiting entry into the country. 
Therefore, we should be careful in preventing 
their introduction into the country. In order to 
prevent future introductions, more weeds, 
particularly the ones that are problematic in 
related countries, need to be subjected to 
rigorous Weed Risk Analysis (WRA). There is 
also an urgent need to design safeguards and 
strengthening of quarantine regulations to 
lower the risk of their entry. Australia, New 
Zealand, USA have developed detailed 
protocols for WRA and for identification of 
quarantine weeds. DWSR would foster 
collaborations with the concerned 
organizations in these countries to develop 
protocols for WRA (DWSR vision document 
2030). 

2. Enhanced use of herbicides: Herbicides 
are the most successful weed control 
technology ever developed as they are 
selective, cost effective, fairly easy to apply, 
have persistence that can be managed, and 
offer flexibility in application time. They are 
eco-friendly if applied at proper dose, method 
and time, besides being quite safer in 
comparison to other pesticides like 
insecticides. In India, around 96 per cent of 
the herbicides are slightly to moderately toxic 
while more than 70 per cent of the insecticides 

are highly to extremely toxic. In general, 
herbicides account for the largest proportion 
of crop protection chemicals sold on a world-
wide scale. Globally, herbicides constitute 50 
per cent of the total pesticides sale and in 
some countries like USA, Germany and 
Australia, the figure is as high as 60-70 per 
cent. In India, however, the position is 
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Crop-wise herbicide usage in India
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different as herbicides form a meager 15 per 
cent of total pesticide consumption. But still, 
the consumption has increased rapidly and it 
is likely to further increase in future. It is 
estimated that the herbicide market would 
grow at over 10 per cent per annum.  

Herbicides have come as a big boon 
to farmers in areas where the labour supply is 
limited and wages are high. The major impact 
was first felt in Punjab where most of the 
agricultural operations are done by immigrant 
labour. Other states where the herbicide 
consumption is high are Haryana, Western 
U.P. and Uttaranchal. The advantages of 
herbicides over the other methods are 
appreciated mostly in wheat and rice crops in 
managing the grassy weeds. Due to the 
morphological similarities it is difficult to 
identify and remove grassy weeds manually 
whereas selective herbicides could kill them 
successfully without causing any damage to 
the crop. Further, the use of hoes and other 
intercultivation tools is difficult in these crops, 
as they are closely planted. In addition in 
many regions the crop is sown by broadcast 
thus making matters still worse. Currently 
wheat and rice crops account for 57 per cent 
and 17 per cent of the total herbicide 
consumption in the country. 

The third field crop, where herbicides 
are popular is soybean in which the area 
under herbicides has increased accounting for 
4 per cent of the total herbicide consumption. 
Tea is another crop where herbicides are 
extensively used. Being an organized sector 
manual weeding is cost-prohibitive in tea. 
Though, the herbicides are not very popular in 
other crops at present, their use however, is 
picking up in crops like fennel, onion, potato, 
groundnut, maize, sugarcane, vegetables etc. 
The data on herbicide consumption shows 
that they are being used in approximately 20 
million hectares, which constitute about 10 per 
cent of the total cropped area (Yaduraju etal., 
2006).  

There is also a lot of regional variation 
in herbicide consumption. For example, only 
17 per cent of the total wheat acreage of 26 m 
ha is being treated mostly in Punjab, Haryana 
and western Uttar Pradesh. Similarly only 
about 14 per cent area out of 42 m ha under 
rice is treated with herbicides, almost entirely 
in transplanted rice. As herbicide use in other 
crops at present is very low, there exists a 
very good scope for their use in future. Some 
of the issues relating to the enhanced 
herbicide use are discussed below: 

a) Herbicide resistance in weeds: 
Continuous long-term use of herbicides can 
result in the development of resistance in 
weeds. Recent instances of resistance to 
isoproturon in Phalaris minor, an important 
weed in wheat in parts of Punjab and Haryana 
is a case in point, which was evident in an 
estimated area of nearly one million hectares. 
The use of new herbicides clodinafop, 

fenoxaprop and sulfosulfuron though have 
successfully contained the problem at present, 
thus restoring the productivity of wheat in this 
region which is considered the wheat basket 
of the country. This technology alone is 
estimated to have saved wheat production to 
the extent of 1.5 million tonnes annually 
valued at Rs. 100 crores at current prices. The 
new herbicides are currently used in an area 
of about 1.8 million hectares. Similarly the 
resistance of Echonochloa colona, a major 
weed in rice to butachlor, one of the prominent 
rice herbicide in several parts of the country 
has posed a serious threat to the sustainability 
of rice-wheat system in the country. As the 
plant systems have their own in-built 
mechanisms for their defence, there is every 
likelihood that herbicide resistance in weeds 
will continue to be a problem in the forseeable 
future as well. We need to be watchful of 
similar problems emerging in other crops and 
cropping systems. 

b) Herbicidal toxicity to succeeding crop 
and environment: Although herbicides are a 
boon to the agricultural community in 
substantially increasing crop yields, their use 
is not without potential problems. Some of the 
unintended negative impacts of herbicide use 
are persistence in soil, pollution of ground 
water, toxic residues in food (contamination), 
feed and fodder and adverse effect on non-
target organisms. The potential of herbicides 
in contaminating the ground water have 
gained considerable attention in recent years. 
Some herbicides like triazine, diuron, alachlor 
and metolachlor have been detected in 
ground water in India. Herbicides that are 
highly water soluble and weakly adsorbed to 
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soil particles such as sulfonyl urea and 
imidazolinone have potential for contaminating 
the ground water. There are indications that 
few herbicides not only damage the microbial 
population but crops too when applied in 
succession. Notwithstanding such 
apprehensions, herbicides would remain as 
one of the major tools in weed management 
as these offer huge benefits to the farmers 
and as herbicide use is likely to increase 
substantially in the future, their judicious use 
is of utmost importance. 

c) Competitiveness in world market: In the 
new WTO regime our products have to be 
competitive both in price and quality. Weed 
management forms an important input in crop 
production. At present the production costs 
are very high as weeding operations are 
performed mainly by manual labour which is 
not only becoming scarce in supply but also 
expensive. The country is, therefore, losing on 
crop production heavily due to inappropriate 
weed management technologies being 
adopted. There is big scope for reducing the 
cost of production by adapting improved weed 
management technology which would also 
enhance the efficiency of other inputs like 
fertilizers and irrigation as weeds waste both 
these resources. In addition to herbicides, 
resource conservation technologies like zero- 
tillage can cut down the production cost 
substantially without penalizing productivity. 
The presence of pesticide residues is another 
major issue in world trade, which may be used 
as a non-tariff barrier affecting food exports. 
Although herbicide consumption in the country 
is very low at present, bulk of the herbicide 
use is in wheat, rice and soybean while 
commercial crops like groundnut and some 
spice crops (e.g. fennel) also consume some 
quantity of herbicides. However, as the 
country is exporting all these commodities we 
must ensure that these do not contain any 
herbicide residues.  
d) Threat to native biodiversity: It is 
observed that a large number of indigenous 
flora possess medicinal and aromatic 
properties. The increased use of herbicides in 
the crop fields is likely to pose a serious threat 
to the existence of such useful native flora, 
which are existing since time immemorial. 

3. Weed shift: 

a) Rainfed farming: Since the availability of 
water to agriculture will be greatly reduced in 
future, the importance of rain-fed and dry-land 
agriculture will result in shift in weed flora, 
development of problem weeds difficult to 
control such as Orobanche, Striga etc., 

besides reduced efficacy of herbicides due to 
moisture stress. About 75% of the total 143 
million hectares of arable land in India is 
under rainfed area. In such areas crop 
production becomes relatively difficult as it 
mainly depends upon intensity and frequency 
of rainfall.  The total food requirement of India 
can not be fulfilled from irrigated areas alone 
as there is very little opportunity left to bring 
more areas under irrigation system.   
Therefore, we will have to evolve an 
appropriate technology for dry land farming to 
have second 'green revolution' in Indian 
agriculture.  
 

Category  Gross 
area 

Irrigated 
area 

Rainfed 
area 

% Rain 
fed area 

Food 
grains 

124.00 58.00 66.00 53.22 

Cereals 100.80 54.27 46.53 46.17 
Pulses 23.20 03.66 19.54 84.22 
Oilseeds 26.50 8.25 18.25 68.87 
Commer
cial 
crops  

14.3 8.03 6.27 74.84 

 

The age-old manual weed 
management techniques, which are not cost 
effective, are still being followed in rainfed and 
dryland areas of India.   On the other hand, 
complete use of the relatively cheaper 
chemical weed management techniques can 
not be followed in these areas due to 
uncertainty in the soil moisture conditions 
which is a pre-requisite for successful 
chemical weed control measures.  So, the 
intensive research on Integrated Weed 
Management for rainfed situation is to be 
worked out.    

b) Organic farming: The growing concern for 
human health and sustainability of agricultural 
production is giving way for organic farming in 
some parts of the world. In view of this, 
integrated weed management practices 
involving non-chemical methods such as 
mechanical and cultural (zero tillage, 
conservation tillage, plant residue 
management, growing intercrops, cover crops 
and green manure crops) would gain 
importance.  

c) Resource conservation technologies: 
Increased adoption of resource conservation 
technologies like zero tillage, bed planting 
etc., will lead to reduced cost of cultivation, 
better management of problem weeds like 
Phalaris minor in rice-wheat system. In 
addition it may also result in weed flora shift 
favoring the perennial weeds besides 
increasing the herbicide use. 
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4.  Global climate change and crop-weed 
interactions: The CO2 level in the 
atmosphere has been rising owing to various 
human activities such as burning of fossil 
fuels, deforestation, industrialization 
urbanization etc. If the present trend 
continues, the concentration of CO2 in the 
atmosphere would be about 600 ppm 
accompanied by an increase of 1.50C - 4.50C 
in mean surface temperature by the middle of 
the 21st century. As weed populations show 
greater variations, it is possible that with a 
changed global climate weeds too will achieve 
a greater competitive fitness against the crop 
plants and development of new weed types.  

5.  Development of super weeds: Imparting 
resistance to normally herbicide susceptible 
crops to produce herbicide-resistant crops 
(HRCs) has been the most extensively 
exploited area of plant biotechnology. 
Resistance genes for several herbicides or 
herbicide modes of action have been 
incorporated into the genome of corn, cotton, 
canola and soybean which are now 
commercially available. Remarkably, the 
global biotech crop area increased more than 
fifty-fold in the first decade of 
commercialization from a meager 1.7 million 
hectares in 1996 to 98 million hectares in 
2011. Herbicide tolerance has consistently 
been the dominant trait during all these years. 
In 2005 alone, herbicide tolerance, deployed 
in soybean, maize, canola and cotton 
occupied 71 per cent or 63.7 million hectares 
of the global biotech area (98.0 million 
hectares).  

Introduction of Herbicide Resistant 
Crops (HRCs) besides helping in efficient 
management of problem weeds with minimum 
risk to the crop and increasing the yields may 
also lead to development of 'super weeds'. 
Their management will be essential in the 
days ahead (DWSR vision document 2030). 

6.  Reduction in manual weeding:  Weed 
control through manual/mechanical though 
very effective, has certain limitations such as 
unavailability of labour during peak period, 
high labour cost, involves drudgery, 
unfavourable environment particularly in rainy 
season etc. In addition, the manual labour 
traditionally being employed for weeding is 
gradually becoming scarce and expensive 
owing to rapid urbanization and 
industrialization. Liberalization policies and 
welfare activities initiated by the Government 
coupled with diversification of agriculture etc. 
will further limit the labour availability. At 
present, an estimated 8 to 10 billion man-days 
are engaged in weed control in a year which 

in other words means that every Indian is 
involved in weeding for at least 8 to 10 days in 
a year. According to some estimates, by the 
year 2020, nearly 50 per cent of the 
population would be living in urban areas, 
creating unprecedented shortage of labour 
force for use in agriculture. Therefore, in 
future, management of weeds through 
improved technologies involving herbicides 
and improved weeding tools will attain more 
significance which will result in labour saving, 
better and timely weed control and increased 
food production besides promoting gender 
equality and reducing human drudgery. The 
economic analyses of the data obtained from 
large number of trials and demonstrations 
carried out in farmers’ fields through out the 
country have also reflected higher levels of 
productivity coupled with benefit:cost ratios of 
over 2:1. In addition, the labour saved (about 
20-40 man days per hectare) through 
adoption of improved weed management 
practices, can be utilized in other related and 
more productive enterprises such as livestock 
rearing, poultry, fishery, mushroom cultivation, 
sericulture, bee keeping etc. which would yield 
greater income. This will also raise the esteem 
of women and provide them with more free 
time which can be devoted towards children, 
sanitation, health care etc. 

7. Biological control of weeds: 
Technologies employing natural systems, 
biological organisms, bio-pesticides would 
gain importance to overcome or reduce the 
dependence on herbicides, wherever 
possible. There is sufficient scope for 
managing weeds at least in non-cropped 
areas through the use of exotic insect pests 
as has been successfully proved in the 
management of Parthenium by the Mexican 
beetle (Zygrogramma bicolorata), water 
hyacinth by Neochetina spp. and Salvinia by 
Cyrtobagous salviniae. Looking to the various 
advantages in this technology, the work on 
biological control of weeds will intensify in the 
future. However, any biocontrol agent has an 
associated risk to change its behaviour and 
host specificity which may have to be looked 
into with great depth and vision. 
8. Management of parasitic weeds:  
Parasitic weeds are posing problem in the 
productivity of some of the major crops and 
cropping systems. Cuscuta spp. is a major 
problem in niger (Orissa, parts of Madhya 
Pradesh and Chhattisgarh), in lucerne 
(Gujarat), blackgram/greengram (in rice-
fallows of Andhra Pradesh), berseem, lentil, 
linseed and chickpea (parts of Madhya 
Pradesh). Some species of Cuscuta also 



 CAFT on Agro-ecological Approaches towards Sustainable Agricultural Production from 01-21 Oct. 2013 
 
 

 

JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)   10 
 
 
 

infest ornamental plants, hedges and trees. 
Orobanche spp. is a major parasite in tobacco 
in parts of Karnataka, Andhra Pradesh, Tamil 
Nadu, and Gujarat, mustard in parts of 
Gujarat, western Uttar Pradesh, Rajasthan, 
Haryana, etc., and more recently in tomato 
and potato in Karnataka. Striga spp. infest 
mostly sugarcane, maize, sorghum and pearl 
millet grown in dry areas in some parts of 
Karnataka, Madhya Pradesh and 
Chhattisgarh. Loranthus is noticed on 
economically useful tree crops in southern 
states. The most preferred host trees are 
mango, neem, teak, Cassia spp., rose wood, 
Dalbergia spp., Albigizzia spp., Terminalia 
spp., rain tree, Pongamia spp., Gulmohar, 
Madhuca sp., Ficus sp., etc. The problem of 
perennial weeds is increasing enormously. It 
is necessary to develop the management 
technology for such weeds. 

9. Aquatic weed management:  India has a 
total area of about 7 million hectares under 
different kinds of water bodies such as 
reservoirs, tanks, lakes, ponds, oxbow lakes, 
derelict water and brackish water. In addition 
about 1.7 lakh km is under rivers and canals. 
However, the area under these aquatic bodies 
is increasing with the building up of dams, 
canals and tanks for irrigation and fisheries 
production. The aquatic weeds have been 
found to increase the loss of water through 
transpiration, interfere in navigation, affect 
fisheries, mar recreational value of water, 
severely impede the flow of water in canals, 
thereby reducing availability of water to 
agriculture. The most prevalent method of 
managing the menace of aquatic weeds is 
their physical removal from the water bodies 
which is highly laborious and expensive, 
besides the disposal of the harvested material 
is also a big problem.  

In view of the restricted use of 
herbicides in aquatic bodies due to the 
multifaceted use of water for purposes like fish 
culture, irrigation, domestic use etc., use of 
biological agents through insects like 
Neochetina spp. and hydrophilic mite 
Orthogalumna terebrantis against water 
hyacinth, Cyrtobagous salviniae on Salvinia 
molesta (water fern) and herbivore fishes such 
as a common grass carp (Ctenopharyngdon 
idella) against small floating and submerged 
weeds would be more prevalent. In depth and 
more comprehensive eco-friendly research 
work is required to be carried out on the 
management of such weeds. 

10.  Exploitation of weeds for beneficiary 
use:   Weeds like water hyacinth, 
Chromolaena, Lantana, Parthenium, 

Ipomoea, etc., are rapidly spreading through 
out the country at the cost of other useful 
vegetation. Proper utilization of such biomass 
through appropriate technologies like 
vermicompost, mulch, phytoremediation etc., 
may help in supplementing chemical 
fertilizers besides adding organic matter to 
the soil. Utilization of weeds as a source of 
ayurvedic medicines, bio-pesticides and bio-
fuel also has enough potential. Technology 
for using weeds for making paper, particle 
boards, furniture etc., has to be developed 
ahead. Such activities are expected to raise 
income and employment opportunities. 

11. Creating awareness among policy 
planners about loss caused by weeds: 
Proper weed management technologies can 
result in an additional income, which can 
increase the share of agriculture in India's 
GDP.  Thereby, socio-economic status of the 
farming community especially the rural poor 
will improve; human drudgery involved in 
manual weeding will decrease and more 
gender equality will prevail; rural women and 
youth will get more time to take up other 
subsidiary and more remunerative activities 
like sericulture, bee keeping etc.; our 
environment will be clean and native 
biodiversity will be preserved. At the end, 
proper weed management would strengthen 
the food security scenario and also alleviate 
the fears of food insecurity in the country.  All 
these benefits can be harvested by creating 
awareness about the advantages of recent 
weed management technologies among the 
farmers as well as among the policy planners.  
Weed is a silent killer and, unlike other pests, 
the losses caused by weeds are invisible; as a 
result very little hue and cry is there about this 
issue among the farmers.  Moreover, poor 
economic status of our farmers, lack of 
availability of proper herbicides in the remote 
areas, lack of knowledge and traditional 
mindset of using domestic manpower for 
weeding operation could be the major 
hindrances towards adoption of proper weed 
management technologies.  Awareness 
among the policy planners may help to 
formulate suitable policies to remove the 
bottlenecks towards adoption of improved 
weed management technologies, which will go 
a long way in improving country’s economic, 
social and environmental conditions.   

Finally proper weed management 
technologies can result in an additional 
income, which can increase the share of 
agriculture in India's GDP. Thus, the increase 
in agricultural productivity will eventually result 
in significantly increasing the country’s overall 
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GDP and its growth rate. The socio-economic 
status of the farming community especially the 
rural poor will improve. Human drudgery 
involved in manual weeding will decrease and 
more gender equality will prevail, providing 
more time for rural women and youth to take 
up other subsidiary and more remunerative 
activities like sericulture, bee keeping etc. Our 
environment will be clean and native 
biodiversity will be preserved. At the end, 
proper weed management would strengthen 
the food security scenario and also alleviate 
the fears of food insecurity in the country by 
resulting in significantly increased food 
production. 
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The mode of action is the overall process in 
which an herbicide affects a plant at the 
cellular level. It covers the uptake of herbicide, 
its metabolism, translocation to target site, 
and the mechanism of action to cause the 
death of the plant. 

 

 
 

Routing of herbicides 
 

Uptake of herbicides 

Herbicides are applied either on aerial 
vegetation of weed (foliar application) or on 
soil. Foliar absorption of herbicides involves 
the passage of herbicide molecules from the 
outer surface of the plant leaf to the 
underlying tissues via cuticle. Applied 
herbicides must overcome several barriers to 
this. In fact, the passage of herbicide 
molecules into a leaf is a function of the 
chemical and physical nature of the cuticle 
which constitutes the leaf outer layer, the 
properties of the herbicide and associated 
formulation ingredients, and the environment 
in which leaf has developed and in which 
absorption is occurring. The cuticle is 
composed of cutin frame work and waxes. 
The cutin framework is an assembly of single 
or crossed-linked hydroxycarboxylic acids. 
Cross linking occurs by esterification between 
carboxylic acid groups and and secondary 
hydroxyl or epoxide groups on the alkyl 
chains. Some CMs also contain suberin, a 
combination of cutin-like aliphatic polymers 
and aromatic moieties, probably shikimate-
derived. Cutin and suberin contain some 

ionisable group and are partially hydrophilic. 
Cuticular lipids are dispersed throughout the 
cuticular membrane. They  are predominant 
toward the outer surface of the membrane. 
The lipid layer forming the outer surface of the 
membrane is called ‘epicuticular wax’ and the 
lipid impregnated in the membrane is called 
‘cuticular wax’. The lipid layer is hydrophobic. 
Thus, the polar herbicide can be absorbed 
through hydrophilic cutin layer and the non-
polar herbicides pass through the lipid layer. 
Some post emergence herbicides also can 
enter the leaf through the stomata. Soil-
applied herbicides must contact roots of the 
target plants. Herbicides in aqueous phase 
are absorbed through roots by passive 
process. 

 
Absorption of herbicide through leaf 
structure 

Translocation 

Foliar herbicides are translocated 
from leaf to other meristematic tissues and 
roots through phloem and the soil-applied 
herbicides are translocated from roots to leaf 
and growing shoots through xylem. Herbicide 
translocation in the phloem occurs by the 
‘passive’ movement in the direction of solute 
flow. But there is hardly any evidence of the 
entry of the herbicides into the phloem. In 
case of the transport of sugar from mesophyll 
cells to phloem, a specific protein, located in 
the sieve element plasmalemma helps in 
carrying the sugar. Probably, no such carrier 
exists for herbicides. It seems that the entry of 
herbicide into phloem may be a more random 
event. In case of the translocation in the 
xylem, the herbicide molecules diffuse from 
the outer surface of the root through the 
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cortex and endodermis into the stele, where 
the vascular tissue is located. 

 

 
 

Translocation of herbicide through xylem 
and phloem 

Herbicide Mechanism of Action  

Herbicides can work at various sites 
in plants. They generally interfere with a 
process essential for normal plant growth and 
development.  The target processes are 
photosynthesis, amino acid biosynthesis, cell 
division, auxin- activity, lipid biosynthesis, etc. 

Photosynthetic inhibitor 

The light reactions of photosynthesis 
generate energy rich NADPH and ATP at the 
expense of solar energy. NADPH and ATP 
are used in the carbon assimilation reactions, 
to reduce CO2 to form trioses and more 
complex compounds (such as glucose) 
derived from trioses. The following processes 
are the targets of many herbicides: 

 
• Splitting of water (Hill Reaction) 

• Electron transport in Photosystem II 
• Electron transport in Photosystem I 

 
 

Phenyl ureas, acylanilides and 
carbamates are competitively accept electron 
in Hill reaction.  

 
Herbicides like atrazine, simazine, diuron, 

linuron, propanil, metibuzine, bentazone, etc. 
intercept electron flow in non-cyclic 
photophosphorylation. This interception leads 
to the  abundance of unutilized electrons at 
singlet state. These singlet electrons are 
converted to triplets with more life-span, so 
that they can react with other species with 
more probability. These more reactive triplet 
electrons transform molecular oxygen to 
singlet oxygen. Singlet oxygen reacts with 
cellular lipids, proteins, nucleic acids leading 
to cellular disorganization and plant   death. 

In Photosystem I, paraquat and diquat 
trap the electron form the the electeron 
transport and convert molecular oxygen to 
super oxide. This super oxide can form 
hydroxyl radical in presence of water. These 
superoxide and hydrogen radical destroy 
cellular components. 
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In dark reaction of photosynthesis, 
enzymes involved in the process are present 
in very high amount. RUBISCO is the most 
abundant protein on earth. To inhibit them   
huge quantity of herbicide is needed. Hence, 
Kelvin Cycle is not a good target for 
herbicides. 
Chlorophyll biosynthesis Inhibition During 
chlorophyll biosynthesis, the enzyme 
protoporphyrinogen oxidase catalise the 
conversion of   protoporphyrinogen IX to 
protoporphyrin IX. Acifluorfen,  oxyfluorfen 
and oxadiazone arrest the enzyme to act. 
Protoporphyrinogen IX accumulates in 
protoplast and finally leaks out into the 
cytoplasm where it oxidizes non-enzymatically  
to protoporphyrin IX. In cytoplasm, 
protoporphyrin IX becomes photodynamic and 
forms singlet oxygen that destroys the 
membrane. 

 

Associated pigments 

Pigments other than chlorophyll 
protect leaf by damaging radicals by 
quenching them. Some of them present in 
thylacoid membrane, viz. lutein,  β-carotene, 

act as secondary light absorbing pigments. 
Their absence leads to extensive 
photobleaching and ultimately affects 
photosynthesis and other metabolic processes 
occurred in leaf. Desaturase activated by the 
co-factor plastoquinone is the key enzyme for 
the biosynthesis of those pigments. 
Herbicides like diflufenican and fluridone can 
inhibit the enzyme directly and sulcotrione can 
inhibit the enzyme p-hydroxyphenyl pyruvate 
dioxygenase required for the formation of 
homogentisate, which is the precursor of 
plastoquinone. 

 
Amino acid biosynthesis 

Amino acids are building blocks of 
proteins. Plants have to biosynthesise them. 
Some herbicide-targeted biosynthetic 
pathways for amino acids are 

i. Aromatic amino acid biosynthesis 

ii. Branched chain amino acid synthesis 

iii. Glutamine synthesis 

Aromatic amino acid biosynthesis 

Three aromatic amino acids - phenyl 
alanine, tyrosine and tryptophan  are the 
products of shikimate pathway. Enolpyruvyl 
shikimate-3-phosphate synthase (EPSPS) is 
the pivotal enzyme for this pathway. 
Glyphosate binds this enzyme. This binding is 
115 times tighter than its natural substrate 
phosphoenol pyruvate. As a consequence, the 
synthesis of aromatic amino acids along with 
the synthesis of some flavonoids, 
anthocyanins, alkaloids is inhibited. 
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Branched chain amino acid synthesis 

The synthetic routes of two branched 
chain amino acids leucine and valine  involves 
a conversion of pyruvate to acetolactate 
catalysed by acvetolactate synthase (ALS) 
enzyme and that of isoleucine involves a 
conversion of alpha keto butyrate to 
acetohydroxy butyrate catalysed by 
acetohydroxyacid synthase (AHAS). Sulfonyl 
ureas like metsulfuron methyl, chlorimuron 
methyl, pyrazusulfuron ethyl, sulfosulfuron 
and imidazolinones like imazapyr, imazaquin 
can inhibit these two enzymes at very low 
application rate. 

 
 

Glutamine synthesis 

Glutamine is the key in the 
transmission of keto acids to amino acids. 
Glutamine synthase is the initial enzyme for 
these reactions. This enzyme has 8 sub 
units,4 or 6 different sub units, each of which 
has reaction centers. Glufosinate and 
bialaphos can inhibit it leading to the 
accumulation of ammonium ion above the 
toxic level that damages the membrane, 
inhibits photosynthesis and other metabolic 
reactions. 

 
Lipid biosynthesis inhibitors 

Lipids are the constituents of 
membranes and cuticular waxes and seed 

storage products. Acetyl CoA Carboxylase 
(ACCase) is the key enzyme for the synthesis 
of fatty acids. Failure of ACCase  does not 
allow membrane formation. Aryloxyphenoxy 
propionates  (Fluazifop, Haloxyfop) and 
Cyclohexanedione Oxime  (Sethoxydim, 
Tralkoxydim) inhibits effectively ACCase. 
Thiocarbamate herbicides like EPTC and 
Triallate also interfare the transformation of 
fatty acid to long chain fatty acid. 

 
Microtubules disruptors 

              Microtubules form part of the 
cytoskeleton that gives structure and shape to 
a cell, serve as conveyor belts moving other 
organelles through the cytoplasm, and 
participate in the formation of spindle fibers 
during cell division (mitosis). These filaments 
are composed of linear polymers of tubulin, 
which are globular proteins, and can increase 
or decrease in length by adding or removing 
tubulin proteins. 2,4-Dinitroaniline 
(Pendimethalin, Oryzalin and Trifluralin)  
interfare with the formation of tubulins and 
carbamates (Propham and Chloropropham) 
inhibits the formation of microtubules from the 
hetero dimmers. 

 
Auxin activity 

IAA is the plant growth regulator. The 
concentration of it in plant is carefully 
regulated by synthesis, conjugation and 
degradation. An imbalance in cell affects a 
sequence of events and finally causes death. 
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2,4-Dichloro phenoxy acetic acid (2,4-D)  
mimics auxin. It binds auxin receptor of 
sensitive weeds and exerts their effects like 
stem enlargement,   callus growth, leaf 
deformities and formation of secondary roots.  

2,4-D: the harbinger
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Introduction 

Weed control in agricultural and non-
agricultural lands is rapidly shifting towards 
chemical method because of its time, labour 
and cost advantages. Although herbicides are 
meant for plants, possibility of a direct effect 
on other organisms cannot be ruled out as a 
number of basic and universal biochemical 
processes essential for all forms of life are 
alike. Direct impacts on sensitive organisms 
can occur when the chemical reaches the soil, 
either due to direct targeted deposition such 
as the case of pre-emergent herbicides, or 
through indirect deposition from spray and 
spray drift, dripping from plant material, and 
contaminated plant material falling to the soil.  
Herbicides may also greatly influence soil 
biota populations indirectly by their effects on 
vegetation which provides habitat and food for 
many of them.  Every one of those concerned 
with the sustainability of an agricultural 
production system is encouraged to continue 
their constant vigil on the effects of chemical 
usage on the environment.  Such concerns 
were well documented in June 1992 at the 
United Nations Conference on the 
Environment and Development (UNCED) in 
Rio de Janeiro, which is referred to as the 
Convention on Biological Diversity. 

Nitrogen is required by all organisms 
in large amounts as an essential component 
of proteins, nucleic acids and other cellular 
constituents. There is an abundant supply of 
nitrogen in the earth's atmosphere - nearly 
79% in the form of N2 gas. However, N2 is 
unavailable for use by most organisms 
because there is a triple bond between the 
two nitrogen atoms, making the molecule 
almost inert. In order for nitrogen to be used 
for growth it must be "fixed" (combined) in the 
form of ammonium (NH4) or nitrate (NO3) ions.  
Plants use this supply of fixed nitrogen to 
make proteins that enter and pass through the 
food chain. 

Symbiotic nitrogen fixation is one of 
the important components of sustainable 
agricultural.  Leguminous crops such as 
soybean, field pea and lentil have high 
nitrogen requirements that are met through 
their association with effective nitrogen-fixing 
rhizobia. Rates as high as 600 kg N fixed ha-1 
yr-1 have been reported in temperate clover 

pastures, and different grain legumes fix from 
165 to 450 kg N ha-1 (Unkovich and Pate, 
2000).   The world s population is projected 
to increase to 8.3 billion by 2025 (Mannion, 
1998), with over 90% of that increase in 
developing countries. This will necessitate 
sharply increased production to maintain food 
security in these countries, and in smallholder 
situations or where rainfall is unreliable, these 
increases will need to be achieved with 
minimum fertilizer N inputs. Contributions from 
symbiotic N2 fixation will be essential, Tilman 
(1999) suggesting that at least a threefold  

The amount of nitrogen (N) supplied 
by this symbiotic fixation depends on the 
ability of the inoculant rhizobia to fix nitrogen, 
and also on the ability of the plant to provide 
energy to the rhizobia in the nodules. Thus, 
any factor or factors that influence either the 
rhizobia directly or the ability of the plant to 
send energy to the nodules, may have a 
negative impact on nitrogen fixation and crop 
yield. 

Since herbicide application, both in-
crop and soil applied, is known to affect plant 
growth and microbial activity and thus it is 
possible that some herbicides may influence 
nitrogen fixation. Unfortunately, our current 
understanding of the nature and the 
magnitude of these effects is incomplete and 
in some instances research results are 
contradictory. The uncertainty regarding 
herbicide-inoculant interactions largely is due 
to the seemingly inexhaustible combinations 
of herbicides, crops, crop varieties, Rhizobium 
species and strains, and environment – and 
the interactions that occur between all of 
these factors. Thus research conducted in an 
environment using a given herbicide and 
inoculant might not be directly applicable to 
conditions encountered in some other 
situation. Irrespective of the complexity, 
current research and literature suggests that 
we should be aware that there is the potential 
for herbicide-inoculant interactions to occur. 
Moreover, consideration should be given to 
the possible effects of herbicides and 
herbicide residues on nitrogen fixation when 
crop rotation decisions are made. 
Herbicide-Rhizobia Interactions 

Reports indicated that some 
herbicides (at some rates) and herbicide 

Impact of chemical weed management on symbiotic nitrogen 
fixation 

K.K. Barman 
Principal Scientist  
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residues can influence nitrogen fixation, but it 
is not always clear if the herbicide have a 
direct effect on rhizobial survival and 
functioning, or if observed effects are 
somewhat indirect, i.e., due largely to the 
effect of the herbicide on general plant growth 
and development. A number of possibilities 
exist but separating direct and indirect effects 
of herbicides remains a challenge. 

Rhizobialgrowth: The adverse impact 
of herbicides on survival and growth of 
Rhizobia is observed beyond a threshold 
concentration which depends on the type and 
concentration of herbicide used and also on 
the species/strain of the Rhizobia studied.  
Mostly the adverse impact is recorded when 
the herbicide is added in excess of field 
recommended rates.  At field rates of addition 
most herbicides are unlikely to have much 
effect on rhizobial growth( e.g. Moorman et al. 
1992; Singh and Wright 1999, 2002; Anderson 
et al. 2004).  Kecskeset al. (1975) studied the 
effect of 104 herbicides on 26 rhiziobial strains 
isolated from 6 different species.  Only two 
herbicides, linuron and Hoe 2839, inhibited 
the growth of more than 50% of the strains at 
field rate of application.  Differential growth 
inhibition responses of several R. japonicum 
strains to chlorpropham were reported by 
Kapusta and Rouwenhorst (1973).  Compared 
to the slow growing strains, fast growing 
strains of Rhizobium are relatively more 
resistant to metribuzin, alachlor, prometryn, 
trifluralin and metolachlor (Colo 1991).  A 
similar trend was observed between fast- and 
slow- growing species in the presence of 2,4-
D, 2,4-DB and diuron (Kaszubiak 1966). 
However, no relationship was found between 
paraquat tolerance of a variety of fast- or 
slow- growing Rhizobium spp. (Roslycky 
1985).  Some rhizobial strain may even have 
the capability of degrading herbicide.  A 
Rhizobium sp. strain, named PATR, isolated 
from an agricultural soil could actively degrade 
the herbicide atrazine (Bouquardet al. 1997). 

Nodulating ability of rhizobia: In some 
instances, although the growth of rhizobia 
may not be affected, herbicide treatment may 
reduce its ability to nodulate a crop. For 
example, when examining the effects of 
chlorsulfuron under laboratory conditions, 
Anderson et al. (2004) observed that even at 
rates equivalent to two times field rates, 
chlorsulfuron did not influence rhizobial 
growth. However, although rhizobial growth 
was not influenced, the subsequent ability of 
these rhizobia to form nodules was reduced. 
Thus, they reported that when rhizobia were 
preexposed to relatively high levels of 

chlorsulfuron, subsequent nodule size and 
total nitrogen fixation was reduced. Similarly, 
R. trifoliigrown in presence atrazine, amitrole, 
or glyphosate showed a reduction in the 
infection potential.  Lesser nodulation in sub-
clover was recorded when infected with the R. 
trifolii pre-exposed to these herbicides than 
the unexposed inoculums (Eberbach and 
Douglas 1989). In contrast, Mårtensson 
(1992) reported that nodulation ability was 
unaffected by previous exposure to 
chlorsulfuron. These contrasting results 
suggest that the impact of various herbicides 
on specific nodulation events may be highly 
dependent on specific environmental 
conditions, including different soil 
characteristics (i.e., pH, organic matter, 
moisture, etc.) and weather conditions.   
Rhizobium spp. adapted to a particular 
herbicide could exhibit equal symbiotic 
efficacy as that of its parent strain.  The 
number of nodules formed in the host plants 
by the R. trifolli, R. meliloti, R. leguminosarum, 
R. phaseoli and R. japonicum strains adapted 
to paraquat were similar to that formed by 
their respective parent strains (Roslycky 
1985).  Similar observation in respect to the 
Rhizobium spp. adapted to dinoseb was 
reported by Lindstrom et al. (1985). 

Rhizobial recognition of host plant:  
There is evidence that some pesticides might 
impair the ability of the rhizobia to recognize 
appropriate host plants. For example, Fox et 
al. (2004) reported that some pesticides can 
mimic naturally occurring biochemicals and 
thereby interfere with various biochemical 
signaling processes between rhizobia and 
appropriate host plants. As a consequence, 
early nodulation events can be disrupted. 
However, according to their research, not all 
pesticides had a negative impact on 
nodulation and the degree to which nodulation 
was inhibited was dependant on pesticide 
concentrations. 

Reduced plant growth due to 
herbicidal action may lead to reduced 
photosynthate supply to nodules, reduced root 
biomass and thus reduced infection sites for 
nodule formation. For example, the impact of 
terbutryn/ terbuthylazine, trietazene/ simazine, 
prometryn (pre-emergence) and bentazon 
(post-emergence) on growth, nodulation and 
nitrogen fixation of pea was examined in a 
growth chamber study (Singh and Wright 
1999, 2002). It was noticed that all herbicides 
decreased nodulation, and total root and 
shoot production. Moreover, herbicide 
application reduced leaf area and thus total 
photosynthate supply to the nodules, 
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ultimately reducing total nitrogen fixed. 
However, the activity of “nitrogenase,” a 
critical enzyme in the root nodules, remained 
unaffected by herbicide application. The 
examination under controlled laboratory 
conditions to study the impact of these 
herbicides on rhizobial growth showed that the 
herbicides “did not adversely affect the growth 
of rhizobia at the concentrations expected to 
be normally experienced by the rhizobia under 
field conditions”. These suggested that the 
reduction in fixed nitrogen was not related to 
the direct impact on rhizobial growth and the 
critical biochemical processes within the 
nodules – rather, it was the herbicide effect 
was due simply to reduced plant growth. 
Similarly, many studies have concluded that 
herbicides affect nitrogen fixation largely via 
indirect effects on plant growth and 
consequent availability of photosynthate to the 
root nodules (e.g., Rennie and Dubetz, 1984; 
Bertholet and Clark 1985; Sprout et al. 1992; 
Vidal et al. 1992; Abd-Alla et al. 2000). 

Some herbicides may affect the 
proliferation (Murray et al. 1979) or may 
induce morphological changes (Kust and 
Struckmeyer 1971, De Rosa et al. 1978) in the 
root systems of legume, thereby may affect 
the establishment of symbiosis. Rhizobia 
infect plant roots through root hairs and thus it 
was hypothesized that herbicides affecting 
root hair development might interfere with 
nodulation. Mårtensson (1992) reported that 
some herbicides, including glyphosate, 
caused root hair deformations that apparently 
resulted in fewer nodules being formed due to 
reduced infection sites. It is important to note, 
however, that this was a laboratory study and 
consequently the herbicide rates used in 
these experiments were not necessarily 
similar to rates that would be encountered in 
soils under field conditions. Thus, although the 
research demonstrates the possibility for 
herbicides to affect nodulation via root hair 
deformations, it is not known if this 
phenomenon occurs under field 
conditions.The impact of soil in reducing the 
probable toxic effect on nodulation process 
needs to be given consideration. 

Gupta et al. (2002) reported that 
application of flumetsulam caused shoot 
yellowing and reduced plant growth. They also 
observed a reduction in effective nodule 
numbers on six-week pea roots when 
evaluated 10-d after herbicide application. 
Furthermore, they observed a partial recovery 
in the appearance of the plants four to five 
weeks after herbicide application, apparently 
because new nodules formed on new roots. 

Their observations led them to conclude that 
herbicide application can result in substantial 
loss of nodules from the roots, likely due to 
the herbicide-induced stress on the plant-
Rhizobium symbiosis. Although there are 
some contradictory results regarding the 
specific impact of herbicides on nitrogen 
fixation, most researchers agree that any 
stress, whether induced by chemical 
applications or by natural causes (i.e., 
drought, intense heat, flooding, hail or insect 
damage), can have a negative impact on 
nitrogen fixation. Thus, when assessing the 
impact of herbicides on nitrogen fixation, our 
first question should be “Is this herbicide 
having a negative effect on the plant?” 
Nodules depend on the host plant for an 
energy supply (in the form of plant 
photosynthates); therefore, striving to maintain 
healthy, actively growing plants is the first step 
in achieving optimal levels of nitrogen fixation. 
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Introduction  

Rapid global industrialization and 
other anthropogenic activities resulted in 
production of greenhouse gases and continue 
at its alarming pace. Direct effects of climate 
change influence not only the performance of 
individual organism but also impact interaction 
with other organisms at various stages in their 
life history via changes in physiology, 
morphology and chemistry. Change in any 
climatic factor influences not only the 
performance of an organism but also impact 
interaction with other organisms at various 
stages in their life history. Global 
industrialization resulted in production of 
greenhouse gases and continues at its 
alarming pace. Carbon dioxide is one of the 
major contributors of greenhouse gases which 
had a significant impact on plant metabolism 
and performance? Although, there is broad 
agreement that higher atmospheric CO2 levels 
enhance photosynthesis in C3 crop plants, yet, 
no such clue is available on how rising CO2 
levels will affect the physiology of associated 
weeds, which provide a tough competition to 
the crop plants. The argument that rising 
atmospheric CO2 concentration will reduce 
weedy competition because the C4 
photosynthetic pathway is over represented 
among weed species (e.g. Holm et al., 1977) 
does account neither the range of already 
available C3 weed species, nor those 
environmental factors (e.g. precipitation and 
temperature) which may influence their 
relative proportion following emergence 
leading to the change in crop-weed 
interaction. 

Agricultural weeds evolved in 
response to domestication of wild plants and 
continue making a significant loss to 
agricultural production. However, what is real 
mechanism of unwanted weed growth in 
abundance to the despair of the farmers is still 
unclear. The atmospheric CO2 concentration 
is continuously increasing and perhaps will be 
double by the end of this century (IPCC, 
2007). It is well established that plants grown 
under elevated CO2 exhibit enhanced 
photosynthesis and biomass production ‘at 
least’ during the short term exposure (Ziska 
and George, 2004). Till date, only a few 
studies have focused on the impact of high 

CO2 concentration on the response of weeds 
and their interaction with crop plants which 
significantly can influence the yield potential. 
Poorter (1993) reviewed the literature on the 
growth response of plants to an elevated CO2 
concentration and suggested a large inter-
specific variation in growth stimulation which 
was found to be larger for C3 species than for 
C4 plants (41% for C3 vs. 22% for C4). Most of 
the terrestrial plants respond positively to the 
atmospheric CO2 enrichment by increasing 
there photosynthetic rates and biomass 
production. However, greater responsiveness 
of weeds to high CO2 atmosphere as 
compared to crop plants might be a point of 
focus and concern for scientists, and if it 
happens, then weeds may increase their 
dominance in agro ecosystem. In several 
studies, weeds have been shown to increase 
their growth and productivity in response to 
atmospheric CO2 enrichment (Rogers et al., 
2008; Awasthi and Kumar, 2010). Further, it 
was emphasized that greater promotion of 
water use efficiency in weed species than 
crops species might convey a competitive 
advantage to the weeds and by virtue of that 
weed species may be more invasive in a 
future high-CO2 world.  

 Response of crop and weed species to 
the increasing atmospheric CO2 concentration 
may vary resulting change in weed–crop 
competition and hence crop yield. In order to 
evaluate the impact of rising atmospheric CO2 
on crop production losses due to weeds 
(Ziska, 2000) suggested that (i) rising CO2 
would increase yield losses due to competition 
with weeds; (ii) weed control will be crucial in 
realizing any potential increase in economic 
yield of agronomic crops; and (iii) instead of 
C4 weeds, C3 weeds would pose more 
serious threat to crop production in future high 
CO2 atmosphere. 

Less quantum of work has been done 
in developing countries like India, so far, on the 
subject especially with regard to impact on 
crop-weeds interaction. However, some 
research work is evident on the effect of 
elevated CO2 on crop plants. Uprety et al. 
(1995) observed that drought susceptible 
species, viz. Brassica campestris and B. nigra 
responded to elevated CO2 markedly as 
compared to less sensitive B. carinata and B. 
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juncea plants in terms of increased stomatal 
resistance and/or increased root growth and 
hence, improved water status of plants. 
Increase in biomass at high CO2 concentration 
was noticed in rice (Uprety et al., 2002), 
mungbean (Srivastava et al., 2001; Das et al., 
2002) and mungbean and weed species 
(Euphorbia geniculata and Commelina diffusa) 
(Awasthi and Kumar, 2010).  

Plants exposed to elevated CO2 often 
show increased growth and water use 
efficiency (Allen and Amthor, 1995). Elevated 
atmospheric CO2 attracts biological scientists, 
especially ecologist and plant physiologist, 
because of the potential biological impacts 
from CO2 induced global warming and from 
direct effects of elevated CO2 on vegetation 
that are independent of global warming. 
Recently, most of the research has been 
focused on the effect of CO2 enrichment on 
plant growth, leaf photosynthesis but only few 
studies have examined the effect of elevated 
CO2 on at metabolic and molecular level. The 
ability of plants to respond to future elevated 
CO2 levels will undoubtedly hinge upon 
physiological characteristics such as sink 
strength, efficiency of N and water use and 
photosynthetic pathway. The exclusive use of 
gas exchange data to predict plant success 
has been over-valued and over-represented in 
literature addressing plant response to 
elevated CO2. However, performance of a 
particular crop can not be predicted on the 
basis of performance of an individual plant but 
need to be studied at various levels 
considering the interaction with other 
organisms and environmental factors i.e. 
interactions between crop-weeds, crop-insects 
and crop-microorganisms.   

Different plant species respond 
elevated CO2 in different ways starting right 
from germination up to maturity depending 
upon their growing habits and photosynthetic 
pathways and several other metabolic 
processes (Bunce, 1993).  Crops and weeds 
co-exist in agriculture system and certainly a 
point of focus among scientists, agriculturists 
and environmentalists.  Numerous studies can 
be found in literature regarding the crops-
weeds interaction in field conditions 
suggesting that weeds pose a very serious 
and potential threat to agricultural production 
resulting approximately one third yield loss by 
virtue of their competitiveness with special 
mention to “noxious” or “invasive” weeds like 
Euphorbia geniculata which outplay the crop 
plants in almost every aspect and led to big 
loss to crop production in India. Recently, 
focus of agriculture scientists turned towards 

crops-weeds competitiveness in high CO2 
environment (Ziska and George, 2004) and it 
was suggested that possibly recent increases 
in atmospheric CO2 during the 20th century 
may have been a factor in the selection of 
weed species and may be contributing factor 
of invasiveness of these species.      

Future challenges 

Several questions need to be 
answered by researchers regarding weeds 
and weed management under climate change 
conditions, the most important are: 

 How elevated CO2 and other associated 
factors will affect crops, weeds, and 
associated micro-organism?  

 How changes in climate will affect the 
relative competitiveness of crop, weeds 
and microbes?  

 How efficacy of herbicide will be change 
under climate change conditions? 

 What effects does increased temperature 
(global warming) have on weeds? 

 How does a change in precipitation 
(seems to be almost certain) effect weed 
growth? 

 What is physiological and molecular basis 
and mechanism of dominance? 

 Is it possible to sustain/increase the 
productivity of crops in change climate? 

 Can we borrow something from the weeds 
to strengthen crops? If yes, what?  

 If climate change/CO2 alters weed 
biology, will this impact human health? 

How elevated CO2 will affect crop, weeds 
and associated micro-organism and their 
competitiveness?  

Weeds are a reservoir of genetic 
diversity. Consequently, if a resource (light, 
water, nutrients or CO2) changes within the 
environment, it is more likely that weeds will at 
more advantage than crop. It can be argued 
that many weed species have the C4 
photosynthetic pathway and therefore will 
show a smaller response to atmospheric CO2 
relative to C3 crops. However, this argument 
does not consider the range of available C3 
and C4 weeds already present in any 
agronomic system. Currently, more than 450 
“troublesome” weed species (both C3 and C4) 
associate with approximately 50 major crops 
throughout the world. Hence, if a C4 weed 
species does not respond, it is likely that a C3 
weed species will. In addition, many 
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researchers recognized that the worst weeds 
for a given crop are similar in growth habit or 
photosynthetic pathway; indeed, they are 
often the same uncultivated or “wild” species, 
e.g. oat and wild oat, sorghum and 
shattercane, rice and weedy rice.  

To date, for all weed/crop competition 
studies where the photosynthetic pathway is 
the same, weed growth is favored as CO2 is 
increased. In addition to agronomic weeds, 
there is an additional category of plants that 
are considered “noxious” or “invasive” weeds. 
These are plants, usually non-native whose 
introduction results in wide-spread economic 
or environmental consequences. Many of 
these weeds reproduce by vegetative means 
(roots, stolons, etc.) and recent evidence 
indicates that as a group, these weeds may 
show a strong response to recent increases in 
atmospheric CO2 (Ziska and George, 2004). 
How rising CO2 would contribute to the 
success of these weeds in situ however, is still 
unclear. Overall, the data that are available on 
the response of weeds and changes in weed 
ecology are limited. Additional details, 
particularly with respect to interactions with 
other environmental variables (e.g. nutrient 
availability, precipitation and temperature) are 
also needed. 

How elevated temperature will impact 
weed growth? 

Rise in atmospheric CO2 
concentration and other gases like ozone and 
methane associated with concurrent increase 
in temperature affects growth and 
development of plants (IPCC, 2007). Increase 
in temperature is the phenomenon associated 
with the ‘greenhouse effect’.  Sionit et al. 
(1987) pointed out differences in temperature 
optima for physiological process in C3 and C4 
species and suggested that C4 species will be 
able to tolerate higher temperature change 
associated with high CO2 concentration than 
C3 species. Therefore, C4 weeds may benefit 
more than the C3 crops from any temperature 
increase associated with elevated CO2 levels. 
Temperature plays an important role in 
biological and metabolic activity, defining the 
length of the available season suitable for 
growth, phonological development, incidence 
of heat or freezing stresses, and the level of 
enzymatic activity associated with 
photosynthesis, respiration and other 
metabolic pathways. Plant growth and 
development are reduced or halted at low 
temperatures, cells are damaged by freezing 
temperatures, and high temperatures can be 
devastating during flowering and initial stages 
of yield formation. The interaction of these 

factors will determine the impact on crop 
productivity, management, and economics of 
agriculture under climate change. Increasing 
temperatures may cause an expansion of new 
weeds into temperate regions. Invasive weeds 
that are currently found in the south and 
central part of the country and are limited in 
the northern hilly states due to low 
temperature. An increase in temperature due 
to climate change (global warming) may 
cause an expansion of weeds towards north 
hilly regions. In USA, many C4 grass weeds 
are serious problems in the southern U.S. but 
do not occur at problem levels in the U.S. corn 
belt. Studies have shown that itchgrass, a 
profusely tillering, robust grass weed could 
invade the central Midwest and California with 
only a 3°C warming trend (Patterson, 1995). 
Witchweed, a root parasite of corn, is limited 
at this time to the coastal plain of North and 
South Carolina, however, with an increase of 
temperature of 3°C it is speculated that this 
parasite weed could become established in 
the Corn Belt with disastrous consequences. 
Similarly, the current distribution of both 
Japanese honeysuckle and kudzu is limited by 
low winter temperatures which may be further 
expand its invasion into the cooler regions by 
several hundred miles in USA. In India, not 
much work has been done on this aspect, but 
DWSR has taken initiative to study the climate 
change effects on weed management. 

How does a change in precipitation effect 
weed growth? 

With the rise in concentration of 
atmospheric greenhouse-gases and average 
temperature, global average precipitation will 
increase, however it will also lead to changes 
in the timing and regional patterns of 
precipitation. Changes in the pattern of the 
rainfall will cause the alteration in the water 
availability which eventually will lead to weed 
shift. Response to drought in agronomic 
conditions is dependent on species and 
cultural conditions. Any factor which increases 
environmental stresses on crops may make 
them more vulnerable to attack by insects and 
plant pathogens and less competitive with 
weeds (Patterson, 1995). 

Will weed management be affected under 
climate change conditions? 

Any direct or indirect effect from a 
change in climate will definitely have a 
significant impact on management of weeds. 
Changes in temperature, wind speed, soil 
moisture and atmospheric humidity can 
influence the efficacy of herbicides 
application. For example, drought can result in 
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thicker cuticle development or increased leaf 
pubescence, with subsequent reductions in 
herbicide entry into the leaf. Overall, 
pesticides are most effective when applied to 
plants that are rapidly growing and 
metabolizing, i.e. those free from 
environmental stress. But does rising CO2 per 
se alter chemical management? There are an 
increasing number of studies (Ziska and 
George, 2004) that demonstrate a decline in 
chemical efficacy with rising CO2. The basis 
for this reduction is unclear. Recent work with 
Canada thistle grown in monoculture under 
field conditions suggested a greater root to 
shoot ratio and subsequent dilution effect of 
glyphosate when grown at elevated CO2 
(Ziska and George, 2004). However, it is not 
clear if this is a ubiquitous response. In any 
case, if CO2 does reduce efficacy, then 
additional work is needed to determine 
herbicide specificity, concentration and 
application rates as possible means of 
adaptation. Biological control of weeds by 
natural or manipulated means is likely to be 
affected by increasing atmospheric CO2 and 
climatic change. Climate as well as CO2 could 
alter the efficacy of weed bio-control agents 
by potentially altering the development, 
morphology and reproduction of the target 
pest. Direct effects of CO2 would also be 
related to changes in the ratio of C: N and 
alterations in the feeding habits and growth 
rate of herbivores. As pointed out by 
Patterson (1995), warming could also result in 
increased insect populations and changes in 
their potential range. However, this could 
increase both the biological control of some 
weeds, yet, it could also increase the 
incidence of specific crop pests, with 
subsequent indirect effects on crop-weed 
competition. Overall, synchrony between 
development and reproduction of bio-control 
agents and their selected targets is unlikely to 
be maintained in periods of rapid climatic 
change or climatic extremes. Whether this will 
result in a positive or negative benefit remains 
unclear. Tillage (by mechanical means) is 
regarded as a global method of weed control 
in agronomic systems. Elevated CO2 could 
lead to further below ground carbon storage 
with subsequent increases in the growth of 
roots or rhizomes, particularly in perennial 
weeds (see Rogers et al., 2008 for a review). 
Consequently, mechanical tillage may lead to 
additional plant propagation in a higher CO2 
environment, with increased asexual 
reproduction from below ground structures 
and negative effects on weed control (e.g. 
Canada thistle, Ziska and George, 2004). 

In nutshell, there are many strong 

reasons for expecting climate and/or rising 
CO2 to alter weed management. Adaptation 
strategies are available, but the cost of 
implementing such strategies (e.g. new 
herbicides, higher chemical concentrations, 
new biocontrol agents) is a matter of further 
extensive research work. Herbicide use is 
controlled by individual state regulations. If an 
increase in CO2 and temperatures allow 
invasive weed species to expand their 
geographical locations new herbicides may be 
needed to combat them. Often it takes a 
period of time to receive state approval of a 
new chemical or a chemical that has not been 
previously used. 

If climate change/CO2 alters weed biology, 
will this impact human health? 

Weeds ‘in general’ are recognized by 
public as significantly affecting human health 
either through allergenic reactions, skin 
irritations, mechanical injury or internal 
poisoning (Ziska, 2001). For the most part, we 
are only in the initial stages of quantifying how 
changes in climate and/or CO2 may affect 
those specific weeds associated with public 
health. One exception has been changes in 
pollen production and allergenicity in common 
ragweed (a recognized cause of allergic 
rhinitis) with changing CO2 and temperature in 
both indoor (Wayne et al., 2002) and in situ 
experiments (Ziska, 2003). Additional 
research on how rising CO2 can affect both 
poison ivy growth and toxicity is currently 
ongoing. No information is available on how 
CO2 could alter the toxicity of secondary 
compounds associated with mortality in weedy 
species. 

What is physiological basis and 
mechanism of dominance? 

Nitrogen fixation and gas exchange 
are important aspects which are expected to 
be influenced at high CO2 concentration. A 
positive effect of CO2 enrichment on nodule 
growth and development was observed in 
term of fresh weight, size and functionality of 
nodules (Lee et al., 2003; Awasthi and Kumar, 
2010). An increase in N2-fixation at elevated 
CO2 could result form an increase in nodule 
size, nodule number per plant, or an increase 
in specific nitrogenase activity. Presence of a 
positive feedback loop between nitrogen 
fixation and photosynthesis has been 
advocated and emphasized that such 
feedback may be an important way in which 
the potential carbon drain of nitrogen fixation 
on the host plant could be compensated in 
terms of increased nitrogen availability and 
these two factors together stimulate the 
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growth and development of plants (Arnone 
and Gordon, 1990). Increase in rate of 
photosynthesis and instantaneous water use 
efficiency was observed in mungbean and 
Commelina diffusa when plant were subjected 
to CO2 enrichment. On the other hand, 
stomatal conductance, rate of transpiration 
and transpiration cooling were decreased at 
elevated CO2 as compared to that at ambient 
CO2 in mungbean and Commelina diffusa and 
at both the sampling stages. However, 
variation to the above results, exposure of 
Euphorbia geniculata plants to high CO2 led to 
increase in stomatal conductance and 
transpiration and hence transpirational 
cooling, and decrease in instantaneous water 
use efficiency despite of increase in rate of 
photosynthesis. These unusual results in 
Euphorbia geniculata may be a point of focus 
for future studies and may be considered as a 
unique adaptive potential of this weed to grow 
in adverse conditions. In summer crops, high 
temperature is always a threat for the 
operation of a number of metabolic reactions 
and situation even become worse due to rise 
in temperature associated with high 
atmospheric CO2 level. Transpirational cooling 
is a way to keep plants cool at high 
temperature, thus enables plant to sustain 
functionality of many temperature sensitive 
reactions, and hence achieve good growth in 
adverse conditions. In present study, high 
growth of Euphorbia geniculata at elevated 
CO2 can be ascribed ‘at least partly’ to its 
ability to maintain high transpiration and 
transpiration cooling at high temperature at 
elevated CO2. However, this ability of this 
weed species might be considered as a 
potential threat to crop species like mungbean 
as it act as drain of available resources too. If 
it is so, then definitely crop-weed interaction 
will be change in favour of weeds in high CO2 
atmosphere. Further, some more efforts at 
biochemical and molecular level are required 
to unravel the puzzle of crop-weed interaction. 
At present, no evidence for high transpiration 
rate and stomatal conductance is available in 
literature, thus need further investigation on 
this aspects (Awasthi and Kumar, 2010). 

 Carbonic anhydrase is an important 
enzyme which catalyses the reversible inter-
conversion of CO2 and HCO3

- and is widely 
distributed in all plant species (Ynalvez et al., 
2008). It plays a fundamental role in many 
physiological processes including 
decarboxylation and/or carboxylation 
reactions of photosynthesis. Elevated CO2 
resulted an increase in activity of carbonic 
anhydrase in mungbean and weed species 
Euphorbia geniculata and Commelina diffusa 

as compared to that at ambient CO2 (Awashti 
and Kumar, 2010). Proteins, being a 
macromolecule, play an important role for any 
living organism including plants. 
Unfortunately, not much work has been taken 
up to explain the extent and nature of the 
effects of elevated CO2 on protein metabolism 
in plants. In a study at DWSR (Awashti and 
Kumar, 2011), increase in soluble protein in 
leaves was observed which can be 
considered as an adaptive strategy of plants 
to a newer situation which involves synthesis 
and regulation of many new proteins. 

All together, available results suggest 
that elevated CO2 affect the overall growth of 
plants. Promotion in growth of plants can be 
attributed mainly to the high rates of 
photosynthesis. Crop-weed interaction can be 
changed in favor of weeds on account of 
higher benefit to weed species in terms of 
growth and development and photosynthesis. 
Another point which can go in favour of weed 
species is their unique adaptive potential as 
mentioned above in case of Euphorbia 
geniculata which showed higher transpiration 
and stomatal conductance to cope up with 
high temperature associated with rising CO2. 
Molecular analysis of crops and associated 
weed species can further provide some 
deeper insights into the real mechanism for 
the response of plants to ‘almost certain’ rise 
in atmospheric CO2 and warming effects. An 
integrated approach involving physiology, 
biochemistry and molecular biology will be 
even more effective for the mechanistic study 
of crop-weed interaction in future high CO2 
world.  

Potential strategies 

Weeds have greater adaptation 
potential than crops by virtue of huge genetic 
diversity. If environmental and land resources 
change, it is almost likely that weeds will be 
the winner in the race and over compete the 
crop plants for the utilization of resources, 
hence creating the problem of weed 
management. One important point emerges 
from available studies is that the most 
competitive weed in a given crop is similar in 
growth habit or photosynthetic pathway to that 
particular crop e.g. Phalaris minor in wheat, 
wild oat in oat and weedy rice and rice crop. 
Recently, in a pioneer study, Ziska and 
coworkers have shown that weedy rice has 
immense potential to compete the cultivated 
rice in elevated CO2 condition. Increasing 
concentration of ozone into troposphere is 
another concern of scientist around the world. 
A rise in the ozone can potentially suppress 
the growth of crop plant but some weeds like 
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Cyperus esculentus have the potential to 
escape or minimize the impact of increasing 
ozone. Tolerance to ethanol and the ability to 
metabolize key intermediary substrates under 
anaerobic conditions makes Echinochloa 
crus-galli (L.) tolerant to flooding conditions 
which are expected to be arise from climate 
change condition due to over-melting of 
glaciers and change in rainfall pattern. 
Alternanthera philoxeroides has been shown 
to possess capability to survive under worse 
environmental conditions like drought, salinity, 
low temperature and flooding thus can be a 
plant for future from the point of view of crop 
improvement. From the above mentioned 
studies, it can be inferred that weeds possess 
better ability to survive and perform under 
adverse environmental conditions which make 
them sturdy and highly competitive with crop 
plants. Now a big question arises in this 
context, can we exploit these attributes of 
weeds for the crop improvement? If yes, then 
there is no other alternate better than weeds 
simply because of the co-existence of weed 
and crop plants. An advantage using weeds 
as a source of gene(s) may be other co-
ordinated regulatory aspects of the 
transgene(s). As both weeds and crops grow 
in the same environment, so it is expected 
that internal machinery (at least partly) which 
is required for the functioning of transgene(s) 
might be present already in crop plants. 
Development and availability of the 
sophisticated molecular tools provide us 
liberty to play at molecular level and to 
transfer the genetic material into crop plants, 
thus breaking the reproductive barriers for 
inter-specific and inter-generic transfer of the 
genetic material. However, success of such 
approaches requires integration and 
collaborative efforts from all the corners of 
scientists to bring together expertise in weed 
science, molecular biology, plant physiology. 
Following strategies can be beneficial to fight 
with the problem of climate change which 
seems to be certain in years to come. 

 Identification of crop cultivars resilient to 
climate changes.  

 Preventive measures: Early planting of 
crops can be effective by means of avoiding 
the high temperature. 

 Return to conventional tillage practices: 
Looks difficult as it required again lots of 
labor work, fuel and feed.  

 Engineering of crops:  Most viable and 
dynamic strategy is to engineer the crop 
plants which can perform better under 
futuristic climate change conditions. For this 

purpose, weeds can be a good source of 
genetic materials for raising transgenic 
crops.  
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Introduction 

          Due to rapid urbanization and industrial 
development during the last over two decades 
in India, large quantity of waste water is 
generated as sewage from class I and class II 
cities which is estimated to be about 23000 
million litre per day (MLD) while those from 
industries to be about 13500 MLD (Samra, 
2007). The high nutrient loading in waste 
water from municipal source and runoff water 
from agricultural lands greatly increases the 
incidence of weeds in crops. Under drain 
water irrigation weed infestation were higher 
as compared to tube well water in wheat and 
cauliflower (Khankhane & Varshney, 2009). 
Heavy weed infestation also occurs in the 
different kinds of water bodies such as 
reservoirs, tanks, lakes, ponds and rivers. It is 
estimated that about 7 million hectares area of 
water bodies is infested with aquatic weeds. 
Besides being a useful source of plant 
nutrients these effluents often contain high 
amounts of various organic and inorganic 
materials as well as heavy metals, depending 
upon the industry from which these are 
originating. Heavy metal contamination due to 
the sewage and sludge applications to soils 
impose a major limitation on potential land 
use. Cultivated areas under peri-urban 
agriculture are worst affected by this problem. 
The heavy metal contaminated soils are often 
used to grow leafy vegetables and tuber crops 
to meet the demand of nearby urban areas. 
These crops are notorious for their capacity to 
accumulate heavy metals in their edible parts. 
Entry of heavy metals to the food chain has 
been reported through lettuce and beet roots 
(John and Laerhoven, 1976) and potato (Haan 
and Lubbers, 1983) consumption. 

Heavy metals, unlike organic 
pollutants, can not be destroyed or changed to 
forms that are harmless. The remediation of 
metal contaminated soils can be attempted 
through conventional remedial measures such 
as land filling and leaching, excavation and 
burial or soil washing. However. these 
approaches are cost effective and thus not 
economically viable, besides being intrusive in 
nature and causing soil degradation (Singh 
and Bansal, 2000). Though the 
decontamination of polluted land through the 
application of immobilized microbial enzymes 

and through the use of resistant 
microorganisms like bacteria, fungi and 
vesicular arbuscular mycorrhizae is 
ecologically and economically sound, physical 
removal/ cleaning up of the contaminants 
does not occur as the contaminants remain in 
the soil system. This has forced to think of 
using plants for cleaning of their own support 
system. The use of specially selected and 
engineered metal accumulating plants for 
environmental clean up is an emerging 
frontline technology called phytoremediation. 
Phytoremediation is a system wherein plants 
in association with soil organisms can remove 
or transform contaminants into harmless and 
often valuable forms. Phytoremediation can 
be practiced for both inorganic and organic 
pollutants present in solid substrate (e.g., 
soil), liquid substrates (e.g., water) and the air.  

Approaches of phytoremediation: The 
different approaches of phytoremediation can 
be divided into the following areas: 

1. Rhizofiltration 

          Metal pollutants in industrial-process 
water and in groundwater are most commonly 
removed by precipitation or flocculation, 
followed by sedimentation and disposal of the 
resulting sludge. A promising alternative to 
this conventional clean-up method is 
rhizofiltration, a phytoremediative technique 
designed for the removal of metals in aquatic 
environments. The process involves raising 
plants hydroponically and transplanting them 
into metal-polluted waters where plants 
absorb and concentrate the metals in their 
roots and shoots. Root exudates and changes 
in rhizosphere pH also may cause metals to 
precipitate onto root surfaces. As they 
become saturated with the metal 
contaminants, roots or whole plants are 
harvested for disposal. Plants should be able 
to accumulate and tolerate significant 
amounts of the target metals in conjunction 
with easy handling, low maintenance cost, 
and a minimum of secondary waste requiring 
disposal. It is also desirable plants to produce 
significant amounts of root biomass or root 
surface area. 

         Several aquatic species have the ability 
to remove heavy metals from water, including 
water hyacinth (Eichhornia crassipes.) and 
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duckweed (Lemna minor). However, these 
plants have limited potential for rhizofiltration, 
because they are not efficient at metal 
removal, a result of their small, slow-growing 
roots. The high water content of aquatic plants 
complicates their drying, composting, or 
incineration. Despite limitations, Zhu ct al. 
1999b indicated that water hyacinth is 
effective in removing trace elements in waste 
streams. Terrestrial plants are thought to be 
more suitable for rhizofiltration because they 
produce longer, more substantial, often 
fibrous root systems with large surface areas 
for metal sorption. Sunflower (Helianthus 
annuus L) and Indian mustard (Brassica 
juncea.) are the most promising terrestrial 
candidates for metal removal in water. The 
roots of Indian mustard are effective in the 
removal of Cd, Cr, Cu, Ni, Pb, and Zn , and 
sunflower removes Pb, 137Cs, and 90Sr from 
hydroponic solutions. Khankhane and 
Varshney (2008) investigated the ability of 
weed species for heavy metal accumulation 
growing in various contaminated drain sites of 
Jabalpur and adjoining areas. They observed 
that the mean copper content detected in 
waste water exceeded the permissible limit 
whereas nickel, iron and zinc were below the 
permissible limit. They found that among the 
weed species studied, Alternanthera 
philoxeroides  accumulated higher nickel (26 
µg g-1) and zinc (553 µg g-1 ) content followed 
by Mullugo verticillata (24 µg g-1Ni) and 
Amaranthus viridis (488 µg g-1 Zn).  The 
Mullugo verticillata resulted in higher 
incorporation of copper (94 µg g-1) whereas 
Convolvulus arvensis resulted in higher 
accumulation of iron (1900 ug g-1) followed by 
Ludwigia adjescense (1878 µg g-1), 
Alternanthera philoxeroides (1507µg g-1) and 
Mullugo verticillata (1487µg g-1). Among the 
macrophytes in various ponds in Jabalpur,  
Eichhornia crassipes  accumulated higher 
concentration of   cadmium,  nickel,  iron and 
manganese.  However,  relatively  higher 
metal concentration were found in roots of 
Eichhornia crassipes than shoots whereas 
Alternanathera philoxeroides accumulated 
higher concentration of metals in shoots than 
its root part of  the plant. Besides this, the use 
of  shoot part of Alternanthera   philoxeroides 
as a cattle fodder in the region is the major 
concern which could find metal entry into 
human food chain. The higher 
bioaccumulation factor of all metals except 
nickel was exhibited by Alternanthera 
philoxeroides followed by Eichhornia 
crassipes where as  Canna indica exhibited 
higher bioaccumulation factor for nickel.  

 

          The water erosion leads to the loss of 
the fertile top soil and in extreme cases,  
exposure of the subsoil occurs under 
agricultural as well as non-agricultural site 
such as mining. Along with the soil lost in the 
runoff, the pollutants such as nitrate, 
phosphate and heavy metals are carried away 
particularly in the lower reaches of the 
catchment. As a result, heavy weed 
infestation and silting occurs in the different 
kinds of water bodies such as reservoirs, 
tanks, lakes, ponds and rivers. An 
investigation was therefore carried out at 
DWSR, Jabalpur to test the efficacy of  giant 
reed, Arundo donax in a sub-surface wetland 
model treated with drain water. It was 
observed that the reed plant was grown with a 
well spread entangling root system in a gravel 
medium (without soil) and no clogging was 
occurred as a result of which the water is 
easily passed out through the outlet of the 
filter bed. As far as the treatment of waste 
water in a wetland model is concerned, after 
treatment the reed plant except chlorides and 
alkalinity reduced the concentrations of 
nitrate, phosphate, nickel and copper to the 
extent of 70, 42.8, 55.8 and 40.6 per cent 
respectively as compared to the untreated 
waste water. Having ability to grow 
successfully in a gravel medium and 
phytoextracting potential for pollutants, Aundo 
donax can be used  for treatment of municipal, 
industrial waste water and runoff water 
(Khankhane and Varshney, 2009).  

           Therefore   

2. Phytostabilization 

          Phytostabilization, also known as 
phytorestoration, is a plant-based remediation 
technique that stabilizes wastes and prevents 
exposure pathways via wind and water 
erosion; provides hydraulic control, which 
suppresses the vertical migration of 
contaminants into groundwater; and physically 
and chemically immobilizes contaminants by 
root sorption and by chemical fixation with 
various soil amendments. This technique is 
actually a modified version of the in-place 
inactivation method in which the function of 
plants is secondary to the role of soil 
amendments. Unlike other phytoremediative 
techniques, the goal of phytostabilization is 
not to remove metal contaminants from a site, 
but rather to stabilize them and reduce the risk 
to human health and the environment. 

3. Phytoextraction: 

 Phytoextraction is the most commonly 
recognized of all phytoremediation 
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technologies. The phytoextraction process 
involves the use of plants to facilitate the  
removal of metal contaminants from a soil 
matrix (Kumar et al. 1995a). In practice, 
metal-accumulating plants are seeded or 
transplanted into metal-polluted soil and are 
cultivated using established agricultural 
practices. The roots of established plants 
absorb metal elements from the soil and 
translocate them to the above ground shoots 
where they accumulate. If metal availability in 
the soil is not adequate for sufficient plant 
uptake, chelates or acidifying agents may be 
used to liberate them into the soil solution. 
After sufficient plant growth and metal 
accumulation, the above-ground portions of 
the plant are harvested and removed,  
resulting the permanent removal of metals 
from the site. 

          This technology is suitable for the 
remediation of large areas of land that are 
contaminated at shallow depths with low to 
moderate levels of metal- contaminants. Many 
factors determine the effectiveness of 
phytoextraction in remediating metalpolluted 
sites. The selection of a site that is conducive 
to this remediation technology is of primary 
importance. Phytoextraction is applicable only 
to sites that contain low to moderate levels of 
metal pollution, because plant growth is not 
sustained in heavily polluted soils. Soil metals 
should also be bio-available, or subject to 
absorption by plant roots. As a plant-based 
technology, the success of phytoextraction is 
inherently dependent upon several plant 
characteristics. The two most important 
characters include the ability to accumulate 
large quantities of biomass rapidly and the 
ability to accumulate large quantities of 
environmentally important metals in the shoot 
tissue. It is the combination of high metal 
accumulation and high biomass production 
that results in the most metal removal. 

4. Pytodegradation 

      The use of plants and associated 
microorganisms to degrade organic pollutants 
to less toxic forms or rendering them 
immobilized to prevent their entry into the food 
chain or environment. Out of these 
approaches phytoextraction seems to be most 
attractive due to its versality in usage. For 
example phytoremediation can be of use only 
in case of degradable wastes thus of limited 
use in the case of heavy metal toxicity, 
rhizofiltration is specific to water treatment and 
phytovolatilization is limited to certain special 
methods (e.g., Hg, Se, As) capable of forming 
volatile compounds. Phytostabilization does 
not take away the metal from the soil system 

and emphasizing on rendering it inactive: thus 
keeping the option of reoccurrence of the 
problem in future open. Because of the 
limitations associated with the approaches 
mentioned above, phytoextraction proves to 
be more attractive method. 

5. Phytovolatilization 

         Some metal contaminants such as As, 
Hg, and Se may exist as gaseous species in 
environment. In recent years, researchers 
have searched for naturally occurring or 
genetically modified plants that are capable of 
absorbing elemental forms of these metals 
from the soil, biologically converting them to 
gaseous species within the plant, and 
releasing them into the atmosphere. Mercury 
and Se are toxic and there is doubt about 
whether the volatilization of these elements 
into the atmosphere is safe. Selenium 
phytovolatilization has been given the most 
attention to date, because this element is a 
serious problem in many parts of the world 
where there are areas of Se-rich soil. 
However, there has been a considerable effort 
in recent years to evaluate weedy plants.  

Strategies of plant response to pollutants: 

 Plants have three basic strategies 
for growth on metal contaminated soil. 

 i) Metal excluders 

            They prevent metal from entering their 
aerial parts or maintain low and constant 
metal concentration over a broad range of 
metal concentration in soil, they mainly restrict 
metal in their roots. The plant may alter its 
memebrane permeability, change metal 
binding capacity of cell walls or exclude more 
chelating substances. 

ii) Metal indicators 

          Species which actively accumulate 
metal in their aerial tissues and generally 
reflect metal level in the soil, tolerate the 
existing concentration level of metals by 
producing intracellular metal binding 
compounds (chelators), or alter metal 
compartmentalization pattern by storing 
metals in non-sensitive parts. 

iii) Metal accumulating plant species 

          They can concentrate metals in their 
aerial parts to levels far exceeding than soil. 
Hyperaccumualtors are plants that can absorb 
high levels of contaminants level of metals 
either in roots, shoots and/or leaves (Table 1). 
Metal hyperaccumulators are plants that 
contain more than or up to 0.1 % i.e., more 
than (1000mg/g) of copper, cadmium, 
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chromium, lead, nickel, cobalt or 1 % 
(>10,000 mg/g) of zinc or manganese in the 
dry matter. For cadmium and other metals, it 
is >0.01 % by dry weight. The Brassicacaceae 
family contains a large number of 
hyperaccumulating species with widest range 
of metals, these include 87 species from 11 
genera. There are many reports on the 
hyperaccumulating potential of different 
species of plants.  

Table 1. Potential of aquatic weeds for  
accumulation of heavy metals 
 
Weed species Metal concentration 
Potamogeton sp 1000 ppm Arsenic 
Ceratophyllum 
demursum 

1000 ppm Arsenic 

Eichhornia 
crassipes 

462 ppm Cadmium 

Salvinia minima 512 ppm Lead 
Lemna minor 3111 ppm Chromium, 

1420 ppm Cadmium 
Oenanthe javanica 1.2 ppm Hg 
Ambrosia trifida 200 ppm Copper, 50 

ppm cadmium 
Commelina 
communis 

2707-6159 Copper (in 
roots) 

Polygonum 
thunbergii 

863 ppm Copper, 321 
ppm lead 

Scope of  Phytoremediation 

             Phytoremediation technologies are 
very promising and are applicable to prevent, 
control and remediate the contaminated sites 
using terrestrial and aquatic plants. In order to 
clean up the environment through various 
approaches of phytoremediation, use of 
suitable potential plants is of prime 
importance.  Weedy plants unlike crop plants 
do not require plant protection measures and 
can sustain under stress condition of  both 
nutrients and water. Location specific trials are 
to be conducted, as certain plants, which were 
previously identified as hyperaccumulators of 
certain metals, need not be 
hyperaccumulators for other metals. 
Identification of cultivars with high level of 
metal tolerance can be used for increasing the 
productivity in marginal and polluted soils. 
Phytoremediation can fulfill the need of 
physical removal of pollutants such as 
nitrates, phosphates and heavy metals from 
the contaminated site, which is impossible 
through other alternatives. The advantage of 
this technology over other approaches of 
decontamination are: aesthetically pleasing 
and accepted by the public, relatively low cost, 
less distruptive of the remediation site, creates 
a beneficial habitat for wild life, plant roots and 

shoots can take up heavy metals thus 
effecting the physical removal of toxicity and 
no / marginal accumulation in the edible parts 
of hyperaccumulating plants, thus making the 
position of consumer safe. The scope of this 
technology can be extended to phytoming in 
order to extract metals from soils or ores that 
are sub economic for conventional mining. 
Thus it is clear that the utilization of the 
remarkable potential of green plants to 
accumulate elements and compounds from 
the environment is going to serve as the green 
cure technology for the agro-ecosystem in 
future. 
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The present day agriculture can be 
considered sustainable if it ensures that 
today’s developments are not at the cost of 
tomorrow’s prospects. Weeds cause 
enormous yield losses if present in cropped 
condition. Apart from yield loss; weeds 
causing great disturbance of the local 
biodiversity and creating potential threat to 
ecology due to their competitiveness, 
production of large number of seeds, seed 
dormancy and production of allelochemicals. 
Over the years herbicides have emerged as 
an important tool in the management of 
weeds. Rate of use of herbicides in India is 
increasing due to several reasons such as 
increasing labour cost and to control weeds in 
crop and non-crop area; thus herbicides 
become effective and efficient tools to deal 
with these critical issues. Herbicides represent 
a large chemistry with many chemical classes 
to control variety of weeds. Due to intensive 
research in herbicide discovery and mode of 
action of herbicides, many new molecules are 
available to cater the farmers need. 
Isoproturon, sulfosulfuron and metsulfuron are 
giving promising results in wheat crop. 
Similarly butachlor, anilofos, pretilachlor and 
new breed of chemical such as fenoxaprop 
are controlling weeds of rice field. 
Pendimethalin, fluchloralin and alachlor which 
are taking care of weeds of leguminous crops 
are some of the classical examples.  

At present nearly 400 herbicides are 
available worldwide for weed control. With the 
discovery and development of 2, 4-D as a 
herbicide following IInd World War, there has 
been a phenomenal growth in development of 
new molecules as herbicides. Triazines 
(1956), carbamates (1954-58), ureas (1960), 
toludine (1965), amides (1966), diphenyl 
ethers (1970) and diazines (1974) were 
introduced. Trifluralin and fluchloralin were 
particularly useful in a wide variety of crops. 
Dual action herbicides like pendimethalin were 
introduced during 1980’s. Now sulfonylurea 
group herbicides are more selective and 
effective at very low application rates of few 
grams per hectare. At present the world 
consumption of herbicides is 36 % followed by 
the insecticides (25 %), fungicides (10 %) and 
others (29 %). Herbicide use has increased to 

30 % during the last 10 years in managing 
weeds in the country. Excessive and repeated 
use of herbicides may pose problems such as 
phytotoxicity to crop plants, residual effect on 
susceptible inter-crops or succeeding crops or 
non-targets organisms and ultimately health 
hazards due to accumulation of residues in the 
soil, crop produce and ground water. Many 
herbicides are found as bound residues which 
make them not only unavailable to the targets 
but also polluting the soil ecosystem in a 
number of ways. As herbicides are necessary 
for weed management and to achieve 
maximum yield, thus role of herbicides 
becomes significant in soil, water and food 
chain.  

FATE AND PERSISTENCE OF HERBICIDES 
IN THE SOIL 

 As soon as a herbicide is applied a 
number of processes immediately begin to 
remove the compound from the original site of 
application. For the herbicide which is 
intercepted by plants, the chemicals may be 
taken up by the plant itself may be washed off 
by precipitation onto the soil, may undergo 
photodegradation on plant surface or may 
volatile back into the air. Herbicides 
persistence in the soil is expressed as half life 
or time required to degradates fifty percent of 
the original molecule (Table 1). However the 
half life is not absolute because it depends on 
the soil type, temperature, and concentration 
of the herbicide applied. The persistence 
varies with the nature of a chemical, soil 
properties and climatic conditions. The 
herbicide should persist long enough to check 
weeds until the end of critical period of weed 
competition but should not persist beyond the 
crop harvest, as it would be injurious to the 
sensitive crops grown in rotation. Very rapid 
loss of herbicides from soil will cause 
insufficient weed control, which is considered 
as unsatisfactory as their unduly long 
persistence within soil. Beside herbicides 
structure, soil conditions prevailing during and 
after the application of a herbicide as well as 
herbicide application methods influence the 
fate of the herbicides in the soil. Heavy rainfall 
in monsoon will cause greater leaching and 
runoff. Sandy soil would have a higher 

Use of herbicides for enhanced agriculture production, risk of 
persistence and mitigation measures 
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leaching potential than a clay soil due to larger 
pore spaces and lower CEC (Sondhia and 
Yaduraju 2005) .Higher humidity enhances the 
soil microflora proliferation. Similarly the 
persistence of herbicides in dry soil is greater 
as compared in wet soil.  

Table 1: Half-lives of some herbicides in 
soil 

Herbicides 
name 

 

Half 
lives 

(Days) 

Herbicide
s name 
 

Half 
lives 

(Days) 
Atrazine 13-58 Metribuzin 23-49 
Butachlor 5-24 Metolachlor 8-27 
Fluazifop-p-
ethyl 

8-24 Oxyfluorfen 19-29 

Fluchloralin 12-13 Pendimethalin 15-77 
Imazethapyr 57-71 Sulfosulfuron 3-8 
Isoproturon 13-21 2, 4 D 7-22 

*Source:  (Sondhia 2007) 

A herbicide is said to be persistent 
when it may be found to exist in soil in its 
original or a closely related but phytotoxic 
form longer than one crop season after its 
original application (Sondhia 2005). Herbicide 
residues in crop produce above the safe level 
can cause health hazards to man and animal 
(Table 2). Ultimate fate of herbicide in soil 
depends on number of processes such as 
volatilization, leaching, runoff and degradation 
by microbes, chemical processes and 
photodecomposition  

Table 2 Residues of some important 
herbicides in the soil, food grain and straw  

Herbicides  Crop  Dose 
(g/ha) 

Residues* 

 Soil Grains  Straw  
Butachlor  Rice  1000 0.005 0.012 0.029 
Sulfo-
sulfuron 

wheat 25 BDL** 0.010 0.004 

Fenoxaprop-
p 

Wheat  100 0.089 0.0024 0.0013 

Metsulfuron-
methyl  

Rice  4 BDL BDL BDL 
Wheat  4-8 BDL BDL BDL 

Isoproturon Wheat  1000 0.032 0.035 0.065 
Oxyfluorfen  Rice  150-

250 
BDL BDL BDL 

Imazethapyr  Soybean 100 0.016 0.210 BDL 
Imazo-
sulfuron  

Rice  30-40 BDL BDL BDL 
50-60 BDL 0.006-

0.009 
0.009-
0.039 

*Source:  (Sondhia 2007) 

**BDL-Below detection limit 

Effect of herbicides on microflora and fauna  

Nowadays soil health and microbial diversity 
have become vital issues for the sustainable 
agriculture. Loss of microbial biodiversity can 

affect the functional stability of the soil 
microbial community and soil health. 
Generally, negative effects of herbicides on 
the population level or composition of species 
are decreased for a while but subsequently 
improves. Beneficial organism known to be 
affected negatively by specific herbicides 
includes nitrogen fixing bacteria (Rhizobium) 
and some mycorhizal fungi (Lin et al., 2003; 
Gu et al., 2007) . Actinomycetes are relatively 
resistant to herbicides and affected at high 
concentration only. Fungi are probably the 
more sensitive to the majority of herbicides 
than are bacteria. Fungi are found to dissipate 
herbicides from soil (Braschi, et al. 2000; 
Boschin et al. 2003). Microbial degradation is 
considered to be one of the important 
mechanisms of sulfonylurea herbicides 
transformation in soil. Sondhia et al., (2013) 
effectiveness of Penicillium chrysogenum and 
Aspergillus niger fungi towards microbial 
degradation of pyrazosulfuron and 
penoxsulam. 

Apart from soil microflora, herbicide 
may have adverse or stimulatory effects on 
some beneficial soil fauna. Earthworms are 
perhaps the most important soil organisms in 
terms of their influence on organic matter 
breakdown, soil structural development, and 
nutrient cycling, especially in productive 
ecosystems. Isoproturon did not cause lethal 
effects at 1.4 g/kg soil on mature earthworm 
(Lumbricus terrestris L.) after 60 days.  

Effect of herbicides on succeeding crop  

Herbicide persistence in soil may 
injure succeeding crop. From example, injury 
to pea from sulfosulfuron is noted in field 
treated with sulfosulfuron in the previous year 
(Sondhia and Singhai 2006). Several 
substituted ureas, sulphonylureas, dichlobencil 
and 2, 3, 6-TBA often pose phytotoxic 
residues problems on crop land. Even a short 
residue herbicide like glyphosate has been 
reported to damage tomato transplants 
(Cornish, 1992). Sometimes non-phytotoxic 
residues of previously applied herbicides may 
damage the rotation crop by interacting with 
the herbicide applied to the present crop.  

Most of the herbicides are absorbed 
through plant roots and underground 
absorptive sites besides they undergo number 
of degradation processes. At the 
recommended dose of herbicide application 
the problem may not arise and they selectively 
kill the weeds. But when the dose is more than 
the recommend rates that happens due to 
indiscriminative use and improper calibration 
and method of application, there is possibility 
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of residual hazards in soil particularly in 
persistent herbicides such as triazines and 
uracils. Repeated application of the same 
herbicides in a mono crop sequence may 
cause accumulation of residues in soil, which 
in turn will affect the sensitive crops. Leaching 
of herbicides can cause crop injury due to 
transport of herbicide into the absorption zone 
of susceptible crop plants and accumulation of 
herbicides in toxic level in tolerant crop plants.  

In some experiments it was found that 
pre-emergence herbicides such as 
thiobencarb, butachlor, pretilachlor and 
anilofos applied at recommended doses 
continuously for four seasons in rice crop did 
not influence the germination and yield of 

urdbean raised subsequently 
(Balasubramanian et al., 1999). Pretilachlor at 
0.50 to 1.00 kg /ha, 2, 4-D at 1.50 to 2.50 
kg/ha, anilofos 0.40, to 0.60 kg/ha and 
pendimethalin 1.50 to 2.00 kg/ha applied as 
pre-emergence to transplanted rice did not 
affect succeeding wheat and peas crops but 
cucumber germination was reduced by 28 % 
in 2.5 kg/ha dose but 2, 4-D showed a greater 
level of persistence in soil (Gupta et al., 2000). 
Sulfosulfuron applied at 25, 50 and 100 g/ha in 
wheat crop did not show any adverse effect on 
succeeding maize and sorghum crop however 
significantly affected the growth of lentil and 
pea (Sondhia and Singhai 2008). Toxic and 
nontoxic effects of some important herbicides 
are given in Table 3. 

 

Table 3 Effect of some important herbicides on succeeding crop 

Crop Herbicides Dose 
(Kg/ha) 

Toxic Nontoxic Reference 

Wheat  Sulfosulfuron 0.25-100  Pea, lentil Sorghum, 
maize 

Sondhia and Singhai  
(2008) 

Wheat Pendimethalin  1-1.5 - Sorghum Kulshrestha and Yaduraju, 
(1987) 

Sorghum  Atrazine 0.25-1.0 - Fingermillet 
Cotton 

Jayakumar (1987) 

Cotton Fluchloralin 
Oxadiazon 
Oxyfluorfen 
Pendimethalin 

1.0 
0.5-1.5 
0.1-0.2 
1.25 

Cucumber Fingermillet 
Foxtail millet 
Mungbean 

Jayakumar et al. (1988) 

Sunflower Fluchloralin 
Butachlor 
Alachlor 
Pendimethalin 

1.0 
1.0 
1.0 
1.0 

Mungbean Groundnut 
Cowpea 
Cucumber 

Basavarajappa and 
Nanjappa (1994) 

 

Herbicide Residues in water system 

With the increasing use of herbicides 
for weed control, the applied herbicide may 
find it way into streams and underground 
water sources by run off and leaching 
mechanism. Many herbicides are routinely 
detected from the surface and ground water 
sources in developed countries like, USA, 
New Zealand, Australia, Canada, Japan and 
European countries. The most often detected 
herbicides above the prescribed maximum 
residues limits are 2, 4-D, atrazine, cyanazine, 
carbaryl, simazine, bromacil, diuron, Diazinon, 
prometon, metolachlor, dinoseb, picloram, 
metribuzin, metsulfuron, glyphosate, 
metolachlor, propanil, butachlor, 
pendimethalin, oxyfluorfen etc. Many 
herbicides are strictly banned or restricted 
such as butachlor, atrazine, pendimethalin, 
and paraquat in USA, and European countries 
due to  their high concentration in  the  ground  

 

and surface water and potential heath hazards 
to aquatic, animal and human lives.  

The studies conducted at AICRP 
weed control in water system revealed that 
butachlor residues were ranged between 
0.001 to 0.093 ppm in the water of rice field at 
Banglore. Residues of paraquat were not 
detected after 20 days at 0.80 kg/ha 
application rate to control Eichornia but 
application of 1.8 kg/ha showed 0.069 and 
0.028 ppm residues in pond and canal water, 
respectively. 2,4-D increased pH, EC, 
carbonates and free CO2 increased after 
treatment at 1.0 and 2.0 ppm dose but the 
dissolved oxygen decreased and the 2, 4 -D 
residues become non-detectable after 42 
days.  

Monitoring of butachlor residues at 
0.75 kg/ha application rate in underground 
water and drainage water system revealed 
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that butachlor could not result in residues at 
harvest in the underground water sample in 
rice-rice system.  

2, 4-D residues at lower level than the 
acceptable daily intake (0.01 mg per kg body 
weight) were detected in fish samples in KAU, 
Thrissur at recommended rate of application 
of 2, 4-D (1.0 kg/ha) at all the sampling 
interval and therefore 2, 4-D at1.0 kg/ha 
application rate considered as safe for 
consumption and if 2, 4-D is applied as higher 
dose viz 2.0 or 4.0 kg/ha waiting period of 
more than 4 month is suggested. Paraquat 
residues in the fish samples were also 
detected below the acceptable daily intake of 
0.002 mg per kg body weight. It is reported 
that only 0.80 to 1.11 % of the applied 
paraquat remained in the sediment fraction 
however paraquat at 0.8, 1.6 and 3.2 kg/ha 
application rates increased the pH and 
electrical conductivity of water. Ground water 
collected from tube wells of Hisar district 
where isoproturon in rice-wheat cropping 
system was being applied at recommended 
dose of 0.94 kg/ha for many years. It is 
reported that isoproturon residues were not 
present in the ground water in all the water 
samples collected from different districts.  

Conclusion 

In India use of herbicides is increasing 
at a faster rate as compared to other 
pesticides. Newer molecules are added each 
year. Due to environmental and health 
concern, the regulatory requirements have 
been made longer. Herbicides have lower 
residue concern than other pesticides in view 
of their lower mammalian toxicity. Further 
contrary to other pesticides, herbicides are 
applied at planting or during early stages of 
crop growth, thus giving more time for 
degradation of the chemical in the plant and 
environment. Further the soil and climate 
conditions prevalent in the country enable 
faster degradation of the chemical. The fate of 
herbicides in the soil is a concern of many 
segments of society. The soil acts as an 
important buffer governing the persistence and 
fate of most herbicides in the environment. As 
long as soil system remains healthy, possible 
adverse effect from herbicides in the 
environment probably can be minimized. 
Herbicides in most instances when applied at 
recommended doses have not been detected 
in food chain or in soil at level that should 
cause concern.  
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The Oxford English Dictionary defines 
competition as “the action of endeavouring to 
gain what another endeavours to gain at the 
same time: the striving of two or more for the 
same object”. ‘To compete’ comes from the 
Latin word ‘Comptere’ meaning to ask or sue 
for the same thing another does. Many 
definitions on plant competition have been 
proposed. According to Mather (1961) 
“competition implies the presence of one 
individual as an effective part of the other’s 
environment and a similarity of need or 
activities so their impact on each other is 
prospectively detrimental.” Bleasdale (1960) 
has defined competition as “two plants are in 
competition with each other when the growth 
of either one or both of them is reduced or 
their form modified as compared with their 
growth or form in isolation”. It is an 
established fact that crop-weed competition 
exists. Weed competition is a complex 
phenomenon as several factors affect the 
extent to which it occurs. The effect of 
competition is manifested in reduced crop 
growth and yield which results from 
competition for nutrients, moisture and light. 

Characteristics of competitive plants  

 Dormancy that is broken when 
environmental conditions favor survival and 
reproduction  

 Rapid early growth and expansion of a 
leaf canopy to intercept light  

 An efficient photosynthetic system to 
convert light into energy  

 Early and fast root penetration of a large 
area for uptake of nutrients and water  

 High root density and many long root hairs 
to contact available resources  

 Efficient uptake and processing of 
nutrients and water into building blocks of 
growth  

 The ability to reproduce early in their life 
cycle  

 Prolific seed production with minimal 
energy invested  

 The ability to absorb resources in excess, 
as well as the ability to tolerate low levels 
of resources  

 Chemical inhibitors that interfere with the 
growth of neighboring plants (allelopathy)  

 High genetic and environmental 
adaptability (able to reproduce in various 
environmental conditions)  

 The ability to develop resistance or 
tolerance to control measures  

 Unfortunately, perennial weeds exhibit 
many, or in some cases, all of these 
competitive characteristics. As a result, 
perennial weeds can be very persistent, and 
they require a management system that 
integrates the repeated and timely use of 
several methods. 

Factors controlling the degree of 
competition: 

 For weeds, density, distribution, and 
duration or how long weeds are present are 
important. For crops, density, distribution 
(including inter and intra-row spacing), 
duration are important. These factors modified 
by soil (edaphic) and climatic conditions 
determine the degree of competition 
encountered by each plant. The primary 
things plants compete for are nutrients, light, 
and water. Yield reductions are generally in 
proportion to the amount of light, water, and 
nutrients weeds use at the expense of a crop. 
A very general rule is for every unit of weeds 
grown, there will be one less unit of crop 
grown. It is not wrong to separate the 
elements of competition experimentally, but it 
is wrong to assume that plants do so, and it is 
nearly impossible to separate them in nature. 
Fro example, competition for light affects 
growth, which in turn affects a plant’s ability to 
compete for nutrients and water. Competition 
will be greatest among similar species that 
demand the same things from the 
environment. Those species that best utilize 
or first capture environmental factors will 
succeed. 
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Nature of Competition: 

Competition for Nutrients 

Analysis of large number of weeds 
reported by different authors during the last 
five decades has shown that the weeds 
absorb and accumulate mineral nutrients in 
higher concentration than the crop plants. 
Amaranthus viridis, for instance accumulates 
up to 3% N, Digitaria sanguinalis absorb up to 
3.36% P2O5 and Portulaca spp up to 4.57% 
K2O on dry weight basis. In soybean fields, 
weeds removed 86 Kg N/ha (Mani, 1975). 
Porwal and Gupta (1988-89) estimated 
average nutrient removal by weeds from 
wheat fields as 32.45 Kg N/ha and 5.07 Kg 
P2O5/ha during the crop season. The potato 
fields lost an average 63 Kg N, 11 Kg P2O5, 
and 88 Kg K2O per ha due to weeds. It should 
be noted that the above examples of nutrient 
losses through weeds should not give an 
impression that in a weed-free situation the 
quantity of nutrients removed by the crop shall 
be similar to that removed by the weeds and 
the crops together in a weedy field. Contrary 
to it, the quantity of nutrients absorbed by a 
weed-free crop is always much more than 
those otherwise removed by the weeds and 
the crops together, from a weedy field. For 
example, Dashora et al (1990) reported that a 
weed-free mustard crop removed 99.1 Kg 
N/ha against only 59.1 Kg N/ha removed by 
crop and its associated weeds under weedy 
situation. 

Competition for Moisture 

Crop-weed competition for soil 
moisture is particularly apparent in dry farming 
areas where it is already limited. During a dry 
spell, the crop plants exhibit the moisture 
stress symptoms much earlier in a weedy field 
than in a nearby weed-free field. Weeds often 
have higher water requirement than the crop 
plants. Besides their high water requirement, 
many weeds possess root system which is 
capable of depleting even the deep seated 
soil moisture, spoiling thus the farmland 
permanently. Further weedy fallows conserve 
much less moisture for the next season crop 
than a weed-free fallow. 

Competition for Light 

Weeds compete with crops for light 
needed for photosynthesis, by shading the 
young crop seedlings.  Most weeds put forth 
rapid initial growth, particularly during the 
rainy season, to shadow the slow-growing 
young crop plants. The crop seedlings thus 
become weak and, some times, wither away 
under mat of weeds. 

Factors affecting Crop-Weed Competition. 

Farmers often assume that removing 
the weeds any time during the growing 
season shall benefit the crops equally well. 
Substantial evidence, however, indicates that 
that it is not true, and that the time of removal 
of weeds is as important as their removal 
itself. A fundamental principle of plant ecology 
is that early occupants of ground tend to 
exclude the later germinating ones. This holds 
good also in agriculture. The weeds that 
germinate, either before or at the same time 
as the crop, offers serious competition to the 
crop plants since they get opportunity to 
establish and accumulate dry matter faster 
than the crop plants. In maize, for example, it 
has been found that during the first 2-3 weeks 
of its emergence, weeds put forth 15-18% of 
their growth, while the crop plants attain only 
2-3% of it. Long duration weed control does 
not give additional, economic production. 
Conversely, neglecting early weeding and 
adopting late stage weeding results in sub-
optimal yields. In one experiment, maize plots 
weeded for the first 30 days after emergence 
gave 44.4 q/ha grain yield, which was only 5% 
less than the maximum yield of 47.8 q/ha 
obtained from all season weed free crop. 
Likewise, little increase in yields of sugar beat, 
soybean, field bean, and cotton were obtained 
when these crops were made weed-free 
longer than 20, 30, 35, 60 days after crop 
emergence, respectively. Thus, for every crop 
there is a critical period of weed-crop 
interference when removal of weeds should 
result in higher economic returns. The critical 
period for weed control (CPWC) is a period in 
the crop growth cycle during which weeds 
must be controlled to prevent yield losses. 
Knowing the CPWC is useful in making 
decisions on the need for and timing of weed 
control and in achieving efficient herbicide use 
from both biological and economic 
perspectives ( Knezevic et al.2002). There are 
numerous research experiments conducted in 
India and abroad on the critical crop growth 
stages when weeding must be done. By and 
large, for all practical purposes these results, 
despite variation, indicate the importance of 
early weed removal to obtain optimum crop 
yields. A very broad based average period 
that is crucial for weeding in annual crops is 
the first 20-30 days after crop sowing or 
emergence. However, it may vary with the 
crop situation. 

 The better competitive ability of 
weeds than crop plants has resulted from the 
fact that they have gone through the process 
of survival of the fittest under vagaries of 
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nature since ages, while our crop plants are 
bred for high yields under normal 
environment. As a result, weeds often 
accumulate very large quantity of dry matter 
every season.   

Measures for increasing competitive ability 
of crops against weeds 

i.  Competitive crop variety 

ii  Increasing crop density 

iii. Fertilizer placement 

iv. Drip irrigation 

v. Intercropping 

vi.  Mulching 

vii. Transplanting 
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1. Introduction 

 Innovative approaches to control the 
pests including weeds are in great demand 
around the world, particularly those which are 
cost effective and less harmful to 
environment. The search for such new control 
methods which are effective and economic 
and have minimal undesirable side effect is a 
continuous process. In recent years, there has 
been increasing concern regarding the 
hazards of chemicals to the environment, the 
farmers and the consumers. Therefore, 
interest in non-chemical approaches which 
aim to reduce pesticide usage is growing. 
Manual weeding, though effective and 
commonly used in India is expensive and time 
consuming and also is not feasible in all 
situations. Use of herbicides for controlling 
weeds is very effective and economical but 
due to associated residue hazard, evolution of 
resistant biotypes and polluting the ecosystem 
have necessitated development of alternate 
non- hazardous means of weed management. 
In this light harvesting of solar energy through 
soil solarization for controlling soil-borne pests 
including weeds, pathogens and nematodes 
will be the key preposition to reduce the 
dependency on chemicals.              

Use of polyethylene mulches is not 
new to agriculture but has been historically 
used as a post-planting treatment. Black 
polyethylene sheets are widely used to obtain 
good weed control amongst other things. 
However solarization is different in the sense 
that clear polyethylene films are used as pre-
planting treatment. Soil solarization  as a pre-
planting soil treatment to control soil borne 
pathogens and weeds, was first described in 
1976 by Katan and co-workers in Israel. This 
involves mulching of the soil with clear plastic 
films so as to trap the solar heat in the surface 
soil. The resultant temperature increase would 
be lethal to soil pathogens, nematodes, weeds 
etc. This technique has been termed as solar 
sterilization, solar heating of the soil, or solar 
pasteurization, plastic or polyethylene 
mulching or tarping since 1976, but soil 
solarization is widely accepted and concise. 
The term 'soil solarization' denotes solar 
heating of the moistened soil by mulching 
(tarping or covering) with appropriate mulch. 

The common mulch for this purpose is 
transparent polyethylene and in some cases 
polyvinyl chloride. This approach of killing 
weed seeds and propagules seems to have 
greater potential in tropical and sub-tropical 
regions where air temperature goes up to 
45°C during summer months. 

2. Principles of soil solarization 

Soil solarization is a hydrothermal 
process, which brings about thermal and other 
physical, chemical and biological changes in 
the moist soil during, and even after   
mulching (Stapleton and DeVay, 1986)  

Global radiation composed of short-
wave solar radiation and long-wave 
atmospheric radiation, is the primary source of 
energy for heating soils. While the transparent 
polyethylene is permeable to short wave solar 
radiation received from the sun, the long wave 
terrestrial radiation is held back, which results 
in trapping of the heat in the soil. Polyethylene 
also reduces heat convection and evaporation 
of water from the soil. Water evaporating from 
the soil surface will condense on the mulch 
and drip back to the soil surface.  As a result 
of the formation of water droplets on the inner 
side of the mulch will trap the long-wave 
radiation and thus eliminate radiating cooling 
of the soil surface. In order to reduce heat 
losses through sensible and latent heat fluxes, 
the plastic mulch has to be kept intact (Mahrer 
et al., 1984).  

Solarization heats the soil through 
repeated daily cycles. At lower soil depths 
maximum temperature decrease, are reached 
later in the day and maintained for longer 
period of time  

The following recommendations have 
been made to bring about effective solar 
heating of soil, providing climatic conditions 
are adequate (Katan, 1981). 

i) Transparent not black polyethylene should 
be used since it transmits most of the 
solar radiation that heats the soil. 

ii) Soil mulching should be carried out during 
the period of high temperatures and 
intense solar radiation. 

 

Soil solarization: A non-chemical technique for managing weeds 
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iii) Adequate soil moisture during solarization 
is necessary to increase the thermal 
sensitivity, improve heat conduction in the 
soil, and enable biological activities.  

iv) The thinnest polyethylene tarp possible 
(25-50 µm) is recommended, since it is 
both cheaper and comparatively more 
effective in heating due to better radiation 
transmittance than the thicker one.  

v) Extend the solarization period usually 
from four weeks to six or eight weeks 
enables control at deeper layer. 

3.  Factors influencing effectiveness of soil 
solarization 

3.1 Soil preparation Good land preparation is 
essential to provide a smooth even surface, 
so that the polyethylene film is laid close to 
the soil with a minimum of airspace to reduce 
the insulating effect of an air layer 

3.2 Soil characteristics Dark soils absorb 
more radiation than light soils. Small 
differences in soil characteristics or moisture 
content can translate into large differences     
in soil heat transfer characteristics (Smith, 
1964). 

3.3 Soil moisture Adequate soil moisture 
before tarping/mulching is necessary to 
increase the thermal sensitivity, improve heat 
conduction in the soil, and enable biological 
activities. Saturated soil is optimal by a single 
irrigation before tarping (Grinstein et al., 
1979). 

3.4 Polyethylene film types and 
characteristics 

 Transparent polyethylene films are more 
efficient in trapping solar radiation (Horowitz et 
al., 1983, Bhaskar et al., 1998, 
Mudalagiriappa et al., 1999)) and residual 
weed control than black films (Table 1). 
Besides clear transparent polyethylene costs 
less and has high strength and allows 
maximum transmittances of radiation. Thinner 
films, 19-25 µm are more effective for solar 
heating than thicker films (50-100 µm) and are 
proportionately less expensive (Stapleton and 
Devay, 1986). Patel et al. (1989) also 
observed that transparent polyethylene was 
more effective than black polyethylene in 
reducing weed density and dry weight in 
tobacco. 

Table 1: Effect of plastic type on soil temperature during solarization and weed control (Horowitz et 
al., 1983) 

 
Type of plastic  Maximum soil 

temperature (°C) 
at depth 

Weed emergence (No./m2) after plastic removal 

Pigweed Common purslane 

5 cm 15 cm 1 month 11 months 1 month 11 months 
Control  30.4 28.2 92a 70a 24a 12a 

Black polyethylene 39.7 31.4 8b 1b 29a 2b 

Transparent P.V.C* 47.4 35.9 0b 0b 12b 2b 

Transparent thin (0.03 mm) 
polyethylene 

49.5 36.1 1b 0b 8b 3b 

Transparent thick (0.10 
mm) polyethylene 

47.7 35.0 1b 1b 6b 2b 

 *P.V.C. = Polyvinyl chloride (0.09 mm) 

Figures in the same column followed by the 
same letter do not differ at 5% level of 
significance     

3.5 Beds – width and direction 

 Mahrer and Katan (1981) recorded a 
2 to 4°C lower temperature at the edge of the 
mulch than the Centre, at the same soil depth. 
Horowitz et al. (1983) observed that there was 
no weed emergence from a 20 to 140 cm 
band width, the temperatures at the 5 cm 
depth were comparable; temperatures were 
generally 1 to 2°C higher at the 15 cm depth 
with the wider band and irrigation during the 

solarization period.  

Beds running in a north-south 
direction are preferable to an east-west 
direction to avoid a lower temperature on one 
side of the bed.   

3.6 Timing and duration of soil solarization 

The technique is most effective when 
it is practiced in warmest summer months, 
with adequate duration of 4-6 weeks under 
many situations. In India April- May in south 
and May-June in northern parts experienced 
intense radiation and are best suited for 
solarization (Yaduraju, 1993).  As solarization 
effect is restricted to surface soil only (0-10 
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cm), pest control at greater depths may be 
achieved with extended period of PE 
mulching.  Egley (1983) found that only one 
week of solarization treatment significantly 
reduced the number of viable seeds of Sida 
spinosa, Xanthium pensylvanicum, Abutilon 
theofrasti and Anoda cristata. When the 
duration increased to 2 weeks, additional 
species were controlled.  Solarization for a 
period of 10 weeks effectively controlled 
perennial weeds (Rubin and Benjamin, 1983). 
The effect was very clear on common 
purselane and appreciable on the field 
bindweed. Singh et al., (2000) observed that 
solarization for a period of 3-4 weeks during 
summer (May to June) was enough to control 
most of the annual weeds in soybean      
(Table 2) 

Table 2: Effect of period of solarization on 
population and dry weight of weeds 
and seed yield of soybean, NRCWS 
(Singh et al., 2000). 

 
Period of 
solarization 

Weed 
density/m2 

Weed dry 
weight (g/m2) 

Seed 
yield 

(kg/ha) 
30 

DAS 
60 

DAS 
30 

DAS 
60 

DAS 

Control 96.9a 122.9a 43.9a 69.6a 831a 

Solarization 
for 3 weeks 0.0b 43.6b 0.0b 46.1b 1391b 

Solarization 
for 4 weeks 0.0b 40.1b 0.0b 32.2b 1403b 

Solarization 
for 5 weeks 0.0b 38.8b 0.0b 32.1b 1473b 

Summer 
ploughing 83.6a 79.4c 20.8c 76.4a 910a 

Figures in the same column followed by 
the same letter do not differ at 5% level of 
significance.  DAS = Days after sowing   

3.7 Size of mulch 

Numerical calculation with two- 
dimensional model (Mahrer and Katan, 1981) 
reported that soil heating at the edge of the 
mulch is lower than in its centre. Therefore, 
narrow mulch is less efficient in heating the 
soil than a wide one. 

3.8 Soil mulching with aged (used) covers 

In many situations, used mulching 
material is available to the farmer at no extra 
cost. On the basis of field experience it was 
reported that higher temperature prevail under 
the old polyethylene sheet than a new one. 
Avissar et al., 1986 found that the photometric 
properties of the transparent polyethylene 

sheet change significantly during its ageing 
process. Fine water droplets condense on the 
inner side of a new film laid on wet surface, 
while on an aged film a water film with soil 
deposits is formed resulting more 
transmission of global radiation and less 
atmospheric radiation than the new one for 
better soil heating. 

4. Causes of seed death 

 The probable mechanisms involved in 
the weed control process using soil heating 
(Rubin and Benjamin, 1984) are: 

1. Direct thermal killing of germinating or 
even dormant seeds; 

2. Thermal breaking of seed dormancy 
followed by thermal killing; 

3. Thermally induced changes in CO2/O2, 
ethylene and other volatiles which are 
involved in seed dormancy release 
followed by thermal killing; 

4. Direct effect of high temperature 
interacting with toxic volatiles released 
from decomposing organic matter or seed 
metabolism; 

5. Indirect effects via microbial attack of 
seeds weakened by sub-lethal 
temperature. 

5. Effect of Soil Solarization 

5.1 On soil temperature  

Maximum temperatures in upper soil 
layers under ideal conditions are achieved 
within 3-4 days after solarization begins 
(Mahrer, 1979). The upper 15-30 cm of soil 
show diurnal temperature changes influenced 
by day and night air temperatures. Typical 
mean maximum soil temperatures in 
solarization plots are 8 to 12° C higher than in 
corresponding non-solarized plots (Yaduraju, 
1993 and Singh et al., 2000). In Dharwad, 
while the increase with 100 µm TPE film was 
9.7°C, it was 13.8 °C with 50 µm TPE film and 
1.2 °C was with black film (Emani, 1991).  

5.2 On weed emergence 

Due to elevated temperature in soil 
following solarization treatment it results in 
reduction in the population of soil borne 
pathogens, nematodes and weeds. The 
response to solarization in weeds varies with 
weed species. Soil solarization was most 
effective at controlling broad-leaved weeds 
than sedges and grasses (Reddy et al. 1998). 
Several studies over many years have 
revealed that many rainy and winter season 
annuals are susceptible to soil solarization. 
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The dominant weeds viz. Trianthema 
monogyna, Dactyloctenium aegyptium, 
Acrachne racemose, Digera arvensis  
Echinochloa colona; Eleusine indica,and 
Commelina spp. in rainy season and Avena 
ludoviciana, Phalaris minor, Chenopodium 
album; Rumex dentatus, Fumaria indica, etc. 
of winter season were highly sensitive to 
solarization treatment. (Table 3). However, 
Cyperus rotundus, Melilotus indica and 
Convolvulus arvensis were tolerant; though 
the seed-borne sedges were highly 
susceptible. The survival of Cyperus rotundus 
tubers in the soil has been attributed to heat 
resistance of the tubers (Kumar et al., 1993). 
As solarization effect diminishes with soil 
depth, weeds, which are capable of putting up 
growth from deeper layers, survive the 
treatment.  Solarization for a mere 10 days 
gave complete control of Phalaris minor and 
Avena ludoviciana,  the most dominant grass 
weeds in winter in India, there was an 
increase in the population of M. indica even at 
40 day solarization. The heat tolerance of M. 
indica has been attributed to its thick seed 
coat (Yaduraju, 1993). 

Table 3: Effect of Soil solarization on some 
major weeds   

Weed species Population/m2 

Non 
solarized 

Solari
zed 

Acrachne racemosa 943 161 
Avena ludoviciana 9 0 

Chenopodium album 30 0 

Cichorium intybus 7 2 

Commelina 
benghalensis 

14 0 

Commelina communis 9 2 

Convolvulus arvensis 3 3 

Cyperus rotundus 52 40 
Dactyloctenium 
aegyptium 

139 21 

Digera arvensis 125 3 
Echinochloa colona 21 2 

Medicago hispida 3 2 

Melilotus indica 88 89 

Phalaris minor 41 0 

Phyllanthus niruri 17 7 

Trianthema 
portulacastrum 

173 3 

 

Soil solarization was also found to be 
highly effective against parasitic weeds like  
broom rape (Orobanche spp.) for which other 
control methods failed. Soil solarization 
controlled Orobanche by 90 % in Israel 
(Jacobsohn et al., 1980), 72-100% in Sudan 
(Braun et al., 1988) in the faba bean and 
tomato field. In cabbage, solarization for         
2-6 weeks alone killed Orobanche seeds at 
soil surface, but had no significant effect on 
seeds below the surface. Solarization with 
chicken manure, however, killed Orobanche 
seeds at all depths. (Haidar and Sidahmed, 
2000) 

The overall effect is best in crops, 
which form quick canopy cover. Otherwise, 
slow growth of crop plants may give way for 
weed seeds, which have escaped solarization 
treatment. Although the density of weeds       
is substantially reduced due to solarization, 
their increased biomass may seriously 
interfere with crop growth and yield. Under 
such circumstances, a low-energy input 
manual weeding or chemical would prove 
highly beneficial and cost-effective (Yaduraju, 
1993).  

5.3 On weed seed bank 

The reserves of dormant weeds in 
agricultural soils provide a source of seeds for 
persistent weed problems that often require 
repeated control measures. A reduction in the 
number of dormant weed seeds in the soil 
should also correspondingly reduce weed 
persistence and weed control requirements. 
Hence, soil solarization would be desirable    
as a means of reducing the dormant weed 
seed reserves in the soil. However, 
solarization was not found to eliminate 
dormant weed seeds from the germination 
zone. The treatments killed non-dormant 
seeds and greatly reduced the number of 
weed seedlings (Table 4) that otherwise 
would have emerged (Egley,1983).  

Although weed seeds in the surface 5 
cm soil are killed to a great extent soil 
solarization has rather a poor effect on weed 
seeds at deeper layers. Solarization for 6 
weeks killed seeds of Commelina communis 
in the top layer up to 11 cm but that of 
Cyperus sp. and Echinochloa crusgalli only 
upto 3 to 4 cm  and for 3 weeks  Eleusine 
indica and Amaranthus up to 5 cm (Standifer 
et al., 1984). Solarization reduced annual blue 
grass (Poa annua) seed survival from 89 to 
100 % in the upper 5 cm of soil, but did not 
reduce survival below 5 cm (Peachey et al., 
2001). 
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Table 4: Effects of soil solarization on weed 
seedling emergence (Egley, 1983). 

 

Weed 
species 

Weeds emerged (no./m2) 

Not 
cover

ed 

Period covered 
(weeks) 

1 2 3 4 
Grasses  841a 306b 41c 15c 9c 

Pigweed  
(Amaranthus 
species) 

300a 65b 13b 0b 0b 

Morning glory 
(Ipomoea 
spp.) 

76a 54ab 17b 0b 2b 

Horse 
purslane 
(Trianthema 
portulacastru
m L.) 

74a 22a 26a 4a 0a 

Purple 
nutsedge 
(Cyperus 
rotundus L.) 

24a 43a 43a 9a 22a 

Totalb 1385a 495bc 140c 28c 33c 
 

 a Within each weed class, means followed by 
the same letter do not differ at the 5% level 
according to Duncan’s multiple range test. b 
Total includes weeds in addition to those 
identified in the table.  

5.4 On crop growth and yield  

As soil solarization has tremendous 
effect on soil-borne pathogens, nematodes 
and weeds, the treatment enables the crop to 
grow and yield better as compared to non-
solarized field (Table 5). The magnitude of 
increase depends upon the type of pest 
problem and the degree of control. Control of 
weeds alone due to solarization increased the 
yield of onion by 100-125 (Katan et al., 1980), 
groundnut by 52% (Grinstein et al., 1979), 
sesamum by 72% (Stapleton and Garza-
Lopez, 1988) and 77-78% in soybean (Kumar 
et al., 1993; Singh et al., 2000). Solarization is 
very effective in controlling parasitic weed 
Orobanche, and yield of 78 t/ha of carrot was 
reported from solarized plot while the non-
solarized plot did not yield at all. Similarly, 
there was a 20% increase in yield of bean due 
to Orobanche control by solarization 
(Jacobsohn, et al., 1980). Many studies on 
solarization effect demonstrated the increased 
growth and yield of crop plants even in places 
where there is no infestation of either soil-
borne pathogens, nematodes or weeds. This 

could be attributed to several chemical and 
biological changes in soil caused by solar 
radiation when covered by clear plastic films 
especially when the soil has a high moisture 
content (Yaduraju and Kamra, 1997). With 
adequate control of weeds and nematodes 
through chemical or mechanical methods, 
solarization still enhanced the yield of 
soybean (Yaduraju, 1993) 

Table  5: Effect of soil solarization on crop 
productivity   
 

          
Treatments                 

Crop productivity     
( 2 years mean 

data) 

Total 
income 
(Rs/ha) 

Yield ( kg ha -1) 

Soybean Wheat 
Control 753 2274 25,488 

Hand 
weeding 

1470 3741 38,350 

Herbicides 1287 2965 37.381 

Soil 
solarization 

1952 3738 51,583 

5.5 On chemical changes in soil  

Soils mulched with transparent plastic 
films have frequently been reported to contain 
higher levels of soluble mineral nutrients. 
Significant increases in ammonium-nitrogen, 
nitrate-nitrogen, Ca+2, Mg+2 and electrical 
conductivity were consistently found. 
Phosphorus, K+ and Cl- increased in some 
soils. Other micro-nutrients Fe+2, Mn+1', 
Zn+2and Cu+2 were not increased (Stepleton 
and Devay, 1986). At ICRISAT,Hyderabad 
Chauhan et al.,1988 demonstrated that 
solarization did not significantly affect  pH, EC  
or available P levels. Soil NO3-N 
concentration only to a depth of 30 cm was 
increased, specially where soil was irrigated 
before solarization (Table 6). Soil NH4-N was 
not affected by solarization at any depth. 
While, at New Delhi, there was an increase in 
nitrate-N and ammonical-N but organic carbon 
content was not altered (Yaduraju, 1993).  

However, in many studies in different 
soils types and nutrient sources, it has been 
observed that the increases in levels of soil 
nutrients are transient and do not persist long. 
Therefore, the increased growth response 
(IGR) following soil solarization is likely to 
result from reductions of major factors limiting 
plant growth such as fungal or bacterial 
pathogens, nematodes, soil borne insects or 
weeds rather than increased mineral nutrient 
availability (Yaduraju and Kamra, 1997). 
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Table 6: Effect of soil solarization on nitrate and ammonium nitrogen content in soil (mg Kg-1) of 

different depth of a vertisol.   
 

Treatments Soil depth (cm) 
 0-15 15-30 30-45 
 Pigeon pea Chickpea Pigeon pea Chickpea Pigeon pea Chickpea 
 Nitrate nitrogen (NO3-N) 
Non-solarized 5.3 3.2 4.6 3.7 4.5 4.4 
Solarized 13.5 9.3 8.2 8.6 5.0 4.6 
 Ammonium nitrogen (NH4-N)  
Non-solarized 4.2 3.4 4.3 6.0 5.5 6.3 
Solarized 4.2 4.0 4.6 5.0 5.5 5.2 

 

5.6 On biological changes in soil 

In comparison to most other methods 
of soil disinfestation, the effects of solarization 
are selective on micro-organisms but it is 
sufficient to mention that the shift in the micro-
biota of the soil following solarization is in 
favour of antagonists. These organisms are 
usually saprophytes rather than pathogens 
which may subsequently inactivate surviving 
phytopathogenic fungi, bacteria, nematodes 
and weeds seeds that are damaged or 
weakened by solarization.  Verticillium and 
Fusarium wilts of several crops have been 
successfully controlled by solarization. These 
effects may persist for several seasons. 
Schreiner et al. (2001) observed that 
solarization did not reduce the infectivity of 
AM fungi immediately after the solarization. 
But infectivity was greatly reduced 8 months 
after solarization. Solarization apparently 
reduced AM fungi in soil indirectly by reducing 
weed populations that maintained ineffective 
propagules. Several investigations have been 
made on the effect of solarization on native as 
well as inoculated Rhizobium. The native 
population of Rhizobium or nodulation in 
pigeonpea and chickpea was decreased with 
solarization followed  after irrigation (Chauhan 
et al., 1988). However, in unirrigated 
condition, soil solarization did not alter 
rhizobium population and nodulation. 
Population of Rhizobium, sufficient to cause 
heavy nodulation of roots survived solarization 
in Israel (Katan, 1981). Better response 
(Table 7) of mungbean, cowpea, soybean and 
groundnut to inoculation of Rhizobium  was 
observed in New Delhi (Yaduraju,1993)  

Effect of solarization on total parasitic 
nematode was significant and drastic. The 
population of all parasitic nematodes of 
chickpea including Heterodera retusus, 
Pratylenchus spp, Rotylenchulus reniformis, 
Tylenchorhynchus spp., and Heterodera 
larvae, was markedly affected by solarization.  
 

 

Solarization also significantly reduced ant and 
earthworm numbers but had no effect on 
millipede population (Ricci et al., 1999). 

The thermal inactivation of soil-borne 
pests alteration of soil micro-biota to favour 
antagonists of plant pathogens and pests, 
release of soluble mineral nutrients from soil 
all appear to be components in IGR seen in 
crop plants. With the combination of such a 
broad scope of favourable components 
(Stapleton and Devay, 1986), it is likely that 
most crops would benefit from soil 
solarization.  

Table 7:  Effect of solarization and Rhizobium 
inoculation on seed yield (kg/ha) of 
some    legumes (Yaduraju, 1993). 

 
Crops  Solarized Non-Solarized 

- 
Inocul
ation 

+ 
Inocul
ation 

- 
Inocul
ation 

+ 
Inocu
lation 

Soybean  1833 2683 717 1383 

Groundnut  1489 1756 844 1112 

Mungbean  1191 1315 547 556 

6. Applicability and potential of soil 
solarization  

Soil solarization is a unique method of 
pest control. It is (i) non-hazardous, (ii) user-
friendly, (iii) environmentally- benign, (iv) not 
dependent on fossil fuel, (v) effective on a 
wide variety of pests including soil borne 
fungi, bacteria, nematodes and weeds, (vi) 
often effective for more than one season or a 
year, and (vii) stimulatory to crops.  

The solarization technique is simple 
and easy to be adopted by farmers.  However, 
its immediate application appears to be more 
promising in nursery areas and in high value 
crops, such as in vegetables, floriculture, etc. 
In addition, pre-plant solarization film may be 
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left in place, after plant emergence, as post-
plant mulch. Soil solarization has been shown 
to enhance degradation of pesticide residues 
in soil, hence could be employed for 
decontamination of polluted soil. Till date, 
there are no contradictions on use and 
efficacy of solarization in any crop, except 
economic considerations. In estimating its 
economic value, not only the possible 
replacement for herbicide and other pesticide 
treatments but also as an eventual solution for 
situations in which no other safe and efficient 
method is available, should be considered. 

7. Limitations 

Despite of many advantages, 
solarization is not being adopted on large 
scale, possibly because of some of the 
following limitations: 

 Solarization is in fact indirectly 
dependent on fossil fuel, since they are 
used in the production of the plastics. 

 Disposal of plastic film is the greatest 
problem. The answer to this problem 
could be use of biodegradable plastic 
films. 

 Removal and reuse of the film is not 
feasible in large-scale operations that 
utilize machines to lay plastic films. 

 Lack of persistence of nematode control 
and poor control of some weeds mean 
that supplemental control methods are 
often needed, particularly in crops that 
occupy a field for a long duration. 

 In some climates cloudiness and rainfall 
during the hottest part of the year can 
limit effectiveness. 

 Difficult to retain the films intact during 
period of heavy winds. 

 It can only be used in regions where 
the climate is suitable and the land is free of 
crops for about a more than a month. The 
major constraint is the high cost of the 
treatment; currently the cost of PE films is 
very high in India. Thinner films, which are 
incidentally more efficient, would be more 
economical.  As the period of use is limited to 
4 to-6 weeks, very often the same material 
could be used once again, thus reducing the 
cost by one half. Control of different types of 
pests, in successive crops grown in 
succession, savings in nutrient application and 
increased growth and yield of crops, all will 
have to be taken into consideration while 
computing the economics of soil solarization 
treatment.  

8. Conclusion  

Solarization is an effective non-
hazardous technique for pest control including 
broad spectrum weeds, but its use is 
restricted to the region where the climate ( 
intense solar radiation and clear sky)  is 
suitable and the land is free of crops for about 
a more than a month at the time of mulching. 
Majority of the area experiencing more than 
40 °C mean daily temperature from April to 
June, most importantly crop free period is 
suitable for solarization. Besides pest control, 
the polyethylene mulching also alters the soil 
chemical and biological properties. These 
changes usually bring about enhancement in 
crop growth and yield. Moreover, soil 
solarization also reduces the necessity for 
chemical applications to soil and the 
requirement of fertiliser. Its effect on some 
deadly soil-borne diseases and on perennial 
and parasitic weeds is a big advantage. This 
technique could be profitably practised in 
nursery beds and high value crops. The cost 
of the treatment can be considerably reduced 
by 50 % through its reuse to solarize the other 
area of the field in the same summer.   
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I. Preamble 

Priming is a method of controlling the 
hydration level within seeds so that the 
metabolic activity necessary for germination 
can occur but radicle emergence is prevented. 
Different physiological activities within the 
seed occur at different moisture levels. The 
last physiological activity in the germination 
process is radicle emergence. The initiation of 
radicle emergence requires a high seed water 
content. By limiting seed water content, all the 
metabolic steps necessary for germination 
can occur without the irreversible act of radicle 
emergence. Prior to radicle emergence, the 
seed is considered desiccation tolerant, thus 
the primed seed moisture content can be 
decreased by drying. After drying, primed 
seeds can be stored until time of sowing. 
Primed seeds are just like the pre-fabricated 
house, seed germination in the field takes less 
time, because part of the germination process 
is already complete. 

Different priming methods have been 
reported to be used commercially. Among 
them, liquid or osmotic priming and solid 
matrix priming appear to have the greatest 
acceptance. However, the actual techniques 
and procedures commercially used in seed 
priming are proprietary.  

 

 

 

 

 

 

 

        
 Germination of tomato seeds 

II. Rationale 

Primed seed usually emerges from 
the soil faster, and more uniformly than non 
primed seed of the same seed lot. These 
differences are greatest under adverse 
environmental conditions in the field, such as 
cold or hot soils. There may be little or no 
differences between primed and non primed 

seed if the field conditions are closer to ideal. 
Some growers use seed priming during the 
earlier plantings in cold soil, and not later in 
the season when conditions are warmer.  

Better seedling establishment under less than 
optimal conditions can be achieved. Priming 
alone does not improve percent useable 
plants; removal of weak, dead seeds is also 
needed. 

III. The subcellular basis of seed priming 

Seed priming is a technique which 
involves uptake of water by the seed followed 
by drying to initiate the early events of 
germination up to the point of radicle 
emergence. Its benefits include rapid, uniform 
and increased germination, improved seedling 
vigour and growth under a broad range of 
environments resulting in better stand 
establishment and alleviation of phytochrome-
induced dormancy in some crops. The 
common feature in these priming techniques 
is that they all involve controlled uptake of 
water. The metabolic processes associated 
with priming are slightly different, with respect 
to their dynamics from those which occur 
during germination, where the water uptake is 
not controlled. Also, the salts used during 
priming elicit specific subcellular responses. 

i. Stages of water uptake during 
germination where priming is relevant 

When a dry seed is kept in water, the 
uptake of water occurs in three stages. Stage 
I is imbibition where there is a rapid initial 
water uptake due to the seed’s low water 
potential. During this phase, proteins are 
synthesized using existing mRNA and DNA, 
and mitochondria are repaired. In stage II, 
there is a slow increase in seed water content, 
but physiological activities associated with 
germination are initiated, including synthesis 
of proteins by translation of new mRNAs and 
synthesis of new mitochondria. There is a 
rapid uptake of water in stage III where the 
process of germination is completed 
culminating in radicle emergence. 

Stages I and II are the foundations of 
successful seed priming where the seed is 
brought to a seed moisture content that is just 
short of radicle protrusion. The pattern of 

Seed Priming  
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water uptake during priming is similar to that 
during germination but the rate of uptake is 
slower and controlled. 

ii. Synthesis of proteins and enzymes 
during priming 

A proteome analysis of seed 
germination during priming in the model plant 
Arabidopsis thaliana by MALDI-TOF 
spectrometry identified those proteins which 
appear specifically during seed hydropriming 
and osmopriming. Among these are the 
degradation products of the storage protein 
12S-cruciferin-subunits. It has been reported 
that the accumulation of the degradation 
product of the β-subunit of 11-S globulin 
during seed priming by an endoproteolytic 
attack on the A-subunit. This suggests that 
enzymes involved in mobilization of storage 
proteins are either synthesized or activated 
during seed priming. Other reserve 
mobilization enzymes such as those for 
carbohydrates (α and β amylases) and lipids 
mobilization (isocitrate lyase) are also 
activated during priming. These results 
indicate that priming induces the synthesis 
and initiates activation of enzymes catalysing 
the breakdown and mobilization of storage 
reserves, though most of the nutrient 
breakdown and utilization occur post-
germinative after the radical emergence. 

The proteomic analysis also reveals 
that α and β tubulin subunits, which are 
involved in the maintenance of the cellular 
cytoskeleton and are constituents of 
microtubules involved in cell division, are 
abundant during priming. Accumulation          
of β-tubulins during priming has been 
observed in many species in relation with 
reactivation of cell cycle activity and is 
discussed later. 

Another protein detected by the 
proteomic analysis, whose abundance 
specifically increases during  hydropriming is 
a catalase isoform. Catalase is a free-radical 
scavenging enzyme. It is presumed that 
hydropriming initiates an oxidative stress, 
which generates reactive oxygen species, and 
catalase is synthesized in response to this 
stress to minimize cell damage. In addition to 
catalase, levels of superoxide dismutase, 
another key enzyme quenching free radicals 
also increases during priming. Increased 
levels of these free radical scavenging 
enzymes due to the oxidative stress during 
priming could also protect the cell against 
membrane damage due to lipid peroxidation 
occurring naturally. 

Shinde19 reported synthesis of a 29 
kD polypeptide after 2–6 h of priming in cotton 
seeds.  

The abundance of low molecular 
weight heat shock proteins (LMW HSPs) of 
17.4 and 17.7 kD specifically increased in 
osmoprimed seeds in the MALDI-TOF 
spectrometry analysis10,11. LMW HSPs are 
reported to have molecular chaperone activity, 
these data suggested that LMW HSPs may 
act by maintaining the proper folding of other 
proteins during osmopriming, preventing 
aggregation and binding to damaged proteins 
to aid entry into proteolytic pathways. In 
osmopriming, seeds are soaked in osmotica, 
viz. polyethylene glycol (PEG) and mannitol, 
which result in incomplete hydration and an 
osmotic stress situation is created. This 
explains the abundance of heat shock 
proteins, which are known to accumulate in 
high amounts during any kind of stress. These 
HSPs synthesized during osmopriming in 
response to stress could also protect the 
proteins damaged by natural ageing. Similarly, 
the enzyme L-isoaspartyl protein 
methyltransferase, which repairs age-induced 
damage to cellular proteins, is reported to 
increase in response to priming. Thus, it 
appears that one of the ways in which priming 
is effective at the subcellular level is by 
conferring protection to the cellular proteins 
damaged through natural ageing. 

iii. Gene expression and synthesis of new 
mRNA during priming 

I has been reported that priming-
induced synthesis of RNA in cotton seeds, 
corresponding to the actin gene, following a 
reverse transcriptase polymerase chain 
reaction (PCR) analysis. Studies on gene 
expression in osmoprimed seeds of Brassica 
oleracea on a cDNA microarray revealed that 
in primed seeds many genes involved in 
cellular metabolism are expressed (and 
synthesize mRNA) at a level intermediary 
between those in dry seeds and germinating 
seeds imbibed in water. These genes mostly 
code for proteins involved in energy 
production and chemical defence 
mechanisms. A few genes are expressed to 
the same extent in osmoprimed seeds as in 
germinating seeds. These include genes for 
serine carboxypeptidase (involved in reserve 
protein mobilization and transacylation) and 
cytochrome B (involved in the mitochondrial 
electron transport). 

This microarray analysis in 
combination with Northern analysis gives 
some idea of transcripts synthesized during 
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priming. To obtain direct evidence for the 
synthesis of new mRNA, techniques which 
involve detection of premature RNA species 
before intron splicing should be integrated 
with the other methods. 

iv. Effect of priming on protein 
synthesizing machinery 

Priming improves the integrity of the 
ribosomes by enhancing rRNA synthesis. The 
microarray gene  expression studies in B. 
oleracea seeds, reveal that RNA levels of 
genes encoding components of the translation 
machinery, such as ribosomal subunits and 
translation initiation and elongation factors, 
increase during osmopriming. Thus, one of 
the ways in which priming enhances protein 
synthesis is by improving the functioning of 
the protein synthesis machinery. 

v. DNA repair during priming 

Maintenance of the integrity of DNA 
by repairing the damages incurred naturally is 
important for generating error-free template 
for transcription and replication with fidelity. It 
has been reported that the damage to DNA 
which accumulates during the seed ageing is 
repaired by aerated hydration treatments as 
also during early hours of germination. DNA 
synthesis measured by the incorporation of 3H 
thymidine in artificially aged seeds of B. 
oleracea L. was advanced by this treatment 
(compared to that in the untreated aged 
seeds) along with an improvement in 
germination. This recovery in DNA synthesis 
is attributed to pre-replicative repair of DNA 
damaged during ageing by the hydration 
treatment since treatment with hydroxyurea, 
which is an inhibitor of replicative DNA 
synthesis does not inhibit the synthesis. The 
exact mechanism of this repair is not yet 
known and needs to be investigated. 

vi. Association between priming and the 
cell cycle 

To achieve maximum benefits from 
priming, the process is stopped just before the 
seed loses desiccation tolerance, i.e. before 
the radicle emergence or stage III of water 
uptake. Radicle emergence involves cell 
expansion and is facilitated by an increased 
turgor pressure in the hydrated seed, whereas 
active cell division starts after radical 
emergence. So, it is expected that priming 
does not exert any major effect on cell division 
per se. However, priming advances the cell 
cycle up to the stage of mitosis.  

Flow cytometric analyses of 
osmoprimed tomato seeds reveal that the 

improvement of germination associated with 
priming is accompanied by increase in 4C 
nuclear DNA indicating that priming enhances 
DNA replication allowing the advancement of 
the cell cycle from G1 to the G2 phase. It has 
been confirmed that an increase in the 
proportion of nuclear DNA present as 4C DNA 
in high vigour cauliflower seeds subjected to 
aerated hydration treatment. It has also been 
reported as a two-fold increase in total 
genomic DNA content in hydro-primed corn 
seed. 

Immunohistochemical labelling of 
DNA with bromodeoxyuridine (BrdU) during 
seed osmoconditioning in tomato confirms the 
presence of cells in the S-phase of the cell 
cycle synthesizing DNA. The actively 
replicating DNA is tolerant to drying as 
incorporation of BrdU is detected in embryo 
nuclei before and after osmoconditioned 
seeds are re-dried. Although the frequency of 
4C nuclei after the osmoconditioning 
treatment is higher than that of untreated 
seeds imbibed in water for 24 h, lower 
numbers of BrdU-labelled nuclei are detected 
in osmoconditioned embryos. This is because 
of the fact that though priming enhances DNA 
replication to some extent and facilitates the 
synchronization of DNA replication in all the 
cells of the embryo, DNA replication per se is 
lesser during priming under controlled 
hydration than during direct imbibition in 
water. 

Following western analysis it has 
been observed that the level of β-tubulin, 
which is a cytoskeletal protein and is related 
to the formation of cortical microtubules 
increases in response to aerated 
hydropriming. It has also been observed that 
accumulation of β-tubulin in all tissues of the 
tomato seed embryo during osmopriming. 
After redrying β-tubulin appeared as granules 
or clusters. This is because microtubules are 
sensitive to dehydration and are partly 
depolymerized after drying. The amount of 
soluble β-tubulin detected after re-drying is 
relatively high because microtubules are 
dynamic structures and exist in an equilibrium 
between soluble tubulin subunits and the 
polymerized microtubules. During priming, the 
cell cycle is arrested at the G2 phase allowing 
the synchronization of cells. Mitotic events 
and cell division occur earlier and to a greater 
extent in embryos of primed seeds upon 
subsequent imbibition in water than in the 
control seeds. Thus, the pre-activation of the 
cell cycle is one of the mechanisms by which 
priming induces better germination 
performance relative to untreated seeds. The 
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regulation of the cell cycle by priming could be 
through the regulation of the activity of the cell 
cycle proteins such as cyclins, cyclin 
dependent protein kinases and proliferating-
cell nuclear antigens (PCNA). Imbibition of 
maize seed in the presence of benzyladenine 
increases the amount of PCNA over control, 
which is associated with the acceleration of 
the passage of cells from G1 to G2. There is 
no information on the effect of priming on the 
cell cycle proteins and research needs to be 
initiated in this area. 

vii. Effect of priming on energy metabolism 
and respiration 

It has been observed that imbibition of 
tomato seeds in PEG results in sharp 
increases in adenosine triphosphate (ATP), 
energy charge (EC) and ATP/ADP (adenosine 
diphosphate) ratio. These remain higher in 
primed seeds even after drying than in 
unprimed seeds. During subsequent imbibition 
in water, the energy metabolism of the primed 
and dried seed is much more than that of the 
unprimed seed making the primed seed more 
vigorous. The high ATP content of the re-dried 
primed seed is maintained for at least 4–6 
months when stored at 20oC. Maximum 
benefit of osmopriming is obtained when 
performed in atmospheres containing more 
than 10% oxygen. Priming treatment is totally 
ineffective in the presence of the respiratory 
inhibitor (NaN3) at high concentration, 
suggesting that respiration is essential for 
priming to be effective. The beneficial effect of 
priming is optimal for values higher than 0.75 
for EC and 1.7 for the ATP/ADP ratio. 

Hydropriming improves the integrity of 
the outer membrane of mitochondria after 12 
h of imbibition (estimated by the cytochrome C 
permeation assay), but there is no 
concomitant increase in the ability of the 
mitochondria to oxidize substrates. Significant 
increase in the number of mitochondria in 
response to priming has also been reported in 
osmoprimed leek cells, although these have 
not been correlated to respiration levels. The 
association between improvement in the 
mitochondrial integrity by priming and 
mitochondrial performance needs to be 
elucidated. 

viii. Priming and seed dormancy 

Priming also releases seed dormancy 
in some crops. In thermosensitive varieties of 
lettuce, germination is reduced or completely 
inhibited at high temperatures such as 35oC. 
The embryo in lettuce seed is enclosed within 
a two to four cell layer endosperm, whose cell 

walls mainly comprise galactomannan 
polysaccharides and hence the weakening of 
endosperm layer is a prerequisite to radicle 
protrusion, particularly at high temperatures. 
Endo-β-mannase is the key regulatory 
enzyme in endosperm weakening, which 
requires ethylene for activation. High 
temperatures reduce germination primarily 
through their inhibitory effect on ethylene 
production by seeds, which in turn reduces 
the activity of endo-β-mannase. Osmopriming 
of seeds with PEG (–1.2 MPa) at 15oC with 
constant light could overcome the inhibitory 
effects of high temperature in thermosensitive 
lettuce seeds in the absence of exogenous 
ethylene supply. Imbibition of seeds of   
lettuce in 1-aminocyclopropane-1-carboxylic 
acid (ACC, a precursor of ethylene) improved 
their germination at 35oC and also increases 
the activity of endo-β-mannase. Osmopriming 
of lettuce seeds had a similar effect as 
imbibitions in ACC, improving both 
germination and the activity of endo-β-
mannase. This suggests that osmopriming is 
able to substitute the effect of ACC for 
breaking thermodormancy. Osmopriming in 
the presence of aminoethoxyvinylglycine 
(AVG), an inhibitor of ethylene synthesis (it 
inhibits ACC synthase) does not affect the 
enhancement of germination. Thus, 
osmopriming is able to overcome the 
dormancy even when ethylene synthesis is 
interrupted. A possible explanation for this is 
that osmopriming helps in releasing the 
ethylene within the embryonic tissues 
encased by the endosperm and seed coat and 
this would be sufficient to allow seed 
germination. Priming in the presence of silver 
thiosulphate (STS), a putative specific inhibitor 
of ethylene action, which interacts with the 
binding site of ethylene, inhibits germination, 
suggesting that ethylene activity is 
indispensable for the release of dormancy. 
There are several studies that show an 
increased ability for primed seeds to produce 
ethylene. However, it is not clear whether 
ethylene production is integral to obtaining a 
priming effect in seeds or whether it is simply 
the result of high vigour displayed by primed 
seeds. In other species also such as tomato, 
carrot and cucumber which do not require 
ethylene, priming enhances the loosening of 
the endosperm/testa region that permits 
germination at suboptimal temperatures. 

ix. Priming and seed longevity 
In general, priming improves the 

longevity of low vigour seeds, but reduces that 
of high vigour seeds. The high vigour seed is 
at a more advanced physiological stage after 
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priming nearly at stage III, and thus more 
prone to deterioration. When a low vigour 
seed is primed, it requires more time to repair 
the metabolic lesions incurred by the seed 
before any advancement in germination can 
occur, thus preventing further deterioration.  
It has been observed that aerated hydration 
treatments improve storage potential of low 
vigour seeds and decrease the longevity of 
high vigour seeds. The improved longevity of 
low vigour seeds is associated with increased 
Ki (initial seed viability) after priming and a 
reduced rate of deterioration. 

The most frequently cited cause of 
seed deterioration is damage to cellular 
membranes and other subcellular components 
by harmful free radicals generated by 
peroxidation of unsaturated and 
polyunsaturated membrane fatty acids. These 
free radicals are quenched or converted to 
less harmful products (hydrogen peroxide and 
subsequently water) by free radical 
scavenging enzymes and antioxidants. 
Hydropriming and ascorbic acid priming of 
cotton seed is reported to maintain 
germination and simultaneously the activities 
of a number of antioxidant enzymes such as 
peroxidase, catalase, ascorbate peroxidase, 
glutathione reductase and superoxide 
dismutase against the process of ageing. Also 
the accumulation of by-products of lipid 
peroxidation, such as peroxides, 
malonaldehyde and hexanals is decreased by 
osmopriming, which is correlated with 
decreased loss in viability of soybean seeds 
under storage. Solid matrix priming in 
moistened vermiculite reduces lipid 
peroxidation, enhances antioxidative activities 
and improves seed vigour of shrunken sweet 
corn seed stored at cool or subzero 
temperatures. Treatment of shrunken sweet 
corn seeds with 2,2′-azobis 2-aminopropane 
hydrochloride (AAPH), a water-soluble 
chemical capable of generating free radicals, 
damages the seeds by increasing lipid 
peroxidation. This damage is partially 
reversed by solid matrix priming which 
increases free radical and peroxide 
scavenging enzyme activity and subsequent 
reduction in peroxide accumulation. 

As stated earlier, when high vigour 
seed lots are primed, their longevity gets 
adversely affected. Attempts have been made 
by several workers to develop methods to 
restore seed longevity after seed priming. 
Slow drying at 30oC which reduces the 
moisture of osmoprimed B. oleracea to 25% in 
the first 72 h of drying, followed by fast drying 
at 20oC to bring the moisture level down to 7% 

improved the performance of the osmoprimed 
seed in a controlled deterioration test 
compared to that of the osmoprimed seed 
subjected to fast drying. Concomitant with the 
improved longevity of slow dried-seeds is the 
enhanced expression of two stress tolerant 
genes during slow drying. These two genes 
namely Em6 and RAB 18, which belong to the 
late embryogenesis abundant (LEA) protein 
groups, are also expressed to a large extent in 
mature seeds and are responsible for 
conferring desiccation tolerance during seed 
maturation. Em6 belongs to group 1b LEA 
proteins and shares features with DNA 
gyrases or molecular chaperones which 
suggest a role for Em6 in protecting DNA 
integrity during controlled deterioration 
treatments. RAB 18 belongs to group 2 LEA 
proteins and encodes an abscisic acid (ABA)-
inducible dehydrin. It accumulates in plants in 
response to drought stress and certainly has a 
protective role in stress tolerance but the 
exact mechanism is not known. These genes 
are expressed to a lesser extent in the fast 
dried seeds because the moisture content 
drops much too rapidly.  

A post-priming treatment including a 
reduction in seed water content followed by 
incubation at 37oC or 40oC for 2–4 h restores 
potential longevity in tomato seeds. This 
treatment is accompanied by the increase in 
the levels of the immunoglobulin binding 
protein (BiP) an ER resident homolog of the 
cytoplasmic hsp 70. BiP is known to be 
involved in restoring the function of proteins 
damaged by any kind of stress and may 
function as a chaperone in the reactivation of 
proteins damaged due to the imbibition        
and drying processes involved in seed 
priming. 

IV. Seed priming – an overview 

A broad term in seed technology, 
describing methods of physiological 
enhancement of seed performance through 
presowing controlled-hydration 
methodologies. Seed priming also describes 
the biological processes that occur during 
these treatments. Improvements in 
germination speed and/or uniformity common 
with primed seed lots 

Seed priming – hydration status 

In primed seeds, Phase II is extended 
and maintained until interrupted by 
dehydration, storage. Phase III water uptake 
is achieved upon subsequent sowing and 
rehydration 
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Seed priming – seedling establishment 

Primed seed contributes to better 
seedling establishment especially under sub-
optimal conditions at sowing (e.g. temperature 
extremes, excess moisture). Primed seed can 
also improve the percent useable seedlings in 
greenhouse production systems (e.g. plugs, 
transplants) 

 
 
 
 
 
 
 
 
 
 
 

Seed priming 

Currently used commercially in high-value 
crops where reliably uniform emergence is 
important: 

 Field seeding/plug production of tomato, 
pepper, onion, carrots, leeks 

 Potted/bedding plants like begonia, pansy 
(Viola spp.), cyclamen, primrose and many 
culinary herbs 

 Large scale field crops (e.g. sugar beet) 
and some turfgrass species 

 Also valuable in circumventing induced 
thermodormancy (e.g. some lettuce, 
celery, pansy cvs.) - priming can raise 
upper temperature limit for germination. 

Physiological mechanisms of seed priming 

Key processes involved include: 

1. Hydrotime concept 

2. DNA replication, preparation for cell division 
(cell cycle studies) 

3. Endosperm weakening for species with 
mechanical restraint 

 

 

 

 

 

 

 

 

 
 

4. Hydrotime accumulated during priming 

 Priming treatment effectiveness is linked to 
accumulated hydrotime 

 Highest germination rate for broccoli seeds 
‘Brigalier’ occurred after 218 and 252 MPa 
hrs 

 

 

 

 

 

 

 

 

 When priming occurs at sub-optimal 
temps, thermal time can also be added to 
the equation. 

 Goal is to provide a predictive tool for 
identifying optimal priming trts. for a seed 
lot without extensive empirical tests. 

 General validity of hydrotime/hydrothermal 
models has spurred research on  temps, 
H2O potential thresholds and seed 
germination dynamics. 

Priming-physiology and events associated 
with germination 
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Priming - technologies 

Three basic systems used to 
deliver/restrict H2O and supply air to seeds, 
biopriming is the inclusion of beneficial 
organisms in addition to other basic priming. 
All can be conducted as batch processes. 
Commercial systems can handle quantities 
from tens of grams to several tons at a time. 

1. osmopriming 

2. matrix-priming 

3. hydropriming 

4. biopriming 

After completion of priming seeds are 
re-dried. Slow drying at moderate temps is 
generally, but not always preferable. 
Controlled moisture-loss treatments (e.g. slow 
drying, or use of an osmoticum) can extend 
seed longevity by 10% or more in 
hydroprimed tomato, for example. Heat-shock 
is also used; keeping primed seeds under a 
mild H2O and/or temp stress for several hrs 
(tomato) or days (Impatiens) before drying can 
increase longevity. 

Osmopriming (Osmoconditioning) 

 Seeds are kept in contact with aerated 
solutions of low water potential, and rinsed 
upon completion of priming. 

 Mannitol, inorganic salts [KNO3, KCL, 
Ca(NO3)2, etc] are used extensively; small 
molecule size, possible uptake and toxicity 
a drawback. 

 Polyethylene glycol (PEG; 6,000-8,000 
mol. wt.) is now preferred; large molecule 
size prevents movement into living cells. 

 For small amounts, seeds are placed on 
surface of paper moistened with solutions, 
or immersed in columns of solution. 

 Continuous aeration is usually needed for 
adequate gas exchange with submerged 
seeds. 

Matrix-priming (matriconditioning) 

 Seeds in layers or mixes kept in contact of 
water and solid of insoluble matrix 
particles (vermiculte, diatomaceous earth, 
clay pellets, etc.) in predetermined 
proportions. 

 Seeds are slowly imbibe reaching an 
equilibrium hydration level. 

 After incubation/priming, the moist matrix 
material is removed by sieving or 
screening, or can be partially incorporated 
into a coating. 

 Mimic the natural uptake of water by the 
seed from soil, or greenhouse mix 
particles. 

 Seeds are generally mixed into carrier at 
matric potentials from -0.4 to -1.5 MPa at 
15-20oC for 1-14 days. 

 Technique is successful in enhanced seed 
performance of many smaller and large 
seeded species. 

Hydropriming (steeping) 

 Currently, this method is used for both in 
the sense of steeping (imbibition in H2O 
for a short period), and in the sense of 
‘continuous or staged addition of a limited 
amount of water’. 

 Hydropriming methods have practical 
advantages of minimal wastage of 
material (vs. osmo-, matripriming). 

 Slow imbibition is the basis of the 
patented ‘drum priming’ and related 
techniques. 

 Water availability is not limited here; some 
seeds will eventually complete germinate, 
unless the process is interrupted prior to 
the onset of phase III water uptake. 

 At its simplest, steeping is an agricultural 
practice used over many centuries; 
‘chitting’ of rice seeds, on-farm steeping 
advocated in many parts of the world as a 
pragmatic, low cost/low risk method for 
improved crop establishment 

 Steeping can also remove residual 
amounts of water soluble germination 
inhibitors from seed coats (e.g. Apiaceae, 
sugar beets). 

 Can also be used to infiltrate crop 
protection chemicals for the control of 
deep-seated seed borne disease, etc. 

 Treatment usually involves immersion or 
percolation (up to 30oC for several hrs.), 
followed by draining and drying back to 
near original SMC. 

 Short ‘hot-water steeps’ (thermotherapy), 
typically ~ 50 oC for 10 to 30 min, are used 
to disinfect or eradicate certain seed 
borne fungal, bacterial, or viral pathogens; 
extreme care and precision are needed to 
avoid loss of seed quality. 

 Drum priming (Rowse, 1996) – evenly and 
slowly hydrates seeds to a predetermined 
MC (typically ~ 25-30% dry wt. basis) by 
misting, condensation, or dribbling. 

 Seed lots are tumbled in a rotating 
cylindrical drum for even hydration, 
aeration and temperature controlled. 
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Line diagramme of automatic seed priming 

machine 
 
 
 
 
 
 

 
 
 

 
 
 

Commercially used seed priming machine 
 

Biopriming (bioinoculation) 

 Beneficial microbes are included in the 
priming process, either as a technique 
for colonizing seeds and/or to control 
pathogen proliferation during priming. 

 Compatibility with existing crop 
protection seed treatments and other 
biologicals can vary. 

Priming – promotive & retardant 
substances 

 Combination of priming with PGR’s or 
hormones (GA’s, ethylene, cytokinins) 
that may affect germination 

 Transplant height control and seed 
priming with growth retardants (e.g. 
paclobutrazol) also effective. 

 Other promoting agents, plant extracts 
can be included in future priming 
treatments. 

Drying seeds after priming 

 Method and rate of drying seeds after 
priming is important to subsequent 
performance. 

 Slow drying at moderate temps is 
generally, but not always preferable. 

 Controlled moisture-loss treatments (e.g. 
slow drying, or use of an osmoticum) can 
extend seed longevity by 10% or more in 
hydroprimed tomato, for example. 

 Heat-shock is also used; keeping primed 
seeds under a mild H2O and/or temp 
stress for several hrs (tomato) or days 
(Impatiens) before drying can increase 
longevity. 

Priming and development of free space in 
seeds 

 Hydropriming and osmopriming showed 
tomato seed free space development (8-
11%), almost all at the cost of 
endosperm area 

 When seeds are osmoprimed directly 
after harvest do not show free space 
change; dehydration prior to priming 
required. 

 Facilitates water uptake, speeds up 
germination ? 

Seed priming and ‘repair’ of damage – a 
model 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

A model of seed deterioration and its 
physiological consequences during seed 
storage and imbibitions 
 

Seed priming - conclusions 

 Clear benefits, especially for seedling 
establishment under less than optimal 
conditions. 

 Seed longevity of primed lots is negatively 
affected (% RH oF = 80 or less, rather than 
100%) 

 Priming alone does not improve percent 
useable plants; removal of weak, dead 
seeds also needed. 
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V. Seed priming- The pragmatic 
technology  

Priming could be defined as 
controlling the hydration level within seeds so 
that the metabolic activity necessary for 
germination can occur but radicle emergence 
is prevented. Different physiological activities 
within the seed occur at different moisture 
levels. The last physiological activity in the 
germination process is radicle emergence. 
The initiation of radicle emergence requires a 
high seed water content. By limiting seed 
water content, all the metabolic steps 
necessary for germination can occur without 
the irreversible act of radicle emergence. Prior 
to radicle emergence, the seed is considered 
desiccation tolerant, thus the primed seed 
moisture content can be decreased by drying. 
After drying, primed seeds can be stored untill 
time of sowing.  

Different priming methods have been 
reported to be used commercially. Among 
them, liquid or osmotic priming and solid 
matrix priming appear to have the greatest 
following. However, the actual techniques and 
procedures commercially used in seed 
priming are proprietary. 

A. Types of seed priming commonly used:  

1. Osmopriming (osmoconditioning)  

This is the standard priming 
technique. Seeds are incubated in well 
aerated solutions with a low water potential, 
and afterwards washes and dried. The low 
water potential of the solutions can be 
achieved by adding osmotica like mannitol, 
polyethyleneglycol (PEG) or salts like KCl.  

Seeds in contact with aerated 
solutions of low water potential is performed, 
and then rinsed upon completion of priming. 
Mannitol, inorganic salts [KNO3, KCL, 
Ca(NO3)2, etc] are used extensively. However, 
salts of small molecule size may pose for 
possible uptake and toxicity as drawback. 
Polyethylene glycol (PEG; 6,000-8,000 mol. 
wt.) is now preferred; it is large molecular size 
that prevents movement into living cells. 

Seed Priming: Seeds of a sub-sample were 
soaked in distilled water. Another sub-sample 
is pretreared with Polyethylene glycol 6000 
(PEG) at a concentration of 253 g/kg water 
giving an osmotic potential of -1.2 MPa for 12 
hours. Priming treatments were performed in 
an incubator adjusted on 20 ± 1oC under dark 
conditions. After priming, samples of seeds 
were removed and rinsed three times in 
distilled water and then dried to the original 

moisture level about 9.5% (tested by high-
temperature oven method at 130±2°C for 4 
hours). 

Laboratory germination test: Four replicates 
of 50 seeds were germinated between double 
layered rolled germination papers. The rolled 
paper with seeds was put into plastic bags to 
avoid moisture loss. Seeds were allowed to 
germinate at 10±1oC in the dark for 21 days. 
Germination is considered to have occurred 
when the radicles are 2 mm long. 
Germinated seeds were recorded every 24 h 
for 21 days. Rate of seed germination (R) is 
calculated according to Ellis and Roberts. 
(1980). 

2. Hydropriming (drum priming / Steeping)  

This is achieved by continuous or 
successive addition of a limited amount of 
water to the seeds. A drum is used for this 
purpose and the water can also be applied by 
humid air. 'On-farm steeping' is the cheep and 
useful technique that is practised by 
incubating seeds (cereals, legumes) for a 
limited time in warm water.  

Hydropriming can also be practised to 
infiltrate crop protection chemicals for the 
control of deep-seated seed borne disease, 
etc. Treatment usually involves immersion or 
percolation (up to 30oC for several hrs.), 
followed by draining and drying back to near 
original SMC (seed moisture content). Short 
‘hot-water steeps’ (thermotherapy), typically ~ 
50oC for 10 to 30 min, are used to disinfect or 
eradicated certain seed borne fungal, 
bacterial, or viral pathogens. Here extreme 
care and precision are needed to avoid loss of 
seed quality. 

3. Matrixpriming (matriconditioning)  

Matrixpriming is the incubation of 
seeds in a solid of insoluble matrix 
(vermiculite, diatomaceous earth, cross-linked 
highly water-absorbent polymers) with a 
limited amount of water. This method confers 
a slow imbibition.  

Adoption of Pregerminated seeds is 
only possible with a few species. In contrast to 
normal priming, seeds are allowed to perform 
radicle protrusion. This is followed by sorting 
for specific stages, a treatment that re-induces 
desiccation tolerance, and drying. The use of                   
pre-germinated seeds causes rapid and 
uniform seedling development. 

In matriconditioning the use of 
sawdust (passed through a 0.5 mm screen) 
on seeds can be adopted to improve seed 
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viability and vigour. The ratio of seeds to 
carrier to water used was 1: 0.4: 0.5 (by 
weight in grams). The seeds are conditioned 
for 18 h at room temperature, and air-dried 
afterwards for 5 h. The treatment significantly 
increases pod yield 1.5 times as much as the 
untreated. 

Matriconditioning using either moist 
sawdust or vermiculite (210 μm) at 15

o
C for 2 

days in the light showed improvement in 
uniformity and speed of germination as 
compared to the untreated seeds. The ratio of 
seed to carrier to water used was 1: 0.3: 0.5 
(by weight in gram) for sawdust, and 1: 0.7: 
0.5 for vermiculite. However, there was no 
significant difference between the sawdust 
and vermiculite treatments. Uniformity 
increased from 42% in the untreated to 61.7% 
in the sawdust- and 60.3% in the vermiculite-
matriconditioned seeds. Speed of germination 
increased from 17.3% to 20.0% (sawdust) or 
19.7% (vermiculite). Even though there were 
no significant differences in germination and 
electrical conductivity between 
matriconditioned seeds and the untreated 
ones, matriconditioning treatments increased 
percent of germination and reduced seed 
leakage as shown by reduction in the 
electrical conductivity values of the soaked 
water, thus improvement in membrane 
integrity has occurred. 

Study with hot pepper seed indicated 
that improvement in seed quality by sawdust-
matriconditioning plus GA3 treatment was 
related with increase in total protein content of 
the seed. The seeds were conditioned for 6 
days at 15oC, and the ratio of seeds to carrier 
to water was 1: 2: 5. 

Observations on blight disease 
incidence at 45, 60 and 75 days after sowing 
were recorded by scoring five plants in each 
treatment on a 0 to 9 scale of Mayee and 
Datar (1986) and percent disease index (PDI) 
was calculated using a formula given by 
Wheeler (1969) 

 
               
 
PDI  =                                    x     
 
 
                 
                

Head diameter, test weight (100-seed 
weight) and yield (quintal/ha) were also 
recorded. 

4. Bio-priming or Biological Seed 
Treatment 

Bio-priming is a process of biological 
seed treatment that refers combination of 
seed hydration (physiological aspect of 
disease control) and inoculation (biological 
aspect of disease control) of seed with 
beneficial organism to protect seed. It is an 
ecological approach using selected fungal 
antagonists against the soil and seed-borne 
pathogens. Biological seed treatments may 
provide an alternative to chemical control and 
balanced nutrient supplement. 

Procedure  

 Pre-soak the seeds in water for 12 hours. 

 Mix the formulated product of bioagent 
(Trichoderma harzianum and/or 
Pseudomonas fluorescens) with the pre-
soaked seeds at the rate of 10 g per kg 
seed. 

 Put the treated seeds as a heap. 

 Cover the heap with a moist jute sack to 
maintain high humidity. 

 Incubate the seeds under high humidity 
for about 48 h at approx. 25 to 32 oC. 

 Bioagent adhered to the seed grows on 
the seed surface under moist condition to 
form a protective layer all around the 
seed coat.  

 Sow the seeds in nursery bed. 

 The seeds thus bioprimed with the 
bioagent provide protection against seed 
and soil borne plant pathogens, improved 
germination and seedling growth (Figure) 

 

 

 

 
 
 
 
 
 

 

 

Rice seed biopriming with Trichoderma 
harzianum strain PBAT-43 

Sum of numerical 
disease ratings 
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plants/leaves 
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100 
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B. Priming – promotive & retardant 
substances 

Many reports are available on combination of 
priming with PGR’s or hormones (GA’s, 
ethylene, cytokinins) that may affect 
germination. Transplant height control and 
seed priming with growth retardants (e.g. 
paclobutrazol) are also effective. Other 
promoting agents, plant extracts can be 
included in future priming treatments. 

C. Drying seeds after priming 

Method and rate of drying seeds after priming 
is important to subsequent performance. Slow 
drying at moderate temps is generally, but not 
always preferable. Controlled moisture-loss 
treatments (e.g. slow drying, or use of an 
osmoticum) can extend seed longevity by 
10% or more in hydroprimed tomato, for 
example. Heat-shock is also used; keeping 
primed seeds under a mild H2O and/or temp 
stress for several hrs (tomato) or days 
(Impatiens) before drying can increase 
longevity. 

VI. Benefits of seed priming 

For practical purposes, seeds are primed for 
the following reasons: 

1. Reasons of priming 

 to overcome or alleviate 
phytochrome-induced dormancy in 
lettuce and celery,  

 to decrease the time necessary for 
germination and for subsequent 
emergence to occur,  

 to improve the stand uniformity in 
order to facilitate production 
management and enhance uniformity 
at harvest.  

2. Extension of the temperature range at 
which a seed can germinate  

 priming enables seeds to emerge at 
supra-optimal temperatures 

 alleviates secondary dormancy 
mechanisms particularly in photo-
sensitive varieties 

One of the primary benefits of priming 
has been the extension of the temperature 
range at which a seed can germinate. The 
mechanisms associated with priming have not 
yet been fully delineated. From a practical 
standpoint, priming enables seeds of several 
species to germinate and emerge at supra-
optimal temperatures. Priming also alleviates 
secondary dormancy mechanisms that can be 
imposed if exposure to supra-optimal 

temperatures lasts too long or in photo-
sensitive lettuce varieties. 

3. Increases the rate of germination at any 
particular temperature 
 emergence occurs before soil crusting 

becomes fully detrimental,  
 crops can compete more effectively 

with weeds, and  
 increased control can be exercised 

over water usage and scheduling.  

The other benefit of priming has been 
to increase the rate of germination at any 
particular temperature. On a practical level, 
primed seeds emerge from the soil faster and 
often more uniformly than non-primed seeds 
because of limited adverse environmental 
exposure. Priming accomplishes this 
important development by shortening the lag 
or metabolic phase (or phase II in the triphasic 
water uptake pattern in the germination 
process. The metabolic phase occurs just 
after seeds are fully imbibed and just prior to 
radicle emergence. Since seeds have already 
gone through this phase during priming, 
germination times in the field can be reduced 
by approximately 50% upon subsequent 
rehydration. The increase in emergence 
speed and field uniformity demonstrated with 
primed seeds have many practical benefits: 

4. eliminates or greatly reduces the amount 
of seed-borne fungi and bacteria 

Lastly, priming has been commercially used to 
eliminate or greatly reduce the amount of 
seed-borne fungi and bacteria. Organisms 
such as Xanthomonas campestris in Brassica 
seeds and Septoria in celery have been 
shown to be eliminated within seed lots as a 
by-product of priming. The mechanisms 
responsible for eradication may be linked to 
the water potentials that seeds are exposed to 
during priming, differential sensitivity to 
priming salts, and/or differential sensitivity to 
oxygen concentrations. 

VII. Seed Priming Risks 

The number one risk when using 
primed seed is reduced seed shelf life. 
Depending on the species, seed lot vigor, and 
the temperature and humidity that the seed is 
being stored, a primed seed should remain 
viable for up to a year. If the primed seed is 
stored in hot humid conditions, it will lose 
viability much more quickly. In most of the 
cases however, primed seed has shorter shelf 
life than the non primed seed of the same 
seed lot. For this reason, it’s best not to carry 
primed seed over to the next growing season. 
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Introduction 

 Red hairy caterpillar, Amsacta moorei 
is an important pest of khairf crops. The pest 
is commonly known as kutra or kamaliya keet, 
or Ghoncha. It is a destructive pest and very 
difficult the control. The red hairy caterpillar 
belongs to order Lepidoptera & family 
arctiidae. The habits and nature of damage 
etc of the all species of genus Amsacta e.g. A. 
moorei Butler, A. collaris Hamp & A. albistriga 
are so similar. 

Distribution 

 The red hairy caterpillar is widely 
distributed in orient including India. i.e. Gujrat, 
Rajastan, Andhra Pradesh, Karnatak, Tamil 
Nadu, Maharastra, Chhatisgarh, Bihar, 
Jharkhand, Haryana, Uttar Pradesh & Madhya 
Pradesh. In Madhya Pradesh. The incidence 
has been reported from 13 districts i.e Betul, 
Harda, Dhar, Alirajpur, Jhabua, Khandwa, 
Burhanpur, Khargone, Barwani, Ujjain, 
Ratlam, Moorena & Guna. 

Host Plants 

 It is a polyphagus pests & reported to 
feed on wide range of crops & are listed 
below. 

S.No. Name Botanical Name 
A CEREALS  

Maize Zea mays 
Jowar Sorghum vulgare 
Bajara Pennisettum 

typhoideum 
Paddy  Oryza sativa 

B PULSES  
Pigeon pea/ 
Red gram 

Cajanus cajan (L) 
Millsp 

Mung (Green 
gram) 

Vigna radiata (L) 

Urid/Black 
gram 

Vigna mungo (L) 

Cowpea Vigna unguiculata 
(L) 

Moth beans  Vigna aconitifolia 
(Jaga) 

 Horse gram 
(Kulthi) 
 

Macrotyloma 
uniflorum L 

C OIL SEEDS  
Groundnut Arachis hypozae 
Safflower Carthamus 

tincorius 
Soybean Glycine max 
Caster Ricinus commnis 
Sesame (Til) Sesaum indicum 

D FIBER CROPS   
Sunnhemp  Crotalaria juncea  
Cotton Gossypium 

hirsutum 
E VEGETABLES Nicotiana spp. 

Chilli Capsicum annum 
Bhindi (Lady 
Finger) 

Ablmoschus 
esclilentus 

Onion Allium cepa 
Kerala Monordica 

charantia 
Kakdi Cucumis sativus 
Kadu 
Pumpkin 

Cucurbita maxima 

Kachari Cucumis melo 
momordica 

Tindori Coccinia grandis 
Loki Lagenaria 

siceraria 
Tomato Lycopersicum 

esulentum 
F OTHERS  
 Ghokru Xanthium 

strumarium 
 Durva Cynodon dactylon 
 Palas 

(Khakra)  
Butea 
monosperma 

 Pavadiya Cassia obtusifolia 
 Besaram 

/Morning glory 
Ipomoea fissifolia 

 Ber  Zizipus mauritina 
 Ratanjot Jatropha curcus 
 Tobacoo Nicotiana spp. 

Nature of damage 

 The larvae that hatch out from the 
eggs feed gregariously by scarping the under 
surface of tender leaf lets leaving the upper 
epidermal layer intact. As they grew they feed 
voraciously on leaves leaving behind the 
petiole & mid ribs of leaves and the main stem 
of plants and they may be seen marching from 
one field to another in thousands. Severely 
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damaged crops presents the appearance as 
though the entire area has been grazed by 
cattle. The young caterpillars prefer to eat the 
growing points of the plants. The older once 
have no such discrimination and they feed 
voraciously on all vegetation. 

Extent of losses 

 Red hairy pillar is a serous pests of 
kharif crops and damage ranges from 80 to 
.90%. The damage remain so severe that re-
sowing become essential. Very severe attack 
has been reported in 1987-88 in Jhabua, 
Ratlam, Dhar, Khargone & Khandwa districts 
of Madhya Pradesh  Veda & Deshpande 
1994. 

 The Telangana region of Andhra 
Pradesh alone has nearly 2.5 lakh hectares 
under caster. This is spread across Mahbub 
Nagar, Nalgonda, Warangal, Ranga Reddy 
and Medak districts. Average castor yields in 
this area has fluctuated between 170-250 
kg/ha. This has remained so for the last 10 
years. Rainfall was observed as an important 
variable for the attack of red hairy caterpillar. 
Rough estimate indicate that the incidence of 
Red hairy caterpillar in severe form in about 1 
lakh hectares i.e. 40% area under this crop 
which causes severe economic losses Qayum 
& Sanghi 1994. 

Identification  

 The full grown caterpillars which 
measures about 25 mm in length. Their colour 
varies from reddish amber to olive green & the 
body is covered with numerous long hairs 
arising from the fleshy tubercles. The moths 
are stoutly built & have white wings, the 
anterior margin of the thorax, the entire 
abdomen are scarlet red. There are black 
bands & dots on the abdomen.  

 The male antenna is bipectinate 
where as it is setaceous in case of females. In 
case of males one franulum is found in 
between fore & hind wings. Two franulums are 
found in females.  

Relationship of rains with incidence of 
pest: 

 The incidence of pests starts with the 
rains. If the rain fall is 3-4” the moths starts 
emerging from dipausing pupae. If the rainfall 
is less & scattered the probability of the 
incidence remains low.  

Host reference  
 
 Veda & Shaw, 1992 concluded that, 
based on larval count and plant damage (%) 

sunnhemp, soybean, green gram, black gram 
& cowpea turned out as highly preferred 
crops, maize, rice, cotton, castor & sesamum 
exhibited moderate preference. Pearl millet, 
pigeon pea and ground nut were least 
preferred crops. Table…….  A serious losses 
to sunnhemp, cowpea, black gram, green 
gram, soybean & maize and damage to plants 
ranged between 86.20 to 90.00 percent 
Anonymus, 1985. 
 
Table – Average larval Count and plant 
damage by red hairy caterpillar at Alirajpur 
M.P.) during kharif 1986-87. 
 
Treatments Larvae/0.5 

m2 
Plants 

damaged (%) 
Sunnhemp 5.72 70.46 
Soybean 3.91 84.53 
Green gram 2.88 49.30 
Cowpea 2.50 55.22 
Horse gram 2.47 26.46 
Black gram 2.31 50.62 
Cotton 2.15 33.85 
Sesamum, 1.96 20.50 
Maize 1.59 33.87 
Rice (Paddy) 1.58 19.96 
Castor 1.48 12.66 
Pearl millet 1.34 9.72 
Sorghum 1.17 21.35 
Groundnut 1.09 0.00 
Pigenpea 0.87 6.65 
Sem± 0.25 6.63 
CD at 5% 0.72 19.05 

Biology 

 The pest is active from mid June to 
the end of August and passes rest of the year 
in pupal stage in soil. Moths from these pupae 
appear usually with the first shower of the 
monsoon. They are sluggish nocturnal in habit 
and lay light yellow spheriatal eggs in clusters 
of 700 to 850 each on the under surface of 
leaves of different host plants like palas Butea 
monosperma. A single female may lay upto 
1500 to 2000 eggs which hatch in 2-3 days. 
The young caterpillars feed gregariously and 
as they grow older they march in bands 
destroying filed after filed of various kharif 
crops. The caterpillar grow through six stages 
& complete their development in 15-23 days. 
Pupation takes place in soil, shed their hairs & 
makes earthen cocoons at a depth of about 
23-25 cms & remains in this stage for many 
months (8-10 months) till they emerge next 
year from the cocoons Atwal, 1991. 
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Integrated Pest Management 

1. Cultural Control. 

a. Deep ploughing after harvest or 
destruction of weeds growing on 
embankments, fence lines and on near 
by uncultivated land. 

b. Excavation and destruction of dipausing 
pupae during March-May. A trained 
person can excavate 150 to 400 pupae 
per day. The pupae can be collected 
from the depth of 15-23 cms.  A large 
number of larvae pupates in the root 
zone of Palas, Neem, Mango, Amarood, 
Ber, Bamboo, Beseram (Morning glory), 
Mahua, Karanj, Pipal, Narium, Akua & 
termitorium, FYM pits, sites close to 
residential huts & irrigation channels 
and may be collected and destroyed. 

c. Regular collection & destruction of moths 
by installing light trap. The trap should 
be in stalled in the first week of June, 
Light trap developed by JNKVV with 
160 Watt mercury vapour lamp may be 
used. The light trap should be installed 
in open preferably on bunds, 
Vaishampayan 2007 suggested that 
light trap can play an important role in 
minimizing pest population. The result 
indicated that. 

i.   Pest remains active from mid June to 
August 

ii.  Moth emergence & collection of moths 
in the traps starts in significant numbers 
on 3rd & 4th day after first monsoon 
showers with precipition about 50 mm 
within 2 days. Egg laying is followed 
immediately. Relative size of trap 
catches will help to predict areas of low 
as well as high infestation. 

iii.  Second generation larvae emerged 
during August or September, pupate in 
soil & undergo long diapause period of 
about 10 months in pupal stage. 
Trapping of these moths during August. 
September will check the carry over of 
the pest & reduce the activity in the 
following year. 

iv.  Over 80% reduction in larval population 
was observed in field crops close to 
light trap covering about 50 hectares of 
crop area. Reduction was absolute 
100% on Jobt farm in about 20 hectares 
where light trap was in operation 
consecutively for last 3 years since 
1982. 

 v. Collection and distruction of egg 
masses & small larve by making survey 
on the leaves of palas (Khakra), Dudhi 
& Motha grown on the bunds of affected 
fields. 

vi. Collect & destroy the late instar larvae 
marching from one field to another. The 
collected larvae should be dipped in 
kerosiniged water (25 ml/l of water) for 
immediate kill Veda 1987 reported that 
Adivasi farmers of Waglawat district 
Jhabua collected 35 kg larvae (About 
1.75 lac larvae)  of red hairy caterpillar 
in one day & burnt the entire collection. 
Farmers (Male, Female & school going 
kids) could collect the larvae through 
Group action. 

vii. Raise the main crop (Maize or 
Soybean) surrounded by 4 lines of 
sunnhemp. Treat the larvae with Methyl 
parathion 2% or quinalphos 1.5% dust 
@ 25 kg/ha. 

viii. Vegetative trps using Jatropa 
(Ratanjoot) or Ipomoea (Morning glory) 
twigs prevent the migration of the of 
larvae. 

ix. Spray ANPV (2x 105 PIB/I) or Bacillus 
thuringiensis (Bt) as larval parasite. 

x. Release of Bracon hebetor @ 50000/ha 
twice at 7-10 days interval. 

Chemical Control 

i.  Dusting  

 Use Methyl parathion 2% dust or 
quinalphos 1.5% dust @ 25-30 kg/ha. 

ii. Spraying  

 Use Quinalphos 25 EC @ 1100 ml or 
Decamethrin 2.8 EC @ 750 ml/ha. 

iii.  Veda & Shaw 1992 recommended the 
use of Quinalphos dust @ 25 kg & or 
spray .04% for excellent control of pest. 

 Spraying of cypermethrin 0.01%, 
Deltamethrin 0.02% or Fenvalerate 0.01 
also provided excellent control of late 
instar larvae Veda & Choudhary 2001. 

Management of Red hairy Caterpillar: A 
Case study 

The pest incidence of Red hairy 
caterpillar Amsacta moorei was vary severe in 
1987-88 in five districts viz; Jhabua Ratlam, 
Dhar, Khargone & Khandwa constituting the 
South west part of M.P. Pest appears after 
monsoon showers. The affected area was 
65000 to 70,000 ha Deshpande & Veda 1994. 
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Action plan included  

i. Trapping maize crop by sunnhemp & lator 
or dusted with pesticides in limited aeras 
to kill the early instar larvae. 

ii. Dusting & spraying first 15 days when the 
mobility of pest is low. 

iii. Picking of larvae in the first 15 days & 
killing them. 

 Programme activities continued for a 
period of six months from collection of 
pupae in April to harvest of crop in 
September for 4 years, 

 Dusting & Spraying during first 15 
days when the mobality of pest was 
low. 

 22000 farmers were directly involved  

 Farmers in the endemic area of 
“Waglawat” in district Jhabua 
collected 35 kg of larvae by hand 
picking under leadership of Sarpanch. 

 Materials like videocassets, folders in 
local language coloured slides, flash 
cards, Radio and T.V. Talks were 
used to educate the farmers and 
creating awarness among faremrs. 

Impact: 

 Before treatment Red hairy caterpillar 
area in 1987-88 :  65017 ha 

 After treatment Red hairy caterpillar 
area in 1988-89 :  28205 ha 

 Finally Red hairy caterpillar ara in 
1993-94:   137 ha  
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The era of synthetic organic 
pesticides began in the 1940s, which brought 
many benefits. The different pesticides so 
generated over a period of time helped 
farmers to save crops from pests and enabled 
them to reap harness. They also enabled in 
curbing insect vector born diseases which 
were considered dreaded diseases to human 
and live stock etc. However, continuous 
indiscriminate and universal application of 
broad-spectrum synthetic organic pesticides, 
since 1950s brought risks.  They have 
adverse effect on natural biological control 
agents, pesticides resistance development in 
the target pests, health hazards to human 
beings, aquatic animals, live stock and wild 
fauna, adverse impact on environment such 
as soil water , air etc. 

The publications of Rachel Carlson’s 
famous book Silent Spring in 1962 brought 
doubts about the environmental and health 
risks of pesticides.  Developing and 
implementing an alternative to broad-
spectrum pesticides has been will continue to 
be a challenge. The ban of certain broad-
spectrum insecticides and limitations imposed 
on use of certain pesticides had resulted in 
the development and registration of a number 
of alternative reduced risks and 
environmentally safe pesticides and control 
strategies.  These new pesticides are more 
pest specific, slower acting and different mode 
of action. 

I. Era of Organo-chlorines and 
Cyclodienes:  

Before and during World War II 
supplies of the botanical products became 
limited. Hence, an effort was made to identify, 
synthesize and manufacture new insecticides 
to protect from insect born diseases and crops 
from insect pests.  Scientists in England and 
France identified the insecticidal properties of 
Organo-chlorides and Cyclodiene insecticides. 
Because of low mammalian toxicity and broad 
spectrum activity against insects were used in 
pest control.  Despite their effectiveness, the 
organochlorines and cyclodiene insecticides 
were more persistent in the environment, and 
their adverse effect on non target species 
resulted in the out break and number of 
secondary pests or the rapid resurgence of 

the pest through the suppression of beneficial 
insects. In addition, these insecticides were 
reported to be adversely affecting human 
health and wild life because of their bio-
magnification in the ecosystem.  As a result, 
most of these products were eventually 
banned or put under restricted use. 

II. Era of Organo Phosphorous (OP) and 
Carbamates:  

German scientists identified the 
insecticidal properties of organ phosphorus 
compounds in 1930s, but these compounds 
were primarily used for chemical warfare. 
After the war, the OP compounds were 
developed as insecticides. The OP 
compounds were acutely toxic to mammals, 
have broad spectrum of activity against insect 
pests and have relatively short environmental 
persistence than the chlorinated 
hydrocarbons. By 1995, OP compounds 
accounted for an estimated 34 per cent of 
worldwide insecticide sales. These 
compounds were widely credited for their yield 
increase in agriculture. 

In the late 1940s, Methyl Carbamates 
(Carbamates) was developed as insecticides.  
These compounds exhibit cholinesterase 
inhibition activity similar to that of OP 
compounds.  These too have a broad 
spectrum of activity similar to that of OP 
compounds and are toxic to non-target 
species.  They tend to degrade rapidly in the 
environment, which became a problem when 
it was shown to leach in soils and enter 
ground water. 

Both the OP and carbamate 
insecticides have been continuously used in 
agriculture because they are very effective 
against insect pests, relatively inexpensive 
and have a broad spectrum of activity.  Their 
continued use, however, has also brought 
health problems, which includes pesticide 
residues in the food, contamination of rivers 
and streams via runoff from the treated fields 
and destruction of wild life such as birds as 
well as destruction of beneficial insects. 

III. Era of Synthetic Pyrethroids:  

Pyrethroid insecticides are more 
stable analogs of the natural insecticides 

Novel Insecticides: Chemistries and Characteristics 
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found in extracts from chrysanthemum flowers 
(Chrysanthemum cinerarifolium). Research on 
the developments of synthetic pyrethroids has 
improved stability. Allethrin was the first 
synthetic pyrethroid, which was registered for 
the public health and urban uses, primarily 
against mosquitoes and houseflies.  This was 
considered as first generation pyrethroid, 
because it was chemically similar to the 
natural pyrethrum extract. 

Second generation pyrethroids were 
registered in the 1960s to control public health 
pests. Resmethrin was classified as second-
generation pyrethroid group, which was about 
twenty times more effective than natural 
pyrethrum, but like allethrin was photoliable 
(molecules that break down quickly in light) 
and therefore unsuitable for out door purpose. 

Permethrin and fenvalerate are the 
most widely used third generation pyrethroids, 
which are broad spectrum in action at 
relatively low rates and improved 
photostability, which resulted in their use in 
agriculture. 

Fourth generation pyrethroids include 
fenvalerate and Lambda- cyhalothrin (Karate 
® and Warrior ®). These are more effective 
against insects at lower dosages than the third 
generation group and are photostable and 
relatively nonvolatile, so their residual activity 
is no longer than that of earlier pyrethroids. 

Pyrethroids have become the favored 
insecticides alternatives to the OPs and 
Carbamates. Perhaps the only arthropod 
groups for which they are not effective are soil 
insects, mites and sucking insects.  In 
general, they are cost effective also. In 
addition to these, pyrethroids present a lower 
risk to workers and applicators, amphibians, 
mammals and birds. However, most aquatic 
animals and fish are highly susceptible. The 
other advantage is that, due to their 
hydrophobic nature, it is believed that their 
movement in surface water is minimal. 
However, they bind more to soil surface; 
thereby runoff to water ways is very low.  The 
disadvantage with their usage in agriculture is 
that, beneficial insects are seriously affected 
and cause out breaks of secondary pests like 
mites and sucking pest complex. 

IV. Era of Neonicotinoids:  

Neonicotinoids are synthetic 
chemicals based on the structure of natural 
compound- Nicotine.  These compound acts 
as a nicotinic acetylcholine receptor 
antagonist. The target site selectivity of 
neonicotinoids is a major factor in their 

favourable toxicological properties because 
they act at much lower concentrations in 
insects than in mammals.  There are four 
Neonicotinoids registered for agricultural use-
Acetamiprid, Imidacloprid, Thiacloprid and 
Thiomethoxam. 

Neonicotinoids are currently used for 
systemic, seed, soil, chemagation and foliar 
application.  The systematic activity of these 
compounds enables their use for the control of 
sucking insects, as well as some beetles and 
flies.  However, they will not control 
Lepidopterans. One limitation is their cost, 
which tends to be much higher than either 
OPs or Pyrethroids. Neonicotinoids have 
relatively low risk to mammals as their dermal 
and oral LD50 values are high which make 
them suitable for use on fruits and vegetable 
crops. 

Imidacloprid is soluble in water, has 
moderate binding affinity to organic materials 
in soils, a relatively long life in soils. 
Acetamiprid is also water soluble, similar 
binding affinity to soil, but is short lived in soil. 
Thiomethoxam is water soluble, but has low 
binding affinity to organic matter in soils and is 
more persistent than others. 

V. Era of Novel Insecticides:   

A number of novel insecticides with 
unique mode of action were developed during 
1990s and early 2000s for insect control in 
agriculture. The advantages of these novel 
insecticides are: 

a.  Most of these products act on insect’s 
processes that humans do not 
experience; such as moulting etc. 

b.  Low mammalian toxicity allows for short 
re- entry and pre- harvest intervals. 

c.  Many also have greater selectivity and so 
are less likely to harm natural enemies 
than the OPs, carbamates and pyrethroid 
insecticides. 

d.  They are less likely to cause outbreak of 
secondary pests that are well controlled 
by natural enemies. 

These new insecticides also have 
some disadvantages: 

a. Because of their narrow range of activity, 
each insecticide generally controls one 
pest group. Hence the farmer may need to 
apply additional insecticides which 
increase total number of treatments per 
acre and pest control costs.  
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b. Many of the novel insecticides have fairly 
short residual activity and affect only 
immature stages of insects, so the 
treatment timing is flexible.  

c. Finally the cost of the new insecticides is 
usually higher than the older or 
conventional insecticides. 

A. Novel Insecticides for Lepidoptera: Four 
insecticides that have actively primarily 
affecting Lepidopteran pests – Indoxacarb 
(Avaunt), Tebufenozoid (Confirm), 
Methoxyfenozide (Intrepid) and Emamectin 
benzoate (Proclaim). 

1. Indoxacarb: Indoxacarb is an oxadizine 
insecticide that blocks sodium channels in 
insect nerve cells, causing lepidopteran larvae 
to stop feeding with in 4 hours, become 
paralyzed and die with in 2-5 days. It is more 
effective as stomach poison than as contact 
poison. The activity of the product against 
sucking insects is weaker than for 
lepidopteran because of slower bio-activation, 
lower sensitivity and less oral uptake. 
Indoxacarb allows most predators are 
immature parasites to survive; however, the 
wet residues are toxic to bees and wasps. It is 
reported that, oblique banded leaf roller 
(Christoneura rosaceana) have exhibited 
resistance in Michigan state, USA, to 
indoxacarb in areas where it has not been 
used, suggesting cross resistance to older 
group of insecticides. This emphasizes the 
need for the rotation of Indoxacarb with insect 
growth regulators (IGRs). 

2. Tebufenozide and Methoxyfenozide: It is 
a dibenzoylhydrazine stomach poison that 
acts as IGR especially for lepidopteran. It 
mimics a molting hormone and blocks the 
completion of normal molting process. The 
insect stop feeding within a few hours and 
under goes a premature larval molt with in 3-7 
days. It has a residual activity of 14 to 21 
days. It is more active on early larval stages. It 
is non toxic to honey bees and is not affecting 
most natural enemies. Low levels of cross 
resistance to this produce have been oblique 
banded leaf rollers that were not exposed in 
these insecticides in California, USA. Hence, 
these insecticides will need to be used in 
frequently, alternatively with other insecticide 
chemistries. 

3. Emamectin benzoate: It is a second 
generation avermectin analog with exceptional 
activity against lepidopterans, acting by 
decreasing the excitability of neurons. Its 
toxicity is broad spectrum than the above 
insecticides which is a benefit in that it kill a 

wide range of lepidopterans. 

B. Novel Insecticides for Sucking Pests: 
Three insecticides -Pyriproxyfen, Buprofezin 
(Applaud, Courier) and Pymetrozine have 
activity primarily affecting sucking insect pests 
such as white fly and scales which have 
developed resistance to Ops, carbamates and 
pyrethroids. 

1. Pyriproxyfen: Zit is a pyridine compound 
that acts as a juvenile hormone mimic IGR, 
inhibiting egg production and the 
metamorphosis of immature stages into 
adults. It is most effective in the late stage 
larvae or nymphs and early pupal stages 
when juvenile hormone is normally low. It is 
active primarily against sucking insect such as 
scales, white fly and psylla. It is toxic to 
crustaceans limiting its use around bodies of 
water. It is highly toxic to predatory 
coccinellids having both egg hatch and 
population. 

2. Buprofen: It is a thiadiazine IGR that 
disrupts molting by preventing chitin 
development. It is active primarily against 
sucking insects, also has activity against 
beetles. It is slow acting but persists for long 
time. It has poor ovicidal activity, but treated 
adults may lay sterile eggs. It has little or no 
effect on lepidopteran, Dipteran and 
hymenopteran insects. 

3. Pymetrozine: It is a pyridine azomectin, 
which is active against aphids and white flies; 
it interferes with feeding behaviour, resulting 
in the complete cessation of feeding with in 
hours of contact. It relatively less toxic to most 
natural enemies. 

4. Cyromazine: It is a triazine insecticide 
used as chitin synthesis inhibitor IGR. It has 
translaminar activity with a very narrow range 
of activity, notably the early stages of dipteran 
leaf miners. 

VI. Era of by-products from 
microorganism: A common feature of some 
micro-organisms, principally bacteria and 
fungi, is their natural ability to produce 
metabolic byproducts that are toxic to many 
organisms, Instead of relying on the 
microorganisms to produce these insect active 
toxins in the field, the microorganisms can be 
cultured in fermentation facilities and the 
resulting metabolites can be harvested, 
purified, formulated and used effectively 
against insect pests. Two widely used such 
commercial insecticides are Spinosad and 
Abamectin. 
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1. Spinosad: Spinosad was fermented from 
the actinomycete bacterium 
(Saccharopolyspora spinosa). The process 
yields several metabolites called spinosyns. 
Of which two biologically active compounds 
form the basis for the insecticides. Spinosad 
kills insects causing rapid excitation of the 
nervous system leading to involuntary muscle 
contractions, tremors and paralysis. Insect 
must ingest spinosad, therefore it has little 
effect on sucking insects and non-target 
insects, spinosad is relatively fast acting – the 
insect usually dies with in 1-2 days after 
application and there appears to be no 
recovery. It has excellent activity on the 
lepidopteran larvae. It also controls thrips. 
Spinosad is very short lived, sometimes 
necessitating additional application. 

2. Abamectins: It is a microbial based 
insecticide and acaricide, this toxicant, 
produced by the soil bacterium Streptomyces 
avernectilis which was isolated in Japan. It 
interferes with the neural and neuromuscular 
transmission and paralyzes insects, resulting 
in the cessation of feeding and death 3-4 days 
after exposure. It is most effective when 
ingested, but also works as contract. It also 
penetrates leaf tissues and provides along 
time control of various mite species in the 
field. 

3. Milbemycins are structurally related to 
Avermectins and pesticide products based on 
these by-products are under development. 
More than 30 different spinosyns have been 
isolated fro S. spinosa and these are being 
evaluated for pesticidal properties. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Recent trend in the pest control 
strategy is “Induced Resistance” where by 
plants, once injured by an arthropod are more 
resistant to subsequent feeding and injury. 
This induction has been shown for mites, 
thrips, aphids and leaf minor injury. The 
isolation of compounds involved in this type of 
plant defense and the defending of the scope 
of activity is ongoing. One commercial product 
(Messenger) utilizes this technology through 
induction with harpin proteins. 

Conclusion: 

During the last decade, the need for 
new class of insecticides with selective activity 
spectrum and preferentially a new mode of 
action has been recognized because of the 
increasing problems of insect resistance to 
broad spectrum conventional insecticides and 
environmental hazards. Further, fermentation 
technology has proven invaluable for the 
generation of many classes of compounds 
(Avermectin, Spinosyn and Pyrroles) for 
exploitation by agrochemical industries. It is 
clear that, all the newer molecules have 
different mode of action with greater 
selectivity, required at very low dosage, safer 
to natural enemies and higher animals 
including man. 
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Introduction 

Arresting the declining agriculture 
productivity in the climate change regime is a 
difficult task. In rainfed areas across the 
country low crop productivity and prevailing 
household food insecurity is widely 
acknowledged. Complex diverse risk prone 
(CDRP) farmers predominate in Rainfed 
areas. Pressure on natural resource base is 
comparatively more; weather is hostile, soil 
poor and poor household cash surplus are few 
prevalent characteristics of rainfed area. 
These factors has affects the agricultural 
crops and its productivity. Improving the crop 
productivity in such an agro-ecological and 
socio-economical situation is very limited. The 
experiences reveal that technological support 
alone does not always lead to an increase in 
the adoption percentage or increase in crop 
productivity. In the process of development, 
the response to the demonstration of 
upgraded technology is very poor in the 
rainfed area. Limited or no surpluses for 
additional investment required the adoption 
upgraded technology, is the main reason. 
Large-scale investment or subsidy as an 
incentive for the adoption of a programme has 
also not been very successful. 

Presented here an expected outcome 
of promotion of a income generating activity in 
among tribal women Self Help Group in Seoni 
District. The extra mileage from the promotion 
of Lac production may be help in future policy 
framing especially in rainfed agriculture. 

Description of the area and target group 

Seoni district  

Seoni district of MP lies between the 
latitude 21.36° and 22.57°North and longitude 
79.19° and 80.19°East. Seoni district is 
bodered in West by Chhindwara district, in the 
North- West by Narsingpur district, in the 
North by Jabalpur district, in the North – East 
by Mandla district and in the South by 
Balaghat district of MP. The population of the 
district is 13.18 lakh, and it has been divided 
into eight blocks in which 5 blocks are tribal 
dominated. There are 1585 villages in the 
district. The total geographical area of Seoni 
district is 8,75,401 ha, total forest area is 

2,67,302 ha, net sown area is 3,84,486 ha 
and cultivated area is 36,666 ha. 

Mahila SHG 

The ten tribal women in Malhara 
village came together to conserve the natural 
bushes of Palash Butea monosperma in the 
eight hectare Panchayat land in the year 
2005. These women contributed fifty rupees 
monthly among themselves since them. The 
Panchayat encouraged them in their selfless 
conservation of Palash trees. With the 
passage of time as the bushes grew to eight 
thousand tall trees, it kept enriching the sandy 
soil with leave litters and turned the barren 
land into a thick forest.  

Introduction to Lac production in Malhara 

In the year 2010, these ten women 
were imparted an informal skilled based 
training on Lac production. Several 
motivational efforts after the training helped to 
makeup up their mind to adopt lac production 
on their B monosperma trees conserved. They 
thus formed Mahalaxmi Adivasi Mahila Lac 
Utpadhak SHG (MAMLU). As they were facing 
financial constraint to invest in brood lac- an 
important input required for Lac production. 

Two prominent lac growers and 
promoters Komal Singh Bhagel(President of 
Adharsh lac Utpadhak Samuh,Janamkhari, 
Seoni) and Dhan Singh 
Rahangdale(President, Gram Mangal 
Sanstha,Dharna, Seoni),came forward to 
support MAMLU with five quintal of broodlac 
on loan. The MAMLU members inoculated 
their B monosperma with the broodlac. 
Regular technical support during different 
stages of lac production helped to harvest a 
good crop in the month of October’2010. Lac 
crop on virgin plants is best. Thus, the first 
crop was qualitatively and quantitatively very 
good.  
 

In the month of October’2010 Komal 
Singh received an order for supply of three 
quintal of brood lac from the Forest Division 
Vardsa, in Maharashtra. MAMLU harvested a 
little over 12q of high quality brood lac in 
October 2010. They repaid the loaned 5q 
brood lac back to Komal Singh and inoculated 
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4q on rest of their trees. MAMLU earned 
Rs72,300 by selling  3 q broodlac to Forest 
Division Vardsa . 

Table-1 Members of MAMLU 

S. 
no. 

Name of the 
members 

Designation 

1 Smt. Kanya Kumari President 
2 Smt. Sunita Marskle Secretary 
3 Smt. Indra Dhurve Member 
4 Smt. Kali bai Bhalavi Member 
5 Smt. Kushma Invati Member 
6 Smt. Rampyari 

Marskole 
Member 

7 Smt. Laxmi Parte Member 
8 Smt. Hansa Invati Member 
9 Smt. Chandrakala 

Kunjam 
Member 

10 Smt. Chandravati 
Marskole 

Member 

 
Increase in the household income 

Lac production helped the MAMLU increase 
their annual household income from Rs. 
28,000 - Rs. 65,000(pre-adoption) to Rs. 
75,000 - Rs. 1, 23,000 (post-adoption).  
 

The mean contribution to their household 
income increased from 31.41 per cent (mainly 
from Agriculture and waged labour) to 54.81 
per cent after adoption of lac production. The 
increase in contribution of annual household 
income varied from 65.51 to 82.41 per cent. 

Among the MAMLU, the mean annual 
household spending was highest in agriculture 
(25 to 30%) followed by that (18-22%) on 
food. Prior to the adoption of Lac production 
60 per cent of the MAMLU members were 
spending 20 to 25 per cent in agriculture but 
after adoption of lac production, 80 per cent  
were spending 26-30 per cent in their 
agriculture. 

Thus, investment and growth in agriculture is 
a slow progress. Motivation and available 
disposable of income in the course of 
promotion of lac production among the 
MAMLU members had a direct effect in the 
increase in the adoption of improved crop 
(Rice) production technology. Besides, 
conservation of 8000 trees of B monosperma 
by MAMLU is encouraging many others to do 
the same. In the entire village, nobody cuts B 
monosperma trees.  

Table- 2 Activities and earnings from Lac 
production by MAMLU till June 2013 

 
Soil testing has long been accepted  

Year Activity Remark Earning(Rs) 
2005 Coming together to conserve 

Palash trees in Panchayat land 
2-3 meeting held 0 

2006 Formation of SHG Formally SHG was formed 0 
Feb’2010 Naming of the SHG as of MAMLU 

SHG 
10 participating women 0 

Feb’2010 Conservation of Palash trees in 
8ha  

Palash trees- 8000 
conserved 

0 

Mar-Apr’2010 Pruning the Palash trees By participating women 0 
July’2010 Procured 5q brood lac on loan 

from Adarsh Lac utpadhak Samiti 
Inoculated 500 Palash trees 0 

Oct’’2010 Harvested 12q brood lac Repaid the loan of 5q brood 
lac, Earned Rs.72,300 
through sale of brood Lac 
Inoculated 450 Palash trees 

72,300 

July’2011 Harvested 9q brood lac Inoculated 3000 trees with 5q 
Brood lac in coupe-no. 2 
Earned Rs. 67,000 through 
sale of 4q brood Lac 

67,000 

Oct’’2011 Harvested 12q brood lac Inoculated 5000 trees with 5q 
Brood lac in coupe-no. 3 
Earned Rs. 67,000 through 
sale of 4q brood Lac 

67,000 

July’2012 Harvested 11q brood lac Earned Rs. 2,20,000 2,20,000 
Oct’’2012 Harvested 7q brood lac Earned Rs1,70,000 1,70,000 
Apr’’2013  
Jun’2013 

10q Lac produce 
10q broodlac 

Rs 3,00,000 
Rs 2,00,000 

5,00,000 

Total 61q brood+10q lac  10,96,300 
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Soil testing has long been accepted 
as a useful tool for assisting farmers towards 
practising field-specific balanced fertiliser use 
after taking into account the available 
nutrients already present in the soil, crop 
requirement and other factors.  Another 
objective of a soil test is to sort out the nutrient 
deficient areas from non-deficient ones and 
also to provide insights into the degree of 
deficiency or sufficiency. This information is 
important for determining whether and to what 
extent a given soil can supply adequate 
nutrients for optimum crop production or not. 
A soil test also helps to identify soil health 
constraints such as acidity or alkalinity and all 
such physical or biological problems which 
determine the status of available nutrients in 
soil. A soil test as practiced in most cases 
provides a dignosis of soil chemical health 
(Tandon and Sammi Reddy 2013). This holds 
true for all types of soils/farms. 

Although soil testing research in India 
was initiated in the 1950s, it got a major 
impetus after the launching of the All India 
Coordinated  Research Project on Soil Test 
Crop  Response Correlation by the ICAR in 
1967. This multi-location project currently 
operational at 24 locations is coordinated from 
the Indian Institute of Soil Science (IISS), 
Bhopal. Through this project, whose 
researches have thus far  been  limited to N, P 
and K, voluminous amount of information has 
been generated on nutrient uptake by various 
field crops per unit grain/main produce 
production, contribution of soil and fertilizer 
nutrients and finally the amounts of nutrients  
to be added through fertilizers for pre-set yield 
targets. In the later years, efforts have also 
been made to provide soil test based 
recommendations which also included organic 
manures and biofertilisers.  

Concept of targeted yield approach 

The basic concept here is that a site 
represents a unique farmer’s field. This is 
relevant in Indian context since the farm sizes 
are small. Cropping pattern within a farm is 
uniform and each farm has a uniform previous 
fertilization history. Such site-specific nutrient 
management is also being advocated in India 
since late 1960s through targeted yield 

approach. The approach is unique in the 
sense that it not only prescribes the optimum 
dose of nutrient based on soil fertility status 
but also predicts the level of yield that a 
farmer can expect. The targets can be chosen 
based on farmers’ resources. The approach 
has been test verified in several follow-up 
experiments and demonstrated in a large 
number of farmers’ fields. Recommended 
agronomic practices are to be followed along-
with the fertilizer doses. The 
recommendations for different crops for 
specified yield targets are available in the 
voluminous work conducted under AICRP 
(STCR). Lately, the calibrations are being 
developed under integrated supply of organics 
and fertilizers keeping into account the 
nutrient contribution of organics, soil and 
fertilizers. This provides a scientific basis for 
balanced fertilization not only between 
fertilizer nutrients but also with the soil 
available nutrients (Dey, 2012).  The 
technology of fertilizing the crops based on 
initial soil test values for the whole cropping 
system is also being generated.  

Soil testing with associated plant and 
water analysis is the only tool known which 
helps to control soil fertility. Nutrient supplying 
power of soils, crop responses to added 
nutrients and fertiliser and amendment needs 
can safely be assessed through sound soil 
testing programme. Monitoring of soil fertility, 
against depletion and accumulation of certain 
elements in toxic proportions over time, is 
possible through appropriate soil tests. 
Liebig’s law of minimum states that the  
growth of plants is limited by the plant nutrient 
element present in the smallest amount, all 
others being in adequate quantities. From this, 
it follows that a given amount of a soil nutrient 
is sufficient for any one yield of a given 
percentage nutrient composition. 
Ramamoorthy et al. (1967) established the 
theoretical basis and experimental proof for 
the fact that Liebig’s law of the minimum 
operates equally well for N, P and K. This 
forms the basis for fertiliser application for 
targeted yields, first advocated by Truog 
(1960). Among the various methods of 
fertiliser recommendation, the one based on 
yield targeting is unique in the sense that this 

Targeted yield approach for Sustainable Soil and Crop 
Productivity in different agroecoregion  

 

Pradip Dey  
Project Coordinator (STCR) 

 

Indian Institute of Soil Science  
Nabibagh, Berasia Road, Bhopal (M.P.) – 462038  
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method not only indicates soil test based 
fertiliser dose but also the level of yield the 
farmer can hope to achieve if good agronomic 
practices are followed in raising the crop. The 
essential basic data required (Ramamoorthy 
et al. 1967) for formulating fertiliser 
recommendation for targeted yield are:  

 Nutrient requirement in kg/q of produce, 
grain or other economic produce,  

 The per cent contribution from the soil 
available nutrients, 

 The per cent contribution from the applied 
fertiliser nutrients.  

The above mentioned three parameters are 
calculated as follows. 

Nutrient requirement of N, P and K for grain 
production                                                  

kg of nutrient/q of grain = [Total uptake of 
nutrient (kg)] / [Grain  yield (q)] 

Contribution of nutrient from soil                                                    

%Contribution from soil (CS) = [Total uptake 
in control plots (kg ha-1) X 100] / [Soil test 
values of nutrient in control plots (kg ha-1)] 

% Contribution of nutrient from fertilizer 

Contribution from fertiliser (CF) = (Total 
uptake of nutrients) - (Soil test values of 
nutrients in fertilizer treated plots x CS) 

% Contribution from fertilizer = [CF / {Fertilizer 
dose (kg ha-1}] x 100                  

Calculation of fertilizer dose 

The above basic data are transformed into 
workable adjustment equation as follows : 

Fertilizer dose = [{(Nutrient requirement in 
kg/q of grain) / %CF} x 100 x T] – [(%CS / 
%CF) x soil test value (kg ha-1)] 

          = a constant x Yield target (q 
ha-1) - b constant x Soil test value (kg ha-1) 

Similarly the contribution of nutrients from 
organic can also be determined.  

Maximum yield method 

A separate calibration procedure has 
been devised to select the balanced nutrition 
plots. In this procedure only balanced nutrition 
plots are used to develop the calibrations. 

• The yields of grain and straw for the 
subplots in each of the four large 
calibration plots are arranged in groups. 
Within each group the level of a given 
nutrient is constant 

• The total uptake of nitrogen from the 
treatment producing the highest yield in 
the group is computed. 

• The value obtained is divided by the 
corresponding yield of grain 

• The quotients from all nutrient groups in 
all four large plots are averaged to obtain 
NR. 

• The value of CS is obtained by analyzing 
the grain and straw from four control 
subplots in each of the four large 
calibration plots. 

• The four subplots represent the highest 
yield, the lowest yield and two 
intermediate yields. 

• The total yields of nutrients are then 
divided by corresponding soil test values 
and the quotients are averaged to obtain 
CS. 

Scheduling Fertiliser in Cropping 
Sequences  

          Nutrient availability in soil after the 
harvest of a crop is much influenced by the 
initial soil nutrient status, the amount of 
fertiliser nutrients added and the nature of the 
crop raised. Of late the monoculture is 
replaced by cropping sequence.  For soil test 
based fertiliser recommendations the soils are 
to be tested after each crop which is not 
practicable. Hence it has become necessary 
to predict the soil test values after the harvest 
of a crop. It is done by developing post-
harvest soil test value prediction equations 
making use of the initial soil test values, 
applied fertiliser doses and the yields obtained 
or uptake of nutrients. The functional 
relationship is as follows: 

YPH =  f(F, IS, yield/nutrient uptake), where, 
YPH is the post-harvest soil test value,  F is 
the applied fertiliser nutrient and IS is the 
initial soil test value. The mathematical form is 

YPH = a + b1F + b2 IS + b3 yield/uptake 

where, a is the absolute constant and b1,b2 
and b3 are the respective regression 
coefficients.  

Work under AICRP on STCR towards 
balanced Nutrient Management  

Soil testing laboratories provide 
fertiliser recommendations to farmers and 
work as linkage between research 
laboratories and farmers.  The research 
laboratories under the auspices of Soil Test 
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Crop Response Correlation Project network 
have calibrated soil tests with crop response 
in major soil types to derive fertiliser 
recommendations based on soil fertility and 
nutrient requirement of crops.  In spite of 
repeated demonstration of the benefits of this 
technology, its widespread use has not 
become reality.  It is not the objective of this 
paper to review its causes, however, 
inadequate analytical and technical facilities 
plus complexities involved in providing correct 
recommendations are the most significant 
reasons.  As a result, farmers normally do not 
get recommendations based on testing of their 
field soil in time.  Hence soil-testing 
programme could not make desired impact on 
the farmers.  Further this technology entirely 
depends on soil’s chemical testing.  Hence 
extension worker depends on soil testing 
laboratories for test results and 
recommendations. 

One of the very attractive possibilities 
to overcome these problems is to device a 
nutrient recommendation system that provides 
fertilizer prescriptions in the form of geo-
referenced maps. In an ideal map one can 
show information on soil type, its fertility 
levels, yield potential of area (yield targets) 
and fertilizer recommendation. If such maps 
can be made available, it will directly transfer 
the soil test technology into the hands of 
farmers.  A farmer who is able to read simple 
map can easily identify what is the yield 
possibility in his village and based on major 
soil type in his area he can identify what 
balance of nutrients need to be applied  for 
the yield target of his interest.  The STCR 
information like soil and fertilizer nutrient 
efficiencies and nutrient requirements can be 
linked with these maps. The detailed soil 
maps recently published by the National 
Bureau of Soil Survey and Land Use Planning 
(NBSS & LUP) can be used for this purpose.  

Yield potentials can be estimated from the 
maximum yields obtained in the frontline 
demonstrations or by the use of crop 
simulation models. 

The major limitation for this is 
availability of precise soil fertility maps. 
Preparation of reliable soil fertility maps is still 
considered as one of the most difficult tasks.  
Obviously this is the reason why fertility maps 
have not been updated/prepared at district or 
sub-district level. However newly emerging 
techniques like remote sensing, GIS, global 
positioning system (GPS) and simulation 
modeling have much to offer in this area.  
Proper application of these powerful 
techniques can help in identifying suitable soil 
sampling spots based on soil slope, 
topography and soil types in a systematic grid 
pattern.  Geo-referenced soil fertility maps can 
be constructed and displayed using simulation 
and GIS techniques. 

During the last more than four 
decades the STCR project has generated 
numerous fertilizer adjustment equations for 
achieving targeted yields of important crops 
on different soils in different agro ecological 
regions of the country. These fertilizer 
adjustment equations have been tested in 
follow up and frontline demonstrations 
conducted in different parts of the country. In 
these trials soil test based rates of fertilizer 
application helped to obtain higher response 
ratios in rice and wheat (Table 1) over a wide 
range of agro-ecological regions (Dey and 
Srivastava, 2013) besides many other crops. 
It is evident from above tables that STCR 
based approach of nutrient application has 
definite advantage in terms of increasing 
nutrient response ratio over general 
recommended dose of nutrient application. 
Yields and response ratios can be increased if 
the fertilizer prescriptions are made as per the 
table 1 for specified crops and locations. 

 

Table 1: Response Ratios in existing and improved practice for rice and wheat in different 
agroecological regions 

Crop Location/ AER Soil 
type 

Fertilizer Response Ratio (kg grain/kg nutrient) 
Present practice Improved practice 
Fertilizer 

dose 
RR Fertilizer 

dose 
RR 

 
Type of 

intervention 
Rice Jabalpur/ 10 Hot 

sub-humid 
Medium 
black 

GRD: 80-
70-40 

8.47 STCR: 3.5 
t/h 76-66-0 

11.13 Soil test based 
balanced 
fertilization 

Rice Coimbatore/8.1, 
Hot dry semi-
arid 

Alfisol GRD: 120-
38-38 

15.4 STCR: 7 
t/ha 179-
71-19 

16.1 
 

Soil test based 
balanced 
fertilization 

Rice Hisar, Haryana/ Podzolic Farmers’ 18.312 STCR: 7 23.492 Soil test based 
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2.3 Hot typic arid Practice 
75-30-0 

t/ha 139-63 balanced 
fertilization 

Rice Kalyani, WB/ 
15.1 Hot moist 
sub-humid 

Deep 
loamy to 
clayey 
alluvial 

80-40-40 8.02 Soil test 
based 
62.5-28-
62 + 7.5 
t/ha FYM 

13.19 Soil test based 
fertilizer 
recommendati
on under IPNS 

Rice Narsinghpur, 
MP 

 GRD: 80-
70-40 

11.45** STCR: 4 
t/ha 
91-74-0 

19.07** Soil test based 
balanced 
fertilization 

Rice Pantnagar, 
Uttaranchal/14.5 
Warm 
humid/perhumid 

Medium 
to deep 
loamy 
tarai 

Farmers’ 
Practice 
120-0-0 
GRD: 
120-40-40 

12.5 
 
 
 
8.5 

STCR: 4.0 
t/ha 
94-36-0 

16.15 Soil test based 
balanced 
fertilization 

Wheat Jabalpur, MP/10 
Hot sub-humid 

Medium 
black 

GRD:  
100-60-30 

14.77** STCR: 4 
t/ha 
59-57-28 

41.01** Soil test based 
balanced 
fertilization 

Wheat Pantnagar, 
Uttaranchal/14.5 
Warm 
humid/perhumid 

Mediu
m to 
deep 
loamy 
tarai 

Farmers’ 
Practice 
115-20-0 
GRD: 
120-60-40 

6.67 
 
 
 
10.68 

STCR: 4.0 
t/ha 
104-60-57 

11.31 Soil test based 
balanced 
fertilization 

Benefits of STCR approach 

Considerable agronomic and 
economic benefits were accrued when 
farmers applied fertilizer nutrient doses based 
on soil tests. The fertilizer use efficiency 
calculated in terms of average nutrient 
(N+P+K) response ratios increased 
considerably in STCR based applications over 
farmers’ practice (Table 2). The technology 
was implemented under Integrated Plant 
Nutrient Supply (IPNS) systems and was 
beneficial across the crops and soils. 

Table 2. Average Response Ratios (kg 
grain/kg nutrients) 

Crop No. 
of 

trials 

Farmer’s 
practice 

STCR- 
IPNS  
recommen
ded 
practice  

Rice  120 11.4 16.8 
Wheat  150 10.3 14.2 
Maize 35 12.7 17.7 
Mustard 45 8.0 8.2 
Raya 25 4.8 7.6 
Groundnut 50 5.1 6.8 
Soybean 17 9.6 12.2 
Chickpea 35 6.1 9.4 

 
 

Precision Agriculture and STCR 

Precision agriculture, a popular new 
concept in crop production, can be defined as 
a comprehensive system designed to optimize 
agricultural production through the application 
of crop information, soil variability, advanced 
technology and management practices. A truly 
comprehensive approach to precision 
agriculture begins with crop planning and 
includes tillage, planting, chemical applications 
based on soil variability, harvesting, and post 
harvest processing of the crop. Precision 
agriculture involves studying and managing 
variations within fields that can affect crop 
yield. It revolves around the idea that treating 
a large region as a uniform area is essentially 
wasteful and uses an excess of costly 
resources in the form of fertilizers, pesticides, 
and herbicides. Any area as large as a field 
can contain wide spatial variations in soil 
types, nutrient availability, and other important 
factors; not taking these variations into 
account can result in a loss of productivity. 
Precision agriculture is a method of farm 
management that allows the farmer to produce 
more efficiently, thereby realizing gains 
through economical use of resources. An 
important effect of precision farming is the 
high environmental benefit from using 
chemical treatments only where and when 
they are necessary. This promotion of 
environmental stewardship is a key 
component of the new attitudes in agriculture. 

Comprehensive precision agriculture 
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has five major objectives:  
 Increased production efficiency  
 Improved product quality  
 More efficient chemical use.  
 Energy conservation.  
 Soil and ground water protection.  

The key requirements of precision 
agriculture are information, technology and 
management. 

Information  

Timely and accurate information is 
essential in all phases of production from 
planning through post-harvest. Information 
available to the farmer includes crop 
characteristics, soil properties, fertility 
requirements, weed populations, insect 
populations, plant growth response, harvest 
data, and post harvest processing data. The 
precision farmer must seek out and use the 
information available at each and every step 
in the system.  

Technology 

The personal computer can help the 
farmer organize and manage data more 
effectively. Now, computer software, including 
spreadsheets, databases, geographic 
information systems (GIS), and other types of 
application software are readily available. The 
global positioning system (GPS) has given the 
farmer the means to locate position in the field 
to within a few feet. By tying position data in 
with the other field data mentioned earlier, the 
farmer can use the GIS capability to create 
maps of fields or farms. Some sensors are 
currently available or some are under 
development that can monitor soil properties, 
crop condition, harvesting, or post harvest 
processing and give instant results or 
feedback which can be used to adjust or 
control the operation.  

Remote Sensing and GIS for soil fertility 
management 

Remote sensing is defined as a 
science and art of acquiring data about 
material objects from measurements made at 
a distance without actually coming into 
physical contact with the object. Satellite 
imagery provides an opportunity to identify 
problems developing in the field, and 
especially monitor changes in the area 
affected. High spatial resolution satellite data 
are useful in site-specific nutrient 
management/precision agriculture. It enables 
converting point samples to field maps, 
mapping crop yield, mapping soil variability, 

monitoring seasonally variable soil and crop 
characteristics, moisture content, crop growth 
and phonology, crop evapo-transpiration rate, 
nutrient deficiency, disease, weed and insect 
infestation etc. Geographical Information 
System (GIS) is the latest and most 
sophisticated technology related in handling of 
spatial and non spatial data and has been 
elaborated by the eminent geographers and 
natural resource scientists. GIS is "a 
Computer-assisted System for capture, 
storage, retrieval, analysis and display of 
spatial data, within a particular organization". 
Information derived through remote sensing 
and non-remote sensing methods are 
integrated within GIS and specific 
management and developmental plans are 
arrived finally.  

Aerial photos and digital images 

The history of modern remote sensing 
began when black-and-white photographs of 
the landscape were first taken from the air.  
The first organized effort to acquire aerial 
photographs appeared in the late 1930s by 
the Department of the Army.  Eventually the 
Agriculture Stabilization and Conservation 
Service, USA adopted the technology and 
began collecting indexed photographs of the 
landscape for agricultural purposes.  

Most analysis of remotely sensed 
data is performed on a computer with digital 
images. The images can be acquired by 
digitizing photographs from film cameras or 
directly with digital cameras and other 
specialized electronic instruments. A 
photograph that has been digitized is 
represented by hundreds of thousands or 
millions of dots called pixels (picture 
elements) and is stored electronically. Digital 
cameras record reflectance with arrays of tiny 
sensors and store images directly, without the 
use of photographic film. Light filters, 
advanced electronic sensors and special-
purpose film can be used to collect light 
energy invisible to the human eye and from 
specific portions of the electromagnetic (EM) 
spectrum. Through these technologies, 
remote sensing with digital images can 
provide significantly more and different 
information than black-and-white photographs 
can provide.  

Management 

Management combines the 
information obtained and the available 
technology into a comprehensive system. 
Without proper management, precision crop 
production would not be effective. For 
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practicing precision agriculture farmers must 
know how to interpret the information 
available, how to utilize the technology, and 
how to make sound production decisions.  

Comprehensive precision agriculture system 
can be viewed in two phases.  

 Site Specific Management  

 Post-harvest Process Control  

Site specific management 

Site specific management is the field 
phase of the production system. Once the 
necessary equipment and technology are in 
place, the farmer can decide to continue to 
manage the fields by the whole field approach 
or by a site specific approach. In whole field 
management, the field is treated as a 
composite area and decisions are based on 
the composite data for the entire field. In site 
specific management, the field is broken down 
into smaller grids and decisions are based on 
the requirements of each grid. GPS/GIS 
technology and variable rate equipment are 
used to apply inputs based on the grid 
requirements. By treating each grid according 
to its prescription, over application of 
chemicals and seed are avoided on areas 
where they are not needed.  Areas that 
require the higher rates can still receive them.  

Site-specific strategies for improving 
productivity and profitability have common 
elements related to soil characteristics, 
topography and past management practices. 
These strategies often have at least 
some general relationship to crop yield 
maps. The  topsoil  may have  uniform 
physical properties, but some management 
practice create an inequity in nutrient status, 
necessitating a variable rate application 
strategy of application of  higher rates of 
nutrients in areas with lower yields and 
relatively lower rates in the areas with higher 
yields. Where the topsoil has varying physical 
properties, such as soil type, texture or soil 
depth, the yield potential will vary considerably 
throughout the field. Past 
management practices of uniform nutrient 
applications may have created excess nutrient 
accumulations in areas with low yield potential 
and nutrient deficits in areas with high yield 
potential. A variable rate application strategy 
will generally place higher rates of nutrients in 
areas with higher yield potential and lower 
rates of nutrients in areas with lower yield 
potential. Where controllable factors such as 
weed population and restricted  drainage limit 
yield, modifications to management 
or renovations to the land should be used to 

improve productivity if the long-term benefits 
out-weigh the costs. 

Soil Sampling for Site Specific Nutrient 
Management 

Soil sampling is the first step in 
generating field specific information on which 
to base soil amendments and fertilizer 
decision and in monitoring soil nutrient status.  
Technological advances in GPS (global 
positioning systems) and GIS let producers 
design more intensive soil sampling schemes 
and to use this information for 
lime/gypsum/pyrite and fertilizer management 
decisions. Precision soil sampling provides 
information to:  

 Identify localized regions of nutrient 
deficiencies and excesses within fields 

 Increase soil amendments and fertilizer 
use efficiency by directing applications to 
specific sites, and  

 Increase nitrogen use efficiency (which 
reduces leaching and runoff losses) by 
correcting other nutrient deficiencies 

In contrast, the analysis of a 
composite soil sample from a field provides 
fertilizer response data for average field 
conditions. Since fields are not uniform with 
respect to acidity/alkalinity/salinity and nutrient 
levels, each field consists of some regions 
differing in lime/gypsum/pyrite and fertilizer 
needs. 

Map any recognizable field subunit 
boundaries if they are to be used in the design 
of soil sampling schemes.   Relevant field 
subunits could include soil survey map units, 
or areas with distinct management history, 
consistently different crop yields, etc.    

Site specific management accepts 
that variability occurs within fields. 
Understanding the variability allows fields to 
be divided into relatively uniform units, which 
can be managed using techniques such as 
variable-rate fertilization or spraying. Soil 
sampling for nutrient level is a critical step, 
both in identifying the variability within the field 
and in providing appropriate fertiliser 
recommendations. 

New soil sampling strategies are 
needed for maximizing site-specific 
management techniques.  Many of these new 
methods rely upon the GPS technology that 
allows targeting of initial soil sampling and the 
ability to return to the same spots again in the 
future for fertilizer application, scouting or re-
sampling.   
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Traditional Composite Sampling 

 Sample at 0 to 15 and 15-60 cm depths 
and keep depths separate.  Samples for 
pH, P, K, organic matter and 
micronutrients should be analyzed from 
the 0 to 15 cm depth.  Nitrogen and S 
should be analyzed for both depths as 
these mobile nutrients may be deficient in 
the surface 0 to 15 cm yet adequate in the 
15-60 cm depth. 

 For bigger fields, a composite soil sample 
should include at least 15 to 20 samples 
site per field, with a minimum of one 
sampling site for every 2.5 to 4 acres. For 
smaller fields composite sample may 
comprise of 8-10 samples. 

Limitations: 

 Does not provide any indication of field 
variability 

 Small areas of very high nutrient levels 
that are probed and included in composite 
samples may cause the “average” 
reported value to be artificially high, 
resulting in much of the field being under 
fertilized.   

 This system does not offer the potential 
for variable-rate application of nutrients. 

Benchmark Soil Sampling 

The basic principle of benchmark 
sampling is continued sampling at the same 
location from year to year.  Each benchmark 
is an area of approximately ¼ acre that is 
chosen as typifying the field of a majority soil 
type within the field.  In this benchmark area, 
15-20 samples are randomly collected and 
composited.  This technique assumes that the 
benchmark area is less variable than the 
entire field, because it is much smaller.  Year 
after year that same benchmark location and 
method is used, which should minimize 
sampling errors.  It is treated as a reference 
area from which all fertilizer recommendations 
for that field are based. More than one 
benchmark site per field may be chosen if 
complex soil types or variable landscape 
occurs, or if variable-rate fertilization is an 
option. The critical part of this method is the 
benchmark site selection.  Select 
representative site by close observation of the 
crop (particularly during early growth stages 
when fertility differences are most prominent), 
past grower experience, yield maps, soil 
surveys, and remote sensed images. 

Grid Soil Sampling 

The grid sampling system uses a 
systematic method of soil sampling to reveal 
fertility patterns and assumes there is no 
logical reason for fertility patterns to vary 
within a field. The first step in grid sampling is 
to divide the field into small of blocks. The 
second step is to identify a sample location 
within the grid usually the point at the centre 
of the grid cell which is referred to as grid 
point sampling.   

Point Sampling: It is better for detecting 
pattern of field variability because all core 
samples are collected near georeferenced 
point (located at grid line intersections), rather 
than scattered throughout the cell.  Soil test 
parameters are calculated between sampling 
points which permits the construction of 
contour maps of each soil test parameter 

Each sample represents a composite 
of some 3 to 10 samples cores taken in a 3 to 
6 metre radius of the centre location of that 
grid.  However, grid point sampling may cause 
bias because of the regular row and column 
sample alignment.  Other regularly spaced 
patterns, such as tillage, drainage tiles and 
ditches or fertilizer spreading may cause a 
repeating pattern that if aligned with the 
sample rows, will seriously bias results.  
Modifications to the sampling pattern, such as 
staggering of sample points or randomized 
placement within the grid, may be used to 
overcome this concern. 

Cell Sampling:  The most straight forward 
sampling scheme is the “Cell”. A cell is a 
subunit of a whole field.  Soil cores collected 
form locations throughout a cell are mixed to 
generate a composite sample for the cell. The 
resulting lime and fertilizer rates will be 
applicable to this entire cell.  The entire field 
might then be represented by a checkerboard 
pattern of different fertilizer rates.  

The greater the sampling intensity, 
the greater the likelihood of identifying fertility 
patters using grid sampling. Some US states 
recommend a sampling density of one sample 
per acre in order to obtain representative soil 
phosphorus, potassium and pH data.  
Sampling at wider sample spacing may still 
provide useful information on the magnitude of 
field variability, but may be too inaccurate for 
variable-rate management. 

Features: Grid sampling is well integrated into 
commercial GPS-based sampling and nutrient 
mapping GIS programme. 

Landscape Directed Soil Sampling 

Landscape-directed sampling is 
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based on spatial pattern defined by some prior 
knowledge or observation about a field and 
assumes that fertility patterns exists for logical 
reasons.  For example, soil survey 
information, detailed elevation mapping aerial 
photographs, satellite imagery, combine yield 
monitor maps or grower experience may 
indicate a pattern in soil and crop variation. 
This type of variation is called systematic 
variation because it follows a system or 
pattern and is predictable and manageable if 
that pattern is understood.  The recent use of 
yield monitors has shown that yield variation is 
often related to topography, although this 
variation may be due more  to differences in 
drainage or available water and weed 
pressure than nutrient variation.  Soil 
development and productivity are largely a 
function of water flow, which is in turn 
controlled by landscape properties such as 
slope gradient and length, slope curvature and 
relative elevation.  

The combination of these factors 
determines the location of soil types in the 
landscape and their inherent productivity.  
Nutrient levels, particularly the mobile 
nutrients like nitrogen and sulphur, have 
shown consistent relationships to landscape 
or topography in soil moisture relationships 
largely control nitrogen availability in the 
landscape through processes of 
denitrification, leaching, mineralization of 
organic matter and crop uptake.  Elevation 
measurements may be used to initially 
develop topographic management zones, but 
it is actually landscape structure or slope 
position that influences nutrient relationships. 

This system requires the identification 
of areas (polygons) with similar soil and 
hydrologic conditions. Properly identified there 
will be less variability within each polygon than 
between polygons.  

Research has not firmly established 
the required density or pattern for landscape 
sampling. If landscape units were totally 
homogenous, one sample would characterize 
the entire unit but in reality these units are not 
homogeneous.  Options are to take several (3 
to 6) point samples per landscape unit or take 
composite sample of 10 to 20 cores for each 
area.  The boundaries of management zones 
for topography-based sampling may be 
delineated with the aid of elevation maps, 
yield maps, or remotely sensed images.  
Boundaries may be adjusted with further data 
and experience with the systems. 

This type of sampling has potential to 
reduce the number of soil samples required, 

compared with intensive grid sampling. 
Nutrient distribution and management-unit 
boundary designation is often superior to grid 
sampling, easily for nitrogen. Traditional 
fertilizer recommendations are based on 
regionally developed response curves.  These 
response curves served well when managing 
fields as a single management unit.  But 
ongoing research clearly demonstrates that 
fertilizer response may vary across landscape 
within the same filed, even when soil nutrient 
levels are the same.  These traditional 
response curves may be too simplistic for a 
site-specific system.  Assigning target yields 
and expected moisture availability by soil 
management unit may aid in refining 
recommendations. Field research continues to 
determine appropriate recommendations 
strategies.  

Emerging technology will further 
refine these sampling systems. In the future, 
soil nutrients sensors may be developed to 
map field nutrients levels, and satellite 
imagery may identify specific in-field nutrient 
stresses.  And a growing database including 
yield maps, strip test evaluations, satellite 
images and aerial photographs will aid in 
defining appropriate management units.  

Soil test crop response calibration is 
very important and key part of soil test based 
fertilizers recommendations. Crop yield 
mapping and variable nutrient mapping are 
essential and key steps in precision 
agriculture.  Spatial variation in soil properties 
and nutrients   levels results in corresponding 
variation in crop yield. Establishing 
relationship between yield maps and nutrient 
distribution in the field facilitate variable rate of 
nutrient application. Precision farming and the 
accompanying new computer hardware and 
software will best be served by up to date 
calibration information that accurately 
determines the nutrient needs of the current 
production systems within a field. 

Advantages of Spatial Recommendation 
GIS Maps 

The fertilizer adjustment equations 
developed from STCR studies can be 
displayed in the form of spatial fertilizer 
recommendation map. This means that such 
map will integrate the effects of soil (Cs) and 
fertilizer (Cf) nutrient efficiencies and nutrient 
requirement parameters on fertilizer 
recommendation. A spatial map displays the 
information in geo-referenced fashion.  
Properly designed maps can be provided to 
village extension workers and by simple map 
reading they can advise nutrient application 
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rates to the farmers of the areas.  Obviously it 
will help in quick transfer of soil test based 
technology to the hands of farmers. 

Use of Soil Maps in Fertilizer 
Recommendation 

Fertiliser recommendation can be 
provided to the farmers based on major soil 
types occurring in a particular area. This may 
be very useful particularly for potassium.  The 
potassium supplying capacities can also be 
rated according to soil type, its depth and 
texture characteristics.  The area having 
majority of shallow soils with coarse texture 
can be delineated and the areas  where 
potassium application is relatively more 
important can be identified.  This analysis can 
be displayed in the form of recommendation 
map.  Such maps can easily be used by the 
extension agents or by the soil testing 
laboratories. 

Linking soil fertility maps with STCR 
parameters for spatial fertilizer 
recommendation 

Fertiliser recommendation equations 
derived from STCR studies require soil 
nutrient efficiency (Es), fertilizer nutrient 
efficiency (Ef) and nutrient requirement (NR) 
of a particular crop. Linking these parameters 
with soil maps makes it possible to provide 
spatial fertilizer recommendation in the form of 
maps. 

The total nutrient requirement 
depends on yield levels. The yield levels are 
conventionally decided based on research 
experiments.  The crop simulation models can 
predict spatial yield potential if spatial soil and 
climatic data base is used.  The advantage of 
simulation models is that it allows integrating 
the effects of soil and climatic parameters on 
crop response and yield. Studies conducted 
on the yield potential of rice in the Raipur 
district estimated with the help of soil and 
climatic data by CERES rice model have 
shown good result. The total nutrient (N) 
requirement to obtain this yield was estimated 
considering 16 kg N per tonne of rice 
production. 

The soil test N efficiencies estimated 
from STCR experiments were linked with the 
soil map of Raipur. Similarly the fertilizer 
nutrient efficiencies are also linked with soil 
maps.  Since the foil fertility maps are not 
available, the analysis was made for low (200 
kg ha-1 KMnO4-N), medium (300 kg ha-1 
KMnO4-N) and high (500 kg ha-1 KMnO4-N).   

Non-availability of reliable soil fertility map is 
the bottleneck for providing spatial fertilizer 
recommendation. If such maps are made 
available, it is possible to transform the 
fertilizer equations into spatial fertilizer 
recommendation maps.  Such maps will 
provide site specific recommendation without 
testing the soil. The recommendations can be 
obtained by an extension agent/farmer simply 
by locating his area on the map. The fertility 
maps can be linked with STCR parameters to 
yield a recommendation map. A hypothetical 
fertility map was used for this purpose.   

Soil fertility mapping 

Preparation of reliable soil fertility map 
is a difficult task. The variability in fertility 
caused by application of fertilizers in individual 
farms is one factor that is difficult to account. 
However, it is possible to measure the natural 
variation in soil fertility by considering the 
factors which influence it.  Slope, topography 
and soil types can account for most of the 
natural variation in fertility. It will be of great 
significance if STCR recommendation can be 
provided even on this basis. 

The development of new 
sophisticated technologies has now made it 
possible to make reliable fertility maps 
relatively easily and quickly. The use of 
remote sensing, GIS, Global Positioning 
System (GPS) and simulation modeling are 
very effective in this direction.  suitable soil 
sampling strategy is the most important part of 
fertility mapping. The area to be mapped can 
be divided into small systematic grids 
according to  soil type, depth, texture and 
slope characteristics. The data for this can be 
obtained from soil maps prepared by 
NBSS&LUP and satellite imaginaries. Once 
these data are obtained in digital format 
suitable soil sampling spots can be precisely 
identified by overlaying systematic grids. The 
approach roads can be overlaid on the map 
and the exact position of sampling spots 
(latitude, longitude) can be obtained. Once the 
spots are fixed one can navigate to the correct 
spot with the help of global positioning 
system.  After analysis of the samples the 
results can be interpolated and fertility maps 
can be prepared by spatial analysis function of 
GIS.  The advantage of using global 
positioning system is that if we want to update 
the maps after certain period one can always 
reach to the same spot from where previous 
sample was obtained. 

An attempt was made with joint 
venture of IISS, Bhopal and NBSS&LUP, 
Nagpur to create spatial fertilizer 
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recommendation maps using available 
validated fertilizer adjustment equations 
generated by AICRP ((STCR) and Geographic 
Information System (GIS). The district level 
soil fertility index of 10 districts of India were 
prepared, which can be used to generate 
balanced fertilizer recommendation for 
specified crops for entire district based on the 
average soil fertility status of that district. 
District wise soil fertility georeferenced maps 
were prepared using index values for nitrogen 
(N), phosphorus (P) and potassium (K) for ten 
states. Corresponding equivalent soil nutrient 
values in respect of N, P & K were calculated 
from the index values. Reasonable limits for 
targeted yields were defined. The 
recommendations in the form equations for 
targeted yields have been interlinked with the 
fertility maps. The use of this recommendation 
system suggested for varied applications for 
targeted yields in different districts of states. 
This can be used up to field level also, if the 
farmer has the knowledge of his fertility status 
and the yield target. The maps can also be 
updated from time to time based on the soil 
test result data base. It can be further 
narrowed down to block/village level 
depending the availability of information. As 
an example N soil fertility map in the year 
2001 is depicted below. These fertility maps 
can also be used to study the changing trends 
in the fertility of nutrients and can be 
correlated with fertilization practices of 
farmers of a particular region. These maps, 
however, only indicate the general fertility 
level in a district since the data collected and 
used was not georeferenced. It is proposed 
that in future the soil samples should be 
collected with georeferenced information so 
that better soil fertility maps could be 
prepared. The equipments like GPS need to 
be used for this purpose. 

Because most recommendations are 
based primarily on whole-field traditional 
fertility recommendations, the quality of soil 
fertility maps is fundamental.  A number of 
factors affect map quality including the nature 
of the soil variability, intensity of sampling, and 
method of interpolation. Geographical 
Information System (GIS) is the latest and 
most sophisticated technology proved to be 
extremely useful for natural resources 
management and thus for sustainable 
development. GIS technology helps in finding 
the solutions for agro forestry/ reforestation/ 
forest development and hence in resources 
for development and management of forest. 
The GIS is essentially related in handling of 
spatial and non spatial data and has been 
elaborated by the eminent geographers and 

resource scientists. GIS is "a Computer-
assisted System for capture, storage, 
retrieval, analysis and display of spatial data, 
within a particular organisation". Information 
derived through remote sensing and non-
remote sensing methods are integrated within 
GIS and specific management and 
developmental plans are arrived finally. The 
information in a GIS is presented in two basic 
forms; as maps and as tables to produce 
information that is needed by a user. Use of 
suitable Geographical Information System 
(GIS) techniques helps integration of the vast 
data base covering a wide variety of relevant 
parameters in a more efficient manner. 
 

 

The Indian subcontinent possesses widely 
divergent spectra of changing physiography, 
climate and vegetation and their combined 
influence, accentuated by the action of water 
and wind on the weathering of different types 
of parent material, which has obviously 
resulted in soils showing appreciable 
variations in morphological, physical, chemical 
and biological characteristics. Thus the soil 
representing a continuum of diversified 
genetic processes and being one of the 
biggest natural heritages of mankind deserves 
greater consideration than merely as an inert 
medium of plant growth. Soil fertility changes 
due to cropping, manure and fertilizer 
applications. 

   Fertilizer being the costliest input, the 
scientific approach towards profitable 
agriculture would imply the use of plant 
nutrients according to the actual needs of the 
soil-crop situation, which can best be judged 
through soil testing. AICRP (STCR) is 
prescribing fertilizer application on the basis of 
soil test values and targeted yield. There is 
scope to apply the same technique to provide 
fertilizer recommendation on fertility map 
basis superimposing the recommendations 
over the soil fertility maps.  
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Remote Sensing and GIS for balanced 
nutrient management 

Remote sensing is defined as a 
science and art of acquiring data about 
material objects from measurements made at 
a distance without actually coming into 
physical contact with the object. Satellite 
imagery provides an opportunity to identify 
problems developing in the field, and 
especially monitor changes in the area 
affected. High spatial resolution satellite data 
is useful in site-specific nutrient 
management/precision agriculture. It enables 
converting point samples to field maps, 
mapping crop yield, mapping soil variability, 
monitoring seasonally variable soil and crop 
characteristics, moisture content, crop growth 
and phonology, crop evapo-transpiration rate, 
crop nutrient deficiency, crop disease, weed 
and insect infestation etc. Geographical 
Information System (GIS) is the latest and 
most sophisticated technology proved to be 
extremely useful for natural resources 
management and thus for sustainable 
development. GIS technology helps in finding 
the solutions for agro forestry/ reforestation/ 
forest development and hence in resources 
for development and management of forest. 
GIS is "a Computer-assisted System for 
capture, storage, retrieval, analysis and 
display of spatial data, within a particular 
organisation". Information derived through 
remote sensing and non-remote sensing 
methods are integrated within GIS and 
specific management and developmental 
plans are arrived finally. The information in a 
GIS is presented in two basic forms; as maps 
and as tables to produce information that is 
needed by a user. Use of suitable 
Geographical Information System (GIS) 
techniques helps integration of the vast data 
base covering a wide variety of relevant 
parameters in a more efficient manner. 

Soil fertility assessment: Most of the 
studies, hitherto, have been carried out on N. 
Leaf N concentration is an important indicator 
for diagnosing plant N status. Nitrogen 
deficiency causes a decrease in leaf 
chlorophyll concentration, leading to an 
increase in leaf reflectance in the visible 
spectral region. This measurement, however, 
is subject to errors due to other stresses that 
cause yellowing of leaves. NIR reflectance 
has been found promising in quantification of 
soil moisture, organic carbon and total 
nitrogen. A marked difference in reflectance 
throughout the 0.5 to 1.1 um wavelength 
region has been observed due to presence of 
organic matter in a soil (Swain and Davis, 

1978). Spectral reflectance, generally, 
decreases over the entire short-wave region 
as organic matter content increases (Stoner 
and Baumgardner, 1980). Chen et al. (2000) 
observed that remotely sensed imagery of 
bare soil field could be quantified to describe 
the spatial variation in organic carbon. The 
soil organic matter distribution as estimated 
from Landsat-TM images was strongly 
correlated with the spatial distribution 
determined by grid soil sampling (Bhatti et al. 
1991). 

Salt affected soils: Salt affected soils with 
salt encrustation at the surface are, generally 
smoother than nonsaline surface and cause 
high reflectance in the visible and near 
infrared bands (Rao et al. 1995). Quantity and 
mineralogy of salts together with soil moisture, 
colour and roughness are the major factors 
affecting reflectance of salt affected soils 
(Metternicht and Zinck, 2003). With the 
availability of very high resolution data from 
IKONOS-II and Quick Bird-II within-field 
variability in salt affected soils could be 
studied. Work has been done in Sitapur 
district of Uttar Pradesh in delineation of salt 
affected areas using multispectral data from 
IKONOS-II. The data acquired from IRS-1A 
were used to map the spatial extent of salt 
affected soils in Jaunpur district of Uttar 
Pradesh. 

Soil nutrient management: Soil nutrient 
management at field level involves delineation 
of homogenious management zones (HMZs) 
based on physica-chemical characteristics of 
soils and crop yield needs to be done. Remote 
sensing can provide valuable information 
about soils and crops/vegetation conditions 
over large areas for making decisions related 
to site specific management. Research efforts 
are currently directed to develop and validate 
the remotely sensed data derived inputs to 
support site specific crop management. 

Application of Information and 
Communication Technologies (ICT) 

Agricultural development and 
sustainability crucially depend upon relevant 
information access at opportune time. There is 
a vast scope of extending ICTs through public, 
private and non governmental organizations 
with respect to extension, marketing and 
community services. The ideal delivery model 
for these ICTs is envisioned to be a multi-
pronged strategy involving institutions under 
National Agricultural Research System 
(NARS) to go online, share their contents, and 
rural information kiosks providing information 
access to the farmers. India has 37% of world 
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ICT enabled projects in rural areas. 
Agricultural resource information using GIS 
models, expert systems, databases on 
successful technologies have critical role in 
governance and decision making by farmers. 

Simulation modeling and Expert system in 
agriculture: An Expert System (ES) is a 
computer programme designed to simulate 
the problem solving behaviour of an expert in 
a narrow domain or discipline. Several such 
expert systems have been developed and 
successfully used in pests and disease 
control, farm management, livestock breeding, 
but more concerted efforts are required to 
integrate the concept in soil fertility 
management. Indian Institute of Soil Science 
has developed a computer aided model that 
calculates the amount of nutrients required for 
specific yield targets of crops based on 
farmers’ soil fertility. It is accessible on 
Internet(http://www.stcr.gov.in/HTML/html/diar
y_fset.html). This software program reads 
data, performs calculations and generates 
graphical and tabular outputs as well as test 
reports. This system has the ability to input 
actual soil test values of the farmers’ fields to 
obtain optimum dose of nutrients. The 
application is a user friendly tool. It will aid the 
farmer in arriving at an appropriate dose of 
fertilizer nutrient for specific crop yield for  
given soil test values (figure 2). 

 
Figure 2. Internet enabled soil test based 
fertilizer application software 
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The present article deals with 
concepts of agro-ecology and agricultural 
sustainability vis-a-vis declining land quality, 
and soil-water resource conservation and 
regeneration. It also discusses policy 
imperatives to protect precious land resources 
towards sustainable agricultural production.  

INTRODUCTION 

Mahatma Gandhi had said -"The 
Earth has enough for everybody’s need but 
not for everybody’s greed". Preserving, 
protecting and defending the land resources 
have been part of our age-old culture. The 
respect for the importance of land resources is 
best depicted in the conventional concept of 
Panchabhutas – land, water, fire, sky and air 
that constitute a set of divine forces. There are 
innumerable examples of the traditional 
conservation practices and systems, which 
are still surviving and are effective. But with 
the advent of modern age and the advent of 
newer forces, this tradition is fast deteriorating 
mainly on account of – consumerism, 
materialistic value systems, short-term profit-
driven motives and greed of the users. As a 
result, land has degraded, soil fertility 
depleted, the rivers polluted and the forests 
destroyed. 

Human use and management of land 
resources encompassing soil and water have 
shaped the development, persistence, 
decline, and regeneration of human 
civilizations that are sustained by agriculture 
(Harlan 1992, Hillel 1992). Soil and water are 
essential natural resources for our 
domesticated animal- and plant-based food 
production systems. All great civilizations 
flourished where these resources were 
available in plenty and they declined or 
perished with the depletion of these 
resources. It is clear that agriculture sustains 
and defines our modern lives, but it is often 
disruptive of natural ecosystems. This is 
especially true for plant communities, animal 
populations, soil systems, and water 
resources. Here, probably, lies the genesis of 
the problem of soil/land degradation and 
erosion of ecosystems.  

It is evident that, in order to maintain 
and increase food production, efforts to 
prevent soil/land degradation and enhance 
conservation and regeneration soil-water 
resources must become a top priority of our 
global society. If mismanagement of soil 
resources continues to diminish the fertility of 
the soil and the amount of productive arable 
land (Pimentel et al. 1995), then we will have 
lost a precious and essential pillar of 
sustainable agriculture (Tilman 1999). 
Therefore, understanding, evaluating, and 
balancing detrimental and beneficial 
agricultural disturbances of soil and water 
resources are essential tasks in human efforts 
to sustain and improve human well-being. 
Such knowledge influences our emerging 
ethics of sustainability and responsibility to 
human populations and ecosystems of the 
future. 

INDIAN SCENARIO 

India constitutes 18 per cent of the 
world’s population, 15 per cent of the live 
stock population and only 2 per cent of the 
geographic area; one per cent of the forest 
area and 0.5 per cent of pasture lands. The 
per capita availability of forests in India is only 
0.08 per ha as against the world average of 
0.8 per cent, thus leading to the pressure on 
land and forests. This poses a major and 
urgent concern. In accordance with the 
National Remote Sensing Agency’s (NRSA) 
findings there are 75.5 million ha of 
wastelands in the country. In has been 
estimated that out of these around 58 million 
ha are treatable and can be brought back to 
original productive levels through appropriate 
measures. At the moment, taking into account 
the efforts being made by all the various 
players in this field treating facilities are in 
place only for around 1 million ha per year. At 
this rate, if there is no further degradation and 
also assuming that our efforts are 100 per 
cent successful, it will take around 58 years to 
complete the process. 

The country is destined to combat 
with increasing agricultural productivity with its 
finite land resources. The problem is 
compounded by the fact that sizeable land is 
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not in a healthy state. The significant growth 
of agriculture has been at a cost of decline in 
soil quality and risk of soil degradation. 
According to a study (Challa et al, 2007), 
about 57 per cent of soils are under different 
kinds and degrees of degradation and these 
are getting further deteriorated with risk of 
jeopardizing sustainability of agriculture and 
food security of the nation. The severity of the 
problem due to land degradation in the 
country can be gauged from the fact that in 
different States, the economic losses account 
for 10 to 27 per cent of the total value 
productivity, the average being 12 percent for 
the country (Vasisht, 2003). On the top of it, 
many more issues concerning environment, 
sustainability, carrying capacity of our land 
resources including increased demand of land 
and water for non- agricultural uses etc. are 
gaining importance. These adversely affect 
soil health and, in turn, human health. 

 The minimum amount of arable land 
required to sustainably support one person is 
0.07 of a hectare. This assumes a largely 
vegetarian diet, no farmland degradation or 
water shortages, virtually no post- harvest 
waste, and farmers who know precisely when 
and how to plant, fertilize, irrigate, etc. 
(Norman Myers, 1998). According to the 
population projections of Planning 
Commission, we shall need to feed an extra 
300 million people by 2021 and 600 million by 
2061 (Srinivasan and Shastri, 2002). This 
would mean that almost 2.1 m. ha of 
additional land would be required in another 
12 years, land with no farmland degradation 
or water shortages, high quality management 
practices by highly efficient and learned 
farmers. 

AGRO-ECOLOGICAL ASPECTS 

Agro-ecology provides the knowledge 
and methodology necessary for developing an 
agriculture that is on the one hand 
environmentally sound and on the other hand 
highly productive, socially equitable and 
economically viable. Through the application 
of agro-ecological principles, the basic 
challenge for sustainable agriculture to make 
better use of internal resources can be easily 
achieved by minimizing the external inputs 
used, and preferably by regenerating internal 
resources more effectively through 
diversification strategies that enhance 
synergisms among key components of the 
agro-ecosystem. 

Principles of Agro-ecology: 

Agro-ecology has emerged as the 

discipline that provides the basic ecological 
principles for how to study, design and 
manage agro-ecosystems that are both 
productive and natural resource conserving, 
and that are also culturally sensitive, socially 
just and economically viable. Agro-ecology is 
the holistic study of agro-ecosystems, 
including all environmental and human 
elements. It focuses on the form, dynamics 
and functions of their interrelationships and 
the processes in which they are involved. The 
design of such systems is based on the 
application of the following ecological 
principles (Reinjntjes et al., 1992):  

1. Enhance recycling of biomass and 
optimizing nutrient availability and 
balancing nutrient flow. 

2. Securing favorable soil conditions for plant 
growth, particularly by managing organic 
matter and enhancing soil biotic activity. 

3. Minimizing losses due to flows of solar 
radiation, air and water by way of 
microclimate management, water 
harvesting and soil management through 
increased soil cover. 

4. Species and genetic diversification of the 
agro-ecosystem in time and space. 

5. Enhance beneficial biological interactions 
and synergisms among agrobiodiversity 
components thus resulting in the 
promotion of key ecological processes 
and services. 

These principles can be applied by 
way of various techniques and strategies. 
Each of these will have different effects on 
productivity, stability and resiliency within the 
farm system, depending on the local 
opportunities, resource constraints and, in 
most cases, on the market. The ultimate goal 
of agro-ecological design is to integrate 
components so that overall biological 
efficiency is improved, biodiversity is 
preserved, and the agro-ecosystem 
productivity and its self-sustaining capacity 
are maintained. The goal is to design a quilt of 
agro-ecosystems within a landscape unit, 
each mimicking the structure and function of 
natural ecosystems. 

Agroecology and the Design of 
Sustainable Agroecosystems: 

Most people involved in the promotion 
of sustainable agriculture aim at creating a 
form of agriculture that maintains productivity 
in the long term by (Pretty, 1994; Vandermeer, 
1995): 
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 Optimizing the use of locally available 
resources by combining the different 
components of the farm system, i.e. 
plants, animals, soil, water, climate and 
people, so that they complement each 
other and have the greatest possible 
synergetic effects; 

 Reducing the use of off-farm, external and 
non-renewable inputs with the greatest 
potential to damage the environment or 
harm the health of farmers and 
consumers, and a more targeted use of 
the remaining inputs used with a view to 
minimizing variable costs; 

 Relying mainly on resources within the 
agro-ecosystem by replacing external 
inputs with nutrient cycling, better 
conservation, and an expanded use of 
local resources; 

 Improving the match between cropping 
patterns and the productive potential and 
environmental constraints of climate and 
landscape to ensure long-term 
sustainability of current production levels; 

 Working to value and conserve biological 
diversity, both in the wild and                    
in domesticated landscapes, and making 
optimal use of the biological and genetic 
potential of plant and animal species;    
and 

 Taking full advantage of local knowledge 
and practices, including innovative 
approaches not yet fully understood by 
scientists although widely adopted by 
farmers. 

AGRICULTURAL SUSTAINABILTY 

Sustainable agriculture is an 
approach to farming that focuses on 
production of food in a manner that can be 
maintained with minimal degradation of 
ecosystems and natural resources. This 
sustainable approach to agriculture strives to 
protect environmental resources, including soil 
& water, and provide economic profitability 
while maintaining social equity (Brodt et al. 
2011). It cannot be overstressed that 
sustainable practices should not only consider 
crop production and profit, but must include 
land management strategies that reduce soil 
erosion and protect water resources.  

Although farmers throughout history 
have used a wide range of technologies and 
practices we would today call sustainable, it is 
only in recent decades that the concepts 
associated with agriculture sustainability have 
come into more common use. Concerns 

began to develop in the 1960s. Today, 
concerns about sustainability centre on the 
need to develop agricultural technologies and 
practices that:  

i. Do not have adverse effects on the 
environment (partly because the 
environment is an important asset for 
farming);  

ii. Are accessible to and effective for 
farmers, and lead both to improvements in 
food productivity and have positive side-
effects on environmental goods and 
services.  

Sustainability in agricultural systems 
incorporates concepts of both resilience (the 
capacity of systems to buffer shocks and 
stresses) and persistence (the capacity of 
systems to continue over long periods), and 
addresses many wider economic, social and 
environmental outcomes.  

The key principles for agricultural 
sustainability are to: 

i. Integrate biological and ecological 
processes such as nutrient cycling, 
nitrogen fixation, soil regeneration, 
allelopathy, competition, predation and 
parasitism into food production processes, 

ii. Minimize the use of those non-renewable 
inputs that cause harm to the environment 
or to the health of farmers and 
consumers, 

iii. Make productive use of the knowledge 
and skills of farmers, thus improving their 
self-reliance and substituting human 
capital for costly external inputs, and 

iv. Make productive use of people's collective 
capacities to work together to solve 
common agricultural and natural resource 
problems, such as for pest, watershed, 
irrigation, forest and credit management. 

Sustainable agricultural development 
is one of the prime objectives in all countries 
in the world, whether developed or 
developing. The broad objective of 
sustainable agriculture is to balance the 
inherent land resource with crop 
requirements, paying special attention to 
optimization of resource use towards 
achievement of sustained productivity over a 
long period (Lal and Pierce, 1991). 
Sustainable agricultural development/ 
sustainable increase in crop production could 
be achieved by adopting a variety of 
agricultural technologies, which may be 
summed up as:  
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 Improved crop management technology 
through the use of high yielding input 
responsive and soil, climatic and biotic 
stresses - tolerant crop varieties; 

 Suitable cropping systems for different 
agro-ecological regions based on soil, 
terrain and climatic suitability; 

 Integrated nutrient management for 
improving soil productivity and 
minimization of the risk of pollution of 
soil, water and environment; 

 Integrated pest management for 
effective pests control as well as to 
reduce the adverse effects of pesticides 
on environment; 

 Soil and water conservation for 
controlling soil degradation and 
improving moisture availability; 

 Input use efficiency maximization in 
terms of economic return with minimal 
input. 

The concept of sustainable agriculture 
is a relatively recent response to the decline in 
the quality of the natural resource base 
associated with modern agriculture. Today, 
the question of agricultural production has 
evolved from a purely technical one to a more 
complex one characterized by social, cultural, 
political and economic dimensions. The 
concept of sustainability although 
controversial and diffuse due to existing 
conflicting definitions and interpretations of its 
meaning, is useful because it captures a set of 
concerns about agriculture which is conceived 
as the result of the co-evolution of 
socioeconomic and natural systems (Reijntjes 
et al., 1992). The sustainability concept has 
prompted much discussion and has promoted 
the need to propose major adjustments in 
conventional agriculture to make it more 
environmentally, socially and economically 
viable and compatible.  

DECLINING LAND QUALITY 

The United Nations Conference on 
Environment and Development (UNCED 
1992), popularly called “Earth Summit” held in 
Rio de Janeiro, Brazil focussed the world 
attention on the harmful impacts of 
development on the Earth’s life-supporting 
system. There is increasing evidence that in 
many countries, particularly in developing 
countries like India, large areas of arable land 
and water resources are inadequately 
managed for long-term sustained production. 
In addition, pressures on land are rapidly 
increasing due to ever increasing population 

competing for the finite land and water 
resources. Further, there is a systematic 
decrease in the quantity and quality of arable 
land due to the incipient process of land 
degradation. Land degradation is not merely a 
bio-physical problem as it deals with two 
interlocking or complex systems: The natural 
ecosystem and the human social system. 
Interaction between the two systems 
determines the success or failure of natural 
resource management programmes. Hence, 
the major issues confronting soil/land users 
and researchers include stagnating 
productivity and simultaneously decline in soil 
quality. 

Soil/land degradation is often related 
to decline in soil quality, caused through its 
misuse by humans. It refers to a decline in 
soil’s productivity through adverse changes in 
nutrient status and soil organic matter, 
structural attributes, and concentration of 
electrolytes and toxic chemicals (Lal and 
Stewart, 1990). The terms soil degradation 
and land degradation are almost synonymous. 
The difference between the two is very subtle 
and largely of academic interest. Strictly 
speaking, soil being an integral part of a land 
system, any deterioration in its quality, mass 
or volume, either singly or in combination, is 
also a deterioration of land. Destruction of a 
part of land mass, when devoid of soil as in 
case of some of the landslides is, more 
approximately, an example of land 
degradation and not soil degradation. The 
term soil degradation has a particular edaphic 
connotation. It is more specific, having direct 
relevance to crop production and, therefore, 
has preferential usage among crop scientists 
and pedologists over the more comprehensive 
term land degradation. 

The major factors causing soil/land 
degradation are: unsuitable agriculture 
practices, unsuitable water management, land 
use changes- conversion of prime forest land 
to agriculture uses, diversion of agriculture 
lands, pastures and grazing lands to other 
uses, uncontrolled and illegal logging /felling 
in forests, industrial and mining activities and 
discharge of effluents/pollutants and 
increased livestock pressure. Impact of land 
degradation is the loss of productivity and bio-
diversity as it adversely affects the crop lands 
subjected to soil erosion and there is a rapid 
decline in the production. 

Knowledge on the extent of land degradation 
due to erosion is most important for 
implementing various soil conservation 
projects and deciding priority areas for 
undertaking control measures. In India, the 
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estimates on land degradation/wastelands 
given by different agencies are highly variable 
(Table 1), which may largely be due to 
differing definitions of degraded lands and/or 
differentiating criteria used. Then there are 
different approaches in evaluating the soils 
and land degradation, the natural processes 
and the human dimension and also the 
question of scale of mapping. In such a 
scenario the estimation of 
degraded/wastelands in India has varied from 
63.8 m. ha. to as much as 187.7 m ha (nearly 
57 per cent of TGA). 

Table 1.  Estimates of degraded/waste 
lands of India by different 
agencies 

 
Sr. 
No. 

Agencies/Organisation Area 
(m ha) 

1. National Commission on 
Agriculture, Govt. of India 
(1976) 

175.0 

2. Soil and Water Conservation 
Division, Min. of Agri., Govt. 
of India 

173.6 

3. Society for Promotion of 
Wastelands development 
(1984) 

93.7 

4. National Bureau of Soil 
Survey and Land Use 
Planning (1994)  

187.7 

5. Department of Land 
Resources (2000) 

63.8 

6. Department of Agriculture & 
Cooperation (1994) 

107.4 

7. National Wasteland 
Development board, MoEF, 
(1985). 

123.0 

An analysis of the extent of land 
degradation in the major states of the country 
reveals that the extent of degradation (Table 
2) is the highest in the State of Madhya 
Pradesh (26.2 m ha) and the minimum in 
Punjab (0.9 m ha). In terms of the proportion 
of degraded land to total geographical area of 
the State, the highest proportion of degraded 
land is in Kerala (67%), followed by Madhya 
Pradesh (59 %) while the minimum is in 
Jammu and Kashmir (10 %). The other States 
in which the problem of land degradation is 
severe are Andhra Pradesh (57 %), Himachal 
Pradesh (54 %), Gujarat (53 %), and Uttar 
Pradesh (52 %). Among the 17 States for 
which the data were available, with the 
exception of Jammu & Kashmir (10 %) and 
Punjab (18 %), 15 States had over one-third 
of area degraded due to one or more of the 

causal factors. These data highlight the 
severity of the problem of land degradation in 
the country. 

Table 2.  Extent of land degradation in 
major states of India 

 

Sr. 
No. States 

Degrad
ed land 

area 
(000' ha) 

Degraded 
land as % of 

total geo-
graphical 

area 

1 Andhra 
Pradesh 15662 57 

2 Assam 2807 36 
3 Bihar 6291 36 
4 Gujarat 10336 53 

5 Himachal 
Pradesh 3008 54 

6 Haryana 1384 31 

7 Jammu & 
Kashmir 2225 10 

8 Karnataka 7681 40 
9 Kerala 2608 67 
10 Maharashtra 13328 43 

11 Madhya 
Pradesh 26209 59 

12 Orissa 6121 39 
13 Rajasthan 13586 40 
14 Tamil Nadu 5273 41 
15 Uttar Pradesh 15253 52 
16 West Bengal 2752 31 
17 Punjab 896 18 
18 All India 187700 57 

Source: NBSS & LUP (ICAR), Nagpur, 2000 
 

SOIL AND WATER CONSERVATION 

Soil and water conservation are those 
activities at the local level which maintain or 
enhance the productive capacity of the land 
including soil, water and vegetation in areas 
prone to degradation through:                       

 Prevention or reduction of soil erosion, 
compaction, salinity; 

 Conservation or drainage of water and; 
 Maintenance or improvement of soil 

fertility.  

These activities are to be selected 
and implemented according to the respective 
local conditions; i.e., the strategy is adapted at 
the local level. Soil and water conservation is 
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an integral part of Watershed Management.  

 Soil and Water Conservation Measures: 

            Soil and water conservation measures 
are predominantly applied for the following 
purposes: 

 To control runoff and thus prevent loss of 
soil by soil erosion, to reduce soil 
compaction; 

 To maintain or to improve soil fertility; 
 To conserve or drain water; 
 To harvest (excess) water. 

            A variety of soil and water 
conservation measures are well known. These 
technologies can be differentiated either by 
their main purpose or by type. As many 
among them fulfill several functions 
simultaneously these are classified here by 
type: 

 Physical Measures (also termed as 
mechanical or technical measures; 

 Biological Measures (also termed as 
vegetative measures; 

 Agronomic Measures (sometimes called 
best management practices.  

 These measures are often used in 
combination, especially the many traditional 
soil and water conservation techniques. This 
is increasingly considered as reasonable. 
Merely technical approaches are often not 
successful, especially without participation of 
the local farmers, forest managers, etc. It has 
also been recognized that under modern 
circumstances traditional measures alone may 
often be insufficient to conserve the vital soil 
and water resources and have to be 
supplemented by modern practices to achieve 
a sustainable resource management.  

             Physical measures are structures 
built for soil and water conservation. Some 
principles should be considered. They should 
aim to: 

 Increase the time of concentration of 
runoff, thereby allowing more of it to 
infiltrate into the soil; 

 Divide a long slope into several short 
ones and thereby reducing amount and 
velocity of surface runoff; 

 Reduce the velocity of the surface runoff; 
 Protect against damage due to excessive 

runoff .     

Biological measures for soil and water 
conservation work by their protective impact 
on the vegetation cover. A dense vegetation 
cover:   

 Prevents splash erosion; 
 Reduces the velocity of surface runoff; 
 Facilitates accumulation of soil particles; 
 Increases surface roughness which 

reduces runoff and increases infiltration; 
 The roots and organic matter stabilize 

the soil aggregates and increase 
infiltration. 

             These effects entail a low soil erosion 
rate compared with an uncovered soil which 
shows in general a high soil erosion rate. 
Even cultivated crops in agricultural areas are 
a better protection against soil loss than 
uncovered soil (relatively high soil erosion 
rate). Other positive impacts have been 
observed, such as improved soil moisture 
condition (or protection against erosion by 
wind. Thus, biological measures are an 
effective method of soil and water 
conservation, especially since they are low in 
cost. Additionally, these can be used with 
structural and agronomic measures.   

            In highly degraded areas 
Reforestation is an important measure for 
regeneration of the soil and water balances. 
Trees fulfill many functions such as protection 
from erosion or conserving soil moisture. Two 
decisions have to be made initially when 
reforestation is to be done: 

 Should the area be completely closed for 
cultivation and pasture for a specific 
period? If so, the border must be marked 
clearly. 

 Which works better: direct seeding or 
planting of nursery-grown seedlings? 

 
The answer depends on many factors 

such as climate, biotic factors, soil, etc.  

Agronomic conservation measures 
function by: 

 Reducing the impact of raindrops 
through interception and thus reducing 
soil erosion; 

 Increasing infiltration rates and thereby 
reducing surface runoff and soil erosion. 

 These measures can be applied 
together with physical or biological soil and 
water conservation measures. In some 
systems they may be more effective than 
structural measures. Furthermore, it is the 
cheapest way of soil and water conservation. 
However, agronomic measures are often 
more difficult to implement compared with 
structural ones as they require a change in 
familiar practices.     
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 Contour ploughing is a well-established 
agronomic measure that contributes to soil 
and water conservation. The soil is ploughed 
along the contour instead of up- and 
downward. This decreases the velocity of 
runoff and thus soil erosion by concentrating 
water in the downward furrows. Contour 
ploughing on the other hand purposely builds 
a barrier against rainwater runoff which is 
collected in the furrows. Infiltration rates 
increase and more water is kept in place. 
Contour ploughing is especially important at 
the beginning of the rainy season when 
biological conservation effects are poor. The 
effectiveness of contour ploughing decreases 
with increase in slope gradient and length, 
rainfall intensity and erodibility of the soil. 

MINIMIZING THE WATER STRESS AND 
IMPROVING THE WATER RESOURCES 
AVAILABILTY 

Improving Restricted Rainfall Infiltration: 

Infiltration depends on there being 
sufficient porosity in the surface soil for rainfall 
to infiltrate, and in the subsoil and parent 
material (if shallow) for rainwater to percolate. 
When the porosity of the surface soil is too 
low to accept rainfall, or subsoil porosity is too 
low to allow rainwater percolation (i.e. 
permeability is too slow), then infiltration will 
be restricted and rainwater will be lost as 
runoff. The porosity of surface soil may have 
been reduced by clogging of pores with 
particles detached from soil aggregates under 
the impact of raindrops, or by the deposition of 
detached particles on the soil surface as 
impermeable crusts or seals. The porosity of 
subsurface soil may be naturally low, or may 
have been reduced by compaction and tillage 
practices that have disrupted or destroyed 
pore spaces causing a zone of low 
permeability at the base of the tilled layer. The 
degree to which soil porosity is reduced by 
tillage is frequently sufficient to limit root 
penetration, but is less often so severe that 
permeability to water is significantly 
diminished. The overriding approach should 
be to instil in society, and in farmers, 
extensionists and researchers in particular, 
the will to create and sustain soil conditions 
that encourage the infiltration of rainfall where 
it falls, and to counteract the causes of runoff.  

Improving the Infiltration Capacity of the 
Soil Surface: 

Porosity of the soil surface is best 
maintained by first protecting it from the 
disruptive action of raindrops through a 
protective cover, usually of residues from the 

previous crop, a cover crop or mulch, and by 
ensuring the soil is not disturbed by tillage. 
This is best accomplished through what is 
called Conservation Agriculture. If the whole 
concept cannot be applied immediately, 
improvements in soil moisture status of the 
soil can still be achieved, though probably not 
to the same extent, by other measures aimed 
at prolonging the useful life of rainwater. 
These include the use of surface residue 
covers alone, fallow periods under cover 
crops or natural vegetation, protection or 
temporary closure of grazing lands and forests 
from overgrazing, and operations on the 
contour, complemented by physical measures 
to detain rainwater. The regular use of shallow 
tillage with disc or tined implements to break-
up surface crusts to increase surface porosity 
and enhance rainfall infiltration is not 
recommended. The increase in surface 
porosity is only temporary and on crusting-
susceptible soils tillage will need to be 
repeated after every rainstorm. Tillage leads 
to the disruption of pore spaces in the soil, 
and the use of discs, in particular, often 
causes compaction, which may impede root 
growth and rainwater percolation. Tillage also 
accelerates the loss of soil organic matter 
leading to a progressive deterioration of soil 
architecture and a reduction in the number 
and stability of pores that allow growth of roots 
and movement of rainwater. Regular tillage 
therefore is not recommended as a solution to 
restricted infiltration caused by low porosity of 
the soil surface. 
Using Surface Residue Covers to Increase 
Infiltration and Reduce Runoff:  

A residue cover absorbs most of the 
energy of the raindrops that fall on it and by 
the time this rainwater reaches the soil below, 
its ability to disintegrate soil aggregates and 
detach fine particles is greatly reduced. 
Consequently, there is little or no clogging of 
surface soil pores by detached particles, and 
little deposition of soil particles that would 
form a crust on the surface. The benefits of a 
residue cover are most apparent on soils 
initially in reasonable physical condition, but 
even under these conditions runoff can 
sometimes occur despite a good soil cover.  

The choice of a cover material 
depends on what is locally available. Residue 
covers may consist of: 

 Crop residues left in the field after 
harvesting the previous crop. 

 Cover crops sown the previous season 
and left on the soil surface after slashing 
or applying a herbicide. 
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 Leaves and branches lopped from trees 
growing within the cropping area. 

 Mulches of grasses, shrubs, weeds, litter, 
husks and other organic waste materials. 

Fallowing under Cover Crops or Natural 
Vegetation: 

When soils are so badly degraded 
that they must be taken out of production, soil 
porosity can be restored through the action of 
biological processes. This can be achieved by 
fallowing for 1 or several years under natural 
vegetation, natural vegetation enriched with 
fast-growing leguminous trees, or planted 
fallows. The accumulation of large amounts of 
biomass on the soil surface from the fallow 
vegetation associated with high biological 
activity and strongly developed root systems 
promote the biological recuperation of soil 
porosity.  

Importance of Forest Protection for Water 
Infiltration: 

Forest provides an excellent 
protective cover made up of the canopy, low-
storey bushes, herbs and surface litter, which 
combine to protect the soil surface from loss 
of porosity by direct impact of raindrops. The 
litter also serves as a food and energy source 
for soil organisms, which encourages the 
formation of soil organic matter and faunal 
passages leading to high infiltration rates. The 
protection of forests from overgrazing is an 
important management issue in overcoming 
restricted infiltration.  

Increasing the Period for Infiltration by 
Detaining Runoff with Physical Structures: 

Alternative, but less favourable 
solutions to restricted infiltration are the use of 
physical structures, which may be necessary 
under certain situations: 

1. When it is not immediately feasible to 
implement conservation agriculture or 
simple soil cover because, for example, 
crop residues are used as fodder. 

2. As backup measures to support 
conservation agriculture where the 
problem of restricted infiltration is due to 
rainfall intensities that are higher than soil 
infiltration rates even in the presence of a 
residue cover. 

Contour Field Operations: 

On sloping land all field operations 
such as tillage, planting, weed control, 
spraying and harvesting should be carried out 
along the contour. Ridges and mini-
depressions along the contour create small 

storage volumes where rainwater can 
accumulate, allowing more time for infiltration. 
Field operations conducted in a downslope 
direction can cause a devastating impact 
resulting in high runoff losses and soil erosion.  

Narrowly spaced contour planting 
ridges with and without cross ties have the 
advantage of detaining rainwater where it falls 
so that there is more time for soak-in, and can 
be an effective means of encouraging 
infiltration and preventing runoff in semiarid 
and the drier sub-humid areas. An additional 
advantage is that working along the contour 
makes operations such as harvesting easier 
and quicker. 

Bench-Type Terraces: 

These structures are a total 
modification of natural land slopes into a 
series of platforms which are almost level or 
slope at shallow gradient across or along the 
terrace. Controlling the gradient in this way 
allows management of water movement on 
what were formerly steep slopes.  

Their capacity to receive and store 
rainwater depends on the depth, condition and 
quality of the soil into which they have been 
constructed. In semiarid areas they may be 
able to catch and detain all the rain that falls. 
In places with greater volume and frequency 
of rainfall, provision may have to be made for 
disposal of excess water down very steep 
waterways, and there is also an added danger 
of landslips if the benches become saturated. 

Deep Tillage to Increase Subsoil Porosity 
and Permeability: 

Rainwater infiltration may be 
restricted in soils where the pore spaces 
rapidly become saturated with water because 
of the presence of dense subsoil horizons of 
low permeability. In these situations an initial 
deep tillage of the whole field with a tined 
implement, subsoiler or paraplough to break-
up the dense horizon may improve subsoil 
permeability and so allow more rainwater to 
infiltrate. By improving subsoil permeability the 
rate of oxygen supply to the crop roots         
will also improve. However, the beneficial 
effects of deep tillage may only last 2 to 3 
years. 
Reducing Water Losses from Evaporation 
and Excessive Transpiration: 

The most effective solution to high 
evaporation losses of soil water is a cover of 
plant residues on the soil surface. Agronomic 
practices that increase shading of the soil 
surface, and physical structures that 
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concentrate rainwater, encouraging 
percolation to deeper layers, also reduce 
evaporation losses. Wasteful transpiration 
losses may be the result of weeds or 
excessive crop transpiration in hot windy 
conditions, and can be reduced by appropriate 
weed control practices and windbreaks, 
respectively. 
Minimizing Evaporation from the Soil 
Surface: 

Surface residues reduce soil water 
losses through evaporation by acting as an 
insulating layer. This diminishes the 
temperature of the surface soil and eliminates 
the effect of wind. Heat from the sun is only 
slowly transmitted from the surface of the 
residues through the air trapped within the 
layer of residues to the soil surface. 
Consequently the soil surface remains cooler 
and the rate of evaporation of soil water          
is slowed down. The thicker the layer              
of trapped air, the greater will be the insulating 
effect, and the quantity of residues required      
to reduce evaporation losses is considerably 
greater than the quantity needed to         
ensure that most rainfall infiltrates where it 
falls. 

Protecting the soil surface from wind 
also slows down evaporation by reducing the 
rate at which water vapour is removed from 
the soil surface. The use of residue covers for 
conserving soil moisture in the topsoil and 
increasing yields is particularly important in 
regions with limited rainfall and high 
evaporation rates.  
Reducing Excessive Transpiration: 

In hot windy weather, the rate of loss 
of water through plants by transpiration can be 
very high and can result in early depletion of 
limited soil moisture reserves. This in turn can 
lead to serious water stresses developing in 
plants - both crops and weeds - before their 
cycle of growth to maturity has been 
completed. 
Weed Control: 

Loss of soil water through weed 
transpiration can seriously reduce the amount 
of water available to crops. Consequently, 
timely and effective weed control practices are 
essential. The presence of a thick layer of 
residues on the surface is a very effective way 
of controlling weeds. Where weed control 
measures are needed, the use of herbicides 
or appropriate crop rotations is often 
preferable from a conservationist perspective 
to mechanical weed control, unless it is 
practised with no soil disturbance. Post-
emergence herbicides leave weed residues 

on the soil surface as a protective cover 
whereas cultivation leaves soil exposed to the 
impact of raindrops and sun, accelerates 
drying of the surface soil and tends to disrupt 
and destroy soil porosity through smearing 
and compaction. 
Windbreaks: 

When crops are exposed to strong 
winds in a dry environment the water that has 
been transpired by the crop is rapidly removed 
from the leaf surfaces into the atmosphere. 
This encourages a more rapid movement of 
water up through the crop and much greater 
absorption of water from the soil. Strong winds 
can therefore cause excessive crop 
transpiration rates and an unnecessary loss of 
soil water. Windbreaks will significantly reduce 
wind speed and so reduce crop transpiration 
rates and the unnecessary loss of soil water. 
Windbreaks are usually established by 
planting single, double or triple rows of trees. 
Windbreaks should be oriented at right angles 
to the direction of the prevailing winds during 
the growing season. As a general rule, they 
should occupy no more than 5 percent of the 
cropped area. For small production units a 
single row of trees is usually most appropriate. 
The foliage should not be so dense that most 
of the wind is forced to pass over the top of 
the windbreak, as this will cause severe 
turbulence on the downwind side of the 
windbreak, which can seriously damage the 
crop. Maintenance of the windbreaks is 
important to ensure that no holes appear, to 
regulate the porosity of the vegetation to wind 
and to avoid excessive shading and weed 
infestation of adjacent crops. 
Reducing Rainwater Drainage beyond the 
Rooting Zone Soils without Restricted 
Rooting: 

In regions where much of the rainfall 
occurs as light showers, the concentration of 
rainwater as near as possible to the crop will 
cause more of the rainwater to infiltrate 
deeply, where it is less susceptible to 
evaporation. In order not to lose this water by 
drainage beyond the crop's rooting zone and 
where there is no rooting restriction some 
solutions can be adapted, such as increasing 
the capacity of soils to retain water within the 
rooting zone, early planting to accelerate root 
development or changing to deeper-rooting 
crops. 

Increasing Available Water Capacity of 
Soil: 

The addition of large quantities of 
organic manure will increase the available 
water capacity (AWC) of soils and in theory 
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this is a useful practice for reducing deep 
drainage losses. However, even in temperate 
climates the quantities of organic materials 
required to markedly increase AWC are very 
high, applications must be continued over 
many years and usually affect only the 
plough-layer depth. In tropical zones, where 
organic matter decomposition rates are much 
higher, the influence of organic manures on 
AWC is likely to be even less. Nevertheless, 
this practice may be feasible for small-scale 
farmers growing high-value crops where large 
quantities of organic manures and labour are 
readily available. 
Dry Planting: 

In low rainfall areas, it is frequently 
difficult to know when the rains have truly 
started, as initial rains are often followed by a 
dry period. Many farmers wait until the topsoil 
has been moistened to a depth of about 15-20 
cm before planting, so that even if there is a 
subsequent short dry period there is sufficient 
water within the soil.  

To avoid premature germination 
before sufficient rain has fallen, the seeds are 
usually placed deeper than normal. Dry 
planting also has the advantage of spreading 
labour over a longer period. Crops may also 
benefit from this practice by being able to 
utilize the nitrogen released at the start of the 
rains from the decomposition of soil organic 
matter, which reduces leaching and pollution 
of groundwater. However, there are a number 
of problems associated with dry planting 
notably that some soils, and in particular hard-
setting soils, are difficult if not impossible to till 
when dry. If seeds are not planted sufficiently 
deeply, they may germinate at the first  rains 
and then die during a subsequent dry period. 
Improving Plant Nutrition for Early Root 
Development: 

Applying fertilizer to speed up crop 
canopy development and increase the 
shading of the soil surface will decrease the 
soil water lost by evaporation so that more is 
available to the crop. Planting crops 
equidistantly (i.e. with between-row spacing 
similar to within-row spacing) so that the soil 
surface becomes shaded more quickly would 
also be expected to reduce the proportion of 
soil water lost by evaporation. However, the 
effects of these agronomic practices on 
reducing evaporation losses will be much less 
than applying surface residues. 
Introducing Deep-Rooting Crops:  

On permeable sandy soils that retain 
small quantities of available water for crop 

use, it is preferable to introduce deep-rooting 
crops that can utilize soil water at depth that 
would not be available to shallow-rooting 
crops. Examples of deep-rooting crops are 
almond, barley, cassava, citrus, cotton, grape, 
groundnut, olive, pearl millet, pigeon pea, 
safflower, sisal, sorghum, sunflower, sweet 
potato and wheat. 
Maximizing Usefulness of Low and Erratic 
Rainfall: 

Several approaches may be used to 
diminish the impact of low and erratic rainfall, 
viz. match land use to soil characteristics; use 
drought-resisting and drought-escaping crops; 
increase the efficiency with which crops utilize 
rainwater; concentrate rainfall by water 
harvesting; divert river water; intercept 
floodwater; and apply supplementary 
irrigation. 
Match Land Use to Soil Characteristic  

Matching land use to the most 
suitable soil types within a farm may increase 
the efficiency with which the available soil 
water in the different soil types is utilized for 
crop production. Crop water requirements 
vary, as do the capacities of soils to retain and 
supply water to crops. Moreover, the 
variations in available water capacities (AWC) 
of soils often occur over short distances. Soils 
with high AWC will be expected to suffer less 
water loss from deep drainage and possibly 
from runoff. Consequently, greater quantities 
of rainwater will remain in the soil and so the 
potential crop-growing season will be longer 
assuming an adequate amount, distribution 
and infiltration of rainfall. 

Increase Crop Water Use Efficiency: 

Crop water use efficiency refers to the 
amount of dry matter produced for each 
millimetre of water that is transpired by the 
crop or evaporated by the soil, i.e. for each 
millimetre of evapo-transpiration. Clearly, in 
dry areas the more efficient use the crop can 
make of the rainfall that infiltrates (referred to 
as the effective rainfall), the higher will be the 
yield. The following management practices 
influence crop water use efficiency: 

Selecting water-efficient crops: A group of 
crops referred to as C4 crops, which include 
maize, sugar cane, sorghum and pearl millet, 
are physiologically much more efficient at 
producing dry matter for each millimetre of 
transpired water than other crops, referred to 
as C3 crops. But this distinction is most 
important in situations where rainfall is 
adequate. For areas where water deficits are 
common, the use of drought-resistant and 
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drought-escaping crops is much more 
important. 

Adjusting plant population to expected 
rainfall: A high plant population will use large 
amounts of water for transpiration during early 
growth provided sufficient water is available in 
the soil. Because of rapid shading of the soil 
by the crop foliage, less water will be lost by 
direct evaporation, ensuring higher water use 
efficiency compared with low plant 
populations. High plant populations and 
especially those with a more square planting 
arrangement, also increase water use 
efficiency through the quicker development of 
cover and therefore less weed growth. 
Although evaporation losses are greater for 
low plant populations, soil texture and the 
frequency of rainfall events also influence the 
amount of water lost. Sandy soils in areas 
where rainfall occurs in few heavy storms will 
suffer less evaporation than medium or fine 
textured soils in areas with frequent rainfall 
events. 

Applying fertilizers: Applying modest 
amounts of N and P fertilizers to soils lacking 
these nutrients is a very effective way of 
increasing the efficiency of crop water use in 
semiarid areas, so that more dry matter and 
grain are obtained from the same amount of 
rainfall. Phosphorus particularly helps in dry 
conditions by increasing root development 
and so enabling greater water uptake, 
whereas nitrogen tends to increase foliage 
production and hence transpiration in the 
presence of adequate water.  

Water Harvesting:  

Water harvesting encompasses many 
different practices based on the utilization of 
runoff from un-cropped areas to supplement 
the rain falling on cropping areas, or to store 
water for irrigation, or domestic or livestock 
use. Emphasis is placed on the use of runoff 
for crop production. Water harvesting 
practices are appropriate in semiarid and arid 
areas where droughts are common and 
irrigation is not feasible. If doubts exist about 
whether or not the seasonal rainfall is 
adequate for cropping, efforts should first be 
made to minimize rainfall losses from low 
infiltration and evaporation. In situations 
where water harvesting practices are 
appropriate and practiced, runoff is 
considered as a valuable resource.  

Contour Stone Lines: 

Contour stone lines refer to a single 
line of stones placed along the contour, 
whereas stone bunds are built up of stones to 

a height of 25 cm and about 35-40 cm wide. 
The base may be set in a shallow trench 5-10 
cm deep to prevent the stones being swept 
downhill by the runoff. Bunds are permeable 
but slow down runoff, and by positioning 
smaller stones on the upslope side and larger 
stones on the downslope side, some sediment 
is filtered out and deposited behind the bunds. 
With time there can be a slow development of 
terraces.  

Contour Earth Ridges and Bunds: 

Contour earth ridges are generally 15-
20 cm high, constructed parallel to the contour 
and spaced 1.5 to 3 m apart, and have been 
found to be technically successful for 
producing crops and trees. They are 
constructed by digging a furrow along the 
contour and throwing the soil on the 
downslope side to form ridges. Prior 
cultivation of the land beneath the ridges 
promotes the binding of the ridge to the soil 
below. Cross ties are constructed in the furrow 
every 4-5 m to prevent runoff from 
accumulating at the lowest point and 
overtopping or breaking through the ridge.  

Farm Ponds: 

Harvesting runoff from concentrated 
flows and storing it in farm ponds of 150 to 
300 m3 capacities is being investigated in 
Burkina Faso and Kenya. The aim is to use 
the harvested water for the supplementary 
irrigation of staple grain crops. 

Floodwater Harvesting and Water 
Spreading: 

Floodwater harvesting and water 
spreading refer to the utilization of water from 
watercourses. There are two approaches: 
interception of floodwater behind large bunds 
with stone spillways in the floor of a flat valley 
so that the water is retained and spread 
laterally, and diversion of spate flow from an 
ephemeral watercourse, over adjacent land. 
Temporary structures such as bunds are used 
to divert water from a watercourse and guide it 
over the land to be cultivated. Alternatively, 
the water is diverted into a series of basins, 
the water passing from basin to basin through 
spillways. The main problems are the 
unpredictability of floods, the dangers of 
structures being washed away, and the 
uneven depth of the spread water. 

SUSTAINABLE AGRICULTURE 
PRODUCTION POLICIES 

Most agricultural sustainability 
improvements seen in the 1990s and early 
2000s have arisen despite existing national 
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and institutional policies, rather than because 
of them. Although almost every country would 
now say it supports the idea of agricultural 
sustainability, the evidence points towards 
only patchy reforms.  

Agricultural policies with both 
sustainability and poverty-reduction aims 
should adopt a multi-track approach that 
emphasizes seven components:  

1. Small farmer development linked to 
local and domestic markets;  

2. Agri-business development – both small 
businesses and export-led;  

3. Agro-processing and value-added 
activities – to ensure that returns are 
maximised in-country;  

4. Urban agriculture – as many urban 
people rely on small-scale urban food 
production that rarely appears in 
national statistics;  

5. Livestock development – to meet local 
increases in demand for meat 
(predicted to increase as economies 
become richer).  

6. Consumer demand for more ethical and 
natural foods (as urban populations 
become more wealthy);  

7. Supermarket and retail sector changes 
to connect up consumers with local and 
domestic producers.  

Policy Initiatives to Combat Land 
Degradation: 

The Government of India has initiated 
many programmes to combat the menace of 
soil and land degradation. These are 
Integrated Wasteland Development Project 
(IWDP), Desert Development Programme 
(DDP). Drought Prone Areas Programme 
(DPAP), Reclamation of Alkali Soil (RAS), 
Watershed Development Project in Shifting 
Cultivation Areas (WDPSCA), National 
Watershed Development Project in Rainfed 
Areas (NWDPRA), River Valley Project & 
Flood Prone Rivers (RVP & FPR) of the 
Government between the years 1999-2002, 
the maximum being in Rajasthan and Gujarat. 
The irony is that in the same period, the net 
sown area decreased and area under non-
agriculture uses increased. Uttar Pradesh had 
an area of 715000 ha under these 
programmes but in the same period a large 
amount of good agriculture land was deprived 
of its biological productivity through 
conversion to non-agriculture uses, some 
being irreversible in nature. A very important 

issue in appreciating the relevance of land 
degradation and its impact on Indian 
agriculture is the ownership of these lands.  
Most of the degraded lands in the country are 
not under private ownership and are owned 
either by the Government or under local 
authorities.    

Strategies for Management of Degraded 
Soils: 

 Some of the strategies which should 
be economically viable, socially acceptable 
and eco-friendly are: 

 Effective soil and water conservation 
measures in all sensitive and fragile 
areas. 

 Sound cultivation practices in sloping, 
eco-fragile and marginal lands 

 Regulation of mining, brick-klins, 
industries, road construction and other 
developmental activities in keeping with 
sound environmental ecology 

 Integrated watershed management 

 Sustainable land uses and cropping 
systems including agro-forestry suited to 
specific site situations 

 Prevention of deterioration of land and 
ecosystem 

 Integrated balanced nutrient management 

 Increased use efficiency of different 
production inputs. 

 Integrated scientific water management 
including adequate drainage 

 Judicious use of poor quality irrigation 
water 

 Correct identification, categorization, 
estimation, economic amelioration and 
utilization of marginal, degraded and 
problem soils. 

Policy Imperatives for Land Use Planning: 

In order to prevent land resources 
from further degradation and to ensure 
appropriate land use for production of food, 
fuel, and fodder on sustainable basis, it should 
address the following issues: 

 Deciding the most appropriate land use 
based on the resource potential and 
empowering the State land use Board to 
implement it. 

 Discourage irrational use of irrigation 
water. Supply of subsidized or free 
electricity for pumping groundwater, 
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subsidized irrigation water supply need to 
be dispensed with to slow down 
accelerated land degradation in irrigation 
commands. 

 Policy initiatives to encourage adoption of 
soil conservation practice with each 
farmer as a unit, a tough measure to 
implement because conservation 
practices require community approach for 
protecting a contiguous belt of land. 
Innovations like mandatory compensation 
to be paid by upstream farmer (not 
adopting measures) to the downstream 
farmer every annum till the belt is 
developed need to be considered. 

 Like forest resources, legislation to protect 
soil/land resources need to be pursued. 

 Creating awareness amongst the farmers 
and land users for implementation of 
recommended land uses. 

 Synergy between the departments and 
agencies working for land use and its 
implementation. 

 Scientific generation of database for 
various land resources and land uses, for 
various category of users, national and 
regional planners, district and watershed 
level implementers through resource 
surveys and classification.   

 A national policy for compilation, 
coordination and sharing of information in 
respect of soil, land use and degraded 
lands need to be developed and adopted 
by all for availability of real time data for 
planning, development and monitoring of 
the programmes. Measures to conserve 
soil moisture in fallow lands so that these 
lands under current fallow (left 
uncultivated during seasons of erratic 
rainfall) can be effectively utilized. 

 Development/ Reclamation of degraded 
lands in planned and phased manner to 
bring into additional cultivable areas to 
meet the demands of food for teeming 
population. 

 Involvement of people for sustainable use 
of soil and water, need to be taken up at 
Panchayat levels involving Panchayati Raj 
Institutions. 

CONCLUSIONS 

Food security remains a persistent 
and overbearing problem for a large 
proportion of world population in general and 
Indian population in particular. It has 
immediate consequence on soil in terms of 

determining survival strategies of small and 
marginal farmers in view of declining 
productivity, loss of surface soil mass and soil 
degradation. Global environmental problem 
such as soil/land degradation, desertification, 
loss of biological diversities and climate 
change would dominate overall objective of 
soil study in the current 21st century. Soil and 
water are the most essential natural resource 
for sustained quality of human life and related 
activities, therefore, soil-water resource and 
agro-ecology based agricultural development 
should be the strategy for exploiting 
renewable resources on which our nation 
must built and grow to fulfill all the cherished 
dreams. Therefore, following steps should be 
taken by the scientific community for 
conserving the precious soil and water 
resources for sustained food production: 

 Assessment of soil resource in terms of its 
capabilities for various agricultural and 
non-agricultural uses. 

 Soil and climatic based crop specific land 
suitability evaluation. 

 Evaluation of efficiency of agricultural 
input and their improvement. 

 Controlling soil/land degradation through 
monitoring at benchmark sites. 

 Restoring soil health through appropriate 
and cost effective techniques keeping in 
view of environmental degradation 
problems.  

Agro-ecology provides guidelines to 
develop diversified agro-ecosystems that take 
advantage of the effects of the integration of 
plant and animal biodiversity such integration 
enhances complex interactions and 
synergisms and optimizes ecosystem 
functions and processes, such as biotic 
regulation of harmful organisms, nutrient 
recycling, and biomass production and 
accumulation, thus allowing agro-ecosystems 
to sponsor their own functioning. The end 
result of agro-ecological design is improved 
economic and ecological sustainability of the 
agro-ecosystem, with the proposed 
management systems specifically in tune with 
the local resource base and operational 
framework of existing environmental and 
socioeconomic conditions. In an agro-
ecological strategy, management components 
are directed to highlight the conservation and 
enhancement of local agricultural resources 
(germplasm, soil, water, beneficial fauna, 
plant biodiversity, etc.) by emphasizing a 
development methodology that encourages 
farmer participation, use of traditional 



 CAFT on Agro-ecological Approaches towards Sustainable Agricultural Production from 01-21 Oct. 2013 
 
 

 

JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)   99 
 
 
 

knowledge, and adaptation of farm enterprises 
that fit local needs and socioeconomic and 
biophysical conditions. 

Ecological processes to optimize in 
agro-ecosystems are: 

 Strengthen the immune system (proper 
functioning of natural pest control). 

 Decrease toxicity through elimination of 
agrochemicals. 

 Optimize metabolic function (organic 
matter decomposition and nutrient 
cycling. 

 Balance regulatory systems (nutrient 
cycles, water balance, energy flow, 
population regulation, etc.). 

 Enhance conservation and regeneration 
of soil-water resources and biodiversity. 

 Increase and sustain long-term 
productivity. 
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The purpose of research carried out at 
experimental station is to formulate 
recommendation for the practitioner which 
consists of a population quite extensive either 
in space or time or both. Therefore it becomes 
necessary to ensure that the results obtained 
from researches are valid for at least several 
seasons in the future and over a reasonably 
heterogeneous space. A single experiment 
will precisely furnish information about only 
one place where the experiment is conducted 
and about the season in which the experiment 
is conducted. It has thus become a common 
practice to repeat on experiment at different 
places or over a number of occupations to 
obtain valid recommendation taking in to 
account place to place variations over time or 
both. In such cases the object of interest in 
analysing a set of trials is, to estimate the 
average responses to given treatments and to 
test the consistency of these at different place 
and in different seasons. The test of absences 
or presence of interactions helps us to know 
whether or not the response is consistent from 
place to place. 

The result of analysis may belong to 
any one of the following four types: 

1. Experimental error homogeneous and the 
interaction absent. 

2. Experimental errors are homogeneous 
and the interaction present. 

3. The error heterogeneous  and the 
interactions absent and 

4. The error heterogeneous and the 
interaction present. 

Thus while analysing the data we first 
determine whether the experimental errors are 
homogeneous or not. 
Test of homogeneity of experimental 
errors and treatment comparisons: 

If the magnitude of the experimental 
errors could be assumed to be the same at 
each place, a simple arithmetic mean of the 
treatment means can be taken to provide an 
estimate of treatment effects over the tract 
represented by the places and a simple 
analysis of variance on two way table showing 
treatment and place means would give the 
required information. 

If experimental error differ from place 

to place, the simple mean and analysis of 
variance can not be used. Therefore, it is 
necessary to examine first the homogeneity of 
error variances by using Barletta’s test. 

The data are first analysed in usual way for 
each place (or year) separately.  

Let there be p mean squares s1
2, 

s2
2,………sp

2 based on respectively n1, n2 
………np degree of freedom. Here p is the 
number of place or years on which experiment 
is performed. From these values a pooled 
estimate of variance s 2 is calculated. 
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tested using Bartlett’s  2  test. 
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percent level of significance at (p-1) d.f the it 
is concluded that variances are significantly 
heterogeneous otherwise error variances are 
said to be homogeneous. 

If the error variances are 
homogeneous, then pooled analysis is carried 
out. The analysis of variances has the 
following setup for p randomized block 
experiments in t treatments conducted at p 
sites. 
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trials is pooled to obtain a joint estimate of 
error variance s2

e. 

Testing the significance of treatment x 
place interaction: 

In order to see whether treatment x 
place interaction is significant i.e. whether the 
differences between treatments tends to vary 
from place, the mean square for treatment x 
place is compared with the estimate of error 
variance by F test. It this mean square is 
found to be non significant the interaction is 
considered to be absent.  

It interaction in assumed to be non – 
existent the SS for treatment x places and the 
SS for error can be pooled to obtain a more 
precise estimate of error for testing the 
significance of treatment and place 
differences. In case treatment x place 
interaction can not be taken as zero or in 
other words if the interaction between 
treatment and place is found to be significant, 
the appropriate mean square for testing the 
significance of treatment as well as place 
differences is the mean square due to 
treatment x place. 

We can test significance of treatment 
mean square by treatment x place interaction. 
Similarly significance of place mean can also 
be tested but usually it has no importance. 
This way we can analyse the data where, 

I. The errors are homogeneous and 
interaction significant 

II. Error are homogenous and 
interactions non significant. 
When the error variances are 
heterogeneous, the procedure to be 
followed for 
Testing the treatment difference 

depends on the presence or absence of the 
treatment x place interaction. The next step to 
be followed therefore consists in making a test 
of significance for the interaction. This is done 
by method weighted analysis, the weights for 
each experiment being calculated as 
wi = r/ s2

i . For these weights, we calculate for 
each case the quantities wi, pi and ∑witij where 
pi are the place total for each treatment and tij 
are means for jth treatment at ith place. The 
calculation is given in the following table. 
 

Treatments Places ∑witij 
1 2…… i……….. p 

1 
2 
: 
: 
j 
: 
: 
t 
: 

: 2is
r
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t11 
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t1i 
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pi=∑tij p1 p2………… pi………… pp 
si =∑tij s1 s2………… si………… sp 
We then compute the following  CF. 

=
 


i
iwt

TG 2..
          Where G.T. = ∑ (∑witij) 

Total SS =



p

i
CFisiw

1
;                            

Treatment SS = CF
iw

jitiw

i

j i 


 

1

)(
 

SS due to place (or year) = CFipiw
t

p

t


1

21
 

SS due to interaction between treatment and 
places 
 = Total SS – Treatment SS – SS due places. 
For testing the significance of interaction, we 
transform the SS due to interaction in to 2  
using the formula. 
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Where n is the error degree of 
freedom on which the error mean square is 
based in each experiment. If the interaction is 
present set down the treatment means of 
each places in two-way table and carry out a 
simple analysis of variance and compare the 
treatment MS with interaction MS. The 
procedure is known as un-weighted analysis. 
The simple arithmetic mean of treatment 
means here provides the estimate of the 
treatment effect over the tract. It is an 
approximate method. 
When the interaction is absent, no general 
test for over all treatment differences appears 
to be available, but we can test the individual 
treatment means by the following procedure. 
From each trial set-down the responses 
correspondingly to the treatment means in 
which we may be interested. The following 
weighted mean is then computed. 






'iw

iyiw
y   Where wi’=

)(
1

iyv
  and 

yi is the response for ith trial 
2 is now given as 
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n

n
 Where 

θ = iyiwwyiyiw
ii

'2    

If 2  is significant we test the treatments 
against interaction as in the case of un-
weighted analysis. However if 2  is non-
significant, then we computer the statistic. 





'
1

iw

wyt
Which follows the t-

distribution with )1( n degree of freedom. 
Example: A set of trials was conducted at four 
location s in U.P. to compare four treatments. 
At each place randomized block design was 
used to carry out the experiment. The analysis 
of each trial individually provided an error 
mean square based on 12 degrees of 
freedom. The total yield in kg for each 
treatment over five replicates at each place as 

well as error mean square estimated in each 
trial is given below. 
Location 
Treatment     I            II          III          IV 
 
1.           146.5     177.6     121.5        155.3 
 
2.           155.7     240.0     150.0         177.2 
 
3.           141.8     158.4     113.8         201.4 
 
4.            80.9      241.6     131.9         207.0 
 
EMS     78.23      28.31      108.0          67.9 
 
Analysis the data and draw conclusions. 
Analysis: 
Step-I: Testing the homogeneity of error 
variance using Bartlett’s 2  test 

 
i iss 212


 70.60 

Where si
2 are error mean square based on 12 

D.F. each. 
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The table value of  at 5per cent level 
of significance for 3 degree of freedom is 
7.815.  Since calculate value of 2  is less 

than the table value of 2 , we conclude that 
error means square are not significantly 
different from each other. Hence we conclude 
that error variance is homogeneous. 

Step- II Combined Analysis of the data. 

We now make a combined analysis of data 
treating it at two way classification in ordinary 
repeated trial. 

Treatments I II III IV Total 
1 146.5 177.6 121.5 155.3 600.9 
2 155.7 240.0 150.0 177.2 722.9 
3 141.8 158.4 113.8 201.4 615.4 
4 80.9 241.6 131.9 207.0 661.4 

Total 524.9 817.6 517.2 740.9 2600.6 
 

C.F. = 
80

2)6.2600(
 

        = 84539.00 
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Total SS = 00.84539
5

 451498.86
  

               = 5760.77 

SS due to year = 88020.92 – 84539.00 

                                 = 3481.92 

SS due to treatment = 84991.62 – 84539.00 

                                 = 452.62 

SS due to treatment interactions 

                        = 5760.77 – 3481.92 – 452.62 

                        = 1826.23 

Pooled error MS   = 78.23 + 28.31 + 107.94 + 
67.90 = 282.38 

ANOVA 

Source D.F. S.S. M.S F 
Year 

(season) 3 3481.92 1160.64 4.11* 

Treatment 3 452.62 150.54  
Interaction 

(Years x 
Treatment) 

9 1826.23 220.91 NS 

Pooled 
error 48  282.38  

*Indicate significant SS at 5% level. 

The F ratio for interaction is 220.91/ 
282.38 = 0.7823. The value is non significant. 
Assuming interaction to be non significant we 
can pool sum of square for interaction and for 
error and obtained a more precise estimate of 
error. 

(9×220.91+48×282.38)/(9+48) = 
272.67. Test the treatment mean square 
against pooled estimate of experimental error 
we get F = 150.54/272.67 = 0.55 which shows 
the average treatment difference over the 
different year is non significant. 

Example: With a view to studying the effect of 
use a spraying on yield of wheat, an 
experiment was conducted at Agricultural 

Research Station Arnaj in Gujarat State during 
1960-61, 61-62, 62-63 and 63-64. The 
experimental sites were chosen a fresh every 
year. The design adopted was randomized 
block with four replications. The treatment 
were  

N0: Control; N1: 5.60 Kg/h of N urea; N2: 11.21 
Kg/h of N as urea; N311.21 Kg/h of N as A/S + 
5.60Kg/h N as urea; N4: 11-21 Kg/ha of N as 
A/S +11.21 Kg/ha of N as urea. Ammonium 
sulphate was supplied as basal dose and urea 
applied by spraying in two equal doses. The 
mean yield in yield Kg/h is given below: 

Years 
Treatment 1960

-61 
61-62 62-63 63-

64 
N0 863 1442 1248 696 
N1 882 1369 1017 712 
N2 854 1407 1014 756 
N3 860 1363 1199 943 
N4 850 1406 1307 955 

EMS 2106.
81 

43430.
56 

27989
.29 

506
9.44 

Analyse the data and draw conclusions. 
 
Calculation 
 
Testing the homogeneity of error variance 
using Bartlett’s test. 
 
We calculate the following 

;025.19649212  
i

iss


443.282   

The table value of 2  at 5 per cent level of 
significant for 3 degree of freedom is 7.815. 
Since calculated value of 2  is greater than 

table value of 2 . We conclude that error 
mean squares are significantly different from 
one another. Hence we can infer that error 
mean squares are heterogeneous. We shall 
therefore, analyse the data using weighted 
method of analysis. 

  

Calculations of various sum of squares. 
Treatment 1 2 3 4 ∑witij 

N0 863 1442 1248 696 2.49404 
N1 882 1369 1017 712 2.50387 
N2 854 1407 1014 756 2.48843 
N3 860 1363 1199 943 266950 
N4 850 1406 1307 955 2.67890 
pi 4309 6987 5785 4062  
wi 0.00190 0.00009 0.00014 0.00079  

wipi 8.18416 0.62883 0.80990 3.208998  
si 3714109 9767779 6765839 3364170  

[ 
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SS due to interaction between treatment and 
year 
             = Total SS – Treat SS – SS for year 

              = 257.91 – 13.19 – 195.49 = 49.23 

Test for Interaction: 

For testing the significance of interaction, 
transform sum of squares for interaction in to 

2  using the formula. 

2  = [(n-4) (n-2)]/[n(n + t - 3) ]  (SS due to 
interaction ), with 

d.f. = [(p-1) (t-1) (n-4)]/(n+t-3) 

Thus 2 =[8 x 10 x 49.23 ]/ [12(12+5-3)] = 
23.44 with 7 d.f. (approx.) 

The table value of 2  at 5% level of 
significance for 7 D.F. is 14.067. Since 
calculated value of 2  is greater than table 

value of 2 ,it can be inferred that interaction 
is present. Since interaction is present we 
shall carry out the unweighted analysis. 

 

 
 

 

 

 

 

 

 

 

 

Unweighted analysis: 

C.F.=447026449/20 = 22351322.45 

Treatment SS =(89609811.00/04)-
22351322.45=50905.30 

SS for years = (17351719/5)-
22351322.45=1119021.535 

Total SS = 1260574.55 

SS due to years x treatment interaction = 
Table SS – Treat SS – SS for years 

= 1260574.55-50905.30-119021.35=90647.90 

Analysis of Variance: 

ANOVA 

Source D.F. S.S. M.S. F 
Treatment 4 50905.3 12726.33 1.68 

Years 3 1119021.35 373007.11 49.38** 
Treatment 

x Years 
12 90647.90 7553.99  

Pooled 48 78596.10 1637.42  

Since year component comes out to be 
significant, we can concluded that the season 
significant effect on the trials. 
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Introduction 

Remarkable progress has been made 
in utilizing remote sensing data to describe, 
study, monitor and model the earth’ surface 
and interior.  Improvement in sensor 
technology, especially, in the spatial, spectral, 
radio metric and temporal resolution have 
enabled the scientific community to develop 
the methodology.  Geological, geo-
morphological ,  soil resources, land use/land 
cover, urban sprawl, forest cover, surface 
water mapping, crop acreage and production 
estimates, identification of ground water 
potential zones, generation of derivative maps 
like land irrigability, land capability from soil 
resources maps and  command area 
monitoring, have been made operational. 

Information on land capability and soil 
irrigability, soil, slope and fertility water 
availability and water requirements, geology, 
ground water ,public equirements etc, 
appropriate cultivation practices and storage 
and marketing facilities is required for this. 

This information is processed by 
experienced person or expert with their limited 
knowledge. Manual processing is time 
consuming, costly and delay the results. 
Computer based expert system has capability 
of analyzing non spatial output and results. 
GIS performs spatial analysis with remote 
sensing  based spatial input 

Unmonitored and unscientific 
management of natural resources creates 
many problems like water table rise, formation 
of waterlogged areas and salty lands, reduced 
yields and some times unproductive lands.  In 
areas where ground water is being exploited 
unscientifically water table is depleting fast 
and going out of economic reach of the 
farmers.  Water goes waste on the other hand 
in form of runoff in streams and rives and 
create floods.  The main problems in 
managing this precious resource is its vast 
size, wide variability, location specific 
existence and use. 

Significant research has been done to 
evaluate the usefulness of satellite remote 
sensing techniques for resource inventory.  

The information on crop types, acreage, their 
condition, land utilization pattern, problem 
agricultural lands, surface water bodies, 
derived from satellite remote sensing data has 
been  advantageously used in evaluation of 
land use system .Use of satellite data has 
been demonstrated by few workers for 
drought monitoring  and water stress 
detection. Limited studies are available for 
sustainable development and management of 
Ground Water Resources. Traditional 
technieques of generation of this information 
is time consuming and expensive.  Such 
information can be generated using GIS and 
RS technology and shall be cost effective and 
time  saving. 

Monitoring of Resources using RS and 
GIS: 

The management of natural resources 
has become a complex task as more and 
more socio-economical activities take place in 
these areas. Examples of such activities are 
urban development, agriculture, shipping, 
harbor development, fisheries, oil and gas 
production waste disposal and nature 
conservation. Remote Sensing and GIS were 
found effective in preparing and maintaining 
database and carrying out analysis related to 
natural resource management. Attempt should 
be made to build a micro level database using 
Remote Sensing and GIS technology. This will 
be a significant step towards the site selection 
studies in watershed management. 
Geographic information can be very useful in 
integrating, modeling, and visualizing different 
types of data. 

Over the past years the advancement 
in Remote Sensing technology with the advent 
of Geographical Information System (GIS) 
made it possible for integrated study of the 
multiple themes to drive the required 
information in the desired format. Remotely 
sensed data can be utilized to provide 
information on space in a hydrological unit. 
Indeed the ability to provide synoptic 
coverage, while at the same time to permit 
point definition, is in of the major asset of 
remotely sensed data in hydrological studies. 
Repetitive data gathering capability, 

Remote Sensing Applications for Monitoring Soil  Cover and Land 
Use 
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processing, computer compatibility of data 
analysis and generation of thematic maps, 
statistics and area table are some of the other 
important tools provided with remote sensing 
data. 

While, the remote sensing data is 
operationally being utilized for mapping 
resources, the need-ahead towards 
integrating these resource maps with other 
resource information for generating action 
plan for a particular activity. The data 
integration means combining data of different 
types into a single set, which will give more 
information, compared to the original data set 
is done through GIS. It serves as an efficient 
system of compilation, classification, storage, 
synthesis, analysis or retrieval of relevant 
information of spatial and non-spatial origin.  

Application Potential  of different  Sensors  

 Early season estimation of total cropped 
area (WiFS) 

 Monitoring crop condition using crop 
growth profile (WiFS) 

 Identification of crops and their acreage 
estimation in multi-cropped regions 
(LISS-III; SWIR data improves crop 
discrimination) 

 Crop yield modeling (WiFS + LISS-III) 

 Cropping system/crop rotation studies 
(WiFS + LISS-III) 

 Command area management (WiFS + 
LISS-III + PAN) 

 Detection of moisture stress in crops and 
quantification of its effect on crop yield 
(LISS-III; in particular SWIR band data 

 Detection of crop violations 

 Monitoring surface water bodies 
frequently and estimating their spatial 
extent (WiFS) 

 Snow-cloud discrimination leading to 
better delineation of snow area (WiFS + 
LISS-III; SWIR) for available water for 
rivers 

 Planning conjunctive utilization of 
resources  

 Soil and land degradation monitoring 

 Wasteland delineation and management 
planning  

 Delineation of watershed 
boundaries/partitioning of micro 
watershed (PAN+ stereo data) 

 Watershed characterization at large 
scale (Size, shape, drainage, 
landuse/cover)LISS-III + PAN) 

 Selection of sites for water harvesting 
structures (LISS-III + PAN)  

 Monitoring of watershed development 
works 

The present system of agricultural 
data is collected throughout the nation. The 
main responsibility of collection agricultural 
survey lies on the Director of Land Records, 
Director of agriculture and District Statistical 
Office under the Ministry of Agriculture. These 
data are collected not only on a local but also 
some extent of district and state level. The 
associate of agricultural survey on crops (crop 
production, type of crop and crop yield), range 
land (condition of range, forest type, water 
quality, types of irrigation system and soil 
characteristics) and livestock (livestock 
population, sex of animal, types of farm and 
distribution of animals).  

The basic problems in this survey are;  

 Reliability of data  
 Cost and benefits  
 Timeless  
 Incomplete sample frame and sample 

size  
 Methods of selection  
 Measurement of area  
 Non sampling errors  
 Gap in geographical coverage  
 Non availability of statistics at 

disaggregated level. 

Remote sensing data may provide solution to 
these particular problems of agricultural 
survey.  
 
Remote Sensing techniques for 
Agricultural survey 

The given factors influenced the use of remote 
sensing in agricultural surveys; via  

1. Characteristics of the agricultural 
landscape 

2. Characteristic of EMR on Agricultural 
survey.  

Detection, identification, measurement and 
monitoring of agricultural phenomena are 
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predicated on the assumption that agricultural 
landscape features (e.g. crops, livestock, crop 
infestations and soil anomalies) have 
consistently identifiable signatures on the type 
of remote sensing data.  

 

 Some of the parameters which may 
cause these identifiable signatures include 
crop type, state of maturity, crop density, crop 
geometry, crop vigor, crop moisture, crop 
temperature, soil moisture, soil temperature. 
An image analysis can correlate a certain 
signature with one of these many 
characteristics of land use. Remote Sensing 
techniques in agriculture survey which affect 
the signature on remote sensing imagery. It is 
important to consider briefly the significance of 
choosing the appropriate sensor system, as 
well as the scale and resolution requirements 
that will yield optimum benefits for objectives 
of agricultural survey.  

Signature in Remote Sensingz 

The knowledge of spectral signatures 
is essential for exploiting the potential of 
remote sensing techniques. This knowledge 
enables one to identify and classify the 
objects of agricultural resources. It is also 
required for interpretation of all remotely 
sensed data, especially in agricultural 
resource data whether the interpretation is 
carried out visually or using digital techniques. 
It also helps us in specifying requirements for 
any remote sensing mission e.g. which 
optimal wave length bands to be used or 
which type of sensor will be best suited for a 
particular task (agricultural survey). All objects 
of agricultural resource on the surface of the 
earth have characteristic spectral signatures. 
For example, the given Fig. 1 shows the 
average spectral reflectance curves (or) 
spectral signatures for three typical earth's 
features; vegetation, soil and water.   

The spectral reflectance curves for 
vigorous vegetation manifests the "Peak-and 
valley" configuration. The valleys in the visible 
portion of the spectrum are indicative of 
pigments in plant leaves. Dips in reflectance 
that can be sent at wavelengths of 0.65 µm, 
1.4 µm and 1.9 µm are attributable to 
absorption of water by leaves.  

 The soil curves show a more regular 
variation of reflectance. Factors that evidently 
affect soil reflectance are moisture content, 
soil texture, surface roughness and presence 
of organic matter. The moisture present, 
wetness, brightness, colour and roughness of 
the surface of the soils may indicate the 
deterioration of soil health and or richness of 

the productivity. Prolonged wetness may 
indicate the chemical changes, physical 
structural changes and organic contents if 
clubbed with appropriate ground data. 

  The water curves shows that from 
about 0.5 µm, reduction in reflectance with 
increasing wavelength, so that in the near 
infrared range, the reflectance of deep clear 
water is virtually zero, However, the spectral 
reflectance of water is significantly affected by 
the presence of dissolved and suspended 
organic and inorganic material and by the 
depth of the water body. Determinations of 
spectral signatures implies basic under 
standing of interaction of electromagnetic 
radiation with agricultural resources objects. 
This is also necessary for analyzing and 
designing sensor systems for agricultural 
survey. 

 
Fig 1. Spectral signature of soil water and 

vegetation 
 

Sensor systems in Remote Sensing 
In remote sensing the acquisition of 

data is depending upon the sensor system 
used. Various remote sensing platforms 
(Aircraft, Satellite) are equipped with different 
sensor systems. Sensor is a device that 
receives electromagnetic radiation, converts it 
into a signal and presents it in a form suitable 
of obtaining information about the land or 
earth resource as used by an information 
gathering system. Sensor can be grouped, 
either on the basic of energy source. They are 
as classified.  
Active sensor 

An active sensor operates by emitting its own 
energy, which is needed to detect the various 
phenomena (e.g. RADAR, camera with a flash 
gun)  
 

Passive sensor 

The operation of passive sensor is 
dependent of the existing sources of energy, 
like sun (e.g. photographic systems, 
multispectral scanners).  
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The given sensor system  

a. Photographic cameras The 
photographic system, having conventional 
camera with black and white photography, 
is the oldest and probably, so far, the 
most widely used sensor for recording 
information about ground object. 
Photographic cameras have been 
successfully used in aircraft platform 
remote sensing. In this system, the 
information is limited to size and shape, 
as the films used are sensitive only to 
visible region of spectrum. The response 
of black & white films is about 0.4-0.7 µm 
for infrared imagery, films with response 
extending up to 0.9 µm are available. 

b. Return Beam Vidicon (RBM) 

This is very similar to a television 
camera. In such a system, a fixed camera 
lens on a photosensitive semi-transparent 
sheet forms the ground image. This image 
is created on the surface as electrical 
change or potential.  

The TV cameras are the best 
example of high resolution, operated in 
space for resource survey was the RBV 
used in LAND SAT series. On LAND SAT 
I, II and III RBV cameras were used, each 
corresponding to a different wavelength 
band 0.475-0.585 µm (green), 0.580-
0.690 µm (red) and 0.690-0.830 µm (near 
infrared). The Indian experimental remote 
sensing satellite, Bhaskara-I and II carried 
a two-band TV camera system, 
Multispectral imagery was produced in 
LAND SAT and Bhaskara by using 
separate camera tubes of each band and 
selecting the spectral band with 
appropriate filters.  

c. Optical-mechanical scanners 

This imaging system has the 
advantage that any set of desired spectral 
bands can be selected with appropriate 
filter and detector combinations. The 
mostly widely used sensor in this category 
is the MSS on LAND SAT series. MSS 
has four spectral bands, covering form 
0.5-to 1.1 µm region. MSS operates on 
the principle of scanning successive lines 
at right angles to the flight path by means 
of a rotation or oscillating optical system. 
The radiation levels along the lines are 
recorded by appropriate sensor elements. 
When used in the visible band, the 
collected light can be split by the optics 
and separately filtered and recorded, 
giving simultaneous multispectral 

recording from the one instrument. MSS 
can record in any part of ultraviolet to near 
IR window. They are use also in the 
thermal IR windows 

d. Radar and Microwave sensors 

The acquisition of data in microwave 
region has been possible since 1950s but 
its application to natural resources is 
considerably less developed, as 
compared to the visible and IR image 
interpretations. Microwave sensors have 
distinct advantages because they are 
unaffected by atmospheric conditions and 
are thus able to penetrated smoke, 
clouds, haze and snow. Under this 
system, Plan Position Indicator (PPI), Side 
Looking Air borne Radar (SLAR) and 
Synthetic Aperture Radar (SAR) can be 
grouped. These systems offer day          
and night as well as all weather capability 
and ability to penetrate a cover of 
vegetation. 

e. Advance remote sensors 

Linear Imaging and Self Scanning 
Sensors (LISS) are the advanced imaging 
systems. This type of scanning sensor are 
used an array of solid-state devices.     
The array may be made of photo-diodes, 
phototransistors or Charge-Coupled 
Devices (CCDs). In the LISS, the       
optics focuses a strip of terrain in the 
cross-track into the sensor array. The 
image from each detector is stored and 
shifted out sequentially to receive a video 
signal. The SPOT (Satellite Probatorie     
d' Observation de la Terra) and IRS 
(Indian Remote Sensing Satellite) series 
carry such solid-state sensor systems, 
which are also known as push-broom 
scanners. 

The IRS IC most advanced satellite, 
carries an improved sensor system. 
Besides carrying a sophisticated LISS-III 
camera, it has a Panchromatic camera 
(PAN) and a Wide Field Sensor (WiFS). 
The PAN has been designed to provide 
data with a spatial resolution of 5.8m in 
stereo mode, with a ground swath of 
70km, whereas WiFS provides data in   
two spectral bands, with a spectral 
resolution of 188m and a ground swath of 
180km. 

The given wavelengths are employed 
in agricultural survey through 
Electromagnetic radiation by using remote 
sensor system. 
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Use of wavelength region  

Area of agricultural phenomena Wavelength 
employed 

1.Plant diseases and insect 
infestation 
2.Natural vegetation, types of 
crop and fresh inventories 
3.Soil moisture content (radar) 
4.Study of arable and non-
arable land 
5.Assessment of plant growth 
and 
rigour for forecasting crop yield 
6.Soil type and characteristics 
7.Flood control and water 
management 
8.Surface water inventories, 
water quality  
9. Soil and rock type and 
conditions favorable 
for hidden mineral deposits.  

0.4-0.9 mm 
and 6-10 mm 
0.4-0.9 mm 
and 6-10 mm 
04-0.8 mm and 
3-100 mm 
0.4-0.9mm 
0.4-0.9 mm 
 
0.4-1.0mm 
0.4-1.0mm and 
6-12mm 
0.4-1.0 mm 
and 6-12 mm 
 
0.4-1.0 mm 
and 7-12 mm 

Generally the remote sensing devices 
operate in the green, red and near infrared 
regions of the electromagnetic spectrum for 
agriculture and other allied phenomena. 
Agricultural resources can be obtained by 
measuring spectral, spatial and temporal 
variations of electromagnetic radiation 
emanating from points of interest and then 
analyzing these measurements to relate them 
to specific classes of agricultural phenomena 
purpose. Spectral variations are changes in 
the intensity of radiation at a given wavelength 
i.e. difference in colour. Spatial variations are 
changes in radiation from one location to 
another i.e. difference in shape and position. 
Temporal variations are changes in radiation 
from one time to another i.e. difference over 
time. One of the most successful applications 
of multispectral space imagery (sensor) is 
monitoring the state of the world's agricultural 
production. This application includes            
and differentiation of the agricultural 
phenomena.  

Electromagnetic Remote Sensing Process 

Agricultural resources data are 
collected by aircraft and satellite-mounted 
instruments, which receive reflected energy 
from target in some frequency of the 
electromagnetic spectrum. The process 
involved in electromagnetic remote sensing 
system namely, data acquisition and data 
analysis are outlined below and a schematic 
diagram of electromagnetic remote sensing 
process in shown in the Fig. 2  

 

Fig.2 Electro Magnetic Spectrum 

Data acquisition 

The data acquisition process comprises of 
the following distinct elements, which are 
necessary in agricultural survey  

 Energy sources  

 Propagation of energy through the 
atmosphere  

 Energy interactions with earth's 
surface features  

 Air borne/Space borne sensors to 
record the reflected energy  

 Generation of sensor data in the form 
of pictures or digital information 

Data analysis 

The data analysis process involves 
examining the data using various viewing 
instrument to analyze pictorial data, which is 
called the visual interpretation technique and 
computer to analyse digital data, a process 
known as digital analysis.  

Reference Data 

Reference data also called ground 
truth area an essential part of remote sensing 
data processing. It is used to analyse and 
interpret remotely sensed data, to calibrate a 
sensor, and to verify information extracted 
from remote sensing data.  

The most common form of remote 
sensing was Aerial photography, in which 
used the visible light section of the 
electromagnetic spectrum. Newer sensors can 
acquire data in this and other sections of the 
electromagnetic spectrum, such as the non-
visible infrared and near infrared wavelength, 
as will as microwaves used for radar. Many of 
these sensors can acquire several section of 
the spectrum concurrently and may be termed 
multispectral scanners. The electromagnetic 
wavelength bands with their bands with their 
utility in remote sensing are described in the 
given table -1 
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Table 1 Electromagnetic spectral region 

 
Advantages of Remote Sensing techniques 

in Agricultural survey 
 

With the primary aim of improving the present 
means of generating agricultural data, a 

number of specific advantages may result 
form the use of remote sensing techniques.  
1. Vantage point 

 Because the agricultural landscape 
depends upon the sun as a source of 
energy, it is exposed to the aerial view 
and, consequently, is ideally suited to 
remote sensing techniques.  

2. Coverage 
With the use of high-altitude sensor 
platforms, it is now possible to record 
extensive areas on a single image. The 
advent of high-flying aircraft and satellites, 
single high quality images covers 
thousands of square km. 

3. Permanent record 

 After an image is obtained, it serves as a 
permanent record of a landscape at a 
point in time which helps in monitoring 
changes.  

4. Mapping Base 

 Certain types of remote sensing imagery 
are, in essence, pictorial maps of the 
landscape and after rectification (if 

needed), allow for precise measurement 
(such as field acreages) to be made on 
the imagery, avoiding  time-consuming on 
the ground surveys. These images may 
also add ground data sampled 
throughsurvey and serve as base map for 
locating features while in the field, and 
also as a base for the selection of ground 
sampling point or areas. 

5. Cost savings 

The costs are relatively small when 
compared with the benefits, which can 
be obtained form interpretation of 
satellite imagery. 

6. Real-time capability 

The rapidly with which imagery can be 
obtained and interpreted may help to 
eliminate the time loss in survey and 
planning. 

Other advantages of Remote Sensing 

 Easy data acquisition over 
inaccessible area.  

 Data acquisition at different scales 
and resolutions  

 The images are analyzed in the 
laboratory, thus reducing the amount 
of fieldwork.  

 Colour composites can be produced 
from three individual band images, 
which provide better details of the 
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area than a single band image or 
aerial photograph.  

 Stereo-satellite data may be used for 
three-dimensional studies. At present, 
all advantages listed above have 
been demonstrated either 
operationally or experimentally: 

Application of Remote sensing techniques  

The specific application of remote sensing 
techniques can be used for i) detection ii) 
identification iii) measurement iv) monitoring  

Add on advantage of GIS 

 The use of remote sensing technology 
has been rapidly expanded for the 
development of key sectors. It will continue to 
be very important factor in the improvement of 
present system of acquiring agricultural data. 
The remote sensing provides various 
platforms for agricultural survey. Satellite 
imagery has unique ability to provide the 
actual synoptic vies of large area at a time, 
which is not possible for conventional survey 
methods and also the process of data 
acquisition and analysis are very fast through 
GIS (Geographic Information System) as 
compared to the conventional methods. The 
different features of agriculture are acquired 
by characteristic, spectral reflectance, spectral 
signature and associated phenomena through 
EMR. The utmost need of timeliness and 
accuracy of the output generated by remote 
sensing techniques and its calibration with 
ground-truth and other information systems 
like aerial photography and satellite imagery 
etc. is fulfilled. Further, the importance of 
remote sensing with special reference to Soil 
and land use monitoring at various levels, 
interaction with the Department of Space in  
specialized field shall be beneficial. 

 
 

 
 
Monitoring spatial, spectral and temporal 

changes in a command area 
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The sustainability of our everyday 
actions is becoming more important as we 
plan for a changing global climate and an 
increasing global population. One area in 
particular that receives a large amount of 
attention is agriculture. We recognize the 
concept of sustainable agriculture since two 
decades and define it as “an integrated 
system of plant and animal production 
practices having a site-specific application” 
that will cover the long term: 

¤ Satisfy human food and fiber needs 

¤ Enhance environmental quality and the 
natural resource base upon which the 
agriculture economy depends 

¤ Make the most efficient use of 
nonrenewable resources and on-farm 
resources and integrate, where 
appropriate, natural biological cycles 
and controls 

¤ Sustain the economic viability of farm 
operations 

¤ Enhance the quality of life for farmers 
and society as a whole.” 

This deliberation will look at why 
sustainable methods of agricultural are so 
important and how technology can be used to 
achieve these goals. 

Population – a Major Constraint 

With the world’s population expected 
to grow from 6.8 billion today to 9.1 billion by 
2050, how will all these extra mouths be fed? 
The world’s population more than doubled 
from 3 billion between 1961 and 2007, yet 
agricultural output kept pace and current 
projections suggest it will continue to do so. 
Admittedly, climate change adds a large 
degree of uncertainty to projections of 
agricultural output, but that just underlines the 
importance of monitoring and research to 
refine those predictions. According to the 
Food and Agriculture Organization (FAO) of 
the United Nations report, the task of feeding 
the world’s population in 2050 in itself seems 
“easily possible”. Easy, if the world brings into 
use of extra land available especially in Latin 
America and Africa spreads still more. But 
environmentally destructive agriculture is a 

poor option clearing hundreds of millions of 
hectares of wild lands while increasing the use 
of fertilizers and pesticides, and further 
depletes already scarce groundwater 
supplies. Therein lays the real challenge in the 
coming decades: how to expand agricultural 
output massively without increasing by much 
the amount of land used. 

What is needed is a second green 
revolution as the “sustainable intensification of 
global agriculture”. Such a revolution will 
require a wholesale realignment of priorities in 
agricultural research. There is an urgent need 
for new crop varieties that offer higher yields 
but use less water, fertilizers or other inputs 
and for crops that are more resistant to 
drought, heat, submersion and pests. Equally 
crucial is lowertech research into basics such 
as crop rotation, mixed farming of animals and 
plants on smallholder farms, soil management 
and curbing waste. Developing nations could 
score substantial gains in productivity by 
making better use of modern technologies and 
practices.  

As today, agricultural production is 
sufficient to feed us but growing food at 
affordable prices becomes even more 
important. Currently, the Food and Agriculture 
Organization (FAO) believes that more than 
800 million people in the world do not have 
enough to eat, causing 24,000 people to die 
every day from hunger and three-quarters of 
whom are children under five. “Hidden 
hunger,” or micronutrient deficiencies of iron, 
iodine, or Vitamin A, is of equal concern. This 
chronic undernourishment throughout their 
childhood, hinder overall health as well as 
their ability to learn. In order to cater these 
needs, the FAO estimates that global food 
production must increase by 60 percent in 
developing countries to accommodate the 
estimated population growth, close nutrition 
gaps, and meet dietary needs. 

Environmental Consequences 

Along with the challenges of feeding a 
growing population, farmers also need to 
consider many environmental factors. It is 
impossible to predict exactly what the future 
will bring, but global climate change requires 
consideration of growing food in drought and 
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water-stressed areas, reducing greenhouse 
gas emissions and protecting against soil 
erosion. A sustainable approach to agriculture 
will need to take all these factors into account.  

Greenhouse gas emissions’ impact on 
climate change also continues to be a growing 
concern. Farming does contribute to 
greenhouse gas emissions in several ways. In 
addition to embedded energy in fertilizer and 
chemicals, fuel use from tractors when 
farming the land and the land itself release 
carbon dioxide. Many farmers till the land to 
loosen and aerate the soil, to allow deeper 
penetration of the roots, to help the growth of 
microorganisms and worms to maintain the 
fertility of the soil, and to help with weed 
management, which helps mix nutrients 
evenly throughout the soil. Despite these 
advantages, tillage requires more use of fossil 
fuels by tractors passing over the land, and it 
actually releases carbon from the land itself. 
Implementing no-till farming keeps this carbon 
from being released from the land. 

Additionally, implementing these no-
till systems can also help reduce soil erosion. 
Soil erosion is a growing concern and it has 
intensified with the expansion of human 
populations. Erosion has the potential to 
damage soil quality for both farms and 
surrounding ecosystems, and eroded soil can 
enter into water supplies, disrupting dams, 
damaging ecosystems, and contaminating 
drinking water. Ultimately, eroded soil leads to 
decreased land, poor plant growth and 
decreased crop yields. 

Blessings of Biotechnology 

Biotechnology can be used to meet the 
growing demand for food by improving yields, 
improving the nutritional quality of crops, and 
reducing the impact on the environment. 
Using traditional techniques, such as selective 
breeding, scientists have been working to 
improve plants and animals for human benefit 
for hundreds of years. However, it’s time 
consuming, often taking 10 to 12 years to 
breed plants in the traditional manner. With 
biotechnology, modern crop breeders can 
select a specific genetic trait from any plant 
and move it into another plant with greater 
ease and precision, selecting for the most 
beneficial traits. These tools also allow plant 
breeders to select for traits that wouldn’t be 
possible through traditional breeding. 

These beneficial traits can have a major 
impact on the challenges we are facing. 
Biotechnology can help grow more food by 
making crops resistant to pests and disease, 

preventing huge losses to the crops, 
sometimes by replacing the chemistry of 
pesticides with a protein in the plant itself. In 
addition to fighting the environmental stresses 
of disease and pests, researchers in both 
academia and industry are currently working 
on developing crops that use water more 
efficiently to help with growth in drought 
conditions. Higher yielding crops can also 
mean higher income for farmers. In 
developing nations, agriculture employs nearly 
half the labor force, and many more are 
indirectly dependent on it economically. 
Growing more food means that in addition to 
having more crops to feed our growing 
population, incomes for those working in or 
dependent on agricultural production will rise, 
which can translate into better diets and 
health care. We are well aware with the 
tremendous impact of the insect resistant Bt 
cotton, the only biotech crop cultivated in 
India. 

A search through the scientific 
literature on biotechnology reveals a range of 
agricultural biotechnological research that 
could impact the world scenario. Over the 
longer term, there is much promising 
agricultural biotechnological research that 
might be harnessed for sustainable agriculture 
and rural development objectives, such as 
increasing yields and sustainable utilization of 
plant genetic resources for food including:  

•  Apomixis, an asexual technology of 
plant reproduction that can provide 
economic incentives to replant 
harvested seeds 

•  Micropropagation and plant tissue 
culture technology (e.g., to generate 
disease-free plantlets of vegetatively 
propagated staple crops, such as 
cassava, potato, sweet potato, taro, 
bananas and plantains) 

•  Improved fermentation technologies 

•  Improved technologies for generating 
biomass-derived energy 

•  Generation of higher nutrient levels 
(e.g., pro-vitamin A, iron, essential 
amino acids) in nutrient-deficient staple 
crops, such as rice 

•  Marker-assisted-selection strategies 
for improving agronomic traits in 
animal and plant varieties/breeds, 
including yield potential 

•  Development of genotypes with abiotic 
stress tolerance (e.g., aluminum and 
manganese tolerant crops which can 



 CAFT on Agro-ecological Approaches towards Sustainable Agricultural Production from 01-21 Oct. 2013 
 
 

 

JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)   114 
 
 
 

grow in acidic soils, salt tolerance, 
drought tolerance) 

•  Biotic (bacterial, viral fungal disease 
and insect) resistance 

•  Vaccines against animal diseases  

•   Better crop digestibility for animals and 
humans 

•  Delayed over-ripening of fruits and 
vegetables (e.g., to reduce post-
harvest losses).  

The potential environmental benefits of 
biotechnology throughout the world are also 
significant. For example, biotechnology can be 
used to grow plants that are resistant to 
herbicide and pesticides, removing the need 
to till for weed control and reducing the 
amount of pesticides that need to be used. 
This can help reduce carbon emissions and 
soil erosion, thereby reducing the impact that 
these cause. 

Although most people are not aware of 
the term “sustainability”, but increasing 
awareness has steered the most important 
aspect of this sustainable production. Using a 
smart mix of farming techniques and 
biotechnology can help us in an endeavor to 
feed tomorrow’s population and reduce the 
impact of farming on the environment. There 
is a need to adopt a holistic and integrated 
approach in the application and evaluation of 
the impacts of agricultural biotechnology. 
Evaluation of newly engineered crops must 
consider biodiversity as a value; monitoring 
bio-indicators can help in reaching decisions 
about their environmental impacts. Many 
actions in several fields need to be developed 
by Governments and by international 
organizations to make sure that the pro-poor 
potentialities of agricultural biotechnologies 
are realized. Care should be taken that the 
current gap between developing and 
developed countries does not increase as a 
result of their lack of appropriate action 
concerning key issues. In conclusion, the 
broadening of technological choices for the 
developing countries should go hand in hand 
with a commitment to safety and social 
responsibility. Such a commitment should be 
part of biotechnology policies and strategies 
and not simply an extension of debates 
designed for different purposes. 
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  In the era of exploitive agriculture 
intensive cropping is done using modern 
agricultural technology, high yielding varieties, 
irrigation and inorganic fertilizers. Application 
of NPK fertilizers have created the problem    
of micronutrients. Deficiencies of micro-
nutrients especially of Zn and Fe have been 
reported widespread. In states like Punjab 
heavy use of inorganic fertilizers have 
imposed the problems of Mn, Cu and B 
deficiency. For sustaining the productivity it is 
essential to ameliorate the deficiency of 
micronutrients, and use balanced nutrition of 
crops. 

Natural occurrence of the micronutrient 
elements 

Zinc Important ore minerals are 
sulphides - Sphalerite (ZnS) and 
less important smithsonite 
(ZnCO3). 

Copper Important minerals are sulphides : 
Chalcopyrite (Cu FeS2), digenite 
(Cu9S5) Chalcocite (Cu2S), 

Bornite (Cu5FeS4), Enargite (Cu3 
As S4) and Tetrahedrite (Cu12 SB4 
S13) 

Iron Important ore minerals are oxides 
- hematite (Fe2O3) and magnetite 
(Fe3O4). Other minerals are 
goethite (FeOOH) Ferrihydrite 
[Fe(OH)3], siderite (FeCO3), 
Jarosite [KFe3(OH)6 (SO4)4], 
Ferromagnesian silicates. 

Mangan
ese 

Important minerals are oxides - 
Pyrolusite (MnO2) Psilomelane 
(BaMn9O18.2H2O). Locally 
important are Rhodochrosite 
(MnCO3) and Braunite (Mn SiO3). 

Molybde
num 

Important ore is sulphide - 
Molybdenite (MoS2) 

Boron Economic sources are borates eg 
Borax Na2 B4 O5 (OH)4.8H2O, 
Tourmaline [Na(Mg, Fe, Mn Li, 
Al)3 Al6 (Si6O18) (BO3)3 (OH, F)4 is 
a common accessory mineral. 
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Soils change constantly due to fluctuating temperature, moisture and biological activity Equilibrium is 
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Role of micronutrients in plant Nutrition 
Iron (Fe) 
 Iron as a transition element is 
characterized by easy change of the 
oxidation state (FeIII  FeII) and its ability to 
form octahedral complexes with various 
ligands. Main oxidation state in plants is FeIII. 
Ferrous form and highly toxic free Fe2+ ions 
are normally below the detection limits. 

 There are two major groups of Fe 
containing proteins : heme proteins and Fe-S 
protein. 

Heme proteins - Cytochromes-heme Fe-
porphyrin complex as a prosthetic 
group cytochrome oxidase, catalase, 
peroxidase and leghemo globin 
which occur in root noduels of 
legumes. 

Fe-S proteins - Fe is coordianted to the 
thiolgroup of cysteine or inorganic S 
as clusters or to both. 

 

- Cys - S S S-Cys- 

     Fe      Fe 
- Cys - S         S               S-Cys- 

 Most well known Fe-S protein is 
ferridoxin. Other Fe-S proteins have functions 
in metabolic processes, such as 
photosynthesis, SO4 and SO3 reduction 
respiration, tricarboxylic acid cycle and N2 
fixation. Fe activates a number of enzymes 
including aminolevulinic acid synthetase, 
coproporphyrinogen oxidase and plays a role 
in the synthesis of RNA. 

 The photosynthetic electron transport 
chain in the thylakoid membrans of 
chloroplast consists of various Fe containing 
heme groups and Fe-S clusters. 

 Therefore in case of Fe deficiency 
there is decrease in concentration of 
schlorophyll and other pigments like carotene 
and xanthophyll whereas respiration remains 
unaffected. Thus, chloroplast development is 
mainly affected. It decreases the chloroplast 
volume and protein content per chloroplast. 

 It is also involved in lipid metabolism 
due to suppression activity of lipoxygenase is 
affected. 

Critical tissue concentration and 
deficiency symptoms 

 About 80% of Fe in leaves is 
localized in the chloropast. Critical deficiency 

concentration (CDC) of Fe in leaves range 
from 30 to 50 mg kg-1. It is high in fast 
growing meristematic and expanding tissues 
upto 200 mg kg-1 (total Fe) and 60 to 80 mg 
kg-1 for HCl extractable Fe (active Fe). Critical 
toxicity concentration (CTC) for total Fe is 
quite high ranging from 400 to 1000 mg kg-1. 

 First visible symptoms in shoots are 
chlorosis of young leaves though leaves 
expand normally. It is reversible due to Fe 
spray unless necrotic spots occur with severe 
deficiency. In case of acute deficiency cell 
division is inhibited thus leaf growth is 
impaired. 
Manganese (Mn) 
 In plants Mn is present as MnII 
forming relatively weak bonds with organic 
ligands, in which it can be readily oxidized to 
MnIII, MnIV and MnVI. Due to its relative ease 
in undergoing change in oxidation state, Mn 
plays an important role in redox processes 
such as electron transport in photosynthesis 
and detoxification of oxygen free radicals. Mn 
is involved in photosynthetic O2 evolution (Hill 
reaction) in chloroplast. Electrons are 
liberated by the water splitting enzyme “S” 
which contain 4 Mn atoms. Due to its key role 
in water splitting reaction Mn deficiency 
primarily affect photosynthesis and O2 
evolution, the chloroplast structure and 
chlorophyll concentration may not be affected 
in case of mild deficiency however in case of 
severe deficiency their concentrations is also 
reduced. Resupplying of Mn improves O2 
evolution within 24 hours whereas ultra 
structure of chloroplasts and chlorophyll 
formation are more difficult to restore. 

 As with other super oxide dismutase 
(Cu-Zn-SOD) and (Fe-SOD) Mn-SOD also 
play an important role in protecting cells 
against deleterious effects of super oxide free 
radicals which are formed in various 
biochemical reactions in which O2 is involved. 
The Mn-SOD is present in mitochondria, 
peroxisomes and glyoxysomes. 

 In carbohydrate metablism, 
Nicotinamide adinine dinucleotide (NAD) and 
phosphoenols pyruvate carboxy kinase have 
an absolute requirement of Mn which cannot 
be substituted by Mg. There is reduction in 
cell elongation (not cell division) due to Mn 
deficiency, inhibition in synthesis of lipids and 
gibberalic acid and isoprenoids. Lower 
concentration of phenolics, lignin and 
flavonoids in Mn deficient plants be partly 
responsible for a decrease in disease 
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resistance of Mn deficient plants. 

Critical tissue concentration and 
deficiency symptoms - CDC of Mn range 
from 10 to 15 mg kg-1 in mature leaves for 
shoot dry matter production and for seed 
production it is much higher 30 mg kg-1 than 
for photosynthesis (17 mg kg-1). 

 CTC varies widely from 100 in beans 
to 650 in clovers and 5000 mg kg-1 in low land 
rice depending upon cultural practice, Si 
supply, temperature, moisture, pH and light 
intensity. 

Deficiency symptoms - Cereals - Greenish 
gray spots, flecks and stripes on the more 
basal leaves (Grey speck). 

Dicots - Interveinal chlorosis of younger and 
middle aged leaves. 

 In contrast to Fe chlorosis, the 
chlorosis induced by Mn deficiency is not 
uniformly distributed over the whole leaf 
blade and tissue may rapidly become 
necrotic. Preferential transport of Mn from 
roots to shoot apex may explain why the 
deficiency symptoms are often move sever 
on middle leaves than on the younger leaves. 
Seed disorders in Mn deficient legumes such 
as dark discolouration on cotyledons of pea 
and other legumes (Marsh spots) and cracks 
of the testa in lupin seeds (split seeds). 
Copper 
 Cu forms stable chelates and easy 
electron transfer CuII  CuI and thus had 
importance in physiological redox processes. 
In contrast to Fe, Cu containing enzymes can 
react directly with molecular O2 and catalyse 
preferentially terminal oxidation processes. 

 Photosynthetic electron transport is 
influenced by Cu at various sites. Due to Cu 
deficiency the plastocyanin content is 
affected which result in a decreased 
photosynthetic electron transport. 

 Cu-Zn-SOD mainly localized in the 
slroma of chloroplast where the Cu atom is 
directly involved in the detoxification of super 
oxide radicals O2

- generated during 
photosynthesis. 

 CO2 fixation is decreased and the 
concentration of starch and soluble 
carbhydrates (sucrose) in plants causing low 
dry matter yield. Reduction of seed yield 
occur even with mild Cu deficiency, mainly as 
a result of male sterility. 

 Cu deficiency in legumes 

depresses nodulation and N2 fixation rate 
leading to N deficiency symptoms as an 
indirect effect. 

 Cu containing enzymes - phenolase 
and laccase act as oxidases of phenols or 
tyrosin in biosynthetic pathway of quinones, 
alkaloids or lignin. 

 Inhibition in IAA oxidase activity due 
to Cu deficiency causes accumulation of IAA 
and delayed flowering and senescence. Cu 
deficiency depresses reproductive growth 
more than the vegetative growth. 

 Ascorbate oxidase activity is 
markedly reduced with Cu deficiency. 

Critical tissue concentration and deficiency 
symptoms - The CDC of Cu in vegetative 
organs ranges from 1 to 3.5 mg kg-1 in 
youngest emerged leaf which is least affected 
by environmental factors. 
 For most crops CTC of Cu in leaves 
are 15 to 30 mg kg-1 and may be as high as 
1000 mg kg-1 in Cu tolerant species. 
Deficiency symptoms - Chlorosis (white tip, 
reclamation disease), necrosis, leaf distortion 
and dieback. Symptoms occur preferentially 
in young shoot tissues and are expression of 
poor redistribution of Cu in Cu deficient 
plants.  
 Enhanced formation of tillers 
(cereals) and auxillay shoots (dicots) are 
secondary symptoms caused by necrosis of 
apical meristems. 
 Reduced lignification due to Cu 
deficiency leads to other symptoms like 
wilting, shoot bending, lodging, mainly of 
cereals and reduced disease resistance. The 
most important symptoms are reduced seed 
or fruit yield caused by males sterility. 

Molybdenum (Mo) 

 Transition element Mo exists in plants 
as an anion, primarily in its highest oxidized 
form MoVI, but also as MoIV and MoV. Its 
functions are related to electron transfer 
reactions. In higher plants Mo containing 
enzymes are NO3 reductase and SO3 
oxidase. In legumes-nitrogenase and 
xanthine dehydrogenase. 

 Nitrate in cytoplasm is reduced to 
NO2 by direct transfer of electrons from MoVI 
to NO3 by nitrate reductase enzymes. There 
is direct relationship between Mo and RNA 
and growth. Compared with plants supplied 
with NO3-N, plants with NH4-N supply have a 
much lower requirement of Mo. 
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 With Mo deficiency there is increase 
in concentration of soluble N compounds 
such as amides whereas protein 
concentration and alanine amino transferase 
activity decreases. The role of Mo in protein 
synthesis may be due to its effect on 
chlorophyll concentration, chloroplast 
structure and growth. 
 Biological N2 fixation is catalysed by 
nitrogenase which contains two 
metalloproteins; Mo-Fe-S protein and Fe-S 
cluster protein, Mo of Mo-Fe-S protein directly 
transfer electron to N2 whereas Fe acts as an 
electron transmitter. Thus Mo requirement for 
root nodules in legumes is quite high. In case 
of Mo deficiency the number of nodules may 
increase but the total dry weight of nodules 
per plant and N2 fixation capacity are low and 
plant growth is inhibited. 
 As an effect on pollen formation, 
tasseling, anthesis, and development of 
anthers in corn are inhibited by Mo 
deficiency. 
Critical tissue concentration and 
deficiency symptoms - Mo requirement by 
plants is lowest amongst the micronutrients 
and also depend on form of N supply. The 
CDC vary between 0.1 to 1.0 mg kg-1 in 
leaves. Legumes require higher Mo than 
other plant species. CTC vary widely from 
200 to 1000 mg kg-1. 

Mo deficiency symptoms are not 
confined to the youngest leaves because Mo 
is readily translocated in the plants. 
Symptoms of N deficiency dominate in Mo 
deficient legumes. Most characteristic 
symptom is reduced and irregular leaf blade 
formation; known as whiptail. This 
malformation is caused by local necrosis in 
tissue and insufficient differentiation of 
vascular bundles in the early stages of 
development. Other symptoms are interveinal 
mottling and marginal chlorosis of the older 
leaves followed by necrotic spots at leaf tips 
and margins, which are closely related to high 
NO3 concentration in the tissue. 
Zinc (Zn) 
 In contrast to other micronutrients 
(Fe, Mn, Cu and Mo) Zn is not subject to 
valancy change and exist in plants only as 
ZnII. Zn mainly functions as divalent cation by 
coupling enzymes with corresponding 
substrates and forming tetrahedral chelates 
with different organic compounds including 
poly peptides. 
 In higher plants Zn containing 

enzymes are Alchol dehydrogenase, Cu-Zn-
SOD, carbonic anhydrase (CA) and RNA 
polymerase. 
 However, large number of enzymes 
are activated by Zn either by binding 
substrate enzymes or substrate and enzymes 
or effect on conformation of enzymes or both. 
In Zn deficient plants there is change in 
metabolism of carbohydrates, proteins and 
auxins and impaired membrane integrity. A 
key role of Zn in gene expression and 
regulation has been reported. Incase of 
extreme Zn deficiency net photosynthesis is 
inhibited due to disturbed chloroplast 
structure and inhibited photosynthetic 
electron transfer rather than due to reduction 
in CA activity. 
 Excretion of sugars at the leaf 
surface can be observed with severe Zn 
deficiency. Alcohol dehydrogenase (ADH) 
plays important role in anaerobic root 
respiration (e.g. in the root apex of flooded 
rice) catalyzing the reduction of 
acetaldehyede to ethanol, hence anaerobic 
root metabolism is impaired due to reduced 
activity of ADH under Zn deficiency. 

 Protein synthesis is inhibited under 
Zn deficiency due to marked decline of RNA; 
either by lower activity of the Zn containing 
RNA polymerase, by reduced structural 
integrity of ribosomes, or by enhanced RNA 
degradation. 

 The Zn containing isoenzyme SOD 
(Cu-Zn-SOD) plays an important role in the 
detoxification of super oxide radical (O2

-) and, 
thus, in the protection of membrane lipids and 
proteins against oxidation. The activity of Cu-
Zn-SOD is reduced with Zn deficiency but 
can be restored by addition of Zn. 
 There is impaired conversion of 
tryptophane to IAA under Zn deficiency 
resulting inhibition in protein synthesis. GA 
(Gibbrellic acid) metabolism is also impaired 
under Zn deficiency. 
 Due to preferential binding to SH 
groups, Zn plays a key role in stabilizing and 
structural orientation of membrane proteins. 
Loss in membrane integrity of Zn deficient 
plants increases susceptibility to fungal 
diseases and excessive P uptake by roots 
and transport to shoots may cause P toxicity. 

Critical tissue concentrations and 
deficiency symptoms - CDC in leaves range 
from 15 to 30 mg kg-1 CTC or Zn in leaves of 
crop plants ranged from 200 to 500 mg kg-1. 
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 Most characteristic visible symptom 
of Zn deficiency in dicots are short 
internodes (rosetting) and decrease in leaf 
expansion (little leaf), stunted growth is often 
combined with clorosis of youngest leaves. 

 In monocots particularly in corn, 
chlorotic bands occur along the midribs of 
leaves combined with red, spot like 
discolouration. In rice brown spots on leaves 
(khera disease). Zinc deficiency symptoms on 
older leaves are mainly the results of P 
toxicity and are characterised by interveinal 
chlorosis and necrosis stunted growth and 
necrosis of older leaves in Zn deficient plants 
are intensified with high light intensity 
suggesting the involvement of super oxide 
radicals in symptom development. 

Boron (B) 

 Only monomeric species of B i.e. B 
(OH)3 and B(OH)4

- are usually present in 
aqueous solution. 

 Boron is neither an enzyme 
constituents nor does affect enzyme activity. 
Boric acid forms very stable complexes with 
organic compounds. 

 Most of the functions of B are related 
to cell wall formation, stabilization, 
lignification and xylem differentiation. B is 
said to be extra cellular nutrient. 

 Due to B deficiency there is change 
of the chemical composition of cell wall. As a 
result there is cell wall thickening in root 
apical meristems, increase in hemicellulose 
and pectin, disturb cell wall synthesis is also 
indicated by a decrease in elongation of 
cotton fibre suffering from B deficiency, 
phenol metabolism, impairment of plasma 
membrane restricted growth and elongation. 
Decreased growth may also be attributed by 
decrease in concentration of nucleic acid. 
Decrease in RNA levels precedes cessation 
in cell division. 

 The pollen germination and pollen 
tubes growth, viability of pollen grains are 
severely inhibited by B deficiency. For pollen 
tube growth, high B levels in the stigma and 
style are required for physiological 
inactivation of callose by formation of borate 
callose complexes at the pollen tube style 
interphase. On the basis of these functions of 
B in reproductive organs, seed and grain 
production is much more reduced than 
vegetative growth with low B supply. 

Critical tissue concentration and deficiency 

symptoms 

CDC in monocots 5 to 10 mg kg-1 
Dicots   20 to 70 mg kg-1 
Latex bearing plants 80 to 100 mg kg-1 
 These differences are related to cell 
wall composition. In soybeans the CDC of B 
for young leaflets is about 3 to 4 times higher 
than the mature leaves, reflecting the main 
function of B in cell growth and differentiation. 

 The concentration range between B 
deficiency and toxicity is quite narrow, so 
special care is required when B fertilizers or 
municipal compost rich in B are applied or 
when irrigation water rich in B concentration 
is used. The CTC in leaves differ 
considerably among plant species and 
cultivars within a species e.g. 100 mg kg-1 in 
corn, 400 mg kg-1 in cucumber and 1000 mg 
kg-1 for squash and between 100 to 270 mg 
kg-1 in wheat genotypes.  

Boron deficiency symptoms: Appear at the 
terminal buds and youngest leaves as 
retarded growth and necrosis. Internodes are 
shorter, leaf blades are misshaped and the 
diameter of stem and petioles are increased 
leading to stem crack in celery, water soaked 
areas tip burn and brown or black heart in 
heads of vegetable crops, such as lettuce. 
During storage roots of celery or sugar beet 
necrosis of meristmetic area leads to the 
typical heart rot. Boron deficiency induced 
increase in the drop of buds, flowers, and 
developing fruits. Reduction in or failure of 
seed and fruit set and the quality of fruit is 
affected by malformation (e.g. internal cork in 
apple or in citrus decrease in the pulp/peel 
ratio.  
Chlorine (Cl) 
 Chlorine is abundant in lithosphere 
and atmosphere. It is highly mobile and easily 
taken up by plants. Average Cl concentration 
in plants ranges from 1 to 20 g kg-1 and thus 
is in range of macronutrients whereas 
requirement is much lower (150 to 300 mg kg-

1). Its functions are mainly as mobile anion Cl- 
in processes such as osmoregulation (e.g. 
cell elongation, stomatal opening) and charge 
compensation in higher plants. 

 Chlorine acts as a cofactor to activate 
the Mn containing water splitting system, 
helps in stomatal opening, K metabolism. 
Depresses the diseases such as gray leaf 
spots in coconut palm, take all in wheat, stalk 
rot in corn and downy mildew in millet. 
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Critical tissue concentration and deficiency 
symptoms 

 The CDC for optimal growth varies 
between 70 mg kg-1 for tomato, and 1000 mg 
kg-1 for kiwi (Actinidia deliciosa). The CTC is 
about 3 to 5 g  kg-1 and 20 to 40 g kg-1 for Cl 
sensitive and tolerant species, respectively. 

Deficiency symptoms - Wilting of leaves 
curling of leaf lets, bronzing and chlorosis 
similar to those of Mn deficiency and 
inhibition of root growth 
Factors affecting availability of 
micronutrients 
A. Boron 
 Boron deficiency is higher under low 
top soil moisture conditions more in dry 
summer. 
(i) Temperature : B uptake is largely a 

physical process involving the absorption 
of unionized H3BO3 and subsequent 
passive movement of B in the 
transpiration stream. Temperature 
correlated with B uptake by shoots. 

(ii) Soil water content : Heart rot of sugar 
beet accentuated by drought stress. The 
disease was due to lack of B. Moisture 
stress in the surface soil accentuated B 
deficiency in alfalfa, apple and cotton. 
According to Batey (1971) turnip normally 
became B deficient on soils with < 0.3 mg 
kg-1 of extractable B. However, deficiency 
in a dry summer was observed in fields 
with extractable B levels of 0.5 to 0.6 mg 
kg-1. 

  Boron toxicity is chiefly affected by 
the concentration of B in soil water. Tips 
and margins of older leaves are first 
affected. Increasing transpirations as a 
consequence of high temperatures and 
low humidity probably accentuates the 
occurrence of B toxicity in irrigated areas. 

(iii) Light : High light intensity or long 
day conditions intensify B deficiency. 

Critical limits of micronutrients 

Nutrient Extractant Thresh hold 
value (mg kg-1) 

Zn DTPA (Lindsay 
and Norvell 
1978) 

0.5 to 0.7 

Cu ---do---- 0.2 to 0.5 
Fe ----do---- 2 to 4.5 
Mn -----do----- 1-2 
Mo Acid ammonium 

oxalate (pH 3.3) 
0.05 to 0.1 

B Hot water 
soluble 

0.1 to 1.0  
(0.5) 

Approximate concentrations of micro-
nutrients in mature leaves 

Micro 
nutrient 

Deficient Sufficient 
or normal 

Excessiv
e or toxic 

--------------- mg kg-1 --------------- 
B 5-30 10-20 50-200 
Cl < 100 100-500 500-1000 
Cu 2-5 5-30 20-100 
Fe < 50 100-500 > 500 
Mn 15-25 20-300 300-500 
Mo 0.03-0.15 0.1-2.0 > 100 
Zn 10-20 20-100 100-400 

Soil application of micronutrients 

B Legumes and root crops 2 to 4 kg B ha-1 
other crops 1 kg B ha-1. Generally 
broadcasted in soil. Foliar sprays in 
perennial crops @ 300 to 600 mg B L-1. 
Residual effect - longer residual effect on 
high silt and clay soils than sandy soils. 
Lower solubility material have more 
residual effect. A broadcast of 2 kg B ha-1 
as Borate on loam soils provided 
sufficient B for 2 years. 

Cu Basic Cu sulphate Cu SO4.5 H2O and 
synthetic chelates e.g. Cu EDTA and Cu 
HEEDTA are used to correct Cu 
deficiency cupric sulphate is most 
common fertilizers. 
Method - 3.3 to 14.5 kg Cu ha-1 as 
broadcast depending upon the soil and 
sensitivity of crops. Lower rates are 
required when applied as band 
placement as 1.1 kg Cu ha-1 for 
vegetables, and 6.6 kg Cu ha-1 for highly 
sensitive crops grown on organic soils. 
Foliar 0.25 to 0.5% Cu SO4.5H2O spray 
is done on citrus trees. Residual effect of 
soil application lasts upto 5 to 8 years. 

Fe Deficiency occur mainly on alkaline and 
calcareous soils under high moisture 
conditions. 
Source of fertilizer - Most common 
ferrous sulphate containing 19% Fe 
ferrous ammonium sulphate 14% Fe Iron 
frits 20 to 40% Fe. 
Organic chelates 
NaFe EDTA  5 to 14% Fe 
NaFe HEDTA  5 to 9% Fe 
NaFe EDDHA  6% Fe 
Iron ligno sulphonate 5 to 8% Fe 
Iron methoxyphenyl- 5% Fe 
propane Fe MPP 
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Relative sensitivity of few crops to micronutrient deficiency 
 

Crops Sensitivity to micronutrient deficiency 
B Cu Fe Mn Mo Zn 

Alfalfa High High Medium Medium Medium Low 
Barley Low Medium High Medium Low Medium 
Bean Low Low High High Medium High 
Carrot Medium Medium Medium Medium Medium Medium 
Cauliflow
er 

High Medium High Medium High Low 

Clover Medium Medium Medium Medium Medium Low 
Corn Low Medium Medium Medium Low High 
Grasses Low Low High Medium Low Low 
Lettuce Medium High Medium High High Medium 
Oat Low High Medium High Low Low 
Onion Low High High High High High 
Pea Low Low Medium High Medium Low 
Potato Low Low Medium High Low Medium 
Radish Medium Medium Medium High Medium Medium 
Sorghum Low Medium High High Low High 
Soybean Low Low High High Medium Medium 
Sudan 
grass 

Low High High High Low Medium 

Tomato Medium Medium High Medium Medium Medium 
Wheat Low High Low High Low Medium 
Rice Low Medium Medium Medium Low High 

Fe application method and rates 

 Soil application of inorganic Fe 
sources are ineffective in controlling Fe 
chlorosis except when applied at very high 
rates. 

 Broadcast application of FeSO4 is not 
recommended. The Fe(NH4)2(SO4)2 by 
product of P fertilizer industry was more 
effective than FeSO4. In rice banding of 30 kg 
Fe ha-1 as FeSO4 was found effective. Iron 
chlorosis in trees may also be controlled by 
the injection of FeSO4 or FeNH4C6H4O7 
solutions. 
 

At most soil pH levels Fe EDDHA is effective 
whereas Fe EDTA is effective in acid soils. A 
soil application of 0.25 kg Fe ha-1 as Fe 
EDDHA  50 kg Fe ha-1 as FeSO4. Soil 
injection of Fe EDDHA was effective for 
correcting Fe chlorosis in trees. Same 
material can be applied in drip irrigation at 
low Fe rates.  
Foliar application 

 Foliar repeated application of Fe are 
necessary as translocation of Fe is not 
sufficient. 2 to 3% FeSO4 solution spray are 
recommended. Residual effect of soil 
application of Fe is very little. 
 
 

Manganese 

 Deficiency occur in organic, alkaline 
and calcareous soils and poorly drained 
acidic soils with sandy texture. 

Sources of fertilizers : Organic and 
inorganic compounds of Mn are used. Most 
common sources is MnSO4. Other sources 
are MnO, MnCl2 frits or oxysulphates. 

MnSO4 - 23-28% Mn, MnCl2 17% 
Mn, Mn frits 10 to 35% Mn, Mn -40% Mn 
manganese oxysulphate 28% Mn. 

Organic compounds 

Mn chelates Na2 Mn EDTA         5 to 12% Mn 

Mn ligno sulphonate  5% Mn 

Mn polyflavonoid  5 to 7% Mn 

Soil application :  

5 to 22 kg Mn ha-1 as broadcast in 
soybean. Banding 3 kg Mn as MnSO4 in 
soybean or 1 kg Mn ha-1 as Mn ligno 
sulphonate, Mn DTPA, Mn EDTA corrected 
Mn deficiency. 

Foliar spray :  

Foliar application is effective in 
barley, corn, fruit trees, oat, safflower and 
soybeans. Rates from 0.3 to 5.4 kg in 31 to 
230 L water ha-1 were used to correct Mn 
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deficiency as MnSO4. Multiple application of 
Mn was superior to single application of foliar 
spray. Other organic chelates may be also 
used in foliar sprays. No significant residual 
effect of soil application exist. 

Molybdenum  

Ammonium (54% Mo) and sodium 
molybdate (39% Mo) are common sources of 
Mo fertilizers besides Mo frits 2 to 3% Mo are 
also available. 

Soil application :  

Rate of 0.1 to 0.5 kg Mo ha-1 correct 
Mo deficiency. 

Seed treatment : 0.2 mg Mo kg-1 

Foliar spray : 100 g Mo ha-1 
 

Zinc 

Source of Zn fertilizers 

Zinc ammonia complex 
Zn NH3 

10% Zn 

Zinc carbonate 52-56% Zn 
Zinc chloride 48-50% Zn 
Zinc frits 10-30% Zn 
Zinc nitrate 
Zn(NO3)2.6H2O 

22% Zn 

Zn O 50 to 80% 
Zn 

Zinc oxysulphate 40 to 55 % 
Zn 

Zinc sulphate 
heptahydrate 

23% Zn 

Basic zinc sulphate 
ZnSO4.4Zn(OH)2  
organic compounds 

55% Zn 

Zinc chelate Na2Zn 
EDTA 

14% Zn 

Na Zn HEDTA 9% Zn 
Na Zn NTA 9% Zn 
Zinc ligno sulphonate 5 to 8% Zn 
Zinc poly flavonoid 5 to 10% 

Zn 

Application methods and rates 

 Soil application @ 5 to 10 kg Zn ha-

1 depending upon the soil type and crops as 
broadcast is recommended. Foliar 
application of 0.5 to 1.0% ZnSO4 may be 
done two to three times in standing crops to 
correct Zn deficiency. Lower rates of 
broadcast Zn as organic than as inorganic 
source can be used preferably.  

 Residual effect has been observed 
for 4 to 5 years however research 
conducted in M.P. reported for 6 
succeeding crops. 
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The values of plant analysis for diagnosing 
and monitoring the nutritional status of plants 
depends largely on the care that is taken in 
collecting, handling and analyzing the plant 
samples. Unreliable and misleading 
interpretations will be resulted unless proper 
steps are taken to minimize errors.  

Purpose and Method of plant sampling: 

1. Diagnostic testing – Poor vigor or to 
confirm symptoms or soil test  

2.  Monitoring- To assess adequacy of 
current fertilizer use and other 
management factors  

  a- To compare nutritional status of crops 

  b- Fertilizer use adjusted as per chemical     
composition of crops 

3. Predictive or prognostic testing- 

a. Analysis of samples during early crop 
growth to predict the likelihood of nutrient 
deficiencies before maturity. 

    b. Analysis of fruits to predict its likely 
behavior in storage. 

  c. Analysis of seed to predict likely 
deficiencies in succeeding crop. 

Analysis of plants must identify latent 
deficiencies or hidden hunger, which limit 
crop production while the plants exhibit no 
deficiency symptoms. 

Documenting site and crop information: 
    Logical, investigative approach must 

be followed. Relevant site and crop conditions 
should   be recorded properly at the time of 
sampling. DDiissccuussssiioonn with the farmer and 
description of symptoms on plants must be 
noted. 
 
Discussion-   
a.  Cropping details (sowing date, variety 

etc.) 
b.  Abnormal seasonal condition. 
c.  Whether symptoms were observed in    

previous season? 

d. Are the symptoms are associated with 
certain soils? 

e. Has the cropping system changed 
recently? 

f. Quantity, kind and method of application of 
organic and inorganic fertilizers. 

g. Type of irrigation, whether altered recently? 
Rate, frequency and water quality. 

h. Are pests and diseases present? 
i. Whether soil or plant tests were done 

before? 

Description of plant symptoms:   

This is particularly important in 
diagnostic testing. 

 The type (e.g. chlorosis, necrosis, 
mottling, anthocyanin, stunting) and location 
(e.g. terminal apices, young or older foliage) 
of symptoms on roots or shoots must be 
recorded. They may be compared with the 
deficiency or toxicity symptoms of specific 
nutrient. Although the symptoms are not 
specific and may be misleading, they can 
assist in eliminating certain adequate 
nutrients. 

 Collection of representative samples:   

Diagnostic plant Sampling: Collection 
must be confined within the area of crop for 
which the answer is sought e.g. patch of poor 
growth, a group of low producing trees. The 
samples must reflect the variation in plant 
symptoms. To minimize the effects of natural 
variability, each composite sample should be 
collected from within a small uniform area. 

 Diagnostic sampling is best 
undertaken when symptoms of the disorder 
are first observed. Tissue of deficient and 
healthy plants or tissues of varying 
chronological or physiological age should 
never be included in a single composite 
sample. 

Sampling for monitoring: 

Uniform crop: Three approaches can be 
used. 

(i) Ulrich and Hills (1952,1973) working with 
sugar beets, recommended that a 
minimum of two, and preferably four, 

Collection, Handling and Analysis of plant Samples 
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separate composite samples should be 
taken from each field. The field is divided 
roughly into four equal parts, and a 
systematic sampling transect undertaken 
in each quadrate and preferably at right 
angles to the crop rows (Figure-a). Each 
sample comprises from 25 to 50 plants 
parts.  

(ii) A variation of the above method involves 
selecting a small uniform area (e.g. 0.4 
hectare) in each quadrate of the field. A 
systematic sampling traverse similar to 
that describe above is taken within each 
area and again four separate samples are 
obtained per field (Figure-b) 

(iii) In a cheaper method just one sample is 
collected for analysis. A small area of 
crop (0.5-1.0 hectare), judged as 
representative of the average crop 
condition in the field is selected. The crop 
within it is systematically sampled in the 
usual way (Figure-c). Alternatively, a 
sampling transect can be undertaken 
across the average crop (Figure-d). In 
view of the costs of analysis, and third 
approach is likely to be chosen most 
often. 

Variable crop Separate and more 
elaborate monitoring transects, within small 
defined areas of crop, should be undertaken 
in fields or orchards where soil and 
topographical features are known to very (e.g. 
loam Vs clay loam; red soil Vs black soil; 
sandy rise Vs loamy flats), or where 
differences in crop growth are obvious. As 
with diagnostic sampling, each traverse 
provides a separate sample representing one 
of the observed variations (Figure-E). An 
alternative is restriction of sampling to the 
most frequently encountered soil type or 
landform. 

Fruit trees and vines for most trees 
crop it is important to sample all sides of 
trees. Typical sampling instructions might be; 
select a uniform area of orchard (Soil, cultivar, 
age) and within this area select 20 trees 
along an X or Zig-Zag passage through the 
orchard (Figure-F); collect four leaves per tree 
one from each of the north, south, east and 
west quarters of the tree; select leaves at 
shoulder height.  

In hedgerow orchards and in 
vineyards where it is not possible to cross 
rows easily, U or W type traverses through 
the planting offer a sensible compromise 
(Figure-g). Samples can be taken at 

systematic intervals (say five paces) along 
each inter-row space, from left and right 
alternately. 

Sampling appropriate plant parts: 

 For many species, tests are available 
which specify the analysis of nutrients in key 
index tissues, such as the youngest mature 
leaf blades or their subtending petioles. 
These plant parts, of known physiological 
age, are especially sensitive to nutrient 
supply and are often preferred to whole 
shoots for analysis. Samplers therefore need 
to gain experience in locating and sampling 
these plant parts. 

 The relevant parts can be collected 
from plants in the field or they can be 
separated later from whole shoots. This is a 
matter of convenience. However, it is 
essential that clean, correctly identified plant 
parts are separated and dispatched for 
analysis.  

Other factors to consider when sampling:  

The following practices should be adopted for 
all sampling.  

Avoid sampling soiled, diseased and insect 
or mechanically damaged plants, and exclude 
senescing and dead tissue from the gathered 
material.  

Avoid sampling plants growing within areas 
which have unusual features (e.g. rockey 
areas, poorly drained or salt affected areas 
and areas near water troughs, sheep camps, 
stock routes, rabbit burrows, crops edges, 
headlands, firebreaks and fertilizer depots). 
Avoid sampling dung and urine patches and 
in the immediate vicinity of trees. 

Do not sample when plants are under water 
or temperature stress; also avoid sampling 
waterlogged plants. Sampling should 
normally be undertaken when plants are 
growing vigorously. 

Avoid sampling vegetative organs after 
flowering in non-woody determinate species 
since many nutrients are redistributed to 
developing fruits and grain. 

Minimize sample contamination. Take 
particular care where trace element 
determinations are sought; implements when 
sampling and avoid contact with soil, copper, 
and galvanized materials. Deionised water 
must be used to wash samples; do not use 
tank water. 
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Sampling appropriate plant parts: 
 For many species, tests are available 
which specify the analysis of nutrients in key 
index tissues, such as the youngest mature 
leaf blades or their subtending petioles. 
These plant parts, of known physiological 
age, are especially sensitive to nutrient 
supply and are often preferred to whole 
shoots for analysis. Samplers therefore need 
to gain experience in locating and sampling 
these plant parts. 
 The relevant parts can be collected 
from plants in the field or they can be 
separated later from whole shoots. This is a 
matter of convenience. However, it is 
essential that clean, correctly identified plant 
parts are separated and dispatched for 
analysis.  
Other factors to consider when sampling :  
The following practices should be adopted for 
all sampling.  
Avoid sampling soiled, diseased and insect 
or mechanically damaged plants, and exclude 
senescing and dead tissue from the gathered 
material.  

Avoid sampling plants growing within areas 
which have unusual features (e.g. rockey 
areas, poorly drained or salt affected areas 
and areas near water troughs, sheep camps, 
stock routes, rabbit burrows, crops edges, 
headlands, firebreaks and fertilizer depots). 
Avoid sampling dung and urine patches and 
in the immediate vicinity of trees. 
Do not sample when plants are under water 
or temperature stress; also avoid sampling 
waterlogged plants. Sampling should 
normally be undertaken when plants are 
growing vigorously. 
Avoid sampling vegetative organs after 
flowering in non-woody determinate species 
since many nutrients are redistributed to 
developing fruits and grain. 
Minimize sample contamination. Take 
particular care where trace element 
determinations are sought; implements when 
sampling and avoid contact with soil, copper, 
and galvanized materials. Deionised water 
must be used to wash samples; do not use 
tank water. 

 
 
Sample handling and preparation: 
 Each step in sample preparation can 
contribute errors, which may have cumulative 
effect on the final reported result. As far as 
possible, standard procedures should be 

employed to minimize or prevent such errors, 
even though they are small (usually<10%) 
compared with errors introduced during plant 
sampling. 



 CAFT on Agro-ecological Approaches towards Sustainable Agricultural Production from 01-21 Oct. 2013 
 
 

 

JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)   128 
 
 
 

Sample transport: 

 The most difficult logistic problem 
facing plant analysis services is the 
preservation of fresh material during transport 
from remote country areas to central 
processing laboratories. Delays and adverse 
conditions during transport of fresh samples 
can cause substantial respiratory losses in 
weight, or enhanced enzymatic activity . Both 
of which produce corresponding errors in 
nutrient determinations. The apparent 
concentration of nutrient fractions may also 
change. Erroneously high nutrient 
concentrations are measured in fresh 
samples, which have decomposed during 
transport and storage. Such samples should 
not be analysed.  

Thus delays in transport, sample 
handling and analysis should be avoided 
wherever possible and steps should be taken 
to minimize sample deterioration and 
respiratory losses.  

Although no single handling system is 
likely to be accepted universally, the following 
guidelines should be followed. 

Field sampling should be undertaken early in 
the week. 

The sampler should wash his hands before 
collecting samples or use disposable gloves. 

The collected material should be placed in 
labeled open paper bags and immediately 
placed in cooled contains or car refrigerators 
(set at 50C) for transport from the field. Avoid 
using crushed ice, which melts and can 
contaminate the sample. Prolonged storage 
at ambient temperatures or in closed car 
compartments during warm weather should 
not be allowed. 

After transport from the field, samples can 
be stored in refrigerators are at 50C to 
minimize respiratory losses and plant 
spoilage. 

Soil adhering to the plant may be removed 
either by washing basal shoots briefly in 
demonized water or by brushing with tissue 
paper. 

The sampler should then thoroughly clean 
his hands and commence separating the 
plant parts required for analysis. This should 
be done in a dust free room on a table 
covered with clean plastic sheet. If trace 

element determinations are required, avoid 
contact between the plant material and 
metals (e.g.brass, copper, galvanized 
surface) during this period and at any other 
time. 

Before packaging, the plant surfaces should 
be free of excess moisture. The separated 
plant parts or shoots should then be placed in 
large labeled paper bags. Do not seal 
samples in polythene bags. 

The sample bags should then be placed in a 
card board or paper container (often provided 
by the receiving laboratory) together with the 
completed site information card, and 
dispatched immediately by priority mail or 
airfreight to the processing laboratory. 
Preferably, the laboratory should receive the 
samples within 24 hours of sampling. 

Decontamination: 

 Upon receiving fresh samples, 
laboratory staff must first decide whether or 
not adhering contaminants or spray residues 
need to be removed from plant surfaces. 
Within Australian laboratories washing 
practices very widely. So what are the issues 
involved, and should washing procedures be 
standardized and used routinely? 

 Sample contamination arises 
principally from dust, rain splashed soil 
deposits accumulated from pesticide or 
nutrient foliar sprays, or from inadvertent 
contamination during plant sampling and 
handling. The worst levels of contamination 
occur commonly in seedling crops and heavily 
grazed or sparse pastures (from adhering soil 
and dust), and in                                                        
(from soil and pesticide residues). Soil 
contamination is least in the uppermost 
foliage of effect terminal shoots. 

 The effect of surface contamination 
on plant nutrient concentrations very with 
location (Soil type and rainfall), crop type 
(whether glabrous or pubescent foliage), crop 
age, and management. Whereas soil 
contamination usually has little influence on 
concentrations of major nutrient in the plants, 
it can result in elevated concentrations of 
trace elements. Soil deposits of iron, 
aluminum and silicon are especially 
troublesome, since their concentrations in soil 
ate appreciably higher than those normally 
found in plants. 
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Table : Effects of washing techniques on nutrient concentrations in orange leaves (after 
Labanauskas, 1966) 
 
                                             Mean nutrient concentrations in leaves* 
Nutrient                   Unwashed                   Detergent wash              detergent  /acid wash 

 

  N(%)   2.53   2.56    2.55   

  P(%)   0.147   0.146    0.147 

  K(%)   1.07   1.08    1.07  

  Ca(%)   3.97   3.97    3.96 

  Mg(%)   0.422   0.407    0.416   

  Na(%)   0.061   0.066                0.065  

  Cl(%)   0.022   0.028    0.064 

  Cu(mg/kg)  5.6   5.1    5.0 

  Zn(mg/kg)  123              68    65 

  Mn(mg/kg)  182     94    92 

  Fe(mg/kg)  186   61    61 

   B(mg/kg)  367             368              369 

--------------------------------------------------------------------------------------------------------------------------------- 
 

Sample drying: Normally two drying cycles 
are necessary before plants can be analysed 
chemically. 
Initial drying cycle:   
 In most laboratories samples are 
dried at 65-800 C in stainless-steel lined 
ovens, which allow adequate circulation of air 
between samples.  
 
Final drying cycle: 
  Following the initial drying, 
samples are sometimes weighed (e.g. 
research samples) and then ground and 
stored for a period prior to analysis. The finely 
ground material absorbs atmospheric 
moisture, which necessitates a second drying 
cycle (e.g.700C for 12 hours) immediately 
before sub samples are weighed for chemical 
analysis. Plant concentrations can then be 
expressed on an ‘oven-dry basis’. 
 
Grinding and storage: 
  Dried samples are 
customarily ground to reduce field samples to 
manageable sizes, and to facilitate the 
preparation of homogeneous sub samples for 
chemical analysis. However, grinding is not 
essential for small sized samples because the 

whole sample contained in tissue paper can 
be readily crushed by hand and weighed for 
analysis for cobalt is required (Barry 1985). 
 Mechanical grinding is accomplished 
in a variety of mills, which must have stainless 
steel grinding surfaces to minimize 
contamination). Where iron is to be 
determined, agate or tungsten carbide mills 
with Teflon coated blades should be used. 
 During grinding, particular care must 
be taken to ensure that the sample is not 
contaminated and that it does not segregate 
into coarse and fine particles. Segregation 
can be a significant source of error, 
particularly with samples containing fibrous 
stems and succulent leaves, which pulverize 
at different rates and contain markedly 
different nutrient concentration. 
 It is recommended that samples be 
ground completely to a particle size of less 
than 1 mm, and be mixed thoroughly before a 
subsample of suitable size is stored for 
eventual analysis. Samples should be stored 
in clearly labeled, airtight, glass or 
polycarbonate containers which can 
withstand a second drying cycle. This should 
prevent samples from being infested with 
insects during storage.  
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Table:  Results from an interlaboratory quality assurance programme conducted among 24 

Australian laboratories in 1983 
 
 

Elements Lucerne hay Wheat grain Citrus leaves Mixed herbage 

Mean SD CV Mean SD CV Mean SD CV Mean SD CV 

N(%) 3.79 0.12 3.2 2.33 0.12 5.1 1.99 0.09 4.3 3.77 0.11 3.0 

P(%) 0.32 0.02 4.7 0.30 0.02 6.7 0.11 0.009 8.4 0.33 0.02 5.3 

K(%) 2.14 0.08 3.7 0.37 0.04 9.5 0.71 0.04 5.8 2.09 0.10 4.7 

S(%) 0.39 0.03 7.7 0.16 0.02 12.5 0.24 0.02 8.3 0.39 0.03 7.7 

Ca(%) 0.91 0.04 3.9 0.04 0.006 16.0 3.84 0.28 7.2 0.93 0.05 4.9 

Mg(%) 0.46 0.03 6.5 0.14 0.008 5.7 0.17 0.009 5.1 0.45 0.03 6.7 

Na(%) 0.34 0.03 8.8 0.005 0.006 12.0 0.09 0.01 11.1 0.35 0.03 7.6 

Cl(%) 1.21 0.06 5.0 0.08 0.01 15.8 0.32 0.02 6.0 1.19 0.06 5.0 

Cu(mg/kg) 11 1.1 9.5 5 0.99 19.8 242 21 8.7 13 1.4 10.6 

Zn(mg/kg) 29 1.8 6.3 16 1.5 9.6 63 5.5 8.8 30 1.9 6.3 

Mn(mg/kg) 52 2.4 4.5 49 5.2 10.6 80 4.2 5.2 52 3.0 5.7 

Fe(mg/kg) 573 47 8.1 44 5.0 11.2 185 16 8.9 524 43 8.2 

B(mg/kg) 63 5.1 8.1 4 1.3 33.6 121 12 9.7 58 9.6 16.6 

Table: General description of symptoms of nutrient deficiencies 

Nutrient Symptoms 

Nitrogen Chlorosis of whole plant often with reddening. Older leaves usually affected first. 
Phosphorus Dark green foliage, reddening or purpling of leaves or petioles (similar to cold 

effects). 
Potassium Older leaves may show necrotic spots or marginal burn; younger leaves may 

develop red pigmentation or become Interveinal chlorotic and show a shiny 
surface.  

Calcium Growing point dies. In fruit crops, disorders of fruits (e.g. bitter pit in pomes fruit, 
blossom-end rot in tomato and pepper). In leaf crops, disorders such as tip burn.  

Magnesium Marginal or Interveinal chlorosis often quite strongly coloured. Green area of leaf 
may form an ‘arrowhead’ in woody plants. Strong reddening may border the 
chlorotic zone. Usually on older tissue first. 

Sulphur Chlorosis of the whole plant, often younger leaves affected first. 
Copper Death of young leaves, chlorosis, failure of fertilization and fruit set (S-shaped 

shoot growth and fruit gumming in citrus. 
Zinc Little leaf, resetting, chlorotic mottle in less severe cases. 
Manganese Interveinal chlorosis; when severe, necrotic spots or streaks may form. Often 

occurs first on middle leaves. 
Iron Interveinal chlorosis, which in severe cases may mean total bleaching of young 

foliage followed by necrosis. Occurs first on young leaves. 
Boron Death of growing points. Axillary buds may burst giving a witches broom effect. 

Some species (e.g. grape) may show leaf distortion characteristic of impaired 
metabolism of Auxin. Fruit may be distorted or show woody pits or cracking of the 
surface. Petiole cracking in celery and hollowness in some root vegetables 
species. 

Molybdenum In legumes, general paleness. In no-legumes, mottled pale appearance, marginal 
burn of mature leaves (rock melon, maize, sunflower). Whiptail in cauliflower.  
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Flow chart for collection, handling and analyzing plant samples 

Conclusion: 
 Reliable plant analysis requires that 
the best possible techniques are used in each 
phase from plant collection to analysis. This 
chapter has demonstrate how being aware of 

all likely sources of error and taking steps to 
eliminate or minimize them can achieve this. 
Summarizes the concept and the steps 
involved. Many of these procedures need to 
be standardized in Indian plant testing 
services. 
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Data are the fundamentals of statistics. 
They can be generated through two ways:  

   (i) Sample surveys                

   (ii) Field experimentation 

Design of experiment is very much 
useful in field experimentation to test the 
significant differences among the treatment 
means. Some of the terminology which are 
utilized in design of experiment given below:  

 Experiment 

 Treatment 

 Experimental unit 

 Experimental error 

 Precision 

 Layout 

Experiment  

Experiment is a means of getting an 
answer to the question that the experimenter 
has in mind. This may be to decide which of 
several pain–relieving drugs that are available 
in the market is the most effective or whether 
they are equally effective. An experiment may 
be planned to compare the Chinese method of 
cultivation with the standard method used in 
India. In planning an experiment we clearly 
state our objective and formulate the 
hypotheses we want to test. 

Treatment 

The different procedure under 
comparison in an experiment is the different 
treatments. e.g. in an agricultural experiment, 
the different varieties of a crop or the manures 
will be the treatments. In a dietary or medical 
experiment, the different diets or medicines etc. 
are the treatments. 

Experimental unit  

An experimental unit is the material to 
which the treatment is applied and on which 
the variable under study is measured. In an 
agricultural field experiment, the plot of land, 
and not the individual plant, will be the 
experimental unit; in feeding experiment of 
cows, the whole cow is the experimental unit; 
in human experiments in which the treatment 
affects the individual, the individual will be the 

experimental unit. 

Experimental error                                  

       A fundamental phenomenon in 
replicated experiments is the variation in the 
measurement made on different experimental 
units even when they get the same treatment. 
A part of this variation is systematic and can 
be explained, whereas the remainder is to be 
taken of the random type .The unexplained 
random part  of the variation is termed the 
experimental error .This is a technical term 
and does mean a mistake, but  includes all 
types of extraneous variation  due to – 

inherent variability  in the experimental units 

error associated with the  measurements 
made and  

Lack of representativeness of sample to the 
population under study.  

Precision 

 The precision of an experiment is 
measured by the reciprocal of the variance of 
the mean: 

 

 

As n i.e. replication number increases, 
precision also increases. Another means of 
increasing precision is to control σ2, smaller 
the value of σ2, the greater the precision. 

Layout 

    The term layout refers to the 
placement of treatment to the experimental 
unit according to the condition of design. 

BASIC PRINCIPLES OF FIELD 
EXPERIMENTATION 

There are three basic principles:  
Randomization 

For an objective comparison, it is 
necessary that the treatments be allotted 
randomly to different experimental units. 
Statistical procedures employed in making 
inferences about  treatment holds good only 
when the treatment are allocated randomly to 
the various experimental units . The purpose 
of randomness is to ensure that the source of 

2

1
var ( )

n
iance mean 
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variation not controlled in the experiment 
operate randomly so that the average effect of 
any group of units is zero. In other words 
randomization ensures that different 
treatments on the average are subjected to 
equal environmental effect. 

Replication  

     The repetition of treatments by 
applying them to more than one experimental 
unit is known as replication. It results in more 
reliable estimate of the treatment means than 
is possible with a single observation. In any 
experimental situation, replication is necessary 
in order to get an estimate of experimental 
error variation caused due to uncontrollable 
factors. As it is, this variation, against which the 
variability due treatments is compared. If we 
repeat a single treatment a number of times the 
mean of the treatment will be subjected to 
standard error = σ/√r where σ is the nature 
error variability.  

Local Control 

     The reduction in the experimental error 
can be achieved by making use of the fact that 
adjacent areas in the field are relatively more 
homogeneous than those widely separated. 
The entire experimental material , if it is 
heterogeneous , may be divided  into different  
groups or blocks  by taking  homogeneous  
units  together and the treatment  may be 
allocated randomly to different units in each 
group by  putting  a restriction that each 
treatment is applied to one and only one units 
of the block such that  no treatment  is 
repeated in any group  and no treatment is  
absent from any group.   

This procedure   of blocking or grouping is 
termed as local control.  

The aim of the local control is to reduce the 
error by suitably modifying the allocation of 
treatments to the experimental units.  

BASIC DESIGNS 

Completely Randomized Design  

The simplest design using the two 
principles i.e. .replication and randomization is 
the completely randomized design (CRD).  In 
this whole of the experimental material 
assumed to be homogeneous is divided into a 
number of experimental units depending upon 
the number of treatments and their replication. 
The treatments are then allotted randomly to 
the units /plots. This design is useful for 
laboratory, green house and pot experiments. 
Missing plots  or unequal replication do not 
create any  difficulty  in the analysis of this 

design .If we have three treatment A ,B ,and C 
with 5, 3 and 4 replication then the total 
experimental material is divided into 12 
experimental  units .Then random allotment of 
treatment A , B, C can be done to 5 , 3 and 4 
experimental units as shown below. 

A  B  A  B 
A A C C 
C B C A 

Model –  

 Yij =  +  i + e ij         (i = 1, 2 …..t, j = 1 ,2 
….r) 

           Where -:  yij denotes the observation of 
jth replicate for the ith treatment  

 is the general mean effect ,  

ti is the effect due to ith treatment and 

eij is the random error . 

Randomized Complete Block Design 

When the experimental material is not 
entirely homogeneous, the completely 
randomized design can not be used. So here 
we divide the whole material into 
homogeneous groups/blocks of experimental 
units by adopting the principle of local control. 
Here the homogeneous groups called blocks 
are formed perpendicular to the fertility 
gradient. The randomization of the treatments 
is done independently in each block. Let there 
be 5 treatments A, B, C, D and E and each 
replicated three times, the experimental area 
may be divided into three blocks B1, B2, B3 as   
shown below and then each block is divided 
into 5 plots. The design is used frequently in 
agricultural field experiments. 

B1 A C D B E 
B2 D C E A B 
B3 A E C D B 

   
Model-    Yij =  + ti + bj + e ij; (i = 1, 2 …..t, j = 
1 ,2 ….r) 

Where -: Yij denotes the observation of jth 
replicate for the ith treatment  

 is the general mean effect ,  

ti is the effect due to ith treatment and 

bj is the effect of  jth  blocks 

 eij is the random error. 

Latin Square Design 

The randomized block design is 
intended to reduce error in respect of one 
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factor by forming homogeneous block or 
groups. Often there is a variation among 
animals in respect to more than one factor 
variation in respect of two factors can 
sometimes be controlled simultaneously by an 
arrangement known as Latin square .In this 
design, the number of replications must be 
equal to the number of treatment. The txt unit 
is grouped in “t’ rows and‘t’ column according 
to the variation in two factors. Similarly in field 
experiments, soil heterogeneity is eliminated 
in two ways by grouping the units into rows 
and columns. If the fertility gradient is in the 
direction of east to west, then the grouping will 
be done in the direction of North to South. The 
treatments are allotted such that each 
treatment ‘occurs once and only once in each 
row and in each column. 

The following are the examples of a 
Latin Square Design 

 
A B C 
B C B 
C A A 

 
B C A D 
D A C B 
A D B C 
C B D A 

The first is a Latin square of order 3 in 
a standard form. The second of order 4 has 
been derived from a standard Latin square by 
permutation of rows and columns. 

Model -       Yij =  + ri + cj+ tk +eijk  

(i = 1, 2 …..t,  j = 1 ,2 ….  t,    k=1,2….t  ) 

where Yijk denotes the observation on 
the kth treatment jth column and in ith 

row , 

  is the general mean effect ,  

 ri is the effect due to ith row ,  

cj is the effect due to jth Column the ith 

treatment 

 tk is the effect due to kth treatment and 

 bj is the effect of  jth  blocks 

 eijk is the random error  which is 
assumed to be independently and 
normally distributed with mean zero 
and constant variance (2).  

Factorial Experiments  

Experiment  where the effects  of 
more than one  factor, say variety manure, etc. 
are considered together are called factorial 
experiments, while  experiment  with one  

factor, say only variety or manure, may be 
called simple experiments. Consider a simple 
case of a factorial experiment. The yield of a 
crop depends on the particular manure applied 
.We may have two simple experiments, one 
for the variety and one for the manure. First 
experiment will give information on whether 
the different varieties of crop are equally 
effective or there are some varieties which will 
give higher yields than rest, similar type of 
information may be obtained from the second 
simple experiment about the manures. Though 
the experiment with varieties will be performed 
in the presence of particular manure (not all 
the manure) and the experiment will be 
performed with a particular variety (not all the 
varieties), they will not give us any information 
about the dependence or independence of the 
effect of the varieties on those of the manures. 
If there are p different varieties then we shall 
say that there is p level of the factor ‘varieties’. 
Similarly, the second factor ‘manure’ may 
have q level, i.e. there may be different 
manures or different doses of the same 
manure .Then this factorial experiment will be 
called a p x q experiment. 

Types of factorial experiment:      

Symmetrical factorial: where the levels of 
each factor are the same in the experiment.  

Example- 22, 23, 24 …2n are symmetrical 
factorial experiments of factors two, three, 
four… n, each it two levels .The experiments 
32, 33, 34 …3n are also symmetrical factorial 
consisting of 2, 3… n, factors each at three 
levels.  Here in both type of experiments, the 
levels of the factors are the same. In first, it is 
2 and in second, it is 3. 

Asymmetrical factorial: where the levels of 
each factor are the different in the    
experiment. 

In general, if there are n factors each 
with s levels than it is known as Sn factorial 
(symmetrical) experiments. If the factors 
consist of different levels i. e A has 2 levels 
and B has 3 levels, then it is known as 2x3 
asymmetrical factorial experiments and if there 
is another factor which is at four levels, then it 
called 2 x 3 x 4 factorial experiment.  
One factor at three levels  

The three levels of factor a may be 
denoted by a0, a1, a2, with equal intervals. In 
dealing with factors at two levels we have not 
mentioned the matter of equality of interval 
because there is only one interval in that case. 
Levels with unequal intervals can also be 
analyzed, the situation for one factor at three 
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levels, a0 , etc., also denoting the response at 
that level is shown below.  We observe the 
following: 

Increment form 0 to 1: a1 – a0 

Increment from 1 to 2: a2 –a1  

Sum of increments: (a2-a1) + (a1-a0) = a2-a0  

Difference between increments: (a2-a1) – (a1-
a0) = a2-2a1 +a0 

The first contrast, a2-a0, measures the 
linear effect of the factor. The second contrast, 
a2-2a1+a0, measures the deviation from 
linearity, because if the three points in are 
collinear, this quantity equals zero. The method 
of subdividing the ssq with two degrees of 
freedom.  

Two factors, each at three levels  

When there are tow factors, each at 
three levels, there will be nine treatment 
combinations, an example of which is given in 
.The ssq between blocks (with 3 df), the ssq 
between treatments (with 8 df), and the ssq for 
error (with 24 df) may be calculated the usual 
way.  In fact, these preliminary results may be 
found in, with blocks and treatments 
interchanged and rearranged.  

The seven contrasts  

For factors at two levels, the symbolic 
expressions and expansions for the various 
contrasts have been greatly simplified by 
replacing a1 and a0 by a and 1, etc.  
Unfortunately, there is no equally simple 
notation for factors at three levels.  We may, 

however, adopt a half-simplified system, writing 
a2, a1, a0, as a2, a, 1. Even this half-simplified 
notation will save us a lot of writing labor. 
These four contrasts may be written 
symbolically  

 A1  = (a2 - 1) (b2 + b + 1) 

A2  = (a2 – 2a + 1 ) ( b2 + b + 1) 

B1  = (a2 + a + 1) (b2 - 1) 

B2  = (a2 + a + 1) (b2 - 2b + 1) 

Where factors like (a2 + a + 1) and (b2 
+ b +1) simply mean marginal totals. The 
remaining four expressions for different types 
of interactions are  

A1B1  = (a2 - 1) (b2 - 1) 

A1B2  = (a2 - 1) (b2 – 2b + 1) 

A2B2  = (a2 – 2a + 1) (b2 – 2b + 1) 

These eight expressions, when 
expanded, will form a set of orthogonal 
contrasts, each with a single degree of 
freedom. Instead of lining the nine treatment 
combinations into a single file. Note that the 
coefficients for the interactions are actually 
products of corresponding coefficients of the 
main effects involved.  

The 2 x 3 factorial 

When one factor (say,a) is 
administered at two levels (a1,a2) and another 
factor (say,b) at three levels with equal 
intervals (b0,b1,b2), we say breakdown of 
treatment effects of a 2 x 3 factorial (based 
on hypothetical data).  

 a2 a1 Effect Z Divisor 
D x r 

Ssq  
Z2 / Dr 

 b2 
144 

b1 
138 

b0 
108 

b2 
162 

b1 
90 

b0 
78 

   

   
A +1 +1 +1 -1 -1 -1 60 6 x 6 100 
B1 +1 0 -1 +1 0 -1 120 4 x 6 600 
B2 +1 -2 +1 +1 -2 +1 36 12 x 6  18 

AB1 +1 0 -1 -1 0 +1 -48 4 x 6 96 
AB2 +1 -2 +1 -1 +2 -1 -84 12 x 6 98 

          
                                                                                                 Total treatment Ssq = 912 

 
Is a 2 x 3 factorial experiment.  It is the 

simplest example of factors with mixed level.  
The analysis hardly needs explanation, 
because we merely combine the techniques of 
the preceding two chapters. The five contrasts 
among the six treatment combinations are, 
symbolically, 

   A = (a2 – a1) (b2 + b1 + b0) 
 

 

B1 = (a2 + a1) (b2 – b0) 

B2 = (a2 + a1) (b2 – 2b1 +b0) 

AB1 = (a2 – a1) (b2 – b0) 

AB2 = (a2 – a1) (b2 – 2b1 + b0) 

The above table gives the coefficients 
of the treatment combinations after these 
symbolic expressions have been expanded; 
this is a numerical workout from a 6 x 6 Latin-
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square data. It is seen that the sum of the five-
component ssq is 912, as was found in above 
table. Each component may then be tested 
against s2 = 14.2 with 20df. 

Zero level and dummy treatments  

When the lowest level of application of 
the factors is actually zero (that is, no 
application at all as an absolute control) and 
the factors involved are different kinds of 
material such as different derivatives of a basic 
chemical compound, different preparations of a 
vaccine or antiserum, different varieties or 
strains of organisms, different forms of an 
active ingredient, etc., then the three treatment 
“combinations’ at the zero level are all identical, 
receiving no active ingredients at all.  For 
convenience, let us change the notations 
slightly and denote the three different drugs by 
a, b, c (aspirin, Bufferin, Coricidin; or Ajax, 
Babo, Comet, if you like) each administered at 
three levels – 0 (none given), 1 (10grains per 
day), 2 (20 grains per day). The nine 
combinations are then as tabulated here.  But 
the three combinations at the zero level (a0, b0, 
c0) really represent the same condition 
(placebo): the patient receives no drug of any 
king.  There are actually only seven (not nine) 
distinct treatments.   

The factorial may also be regarded as 
a 2 x 3 plus an extra control, instead of the 
superficial 3 x 3. The investigator may, of 
course, conduct an experiment with just seven 
treatments; each replicated a certain number of 
times.  In such a case, the number of 
observations at the zero level is only one-third 
of that at the other two levels and the 
quantitative effect of the drugs will not be as 
accurately determined as when there are an 
equal number of replications at levels.  In many 
instances, it is desirable to preserve the 
superficial 3 x 3 structure with equal number of 
placebos and treatments at 1 and 2 levels.  
Then the treatments a0, b0, c0 are called 
dummy treatments.  They are assigned at 
random to patients as if they were different. 
The analysis of the treatment effects, however, 
requires a sight modification.   

CONFOUNDING 

Confounding in experimental design is 
then to denote an arrangement of the 
treatment combinations in the block in which 
less important treatment effects purposively 
confounded with the block. This non-
orthogonality is not a defect of the design; it is 
deliberately introduced in order to get better 
estimates and tests on the important treatment 
combinations. 

Types of confounding  

 Complete confounding: 

In complete confounding, we confound      
the same interaction in all the replications 
and thus, we don’t have the information 
regarding get information that interaction 
from all the replication where                  
as unconfounding effects can be 
estimates and tested as any complete 
block design. 

 Partial confounding: 

In partial confounding the different 
interaction is confounded in different 
replications .That is, if one effect is 
confounded in first replicate, then other 
effective will be confounded in second, in 
third and so on. 

• Systems of confounding in a 2n 
experiments: 

 Let us suppose that we have 5 factors A, B, 
C, D and E each at 2 levels, giving 32 
combinations.  

 treatment combinations in all .We wish  
to use blocks of  8 experimental units 
.The experiment will consist of 4 blocks 
of  8 units and there will be 3 effects or 
interactions confounded with blocks . 

  If we confound the interaction BCD, the 
treatment the combinations fall into two 
groups, each groups consisting of 2 of 
the blocks namely:  

 () :  (1), bc , bd, cd , a, abc , abd, acd, e, 
bce, bde, cde, ae, abce, abde, acde. 

 (): b, c, d, bcd, ab, ac , ad, abcd, be, ce, 
de, bcde, abe, ace, ade , abcde. 

 If we also confound, say, CDE, we 
divided the treatment combinations and 
again into 2 groups. 

 (): (1), cd, ce, de, a, acd, ace, ade, b, 
bcd, bce, bde, ab, abcd, abce, abde. 

 (): c, d, e, cde, ac, ad, ae, acde, bc, bd, 
be, bcde, abc, abd, abe, abcde. 

If each of the comparisons () vs. () 
and () vs. () are to be block comparisons, 
the blocks must contain the common 
treatment combinations of the followings: 

    (1)Treatment common in () and () 

    (2) Treatment common in () and ()               

 (3) Treatment common in () and () 

 (4) Treatment common in () and () 
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The four blocks will be represented as given 
below 

(1) (2) (3) (4) 
(1) e b c 
cd cde bcd d 
a ae ad ac 

acd acde abcd bd 
bce bc ce ae 
bde bd de bcde 
abce abc ace abe 
abde abd ade abcde 

 

SPLIT PLOT EXPERIMENT 

        In field experimentation, 
sometimes we need the large experimental 
area to the test the treatment .In fact, when we 
go for testing the different methods of 
ploughing or irrigation. In this situation, it is 
difficult to manage both treatments in a small 
area. These treatments are called the whole 
plot treatments or main plots. It is possible to 
test another treatment by splitting the main plot 
into subplots which does not require large 
plots. It may be possible that for subplot 
treatment expense may be slightly high. We 
introduce the second treatment in split plot by 
splitting the whole plots. We test the treatments 
which are in sub plots more efficiently rather 
than whole plots. 

Model :- 

Yijk =  + ri + m j + e ij + s k + (ms) jk + e ijk 

where, Yijk is the observation on the kth 
sub plot the jth main plot in the ith replication.  

 is the general mean effect 

ri is the ith replication effect 

mj is the  main plot treatment effect  

eij is the error first or main plot errors 
which are N(O,2e) 

sk is the kth sub plot treatment  

(ms)jk is the interaction effect due to 
main and sub plot treatment  

 eijk is the error second or sub plot error 
which are N(O,2e). 

STRIP PLOT EXPERIMENT 

Another kind of split plot experiment is 
the strip plot experiment. It is also known as 
split block experiment  because the blocks are  
spitted  row wise and column wise to 
accommodate the two sets of treatments.  

This experiment is usually performed where  
both treatments require large plot size .This is 
generally happened in agronomic experiments 
in which both experimental factors are not 
easily applied to small areas like split plot . 

For example: The factors are tillage and water 
management. 

In this experiment each block is 
divided row wise as per the first set of 
treatments and column wise as per the 
second. The column wise treatments are      
laid out either in RCBD or LSD. The 
randomization process is the same as that     
for the standardized design. The layout plan of 
1 replicate is be as shown in the following 
figure. 

Replication 1 

 A0 A2 A3 A1 
B1     
B2     
B0     
B4     
B3     

Where A and B are the level of first and 
second set of treatments. In this experiment at 
least two replications are required. Such 
experiment provided relatively low accuracy 
on both main effects with relatively high 
accuracy on the interaction. 

Response surface  

If in an agricultural  experiment, yield  is  
influenced  by  several factors like  height of 
the plant,  length  of  ear  head,  temperature,  
relative  humidity,  etc.,  which  are all 
quantitative variables then the yield (or 
response ) is a Function of the levels of these 
variables an is denoted by, 

1 2( , ...... )j j j kj jY X X X E    

    Where j=1,2,…, n represent the jth 
observation in the factorial experiment         
and i jX denotes the level of    ith factor of the 

jth  observation and 'jE s  are experimental 
errors  which  are assumed  to  be  
independent  and  follow  normal  distribution  
with  mean zero and variance 2k . 

   The function ‘φ’ is called response 
surface. If φ is known then it is easy to predict 
(or forecast) the value for knowing the different 
levels of factors. Further the combination of 
levels of factors can be arrived at to attain the 
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optimum and maximum response once the 
function is known. In the absence                    
of knowledge of the function it can be 
assumed that the experimental region can      
be represented by a polynomial of first or 
second degree. The designs used for fitting 
the first degree and second degree 
polynomials are called first order and second 
order designs respectively. The fitting of 
second order polynomial is illustrated here 
with an example.  

  Example: An experiment was 
conducted with nitrogen at four levels (40, 60, 
80, 100 kg/ acre) along with phosphorus          
at three levels (15, 30, 45 kg/acre) in a         
lay-out of randomized block design having 
three replications for paddy. The hypothetical 
yields are presented in the following Table 
16.70. 

Table: Replications 

Treatment  1 2 3 Total 

n0p0 8 10 9 27 

n0p1 10 14 12 36 

n0p2 11 9 10 30 

n1p0 13 12 15 40 

n1p1 15 14 13 42 

n1p2 18 16 19 53 

n2p0 14 12 10 36 

n2p1 20 22 22 64 

n2p2 24 26 25 75 

n3p0 16 15 18 49 

n3p1 22 20 23 65 

n3p2 28 27 29 84 

 199 197 205 601 

Fit the response surface for the above 
data.  

The two way table of nitrogen and 
phosphorus with plot yield totals of three 
replications is given below: 

Nitrogen  15 30 45 Total 

40 27 36 30 93 

60 40 42 53 135 

80 36 64 75 175 

100 49 65 84 198 

The factorial analysis is presented in 
the ANOVA table below:  

 

Source  d. f.  S.S.  M.S.  Fcal 

Replications 2 2.89 1.45  
Treatments 11    

N  3 711.42 237.14  
P  2 343.06 171.53 117.40**

NP  6 177.83 29.64 84.92** 
Error  22 44.44 2.02 14.67** 
Total  35 1279.64   

** Significant at 1 % level 

To examine the trend in yield for 
different levels of nitrogen and phosphorus, 
the linear, quadratic components for 
phosphorus; linear, quadratic and cubic 
components for nitrogen as well as for NP 
Interaction were computed as follows. The 
coefficients of orthogonal  polynomials for 
linear and quadratic components for 
phosphorus levels (-1,0,1) and (1,-
2,1)respectively, the coefficients for nitrogen 
levels for linear, quadratic and cubic 
components are (-3,-1,+1,+3), (+1,-1,-1,+1), (-
1,+3,-3,+1) respectively.  

Table: 16.27 

 40  60  80  100 Total 

 (Linear)  3  13  39  35 90 

 (quadratic)  -15  9  -17  3 -20 

 

 
It can be verified that  

 
Similarly the linear, quadratic and cubic 
components for nitrogen are computed as 
follows.  

Table: phosphorus levels  
 15  30  45  Total 

 (linear)  62  109  184  355 

(quadratic)  0  -5  -14  -19 

(cubic)  34  -37  -12  -15 
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Source  d. f.  S.S.  M.S.  Fcal 

Replications 2  2.89  1.45   

N 3  711.42    

NL 1  700.14  700.14  346.60**

NQ 1  10.03  10.03  4.97 

NC 1  1.25  1.25   

P 2  343.06    

PL 1  337.50  337.50  167.08**

PQ 1  5.56  5.56   

NP 6     

NLPL 1  124.03  124.03  61.40** 

NLPQ 1  2.18  2.18   

NQPL 1  8.17  8.17   

NQPQ 1  0.22  0.22   

NCPL 1  17.63  17.63  8.73** 

NCPQ 1  25.60  25.60  12.67 

Error 22  44.44  2.02   

Total 35  1279.64    

** Significant at 1 % level 

 From above table, it can be observed that the 
yield is significantly affected by linear and 
quadratic trend of nitrogen, linear trend of 
phosphorus, linear trend of nitrogen with linear 
trend of phosphorus, cubic trend of nitrogen 
with linear trend of Phosphorus, cubic trend of 
nitrogen with quadratic trend of phosphorus.  

The response surface is the 
mathematical relation taking yield as the 
dependent variable and the above mentioned 
factors as independent variables. Let the 
relation between yield and  

 

 

Where Y is the estimated value of yield and 

 
and 'ib s are regression coefficients. 

In order to find out the regression coefficients 
'ib s  the coefficients of orthogonal 

polynomials will be used  since, 

 
 
 

Nitrogen 
levels  

Phosphoru
s  levels  

Yield 
Total (Y)   

NQ PL NLPL    NCPL   NCPQ 

40  15 27 -3 +1 -1 +3   

 30 36 -3 +1 0 0   

 45 30 -3 +1 1 -3   

60  15 40 -1 -1 -1 +1   

 30 42 -1 -1 0 0   

 45 53 -1 -1 1 -1   

80  15 36 +1 -1 -1 -1   

 30 64 +1 -1 0 0   
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 45 75 +1 -1 1    

100  15 49 +3 +1 -1    

 30 65 +3 +1 0    

 45 84 +3 +1 1    

 
 

 601 355 
60 

-19 
12 

90 
8 

122 
40 

-46 
40 

96 
120 

 

  5.9167 
-1.5833 

11.250 
3.0500 

 -1.1500 0.800 

 

The response surface between yield and 
'iX s is given by  

 
The same relation between yield and  

 is rewritten 
as: 

 
The estimated yields can be obtained for the 
given levels of nitrogen and phosphorus. For 
example, the estimated yield, when the level of 
nitrogen is 80 and the level of phosphorus is 
45, is obtained by substituting in the fitted 
equation for  
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India plays an important role in global 
vegetable oil economy contributing to about 
15.98% of world oilseeds cropped area, 
8.14% of oilseeds production and 5.25% of 
vegetable oils production. However, the 
productivity is only 1100 kg/ha as compared to 
the world average of 1957 kg/ ha (USDA, 
2013). India has the largest area in groundnut, 
sesame, safflower, and castor. The country 
ranks first in production of castor, safflower 
and sesame, second in groundnut, third in 
rapeseed- mustard, fourth in linseed and fifth 
in soybean respectively. India is endowed with 
diverse agro ecological conditions ideally 
suitable for cultivation of all annual oilseed 
crops viz.; soybean, rapeseed – mustard, 
groundnut, sunflower, sesame, safflower, 
castor, linseed and niger. The major oilseed 
growing states are Rajasthan (28.81%), 
Gujarat (13.18%), Madhya Pradesh (11.59%), 
Andhra Pradesh (4.42%), Maharashtra 
(3.01%), and Karnataka (3.01%). The other 
states, North Eastern states and Union 
Territories cover 16.1% of oilseed area. 
Rajasthan (15.25%) also tops among the 
major oilseed producing states followed by 
Madhya Pradesh (13.70%), Gujarat (13.26%), 
Uttar Pradesh (6.93%), Tamil Nadu (5.04%), 
Karnataka (5.0%), Andhra Pradesh (2.97%) 
and Maharashtra (2.34%). In India soybean 
ranks first contributing 35.99% of the total 
output followed by rapeseed-mustard 
(26.17%), groundnut (26.05%), and the other 
oilseed crops (11.79%). 

In India the productivity of oilseeds 
lower than the world average. There is great 
scope for harnessing the potential of oilseeds 
both in terms of increase in productivity and 
cropped area. The approaches for yield 
maximization of oilseed crops are discussed. 
(a) Most of the oilseed crops are grown on 
marginal soils, poor in soil fertility and water 
holding capacity and are prone to various 
processes of soil degradation. (b) Majority of 
the oilseed crops are grown under rainfed 
conditions, characterized by moisture, nutrient 
and other stresses. (c) Rabi oilseed crops are 
grown on receding soil moisture and rising 
temperatures. Crop stand establishment is the 
main problem. 

 

(d) Mixed cropping is the rule, rather than an 
exception. Family needs and risk distribution 
is the guiding principle rather than 
productivity. (e) Energy rich oilseed crops are 
grown under energy starved environments 
with inadequate where withal of production. (f) 
Oilseed farmers do not adopt the 
recommended practices. Due to uncertainties 
of rainfall and prices, farmers hesitate to 
invest. Thus, oilseeds do not receive the 
required care which makes oilseed production 
risky. (g)  Most of the oilseeds growing 
regions in the country suffer from one or the 
other micronutrient deficiencies. (h) Almost all 
the oilseed crops are susceptible to a host of 
biotic (weeds, diseases, insects) and abiotic 
stresses (water, temperature, salt). (i) 
Inadequate post harvest technology, 
deficiency in marketing support, storage and 
processing arrangement has also adverse 
effects on returns and incentives for 
production. Marketing of oilseeds is subject to 
intensive speculative activity resulting in large 
fluctuations in price, the magnitude of which is 
far more than would be warranted by 
variations in production. 

APPROACHES TO ENHANCE OILSEEDS 
PRODUCTION 

 There is substantial scope for 
harnessing the potential of oilseeds both in 
terms of increase in productivity and cropped 
area. The possible ways for increasing oilseed 
production are as follows: 

Area expansion:  

There is limited scope for expansion 
of area under oilseeds as the demand for land 
for producing different commodities will 
continue to rise to meet the need of raising 
population and increasing purchasing power. 
The area expansion in oilseeds can be 
possible through replacement of the less 
remunerative crops like millets and minor food 
crops and partly from increased cropping 
intensity. Under receding moisture conditions 
in post rainy season, safflower performs better 
than sorghum, wheat or chickpea. Under short 
growing seasons, crops like sesame and 
sunflower fits well. Replacement of less 
remunerative crops will continue at a smaller 
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scale as the oilseeds will have edge over 
other crops in terms of price and relative 
production under various stress conditions. 

  Besides exploiting limited 
opportunities for area expansion under 
oilseeds as sole crops, large potential exists 
to introduce oilseeds as intercrops in several 
major crops. Introduction of oilseed crops as 
inter crops with widely spaced crops is highly 
beneficial. Even in crops like wheat, 
introducing a row of mustard after 8-9 rows is 
more profitable than sole wheat in most of the 
irrigated wheat growing regions. Even in high 
rainfall regions of eastern India, intercropping 
groundnut and soybean in upland rice during 
Kharif has proved highly remunerative. 
Moreover, oilseeds can also be introduced as 
inter crops in less remunerative, traditional 
food crops like rainfed wheat, chickpea etc, 
whose replacement is not possible. 

 The grey areas of exploration for 
cultivation of oilseeds are newer areas and 
seasons. In eastern India, rice fallows are the 
potential areas for many oilseed crops like 
sunflower, rapeseed-mustard, groundnut, and 
sesame. Oilseeds are more salt tolerant than 
pulses and many cereals, hence better 
opportunities for success in large tracts of 
saline areas. Likewise, under conditions of 
limited water availability for the second crop of 
rice or in canal tailend areas, oilseed crops 
are better options wherein with less than a 
third of water needs of rice, better crop of 
oilseeds like sunflower, sesame and 
groundnut can be harvested. 

 Oilseeds crops like sunflower and 
sesame are the better options under 
contingency planning where the season for 
regular crops is not conducive or they have 
failed. They can also fit well as catch crops in 
between two regular crops. Value addition to 
some of the main and byproducts of oilseed 
crops will further increase their profitability and 
help to expand the area. 

Improving productivity:  

Although India holds an important 
position in the world oilseed scenario, the 
productivity of oilseeds in India is only 1100 
kg/ha (USDA, 2013) as compared to world 
productivity of 1987 kg/ha. Following are 
some of the measures to increase oilseeds 
productivity. 
Seed:  

Quality seed of improved varieties 
and hybrids is one of the important inputs for 
increasing oilseeds productivity. Newly 
developed improved varieties/hybrids have 

shown 20-35% yield superiority over the local 
cultivars with better resistance to pests and 
diseases. With the exception of sunflower and 
to some extent in castor, the seed production 
is primarily left with public sector agencies 
with many inbuilt limitations. While there is 
excess breeder seed production in most of the 
oilseeds, further multiplication through 
foundation and certified seed is the key 
constraint for availability of quality seed to 
farmers. The seed replacement ratio in the 
annual oilseed crops is not satisfactory. 

Crop management:  

Profitable oilseed production lies in 
efficient crop management practices, many of 
which are no cost or low cost inputs. Efficient 
crop management practices starting from 
adoption of proper crop rotation, timely 
planting, optimum plant stand through 
adjustment in seed rate and thinning, timely 
weed management, life saving irrigation, 
balanced plant nutrition and need based plant 
protection will have great influence on 
productivity of oilseed crops. Profit 
maximization is the prime motive for oilseeds 
production. 

Crop zoning:  

Cultivation of oilseeds is widespread 
with varying productivity levels in different 
regions of the county. An important strategy 
for efficient oilseeds production identified is 
crop ecological zoning. Delineating efficient 
zones for each oilseed crops helps in realizing 
better yield with higher input use efficiency. All 
our efforts for increasing area under oilseeds 
need to be dovetailed to these crop ecological 
zones. Support services like input supply, 
marketing and processing have to be linked to 
these efficient crop zones.  
Nutrient management:  

Supply of plant nutrients by the 
application of fertilizers plays a key role in 
increasing oilseed crops seed yield. The 
contribution of fertilizers to crop production is 
estimated at about 50%. Oilseeds are energy 
rich crops, however in India they are mostly 
grown under energy starved conditions. Low 
or no use of plant nutrients is one of the most 
important factor for low productivity of 
oilseeds. The nutrient requirement of oilseeds 
in general, is high for all the nutrients and 
need to be supplied in adequate quantities for 
higher yield. Some of the cropping systems 
involving oilseeds may remove as much as 
400 to 800 kg nutrients NPK/ha/year under 
high productivity conditions. 
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 Intensive cropping results in 
deficiency of secondary and micronutrients 
with use of high analysis fertilizers. To achieve 
the desired productivity the limiting secondary 
and micronutrients need to be applied along 
with major nutrients. Soybean and groundnut 
being leguminous oilseeds can respond with 
use of appropriate Rhizobium cultures. To 
economize N fertilizer use, there is need for 
promoting  Rhizobium, as these crops 
together account for more than 50% of the 
area under oilseeds. These crops in sequence 
with other non legumes, can help in saving N 
fertilizer to the extent of 30 to 40 kg N/ha. In 
our country where the average consumption 
of plant nutrients is very low and still lower in 
oilseeds, the residual fertility build up due to 
legumes is obviously a major contribution, 
which must be fully exploited for increasing 
oilseed production. 

 Biofertilizers like Azotobactor, 
Azospirillum and Phosphorus solubilising 
bacteria (PSB) will also play an important role 
in achieving economy in chemical fertilizer 
use. These need to be promoted in different 
oilseeds alongwith Rhizobium for leguminous 
oilseed crops. Fertilizer management has to 
be practiced on a system basis for achieving 
higher efficiency and economy which leads to 
higher production. Specific attention need to 
be given to harness the residual effects of 
fertilizers containing P, K and S. Sound 
fertilizer management for inter cropping 
system, which can meet the nutrient needs of 
component crops will go a long way in 
enhancing the productivity of the system. 
Plant Protection:  

Oilseeds are affected by a wide range 
of insect pests and the yield losses due to the 
pests could range from 50-90% across oilseed 
growing areas. Bakhetia et al (2002) gave a 
comprehensive account of all aspects of pest 
management in oilseed crops and Singh 
(2002) made an exhaustive appraisal on 
biological agents. The annual crop lost run 
over to hundreds of crores of rupees, of which 
weeds (32%); insects and diseases (26%) are 
the major and the rest is due to birds and 
rodents. The losses in major oilseed crops on 
the global basis worked out to around 32% 
which includes 11% by insects and 10% by 
diseases and 11% by weeds. In India on an 
average 10-15% of loss is inflicted by pests in 
oilseeds crops and are mostly cultivated under 
rain fed conditions. 
Irrigation:  

Application of one minimal life saving 
irrigation at an appropriate time, matching with 

the critical stage of crop would reduce the 
uncertainties of production of safflower, 
rapeseed-mustard, groundnut, sesame and 
sunflower and increase the efficiencies of 
other inputs, particularly fertilizers. In general, 
water requirement of soybean, groundnut and 
mustard are lower than those of HYVs of rice 
and wheat and the water use efficiency, 
specially at lower levels of use, is much higher 
in case of annual oilseeds as compared to rice 
and many other crops. 

Policy support:  

At present there is an urgent need to 
step up oilseed production and sustain the 
same. For this government has to formulate a 
comprehensive policy frame work for oilseed 
sector taking in to consideration various 
demands and keeping in view the interests of 
consumers, industry, farmers and above all 
the nation. The policy must stimulate balanced 
growth of vegetable oils sector which is 
sustainable. Since farmers readily respond to 
the opportunities provided to them through 
various price and non price signals, it must be 
possible to effect a shift in cropping system in 
favor of oilseed crops through policy 
interventions. It must lead to socially desirable 
and appropriate cropping system to bridge the 
demand and supply and help attain self 
sufficiency in essential agricultural commodity 
like vegetable oil and lead to maximization of 
farm income. The existing farmer- industry-
research-consumer-policy interface need to 
be strengthened further for achieving the 
overall development of oilseed sector in the 
county. This will certainly help to increase the 
oilseeds production. 

STRATERGIES FOR MAXIMIZING 
OILSEEDS PRODUCTIVITY  

Short Term Measures:  

(a) Improved agronomic practices per se can 
bring in increase, provided the priorities 
are set right. Applicable to all oilseed 
crops, practices like balanced fertilizer 
use, intercropping and weed control, will 
go a long way in imparting stability to 
production and productivity.  

(b) Good crop establishment with optimal 
plant population is one single factor which 
forms the fulcrum around which all 
improved agronomic practices revolve.  

(c) In order to ensure this, timely sowing, 
optimal seed rate and planting techniques 
is pre requisite.  

(d) Improving efficiency of inputs should be 
the constant endeavor.  
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(e) Replacement of old seed stock with new 
seed stock of improved varieties and 
hybrids is essential. The coverage under 
improved seed is dismally low.  

Long Term Measures:  

(a)  Agro climatic approach to crop planning is 
a sound principle. Crop substitution and 
introduction are part of this exercise. 
Cropping systems approach will bear 
fruits.  

(b) Soil and moisture conservation base has 
to be very strong in case of energy rich 
oilseed crops. Unless the resource base is 
improved, nothing worthwhile will emerge 
because good crop growth environment 
forms the basis of stability. 

 (c)  INM and IPM systems hold promise in the 
long run and should therefore form part of 
oilseeds production system.  

(d) Development of improved agricultural 
implements and their use in oilseed 
production systems will ensure precision 
and efficiency.  

(e) A strong and vibrant seed production and 
multiplication programme should be laid 
out.  

(f) Post harvest technology is of paramount 
importance.  

(g) Continued price, market, credit and 
restricted subsidy support to small and 
marginal farmers. At last but not least the 
extension agencies involved in oilseed 
production will have to be revitalized. 
Minor oilseeds crop growers are normally 
in the interior of villages and are not easily 
approachable. The extension workers 
have to disseminate the appropriate 
production technology to the farmers at 
right time. 

 

 

 

 

 

 

 

 

 

 

 

During the last decade the per capita 
income of the Indians has increased due to 
the enhancement of the middle income group 
and capable to invest higher on luxuries and 
food. Economists therefore are predicting 
higher per capita edible oil consumption by 
the middle class who have greater purchasing 
capacity. This will ultimately increase the 
demand for oilseeds in the country. Contrary 
to what stated above, the youngsters of the 
21st century, comprising the largest age group 
are very much health conscious and are 
aware of the hazards of inappropriate and 
unhealthy food habits. They have already 
reduced oily foods and also prefer organically 
grown food with necessary Omega-3 etc. 

 The demand, supply and import 
scenario of oilseeds in India, is not ideal 
scientifically. The WHO also recommends 
lower consumption of oils by higher income 
group. However for lower income group, 
supply of oils through PDS is essential. Based 
on scientific estimates of requirements of oils 
and also availability through invisible fat 
sources and biological efficiency, the imports 
can be reduced drastically. Further for self 
reliance on oilseeds and to encourage 
growers cultivation of oilseeds, the policies 
need to promote our farmers, specially viewed 
in terms of prices of oils and food items 
growth in India. The real prices of oilseeds 
and oils have declined in the past decade 
compared to cereal crops, thus profitability of 
oilseeds is not favourable to the farmers. For 
sustainability of oilseeds and oils, appropriate 
polices are essential for consumers as well as 
producers for self reliance.  
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Introduction: 

Raising the water-use efficiency of 
both irrigated and rainfedcrop production is an 
urgent imperative (Hamdy et al.,2003). Of the 
world’s allocatable water resource, 80% 
iscurrently consumed by irrigated agriculture. 
This level ofconsumption by agriculture is not 
sustainable into the future. Projected 
population growth (another 2 billion people 
within 2–3 decades) will require that more of 
the available water resource be used for 
domestic, municipal, industrial, and 
environmental needs. The most 
realisticsolution to the increased demand for 
water will be reallocation to these other 
purposes of some of the water currently used 
by agriculture. Even a modest reallocation, 
reducing agriculture’s share to 70%, would 
increase the amount of water available for 
other purposes by up to 50%. However, the 
expanded population will not only need more 
water to satisfy these other purposes, it will 
also need to be fed and clothed. This will 
require substantially more efficient production 
from a smaller irrigation water resource. It will 
also require substantially higher water-use 
efficiency from rain-fed agriculture, which 
remains the primary means of food production 
in most countries and for most farmers. 
Several strategies will be required to improve 
the productivity of water use in irrigated and 
rain-fed agriculture (Wang et al., 
2002).Breeding crop varieties that are more 
efficient in theirwater use is one such strategy. 
Others include management of the water 
resource and changes in crop management. 
None of these strategies should be seen as 
operating in isolation. Rather, it is likely that 
the greatest gains will be obtained through 
complementary approaches involving each of 
them.In this article, recent progress in 
breeding for high wateruseefficiency will be 
reviewed and some possible avenues for 
making further advances will be outlined. As a 
starting point, the article will first establish a 
conceptual framework for considering ways by 
which crop water-use efficiencymight be 
improved through breeding. The prospects 
forimproving crop water-use efficiency by 
changing the wateruseefficiency of leaf gas 
exchange will be considered insome detail. 
Other likely avenues will also be considered 

briefly where substantial gains in crop water-
use efficiencycould be made. The review 
willsconcentrate on cereals andparticularly on 
wheat, a dominant food crop which is grownin 
irrigated and rain-fed production systems over 
a widerange of latitudes. Wheat is also a crop 
that has been thefocus of a long-standing 
breeding effort for higher wateruseefficiency. 

The definition and concept of water use 
efficiency (WUE) at different scales: 

WUE is a complex trait that is 
controlled by many genes that are related to 
physiological drought-resistance traits.In 
agronomic terms, WUE is equal to biomass 
yield, oreconomic yield, or economic 
value/amount of water used(Condon et al., 
2002,). There are three requirements:the first 
is that WUE is related to droughtresistance 
anddrought tolerance, and utilization of water 
with high efficiencybut little biomass and yield 
under serious waterstress; the second is that 
WUE is related to water-savingand the highly 
efficient use of water, medium 
droughtresistance (tolerance), and medium or 
medium-highyield under moderate water 
stress. The third is that WUEis related to the 
highly efficient use of water and 
maximumpotential yield. These three kinds of 
descriptionfor WUE basically reflect the nature 
of traditional crop 

WUE although they emphasize 
correspondingly differentaspects (Zhang et al., 
2007; Shao et al.,2010).  

In terms of physiology, WUE is equal 
to the accumulationof assimilation 
products/amount of water used (transpiration, 
T), which reflects the energy 
conversionefficiency per unit of water used in 
the plant. WUE couldbe defined as 
encompassing three concepts: one is thatleaf 
WUE (WUEl) or transpiration efficiency (TEl) 
is photosynthesisrate (Pn)/transpiration rate 
(T), where Pnand T are measured with 
suitable apparatus. The secondis that WUE 
for the whole plant (WUEp) is the weight 
ofbiomass or economic weight /amount of 
water used (ET, T). 

Water-use efficiency as a breeding target: 

Breeding to address a specific 
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objective implies first, thatthe objective has 
been well defined and, second, that heritable 
traits have been identified that can come 
someway towards achieving the breeding 
objective. ‘Water-use efficiency’ as a breeding 
target could be defined in many ways, 
depending on the scale of measurement and 
the unitsof exchange being considered. All 
potential definitions will have some measure 
of water being exchanged for some unitof 
production. For physiologists, the basic unit of 
reductioncould be moles of carbon gained in 
photosynthesis(A) in exchange for water used 
in transpiration (T). Thusa physiological 
definition might equate, at its most basiclevel, 
to the instantaneous water-use efficiency of 
leaf gas exchange (A/T). For farmers and 
agronomists, the unit of production is much 
more likely to be the yield of harvestedproduct 
achieved from the water made available to the 
crop through precipitation and/or irrigation, i.e. 
a farmer’s definition is one of agronomic 
water-use efficiency. While agronomic water-
use efficiency will be taken to bethe ultimate 
breeding target, a major thrust of this article 
willbe to place the physiological definition of 
water-use efficiencyin the context of the 
farmer’s definition. To do this it isuseful to 
consider crop yield as being constructed 
froma framework of relatively simple 
components(equation  

1).Yield=ET3T=ET3W3HI ð1Þ 

In this framework, grain yield is 
described as beinga function of the amount of 
water used by the crop(evapotranspiration, 
ET), the proportion of that wateractually 
transpired by the crop (T/ET), the 
transpirationefficiency of biomass production 
(W), i.e. how muchbiomass is produced per 
millimeter of water transpired,and, lastly, how 
effectively the achieved biomass is 
partitionedinto the harvested product, i.e. the 
ratio of grain yieldto standing biomass termed 
the harvest index (HI). Thisframework is not 
based on the notion of ‘drought resistance’,but 
rather on the broad processes by whichcrops 
actually achieve yield in water-limited 
environments(Richardset al., 2002). None of 
the components of this yield frameworkis truly 
independent of the others, but each can be 
considered a target forgenetic improvement. 
Leaf-level water-use efficiency, A/T,is directly 
related to only one of these components, W, 
thetranspiration efficiency of biomass 
production. However, aswill be discussed in 
following sections, A/T also has thepotential to 
influence each of the other three components 
in the yield framework. 

 

Varietal Differences in WUE: 

Crop breeders interested in 
developing cultivars that can perform well 
under waterlimitedconditions would like to 
increase wholecropWUE. Over the last few 
decades, evidence hasaccumulated that there 
is substantial variability for WUE within 
species, suggesting that WUE isa factor that 
can be improved through selection.However, 
recall that maximum single leaf WUE tends to 
occur at very low stomatalconductance, where 
photosynthetic CO2 assimilation is also very 
low; Obviously, this is not anideal 
characteristic for a commercial cultivar. Thus, 
selecting for maximum WUE per se is not 
apromising strategy for breeders. Instead, 
they must select for both high WUE and high 
cropgrowth rates. Such a combination would 
arise from: 

 Appropriate stomatal regulation (no 
"luxury" water consumption, but enough 

 conductance to support high rates of 
photosynthesis) 

 High leaf photosynthetic response to CO2 
(thus maintaining low ci) 

 Low rates of maintenance respiration 

The next figure shows the differences in 
WUE recorded in Israel for a number of 
upland cotton(Gossypium hirsutum), and Pima 
cotton (Gossypium barbadense) lines, as well 
as a hirsutum xbarbadense interspecific cross. 
In this field experiment, differences in WUE 
between the lineswere similar, whether WUE 
was measured on the basis of total above 
ground DM, or yield ofseed cotton.The final 
figure shows the frequency distribution for 
WUE among F4derivedlines from a 
crossbetween the soybean variety "Young" 
(high WUE) and an exotic plant introduction 
(low WUE).The approximately normal 
distribution of WUE among these lines 
suggests that WUE is aquantitatively inherited 
(multigene)trait. 

Breeding for greater leaf-level water-
useefficiency: 

The prospect of improving agronomic 
water-use efficiencyby breeding for greater 
leaf-level water-use efficiency haslong been 
an attractive one. To assist inidentifying ways 
this might be achieved, leaf-level 
wateruseefficiency, A/T, can be described 
mathematically bynoting that, first, A is the 
product of stomatal conductance toCO2 (Gc) 
and the gradient in concentration of CO2 
between the outside (Ca) and inside (Ci) of 
the leaf (equation 2)A=GcðCa_CiÞ ð2Þand, 
second, that T is the product of stomatal 
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conductance to water vapour (Gw) and the 
gradient in concentration ofwater vapour from 
the inside (Wi) to the outside (Wa) of theleaf 
(equation 3)T=GwðWi_WaÞ ð3ÞFor CO2, the 
concentration is greater in the air outside 
theleaf, while the reverse is true for water 
vapour. The ratio A/Tthen becomes (equation 
4)A=T=½GcðCa_CiÞ_=½GwðWi_WaÞ_ 
ð4Þwhich can be simplified even further 
(equation 5) by notingthat the ratio of the 
diffusivities of CO2 and water vapour inair has 
a value of c. 0.6. 
Thus,A=T_0:6Cað1_Ci=CaÞ=ðWi_WaÞ 
ð5ÞEquation (5) indicates two possible routes 
for improvingleaf-level water-use efficiency. 
One is to lower the value ofCi/Ca, thereby 
increasing the value of (1_Ci/Ca). The otheris 
to make (Wi_Wa) smaller, i.e. to make the 
gradient driving transpirational water loss 
smaller. 

Whole Crop WUE: 

As we have seen, crop physiologists 
have a strong theoretical understanding of the 
factors thatdetermine WUE at the single leaf 
level. However, it is quite difficult to apply 
these concepts in aquantitative manner at the 
wholecanopylevel.First, there is the obvious 
complexity of trying to model the activity of all 
leaves in the canopy simultaneously, when 
each leaf has its own distinct light 
environment, and its own 
distinctphotosynthetic response to light and 
CO2.Additional complications arise from the 
fact that whole crop WUE is measured in 
terms of drymatter accumulation, over 
relatively long periods of time. This means 
that WUE, measured on awholecropbasis, will 
be affected by any factor that affects final dry 
matter. For example, allother things being 
equal, a higher rate of maintenance 
respiration will decrease crop WUE.Similarly, 
crops that produce large amounts of 
energyrichcompounds, such as lipids, will 
WUE.Whereas it is sometimes difficult to 
pinpoint the physiological basis of differences 
in wholecropWUE, there is no doubt that such 
differences exist. For instance, it has been 
known for over 70years that common crop 
species differ in WUE. Based on the 
theorydescribed above, can you speculate as 
to why C4 plants would tend to have higher 
WUE than C3 plants? Also, why do you think 
sugar beet has such a high WUE? 

Lowering the gradient in water vapour 
concentration: 

    The simplest and most influential 
means by which breedinghas improved the 
transpiration efficiency of biomass 

productionvia greater A/T has been to change 
crop characteristicsso as to lower the average 
evaporative gradient duringthe crop growth 
cycle. Reflecting processes at the leaf level, 
crop waterloss is driven by the gradient in 
water vapour concentrationbetween the crop 
canopy and the atmosphere. This gradientis 
least in cool, humid regions and, in most 
regions, duringthe coolest months of the year. 
During the past centurybreeders of many crop 
species have exploited genetic 
variationassociated with intrinsic earliness, 
response to photoperiod,and vernalization 
requirement to generate enormousvariation in 
crop phenology. This phenological variation 
hasallowed crops to be grown successfully in 
regions and attimes of the year that lower the 
prevailing evaporative demand,thus raising 
A/T and boosting crop yield. As 
opportunitiesarise, every effort should be 
taken to exploit thissimple route to improved 
crop water-use efficiency further. Even 
seemingly unrelated objectives, such as 
eliminating disease susceptibility so that crops 
can be grown reliably incooler, more humid 
conditions may present opportunities toadjust 
sowing time and crop phenology for improved 
A/Tand crop yield. A good example of what is 
possible is thedoubling of yield achieved by 
improving the disease resistanceof chickpea, 
transforming it from a spring-sown toan 
autumn-sown crop in northern Syria. 

Changing the value of Ci/Ca: 

Referring back to equation (5), 
another way that breedingcould improve A/T, 
and thereby improve the 
transpirationefficiency of biomass production, 
is to raise the value of thenumerator 
(1_Ci/Ca), i.e. to select genotypes for which 
theratio Ci/Ca is small. A small value of Ci/Ca 
will reflect either relatively low value of G, a 
relatively high photosyntheticcapacity (amount 
and activity of photosynthetic machineryper 
unit leaf area) or a combination of these two. 
The interrelationships between Ci/Ca, 
photosyntheticcapacity, and stomatal 
conductance are perhapsbest appreciated in 
the context of the ‘A/Ci’ plot (Long 
andBernacchi, 2003). In such a plot (Fig. 1), 
curved lines rising from near the origin 
describe the dependence of A on Ci as 
external CO2 concentration is varied 
experimentally. Variation in the initial slope of 
these curves equates to variationin 
photosynthetic capacity. In Fig. 1, the two 
curved lines are intersected by two straight 
lines originating at theambient CO2 
concentration, Ca. Variation in the slope 
ofthese straight lines equates to variation in 
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stomatal conductance. The intersections 
indicated by numerals representthe operating 
values of Ci (and thus Ci/Ca, A, and G) 
forthree genotypes of a C3 species. As shown 
in Fig. 1, loweroperating values of Ci/Ca (say 
0.6 compared with 0.7) may be achieved 
through higher photosynthetic capacity 
(genotype‘2’ compared with genotype ‘1’), 
lower stomatal conductance (genotype ‘3’ 
compared with genotype ‘1’), or acombination 
of these two. 

The relationship between carbon 
isotopediscrimination and Ci/Ca: 

Despite the advent of reliable, 
relatively-portable leaf gasexchangesystems, 
it is pertinent to note that G, photosynthetic 
capacity, and A/T are still tedious to measure 
in large breeding populations. It is now 
accepted that relative differences in Ci/Ca, at 
least within C3 species,may be evaluated 
indirectly by measuring the carbon isotope 
composition of plant dry matter.  The stable 
isotope of carbon, 13C, makes up very close 
to 1% of the carbon in atmospheric CO2. The 
proportion of 13C in the dry matter ofC3 plants 
is fractionally less than in the atmosphere, 
primarily becauseC3 species discriminate 
against 13Cduringphotosynthesis. Carbon 
isotope discrimination (D13C) isa measure of 
the 13C/12C ratio in plant material relative 
tothe value of the same ratio in the air on 
which plants feed, and has been defined as 
follows:D13C=½ðRa=RpÞ_1_31000 
ð6Þwhere Ra is the value of the 13C/12C 
ratio in the atmosphereand Rp is the value of 
13C/12C in plant material. Forconvenience, 
units of D13C are expressed as per 
thousand(&), i.e. the fractional difference from 
unity is multipliedby 1000. The ratio Ra/Rp 
has a value near 1.02 for C3 plants, giving 
values of D13C near 20&.There are several 
processes that contribute to the value ofD13C 
measured in plant dry matter of C3 species 

Carbon isotope discrimination and water-
use efficiency: 

The realization that D13C could 
provide a relatively simple, indirect measure of 
variation in A/T gave renewed impetus to 
theprospect of exploiting variation in leaf-level 
water-use efficiency to improve agronomic 
water-use efficiency. Upto that time, it had 
been considered that there was little variation 
in Ci/Ca within or among C3 crop species, the 
onlysubstantial difference being that between 
C3 and C4 species. Since thepioneering work 
of Farquhar and colleagues, it has 
subsequently been demonstrated, for several 
C3 species, that variation in D13C closely 

reflects variation in the ratio Ci/Ca.Variation in 
D13C among genotypes of C3 species is 
large enough to, in theory, generate 
substantial variation inA/T and potentially, 
substantial variation in water-use efficiency of 
dry matter production. This has been 
confirmed in numerous studies with pot-grown 
plants. Negative correlations between D13C 
andplant water-use efficiency have been 
demonstrated in manyspeciesHowever, 
significant challenges have arisen as attempts 
have been made to ‘scale up’ from 
associations betweenD13C and water-use 
efficiency of leaves and single plants to 
associations between D13C and water-use 
efficiency and yield of field stands. Some of 
these challenges were anticipated, others 
were not. The nature of these challenges and 
possible solutions are considered in the 
following sections. 

Relationships between grain yield and 
carbonisotope discrimination in wheat and 
barley: 

The greatest challenge to using D13C 
in breeding for greateragronomic water-use 
efficiency is the high level of 
inconsistencyobserved in the relationship 
between D13C andyield. This inconsistency 
has been well-documented in 
numerousstudies involving the cereals bread 
wheat (Triticumaestivum L.), durum wheat (T. 
turgidum var. durum L.) andbarley (Hordeum 
vulgare L.). From the negative 
associationbetween D13C and leaf-level A/T 
and the consistentlynegative associations 
observed between D13C and 
wateruseefficiency at the single plant level in 
many pot studies, itmight be inferred that crop 
yield and D13C might also beconsistently 
negatively related. Yet for a largenumber 
ofstudies involving collections of cereal 
genotypes grown inrain-fed and irrigated 
environments in Australia the Mediterranean 
region and elsewhererelationships reported 
between grain yield andD13C have only 
infrequently been negative. Much moreoften 
these relationships have been either positive 
or‘neutral’. Many of the studies on 
associations betweenproductivity and D13C in 
cereals have used sets of genotypesin which 
there has been substantial variation not onlyin 
D13C, but in flowering date and height as 
well, twocharacteristics that could strongly 
influence yield independentof variation in 
D13C.  

Why have relationships between grain 
yield and D13C beenso variable in so many 
studies? There appear to be severalreasons, 
but a critical one is that for cereals low-D13C 
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(highA/T) is a ‘conservative’ trait in terms of 
water use and,perhaps more importantly, in 
terms of crop growth rate. Putsimply, in the 
absence of soil water deficit, low-
D13Cgenotypes tend to grow slower than 
high-D13C genotypes,resulting in lower total 
biomass production and grain yield. So, in 
cereals, higher photosynthetic capacity may 
notnecessarily be associated with faster crop 
growth rate. Asimilar conclusion can be drawn 
from the study by on physiological changes in 
bread wheatreleased by CIMMYT from 1962 
to 1988. The more recentof these wheat had 
substantially higher grain yields under 
irrigation, but this was not associated with 
greater biomass production. The yield gain, 
however, reflected higherharvest index for the 
more recent wheat Among this ‘historic’ 
collection of CIMMYT wheat there was 
nochange in total biomass production despite 
the more recentwheat having both higher 
photosynthetic capacity andhigher G, together 
generating substantially higher values ofA on 
a leaf area basis. 

Interactions between growth and water 
use: 

Irrespective of its physiological basis, 
‘conservative’ cropgrowth by low-D13C cereal 
genotypes has importantimplications for 
agronomic water-use efficiency. The 
mostconsistently positive relationships 
between D13C and yieldhave been found in 
environments or seasons where 
supplementalirrigation or regular rainfall 
events throughout the growing season have 
maintained a high soil waterstatus. In these 
environments the faster growth of high-D13C 
genotypes has usually translated directly into 
higherfinal biomass production and grain 
yield. Low-D13C genotypes have achieved 
less biomass and lower yields. It is also likely 
that they have also left more waterbehind in 
the soil profile at maturity. In less favorable 
environments, variation in the extentand 
timing of any water limitation may interact with 
the’ conservative’ growth and water use of 
low-D13C genotypesto generate complex 
relationships between yield andD13C. This 
complexity is also illustrated in. In thedrier 
1992 season, high-D13C was associated with 
lowerbiomass production and grain yield in the 
lines from onecross but for lines from the 
secondcross there were no 
associationsbetween productivity and D13C. 
Soil water status at flowering is likely to have 
been higher for the second crossbecause 
lines from this cross flowered, on average, 
oneweek earlier than lines from the first cross. 
The results forthese two sets of lines grown in 

these two seasons indicatethat the amount of 
rainfall is an important variable contributingto 
variation in grain yield. They also indicate that 
thetiming of development of soil water deficit, 
with respect tothe critical flowering phase, is 
also an important variable.If high-D13C 
genotypes exhaust the available soil watertoo 
quickly, before flowering, there is likely to be a 
yieldpenalty. However, the penalty, interms of 
crop water use and yield, associated with 
fastergrowth of high-D13C cereals is not 
always as great as mightbe expected. In fact, 
the faster growth of high-D13C 
cerealgenotypes has often been shown to be 
of benefit in seasonsor environments in which 
frequency of rainfall events washigh early in 
the season, but was not sustained during 
laterstages of growth, typical Mediterranean-
type environment(Merah et al., 2001; Royo et 
al., 2002;) In this sort of environment, 
evaporation from the soilsurface can account 
for as much as 50% of the growingseason 
rainfall. Studies where wateruse has been 
carefully partitioned between plants and 
soilhave shown that the more ‘profligate’ 
transpiration associatedwith high-D13C 
actually resulted in little differencein total 
water use to anthesis, despite substantially 
moregrowth by high-D13C genotypes at this 
critical stage ofdevelopment. In other 
environments high-D13C genotypes 
haveachieved greater anthesis biomass at the 
expense of substantiallygreater soil water 
depletion at anthesis. Yet despite achieving 
very little growth afterflowering compared with 
low-D13C genotypes that hadbeen more 
conservative in their water use, the high-D13C 
genotypes were still able to yield more. This 
was becausehigh-D13C genotypes achieved 
a larger grain number(associated with higher 
anthesis biomass) and were thenable to fill 
these grain, probably by trans locating 
largeamounts of stored assimilate. In the 
same environmentslow-D13C genotypes 
failed to use stored assimilates aseffectively. 
They may have had fewer reserves, due to 
lessanthesis biomass, or the stored 
assimilates may not havebeen necessary 
because the low-D13C genotypes had 
subsoilmoisture in reserve to sustain higher 
photosynthesisduring grain filling. One 
outcomeof achieving high yield, despite 
relatively little post an thesis growth, is that 
high-D13C genotypes tend to havea higher 
harvest index (HI).Finally, there have been a 
small number of studiesconducted in 
environments where there was relatively 
littlerainfall during the growing season and 
crops relied heavilyon soil moisture reserves 
from substantial rains beforesowing or very 
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early in crop development. It has been in 
these few studies, where there wasrelatively 
little soil evaporation and a strong reliance 
onmetering-out soil-water reserves before 
anthesis, that negativeassociations between 
yield and D13C have been mostconsistently 
observed. 

Yield response to breeding for high A/T: 

Experience over many growing 
seasons at a range oflocations in eastern 
Australia, supported by the outcomes ofthe 
simulation study, indicated that breeding for 
higher A/Tcould have a large average benefit 
in the northern croppingregion of eastern 
Australia. In this region the wheat croprelies 
on moisture stored from summer rains and T 
makesup a large proportion of total crop ET. A 
backcrossingprogramme was initiated to 
improve A/T (i.e. lower theD13C) of the 
relatively high-D13C variety Hartog, 
widelygrownin Australia’s sub-tropical 
northern region. Briefly,Hartog was crossed 
with a low-D13C donor, the lowest-D13C F3 
families were selected and these were back-
crossedwith Hartog twice more, without 
selection between thesetwo rounds of 
crossing.The effect on yield of divergent 
selection at the BC2stage, based on 
measurements of D13C was tested bygrowing 
60 BC2 lines with very similar height and 
floweringtime in nine rain-fed environments in 
eastern Australiaand five in Western Australia. 
Thirty of the BC2 lines hadhigh A/T (low 
D13C) and the other 30 had low A/T 
(highD13C).  

Opportunities to improve yield by breeding 
forhigh A/T in other species: 

Exploiting high A/T in breeding for greater 
agronomicwater-use efficiency is complicated 
for cereals by anassociation between high A/T 
and slow crop growth rate.This seems not to 
be the case for groundnut (Arachishypogaea 
L.). For this species, field studies in both 
wellwateredand water-limited environments 
consistently showgreater biomass production 
to be associated with higher A/T(Nautiyal et 
al., 2002). In groundnut,variation in 
photosynthetic capacity accounts for a 
largeproportion of the variation in A/T. 
Importantly, high photosynthetic capacity in 
thisspecies does not appear to be associated 
with a slower rateof leaf area growth. Effective 
selection for high A/T ingroundnut is achieved 
via selection for low specific leafarea (SLA), a 
less expensive alternative to D13C. 
However,one complication still remains, which 
is a tendency for lowSLA (high A/T) to be 
associated with low HI The problem is being 

overcome by applyingconcurrent selection 
pressure for low SLA and high HI(Nigam et 
al., 2001). 

There may be species in addition to 
groundnut in whichhigh photosynthetic 
capacity is associated with faster cropgrowth 
and higher A/T. Likely candidates may be 
othergrain legumes because they have the 
capacity for symbioticnitrogen fixation. Limited 
screeningof cowpea (Vigna unguiculata (L.) 
Walp.) and common bean (Phaseolus vulgaris 
L.)germplasm indicates that variationin 
stomatal conductance may be the dominant 
source ofvariation in A/T for these species. 
More extensive screeningis warranted in 
these and other legumes.Identifying species 
or genotypes of species in which 
highphotosynthetic capacity is associated with 
faster crop growth and higher A/T could be 
done by combining measurementsof D13C 
with measurements of conductance and/or 
photosyntheticcapacity. There are techniques 
available for detectinggenotypic variation in 
conductance directly andrapidly using 
viscous-flow porometers or indirectly using 
oxygen isotope composition of drymatter or 
canopy temperature. Measurements of 
specific leaf areaor leaf chlorophyll 
concentrationmay be effective means of 
characterizingvariation in photosynthetic 
capacity. Of course theremay also be 
cropping environments for some crop 
specieswhere the slow crop growth rate and 
high A/T associated with low stomatal 
conductance is desirable because soilwater is 
conserved for the critical flowering phase. The 
use ofcrop simulation models may be useful in 
identifying suchcircumstances. 

Greater early vigour to improve 
agronomicwater-use efficiency: 

To this point, this review has focused 
on improvingagronomic water-use efficiency 
by manipulating leaf-levelwater-use efficiency, 
primarily through the use of D13C.However, 
there are other strategies that also offer 
promise.As discussed earlier, animportant 
strategy to improve agronomic water-use 
efficiencyin cropping environments where the 
soil surface isfrequently rewetted is to restrict 
water lost by evaporationfrom the soil surface. 
This maximizes crop transpirationand 
improves the ratio T/ET. For cereals, indeed 
any crop,a reduction in soil evaporation is 
most easily achievedthrough the rapid 
development of leaf area to shade the 
soilsurface from direct solar radiation. Good 
stand establishmentand vigorous early plant 
growth will both contributeto rapid leaf area 
development.Good stand establishment is 
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best achieved by plants thatreach the soil 
surface quicker if seed is sown 
relativelyshallow, and that reach the soil 
surface much moreconsistently if seed is 
sown deep, such as when farmersare seeding 
into moisture below a dry topsoil. In wheat, 
thewidely-used GA-insensitive dwarfing genes 
Rht-B1b(Rht1) and Rht-D1b (Rht2) have had 
a major impact onagronomic water-use 
efficiency by improving HI and 
cropstandability. The latter feature has been 
most important inirrigated cropping systems, 
but the same genes stronglyinhibit the 
expression of long coleoptiles that may be 
animportant attribute for rain-fed systems 
(Ellis et al., 2004).Alternative, GA-sensitive 
dwarfing genes exist in wheatthat allow the 
expression of much longer coleoptiles 
(fromtall wheat) in plants with semi-dwarf 
stature and high HI.Early vigor (fast leaf area 
development) is an importantadaptation of 
barley and durum wheat to terminal drought 
inMediterranean environments because it 
improves the ratio T/ET and 
encouragesgrowth when evaporative demand 
is low, giving higher A/T.Traits important for 
vigorous early growth in cereals wereidentified 
by comparing barley with bread wheat This 
comparison showed that largeembryo size, 
high SLA, and growth of a large coleoptile 
tillerwere important attributes of barley, which 
is characterizedby very high early vigor, but 
these traits were lacking insemi-dwarf wheat. 
Extensive screening of a collection oftall 
wheat revealed excellent sources of each of 
thesetraits (Richards and Lukacs, 2002). In a 
targeted breedingprogramme, these were 
combined to produce a new parentalline with 
early leaf area growth double that of 
currentAustralian semi-dwarf varieties.High-
vigor backcross lines with this parent as the 
vigordonor out-yielded low-vigor lines from the 
same populationby up to 13% in favorable 
Mediterranean-type environments(c. 280–450 
mm in-season rainfall), but there wasno 
difference in yield in drier environments with 
less than250 mm in-season rainfall. 

Conclusion: 

There is now growing evidence that 
targeting specific traitsin a breeding 
programme may lead to higher 
agronomicwater-use efficiency. It is also clear 
that the effects of anyone trait must be 
considered in the context of the environmentin 
which the crop is to be grown. A particular 
trait,such as high A/T, may be associated with 
higher yield inone type of environment but 
may have no effect or even bedetrimental in 
other environments. Breeding for high 

A/Tusing low-D13C measured in the leaves of  

unstressed wheatplants has resulted in the  
 

release of new, higher-yieldingvarieties for 
eastern Australia. The new varieties result 
froma backcrossing programme targeting 
environments wherestored soil moisture 
needs to be metered out from relativelyearly in 
the cropping season so as to maximize seed 
setand sustain seed growth. By contrast, for 
cereals growingin Mediterranean-type 
cropping regions and irrigated 
environments,higher yield appears to be 
associated withhigh-D13C of grain. For 
Mediterranean-type regions thisassociation 
may, in part, be a result of an 
associationbetween high-D13C and fast crop 
growth rate. Fast cropgrowth rate is reflected 
in the vigorous development of leafarea to 
shade the soil surface, a key trait for 
croppingenvironments where the soil surface 
is frequently rewettedand large gains in T/ET 
can be made. Effective selectionprotocols for 
faster leaf area growth have been devisedand 
shown to be successful for yield improvement 
inMediterranean-type environments. It is 
possible that evengreater yield gains may be 
achievable in these and otherrain-fed 
environments if fast crop growth rate can be 
combinedwith high A/T. Breeding has been 
initiated to combinethese two traits in bread 
and durum wheat, but this mayprove difficult if 
an a strategy that sets out deliberately to 
target a combinationof high early vigor and 
high A/T in wheat may notbe necessary in 
other species. It will depend strongly on 
theextent and timing of any water limitation in 
relation todevelopmental phases critical for 
yield determination, andwhether there is an 
association between high A/T and slowcrop 
growth rate. Such an association is likely to 
depend onwhether variation in A/T is due to 
variation in stomatalconductance or 
photosynthetic capacity and the effects 
ofthese two components on crop growth rate. 
Relativelysimple techniques are now available 
for characterizingvariation in stomatal 
conductance and photosynthetic 
capacity.Other interactions may also come 
into play. Ingroundnut, A/T is positively 
associated with crop biomassproduction, but 
negatively associated with HI. 
Breedingprogress is being made in this 
species by applying concurrentselection 
pressure for high A/T and high HI. 
Progressmay be more rapid if the reasons for 
the associationbetween A/T and HI were 
better understood. 
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The word “sustain”, derived from the 
Latin sustinere (sus-,from below and tenere, 
to hold), means “to keep in existence” or to 
maintain and implies long-term support and 
permanence. Sustainability is essentially seen 
as a criterion forguaranteeing development 
based on ecological and social balance and 
can be defined as“sustainabledevelopment is 
development that meets the needs of the 
current generation withoutundermining the 
ability of future generations to meet their own 
needs” (Hall, 2001). 

As it pertains to agriculture, 
sustainable describes farming systems that 
are able to maintaintheir productivity and 
usefulness to society indefinitelywithout 
causing damage to natural and environmental 
resources. These systems must be 
resourceconserving,socially supportive, 
commercially competitive and environmentally 
sound(Weil, 1990). Achieving sustainability 
generally implies a more efficient use of the 
available technology (Acutt et al., 
1998).Sustainable agriculture also calls for the 
integration of modern, science-based 
technologies with local knowledge, and the 
participatory involvement of farmers in the 
innovation process. 

The sustainability of an agro-
ecosystem is represented by its ability to 
maintain agiven level of productivity over time 
and a given quantitative-qualitative level 
ofenvironmental resources (Loucks, 1977). 

The protected cultivation of 
horticultural crops is also a form of agro-
ecosystem where, unlike other agro-
ecosystems, theenvironment has been 
adapted to the crop in order to maximize its 
productivity. Othersignificant differences 
include greater production stability (smaller 
productivityfluctuations over time and smaller 
fluctuations in the quantity and quality of 
resourcesused) and reduced autonomy 
(measured in terms of dependence on inputs 
from outsidethe agro-ecosystem). Protected 
cultivation is becoming increasingly important 
to Indian agriculture because of its capacity to 
produce all year round. 

The protected cultivation system has 
to take maximum advantage of the natural  

 

benefits offered by the location in 
certainlatitudes while minimizing the 
disadvantages (Castilla,  

Sustainable Use of Natural Resources in 
Greenhouse Agriculture  

In terms of sustainability, the 
greenhouse agro-ecosystemmust be resource 
conserving, socially supportive, commercially 
competitive and environmentally sound, rely 
on cultivation techniques, equipment 
management and constructive materials 
aimed to reduce agro-chemicals, energy and 
water consumption as well as waste 
generation that would otherwise lead to 
environmental pollution. The objectives can be 
obtained by means of the following: 

a. The efficient management of all the 
climatic parameters like solar radiation, 
relative humidity, temperature, carbon 
dioxide concentration for providing 
favourable crop growing conditions and 
energy savings: 

b. Use of energy efficient cladding material 
having suitable physical properties and 
low generation of after-use-waste water: 

c. Optimization of water and nutrient 
requirement of the plants in order to 
reduce the wastage of water and nutrient  

d. Rely on integrated pest and disease 
management with significant reduction in 
agro-chemical use. 

The three main indicators that could enable us 
to assess whether a productionprocess is 
sustainable or not are: 

- use of renewable resources 

- use of non-renewable resources 

- pollution levels. 

In principles, the rate of renewable resource 
consumption should not exceed 
theregeneration rate. Meanwhile, the rate of 
non-renewable resource consumption should 
notexceed the rate of renewable replacement 
resource development. Finally, the 
pollutantsemission rates should not exceed 
the environment capacity to absorb and 
regenerate them(York, 1991). 
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Water 

Achieving high water use efficiency in 
greenhouse production is possible byexerting 
optimal control of both environmental 
parameters and cultural practices, whichwill 
both eventually lead to obtaining higher yields 
while minimizing the wastage of water. Since 
incontrolled environments it is possible to 
efficiently modulate environmental and 
culturalparameters according to the plant 
needs, research on greenhouse water 
management hasmainly focused on identifying 
the best technology to fulfill plant water 
requirements. 

Protected cultivation is normally 
characterized by greater water use efficiency 
forthree main reasons: reduced potential 
evaporation (reduced solar radiation, less 
wind andgreater air humidity); higher 
productivity (better control of climatic 
parameters and plantdiseases); application of 
more advanced irrigation technology (drip 
irrigation, roof top water harvesting from green 
house top etc.,) 

Micro-irrigation is generally preferred 
in greenhouse cultivation because it allows 
precise and an easydelivery of nutrients 
(fertigation). Nevertheless, the simultaneous 
delivery of water andnutrients may have some 
drawbacks in terms of fertilization efficiency 
(van Os, 1995). 

Long-term irrigation also leads to 
environmental problems that need to be 
considered in asustainability context. These 
include: (1) build-up of salt deposition inthe 
soil; (2) increasing concentration of nitrates 
and pesticides in surface and 
undergroundwater due to excessive use of 
these chemicals; (3) diminished soil fertility, 
caused by themodification of soil structure and 
physicochemical properties; (4) waste of 
waterresources when inefficient water delivery 
systems and irrigation methods are used. 
Theseproblems can be controlled and 
minimized through efficient irrigation 
management,which idealistically should 
synchronize irrigation with crop water 
demand. This could beaccomplished by: (1) 
timing and controlling the amount of water 
applied to the root zoneand reducing the 
amount of water loss in deep percolation; (2) 
maximizing the plant’sability to absorb 
nutrients in the root zone (i.e. minimizing 
nutrient loss in groundwater);(3) implementing 
soil salinity control in the irrigation schedule. 

Other practices include those targeted 
at reducing evaporation from the soil suchas 

mulching and enhancing a rapid and uniform 
crop soil coverage (transplant, choice 
ofsuitable plant density and architecture).  

Soilless Systems.Water use efficiency 
in greenhouse production has considerably 
improved upon introduction of soilless 
systems where water can be recovered and 
reused (closed system). From an 
environmental perspective, soilless agriculture 
is a valuablealternative to the lack of soil 
fumigants for greenhouse use and to the 
costly steamsterilization (Jensen, 2002). In 
addition to a more efficient use of water and 
fertilizers, soilless agriculture involves a 
minimal use of land area, efficient disease 
control andsuitability for mechanization. 
Moreover, it greatly reduces problems 
associated to soildiseases, salinization and 
modification of its physical-chemical 
properties that mayoverall affect the final 
yield. Despite the several advantages, soilless 
systems stillhave high capital costs and 
require specialized labor and good quality 
water, features thatconfine this technology to 
high value cash crops only. (Jensen, 2002). 

Energy 

Rational greenhouse energy 
management normally aims at maximizing the 
energysupply while cutting down on lost 
energy.In greenhouses, the objective of 
energy management is totally dependent on 
cultivation season. During winter, the objective 
is to maximize the radiation quantity (by using 
long-lasting cladding materials with high 
transmittance indexes) and to minimize 
energy loss (double layered plastic coverage, 
energy screens,light weight structures). 

During the summer the main objective 
in greenhouses is reducing high temperatures. 
This can be obtained by using shading nets or 
whitewashing the cladding material that 
reduce the incoming radiation. For high value 
greenhouseproductions, advanced 
technological solutions could be proposed (fan 
pad cooling systems). 

Soil 

Healthy soil is vital in sustainable 
agricultural systems, and soil is viewed as a 
medium that must be protected and nurtured 
to ensure its long-term productivity and 
stability.Soil in protected environments must 
be considered a limited andnon-renewable 
resource.The poor quality of irrigation water, 
shallow water tables andintensive irrigation all 
pose serious risks of soil salinization and 
contamination. Inaddition, the repeated and 
specialized cultivation may reduce the soil 
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biological fertility(Leonardi and La Malfa, 
2001). For a sustainable use of the soil, 
strategies aimed atpreserving its fertility and 
alternative renewable resources have been 
developed. Goodpractices for preventing 
salinization should be observed (Maas and 
Grattan, 1999). 

The possibility of using organic 
fertilization, solarization, biological pestcontrol, 
resistant cultivars and grafting should be 
considered, also. The use of substrates isa 
valuable alternative to soil cultivation. 

Soilless greenhouse cultivation has 
significantly increased in several western 
countries and there is lot of scope of its 
replication in India. Although soilless 
cultivation may increase four times the net 
incomecompared to soil cultivation (Caballero 
and De Miguel, 2002), high initial costs is 
limiting its further expansion. 

A problem that should not be 
underestimated is that soilless agriculture 
generates approximately 2 t/ha per year of 
mineral (rock wool, perlite) or organic (such as 
cocopeat) waste that has to be disposed 
(Stanghellini et al., 2003). In this respect, 
organic substrates may have some 
advantages in terms of sustainabilitybecause 
they can be recycled (compost, energy 
production). 

Carbon Dioxide 

The optimal CO2 concentration for 
growth andyield seems to be between 700 
and 900 ppm, which can only be achieved 
under green house cultivation. Inside 
greenhouses with a dense 
canopyconcentration, CO2 drops below the 
atmospheric level when the side vents are 
open. Maximum CO2depletion of 20% 
(Lorenzo et al., 1990) and 37% (Sanchez-
Guerrero et al., 2001) were measured in open 
and closed greenhouses, respectively.During 
winter, in poorly ventilated greenhouses, CO2 
concentration mayreach 100-200 ppm. 
CO2enrichment is not a commonly in current 
practice in India,due to greenhouse aeration 
requirements. Nevertheless, in Southern Italy 
CO2 greenhouseenrichment (2500 l/h*ha) 
allows to maintain the CO2concentration at 
600 ppm (with lowradiation and closed vents) 
and to prevent CO2 depletion below 350 ppm 
(with highradiation and open vents). In Spain, 
cucumber yield was significantly increased by 
CO2enrichment and the effect was enhanced 
by controlling the minimum temperature 
(Sanchez-Guerrero et al., 2001). We should 
not overlook that the sustainability 

ofgreenhouse CO2 enrichment is associated 
to the possibility of using low cost CO2 
sources(side product of heating systems). 

In our surrounding atmosphere CO2 
conc. is 0.03% that is 300ppm. Plants use this 
CO2 for photosynthesis. In greenhouses, 
during night time there is no photosynthesis 
but CO2 is released by plants during 
respiration. This CO2remain accumulated 
around plants hence in night compared to 
outside, polyhouses always have more CO2 
conc. This CO2 is again used by plants 
growingin poly house for rapid photosynthesis 
during early hours of a day. 
It has been proved that if poly house having 
1000ppm of CO2, then herbs, vegetables and 
flower production increases to 4 to 5 times 
more compare to normal conditions. 

Use of Plastic Mulching for Sustainable 
Resources Conservation 

Mulching is the process or practice of 
covering the soil surface around the plants to 
make conditions more conducive for plant 
growth through in-situ moisture conservation, 
enhancement of microbial activities in the root 
zone and weed control. Mulching is in practice 
in the region since ages in one or another 
form. Generally farmers use straw, dry leaves, 
hay, stones as mulching materials. This 
implies that farmers of the region are aware of 
the benefits of mulching. However, 
introduction of the LDPE film as mulch 
increases the efficiency of water use by 
improved moisture conservation, soil 
temperature and elimination of weed growth 
thereby increase crop yield. Plastic mulch 
comes in several colors, including red, 
white,black, yellow and blue, each having 
distinct reflective properties which affect plant 
growth. 

The use of plastic mulches along with the use 
of drip irrigation has many benefits such as : 

Earlier Production: Probably the greatest 
benefit of growing crops on plastic is earlier 
production. Plastic mulch raises the soil 
temperature, which helps plants grow more 
quickly and mature earlier. Spring vegetables 
grown on black plastic can be harvested 7 to 
21 days earlier than they can be on non-
plastic mulch. Harvesting one to two weeks 
earlier often significantly increases market 
advantage and the prices growers receive. 

Reduced Leaching or Fertilizers: Because 
many fertilizer nutrients are not held tightly in 
the soil, rainfall and excessive irrigation may 
leach them below the roots of plants grown on 
bare ground. Nitrogen, potassium, 
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magnesium, and some formulations of 
micronutrients are subject to leaching, 
especially in light, sandy soils. Plastic mulch 
covering the bed (or portion of it) prevents 
rainfall from percolating through the soil and 
moving nutrients beyond the reach of plant 
roots. Preventing leaching improves the 
efficiency of production by eliminating the 
need to make several trips through the field to 
resupply leached nutrients, thereby saving 
time, fuel, and fertilizer. In addition, it helps 
prevent reduced quality and lower yields 
resulting from (1) hidden hunger - early 
stages of nutrient deficiency that may harm 
plants even before they begin to show 
symptoms and (2) Zagtime - the time from 
when plants first show symptoms of a 
deficiency until nutrients are replenished in the 
plant tissues. Finally, minimizing the amount 
of leaching into the soil helps protect 
groundwater from fertilizer contamination. 

Fewer Weed Problem: Black, white-on-black, 
reflective, and wavelength-selective mulches  
will reduce light penetration into the soil. 
Weeds generally cannot survive under the 
mulch. An exception is nutgrass, whose nut-
like tubers provide enough energy for the 
seedling to puncture the mulch and emerge. 
Clear plastic, however, does not prevent weed 
growth because light can penetrate it. 
Increased Plant Growth: Plants grow more 
with plastic mulch for two reasons. First, soil 
temperature at the 2-inch depth is increased 
by up to 10°F to 15°F under mulch. Second, 
during growth, plant roots take in oxygen and 
give off carbon dioxide. Plant leaves require 
CO2, which they get from the atmosphere. 
When plants are grown on plastic, the 
CO2released from roots accumulates under 
the plastic and eventually escapes through the 
holes in which the plants are growing. This 
“chimney effect” increases the concentration 
of CO2to the leaves and enhances plant 
growth. 

Reduced Evaporation: Because of the high 
degree of impermeability of plastic mulches to 
water vapor, soil water evaporative loss is 
reduced. Therefore, you actually need less 
water per unit of production. 

The use of drip irrigation in conjunction with 
plastic mulch reduces moisture evaporation 
from the mulched soil and decreases irrigation 
requirements (Hanlon and Hochmuth, 1989). 
This has been relatedto water savings of 45% 
compared to overhead sprinkler systems 
(Clough et al., 1987;Jones et al., 1977). 

Improved Quality: Vegetables grown on 

plastic mulch are cleaner and less subject to 
rots because soil has not been splashed on 
the plants or fruit. 

Reduced Soil Compaction: Soil under the 
plastic mulch remains loose, friable, and well 
aerated.Roots have access to adequate 
oxygen and microbial activity is enhanced 
(Hankin et al., 1982). 
Ability to double/triple crop: Once thefirst 
crop has been harvested, a second cropcan 
be grown on the plastic mulch. This“intensive 
cropping” produces two or threecrops from the 
annual expenses for plasticmulch and drip 
irrigation tubing. The secondor third crop can 
be fertilized through thedrip irrigation line 
(fertigation) using soluble fertilizers and a 
fertilizer injector (Clough etal., 1987; Marr and 
Lamont, 1992). 

Cleaner product: The edible productfrom a 
mulched crop is clean and less subjectto rots, 
because soil is not splashed on theplants or 
fruit. This is accomplished by araised bed that 
is firm and tapered away fromthe row center, 
and plastic mulch that isstretched tightly to 
encourage water runoff. 

Insect and Disease control: Mulches with 
aluminum or silver surface colours repels the 
sucking pests like aphids and reduce the 
incidence of aphid-borne viruses (Lament et 
al., 1990). Yellow plastic film is useful in 
reducing whitefly populations (Bemisia tabaci) 
in young tomato and chillie plants. The flies 
are attracted by the yellow colour of the 
heated plastic as its is exposed to the sun, 
when the plants are small and the crop 
canopy does not shade it. Soil solarization 
using transparent plastic mulch in nursery soil 
as well as in greenhouses has been suitable 
for control of soil borne diseases. The soil 
temperature has been effective in reducing g 
the incidence of Fusarium, Verticilium and 
Sclerotinia and significantly limiting the 
presence of some weeds.   

Conclusion: 

 Growing population, rapid 
urbanization and global climate change have 
put a challenge for meeting nutritional and 
food requirement of Indian population on 
sustainable basis. Green house cultivation is 
the only answer to address the shortage of 
vegetables during off seasons. The agro-
ecological systems have been damaged over 
last five decades for excessive use of 
inorganic fertilizers and non judicious use of 
irrigation water. The adverse effects of these 
has resulted in soil salinity and alkalinity, 
water logging problems in majority of the 



 CAFT on Agro-ecological Approaches towards Sustainable Agricultural Production from 01-21 Oct. 2013 
 
 

 

JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)   157 
 
 
 

fertile lands. For a sustainable future, 
cultivation of vegetables and flowers for 
meeting out the demand of Indian consumers 
it is essential to adopt green house cultivation 
technologies, which has advantages of higher 
productivity per unit area, good quality 
produce, reduced use of agro-chemical inputs, 
round the year cultivation, efficient utilization 
of CO2 for enhanced crop productivity etc. 
Research studies proved that four to five fold 
increase in green house cultivated vegetables 
over open field, warrants for the larger scale 
adoption of such technologies by the Indian 
farmers for better future on sustainable basis. 
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Agriculture is one of the key motors of 
the global economy. It is a source of foods, 
fibers and, increasingly, fuel. It provides 
livelihoods and subsistence for the largest 
number of people worldwide. It is vital to rural 
development and therefore critical to poverty 
alleviation. Nothing is more important to 
humanity than sustainable land and reliable 
food production. Today, agriculture accounts 
for over 38% of global employment. Human 
population is expected to grow from a little 
over 6 billion today to over 8 billion by 2030, 
an increase of approximately one-third, with 
another 2–4 billion added in the subsequent 
50 years. But food demand is expected to 
grow even faster, as a result of growing 
urbanization and rising incomes, and if hunger 
is reduced among 800 million people currently 
undernourished, more land will surely be 
required to grow crops. Feeding a population 
of 9 billion using current methods could result 
in converting another 1 billion hectares of 
natural habitat to agricultural production, 
primarily in the developing world, together with 
a doubling or tripling of nitrogen and 
phosphorous inputs, a twofold increase in 
water consumption and a threefold increase in 
pesticide use. A serious limiting factor is 
expected to be water, as 70% of the 
freshwater used by people is already devoted 
to agriculture. Thus, agricultural production in 
the future will have to focus more explicitly on 
ecologically sensitive management systems.  
Therefore the link between agriculture, food 
security and ecosystems is a vital one. Given 
the escalating population growth, land 
degradation and increasing demands for food, 
achieving sustainable agriculture and viable 
agricultural systems is critical to the issue of 
food security and poverty alleviation in most, if 
not all developing countries.  

From the day that farmers first 
selected “better” seeds or farm animals, trade-
offs have occurred between increased 
production and reduced diversity. More than 
1.1 billion people, most agriculture-dependent, 
now live within the world’s 25 biodiversity ‘hot 
spots’, areas described by ecologists as the 
most threatened species-rich regions on 
Earth. The environmental impact of agriculture 
cannot be ignored. In many countries, as 

much as 70 per cent of the land area is in 
agricultural use. Over a third of the global 
agricultural land area is in high-intensity, 
continuous cropping systems that use high 
levels of agrochemicals and reshape land and 
waterways. The rest is under such a farming 
system that uses far fewer inputs, but requires 
relatively large expanses of land to 
compensate for low crop and livestock yields. 
Both systems have had negative impacts on 
soil, water, and air quality, global climate, 
wildlife and biodiversity that, in turn, affect 
food security and livelihoods of people in the 
long run.  

Evidence shows that agricultural 
biodiversity can make a critical contribution in 
achieving the 7th Millennium Development 
Goals (MDG) of United Nations i.e., Ensure 
environmental sustainability. Sustainable 
use of agricultural biodiversity is most simply 
thought of as all uses of agricultural 
biodiversity that contribute to its conservation 
and continued availability as an input to 
agriculture. By harnessing agricultural 
biodiversity, we can transform agriculture from 
a key driver of biodiversity loss, into a motor 
for securing ecosystem stability, preserving 
genetic resources in crops and livestock and 
driving investment towards the sustainable 
management of natural capital on which the 
sector depends.    

Sustainability 

 “Sustain” is derived from the Latin 
verb sustinere -- to keep in existence or 
maintain -- and implies long-term support or 
permanence. In the broadest sense, 
sustainability is the capacity to endure, and as 
applied to ecosystems and human 
development efforts its meaning is to a large 
extent contextual. Ecosystems are sustainable 
when they maintain ecological processes, 
functions, biodiversity and productivity into the 
future. For humans, sustainability is the 
potential for long-term maintenance of 
wellbeing, which in turn depends on the 
responsible use of natural resources. 
Sustainability is often defined as resting on 
three pillars, or as having three dimensions - 
environmental, economic and social. 
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Conway’s three properties for sustainability 
are productivity, stability and resilience. 

Sustainable Agriculture 

The term ''sustainable agriculture'' (U.S. 
Code Title 7, Section 3103) means an 
integrated system of plant and animal 
production practices having a site-specific 
application that will over the long-term (NIFA, 
2009). Sustainable agriculture should: 

 Satisfy human food and fiber needs.  
 Enhance environmental quality and the 

natural resource base upon which the 
agriculture economy depends.  

 Make the most efficient use of 
nonrenewable resources and on-farm 
resources and integrate, where 
appropriate, natural biological cycles and 
controls.  

 Sustain the economic viability of farm 
operations.  

 Enhance the quality of life for farmers and 
society as a whole.  

  There are numerous opportunities for 
farmers, landowners and land managers to 
get engaged by shifting to more sustainable 
methods of farming and incorporating land 
management.  Sustainable agriculture seeks 
to improve the benefits of agricultural 
production by reducing threats to and 
enhancing benefits to biodiversity, through 
improved production and management 
practices.  The agricultural sector is one of the 
several natural resource-based industries that 
can provide biodiversity benefits through the 
application of modified management systems 
and the adoption of alternative technologies 
and practices.  The promotion of biodiversity-
friendly agriculture tends to involve some or all 
of the following practices: 

 Creating biodiversity reserves or 
sanctuaries on farms. 

 Developing habitat networks around and 
between farms. This can include the 
creation of ‘biological corridors’ that 
connect areas of significant biodiversity. 

 Reducing conversion of wild habitat to 
agriculture by increasing farm productivity 
and by protecting priority areas, such as 
watersheds, forest fragments, rivers and 
wetlands.  

 Taking marginal agricultural land out of 
production and assisting in the 
regeneration of natural habitats.  

 Modifying farming systems to mimic 
natural ecosystems as much as possible.  

 Low-input or less environmentally 
damaging agriculture practices, focusing 
on reduced erosion and chemical or waste 
‘run off’, through ‘zero tillage’ planting 
techniques, contour ploughing, use of 
vegetation and trees as windbreaks, use 
of leguminous species, etc.  

 Sustainable livestock practices that range 
from modified grazing and pasture 
management systems to promoting the 
incorporation of trees and other 
vegetation into livestock grazing areas.  

Agricultural Biodiversity and Sustainability 

• Biological diversity means variability 
among living organisms and includes 
diversity within species, between species, 
and of ecosystem.   

- Species diversity which refers to the 
numbers and kinds of living organisms. 

- Genetic diversity, which refers to the 
genetic variation within a population of 
species.  

- Ecosystem diversity, which is the variety 
of habitats, biological communities and 
ecological processes that occur in the 
biosphere 

• Agricultural biodiversity encompasses the 
variety & variability of animals, plants and 
microorganisms on earth that are 
important to food production and 
agriculture. 

The Convention on Biological 
Diversity (CBD) defines agricultural 
biodiversity as “all components of biological 
diversity of relevance to food and agriculture, 
and all components of biological diversity that 
constitute the agro-ecosystem: the variety and 
variability of animals, plants and micro-
organisms, at the genetic, species and 
ecosystem levels, which are necessary to 
sustain key functions of the agroecosystem, 
its structure and processes”. 

Agricultural biodiversity can be split 
into two broad categories. The first consists of 
the genetic resources for food and agriculture 
(GRFA) that provide food and other essential 
harvested products from domesticated crops 
and domestic animals (including fish and other 
managed aquatic animals), and their wild 
relatives, and fungi and microbes that support 
food processing. Biodiversity plays a pertinent 
role in the provision of ecosystem services, 
including those that are essential to 
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sustainable agricultural production: 

 Provisioning services,  
 Regulating services,  
 Supporting services,  
 Cultural services.  

Maintaining biodiversity is considered 
to be essential in order to sustain the 
ecological functions and processes which 
ensure the fertility and productivity of 
agricultural ecosystems. Biodiversity is 
fundamental to agriculture, food production 
and sustainable development. For innovation 
in seeds, biodiversity is the crucial ‘raw 
material’. Therefore, biodiversity loss 
represents a significant business risk. The 
agricultural sector and the down-stream value 
chain — food, biochemistry, pharmaceutical, 
and textile industries — are particularly 
vulnerable. 

Agricultural biodiversity is a component 
of agriculture; it cannot simply be equated with 
agriculture, and the links between sustainable 
use of agricultural biodiversity and sustainable 
agriculture are not always straightforward. The 
use or deployment of agricultural biodiversity 
is an essential part of making agriculture more 
sustainable, but sustainable agriculture 
depends also on the way in which water, land, 
chemicals, energy and other non renewable 
inputs are used. Crucially, the ecosystem 
services upon which agriculture relies can be 
over-used, whereas concerns of over-
exploitation do not apply directly to many 
components of agricultural biodiversity. The 
biological diversity found in crops and animals 
is perpetuated as agricultural seeds and 
reproduced animals. There should be no need 
to reconcile the conservation and use of this 
agricultural biodiversity as antagonistic goals, 
because genetic resources are essentially 
public goods: my use of them does not 
deprive you. Indeed, the actual or potential 
benefits arising from its use are often the main 
incentive for the conservation of agricultural 
biodiversity. Sustainable agriculture is 
delivered when farming (and other productive 
systems) produces food and other agricultural 
products to satisfy human needs indefinitely 
without unsustainable impacts on the broader 
environment. This requires agriculture to avoid 
severe or irreversible damage to the 
ecosystem services (such as soil fertility, 
water quantity and quality, genetic variability, 
pollinators, etc.) upon which it depends and to 
have acceptable impacts on the broader 
environment (environmental stewardship). 

For example, well-managed agricultural 

systems can be relatively poor in agricultural 
biodiversity and yet still provide or support 
ecosystem services in the broadest sense; 
food, nutrient cycling, sustainable water use, 
sustainably managed soil biota and 
pollinators. Conversely, agricultural systems 
can be rich in agricultural biodiversity and yet 
be economically or environmentally 
unsustainable. They are based on the key 
assumption that it is possible to use 
biodiversity in such a manner that ecological 
processes, species and genetic variability 
remain above the thresholds needed for long-
term viability. Increased productivity, 
particularly where it depends on 
mechanization, frequently depends on crop 
uniformity. Together with post-harvest 
management and market integration this 
tends to reduce the biodiversity in agricultural 
systems. Trade-offs do vary in intensity but 
nevertheless need to be recognized as a 
reality that is here to stay. In general such 
trade-offs continue to lead to diminished  
overall crop and animal diversity in agricultural 
systems, manifested as genetic erosion, 
which in turn provides a strong rationale for ex 
situ conservation and incentives for in-situ 
conservation. The focus needs to shift to a 
twin-track approach, encouraging greater use 
of agricultural biodiversity alongside greater 
resource-use efficiency. 

By recognizing and value of agricultural 
biodiversity, agriculture can deliver more 
benefits to the communities that manage this 
biodiversity. In addition, as the world copes 
with the challenge of adapting to climate 
change, agricultural biodiversity becomes an 
especially critical resource. Sustainable use of 
agricultural biodiversity” is most simply 
thought of as all uses of agricultural 
biodiversity that contribute to its conservation 
and continued availability as an input to 
agriculture. The sustained use of the earth’s 
land and water resources - and thereby plant, 
animal and human health - is dependent upon 
maintaining the health of the living biota that 
provide critical processes and ecosystem 
services.  

Functional Agro-Biodiversity (FAB)  

Defined as: ‘those elements of 
biodiversity on the scale of agricultural fields 
or landscapes, which provide ecosystem 
services that support sustainable agricultural 
production and can also deliver benefits to the 
regional and global environment and the 
public at large. The concept of FAB is 
therefore not synonymous with farming 
systems or broad agricultural concepts such 
as ‘environmentally friendly agriculture’, 
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‘sustainable agriculture’, ‘organic farming’, or 
‘multifunctional agriculture’. However, FAB 
can certainly be an element of such systems, 
in the same way it can be an element of 
conventional farming systems or integrated 
landscape management. The diversity among 
living organisms which provide these functions 
has been termed “functional biodiversity”, and 
represents an important contribution to 
biodiversity by agriculture. The difference lies 
in that FAB emphasizes the application and 
development of informed management 
practices that specifically enhance and exploit 
elements of agrobiodiversity for their role in 
providing ecosystem services, irrespective of 
the type of farming system(s) they are being 
applied to. The effective application of FAB-
based practices at the farm and landscape 
levels requires the development of 
interdisciplinary knowledge and translation of 
knowledge into policies and practices that 
create synergies between different 
components of biodiversity and the provision 
of ecosystem services.  

Climate Change and Agri-Biodiversity 

The interactions between land use, 
biodiversity and climate change are of 
fundamental importance, as the agricultural 
sector is viewed as being part of the problem 
and part of the solution. For climate change 
adaptation and mitigation, agricultural 
biodiversity is being recognised as critically 
important for the development of the new 
varieties and farming systems that will be 
needed to adapt to predicted future 
environmental conditions. Agricultural 
biodiversity will also help to underpin farming 
systems that can capture more carbon and 
emit fewer greenhouse gases.  

Landraces & Agricultural Sustainability:  

One of the consequences of the 
introduction of new high-yield varieties of 
major crops to boost agricultural production 
has been the severe decline in genetic 
diversity in farmers’ fields. Although 
production has increased, a greater 
dependence on genetically uniform crop 
varieties has put food security and farmers’ 
livelihoods at greater risk, as an entire harvest 
can be lost due to a single pest or disease 
outbreak. In many countries, traditional local 
crop varieties, also known as ‘landraces’ or 
‘farmers’ varieties, contribute significantly to 
sustainable food production, household 
nutrition and farmers’ incomes. This is 
especially true for resource-poor farmers in 
marginal agricultural areas, such as arid and 
semi-arid zones. However, increased 

population, poverty, land degradation, 
environmental change, the introduction of 
modern crop varieties and other factors have 
often led farmers to abandon many of their 
traditional cultivars. For centuries crop wild 
relatives have provided farmers with the 
genetic material to improve the nutritional 
quality of crops, enhance productivity and 
provide cultivated varieties with resistance to 
pests and diseases. Their estimated value in 
increasing crop yields worldwide is as much 
as USD 115 billion per year. Despite their 
importance, the in situ conservation of wild 
crop relatives has been neglected, partly 
because they fall between two conservation 
sectors. Ecological conservation efforts tend 
to focus on habitats or on rare and threatened 
wild species, while agricultural 
conservationists tend to focus on already 
domesticated crops. As a result, crop wild 
relatives have rarely been targeted for in-situ 
conservation. 

 Because improved crops lose their 
resistance to pests and diseases after a few 
planting seasons, constant investments are 
required to support breeding programs that 
can produce resistant varieties. Furthermore, 
cultivating these higher-yield crop varieties 
often requires considerable amounts of 
pesticides and other inputs that are not 
available to resource-poor farmers. Even 
when they are affordable for farmers, such 
inputs increase production costs, pose health 
risks to the community and create serious 
threats to the environment. Using the pest and 
disease resistance in existing genetic diversity 
represents a possible alternative. Indeed, for 
many resource-poor farmers in marginal 
areas, the conservation and management of 
biodiversity found in traditional crop varieties 
is one of the few options they have for pest 
and disease control. However, the traditional 
knowledge that underpins these practices 
often is not documented and the opportunities 
for expanding them are lost. The principal 
threat to genetic resources then is not over-
use but under-use in agricultural systems and 
breeding programmes. Steps must be taken to 
ensure that the world can conserve and build 
the agricultural biodiversity needed to adapt 
global food and farming under an evolving 
landscape of climate change and increased 
competition for space and water. The most 
sustainable agricultures in coming years will 
also be heavily reliant on agricultural 
biodiversity, making best use of the widest 
range of species and varieties to build greater 
resilience to external shocks and increase 
harvests, rather than relying upon external 
inputs. 
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Below-ground Biodiversity 

It is abundant, powerful and 
neglected. The diversity of life below-ground is 
probably greater than above ground 
biodiversity. Despite its richness and the vital 
services it provides, below-ground biodiversity 
has generally been ignored in biodiversity 
studies or soil surveys. Improvement in 
agricultural sustainability requires, alongside 
effective water and crop management, the 
optimal use and management of soil fertility 
and soil physical properties. Both rely on soil 
biodiversity and soil biological processes. This 
calls for the widespread adoption of 
management practices that enhance soil 
biological activity and thereby build up long-
term soil productivity and health. FAO 
considers the issue of soil biodiversity and soil 
ecosystem management of great importance 
to the achievement of sustainable, resource-
efficient and productive agriculture. Soil 
biodiversity has been identified as an area 
requiring particular attention under the 
programme of work on agricultural 
biodiversity.  

Environmental factors, such as 
temperature, moisture and acidity, as well as 
anthropogenic actions, in particular, 
agricultural and forestry management 
practices, affect to different extents soil 
biological communities and their functions. 
Plant roots, through their interactions with 
other soil components and symbiotic 
relationships, especially Rhizobium bacteria 
and Mycorrhiza, play a key role in the uptake 
of nutrients and water, and contribute, through 
their growth and biomass, to soil quality and 
organic matter content.The interacting 
functions of soil organisms and the effects of 
human activities in managing land for 
agriculture and forestry affect soil health and 
quality. Soil quality is the capacity of a specific 
kind of soil to function, within natural or 
managed ecosystems boundaries, to sustain 
plant and animal production, maintain or 
enhance water and air quality, and support 
human health and habitation. The concept of 
soil health includes the ecological attributes of 
the soil, which have implications beyond its 
quality or capacity to produce a particular 
crop. These attributes are chiefly those 
associated with the soil biota: its diversity, its 
food web structure, its activity and the range 
of functions it performs.  

Soil biodiversity per se may not be a soil 
property that is critical for the production 
of a given crop, but it is a property that 
may be vital for the continued capacity of 
the soil to support that crop. 

 The primary importance of soil 
biodiversity is the contribution made by soil 
organisms to a wide range of essential 
services and to the sustainable function of all 
ecosystems: by acting as the primary driving 
agents of nutrient cycling, regulating the 
dynamics of soil organic matter, soil carbon 
sequestration and greenhouse gas emission, 
modifying soil physical structure and water 
regimes, enhancing the amount and efficiency 
of nutrient acquisition by the vegetation and 
enhancing plant health. These services are 
not only essential to the functioning of natural 
ecosystems but constitute an important 
resource for agricultural production and food 
security as well as the sustainable 
management of agricultural systems. 

Biodiversity for Pollinators 

Every day birds, bees, bats and other 
animals pollinate millions of plants and 
flowers. This pollination is essential for 
maintaining biodiversity and sustaining the 
world’s food supply. In 2005, a valuation of the 
pollination service provided by insect 
pollinators, mainly bees, to grow the world’s 
main food crops, was about USD 208 billion, 
about 10 percent of the total value of global 
food production. However, over the last 20 
years, significant declines in pollinator 
diversity have been recorded. Recent 
collapses of honeybee populations have made 
headlines around the world. Stemming the 
decline in pollinator diversity and ensuring 
pollination services is an urgent matter of 
global importance.  

Biodiversity for Carbon Trading 

Carbon credits are a key component 
of national and international attempts to 
mitigate the growth in concentrations of 
greenhouse gases. They provide a way to 
reduce greenhouse gas emissions by giving 
them a monetary value. Internationally 
tradable, they can be exchanged between 
businesses or bought and sold in the market 
place and used to help marginal projects 
become viable. The current system for carbon 
credit exchange does not directly credit 
agricultural biodiversity in tree farms, 
nurseries or fruit orchards for the conservation 
benefit that these lands provide. If partner 
countries are willing, it may be possible to 
examine whether some components of 
agricultural biodiversity could be eligible for 
direct claiming of carbon credits, if it is 
happened, it will immensely help in 
biodiversity conservation and sustainable 
agricultural production.   
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Biodiversity Business 

It is defined as: “Commercial 
enterprise that generates profits through 
production processes which conserve 
biodiversity, use biological resources 
sustainably and share the benefits arising out 
of this use equitably.”  This definition reflects 
the three over-arching goals of the United 
Nations Convention on Biological Diversity 
(CBD), which also calls for increased efforts to 
enlist the private sector in biodiversity 
conservation, sustainable use and equitable 
benefit sharing. In both the environmental and 
business communities, there is growing 
recognition of the potential to conserve 
biodiversity on a commercial basis. The 
business case for biodiversity is easy to make 
when a firm depends directly on biodiversity to 
operate. Biodiversity-friendly agriculture is one 
example where the income stream to private 
enterprise depends very clearly on the health 
of the surrounding ecosystem. In such cases, 
business owners and managers need little 
persuasion to invest in biodiversity 
management. Examples can be found in other 
business sectors, where greater biodiversity is 
associated with lower costs, increased 
productivity and ultimately higher profits. In a 
range of contexts, scientists have discovered 
that greater variability in genes, species and 
ecosystems is associated with increased 
biological productivity, profitability, resilience 
and consumer preference by the way of:.  

•  More diverse ecosystems are preferred 
destinations for tourism.  

•  Biologically diverse soils are generally 
more productive for agriculture.  

•  Marine biodiversity is associated with 
increased productivity of fisheries.  

•  Crop genetic diversity is a key factor in 
maintaining disease resistance and yields.  

• Diverse tropical forests are prime 
locations in which to find novel genes and 
compounds for agricultural, industrial and 
pharmaceutical uses. 

Market Mechanisms for Biodiversity 
conservation 

Trading environmental liabilities such 
as carbon emissions, wetland mitigation 
credits, or even biodiversity restoration credits 
may provide incentives for sustainable 
consumption. Finally, the use of certification 
schemes for sustainable production practices 
(Good Agricultural Practices-GAP) could also 
result in biodiversity and ecosystem gains as 
well as offer profitable business opportunities 

for farmers. These may prove essential if 
integration of biodiversity enhancements into 
agro-ecosystems is to yield positive results. 
To advance the goal of encouraging 
agriculture which protects or enhances 
biodiversity, there is a compelling need to 
devise workable market mechanisms to 
quantify and monetize the economic value of 
agriculture’s ecosystem services for the 
beneficiaries of those services. Many 
companies, both in the agricultural sector and 
further down the value chain, are willing to 
make the investments and develop the 
technologies and approaches to contribute 
towards sustainable agriculture as witnessed 
by the number of businessled initiatives 
established to standardize certification 
procedures and environmental standards like 
certification for organic farming, Good 
Agricultural Practices etc . However, to do so 
they need to gain an economic return on 
investment and therefore rely on supportive 
science based policy frameworks and 
Intellectual Property Rights (IPRs). 
Governments need to set targets and provide 
the necessary policy and market frameworks.  

Benefits of Agro-biodiversity Conservation  

•  Increase productivity, food security, and 
economic returns.  

•  Reduce the pressure of agriculture on 
fragile areas, forests and endangered 
species.  

•  Make farming systems more stable, 
robust, and sustainable.  

•  Contribute to sound pest and disease 
management.  

•  Conserve soil and increase natural soil 
fertility and health.  

•  Contribute to sustainable intensification.  

•  Diversify products and income 
opportunities.  

•  Reduce or spread risks to individuals and 
countries.  

•  Help maximize effective use of resources 
and the environment.  

•  Reduce dependency on external inputs.  

•  Improve human nutrition and provide 
sources of medicines and vitamins.  

• Conserve ecosystems’ structure and stability 
of species’ diversity.  

Policy Implications 

More holistic and systemic approach for 
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sustainable agricultural production through 
biodiversity conservation integrates the three 
pillars i.e., profitability, environmental 
protection and social equity. It includes the 
premise that agriculture needs to be managed 
while supporting biodiversity and ecosystem 
health. Integrated Crop Management (ICM) 
strategies that are being implemented include, 
among others, setting biodiversity 
conservation goals for farmland, such as 
maintaining or enhancing wildlife habitats. 
Similarly, low-till, and conservation agriculture 
are also widely promoted approaches. The 
major policy implications needed for 
sustainable use are: 

a. The identification of adaptive 
management practices, technologies and 
policies that promote biodiversity-friendly 
agriculture, improve productivity and build 
the capacity of farming communities to 
sustain livelihoods; 

b. Strengthening the capacities of farmers, 
indigenous and local communities, and 
their organizations and other stakeholders 
to benefit from the sustainable 
management of agricultural biodiversity; 
and  

c. Mainstreaming the conservation and 
sustainable use of agricultural biodiversity 
into national development plans, 
programmes and strategies in a range of 
different sectors, including agriculture, the 
environment, rural development and 
health and nutrition. 
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Soil Physical Constraints Identified  

Water excess during heavy rains 

 Water deficit at critical stages of rice 
growth 

 Soil texture and shallow depth of soil 
profile 

 Regeneration of structure of puddles soil 

 Cloddy nature of seedbed after rice 

 Difficulty in seedbed preparation (tillage) 
for rabi crops 

 Poor seed-soil contact resulting in poor 
germination of rabi crops 

 Unavailability of suitable management 
practices for rice-based cropping system 

Vertisols and associated soils, derived 
from Deccan trap, have mostly developed 
under semi arid and sub humid climatic 
conditions. In Madhya Pradesh, vertisols 
occupy 16.7 m ha. According to Tomar et al. 
(1995), the medium and deep black soils 
occupy an area of 16.21 m ha and shallow 
and medium black soils 3.06 m ha in the state. 
These are spread over central and western 
parts of the state, covering Narsinghpur 
Hoshangabad, Damoh, Sagar, Raisen, Guna, 
Vidisha, Bhopal, Rajgarh, Shajapur, Sehore, 
Dewas, Khandwa, Khargone, Indore, Ujjain, 
Dhar, Jhabuia, Ratlam, Mandsaur, Jabalpur, 
Chhindwara, Seoni and Betul districts. Mixed 
with red soils these also occur in Chhatarpur, 
Tikamgarh, Sidhi, Rewa, Balaghat, Mandla, 
Shahdol, Satna and Panna districts. 

Table 1: Distribution of Vertisols in India 
(after Murthy et al., 1982) 

State Area 
(m/ha) 

Percent 
of gross 

area 
under 

vertisols 
in India 

Percent 
of total 

geograp
hical 

area in 
India 

Maharashtra 29.9 35.5 7.9 
Madhya 
Pradesh  

16.7 23.0 5.1 

Gujrat  8.2 11.9 2.6 
Andhra 
Pradesh  

7.2 10.0 2.2 

Karnataka  6.9 9.4 2.1 

Tamil Nadu  3.2 4.2 1.0 
Rajasthan  2.3 3.0 0.7 
Orissa  1.3 2.0 0.4 
Bihar  0.7 2.0 0.2 
Uttar 
Pradesh  

Negligible - - 

 With the help of Soil Survey unit, 
Department of Agriculture, Madhya Pradesh, 
located at Jabalpur, Indore, Hoshangabad and 
Sagar, two master soil profiles were exposed 
in each major series identified by the NBSS 
&B LUP, Nagpur. The area covered included, 
Kymore plateau and Satpura hills, central 
Narmada valley, Malwa plateau, Nimar valley 
and Vindhyam plateau zones covering 32 
series of Vertisols and associated soils of the 
state (fig. 2.1) Exposed profiles were studied 
for morphological and physic-chemical 
properties of soils. Soils were characterized 
and classified to the level  of soil family. The 
area of benchmark soils has been reported 
from soil survey reports of the Department of 
Agriculture, Madhya Pradesh, Bhopal and 
NBSS & LUP, Nagpur. Vertisols are found to 
occur on lower elements of the toposequence 
such as pledmont plaints and flood plaints, 
while upper slopes of piedmont plains, and 
gently sloping piedmonts. Based on aerial 
extent, difference in agriculture use and 
proportional distribution of different series in 
different agroclimatic zones of Madhya 
Pradesh, 27 benchmark soil series 
representing 14 vertisols and 13 Vertic sub 
group of inceptisols were selected for more 
detailed study including agricultural use. Their 
salient features and properties are discussed 
under following sections. 
Geology  
 The Madhya Pradesh State is 
underlain principally by Deccan trap (34%), 
the Vindhyan sandstone (25%), Archaean 
gneisses (20%), the Gondwana (10%), older 
and newer alluvium (6%) and Lameta 
sandstone and limestone (5%). 
 The Deccan trap covers the major 
part of the districts, like Mandala, Seoni, 
Chhindwara, Betul, Khargone, Dhar, Indore, 
Dewas, Sehore, Shajapur, Ujjain, Ratlam, 
Mandsaur, Rajgarh, Guna, Vidisha amd 
Sagar. The most common rock is a normal 
augite-basalt. 
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 The Vindhyam system is a vast 
stratified formation of sandstones, shales and 
lime stones. A large area of Vindhyan rock is 
covered by the Deccan trap. The Vindhyam 
system covers part of Gird region, Damoh, 
Panna, Satna, Rewa, Sidhi and Sehore 
districts. 

 The Archaean group of crystalline 
rocks, granites and gneisses cover major part 
of Bastar, Balaghat, Chhatarpur, Tikamgarh, 
Seoni, Chhindwara, and Jhabua districts. The 
Gondwana party cover Sidhi, Shadol, 
Jabalpur, Chhindwara, Betul, Hoshangabad 
districts. These consist of sandstones, shales 
intervaded within coal seams. 

 The rock components of the Jabalpur 
district are basically soft, massive sandstones 
and white, yellow shales with some lignite and 

coal seams and in addition of few lime stone 
bends. The Jabalpur stage is of 
paleontological interest because of its having 
yielded a rich Jurassic flora of newer age viz. 
Ioeroalite. 

Mineralogy  

 Soils of Jabalpur, Narsinghpur, 
Indore, Sehore and Hoshangabad are 
primarily rich in smectite clay mineral (Tables, 
2.2 and 2.3). Its content varies from 60 to 78% 
other important clay minerals are kaolinite and 
and mica/illite. Quartz content ranges from 5 
to 10 percent and that of feldspar from 1 to 3 
percent. The surface area of 2 fm clay fraction 
varies from 91 to113 m2/g. The internal 
surfaces of clay fraction are more than the 
external surfaces. 

Table 2:  Contd. 

Parameter Location of profile 
Khamond (depth, m) Sural (depth, m) Gotegaon (depth,m) 

CaCO3 (%) <0.1 <0.1 <0.1 0.1 1.20 1.57 
CEC (cmol(p+) kg-1) 72.6 76.5 83.0 70.1 75.5 67.2 
Clay mineralogical composition (based on X-ray diffraction)                         + 
Mica/lllite  15 15 15 15 10 10 
Kaolinite  15 10 10 10 5 5 
Smectite  60 65 70 65 75 70 
Quartz  10 5 5 10 10 10 
Feldspar  2 1 1 3 2 1 
Surface area of 2 fm clay fraction                                                                      + 
BET-N2 area (m2/g) 96 113 99 91 108 110 
EGME retained (Mg/g) 150 161 177 155 162 147 
Total External surfaces  64 74 66 61 72 73 
Internal surfaces  86 87 111 94 90 74 
% smectite Calculated 
from EGME 

38 39 50 42 40 33 

Ratio of estimates of 
smectite and XRD/ 
EGME  

1.6 1.7 1.4 1.6 1.9 2.1 

 

Table 3:  Mineralogical composition of clay 
fraction of some soil series 
(Vertisols of Madhya Pradesh 
(Chaterjee and Rathore, 1976) 

Place/ 
(series) 

Depth 
(m) 

Clay mineral (% 
oven dry basis 

Smec-
tite 

Kaoli
nite 

IIIite 

Indore  0.1-0.16 78 9 7 
Sarol  1.2-1.5 60 8 5 
Sehore  0-0.225 60 7 5 
Budhwara  1.35-1.65 65 7 5 
Powarkheda  0-0.15 60 9 10 
Budhwara  1.35-1.65 65 10 10 
Jabalpur 
(Kheri) 

0-0.15 
1.35-1.65 

70 
76 

10 
12 

11 
12 

 
2.3  Extent and Climate Characteristics 

of Soils  

 Climate is also an important factor     
in assessing the suitability of soils for multiple 
cropping of sequential cropping under    
rainfed situations. In the central peninsular 
India rainfall mainly concentrated in four 
months (June 15 to October 15) and             
dry periods 4-8 months occur each year.      
The maximum temperature ranges from     
430C to 450C in central to western Madhya 
Pradesh in may and minimum 2.-120C in 
December and January months. The 
monsoon usually breaks with storms in the 
secon to third week of June. On the basis of 
amount, distribution and probabilities of 
rainfall, the area has been classified into 
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assured rainfall zone (Virmani, et al. 1982). 
The area receive assured annual rainfall 
ranging from 750 to 1250 mm per annum 
covering 43 to 77 percent of the annual 
potential evapotranspiraiton (PET). 

  Extent and climate characteristics of 
each soil series studied in the area of 
Vertisols and associated soils of Madhya 
Pradesh are given in table 2.4 Benchmark soil 
series of Nimar valley and Malwa plateau 
occur in semi arid sub tropical monsoon type 
climate. The mean annual rainfall is 804.5 
mm, whereas PET is 1728 mm. the area, 
therefore, has huge water deficit. Mean pre 
monsoon and mean winter temperatures are 
28.750C and 8.750C, respectively. 

Basic and cumulative infiltration of 
different benchmark soils  

 

 Initial infiltration test was carried out at 
each site of the benchmark profile using 
double ring infiltrometers. The basic infiltration 
rate (BIR) varied from 2.0 to 40.0 mm hr-1 

(table 2.6). in kymore plateau and satpura hills 
zone, the Sehora and pindral series had BIR 
of 3.5 mm hr-1 and 4 mm hr-1 respectively. 
Infiltration rate carried out insitu in profiles of 
Kheri and nunser series revealed that sub-
surface layers had very low infiltration rate, 
which BIR was lower than 3 mm hr-1, sub 
surface layer were impervious due to higher 
bulk density values recorded in these profile 
layers. In Nunser and Kheri series impervious 
layer was in between 120 and 200 cm depth 
where the BIR was <2 mm hr-1 as compared 
to 3-4 mm  hr-1 as compared to 4 mm hr-1 for 
surface layers and 8 mm hr-1 for lower layers 
(Kaushal, 1981 and Gupta et al., 1976). 
 

Basic Infiltration Rate (BIR) of deep (> 0.80 m) and shallow (< 0.80m) benchmark soils of 
different agro-climatic zones of M.P. State 

Region/ Agro-
climatic zones 

Deep soils Shallow soils 
Series BIR (mm hr-1) Series BIR (mm hr-1) 

Malwa plateau Sarol  5.0 Kamaliakheri 7.4 
Nimar valley  Daswi 10.4 Tonki 15 
 Mirzapur 8.0 Sengwal 14 
 Mandleshwar  4.0 beria 12 
 Bikhron  2.0 Zirnla 11 
 Chhapari  2.0 Kherighat 8 
 Bapalgaon  1.5 Masania 5 
   Khurgaon  3 
   Bahrampur 2.1 
   bajatta 2.0 
Vindhyan plateau  Marha 10.0 Bishramganj 40.0 
 Sundra 8.0 Bartuma 27.0 
 Jamra 7.0 Bamori 10.0 
Central Narmada 
valley  

Sontalai 11.5   

 Rajon 8.0   
 Budhwara  3.5   
Kymore plateau Amgaon 6.0   
and satpura hills Gopalpur 15.0   
 Kunda 12.0   
 Nunser 4.0   
 Pindral 4.0   
 Sehora 3.5   
 Kheri 3.0   
 Makkee  2.0   
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Benchmark soil of different agroclimatic 
zones have been arranged with decreasing 
rate of BIR taking the average values of test 
in shallow and deep soils of different series. 
In Nimar valley and Malwa plateau 
benchmark soils, maximum soils are under 
shallow depths. Among shallow soils, Tonki, 
Sengwal, Baria and Zirnia soil series had 
higher BIR (>10 mm hr-1) and remaining 
Kherighat, Masania, Khurgaon, Bahrampur 
and Bajatta series had BIR (< 10 mm hr-1). 
Benchmark soils of Khurgaon, Bahrampur 
and Bajatta series had BIR < 5 mm hr-1. In 
deep benchmark soils Daswi, Mirzapur and 
Kamaliakheri series had higher BIR            
(> 5 mm hr-1) than Sarol, Mandleshwar, 
Bikhron and Chhapari series which had < 5 
mm hr-1. All the benchmark soils of Kymore 
plateau and Satpura hills are classified as 
deep soils. Gopalpur and Kunda soils had 
higher BIR (>10 mm hr-1) while, Nunser, 
Pindrai, Sehora, Kheri and Makkee soil 
series had BIR 5 mm hr-1 Lowest BIR was 
recorded in Makkee (2 mm hr-1) and Kheri 
(3 mm hr-1) series. The benchmark soils of 
central Narmada valley are also classified 
as deep Vertisols. Higher BIR was recorded 
in Sontalai (11.5 mm hr-1) and Rajor (8 mm 
hr-1) series and lowest in Budhwara (3.5 mm 
hr-1) series. In Vindhyan plateau (Sagar 
district), benchmark soils of Bishramganj, 
Bartuma and Bamori are classified as 
shallow. Bishramganj and Bartuma soil 
series had    higher BIR (>25 mm hr-1) as 
compared to Bamori series (BIR 10 mm     
hr-1). In this zone Marha, Sundra and Jamra 
asoils are classified as deep soils which had 
BIR ≤ 10 mm hr-1.      Marha soils had 
slightly higher BIR as compared to Sundara 
and Jamara soils.  

 According to FAO if BIR of soils 
varies from 1 mm to 2 mm hr-1 then these 
soils are classified as excessively slow 
permeable soils. In these soils the ponding 
of water may reduce the yield of crops. 
Such, situations were observed in 
benchmark soils of Kymore plateau and 
Satpura hills and Central Narmada valley 
zones. As per the FAO norms optimum 
infiltration rates are generally within 7 to 35 
mm hr-1. Results of this study indicated that 
the benchmark soils have dominantly very 
low to low BIR and corroborates with the 

findings of Shanware and Gawande     
(1988) and Bull (1981). The results            
of this study indicated that out of 20 deep 
Vertisols 3 belonged to very low and 8 to 
low BIR. 

 The mineralogical data of some of 
the important benchmark soils presented in 
tables 2.2 and 2.3 revealed that these soils 
had expanding type of mineral, initially 
intake of moisture is fairly high due to large 
number of cracks but when these soils swell 
on wetting there is substantial reduction in 
micro and macro pores resulting in low 
water intake. In Vertisols of Jablapur and 
Central Narmada valley due to higher clay 
content and profile depth the BIR is lower (6 
mm hr-1) and classified as very low to low 
BIR categories. Critical study of these 
benchmark revealed that high concentration 
of CaCO3, Fe and Mn concretions, sub 
angular blocky structure and presence of 
disintegrated murrum layer are responsible 
for higher BIR in some of the Vertisol 
profiles. 

 From the BIR data and cumulative 
infiltration curves it is concluded that low 
category of BIR to be divided into sub 
classes viz., class I (3 mm hr-1), class II (3-
10 mm hr-1) and class III (10 mm hr-1). With 
these modifications survey investigations on 
water intake or infiltration studies can        
be helpful in further classifying unsuitable 
areas of Vertisols of 3 mm hr-1 BIR          
and save post irrigation problems                
of waterlogging, salinity, pan formation and 
so on for sustainable agricultural 
production.  

Hydraulic conductivity  
 The hydraulic conductivity of surface 
and sub-surface layers of different 
benchmark soils was studied and the values 
obtained are summarized and presented in 
table 4 for reporting the hydraulic 
conductivity data of deep soils, 0-70 cm 
depth has been denoted as first layer and 
70-150 cm/180 cm as second layer. In 
shallow soils 0-30 cm has been denoted as 
first layer and 30-60 cm depth as              
sub surface layer. In most of the cases,     
the values were not considered at             
the depths where higher rates were 
observed as compared to upper layer. 
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Table 4:  Hydraulic conductivity (mm hr-1) of surface (0-0.1 m) and sub-surface (0.1-0.2 m) of 
benchmark soils of M.P. 

Region/ 
Agro-

climatic 
zones 

Deep soils Shallow soils 

Series 

Hydraulic conductivity 
(mm hr-1) Series 

Hydraulic conductivity 
(mm hr-1) 

Surface Sub 
surface Surface Sub 

surface 
Nimar 
valley  

Daswi 5.40 2.10 Baria 3.7 6.3 
Mandleshwar  9.20 3.00 Zirnia 16.8 - 
Bikhron  2.50 0.26    

Vindhyan 
plateau  

Marha 12.10 4.30 Bishramganj 83.2 - 
Sundra 11.45 5.60 Bartuma 29.5 40.6 
Jamra 12.10 4.20 Bamori  10.4 - 

Central 
Narmada 
valley  

Sontalai 18.00 17.50 - - - 
Rajon 17.50 14.90 - - - 
Budhwara  5.00 3.0 - - - 

Kymore 
plateau and 
satpura hills 

Gopalpur 11.8 10.40 - - - 
Kunda 9.3 7.80 - - - 
Nunser 3.3 3.70 - - - 
Pindrai 3.9 4.40 - - - 
Sehora 3.9 2.10 - - - 
Kheri 3.0 2.20 - - - 
Makkee  4.7 3.30 - - - 

Soil moisture retention and release 
characteristics  

 The moisture content – suction 
relationship is the most important physical 
property of soil which reflects its available soil 
moisture storage capacity to support the crop 
under rainfed conditions, drainage behaviour 
and the ease with which the soils can be tilled, 
the change in bulk density its moisture content 
and swelling property. Mineralogical data 
presented in tables 2.2 and 2.3, revealed that 
due to relatively high smectite content, 
Vertisols had remarkably high moisture 

retentively even at high soil moisture suctions. 
Moisture retention under field conditions of 
some of the benchmark soils of M.P. State are 
presented in table 2.5 and 2.8. Depth wise 
moisture retention and profile available water 
storage capacity data are given in table 2.5. 
The available water capacity data i.e. water 
retained per unit depth of soil are given in 
table 2.8. these data clearly indicate that if 
soils are deep, Vertisols will retain high 
amount of available water. Shallow and light 
textured retain less water. Thus soil and water 
management practices and cropping systems 
will-be different for different soils series. 

 
Table 5:  Available water capacity of different Benchmark soils of M.P. State 
 
Region/  
Agroclimatic zone 

Deep soils Shallow soils 
Series AWC (cm m-2) Series AWC (cm m-1) 

Malwa plateau  Sarol  29.65 Kamaliakheri 10.34 
Nimar valley  Daswi  22.13 Tonki  13.56 
 Mirzapur  25.79 Khurgaon 11.21 
 Mandleshwar  26.81 Beria  24.25 
 Bikhron  27.33 Zirnia  27.63 
 Chhapari  26.68 Kherighat  22.64 
     
 Bapalgaon  26.45 Masania  24.58 
   Baharampur  28.85 



 CAFT on Agro-ecological Approaches towards Sustainable Agricultural Production from 01-21 Oct. 2013 
 
 

 

JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)   170 
 
 
 

   Bajatta  26.82 
   Sengwal  13.05 
Vindhyan plateau  Marha  12.42 Bishramganj 8.28 
 Sundra  16.53 Bartuma  8.63 
 Jamra  15.78 Bamori  5.57 
Central  Sontalai 7.01   
Narmada valley  Rajon  6.44   
 Budhwara  16.41   
Kymore plateau  Gopalpur  5.21   
And  Kunda  13.15   
Satpura hills  Nunser  18.68   
 Pindrai  20.57   
 Sehora  22.05   
 Kheri  24.65   
 Makke  19.95   

 

Depth of soil  

 The major characteristics of vertisols 
in this region is that during dry months cracks 
develop (2-5 cm wide on the surface) and 
taper downward to a depth of 1.0 m or more. 
Thick surface layers between the cracks are 
separated into massive prism like blocks. 
These prismatic structure break into 
subangular or angular blocky peds at places 
with shiny pressure faces. In most of the 
vertisol pedons studied of kymore plateau and 
satpura hills and central narmada valley.  

Intersecting slickensides forming the 
surface wedge shaped structural aggregates 
are found below 0.4-0.5 m. slickensides are 
observed to a depth of 160 cm from the 
surface. 
 In most of the soil series studied, 
depth ranged from 0.20 m to 1.80 m depth. 
These soils situated on piedmont plains and 
old flood plains of mature river system           
in central peninsular India with 1-3% slope, 
and developed into deep outwash or alluvium  
 

 

derived from Basalt or basic rockmaterial         
rich in Mafic minerals and alkaline earth. The  
solum depth of Kamaliakheri series (Paralithic 
Vertic ustochrept) is 0.45 m and  that of the 
Sarol soils 0.60 m Marha soils have the 
highest silt and lowest clay percent in control 
section (approximately) between 0.25 and 1 
meter) and Kheri soils have lowest silt and 
highest clay percent. Kamaliakheri and Kheri 
soils have the same clay content and slighly 
higher than other soils, although content of silt 
are similar. 

 Vertisol profiles are deep to very deep 
(1.0 m to 1.8 m). while Vertic sub groups 
inceptisols are generally shallow (0.40 -
0.60m). As discussed and suggested by 
Sehgal et al. (1992). The minimum depth of 
vertisol should be 0.80 m instead of 0.50 m as 
defined in soil taxonomy (USDA Soil Survey 
Staff, 1975). The profile study carried out in 
this project also suggest that the minimum 
depth criteria should be 0.80 m for interpreting  
soils for agricultural use in management 
practices under irrigated and rainfed farming 
situations. 

Table 7:   Categories of soil properties for suitability ratings  

Soil property 
Categories  

Well 
suited (S1) 

Moderately 
suited (S2) 

Poorly 
suited (S3) 

Very   
Poorly (S4) 

Depth (cm) >100 100-45 <45  

Clay content of 0 to 50 cm (%”) 40-50 50-60 >60  
Bulk density of fine textured soil (Mgm-3) <1.0 1.0 to 1.3 >1.3  
Bulk density of fine textured soil (Mgm-3) <1.4 1.4 to 1.6 >1.6  
pH 6.0 to 7.5 7.5 to 8.5 >8.5  
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CEC of 0-50 cm (cmol) (p+) kg-1 >40 40 to 20 <20  
AWC (mm m-1) >100 100 to 45 <45  
BIR (cm hr-1) 2.0 to 6.25 0.8 to 2.0 0.4 to 0.8 <0.4 

 

Table 8:  General soil suitability ratings of different soil series of Nimar valley and   Malwa 
plateau 

Soil 
property 

Name of soil series 
Kg Mn Tk Sw Bm Ba  Zn  Mp  Bj  Cp  Bk  Bp  Dw  Mw  Kh  Kkh  Sri  Sgr  

Depth (cm) S2 S3 S3 S3 S2 S3 S3 S1 S2 S1 S1 S1 S1 S1 S2 S2 S1 S1 

Clay 
content 
Bulk density 
(Mgm-3) 

- - - - S1 S1 - S1 S1 - S1 - - S1 - S1 S1 - 

A)Fine 
textured soil  - - - - - - - S3 S3 - S3 - - S3 - - S3 - 

B)medium 
texture soil  S2 S2 S2 S3 S3 S3 - - - S2 - S3 S2 S1 - - - S2 

Soil 
reaction: pH S1 S2 S2 S2 S1 S2 S2 - S1 S2 S1 S2 S2 S2 S2 S1 S1 S1 

CEC 
(cmol(p+)     
kg-1) 

- S2 S2 S3 S1 S2 S2 - S1 S3 S3 S1 - S1 S1 - - - 

AWC         
(mm m-1) - - - - - - - S3 - S3 S3 S3 S3 S3 S3 - - - 

Infiltration 
rate (cm hr-1) 
(Suitability for 
irrigation 
class) 

S4 S3 S2 S2 S1 - S2 S1 S3 S3 S4 S4 S4 S2 S3 S3 S1 S1 

 
Kg-Khurgaon, Mn-Masania, Tk-Tonki, Sw-Sehgwal, Bm-Bahrampur, Ba-Baria, Za-Zirnia, Mp-
Mirzapur, Bj-Bajatta, Cp-Chhapri, Bk-Bikhron, Bp-Bapalgaon, Dw-Daswi, Mw-Mandleshwar, Kh-
Kherighat, Kkh-Kamliakheri, Srl-Sarol, Sgr-Songuraria. 
 

2.5 General Soil Suitability Ratings of 
Different Benchmark Soils for Crop 
Production  

 Sarol soils belong to the family of fine 
montmorillonitic hyperthermic Typic 
Haplustert. The major differences in physical 
and chemical properties can be deduced from 
tables 2 to 3 sarol soils are well drained as 
compared to Kheri and other series. This had 
noticeable effect on the performance of rainy 
season crops grown in these soils. The 
reasons for the difference are probably that 
Kheri soils have more fine clay, somewhat 
more magnesium and Sodium ions on the 
exchange complex than that of the sarol and 
Kamaliakheri soils (Chatterjee and Rathore, 
1975). Kheri soils thus have very hard 
consistency when dry and surface horizons 
breakup into very hard, massive, prismatic 
blocks some 20-30 mm in size. Sarol soils are 
somewhat in better structure, have softer 
consistency and the surface of the dry soils is  

 

 

covered by 20-30 mm thick loose pulverized 
granular surface mulch (Gupta, 1991). 
Although both soils are high in Vertisols 
having >60 percent clay are classified into 
very fine familes and Kheri, and Nunsar all 
meet this criteria. Kheri soils have the large 
amount of exchangeable Mg++ in the upper 
horizon. These soils are largely used for 
paddy cultivation. The presence of high Mg++ 
which relates to water logging is probably a 
direct, result of this agriculture use. Among 
benchmark soils of Kymore plateau and 
Satpura hills, paddy is an important crop 
which is grown only in Kheri soils having 
highest annual rainfall among all the soils 
reported in this report. Traditional combination 
of sorghum and pulses, sorghum and cotton 
and cotton and pulses are generally grown in 
rainfed situation of Malwa and Nimar valley 
soils where annual rainfall is <1000 mm. in 
some of the soils of Nimar valley and Malwa 
plateau cotton is grown extensively. In the rabi 
season wheat, chickpea, lentil and linseed are 
commonly grown in these soils. 
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Table 9: General soil suitability ratings of different soil series of Narmada valley 
(Hoshangabad district) 

Soil property Name of soil series 
Bw  Rn  St  Nk  Mg  

Depth (cm) S1 S1 S1 S2 S2 
Clay content % 

Bulk density (Mgm-3) 

S1 S1 - - - 

A)Fine textured soil  S2 - -- - -- 
B)medium texture soil  - S1 S2   
Soil reaction: pH S1 S1 - S2 S1 
CEC (cmol(p+)kg-1) S1 S1 - - - 
AWC (mm m-1) S2 S2 S2 - -- 
Infiltration rate (cm hr-1) 
(Suitability for irrigation class) 

S4 S3 S3 - - 

Bw – Budhwara, Rn- Rajon, St- Sontalal, Nk- Neemkheda, Mg- Mahendgaon  

Table 10:  General soil suitability ratings of different soil series of Kymore plateau and 
Satpura hills  

Soil property Name of soil series 
Amg  Gol  Knd  Pnd  Sha  Mk  Nun  Khr  

Depth (cm) S1 S1 S1 S - -- - - 
Clay content  % 
Bulk density (Mgm-3) 

S2 -  S2 S1 S1 S1 S1 S3 

A)Fine textured soil  S2 - S2 S3 S3 S3 S3 S3 
B)medium texture soil  - S1 - -- - - - - 
Soil reaction: pH S1 S1 S1 S2 S2 S2 S2 S1 
CEC (cmol(p+)kg-1) - - - - - - - - 
AWC (mm m-1) S2 S3 S2 S2  S  S1 S1 S1 
Infiltration rate (cm hr-1) 
(Suitability for irrigation class) S4 S3 S4 S5  S5 S4 S5 S3 

 

Reference: 

 Tomar S. S., Tembe G. P., Sharma  S. K., Bhadauria U.P.S, Tomar U. S. (1996), improvement of 
physical conditions of black soils in Madhya Pradesh (Research highlights) bulletin published 
by Department of Soil Science and Agricultural Chemistry JNKVV, Jabalpur (M.P.) and ICAR 
New-Delhi  
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Introduction of high yielding varieties 
and use of high analysis fertilizer under 
irrigation condition resulted increase in 
productivity tremendously and finally brought 
the green revolution in our country.  The ever 
increasing population of the country is forcing 
the planner to produce more and more with 
shrinking natural resources. To meet the 
challenges high yielding verities and 
intensification of agriculture played an 
important role in sustaining the green 
revolution in the country. The external supply 
of nutrient and water helped in sustaining the 
green revolution over the time. However, the 
use of high analysis fertilizer accelerated the 
mining of micro and secondary nutrients which 
resulted in hidden hunger of these nutrients 
and brought down the productivity cropping 
systems at several places in the country.  So 
to address these questions ICAR has initiated 
a long term fertilizer experiment at several 
locations across the country covering 
predominant cropping system and major 
groups of soil in early seventies. Since then 
productivity of different systems and soil 
health is continuously under surveillance and 
monitored.   Indian soils are running with 
negative nutrient balance to the tune of 12-14 
m tons yr-1 and this negative balance will 
continue to be present even after using the full 
potential of fertilizer industry. Under this 
situation, it is really very hard to maintain soil 
health and productivity. Nutrient management 
in long term study may explain the nutrient 
behavior, soil health and sustainability. In this 
paper attempts are made to have an over 
view of nutrient management on productivity 

of different cropping systems and soil health 
under long term use of fertilizer.  

Treatment Details and Cropping Systems  

Initially project experiments were started at 11 
centres in irrigated and intensively cultivated 
areas representing different agroclimatic 
regions. Five of these are located at CRIJAF, 
Barrackpore (West Bengal) TNAU, 
Coimbatore (Tamil Nadu), IARI, Delhi (Delhi) 
ANGRAU, Hyderabad (Andhra Pradesh) and 
PAU, Ludhiana (Punjab) on Inceptisols. Four 
experiments were established on Alfisols at 
HPKV, Palampur (Himachal Pradesh), BAU, 
Ranchi (Jharkhand), and UAS, Bangalore 
(Karnataka) OUAT, Bhubaneswar (Orissa) 
rice-rice; one each on Vertisol  at JNKVV, 
Jabalpur (Madhya Pradesh) and on Mollisol at 
GBPUAT, Pantnagar (Uttaranchal). 

Cropping system and soil type is 
given below. There are 10 treatments in each 
experiment.  These are:  T1 50% optimal NPK 
dose; T2 100% optimal NPK dose; T3 150% 
optimal NPK dose; T4 100% optimal NPK 
dose + hand weeding; T5 100% optimal NPK 
dose + Zinc or lime; T6 100% optimal NP; T7 
100% optimal N; T8 100% optimal NPK + 
FYM; T9 100% optimal NPK (Sulphur 
free/sulphur source); T10 Unmanured  
(Control) with a provision of one or two 
additional treatments that may be of local or 
regional interest. The treatments are 
replicated four times in a randomized block 
design.   The unit plot size varied from 100 to 
300 m2 except at Palampur centre where it 
was only 15 m2 because of non availability of 
large sized plots in the hilly areas.  

Details with soil type, cropping system and Agroecological zone of each Centre of AICRP on 
LTFE 
 

S. 
No. 

Location  (State) Soil Type Year 
of 

start 

Taxonomic 
Class 

Cropping system Agro-
eco 

region 

Sub-
region 

1. CRIJAF Barrackpore 
(W.B.) 

Inceptisols 1971 Typic 
Eutrochrept 

Rice-wheat-jute fibre 15 15.1 

2. PAU Ludhiana (Punjab) Inceptisols 1971 Typic 
Ustochrept 

Maize-wheat-cowpea 
fodder 

4 4.1 

3. IARI New Delhi 
(Delhi) 

Inceptisols 1971 Typic 
Ustochrept 

Pearlmillet-wheat-
cowpea fodder (till 
1981-82) ; Maize-
wheat-cowpea fodder 
(since 1982-83) 

4 4.1 

PPrroodduuccttiivviittyy  aanndd  SSooiill  HHeeaalltthh  iinn  LLoonngg  TTeerrmm  FFeerrttiilliizzeerr  EExxppeerriimmeenntt  
uunnddeerr  ddiiffffeerreenntt  AAggrroo--  cclliimmaattiicc  ZZoonneess  

  

Muneshwar Singh 
Project Coordinator  

 

All India Coordinated Research Project on Long-Term Fertilizer Experiments 
Indian Institute of Soil Science, Bhopal (M.P.) 
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4. TNAU Coimbatore 
(T.N.) 

Inceptisols 1971 Vertic  
Ustopept 

Fingermillet-maize-
cowpea fodder 

8 8.1 

5. JNKVV Jabalpur  
(M.P.) 

Vertisols 1972 Typic 
Chromustert 

Soybean-wheat-maize 
fodder 

10 10.1 

6. GKVK Bangalore 
(Karnataka) 

Alfisols 1972 Kandic 
Paleustalf 

Fingermillet-maize-
cowpea-fodder 
(Cowpea discontinued 
w.e.f. 1994) 

8 8.1 

7. ANGRAU RRS 
Jagtial, (AP)  
 

Inceptisols 2000 Typic 
Tropaquept 

Rice-rice  [Earlier expt. 
continued till 1996 (at 
Hyderabad,1971-96)] 

7 7.2 

8. OUAT Bhubaneswar   
(Orissa) 

Inceptiols 2002 Aeric 
Haplaquept 

Rice - rice  (Expt. 
continued till 2001) 
Rice - rice  (new Expt. 
started wef.2002) 

12 12.2 

9. BAU Ranchi 
(Jharkhand) 

Alfisols 1972 Typic 
Haplustalf 

Soybean-potato-wheat 
(till 1984) 
Soybean-wheat (since 
1985) 

12 12.3 

10. CSKHPKV Palampur  
(H.P) 

Alfisols 1972 Typic 
Hapludalf 

Maize-potato-wheat (till 
1977-78)  
Maize-wheat    
(since1978-79) 

14 14.3 

11. GBPUA&T Pantnagar  
(Uttaranchal) 

Mollisosl 1971 Typic 
Hapludoll 

Rice-wheat 14 14.1 

12. JAU Junagadh 
(Gujarat) 

Vertisols 1996 Vertic 
Ustochrept 

Groundnut-wheat 2 2.4 

13. Dr. PDKV, Akola  
(Maharashtra) 

Vertisols 1996 Typic 
Haplustert 

Sorghum-wheat 6 6.2 

14. KAU Pattambi  
(Kerala) 

Alfisols 1996 Typic 
Haplustalf 

Rice-rice 19 19.2 

15. IGKV Raipur 
(Chhatisgarh) 

Vertisols 1996 Typic 
Haplusterts 

Rice-wheat 11 11.0 

16. MPUA&T Udaipur  
(Rajasthan) 

Inceptisols 1996 Typic 
Ustochrept 

Maize-wheat 4 4.2 

17. MPKV Parbhani 
(Maharashtra) 

Vertisols 1996 Typic 
Chromustert 

Soybean -safflower 6 6.2 

B Voluntary centre       
18. IASRI New Delhi - 1972 - - - - 

 

1. Nutrient Management and Productivity   

Enhancing the productivity is a prime 
objective and priority of Indian agriculture to 
feed the ever growing population from 
shrinking natural resources. Long term study 
in India and elsewhere in the world 
documented that it is impossible to attain the 
potential yield of crops with out external 
supply of nutrient. However, the indiscriminate 
or misuse of nutrient had adverse effect on 
productivity. In the following section nutrient 
management and productivity in different soils 
is reviewed with special reference to long term 
experiment.    

1.1 Rice-Wheat: Rice-wheat is most 
predominant cropping system of the country 
and contributes major portion of food basket. 
The yield data (Table 1) of Pantnagar 
(Mollisols), Barrackpore (Inceptisols) and 
Raipur (Vertisols) indicated that integration     
of nutrients resulted increase in productivity of  

 

the system at all the three places and 
incorporation FYM further enhanced the 
productivity. At Pantnagar application of 100% 
N alone for 37 years, average yields of rice 
and wheat recorded were 4658 and 3588 kg 
ha-1. Integration of P with N and K with NP 
resulted in increase in yield of rice to 4828 
and 5008 kg ha-1 and of wheat to 3756 and 
3767kg ha-1 respectively. Incorporation of 
FYM with NPK further increased productivity 
of rice and wheat to 5716 and 4490 kg ha-1 
respectively. The similar trend in yield on 
integration of nutrient was also noted at other 
two locations. Difference in the level of 
magnitude in productivity is because of 
climatic condition. Increase in yield on 
incorporation of FYM is not only due to 
additional supply of major nutrients but also 
ruled out the hidden hunger of Zn and 
secondary nutrient at many places. Moreover, 
organic manure also helped in turnover 
process of nutrients in soil which is 
responsible for nutrient transformation in soil. 
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Table 1: Effect of integrated nutrient management on average productivity of rice- wheat (kg ha-1) 
cropping system under LTFE at different locations  

Treatments  Pantnagar Barrackpore* Raipur 
1972 to 2006-09 1972 to 2006-09 1999-2006-09                                       

Crop  Rice Wheat Rice Wheat Rice Wheat 
Control  2816 1432 1432 755 2337 1002 
100 % N  4658 3588 2981 1955 3614 1459 
100 % NP 4828 3756 3311 2181 5055 2140 
100 % NPK 5008 3767 3442 2287 5124 2141 
NPK + FYM 5716 4490 3647 2326 5447 2388 
100% NPK + GM - - - - 4480 1754 
50% NPK + BGA - - - - 4225 1640 
CD 5%  611 448 265 316 328 346 

Saha et al., (2008) 

To evaluate the INM practice on 
productivity of rice and wheat number of trials 
were conducted throughout the country under 
AICRP Agronomy. The data summarized in 
table 2 indicated that combined use of fertilizer 
and organic manure (FYM) resulted in increase 
in larger productivity of the system with residual 
effect on subsequent wheat crop (Singh and 
Singh 1998). Eight years study on integrated  

 

nutrient management in rice-wheat in Vertisols  
(Singh et al.,2001) at Jabalpur revealed that 
conjunctive use of 5 t FYM and 6t green 
manure (Parthenium) with 90 kg N not only 
sustained the productivity but also saved nearly 
90-100 kg ha-1 fertilizer N annually. In addition 
to saving of nitrogen, integrated nutrient 
management practices also improved the SOC 
and nutrient status of soil (Table 3) and 
available status of nutrient.  

 

Table 2: Effect of combined use of organic and inorganic fertilizer average crop yields (t ha-1) in rice-
wheat at different location 

Treatment Location 
Bhagalpur (87 trails) Manipur (96 trails) Ludhiana (5 years) 

Rice Wheat Rice Wheat Rice Wheat Rice Wheat 
FoN60 FoN60 4.21 2.75 441 1.04 5.6 2.8 

aF12 N60 F12 N60 4.14 2.95 5.44 1.33 5.7 3.9 
At Ludhiana a= N80 to rice and N90 to wheat                    
Singh and Singh (1998) 
 

Table 3: Integrated Nutrient management in 
rice wheat for 7 years and average 
productivity of rice-wheat (tha-1) and 
nutrient status in Vertisol at 
Jabalpur 

Treatment Rice Wheat Nutrient Status 
after 7 years (mg 

kg) 
OC% P** K* 

N90 4.42 4.19 0.58 21.1 138 
N180 5.08 4.70 0.71 18.7 125 
N90 + 
FYM  

4.95 4.49 0.74 40.1 230 

N90 + 
GM 

4.58 5.07 0.72 39.1 240 

Initial  -  0.60 19.5 195 
Singh et al., 2001, *Singh et al., 2002 & 
**Singh et al., 2007. 

1.2 Soybean Wheat: Soybean-wheat is 
predominant cropping system of MP and 
extended into in Rajasthan and Maharastra. 
Thirty seven years data summarized in table 4 
clearly indicated that integration of N, P and K 
sustained the yield at a higher level compared 
to application of N and NP. However, the 
maximum average productivity is recorded on 
conjunctive use of NPK and FYM.. In Alfisols 
at Ranchi, continuous application of N alone 
has adverse effect on productivity. Integration 
of P and PK with N increased yield of soybean 
from 293 Kg ha-1 (100% N alone) to 870 and 
1496 Kg ha-1 respectively and the 
corresponding yields of wheat recorded were 
386(100% N) 2449 kg ha-1 and 2795 Kg ha-1 
(Table 4). It is interesting to note that 
integration of NPK with FYM further increased 
the yield of both soybean and wheat. At 
Ranchi use of lime as a component of INM 
also improved the productivity significantly.  
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Table 4: Effect of integrated nutrient management on average productivity of soybean/ maize-wheat 
system under LTFE at different locations  

Treatments  Ranchi a Jabalpur b Palampurc 

1972 to 2006-09 1972 to 2006-09 1999-2006-09 
Crop  Soybean  Wheat  Soybean  Wheat  Maize  Wheat  
Control  605 692 814 1238 287 381 
100 % N  293 386 1024 1668 422 367$ 
100 % NP 870 2449 1652 4071 2004 1635 
100 % NPK 1496 2795 1818 4419 3237 2294 
NPK + FYM 1867 3327 2004 4850 4660 3102 
NPK + Lime  1795 3170 - - 4112 2854 
CD 5%  212 390 282 441 706 502 

$ at present yields are zero,  a Dwivedi et al., 
(2007),  b Mahapatra et al., (2007), c Sharma 
et al., (2005).          

 1.3 Maize-Wheat: Maize-wheat is another 
important cropping system of North-West 
India. The yield data of 36 years old maize-
wheat cropping system at Ludhiana and 10 
years old experiment at Udaipur and Delhi 
indicated that integration of P and K with N 
enhanced the productivity of the cropping 
system. 

Integration of P with N increased the yield of 
maize from 1771 Kg ha-1 (N alone) to 2209 
and wheat from 2932 Kg ha-1 to 4108 Kg ha-1 
At Ludhiana. Addition K and incorporation of 
FYM further enhanced the productivity (Table 
6). At Palampur (Alfisols) continuous 
application N resulted  in  decline in yield with 
time and at present there were zero yields in 
this particular plot. However integration of PK 
along with FYM/lime sustained the productivity 
of the system over last 36 years. (Table 4) 
 

Table 5: Effect of integrated nutrient management on average productivity (kg/ha-1) maize-wheat 
system and LTFE 

Treatments  Ludhiana  New Delhi Udaipur  
1972 to 2006-09 1995-96 to 2006-09 1997-98-2006-09 

Crop  Maize  Wheat  Maize  Wheat  Maize  Wheat  
Control  899 1206 1221 2381 1900 1907 
100 % N  1891 2999 1552 4076 2458 3112 
100 % NP 2376 4123 1781 4524 2837 3610 
100 % NPK 3117 4769 2185 4524 3042 3879 
NPK + FYM 3805 4987 2421 4867 3410 4374 
CD 5%  234 251 184 271 181 207 

1.4 Finger millet-maize: Finger millet-maize 
covers large area in southern India. The yield 
data of both finger millet and maize indicate 
that integration of all the three major nutrients  

 

(NPK) always had the larger productivity 
compared to application of N and NP. 
Integration of FYM with NPK further boosted 
the productivity of the system (Table 6).  

Table 6: Effect of integrated nutrient management on average productivity (kg ha-1) of finger-millet 
and rice-rice system under LTFE 
Treatments  Bangalore Coimbatore Pattambi 

1987-2007 1971-2007 1998-2007 
Crop  F. Millet Maize F. Millet Maize Rice Rice 
Control  568 291 1067 1037 1595 2196 
100 % N  726 383 1322 1322 2200 3073 
100 % NP 940 649 2698 2871 2097 3010 
100 % NPK 4145 2213 2784 3134 2263 3158 
NPK + FYM 4803 2642 3294 3628 2770 3629 
NPK + Lime  4755 2597 - - 2634 3536 
CD 5%  126 566 385 301 385 285 
*Sudhir et al., (2004)  
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1.5 Rice-rice: Rice-rice is quite common 
cropping pattern  in some parts of southern 
and eastern states of the country. The 10 year 
average yield data (Table 6) indicated that 
integrated nutrient management is the only 
option to sustain productivity of rice-rice 
Alfisols of Pattambi (Kerala). At Pattambi 
green manure and liming are essential 
components of INM for sustaining the 
productivity at higher level.  

Thus, data generated under long-term 
study in the country clearly demonstrated that 
balanced and integrated nutrient management 
are the only options to sustain the productivity. 
Application of FYM ensures the sustainability 
at higher level by taking care of the hidden 
hunger of micro and secondary nutrients 
which other wise could have been limiting 
factor in sustaining the productivity. 
Applications of FYM in addition to supply of 
nutrient also act as conditioner for physical 
condition of soil like infiltration and bulk 
density which improves aeration and water 
movement in soil, required for better root and 
plant growth. In Alfisols of Ranchi, Bangalore 
and Palampur application N alone had 
adverse effect on productivity.  Decline in 
productivity in Alfisols is due to non availability 
of P and K due to reduction in soil pH on 
application of N alone. Whereas at Jabalpur P 
and K were not limiting nutrient for quite some 
which made possible to sustain the yield.  

2.Nutrient Management and Soil Health 

It is well documented that our soils are working 
under stress due to disproportionate human 
and live stock population. From 2.3 per 
geographical area, India support 15 per cent 
livestock and 18 per cent human population. 
Thus under this situation it has become more 
relevant that we must ensure that quality of our 
natural resource should be maintained. To 
sustain productivity for long period of time it is 
essential to maintain soil health. It is also our 
moral responsibility to pass on a healthy and 
good quality soil to next generation.. 

2.1 Chemical Properties     

2.1.1 Impact on Soil pH: Soil pH is an 
important intrinsic property of soil which 
usually does not change easily. However, long 
term use of fertilizer indicated that continuous 
use of nitrogenous fertilizer or use of 
ammonium sulphate as a source of nitrogen 
resulted decline in pH which had adverse 
effect on productivity of crops in Alfisols. 
Continuous use of urea alone resulted decline 
in soil pH but the effect  is more serious in 
Alfisols because of poor buffering capacity 
(Table 7)  

Table7 Effect of nutrient management on soil 
pH at Palampur and Ranchi  

Treat
ment 

Alfisols Vertisols 
Ranchi Palampur Jabalpur Akola 

Initial  5.5 5.8 7.6 8.1 
100% 
N 

4.4 4.4 7.6 7.8 

100% 
NP 

4.8 5.0 7.5 7.8 

100% 
NPK 

4.6 5.1 7.4 7.8 

100% 
NPK+ 
FYM  

4.7 5.2 7.4 7.8 

100% 
NPK+ 
lime  

5.7 6.4 - - 

2.1.2 Soil Organic Carbon: Data depicted 
in table 9 on soil organic carbon (SOC) 
revealed that continuous balanced nutrients 
application maintained SOC whereas 
incorporation of FYM resulted in build-up in 
SOC in Alfisols of Bangalore and Palampur. 
At Ranchi, only NPK+FYM could maintain 
SOC whereas in all other treatments decline 
in SOC is recorded. Thus, results indicate that 
under high rainfall incorporation of FYM is 
essential to sustain soil productivity. 

Organic carbon data of Inceptisol of 
Ludhiana and Vertisol of Jabalpur and Alfisol 
of Bangalore revealed that balanced 
application of fertilizer maintained the soil 
organic carbon . (Table 8) and also sustained 
the yields (Table 4 ) . 

Table 8: Soil organic status in long term 
fertilizer experiments  

Locations Initial NP NPK NPK+FYM 

Ludhiana  2.2 3.3 3.6 5.2 
New Delhi 4.4 3.9 4.4 5.5 
Udaipur  6.9 7.1 7.8 9.9 
Jagtial  7.9 1.0 1.0 1.1 
Jabalpur 5.7 6.5 7.4 9.6 
Akola  4.6 4.9 5.1 6.8 
Coimbatore 3.0 6.7 7.0 9.8 
Palampur  7.8 9.4 9.7 1.3 
Bangalore  4.6 4.7 4.9 5.7 
Pantnagar  1.5 8.5 8.7 1.6 
Barrackpore 7.0 4.7 4.6 6.8 
Ranchi 4.5 3.8 3.9 4.5 
Raipur  6.2 6.0 6.1 7.0 

2.1.3 Available Nitrogen: Available N is an 
oxidizable and is considered to be available to 
plant during the course of growth. Perusal of 
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data (Table 9) revealed  that application of 
nutrient in balanced and integrated form 
resulted in improvement available N at 
Ludhiana, Raipur, Bagalore, Jabalpur and 

Akola whereas decline in available N was 
noted at Pantnagar, Udaipur, Palampur with 
respect ti initial.   

 

Table 9: Effect of nutrient management on available N (kg ha-1) at different sites of LTFE  

Centre Initial N NP NPK NPK + Lime NPK + FYM 
Ludhiana 87 118 123 126 -  132 
Udaipur 360 277 280 293 -  319 

Pantnagar 392 240 241 242 - 328 
Raipur 236 236 241 241 - 246 
Ranchi 295 250 243 239 225 244 

Banglore 257 315 309 308 296 316 
Palampur 736 306 287 317 322 335 
Jabalpur 193 193 255 263 - 315 

Akola 120 242 258 273 - 309 
Coimbatore 199 174 179 177 - 195 

2.1.4 Available Phosphorus: Data (Table 10) 
revealed that irrespective of soil and cropping 
system absence of P in fertilizer schedule 
resulted decline in available P status in soil 

whereas continuous application of P resulted 
increase P status. The largest increase in P 
status was noted in NPK+ FYM. Increase in P 
status is due uptake of P less than applied.  

 

Table 10: Effect of nutrient management on available P (kg ha-1) at different sites of LTFE  

Centre Initial N NP NPK NPK + Lime NPK + FYM 
Ludhiana 9 7.6   86  - 99 

IARI 16 18 34 35  - 41 
Udaipur 22 16 23 25  - 25 

Pantnagar 18 9 19 19  - 35 
Raipur 16 9 24 25  - 28 
Ranchi 13 8 126 118 64 227 

Banglore 34 8 178 113 111 195 
Palampur 12 19 152 103 104 194 
Jabalpur 7.6 3.1 26 29  -  39 

Akola 8 4.7 28 29  - 36 
Coimbatore 12 11 18 18  - 27 

2.1.5 Available Potassium:  Available K 
status (table 11) revealed that in general 
decline in available K was noted. However, at 
some locations like Ludhiana, IARI, Pantnagar 
increase in available K was noted. Decline in 
available K status is due to uptake of K in 
quantity larger than applied. But increase in K 
status is due to K content of irrigation water or 
due to mining of K from lower layer and 
accumulated in surface layer, on  

 

 

decomposition of roots and stubble. At 
Ludhiana during late Kharif, irrigation is 
applied through canal water and contained lot 
of silt and adds K to soil. It is interesting to 
note that soils of Bangalore are low in K but 
here also improvement in K content in 
NPK+FYM treatment. Incorporation of FYM 
not only adds K but also mobilizes non 
exchangeable K to exchangeable.   

Table 11 : Effect of nutrient management on available K (kg ha-1) at different sites of LTFE  

Centre Initial N NP NPK NPK + Lime NPK + FYM 
Ludhiana 88 82 85 99   114 

IARI 155 252 206 287   316 
Udaipur 671 527 497 564   620 

Pantnagar 125 87 98 140  154 
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Raipur 474 425 397 428  450 
Ranchi 158 94 61 90 84 115 

Banglore 123 76 66 169 173 206 
Palampur 194 141 121 156 158 215 
Jabalpur 370 188 239 266  313 

Akola 358 259 278 386  456 
Coimbatore 907 477 492 594  639 

2.2 Physical Properties: Good physical 
properties of soil facilitate to microbial activity, 
root proliferation and water transmission 
characterstics of soil which together all help in 
regulating the supply of nutrient and ultimately 
plant growth.  

2.2.1 Bulk density: Bulk density of soil 
indicates compactness of the soil. The data 
recorded(Table 12) on bulk density after 
practicing a specific nutrient management 
practice for several years indicates that 
application of nutrient resulted decrease in 
bulk density. The effect of nutrient was more 
conspicuous on application NPK and 
NPK+FYM. This may be due to incorporation 
root biomass in larger quantity as a result of 
good crop growth. This is also evident from 
SOC of under these treatments.  

Table 12: Effect of nutrient management on 
Bulk density (Mg m-3) at different 
sites of LTFE  

Centre 
Bulk density (Mg m-3 ) 

N NP NPK 
NPK + 
Lime 

NPK + 
FYM 

Ludhiana 1.54 1.53 1.53   1.49 
IARI 1.48 1.48 1.48   1.41 
Udaipur 1.47 1.47 1.45   1.36 
Pantnagar 1.38 1.3 1.35   1.2 

Ranchi  1.44 
1.40

  
1.40

  
1.40

  
1.40

  
Banglore 1.57 1.56 1.52 1.53 1.45 

Palampur 1.36 
1.22

  
1.17

  
1.21

  
1.13

  
Jabalpur 1.3 1.29 1.28   1.25 
Coimbatore 1.28 1.33 1.27   1.22 

2.2.2 Mean weight diameter: Mean weight 
diameter (MWD) is again a property which 
indicates size of aggregate and decide the 
pore space in soil. Data (Table 13) indicate 
that as we move from single to multiple 
nutrients, improvement in MWD was recorded 
irrespective of soils. Increase in MWD on 
application of nutrient is again due to increase 
in SOC. The larger increases in MWD on 
application of NPK+FYM confirm the 
hypotheses. 
Table 13: Effect of nutrient management on 

Mean weight diameter (mm) at 
different sites of LTFE  

Centre 
Mean weight diameter (mm) 

N NP NPK 
NPK + 
Lime 

NPK + 
FYM 

Ludhiana 0.34 0.38 0.41   0.52 
IARI 0.36 0.38 0.45   0.5 
Pantnagar 0.68 0.71 0.72   1.04 
Banglore 1.45 1.28 1.49 1.75 1.82 
Palampur 0.89 1.57 1.68  2.18  2.70  
Jabalpur 0.93 1.03 1.05   1.17 

2.2.3 Hydraulic conductivity:  Hydraulic 
conductivity is a function of bulk density and 
pore space which is governed by size of 
aggregate. Data presented in Table (14) 
clearly demonstrated that application of 
fertilizer nutrient resulted increase in hydraulic 
conductivity. The effects of nutrients were 
more pronounced on application of NPK and 
NPK+FYM.  Increase in hydraulic conductivity 
is due decrease in bulk density and increase 
in pore space as a result of increase in MWD.  

 

Table 14: Effect of nutrient management on Hydraulic conductivity (cm hr-1) at different sites of LTFE  

Centre Hydraulic conductivity(cm hr-1) 
N NP NPK NPK + Lime NPK + FYM 

IARI 0.54 0.56 0.69   0.76 
Udaipur 0.28 0.29 0.28   0.32 

Pantnagar 0.72 0.76 0.74   0.8 
Ranchi 4.10  4.39  4.30  4.50  4.79  

Banglore 1.01 0.67 0.96 0.88 0.59 
Jabalpur 0.4 0.6 0.5   1.4 

Coimbatore 2.08 1.95 2.09   2.84 
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2.3 Biological Properties: The availability of 
nutrient in soil to plant is mediated by soil 
microbes. Microbial population is indirect 
indicator of soil health. Good soil health 
means move activities of microbes. 

2.3.1 Microbial population:  Perusal of data 
on microbial population presented in table 15, 
16 &18 revealed application of nutrient had 
significant positive effect on population of 
Bacteria, fungi and actinomyclis at Bangalore. 
Which indicates application of fertilizer nutrient 
population of microbes also increases which 
means there has been improvement in 
biological health of soil.  A similar effect of 
nutrient application was also recorded at 
Palampur. However, at Palampur little decline 
fungi  was noted compared to control which 
may not be significant statistically whereas     
as Barrackpore, decline in bacterial and fungal 
population was recorded in the plot received 
only N, may be because of non availability     
of P for growth of organism also P is     
needed.  

Table 15:  Effect of nutrient management on 
Microbial Population at Bangalore           

Treatment Bacteria 
X 106 g 

soil 

Fungi 
X 103 
g soil 

Actinomy
clis X 104 

g soil 
Control 10.00 3.70 1.30 
100% N 13.70 4.00 1.70 

100% NP 15.30 6.70 2.30 
100% 
NPK 

16.70 9.00 3.00 

100% 
NPK+FYM 

24.00 15.00 4.30 

100% 
NPK+Lime 

17.70 7.30 4.00 

CD(0.05) 4.04 2.79 1.29 
 

 

Table 16: Effect of nutrient management on 
Microbial Population at Palampur 

Treatment Bacteria 
X 105 g 

soil 

Fungi 
X 104 
g soil 

Actinomycli
s X 104 g 

soil 
Control 9.53 4.45 11.97 
100% N 4.55 6.98 4.63 

100% NP 7.66 5.13 2.43 
100% 
NPK 

11.49 7.83 20.3 

100% 
NPK+FYM 

28.0 2.78 7.32 

100% 
NPK+Lime 

18.08 0.45 8.78 

Table 17: Effect of nutrient management on 
Microbial Population at 
Barrackpore 

Treatment Bacteria 
X 107 g 

soil 

Fungi 
X 105 
g soil 

Actinomyclis 
X 104  
g soil 

Control 10.93 9.03  
100% N 1.96 1.96  

100% NP 4.80 13.44  
100% 
NPK 

36.74 2.33  

100% 
NPK+FYM 

39.42 53.2  

2.3.2 Microbial Biomass Nutrient: As stated 
earlier that availability of nutrient to plant is 
mediated by soil microbes and microbial 
biomass nutrients are most easily available  to 
plant. The data on microbial biomass carbon 
and N presented in table 18 and 19 indicate 
that as we go complementing the nutrient, 
improvement in microbial biomass C & N was 
noted. Though the magnitude of biomass C. & 
N differ with place. Which depends climatic 
factors and crop growth, provide substrate for 
the growth of microbes.  

Table 18: Effect of nutrient management on Microbial biomass carbon (mg kg-3) at different sites of 
LTFE  

Centre N NP NPK NPK + Lime NPK + FYM 
Ludhiana 167.2 185.7 210.1   210.1 
Udaipur 177.2 186.7 208.5   289.2 
Raipur 366.5 393 426.2   486.5 
Ranchi 129.4 153.4 189.6 213 231.3 
Banglore 184.0 189.0 212.0 208.0 265.0 
Palampur 163.1 188.3 828.3 871.4 980.7 
Akola 202 244 262   365 
Coimbatore 227.3 258.8 280.8   385.0 
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Table 19:  Effect of nutrient management on Microbial biomass nitrogen (mg kg-3) at different               
sites of LTFE  

Centre N NP NPK NPK + Lime NPK + FYM 
Ludhiana 8.6 10.9 14.5   16.6 
Udaipur 29 27.5 34.2   41.2 
Ranchi 10.1 13.8 18.5 21.8 24 
Banglore 21.6 22.1 24.7 24.3 30.9 
Palampur 11.4 12.2 15.8 18.2 20.5 
Coimbatore 32.4 30.1 37.9   48.2 
 

Thus data generated on biological 
condition of soil clearly indicate that 
application of nutrient helped increasing 
microbial population in biomass nutrient in 
soil. In other terms balanced application 
nutrients improved the biological heath of soil.   
3.  Soil Qualities 
Unlike air and water we don’t have definite soil 
parameters and their limits to define soil 
quality. The definition of soil quality also 
depends upon the user.  
Land Manager: Capacity of soil to sustain 
higher yield maintaining the soil resources 
quality 
Conservationist: Sustaining soil resources 
and protecting the environment  
Consumer: Production of healthy and 
inexpensive food product. 
Environmentalist: Maintain soil biodiversity, 
water quality and nutrient cycling.  
Definition of soil quality (Larson and 
Pierce 1991)  

The capacity of soil to function within 
ecosystem boundaries to sustain biological 
productivity, maintain environment quality and 
promote plant and animal health.   

To assess soil quality, soil indicators 
(Soil properties), are usually linked to soil 
function. These soil indicators are sensitive to 
management. Improved soil quality often is 
indicated by increase in infiltration, aeration, 
aggregate size, soil organic matter and 
decrease in bulk density. To identify soil 
indicators minimum data set is defined 
covering the physical, chemical and biological 
properties of soil. On the basis of data 
generated through long term fertilizer 
experiment soil indicators were identified.  The 
Fig.1,2 &3 reveled that at different location 
different soil indicators are responsible for soil 
quality and therefore indicators are site 
specific. For instance at Ranchi Ca, Mg pH, 
HWSB, SMBN were identified as soil 
indicators whereas at Bangalore B.D. was 
found to be among the soil indicators. 

 

In Vertisols, MWD and hydraulic conductivity 
in addition to available K, pH were main soil 
indicators. Whereas in Vertisols of 
Coimbatore, soil organic carbon along and  
available nutrients were found to be masters 
indicators. Thus soil indicators are site 
specific. Once the soil indicators are identified 
then soil quality can be worked out using the 
following relationship. Larger the value better 
is soil   

3.1 Soil Quality Index (SQI)  

To evaluate the soil quality index is calculated 
by using the following equation  

SQI = ∑ wisi 

   i =1 

Where S is the score for the subscripted 
variable and wi weighted factor derived from 
PCA. Higher is the score better in the soil 
quality. 

SQI is relative numerical figure which 
indicate the condition of soil at that point of 
time under a particular management and how 
it has affected by your management practice. 
More is the SQI better is the soil quality.  By 
using this concept, soil indicators were 
identified through principal component 
analysis (PCA) and using their relative 
contribution in productivity. SQI was 
calculated for some of the sites of long term 
fertilizer experiment.  

The data in figure I indicated that at 
Palampur pH, DHA, SHC, MBC&N and PAWC 
were main soil indicators. Data revealed that 
continuous use of N alone resulted in decline 
in soil quality whereas balanced use of 
nutrient resulted in  increase in soil quality. 
The SQI calculated were found to be more or 
less same in NPK, NPK+ Lime but grater than 
control which suggest that balanced 
application of nutrient improved soil quality. 
However incorporation of organic manure 
further improved the soil quality.  In these 
treatments yields are also sustained at higher 
levels which suggest that balanced use of 
nutrient not only sustained the yield but also 
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improved the soil quality. Similar trend was 
also observed at Bangalore and Coimbatore. 
However SQI values were relatively larger at 
Coimbatore because of higher reference 
(control).    

Fig.1 Soil Quality Index under different 
nutrient management option  
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Fig.2 Soil Quality Index under different 
nutrient management option  
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Fig.3 Soil Quality Index under different 
nutrient management option  

LTFE Centre : Palampur (Alfisols)

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

Control 100% N 100% NP 100% NPK 150% NPK NPK+Lime NPK+FYM

So
il 

Q
ua

lit
y 

In
de

x(
SQ

I)

pH DHA SHC MBC PAWC MBN

Conclusion  

On the basis of result obtained under 
long term experiment across the country is 
concluded   that external supply of nutrient is 
essential to sustain crop productivity. Proper 
management of nutrient not only sustained the 
productivity but also improved soil properties 
(Chemical, Physical and Biological). Further 
analysis of data indicated that nutrient 
management in an appropriate way also 
enhanced the soil quality. However 
imbalanced use of nutrient adversely affected 

the productivity and soil health as well. Thus, 
nutrient management is the key for sustaining 
the soil productivity and improving soil quality.  
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Introduction 

Stagnation/decline in yields has been 
observed in many cropping systems in Asia 
and reasons ascribed to long-term cultivation 
and imbalanced use of plant nutrients. Soil 
quality deterioration under long-term 
cultivation occurred due to nutrient depletion, 
soil structure degradation, acidification and 
sub-optimal addition of organic and inorganic 
fertilizer to soil. A major component of 
sustainable land use is to sustain the 
productivity and improve the soil quality. 
Monitoring is important to correct deficiencies 
or to improve the quality of the soil resource. 
Various studies have attempted to identify the 
sets of attributes or properties that can 
characterize a soil processes with regard to a 
specific soil function. Soil attributes, which are 
most sensitive to management practice are 
considered to be soil indicators. The 
importance of particular soil function depends 
on the interest of observer. Thus for land 
managers it can mean the soil’s capacity to 
sustain or enhance productivity while 
maintaining soil resources for the future. For 
conservationists it can mean sustaining soil 
resources and protecting the environment. For 
consumers/stakeholders it can mean 
production of healthy and inexpensive food 
products. For environmentalists it can mean 
capacity to maintain or enhance biodiversity, 
water quality, and nutrient cycling and yield 
sustainability. Assessing soil quality is difficult, 
because unlike water and air quality for which 
standards have been established by the 
scientists which were endorsed by legislation. 
Soil quality assessment is purpose oriented 
and site specific. However, a quantitative 
assessment of soil quality could provide much 
needed information on the adequacy of the 
world’s soil resource base in relation to the 
food and fiber need of a growing world 
population. Soil quality influences basic soil 
functions, such as moderating and partitioning 
water and solute movement and their 
redistribution and supply to plants, storing and 
cycling of nutrients, filtering, buffering, 
immobilizing, detoxifying organic and 
inorganic materials, promoting root growth 
providing resistance to erosion.  

 To assess soil quality, indicators (soil 
properties) are usually linked to soil function 

(Hornung, 1993; Doran and Parking, 1994; 
Larson and Pierce, 1994; Doran et al., 1996; 
Karlen et al., 1996). Several indicators have 
been suggested reflecting changes over 
various spatial and temporal scales. Improved 
soil quality often is indicated by increased 
infiltration, aeration, macropores, aggregate 
size, aggregate stability and soil organic 
matter and by decreased bulk density, soil 
resistance, erosion and nutrient runoff (Parr et 
al., 1992). Microbial biomass, respiration, and 
ergosterol concentrations are biological 
measurements that have been suggested as 
indicators for assessing log-term soil and crop 
management effects on soil quality (Karlen et 
al., 1992). Periodic assessment of soil test 
properties has also been suggested as 
essential for evaluating the chemical aspects 
of soil quality (Karlent et al., 1992). A valid soil 
quality index would help to interpret data from 
different soil measurements and show 
whether management and land use are 
having the desired results for productivity, 
environmental protection, and health 
(Granatstein and Bezdicek, 1992). Moreover, 
can these indexes provide an early indication 
of soil degradation and the need for remedial 
measures, and characterize changes in soil 
properties that would reflect the extent of 
rehabilitation or regeneration of degraded 
soils? 

To date, the majority of soil quality 
research has been conducted on soils in 
temperate regions. Soil quality research on 
tropical soils is much more limited (Ericksen 
and McSweeney, 2000). In recent years, soil 
quality research has focused on the linkages 
among management practices and systems, 
observable soil characteristics, soil processes 
and performance of soil functions 
(Lewadowski et al., 1999). Choosing the 
appropriate soil attributes to include in an 
index requires consideration of soil function 
and management goals that are site specific 
and oriented to a users focus on sustainability 
rather than just crop yields. It is important that 
any index of soil quality must consider soil 
function, and these functions are varied and 
often complex. A soil, which is considered of 
high quality for one function may not be so for 
other functions. As a consequence, there are 
potentially many soil properties, which might 
serve as indicators of soil quality and research 
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is required to identify the most suitable one 
(Nortcliff, 2002). 

There is an urgent need to adopt 
appropriate soil and plant management 
practices that reduce soil degradation or 
maintain soil quality at a desirable level in 
humid and sub-tropical regions which are 
main contributors of food basket of the 
country. The capacity of soil can be reflected 
by measured soil physical, chemical and 
biological properties, also known as soil 
quality indicators. There is a need to develop 
soil quality index (SQI) in such a way that they 
(i) integrate soil physical, chemical and 
biological properties and processes, (ii) apply 
under diverse field conditions, (iii) complement 
either existing datasets or easily measurable 
data, and response to land use, management 
practices, and climate factors.  

 For assessing soil quality index (SQI), 
well managed long term studies are required. 
Under AICRP (LTFE), AICRP (DA), PDCSR 
and some SAUs well planned long-term 
experiments are being conducted in soils with 
contrasting properties and occurring under 
different agro climatic regions of the country 
covering a wide range of cropping systems.  

The information on the long-term 
effect of manure and fertilizer and 
amendments on soil quality is limited in India. 
A very few attempts have been made to 
identify soil quality indicators for agricultural 
soils using various techniques at local and 
regional levels on short term basis. In India 
probably Sharma et al. (2005) are the first to 
attempt to identifying soil quality indicators 
and their impact on soil quality using a 5 years 
sorghum-castor old experiment there is no 
study focusing on identification of soil quality 
indicators for different soils under predominant 
cropping systems of the country. Therefore, a 
study is proposed to identify the soil quality 
indicators for evaluating soil quality index 
(SQI) for important soils groups under 
different cropping systems in different ago 
climatic regions of the country. 

Important questions have to be 
resolved with regard to the identification of key 
soil quality attributes in different agricultural 
production systems, and field data are missing 
concerning the effect of the different soil 
management practices on soil quality 
attributes. 

The objective of this project is to 
address the urgent need to reverse land 
degradation due to inadequate/improper soil 
management in different production systems. 

It is proposed to deal with this issue through 
the promotion of improved soil management 
practices that provide economic gains and 
improve soil resource quality. 

Objectives  

(i) To assess the impacts of soil 
management technologies (conservation 
and production) on key soil properties 
under different cropping system.  

(ii) To identify critical soil quality indicators for 
different soil groups under different 
management practices and climatic 
regions. 

(iii) To work out soil quality index (SQI) for 
major soil groups occurring under different 
agro-climatic regions of the country.  

(iv) To synthesize and evaluate for each of 
dominant production system a set of best 
bet soil management practices with 
potential to promote soil quality. 

Technical Programme  

Each centre is supposed to generate 
the data on following parameters and report in 
prescribed format.  

1. Crop yield  

2. Soil Analysis  

3. Plant Analysis 

1. Crop Yield: The yield data may be reported 
in kg ha-1 in both the crops 

2. Soil Analysis: Each centre would 
determine the following properties: 

A. Physical Properties.  

i)  Bulk density Mg/m3:  Using the prescribed 
method (undisturbed core sample method)  

ii)  Mean weight diameter (cm): Wet sieving 
method. 

iii) Hydraulic conductivity (cm/hr): Saturated 
hydraulic conductivity 

iv) Available water (mm/meter):  Gravimetric 

method (one meter depth) 

B. Chemical Properties 

i) Soil pH & EC (1:2 Soil : Water ) 

ii) Nutrient status 

 Available N – Alkaline permagnet 
method 

 Available P – Olsen P – however, in 
Alfisol Bray method 
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 Available K – Ammonium Acetate 
extractable 

iii) Organic Carbon (Walkely and Black) (g/kg): 

iv) Heavy metal (mg/kg): Atomic Absorption 

Spectrophotometer  

C. Biological Characteristics 

i) Microbial biomass Carbon (mg/kg) 

ii) Microbial biomass Nitrogen (mg/kg)     
Fumigation and non fumigation methods 

iii) Microbial biomass Phosphorus (mg/kg)  

iv) DHA- Dehydrogenase Activity 
(ugTPF/g/day) 

(v) N mineralization: Repeated KCl extraction 
method 

Reference : CA Black Book in Methods of Soil 
Analysis)  

Jenkinson D.S. and Ladd J.N (1981) Microbial 
biomass in soil: measurement and turnover. In 
Soil Biochemistry, Vol. 5 (E.A. Paul and J.N. 
Ladd, Eds) pp.415-471. Dekker, New York 

Jenkinson D.S. and Powlson D.S. (1976a) 
The effects of biocidal treatments on 
metabolism in soil – I. Fumigation with 
chloroform. Soil Biology & Biochemistry 8, 
167-177. 

3. Plant Analysis: For estimating the nutrient 
uptake for calculating the nutrient balance, a 
wet digestion method may be preferably be 
followed.  

Methodology Approach 

There are two fundamental approaches 
employed for evaluating the sustainability of a 
management system: (i) comparative 
assessment and (ii) dynamic assessment. In a 
comparative assessment, performance of a 
system is evaluated in relation to alternatives 
at a given time only. Whereas in a dynamic 
assessment, performance of a system is 
evaluated in relation to alternative across 
time. Many workers have proposed minimum 
data sets. In other alternative techniques for 
SQI identification and / or interpretation are: 
linear and multiple regression analysis, 
scoring functions and factor analysis. The 
factor analysis technique groups soil 
properties into a few factors. These factors, 
although statistically constructed, can be 
assessed with respect to specific soil 
functions. 

The assessment of soil quality 
requires quantification of critical soil attributes. 

Initial measurements of soil quality attributes 
should be made in high and low productivity 
areas to establish ranges of values that are 
site specific. Changes occurring over time can 
then be measured to evaluate effects of 
different practices. 

For identifying the soil quality 
indicators there is need to have an 
experiment/system, which is under cultivation 
with same set of management practices for a 
reasonable period. So that the variation in 
chemical, physical and biological parameters 
of soils due to different management practices 
are clearly expressed. The soil quality 
indicators which are sensitive to management 
practices and soil quality index (SQI) will be 
developed through following steps. 

1.  Define the objective  

Our objective is to get sustainable 
productivity over the years. For calculating the 
sustainable yield index (SYI) the following 
equation will be used.  

    Ў - δ 

SYI = ------- 

           Y max 

Where Ў is average yield of a treatment, δ is 
treatment standard deviation and Y max is 
maximum yield in the experiment over years. 

2. Selection of minimum data set (MDS) 

The soil properties (chemical, physical 
and biological) which are most sensitive to 
management practices would be determined 
and their relative contribution on SYI will be 
assigned by using Principal Component 
Analysis (PCA). These properties will be 
called soil indicators.  

3. Scoring of MDS indicators 

            Once the MDS indicators are identified 
through principal component analysis. The 
indicators are arranged in descending order. 
Larger value is considered as good. The 
values will be transformed using standard 
techniques of statistic to get the weight age of 
individual soil parameters. The parameters 
which could explain atleast 90-95 percent 
variation in data will be selected to develop 
SQI. 

4. Soil Quality Index (SQI) 

Once we have the weightage of each 
MDS parameters, then the weightage of all 
the MDS parameter is summed up using the 
following equation to get the soil quality Index 
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(SQI).                                                                          
SQI =  ∑  wisi 

                                                                  i =1 
Where S is the score for the subscripted 
variable and wi weighted factor derived from 
PCA. Higher is the score better in the soil 
quality. 

Responsibly of the centre 

1. All the cooperating centres will 
generate the data following the 
uniform methodology as indicated. 

2. Data will be supplied in a definite 
format suggested by the Scientists of 
voluntary centre (IASRI). 

3. The reporting unit of all the 
parameters must be common by all 
the centre. 

4. General data records pertaining to 
agricultural practices (sowing, 
pesticide application, weeding, 
harvesting with datas etc.) must be 
recorded and supplied in a chart form. 

Outputs 

1) The scanning of soil for chemical, 
biological and physical properties 
under different management will 
provide us the present condition of 
soil and can be compared  with data 
of few years back. 

2) Through different statistical analytical 
tool we will be pin point the soil factor 
responsible for yield sustainability 
under different situations in different 
soils. 

3) Soil quality index will enlight us about 
the soil health under different 
management scenario. 

4) On the basis of above we would be 
able to from the policy for our major 
soils for long term sustainable 
productivity. 

5) Avoid the excess/imbalance use of 
nutrients, would help us not only in 
maximizing the utilization and 
conservation of natural resources, but 
also improve the environment by 
conserving. Curtailing in the wasteful 
expenditure on (Agricultural chemical 
Fertilizer, pesticide etc.) with improve 
the profitability of the farmers. 
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Introduction:  
Foremost concern facing the future of 

agricultural production is the availability of 
water as this sector is the largest consumer of 
water resources. But increasing demand of 
water for industrial and drinking purposes 
substantially reduces the share of available 
water resources to this sector. On the other 
hand it is also expected that climate change 
will cause more extreme climatic events like 
droughts and floods and shifts in plant 
growing zones. However, the demands of 
food, fodder, fuel and fiber to satisfying the 
need of growing population requires more 
water. To meet the demand of growing 
population an efficient use of water will be of 
key importance.  Currently about 2.8 billion 
people survives in water-scarce areas, but it is 
expected that about half of the world’s 
population will live in water stressed areas by 
2030. Agriculture is practiced under both 
rainfed and irrigated systems but globally 
about 80 percent of the agriculture is under 
rainfed system and contributing about 60 
percent of world food production. Using smart 
methods to enhance efficient and creative 
water use in rainfed agriculture has the 
potential to increase production. Past overuse 
of fossil water from aquifers has necessitated 
improving the water use efficiency in irrigated 
and rainfed agriculture to grow tomorrow’s 
food. Productivity of irrigated land is more 
than three times that of un-irrigated land and 
around 40 percent of the world’s food is 
produced on the 20 percent of land which is 
irrigated. The term water use efficiency 
originates in the economic concept of 
productivity which measures the same amount 
of input resource that must be expended to 
produce one unit of the product. Thus, water 
productivity might be measured by the volume 
of water taken into a plant to produce a unit of 
the output. In general, the lower the resource 
input requirement per unit, the higher the 
efficiency. In light of above facts it is essential 
to find out appropriate agro-techniques to 
produce more from per units of water or in 
other words to enhance the water use 
efficiency for higher crop production. 

A. Efficient water management 
Water is the most crucial input for 

agricultural production. Vagaries of monsoon 

and declining water-table due to its overuse 
resulted in shortage of fresh water supplies for 
agricultural use, which calls for an efficient 
use of this resource. Strategies for efficient 
management of water for agricultural use 
involves conservation of water, integrated 
water use, optimal allocation of water and 
enhancing water use efficiency by crops.   

1. Conservation of water 

Water conservation encompasses the 
policies, strategies and activities to manage 
water as a sustainable resource to protect the 
water environment and to meet current and 
future demand. Factors such as climate 
change will increase pressures on natural 
water resources especially in manufacturing 
and agricultural irrigation. In-situ conservation 
of water can be achieved by reduction of 
runoff losses and enhancement of infiltrated 
water and reduction of water losses through 
deep seepage and direct evaporation from 
soil. Runoff is reduced either by increasing the 
opportunity time or by infiltrability of soil or 
both. Opportunity time can be manipulated by 
land shaping, tillage, mechanical structures 
and vegetative barriers of water flow and 
infiltrability can be increased through suitable 
crop rotations, application of amendments, 
tillage, mulching etc. Water loss by deep 
seepage can be reduced by increasing soil-
water storage capacity through enlarging the 
root zone of crops and increasing soil water 
retentively. Direct evaporation from soil can be 
controlled with shallow tillage and mulching. 
Ex-situ conservation of water can be achieved 
by harvesting of excess water in storage 
ponds for its reuse for irrigation purpose. 

2. Integrated water use 

Efficient utilization of water resources 
and minimization of detrimental effect of water 
management on soil and water resources can 
be achieved by the integrated use of water 
from different sources viz., by irrigation to 
supplement profile stored rainwater, 
conjunctive use of surface-water and 
groundwater, poor and good quality water and 
recycled (waste) water for irrigation. 
Supplemental irrigation for growing crops is an 
integrated use of rainwater stored in the 
profile and the irrigation water regardless of its 
source. 

Agro-techniques for enhancing the water use efficiency 
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                     Y 
CWUE =   ---------- 
                     ET 

                     Y 
FWUE =   ---------- 
                     WR 

Small (30-50 mm) early post-
emergence irrigation stimulates root extension 
into deeper layers thus causing greater use of 
profile-stored water. So the water extraction 
obtained from the supplemental irrigation at 
crucial crop growth period is more than the 
proportionate increase in the level of 
supplemental irrigation, which is referred as 
priming effect of the supplemental irrigation. 
The priming effect varies with soil type, fertility 
level and amount of irrigation which generally 
increases with the increase in the soil water 
retentivity and decreases with the increase in 
the amount of irrigation after a certain 
threshold value. 

3. Optimal allocation of water 

Optimal allocation of available water 
among the competing crops and optimum 
timing of application is to be decided under 
adequate and limited water supply situation so 
as to maximize economic returns from 
available water (Figure 1). Under adequate 
water supply situation optimal allocation 
involves timing of irrigations so that crop 
yields are maintained at their achievable 
potential, as per climatic conditions of the 
location. Under limited water supply situation 
irrigation water must be allocated so that 
periods of possible water deficits coincide with 
the least sensitive growth periods. Thus 
irrigation scheduling should be decided based 
on the water availability. The procedure for 
optimal allocation of water under limited water 
supply condition includes quantifying water 
use (ET or T) vs crop biomass relations and 
employment optimizing models with 
operational constraints. Crop simulation 
models can be used to schedule irrigation 
under different water availability conditions. 

B. What is water use efficiency? 

Water use efficiency (WUE) is a broad 
concept that can be defined in many ways. 
For farmers and land managers, it is the yield 
of harvested crop product achieved from the 
water available to the crop through rainfall, 
irrigation and the contribution of soil water 

storage. Improving WUE in agriculture will 
require an increase in crop water productivity 
(an increase in marketable crop yield per unit 
of water removed by plant) and a reduction in 
water losses from the rhizosphere, a critical 
zone where adequate storage of moisture and 
nutrients are required for optimizing crop 
production. The coined slogan “more crop per 
drop” as a target for crop improvement in 
water-limited environments emerged in recent 
years in the publications (Kijne et al., 2003). It 
is a very catchy slogan indeed, but also a 
misleading one. It does not serve well the 
cause of breeding for water-limited 
environments, especially rainfed conditions. It 
led breeders to believe that crop production 
under water-limited conditions can be 
genetically improved by increasing plant 
production per given amount of water used by 
the crop (Passioura, 1996). A misconception 
also developed that improved water-use 
efficiency (WUE) is synonymous with drought 
resistance and high yield under drought 
stress. It is possible to achieve “more crops 
per drop” by certain crop and soil 
management practices. The water utilized by 
crop is evaluated in terms of water use 
efficiency which can be classified into the 
following indices: 

a. Crop water use efficiency (CWUE):  
 

Water use efficiency is the outcome of 
an entire suite of plant and environmental 
processes operating over the life of a crop to 
determine both crop yields (Y) and 
evapotranspiration (ET). Consequently, 
biomass production per unit ET has been 
used extensively as an interim measure of 
water use efficiency. Therefore, crop water 
use efficiency is the ratio of crop yield (Y) to 
the amount of water used by crop for 
evapotranspiration (ET).   

 
 
 
 
 
 

b.  Field water use efficiency (FWUE):  
It is the ratio of crop yield (Y) to the 

total amount of water used in the field (WR).  
 

 
 
  

c. Physiological water use efficiency (PWUE): 
 

  The physiological WUE is calculated 
in terms of the amount of CO2 fixed per unit of 
water transpired.  
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                     Rate of Photosynthesis 
PWUE =   -------------------------------- 
                     Rate of Transpiration 

C. Alternatives for enhancing water-use 
efficiency   

Water-use efficiency by crops can be 
improved by selection of crops and cropping 
systems based on available water supplied 

and increasing seasonal evapotranspiration 
(ET). The later can be achieved by selection 
of irrigation method, irrigation scheduling, 
tillage, mulching and fertilization (Figure 2). 
Optimal water efficiency of crop means 
minimizing losses due to evaporation, runoff 
or subsurface drainage while maximizing 
production. An evaporation pan in 
combination with specific crop correction 
factors can be used to determine how much 
water is needed to satisfy plant requirements. 
Flood irrigation, the oldest and most common 
type, is often very uneven in distribution, as 
parts of a field may receive excess water in 
order to deliver sufficient quantities to other 
parts. Overhead irrigation, using center-pivot 
or lateral-moving sprinklers, has the potential 
for a much more equal and controlled 
distribution pattern. Drip irrigation is the most 
expensive and least-used type, but offers the 
ability to deliver water to plant roots with 
minimal losses. However, drip irrigation is 
increasingly affordable, especially for the 
home gardener and in light of rising water 
rates. There are also cheap effective methods 
similar to drip irrigation such as the use of 
soaking hoses that can even be submerged in 
the growing medium to eliminate evaporation. 
As changing irrigation systems can be a costly 
undertaking, conservation efforts often 
concentrate on maximizing the efficiency of 
the existing system. This may include 
chiseling compacted soils, creating furrow 
dikes to prevent runoff, and using soil 
moisture and rainfall sensors to optimize 
irrigation schedules (Pimentel, et al., 2004). 
Usually large gains in efficiency are possible 
through measurement and more effective 
management of the existing irrigation system. 

Water-use efficiency (WUE) of crops 
can be improved by selection of crops and 
cropping systems based on available water 
supplies and increasing seasonal evapo-
transpiration (ET). The later can be achieved 
by selection of irrigation method, irrigation 
scheduling, tillage, mulching and fertilization. 

1. Selection of crops and cropping system 

Selection of crops and cropping 

systems for high water-use efficiency should 
be done on the basis of availability of water 
under rainfed crops, limited irrigated crops 

and fully irrigated crops. The average WUE of 
different crops varies from 3.7 to 13.4 
kg/ha/mm of water (Table 1 and 2).                   

Table 1: WUE of some important field 
crops in India 

Crops WUE (kg ha-1 mm-1) 
Rice  3.7 
Finger millet 13.4 
Wheat  12.6 
Sorghum  9.0 
Maize  8.0 
Groundnut  9.2 

Table 2: WUE of some important field 
crops in India 

High Medium Low 
Maize  Wheat  Green 
Sorghum  Barley  Gram 
Pearl millet  Oats  Pigeonpea 
Finger millet   Soybean 
Sugarcane   Peas 

a. Rainfed crops 

The amount of rainfall converted into 
plant-available soil water is determined by the 
amount and intensity of rainfall, topography, 
infiltrability and water retentivity of soil, depth 
of root zone and soil depth. Depth of soil due 
to its effect on the available water storage 
capacity decides the type of cropping locality. 
On medium soil depth mono-cropping or 
intercropping can be practiced whereas in 
deep soil with 200 mm available soil moisture 
status double cropping can be practiced. 

b. Limited irrigated crops  

Selection of crops and cropping 
sequences under limited irrigation situation 
should be done as there should be minimum 
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Tillage Techniques

water stress during the growing season 
although some water stress to the crops and 
associated yield reduction is inevitable. 
Therefore, along with selection of crops 
special care should be taken for irrigation 
scheduling of these crops. 

 

c. Fully irrigated crops 

Under fully irrigated condition 
selection of crops is not constrained by water 
availability but by adoptability of the crops to 
prevailing climatic and soil condition. In 
general, water use efficiency of C4 plants is 
higher than C3 plants, particularly under semi-
arid environment. 

2. Increasing seasonal evapo-transpiration 
Seasonal evapo-transpiration (ET) is 

a measure of consumptive water use by the 
crops. Increasing the transpiration (T) 
component of ET, results in higher utilization 
of water by the crops to increase the 
productivity. This can be increased by 
following improved irrigation methods, 
irrigation scheduling, tillage, mulching and 
fertigation. 

3. Irrigation method 
There are enormous improvements 

that can be made to agricultural water 
efficiency. About 70% of all water withdrawals 
are used for agriculture, but in many parts of 
the world uneconomical techniques such as 
flood irrigation is still being used while, more 
efficient irrigation techniques and careful 
management of irrigation requirements can 
reduce water need significantly. Efficient 
micro-irrigation methods like sprinkler and drip 
irrigation for utilization of available water in 
case of scarce in lean season developed 
mainly for high value horticultural and 
plantation crops could save up to 50 % of 
water and also increase the crop yield and 
quality substantially (Figure 4).  

4. Irrigation scheduling 

Under adequate water availability the 
main emphasis is on securing potential yield 

of the crops without wasting water. Whereas, 
under limited water supply, the objective is to 
achieve maximum WUE. There are different 
methods for irrigation scheduling viz., critical 
crop growth stages, feel and appearance 
method, soil moisture depletion approach, 
irrigation water at different cumulative pan 
evaporation method.  

5. Crop establishment techniques 
 

Crop establishment techniques mainly 
refers to the tillage practices which primarily 
influence the physical properties of soil viz., 
soil moisture content, soil aeration, soil 
temperature, mechanical impedance, 
porosity and bulk density of soil and also the 
biological and chemical properties of soil 
which in turn influence the edaphic needs of 
plants viz., seedling emergence and 
establishment, root development and weed 
control. Tillage also influences the movement 
of water and nutrients in soil and hence their 
uptake by crop plants and their losses from 
soil-plant system. Tillage affects the WUE by 
modifying the hydrological properties of the 
soil and influencing root growth and canopy 
development of crops. Tillage methods 
influence wettability, water extraction pattern 
and transport of water and solutes through its 
effect on soil structure, aggregation, total 
porosity and pore size distribution (Figure 4). 
Tillage system suitable for a soil depends 

upon soil type, climate and cropping system 
practiced. Shallow inter-row tillage into 
growing crops reduces short-term direct 
evaporation loss from soil even under weed-
free condition by breaking the continuity of 
capillary pores and closing the cracks. Deep 
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tillage to a depth of 30-45 cm at 60-120 cm 
intervals helps in breaking subsoil hard pans 
in alfisols facilitating growth and extension of 
roots and improving grain yield of crops as 
well as increasing residual soil moisture. 
However, the benefit is absent in suboptimal 
rainfall years and restricted to only deep-
rooted crops in high rainfall years.  

Conservation tillage practice normally 
stores more plant available moisture than the 
conventional inversion tillage practices when 
other factors remain same. The high soil 
moisture content under conservation tillage is 
due to both improved soil structure and 
decrease in the evaporation loss under 
continuous crop residue mulch cover. 
Increase in the available water content under 
conservation tillage, particularly in the surface 
horizon, increases the consumptive use of 
water by crops and hence improves the water 
use efficiency. Off season tillage or summer 
ploughing opens the soil and improves 
infiltration and soil moisture regimes. 

6. Mulching 

Mulching influences WUE of crops by 
affecting the hydrothermal regime of soil, 
which may enhance root and shoot growth, 
besides it helps in reducing the evaporation 
(E) component of the evapo-transpiration. 
Under moisture stress conditions, when 
moisture can be carried over for a short time 
or can be conserved for a subsequent crop, 
mulching can be beneficial in realizing better 
crop yield.  

7. Fertilization 

There is strong interaction between 
fertilizer rates and irrigation levels for crop 
yield and WUE. Application of nutrients 
facilitates root growth, which can extract soil 
moisture from deeper layers. Furthermore, 
application of fertilizers facilitates early 
development of canopy that covers the soil 
and intercepts more solar radiation and 
thereby reducing the evaporation. 

8. Weed control 

Weed management is the most 
efficient and practical means of reducing 
transpiration. Weeds compete with crops for 
soil moisture, nutrients and light. Weeds 
transpire more amount of water compared to 
associated crops plants.  

9. Cultural manipulations 

A timely –sown crop result in good 
stand and vigour and thereby higher efficiency 

of the basally-applied N fertilizer. On the other 
hand a crop sown late requires additional 
inputs like seed, fertilizer, irrigation etc. to 
compensate for the loss in crop stand and 
yield. In adequate crop stand is the major 
cause of low crop productivity under stresses 
environment like rainfed, drought and flood-
prone conditions. Weeds compete with crop 
plants for water, nutrients, sunlight and 
thereby reduce crop yields and consequently 
NUE. 

10. Varieties 

Breeding and selecting crop cultivar 
that makes more efficient use of water while 
maintaining productivity and crop quality has 
been a long-term goal of production 
agriculture. Development of water efficient 
cultivars could help decrease water inputs and 
resulting reduction in ground water depletion 
with higher water use efficiency. Plant 
breeding over the last century has indirectly 
increased water use efficiency of the major 
grain crops because of substantial increase in 
yield without any additional water use. 
Improved varieties have come from 
conventional breeding programs where 
selection has been made for yield 
enhancement. Although these increases are 
likely to continue, they may not occur at the 
same rate as before. Most of the increases 
have been due to improvements in harvest 
index which must now be approaching its 
theoretical limit in most of the crops. There 
has been little increase in water use efficiency 
for biomass and this must be increased if 
improvements in water-use efficiency are to 
continue. Possibilities will depend on the crop 
and the environment in which it is grown. 
Genetic increases in water-use efficiency 
should also come from the manipulation of the 
crop canopy to reduce wasteful evaporation of 
water from the soil surface and from an 
improvement in transpiration efficiency.   

11. Incidence of insects and diseases 

Plant health is government by 
diseases, insects and weeds that compete for 
water and nutrient resources and low NUE. 
Incidence of insects and diseases generally 
increases at higher levels of N application. 
Stem-borer infestation in rice was 42 % more 
than application of 40 kg N ha-1 than without N 
under lowland conditions (Sharma, 2002). At 
higher levels of N, the rice crop lodged and 
showed greater susceptibility to bacterial leaf 
blight and bacterial lead, streak, resulting in 
low grain yield.  
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12. Precision farming techniques 

Application of judicious amount of 
water considering the soil and crop types, 
climatic conditions and growth stages of the 
crop economize the cost of water application. 
Land leveling and root zone wetting through 
micro-irrigation systems also lead to efficient 
use of water inputs. Employments of drip 
irrigation and fertigation techniques have 
gained popularity in recent years, particularly 
in the widely-spread high-value crops. 
Precisely in controlled quantity and at 
appropriate time directly to the root zone as 
per crop needs at different growth stages. 
This not only enhances WUE but also 
enables efficient use of nutrients for higher 
productivity (Figure 5). Precision land 
leveling has tremendous impact on water use 
efficiency and agronomic efficiency of 
nutrients (Jat et al. 2004). Under irrigated 

agriculture, precision water management has 
large bearing on the water productivity, 
higher yield and income. Higher water 
productivity and NUE was reported under 
precision drill seeding compared to 
broadcasting and traditional drill (Pal et al. 
2004). 

13. Interaction with other inputs 

The utilization of water can be 
improved by optimum and synergistic 
interaction with other inputs viz., nutrients, 
tillage and mulches. These inputs modify the 
physical, chemical and biological environment 
of soil, which influence the water availability to 
the crop plants. Bhale et al. (2009) observed a 
significant and positive interaction between 
applied water and nitrogen supply on wheat 
yield and water and nutrient use efficiency by 
wheat (Table 3).  

 

Table 3. Nitrogen and irrigation effects on WUE and NUE in sandy loam soil 

Irrigation 
(mm) 

WUE (kg/grain/mm) NUE (kg grain/kg fertilizer N) 
N rate (kg/ha) N rate (kg/ha) 

0 40 80 120 40 80 120 
0 5.3 7.6 8.1 6.0 8.5 5.5 1.5 

50 6.3 9.5 11.3 13.3 20.2 18.4 17.8 
125 5.7 10.3 11.9 11.8 33.2 25.5 17.0 
300 4.6 7.4 9.5 10.2 30.2 30.3 24.7 

Application of irrigation and nutrient in 
conjunction through pressure irrigation system 
result in efficient utilization of both resources. 
This will save water as well as reduces 
nutrient leaching losses and thereby 
increased WUE as well as NUE. This will 
increase the yield and quality f crops. There is 
saving of water and nutrient to the extent of 35 
and 22 %, respectively.   

14. Amelioration of problem soils 

Soil related constraints affecting crop 
production influence the water and nutrient 
use efficiency of crops. For example additions  

 

of organic matter along with gypsum improve 
the soil physical properties and thus enhance 
the water supplying capacity of soil and water 
use efficiency. Similarly, liming of acid soils 
with calcite or dolomite improves the 
phosphorus use efficiency. Any other physical 
constraint like sub-soil compaction should be 
ameliorated using appropriate tillage practices 
to improve the water and nutrients use 
efficiency. 

Conclusion 

In light of above facts it may be 
concluded that meeting the present and future 
demands of food, fodder and fiber in a 
sustainable manner it is essential to enhance 
productivity of crops per unit of water. 
Alteration of irrigation techniques, judicious 
allocation of irrigation water to priority crops, 
water conservation, crop diversification, 
breeding of water efficient crop varieties and 
balanced nutrient application are some 
important agro-techniques which can be 
adopted to enhance the water use efficiency 
of production systems.  
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Abstract 

This review intends to focus on the 
role of potassium in sustainable agricultural 
production. Moisture deficit created by drought 
or withholding irrigation results in a significant 
reduction in plant water potential, osmotic 
potential, relative water content, 
photosynthetic rate, respiration, etc. 
Moreover, a marked reduction in various 
growth characters like, leaf area, weight or 
yield has been reported under abiotic and 
biotic stresses incidence of insect-pest and 
diseases. The application of potassium in 
general, mitigates the adverse effect of such 
stresses, which facilitate the conditions, that 
favours more or higher growth and yield levels 
of crop. 

Introduction 

Potassium is an alkali metal that 
occurs naturally in most of the soils. The total 
K content of the earth crust is about 2.3 to 2.5 
per cent, but only a very small proportion of it 
becomes available to plants (Leigh and Jones, 
1984). It is one of 18 elements that are 
essential for both plant and animal life (Brady 
and Weil, 2002). Plants require K 
proportionately in large quantities, hence, it is 
regarded as one of the three major plant food 
elements (Golakiya and Patel, 1988; Leigh 
and Jones, 1994; Dev, 1995). Higher yields of 
better quality depend greatly on the capacity 
and capability of the crop to resist or tolerate 
moisture and temperature abnormalities, 
diseases and other stresses during growing 
periods (Amtmann et al., 2004; Dev, 1995). 
Potassium is involved in many physiological 
processes such as photosynthesis (Vyas et 
al., 2001), photosynthetic translocation (Umar, 
1997; Tiwari et al., 1998), protein and starch 
synthesis, water and energy relations (Rao 
and Rao, 2004), translocation of assimilates 
(Tomar, 1998) and activation of number of 
enzymes (Vyas et al., 2001; Sharma and 
Agrawal, 2002). Potassium also improves the 
water use efficiency (Singh et al., 1997; 1998) 
through its influence on maintenance of turgor 
potential (William, 1999). As most of the kharif 
and rabi crops are grown under rainfed 

conditions, crops experience water and 
temperature stresses of varying degrees and 
duration at various growth stages, thus, 
relevance of K nutrition under such stress 
conditions may assume great importance.  

Potassium in Plant System 

Potassium, an important 
macronutrient for plants, carries out vital 
functions in metabolism, growth and stress 
adaptations (Krauss, 2001; Krauss and 
Johnston, 2002). These functions can be 
classified into those that rely on high and 
relatively stable concentrations of K+ in certain 
cellular compartments and those that rely on 
K+ movement between different 
compartments, cells or tissues (Vyas et al., 
2001). The first class of functions includes 
enzyme activation, stabilization of protein 
synthesis and neutralization of negative 
charges on proteins (Marschner, 1996). The 
second class, linked to its high mobility, is 
particularly evident where K+ movement is the 
driving force for osmotic changes as, for 
example, in stomatal movement, light-driven 
and seismonastic movements of organs, or 
phloem transport (Amtmann et al., 2004). In 
other cases, K+ movement provides a charge-
balancing counter-flux i.e. essential for 
sustaining the movement of other ions (Singh 
and Singh, 1999). Thus, energy production 
through H+ ATPases relies on overall H+/K+ 
exchange (Tester and Blatt, 1989). 
Accumulation of K+ (together with an anion) in 
plant vacuoles creates the necessary osmotic 
potential for rapid cell extension (Singh and 
Singh, 1999; Warwick and Halloran, 1991). 

Potassium deficiency leads to (i) 
growth arrest due to the lack of the major 
osmoticum (Singh et al., 1997 ; Warwick and 
Halloran,1991) , (ii) impaired nitrogen and 
sugar balance due to inhibition of protein 
synthesis, photosynthesis (William,1999) and 
long-distance transport (Bhaskar, et al.,2001) 
and (iii) increased susceptibility to pathogen 
probably due to increased levels of low 
molecular weight nitrogen and sugar 
compounds (Tiwari et al., 2001). In a natural 
environment, low-K conditions are often 
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transient therefore, plants have developed 
mechanisms to adapt to short-term shortage 
of K supply.  

Potassium is involved in numerous 
functions in the plant, such as in enzyme 
activation, cation/anion balance, stomatal 
movement, phloem loading, assimilate 
translocation and turgor regulation, etc. 
(Golakiya and Patel, 1988; Singh et al., 1999; 
Umar, 1997). Stomatal resistance decreases 
and photosynthesis increases with increasing 
K content of leaves (Peoples and Koch, 
1979). In tobacco plants well supplied with K, 
32% of the total N15 taken up within 5 hrs was 
incorporated into protein whereas, by 11% in 
K deficient plants (Koch and Mengel, 1974). 
Potassium deficient leaf cells accumulate 
substantial quantities of low molecular weight 
organic compounds (Noguchi and Sagawara, 
1966; Baruah and Saikia, 1989) because they 
act as an osmoticum in the absence of 
sufficient potassium.  

Potassium and Stress Tolerance 

Abiotic and biotic stresses negatively 
influence survival (Agrawal et al., 2006) 
biomass production and crop yield (Amtmann 
et al., 2004; Dev, 1995; Tomar, 1998). 
Climatic extremes and unfavorable soil 
conditions are two major determinants 
affecting crop production (Singh et al., 2004). 
Potassium supply up to certain extent, can 
lessen their adverse effects on crop growth. 
The word abiotic means non-living and the 
components are those that do not have life, 
such as soil and climate / weather 
parameters. The biotic means living and 
components are those that have life, for 
example, plants, animals, microorganisms as 
well as some decomposers. 

Abiotic Stresses 

Soil moisture  

The transport of K ion in soil medium 
towards plant roots takes place by mass flow 
and diffusion. On an average 10 per cent of 
total K+ requirement of crops is transported by 
mass flow. In general diffusion is the main 
process of K+ transport. According to Nye 
(1979) the diffusion of K+ in the soil solution 
increases with soil moisture. Tortuousity i.e. 
the soil impedance increases with drying of 
soil. The diffusion coefficient for K+ of about 
1x10-7 cm-2 sec-1 at a soil water content of 
23% decreases to 5x10-8 cm-2 sec-1 at 10% 
moisture content which is about 1.5x10-5 cm2 
sec-1 in pure water (Mengel and Kirkby, 1980). 

As water stress develops, K+ helps in reducing 
the extent of crop growth loss through 
maintaining higher activity of enzyme nitrate 
reductase, which normally decreases under 
stress condition (Saxena, 1985). Potassium is 
also involved in the biosynthesis of proline 
and crop varieties with higher proline content 
are reported to have high yield stability as well 
as high productivity under moisture stress 
(Krishnasastry, 1985). 

With variations in wet and dry 
conditions, the added K fertilizer may yield 
large responses in K responsive soils. Barber 
(1963; 1971) reported that lesser the rainfall 
for 12 weeks after planting, the greater the per 
cent yield increase of soybean from K 
additions (Fig.1). However, with low rainfall 
the roots tend to function more in the sub-soils 
and much lower in low K status (Nelson, 
1978). 

 

 

 

 

 

 

 

 

To provide 5 kg K/ha to the roots, the 
required K concentration in the soil solution in 
moist and dry soils varied. The drier the soil, 
the higher is the needed K concentration 
(Johnston et al., 1998). The K flux improves 
with the soil moisture (Fig. 2). On the other 
hand, a generous K supply can, to certain 
extend, compensate less diffusive K flux in 
drier soils. 

With high rainfall and/or in 
waterlogged conditions the pore spaces in the 
soil get filled with water and oxygen content 
declines. This lowers respiration in plant roots 
and thus decline in nutrient absorption. 
However, by adding high amounts of K, the K 
need of the plant can be met even when root 
respiration is restricted (Skogley, 1976). 
Working on barley crop the adequate K had a 
reduced transpiration rate during stress (rate 
relative to 1.0 under non-stress) 5 minute after 
exposure to hot windy conditions. On the 
other hand, under severe K deficiency, the 
transpiration rate greatly increased. Greater 
water loss, thus, could limit the crop yield. Hot 
and dry winds are common occurrence in the 
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plains and may be disastrous to crops. 

Potassium fertilization can partially 
overcome the adverse conditions of poor 
aeration caused by waterlogging or 
compaction (Nye, 1979). The uptake of K is a 
process that requires energy provided by root 
respiration. If oxygen is lacking, root 
respiration is impaired and so is K uptake. As 
early as in 1963, Brown reported that poorly 
drained soils with low K resulted in poor yield 
as compared to the well drained soils. 
However, when K was increased to 150 kg/ha 
the yield increased even in poorly drained 
fields (Table 1). 

Table 1. Yield of lucerne (ton/ha) under 
varying pH and drainage 
conditions  

Soil 
drainage 

pH 5.8 pH 6.5 
37 kg    
K/ ha 

150 kg 
K/ha 

37 kg 
K/ha 

150 kg 
K/ha 

Poorly 
drained 

7.4 10.7 8.10 12.3 

Well drained  9.2 10.7 9.8 11.9 

Source: Brown, 1963 

A number of physiological disorders 
are related to K levels in poorly aerated paddy 
soils. In such soils excessive ferrous (Fe2+) or 
the presence of respiration inhibitors like 
hydrogen sulphide may inhibit K uptake and 
cause Fe toxicity, a disorder commonly known 
as “bronzing” (Dev,1995 ; Hardter,1997). 

Soil salinity  

Plant adaptations to saline conditions 
can depend on an increase in specific 
inorganic and organic solutes within the cell, 
which may contribute osmoregulation or to the 
ability to prevent the accumulation of salts 
within the cytoplasm (Warwick and Halloran, 
1991; Singh and Singh, 1999) . The operation 
of either mechanism is important for tolerance 
and adaptations to salinity. Analysis of plant 
tissues for Na and K contents under salt 
stress condition has been suggested as one 
of the useful parameter to measure the 
varietal salt tolerance (Warwick and Halloran, 
1991; Singh and Tiwari, 2006). In this regard, 
Singh and Singh (1999) tested four chickpea 
varieties including tolerant and susceptible for 
Na and K contents with increasing salt stress 
(Singh et al., 2004). It was observed that the 
values of K content in tolerant genotypes were 
significantly higher than those of susceptible 
genotypes (Singh et al., 2006). 

 
Fig. 2.  K diffusive fluxes as affected by soil 

water content and K status of the soil 
(Source: Gath, 1992) 

Temperature  

Potassium can help plants to tolerate 
to both very high and very low temperatures 
(Grewal and Singh, 1980). The relationship 
between K nutrition and temperature is 
complicated by the interaction of soil and plant 
factor (Johnston et al., 1998). Frost damage 
has been reduced by maintaining of good 
level of K in the tissues of both annual and 
perennial crops (Grewal and Singh 1980; 
Shrinivasa Rao and Khera, 1995). The results 
from the findings of Grewal and Singh (1980) 
demonstrated that frost damage of the foliage 
of potato is inversely related to the K content 
of leaves. 

Similarly, the pattern of K uptake 
increases with increasing temperature up to a 
maximum and very high temperature can be 
detrimental if the loss of energy through 
respiration becomes excessive. Alterations in 
the amount of shade influences the effect of 
factors, such as temperature and moisture 
condition on growth and yield and thereby, K 
requirements (Nelson, 1978; Dev, 1995; Rao, 
2004). 

Biophysical properties  

The biophysical role of potassium, in 
turgor maintenance and expansive growth, 
particularly its role in stomatal regulation and 
its effects on water use and carbon dioxide 
assimilation processes are affected by K 
deficiency (Rao, 1999). However, moisture 
stress undoubtedly is known to reduce the 
turgidity of cells (Umar, 1997) and thereby, 
decreases stomatal conductance and 
photosynthesis (Singh et al., 1998). 
Potassium application helps in drought 
tolerance and enhanced maturity as well as 
juice quality in sugarcane. The application of 
potash @ 80kg K2O/ha resulted in an increase 
in leaf area, diffusion resistance of stomata 
and thereby, reduced transpiration rate over 
without application (Tiwari et al., 1998). This 
could be due to adequate supply of the 
potassium. However, the stomata close 
rapidly under drought and minimize the 
transpiration rate (Umar, 1997). Role of K in 
stomatal regulation in Brassica under moisture 
stress had also been reported (Sharma et al., 
1992). 

It has also been observed that most of 
the tropical legumes experience frequent 
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droughts of varying degree and durations 
during their growth periods. Potassium 
influences the water economy and crop 
growth through its effect on water utilization, 
by root growth reflecting maintenance of 
turgor, transpiration and stomatal behavior 
(Nelson, 1978) and consequently influencing 
dry matter production to greater extent 
(Cadisch et al., 1993). Singh et al. (1997) also 
observed relatively lower values of leaf 
osmotic potential under water stress. While, 
these increased upon watering, indicating the 
change in osmoregulation. Under stress 
condition, the decline in osmotic potential is 
mainly due to the accumulation of solute like 
K+, proline and soluble carbohydrates. 
Moreover, the osmotic adjustment enables 
plants to deplete the soil water to a lower soil 
water potential level. Thus, facilitates a 
greater exploration of available soil moisture 
by roots (Singh et al., 1997; Tiwari et al., 
1998; Willium, 1999). 

Golakiya and Patel (1988) studied the 
effect of cyclic dry spells and potassium 
treatments on the yield and leaf diffusive 
resistance of groundnut. The repeated 
occurrence of stress conditions caused 
considerable reduction (up to 75%) in pod 
yield and the shortfall in production was still 
higher in the case of consecutive dry spells. 
Potassium application of 60 kg K2O/ha 
enhanced the level of production over control 
(no water stress) and could also restore the 
loss in pod yield to a noticeable extent. A 
marked increase in the diffusive resistance of 
leaves with K fertilization supports the 
contention that potassium plays an important 
physiological role in counteracting adverse 
conditions caused by drought. 

Photosynthesis is the process through 
which the energy of solar radiation is directly 
converted in to sugar, starch and other 
organic components (William, 1999). Though, 
K is not an integral part of chlorophyll 
molecule, but it influences photosynthesis to a 
greater extent. Photosynthesis rate drastically 
decreases under water deficit because of both 
stomatal and non-stomatal factors (Umar, 
1997; Singh et al., 2004). The reduction in 
photosynthetic rate is also due to decreased 
leaf water potential and RWC under water 
stress, which leads to decrease in stomatal 
conductance. The rate of photosynthesis is 
enhanced with supply of K in rooting medium 
because K helps in maintaining the rate by 
improving RWC and leaf water potential 
through osmotic adjustment under stress 
(Singh et al., 1997). It has also been reported 

that accumulation of optimum K in guard cells 
provides the adequate amounts of solute 
necessary in developing proper leaf water 
potential gradient required for movement into 
guard cells for stomatal opening necessary for 
photosynthesis. The amount of solar energy 
transformed into dry matter production, thus 
will be greater even in moisture stress 
condition under adequate K supply (Cadisch 
et al., 1993). 

Effect of K levels (25, 50,100 and 200 
ppm) on water relations, CO2 assimilation, 
enzyme activation and plant performance 
under soil moisture deficit in cluster bean 
(Vyas et al., 2001) have shown that the plant 
water potential and RWC declined due to 
water stress at all K levels . However, the 
decline was less in plants growth at 200 ppm 
K level as compared to plants grown at low K 
levels. Wyrwa et al. (1998) observed that in K 
depleted soils under drought condition, the 
triticale yield got decreased by more than 50% 
whereas, application of 100 kg K2O/ha 
increased the yield to a level which was only 
about 17% less than the yield of plants well 
supplied with water (Fig. 3). 

Fig. 3. Effect of potassium supply on yield 
of triticale as 

affected by 
drought  

 

(Source: Wyrwa et al., 1998) 

The yield improvement due to K 
application in number of crops suggests that 
under low moisture K application may result in 
yield improvement only when K availability is 
limiting. The evidences indicate that 
application of K mitigates the adverse effect of 
water stress by favorably influencing internal 
tissue moisture, photosynthetic rates and 
nitrogen metabolism.  

Biotic Stresses 

Insect, pest and disease incidence 

  Crops are constantly subjected to 
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several fungal, bacterial and viral deceases. It 
has been observed that disease incidence, in 
general increases with the increase in 
Nitrogen level (susceptibility) that results in an 
increase in reducing and non-reducing sugar 
contents, but invariably decreases with 
potassium applications (Velazhahan and 
Ramabadran, 1992). Amongst fungal 
diseases especially the sheath rot caused by 
Sarocladium oryzae in rice has assumed 
much importance in recent years by causing 
heavy yield losses (Bhaskar et al., 2001). 
They reported that the sheath rot disease 
incident in rice increases with increase in N 
levels from 0 to 300 kg N/ha while, the phenol 
content in leaf sheath was found to increase 
with K application as compare to N levels. 
Further, it was observed that higher the 
phenol content, lower was the sheath rot 
incident probably due to growth of inhibiting 
pathogens.  

Potassium has been shown to reduce 
the severity of several plant diseases. For 
example, Baruah and Saikia, (1989) reported 
that at low levels of potash the stem rot 
disease infestation in rice was relatively much 
greater ranging from 38.5 to 42.5 per cent, in 
comparison to optimum K levels. Potassium 
inhibits the accumulation of soluble 
carbohydrates as well as nitrogenous 
compounds in the tissues, thus helping to 
counteract a situation that favours fungal 
growth when K level is deficient. Similarly, 
lignifications of vascular bundles could be 
responsible for greater susceptibility in plant 
for pathogen attack and survivals (Jayraman 
and Balasubramanian, 1988). Potassium, 
more than any other element, is known to 
reduce plant susceptibility to diseases by 
influencing biochemical processes and tissue 
structures. Due to the interaction of factors, 
such as environmental conditions, 
susceptibility of the plant or variety to disease, 
disease incidence and level of other nutrients, 
the effects of K can be variable. In a recent 
review it has been reported that high levels of 
K nutrition reduced the severity of more than 
20 bacterial diseases, more than 100 fungal 
diseases and 10 diseases caused by viruses 
and nematodes (Marschner, 1995; Marschner 
et al., 1996). Potassium deficiency usually 
results in the accumulation of soluble N 
compounds and sugars in plants, which are a 
suitable food source for parasites. Whereas 

adequate K results in stronger tissue and 
thicker cell walls which are more resistant to 
disease penetration, while N has the opposite 
effect.    

The concentration of soluble 
assimilates in a plant cell is an important 
factor for the development of invading 
pathogens especially for obligate parasites 
such as mildew or rust. This group of 
pathogens requires living plant cells to 
complete their life cycle. Thus, the host cell 
must survive the invasion by the parasite if the 
latter is to survive. Ample N supply helps in 
longevity of cells, high turnover of assimilates 
and high content of low molecular weight 
compounds. Facultative parasites, in contrast, 
require weak plants to be infested and killed to 
survive. Vigorous plant growth stimulated by 
ample N would suppress infestation by this 
group of pathogens. This may explain 
differences in the expression of plant diseases 
in relation to the nutrition of the host (Krauss, 
2000) summarizes (Fig. 4) the effects of N 

and K on the severity of the infestation by both 
obligate and facultative parasites.  
Fig. 4: Effect of N and K on expression of 

diseases caused by obligate and 
facultative parasites (Source: 
Marschner, 1995) 

As a general observation, plants 
excessively supplied with N have soft tissue 
with little resistance to penetration by fungal 
hyphae or sucking and chewing insects 
(Krauss, 2000). On-farm trials in India with 
soybean showed considerable less incidences 
with girdle beetle, semilooper and aphids 
when supplied with adequate potash (Fig. 5).  

Fig.5: Pest incidence in soybean as 
affected by potash supply (Source: 
Krauss, 2000) 
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Similarly, excessive growth due to an 
unbalanced N supply can also create 
microclimatic conditions favorable for fungal 
diseases. Lodging of cereals as commonly 
observed at over supply with nitrogen and 
inadequate potash is a good example, 
humidity remains longer in lodged crops giving 
ideal conditions for germination of fungi 
spores. 

Insufficient K also causes a pale leaf 
colour that is particularly attractive to aphids, 
which not only compete for assimilate but 
transmit viruses at the same time. Wilting, 
commonly observed with K deficiency, is 
another attraction to insects. Cracks, fissures 
and lesions that develop at K deficiency on 
the surface of leaves and fruits provide easy 
access, especially for facultative parasites. 

The ratio between nitrogen and 
potassium plays obviously a particular role in 
the host/pathogen relationship. Perrenoud 
(1990) reviewed almost 2450 literature 
references on this subject and concluded that 
the use of potassium (K) decreased the 
incidence of fungal diseases in 70% of the 
cases. The corresponding decrease of other 
pests was bacteria 69%, insects and mites 
63% and viruses 41%. Simultaneously, K 
increased the yield of plants infested with 
fungal diseases by 42%, with bacteria by 
57%, with insects and mites by 36%, and with 
viruses by 78% (Fig. 6).  

Fig.6:  Effect of potassium on yield 
increase and pest incidences  

(Source: Perrenoud, 1990) 

The effect of K on crop specific 
host/pathogen relationships for rice in Asia 
has recently been summarized by Hardter 
(1997). For example, stem rot, 
Helminthosporium sigmoideum, generally 
occurs at high nitrogen supply in soils poor in 
K. With improved K supply, the incidence 
decreases and yields increase. A similar 
inverse relationship between disease 
incidence and plant nutrition with K has been 
reported for brown leaf spot in rice 
(Helminthosporium oryzae), rice blast 
(Piricularia oryzae) or sheath blight of rice 
(Thanatephorus cucumeris). A curative effect 
from applying K is also seen for bacterial 
diseases in rice like bacterial leaf blight, 
Xanthomonas oryzae, although highly 
susceptible varieties hardly responded to K in 
contrast to varieties with a moderate degree of 
resistance. The number of whitebacked plant 
hopper, Sogatella furcifera, could be 
substantially reduced with K in the resistant 
rice variety IR 2035 but K had almost no effect 
with the susceptible variety TN-1. 

The enhanced rates of K application 
can induce or improve insect resistance by the 
following mechanisms. Accumulation of 
defensive phenolic compounds and their 
derivatives found to be toxic to insects. Thus, 
making the plants less palatable to insects 
and thereby causing non-preference 
(Perrenoud, 1990; Hardter, 1997). 

Probable explanations for the 
beneficial effect of K on the host pathogen 
relationship focus on the following 
mechanisms. At insufficient K and/or 
excessive nitrogen, low molecular soluble 
assimilates like amino acids, amide and 
sugars accumulate in the plant cells. 
Correspondingly, Noguchi and Sugawara 
(1966) found in leaf sheaths of rice that the 
content of soluble N increased from 0.18 at 
adequate K to 0.45% at NP only. Similarly, 
soluble sugar increased from 1.52% to 2.43% 
at NP. The concentration of soluble 
assimilates in a plant cell is an important 
factor for the development of invading 
pathogens such as obligate parasites to 
complete their life cycle.  

Conclusion 

In India, moisture and temperature 
stresses are the most important abiotic 
stresses for crop productivity and yield 
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potentials. Soil moisture alters physiological 
processes; root elongation, turgidity and rate 
of regeneration; stomatal conductance; 
photosynthesis and rate of crop development 
and maturity. It has been observed that crop 
responses to fertilizer K additions are often 
the greatest when water is either deficient or 
excessive. Potassium stimulates the degree 
and extent of root proliferation, root branching, 
etc. The greater root proliferation usually gives 
plants better access to sub soil moisture. 
Adequate K decreases the rate of 
transpiration through affecting the stomatal 
conductance. 

Potassium usually speeds the rate of 
development and maturity, altering the 
deleterious effects of stress at critical growth 
stages. Under conditions where rainfall 
patterns are highly cyclical, drought effects 
can be reduced by advancing the date of 
pollination when most crops are highly 
sensitive to moisture stress.  

Pulses especially chickpea 
experiences temperature stress under rainfed 
condition as this crop is taken after kharif 
crops. The crop experiences low temperature 
at initial stage of growth, results in poor and 
slow vegetative growth while, high 
temperature at the end of cropping sequence 
leads to forced maturity resulting low crop 
production. Potassium application helps plants 
to tolerate both the high and low 
temperatures. 

Amongst abiotic stresses, soil salinity 
is a major constraint that affects plant growth 
and yield. Extra expenditure of energy for 
osmotic adjustments or in repair mechanism 
under salinity stress causes growth reduction. 
Potassium content in salt tolerant genotypes 
has been reported to be significantly higher 
than those of susceptible genotypes. Addition 
of K in salt-affected soils improves crop yields 
including vegetable crops.  

Potassium application inhibits the 
accumulation pf soluble carbohydrates as well 
as nitrogenous compounds in the tissues. This 
helps to counteract a situation that favours 
fungal growth when K levels are deficient. 
Similarly lignifications of vascular bundles 
could be responsible for greater susceptibility 
in plant for pathogen attack and survivals. 
Insufficient K also causes pale yellow colour 
to leaves that attracts aphids, wilting in crops, 
commonly observed in K deficient soils. 
Cracks, fissures and lesions that develop 
under K deficiency on surface of leaves and 
fruits provide easy access for facultative 

parasites.  

Available literature on K shows that K 
application decreases incidence of fungal 
diseases by 70 % of the cases, bacteria by 
69%, insect and mites 63% and viruses 41%. 
Simultaneously, increase the yield of plants 
infested with fungal diseases by 42% with 
bacteria 57% with insect and mites by 
36%and with viruses by 78%. 

  It has established that phenol content 
in leaves increases with increase in K 
application resulting in low disease incidence 
(leaf sheath rot and stem rot in rice). 
Potassium content in shoots of tolerant 
genotypes of various crops has been reported 
to be significantly higher than those of 
susceptible genotypes. Plants under moisture 
stress have low photosynthetic rate. The 
decrease in solar energy harvest efficiency 
due to moisture could be enhanced with K 
application  
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Preamble:    

Medicinal and Aromatic Plants 
(MAPs) is the major resource base for all 
traditional indigenous health care systems, i.e. 
Ayurveda, Unani, Siddha and Homeopathy. It 
is a group of industrially important crops which 
are of immense social; economic and 
commercial value. These plants play an 
important role in Indian agriculture as 
diversification of crop. The potential of these 
crops can be tapped to benefit the farmers 
through concerted efforts which include 
conservation, development of improved geno 
and chemotypes; good agricultural and post 
harvest processing practices and value 
addition. India is among the top ranking 
countries in the world as far as the 
medicinal plants phytodiversity is 
concerned. Enlightened farmers and traders 
now see prosperity in cultivating, processing 
and trading of these high value crops. This 
group of plants enjoys considerable 
representation as drugs and is used in 

different systems of medicine either as the 
active principle or crude drug. The demand 
for the products obtained from these plants 
i.e. biosynthesized metabolites are 
increasing day by day in national and 
international markets. The huge demand is 
mainly on account of (a) consumption by 
the domestic herbal industries (b) 
consumption by the rural households for 
their health care and (c) exports. The non 
commercial demand of medicinal plants 
resources by the rural household is more 
than 25%of the overall consumption of 
botanical raw drugs in the country .It has 
been estimated that the world demand for 
medicinal plant products is growing at the 
rate of 7% per annum. The planning 
commission has identified medicinal plants 
as one of the sectors that can make India a 
global leader. As a matter of fact Madhya 
Pradesh is endowed with rich and divers 
forest resources as well as reservoir of 

biodiversity of medicinal plants with a 
tremendous chemotypic and ecotypic 
variations as well as suitable agroclimate for 
their cultivation.  

These developments opened up 
new opportunities for improvement 
cultivation, processing and value addition of 
medicinal plants in scientific manner to fulfill 
the regional, national, social and economic 
needs. Hence, this specific strategic area of 
agriculture sector will not only promote the 
agri business in rural community but also 
provides the employment, health, and 
nutritional security. Moreover there is a 
tremendous scope of promoting this sector 
in the state of Madhya Pradesh, which has 
brought geographical identities, climatic 
variability and diverse soil types suitable for 
economically viable medicinal plants. 

It is important for commercial 
cultivation of medicinal and aromatic plants to 
improve the productivity and quality of raw 
drug material through genetic, breeding and 
biotechnological tools for the development of 
improved varieties and the germplasm 
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evaluation for deriving high biomass yield and 
high secondary metabolite production for 
remunerative economic return. 200 
germplasm of nine species of medicinal and 
aromatic plants were evaluated based on 
morpho-physiological and biochemical 
performance.  

The improvements in productivity of 
MAPs is the priority issue besides secondary 
metabolic production at field level which 
needs constant monitoring in varying 
agronomic environments. In this context the 
NAE progranmme have been concentrated on 
development and refinement of agro-
techniques of prioritized plants for INM seed 
rate, sowing date, phenophasic development, 
physiological growth analysis, application of 
PGR for improvement in herbage yield as well 
as active principle content and seed storage. 

The JNKVV has developed a strong 
base and recognition in Medicinal Plants 
sector by creating infrastructure, developing 
agro techniques, varieties, expertise and 
human resource. The contribution includes 
collection of 1100 plant species, a gene 
pool rich nationally recognized herbal 
garden spread in 12 ha. Area, climate 
control greenhouses, glasshouses, mist 
chambers, well equipped quality analysis 
laboratory, quality planting material, 
Facilitation Center supported by NMPB for 
capacity building programme and a ICAR 
sponsored Business Planning and 
Development Unit (having medicinal plant 
as a component). Due to rich biodiversity, 
systematic authentication, the Herbal Garden 
of JNKVV has been included in the list of 
member Herbal Garden as Aushadhiya 
Udhyan or Medicinal Plant Garden under the 
Networking of Herbal Gardens in India by 
NRC MAPs (ICAR) and NMPB New Delhi.The 
development programme of MAPs require to 
be monitored by quality analysis of the 
produce in order to ensure materials of 
uniform quality in terms of alkaloid, essential 
oil and other chemical constituents for which 
these plant products have value in the market.  

Now there is a need for strategic 
activities focusing on processing and value 
addition which will be a profitable venture to 
boost up the economy of farmers, provide 
employment security to land less labour and 
rural women beside health care. Medicinal 
plants based small scale industries can also 
be encouraged in the State by providing 
technology backup of processing and value 
addition of this project of Niche Area of 

Excellence which shall definitely benefit 
Medicinal Plant growers. 

The harvesting of medicinal herbs 
requires a particular phenophase for which the 
plant parts attain maximum active ingredient 
for which one has to be very alert. In this 
connection the ecofrindlly low cost post 
harvest processing technology for storage, 
packing of raw drug material have been 
standardized and its influence on shelf life and 
active principle content was evaluated.  

Scope:  

 Medicinal and Aromatic plants 
constitutes a group of industrially important 
crops which are of immense social, economic 
and commercial value and is comprise up of a   
large number of plant species which provide 
raw material for pharmaceuticals, 
phytochemicals food flavours, cosmetic and 
perfumery  industries.  Majority of the 
commercial supply of medicinal plant derived 
from the wild resources and due to increasing 
demand of herbal drugs, many of these 
species are frequently facing a constant threat 
of extinction.  Mounting demand of these 
medicinal plant species can only be fulfilled by 
promoting the large scale cultivation of 
selected crop and conservation of bio-diversity 
of the natural resources.  There is an urgent 
need to adopt scientific measures for their 
cultivation, long-term preservation, protection 
and sustainable utilization. 

 The development programme on 
Medicinal and Aromatic Plants is required to 
be monitored by quality analysis of the 
produce in order to ensure materials of 
uniform quality in term of alkaloid, essential oil 
and other chemical constituents for which 
these plants products are valued in the 
market.  Medicinal and aromatic plant diversity 
of Madhya Pradesh is very rich with its 
prosperous indigenous drug system 
particularly prevalent among tribals.   

  In the market we do not often get 
genuine or standardized crude drugs due to 
one or another reason. In large number of 
cases botanically different plants are being 
sold and used for the same Ayurveda drug in 
different places.  To correct this situation 
analysis of phytochemicals of farmer's 
produce is necessary to assure quality control 
so as to protect the producer and consumers.  
Even though quite a good number of species 
are grown in different agro-climatic zones but 
no systematic work has been done so far to 
determine their chemical constitution as 
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influenced by growing conditions.  To push 
our natural products to international market 
quality control through modern analytical 
techniques are necessary with ISO Standard.  

 Modern marketing based on quality 
aspect (active principle content) has replaced 
traditional marketing. Due to revolutionary 
changes brought in the scene with the 
introduction of multinational companies in 
global trade of medicinal and aromatic plant 
based drugs, need fulfillment of acceptable 
quality standard. All these causes serious 
feedback in net profit to actual 
growers/collectors of medicinal plants in 
absence of proper grading standards based 
on qualitative characters i.e. active principle 
contents within raw material 
Objective: 

1. To undertake basic and applied 
research for improvement and good 
agricultural practices of potentially 
viable medicinal and aromatic plants. 

 

2. To standardized low cast ecofriendly 
innovative post harvest processing 
technology and safe storage technology 
of raw and finished products. 

 

3. To promote entrepreneurship in rural 
youth through training and technological 
support by commercialization of 
developed good agricultural, post 
harvest processing and manufacturing 
practices.   
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The use of pesticides has increased 
considerably under good agricultural practices 
to combat pests and diseases. This has 
resulted in reaching these chemicals in to the 
soil profile, thereby persisting for a longer 
period causing detrimental effect on the soil 
microorganisms. Pesticides, whether natural 
or synthetic do have toxicological significance 
posing risk in various components of 
environments. A pest may be any organism, 
insect, diseases, rodent nematode fungal 
disease, weed, herb, bacteria etc., which is 
injurious to health of man or to man’s 
economic efforts. 

Pesticides on application directly 
effect the soil microorganisms influencing the 
plant growth by- 

1. Altering the soil microorganisms which 
helps in mineralization and making 
nutrients in available form such as 
Azotobacter, Rhizobium, phosphorus 
solublizing microorganisms cellulolytic 
microorganism which determine soil 
fertility, as the soil microflora make 
valuable contribution in making the soil 
healthy and fertile. 

2. Affects mycorrhizal symbiosis in plants 
change number of nodules.  

3. Changes soil in several microorganisms 
in quantitative aspects of, disturbing 
microbiological equilibrium and soil 
health. 

4. Affecting variation in nitrogen balance in 
soil affecting growth and activity of 
nitrifying bacteria, Nitrosomonas and 
Nitrobacter and  

5. Interference with ammonificaiton in soil. 

 Thus the soil application of pesticides 
may interfere in intermittent stage of profuse 
microbial activity in the soil. Alternatively, 
pesticide might affect the dormant structure 
and possibly cause lethal to germination of the 
spores, which may be susceptible either to 
chemical or to adverse conditions, organisms 
may die and are destroyed. 

 In animals, pesticide resistance 
appears rapidly in mites, ticks and to some 

extent in aphids. After 65 years of GAP, DDT 
still continues to be in practice for public 
health programme though its use in 
agriculture is banned, but still in use under 
supervision. 

Classification of pesticides:  

 Pesticides come under a broad group 
of chemicals categorizing into chlorinated 
hydrocarbons, organophosphorus 
compounds, carbonates, organosulphur 
compounds, heterocyclic molecules, 
halogenated nitroaromatic compounds, 
phenols and inorganic substances. They are 
being used for plant protection measures 
since decades in the form of insecticides, 
herbicides, acaricides, fungicides, 
rodenticides etc. 

Nitrogen transformation and other 
elements Ex. Phosphorus, Sulphur, Iron 
and Manganese are in addition to carbon 
and nitrogen 

Microbial activity in soil: 

 The activities of microorganisms in 
soil profile are an essential tool for the global 
cycling of the nitrogen, sulfur, carbon, 
phosphorus and other elements. It is very 
important to understand the pathway that how 
the pesticide enters or are transformed in soil. 
This mainly depends on the nature and the 
conditions of the microorganisms living in the 
soil environment. Therefore, soil can not be 
considered as a single environment but is a 
complex of micro-environments which usually 
interact with each other. The micro 
environment can be modified by the nature 
and amount of food substrates for the 
microbes and a large number of physical and 
chemical factors, food substrate originating 
from wide varieties of organic residues such 
as dried and dead plants, the soil, animals 
and corpses and droppings of the above 
fauna and the microbes themselves.  

 In natural soils an alteration in any 
single environmental factor may set off 
consequential changes having more profound 
effect on soil metabolism and population 
balance that might have been anticipated. 
Slight change in moisture content will effect 

Microbial Degradation of Pesticide for sustainable Soil Health  
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aeration which, in turn, may alter the oxidation 
reduction stages of inorganic materials. 
Impact of pesticides on microorganism in 
soil: 
 Pesticides applied directly or indirectly 
to soil to control various pests, destroy or 
affect the agricultural crops, live stock and 
humans. Large amount of organic and 

inorganic compounds enter in the soil from the 
disposal of wastes from industrial, agricultural, 
domestic and national defence programmes. 
Pesticides adversely influence the growth and 
activity of beneficial microorganisms. Microbial 
activity results in biochemical transformation 
in soil. Nitrogen transformation is one of the 
major microbial functions transforming organic 
nitrogen to inorganic form. The major 
transformation includes ammonification, 
nitrification and denitrification. 

 Soil microorganisms such as 
mycorrhizal fungi is important for phosphorus 
nutrition of plant, its transformation is of 
utmost important for release of phosphrous. 

 Sulphur cycle in the environment 

through the activities of microbes that 
assimilate sulphate mineralize organic sulphur 
compounds and liberates H2S or oxides of 
H2S to elemental sulphate.   

 Since a series of bacteria are possible 
autotrophic nitrifiers such as 
chemoautotrophic microorganisms, they are 

more sensitive to the action of pesticides than 
processes such as ammonificaiton, done by 
diverse microbial population. 

Ammonium oxidation to nitrite  

NH4
+ + 3/2 O2    NO2 + H2O + 2 H+ (ΔF = -69 K 

Cal.) 

Organism: Nitrosomonas europaea, 
Nitrosospira briensis, Nitrococcus mobilis, 
Nitrosolobus multiformis, Nitroso Vibrio tenuis  

Nitrite oxidation to nitrate  

NO2 + ½ O2   NO3 (ΔF = -18 K Cal.) 

Organism: Nitrobacter winogradskyi, N. agilis. 

Heterotrophic nitrification in soils:  

Table 1. Effects of selected pesticides on Soil Enzymic activity 

Pesticide 
Enzyme effect 

Aspora-
genase 

Dehydro-
genase Urease Catalase Phosph-

atase Protease Invertase Proteinase 

Benzoic and Phenoxy  ? I I S S ? S I 
Alkanoic acid         
Carbamates ? N I ? S I I ? 
Hetero cycle Pesticides ? I I ? S I I I 
Nitrophenols ? ISN IS I ? ? N  
Substituted Ureas IS I I IS S I I ? 
Triazines  S I I IS S I I ? 
I = Inhibition;   S = Stimulation;  ? = Effect unknown;  N = No effect  
Grossbard (1976) Bonamati et al (1985) and Litchfield and Huben (1973) 
 

Table 2. Effect of some pesticides on soil microbial population  

Microbial group Pesticide effect (IS?N) 
Chlorinated Fumigants Fungicides Substituted Ureas Triazines 

Chemoheterotrophic bacteria  ISN I SN ISN N 
Chemoautotrophic Bacteria IN I N ? IN 
Actinomycetes  N I SN SN SN 
Rhizobia I I I I IN 
Photosynthetic Bacteria I I IN ? I 
Saprophytic Fungi NS I I IN N 
Mycorrhizal Fungi IN I I I IN 
Algae  I I I I I 
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 Nitrite is highly toxic to many plants 
and animal species including humans. 
Therefore process that inhibits ammonium 
oxidation could have adverse health effect. 

 Organic N, NH4
+ + ½ O2      NO2,NO3 + 2 H+  

Organisms, Bacteria (eg: Arthrobacter 
sp. Pseudomonas sp), Actinomycetes 
(Streptomyces sp. Nocardia sp) and Fungi 
(Aspergillus sp. Penicillium sp) 

 It is reported that substituted ureas 
and atrazince inhibit denitrification in the 
presence of pesticides resulting in preventing 
fertilizer loss by denitrification. Several 
herbicides inhibit denitrification upto 46% such 
as Diuron, Linuron, Neburon, Chlorbromuron 
and Atrazine to the extent of 27, 40, 46, 46 
and 40 per cent respectively. 

 Rhizobium sp. are more sensitive to 
pesticides than free living bacteria 
Azotobacter sp. Azotobacter chroococcum is 
affected by aldicarb, disulfoton and 
fensulfothion, while BGA (Nostoc) can tolerate 
up to 2000 ppm of propazine where other 
strains are killed by just of 1 ppm 
concentration (Gross bard 1976). 

 Effect of some of the selected 
pesticide on the enzymic activity has been 
well studies. It is known that most of the 
pesticides are inhibitors of different enzymic 

activity, little are stimulated and very few have 
no effect. Similarly, some of the microbial 
groups are affected by pesticide, with 
inhibitory stimulatory and no effects. 

Pesticide degradation by microorganisms: 

 Pesticides are degraded by 
microorganisms in soil. It has been reported 
that many bacteria and fungi converts DDT to 
DDE by the process  of dehalogenation 
occurring due to enzyme dehydrochlorinase, 
for example, Achromobacter, Aerobacter, 
Agrobacterium, Bacillus, Clostridium, 
Corynebacterium, Escherichia, Ervinia, 
Kurthia Pseudomonas and Streptococcus. 
Aldrin gets converted to dieldrin by 
Trichoderma, Fusarium, Penicillium and 
Pseudomonas without any loss of insecticidal 
properties. Heptachlor is converted to 
heptachlor epoxide in soil by Fusarium, 
Rhizopus, Penicillium, Trichoderma, Nocardia, 
Streptomyces, Bacillus and Micromonospora.  
Lindane is gamma isomer of HCH, is more 
active against pest. The lindane is degraded 
by Clostridium and Escherichia, disappearing 
fastly in flooded soil. 

As regards to the organo phosphate 
pesticides such as Malathion and Parathion, 
which are derived from  phosphoric acid in 
combination with alcohol to form esters, which 
has varying combinations of  oxygen, carbon, 
sulphur and nitrogen attached to phosphorus, 
further classified in to aliphatic, phenyl and 
heterocylic derivatives which are degraded by 
Torulopsis,Chlorella, pseudomonas, 
Thiobacillus and Trichoderma.(Subba Rao 
2002) 

The technical grade  formulated 
pesticide can be used safely and efficiently, 
may be available in  emulsion form , WSC ( 
water soluble concentrates) WSP(water 
soluble poder), oil solutions, ewttable powder, 
soluble pallets , dust,suspension  with inert 
materials diluents, granular; fumigants; 
aerosols; impregnates either volatile or non 
volatile, fertilizer combinations; baits and slow 
release materials.(Subba Rao, 2002). 
Pesticide persists in soil, water and food 
materials causes severe problems all over the 
world resulting hazards to human and living 
beings. A number of pesticides belonging to 
organochlorines or organophosphorus group. 
These on degradation or on decomposition 
when gets  converted in to  several isomers 
may not be that toxic as some of the 
intermediate products formed  during the 
process.  
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 The herbicides and fungicides are 
also degraded by microbes. Simazine and 
Atrazine are degraded by Aspergillus, 
Rhizopus, Fusarium, Penicillium and 
Trichoderma, Linoson herbicides are 
degraded specially by Asperigillus nidulans 
etc. Fungicides like Ferbam (Ferric dimethyl 
dithiocarbomate) and Ziram (Zinc dimethly 
dithio carbomate) are degraded by yeasts. 
PCNB (Pentachloronitrobenzene) is degraded 
by Rhizoctinia solanii and mercurial fungicide 
are attacked by Penicilluim, Asperigllus and 
Bacillus, species. 

Factors influencing Pesticides in soil  

 Factors that influences the fate of 
pesticides in soil are 
1. Chemical decomposition 
2. Photochemical decomposition 
3. Microbial decomposition  
4. Volatilization  
5. Movement in soil 
6. Plant and organism uptake and 

adsorption  

 Persistence of pesticide in soil varies 
probably due to differences in analytical 
techniques used in monitoring residues. The 
effective persistence of pesticide in soil varies 
from few weeks to several years depending 
on the chemical characteristic of the 
compound and its reaction in soil. Phosphates 
being highly toxic don’t persist for longer 
periods of more than 3 months, but 
chlorinated  pesticides persists for more than 
4 to 10 years. 

S. 
No. 

Pesticides Persistence 

1. Chlordane 5 Years  
2. DDT 4 Years 
3. BHC 3 Years 
4. Heptachlor 1-3 Years 
5. Diazinon 3 Months  
6. Disulfoton 4 Weeks 
7. Phorate 2 Weeks 
8. Malathion and 

Parathion 
2 Weeks 

9. Deuron 8 Months 
10. Linuron 4 Months 
11. 2-4 D 1 Month 
12. Zimazine 12 Months 

13. Atrazine  10 Months 

 Environmental pollution and human 
hazards due to use of intensive pesticides and 
industry wastes are of great concern. Once a 
pesticide is released in the environment, it is 
distributed in soil depending on its physic 
chemical properties of the soil. The microbial 
components mainly bacteria, fungi, algae and 
protozoa are important for degrading plant 
and animal matter, recycling organic and 
inorganic nutrients in soil, especially in carbon 
nitrogen phosphorus and sulfur 
transformation. The pesticide application 
should not be at the cost of soil health 
deterioration. We have to look for Bio 
pesticides application which can be a 
substitute, to certain extent, to chemical 
synthetic pesticides. This approach needs to 
educate farmers from grass root level on the 
judiciously use of pesticides in order to 
prevent environmental pollution and 
minimizing contamination in food chain. 
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The 13390 M ha of the geographical 
are of world India occupies 329 M ha i.e. 
about 2.5 percent. India like any other 
developing counties has made rapid strides in 
the production productivity of major crops. The 
untiring efforts of agricultural scientist, 
farmers, policy makers and input agencies 
helped in changes the basket case image of 
the country widely prevalent at the time of 
independence to that of reasonable surplus 
and export. 

Intensive agriculture which implies 
harnessing of soil and water resources, 
genetic potential of plant and other inputs in a 
large measure that has taken firm roots in the 
irrigated areas of India has no doubt 
succeeded in getting the country out of the 
food trap. Intensive agriculture practiced with 
advent of new fertilizer and management, 
responsive varieties, irrigation, indiscriminate 
use of chemical fertilizer, pesticides and other 
plant protection measures have caused 
irreparable damage to soil, water and air. 

Causes of soil pollution 
Following are the causes of soil pollution. 
 Use of pesticide in agriculture 
 Use of fertilizer in agriculture 
 Depletion of basic resources (soil 

resources) 

 Use of water for irrigation 

Use of pesticide in agriculture 

 The total quantity of pesticides used 
in the country during 1950-51 was only 2350 
tonnes and this rose to 75890 tonnes by 
1988-89 presently the production base for 
pesticides has been enlarged with an installed 
capacity of 108000 tonnes. There are 400 
pesticide units manufacture basic pesticides. 
The annual growth rate in pesticide 
consumption is around 2.5 per cent and a total 
of 134 pesticides have been registered for use 
in India. Inspit of these significant 
development in the pesticide industry the per 
ha use of pesticide in the country is hardly 
0.03 kg ha-1 which is for less than the 
consumption of more than 9 kg ha-1 in USA 
and 10-12 kg ha-1 in Japan (Tomar & Parmar, 

1993) but the problem of pesticide use has 
assumed serious proportions because of the 
non uniform use of plant protection chemicals 
in different regions, cropping system and in 
discriminate use of these chemicals. There is 
a mismatch between pesticide use and 
cropped area. Cotton, rice, fruits and 
vegetables which accounts for less than 35 
per cent of the cropped area, consumes 84 
per cent of the pesticides. On the other 
extreme wheat coarse cereals millets, pulses 
contributing to 54 per cent of the cropped area 
consume only 3 per cent of pesticides used 
(Table 1). 
Table 1: Pesticides usage on different 

crops in India 

Crop Pesticide 
used (%) 

Cropped 
area (%) 

Cotton 54 5 
Rice 17 24 
Vegetables and 
fruits 

13 3 

Plantation crops 8 2 
Sugarcane 3 2 
Oilseeds 2 10 
Others (wheat, 
cereals, millets and 
pulses) 

3 54 

Total 100 100 
Source: Gupta (1986) 

 It is evident from table 2 that the 
regional disparities in pesticide use are also 
exist. Andhra Pradesh which accounts for 7.0 
per cent of the gross cultivated area 
consumed 17.9 per cent of the total pesticides 
used. Uttar Pradesh ranks second in pesticide 
consumption with an annual consumption of 
8110 tonnes (13.25) but accounts for highest 
gross cropped area (13.8%), Kerala 
consumed on 128 tonnes of pesticide which 
constituents 2.1 per cent of total pesticide 
used and having the least cropped area 
(1.6%). In Madhya Pradesh gross cropped 
area is 13.4 per cent but the pesticide use is 
less i.e. only 2.9 per cent of total pesticide 
used. 
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Table2: Pesticides consumption in relation 
to gross cultivated area in some 
Indian states (1995-96) 

State Pesticides 
consumed 
(excluding 
herbicides) 

Gross 
cultivated 

area 

Consu-
mption 
(‘000 
tonnes) 

Per-
cent-
age 

‘000 
ha 

Perce-
ntage 

Uttar 
Pradesh 

8.11 515.2 25793 13.8 

Madhya 
Pradesh 

1.75 2.9 25040 13.4 

Mahara-
shtra 

5.10 8.3 21327 11.4 

Rajasthan 3.21 5.2 19672 10.5 

Andhara 
Pradesh 

10.96 179 13043 7.0 

Karnataka 3.92 64 11958 6.4 

Gujarat 4.96 7.4 10082 5.4 

Bihar 1.38 2.3 10019 5.4 

Orissa 1.29 2.1 9668 5.2 

Punjab 7.20 11.8 7752 4.2 

Tamil 
Nadu 

2.08 3.4 6267 3.4 

Haryana 5.10 8.3 5974 3.2 

Kerala 1.28 2.1 3066 1.6 

Other 
states 

5.32 8.71 6900 9.1 

India 61.26 1010 186561 100.0 

Reactions of pesticides in soils 

Weather pesticide are applied to soil 
surface, plant foliage or incorporated to soils, 
a high proportion of chemical move in to the 
soils. These chemicals move in one or more 
of six major directions. 

(i) Vaporize into atmosphere without any 
chemical change. 

(ii) They may be absorbed by clay particles 
or humus 

(iii) They move downward thorough soils by 
leaching 

(iv) They may undergo chemical reaction 
within the surface of soil 

(v) They may be broken down by the 
microorganisms 

(vi) They may be absorbed by the plant and 
detoxified within plant. 

Persistence of pesticides in soils 

 Persistence depend upon the 
solubility of the chemical and mobility of 
pesticide in soils. The persistence period of 
some of the pesticide is given below. 

Pesticide Arsenic Persistence 
period 

indefinite 

Chlorinated hydrocarbon 
insecticides e.g. DDT  

2-5 years 

Trazine herbicides e.g. 
aliazine, simazine 

1-2 years 

Benzoic acid herbicides 2-12 months 

Organo phosphate 
herbicides (Malathian, 
diazinon etc.) 

1-12 weeks 

Carboamate insecticide 
carboamate herbicides 

1-8 weeks 

Barbane 2-8 weeks 

The mobility of the most of the 
pesticide is less. Where the organic matter in 
soil is poor and repeated use of pesticide is 
done on such soils. The chemicals are bound 
to accumulate for a longer time causing much 
pollution to soil/environment and consequently 
reduction of yield is observed. 

Use of fertilizer in agriculture 

In the year 1961-62 the consumption 
of fertilizer was reported 0.34 million tonnes. 
The per ha consumption of fertilizer was low 
as 0.6 kg ha-1 during 1961-62 has now 
increased to 25.15 million tonnes during year 
2008-09. The increased use of fertilizer 
beginning with the year 1971-72 coupled with 
use of high yielding varieties of crops and 
irrigation facilities was responsible for green 
revolution lead to appreciable shift in 
productivity and production of food grain. Due 
to adoption of high analysis fertilizer 
responsive varieties on large scale in irrigated 
areas is one of the principal reason for 
increased use of fertilizer. The data on 
fertilizer use is given in table 3. 
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Table-3: Fertilizer production and 
consumption in India (‘000 t) 

Year  Consumption of fertiliser nutrients 
(Million tonnes) 

N P K Total  
1961-62 0.25 0.06 0.03 0.34 
1971-72 1.80 0.56 0.30 2.66 
1981-82 4.07 1.32 0.68 6.07 
1991-92 8.05 3.32 1.36 12.73 
1992-93 8.43 2.84 0.88 12.15 
1993-94 8.79 2.67 0.91 12.37 
2001-02 11.31 4.38 1.67 17.36 
2006-07 13.77 5.54 2.33 21.65 
2007-08 14.42 5.51 2.64 22.57 
2008-09 
(P) 

15.22 6.57 3.36 25.15 

Source: Satish Chander (2009) 

The fertilizer nutrient consumption of 800 to 
1000 kg ha-1 is reported in Maharashtra and 
Andhra Pradesh on grapes and 150-200 kg 
ha-1 in states like Punjab and Haryana. The 
excessive use of nitrogenous fertilizer urea is 
a common practice due to its low cost and 
high solubility which pollute the ground water 
(Table 4). 

Table 4 : Nitrate concentration in ground 
water samples from tube wells 
located in cultivated areas of 
Punjab 

Block N-fert. 
Application 
(kg ha-1  yr-1) 

No.of 
samples 

Mean 
NO3 

mgL-1 

Dehlon 249 84 18.0 
Ludiana 258 33 13.8 
Sudhar 242 43 17.4 
Kartarpur 193 34 12.1 
Jandia-
laguru 

172 24 18.3 

Malerkotla 151 18 17.8 

Nitrate pollution in water has been 
reported by Miran (1996) in Philippines 

Some water samples collected from 
different blocks of Punjab showed N fertilizer 
application increased the nitrate content in 
ground water which varied from 12.1 mg L-1 to 
18.3 mg L-1 in Kartarpur and Jadialaguru 
blocks while in some samples from churn 
Rajasthan showed as high as 530 mg L-1 
nitrate in water (Table 5). 

Table 5: Nitrate concentrations in water 
supplies of few cities in India 

Place Highest nitrate 
conc. 

Observed   
(mg L-1) 

Possible 
nitrate source 

Churu 530 Geological 
deposits 

Meerit 156 Fertilizers, 
insanitary waste 
disposal 

Jaipur 180 Leaching from 
septic tanks 

Nagpur 77 Leaching from 
septic tanks 

Hyderabad 78 Insanitary waste 
disposal 

Another hazard associated with 
excessive use of fertilizer is gaseous losses of 
nitrogen to atmosphere. These oxides of 
nitrogen have been reported to adversely 
affect the ozene layer which protects the earth 
from UV radiation and heating up the earth. 
Due to excessive use of single nutrient 
fertilizer imbalance of other nutrient may arise. 

Depletion of basic resource (soil) 

 Soil erosion is one of the serious man 
made disaster which is net perceived but 
gradually emerging as a major threat to land 
capability and productivity. Soil erosion occurs 
due to the surface water flow, high wind 
velocity, shifting cultivation and deforestation. 
The consequences, are leading to gradual 
desertification floods, silting up of reservoirs. 
In India about 5334 m tonnes of precious top 
soil is lost annually (Deo, 1995) out of total 
loss 29% is lost in to sea (Table 6) 10 per cent 
is deposited in reservoirs and 61% 
transported from one place to another place. 
Along with the eroded top soil the three major 
plant nutrient are also lost ranging from 5.4 to 
8.4 tonnes. 

Table 6 : Soil erosion estimates in India 

 Erosion 
(Mt) 

Per cent 

Total sol loss 5334 100 
Transported from 
one place to 
another 

3282 61 

Deposited in the 
reservoirs 

480 10 

Lost into the sea 1572 29 

Source: Deb (1995) 
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Wind erosion is serious problem in 
Rajasthan. Approximately 3.2 lakh km² 
accounts for more than 60% of the area prone 
to wind erosion is the state of Rajasthan 
alone. Arial zone prone to wind erosion is 
distributed in Gujarat (20%) Punjab and 
Haryana (9%) Andhra Pradesh and Karnataka 
(10%). 

Shifting cultivation in tribal area 
continued to be practiced in many part of the 
country. The land affected by shifting 
cultivation is about 4.91 Mha (Subba Rao, 
1999). 

Use of water resource as irrigation 

 Five year development plan bring 
more area under irrigation through 
construction of major and medium irrigation 
projects. The area under irrigation increased 
from 22.8 mha during 1955-56 to 53.5 mha in 
1995-96. About 8.5 Mha of land in India is 
under water logging. The soils of Krishna and 
Godavari delta of Andhra Pradesh (1.1 Mha) 
suffer from poor drainage condition affecting 
the productivity of crops. Studies indicated 
that productivity and soil health can be 
improved by providing sub surface drainage. 
In the humid areas the irrigation benefits are 
doubtful and in some case it is even worse 
where the canal irrigation is available and 
soils have low permeability as has happened 
in Tawa Barna and to some extent in Chambal 
command area of Madhya Pradesh. Higher 
water tables have many adverse effect. The 
soil of the area under high water table may be 
saline and the productivity of land will be 
reduced. 

Industries 

Air born emission from various 
industries are a cause of major pollution 
enlarging soils and environment. These 
emission are of two type.  

(1) solid particle (2) gaseous emission 
like SO2, No2, CO2 etc). The liquid effluents 
contains organic and toxic pollutant also 

damaging the soils crops and drinking water 
and irrigation water. 

 There are 1551 industries in county 
out of which 166 were identified as the highly 
pollutant industries and not having adequate 
facility comply with the safety standards. 
Thermal, fertilizer, sugar pulp and paper 
industries are the major defaulters in 
complying with the norms of liquid effluents. 
Heavy      metal pollution has been reported in 
red soil areas surrounding industrial belt           
(Rarendra Prasad et al., 1985) content of 
chromium in cement dust of coromendel plant 
was as high as 2006.0 ppm while in other 
cement plant the chromium varied from 133.4 
to 203.1 ppm (Table 7). 

Table 7:  Pollutant elements in cement dust 
from Nalgonda district 

Cement plant Chromium 
(ppm) 

Nickel 
(ppm) 

Coromendel 2,006.0 42.6 

Hemadri 155.6 37.0 

Kakatiya 203.1 41.3 

Ramco 133.4 25.1 

Mean 173.1 36.5 
 

It is indent from table 8 that the 
germination of various crop grown on polluted 
soils or irrigated with polluted water is affected 
when the rice crop was irrigated with waste 
water the germination reduced to 47% in 
comparison to 100% with control. While the 
germination of maize in polluted soil was only 
48% over control (100%). 
 
 The gaseous emission is also 
polluting the soil and environment. When SO2 
and NO3 emission are more than the 
industries these can make the soil acidic 
which may converts to less productive land.  
 

 

Table 8 :  Effect of effluents, waste waters, polluted waters and polluted soils on the 
germination and dry matter yields of crops. 

 Rice Maize Green gram Sorghum Foxtail millet 
Effluents and waste waters      
Germination (%) 47 69 76 67 80 
Control 100 100 100 98 100 
Dry matter yield (mg dish-1) 29 320 357 95 16 
Control 250 770 780 380 35 
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Polluted well waters      
Germination (%) 91 90 94 80 96 
Control 100 100 100 98 100 
Dry matter yield (mg dish-1) 168 637 647 298 22 
Control 250 770 780 280 35 
Polluted soils      
Germination (%) 95 48 88 73 94 
Control 100 95 100 100 100 
Dry matter yield (mg dish-1) 292 670 572 366 30 
Control 380 1310 860 540 60 

Significant reduction in grain yields of wheat 
was reported by Bansal et al. (1992) in soils 
irrigated with industrial waste water for five 
years. 

Remedial measures for soil environmental 
pollution 

1. Integrated approach of pest and 
nutrient management should be 
adopted, use of biofertilizer and 
integrated weed management be 
followed. Restriction on use of 
pesticide and other agro-chemical, 
Panchgawya may be used as 
biopesticide. 

2. Judicious use of fertilizer along with 
organic manure may be used to arrest 
pollution hazards due to fertilizer use. 

3. For checking soil erosion water 
shaded approach, afforestation and 
policy measures to arrest soil erosion 
may be adopted. 

4. In order to control the salinity, 
judicious use of irrigation be done, 
organic manuring and gypsum 
application. Liming, afforestation and 
balance use of fertilizer be acidic soil. 

 

 

 

 

 

 

 

 

 

 

 

5. Soil fertility detoriation may be 
checked by proper soil health care, 
IPM, INM organic farming and proper 
crop rotation. 
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A biofertilizers (also bio-fertilizer) or 
bioinoculants are formulations which contains 
living microorganisms which, when applied to 
seed, plant surfaces, or soil, colonizes the 
rhizosphere or the interior of the plant and 
promotes growth by increasing the supply or 
availability of primary nutrients to the host 
plant. Bio-fertilizers add nutrients through the 
natural processes of nitrogen fixation, 
solubilizing phosphorus, and stimulating plant 
growth through the synthesis of growth-
promoting substances. Bio-fertilizers and bio 
control agents can be expected to reduce the 
use of chemical fertilizers and pesticides. The 
microorganisms in bio-fertilizers restore the 
soil's natural nutrient cycle and build soil 
organic matter. Through the use of bio-
fertilizers, healthy plants can be grown, while 
enhancing the sustainability and the health of 
the soil. Since they play several roles, a 
preferred scientific term for such beneficial 
bacteria is "plant-growth promoting 
rhizobacteria" (PGPR). Therefore, they are 
extremely advantageous in enriching soil 
fertility and fulfilling plant nutrient 
requirements by supplying the  nutrients 
through microorganism and their byproducts.  

Bio-fertilizers provide eco-friendly 
organic agro-input and are more cost-effective 
than chemical fertilizers. Bio-fertilizers such as 
Rhizobium, Azotobacter, Azospirillum and 
blue green algae (BGA) have been in use a 
long time in India. Rhizobium inoculant is used 
for leguminous crops. Azotobacter can be 
used with crops like wheat, maize, mustard, 
cotton, potato and other vegetable crops. 
Azospirillum inoculations are recommended 
mainly for sorghum, millets, maize, sugarcane 
and wheat. Blue green algae belonging to a 
general cyanobacteria genus, Nostoc or 
Anabaena or Tolypothrix or Aulosira, fix 
atmospheric nitrogen and are used as 
inoculations for paddy crop grown both under 
upland and low-land conditions. Anabaena in 
association with water fern Azolla contributes 
nitrogen  and also enriches soils with organic 
matter.  

Other types of bacteria, so-called 
phosphate-solubilizing bacteria (Bacillus  and 
Pseudomonas), are able to solubilize the 
insoluble phosphate from organic and 
inorganic phosphate sources. In fact, due to 
immobilization of phosphate by mineral ions 

such as Fe, Al and Ca or organic acids, the 
rate of available phosphate  in soil is well 
below plant needs. In addition, chemical P 
fertilizers are also immobilized in the soil, 
immediately, so that less than 20 percent of 
added fertilizer is absorbed by plants. 
Therefore, reduction in P resources, on one 
hand, and environmental pollutions resulting 
from both production and applications of 
chemical P fertilizer, on the other hand, have 
already demanded the use of new generation 
of phosphate fertilizers globally known as 
phosphate-solubilizing bacteria or phosphate 
bio-fertilizers. 

 
Potential Characteristic features of some 
bio-fertilizers  
Nitrogen fixers  
Rhizobium belongs to family Rhizobiaceae, 
symbiotic in nature, fix nitrogen 50-100 kg/ ha 
in association with legumes only. It is useful 
for pulse legumes like chickpea, red-gram, 
pea, lentil, black gram, etc., oil-seed legumes 
like soybean and groundnut and forage 
legumes like berseem and lucerne. 
Successful nodulation of leguminous crops by 
Rhizobium largely depends on the availability 
of compatible strain for a particular legume. It 
colonizes the roots of specific legumes to form 
tumor like growths called root nodules, which 
acts as factories of ammonia production. 
Rhizobium has ability to fix atmospheric 
nitrogen in symbiotic association with legumes 
and certain non-legumes like Parasponia. 
Rhizobium population in the soil depends on 
the presence of legume crops in the field. In 
absence of legumes, the population 
decreases. Artificial seed inoculation is often 
needed to restore the population of effective 
strains of the Rhizobium near the rhizosphere 
to hasten N-fixation. Each legume requires a 
specific species of Rhozobium to form 
effective nodules3. Azospirillum: belongs to 
family Spirilaceae, heterotrophic and 
associative in nature. In addition to their 
nitrogen fixing ability of about 20-40 kg/ha, 
they also produce growth regulating 
substances. Although there are many species 
under this genus like, A.amazonense, 
A.halopraeferens, A.brasilense, but, 
worldwide distribution and benefits of 
inoculation have been proved mainly with the 
A.lipoferum and A.brasilense. The 
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Azospirillum form associative symbiosis with 
many plants particularly with those having the 
C4-dicarboxyliac path way of photosynthesis 
(Hatch and Slack pathway), because they 
grow and fix nitrogen on salts of organic acids 
such as malic, aspartic acid. Thus it is mainly 
recommended for maize, sugarcane, 
sorghum, pearl millet etc. The Azotobacter 
colonizing the roots not only remains on the 
root surface but also a sizable proportion of 
them penetrates into the root tissues and lives 
in harmony with the plants. They do not, 
however, produce any visible nodules or out 
growth on root tissue. Azotobacter: belongs 
to family Azotobacteriaceae, aerobic, free 
living, and heterotrophic in nature. 
Azotobacters are present in neutral or alkaline 
soils and A. chroococcum is the most 
commonly occurring species in arable soils. A. 
vinelandii, A. beijerinckii, A. insignis and A. 
macrocytogenes are other reported species. 
The number of Azotobacter rarely exceeds of 
104 to 105 g-1 of soil due to lack of organic 
matter and presence of antagonistic 
microorganisms in soil. The bacterium 
produces anti-fungal antibiotics which inhibits 
the growth of several pathogenic fungi in the 
root region thereby preventing seedling 
mortality to a certain extent. The population of 
Azotobacter is generally low in the 
rhizosphere of the crop plants and in 
uncultivated soils. The occurrence of this 
organism has been reported from the 
rhizosphere of a number of crop plants such 
as rice, maize, sugarcane, bajra, vegetables 
and plantation crops. 
 
Blue Green Algae (Cyanobacteria) and 
Azolla: These belongs to eight different 
families, phototrophic in nature and produce 
Auxin, Indole acetic acid and Gibberllic acid, 
fix 20-30 kg N/ha in submerged rice fields as 
they are abundant in paddy, so also referred 
as „paddy organisms‟. N is the key input 
required in large quantities for low land rice 
production. Soil N and BNF by associated 
organisms are major sources of N for low land 
rice4. The 50-60% N requirement is met 
through the combination of mineralization of 
soil organic N and BNF by free living and rice 
plant associated bacteria. To achieve food 
security through sustainable agriculture, the 
requirement for fixed nitrogen must be 
increasingly met by BNF rather than by 
industrial nitrogen fixation. BGA forms 
symbiotic association capable of fixing 
nitrogen with fungi, liverworts, ferns and 
flowering plants, but the most common 
symbiotic association has been found 
between a free floating aquatic fern, the Azolla 

and Anabaena azollae (BGA). Azolla contains 
4-5% N on dry basis and 0.2-0.4% on wet 
basis and can be the potential source of 
organic manure and nitrogen in rice 
production. The important factor in using 
Azolla as biofertilizer for rice crop is its quick 
decomposition in the soil and efficient 
availability of its nitrogen to rice plants. 
Besides N-fixation, these biofertilizers or 
biomanures also contribute significant 
amounts of P, K, S, Zn, Fe, Mb and other 
micronutrient. The fern forms a green mat 
over water with a branched stem, deeply 
bilobed leaves and roots. The dorsal fleshy 
lobe of the leaf contains the algal symbiont 
within the central cavity. Azolla can be applied 
as green manure by incorporating in the fields 
prior to rice planting. The most common 
species occurring in India is A. pinnata and 
same can be propagated on commercial scale 
by vegetative means. It may yield on average 
about 1.5 kg per square meter in a week. 
India has recently introduced some species of 
Azolla for their large biomass production, 
which are A.caroliniana, A. microphylla, A. 
filiculoides and A. mexicana. 
 
Phosphate solubilizers 
 Several reports have examined the ability of 
different bacterial species to solubilize 
insoluble inorganic phosphate compounds, 
such as tricalcium phosphate, dicalcium 
phosphate, hydroxyapatite, and rock 
phosphate. Among the bacterial genera with 
this capacity are Pseudomonas, Bacillus, 
Rhizobium, Burkholderia, Achromobacter, 
Agrobacterium, Microccocus, Aereobacter, 
Flavobacterium and Erwinia. There are 
considerable populations of 
phosphatesolubilizing bacteria in soil and in 
plant rhizospheres. These include both 
aerobic and anaerobic strains, with a 
prevalence of aerobic strains in submerged 
soils. A considerably higher concentration of 
phosphate solubilizing bacteria is commonly 
found in the rhizosphere in comparison with 
non rhizosphere soil. The soil bacteria 
belonging to the genera Pseudomonas and 
Bacillus and Fungi are more common.  
 
Phosphate absorbers and mobilizers 
(Mycorrhiza) 
 The term Mycorrhiza denotes “fungus roots”. 
It is a symbiotic association between host 
plants and certain group of fungi at the root 
system, in which the fungal partner is 
benefited by obtaining its carbon requirements 
from the photosynthates of the host and the 
host in turn is benefited by obtaining the much 
needed nutrients especially phosphorus, 
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calcium, copper, zinc etc., which are 
otherwise inaccessible to it (due to limited root 
surface area), with the help of the fine 
absorbing hyphae of the fungus and these 
infected roots with fungal hyphae increases 
the root surface area by many fold. These 
fungi are associated with majority of 
agricultural crops, except with those 
crops/plants belonging to families of 
Chenopodiaceae, Amaranthaceae, 
Caryophyllaceae, Polygonaceae, 
Brassicaceae, Commelinaceae, Juncaceae 
and Cyperaceae.  
 
Zinc solubilizers 
 The nitrogen fixers like Rhizobium, 
Azospirillum, Azotobacter, BGA and 
Phosphate solubilizing bacteria like B. 
magaterium, Pseudomonas striata, and 
phosphate mobilizing Mycorrhiza have been 
widely accepted as bio-fertilizers. However 
these supply only major nutrients but a host of 
microorganism that can transform 
micronutrients are there in soil that can be 
used as bio-fertilizers to supply micronutrients 
like zinc, iron, copper etc.,The zinc can be 
solubilized by microorganisms viz., B. subtilis, 
Thiobacillus thioxidans and Saccharomyces 
sp. These microorganisms can be used as 
bio-fertilizers for solubilization of fixed 
micronutrients like zinc. The results have 
shown that a Bacillus sp. (Zn solubilizing 
bacteria) can be used as bio-fertilizer for zinc 
or in soils where native zinc is higher or in 
conjunction with insoluble cheaper zinc 
compounds like zinc oxide (ZnO), zinc 
carbonate (ZnCO3) and zinc sulphide (ZnS) 
instead of costly zinc sulphate. 
Silicate solubilizing bacteria (SSB) 
Microorganisms are capable of degrading 
silicates and aluminum silicates. During the 
metabolism of microbes several organic acids 
are produced and these have a dual role in 
silicate weathering. They supply H+ ions to 
the medium and promote hydrolysis and the 
organic acids like citric, oxalic acid, Keto acids 
and hydroxy carbolic acids which from 
complexes with cations, promote their removal 
and retention in the medium in a dissolved 
state. 
The studies conducted with a Bacillus sp. 
isolated from the soil of granite crusher yard 
showed that the bacterium is capable of 
dissolving several silicate minerals under in 
vitro condition. The examination of 
anthrpogenic materials like cement, agro 
inputs like super phosphate and rock 
phosphate exhibited silicate solubilizing 
bacteria to a varying degree. The bacterial 
isolates made from different locations had 

varying degree of silicate solubilizing potential. 
Soil inoculation studies with selected isolate 
with red soil, clay soil, sand and hilly soil 
showed that the organisms multiplied in all 
types of soil and released more of silica and 
the available silica increased in soil and water. 
Rice responded well to application of organic 
sliceous residue like rice straw, rice husk and 
black ash @ 5 t/ha. Combining SSB with 
these residues further resulted in increased 
plant growth and grain yield. This 
enhancement is due to increased dissolution 
of silica and nutrients from the soil.  
 
Biofertilizer journey 
Broth based inoculants: 
 The commercial history of bio-
fertilizers began with the launch of Nitragin by 
Nobbe and Hiltner, a laboratory culture of 
Rhizobia in 1895, followed by the discovery of 
Azotobacter and then the blue green algae 
and a host of other micro-organisms. 
Azospirillum and Vesicular-Arbuscular 
Micorrhizae (VAM) and other are fairly recent 
discoveries. In India the first study on legume-
Rhizobium symbiosis was conducted by 
N.V.Joshi and the first commercial production 
started as early as 1956. During this initial 
stage liquid broth based inoculants were 
prepared and were used. But these 
formulations were faced with lot of problems 
like suitable packing, transportation, shelf life, 
low effectiveness and their use at fields which 
compelled researchers to think over for other 
alternatives. 
 
Carrier based biofertilizers 
 Looking to constraints with broth 
based biofertilizers attempts were made to 
evaluate several solid carriers like peat, 
lignite, coal, FYM, soil, fly ash and so many 
other carrier material which were locally 
available in different parts of the country were 
used considering the properties like: (1) non 
toxic to bacterial inoculants (2) good moisture 
absorption capacity (3) easy to process and 
free from lump formation (3) easy to sterilize 
(4) available in adequate quantity (5) less 
expensive (6) good adhesion power to seed 
(7) good pH buffering capacity and (9) non 
toxic to plants. Looking to all the tested 
carriers with special reference to survival of 
impregnated microorganisms, peat soil was 
found to be most suitable. But looking to 
scanty deposits of peat in India the biofertilizer 
production technology was concentrated on 
the use of lignite (a low grade coal) as a 
carrier for beneficial microorganisms to be 
used in agriculture and is still in use.  
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Liquid microbial consortium  
 Liquid formulation is a budding 
technology in India and has very specific 
characteristics and uniqueness in its 
production methods. Liquid biofertilizers are 
the microbial preparations containing specific 
beneficial microorganisms which are capable 
of fixing or solubilizing or mobilizing plant 
nutrients by their biological activities. 
 Carrier based biofertilzers has already 
shown their significance and have been 
showing the tremendous effect on the global 
agriculture productivity since the past two 
decades. Rectifying the disadvantages of the 
carrier based biofertilizers, liquid biofertilizers 
have been developed which would be the only 
alternative for the cost effective sustainable 
agriculture. Liquid Biofertilizer Technology 
providing reliable reasons for their necessity, 
specificity and emphasizes that “Use of 
agriculturally important microorganisms in 
different combinations i.e. Liquid microbial 
consortium (LMC) is the only solution for 
restoration of soil health”. Even though 
biofertilizers are being produced and 
distributed constantly by private agencies, 
NGO’s, State and Central Government 
production units for the last three decades, 
their corresponding usage is not in the 
satisfactory proportions. To cope with the 
rising demands for food commodities, serious 
efforts are being made by the State and 
Central Governments (under the National 
Projects) for the sufficient agricultural 
production by popularizing biofertilizers and 
making them available to the farmer 
community. In spite of these efforts, the rate of 
consumption of biofertilizers is not to the 
optimum level in comparison with the 
agrochemicals. The reason attributed is the 
“non-availability of good and suitable carrier 
materials” that raises contamination problems 
and shorter shelf life. To cope with this 
alarming situation, Liquid formulations (LFs) 
are being developed that ensure more quality 
over the conventional carrier based 
biofertilizers inaugurating a new era in the 
Biological input technology. These liquid 
formulations facilitate long shelf life (up to 2 
years), minimum contamination, carrier free 
activity, handling comfort, storage and 
transport convenience, easy quality control, 
enhanced export potentials and are preferred 
by the farmer community as well as 
manufacturers. 
 
LBF Vs CBBF  
 Liquid biofertilizer formulation is the 
promising and updated technology of the 
conventional carrier based production 

technology which inspite of many advantages 
over the agrochemicals, left a considerable 
dispute among the farmer community in terms 
of several reasons major being the viability of 
the organism. Shelf life is the first and 
foremost problem of the carrier based 
biofertilizers which is maximum up to 6 
months as per BIS standards. LBF on the 
other hand facilitates the long survival of the 
organism by providing the suitable medium 
with cell protectants which is sufficient for the 
entire crop cycle. Carrier based bio fertilizers 
are not so tolerant to the temperature which is 
mostly unpredictable and uncertain during 
transportation and  in the crop fields while 
temperature tolerance is the other advantage 
of the liquid biofertilizers. The range of 
possible contamination is very high as bulk 
sterilization does not provide the desirable 
results in the case of CBBF, where as the 
contamination can be controlled constructively 
by means of proper sterilization techniques 
and maintenance of intensive hygiene 
conditions by appropriate quality control 
measures in the case of LBF. Moisture 
retaining capacity of the CBBF is very low 
which does not allow the organism viable for 
longer period and the LBF facilitates the 
enhanced viability of the organism. The 
additional benefits of LBF over CBBF are: 
longer shelf life -12-24 months, no 
contamination, no loss of properties due to 
storage upto 45ºC, greater potentials to fight 
with native population, better survival on 
seeds and soil, very much easy to use by the 
farmer, high commercial revenues. 

 
 However, the administration of  LBF in 
the fields is comparatively easier than CBBF. 
The other disadvantages of CBBF like poor 
cell protection, labor intensity, and dosage 
controversy, limited scope of export, 
expensive package and transport, very slow 
adaptation by the farmer community are some 
of the strongest problems which are being 
solved by the Liquid biofertilizers very 
effectively. Therefore, LBF are believed to be 
the best alternative for the conventional carrier 
based biofertilizers in the modern agriculture 
research community witnessing the enhanced 
crop yields, regaining soil health and 
sustainable global food production. A dose of 
4-5 ml of liquid inoculum having a population 
of 3x109 cells per ml (which is not possible to 
achieve in carrier based inoculant) is enough 
to coat one kg seed and could satisfactorily 
retain the maximum number of viable cells on 
the seeds up to 24 hrs of bacterization at 
room temperature. 
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Biofertilizer enriched Compost  
 Normal farm compost could be 
converted into a superior bio-enriched 
compost by amending with 1% P as Rock 
Phosphate together with inoculating 
Azospirillum/Azotobacter and PSB liquid 
culture @ 1% (v/w) each (108-109 cfu /ml) and 
subsequently curing about a month at 25% 
moisture level. The C:N ratio of final product 
stabilized at around 10.0-12.3:1, with increase 
of Azospirillum/Azotobacter and PSB 
population by 300- 400 times and 6 times, 
respectively.  
Future generation biofertilizers (Promising 
New Technologies)  
Mixed biofertilizers  
 Mixed biofertilizers (BIOMIX) 
containing a consortium of N fixers, P 
solubilisers and PGPR found to promote the 
growth of cereals, legumes and oilseeds 
better and save 25% NP fertilizers in crops. 
Response is better and there is 50% nutrient 
substitution in crops like rice and legumes 
depending upon soil type and yield level. The 
response of biofertilizers is better when used 
along with 75% chemical fertilizers and is 
seen even when full dose of chemical 
fertilizers are applied. There is clear 
improvement in nutrient use efficiency and 
quality of produce when biofertilizers are 
applied.  
Polymer-Based Carriers  
 The increased interest in the 
application of bacterial preparations has 
promoted studies aiming at improving their 
stability and increasing their shelf life. Among 
the new materials utilized as carriers, organic 
polymers have been evaluated. These are 
compounds (e.g., polysaccharides) that in the 
presence of ions or by changing chemical 
conditions (e.g., a change in pH of the 
medium) form cross-links that create a 
complex structure. The polymers encapsulate, 
or “immobilize”, the microorganisms in the 
matrix and release them gradually through a 
degradation process. Polymer formulations 
offer a long shelf life even at ambient 
temperature since they provide protection 
against environmental stresses and a 
consistent batch quality due to standardized 
production. Nevertheless, storage at cool 
temperature (4°C) allows to maintain a longer 
viability of encapsulated cells. These 
inoculants can be added or mixed with 
nutrients to improve the survival of the 
bacteria upon inoculation. 
 Alginate, a natural polymer of D-
mannuronic acid and L-glucuronic acid, is the 
most commonly used substance for microbial 
cell encapsulation. It is derived mainly from 

brown macroalgae such as Macrocystis 
pyrifera (kelp), but recently also another 
macroalga (Sargassum sinicola) has been 
shown to produce alginate of similar physical 
characteristics. The reaction between alginate 
and a multivalent cation (e.g., Ca2+) forms a 
gel consisting of a dense three-dimensional 
lattice with a typical pore-size range of 0.005 
to 0.2 mm in diameter; when the alginate 
solution is dropped into the cation solution 
beads are formed. Alginate beads generally 
have a diameter of 2-3 mm, but microbeads 
with a size of 50 to 200 μm that can entrap up 
to 108 to 109 CFU g−1 have also been 
proposed. 
 Inclusion of bacteria in alginate beads 
has been utilized for different species, either 
spore forming and non sporulating. Different 
AMF structures have also been entrapped into 
alginate matrixes or in beads formed with 
different polymers. Spores of mycorrhizal 
fungi were entrapped in alginate film formed in 
a PVC-coated fibreglass screen, and roots of 
leek seedlings inoculated with this alginate 
film containing G. mosseae spores were 
heavily colonized after few weeks of growth in 
greenhouse conditions. Similar results were 
obtained with spores obtained from 
monoxenic cultures embedded into beads. 
Inclusion of filamentous fungi such as 
Aspergillus and Actinomycetes has been also 
proved possible . 
Alginate beads can maintain a sufficient 
amount of live cells to assure inoculation up to 
several months. However, improving the 
viability of inocula is still an issue. To tackle it, 
several approaches have been tested. Adding 
nutrients (e.g., skimmed milk) to the inoculum 
or freeze-drying gel beads in presence of 
glycerol  resulted in a prolongation of beads 
shelf life. Intraradical structures of G. 
intraradices embedded in alginate beads were 
still infective after up to 62 months after 
storage in plastic vials at 4°C. However, it 
shall be considered that freeze-drying of 
alginate beads can result in some collapse of 
the matrix. Therefore, the addition of fillers 
(material added to the moulding mixture to 
reduce cost and/or improve mechanical 
properties) should be considered when 
planning this technological process. Adding 
chitin to the beads helped preserve their 
porous cellular structure resulting in 
significantly higher porosity values when 
compared to starch filled beads and resulted 
in higher bacterial efficacy when evaluating 
their effect on plants. Addition of 0.5% kaolin 
to freeze-dried alginate-glycerol beads 
significantly increased bacterial survival also 
under UV light radiation. 



 CAFT on Agro-ecological Approaches towards Sustainable Agricultural Production from 01-21 Oct. 2013 
 
 

 

JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)   223 
 

 
 

Reducing the cost of the production process 
and enhancing the physical characteristics of 
the beads were also obtained by 
encapsulation and air-drying of bacteria into a 
mixture made of alginate (3%), standard 
starch (44.6%), and modified starch (2.4%). 
This process allowed to obtain beads that 
after drying have a water content of 7%, size 
of 4 mm, and a mechanical resistance of 
about 105 Newton (features similar to that of 
grain seeds). Storage at room temperature or 
at 4°C did not affect the viability of the 
encapsulated bacteria, which were able to 
survive up to six months maintaining a final 
population size of about 108 CFU g−1 
(corresponding to about 105 CFU bead−1). 
However, with this composition, some 
problems can arise when standardizing and 
automating the beads formation due to the 
viscosity of the mixture and the need of a 
continuous agitation of the stock medium. 
Recently, a process using starch industry 
wastewater as a carbon source for the 
production of Sinorhizobium meliloti with 
simultaneous formulation using alginate and 
soy oil as emulsifier has been proposed, 
showing a cell viability of more than 109 CFU 
mL−1 after 9 weeks of storage. Addition of 
synthetic zeolite to the alginate mixture did not 
improve the survival of the embedded 
microbial cells, nor the physical structure of 
the beads. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Water-in-oil emulsions appear to be a good, 
yet underutilized, method for storing and 
delivering microorganisms through liquid 
formulations. The oil traps the water around 
the organism and, therefore, slows down 
water evaporation once applied. This is 
particularly beneficial for organisms that are 
sensitive to desiccation or in case of the use 
for horticultural crops where irrigation systems 
are in place. Water-in-oil emulsions allow the 
addition of substances to the oil and/or 
aqueous phases which could improve both 
cell viability and release kinetics. However, 
cell sedimentation during storage is a major 
issue to be considered. Studies are carried 
out aiming at solving this problem with the 
help of nanomaterials. Thickening the oil 
phase using hydrophobic silica nanoparticles 
significantly reduced cell sedimentation and 
improved cell viability during storage. 
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Modern agriculture technology involving high 
yielding crop varietuies of hybrids along with 
use of high analysis fertilizers . such practices 
generally resulted in wide spread deficiencies 
of essential plant nutrients specialy of sulphur 
(Blair, 1979). Nutrient imbalances and 
deficiencies imerging a major causes for 
stagnation of crop productiv ity(Dwivedi 
et al, 2007). If proper corrective 
measures are not taken in timely more 
and moere wide spread deficiencies of S 
in soil  be expected in future. This will 
subsequently resulted in declining 
productivity potentioal of the crops 
(Blair, 2002). 

Sulphur in Soil System: 

Forms of sulphur: there are various 
forms of S present in the soil. They include: 

Available Forms 

The available S pool, consisting of the 
soil solution and adsorbed SO4  , and 
constitute for usually 3-10% of the total soil S 
and is depleted by plants andother competing 
processes. Recharging this pool is mainly by 
mineralization of various organic materials 
and application of fertilizers. Soluble S 
fertilizers can increase the pool directly, but 
SO4 is susceptible to losses like leaching 
(Freney and Swaby 1975). Sulphur as S0 or in 
organic fertilizers is less susceptible to losses 
because it must be oxidized, usually by 
microorganisms, before the becomes available 
to plants (Blake et al 2002).  

Plant and  Animal residue  

The plant pool is essentially a pool of 
organic S, in particular the S-containing 
amino acids and proteins in plants etc. Plants 
compete with other processes to take up SO4 
from the available pool and translocate it to the 
leaves, where practically all of it is converted 
into a range of organic materials depend upon 
their genetic potentials.  

Labile organic and soil biota 

This consists of a pool of organic S, 
with the labile fractions of the plant and soil 
biota. Because of its large size and rapid 

turnover, the management of the labile 
organic matter pool is critical for the flow of 
SO4 into the In the cropping system. 

Inorganic form 

This pool include the available pool 
contains materials from many sources most of 
which are very slow but strongly adsorbed form. 

Management of sulphur 

It has been established that crop 
harvested is a main source of S losses from 
cultivated fields (Blair, 2002) and if proper 
supplementation is not made in time, deficiency of 
S will widen with energy harvest of crop. Hence, 
application of adequate S replacement is 
necessary to maintain soil fertility and crop 
production (Blake et al 2002). In this connection 
efficiency of fertilizer use depends on fertilizer 
placement, release rates of nutrients, timing 
of application and interactions between 
nutrients. 

Agricultural products are unavoidable 
losses of S. For intensive crop production 
sources should be geared to quality products 
having the appropriate balance of protein, 
energy and nutrients to suit the specific animal 
needs (Spenser, 1975).The management of 
residues and waste from the various 
enterprises is critical in minimizing fertilizer 
requirements and reducing nutrient losses to 
the environment thereby maintaining the soil 
health too (Tomar and Dwivedi 2007). 

Nutrient balances and sustainability 

If the overall production system is to 
be sustainable, the minimal requirement is a 
balance between the total S inputs and 
outputs as crop removed.   

It is difficult to get an early enough 
warning symptoms of crop S deficiency to 
conform corrective measures based on plant 
visual symptoms or tissue tests or available S 
status (Tabatabai, 1986). Any fertilizer trials 
carried out on the way to reaching an 
acceptable level of production are valuable in 
the final estimation of fertilizer requirements to 
reach a sustainable S balance. 

Sulphur management for sustainable Agriculture  
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The ease of predicting removals with 
products is subject to seasonal variability and 
the processing that separates the disposable 
product from the residues, but long-term 
experience may help in estimating the 
magnitude of errors in estimating S loss. The 
management of residues from processing of 
products and any left in the field may 
significantly reduce S loss. Leaching and 
surface flows can remove significant amounts 
of S from the root zone, and there may be very 
small losses of volatile S compounds from some 
soils and plants. Any discrepancy between the 
inputs and losses must be made up by inputs 
from appropriate fertilizer materials (organic, 
inorganic or a combination of both). The 
minimum requirements for any particular 
cropping and/or livestock production 
enterprise to be sustainable productivity as 
suggested by (Tabatabai, 1986) include: 

 For efficient production of plants and 
animals, it is necessary to have a 
balanced supply of all the essential 
nutrients for each process, and the 
quality of the produce. 

 There must be energy and nutrient 
balances between the inputs to, and 
losses from, the system as a whole. 
Some form of fertilizer and/or a change 
in management must make up any S 
deficit. 

 It must be financially viable, i.e. the 
overall management and productivity 
must be profitable. 

 If an overall S balance is achieved, the 
productivity of the system is controlled 
by the relative sizes of the pools in the 
cycle and the rates of transfer of S 
along the competing pathways between 
the pools. 

Sulphur mineralization and fixation 

Improved fractionation procedures 
and a greater knowledge of what happens to 
specific S-compounds in soils are clearly 
prerequisites to a better understanding of the 
nature, role and dynamics of organic S in soils 
(Blair, 1979). There is a need for more studies 
in ‘normal’ functioning systems (Blake et al, 
2002) where specific components are labeled 
and elements traced. 

Sulphur in plant system 

The concentration of S in plants is 
similar to that of P (Dwivedi et al, 1999), but both 
nutrients have very different roles. 
Phosphorus is mainly involved in energy and 
lipid production. Both S and N are necessary 

for the production of essential S-containing 
amino acids. Sulphur is also essential for many 
enzymes and other important S-rich products. 
Plants such as brassicas and oil palm have 
high requirements for S, while others can 
accumulate SO 2-. The total amounts of N 
and S in plants can vary widely, with common 
values of N:S ranging from about 10:1 to 20:1 
(Blair, 2002). 

Sulphur is essential for plant biochemical 
processes as suggested by Tisdale, 
1977 involved in : 

 synthesis of essential S-containing 
amino acids and proteins, 

 synthesis of coenzyme A, as well as 
biotin, thiamine and glutathione, 

 synthesis of chlorophyll, lipids and 
volatile oils, and 

 biological N fixation by bacteria living in 
symbiosis with legumes. 

The S requirements of some crops 
and the proportion of the S that is contained 
in the useable product (Table 1) show values 
in line with the broad grouping by Spencer 
(1975). The proportions  of S in the useable 
product  emphasize the need for good 
management of the crop residues in order to 
reduce losses. 
Table 1. Crop S uptake and amounts in 

harvested product and residues 
(adapted  from Zhao et al., 2002). 

 
Crop/group Uptake 

kg S/ha 

Cereals  
Wheat 15.9 
Pulses  
Peas 15.9 
Beans 14.6 
Oil seed  
Oilseed rape 58.3 
Vegetables  
Sugar beet 16.5 
Onion 41.1 
Carrot 11.3 
Lettuce 11.0 
Cabbage 55.1 

 
Sulphu Uptake and metabolism 

The usual source of S for plants is SO 2-, 
which is actively taken up from the soil solution 
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by the root cells. Sulphate is then moved by 
transporter proteins through the xylem to the 
leaves in the water transpiration stream. 
Although proteins can be synthesized in the 
roots, the common site for SO4 reduction to 
H2S is in the chloroplasts in the leaves. 

In most plants, S is used mainly to 
synthesize cyst(e)ine and methionine, which 
are incorporated into proteins. Smaller 
amounts of S are needed for the synthesis of 
other essential molecules such as coenzyme A, 
biotin, thiamine, glutathione and sulpholipids. 
Some brassicas (e.g. rapeseed) use 
significant proportions  of the  S to  produce 
glucosinolates, while onions and garlic 
(Allium sp.) have high S-alkylcysteine 
sulphoxides (allins) contents. The production 
of allins appears to be a sink for H2S and the 
levels of glucosinolates and allins depend on 
the availability of S. 

Methionine, an essential S-containing 
amino acid present in plants, is the most 
important compound derived from cysteine. It 
is synthesized via the bi-directional trans-
sulphurylation pathway between cysteine 
and  homocysteine, the  cysteine to 
methionine direction in fungi and higher 
plants and the reverse in animals and fungi. 
The homocysteine in plants is converted into 
methionine using the methyl group derived 
from serine (Dwivedi and Bapat, 1998) as 
indicated: Cysteine + O-acetyl homoserine → 
cystathione → homocysteine → methionine. 

If a crop has a high demand for 
S, the application of a particular S fertilizer at 
high rates may not supply the S to the plants 
efficiently, and can lead to undesirable 
changes in the rest of the system, e.g. 
increased leaching losses and antagonism 
between different forms and amounts of S, 
selenium (Se) and molybdenum (Mo). The 
stage of the crop growth when S demand is 
highest, the proportions of nutrients in the 
fertilizers, their form, site of application and 
rates of nutrient release will all influence the 
efficiency of S use by the crop (Summireddi et 
al, 2001). 
Plant 
sulphur and 
crop quality 

When dealing with a large number of 
interacting processes, at any level of 
sophistication, there is a perturbation at one 
point will inevitably have some consequences 
in another part of the metabolism. There are 
other interactions between S, with essential 

nutrients that occur to varying extents and 
are important to different processes in soils, 
plants and animals. Natural systems 
gradually adapt to changes in their 
environment but, in the quest for more food, 
agricultural production has been intensified 
and this has resulted in large-scale changes 
to nutrient balances over large areas. To 
maintain current levels of production, the 
nutrient balances must be restored and this 
can only be achieved by fertilization with the 
appropriate combination of inorganic and 
organic materials (Summireddi et al, 2001). 

Sulphur responses  in crops  

The range of S uptake for various 
crops is from about 11 to 74 kg/ha. 
Maintaining levels of production requires a 
fertilizer to supply sufficient S to balance the 
overall inputs and losses imposed by the 
management system (Dwivedi et al, 2007). 
Consequently, the form and amount of 
fertilizer required for each production system 
will vary significantly. General or “average” 
recommendations can rarely be more than a 
rough guide. This becomes even more 
uncertain and difficult when there are crop 
rotations with different S requirements. 

Sulphur deficiency detection and correction 

The visual detection of S deficiency is 
fairly straightforward, although in young 
plants it may be confused with N deficiency. 
Symptoms include a yellowing of the younger 
leaves, as a result of a low chlorophyll 
production and poor remobilization of S 
within the plant (Dwivedi and Bapat, 1998) 
and a marked reduction in plant height and 
tiller number in cereals (Blair et al., 1979).  

There are two main problems with the visual 
detection: 

•   By the time the deficiency is obvious it is 
usually too late to correct it in that crop; 

•  The observation does not give an accurate 
indication of how much S is needed or the 
best form to apply. 

Sulphur sources  

The wide range of valency states of S 
and the natural occurrence and stability of S0 
mean that a large number of fertilizer 
materials are available, including 
combination with other essential plant 
nutrients.  

Other potential high-analysis S 
materials have been proposed, but limited 
resources and economic considerations have 



 CAFT on Agro-ecological Approaches towards Sustainable Agricultural Production from 01-21 Oct. 2013 
 
 

 

JN Krishi Vishwa Vidyalaya, Jabalpur – 482004 (M.P.)   227 
 

 
 

prevented their development. Undoubtedly, 
new materials will become available for use 
as technology changes, and the awareness 
of balanced nutrition and controlled-release 
rates develops. There are a number of unusual 
experimental inorganic and organic S 
fertilizers, but the majority of the commercial 
fertilizers used are based on SO4 and S0, 
which have some important differences that 
are outlined below. 

1 TSP granules approx 3 mm diam. 
19.6% P and 1% S as SO2-. Sulphur bentonite 
pellets of simi- lar size to TSP. Particle sizes of 
S0 in coating can be adjusted to give required 
SO 2- release rate. Typical S0 sizes are 50 to 
200 microns. Urea, DAP and TSP have also 
been successfully coated.  

Drilled refers to placement of the fertilizer 
in or near the seed row. The calculation is 
based on 20 cm between rows and 10 cm 
between TSP granules. 

Concluding remarks  

Under increasing population meeting the 
food, feed, fibre and bioenergy requirements 
of a fast growing world over the long term 
calls for the increased adoption of sustainable 
agricultural practices. An important aspect of 
sustainable agriculture is nutrient 
management. A sustainable system requires 
nutrients removed in marketable products and 
any removed in harvesting or processing to be 
replaced. In all highly productive systems this 
requires the application of some form of 
supplement or fertilizer. These must be 
applied at the right rate, right time and right 
place, taking into account the crop- and 
site-specific requirements in order to 
minimize nutrient losses to the environment. 

Various S-containing compounds are 
used by microorganisms to produce the 
amino acids cysteine and methionine, which 
cannot be produced by higher animals, and 
are essential for the production of protein. 
Sulphur is also an essential ingredient in 
lipids and a wide range of other organic 
compounds. 

Crop residues, animal manure, urban and 
industrial wastes, irrigation water and aerial 
deposition contain S and other nutrients in 
varying amounts, and their management can 
have a significant influence on the amount of 
fertilizer needed. 

Thus, it is important that farmers know 
their crop's requirements. Optimum 

production is achieved by having an 
appropriate balance of nutrients available at 
the appropriate rate and time for the 
particular production systems. 

It is suggested that, in order to improve 
the efficiency of S use and the sustainability of 
the system in general, the following actions 
should be undertaken: 

•   Greater efforts should be made to better 
understand the processes and dynamics 
of S cycling at different scales, the S 
requirements of individual crops and its 
evolution over crop’s development, and 
interactions of S with the other nutrients. 

•   Increased research on the dynamics of 
S utilization and availability to plants, the 
accurate prediction of the amount of 
fertilizer needed to achieve optimum  
crop production and interactions of S 
with the other plant nutrients in order to 
avoid misinterpretation of results and 
misleading recommendations. 
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Introduction 

Since the industrial revolution 1750 
the atmospheric concentration of CO2 has 
increased from 280 ppmv to 379 ppmv in 
2001 and is currently increasing at the rate of 
1.5 ppmv/year or 3.3 Pg C/year (1 Pg = 
petagram = billion ton) (IPCC, 2001). This 
might be due to fossil fuel burning and land 
use changes (Table 1). This anthropogenic 
enrichment of GHGs in the atmosphere and 
the cumulative radiative forcing of all GHGs 
has led to an  increase in the average global 
surface temperature of 0.6 jC since the late 
19th century, with the current  warming rate of 
0.17 jC/decade (IPCC, 2001) These changes 
may decrease  the  soil  organic  carbon 
(SOC) pool and structural stability, increase 
soil’s susceptibility to water runoff and 
erosion, and disrupt cycles of water, carbon 

(C), nitrogen (N),  phosphorus  (P), sulfur (S)  
and other elements,  and  cause  adverse  
impacts  on  biomass productivity, biodiversity 
and the environment.  

Despite a strong inter-dependence 
between climate  and soil  quality (Jenny, 
1980),  the  role  of  SOC dynamics on historic 
increase in atmospheric CO2,  and its strategic 
importance in decreasing the future  rate of 
increase of atmospheric CO2 are not widely  
recognized. Therefore, the impact of 
anthropogenic activities on historic depletion 
of the SOC pool, assesses the magnitude of 
the contribution  of  the  SOC pool to 
atmospheric increase in CO2,  outlines the 
processes and practices that lead to SOC  
sequestration  with  attendant  improvements  
in  soil. 

Table 1 Change in atmospheric concentration of trace gases since the industrial revolution at about 
1750 (IPCC, 2001)  

Gas Present 
concentration 

Percent increase 
since 1750 

Present rate   of 
increase(%/year) 

Carbon dioxide (CO2) 379 ppm 31 0.4 
Methane (CH4) 1745 ppb 151 0.4 
Nitrous oxide (N2O) 314 ppb 17 0.25 
Chlorofluorocarbons(CFCs) 268 ppt  decreasing 

(ppm = parts per million,  ppb = parts  per  
billion,  ppt = parts  per trillion. Increase in 
CO2 concentration in 2003 was 3 ppm.) 
 
Sources of increase in atmospheric 
concentration of gases 

The data in Table 2 show the global C budget 
for the last  two  decades of the 20th century, 
lists  known sources and sinks, and identifies 
the magnitude of  the so-called missing or 
fugitive C (Prentice, 2001).  

 
Table 2 An approximate global carbon budget (IPCC, 2001) 
 

Source/sink   1980s Billion ton 1990s Billion ton 
A. Source Fossil fuel combustion 

and cement production 
5 6.3 

Land use change  1.7 1.6 
Total  6.7 7.9 

B. Known sinks Atmosphere  3.3 3.2 
Oceans 1.9 1.7 
Total 5.2 4.9 

C. Missing sinks (the 
fugitive CO2) or probable 
terrestrial sink 

  1.5 3 

The global C budget for the decade of 
1980s included 5.4 ± 0.3 Pg C emissions by 
fossil fuel combustion and cement production, 
and 1.7 ± 0.8 Pg C emission by land use 
change. The latter consists of deforestation 

and biomass burning, and conversion of 
natural to agricultural ecosystems. The annual 
increase in atmospheric concentration of CO2 
during the 1980s was 3.3 ± 0.2 Pg C/year, 
absorption by the ocean was 2.0 ± 0.8 Pg 

Soil carbon sequestration: A key to sustainable agriculture 
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C/year, and the unknown residual terrestrial 
sink was 1.9 ±1.3 Pg C/year. For the decade 
of the 1990s, emission by fossil fuel 
combustion and cement production were 6.3 ± 
0.4 Pg C/year, and the emission by land use 
change was 1.6 ± 0.8 Pg C/year. The increase 
in atmospheric concentration, however, 
occurred at the rate of 3.2±0.1 Pg C/year, the 
absorption by the ocean was 2.3 ± 0.8 Pg 
C/year and the uptake by an unknown 
terrestrial sink was 2.3 ± 1.3 Pg C/year 
(Schimel et al., 2001). 

These global C budgets are tentative 
at best, because possible emissions of C by 
soil erosional and other degradative 
processes are not accounted for.  
Nonetheless, the data indicate an important 
role that land use; soil management and 
terrestrial ecosystems play in the global C 
budget. Thus, a complete understanding of 
the components (pools and fluxes) of the 
global C budget is required to identify sources 
and sinks of C and develop strategies for 
mitigating the risks of climate change.

Table 3 Soil C pool of world soils (adapted from Eswaran et al., 2000) 

Soil order  Area 
(Mha)   

Soil organic carbon  Soil inorganic carbon  
Density (tons/ha) Pool(billion tons) Density(tons/ha (billion tons) 

Alfisols  1262 125 158 34 43 
Andisols  91 220 20 0 0 
Aridisols  1570 38 59 290 456 
Entisols  2114 42 90 124 263 
Gelisols  1126 281 316 6 7 
Histosols  153 1170 179 0 0 
Inceptisols  1286 148 190 26 34 
Mollisols  901 134 121 96 116 
Oxisols  981 128 126 0 0 
Rocky 
land  

1308 17 22 0 0 

Shifting 
sand 

532 4 2 9 5 

Spodosols  335 191 64 0 0 
Ultisols  1105 124 137 0 0 
Vertisols  316 133 42 50 21 
Total   13,083  1526  945 

 
There are five principal global C 

pools. The oceanic pool is the largest, 
followed by the geologic, pedologic (soil),  
biotic and the atmospheric pool  (Fig.  1). All 
these pools are inter-connected and C 
circulates among them. The pedologic or soil 
C pool comprises two components: SOC and 
the soil inorganic carbon (SIC) pool. The SIC 
pool is especially important in soils of the dry 
regions.   
The SOC concentration ranges from a low in 
soils of the arid regions to  
high in soils of the temperate regions, and 
extremely high in organic or peat soils (Table 
3). The SOC pool also varies widely among 
eco regions, being higher in cool and moist 
than warm and dry regions( IPCC, 2000) 
Therefore,  the  total  soil  C  pool  is  four  
times  the biotic (trees,  etc.)  pool and  about  
three  times  the atmospheric pool 
         

 
Fig. 1. Principal global carbon pools 

There are two components of 
estimated emissions of 136 F 55 Pg C from 
land use change: decomposition of vegetation 
and mineralization/oxidation of humus or 
SOC. There are no systematic estimates of 
the historic loss of SOC upon conversion from 
natural to managed ecosystems. Jenny (1980) 
observed that ‘‘among the causes held 
responsible for CO2 enrichment, highest ranks 
are accorded to the continuing burning of 
fossil fuels and the cutting of forests. The 
contributions of soil organic matter appear 
underestimated.’’ The historic SOC loss has 
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been estimated at 40 Pg by Houghton (1999), 
55 Pg by IPCC (1996) and Schimel (1995), 
500 Pg by Wallace (1994), 537 Pg by Buringh 
(1984) and 60 - 90 Pg by Lal (1999).  Until the 
1950s, more C was emitted into the 
atmosphere from the land use change and soil 
cultivation than from fossil fuel combustion. 
Whereas the exact magnitude of the historic 
loss of SOC may be debatable, it is important 
to realize that the process of SOC depletion 
can be reversed. Further, improvements in 
quality and quantity of the SOC pool can 
increase biomass/agronomic production, and 
mitigate risks of global warming mitigate risks 
of global warming. 

Importance  of soil carbon pool 

 

Depletion of  the  SOC pool has major 
adverse economic and ecological 
consequences, because the SOC pool 
serves numerous on-site and off-site 
functions  of  value  to  human  society  and  
well  being. Principal on-site functions of the 
SOC pool are:  

(i) Source and sink of principal plant 
nutrients (e.g., N, P, S, Zn, Mo);  

(ii) Source of charge density and 
responsible for ion exchange;  

(iii) Absorbent of water at low moisture 
potentials leading  to  increase  in  
plant available  water capacity;  

(iv) Promoter of soil aggregation that 
improves soil tilth;  

(v) Cause of high water infiltration 
capacity and low losses due to 
surface runoff;  

(vi) Substrate for energy for soil biota 
leading to increase in soil 
biodiversity;  

(vii) Source of strength for soil 
aggregates leading to reduction in 
susceptibility to erosion 

(viii) Cause of high nutrient and water 
use efficiency because of reduction 
in losses by drainage, evaporation 
and volatilization;  

(ix) Buffer against sudden fluctuations in 
soil reaction (pH) due to application 
of agriculture chemicals; and  

(x) Moderator of soil temperature 
through its effect on soil color and 
albedo. 
 

In addition, there are also off-site functions of 
SOC pool, which have both economic and 
environmental significance. Important among 
these are:(i)  Reduces sediment load in 
streams and rivers, (ii)  Filters pollutants of 

agricultural chemicals, (iii)  Reactors for 
biodegradation of contaminants, and (iv)  
Buffers the emissions of GHGs from soil to the 
atmosphere.  
 
Soil carbon sequestration: options 
 
The term ‘‘soil C sequestration’’ implies removal 
of atmospheric CO2 by plants and storage of 
fixed C as soil organic matter. The strategy is to 
increase SOC density in the soil, improve depth 
distribution of SOC and stabilize SOC by 
encapsulating it within stable micro-aggregates 
so that C is protected from microbial processes 
or as recalcitrant C with long turnover time.In 
this context, managing agroecosystems is an 
important strategy for SOC/terrestrial 
sequestration. Agriculture is defined as an 
anthropogenic manipulation of C through 
uptake, fixation, emission and transfer of  C 
among different pools. Thus, land use change, 
along with adoption of RMPs, can be an 
important instrument of SOC sequestration 
(Post and Kwon, 2000). Whereas land misuse 
and soil mismanagement have caused 
depletion of SOC with an attendant emission of 
CO2 and other GHGs into the atmosphere, 
there is a strong case that enhancing SOC pool 
could substantially offset fossil fuel emissions 
(Kauppi et al., 2001). However, the SOC sink 
capacity depends on the antecedent level of 
SOM, climate, profile characteristics and 
management. 

 
 
Important management practices for C 
sequestration 
 

The sink capacity of SOM for 
atmospheric CO2 can  be greatly enhanced 
when degraded soils and ecosystems are 
restored, marginal agricultural soils are 
converted  to  a  restorative  land  use  or  
replanted  to  perennial vegetation, and RMPs 
are adopted on agricultural soils  (Table 4). 
Although generic RMPs are similar (e.g., 
mulch farming, reduced tillage, integrated 
nutrient management (INM), integrated pest 
management (IPM), precision farming), site-
specific adaptation is extremely important.  
With adaptation of RMPs outlined in Table 4, 
SOC can accumulate in soils because tillage 
induced soil disturbances are  eliminated, 
erosion losses are minimized, and large  
quantities  of  root  and  above-ground  
biomass  are  returned  to  the  soil.   
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Table 4 Recommended management 
practices for carbon sequestration 
 

These practices conserve soil water, 
improve soil quality and enhance the SOC 
pool.  Incorporation of SOC into the sub-soil 
can increase its mean residence time (MRT). 
Converting agricultural land to a more natural 
or restorative land use essentially reverses 
some of the effects responsible for SOC losses 
that occurred upon conversion of natural to 
managed ecosystems. Applying ecological 
concepts to the management of natural 
resources (e.g., nutrient cycling, energy 
budget, soil engineering by  macro 
invertebrates  and enhanced soil biodiversity)  
may be an important factor to improving soil 
quality  and SOC sequestration (Lavelle, 2000). 
Adoption of RMPs builds up SOC by increasing 
the input of C through crop residues and 
biosolids (Paustian et al., 1997). Sequestered 
SOC with a relatively long turn- over time 
(Swift, 2001), is returned to the recalcitrant 
atmospheric CO2 concentration. The SOC 

concentration in  the surface layer usually 
increases with increasing inputs of biosolids 
(Graham et al.,  2002) although the specific 
empirical relation depends on soil moisture and 
temperature regimes, nutrient availability (N, P, 
K, S), texture and climate. In addition to the 
quantity of input, quality of biomass can also be 
important in determining the SOC pool. 
Soil and crop management practices that 
enhance SOC pool include the following. 

Conventional tillage and erosion 
deplete SOC  pools in agricultural  soils.  
Thus, soils  can store  C upon conversion 
from plow till to no till) or conservation  tillage,  
by  reducing  soil  disturbance, decreasing the 
fallow period and incorporation  of  cover 
crops in the rotation cycle. Eliminating 
summer fallowing in arid and semi-arid 
regions and adopting no till with residue 
mulching improves soil structure, lowers bulk 
density and increases infiltration capacity 
(Shaver et al., 2002). However, the benefits of 
no till on SOC sequestration may be soil/site 
specific, and  the improvement in SOC may 
be inconsistent in fine- textured  and  poorly  
drained  soils. 
Cover crops 

The benefits of adopting conservation 
tillage for SOC sequestration are greatly 
enhanced by growing cover crops in the 
rotation cycle. Growing leguminous cover 
crops enhances biodiversity, the quality of 
residue input and SOC pool (Singh et al., 
1998). It is well established that ecosystems 
with high biodiversity absorb and sequester 
more C than those with low or reduced 
biodiversity. Drinkwater et al. (1998) observed 
that legume-based cropping systems reduce 
C and N losses from soil.  

 
Nutrient management 

Judicious nutrient management is 
crucial to SOC sequestration. In general, the 
use of organic manures and compost 
enhances the SOC pool more than application 
of the same amount of nutrients as inorganic 
fertilizers (Gregorich et al., 2001). The 
fertilizer  effects  on  SOC pool are related to 
the amount of  biomass C produced/returned 
to the soil and its humification. Adequate 
supply of N and other essential nutrients in 
soil can enhance biomass production under 
elevated CO2 concentration (Van Kessel et 
al., 2000). Long-term manure applications 
increase the SOC pool and may improve 
aggregation (Sommer-feldt et al., 1988; Gilley 
and Risse, 2000), and the effects may persist 
for a century or longer (Compton and Boone, 
2000). The potential of conservation tillage to 
sequester SOC is greatly enhanced where by 

S. 
No 

Traditional 
methods 

Recommended 
management 
practices 

1.  Biomass 
burning and 
residue removal 

Residue returned as 
surface  
mulch 

2.   Conventional 
tillage and clean 
cultivation 

Conservation tillage, 
no till and mulch 
farming 

3.  Bare/idle fallow Growing cover crops 
during the off-season 

4.  Continuous 
monoculture 

Crop rotations with 
high diversity 

5.   Low input 
subsistence 
farming and soil 
fertility mining 

Judicious use of off-
farm input 

6.  Intensive use of 
chemical 
fertilizers 

Integrated nutrient 
management with 
compost, biosolids 
and nutrient cycling, 
precision farming 

7.   Intensive 
cropping 

Integrating tress and 
livestock with crop 
production 

8.  Surface flood 
irrigation 

Drip, furrow or sub-
irrigation 

9.   Indiscriminate 
use of 
pesticides 

Integrated pest 
management 

10.  Cultivating 
marginal soils 
soil pool, thus 
decreasing 

Conservation reserve 
program, restoration of 
degraded soils 
through land use 
change 
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soils are amended with organic manures (Hao 
et al., 2002). 
Debatable issues on soil carbon 
sequestration 

There are numerous debatable issues 
about SOC sequestration that need to be 
addressed. An important one is about the 
efficacy of SOC sequestration especially in 
view of the  hidden  C costs of the input 
involved. Nitrogenous fertilizers have hidden 
C costs of 0.86 kg C/kg N (IPCC, 1996), and 
pesticides are at least 5 times more C 
intensive. It is widely recognized  that  
judicious  use  of  fertilizers  with  a  high  use  
efficiency through precision farming and other 
improved management options, and  nutrient 
cycling through manuring are efficient means 
of  SOC sequestration.  Similarly, lifting 
irrigation water is also C-intensive, but 
irrigation increases  biomass production by 
two to three times compared with the rainfed 
systems and leads to SOC sequestration 
(Coneth et al., 1998) 
Judicious use of irrigation can also lead to SIC 
sequestration through leaching of 
bicarbonates into the groundwater (Nordt et 
al., 2000). There is also a concern about the 
lack of response of conservation tillage to 
SOC sequestration and the permanence of C 
sequestered in the soil.  

The question of ‘‘whether SOC 
sequestered  in  soil  is  readily  lost  by  
subsequent  misuse  and mismanagement’’ 
needs to be addressed by two different  
approaches.  Effectiveness of conversion to 
conservation tillage on  SOC sequestration 
depends  on soil and climatic factors. Light-
textured and well drained soils in moist and 
cool climates sequester more SOC than 
clayey and poorly drained, or soils of low-
activity clays in arid and warm climates. The 
first approach is the assessment of the MRT 
(pool divided by flux) of C in soil versus other 
ecosystems, which is about 5 years in the 
atmosphere, 10 years in vegetation and 35 
years in soil. Thus, MRT of C in soil is  three 
to four times that in the vegetation. The 
second approach is to assess the impact of 
plowing a no till farm on the C sequestered. If 
the plowing is under-taken as a remedial 
measure to alleviate another soil related 
constraint (e.g., compaction, weed 
infestation), its adverse impact on SOC may 
be minimal. Further, there are numerous 
options of a prescriptive  soil disturbance 
including the use of non-inversion tools (e.g., 
chisel plow, paraplow). 

Monitoring and verification of the rate 
of SOC sequestration in a transparent, cost-
effective and credible manner is also cited as 

an impediment to developing a user-friendly 
trading system. There is a wide range of 
laboratory methods available for determining 
SOC pool, and new ones are being 
developed. Soil scientists have assessed 
changes in SOC pool  in relation to fertility and 
plant nutrition since the beginning of the  20th 
century. Admittedly, there is a strong need to 
standardize these methods, so that results are 
comparable among laboratories. There is also 
a need to develop scaling procedures so that 
data can be extrapolated from point source to 
ecosystem or regional scale. However, these 
issues are not unique to the SOC pool and are 
also encountered in assessing other terrestrial 
C pools (e.g., forests, wetlands). The 
important consideration is to recognize and 
overcome these problems by standardizing 
sampling and analytical procedures and 
scaling techniques. 

It is also argued that SOC 
sequestration is a major challenge in soils of 
the tropics and sub-tropics, where climate is 
harsh and resource-poor farmers cannot 
afford the off-farm input.  Yes, SOC 
sequestration requires input of crop 
residue/biosolids and of fertilizers/manures to 
enhance biomass production. Further, the rate 
of mineralization is high in the tropics and the 
humification efficiency is low. The potential of 
SOC sequestration in degraded soils and 
ecosystems of the tropics is high, and 
realization of this potential is challenging.  Yet, 
the need  to  restore degraded soils  and 
ecosystems in the tropics  and sub-tropics is 
also urgent and of a high priority. This 
challenge has to be and can be met. Then 
there is a question of the relatively finite sink 
capacity of the SOC pool vis-a`-vis infinite or 
at  least  large  capacity  of  the  geologic  or  
oceanic pool. The global potential of SOC 
sequestration is merely 30 - 60 Pg C at the 
rate of about 0.9 ±0.3 Pg C/year over the next 
50 years. Despite the finite capacity, SOC 
sequestration is the most cost-effective 
strategy during the first half of the 21st century 
(Battelle, 2000) with numerous ancillary 
benefits. In addition to the high costs of 
geologic and oceanic sequestration, there are 
also concerns about the adverse effects on 
aquatic ecosystems and risks of leakage. 
Research and development priorities 
An important issue at hand is the 
‘‘commodification’’ or ‘‘moneytization’’ of soil 
C. In fact, soil C is a new farm commodity that 
can be bought and sold like any other farm 
commodity (e.g., corn, soybean, meat, dairy 
or poultry).  For soil C to be traded, bought 
and sold as any other farm commodity, there 
is a need for creation of a market, comprising 
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buyers and sellers who trade C. Creation of 
an effective C market implies the following:  

(i) imposing a cap on industrial  CO2  
emissions with a quota system;   

(ii) assessing  the  societal  value  of  soil  
C  based  on intrinsic  properties (e.g.,  
market  value of N, P, K,S and water 
contained in soil humus) and ancillary  
benefits  (e.g., improvement in water 
quality, reduction  in  
sedimentation/siltation  of  waterways  
and reservoirs,  biodegradation  of  
pollutants);  and 

(iii)  Imposing penalties on land managers 
who convert to soil degradative land 
uses. In addition to biophysical issues, 
creating an effective C market also 
implies addressing the human-
dimensions issues. It is important to 
identify and implement policies that 
lead to adoption of the RMPs. 

There are several biophysical issues that 
need to be addressed. Important among these 
are the following: 

(a) Which terrestrial and aquatic 
ecosystems have large potential soil 
C sinks (or bright spots), and what are 
the criteria to identify them and 
assess their C sink capacity ? 

(b) What  are  the  recommended  land  
use  and management practices for 
soil C sequestration, and what are the 
corresponding rates under ‘‘on-farm’’ 
conditions. 

(c) What are  the  relevant  processes  of  
soil  C sequestration (e.g.,  
aggregation,  humification, formation 
of secondary carbonates), and what is 
the residence time of C thus 
sequestered? 

(d) What are the cost-effective, credible, 
transparent and simple methods of 
measuring the rate of soil C 
sequestration, and what is their 
accuracy and precision? 

(e) What is the cost of soil C 
sequestration under different land 
uses and soil/vegetation/water 
management practices? 

(f) What is the impact of change in 
management (conversion from a long-
term no till to occasional plowing) on 
soil C pool? 

(g) What are the links between soil and 
atmospheric processes especially with 
regard to exchange of GHGs? 

(h) How is the quality and quantity of 
SOC pool related to soil quality (e.g.,  
structure, plant available water 
capacity, nutrient reserves), water 

quality (e.g., transport of agricultural 
chemicals) and air quality? 

(i) How can assessment of soil C pool be 
included into the regional and national 
databank on soil properties assessed 
under routine soil surveys? 

(j) How can we encourage soil scientists 
to interact with their counterparts in 
other basic sciences (e.g., geology, 
hydrology, climatology, plant biology, 
chemistry) and applied sciences (e.g., 
economics, sociology, public policy).? 

Addressing these questions, at 
regional/national and international scales, 
implies developing effective inter-disciplinary 
research program(s) specifically designed to 
replace myths by facts.  
Some important facts urgently needed are 
the following: 

(a) The historic loss of soil C pool upon 
conversion from natural to managed 
ecosystems for major soils in principal 
ecoregions 

(b) The fate of eroded soil C, especially 
with regard to mineralization of C 
redistributed over the land- scape, 
transported by water and wind, and 
depos ited in depressional sites and 
aquatic ecosystems.  

(c) The impact of low input or subsistence 
farming practices on emission of GHGs 
from soil into the atmosphere 

(d) The  soil  and  ecological  factors  under  
which  conversion  from  plow  till  to  no  
till  improves productivity and 
sequesters C in soil. 

(e) The importance of secondary 
carbonates in soil C sequestration 
especially in irrigated agriculture.   

(f) Land use and management techniques 
that enhance SOC/SIC pool in soils of 
the tropics and sub-tropics.  

(g) The impact or urban land uses (e.g., 
golf courses, lawns, roads, buildings) 
on soil C pool and fluxes.   

(h) The microbial/chemical/physical 
processes that control the dynamics of 
C, N, P and S.  

(i) The link between the cycles of C and 
H2O as mediated by energy balance.  

(j) The link between soil aggregation and 
C dynamics, especially with regards to 
the clay content and mineralogy. 

Realization of this strategic option of soil C 
sequestration to reduce the rate of enrichment 
of atmospheric CO2 necessitates addressing 
these issues objectively through an inter-
disciplinary research and development 
program. Such an endeavor requires a 
paradigm shift in our  thinking  of  soil  and  its 
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management.  
In view of the issues facing the 21st  
century, sustainable management of soil 
must: 

(i) Maximize long-term productivity per 
unit input of the non-
renewable/limiting resources (e.g., 
nutrients, energy); 

(ii) Minimize environment pollution with 
regard to emission of GHGs and non-
point source pollution of water; 

(iii) Moderate/buffer sudden changes in  
air  and water qualities; and 

(iv) Proxy for interpretation of past 
global/climate changes through 
interpretation of the soil profile data. 

While food security has been an issue since 
the  dawn of civilization, and it has been the 
cause of  regional wars and population 
migration due to interaction among humans, 
future threats to global peace  may also arise 
from the relationship/interaction between 
human and nature rather than human to 
human. The global C cycle is an important 
determinant of the ‘‘human to nature’’ 
interaction. 
Conclusions 

The increase in greenhouse gases 
(GHG) in the atmosphere and the resulting 
climatic change will have major effects in the 
21st century. Although current scenarios are 
still fraught with uncertainty, serious negative 
effects are expected – though some positive 
effects are also expected- and it is essential 
that a number of actions be undertaken in 
order to reduce GHG emissions and to 
increase their sequestration in soils and 
biomass. In this connection, new strategies 
and appropriate policies for agricultural and 
forestry management must be developed. 
One option concerns carbon sequestration in 
soils or in terrestrial biomass, especially on 
lands used for agriculture or forestry. The 
potential of SOC sequestration is finite in 
magnitude and duration. It is only a short-term 
strategy to mitigating anthropogenic 
enrichment of atmospheric CO2. The annual 
SOC sequestration potential is only 0.9 ± 0.3 
Pg C/year. The atmospheric concentration of 
CO2 at the observed rate of 1990 (3.2 Pg 
C/year) will continue to increase at the rate of 
2.0 - 2.6 Pg C/year even with soil C 
sequestration. It is a bridge to the future. It 
also leads to improvement in soil quality. Soil 
C sequestration is something that we cannot 
afford to ignore. 
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Introduction: 

Organic manure plays an important 
role in sustainable agriculture by utilization of 
dung, urine, litter of domestic animals birds, 
crop residues, as well as weeds and house 
hold wastes. These materials under go for 
decomposition and provide bulky and low-
grade manure depending on the type of 
materials used and methodology adopted for 
their decomposition. There is a growing 
realization that the adoption of ecologically 
sustainable farming practices can only reverse 
the declining trend in the global productivity 
and environment protection. Compost is one 
of the nature's best mulches and soil 
amendments. Compost improves soil 
structure, aeration and water holding capacity. 
The quality and quantity of organic manures 
play a important role in the maintenance of 
soil health in sustainable agriculture 
production. The available organic wastes are 
able to supply about 7.1,3.0 and 7.6 million 
tones, of nitrogen, phosphorus and potassium, 
respectively. Out of these, crop residues alone 
can supply about 1.13, 1.41 and 3.54 million 
tones of N, P and K respectively. 

On the other hand, in cities and rural 
areas of India, nearly 700 million tones 
organic waste is generated annually which is 
either burned or used as land filler. There is 
an urgent need to convert all these organic 
wastes available at farms and our towns in to 
compost. The recycling of organic wastes 
through composting methods is the key 
technology for disposal and production of 
organic manures as well as minimization of 
environmental pollution. By and large 
"Traditional Methods" adopted for waste 
decomposition, or aerobic/anaerobic 
infrequent turnings or static aeration requires 
several months for complete the process.  
Hence, it needs to be expedite the aerobic 
decomposition process and bring down the 
composting period to around 3 months. 

The process of decomposition can be 
hastened by blending of nitrogen poor 
materials with cattle excreta or use of living 
organism and bio-activators . 

In the past decade, researchers have 
focused considerable attention on the 
production and use of compost on several  

levels, including but not limited to 
agricultural, industrial and municipal waste 
management, soil amendment and fertility, 
nutrient cycling, carbon sequestration, 
bioremediation, erosion control, and 
environmental quality.  
The over view of (Vormicomposting) 
mesophilic and thermophilic composting 
are as given. 
General mechanics of composting 

The breakdown of organic matter 
during the composting process is dependent 
on several factors working in concert. These 
include moisture, microbial populations, 
oxygen (O2) and a balance of carbon (C) and 
nitrogen (N) Microorganisms in the organic 
matter (OM) consume the readily available C. 
As it is metabolized, temperatures increase in 
the compost pile and carbon dioxide (CO2) is 
released. As a result, the pile is newly 
populated with thermophilic, or heat-loving, 
bacteria that consume the rest of the 
degradable C. As microbial activity slows, 
temperature decreases, allowing for 
colonization by fungi that slowly consume 
much of the remaining recalcitrant forms of 
C—lignins and cellulose. The resulting 
crumbly, earthy humus is considerably more 
stable than manure, meaning that its nutrients 
are less likely to be lost to leaching or 
volatilization into the atmosphere. As compost 
matures, its nitrogen is mineralized, moving 
from its organic form to ammonium and then 
nitrate, the preferred form for plant uptake. 
Mesophilic composting systems 

 
Schematic diagram of the mechanics of 
thermophilic composting (adopted from 

Epstein, 1997 & NRAES, 1999 

Thermophilic composting systems 
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As Sir Albert Howard noted in the first 
half of the 20th century, farmers have relied on 
decomposed animal manure to increase soil 
productivity for millennia. While the manure in 
a pile does decompose after a year or more, 
much of the decomposition is likely anaerobic, 
leading to loss of N as ammonia and foul-
smelling emissions of methane and hydrogen 
sufide. If bedding is included in the manure or 
if the manure is relatively dry, then conditions 
may be adequate for aerobic decomposition. 
As previously discussed, sufficient oxygen 
must be present in the substrate to allow for 
the colonization of aerobic, thermophilic 
bacteria. If adequate aeration and 
carbonaceous materials are available to 
prevent significant amounts of ammonification, 
successful thermophilic composting of the 
substrate may occur. This is known as 
passive composting. Such ideal conditions are 
rare. 
Development of vermicomposting 
worldwide 

Humankind has long-recognized the 
ability of the earthworm (Lumbricidae) to 
transform organic waste into humus-rich 
material with soil fertilizing capabilities; 
indeed, Aristotle referred to earthworms as the 
"intestines of the earth" (Kale, 1993). Charles 
Darwin's 1881 treatise The formation of 
vegetable mould through the action of worms 
with observations on their habits is widely 
regarded as the first modem scientific study of 
the beneficial role in of earthworms and their 
castings in the soil ecology (Bouche, 1987) By 
the late 1940s, worm growers were promoting 
lumbricids as an effective means for farmers 
to improve the fertility of their soils, often 
making claims that lacked any scientific basis. 
In the 1970s, as environmental concerns 
moved into the public consciousness, 
researchers began exploring the earthworm's 
potential to mitigate waste disposal and soil 
reclamation in the US, Britain, France, and 
Japan. Since then researchers have amassed 
significant data supporting the viability of 
vermitechnology as a source of fertility 
(Benitez et al, 1996; Atiyeh et al., 2000a, 
2000b; Karmegam et al., 1999; Ozores-
Hampton and Vavrina, 2002) and as a means 
of waste management (Eastman et al., 2001; 
Edwards, 1998). 
Species selection and temperature 

While the use of Eisenia fetida seems 
ubiquitous in the literature, there is indeed a 
wide range of species proving effective as 
composters. The range of species actually 
studied, however, is limited. These are six 
different species for decomposing agricultural 
waste and sludge: E. fetida, Dendrobaena 

veneta, D. subrubicunda, Lumbricus rubellus, 
Eudrilus eugeniae, and Perionyx excavatus. 
while D. veneta showed rapid growth and 
attained a greater weight at maturity than E. 
fetida, its cocoons produced fewer hatchlings. 

The choice of species for use in 
vermicomposting largely depends on 
temperature. In tropical regions, E. eugeniae, 
the African night crawler, is commonplace as 
a composting worm and as a source of protein 
meal (Ashok Kumar, 1994; Kale, 1998). Along 
with E. fetida and E. eugeniae, P. excavatus 
and P. sansibaricus are well suited to 
southern regions of India where summer 
temperatures are lower than in the north 
Lampito mauritii and E. eugeniae produced 
more castings per unit volume from a cow 
(Bos taurus) manure and paper waste 
feedstock than P. excavatus. On the basis of 
growth and reproduction of five species (D. 
veneta, E. fetida, E. eugeniae, P. escavatus, 
and Pheretima hawayana) in aerobically 
digested sewage sludge. These  use little 
variation in growth between 15 and 25°C, 
whereas 30°C was associated with reduced 
growth rates, and 35°C with mortality. 
Similarly, Aston (1988) noted lethal 
temperatures from 25 to 33°C for earthworms 
common to temperate regions and 34 to 38°C 
for tropical and sub-tropical species. Optimum 
temperature for the growth of E. eugeniae 
between 20 and 25°C, and 25°C for P. 
hawayana. All five species exhibited optimal 
cocoon production at 25°C. E.fetida was the 
only species capable of producing cocoons at 
15°C, and only P. excavatus at 30°C. While P. 
excavatus produced more cocoons over the 
20-day reproductive cycle, hatching rates 
were low. E.fetida produced the highest rate 
of live worms. Tolerance of E.fetida to 
temperatures ranging from 0 to 35°C. Optimal 
temperatures for cocoon production are often 
lower than temperatures for rapid growth, 
likely a response to greater evaporative loss 
at higher temperatures . 
Moisture content 

Much of the literature states that 
optimal moisture content (MC) in 
vermicomposting lies between 80 and 90%, 
yet physical and chemical differences in 
feedstocks may cause slight variations. 
Kaplan et al. (1980) reported the maximum 
weight gain of E.fetida in sludge at 75 to 80% 
MC. The worm biomass is increase in   
sewage sludge at a high MC of 85 to 90%. A 
5% difference in moisture content significantly 
affected clitellum (sexual organ) development 
in E. fetida. Along a moisture gradient, 80% of 
juvenile worms remained between MC levels 
of 65 and 70%, whereas clitellated worms 
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were more evenly distributed over MC levels 
of 60 to 75%. Eighty percent of all cocoons 
were deposited between 60 and 70% MC. The 
growth of E. andrei in a mixture of pig manure 
and maple leaves at MC of 65, 70, 76, 80, 85 
and 90%. Results give indicated a direct 
relationship between moisture content and 
growth rate, with maximum growth occurring 
at 85%. Under different moisture treatments, 
worms of the same age developed clitella at 
different ages. 
 Feed stocks 

Researchers have explored an 
enormous variety of agricultural and municipal 
wastes as potential feedstock for 
vermicomposting: Manure is perhaps the most 
palatable of feedstocks to composting worms 
due to its high rate of nitrogen and 
consequent rapid decomposition by edible 
microorganisms since the early 1980s, the 
Rothamsted site in Great Britain has 
advanced understanding of the 
vermicomposting potential of various 
manures—cow and pigs solids and slurries, 
horse (Equus caballus) manure, various 
poultry litters—as agricultural soil 
amendments and horticultural growth media 
(Edwards, 1988). Each type of manure has its 
benefits and limitations. 

Pig manure has the highest nutrient 
levels of any feedstock, but solids must be 
separated from the liquid fraction before 
vermicomposting to lower moisture content to 
acceptable levels when compared wastes 
derived from three pig farming systems: fresh 
waste collected directly from pens, effluent 
flushed from pens, and in situ composted litter 
(sawdust and manure). Solids had to be 
stabilized to prevent overheating prior to 
vermicomposting. The worms digested the 
screened solids more efficiently, requiring only 
3 g screened solids g polysaccharides 
structure. The final percentage of particles 
less than 5 mm in size is greatly increased by 
the vermicomposting process (Elvira et al., 
1987). 

While nutrient content in a finished 
vermicompost certainly varies according to the 
initial feedstock, the nutrient content of the 
digested waste is often lower than that of the 
raw material. Some nitrogen loss is balanced 
by a reduction in volume, but the overall N 
content of a vermicomposted waste may be 
lower than the feedstock due to volatilization, 
leaching, or denitrification (Buchanan etal., 
1988). Nevertheless, the vermicomposting 
process generally transforms nutrients into a 
plant available form (Edwards, 1998), but 
mineralization may be affected by organic 
carbon present in the substrate; phosphorus 

(P), molybdenum (Mo), iron (Fe), and Zn 
content may also be indirectly related to 
mineralization by their effect on soil microbial 
activity (Buchanan et al., 1988). Soluble salts 
and electrical conductivity (EC) generally 
increase over the course of the 
vermicomposting but in some case an 
eventual decrease in electrical conductivity. 
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