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Preface 

Prosperity of any country depends upon the prosperity of its people. Economy of most countries, 
is directly or indirectly dependant on their agriculture. All over the world, farmers work hard but 
do not make money, especially small farmers because there is very little left after they pay for 
all inputs. Agriculture being dependant of monsoon, the crop productivity is variable every 
year. To increase productivity continuous efforts need to be made in conduct of research on 
different aspects of crop production, post harvest and marketing of the value added products. 
The emergence of system approach has enabled us to increase production without deteriorating 
the resource base. There is  every possib i l i ty of  saving resources  fol lowing 
sys tem approach in cropping.  Cropping system is a commonly and broadly used word 
to explain a more integrated approach to cropping as compared to monoculture approaches.  
The text book constitutes of Cropping systems: definition, indices and its importance; physical 
resources, soil and water management in cropping systems; assessment of land use; Concept of 
sustainability in cropping systems and farming systems, scope and objectives; production 
potential under monoculture cropping, multiple cropping, alley cropping, sequential cropping 
and intercropping, mechanism of yield advantage in intercropping systems; above and below 
ground interactions and allelopathic effects; competition relations; multi- storeyed cropping and 
yield stability in intercropping, role of non-monetary inputs and low cost technologies; research 
need on sustainable agriculture; crop diversification for sustainability; role of organic matter in 
maintenance of soil fertility; crop residue management; fertilizer use efficiency and concept of 
fertilizer use in intensive cropping system; plant ideotypes for drylands; and plant growth 
regulators and their role in sustainability. 
This book is intended as a professional b a s i c  textbook for post-graduate level students 
of cropping System.  At  the  undergraduate level  also  it  will  be  very  useful  for  
students  of agriculture and economics in particular and forestry, animal sciences, fisheries, horticulture 
and social sciences in general. In addition the text book will be a valuable reference on  
cropping system   for the   candidates appearing in competitive examinations including 
agricultural research services. Professional training institutes like KVKs, polytechnics, rural 
i n s t i t u t e s  etc dealing in farmers would also find this text book of immense value.  
The book is written in  a very simple form with up to d a t e  data and statistics.  It is a 
comprehensive basic text book on cropping systems and will specifically meet out the 
requirement of the students of Agron 511. We hope that our friends, well wishers and 
students will provide motivation and support for constructive criticism to make this book 
more meaningful. The authors would a l so  welcome suggestions from the other readers to 
improve the text book. 
 
 
Palampur   S S Rana  
 MC Rana 
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Objective 

To acquaint the students about prevailing cropping systems in the country and practices to improve 

their productivity 

Theory 

UNIT I 

Cropping systems: definition, indices and its importance; physical resources, soil and water management 

in cropping systems; assessment of land use. 

UNIT II 

Concept of sustainability in cropping systems and farming systems, scope and objectives; production 

potential under monoculture cropping, multiple cropping, alley cropping, sequential cropping and 

intercropping, mechanism of yield advantage in intercropping systems. 

UNIT III 

Above and below ground interactions and allelopathic effects; competition relations; multi- storeyed 

cropping and yield stability in intercropping, role of non-monetary inputs and low cost technologies; 

research need on sustainable agriculture. 

UNIT IV 

Crop diversification for sustainability; role of organic matter in maintenance of soil fertility; crop residue 

management; fertilizer use efficiency and concept of fertilizer use in intensive cropping system. 

UNIT V 

Plant ideotypes for drylands; plant growth regulators and their role in sustainability. 
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7 54-73 
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4 74-80 
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UNIT I 

Cropping systems: definition, indices and its importance; physical resources, soil and water management 
in cropping systems; assessment of land use 

What is a System? 

A system is a group of interacting components, operating 
together for a common purpose, capable of reacting as a whole 
to external stimuli: it is unaffected directly by its own outputs 
and has a specified boundary based on the inclusion of all 
significant feedbacks. For example, the human body is a 
system-it has a boundary (e.g., the skin) enclosing a number of 
components (heart, lungs) that interact (the heart pumps blood to the lungs) for a common purpose (to 
maintain and operate the living body). 

Collection of unrelated items does not constitute a system. A bag of marbles is not a system: if a marble is 
added or subtracted, a bag of marbles remains and may be almost completely unaffected by the change. 
The marbles only behave as a whole if the whole bag is influenced, for example by dropping it, but if it 
bursts the constituent parts go their own ways. It is the properties of the system that chiefly matter and 
they may be summarized in the phrase ‘behavior as a whole in response to stimuli to any part’. 

Ecosystem: Any collection of organisms that interact or have the potential to interact along with the 
physical environment in which they live, form an ecological system or ecosystem. Ecosystems are not 
static entities they are dynamic systems with characteristic pattern of energy flow, nutrient cycling and 
structural change. 

Agro-ecosystem: Agro-ecosystems are ecological systems modified by human beings to produce food, 
fibre or other agricultural products. Like the ecological systems they replace, agro-ecosystems are 
structurally and dynamically complex. But their complexity arises from the interaction between socio-
economic and ecological processes. 

Crop system: An arrangement of crop populations that transform solar energy, nutrients, water and other 
inputs into useful biomass ie. food, feed, fuel and fibre. Crop system comprised of soils, crop, weed, 
pathogen and insect subsystems. The crop can be of different species and variety, but they only constitute 
one crop system if they are managed as a single unit. The crop system is a subsystem of cropping system. 
For example, in the maize crop system, maize is the dominant crop which is grown in association with 
other crops. 

Cropping Systems: Cropping systems, an important component of a farming system, represents a 
cropping pattern used on a farm and their interaction with farm resources, other farm enterprises and 
available technology, which determine their make up. 

It is defined, as the order in which the crops are cultivated on a piece of land over a fixed period or 
cropping system is the way in which different crops are grown. In the cropping systems, sometimes a 
number of crops are grown together or they are grown separately at short intervals in the same field. 

 

"If a better system is thine, impart it; 
if not, make use of mine." - Horace 
"The system isn't stupid, but the 
people in it are." - Thomas Szasz 
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Cropping Pattern: 

It is the pattern of crops for a given piece of land or cropping pattern means the proportion of area under 
various crops at a point of time in a unit area or it indicated the yearly sequence and spatial arrangements 
of crops and follows in an area. 

Difference between cropping pattern and cropping system 
 
Cropping pattern Cropping system 
Crop rotation practiced by a majority of farmers in 
a given area or locality. 

Cropping pattern and its management to derive 
benefits from a given resource base under specific 
environmental conditions. 

Type and management of crops in time and space. The cropping patterns used on a farm and their 
interaction with farm resources, other farm 
enterprises and available technology which 
determine their make up. 

Yearly sequence and spatial arrangement of crops 
or crops and fallow on a given area. 
The proportion of area under various crops at a 
point of time in a unit area 

Pattern of crops taken up for a given piece of land, 
or order in which crops are cultivated on a piece of 
land over a fixed period, associated with soil, 
management practices such as tillage manuring and 
irrigation 

 

Land resources being limited emphasis have to be placed for increasing production from unit area of land 
in a year. 

Cropping systems based on climate, soil and water availability have to be evolved for realizing the 
potential production levels through efficient use of available resources. The cropping system should 
provide enough food for the family, fodder for cattle and generate sufficient cash income for domestic 
and cultivation expenses. This objective could be achieved by adopting intensive cropping. Methods of 
intensive cropping include multiple cropping and intercropping. Intensive cropping may pose some 
practical difficulties such as shorter turn- around time lapse for land preparation before the succeeding 
crop and labour shortage at peak agricultural activities. These problems can be overcome by making 
modification in the cropping techniques. Alteration in crop geometry may help to accommodate 
intercrops without losing the base crop production. 

Efficient Cropping Systems: 

Efficient cropping systems for a particular farm depend on farm resources, farm enterprises and farm 
technology because farm is an organized economical unit. The farm resources include land, labour, water, 
capital and infrastructure. When land is limited intensive cropping is adapted to fully utilize available 
water and labour. When sufficient and cheap labour is available, vegetable crops are also included in the 
cropping systems as they require more labour. Capital intensive crop like sugarcane, banana, turmeric etc. 
find a space in the cropping system when capital is not a constraint. In low rainfall regions (750 
mm/annum) mono cropping is followed and when rainfall is more than 750 mm, intercropping is 
practiced. With sufficient irrigation water, triple and quadruple cropping is adopted. When other climatic 
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factors are not limiting farm enterprise like daring, poultry etc. also influence the type of cropping system. 
When the farm enterprises include dairy, cropping system should contain fodder crops. Components 
change in cropping system also takes place with the developments of technology. The feasibility of 
growing for crop sequences in Genetic alluvial plains inputs to multiple cropping. 

Importance of systems approach 

In system approach all the components and activities are linked, they affect each other. It is not sensible to 
look at one component by itself without recognizing that what it does and what happens to it will affect 
other parts of the system. For example consider what happens when you stub your toe: the whole body 
may react and different parts may respond differently. Eyes may water, the voice may make appropriate 
sounds, the pulse rate may increase and hands may try to rub the damaged toe. It would be very rash to 
alter any component of a system without regard to the consequences and reactions elsewhere. You cannot, 
for example, improve a car (system) by doing research on one wheel and then making it rather bigger than 
the rest. Or increase the power and size of the engine without regard to the ability of the chassis to support 
it. 

These things are common sense in such familiar contexts- they also apply to biological and agricultural 
systems. In agriculture, management practices were usually developed for individual crop. However, 
farmers are cultivating different crops in different seasons based on their adaptability to a particular 
season, domestic needs and profitability. Therefore, production technology or management practices 
should be developed in view all the crops grown in a year or more than one year if any sequence or 
rotation extends beyond one year. Such a package of management practices for all crops leads to efficient 
use of costly inputs, besides reduction in production cost. For instance, residual effect of manures and 
fertilizers applied and nitrogen fixed can considerably bring down the production cost if all the crops are 
considered than individual crops. In this context, cropping system approach is gaining importance. 

Physical resources, soil and water management in cropping systems 

The objective of any cropping system is efficient utilization of all resources viz. land, water and solar 
radiation, maintaining stability in production and obtaining higher net returns. The efficiency is measured 
by the quantity of produce obtained per unit resource used in a given time. The objective of traditional 
agriculture was to increase the production by two means: 

a. by increasing area under cultivation 
b. by increasing the productivity per unit area of the crop. 

But two more dimensions are added to modern agriculture- 

a. to increase the production per unit time. 
b. to increase the production per unit space. 

In the traditional cropping systems, mixtures and rotations were developed by the farmers over years of 
experience by trial and error to suit specific ecological and sociological conditions to attain yield stability, 
whereas modern scientific cropping has three pillars, viz. (i) Genotype, (ii) Geometry of planting and (iii) 
management practices. 
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1. Genotype means genetic makeup of seed. 
2. Geometry of planting means: 

a. Shape of planting pattern on the land surface. 
b. Space of the area for the individual plant. Geometry of planting may be circular, rectangular, 

square type or cubical. It is indirectly related to plant population. Cubical pattern of planting 
has maximum plant population. Plant population may be defined as (i) size of area available 
to the individual plant, (ii) number of plants per unit area. 

3. Management practices include all the practices of crop production. For the cropping system, 
management includes 
a. Type and arrangement of crops in time and space i.e. cropping pattern. 
b. Choice of variety. 
c. Method of stand establishment. 
d. Pest management and harvest. 

Agronomic considerations for different cropping system are different due to inclusion of more than one 
crop as in intercropping or sequence cropping system. Thus, principles involved in management of 
intercropping system and sequence system are different. 

Management of Intercropping Systems 

In intercropping system crops are grown simultaneously. Management practices aim to provide favorable 
environment to all the components, exploit favorable interaction among the component crops and 
minimize competition among the components. 

a. Seedbed Preparation: The objective of land preparation is to establish an ideal zone for the seedling 
that minimizes the stress. Potential stress condition include inadequate or excess moisture, 
unfavorable temperature for a given species, soil crusting, weeds, residue of preceding crop and insect 
or pathogen attack. Important of seedbed is the same in both conventional (monoculture) and in 
multiple cropping. Seedbed preparation depends on the crop. Deep rooted crops responds to deep 
ploughing while for most of cereal shallow tillage is sufficient. The crops with small seed require fine 
seedbed, cotton, and maize, planted on ridges, certain crops on flat seedbed. Since more than one crop 
is planted in intercropping, the seedbed is generally prepared as per the needs of base crop. Sugarcane 
planted in furrow and intercrop sown on ridges. In Groundnut + red gram intercropping system, flat 
seedbed is prepared for sowing crops. However, ICRISAT is recommending broad bed and furrow for 
black soils. In rice + maize intercropping system, ridges and trenches are formed. Maize is planted on 
ridges and rice in trenches. 

b. Varieties: The varieties of component crop in intercropping system should be less competitive with 
the base crop and peak nutrient demand period should be different from the base crop. Minimum 
difference between the maturity periods of two components should be of 30 days. Hybrids varieties of 
sorghum like CSH - 6, CSH - 9 are suitable for intercropping with long duration variety of red gram 
like C11 and LRG 30 because of wider gap between maturity periods. The varieties selected for 
intercrop should have thin leaves, tolerant to shading and less branching. If the base crop is shorter 
than intercrop, the intercrop should be compact with erect branching and its early growth should be 
slow. The characteristics of the base crop should be as in sole crop. 
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c. Sowing: Practices of sowing are slightly altered to accommodate inter - crop in such a way that it 
cause less competition to the base crop. Widening inter row spacing of cereal component to 
accommodate more rows of component legume crop improves legume yield and efficiency of the 
intercrop system. Sowing of base crop is done either as paired row, paired – wider row or skip row of 
base crop are brought close by reducing inter row spacing. The spacing between two pairs of rows is 
increased to accommodate the inter crop. Such row arrangement of base crops within the rows 
improves the amount of light transmitted to the lower component crop, which can enhance legume 
yield in cereal + legume intercropping system. For example – the normal row spacing in Rainfed 
cultivation is 30 cm. The row spacing is reduced to 20 cm between paired rows and 50 cm spacing in 
two pairs. The spacing in paired row planting designed as 20/50 cm indicates that the spacing 
between two rows in pairs is 20 cm and among the pairs 50 cm. Similarly, pearl millet is planted with 
row spacing 30/60 cm in paired row planting. These changes in crop geometry do not alter the yield 
of base crop, but intercrops are benefited to some extent. When alternating pairs of sorghum rows 90 
cm with two rows of an associated legume, Singh (1972) found that LER was greater compared at 60 
cm between rows with two rows of the legume in between. Planting in fixed ratio of intercrop is most 
common. The intercropping system of groundnut + red gram is either in 5:1 or 7:1 ratio and sorghum 
+ red gram in 2:1 ratio. In these cases the normal three tined or four tined seed drill can be used 
without any modification. The hole(s) pertaining to intercrop row in the hopper is(are) closed with a 
piece of cloth in that row, intercrop is sown with alkali or kera. For higher yields, base crop 
population is maintained at its sole crop population and intercrop population is kept at 80 percent of 
its sole crop population. Relative sowing time of component crop is important management variable 
manipulated in cereal + legume intercropping system but has not been extensively studied. Sowing 
may be staggered to increase the temporal difference, which might result in higher yield advantage 
(Singh et al.1981). 

d. Fertilizer Application:  The nutrient uptake is generally more in intercropping system compared to 
pure crops. When the legume is associated with a cereal crop in intercropping system, legume 
supplement a portion of nitrogen required of cereal crop; the amount may be of 20 kg/ha by legumes. 
Application of higher dose of nitrogen to the cereal + legume intercropping system not only reduce 
the nitrogen fixation capacity of legumes, but also growth of the legume is suppressed by aggressive 
fast growth of cereals. Cereal + legume intercropping, therefore is mainly advantageous under low 
fertilizer application. Considering all the factors, it is suggested that the nitrogen dose recommended 
for base crop as pure crop is sufficient for intercropping system with cereal + legume or legume + 
legume. With regards to phosphorus and potassium, one eighth to one fourth of the recommended 
dose of intercrop is also added in addition to recommended dose of base crops to meet the extra 
demand. Basal dose of nitrogen is applied to rows of both components in cereal + legume inter crop. 
Top dressing of nitrogen is done only in cereal rows. P & K are applied as basal dose to both crops. 

e. Water Requirement: The technique of water management is the same for sole cropping and 
intercropping or sequential cropping. However, the presence of an additional crop may have an 
important effect on evapo - transpiration. With proper water management, it is possible to grow two 
crops where normally only one crop is raised under rain fed condition. Intercropping system is 
generally recommended for rain fed situations to get the stable yields. The total water requirement of 
intercrop does not increase much compared to sole cropping. At ICRISAT, the water requirement of 
sole sorghum and intercropping with red gram was almost similar (584 and 585 mm, respectively). 
However in a more competitive crop like onion as intercropped in groundnut increase the total water 
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requirement by about 50 mm. The total water used in intercropping system is almost same as in sole 
crops, but yields are increased. Thus water use efficiency of intercropping is higher than sole crops.  

Scheduling of water: If one of the crop is irrigated based on its requirement, the other crop may suffer 
due to excess water stress, sometimes leading to total failure of crop. In cotton + black gram 
intercropping system, cotton is irrigated once in 15-20 days. The intercrop black gram is often 
affected by excess water and gives poor yield. In such situations, skip furrow method of irrigation is 
advocated. Scheduling irrigation at IW/CPE ratio of 0.60 to 0.80 or irrigation at one bar soil moisture 
tension is suitable for most of the systems. 

f. Weed Management: Generally it is believed that intensive cropping reduces weed problems. Weed 
infestation depends on the crop, plant density and cultural operation done. Weed problems is less in 
intercropping system compared to the sole crops. This is due to complete crop cover because of high 
plant density in intercropping which cause severe competition with weeds and reduce weed growth. 
The weed suppressing ability of intercrop is dependent upon the component crops selected, genotype 
used, plant density adopted, proportion of component crops, their spatial arrangement and fertility 
moisture status of the soil. Experiment carried out at ICRISAT, Hyderabad, indicated that there was 
50 - 75 % reduction in weed infestation by intercropping. Pigeon pea + sorghum intercropping 
system, which is extensively practiced in Karnataka, M.S and A.P is known to reduce weed intensity. 
The higher plant population and complete covering of the soil earlier in intercropping system reduce 
weed infestation. In late maturing crops that are planted in wide rows, presence of early maturing 
crops helps to cover the maturing crops that are planted at wide rows. Presence of early maturing 
crops helps to cover the vacant inter-row space and keeps weed under check. Quick growing non- 
competitive, compact legumes like green gram and black gram act as another crop due to their good 
canopy coverage. In certain situations, intercrops are used as biological agents to control weeds. 
Black gram, green gram, cow pea in sorghum and cowpea in banana reduce weed population. One 
hand weeding can be avoided by this method. However, in some intercropping systems like maize + 
groundnut, rice + tapioca, maize + tapioca, weed problem is similar to their sole crops. The growth 
habit of genotype used in intercropping has a great influence on weed growth. Weed infestation in 
intercropping is influenced by early growth and competitive additives of the component crops. If one 
or both the component crops are vigorous and cover the land area rapidly, weed infestation is greatly 
reduced. Early crop canopy to cover the soil is more important than rapid increase in plant height. It is 
well known that, different species of weeds are associated with different crops, but weeds present in 
sole crops are different than those present in intercropping system. At Hyderabad, in pearl millet as 
sole crop mixed weed flora was observed as Celosia, Digitaria and Cupreous in sole crop of 
groundnut. In pearl millet + groundnut intercropping system type of weeds changes with proportion 
of component crops. As more rows of groundnut are introduced in place of pearl millet of rows, there 
is a striking increase in both numbers and biomass of the tall and competitive Celosia, especially in 
groundnut rows. Weed problem is less; weed control is necessary in intercropping system. But labour 
required for weeding is less; second weeding is not necessary because of crop coverage and limited 
weed growth. Normally two hand weeding are required, but it may restrict to one hand weeding under 
intercropping in sorghum + red gram or sorghum + cowpea. Just one weeding is sufficient to get high 
yield as in weed- free check. The critical period of weed free condition may be extended a little 
longer in intercropping than in sole cropping. This is because the critical growth stages of the 
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component crops vary temporally in intercropping. For example, critical weed free period has to be 
extended to first 7 weeks in sorghum + red gram intercropping while sole sorghum crop requires only 
2- 4 weeks weed free period. 

Chemical weed control is difficult in intercropping system because the herbicide may be selective to 
one crop but non- selective to another. Atrazine control weeds in sole sorghum, but it is not suitable 
for sorghum + red gram intercropping system, as it is toxic to red gram. Herbicides suitable for 
intercropping systems as-  

 
* Maize + green gram & Maize + cowpea. Butachlor (pre - emergence) (Machete) 
* Sorghum + pulse – fluchloralin (PPI) (Basalin)  or Alachlor (pre - emergence) (Lasso)  
* Sorghum + red gram – prometryne  (pre- emergence)  
* Sugarcane + groundnut – nitrofen (pre-emergence) (TOK E -25). 

g. Pest and Disease in Intercropping System: Pest and diseases are believed to be less in 
intercropping system due to crop diversity than sole crops. Some plant combination may enhance soil 
fungicide and antibiotics through indirect effects on soil organic matter content. The spread of the 
diseases is altered by the presence of different crops. Little leaf of Brinjal is less when Brinjal is 
sheltered by maize or sorghum, as the insect- carrying virus first attacks maize or sorghum; virus 
infestation is less on Brinjal. Non – host plant in mixtures may emit chemicals or odor that affects the 
pests, thereby protecting host plants. The concept of crop diversification for the management of 
nematode population has been applied mainly in the form of decoy and trap crops. 
Decoy crops are non-host crops, which are planted to make nematode waste their infection potential. 
This is affected by activating larva of nematode in the absence of hosts by the decoy crops. 

 

 

Crop Nematode Decoy crops 
Brinjal   Meloidogyne incognita Sesamum orientale 
Tomato Meloidogyne pratylenchus 

alleni 
Caster, groundnut 

Soybean Pratylenchus sp Crotalarias spectabills 

 

Trap crops are host crops sown to attract nematode but destined to be harvested or destroyed before 
the nematode manage to hatch. This is advocated for cyst nematode. The technique involves is 
sowing in pineapple plantations; tomatoes are planted and ploughed in to reduce root knot nematodes. 
There is also evidence that, some plants adversely affect nematode population through toxic action. 
Marigold reduces the population of Pratylenchus species. 
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Management of Sequential Cropping System 

Unlike intercropping, crops are grown one after another in sequential cropping and hence, management 
practices are different. 

a. Seedbed Preparation: Suitable seedbed can be prepared as per crops. Puddling for rice, ridges and 
furrows for vegetables, maize and cotton and flat seedbed for several other crops. However, two 
problems are encountered in seedbed preparation in sequential cropping system. 

1) The time available for seedbed preparation is less in high intensity cropping system. 
Frequent rain interference the land preparation. 

2)  Due to prevent crop field may be in condition. For example field preparation after rice is 
difficult, it is mainly because soil structure is destroyed during puddling. 

The turn – around time, the time between harvesting to sowing of next crop is more if rice is the 
preceding crop. To avoid this problem minimum tillage or zero tillage is adopted. It is the common 
practices to sow pulse crop just before or immediately after harvesting rice crop. In rice- wheat 
system the stubbles are killed by spraying paraquat and wheat is sown in plough furrows between 
stubble of rice. 

In irrigated agriculture the time available for tillage between two successive crops is minimal leading 
to minimum tillage. Minimum tillage is applicable for soils with,  

1. A course texture surface soil,  
2. Good drainage  
3. High biological activity of soil fauna.  
4. An adequate quantity of soil residue mulch and  
5. Favourable initial soil moisture and friable soil consistency over a wide range of 

soil moisture. 

It is not possible to practice zero or minimum tillage in all sequence cropping systems. If sunflower is 
the preceding crop, ploughing is essential to oxidize the allelo-chemicals of sunflower. The stubbles 
of pearl millet and sorghum, which contain high C:N ratio immobilizes nitrogen. It is therefore, 
necessary to remove them. Stubble also interfere the field operations. 

In rice-rice-green gram system firstly summer ploughing is done. Later in the rainy season when 
water is available, puddling is done and first crop is sown. Second rice crop is sown after minimum 
tillage. Green gram is sown as a relay crop in the second rice crop. In Cotton-Sorghum-finger millet 
cropping system in garden lands, thorough field preparation is done and field is laid out into check 
basins to transplant finger millet. In next season, cotton is planted among the stubbles of finger millet 
without field preparation. Weeds are controlled by inter-cultivation operation in Nigeria. No till 
planting of sorghum into residues of the previous crop maintained the seed at 10 oC lower 
temperature in the seeding zone when it reaches 41oC. 
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b. Varieties: Short duration of crops are selected to fit well in the multiple cropping systems. Photo- 
insensitive varieties are essential for successful sequence cropping system. Most of the high yielding 
varieties.  

c. Sowing: Sowing is not a problem as there is sufficient time for seedbed preparation. If seedbed is not 
prepared well, the establishment of crop is difficult. For example- cotton establishment is difficult in 
black soil after rice. Due to hard pans in the shallow layer, root penetration is difficult. If field is 
allowed to dry for land preparation, sowing is delayed by one month. Hence seedlings are raised 
either on twisted paddy straw or leaf cups before harvesting of rice crop. After harvesting a cow bar 
hole is made up to 30 cm. It is partly filled with sand and soil mixture and cotton seedlings are 
planted. The establishment of pulse crop is difficult after rice. Broadcasting of seeds in standing rice 
crop results in uneven germination Therefore, high seed rate is necessary. Crops planted in stubbles 
are subject to competition from regenerated stubbles. It can be overcome by spraying, preparation or 
digging of stubbles. 

Delay in sowing is common problems in intensive cropping systems. To reduce yields loss due to 
transpiration of overage seedlings, higher level of nitrogen is applied to induce tillering. In rice – 
wheat system, wheat yields are reduced considerably when the sowing of wheat is delayed beyond 
November. In such situation, planting of 40 to 50 days old seedlings of wheat is done. FYM is 
broadcasted over the field to maintain higher soil temperature during December.  

d. Soil fertility management: Soil fertility management become more complex in intensive cropping 
because of residual effect of nutrients applied to the previous crops, possible effect of legume in the 
system, complementary and competitive interaction from the component crops and influence of crop 
residues left in the soil. The modern or chemical agriculture, which includes higher cropping intensity 
involving improved varieties, heavier inputs of fertilizer and water, increasing yields and accelerated 
removal of plant nutrients has added newer dimensions to the fertility management. 
 
Fertilizer practices for sequence cropping: Based on long term fertility experiments conducted in 
various parts of India, the following broad conclusions are: 
• System productivity increased with the application of P along with N, and further increased with 

use of N, P and K. Application of N at recommended dose is advocated to each of the crop in 
cropping system. 

• Phosphorus management in cropping system needs careful adjustment of P fertilizer dose taking 
into the account type of fertilizer, soil characteristics and their yield level, extent of P removal 
and growing environment. In cropping system – involving wheat, fertilizer P dose to kharif crop 
can be reduced if preceding wheat has received P in adequate amounts. 

• Removal of K in proportion to N is very high in cropping systems particularly those involving 
cereal and fodder crops. It is important to apply K fertilizer at recommended dose to maintain soil 
fertility. In K rich soils of Coimbatore, K application at 50% recommended dose to each crops in 
the sequence rice-rice-soybean was optimum.  

• Among the secondary nutrients, sulphur application is benefited particularly to sesamum - 
mustard, soybean - safflower and groundnut - mustard cropping sequence (Tondon, 1991). 

• Among micronutrients, Zn deficiency is the most common as nearly 50% soils of intensive 
cultivated areas suffers from Zn deficiency. Rainy season crops like rice, maize and sorghum 
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respond more to applied Zn than winter crops like wheat and chickpea. Under long term 
experiments at Ludhiana (Punjab), significant decline in productivity of maize was recorded after 
10 to 12 years’ annual cycles, due to fall in Zn status. Use of organics prevents Zn deficiency in 
intensive cropping system under normal soils.  

Cropping System and Integrated Nutrient Management (INM): The concept of integrated 
nutrients management (INM) involves use of various inorganic, organic, biological sources of 
nutrient for improvement and maintenance of soil fertility leading to sustained crop production.  
Crop responses to organic and biological sources of nutrients for improvement and maintenance of 
soil fertility leading to sustained crop production: Crop responses to organic and biological sources of 
nutrients are not spectacular as to fertilizers, but the supplementary and complementary use of these 
resources is known to enhance the use efficiency of applied fertilizer besides improving soil physico- 
chemical properties and preventing emergence of micro – nutrient deficiencies. The major 
components of the INM are fertilizer, organic manures, green manures, crop residues and 
Biofertilizers. In cereal- based cropping systems, about 25-50% fertilizer NPK dose of rainy season 
crops could be curtailed with the use of organics such as FYM, green manure and crop residues. In 
sugarcane based system, integrated use of sulphitation press- mud, cane trash and Biofertilizers each 
with inorganic fertilizers and green leaf manuring showed 20-25% economy of fertilizers N applied to 
sugarcane by improving the use efficiency of N, P and other nutrient.  
Effect of intensive cropping on soil properties:  
Physical properties- continuous ground cover due to intensive cropping minimizes soil erosion, run-
off losses and crust formation. Relatively higher amount of crop residues due to intensive cropping 
improves soil structure.  
Chemical Properties- Organic residues in intensive cropping systems should be recycled to maintain 
optimum organic carbon in the soil for sustained production. 

Factors for Determining the Fertilizer Schedule are: 

o Soil supplying power 
o Total uptake by crops 
o Residual effect of fertilizers 
o Nutrients added by legume crops 
o Crop residues left on the soil. 
o Efficiency of crops in utilizing the soil and applied nutrients. 

 

1. Soil Supplying Power: Growing different crops during different seasons alters the soil 
nutrient status, estimated by soil analysis at the beginning of the season. The soil supplying 
power increases with legume in rotation.  

2. Fertilizer application and addition of crop residues. The available nitrogen and potassium in 
soil after groundnut are higher to initial status of the soil. But after pearl millet, only 
potassium status in the soil is improved and no changes in P. 
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3. Nutrient Uptake by Crops: The total amount of nutrients taken by the crops in one sequence 
gives an indication of the fertilizer requirement of the system. The balance is obtained by 
subtracting the fertilizer applied to crops that nutrient taken by the crops. 

4. Residual Effect of Fertilizers: The extent of residues left over in the soil depends on the type 
of fertilizer used. Phosphatic fertilizer and FYM have considerable residue in the soil, which 
is useful for subsequent crops. The residues left by potassium fertilizers are marginal. 

5. Legume effect: Legumes add nitrogen to the soil in the range of 15 to 20 kg/ha. The amount 
of nitrogen added depends on the purpose. Green gram grown for grain, contributes 24 and 30 
kg N respectively to the succeeding crop. Inclusion of leguminous green manures in the 
system add 40 kg to 120 kg N/ha. The availability of phosphorous is also increased by 
incorporation of green manure crops. Potassium availability to subsequent crop is also 
increased by groundnut crop residues. Crop residues add considerable quantity of nutrients to 
the soil. Cotton planted in finger millet stubbles benefits by 20 to 30 kg/ha due to 
decomposition of stubbles. Deep rooted crops- cotton, red gram absorbs nutrients from 
deeper layers. Leaf fall and decomposing add phosphorus to top layers. Crop residues 
containing high C: N ratio like stubbles of sorghum, pearl millet temporarily immobile 
nitrogen. Residue of legume’s crop contains low C: N ratio and they decompose quickly and 
release nutrients.  

6. Efficiency of crops: Jute is more efficient crop for utilizing of nitrogen followed by summer 
rice, maize, potato and groundnut in that order. Phosphorus efficient crops, jute > summer 
rice> Kharif rice> potato > groundnut > maize. Groundnut is more efficient in potassium 
utilization followed by maize, jute, summer rice, Kharif rice, and potato. Fertilizer 
recommendation should be based on cropping system e.g. in wheat based cropping system an 
extra dose of 25% nitrogen is recommended for wheat when it is grown after sorghum, pearl 
millet. When wheat, after pulse crop needs 20 to 30 kg less nitrogen per hectare. Phosphatic 
fertilizers are added through green manure crops, not to apply phosphates to succeeding 
wheat crop. In rice based cropping system consisting of rice- rice in Kharif and rabi and 
sorghum, maize, finger millet, soybean in summer it is sufficient to apply phosphorus and 
potassium to summer crops only while nitrogen is applied to all the crops. Thus, following 
system approach in fertilizer recommendation can save lot of fertilizer.  

e. Water management: There is no carry over effect of irrigation as in case of fertilizer. Rice – rice is 
efficient cropping system for total yield, but it consume large amount of water especially in summer. 
If water is scare in summer instead of rice, groundnut is used in cropping system.  
Method of irrigation: The layout should be so planned that most of the crops can be suitable. In rice- 
rice- groundnut system; rice is irrigated by flood method, while groundnut by boarder strips. In cotton 
– sorghum- finger millet system, cotton, sorghum by furrow method while finger millet checks – 
basin method is adopted. More remunerative and less water consuming crop rotations have been 
standardized at different locations of India. Rice- mustard-green gram, rice- potato- green gram 
rotation were found more water efficient systems at Memari in W.B. Under high level of irrigation in 
tarai region of U.P, rice-lentil and rice-wheat cropping system were found better. Pre monsoon 
groundnut-rabi sorghum sequence was highly remunerative with high water use efficiency compared 
to sugarcane alone in M.S when irrigation water is not limiting. Under limited water supply, however, 
rice – chickpea- green gram and rice- mustard – green gram are more remunerative with high water 
use efficiency. 
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f. Weed management: Weed problems are observed in individual crops, weed shifts and carry over 
effect of weed control method on the succeeding crops is usual. Weeds are dynamic in nature, 
generally broad- leaved weeds occur in wheat at later stages and 2, 4 D is applied as post emergence 
herbicide to control them. In rice- wheat system, canary grass (Phallaris minor) is a menace for wheat 
crop. Seed of other species decompose and loss viability, but Phalaris minor seed do not loss 
viability. When sown in rice stubble, wheat is heavily infested with Phalaris minor. In zero till 
cotton- sorghum-finger millet, weeds are controlled by herbicide. Herbicide applied to the previous 
crop may be toxic to the succeeding crop. Higher dose of Atrazine applied to sorghum crop affect 
germination of succeeding pulse crops. Herbicide recommendation should be depends on succeeding 
crops, ploughing before the planting helps to kill most of the weeds.  

g. Pest and Diseases: Pest and diseases infestation more in sequence cropping due to continuous 
cropping. Carry over effect of insecticides is not observed.  

h. Harvesting: In sequences cropping crop can be harvested at physiological maturity stage instead of 
harvest maturity. The field can be vacated one week earlier. Because of continuous cropping the 
harvesting time may coincide with heavy rains and special post harvest operations, like artificial 
drying, treating the crop with common salt etc. are practices to save the produce. 

 

Important Indices 

Some of the important indices to evaluate the cropping systems are as below: 

I) Land Use Efficiency or Assessesment of Land Use:  

The main objective is to use available resources effectively. Multiple cropping which include both inter 
and sequential cropping has the main objective of intensification of cropping with the available resources 
in a given environment. Several indices have been proposed to compare the efficiencies of different 
multiple cropping system in turns of land use, and these have been reviewed by Menegay et al. 1978. 

1. Multiple Cropping Index or Multiple Cropping Intens ity (MCI): 

It was proposed by Dalrymple (1971). It is the ratio of total area cropped in a year to the land area 
available for cultivation and expressed in percentage (sum of area planted to different crops and 
harvested in a single year divided by total cultivated area times 100). 

��� = 	∑ ��	�
�
� ∗ 100	 

 Where, n is total number of crops, ai is area occupied by ith crop and A is total land area available for 
cultivation. 

It is similar to cropping intensity. 
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��� = 	�� + �� + ⋯ + �	
� ∗ 100 

Where a1 + a2 + … +an is the gross cropped area and A the net cultivated area. 
                                  

2. Cultivated Land Utilization Index ( CLUI):  
Cultivated land utilization Index (Chuang, 1973) is calculated by summing the products of land area 
to each crop, multiplied by the actual duration of that crop divided by the total cultivated land times 
365 days. 

���� = 	∑ �� 	��	�
�
� ∗ 365  

Where, n total number of crops; ai area occupied by the ith crop, di, days that the ith crop occupied 
and A = total cultivated land area available for 365 days. 

CLUI can be expressed as a fraction or percentage. This gives an idea about how the land area has 
been put into use. If the index is 1 (100%), it shows that the land has been left fallow and more than 1, 
tells the specification of intercropping and relay cropping. limitation of CLUI is its inability to 
consider the land temporarily available to the farmer for cultivation. 

3. Crop Intensity Index (CII): 
Crop intensity index assesses farmers actual land use in area and time relationship for each crop or 
group of crops compared to the total available land area and time, including land that is temporarily 
available for cultivation. It is calculated by summing the product of area and duration of each crop 
divided by the product of farmers total available cultivated land area and time periods plus the sum of 
the temporarily available land area with the time of these land areas actually put into use (Menegay et 
al. 1978). The basic concept of CLUI and CII are similar. However, the latter offers more flexibility 
when combined with appropriate sampling procedure for determining and evaluating vegetable 
production and cropping pattern data. 

��� = 	 ∑ �� 	��
���
�

∑ ��	����
�
 

 
Where, Nc = total number of crops grown by a farmer during the time period T; ai = area occupied by 
ith crop (months that the crop i occupied an area ai); ti, duration occupied by ith crop (months that 
crops occupied area ai); T = time period under study (usually one year), Aj= Total cultivated land area 
available with the farmer for use during the entire time period T; M= total number of fields 
temporarily available to the farmer for cropping during time period Tj=1, 2, 3…….. M, Aj=land area 
of jth field and Tj= time period when Aj is available.  
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When, CII = 1 means that area or land resources have been fully utilized and less than 1 indicates 
under utilization of resources.  

CII and LER are used to assess the efficient cropping zone. 

Cropping intensity/intensity of cropping (CI) indicates the number of times a field is grown with 
crops in a year. It is calculated by dividing gross cropped area with net area available in the farm, 
region or country multiplied by 100. 

CI = 	!"#$$	%"#&&'(	)"')
*'+	%,-+./)+'(	)"') 	 ∗ 100 = 	0"')	,1('"	23)".45")6.57).(	%"#&$

*'+	$#81	)"') ∗ 100  

When long duration crop is grown, crop remains for a longer time in field. This is the drawback of 
CI.   So time is not considered. Thus, when long duration crops like sugarcane and cotton are grown, 
the cropping intensity will be low. 

4. Specific Crop Intensity Index: 

It proposed by Menegay et al. 1978.  SCII is a derivative of CII and determines the amount of area – 
time denoted to each crop or group of crops compared to total time available to the farmers. 

 

9��� = 	 ∑ �: 	�:
�;:
�

�<�	∑ �� 	����
�
 

 

Where Nk= total number of crops within a specific designation such as vegetable crops or field crops 
grown by the farmer during the time period T; ak = area occupied by the kth crop; tk= duration of kth 
crop; AoT, total cultivated land area available for use during T. Using this formula vegetable intensity 
index, rice intensity index, field crops intensity index etc. are worked out. 

 

Model: 

Area: 1.5 ha; Time: 12 months 
AoT = 1.5 * 12 = 18 ha month 
Temporarily available: 1.5 ha 
0.5 ha * 4 months =  2.0 
0.3 ha * 5 months =  1.5 
0.7 ha * 6 months =   4.2 
Temporarily available = 7.7 
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1.5 ha permanent field 
0.75 ha = Sugarcane  0.75 * 12 months = 9.000 
0.75 ha = Rice = 0.75 * 3.5 months = 2.625 
  Cotton = 0.75 * 5.0 months = 3.750 
  SD Vegetable = 0.75 * 3 months = 2.250 
      17.625 
Temporarily 
available 

      

0.5 - Rice = 0.5 * 3.5 months = 1.75 
0.3 - Vegetable = 0.3 * 4.0 months = 1.20 
0.7 - Cotton = 0.7 * 5.0 months = 3.50 
      6.45 

 

��� = 	 24.075
18 + 7.7 = 	24.075

25.7 = 0.94 

 
 

5. Diversity Index (DI): 

It was suggested by Strought (1975) and Wang and Yu (1975). It measures the multiplicity of crops 
or farm products which are planted in a single year by computing the reciprocal sum of squares of the 
share of gross revenue received from each individual farm enterprises in a single year.  

C� = 	 1
9DE	<F	GHD�IJG	<F	�ℎJ	Gℎ�IJ	<F	LI<GG	IJMJNDJ	

IJOJPMJ�	FI<E	OI<Q	<I	JN�JIQIPRJ	
PN	�	GPNLSJ	TJ�I	

 

 

C� = 	 1
∑ (T� ∑ T�)	�
�

�	�
�
 

 
Where, n = total number of enterprises (crops or farm products) and yi = gross revenue of ith 
enterprises produced within a year. 

Example: In the following which farm is most specialized? 

Crops Income (Rs) 
 Farm A Farm B Farm C 
Sugarcane 30000 - 10000 
Cotton 10000 20000 20000 
Wheat 40000 20000 10000 
Jowar 20000 10000 40000 
Potato - 50000 - 
Total 100000 100000 80000 
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Solution 

Crops Share of individual crop in different farms 
 Farm A Farm B Farm C 
 Share Square of 

its share 
Share Square of 

its share 
Share Square of 

its share 
Sugarcane 0.3 0.09 - - 0.125 0.0156 
Cotton 0.1 0.01 0.2 0.04 0.250 0.0625 
Wheat 0.4 0.16 0.2 0.04 0.125 0.0156 
Jowar 0.2 0.04 0.1 0.01 0.500 0.2500 
Potato - - 0.5 0.25 - - 
Total 1.0 0.30 1.0 0.34 1.000 0.3437 

W�IE	� = 	1.00
0.30 = 3.33 

W�IE	X = 	1.00
0.34 = 2.94 

W�IE	� = 	 1.00
0.3437 = 2.909 

Therefore, Farm A is more diversified and Farm C is more specialized. Lower is the diversity index, 
higher is the specialization. 

 

6. Harvest Diversity Index (HDI): 

It is computed using the same equation as the DI expects that the value of each farm enterprises is 
replaced by the value of each harvest. 

YC� = 	 1
∑ (T� ∑ T�)	�
�

�	�
�
 

Yi = gross value of ith crop planted and harvested within a year. 

7. Simultaneous Cropping Index (SCI): 
 
It is computed by multiplying the Harvest diversity index (HDI) with 10,000 and dividing the product 
by Multiple cropping index (MCI).  It is given by Strout, 1975. 
 

9�� = 	YC� ∗ 10,000
���  
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8. Relative Cropping Intensity Index (RCII): 
It is again the modification of CII and determines the amount of area and time allotted to one crop or 
groups of crops relative to area - time actually used in the production of all crops. RCII numerator 
equal SCII denominator and RCII denominator equal CII numerator. 

[��� = 	∑ �:	�:
�;:
�

∑ �:�:
��
�
�

 

These indices can be used for classifying farmers viz. when relative vegetable intensity index is 50% , 
then the farmer would be considered a vegetable grower. These indices can be used for measuring 
shifts of various crops among farm of different sizes and determining whether the consistent types of 
cropping pattern occur within various farm size strata. These indices also held to know how 
intensively cultivated land, area has been utilized. But none of these indices takes productivity into 
account and cannot be used for comparing different cropping systems and evaluating their efficiency 
in utilization of the resources other than the land. 

9. Crop Equivalent Yield (CEY): 
Many types of crops/cultivars are included in a multiple cropping sequences. It is very difficult to 
compare the economic produce of one crop to another. To cite an example, yield of rice cannot be 
compared with the yield of grain cereals or pulse crops and so on. In such situations, comparisons can 
be made based on economic returns (gross or net returns). The yield of protein and carbohydrate 
equivalent can also be calculated for valid comparison. Efforts have also been made to convert the 
yields of different crops into equivalent yield of any one crop such as wheat equivalent yield (Lal and 
Ray, 1976 and Verma and Modgel, 1983). Verma and Modgel, (1983) evolved the equation for 
calculating wheat equivalent yield (WEY). 
Crop equivalent yields (CEY): The yields of different intercrops/crops are converted into equivalent 
yield of any one crop based on price of the produce.  

�\] = �^ +	�1^ ∗ _̀ �
_̀ + 	�2^ ∗ _̀ �

_̀ + 	− − − 

CEY is the crop equivalent yield; Cy is the yield of the main crop, the yield of other crops converted 
to its equivalent and Pc is its respective price; C1y, C2y ………. are yields of intercrops/other crops 
which are to be converted to equivalent of main crop yield and Pc1 and Pc2 ………….. are their 
respective prices. 

Indices based on Energetic approach 

Energy	efiiciency = Energy	output	(MJ/ha)/Energy	input	(MJ/ha)	 
Net	energy	(MJ/ha) = 	Energy	output	(MJ/ha) − 	Energy	input	(MJ/ha) 

Energy	productivity	 xkg
MJz = 	Output	(grain + byproduct, kg/ha)/Energy	input	(MJ/ha) 
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Energy	intensity	(in	physical	tems,MJ/ha)= 	Energy	output	(MJ/ha)/Output	(grain + by	product, kg/ha) 
Energy	intensity	(in	economic	terms,MJ/Rs)= 	Energy	output	(MJ/ha)/Cost	of	cultivation	(Rs/ha) 
 

Economic Viability 
 
The indicates like CEY, LER, RYT etc. give biological suitability of cropping system to an area. At the 
same time, cropping system should be economically viable and profitable. Following economic indicates 
can be used to evaluate profitability of cropping system. 

1. Gross Returns: The total monetary returns of the economic produce such as grain, tuber, bulb, 
fruit, etc. and byproducts viz. straw, fodder, fuel etc. obtained from the crops included in the 
system are calculated based on the local market prices. The total return is expressed in terms of 
unit area, usually one hectare. The main draw back in this calculation is that market price of the 
produce is higher than that actually obtained by the farmer. Generally gross return calculated is 
somewhat inflated compared to the actual receipt obtained by the farmer. 

2. Net returns or net profit: This is worked out by subtracting the total cost of cultivation from the 
returns. This value gives the actual profit obtained by the farmer. In this type of calculation only 
the variable costs are considered. Fixed costs such as rent for the land, land revenue, interest on 
capital etc. are not included. For a realistic estimate, however, fixed costs should also be included. 

3. Return Per Rupee Invested: This is also called benefit-cost-ratio or input- output ratio.  

[J�DING	QJI	IDQJJ	PNMJG�J� =	 �I<GG	IJ�DIN�<G�	<F	ODS�PM��P<N 

This index provides an estimate of the benefit derived and expenditure incurred by the farmer in 
adopting a particular cropping system. Anything above the value of 2.0 (meaning that the farmer 
can get RS.2 as return for every rupee invested) can be considered worthwhile. 

4. Per Day Return: This is called as income per day and can be obtained by dividing the net return 
by number of cropping period (days). 

_JI	��T	IJ�DIN = 	 �J�	IJ�DING�I<QQPNL	QJIP<�	(��TG) 
This gives the efficiency of the cropping system in terms of monetary value. If the system is 
stretched over one year, the denominator can be replaced by 365 days and per day for the whole 
year can be calculated. 

 
No single index is capable of giving good comparison of different cropping systems. So a number of 
indices are used together to assess the economic viability of the system. 
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UNIT II 

Concept of sustainability in cropping systems and farming systems, scope and objectives; production 

potential under monoculture cropping, multiple cropping, alley cropping, sequential cropping and 

intercropping, mechanism of yield advantage in intercropping systems. 

Concept of sustainability in cropping systems and farming systems, scope and objectives 

The word "sustain," from the Latin sustinere (sus-, from below and tenere, to hold), to keep in existence 
or maintain, implies long-term support or permanence. As it pertains to agriculture, sustainable describes 
farming systems that are "capable of maintaining their productivity and usefulness to society indefinitely. 
Such systems must be resource-conserving, socially supportive, commercially competitive, and 
environmentally sound."  
"A systems approach is essential to understanding sustainability. The system is envisioned in its broadest 
sense, from the individual farm, to the local ecosystem, and to communities affected by this farming 
system both locally and globally… A systems approach gives us the tools to explore the interconnections 
between farming and other aspects of our environment." 
"Environmental sustainability implies the following: 

• meeting the basic needs of all peoples, and giving this priority over meeting the greeds of a few  
• keeping population densities, if possible, below the carrying capacity of the region  

• adjusting consumption patterns and the design and management of systems to permit the renewal 
of renewable resources  

• conserving, recycling, and establishing priorities for the use of nonrenewable resources  

• keeping environmental impact below the level required to allow the systems affected to recover 
and continue to evolve.  

"An environmentally sustainable agriculture is one that is compatible with and supportive of the above 
criteria”. 
Various definitions have been provided for what constitutes sustainable agriculture, ranging from the 
narrow focus on economics or production to the incorporation of culture and ecology. Wendell Berry has 
simply said, “A sustainable agriculture does not deplete soils or people." 
Sustainable agriculture is a form of agriculture aimed at meeting the needs of the present generation 
without endangering the resource base of the future generations. In order to feed the burgeoning 
population more food has to be produced and this has to be done without degradation of the resource 
base. 

Over time, the International Alliance for Sustainable Agriculture and an increasing number of 
researchers, farmers, policy-makers and organizations worldwide have developed a definition that unifies 
many diverse elements into a widely adopted, comprehensive, working definition: A sustainable 
agriculture is ecologically sound, economically viable, socially just and humane. These four goals for 
sustainability can be applied to all aspects of any agricultural system, from production and marketing to 
processing and consumption. Rather than dictating what methods can and can not be used, they establish 
basic standards by which widely divergent agricultural practices and conditions can be evaluated and 
modified, if necessary to create sustainable systems. The result is an agriculture designed to last and be 
passed on to future generations. Conceived in this sense, sustainable agriculture presents a positive 
response to the limits and problems of both traditional and modern agriculture. It is neither a return to the 
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past nor an idolatry of the new. Rather, it seeks to take the best aspects of both traditional wisdom and the 
latest scientific advances. This results in integrated, nature-based agro-ecosystems designed to be self-
reliant, resource-conserving and productive in both the short and long terms.  
The increasing substitution of the term "agribusiness" for "agriculture" reflects a fundamental shift to a 
monetized economy in which everything, including human beings, is assigned a certain value. Such a 
system leads to an increased sense of competition, isolation and alienation. As rural societies break down, 
their values are lost as the backbone of the larger society. Without such a backbone, agriculture is neither 
humane nor sustainable. 
Basic Features and Concepts of Sustainable Systems 

• The need to maintain or improve soil quality and fertility. This is often attained by increasing the 
organic matter content of the soil, and by minimizing losses from soil erosion.  

• Production programs are designed to improve the efficiency of resource utilization. This will 
result in the most cost-effective use of water, fertilizers, and pesticides.  

• An attempt is made to improve internal nutrient cycles on the farm, which will reduce the 
dependence on external fertilizers.  

• Efforts are made to improve biological diversity on the farm. This will result in improved natural 
suppression of pests, and may also help to improve internal nutrient cycling within the farm.  

• Farm management and marketing programs are designed to minimize overhead costs and to 
increase returns, often by following alternative marketing schemes. 

 
The concept of sustainable agriculture has come up because yield from modern farming technique 
reaching a plateau and the environmental problems due to excessive use of chemicals and pesticides in 
food chain. 
Type of agriculture Objective Input Output 
Subsistence agriculture (low level equilibrium) To sustain life and family 

need 
Low Low 

Commercial farming (high level equilibrium) To obtain high income High High 
Sustainable agriculture (Natural or ecological 
equilibrium) 

Ecological balance Low High 

 
An important aspect of sustainable agriculture is that it does not represent a specific set of agricultural 
practices that farmers need to follow step by step, like one would a recipe, to reach a specific goal. 
Instead, the concept represents more of a paradigm shift that encourages farmers to seek their own path, 
one that best fits the farm's particular conditions, and leads toward a more environmentally friendly 
approach without sacrificing yields or profits. Similarly, sustainable agriculture is not a specific target, 
but instead is more of a process that every farmer pursues as part of the daily farm operations. Thus, 
because agricultural systems are so diverse, farmers may choose among a myriad number of agricultural 
practices and techniques available to produce crops more effectively. 
However, the management practices for sustainable agriculture differ from those of modem agriculture. 
The important steps in sustainable agriculture are watershed management, conservation of genetic 
resources, integrated nutrient management, efficient water management, integrated weed management 
and integrated pest management. The management practices are mainly aimed at obtaining sustainable 
production with limited or no chemical inputs with preference to farm-grown inputs without pollution and 
minimum damage to natural resource base. 
Watershed Management 
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The important developmental activities in watershed management for drylands are soil and moisture 
conservation measures, land use based on land capability, wasteland management, afforestation and 
efficient crop production practices. 
Conservation of Genetic Resources 
Land races need preservation for future use. The use of improved high yielding varieties over large areas 
results in loss of land races. Livestock is to be conserved by bringing about diversity in the farm. 
Growing a greater variety of crops on a farm can help reduce risks from extremes in weather, market 
conditions or crop pests. Increased diversity crops and other plants, such as trees and shrubs, also can 
contribute to soil conservation, wildlife habitat and increased populations of beneficial insects. 
Tillage 
Tillage practices used in sustainable agriculture aim at reducing soil degradation, improving weed control 
and helping in timely decomposition of organic matter. A common aim is to provide optimal conditions 
for beneficial soil organisms, thereby enhancing organic matter decomposition and nutrient recycling. 
Managing the top 8 cm of soil is vital because most of the biological activity, microorganisms and 
organic matter are in this layer. 
Nutrient Management 
Nutrients needed for the crop are met from organic sources. For example, when rice is gown by self-
reliant organic farming system, green manure crops-sunhemp, dhaincha and pillipesara are sown as a 
mixture in a 1: 1: 1 ratio and 25 kg seed of each are sown in a hectare. The green manure crop is 
incorporated after 40 days and two weeks are allowed for decomposition before planting rice. Instead of 
top dressing of chemical fertilizers like urea; ammonium sulphate, calcium ammonium nitrate etc., biogas 
slurry and fresh cattle urine diluted with irrigation water are pumped to the fields. Three such irrigations 
are given at monthly intervals. If the crop is weak, one more irrigation is given with slurry combination. 
Farm-grown inputs like Azolla, blue green algae, Azotobacter, Rhizobium and other biofertilizers are used 
judiciously. Crop rotation with legumes is adopted for building soil fertility. 
Sustainable agriculture mainly depends on soil organic matter for nutrient supply through farmyard 
manure, compost and green manures. In the initial stage of conversion, supplemental fertilizer application 
is necessary until equilibrium of nutrient cycles is established. 
Efficient Water Management 
Water management can be subdivided into rain water management and irrigation water management. The 
important aspects of rain water management are water harvesting, supplemental irrigation and reduction 
of evapotranspiration. Irrigation water management involves scheduling irrigation at appropriate time 
with adequate quantity of water without causing waterlogging, salinity and alkalinity. . 
Weed Management 
Weed control methods include cultural, physical, biological and chemical methods. In sustainable 
agriculture, cultural, physical and biological methods are given greater importance. Weeds are generally 
controlled by rotation, tillage and hand-weeding. Weed population to an extent can be tolerated at certain 
periods of crop growth as they help in nutrient recycling, pest control, soil conservation and organic 
matter improvement. 
Pest Management 
Occurrence of insects and diseases are less in organic farming probably due to greater plant and insect 
diversity within the redesigned agro-ecosystem. The incidence of livestock diseases is much lower than in 
conventional farming. The probable reasons include higher feed quality. In natural biological 
communities, certain equilibrium between plants and animal organisms is involved. Rare, widely 
dispersed and abundant species exist. Natural regulation in the form of an increase in disease and enemies 
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and also shortage of food cause decline in population. In the absence of plant protection measures, it is 
estimated that on an average 20 to 30 per cent of yield loss occurs. Maximal yield requires the highest 
degree of protection and is correspondingly more expensive. Excessive use of chemicals not only results 
in waste of money and energy but also builds up resistance and resurgence in insects and pathogens. 
Pathogens developing resistance to the chemicals is increasingly observed with the introduction of 
systemic chemicals. 
Integrated pest control which combines cultural and biological methods and use of resistant varieties 
reduce dependence on ecologically aggressive chemical pesticides. Plant derived compounds such as 
neem and microbial control agents such as bacteria and fungi can be used instead of harmful chemicals. 
Helpful insects and spiders are encouraged. If it becomes necessary to control insects by insecticides, 
thresh hold levels of insect population have to be considered before making a decision to spray. For 
example, brown plant hopper on rice has to be controlled only when its population is more than 20 per 
hill. It is now considered that chemical pesticides which have selective action and are compatible with 
biological control agents are important for sustainable agriculture. They will be of immense use in 
integrated pest management strategies. It is also considered that in the near foreseeable future, these 
chemicals cannot be replaced by any other single method of pest control. 
 
Crop Rotation 
The selection of optimal crop rotation is important for successful sustainable agriculture. Crop rotation is 
very important for soil fertility management, weed, insect and disease control. Legumes are essential in 
any rotation and should comprise 30 to 50 per cent of the crop land. A mixed cropping, pasture and 
livestock system is desirable or even essential for the success of sustainable agriculture. 
 
Indices of sustainability 
Quantification of sustainability is essential to assess the impact of management systems on actual and 
potential productivity and on environment. Some indices of sustainability include the following: 

1. Productivity (Pi), Production per unit of resource used can be assessed by, Pi = P/R where, Pi is 
productivity, P is total production and R is resource used. 

2. Total Factor Productivity (TFP), It is defined as productivity per unit cost of all factors involved 
(Herdt, 1993). 

�W_ = _∑ (R.	x	C.)	�
�  

 
Where, P is total production, R is resource used and c is the cost of the resource, and n is the 
number of resources used in achieving total production. 

3. Coefficient of sustainability (Cs), It is measure of change in soil properties in relation to 
production under specific management system (Lal 1991). �G = W(<� , ��, ��)�, 
 
Where, Cs is coefficient of sustainability, oi is output per unit that maximizes per capita 
productivity or profit, ad is output per unit decline in the most limiting or non-renewable 
resource, Om is the minimum assured output, and t is the time. The time scale is important and 
must be carefully selected. 

4. Index of sustainability (Is), It is a measure of sustainability relating productivity to change in soil 



Cropping Systems (Agron 511) 23 

and environmental characteristics (Lal, 1993; Lal and Miller 1993). �G = F(_P ∗ 9P ∗ �P ∗ �P)�, 
 

Where Is index of sustainability, Si is alteration in soil properties, Wi is change in water resources 
and quality, Ci is modification in climate factor and t is time. 

5. Agriculture Sustainability (As). It is a broad based index based on several parameters associated 
with agricultural production (Lal 1993). �G = �(_� ∗ 9Q ∗ �� ∗ ��)��, 
 Where, As is agricultural sustainability, Pt is productivity per unit input of the limited or 
non-renewable resource, Sp is critical soil property of rooting depth, soil organic matter content, 
Wt is available water capacity including water quality and Ct is climatic factor such as gaseous 
flux from agricultural activity, and t is time. 

6. Sustainable Coefficient (Sc). It is a complex and a multipurpose index on a range of parameter 
and is similar to As. It is defined as: 9O = W(_� ∗ _� ∗ _E)� 9O = (_P ∗ �� ∗ ��)�� 
Where, Pt is productivity per unit input of the limited resource, Pd is productivity per unit decline 
in soil property, Sc is critical level of soil property, Wt is soil water regime and quality, Ct is 
climatic factor, and t is time. 

 
Crop productivity as an indicator of sustainability 
A measure of crop productivity is a good integrator of all soil, water, climatic and biotic factors. It is 
important to assess potential vis-à-vis actual productivity. It is science based management system, actual 
production exceeds potential production in soils of low inherent fertility and in harsh environments. The 
potential productivity, soils’ productive potential within a biome, can be estimated by several models e.g. 
CERES (Richie et al, 1989) and Tropical Soil Productivity calculator (Aune and Lal 1994). If land 
availability is a limiting factor, appropriate indices of productivity are Land use factor (L), Land use ratio 
(LER), and Area Time Equivalent Ratio (ATER) etc. 
The Land use factor (L) is defined as the ratio of cropping period C plus fallow period F to cropping 
period C (Okigbo 1978). 

� = � + W� 

The factor L is generally high for low intensity system eg. shifting cultivation. 
The LER is calculated as follow (Willey and Osiru, 1972): 

LER =�x Y.Y�z
	

�
�
 

Where, Yi and Ym are yields of component crops in intercrop and monoculture system, respectively and n 

is the number of crops involved. 

Because crops involved vary widely in their maturity period, ATER index considers the crop duration 

(Hiebsch and Mc Collum 1987). 
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ATER = 1��xd ∗ Y.Y� z
	

�
�
 

Where, d is the growth period of the crop in days and t is the time in days for which the field remained 

occupied ie. the growth period of the longest duration crop. Numerical values of ATER approaches that 

of LER for a mixture consisting of crops of approximately identical growth periods ie.; when t = d in 

comparison, productivity can also be expressed in terms of the resources use efficiency of the most 

limiting resource e.g., water, nutrients, energy or labour. 

 

Production potential under monoculture cropping, multiple cropping, alley cropping, sequential 

cropping and intercropping, mechanism of yield advantage in intercropping systems 

Classifications of Cropping System:  

Depending on the resources and technology available, different types of cropping systems are adopted on 
farms, which are as below. 

Mono-cropping or Single Cropping: Mono-cropping refers to growing only one crop on a particular land 
year after year. Or Practice of growing only one crop in a piece of land year after year e.g. growing only 
rabi crops in dry lands or only zaid crops in diary lands (Lands situated in river basins which often remain 
flooded during rainy season). This is due to climatologically and socio economic conditions or due to 
specialization of a farmer in growing a particular crop. 

Groundnut or cotton or sorghum is grown once in a year due to limitation of rainfall. Flue-cured tobacco 
is grown in Günter (A.P.) due to specialization of a farmer in growing a particular crop. Rice crop is 
grown, as it is not possible to grow any other crops, in canal irrigated areas, and under water logged 
conditions. 

Monoculture:  Practice of repetitive growing only crop irrespective of its intensity as rice-rice-rice in 
Kerala, West Bengal and Orissa. 

Sole Cropping: One crop variety grown alone in pure stand at normal density. 

Multiple Cropping or Polycropping:  It is a cropping system where two or three crops are gown 
annually on the same piece of land using high input without affecting basic fertility of the soil. 

Growing two or more crops on the same piece of land in one calendar year is known as multiple cropping. 
It is the intensification of cropping in time and space dimensions i.e. more number of crops within a year 
and more number of crops on the same piece of land at any given period. It includes inter-cropping, 
mixed cropping and sequence cropping. 
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Molested (1954) has mentioned that multiple cropping is a philosophy of maximum crop production per 
acre of land with minimum of soil deterioration. 

1) Rice-potato-green gram. 
2) Rice-mustard-maize. 
3) Rice-potato-sesame. 
4) Jut-rice-potato. 

Cropping intensity is more that 200 per cent when the farm as a whole is considered; the Multiple 
Cropping Index (MCI) is determined by the number of crops and total area planted divided by the total 
arable area. When the value is three or more, it is said to be most promising farm. This is also called as 
intensive cropping. 

1. Polyculture: Cultivation of more than two types of crops grown together on a piece of land in a crop 
season. e.g. 

1) Subabul + Papaya + Pigeon pea + Dinanath grass.  
2) Mango + Pine apple + Turmeric 
3) Banana + Marigold + berseem. 

Relay Cropping: Growing the succeeding crop when previous crop is at its maturity stage-or-sowing of 
the next crop immediately after the harvest of the standing crops. Or it is a system of cropping where one 
crop stands over land to the crop in quick succession. e.g. 

1) Paddy - lathyrus 
2) Paddy - Lucerne. 
3) Cotton - Berseem. 
4) Rice – Cauliflower – Onion - summer gourds. 

Overlapping Cropping: In this system, the succeeding crop is sown in the standing crop before 
harvesting. Thus, in this system, one crop is sown before the harvesting of preceding crops. Here the 
lucerne and berseem are broadcasted in standing paddy crop just before they are ready for harvesting. 

Advantages: 

1. Minimum tillage is needed for relay cropping and primary cost of cultivation is less. 
2. Weed infestation is less, as land is engaged with crops year round. 
3. Crop residues are added in the soil and thus more organic matter. 
4. Residual fertilizer of previous crops benefits succeeding crops. 

Inter cropping and Its Objectives  

Inter Cropping: Growing of two or more crops simultaneously on the same piece of land with a definite 
row pattern e.g. growing setaria + red gram in 5:1 ratio i.e. after every 5   rows of setaria one row of red 
gram is sown. Thus, cropping intensity in space dimension is achieved. 
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Multiple cropping in the form of intercropping is predominant in the regions of dry, humid and semi-arid 
tropics.  

The objectives of Intercropping Systems are: 

1. Insurance against main crop failure under aberrant weather conditions or pest epidemics. 
2. Increase in total productivity per unit land area. 
3. Judicious utilization of resources such as land, labour and inputs. 

Intercropping was originally practiced as an insurance against crop failure under rainfall conditions. At 
present the main objective of intercropping is higher productivity per unit area in addition to stability in 
production. Intercropping systems utilizes resources sufficiently and their productivity is increased. 

When two crops are to be grown together, they are chosen in such away that there is variation in their 
growth duration. The peak periods of growth of the two crops species should not coincide. In such 
arrangements, a quick maturing crop completes its life cycle before the other crop starts. Willey (1979) 
described the concept as temporal complementary i.e. greater differences in maturity and growth demands 
of the crop components, more opportunity is provided for greater exploitation of growth factors and over 
yielding. This will be achieved either by generic difference in crop species or manipulation of planting 
dates. Normally short and long duration crops are grown together. 

Based on the per cent of plat population used for each crop in intercropping system, It is divided in to two 
viz; additive series and replacement series. 

Additive Series: Which is mostly adopted in India, one crop is sown with 100% of its recommended 
population in pure stand, which is known as the base crops. Another crop known as intercrop is 
introduced into the base crop by adjusting or changing geometry. The population of intercrop is less than 
its recommended population in pure stand. LER of additive series is greater than replacement series. 
Additive series is more efficient than replacement series in intercropping system. 

In replacement series both the crops are called component crops. By scarifying certain proportion of 
population of none component, another component is introduced. This type of intercropping is practiced 
in western countries. 

Component Crop: is used to refer to either individual crops making up the intercropping situation. 
Intercrop yield is the yield of a component crop when grown in intercropping and expressed over the total 
intercropped area. (i.e. area occupied by both the crops). A simple addition of both the intercrop yields a 
combined intercrop yield. 

Base Crop: is the one which is planted as its optimum sole crop population in an intercropping situation 
and second crop is planted in between rows of base crop for obtaining bonus yield from intercrop without 
affecting base crop yield. 

Inter Cropping in Cereals: - Inter-cropping with cereal is an excellent way of improving the resource 
utilization because the cereals utilize the rainy season resources while late maturing crops exploits the 



Cropping Systems (Agron 511) 27 

post-rainy season resources such as residual moisture. Sorghum is most commonly inter-cropped with 
pigeon pea on a variety of soils. Sorghum is harvested after 3 ½ to 4 ½ months and pigeon pea matures in 
about 6-9 months depending on the genotype. 

In monocropping of groundnut climate resources like rainfall, temperature and solar radiation are utilized 
only during rainy season, however when red gram is introduced as an inter-crop, these resources are used 
up to the start of winter season and also benefit of late shower rains. 

Soybean is also good compatible companion crop with maize. Pearl millet is a quick tillering and fast 
growing crop that attains full canopy development within 20-30 days of seedling establishment. It can be 
inter-cropped with groundnut, black-gram or castor. 

Inter Cropping in Pulses: For pigeon pea, short duration grain legumes such as black-gram and soybean 
are the best companion crops in Peninsular India. Groundnut is also a suitable inter-crop. 
Inter-cropping in cotton: It is initially a slow growing crop. Any short duration and fast growing crops 
such as groundnut, black-gram, green-gram or cluster bean are the compatible companion crops. 

Inter Cropping in Sugarcane: Sugarcane is slow growing up to 80-90 days. Since the crop is planted in 
rows 0.8-1.0 m apart, considerable space is available for inter-cropping. Short duration crops maturing in 
80-90 days can be advocated as inter-crops. Black-gram and soybean are found suitable. The green 
manure, Dhaincha can be sown in the inter-space and incorporated at about 2 months. 

For successful intercropping, there are certain important requirements:  

1. The time of peak nutrient demands of component crops should not overleap in maize + green 
gram intercropping system, the peak nutrient demand period for green gram is around 35 DAS 
while it is 50 days for maize. 

2. Competition for light should be minimum among the component crops. 
3. Complementary should exist between the component crops. 
4. The differences in maturity of component crops should be at least 30 days. 

Advantage of Intercropping: 

• Intercropping gives additional yield and income/unit area than sole cropping. 

• It acts as an insurance against failure of crops in abnormal year. 
• Inter-crops maintain the soil fertility as the nutrient uptake is made from both layers of soil. 

• Reduction in soil runoff and controls weeds. 
• Intercrops provide shade and support to the other crop. 

• Inter cropping system utilizes resources efficiently and their productivity is increased (Reddy and 
Reddi, 1992). 

• Intercropping with cash crops is highly profitable. 

• It helps to avoid inter-crop competition and thus a higher number of crop plants are grown per 
unit area. 
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Disadvantages of intercropping: 

• Yield decreases as the crops differ in their competitive abilities. 

• Management of intercrops having different cultural practices seems to be difficult task. 
• Improved implements cannot be used efficiently. 
• Higher amount of fertilizer or irrigation water cannot be utilized properly as the component crops 

vary in their response of these resources. 
• Harvesting is difficult. 

Types of Inter-Cropping: 

a. Mixed intercropping:  Growing two or more crops simultaneously with no distinct row 
arrangement. 

b. Row intercropping: Growing two or more crops simultaneously where one or more crops are 
planted in rows. 

c. Strip Inter-cropping:  Growing two or more crops simultaneously in different strips wide enough 
to permit independent cultivation but narrow enough for the crops to interact ergonomically. 

d. Relay inter-cropping: Growing two or more crops simultaneously during part of the life cycle of 
each. A second crop is planted after the first crop has reached its reproductive stage but before it 
is ready for harvest. 

Inter-cropping may be divided into the following four groups (Singh 1990). 

i) Parallel Cropping: Under this cropping two crops are selected which have different growth 
habits and have a zero competition between each other and both of them express their full yield 
potential. e.g. 1) Green gram or black gram with maize 2) Green gram or soybean with cotton. 

ii)  Companion Cropping: In companion cropping the yield of one crop is not affected by other, In 
other words, the yield of both the crops is equal to their pure crops. That the standard plant 
population of both crops is maintained. e.g.1) Mustard, wheat, potato, etc. with sugarcane 2) 
Wheat, radish, cabbage, sugar beat etc., with potato. 

iii)  Multistoried Cropping or Multi-tire cropping: Growing plants of different height in the same 
field at the same time is termed as multistoried cropping. It is mostly practiced in orchards and 
plantation crops for maximum use of solar energy even under high planting density. e.g. 1) 
Eucalyptus + Papaya + Berseem, 2) Sometimes it is practiced under field crops such as 
Sugarcane + Potato + Onion 3) Sugarcane + Mustard + Potato 4) Coconut + Pineapple + 
Turmeric/Ginger. 

Multi-tire Cropping:  Inter-cropping is mostly prevalent in plantation crops like coconut and areca nut. 
The practice different crops of varying heights, rooting pattern and duration are called multi-tire cropping. 
The objective of this system of cropping is to utilize the vertical space more effectively. In this system, 
the tallest components have foliage tolerant of strong light and high evaporative demand and the shorter 
component(s) with foliage requiring shade and or relatively high humidity. e.g. Coconut + black pepper + 
cocoa + pineapple. 
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The multi-tire cropping plan is shown in Fig. below. In this system, coconut is planted with a spacing of 
7.5 m. Rooted cutting of black pepper are planted on either side of coconut about 75 cm away from the 
base. On the coconut trunk at a height of about one meter from the ground level, the vines of pepper are 
trailed. A single row of cacao is planted at the center of space between coconut rows. Pineapple is planted 
in the inter-space. Coconut growing to a height of more than 10 m. Cacao with its pruned canopy of about 
2.5 m height and pineapple growing to about 1 m height form the first and ground floors, respectively. 
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Fig Multi storeyed cropping 

In another multi-tier system in coconut, ginger or turmeric and partial shade loving vegetables form the 
first tier, banana is second tier, pepper in third tier and coconut or arecanut in the final tier. 

In the arecanut plantation, tuber crops are predominantly intercropped. Elephant yam, tapioca, greater 
yam and sweet potato are common inter-crops in humid tropics. Banana and pine apple also cultivated as 
intercrops in arecanut gardens. 

In coffee based multi-tier cropping systems, first tier is with pine apple, second tier with coffee, third tier 
with cacoa/mandarin orange and final tier with fast growing shade trees necessary for coffee plantation. 

Mechanism of yield advantage in intercropping 

The most important index of biological advantage is the relative yield total (RYT) introduced by De wit 
or Land van Den Bergh (1965) or land equivalent ratio by Willey (1979). 

1. The mixture yield of a component crop expressed as a portion of its yields as a sole crop from the 
same replacement series is the relative yields of the crop and sum of relative yields of component 
crop is called Relative yield total ( RYT). 
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2. The total land area required under sole cropping to give the same yields obtained in the 
intercropping is called Land equivalent ratio (LER). 
Both the expressions (RYT and LER) are similar. 

Land Equivalent Ratio (LER): 

This is the most frequently used efficient indicator. LER can be defined as the relative land area under 
sole crop that would be required to produce the equivalent yield under a mixed or an intercropping system 
at the same level of management. 

�\[ = 	�� +	�� =	]��]�� +	
]��]�� 

Where, La and Lb are LER of crop a and crop b, respectively; Yab = yield of crop an in intercropping, Yba 
= yield of crop b in intercropping, Yaa = yield of crop an in pure stand and Ybb = yield of crop b in pure 
stand. 

LER of more than 1 indicates yield advantage, equal to 1 indicates no grain or no gain or no loss and less 
than 1 indicates yield loss. It can be used both for replacement and additives series of intercropping. 
LER is the summation of ratios of yields of intercrop to the yield of sole crop. 

LER gives a better picture of the competitive abilities of the component crops. It also gives actual yield 
advantage of intercropping. In other words LER is the measure of production efficiency of different 
system by convening the production in terms of land acreage. LER gives an accurate assessment of the 
biological efficiency of intercropping.  

Example: Let the yields of groundnut and red gram grown, as pure crops are 1,200 and 1,000 kg/ha, 
respectively. Let yields of these cops when grown, as intercrop be 1,000 and 600 kg/ha, respectively. The 
land equivalent ratio of groundnut + red gram intercropping system is 

�\[	<F	LI<DN�ND� =	]PJS�	<F	PN�JIOI<Q]PJS�	<F	G<SJ	OI<Q = 	10001200 

�\[	<F	IJ�	LI�E =	]PJS�	<F	PN�JIOI<Q]PJS�	<F	G<SJ	OI<Q = 	 6001000 

�\[	<F	GTG�JE = 		10001200 +	 6001000 = 1.43 

 

LER of 143 indicates that a 43 percent yields advantage is obtained when grown as intercrop compared to 
growing as sole crops. In other words the sole crops have to be grown in 1.43 ha to get the same yields 
level that is obtained from 1.00 ha of intercropping. 
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Relative Yields Total (RYT): 

The mixture yields of a component crop expressed as a portion of its yields as a sole crop from the same 
replacement series is the relative yield of crop and sum of the relative yields of component crop is called 
Relative Yields Total (RYT). Or When LER is compared at uniform overall plant density of sole and 
intercrops then it is known as RYT. In RYT yields advantages is to measure not only unit area, but also 
on unit population. This is mainly used for replacement series. 

�\[ = 	]��]�� +	
]��]�� 

 

Where Yaa = yields of component a as sole crop Ybb = yields of component b is a sole crop 
Yab = yields of component a as intercrop in b Yba = Yield of component b as intercrop in a.   

 Example: in pasture mixture, Stylo and anjan grown in 1:1 ratio with 50% sole crop population of both 
crops. In I/C, mixture yield (50%) for Stylo and anjan is 6 and 4 tons/ha of fodder, respectively. The yield 
of these crops in sole stand with 100% plant population is 10 and 8 ha of green fodder, respectively. 
 

RYT = 12+8/10+8 = 20/18 = 1.11. 
 

So RYT 1.11 indicates 11% extra fodder yields obtained by mixture. 

Two crops yields in the intercrop mixture are MA and MB and the yield of crops grown as pure crop are 
SA and SB then the combined index is 

� = 	��9� +	�X9X = �� + �X 

The intercrop embodied in LER is that L represents the land required for sole crops to reduce yields 
achieved in the intercropping mixture. A value of L greater than (1) indicates overall biological 
advantages of intercropping. The two component of total index LA and LB represent the efficiency of 
yields production of each crop when grow in mixture, relative to crop performance. 

Relative Crowding Coefficient (K or RCC): It is proposed by de Wit (1960). It is used in replacement 
series of intercropping. It indicates whether a species or crop when grown in mixed population has 
produced more or less yield than expected in pure stand. In 50 : 50 mixture Relative crowding coefficient 
can be defined as 

��� = �P��DIJ	TPJS�	<F	�_DIJ	TPJS�	<F	� − EP��DIJ	TPJS�	<F	� = 	 ]��]�� +	]�� 

But when population differ from 50: 50 then, 
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��� = 	 ]�� ∗ 	���(]�� −	]��)��� 

Where, K = coefficient of each crop species 
Yaa = Yield of pure stand of a 
Ybb = Yield of pure stand of b 
Yab = Mixture yield of a in combination with b 
Yba = Mixture yield of b in combination with a 
Zab = Sown proportion of a in mixture with b 
Zba = Sown proportion of b in mixture with a 
Kab = Values indicate the following conclusions: 
K>1 = there is yield disadvantage 
K= 1 = there is no difference 
K< 1 = there is yield advantage in mixing 

Crowding coefficient and LER give the yield advantage but only LER give the magnitude of advantage. 
Therefore LER is preferred to assess the competition effects and yield advantage in intercropping 
situations. 

The two main indices of dominance are the aggressivity and competition index. Aggressivity is proposed 
by Mc Gihrist (1965). It gives a simple measure of how much the relative yield increase in species A is 
greater than that for species B. It is an index of dominance. 

��� =	 EP��DIJ	TPJS�	<F	�\�QJO�J�	TPJS�	<F	� −	 EP��DIJ	TPJS�	<F	�\�QJO�J�	TPJS�	<F	� = 	 ]��]�� ∗ 	��� −	
]��]�� ∗ 	��� 

 

Sown proportion of species A and B are represented of ZA and ZB, respectively. An aggressively value 
Zero indicates that the component species are equally competitive. A positive sign indicates the dominant 
species and a negative sign the dominated. 

The basic process in the competition index is the calculation of two equivalence factors, one each 
component species. It is the product of two equivalent factors, one for each component species. It is a 
measure to find out the yield of various crops when grown together as well as separately. It indicates the 
yield per plant of different crops in mixture and their respective pure stand on an unit area basis. If the 
yield of any crop grown together is less than its respective yield in pure stand then it is harmful 
association but an increased yield means positive benefit. CI is proposed by Donald (1963). 

�� = 	 (]�� −	]��) ∗ (]�� −	]��)]�� ∗ ]��  

 

Effective Land Equivalent Ratio (ELER): Mead and Willey (1980) showed that any required ratio 
could be achieved by growing the intercrop of the land area and one of sole crops the remainder. 
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P = (La + E) 
      ________ 
      (LER + E) 

LER is a measure of the net advantages from the combined intercrop determined by adding the crop and 
sole crop relative yields. 

\�\[ = 	 ��((1 − ��) + (�\[ − 1)_) 
Staple Land Equivalent Ratio (SLER): In situation, where the primary objective is to produce yields of 
one component (staple crop) usually a cereal and some yields of the legume, the concept of SLER is 
composed. 

9�\[ =	�C�9� + 	_ ��X9X � 
Where, MDA is derived yield of A in mixture yield and P, the proportion of land devoted for 
intercropping. The two crop yields in the intercrop mixture are MA and MB and yield of crops grown as 
sole crop are SA and SB. 

Land Equivalent Coefficient (LEC):  

It was proposed by Adetilaye and Ezedinma (1986) the product of ler of intercrop components. 

�\� = 	�� ∗ �X9X ∗ 9X  

It can therefore, be regarded as a measure of association or interaction when crop with the strength of 
relationship for a two crop mixture the minimum expected product by yield advantage is obtained and 
LEC greater than 0.25 (25%). This was obtained from the 50:50 yields where inter-specific competition 
equaled intra-specific competition. 

LEC = la * LB = 0.5 * 0.5 = 0.25. 

The LEC is developed to assess the interaction and potential of crop mixture. It is derived from the 
understanding that in intercrop yields, as compare optimum sole crop yield is due competition assuming 
that the inter competition is absent. 

Area Harvest Equivalency Ratio (AHER): 

This was proposed by Bal Subramanian and Sekayange (1990). It indicates resources efficiency. 
The concept of AHER combines the area time factors in a practical sence quantifying intercrop yield 
advantage particularly in multi-season. 
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Crop Performance Ratio and Its Types 

It is defined as the productivity of an intercrop per unit area of ground compared was expected from sole 
crops sown in the same proportions (Azam Ali et al 1990). For each same then productivity in the 
intercrop can be expressed as a partial CPR. 

Yield advantage in intercropping 

Yield is taken as primary consideration in the assessment of the potential of intercropping practices. In 
legumes and non-legume intercropping, yield of non-legume increased in intercropping as compared with 
mono-cropping. It is found that by inter-cropping land was effectively utilized and yield was improved. 
The crops are grown together because of higher yields and greater biological and economic stability in the 
system. Land equivalent ration (LER) is the most common index adopted in intercropping to measure the 
land productivity. It is often used as an indicator to determine the efficacy of intercropping. LER>1 
indicates greater efficiency of land utilization in the intercropping system. It is due to greater efficiency of 
resources utilization in intercropping or by increased plant density. LER shows advantage of cereal-
legume intercropping. Tsubo et al (2005) stated legume-cereal intercropping generally more productive 
than monocrop. When two crops are grown together yield advantages occurs because of differences in 
their use of resources. Inter-cropping gives a greater stability of yield over monoculture and intercropping 
was more productive than the sole crop grown on the same area of land. LER value exceeding unity in 
radish vegetable + amaranth intercropping indicates yield advantages from inter-cropping compared to 
monocropping. Legume non-legume intercropping increases total grain and nitrogen yield. In 
intercropping higher yield and greater stability over mono-cropping was reported. Maize yield was 
affected by intercropping with soybeans. Maize + soybean intercropping gave LER of 1.18. Intercropping 
often provides higher cash returns than growing one crop alone. Intercropping occupies greater land use 
and thereby provides higher net returns. Intercropping helps in increasing farm income on sustained basis. 
Intercropping commonly gave greater combined yields and monetary returns than obtained from either 
crop grown alone. Net return of radish and vegetable amaranth intercropping correlated with vegetable 
amaranths plant density. Intercropping capsicum and vegetable cowpea gave high net return compared to 
mono-cropping. 

Maize based inter-cropping 

Intercropping of legumes and cereals is an old practice in tropical agriculture that time back to ancient 
civilization. Legume – cereal is the most popular inter-cropping system in the tropics. Systems that 
intercrop maize with a legume are able to reduce the amount of nutrients taken from the soil as compared 
to a maize monocrop. During absence of nitrogen fertilizer, intercropped legume will fix nitrogen from 
the atmosphere and not compete with maize for nitrogen resources. The mixture of nitrogen fixing crop 
and non fixing crop give greater productivity than mono-cropping. Banik and Sharma (2009) reported that 
cereal-legume intercropping systems were superior to monocropping. Maize + French bean gave high 
mazie equivalent yield over sole yield and kernel yield of maize was unaffected in maize + French bean 
intercropping. Akinnifesi et al (2006) revealed that without nitrogen fertilizer application, gliricidia + 
maize intercropping system gave high maize yield. West and Griffith (1992) observed maize yield was 
increased by 26% in maize + soybean strip inter-cropping. Sharma and Tiwari (1996) reported that 
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tomato intercropped with maize increased the number and weight of fruit per plant and total yield. In 
maize-okra intercropping, yield and yield components of okra was increased. Maize-Kenaf-African yam 
bean intercropping gave highest value of LER compared to monocropping (Adeniyan et al 2007). Maize 
with pumpkins gave high LER (Cortes and Los 1997). Maize + potato intercropping performed better 
than sole potato (Begum et al 1999) and maize yield was not affected due to intercropping (Ifenkwe et al 
1989). 

 

Sequential Multiple Cropping 

Sequence Cropping: 

Sequence cropping is defined as growing of two or more crops in sequence on the same piece of land in a 
farming year. Crop intensification is only in time dimension and there is no intercrop competition. 
Depending on the number of crops grown in a year, it is called as double, triple and quadruple cropping 
involving two, three, and four crops, respectively. e.g. Double cropping: 1.Rice – potato/ mustard 2. 
Sorghum- gram; Triple Cropping: 1. Rice- potato-groundnut 2. Cowpea- mustard- jute; Quadruple 
cropping: Kharif groundnut- leafy vegetables- wheat- summer green gram. 

In India, food crop is predominantly grown in most suitable season and thus particular food crop is basic 
to the cropping system followed by the farmers. Accordingly the cropping systems are usually referred to 
as: 1. Rice based cropping system; 2. Sorghum based cropping system; 3. Pearl millet based cropping 
system and 4. Wheat and gram based cropping system. Some of the cropping systems based on 
commercial crops are: i) cotton- based, ii) Groundnut based, iii) Sugarcane based, iv) Plantation crop 
based and v) vegetable- based cropping systems.  

The grain production potential in different regions of the country ranges from 11-18 t/ha. In maize- potato 
or toria- wheat- mung system followed IARI, New Delhi; it was possible to produce 14-15 tonnes of food 
per hectare per annum without impairing the soil health. The results of multiple cropping demonstrations 
under irrigated condition showed that production potential can be as high as 19.8 t/ha in cereal based 
cropping system of rice-rice-rice. The rice sequence is followed in some pockets of the river command 
areas of Orissa, Andhra Pradesh, Karnataka and Tamil Nadu. 

Systems with more than three crops: Bradfield experimental at IRRI, Philippines, with various cropping 
pattern that could maximize productivity per unit area. The most successful pattern was a sequence of five 
crops consisting of rice, sweet potato, soybean, sweet corn and green soybeans. The tillage pattern varied 
for each crop and number of days to harvest was 102, 100, 85, 66 and 60, respectively. This pattern gave 
three times higher gross income than normally obtained in a rice-rice pattern. 

Crop sequence under irrigated upland conditions At Delhi, a four crop sequence of green gram- maize- 
potato- wheat gave the highest production of 13.6 t /ha. However, three crop sequence of green gram- 
maize- wheat was found to be the most ideal for the small and marginal farmers. 
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Crop sequences and their production potential, New Delhi, India 

Crop sequences Total production (q/ha) 

Two crops: Maize- wheat 90.1 

Three crops: Green gram- maize- wheat 
                     Green gram- pigeon pea- wheat 
                     Cowpea- pearl millet- wheat 

97.7 
68.8 
92.9 

Four crops: Green gram- maize –potato- wheat 
                    Green gram- maize- totria- wheat 

135.9 
112.8 

Cropping Systems in Dry Lands: The intensity of cropping can be increased through sequential 
intercropping depending on the rainfall and moisture storage capacity of soils. 

Cropping pattern with varying rainfall and soil moisture storage capacity: 

Rainfall (mm) Storage capacity of soil (mm) Cropping pattern 

350-625 100 Single crop in Kharif 

650-720 100 Intercropping can be attempted 

780-900 150 Sequential cropping is possible 

900- above 200 Sequential cropping is assured. 

Raton Cropping or Rationing: Refers to raising a crop with re-growth coming out of roots or stalks 
after harvest of the crop or cultivation of crops re-growth after harvest, although not necessary for grain. 

Crop Rotation and Its Characteristics 

Crop Rotation: Refers to recurrent succession of crop on the same piece of land either in a year or over a 
longer period of time. Component crops are so chosen so that soil health is not impaired. e.g. cotton- 
gram, sugarcane- wheat. Or it means growing a set of crop in a regular succession on a piece of land in a 
specific period of time, with an object to get maximum profit with least investment without impairing soil 
fertility. e.g. sorghum- gram, groundnut- wheat. 

Characteristics of Good Crop Rotation: 

1. It should be adaptable to the existing soil, climatic and economic factors. 
2. The sequence cropping adopted for any specific area should be based on proper land utilization or 

it should be so arranged in relation to fields that crop yields can be maintained and also result in 
build up organic matter content of the soil. 

3. Rotation should contain sufficient area under soil improving crops (legumes) to maintain and also 
build up organic matter content of the soil. 

4. In areas where legumes can be grown successfully, the rotation should provide sufficient acerage 
under legumes to maintain “N” supply of the soil. 

5. It should provide food grains, pulses, oilseed etc. to family and roughages, fodder to cattle. 
6. It should provide maximum area under the most profitable crops adapted to the area. 
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7. It should be so arranged to make for economy in production. There is over all increase in yield of 
crops mainly due to maintaining physical - chemical properties of soil. Soil fertility is restored by 
fixing atmospheric nitrogen, encouraging microbial activity (more organic matter) and protecting 
soil from erosion, salinity and acidity. 

8. It helps in controlling insects, pests and soil borne diseases. It also controls weeds. e.g. repeated 
wheat culture (growing) increases wild oats and Phalaris infestation. Similarly growing berseem 
continuously encourages chicory (kasani) infestation, but an alternate cropping of berseem and 
wheat helps in controlling kasani as well as oats and Phallaris. 

9. Prevent or limit periods of peak requirements of irrigation water. Crops requiring high irrigation 
if followed by light irrigation, this will not affect or deteriorate the soil physical condition. 

10. It facilitates even distribution of labour. Following crop make proper utilization of all resources 
and inputs. Family and farm labour, power, equipment and machines are well employed thought 
the year. 

11. Farmers get a better price for his produce due to higher demand in local market. So there is 
regular flow of income over year. 

12. Inclusion of crops of different feeding zones (root system) and nutrient requirement could 
maintain the better balance of nutrient in soil. Growing crops of different root depths avoids 
continuous depletion of nutrients form same depth. E.g. deep rooted crops take nutrients from 
deeper zone and during that period upper zone get enriched. Similarly, surface feeding roots take 
nutrients from upper zone when lower zone get enriched. So growing same crop without rotation 
results in loss of soil productivity utilized the nutrients from entire soil mass and cost of 
cultivation is reduced. 

13. Diversification of crops reduces risk of financial loss due unfavorable conditions. Diversification 
of crops means variety of crops can be grown for meeting the domestic needs of farmers and 
livestock, to reduce risk of market fluctuations, mechanism of farming, growing expensive crops. 
So all variety of crops are grown in rotation for more benefit. 

14. It improves soil structure, percolation and reduces changes of creation of hard- pan in sub soil and 
also reduces soil erosion. 

15. Some crop plants are found to produce phytoalexins when they get infected by diseases. Repeated 
cultivation of such crops results in harmful effects over crop plants and lower crop yield is 
obtained. e.g. crop- phytolalexins produced by diseased plants. Groundnut -Resvertrol, Soybean- 
Glyceollins 

16. The family needs of feed, food, fuel, fiber, spices, sugar etc. are fulfilled and also fulfill needs of 
livestock. 

17. Advantages of raising short duration crops (catch crop/ vegetables) when long season crops 
cannot be raised due to some reasons. 

Factors to be considered while planning a crop rotation: growing different crop is very beneficial, but 
sometimes the desired crops cannot be grown because of certain governing factors (soil and climate), 
irrigation, availability bullock and other powers, market facilities and type of farming. 

Production and labour utilization. The Factors of Crop Rotation 

The factors are as below: 
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1. Net profit per hectare. 
2. Growth habit and nutrient requirement of different crops. 
3.  Soil type and slope. 
4. Infestation of weeds, pests and diseases. 
5. Irrigation facilities.  
6. Climatic conditions. 
7. Land, labour, power and other resources. 
8. Food habit and requirements.  
9. Market facilities. 

In light of above factors or consideration the mechanics of setting good crop rotation can be summarized 
as below. Or there are certain accepted principles, based on which the crops should be selected for crop 
rotation. 

1. The crops with taproot should be followed by those, which have a fibrous root system. This helps 
in proper and uniform use of nutrients from the soil and root do not compete with each other for 
uptake of nutrients. 

2. A shallow rooted grain crop, deep rooted cash crop and restorative crop (legume crop) should be 
included in the rotation for providing food, fodder, cash and maintaining the fertility and 
productivity of soil. 

3. The leguminous crops should be grown after non-leguminous crops because legumes fix 
atmospheric “N” and add organic matter to soil. Apart from this, legumes need more phosphate 
and less nitrogen while non- legumes need more of nitrogen and relatively low phosphorus. So 
nutrient requirements of these crops are different and such combination helps farmers in reducing 
cost of cultivation. 

4. Selection of the crops should be based on soil, climate season and market demand.  
5. More exhaustive crops should be followed by less exhaustive crops because crops like potato, 

sugarcane, maize, etc. need more inputs such as better tillage, more fertilizer higher number of 
irrigations, more insecticides, better care than crops like oil seeds, pulses, etc. which need little 
less care or little less inputs. 

6. As per availability of irrigation water, two or three crops are taken in a year on same land under 
irrigated conditions. However a dry crop should be included in the rotation to avoid damage to 
the soil due to continuous irrigation. 

7. In case of rain fed farming (assured rainfall) on moisture retentive soils after harvest of Kharif 
crop some minor crop requiring less moisture like pulses or cereals may be grown. e.g. Rice 
(Kharif) – Gram (Rabi), Green gram or black gram- Rabi sorghum,  sorghum – gram. 

8. The selection of crops should be problem based e.g. on sloppy lands which are prone to soil 
erosion, an alternate cropping of erosion promoting (erect growing crops like millet etc) and 
erosion resisting crops like legumes, should be adopted. Selection of crops should suit the 
farmer’s financial conditions. 

9. Both wide spaced crop and thickly planted crops should be included in rotation for control of 
weeds. e.g. wide spaced crops like tobacco controls weeds due to frequent inter culturing and 
dense ( thick ) forage or legume crops control weeds and check soil erosion e.g. soybean. 
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10. Crops with different botanical relationship should be altered for control of weeds, pests and 
diseases, e.g. if crops of Graminae are grown, gramminaceous crops should not be alternated. 

11. Effect of previous crop on succeeding crop should be considered for obtaining maximum yield 
and harvest quality of produce. 

12. Enough elasticity may be kept in rotation so that if pest or diseases destroys a crop, another crop 
can be substituted 

13. Fertile and well-drained land should be utilized for important good rotation, less fertile land for 
soil improving crops (legumes) and salt tolerant crops on acidic, saline or alkali soils. 

14. The ideal crop rotation should be built up around a hub crop for which the greatest comparative 
advantages exist. e.g. in areas of dairy industry oil seeds like groundnut or pulses will supply 
cattle feed (oil cakes and roughages) or in irrigated areas near cities, growing of vegetables or 
floriculture will be profitable. 

15. Selection of crops should be demand based, i.e. the crops, which are needed by the people or area. 
So that produce can be sold at a higher price. The area devoted to each crop should be constant 
from year to year. 

Effect of Crop Rotation on Soil: 

1) Runoff and soil loss: Crop rotation of bajara- red gram-horse gram. 

2) On biological yields: Legume- cereal or cereal – legumes a rotational crop is not only beneficial for 
runoff but also increases biological yields. 

3) On soil fertility:  Grass- Rabi sorghum induces available phosphorus organic carbon, available soil 
moisture contents. 

Cropping System Under Low Land/ Irrigated Upland/ Rain Fed Up Lands: 

Multiple cropped lands can be broadly grouped into low lands, irrigated uplands and rain fed uplands. 

Low Lands: Rice based cropping systems predominate in low lands. Number of crops per year and the 
crops that follow or precede rice depends on the periods of water availability and degree of control of 
water. 

When irrigation or rainfall > 200 mm/month extends over 9 to 10 months. The system as rice- rice –rice 
and rice-rice-upland crop when this period limited (6 to 8 months) crops as upland crop-rice-uplands 
crops may be appropriate, if water is available for 4-5 months, only rice crop is grown. 

Irrigated up Lands:  In irrigated up lands where winter is mild, upland crops that can follow rice include 
legumes as green gram, black gram, soybean, groundnut, cereals as maize, sorghum, pearl millet and 
other crops are cotton, sunflower, vegetable. Where winter is cool, then rice, wheat, barley, mustard, 
chickpea and potato. On irrigated high rainfall uplands sequential cropping with wide range of crops is 
possible then system as cereal- cereal and cereal – legume, oilseeds or other cash crops. In northern India, 
potato or mustard can be added to maize - wheat by relay planting either of these in the standing maize 



Cropping Systems (Agron 511) 40 

and delaying wheat by about 2 months short duration green gram or fodder crops can be grown after the 
harvest of wheat in summer. 

Rain Fed up Lands: Cropping system in rainfed uplands predominantly takes form of intercropping 
during rainy season. Cereal + pigeonpea, Setaria + cotton, are popular in India. Vertisols put up fallow in 
rainy for moisture retention found followed by sorghum, chickpea, sunflower or coriander, double 
cropping can be practiced when monsoon is relatively early cereal/Pulses, safflower/gram. 
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UNIT III 

Above and below ground interactions and allelopathic effects; competition relations; multi- storeyed 

cropping and yield stability in intercropping, role of non-monetary inputs and low cost technologies; 

research need on sustainable agriculture. 

 

Plant Interactions and Its Types 

The interaction between different components crops: In intensive cropping, when crops are grown in 

association (intercropping) or sequence (sequential cropping) interaction between different component 

crop species occurs, which is essentially a response of one species to the environment as modified by the 

presence of another species (commonly referred to as interference or interaction). 

Interference can be divided into two 

a) Removal Reactions of One Plant on its Environment and 

b) Additive Reactions when something is added.  

When some factor is removed from the environment, the resulting response of neighboring species can be 

negative, positive or neutral. Competition among plants is one example for removal interactions. Some 

such additive interactions are allelopathic and symbiosis. When crops are grown in sequence, residual 

effect of the preceding crop influences the succeeding crop this may be harmful or helpful. The toxic 

chemicals (allelopathic chemicals) left in the soil by the roots of sunflower crop inhabit germination of 

the succeeding crop. The stubbles of sorghum with high C: N ratio cause immobility of nitrogen, thus 

causing nitrogen deficiency in early stages of the succeeding crops. The roots of legume crops and their 

residues add nitrogen to soil. 

The interaction may be 1. Competitive 2. Non-competitive and 3. Complementary 

1. Competitive Interaction: - One species may have greater ability to use the limiting factor and will 

gain at the expense of the other and this is called as competitive interaction or interference. Or 

when one or more growth factors are limiting, the species that is better equipped to use the 

limiting factors(s) will gain at the expense of the other and this is called as competitive 

interaction. In mixed crop communities, if the associated species are to share their growth from a 

limited pool of recourses such as light, water or nutrients, then it is non-competitive interaction or 

interference. 

2. Non-competitive:- If the crops are grown in association and the growth of either of the concerned 

species is not affected, such type of interaction is called non-competitive interaction or 

interference. Or if these resources (growth factors) are present in adequate quantities, as a result 
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of which, the growth of either of the concerned species is not affected, then it is non-competitive 

interaction or interference. 

3. Complementary: - If one species is able to help the other, it is known as complementary 

interaction. Or if the component species are able to exploit to supply of growth factors in different 

ways (temporal or spatial) or if one species is able to help the other in supply of factor (like 

legumes supplying part of N fixed by symbiosis to non-legumes), it is complementary interaction 

or interference. This also referred to as Annidations. 

Interaction in Inter-Cropping:  Competition between the associated crops in mixed crop communities 

has been discussed by Donald (1963), Trenbath (1976) and Willey (1979). 

Competition for Solar Radiation: 

Solar radiation falling above 700nm is called the near infra-red radiation (NIR). PAR is commonly known 

as light and is directly related to photosynthetic rates of component crop while NIR is the primarily 

energy source deriving evapo-transpiration, sensible heat exchange and other photomorphogenic 

processess. These two types of radiation considered together under this section. 

Beer’s law describes the light penetration into a crop canopy if the foliage distribution is uniform in 

horizontal line. 

I = Io e– KL 

Where I is light flux density to a horizontal surface below L units of LAI (Leaf area index), Io is the light 

flux density to a similar surface above canopy. e- Base of natural logarithm. K- is the extinction 

coefficient. 

In sparse plant stands or with low LAI Beer’s law underestimate light interception. PAR is directly related 

to photosynthetic rate of component crops. Intercropping can increase light interception by as much as 30-

40%. The taller crop in the intercropping systems intercepts most of the solar radiation while shorter 

component suffers. In some intercropping systems, both crops utilize solar radiation efficiently. In 

Groundnut + Red gram intercropping system, light interception is prolonged as red gram starts growing 

after harvesting of groundnut. If the component crops have different growth durations the peak demand 

for light occurs at different times. In maize + green grams intercropping system, green gram flowers in 35 

days after sowing and is harvested 65 days after sowing, peak light demand for maize occurs at 60 days 

after sowing when green gram is ready for harvest. In such intercrops, there is less competition among 

component crops and higher solar radiation is intercepted in intercropping system than in pure crops. 

Proper choice of crops and varieties, adjustment of planting density and pattern are the techniques to 

reduce competition and increase the light use efficiency. 
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1. When one component is taller than the other in an intercropping system, the taller component 

intercepts greater share of light. As a result, the growth rates of the two components will be 

proportional to the quantity of PAR they intercept provided other growth factors are no limiting 

and the crops are in their vegetative. 

2. The inclination of leaves greatly influences the amount of light intercepted by the taller 

component and the amount that is available to shorter components. For example, one unit of LAI 

of prostrate-leaved perennial rye grass (Trfolium ripens) absorbed 50% of the incoming light 

where as the some LAI of erect leaved perennial rye grass (Lolium pereme) absorbed only 26% 

(Breugham, 1958). 

3. Light interception in a sorghum (Sorghum bicolor) based intercropping system was studied by 

Selvaraj (1978). Light was measured influx units from 45th-90th day after sowing sorghum at 15 

day interval. Light interception was expressed as percentages of light on the top of the canopy of 

each crop.The red gram/sorghum intercropping system makes better use of growth resources, 

particularly light, was brought out by Willey et al. (1981). 

Ideally the taller component should have more erect leaves and the shorter component more horizontal 

leaves. If these to be planted in alternate rows, there would be less competition for light. 

Under intercropping situations, the component crops are grown in such a way that competition for light is 

minimized (Okigbo, 1981); this can be achieved by proper choice of crops and genotypes, the shorter 

components being harvested sufficiently early so that the later harvested component is not greatly 

affected. 

Effect of solar radiation on Evapotranspiration, sensible heat flux and photomorphogenic effect has not 

been investigated in detail in mixed crop communities. Evapotranspiration would be much less for the 

lower canopy in intercropping, leading to less water stress. Finally, the success of the intercropping 

system would be very much dependent on the photoperiod adaptability of the component crops. 

Moisture and nutrients 

Competition for moisture and nutrients may result in two types of effects on the less successful 

components. First, the roots to this component may grow less on the sides towards plants of aggressive 

component. Secondly, plants affected by competition for soil factors may have increased root/shoot ratio. 

The aggressive component generally absorbs greater quantity of nutrients and soil moisture. In legume 

and non-legume combination, the latter takes up large amount of P, K and S. As a result, the legume may 

show deficiency of these nutrients. Such effects, however, may be mitigated by appropriate fertilizer 

application. Among intercrops, sorghum and pearl millet are more competitive in extracting nutrients. 

Generally the intercrop stands remove greater amount of nutrients than sole crop stands. 

 



Cropping Systems (Agron 511) 44 

Other Interactions: 

Allelopathy is any direct or indirect harmful effect that one plant has on another through the release of 

chemical substances or toxins into the root environment. 

Some crops may be unsuitable to be grown as inter- crops because they may produce and excrete toxins 

into the soil, which are harmful to other components. Allelochemical produced from the leaves of 

Eucalyptus globules drastically reduce the germination of mustard sown underneath. 

On the contrary, negative allelopathy i.e stimulates the growth of this associated crop by release of 

hormone like substances, is also possible (Tukey, 1970). But release of N from root nodules of legume is 

not considered to be a form an allelopathy. The chemical released by one species may inhibit species of 

plants other than the one releasing it (allow inhibition) or may inhibit more strongly plants of the producer 

species itself (auto inhibition). Toxic substances may be converted into active substances by some micro- 

organisms (functional allelopathic). The type and quantity of allelochemical produced will vary 

depending on the environment and genetic makeup of the plant. 

Some allelochemical may be produced by the aerial portion of the plant and may reach the ground 

through raindrops, falling leaves or insects, inhibiting the growth of the species growing underneath. 

Allelochemical produced from the leaves of Eucalyptus globules drastically reduced the germination of 

mustard (Brassica spp.) seed sown underneath (Trenbath, 1976). 

Many plants exude organic substances from their roots and some of these roots exudates act as 

allelochemicals inhibiting the growth of the neighboring species. Living roots of walnut (Juggles nigra), 

cucumber (Curcumas sativa) and peach (Prunes persia) are known to exude toxic substances which 

inhibit the growth of the plants growing near them. 

Annidations: Annidations is complementary use of resources by exploiting the environmental supplies in 

different ways by the component of a community (Lugwig, 1959). Or it refers to complementary 

interaction which occurs both in space and time. 

a) Annidations in Space: The leaf canopies of component crops may occupy different vertical layers 

with taller component tolerant to strong light and high evaporative demand and shorter component 

favoring shade and high relative humidity. Thus, one component crop helps the other. Multistoried 

cropping in coconut and planting of shade trees in coffee, tea and cocoa plantation use this principle 

(Nair, 1949). Similarly, root system of component crops exploits nutrients from different layers of soil 

and thus utilizing the resources efficiently. Generally, one component with shallow root system and 

another with deep root system are selected for intercropping as in setaria (shallow) + red gram (deep) 

intercropping system. 
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b) Annidations in Time: When two crops of widely varying duration are planted, their peak demands for 

light and nutrients are likely to occur at different periods, thus reducing competition. When the early 

maturing crops are harvested, condition becomes factorable for the late maturing crops to put forth its full 

vigor. This has been observed in sorghum + red gram, groundnut + red gram and maize + green gram 

intercropping system. 

c) Other Complementary Effect in Intercropping Systems: In an intercropping system, involving as 

legume and non-legume, part of the nitrogen fixed in the root nodule of the legume may become available 

to the non-legume component. The numerous reports of such beneficial effect of legumes on non-legumes 

are available in literature (IARI, 1975, Palaniappan et al 1976, Merchant et al 1977, Sundarajan and 

Palaniappan 1979). The presence of rhizosphere micro flora and mycorrhiza, one species may lead to 

mobilization and greater availability of nutrients not only to the species concentrated, but also to the 

associated species (Christen et al 1974). Another example is the provision of physical support by one 

species to the intercropped is climbing species may improve the yield of the climber. e.g. coconut + 

pepper and maize + beans. The taller component acts as wind barrier protecting the short crop as in maize 

+ groundnut, onion + castor, turmeric + castor. 

Overall Effects of Competition 

Three broad categories of competition can be recognized: 

1. Actual yield of each species is less than expected. This is called mutual inhibition. This is rare.  
2. The yield of each species is greater than expected. This is called mutual co-operation. This cannot 

unusual. 
3. One species yield is less and the other is more than expected. This can be termed compensation. 

The species which yields more than expected is believed to have greater competition ability and called the 
dominant species. The other species is called the dominated species. 

Legume effect: Legumes are widely used for food, fodder, shade, fuel, timber, green manure and cover 
crops. Legumes either increase the soil N status through fixation, excretion or in absence an effective N 
fixing system. Thus they have potential for self-sufficiency for N, the nutrient most limiting to 
productivity. Nutrient self-sufficiently is desirable characteristics of agronomically sustainable cropping 
system. Inclusion of legumes in intensive cropping systems has many ramifications. They are less 
demanding on soil resources, many of them can tolerant some amount of shading, fix atmospheric N in 
root nodule, contributing part of N to associated crop and improving soil fertility, capable of extracting 
less soluble forms of soil P and K, thus, making it available to other crops and also complete better for 
higher valence cations like Ca and Mg due to more CEC of roots of legumes. But in low K soils they are 
likely to be deprived of their due share of K, especially in mixture with cereals. Hence with the overall 
view of maintaining soil fertility and economizing on fertilizer, it is beneficial to include legumes as 
components of intensive cropping systems. 
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The quantity of N fixed by the legume component in cereal legume intercropping depends on the species, 
morphology, and density of legumes in mixture, type of management and competitive abilities of the 
component crops. Legumes of indeterminate growth are more efficient in terms of N fixation than the 
determinate types (Fore and Stern, 1957) shading by the cereals reduces both the seed yield and N 
fixation potential of the companion legume (Whoa and Miller, 1978).  

Interaction in Sequence Cropping: 

Competition for light, water and nutrients as in mixed crop communities does not occur when sole crops 
are grown in sequence. It occurs only in relay cropping where there is a short span of overlapping 
between two crops in a sequence and the relay crop experience the shortage of light especially at seedling 
stage. Such type of competition may be minimized by proper choice of crops and varieties and adjustment 
of time and method of planting. 

In intensive multiple cropping involving two or more crops in sequence, the main objective is to harvest 
as much solar energy per units area per unit time as possible. The important purpose in sequential 
cropping is to increase the use of solar radiation. It is achieved by longer field duration and rapid ground 
coverage. Crops are raised one after another to keep the land occupied by the crop for longer period. In 
rice based cropping system, the solar energy use efficiency ranged from 1.58 to 2.03% of PAR in U.P 
inclusion of a C4 plant in summer increased the efficiency. If the crop development is slow, much of the 
solar radiation reaches the ground, favoring weed growth and increasing evaporation losses from the soil 
surface. 

In sequential the preceding crop has considerable influence on the succeeding crop mainly due to  

i) Changes in soil condition,  
ii)  Complementary effect such as release of N from the residues of the previous crop, particularly 

legume, 
iii)  Presence of allelopathic chemicals, 
iv) Shift in weeds, 
v) Temporary immobilization of N due to wide C: N ratio of these residues and 
vi) Carry over effect of fertilizer, pest and diseases. 

Field preparation is difficult after rice crop since structure is destroyed due to pudding. Crops like 
sorghum and sunflower leave toxic chemicals in the soil, which do not allow germination of subsequent 
crop. The phosphorous applied to the previous crop is available for the succeeding crop. Weed number 
and species differ in the succeeding crop due to the effect of the previous crop. Wheat crop after rice 
suffers from high density of weed Phallaris minor. The pest and diseases in crop stubbles and other 
residues of the previous crop may infect subsequent crop. Cotton rose after legumes performed well than 
when it is grown after cereals, particularly sorghum. Prasad and Pawar ( 1991 ) after reviewing number of 
experiments concluded that legume N contribute substantially to the N needs of succeeding crops in 
rotation, but the amount contributed would depend on the time of legume growth, amount of bio-mass 
incorporated and species of succeeding crop grown. 
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Non-monetary and Low-cost inputs and practices 
 
Improved management practices no doubt realize higher 
yields but at the same time they are input and labour 
intensive. The cost of input and labour increases very 
frequently which make the farmers lose their interest from 
going for higher yields. If cost of production increases and 
profits remain low, motivation of the farmers to aim for 
higher productivity is reduced. Therefore, it is essential to 
sustain higher yield levels at reasonable cost of cultivation. In 
most the crops, out of total cost of cultivation 50-60% goes 
for labour wages and 40-50% for labour wages. Any attempt 
to reduce the cost should not result in reduced yields. Cost 
reduction in crop production can be achieved through: 

a. Improving labour efficiency and reducing the cost of labour 
b. Reducing the levels of inputs used without affecting the yield 
c. Adoption of low – cost technology 
d. Proper management of non – monetary input or no cost technology 

Non – monetary inputs are defined as those cultural 
operations which help to achieve higher yield at no extra cost 
and whose cost does not change with level of output. 
Technology or inputs which involve very little cost but help to 
achieve higher yields in crops production is referred to as low 
cost technology or input. 
 
Tillage 
In the conventional tillage practices, energy is often wasted 
and sometimes soil structure is destroyed. Recently 
considerable change has been taken place in tillage practices and several new concepts have been 
introduced namely minimum tillage, zero tillage and stubble mulch farming etc which saves energy and 
time and are cheaper. 
 
Choice of variety 
Choice of variety is essentially a non-monetary input. 
However, hybrids are costly though higher yields compensate 
higher cost. 
 
Seed treatment/Seed inoculation 
The seeds are subjected to special treatment for different 
purposes. They are for convenience for sowing, control of 
pests and diseases and for inoculating Rhizobium culture. 
On account of fuzz and lint on cotton seeds, it is difficult to 
sow either through drills or broadcast as the seeds cling 
together. In order to get over this difficulty, the seed is treated so that the fluff becomes pasted on the 

Non-monetary inputs 
1. Selection of suitable varieties according to 

region, season and problem soil 
2. Use of quality seed and avoid gap filling 
3. Timely land leveling and shaping for 

efficient water and nutrient management 
4. Optimum time of sowing 
5. Optimum  plant population 
6. Optimum depth of seeding/planting 
7. Correct age of seedling 
8. Timeliness in improved field operations 

(weeding, irrigation, fertilizer application 
and harvesting) 

9. Proper care in post-harvest processing and 
storage 

Low cost technology 
1. Seed/seedling treatment 
2. Biofertilizers 
3. Seed hardening and seed treatment 

for conveniences in sowing 
4. Fertilizer use in nursery and 

fertilizer application 
5. Placement of fertilizers like N and 

also treated materials 
6. Application of growth regulators 

Measures for reducing labour and 
inputs in 
Tillage: 
1. Minimum tillage, zero tillage, off 

season tillage 
2. Use of labour saving 

implements/machinery 
3. Use of correct type of tools 
4. Use of stripper instead of manual 

labour 
Seed and sowing 
1. Seed treatment 
2. Seed drill 
3. Relay sowing and ratooning 
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seed, after which the seeds cannot adhere to each other but roll apart just like grains.  For this purpose, the 
seeds are rubbed together with a paste made of wet dung and earth and then dried. The fluff can also be 
removed by treated the seed with concentrated sulphuric acid for two minutes, washed free of the 
sulphuric acid, dried thoroughly and sown.  
The seeds of coriander are prepared by splitting them into two locules of which the fruit is made up, so 
that the real seeds fall apart and both economy and evenness of sowing are ensured. Coriander seeds are 
rubbed lightly under the foot for splitting the fruits into two halves. In the case of garlic, the compound 
bulb has to be split into individual ones or cloves for sowing. Earth or sand is mixed with seeds like ragi, 
gingelly, tobacco etc before sowing as the seeds are minute. It is diluting the bulk so as to obtain a larger 
quantity which can be handled more conveniently. The seed can then be sown evenly. 
Sugarcane setts are often attacked by white ants. To avaoid this problem the setts are dipped in 50% BHC 
solution. Seeds of several crops contain minute cracks developed during harvesting and threshing. 
Disease causing organisms attack these seeds. There are some seed borne or soil borne diseases. To 
reduce attack from these diseases, the seeds are treated with fungicides like thiram, capran, mancozeb, 
carbendazim, captol etc. 
Thick seed coat delays germination of certain leguminous food crops. The hard seed coat restricts water 
absorption. Thick seed coat can be broken by mixing them with coarse gritty sand and trampling. Certain 
seeds are also treated by dipping them in hot water for four minutes followed by soaking for 24 hours. 
The seeds can also be treated with concentrated sulphuric acid for 12-15 minutes. By these processes, the 
seed coat is dissolved partially and the seeds can be absorb water quickly. 
Seeds are sometimes soaked in water for 24 to 48 hours to induce incipient germination as in rice. 
American cotton is sown after soaking the seed in water for 12-24 hours. As germination involves 
hydration or imbibition as the first step, soaking seeds help in carrying out the initial steps of germination. 
The subsequent improvement in germinability of these hardened seeds is due to advanced stages of 
germination. The most common soaking material is water. Cow dung extract is also found to improve 
germination. Seed treatment for purpose of hardening, consists of soaking seed for 12 hours (in most 
cases) and drying to original moisture. 
Simple hydration, midway during storage, followed by immediate drying back helps in extending seed 
viability. However, soaking and drying treatment does not extend storage life of harvest fresh seed. In 
normal tissue, the macromolecular components are subjected to deterioration. This can be maintained in 
good order by repair mechanism and it is unlikely to occur in dry seeds. Such maintenance activity can 
takes place in soaked tissue and repair mechanism in activated during initial phase of soaking. During the 
first phase of germination, synthesis of protein and mechanism of repair and replacement starts. The 
second phase, characterized by DNA synthesis and cell division is stopped by dehydration without 
affecting the embryo. 
When pulse/legume crops are grown for the first time in any field, the seeds are treated with suitable 
Rhizobium culture as the soil may not have the particular Rhizobium species. The Rhizobium culture is 
mixed with jaggary solution and applied to the seed and shade dried. This treatment improves the nitrogen 
fixation in legume crops. For non-legume crops seed inoculation or soil treatment with biofertilizers such 
as Azotobacter, Azospirillum, VAM and PSB is effective. 
 
Optimum plant population 
For realizing full yield potential of any crop, optimum plant population per unit area is very important. 
The final plant population depends on the number of viable seeds, germination percent and survival rates. 
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In crops grown on stored soil moisture under rainfed conditions, population should not be high to deplete 
most of the moisture before crop matures and not low to leave moisture unutilized. Under conditions of 
sufficient soil moisture and nutrients, higher population is necessary to utilize other growth factors 
efficiently. Once soil moisture and nutrients are not limiting, yield of crop is limited by solar radiation. 
The level of plant population should be such that maximum solar radiation is intercepted. The full yield 
potential of individual plant is achieved when sown at wider spacing. When sown densely, competition 
among plants is more for growth factors resulting in reduction in size and yield of the plant. Yield per 
plant decreases gradually as plant population per unit area is increased. However, yield per unit area is 
increased due to efficient utilization of growth factors. Maximum yield per unit area can, therefore, be 
obtained when the individual plants are subjected to severe competition. 
The required number of plants/unit area is decided by calculating the seed rate. The seed rate depends on 
spacing or plant population, test weight and germination percentage. It is calculated by the formula 
Seed rate (kg/ha) = spacing x test weight x germination percentage x 100000 
Plant population depends, besides the seed rate, on the time and method of sowing which are low 
monetary inputs. Experimental evidence clearly indicated that early sowings provide 40-100% yield 
advantage over late sowing. The rainy season crops should be planted with the first soaking rains to 
enable the crops to make use of early season rains and major portion of their life cycle is completed 
before the cessation of rains. This also facilitates timely sowing of post rainy crops. To accomplish this, 
timely field preparation preferably before the onset of monsoon is a prerequisite. In this context, the 
concept of summer tillage would be useful. 
For raising successful crops, time of sowing is the most important non-monetary input. The crop is 
subjected to different weather conditions when sown at different periods. Among the weather factors, the 
most important factors that influence optimum plant population are day length and temperature. 
Photosensitive varieties respond to day length resulting in change in size of the plant. Redgram plant 
sown as winter crop will have half the size of those grown in monsoon season. Optimum plant population 
is 55000 plants /ha for monsoon season crop of redgram and this is increased to 3.33 lakh/ha for winter 
crop. As low temperature retard the rate of growth, higher population is established for quicker ground 
cover. In sorghum when the climate is favourable during pre-anthesis period, the optimum population is 
two lakh plants/ha and when it is not congenial for growth during pre-anthesis, it is four lakhs plants/ha. 
Optimum, time of sowing not only helps in achieving higher productivity of summer moonbeam but also 
in obtaining its synchronous maturity. 
 
Gap filling 
It is common that gaps exist in rows of the crop due to several reasons like poor quality seed, soil 
crusting, very shallow or very deep placement of seed etc. Gap filling is done to maintain population. 
However, gap filling is not advantageous for short duration crops. Groundnut emerges from the soil 5-7 
days after sowing and gaps are known only then or later. Though the gap filled plants are delayed by 
seven days at sowing, they are delayed by more than 20 days at maturity due to severe competition they 
face by the adjacent plants. They do not contribute to yield. The plants around gaps grow better if gap 
filling is not done and compensate for the loss. If the gaps are more than five at a stretch, or when the 
entire row is missing, then there is possibility of some advantage by gap filling. However, gap filling is 
advantageous in long duration and widely spaced crops. In most environments, only stand reduction of 
over 50 percent needs to be replanted. Weed control in fields with over 40 percent random stand reduction 
may be difficult. 
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Planting pattern 
Planting pattern influences crop yield through its influence on light interception, rooting pattern and 
moisture extraction pattern. Different planting patterns are followed to suit different weed control 
practices and cropping systems. Plant geometry refers to the shape of plant while crop geometry to the 
shape of space available for individual plants. Crop geometry is altered by changing inter- and intra-row 
spacing. 
Square planting: Square arrangement of plants is more efficient in the utilization of light, water and 
nutrients than a rectangular arrangement. In wheat, decreasing inter-row spacing below the standard 15-
12 i.e. reducing rectangularity, generally increases yield slightly. In crops like, tobacco, inter-cultivation 
in both directions is possible in square planting and helps in effective control of weeds. However, square 
planting is not advantageous in all crops. Groundnut sown with a spacing of 30 x 10 cm (3.33 lakhs/ha) 
gave higher pod yield than with same amount of population in square planting. Pod yield is reduced either 
by increasing rectangularity or approaching towards square planting. 
Rectangular planting: Sowing the crop with seed drill is the standard practice of stand establishment. 
Wider inter-row spacing and closer intra-row spacing is very common for most of the crops, thus 
attaining rectangularity. This rectangular arrangement is adopted mainly to facilitate inter-cultivation. 
Sometimes only inter-row spacing is maintained and intra-row spacing is not followed strictly and seeds 
are sown closely as solid rows. 
Miscellaneous planting arrangement: crops are sown with seed drills in two directions to accommodate 
more number of plants and mainly to reduce weed population. Crops like rice, finger millet are 
transplanted at the rate of 2-3 seedlings per hill. Transplanting is done either in rows or randomly. 
Skipping of every alternate row is known as skip row planting. When one row is skipped and the 
population is adjusted by decreasing intra-row spacing, it is known as paired row planting. It is generally 
resorted to introduce an intercrop. 
 
Clipping/nipping/detoping/desuckering 
Pulses, buckwheat etc. 
 
Selecting efficient, productive and economically viable cropping systems  
Pursue crop diversification with legumes and oilseeds  
 
Cropping Systems and Fertilizer Use 
While designing cropping systems, care should be taken to see that it economizes the fertilizer use. In a 
cereal-cereal rotation, besides higher consumption of fertilizers, native soil fertility also gets depleted. 
Hence systems should be developed in such a way that phosphates are applied to legumes, nitrogen to 
cereals, and these crops may be grown alternatively. Split application of fertilizers in relation to crop 
needs and moisture availability also helps increasing fertilizer use efficiency. 
 
Nutrition 
Soil test based site specific nutrient management 
Efficient utilization of ash 
Organic fertilizers such as FYM, compost, NADEP Compost and vermin-compost 
Use balanced fertilization 
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Integrated nutrient management 
Correct time and method of application 
Form of fertilizer to suit the soil condition and to reduce the loses 
Biofertilizers 
 
Irrigation 
Provide life saving/supplemental irrigation. 
Follow cardinal principles for irrigation and water management 
 
Crop protection measures 
Biological control agents such as Trichogramma, Chrysoperla, NPV and Trichoderma based on crop 
rotation and cropping system 
Some innovative formulations developed by farmers for growth promotion and plant protection. 
Follow integrated pest, disease and weed management. 
Summer ploughing/stale seed bed 
Seed treatment (Pest and disease management) 
Pesticide spray at ET levels of damage 
Protection in nursery  
Line sowing/planting for intercultivation 
Early weeding 
Use of correct tools which will increase the labour efficiency 

 

Harvest and processing 

Timeliness 
Use of machinery 
 

Research need on sustainable agriculture 

Sustainability rests on the principle that we must meet the needs of the present without compromising the 
ability of future generations to meet their own needs. Therefore, stewardship of both natural and human 
resources is of prime importance. Stewardship of human resources includes consideration of social 
responsibilities such as working and living conditions of laborers, the needs of rural communities, and 
consumer health and safety both in the present and the future. Stewardship of land and natural resources 
involves maintaining or enhancing this vital resource base for the long term. 

A systems perspective is essential to understanding sustainability. The system is envisioned in its broadest 
sense, from the individual farm, to the local ecosystem, and to communities affected by this farming 
system both locally and globally. An emphasis on the system allows a larger and more thorough view of 
the consequences of farming practices on both human communities and the environment. A systems 
approach gives us the tools to explore the interconnections between farming and other aspects of our 
environment. 
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A systems approach also implies interdisciplinary efforts in research and education. This requires not 
only the input of researchers from various disciplines, but also farmers, farm workers, consumers, 
policymakers and others.  

Making the transition to sustainable agriculture is a process. For farmers, the transition to sustainable 
agriculture normally requires a series of small, realistic steps. Family economics and personal goals 
influence how fast or how far participants can go in the transition. It is important to realize that each small 
decision can make a difference and contribute to advancing the entire system further on the "sustainable 
agriculture continuum." The key to moving forward is the will to take the next step. 

Finally, it is important to point out that reaching toward the goal of sustainable agriculture is the 
responsibility of all participants in the system, including farmers, laborers, policymakers, researchers, 
retailers, and consumers. Each group has its own part to play, its own unique contribution to make to 
strengthen the sustainable agriculture community. 

A farm that is able to "produce perpetually", yet has negative effects on environmental quality elsewhere 
is not sustainable agriculture. 

Sustainability affects overall production, which must increase to meet the increasing food and fiber 
requirements as the world's human population expands to a projected 9.3 billion people by 2050. 
Increased production may come from creating new farmland, which may ameliorate carbon dioxide 
emissions if done through reclamation of desert as in Israel, or may worsen emissions if done through 
slash and burn farming, as in Brazil. Additionally, Genetically modified organism crops show promise for 
radically increasing crop yields, although many people and governments are apprehensive of this new 
farming method. 

Some advocates of sustainable agriculture favour organic farming as the only system which can be 
sustained over the long-term. However, organic production methods, especially in transition, yield less 
than their conventional counterparts and raise the same problems of sustaining populations globally. 
While evidence suggests that organic farms handle periods of drought better, these figures must be 
interpreted with care, and modern food storage technology reduces risks associated with transient 
droughts. If periods of prolonged drought occur because of global warming, organic production methods 
can be considered as a way to adapt to a changing climate. 

There has been considerable debate about which form of human residential habitat may be a better social 
form for sustainable agriculture. Many environmentalists advocate urban developments with high 
population density as a way of preserving agricultural land and maximizing energy efficiency. However, 
others have theorized that sustainable eco-cities, or eco-villages which combine habitation and farming 
with close proximity between producers and consumers, may provide greater sustainability. 

The use of available city space (e.g., rooftop gardens, community gardens, garden sharing, and other 
forms of urban agriculture) for cooperative food production is another way to achieve greater 
sustainability. 

One of the latest ideas in achieving sustainable agricultural involves shifting the production of food plants 
from major factory farming operations to large, urban, technical facilities called vertical farms. The 
advantages of vertical farming include year-round production, isolation from pests and diseases, 
controllable resource recycling, and on-site production that reduces transportation costs. While a vertical 
farm has yet to become a reality, the idea is gaining momentum among those who believe that current 
sustainable farming methods will be insufficient to provide for a growing global population. For vertical 
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farming to become a reality, billions of dollars in tax credits and subsidies will need to be made available 
to the operation. It may be difficult to justify spending billions of dollars on a vertical farm that will only 
feed 50,000 people when agriculture land remains abundant. 

Growing of more than one crop in same piece of land results in complex interactions among crops. This 
needs modifications and refinements in the ongoing methodology in order to eliminate their ill effects of 
these interactions on total productivity and ecosystem to utmost precise limit. The most complicated 
production factors are with respect to crops and cropping systems are: 

1. Establishing standard plant population, 
2. Deciding planting rations 
3. Proper management of inputs like fertilizers, water, plant protection measures, labour etc 
4. Weed management 
5. Selection of appropriate genotypes etc 

These factors must be given due thoughts to develop fool proof technology which could be simple, 
convincing and easily acceptable to the farmers. 

Similarly with respect to farming systems some strategies are suggested here:  

1. Developing Integrated Farming System models for marginal and small farmers which constitute 
70% of the farm families is a crucial task. 

2. Fixing up of major enterprise for each situation and integrating other enterprise with it, taking 
into account the factors like the opportunities available, constraints, socio-economic condition, 
marketing, suitability for the locality, financial assistance available, transportation, storage etc. 

3. Sustainability of enterprise combinations to be studied carefully before recommendations. 
4. Stress on-farm trials and demonstrations and component technology. 
5. Suitable level of combination of enterprises. 

 The suitability of new cropping or farming system could be assessed by determining marginal benefit 
cost ratio (MBCR) which could be conveyed to farmers. The MBCR could be calculated by using 
following equation: 

 

�X�[ = 	 �I<GG	IJ�DING	(\) − 	�I<GG	IJ�DING	(W)�<��S	M�IP��SJ	O<G�	(\) − 	�<��S	M�IP��SJ	O<G�	(W) = 	��_��� 

Where E refers to new technique and F refers to farmers’ ongoing technique, MVP is marginal value 
product and MVC is marginal value cost. 
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UNIT IV 

Crop diversification for sustainability; role of organic matter in maintenance of soil fertility; crop residue 
management; fertilizer use efficiency and concept of fertilizer use in intensive cropping system 

Crop diversification for sustainability 

Diversification of agriculture refers to the shift from the regional dominance of one crop to regional 
production of a number of crops, to meet ever increasing demand for cereals, pulses, vegetables, fruits, 
oilseeds, fibres, fodder and grasses, fuel, etc.  

It aims to improve soil health and a dynamic equilibrium of the agro-ecosystem. Crop diversification 
takes into account the economic returns from different value-added crops. It is different from the concept 
of multiple cropping or succession planting in which multiple crops are planted in succession over the 
course of a growing season. Moreover, it implies the use of environmental and human resources to grow a 
mix of crops with complementary marketing opportunities, and it implies a shifting of resources from low 
value crops to high value crops, usually intended for human consumption such as fresh market fruits and 
vegetables. With globalization of the market, crop diversification in agriculture means to increase the total 
crop productivity in terms of quality, quantity and monetary value under specific, diverse agro-climatic 
situations world-wide. 

Diversified farms are usually more economically and ecologically resilient. While monoculture farming 
has advantages in terms of efficiency and ease of management, the loss of the crop in any one year could 
put a farm out of business and/or seriously disrupt the stability of a community dependent on that crop. 
By growing a variety of crops, farmers spread economic risk and are less susceptible to the radical price 
fluctuations associated with changes in supply and demand.  

Properly managed, diversity can also buffer a farm in a biological sense. For example, in annual cropping 
systems, crop rotation can be used to suppress weeds, pathogens and insect pests. Also, cover crops can 
have stabilizing effects on the agroecosystem by holding soil and nutrients in place, conserving soil 
moisture with mowed or standing dead mulches, and by increasing the water infiltration rate and soil 
water holding capacity. Cover crops in orchards and vineyards can buffer the system against pest 
infestations by increasing beneficial arthropod populations and can therefore reduce the need for chemical 
inputs. Using a variety of cover crops is also important in order to protect against the failure of a 
particular species to grow and to attract and sustain a wide range of beneficial arthropods. 

Optimum diversity may be obtained by integrating both crops and livestock in the same farming 
operation. This was the common practice for centuries until the mid-1900s when technology, government 
policy and economics compelled farms to become more specialized. Mixed crop and livestock operations 
have several advantages. First, growing row crops only on more level land and pasture or forages on 
steeper slopes will reduce soil erosion. Second, pasture and forage crops in rotation enhance soil quality 
and reduce erosion; livestock manure, in turn, contributes to soil fertility. Third, livestock can buffer the 
negative impacts of low rainfall periods by consuming crop residue that in "plant only" systems would 
have been considered crop failures. Finally, feeding and marketing are flexible in animal production 
systems. This can help cushion farmers against trade and price fluctuations and, in conjunction with 
cropping operations, make more efficient use of farm labor.  

There are two approaches to crop diversification in agriculture. First is horizontal diversification, which is 
the primary approach to crop diversification in production agriculture. Here, diversification takes place 
through crop intensification by adding new high-value crops to existing cropping systems as a way to 
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improve the overall productivity of a farm or region's farming economy. The second is the vertical 
diversification approach in which farmers and others add value to products through processing, regional 
branding, packaging, merchandising, or other efforts to enhance the product. Opportunities for crop 
diversification vary depending on risks, opportunities and the feasibility of proposed changes within a 
socio-economic and agro-economic context. Crop diversification may occur as a result of government 
policies. The "Technology Mission on Oilseeds", "Spices Development Board", "Coconut Development 
Board" etc. are examples where the Indian government created policies to thrust change upon farmers and 
the food supply chain at large as a way to promote crop diversity. Crop diversification is the outcome of 
several interactive effects of many factors: 

1. Environmental factors including irrigation, rainfall, temperature, and soil fertility.  
2. Technology-related factors including seeds, fertilizers and water technologies, but also those 

related to marketing, harvest, storage, agro-processing, distribution, logistics, etc.  
3. Household-related factors including regional food traditions, fodder and fuel as well as the labor 

and investment capacity of farm people and their communities.  
4. Price-related factors including output and input prices as well as national and international  trade 

policies and other economic policies that affect the prices either directly or indirectly.  
5. Institutional and Infrastructure-related factors including farm size, location and tenancy 

arrangements, research, in-field technical support, marketing systems and government regulating 
policies, etc.  

All these five factors are interrelated. The adoption of crop technologies is commonly assumed to be 
influenced primarily by resource-related factors when institutional and infrastructure factors can play as 
much or more of a role in their adoption.  

Major Driving Forces for Crop Diversification 

The major driving forces for crop diversification are: 

1. Increasing income on small farm holdings.  
2. Withstanding price fluctuation.  
3. Mitigating ill-effects of aberrant weather.  
4. Balancing food demand.  
5. Improving fodder for livestock animals.  
6. Conservation of natural resources (soil, water, etc.).  
7. Minimizing environmental pollution.  
8. Reducing dependence on off-farm inputs.  
9. Decreasing insect pests, diseases and weed problems.  
10. Increasing community Food security 

Indian agriculture is characterized by a dominance of small and marginal farmers (almost 68 per cent) 
who suffer as a result of difficult socio-economic conditions. 75 per cent of the farm holdings are below 2 
hectares, and a large portion of rural people subsist as small holders. Income from these farms cannot be 
raised up to the desired level to sufficiently alleviate poverty in the countryside unless existing crop 



Cropping Systems (Agron 511) 56 

production systems are diversified through inclusion of high value horticultural and arable crops. 
Furthermore, increased dependence on one or two major cereal crops (wheat, rice, etc.) witnessed after 
the green revolution makes the farming economy vulnerable to price fluctuation arising due to demand-
supply or export-import equations especially after the WTO began influencing markets. Crop 
diversification on the other hand, can better tolerate the ups and downs in the market value of farm 
products and may ensure economic stability for farming families of the country. The adverse effects of 
aberrant weather, such as erratic and scanty rainfall and drought are very common in a vast area in 
agricultural production of the country. Incidence of flood in one part of the country and drought in the 
other part is a very frequent phenomenon in India. Under these aberrant weather situations, dependence 
on one or two major cereals (rice, wheat, etc.) is always risky.  

Hence, crop diversification through substitution of one crop or mixed cropping/inter-cropping may be a 
useful tool to mitigate problems associated with aberrant weather to some extent, especially in the arid 
and semi-arid drought-prone/dryland areas. 

Immediate Need 

Crop diversification in agriculture in India is taking place vertically or horizontally, mostly due to market 
forces and occasionally due to domestic needs. Where there are concerns regarding land and water use 
and quality, there is immediate need to consider: 

1. Processing of farm produce into value added products offers scope for employment in non-farm 
works such as distillation of active ingredients from medicinal and aromatic plants (herbal 
products), scope of industrialization in agriculture for sugar, paper board manufacturing, etc. to 
increase employment in rural areas.  

2. There is a need to generate place-based approaches for diverse farming situations under various 
socio-economic conditions, domestic needs, market infrastructure, input supply, etc.  

3. The research on crop diversification is best done in a farmer-participatory mode in which a multi-
disciplinary team of scientists involves farmers from project planning through arriving at 
conclusions.  

4. A concept of sustainable productivity for each unit of land and water through crop diversification 
needs to be fostered.  

5. There is need for promoting co-operatives in rural areas to solve micro-level and location-specific 
problems.  

6. Major thrust should be given on horticulture (vegetables, fruits, flowers, spices, etc.) and animal 
husbandry (dairying, poultry, goatery, piggery, duckery, etc.) to support a vigorous and 
expanding export market, balanced with supplying local markets with affordable, healthy food.  

7. Strengthening food processing and other value-added industries in rural areas is a means to 
provide employment to rural youth.  

8. There is need to develop rural infrastructure such as roads, markets, medical and educational 
facilities in the villages with efficient utilization of local resources for farming community in a 
more pragmatic way.  

9. Crop diversification provides efficient use of farm inputs and contributes to a strong rural 
economy.  
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10. Alternate cropping systems and farm enterprise diversification are most important for generating 
higher income, employment and protecting the environment.  

11. There are numerous opportuntiies to adopt subsidiary occupations to the rice-wheat cropping 
systems common in India. These include vegetable farming, fruit cultivation, floriculture, 
medicinal and aromatic plants cultivation, mushroom farming, dairying, piggery, goatery, poultry 
and duckery, fishery or aquaculture, bee-keeping, agro forestry, biodiesel farming with Jatropha 
Curcas (veranda), palm, neem, Karanja, etc. to provide ample scope for diversification of rice-
wheat cropping system in north-western and south India and north-eastern states.  

12. Enterprise diversification generates more income and rural employment year round. 

Diversification areas 

� From Low value to High value crops; 
� From Water Loving crop to Water Saving crop (Aerobic rice, SRI) 
� From Single crop to Multiple / Mixed crop 
� From Crop alone to crop with Crop-livestock-fish-apiculture 
� From Agriculture Production to Production with Processing and Value Addition.  

Constraints in Crop Diversification  

Crop diversification in the country is taking the form of increased areas under commercial crops including 
vegetables and fruits since independence. However, this has gained momentum in the last decade 
favouring increased area under vegetables and fruits and also to some extent on commercial crops like 
sugar cane, cotton and oilseeds crops specially soybean. The major problems and constraints in crop 
diversification are primarily due to the following reasons with varied degrees of influence:  

i. Over 117 m/ha (63 percent) of the cropped area in the country is completely dependent on 
rainfall.  

ii.  Sub-optimal and over-use of resources like land and water resources, causing a negative 
impact on the environment and sustainability of agriculture.  

iii.  Inadequate supply of seeds and plants of improved cultivars.  
iv. Fragmentation of land holding less favouring modernization and mechanization of agriculture.  
v. Poor basic infrastructure like rural roads, power, transport, communications etc.  
vi. Inadequate post-harvest technologies and inadequate infrastructure for post-harvest handling 

of perishable horticultural produce.  
vii.  Very weak agro-based industry.  
viii.  Weak research - extension - farmer linkages.  
ix. Inadequately trained human resources together with persistent and large scale illiteracy 

amongst farmers.  
x. Host of diseases and pests affecting most crop plants.  
xi. Poor database for horticultural crops.  
xii.  Decreased investments in the agricultural sector over the years. 
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Globalization and Crop Diversification  

With the advent of WTO and India being a member and signatory to GATT, the scenario of the 
agricultural sector will not be the same as that of past. With the liberalization of trade and providing the 
market access of agricultural produce between the different countries, the country will be required to 
promote much more diversified agriculture. For crops on which we have substantial area and production, 
specially food grains, the import market has to be insulated through increased productivity which gives us 
a kind of comparative advantage and also a level playing field so that large scale importation is contained 
and farmers interests are protected. The crops which are traditionally exported like basmati rice and spices 
and condiments also need to be supported in terms of area expansion and quality improvement to look 
towards much more opportunity for export. Crop diversification in the areas of certain tropical fruits and 
also a few vegetables also need support for both production and post-harvest handling in terms of their 
export opportunity. Accelerated growth in fruits and vegetables production is also required for improved 
nutrition of the country's population. In future, with improved living standards along with increased 
purchasing power, more and more people will look for nutritional and quality foods which will also call 
for greater crop diversification. There are some production areas such as food crops, plantation crops, 
poultry, dairy, sugar, cotton and oilseeds in which India has made its mark. There are some in which its 
emerging strength is already evident - sericulture, marine and inland fisheries for example. There are also 
others which now attract less attention, but in which the competitive advantages that India possesses can 
put it on the top of the world. No country grows such a wide range of fruits, vegetables, and flowers and 
in such abundance as India and yet it has no record worth mentioning in horticultural exports. The rich 
variety when processed and marketed can help India take care of the health needs of its population 
besides being major export commodities.  

Emerging Technology and Crop Diversification  

It is being increasingly realized that agriculture is no longer a subsistence activity carried out by peasant 
cultivators, but rather an enterprise and manufacturer of biomass using land, water, genetic material and 
the latest in technology. The agriculture of the twenty first century will increasingly be a farmers' 
entrepreneurship harnessing technologies to optimize returns from his land and investments he makes on 
it. Biotechnology and genetic engineering in crops with focus on primary productivity and also on many 
quality traits will go a long way to improving the yield and quality of many important crop plants. With 
the advent of such emerging technologies and consequent scope for increased economic returns, the 
diversification in favour of such crops will be the future focus. Many other related technologies and their 
adoption will also inject an added dimension in crop diversification. Decision support systems, 
governmental policies, geographic information system, application of information technology leading to 
market information etc., will also lead to crop diversification primarily on economic considerations.  

Research and Developmental Support for Crop Diversification  

Future agriculture will be much more knowledge and skill based rather than the traditional subsistence 
agriculture. In the wake of globalization and opening up of the global market, there will be much more 
opportunity for entrepreneurship development in agriculture. This also calls for paradigm shifts in 
research and technology development and also the transfer of technology for successful crop 
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diversification. The research system not only needs to address the issues connected with continuance and 
indulgence and knowledge in the areas of emerging technologies but also create a cadre of scientists 
through the continuous upgrade of skills and human resource development. The researchers also need to 
popularize the technologies, impart knowledge and skills to the extension functionaries for the transfer of 
technologies to the farmers. This knowledge-based farming will call for much more interaction between 
the researchers, extension workers and farmers. The fruits of the innovative technologies should reach the 
farmers at the earliest and also spread in the quickest possible time.  

Institutional and Infrastructure Developments Towards Crop Diversification  

To sustain and operationalize crop diversification, institutional support is required to the two thirds of the 
country's crop area which is rainfed. Crop diversification in terms of reducing the risk of rainfed farmers 
is also very vital to a country like India two thirds of the farmers are also resource poor. However, crop 
diversification in well endowed area is more of an economic consideration. The National Agricultural 
Research System with its Crop and Commodity based Institutions, Natural Research Management Based 
Institutions and State Agricultural Universities are jointly addressing the issues connected with the crop 
diversification. The government of India has also developed a counter support mechanism through the 
establishments of Crop Directorates for each of the major crops and groups of crops like Oilseeds and 
Pulses for developmental and technology transfer focus on each of these crops and commodities. These 
Directorates act as a coordinating agency between the research and development activities on the one 
hand and between the Federal Government at the central and Regional Governments at the State level for 
technology transfer and other promotional activities.  

GOVERNMENT POLICIES AND STRATEGIES FOR CROP DIVERSI FICATION   

Considering the importance of crop diversification in the overall developmental strategy in Indian 
agriculture, the government of India has taken several initiatives for agricultural development in general 
and crop diversification in particular. 

•••• Launching a Technology Mission for the Integrated Development of Horticulture in the 
Northeastern Region: The programme will establish effective linkages between research, 
production, extension, post-harvest management, processing, marketing and exports and bring 
about a rapid development of agriculture in the region.  

•••• Implementing National Agriculture Insurance Scheme: The scheme will cover food crops 
and oilseeds and annual commercial and horticulture crops. Small and marginal farmers are 
eligible for 50 percent subsidy under the Scheme.  

•••• Operationalizing Technology Mission on Cotton: The Technology Mission will have 
separate Mini-Missions on technology generation, product support and extension, market 
infrastructure and modernization of ginning and pressing units.  

•••• Provision of Capital Subsidy of 25 percent for construction/modernization/expansion of 
cold storages and storages for horticultural produce.  

•••• Creation of Watershed Development Fund: At the National level for the development of 
Rainfed lands.  
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•••• Infrastructure Support for Horticultural Developmen t with emphasis on Post
Management.  

•••• Strengthening Agricultural Marketing:
comprehensive, efficient and responsive marketing system for domestic marketing as well as 
exports by ensuring proper quality control and standardization. 

•••• Seed Crop Insurance:
cover the risk factor involved in production of seeds. 

•••• Seed Bank Scheme: About 7
in buffer stock to meet any even
natural calamities.  

•••• Cooperative Sector Reforms: 
Corporation (NCDC) Act, 1952, and Replacement of the Multi
(MSCS) Act, 1984. 

All these measures will lead to crop diversification and increase the production and productivity of crops. 

Diversification in agriculture' has tremendous impact on the agro
resource-poor farming communitie
the ultimate benefits of the farmers in the country. It implies the use of local resources in a larger mix of 
diverse cropping systems and livestock, 
the globalization of markets in the WTO era, diversification in 
total production and productivity in terms of quality, quantity and monetary gains under diverse agro
climatic situations of the country. There are many opportunities of crop diversification both in the 
irrigated and non-irrigated vast areas in the rural India.

Role of organic matter in maintenance of soil fertility

What is a fertile soil? 

A fertile soil allows the crop to produce close to the maximum dictated by the environment (moisture and 
radiation) … provided other  management factors are optimal.
 
The triangle of soil fertility 
 
 

Infrastructure Support for Horticultural Developmen t with emphasis on Post

Strengthening Agricultural Marketing:  Greater attention to be paid for development of a 
comprehensive, efficient and responsive marketing system for domestic marketing as well as 
exports by ensuring proper quality control and standardization.  

surance: A pilot scheme on Seed Crop Insurance has been launched which will 
cover the risk factor involved in production of seeds.  

About 7-8 percent of certified seeds produced in the country will be kept 
in buffer stock to meet any eventualities arising out of drought, floods or any other form of 

Cooperative Sector Reforms: Amendment to the National Cooperative Development 
Corporation (NCDC) Act, 1952, and Replacement of the Multi-State Cooperative Societies 

All these measures will lead to crop diversification and increase the production and productivity of crops. 

Diversification in agriculture' has tremendous impact on the agro-socio-economic impact and uplifting of 
poor farming communities. It generates income and employment for rural youth year round for 

the ultimate benefits of the farmers in the country. It implies the use of local resources in a larger mix of 
diverse cropping systems and livestock, aquaculture and other non-farm sectors in the rural areas. With 

in the WTO era, diversification in agriculture is one means to increase the 
total production and productivity in terms of quality, quantity and monetary gains under diverse agro

the country. There are many opportunities of crop diversification both in the 
irrigated vast areas in the rural India. 

Role of organic matter in maintenance of soil fertility  

produce close to the maximum dictated by the environment (moisture and 
radiation) … provided other  management factors are optimal. 
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Infrastructure Support for Horticultural Developmen t with emphasis on Post-harvest 

Greater attention to be paid for development of a 
comprehensive, efficient and responsive marketing system for domestic marketing as well as 

A pilot scheme on Seed Crop Insurance has been launched which will 

8 percent of certified seeds produced in the country will be kept 
tualities arising out of drought, floods or any other form of 

Amendment to the National Cooperative Development 
State Cooperative Societies 

All these measures will lead to crop diversification and increase the production and productivity of crops.  

economic impact and uplifting of 
s. It generates income and employment for rural youth year round for 

the ultimate benefits of the farmers in the country. It implies the use of local resources in a larger mix of 
s in the rural areas. With 

is one means to increase the 
total production and productivity in terms of quality, quantity and monetary gains under diverse agro-

the country. There are many opportunities of crop diversification both in the 

produce close to the maximum dictated by the environment (moisture and 
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Proper soil management ensuring continued 
maintenance and building up of soil fertility is 
indispensable for greater productivity from agricultural 
land. There is no need to emphasis that organic 
manures influence favourable plant growth and yield 
directly as well as indirectly. The indirect effects 
include augmentation of beneficial microbial 
population and their activities s
decomposition, biological nitrogen fixation
plant nutrients. In addition to nitrogen, phosphorus and potassium, a fair amount of micronutrients is 
simultaneously added to the soil. Organic manures improve the soil structure, 
waterholding capacity, drainage, base saturation capacity and check soil erosion. The direct effects relate 
to uptake of humic substances or its decomposition products affecting favourably the growth and 
metabolism of plants. Humic substa
fertilizers. 
 
The crops remove annually large quantity of nutrients from soil. Much of the plant nutrients thus removed 
can be restored through application of organic matter/manures. Mo
matter and in major plant nutrients. Farmyard manure or compost is the best source for maintenance of 
soil organic matter at higher level. Therefore, regular application of organic manures is a sound practice 
for maintaining the soil fertility in tropical soils.
 
Due to energy crises, prohibitive cost of chemical fertilizers and p
small farmers, it is imperative to develop strategy to use organic manures/wastes to its máximum potential 
with proper technology to meet 
organic fertilizers has the advantage of converting unusual
agricultura. In recent years, concept of integrated nutrient supply involving combined use of organic and 
chemical fertilizers has also been developed. The us

 
 
 

Proper soil management ensuring continued 
maintenance and building up of soil fertility is 
indispensable for greater productivity from agricultural 

emphasis that organic 
manures influence favourable plant growth and yield 
directly as well as indirectly. The indirect effects 
include augmentation of beneficial microbial 
opulation and their activities such as organic matter 

rogen fixation, solubilisation of insoluble phosphates and availability of 
plant nutrients. In addition to nitrogen, phosphorus and potassium, a fair amount of micronutrients is 
simultaneously added to the soil. Organic manures improve the soil structure, 
waterholding capacity, drainage, base saturation capacity and check soil erosion. The direct effects relate 
to uptake of humic substances or its decomposition products affecting favourably the growth and 
metabolism of plants. Humic substances have been reported to increase the efficiency of bio and chemical 

The crops remove annually large quantity of nutrients from soil. Much of the plant nutrients thus removed 
can be restored through application of organic matter/manures. Moreover, Indian soils are poor in organic 
matter and in major plant nutrients. Farmyard manure or compost is the best source for maintenance of 
soil organic matter at higher level. Therefore, regular application of organic manures is a sound practice 

intaining the soil fertility in tropical soils. 

Due to energy crises, prohibitive cost of chemical fertilizers and poor purchasing prower of marginal and 
small farmers, it is imperative to develop strategy to use organic manures/wastes to its máximum potential 
with proper technology to meet the shortage of fertilizers ans for improving soil fertility. The use of 

fertilizers has the advantage of converting unusual surplus/wastes into useful product for use in 
, concept of integrated nutrient supply involving combined use of organic and 

chemical fertilizers has also been developed. The use of adequate doses of organic manures coupled with 

Problems Caused by Soil Physical Degradation
 

� Weak aggregates 
� Lower soil porosity 
� Soil crusting and surface sealing 
� More soil compaction 
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, solubilisation of insoluble phosphates and availability of 
plant nutrients. In addition to nitrogen, phosphorus and potassium, a fair amount of micronutrients is 
simultaneously added to the soil. Organic manures improve the soil structure, seed germination, 
waterholding capacity, drainage, base saturation capacity and check soil erosion. The direct effects relate 
to uptake of humic substances or its decomposition products affecting favourably the growth and 

nces have been reported to increase the efficiency of bio and chemical 

The crops remove annually large quantity of nutrients from soil. Much of the plant nutrients thus removed 
reover, Indian soils are poor in organic 

matter and in major plant nutrients. Farmyard manure or compost is the best source for maintenance of 
soil organic matter at higher level. Therefore, regular application of organic manures is a sound practice 

or purchasing prower of marginal and 
small farmers, it is imperative to develop strategy to use organic manures/wastes to its máximum potential 

shortage of fertilizers ans for improving soil fertility. The use of 
surplus/wastes into useful product for use in 

, concept of integrated nutrient supply involving combined use of organic and 
e of adequate doses of organic manures coupled with 

Problems Caused by Soil Physical Degradation 

Weak aggregates  
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Soil crusting and surface sealing  
More soil compaction  
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chemical fertilizers will ensure optimum growth conditions under intensive pattern of farming using high 
yielding varieties. 
 
MANURES IN SOIL FERTILITY MANAGEMENT 
A) Bulky organic manures: 
The bulky organic manures are organic in nature and required in huge amounts. All these bulky organic 
manures are bulky in nature and supply i) plant nutrients in small quantities and ii) organic matter in large 
quantities. Eg. FYM, Composts, Green manures, Sewage sludge. Of the various bulky organic manures 
FYM, Compost and Green manures are widely used .The effect of bulky organic manures on soils is three 
fold. 

II.  Since these manures contain plant nutrients, they have direct effect on plant growth like any 
other commercial fertilizer. Bulky organic manures contain nutrients in small quantities, 
therefore large quantities of these are needed. Besides the major nutrients, they also contain 
traces of micro-nutrients 

III.  Bulky organic manures increase organic matter content and hence improve the physical 
properties of soil. This effect is very important in case of most of our arable land. Such 
manures increase the humus content of soil and consequently water holding capacity of sandy 
soils also increased and the drainage of clayey soils is improved. 

IV.  Bulky organic manures provide food for soil microorganisms. This increases the activity of 
microbes which in turn help to convert unavailable plant nutrients into available form. 

Organic manures have been the traditional means of improving soil fertility. The organic matter that is 
applied thorough organic manures has very complex effect on soil and on plant growth. The main effects 
are again summarized here 
B Concentrated organic manures: 
Like bulky organic manures, these organic manures contain plant nutrients and considerable amount of 
organic matter. They have direct effect on plant growth. Nitrogen content is higher in concentrated 
organic manures and varied from 2.5 per cent in mahua cake to 7.9 per cent in decorticated safflower 
cake. In addition to nitrogen all the oil cakes contain P2O5 (0.8 to 2.9 %) and K2O (1.2 to 2.2%) since 
they contain nitrogen in relatively large quantities ,they are usually classified as organic nitrogenous 
manures . By virtue of this high nitrogen content they enrich the nitrogen status of soil. 
 

Soil organic matter (SOM) has been called “the most complex and least understood component of soils”. 
The Soil Science Society of America defines SOM as the organic fraction of soil after removing 
undecayed plant and animal residues. However, organizations and individual researchers differ in their 
opinion about whether undecayed plant and animal tissues (e.g. stover, dead bugs, earthworms, etc.) 
should be included in the definition of SOM. Magdoff (1992), consider SOM to be the diverse organic 
materials, such as living organisms, slightly altered plant and animal organic residues, and well-
decomposed plant and animal tissues that vary considerably in their stability and susceptibility to further 
degradation. Simply put, soil organic matter is any soil material that comes from the tissues of organisms 
(plants, animals, or microorganisms) that are currently or were once living. Soil organic matter is rich in 
nutrients such as nitrogen (N), phosphorus (P), sulfur (S), and micronutrients, and is comprised of 
approximately 50% carbon (C). 

Soil organic matter is complex because it is heterogeneous (non-uniform) and, due to the biological 
factors under which it was formed, does not have a defined chemical or physical structure. Soil organic 
matter is not distributed evenly throughout the soil and breaks down at various rates by multiple agents 
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that are influenced by the unique environmental conditions in which they are found. Soil organic matter is 
present in all soils all over the world. Just as all life on Earth is dependent on the processes of 
microorganisms, SOM is transformed and degraded as a result of soil microorganisms. 

All of the transformations viz. decomposition, mineralization, immobilization, denitrification, and 
nutrient cycling - are at least in part dependent on soil organisms. The same factors that regulate the SOM 
pool, especially precipitation and temperature, also control the activity and community composition of 
soil organisms. In fact, SOM and soil organisms are so interdependent that it is difficult to discuss one 
without the other. As John Muir, said, “When we try to pick out anything by itself, we find it is tied to 
everything else in the universe.” Soil organic matter and soil organisms are an excellent example and a 
testament to the wisdom of Muir’s teachings. 

Soil organic matter accumulates to higher levels in cool and humid regions compared to warm and arid 
climates. In addition, SOM associated with different soil textures (sand, silt, and clay), will differ in 
susceptibility to decomposition. Many studies have shown that SOM associated with the sand-size 
fraction is more susceptible to decomposition, and thus a higher turnover, than the silt- or clay-size 
fractions. 

Soil organic matter has been directly and positively related to soil fertility and agricultural productivity 
potential. 

There are many advantages to increasing or maintaining a high level of SOM. 

• Reduced bulk density 
• Increased aggregate stability 
• Resistance to soil compaction 
• Enhanced fertility 
• Reduced nutrient leaching 
• Resistance to soil erosion 
• Increased biological activity 
• Reduction of greenhouse gases by soil C sequestration 

In most agricultural soils, organic matter is increased by leaving residue on the soil surface, rotating crops 
with pasture or perennials, incorporating cover crops into the cropping rotation, or by adding organic 
residues such as animal manure, litter, or sewage sludge. 

Soil Organic Matter (SOM): chemical nature & fractions 

The classic method of fractionating SOM into humic acid, fulvic acid, and humin has been known for 
hundreds of years, but is no longer considered meaningful because the fractions are artificially defined 
and do not exist in soils per se. Additionally, this method of fractionation does not produce chemically 
discrete SOM fractions, but, rather, fractions that are heterogeneous and non-reproducible. 

A more biologically and agriculturally meaningful method of describing soil organic matter is by dividing 
it into various “pools” which are sorted by how easily the material is decomposed (e.g. active or labile; 
slow or intermediate; and passive or stable). Pools, which have measurable organic matter components, 
are theoretically separate entities and are more concisely designated by fractions. This method of SOM 
classification is far more commonly used now than the outdated measurements of humic and fulvic acid 
separation. 

ACTIVE/LABILE FRACTION 

In general, younger organic material, from recently deposited roots and residue, dead organisms, or waste 
products, is the most biologically “active” fraction of the SOM, meaning that it serves as a food source for 
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the living soil biological community. The younger fraction is also referred to as the “labile” SOM 
fraction, indicating that it is more readily decomposed than the passive/stable fraction. Generally, this 
fraction of the SOM is less than five years old. 

There are many ways to measure the active fraction but one of the most commonly used methods is to 
measure the particulate organic matter (POM). Particulate organic matter is defined as the microbially 
active fraction of soil organic matter. The reason that POM has become so frequently used is that it has 
been shown to have a strong response to management decisions, such as tillage, residue handling and 
levels, and crop rotation. 

There are a number of different ways to measure POM, but they all rely on separation techniques that are 
based on size and density of the SOM material. 

PASSIVE/STABLE FRACTION 

Many soil organisms assist in the process of decomposing plant and animal tissues. During the process of 
decomposition, chemical transformations take place, creating new organic compounds in the soil. After 
years or decades of these transformations, the original organic materials are converted into chemically 
complex, nutrient-poor compounds that few microbes can degrade. These compounds are referred to as 
“passive” or “stabilized” and can make up a third to a half of soil organic matter. Such passive or 
stabilized materials are what we commonly refer to as “humus” or the “stable fraction”. 

The stable fraction does not contain many nutrients, and so is not directly important for soil fertility. 
However, the stable humus fraction of soil is very chemically reactive and contributes to the soil’s net 
chemical charge, known as the cation exchange capacity and anion exchange capacity. In this way, humus 
temporarily and reversibly binds plant nutrients in the soil, preventing them from leaching, so that they 
are available for plant uptake. The stable fraction also modifies and “stabilizes” toxic materials so that 
they are less reactive and/or dangerous. Finally, the stable fraction enhances soil aggregation that reduces 
a soil’s vulnerability to erosive forces and thereby reduces soil loss by erosion. 

 

Desirable SOM levels 

SOM levels in mineral soils range worldwide from trace amounts up to 20%. In general, if a soil is 20% 
or more organic material to a depth of 16 inches, then that soil is considered organic and is taxonomically 
described as a Histosol. Histosols make up only about 1% of soils worldwide.  

There is currently no universally accepted SOM threshold value for determining maximum agricultural 
productivity. It is suggested that soil organic C levels less than 1% may be unable to attain maximum 
agricultural yields, regardless of the soil type. 

Although the prediction of rates of SOM decomposition and release of plant nutrients is quite difficult 
because they are controlled by many different, yet related, physical, chemical, and biological properties, it 
is easy to understand how to increase SOM. When the input of organic materials into the soil exceeds the 
rate of loss from decomposition, erosion, and leaching, SOM will effectively increase. 

 

Role of soil organic matter in crop productivity 

1) Cation exchange capacity 
2)  Nutrient retention and release 
3)  Soil structure and bulk density 
4)  Water-holding and snow/drain catchment 
5)  Biological activity 
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The roles of soil organic matter 
can be classified into three broad 
categories: biological, physical, 
and chemical. As pointed out by 
Krull (2004), there are many and 
varied interactions that occur 
between these aspects of SOM. 
Additionally, the active and stable 
fractions will play different roles 
in specific SOM functions. 

 

Cation Exchange Capacity 

Cation exchange capacity (CEC) is the total sum of 
exchangeable cations (positively charged ions) that a soil 
can hold. Cation exchange capacity determines a soil’s 
ability to retain positively charged plant nutrients, such as 
NH4+, K+, Ca2+, Mg2+, and Na+. As CEC increases for a 
soil, it is able to retain more of these plant nutrients and 
reduces the potential for leaching. Soil CEC also 
influences the application rates of lime and herbicides 
required for optimum effectiveness. The stable fraction 
(humus) of SOM is the most important fraction for 
contributing to the CEC of a soil. 

Different soil textures have differing CEC (Table). In most soils, organic matter contributes more to 
exchange capacity than the soil texture. The interaction of texture and organic matter components in soil 
has a tremendous influence on CEC potential. 

  

Nutrient Retention and Release 

Humus plays an important role in regulating the retention and release of plant nutrients. Humus has a 
highly negatively charged soil component, and is thus capable of holding a large amount of cations. The 
highly charged humic fraction gives the SOM the ability to act similarly to a slow release fertilizer. Over 
time, as nutrients are removed from the soil cation exchange sites, they become available for plant uptake. 

Predictions of the amount of nutrients released from SOM are complicated and there are no widely agreed 
upon methods in use. Prediction of N release to the soil from SOM is difficult but can be estimated by the 
pre-plant soil profile nitrate (PPNT) or pre-sidedress nitrate (PSNT) tests. A soil with a SOM content 
greater than 3% will have a lower fertilizer N requirement compared to a soil with less than 3% SOM. 

 

Soil Structure and Bulk Density 

Soil structure refers to the way that individual soil mineral particles (sand, silt, and clay) are arranged and 
grouped in space. Soil structure is stabilized by a variety of different binding agents. Soil organic matter 
is a primary factor in the development and modification of soil structure. 
While binding forces may be of organic or inorganic origins, the organic forces are more significant for 
building large, stable aggregates in most soils. Examples of organic binding agents include plant- and 
microbially-derived polysaccharides, fungal hyphae, and plant roots. Inorganic binding agents and forces 
include charge attractions between mineral particles and/or organic matter and freezing/thawing and 

Effect of organic matter on soil properties: The roles of soil organic matter (SOM) can be 
classified into three broad categories: biological, physical, and chemical.  

I. Improvement of soil physical properties 
1) Improvement of soil structure 
2) Improvement of water holding capacity 
3) Improvement of soil aeration 
4) Reduction of soil loss through erosion 

II.  Improvement of chemical properties 
1) Supply of essential plant nutrients in balanced ratio 
2) Slow release of nutrients 
3) High residual value 

III.  Improvement of biological activity 
1) Stimulation of soil fauna and flora 

The range of CEC for each soil texture and organic matter.  

Texture CEC (cmol/kg) 

Organic matter 40-200 

Sand 1-5 

Sandy loam 2-15 

Silt loam 10-25 

Clay loam/silty clay loam 15-35 

Clay 25-60 

Vermiculite 150 
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wetting/drying cycles within the soil as well as compression and deformation forces. Both the stable and 
the active fraction of SOM contribute to and maintain soil structure and resist compaction. 

 

Water-Holding and Snow/Drain Catchment 

Increasing SOM is an effective method for increasing drought-resistance in arid areas. The effect that 
drought has to reduce crop yields is not only due to irregular or insufficient rainfall, but also because a 
large proportion of rainfall is lost from fields as a result of runoff. Some factors in inefficient water usage 
are out of a grower’s hands, for example slope, rainfall intensity, soil texture, and water that moves below 
rooting depth. But some factors, especially those that reduce SOM, such as burning crop residues, 
excessive tillage, and eliminating windrows reduce water infiltration and increase water runoff. SOM 
affects the amount of water in a soil by influencing 1) water infiltration and percolation, 2) evaporation 
rates, and 3) increasing the soil water holding capacity. 

Factors that reduce water infiltration and percolation are compaction in surface soils, lack of surface 
residue, poor soil structure, surface crusting due to salinity, and steep slopes that facilitate high volumes 
of water runoff. If water is running off of a field at a high velocity, it cannot overcome the lateral force of 
water movement and thus will not move vertically down into the soil profile. Erosion of valuable topsoil 
is a common result of water runoff. Surface residues physically impede water runoff, resulting in reduced 
velocity of water movement. As water movement across the soil surface slows down, water has more time 
to move downward into the soil profile, rather than across the soil surface. In this way, increasing SOM 
and leaving residue on the soil surface can increase water infiltration. 

 
Surface residues also slow the rate of water evaporation from the soil and improve soil structure, which 
helps prevent soil crusting. Crusting can result in significant losses to crop stand. Crusting is especially 
likely after tillage events, when the surface soils are exposed and disrupted. This happens after spring 
tillage events are used to prepare the seedbed. When heavy rains occur shortly after planting, the 
pounding effect of the raindrop impact on disturbed soils can create soil crusts up to 1 inch in thickness, 
which prevents adequate water infiltration and also creates a physical barrier for seedling emergence, 
potentially reducing plant population. 
Soils with higher SOM are “fluffier” or have better “tilth” than soils with less SOM. This is because SOM 
is less dense than the mineral soil particles per unit of volume, and therefore provides greater pore space 
for water and air to be held. The result of increasing SOM is greater soil pore space, which provides an 
area for water to be stored during times of drought. A unique characteristic of the pore space in SOM is 
that the pores are found in many different sizes. The large pores do not hold water as tightly, and thus will 
drain more readily. The medium and small-sized pores will hold water more tightly and for a longer 
period of time, so that during a dry period the soil retains moisture and a percentage of that water is made 
available over time for plant uptake. The benefit of leaving residue on the soil surface and increasing soil 
organic matter is that water infiltration is increased, soil crusting is decreased, and the soil can hold more 
of the water that infiltrates and will eventually make it available for plant use. 

 

Biological Activity 

According to the soil formation model of Hans Jenny, the father of soil pedology, a natural body of 
degraded mineral or organic material cannot be considered a “soil” without soil organisms. This 
emphasizes the importance of soil organisms in the study of soil science. 

When considering the “life” in soils, we evaluate soil microorganisms (bacteria and fungi), plants, and 
fauna (nematodes, springtails, mites, earthworms, and insects). While microorganisms only make up a 
small portion of the SOM (less than 5%) they are imperative to the formation, transformation, and 
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functioning of the soil. In the soil, they conduct indispensable processes such as decomposition, nutrient 
cycling, degradation of toxic materials, N fixation, symbiotic plant relationships, and pathogen control. 

About soil fauna, Jenny said, “They break up plant material, expose organic surface areas to microbes, 
move fragments and bacteria-rich excrement around, up, and down, and function as homogenizers of soil 
strata”. Soil fauna play an important role in the initial breakdown of complex and large pieces of organic 
matter, making it easier for soil microorganisms to release carbon and plant nutrients from the material as 
they continue the process of decomposition. 

 

Effect of agriculture Practices on SOM 

a. Carbon sequestration 
b. Tillage 
c. Cropping rotation 
d. Fertilization 

The loss of SOM resulting from conversion of native vegetation to farmland has been extensively studied 
and is one of the best-documented ecosystem consequences of our agricultural activities. Agriculture has 
affected the quality and quantity of SOM on many different levels. The greatest loss of soil organic 
carbon (SOC) associated with agriculture occurs during the first 25 years of cultivation, with losses of 
50% being common. In the Midwestern United States, the majority of soils converted from natural to 
agricultural systems have lost 30-50% of the original SOC level, or 11-18 tons C/ac. 

Agricultural practices contribute to the depletion of SOC through deforestation and biomass burning, 
drainage of wetlands, tillage, crop residue removal, summer fallow, cultivation, and overuse of pesticides 
and other chemicals. Cropland soils generally store less SOC than grazing land because cropland has 
greater disturbance from cultivation, lack of manure being returned to the system, has less root biomass, 
and less biomass returned to the soil surface. Many factors related to agricultural management can affect 
the rate and amount of C lost from the soil system. 

According to Matson et al. (1997) factors affecting soil C loss from agricultural soils include: 

• Climate and soil type 
• Tillage intensity and depth 
• Crop rotation decisions 
• Amount of organic inputs 
• Amount of plant residue on the soil surface 
• Quality of plant residues returned to the soil 
• Soil biological activity 
• Length and time of fallow 
• Erosion 

Carbon Sequestration 

Agriculture is thought to have developed about 12,000 years ago and since that time has changed the face 
of the planet in a slow but relentless transformation. However, researchers and ecologists of the 21st 
century have interests and concerns that were not even considered by scientists of any other time in our 
history. Global climate change is one of the areas receiving a great deal of attention and research effort. 

Soil organic matter plays a critical role in the global C cycle. The importance of soil in the C cycle is due 
to its role as both a major source and sink for C in the biosphere. The total soil C pool is three times 
greater than the atmospheric C pool and 3.8 times greater than the biotic C pool. The soil C pool contains 
about 1.7 x 1012 tons of organic C and about 8.3 x 1011 tons of inorganic C to a depth of 3.3 feet. 
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Although the soil C cycle is complex, the concept of C sequestration for mitigating the release of 
greenhouse gases is relatively straightforward. Carbon stored in soils ties up C that would otherwise be 
released to the atmosphere as C-containing greenhouse gases, particularly carbon dioxide (CO2) and 
methane (CH4). Scientists are keenly interested in determining the extent to which atmospheric carbon 
can be diminished by storing C in soils. 

 

Tillage 

Tillage results in the loss of SOM primarily through three mechanisms: 1) mineralization of C due to 
breakdown of soil aggregates and changes in temperature and moisture regimes, 2) leaching of organic C, 
and 3) accelerated rates of erosion. Even in cropping systems that return almost none of the aboveground 
residue back to the soil, such as silage corn production and some biofuel systems, reducing tillage 
intensity can result in maintaining or increasing the soil organic fraction that is most readily 
decomposable. Additionally, reduced tillage has been shown to result in increased soil microbial biomass 
levels before measurable changes in total soil C occur. 
Tillage is responsible for substantial loss of carbon from the soil. As carbon is released from the soil as a 
result of tillage, it leaves in the form of carbon dioxide (CO2). The deeper and more aggressive the tillage, 
the more CO2 is released to the atmosphere. Near Jeffers, Minnesota, the USDA-ARS (2006) measured 
the CO2 loss from three tillage systems in a continuous corn system. The moldboard plow, the most 
aggressive system used, lost 579 lbs/ac of CO2 in a 24-hour period. Disk-rip was the intermediate tillage 
system and it lost 271 lbs of CO2 per acre (47% of moldboard plow). Strip tillage, a tillage system that 
tills less than 30% of the soil and leaves the rest undisturbed, lost 106 lbs of CO2 per acre in a 24-hour 
period. Strip till lost only 18% of the carbon dioxide that the moldboard plow system lost. 

 

Cropping Rotations 

Crop rotations enhance the productivity of all crops in the rotation and benefit the soil, as well. Some of 
the advantages of a well-managed crop rotation are improved yields, breaking plant pest cycles, 
maintaining soil fertility and reducing fertilizer inputs, and controlling erosion. Cover crops and green 
manures are also part of the crop rotation in many sustainable land management systems. A cover crop is 
any crop that is grown to provide soil cover, regardless of whether it is later incorporated into the soil or 
not. Cover crops are grown primarily to prevent soil erosion. When a cover crop is grown to reduce 
nutrient leaching or retrieve nutrients deep in the soil profile, it is referred to as a “catch crop.” A green 
manure is a crop that is grown primarily to improve soil fertility and is incorporated shortly after planting 
while it is still green or soon after flowering. 

Crop rotations that include cover crops, perennial grasses and legumes, and reduced tillage are an 
important factor in SOM management and can be adapted to any cropping system. Crop rotations also 
affect the biological diversity of an agroecosystem. The biological diversity is important for maintaining a 
high-functioning, disease-resistant, and stable ecological system. Crop rotations that maximize soil C 
inputs and maintain a high proportion of active C are important factors in establishing a sustainable 
cropping system. 

 

Fertilization 

With the advent of affordable N fertilizers after World War II, a new era in crop production was 
established. With ammonium and nitrate-based fertilizers, marginally fertile land could suddenly be 
cropped profitably and yields improved on land that was already fertile. How does fertilization affect 
SOM levels? There is no clear answer to this question since it appears that many other factors including 
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vegetation present, soil type, and climate are factors that must also be considered. Also, different SOM 
fractions (the active fraction, stable fraction, etc.) are affected differently by fertilization. 

Fertilization affects the soil microbial community both directly and indirectly by supplying mineral 
nutrients for microbial use and by allowing increased production of plant biomass to serve as a microbial 
food source. A larger microbial community can result in either a net C increase or decrease to the soil 
system, depending on how much C stays in the soil system as microbial biomass versus how much is lost 
as respired C gases, because of course, a greater microbial community results in a greater amount of soil 
respiration. All of these factors – vegetation, harvested biomass, microbial community biomass, and plant 
and microbial respiration – are factors that must be considered when determining if adding fertilizer will 
result in SOM accumulation or degradation. 

 

 

Crop residue management 

Organic wastes and surplus crop residues can be recycled in soil by different methods such as in situ 
incorporation of organic matter or by organic mulch besides composting which will eventually improve 
the biological, chemical and physical properties of soil resulting in higher crop productivity. Each 
season/year substantial quantities of plant nutrients are removed from soil by crop harvesting. On an 
average, one tonne of grain along with straw of wheat, paddy, jowar, bajra, maize and barley are likely to 
remove 33 kg N, 12 kg P2O5 and 58 kg of K2O. Therefore, 235 million tonnes of food grain produced in 
the country will remove 24 million tonnes of plant nutrients. The nutrient supply through chemical 
fertilizers is far below than the actual removal. Thus the balance has to be met through organic sources. In 
this context recycling of organic wastes/by-product becomes vital for returning back at least a part of 
plant nutrients drawn from soil for maintaining humus and the soil productivity. 

Direct incorporation of organic materials in soil and their effects 

Organic materials of different sorts can be ploughed in the soil (0-20 cm layer) about 3-4 weeks prior to 
sowing of crop with optimum moisture level. The prior decomposition of organic materials is important 
to ensure benefit to the crop and without nitrogen immobilization by microorganisms. The rate of 
decomposition will depend on the nature of organics used. Leguminous residues and non-edible cakes 
will mineralize faster as compared to cereal residues/straw. Addition of nitrogen in the form of chemical 
fertilizers or non-edible cakes will accelerate the pace of mineralization of cereal residues/straw poor in 
nitrogen. On the other hand, mineralization of humified FYM or compost is slow and steady process and 
acts as a slow release fertilizer. It can be incorporated in soil even just before sowing of the crop. The 
studies have shown that application of FYM and compost is the best source for maintenance of organic 
matter in soil. 

Organic mulch 

This is an unique and simple method particularly for recycling of dry and nitrogen-poor organic materials 
since its incorporation in soil is not required at this stage and the costs of ploughing, water and inputs of 
chemical fertilizer for their favourable utilization is not involved. Although decomposition of mulch is a 
slow process, its biomass and C/N ratio during the course of one crop season is appreciable reduced and 
this facilitates its incorporation in next season at low cost. Straw mulch besides controlling the weeds and 
conserving moisture and thereby saving irrigation, also increases crop yield and population of beneficial 
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soil microflora. The incorporation of mulched material used on previous crops – maize, in soil increased 
the grain yield of wheat crop by 16.1 percent. nitrogen uptake by both these crops was increased and 
mulching had favourable effect on the population of soil bacterial, fungi and actinomycetes. The 
population of nitrogen fixers and phosphate solublizers were increased several folds. Organic mulch acts 
in several ways on soil and crop: i) enhances number of soil microflora, ii) increases plant nutrient 
availability, iii) conserves soil moisture, iv) controls weeds, v) regulate soil temperature, and vi) augments 
crop yields. 

Fertilizer use efficiency and concept of fertilizer use in intensive cropping system 

Fertilizer use efficiency (FUE) 

Efficiency in any system is an expression of obtainable output with the addition of unit amount of 
input. The NUE/FUE can be expressed in several ways. Mosier et al. (2004) described four indices to 
describe NUE as below  

1. Partial factor productivity (PFP)- kg crop yield per kg input applied  
2. Agronomic efficiency (AE)- kg crop yield increase per kg nutrient applied) 
3. Apparent recovery efficiency (RE)- kg nutrient taken up per kg nutrient applied, and  
4. Physiological efficiency (PE)- kg yield increase per kg nutrient taken up).  

 
The efficiency of fertilizer N is only 30-40% in rice and 50-60% in other cereals, while the 

efficiency of fertilizer P is 15-20% in most crops. The efficiency of K is 60-80%, while that for S is 8-
12%. As regards the micro-nutrients, the efficiency of most of them is below 5%. 

Causes for Low and Declining Crop Response to Fertilizers and FUE 

Following are the causes of low fertilizer use efficiency: 

A. Nutrient Supply and Soil fertility related 

 NAAS (2006) listed the following causes of declining crop responses to fertilizers: 

• Continuous use of fertilizer N alone or with inadequate P and K application leading to mining of 
native soil P and K 

• Continued practice of intensive cropping systems like 'rice-wheat' with high yielding varieties 
even under recommended NPK use, impoverishing soils of secondary and micro nutrients 
specially S, Zn, Mn, B and Fe 

• Use of high analysis fertilizers and inadequate addition of organic manures resulting in 
widespread deficiencies of S and micronutrients 

• Fertilizer application mostly not based on soil-test values 
• Inappropriate time and method of fertilizer application 

• Excessive use of irrigation in rice-wheat cropping system, sugarcane and other heavily fertilized 
crops leading to leaching of nitrogen and other plant nutrients 

• Inadequate availability of appropriate kind of fertilizers at the right time 

• Antagonistic reaction between some plant nutrients 
• Low status of soil organic carbon 

• Subsoil impedance to plant root system restricting nutrient uptake 
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• Soil degradation due to high salinity/sodicity/acidity/waterlogging, affecting nutrient availability 
• Lack of adequate and quality soil testing facilities and meager availability of fertilizer 

recommendations under aberrant weather conditions 
• Environmental degradation, having negative impact on below ground biodiversity, especially 

agriculturally important microorganisms 
B. Seed related 

• Non-availability of sufficient quantity of seeds of high yielding varieties of crops at affordable 
price and at the appropriate time 

• Lack of more efficient nutrient using genotypes 
C. Agronomic Practices 

• Delayed sowings / plantings 

• Low seed rates resulting in poor crop stands 
• Poor weed management 

• Inefficient tillage 
• Inefficient irrigation and rainwater management 

• Large scale monoculture 

• Lack of consideration of previous cropping in the same field 
• Lack of capturing water-nutrient synergic interaction 

• Inadequate plant protection 
D. Weather Aberrations 

• High intensity rain leading to nutrient loss 
• Abnormal high/low temperature 

 

Methods to increase fertilizer use efficiency 
To increase the fertilizer use efficiency the nutrient must be available at the time of its requirement by 

the crop, in right form and quantity. On application there occur certain inevitable/evitable losses of 
nutrients that reduce the efficiency. This can be achieved by decreasing the losses are due to: (i) leaching, 
(ii)  volatilization, (iii) immobilization, (iv) chemical reaction between various components in the mixture, 
(v) change in capacity to supply nutrients, and (vi) unfavourable effects associated with fertilizer 
application. 

Each component of loss can be reduced to a great extent by management of the soil fertilizer-crop 
system. This requires knowledge and experience on (i) how much of the fertilizer to be applied, (ii) 
what/which (type of fertilizer) to be applied, (iii) when to be applied (time of application), (iv) how 
(method of application), (v) where (placement of fertilizer) and (vi) other considerations (cost, availability 
of fertilizer, labour, ease of application, awareness on benefits of fertilizer use, etc.). 

- Soil is the most important source of plant nutrients for plant growth. Therefore, balanced fertilization or 
site-specific fertilizer application practices (SSFAP) based on soil-test recommendations need to be 
developed and followed for all crops and cropping systems in different agro-ecological zones of the 
country. 
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- Fertilizers vary with respect to their solubility besides their grade. Choice of fertilizer is location specific 
and needs to be found out by field experimentation. The choice is more with respect to nitrogen and 
phosphatic fertilizers than for potassic. Studies on crop response is also more for N than for P or K 
fertilizers because leaching loss is more in nitrogenous fertilizer and its residual effect is nil or 
negligible. In case of P, its indirect, residual and cumulative effects are more important. Nitrogen in 
form of NO3

- is subject to more leaching. Leaching loss is also more in wet (kharif) than in summer and 
in sandy soils than in clayey soils. Losses can be minimized by choosing suitable time and method of 
application. 

- The appropriate time of application is to get maximum benefit from the fertilizer nutrient. If the nutrient 
is applied early than the time of requirement, it is lost in different ways or is absorbed more than 
required. If applied late it is either not absorbed or if absorbed not utilized for the purpose and only gets 
accumulated in plant parts. 

- The placement of fertilizer to make the nutrient available easily to the crop is important for increasing 
fertilizer use efficiency. It should be near to the roots. Application may be surface broadcast, at furrow 
bottom, placed deep at or slightly below the root zone, top dressed, side dressed or to foliage. This 
depends on type of crop, rooting pattern, feeding area and ease of application. The choice of method of 
application depends on soil-crop-fertilizer interaction too. 

Concept of fertilizer use in cropping system 

Even for individual crop itself, fertilizer scheduling is very difficult to design fertilizer schedule for a 
productive crop, certain factors have to be considered like soil fixation, losses like leaching and type of 
fertilizers used. Designing fertilizer schedule for intensive cropping is still more complex because 

i. The residual fertilizer effect may be accounted. It may benefit certain crops in the cropping 
system. 

ii. Legume effect to be accounted. Due to decaying nodules, some amount of nutrients is released, 
accordingly, the fertilizer must be rescheduled. 

iii.  Competitive and exhaustive effect also to be accounted. e.g. cotton removes more of phosphorus. 
iv. Contribution from the stubbles and residues of previous crops/component crops is to be 

considered. 

When we design a fertilizer schedule based on cropping system, there is a possibility of reducing the 
fertilizer doses. The efficient fertilizer management is possible by 

i. Nutrient requirement of various component crops should be known. The sum of the nutrient 
requirement of various crops is the total nutrient requirement of the system. 

ii. Nutrient uptake pattern based on the nutrient demand of each crop should be known. 
iii.  Response of crops to various nutrient application. Some crops may respond to a particular 

nutrient, but not the other crops for the same nutrient e.g. pulse respond to phosphorus, 
millets, cereals respond to nitrogen and nuts, tubers and oilseeds to potassium. 

iv. Rates and method as well as time of fertilizer application. mobile nutrients can be extracted 
more or less quantity from the soil volume surrounding the roots (called root system sorption 
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zone) but relatively immobile forms can be extracted only partly depending on their mobility 
from the soil volume immediately around the roots (called root surface zone). The fertilizer 
supply for mobile nutrients must be equal to the demand by crop whereas, for immobile 
nutrients based on the relative sufficiency of the soil supply. 

v. Integrated nutrient for the cropping system by accounting the soil contribution and involving 
organic forms like FYM. Compost and residue contribution, inorganic forms and 
biofertilizers like Azospirillum for cereals, millets, cotton, sugarcane and Rhizobium for 
legumes and phosphobacteria for mobilizing the phosphorus. 
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UNIT V 

Plant ideotypes for drylands; plant growth regulators and their role in sustainability 

Plant ideotypes 

The production of every plant is affected by the plant’s type, climatic condition, soil type and 
management factors. The production of the plant might be increased y changing plant type and increasing 
the period of grain filling in a certain climatic condition where management and soil factors are not 
limited. There is a direct relationship between the plant’s type and crop yield because the orientation and 
numner of leaves play an important role in carbon fixation (photosynthesis). 
In recent years due to all round efforts of agricultural scientists it has been possible to cultivate HYVs of 
cereal crops which are often been termed as “NEW PLANT TYPES”.  
 

1. IDEOTYPE: refers to plant type in which morphological and physiological characteristics are 
ideally suited to achieve high production potential and yield reliability. The concept of ideotype 
was given by Donald in 1968. He illustrated that there should be minimum competition between 
the crops and crop must be competent to compete with weeds. The single plant would give the 
better result in a group when the crop has at least competition with the same type of the crop. 
Ideotype is the model type which may also be defined as “a biological model which is expected to 
perform or behave in a predictable manner within a defined environment”. On the basis of 
environment Donald and Hamblin (1976) identified two forms of ideotypes i.e. isolation 
ideotypes and competition ideotypes. Competition ideotypes are suitable for mixed cultivation. 

2. NPT’s are also called as fertilizer responsive varieties since these NPTs possess the trait of high 
responsiveness towards heavy fertilizer applications. 

3. NPT’s are also termed as adaptable varieties means the physiological attributes of variety 
responsible for 
a) Controlling the assimilation of absorbed N in plant body. 
b) Translocation and storage of photosynthetic products. 
c) Possessing more activity of roots under heavy application of fertilizers. 
d) Availability of resistance to lodging and diseases. 

But, the term NPT seems to be more appropriate and reasonable as it can very easily express the extent of 
improvement incorporated over the old type varieties. 
The so called improved tall varieties cultivated by farmers generally grow very tall and possess low 
yielding potentiality due to 

1. Weak and tall straw, susceptible to lodging under heavy fertilizer application. 
2. Inefficient leaf arrangement responsible for poor photosynthetic activity and less utilization of 

Solar energy. 
3. Many associated attributes like unsynchronized susceptibility towards the attack of pests and 

diseases. 
 
NPT’s do not posses these defects and have been further improved to increase their production efficiency 
where the morphological frame work has been genetically linked with other yield contributing characters. 
Recent developments in plant breeding made significant contribution towards concept of NPTs. The 
successful efforts of altering the morphological architecture of crop plants and making them suitable for 
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cultivation under high fertility status of soils have opened a new VISTA in developing the varieties 
suitable for good agronomy. 
 
CHARACTERS OF NPT’s: They should be 

1. Morphologically be dwarf in growth habit with hard and stiff straw. 
2. Erect and dark green leaves remaining active for longer duration. 
3. Agronomically highly responsive to heavy fertilizer application. 
4. Physiologically be well equipped for more dry matter production and high yields. 
5. Adaptable under different agro climatic conditions and of short growing duration. 
 
Example : NPT’s made in wheat, rice, jowar, bajra and maize. 

 
Important features of such NPT’s of cereals in grain crops are: 

1. DWARFNESS: NPT’s are dwarf in nature due to NORIN in wheat and DEE-GEE-WOO-
GEN in rice dwarf genes. NPT’s are short, stiff, not more than knee high but could take more 
fertilizers without lodging. 

2. EFFICIANT LEAF ARRANGEMENT: NPTs are narrow, thick, erect and dark green color 
with optimum LAI composed of properly arranged leaves, which remain active for longer 
period after flowering due to high sunlight interception they play important role in supporting 
grain formation resulting into more number of fertile grains per ear head. 

3. SYNCHRONOUS TILLERING: The growth and development of NPTs are more or less 
rhythmic i.e., high germination %, formation of all tillers at a time (during a specific period) 
and timely maturity of all the tillers. So, they have highest synchronized coefficient as regards 
to the development and maturity of grains of different ears of a plant. Synchronization of 
tillering has been found to be dependent on other factors like moisture, proper secondary 
regrowth and adequate nutrient availability during the period. 

4. LOW FLORET STERILITY: Traditional tall varieties under heavy fertilizer application 
produce more sterile florets. NPT’s have a very low floret sterility % due to synchronized 
tillering into uniform ear head formation supported by longer physiological activity if leaves at 
naturity. Low floret sterility an in NPT’s has also been attributed due to increased activities of 
roots at grain formation stage. 

5. SHORTER GROWTH DURATION: NPT’s have shorter duration than tall varieties. The 
optimum growth duration of a variety is more important for scheduling its irrigation and 
manuring for obtaining higher yield. At High N application longer growth duration and at low 
N application, short duration variety is preferred for obtaining higher dry matter production as 
well as more grain production efficiency i.e., grain yield/unit area/unit time. These short 
duration varieties can fit very well in under high cropping intensity programmes like multiple 
and relay cropping. 

6. ADAPTABILITY TO DIFFERENT CROP SEASONS: All most all NPT’s are photo 
insensitive and completely resistant to fluctuations in day length. They can be grown under all 
crop seasons provided inputs like fertilizers and irrigations are adequately made available, so 
higher yields can be obtained. However, some of the NPTs are thermo-sensitive and are 
affected by variation in temperature during season. 
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7. ABSENCE OF SEED DORMANCY: NPTs have no dormancy i.e. they do not require any 
rest period, called dormancy period. Freshly harvested seed can be used for sowing. This 
character is useful in seed multiplication programmes of HYVs, within a short span of time. 
This along with photo insensitivity makes them quite suitable for adaptation under high 
intensity cropping programmes. 

8. EFFECTIVE TRANSLOCATION OF FOOD MATERIAL FROM PLANT S TO GRAIN: 
NPTs have higher potentiality to absorb and assimilate nutrient from soil throughout the growth 
duration which in combination with higher photosynthetic activities enable them for higher dry 
matter production. The built in efficient plant mechanism in NPT’s coupled with fewer organs 
respiring at flowering stage permit more efficient use of respiration for growth and grain 
production. After flowering, this enables effective translocation of accumulated food materials 
of straw for grain formation. 

9. RESPONSIVE TO HEAVY FERTILISER APPLICATIONS: NPT’s possess the trait of 
high responsiveness towards fertilizer application. Their optimum N requirement is 2½ -3 times 
more than the requirement is so called improved local varieties. Similarly the P&K requirement 
of NPT’s is also 1½ -2 times more in comparison to local types. Under low fertility status, their 
yielding ability is not fully utilized and very often they give quiet poor yield under sub 
optimum conditions, it is therefore necessary to supply adequate quantities of N, P&K in order 
to exploit their high yielding potentiality to the maximum. Research results (AICRP) revealed 
that on an average, NPT’s require about 100-120 kg N, 50-70 kg P2 O5 and 40-60 kg K2O/ha 
under optimum conditions of soil moisture status. 

10. LODGINIG RESISTANCE: NPT’s are generally dwarf in growth habit with strong and stiff 
stem which provides them considerable resistance against plant lodging. Under heavy fertilizer 
applications, the tall varieties are bound to lodge resulting in substantial decrease in yield. 
Contrary to this, dwarf HY NPT’s seldom lodge unless too heavy fertilizer application has been 
made coinciding with excessive water application. Because of incorporation of dwarfing genes 
in NPT’s, they possess the trait of high responsiveness towards heavy fertilizer application 
without lodging. 

11. YIELDING POTENTIALITY: The NPT’s are known for their HY potential. NPT’s are 
capable of yielding 2-3 times more grain yield in comparison to local tall improved types. This 
is probably due to their altered morphology which results into efficient utilization of water, 
nutrients and radiation and increased metabolic activities with high dry matter production. 
Their grain to straw ratio is approximately about1:1. However, these strains are more 
susceptible to any degree of variation in manageable inputs. Inadequate and untimely supply of 
nutrients, irrigation and plant protection measures may result into partial or complete failure of 
crop. 

12. DISEASE SUSCEPTIBILITY: The only drawback associated with NPT’s is the disease 
susceptibility with luxuriant vegetative growth; the varieties offer scope for insect pests and 
diseases. However, attempts are being made to develop disease resistant NPT’s. 
eg : Rice ------- BPH resistant varieties ----- MTU-2067, MTU-2077 and MTU-4870. 
Gall midge “ ------ Pothana, Kakatiya, Phalguna. 
Wheat ----- Rust resistant varieties ----- Sonalika. 
Sorghum ---Striga resistant varieties -----N-13, SPV-462. 
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Ideotypes for some crops/situation 

Wheat 

According to Donald (1968), the ideotype for wheat crop has following features- 

1. Short strong stem to avoid lodging. 
2. Few small erect leaves to allow the sunshine into its canopy. 
3. A large erect ear. 
4. More number of fertile florets per unit area therefore more harvest index. 
5. Presence of awns to increase the photosynthesis area. 
6. A single culm to avoid wasteful vegetative growth. 
7. Resistance to insect-pest and diseases. 
8. Proper partitioning and translocation of assimilates. 

Maize 

The plants have erect upper leaves and the lower leaves gradually become horizontal to allow the 
sunshine into its canopy and for proper movement of air into the field. The height of the plant is to be 1.5 
m in which cobs may be produced on the nodes near the tassel. 

Gram 

Pande and Saxena (1973) proposed the ideotype for gram having following features- 

1. The vegetative growth must be stopped before the starting of reproductive stage. 
2. The plant should have erect branching. (In the prevalent varieties of gram, the spreading and 

branching of its canopy is just like umbrella which interfere to penetrate the sunshine into its 
canopy causing humid conditions favourable for insect-pest and diseases). 

3. To harness the long photoperiod and favourable temperature at the time of flowering, there 
should be 2-3 longer pods in the leaf axis and 2-3 seeds in each pod. 

Arhar 

The growth of arhar varieties in the beginning is too less i.e. in the first two months only one or two 
branches are come out. Therefore, arhar is unable to harness the solar energy properly in the first two 
months. The flower’s drop is also a major problem. the filling of pods according to Hydro-dynamic model 
sets up the competition between vegetative and reproductive phases. considering all the views Pande and 
Saxena suggested ideotypes having following features- 

1. The fast growth of plant’s canopy at least in the beginning. 
2. The reproductive phase starts after the closure of vegetative growth. 
3. Long floral axis having 2-3 flowers in each trifoliate axis. 
4. Synchronized flowering. 
5. Active root nodules for the long time. 
6. Resistance to insect-pest and diseases. 

Rainfed upland rice 
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1. Short growth duration (85-100 days). 
2. Effective deep root system. 
3. Dwarf plant (<100 cm) with erect leaves and thick stem. 
4. Early strong fertile tillering. 
5. Synchronized flowering. 
6. Good number of panicles (about 400/m2). 
7. Higher number of grains per panicle. 
8. Moderate seed dormancy. 
9. Resistance to insect-pest and diseases. 

Rainfed wheat 

1. Large number of spikelets. 
2. Large peduncle 
3. Strong and deep root system. 
4. Flat leaves parallel to soil and  
5. A grain development period coinciding with mean max temperature of 25 oC. 

Ideotype for Dryland Farming 

1. Short growth duration. 
2. Effective root system. 
3. Drought tolerance. 
4. High yield potential with altered morphology viz. 

a. Plant with few leaves just sufficient to maintain photosynthetic output and growth (to 
minimize the use of water). 

b. Leaves horizontally disposed for better light interception contrary to vertically disposed under 
irrigated conditions. 

 

Plant growth regulators and their role in sustainability 

Growth of the plant has for long been believed to be due to the minerals absorbed from the soil and the 
food materials synthesized by the plant. It is however, recognized that the growth of the plant is very 
much regulated by certain chemical substances known as growth regulators. These substances are formed 
in one tissue or organ of the plant and are then transported to other sites where they produce specific 
effects on growth and development. The plants are known to produce 5 classes of hormones namely 
auxins, gibberellins, cytokinins, abscisic acid and ethylene. A plant tissue may contain more than one of 
these growth regulators at the same time. The leaf primordial and developing seeds contain both auxins 
and gibberellins and in some plants ABA also. Both auxins and gibberellins cause stem elongation by 
different mechanism while ABA and ethylene inhibit stem growth. Thus two or more growth regulators 
may be similar in their action. When the effect is more than the sum of their individual effects it is called 
synergistic and when the action of two growth regulators is opposite it is called antagonistic. The final 
growth and development of the plant is the sum of total interactions of different growth regulators that are 
present in the plant. 
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Commercial application of plant growth regulators in agriculture and horticulture 

Auxins 

a) IBA at 250 ppm and NAA (1-Naphthalene Acetic Acid) were found to increase root development 
in the propagation of stem cuttings. 

b) 2,4-D stimulates excessive uncontrolled growth in broad-leaf plants for which it is used as a 
herbicide. 

c) Application of NAA reduces flower and fruit drop in Mango. 
d) NAA application brings uniform flowering and fruit set by inducing ethylene formation in 

pineapple. 
e) NAA application at 10-100 ppm during fruit setting period controls boll shedding in cotton. 

Gibberellins 

a) GA is used extensively on seedless grape varieties to increase the size and quality of the fruit. 
Pre-bloom spray of 20 ppm induces rachis of the fruit cluster to elongate. This creates looser 
clusters that are less susceptible to disease during the growing season. 

b) GA is used to increase the yield of barley malt and to decrease the time required for this process 
to occur. Application of GA to germinating barley supplements the endogenous content of this 
hormone and accelerates the production and release of hydrolytic enzymes. they can easily 
degrade the stored carbohydrates. 

c) Foliar spray of GA3 at 100 ppm during panicle initiation stage enhances the panicle exertion and 
increases seed weight and yield in hybrid rice. 

d) GA has also been used to control flower sex expression in cucumbers and squash. GA application 
tends to promote maleness in these plants. 

e) GA is also applied to citrus crops, through the actual use depends on the particular crop. For 
example GA3 is sprayed onto oranges and tangerines to delay or prevent or prevent rind-aging, so 
that fruit can be harvested later without adverse effects on rind quality and appearance. For 
lemons and limes, GA3 synchronizes ripening and enhances fruit size. 

f) GA is used extensively to increase the sucrose yield of sugarcane. Sugarcane, a normally fast 
growing C4 member of the Poaceae is sensitive to cooler winter temperatures, which reduce 
internode elongation and subsequent sucrose yield. The adverse effects of cooler temperature can 
be counteracted by the application of GA3. 

Ethylene 

a) Ethylene is most widely used plant hormone in agriculture because it regulates so many 
physiological processes. Auxins and ACC can trigger the natural biosynthesis of ethylene and in 
several cases are used in agricultural practice. 

b) Ethylene is very difficult to apply in the field as a gas. This limitation can be overcome if an 
ethylene compound is used. The most widely used such compound is ethephon or 2-chloro ethyl 
phosphonic acid (CEPA) (trade name ethrel). 

c) Ethrel at 100-250 ppm sprayed at 2-3 leaf stage induce femaleness in cucumber and melons. 
d) It helps in degreening of citrus and banana which increases its market acceptability. 
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e) Storage facilities developed to inhibit the ethylene production and promote preservation of fruits 
have a controlled atmosphere of low O2 concentration and low temperature that inhibits ethylene 
biosynthesis. A relatively concentration of CO2 (3-5%) prevents ethylene action as a ripening 
promoter. 

Other growth regulators 

• AMO 1618 (a quaternary ammonium salt) is used in the cultivation of ornamental plants and 
causes a bushy shape and a study growth of the treated plants. 

• Paclobutrazol: Reduces the problem of biennial bearing in mango. 

• Mapiquat chloride, chlormequat chloride (cycocel): used in ornamental plants for shorter 
internodes and thicker stems (used in poinsettias). It also prevents lodging and increases tillering 
in cereals. 

• Malichydrazide (MH) prevents premature sprouting of onion and potato. 

• 2,3,5-T or Triiodo benzoic acid (TIBA): Increases flowering in chrysanthemum. 
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Part – A 
(Objectives) 

QUESTION PAPER cum-ANSWER BOOK 
Note:- Attempt all the questions. Cutting or overwriting is not allowed. 

Q.1. Fill in the blanks with suitable word(s) 

(10*1.0=10.0) 

 i) Besides mineral nutrients absorbed from the soil and food material synthesized, 

growth of plants is very much regulated by .................................... 

 ii) Because of incorporation of dwarfing genes, NPT’s possess the trait of high 

responsiveness towards ……………………….. without lodging. 

 iii)  When we design a fertilizer schedule based on cropping system, there is a 

possibility of ………………………….. the fertilizer doses. 

 iv) Physiological efficiency refers to ……………………………………………….. 

 v) Leguminous residues will mineralize ……………………….. as compared to 
cereal residues/straw. 

 vi) PAR is commonly known as light and is directly related to …………………… of 

component crop. 

 vii) The deeper and more aggressive the tillage, the more ………………… is released 

to the atmosphere. 

 viii)  ……………………… is any direct or indirect harmful effect that one plant has on 
another through the release of chemical substances or toxins into the root 
environment. 

 ix) While ………………… only make up a small portion of the SOM (less than 5%), 

they are imperative to the formation, transformation, and functioning of the soil. 

 x) When the succeeding crop is sown in the standing crop before harvesting, it is 
referred to as …………………………………………… 
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Part – B 
(Subjective) 

Marks 40 
Q.2. Define/Explain following in 1-2 lines each 
 i. Ideotype 
 ii.  Agro-ecosystem 
 iii.  Coefficient of sustainability 
 iv. Carbon sequestration 
 v. Multiple cropping index 
 vi. Staple land equivalent ratio 
 vii.  Complementarity 
 viii.  Diversity index 
 ix. Multi-tire cropping 
 x. Polycultures 
 
Q.3. Attempt following questions in 4-8 lines each (5*2=10) 
 i. Role of adopting system’s approach in agriculture 
 ii.  Ideotypes for dryland farming 
 iii.  Indicators of sustainability 
 iv. Advantages of inter-cropping. 
 v. Principles of sustainable agriculture 
Q.4. a) Attempt the following questions. Restrict your answer to only one and half to two 

pages (2*3=6) 
 i. What do you mean by cropping pattern? How can it be differentiated from 

cropping system? Describe the factors influencing the efficient cropping 
system on a farm. 

 ii.  What is soil fertility? Discuss the role of organic matter in maintaining soil 
fertility. 

 b) Attempt following questions each in two pages (4*3.5=14) 
 i. What is sequence cropping? Describe the management practices for the 

sequential cropping systems. 
 ii.  What do you mean by sustainable agriculture? Discuss the concepts of 

sustainable agriculture. 
 iii.  What is partial factor productivity? Discuss causes for low and declining 

factor productivity and nutrient use efficiency. 
 iv. What is crop diversification? Discuss the major deriving forces for crop 

diversification. 
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