
 

 

Current Trends in Agronomy 
 (2012-13) 

 
 
  

 

 

 

 

 

 

 

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Department of Agronomy, College of Agriculture, CSK Himachal Pradesh 
Krishi Vishvavidyalaya, Palampur-176062 (India) 

 



  



Current Trends in Agronomy 

 

 

 

 

 

 

SS Rana  

Sr Scientist 

 

 

 

 

 

 

 

 

 

 

 

Department of Agronomy, Forages and Grassland 

Management, COA, CSK HPKV, Palampur-176062 

 



  

 

        



  

 

SYLLABUSSYLLABUSSYLLABUSSYLLABUS    

AGRON 601  3+0 

Objective 

To acquaint the students about recent advances in agricultural production 

Theory 

UNIT I 

Agro-physiological basis of variation in yield, recent advances in soil plant-water 
relationship 

UNIT II 

Globalization of agriculture and WTO, precision agriculture, contract farming, organic 
farming, marketing and export potential of organic products, certification, labeling and 
accreditation procedures 

UNIT III 

Crop residue management in multiple cropping systems; latest developments in plant 
management, weed management, cropping systems, grassland management, agro-
forestry, allelopathy 

UNIT IV 

GIS, GPS and remote sensing for crop management, global warming, GM crops, seed 
production technology; seed certification, seed multiplication, hybrid seed production, 
etc. 

UNIT V 

Concepts of system approach in agriculture; holistic approach of farming systems, 
dryland farming, sustainable agriculture and research methodology in Agronomy 

Suggested Readings 

Agarwal RL. 1995. Seed Technology. Oxford & IBH. 
Dahiya BS & Rai KN. 1997. Seed Technology. Kalyani Publishers. 
Govardhan V. 2000. Remote Sensing and Water Management in Command Areas: 

Agroecological Prospectives. IBDC. 
ICAR. 2006. Hand Book of Agriculture. ICAR, New Delhi. 
Narasaiah ML. 2004. World Trade Organization and Agriculture. Sonali Publ. 
Palaniappan SP & Annadurai K. 2006. Organic Farming - Theory and Practice. 

Scientific Publishers. 
Sen S & Ghosh N. 1999. Seed Science and Technology. Kalyani Publishers. 
Tarafdar JC, Tripathi KP & Mahesh Kumar 2007. Organic Agriculture. Scientific 

Publishers. 
 



  

 

 

  



  

 

Contents 

 Topic   Page 

 UNIT I    

 Agro-physiological basis of variation in yield   1 

 Recent advances in soil plant-water relationship   10 

 UNIT II    

 Globalization of agriculture and WTO    20 

 Precision agriculture   24 

 Contract farming   27 

 Organic farming, marketing and export potential of organic products, certification, 
labeling and accreditation procedures 

  35 

 UNIT III    

 Crop residue management in multiple cropping systems;   49 

 Latest developments in plant management, weed management, cropping systems, 
grassland management, agro-forestry, allelopathy 

  53 

 UNIT IV    

 GIS, GPS and remote sensing for crop management   71 

 Global warming   79 

 GM crops   82 

 Seed production technology; seed certification, seed multiplication, hybrid seed 
production, etc. 

  85 

 UNIT V    

 Concepts of system approach in agriculture   98 

 Holistic approach of farming systems   104 

 Dryland farming   107 

 Sustainable agriculture   115 

 Research methodology in Agronomy   120 

 

 

Distribution of marks 

Hourly examination 10% 
Mid-term 20-30% 
Assignments 5% 
End of term examination including practical 55-65% 
 

  



  

 

 



CURRENT TRENDS IN AGRONOMY 2012-13 

 

 

1 

 

 
 

AgroAgroAgroAgro----physiological basis of variation in yieldphysiological basis of variation in yieldphysiological basis of variation in yieldphysiological basis of variation in yield    
    

Physiological aspects of photosynthesis and respiration have to be demonstrated in sorting out the 
regulation and function of various components. If there are inefficiencies in these systems and if 
causes can be identified, they would represent legitimate targets for genetic manipulation. Properties 
of rubisco, alternative oxidase, and photorespiration process already loom as opportunities for genetic 
manipulation. However, about their utilities we are yet uncertain. Serious reinvestigation of foliage 
canopies offers promise for important gains in photosynthetic productivity of crops. First cycle of 
such research, begun over 50 years ago, in which importance of strong advantages of erect leaves in 
dense canopies and minimum interception by emergent reproductive structures was 
demonstrated. Those properties are now credited with contributing to yield progress in maize (Fischer 
and Evans, 1999). 
Plant production is driven by photosynthesis. Key elements in the system are:  

(i) the interception of photosynthetically active radiation (PAR, 400-700 nm spectral band),  
(ii)  use of that energy in the reduction of CO2 and other substrates (photosynthesis),  
(iii)  incorporation of assimilates into new plant structures (biosynthesis and growth), and  
(iv) maintenance of plant as living unit.  

Achieving high yield is conceptually simple- 
• maximize the extent and duration of radiation interception;  
• use captured energy in efficient photosynthesis;  
• partition new assimilates in ways that provide optimal proportions of leaf, stem, root, and 

reproductive structures; and  
• maintain those at minimum cost. 

Crop yield comprises only a portion of biomass that accumulates over a crop cycle. Effective root and 
canopy systems (including stem structure for foliage display), for example, generally must be 
established before onset of reproductive phase. In addition, cost of maintenance increases as 
vegetative biomass accumulates during season. Because crops are at mercy of spatial and 
temporal variations in weather, plant spacing, supplies of water and nutrients, and in occurrence of 
pests and disease. Therefore, flexibility in morphogenesis and acclimation of physiological systems is 
a key requirement for achieving high and stable performance. Whether biological efficiency of these 
processes has, or might be, improved through breeding are important questions. 
 
Biomass and Other Morphological Traits 
Just as impact of Green Revolution can be attributed mostly to improved partitioning of products of 
photosynthesis to grain yield, progress in yield is strongly associated with improved harvest index 
(HI). Morphological traits associated with increased yield potential include grain number and HI. Even 
if  HI could be raised to 60% from its current maximum value (50%), it implies that yields could only 
be increased by a further 20% using HI as a selection criterion, unless total crop biomass is also raised. 
Furthermore, improved partitioning by greater reduction in plant height is unlikely since research 
suggests that optimal plant heights have already been achieved. Some studies have shown 
increased biomass to be associated with yield increases. 
 
Photosynthesis and Related Traits 
By definition, improved yield cannot be attributed to better overall radiation use efficiency (RUE) in 
cases where total biomass has not been improved. RUE in a crop context represents ratio of total 
energy present in crop's biomass to that of solar energy incident on crop across its growth cycle. The 
pre-anthesis vegetative growth rates were lower for most modern cultivars. Expression of higher 
photosynthetic rate in absence of significant changes in biomass could be a pleiotropic effect of 
improved partitioning to yield driven by high demand for assimilates during grain filling. Canopy 
temperature depression is a direct function of evapotranspiration rate, which itself is 
determined largely by stomatal conductance. These traits could also be pleiotropic effects of genetic 
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variability among lines for a number of physiological and metabolic processes including sink strength, 
photosynthetic rate, vascular capacity, and hormonal  signals.  
 
Improvement in Nutrient Use Efficiency 
Genetic gains in N use efficiency (NUE), defined as grain yield per unit of N available to plant (Ortiz-
Monasterio et al., 1997). While NUE almost doubled with introduction of height reduction (Rht) genes 
in early 1960s, progress since Green Revolution has continued at a lower rate in parallel with more 
modest improvements in partitioning to yield. Improvement in NUE has been associated with 
improvements in both total N uptake and efficiency of utilization in terms of grain yield. The Green 
Revolution varieties demonstrated genetic gains in yield even under severely N-limited conditions i.e. 
2 to 2.5 t ha-1 yield levels. This trend has continued since 1966 with varieties of mid 1980s yielding 
more than 3 t ha-1 under same conditions. Work in Argentina has demonstrated improvement in both N 
and P use efficiency in modern varieties of wheat. 
 
Adaptation to Density 
Idea that higher yield potential could be achieved by designing a plant type that is well adapted to 
commercial practice of sowing high density monocultures was introduced by Donald (1968). 
Improvement in yield potential would appear to be more a function of improved adaptation to canopy 
microenvironment, rather than macro-environmental factors such as climate. Selection for yield 
potential in early generations can be enhanced by reducing interplant competition between genotypes 
in bread wheat (Lungu et al., 1987), and durum wheat (Mitchell et al., 1982). The 
conventional breeding approaches may lose yield potential by selecting against it. 
 
Improving the Ideotype 
Relatively few systematic studies, such as those described above, have been conducted to examine 
physiological basis of yield improvement in post–Green Revolution era. Perhaps for this reason, 
further investment is made in understanding which plant traits could be optimized to further improve 
yield. Many traits have been suggested in literature as having potential to raise yield, but very few 
have been examined in a systematic way for their potential to increase genetic gains when used as 
selection criteria. They have not generally been introgressed into high-yielding backgrounds, and little 
if any work has been conducted to assess potential complementarity between many morphological 
and physiological traits which have potential to improve the crop ideotype. 
 
Source and Sink 
It is widely believed that yield gains are most likely to be achieved by simultaneously increasing both 
source (photosynthetic rate) and sink (partitioning to grain) strengths. While most 
experiments indicate that yield is primarily limited by growth factors prior to anthesis, source capacity 
may have become more limited in modern cultivars. For example, experiments on a historic series of 
spring wheats from Russia indicated that, while sink capacity has been improved in post–Green 
Revolution period, improvement has also resulted in modern lines that are now more source limited 
than those in previous eras. Using field-grown plots, spikelets from one side of the spike were 
completely removed at flowering. Potential yield (i.e., in the absence of source limitation during grain 
filling)  was calculated from doubled grain weight of semidegrained spikes. Data showed that, while 
potential yield per spike had been improved (i.e., the doubled grain weight of semidegrained spikes 
was higher in more modern lines), extent to which potential was realized (i.e., potential vs. actual 
spike yield) had declined in modern lines. 
Reproductive stages of development, from initiation of floral development to anthesis, are pivotal in 
determining yield potential, and especially rapid spike-growth phase which has a duration of 25 d in 
irrigated spring wheat in northwest Mexico and Argentina. During this period, final grain number is 
determined; a major factor determining subsequent partitioning of assimilates to yield, as well as 
heavily influencing assimilation rate of photosynthetic apparatus during grain filling. Duration of 
spike growth relative to other phenological stages shows genetic variation. This is associated with 
sensitivities to photoperiod, vernalization, and developmental rate independent of these stimuli (i.e., 
earliness per se). Fischer (1975, 1985) established critical nature of the rapid spike-growth phase in 
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determining yield. Based on this, it has been suggested that possibility exists of improving final grain 
number and yield potential by manipulating genes associated with sensitivity to photoperiod (Ppd) 
and vernalization (Vrn), as well as earliness per se (Slafer et al., 1996). Hypothesis is based on the idea 
that by increasing the partitioning of assimilates to spike growth, and therefore spike 
biomass, potential floret survival will be increased and hence yield potential raised (Bingham, 1969). 
Experiments in which different radiation regimes were compared during this critical phase 
are consistent with hypothesis (Fischer, 1985; Abbate et al., 1997). Recently, duration of rapid spike 
growth has been successfully manipulated using photoperiod, revealing a strong relationship between 
its duration and number of fertile florets/spike (Miralles and Richards, 1999). By maintaining plants at 
a relatively short photoperiod during this growth phase, number of days from terminal spikelet to 
heading was increased from 50 to 70 d, with 13- and 9-h photoperiods, respectively, while number of 
fertile florets per spike increased from 77 to 108. 
From a practical point of view, breeders have tried to modify sink capacity of wheat by modifying 
spike morphology. A good example of this approach was reported by Dencic (1994) who crossed 
genotypes using single, back, and top crossing, and desirable lines selected using a pedigree approach 
with branched tetrastichon (two spikelets per node of  rachis) with high-yielding lines that 
contained other desirable traits such as high yield, disease resistance, and quality. After 10 yr of 
breeding and selection, 229 lines with desirable characteristics were yield tested, of which yield 
superior to the standard checks of the four lines was 13% (i.e., 1 t ha-1) higher than standards 
(Jugoslavija and Skopljanka), and following morphological traits were improved over standards: 
spike length (16%), spikelets per spike (10%), grains per spikelet (9%), grains per square meter (18%). 
This progress in yield was achieved in spite of fact that tetrastichon donor lines had problems of empty 
florets or shriveled grain with very low kernel weight.   
 
Source and Sink: seed Size 
Genetic progress in yield potential is strongly associated with increases in grain number while weight 
per grain has generally declined. Nonetheless, some studies have shown increased kernel weight has 
contributed to improved yield potential in irrigated wheat. Understanding the physiological and 
genetic basis of potential kernel size remains an obvious challenge for yield improvement. An 
important question is whether grain weight potential can be increased independently of increases in 
grain number. Simplistically, it can be argued that this inverse relationship is a necessary trade off 
when more grains are competing for limited assimilates during grain filling. However, studies that 
have examined the relationship between kernel sizes and number at different spike positions using 
lines from different ears conclude that size of kernels at low potential weight spikelet positions 
are independent of kernel number or year of release. It is suggested that grain weight is co-limited by 
both source and sinks, such that grain weight potential would be most likely determined during spike 
growth, resulting in different potential sizes at different spike positions. Realization of potential would 
be determined by assimilate availability during grain filling. 
Very recent research with synthetic hexaploid wheat, which tends to have larger kernel weights than 
conventional cultivars, has demonstrated significant increases in grain weight when assimilate supply 
was increased by partial degraining treatments during rapid spike growth. Effect was greatest at 
grain positions generally showing lower grain weight. No effect on grain size was apparent when 
degraining occurred a week after anthesis. Data confirmed physiological potential for increasing 
kernel weight at distal spikelet positions by as much as 16%, strongly endorsing objective of breeders 
to raise yields through increasing grain weight potential. On basis of these data, it is proposed that 
extending duration of rapid spike-growth phase may increase yield potential not only by increasing 
potential grain number, but also by increasing grain weight potential through extending window of 
opportunity for individual kernel development (Calderini and Reynolds, 2000). 
 
Photosynthetic Production  
Whether a canopy (amount of leaf area, LAI, and its manner of display) is optimal for photosynthesis 
in a particular environment is reciprocally linked with development and properties of 
individual leaves, including their longevity. According to a leaf's position in canopy, variations occur 



CURRENT TRENDS IN AGRONOMY 2012-13 

 

 

4 

 

in the components of its photosynthetic system, its acclimation to changing conditions, and its 
protection from excess photon flux density (PFD). 
 
Leaf Components 
Solar-energy-capturing apparatus of higher plants is located in thylakoid membranes of chloroplasts. 
It consists of light-harvesting antennae complexes composed of carotenoids and chlorophylls a and b 
connected to Photosystem (PS) I and II reaction centers, a cytochrome b6f complex, and ATP synthase. 
The b6f complex transfers electrons from PSII, the water-oxidizing center, to PSI leading to 
NADP+ reduction. The proton gradient that develops across thylakoid between an interior lumen and 
the exterior stroma is employed by ATP synthase (coupling factor complex, CFo-CF1) to produce ATP 
from ADP. Photosynthetic reductive pentose phosphate cycle ("dark reactions" involving 
CO2 assimilation) is found in stromal solution. Key enzyme, rubisco, catalyzes both oxygenation and 
carboxylation of ribulose-1,5-bisphosphate (RuP2). Rubisco's activity as an oxygenase, initial step in 
process of photorespiration, increases as  ratio [O2]/[CO2] at enzyme and/or temperature increase. Also 
in stroma are enzyme systems that manufacture and repair chloroplast constituents, reduce nitrite and 
sulfite and synthesize starch. Q10 of reductive cycle is 2 and low temperature limits CO2 reduction 
unless the capacity is increased through increases in enzyme concentrations. 
All chloroplasts of C3 plants contain full set of enzymes for CO2 assimilation. In C4 crop plants, 
rubisco and most of C reduction cycle occur only in chloroplasts of bundle sheath cells. C4 mesophyll 
cells, lack rubisco but rely on an important cytosolic enzyme, PEP carboxylase, to assimilate CO2. In 
C4 plants of NADP-malic enzyme type (maize, and sugarcane), PEP carboxylase fixes CO2 into 
oxaloacetate, which is then reduced to malate. Malate is transferred to bundle sheath cells where it is 
decarboxylated to pyruvate, thus concentrating dilute supply of CO2 around rubisco and greatly 
reducing photorespiration.  Pyruvate returns to mesophyll chloroplasts where it is converted to PEP 
through conversion of ATP to AMP. The cycle is completed when the PEP returns to mesophyll 
cytosol. An additional complexity in C4 plants is that 3-phosphoglycerate (PGA) is also exported from 
bundle sheath cells and is reduced in mesophyll chloroplasts, thus utilizing reducing power that is 
available there. 
 
Leaf Angle 
The erectophile leaf canopy has been proposed as a trait that could increase crop yield potential by 
improving light use efficiency in high radiation environments. A number of studies support the 
hypothesis. It has been associated with a 4% yield advantage in wheat isolines in U. K. More erect 
leaf posture was associated with higher grain number and higher stomatal conductance. In barley two 
varieties contrasting in leaf angle were compared for photosynthetic rate at different depths of canopy. 
The erect leaf variety showed a more even distribution of photosynthetic rate throughout the canopy, 
as well as higher rates of stem photosynthesis (Angus et al., 1972).   
 
Stem Reserves and Green Leaf Area Duration 
There are a number of additional physiological traits that have implications for yield potential and are 
related to increasing assimilate availability (i.e., source). One is ability to reach full ground cover as 
early as possible after emergence to maximize interception of radiation (Richards, 1996). Another is 
remobilization of soluble carbohydrates (stem reserves) during grain filling. A third is ability 
to maintain green leaf area duration ("stay-green") throughout grain filling. Direct evidence 
for contribution of these traits to high yield potential is lacking. Stem reserves apparently make a 
greater contribution to performance in relative low-yielding lines where contrasting lines have been 
examined (Austin et al., 1980b). It is been suggested that use of stem reserves and stay-green may be 
mutually exclusive, since loss of chlorophyll and stem reserve mobilization seem to be consequences 
of plant senescence. A greater understanding of genetics of these traits is called for to establish 
potential for breaking such linkage. As yield potential is raised by improving reproductive sinks, extra 
assimilates gained by increasing early ground cover could contribute to increased stem reserves and be 
tapped at later reproductive stages to enhance potential kernel number and size. 
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Acclimation 
Crop plants are exposed to widely fluctuating conditions of light and temperature, and supplies of 
water and nutrients, and have evolved with a leaf-level photosynthetic apparatus that is highly flexible 
in structure and activity. Depending upon environment, leaves develop with different numbers 
and sizes of cells, different numbers of chloroplasts per cell, and with variations in amounts and 
proportions of thylakoid and carbon-reduction-cycle components. Changes in these factors seem more 
related to photosynthetic activity per unit C and N invested in leaf structure than per unit leaf area. 
Acclimative changes depend on light environment and position in the canopy and continue on a time 
scale of days to weeks throughout the life of a leaf. 
Acclimation to light is proportional to mean daily irradiance of leaf rather than to peak 
irradiance (Chabot et al., 1979). This ability is important because new leaves generally emerge at top 
of a crop in full sun and later are submerged into shade of canopy as other leaves develop above 
them. C3 leaves in full sun typically have more of their leaf N involved in electron transport and 
carbon reduction and less in light harvesting (and fewer grana stacks) than is case for shade leaves. 
These properties also vary with depth within leaf from its sunlit surface.  In Evans' (1993) study of 
alfalfa canopies, soluble proteins (e.g., rubisco) declined more with depth in the canopy than did 
thylakoid proteins. In addition, chlorophyll a/b decreased with increasing depth in canopy, reflecting a 
decline in reaction centers relative to light-harvesting antennae. These changes resulted in a decline in 
chloroplast N/chlorophyll in a way that maintained photosynthetic capacity per unit N, a key trait for 
optimal distribution of N within the canopy. Leaf adjustments to limiting supplies of N are especially 
important, involving changes in number and size of new leaves as well as in proportions of thylakoid 
and carbon-reduction-cycle components with depth in canopy. Optimal distribution of N among 
leaves within a canopy is important and has received attention in recent years. Problem also involves 
canopy architecture, solar track, sky condition, and time remaining in season. For young crops with 
small leaf area, increasing leaf area for greater radiation interception provides more benefit than 
increasing photosynthetic capacity of existing leaves (through greater N content per unit leaf area). 
 
Protection 
Leaves exposed to full sun encounter challenges in balancing electron transport with their capacity for 
carbon reduction and/or the supply of CO2. For crop plants well supplied with water and nutrients, 
presence of low atmospheric CO2 concentration (near 360 µmol mol-1 air) is a greater problem than 
reduction capacity. Daily photosynthesis of such crops can be equivalent to all of the CO2 in 100 m of 
air. Although atmospheric turbulence extends mixing to much greater heights and ensures 
that concentrations within canopy generally remain above 250 µmol CO2 mol-1 air, CO2 concentration 
within leaves (Ci)

 limits maximum photosynthesis rates in C3 crops. Rubisco has low affinity for CO2. 
As light flux increases and C becomes limiting to carbon reduction cycle, light-response curve of 
CO2 uptake departs from a linear increase (minimum number of quanta required per CO2 reduced) and 
plateaus at a maximum, light-saturated rate (Amax). Absorption of light energy continues but 
excitation energy cannot be dissipated in usual way because ADP and NADP+ substrates are not 
available to accept electrons; i.e., reaction centers are "closed". Limitations to CO2 supply because of 
stomatal closure (e.g., drought stress) or low capacity for CO2 reduction (e.g., N deficiency or low 
temperature) increase the likelihood that PFD will be in excess of rate of use. 
Closure places reaction centers at risk of short- or long-term photodamage. D1 protein in core of PSII 
is particularly vulnerable given large redox potential (about 1.17 eV) developed there and presence of 
singlet oxygen (1O2).

 As a result, this protein turns over very rapidly (once or twice per hour) in 
illuminated leaves. Repair is expensive:  protein must be ejected from PSII center, rebuilt, and 
reinserted. Such photodamage increases the minimum quantum requirement and reduces Amax. With 
small leaf area, canopy photosynthesis is maximum with spreading leaves despite high levels of light 
saturation & potential for photodamage. With more leaf area, canopy architectures that result in less 
irradiance per unit leaf area (e.g., erect leaves) are effective in limiting these problems. Some 
crops, notably legumes, alter leaf display during day in ways that reduce light absorption in high 
light and, in all crops, small portions of the excess energy may be expended in nitrite or sulfite 
reduction or in leaf maintenance. 
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In C3 leaves, reaction centers may be kept open and excess energy dissipated by utilization of NADPH 
and ATP in photorespiration. In this, rubisco catalyzes condensation of O2 with RuP2,

 rather than CO2, 
and glycolate (a potentially toxic compound) and PGA are generated. In terrestrial plants, glycolate is 
metabolized in peroxisomes and mitochondria (where CO2 is released), producing glycerate. Glycerate 
is taken up by chloroplasts where it and PGA participate in regeneration of the RuP2 substrate used 
by rubisco. In this way, three of every four C atoms are recycled allowing another cycle of O2 or 
CO2 reduction unless serine (which is involved in a mitochondrion-to-peroxisome transfer) is 
"drained" off to protein synthesis. Unfortunately, photorespiration increases with temperature 
because of decreased solubility of CO2 in the stroma and decreased affinity of rubisco for CO2 relative 
to O2 (i.e., decreased specificity for CO2). Even in dim light, when there is no need for 
protection, photorespiration increases the quantum requirement for CO2 reduction (qr) of C3 plants 
from a minimum value near 11 mol photons mol-1 CO2 at low temperature (<15°C) to about 25 at 
temperatures near 35°C. The slow rate of photorespiration at low temperature means that it 
cannot offer much protection against over-excitation under those conditions. The extent rubisco acts 
as carboxylase or oxygenase depends on relative concentrations of CO2 and O2 presented to the 
enzyme. Under elevated atmospheric CO2, CO2 concentration within C3 leaves increases and 
oxygenase activity is suppressed. C4 plants suppress photorespiration in ambient air by the 
same principle—the CO2-concentrating action of their mesophyll cells keeps rubisco (in bundle sheath 
cells) well supplied with CO2. Oxygenase activity is then only a small percentage (2–6%) of the net 
CO2 flux. 
Another form of protection based in Mehler and ascorbate-peroxidase reactions, which operate well in 
water-stressed plants, as perhaps more important than photorespiration for protection of C3 leaves. 
This involves formation at PSII of peroxide (H2O2), which is then reduced by ascorbate peroxidase. 
The oxidized ascorbate is regenerated by a reductase with expenditure of NADPH. These reactions 
keep both reaction centers open without a net exchange of O2. Because study of this pathway depends 
on examining oxygen isotope discrimination, which is difficult, little is yet known about its 
protective role. Another system of protection exists in interconversion of carotenoid pigments found in 
association with chlorophyll in light-harvesting complexes. With high PFD, pH changes in thylakoid 
lumen induce conversion of violaxanthin to zeaxanthin, which can accept resonance energy from 
chlorophyll. When reaction centers close, excitation energy passes from chlorophyll to zeaxanthin and 
converted to thermal energy (increasing leaf temperature) before it reaches PSII reaction center. Leaf 
thermal energy is dissipated to environment through convection, transpiration, and long-wave (IR) 
radiation emission. Such "nonphotochemical quenching" of excited chlorophyll is assayed easily 
through measurements of variable chlorophyll fluorescence. In dim light, zeaxanthin recycles to 
violaxanthin, which cannot intercept energy from chlorophyll. Nonphotochemical quenching is a 
major mechanism for protection of PSII from excess PFD. 
Little is yet known about the need for photoprotection by crops. Young crops with spreading leaves 
are at the most risk. Within canopies, leaves are displayed at angles to the sun's rays that greatly limit 
the amounts of excess PFD they absorb. In addition, most crop plants are "sun" plants with a large 
capacity for photosynthesis and less need for photoprotection than plants having less capacity. Sun 
plants generally have high stomatal conductance that helps maintain Ci and allows sunlit leaves to 
dissipate heat by transpiring freely. Yield advance in CIMMYT  wheat lines, has been associated with 
increased stomatal conductance.  Osmond and Grace (1995) viewed photorespiration and ascorbate-
peroxidase reactions as main protection. Andrews and Baker (1997) suggested photorespiration 
buffers against imbalances in PFD absorption by PSI and PSII. Long (1998), saw little merit in 
photorespiration and view leaf acclimation, canopy architecture and the xanthophyll cycle as the 
principal means of protection. Suggested that photorespiration persists only because evolution has 
reached a "barrier" for improvements in rubisco's affinity for CO2.  RUBP in some Rhodophyta has 
greater affinity for CO2 & might be a source of genetic material. 
 
Radiation-Use Efficiency 
Crop growth rate and yield are functions of canopy photosynthesis and they generally correlate poorly 
if at all with maximum photosynthesis rates of individual leaves. Given the oblique display and 
mutual shading of leaves within canopies, few leaves exposed to PFD sufficient to achieve Amax. Other 
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reasons for discrepancy can be found in acclimation to radiation level, temperature and stress, and 
amount of standing crop (and thus amount of maintenance respiration). As a result, crop 
physiologists have sought other measures that would relate yield and canopy photosynthesis. Light-
conversion efficiency (`radiation-use efficiency, RUE) has received most attention. RUE is measured 
and reported in various units, e.g., g new biomass produced MJ-1 radiation intercepted or absorbed by 
leaves. A useful feature of RUE is that experimental values can be compared with estimates of 
potential rates of dry matter production that might be possible by a canopy of well-acclimated leaves. 
Potential RUE would be attained with all leaves exposed to only moderate PFD (little or no light 
saturation and, thus, minimum qr). If  that crop at same time intercepted most of incoming radiation, its 
rate of biomass production per unit land area would also be maximized. We recently reexamined 
potential RUE for C3 plants in light of modern understanding of quantum requirements and C losses in 
respiration. Calculations were done for a C3 crop with 1000 g m-2 standing biomass 
(midseason amount for a crop producing 10 Mg grain ha-1), moderate maintenance respiration, and a 
growth yield in biosynthesis (YG) of 0.72 g new biomass g-1 assimilate consumed. Calculated RUE 
varied from 4.1 g MJ-1 solar radiation absorbed for qr = 10 to only 1.1 at qr = 30. This wide range 
of qr embraced the large increase in photorespiration that occurs in C3 leaves with increasing 
temperature.  
Small amount of photorespiration in C4

 leaves, only a small range of qr values around 16 is 
considered. minimum possible qr for C4 plants is> for C3

 species because ATP is expended in malate 
production, a cost that is increased by leakage of concentrated CO2 from bundle sheath leading to 
"over-cycling" of malate minimum values for several C4 species in a narrow range around qr = 15.4 
mol photons mol-1 CO2. That high efficiency seems to require participation of  thylakoid Q-cycle 
(enhanced ATP production) to offset cost of malate over-cycling. With qr = 16, 1400 g biomass m-2, 
and YG = 0.74, Calculated RUE values are sensitive not only to variation in qr (which varies with 
radiation level) but also to variation in maintenance respiration, which depends on 
temperature, maintenance coefficient, and size of standing crop. For system with qr = 16, variations in 
maintenance lead to following: Maintenance (mmol CH2O):0, 20, 40, 60 RUE (g MJ-1 solar): 2.7, 
2.4, 2.0, 1.5 respectively; where CH2O represents carbohydrate with MW = 30 and maintenance is per 
mega joule solar radiation intercepted. RUE is also sensitive to variation in YG, which declines as 
concentrations of protein and/or lipid increase; i.e. amount of assimilate used per gram new biomass 
increases. Thus, largest RUE occurs for crops with a large content of carbohydrates (cellulosic 
material, starch, sugars). Where comparisons are to be made between crops differing in composition, 
RUE should be expressed either in glucose equivalents required in synthesis or in energy content 
of  biomass. At qr = 16, RUE of 2.3 g biomass MJ-1 solar radiation intercepted can be expressed as 
equivalent to 104/6 = 17.3 mmol glucose MJ-1. Biomass of this composition would have a heat of 
combustion near 17.6 kJ g-1 corresponding to over 4% of absorbed solar radiation (and near 9% of 
absorbed PAR). 
RUE values for C4 crops generally exceed those of C3 crops, and, for maize, smaller values were 
found during cool weather (Andrade et al., 1993) and under stress, such as high evaporative 
demand (Kiniry, 1999). In one of the few successful comparisons of cultivars, Tollenaar and Aguilera 
(1992) found that post-anthesis RUE of a maize hybrid released in 1988 exceeded that of a 1959 
hybrid. The difference was related to the "stay-green" trait possessed by the 1988 hybrid. Contrary to 
the hopes of crop physiologists, the variable nature of RUE and difficulties in its measurement prevent 
it from serving, as a sensitive measure for exploring fine structure of photosynthetic systems. 
Uncertainty about what constitutes a "reliable" value of RUE also raises serious questions about its 
wide use as a driving variable for crop simulation models. Perhaps the RUE era should be closed. It 
persists, however, because the alternatives for study of canopy photosynthesis are difficult or 
expensive and because crop modelers resist replacing it by submodels that simulate canopy 
photosynthesis. 
 
Roots 
Work with Rht isolines of wheat in Argentina indicated that shorter lines had a higher investment in 
root length and dry weight at anthesis than the tall ones, in the top 30 cm of soil (Miralles et al., 
1997). The proportion of total respiration resulting from root activity has apparently declined in more 
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modern Russian spring wheat (Koshkin and Tararina, 1989). While progress in measuring 
and understanding root anatomy and its relationship to yield is likely to be slow, the discovery of root 
signals should raise a note of caution for breeders wishing to increase yield in irrigated wheat. 
Biochemical signals, elicited by reduced soil water potential, have been shown to cause reduced 
stomatal conductance well in advance of leaf water deficit (Davies and Zhang, 1991). The trait 
probably evolved to increase the likelihood of completing a genotype's life cycle under unpredictably 
dry conditions. However, researches need to test hypothesis that root signalling may limit productivity 
in irrigated crops by reducing stomatal conductance (and therefore the potential for 
CO2 assimilation) as roots detect progressively drying soils prior to scheduled irrigations. 
 
Respiration and Biosynthesis 
The Respiratory System 
Respiration in higher plants is commonly viewed as a sequence of enzymic steps. With hexose as a 
generic substrate, flow of carbon can be traced through glycolytic pathway (found incytosol and 
plastids) to tricarboxylic acid (TCA) cycle in matrix solution of mitochondria. Mitochondria, like 
chloroplasts, are enclosed by an outer membrane that encompasses a convoluted inner membrane, 
inside which is matrix. An interesting point is that pyrophosphate (PPi),

 rather than ATP, can be used 
in phosphorylating hexose at the start of glycolytic scheme and this may be an essential process in 
some plants in mitochondrial electron transport chain. Protons may enter matrix through membrane 
leaks, but Fo-F1 ATP synthase (similar to the CFo-CF1ATP synthase in is main route of proton entry. 
Apparently, one ADP is F0-F1 ATP synthase. ADP required for ATP formation enters mitochondrial 
matrix only as ATP exits matrix through an antiporter. A symporter couples transport of Pi and 
H+ into matrix phosphorylated when three protons pass through. 
Products of glycolysis (pyruvate and malate) can be completely oxidized in TCA cycle with 
production of ATP and reduced nucleotides. The great bulk of ATP production then occurs through 
oxidation of nucleotides by protein complexes located in mitochondrial inner membranes. If 
all reducing agents produced by glycolysis and TCA cycle are employed in ATP production, a total of 
about 30 mol ATP mol-1 glucose can be produced (This amount is<36 mol ATP commonly quoted in 
older biochemistry texts.) About half of free energy of hexose is captured in ATP when a hexose 
molecule is completely oxidized in respiration; rest is lost as heat. Most of "retained" energy is 
also lost as heat when ATP is subsequently used (hydrolyzed). 
 
Alternative Oxidase 
The alternative oxidase found in mitochondria deserves special comment. Electrons that pass to this 
oxidase bypass two sites (complexes III and IV) of proton translocation with the result that less ATP is 
formed. There is no evidence that it has a significant impact on crop performance.  
 
Promising New Approaches to Accelerate Yield Gains 
To date, breeding programs worldwide have achieved significant genetic gains in yield potential. 
Nonetheless, there is consensus among breeders as well as physiologists that while the contribution 
from physiology has been modest, its contribution to breeding is expected to be larger in the next 20 
years (Jackson et al., 1996). There are perhaps two main reasons for this. One is based on need. This 
means that current trends in the improvement of genetic yield potential are too low to keep pace with 
future demand. The second is probably based on justifiable optimism. Several studies suggest that 
some new selection technologies have real potential to complement conventional breeding programs 
in the areas of biotechnology (Tanskley and Nelson, 1996) and physiology (Richards et al., 1996; 
Fischer et al., 1998; Reynolds et al., 1998). At a recent consultation on raising yield potential, 
successful breeders suggested a number of strategies for increasing genetic gains in yield potential. 
While the pivotal role of recombining elite germplasm was recognized, it was also agreed that 
significant jumps in yield potential will almost certainly require introgression of new genes 
from diverse sources. This will permit evaluation of new yield-determining genes in different 
backgrounds. Development of improved early-generation selection criteria was also among the 
recommendations highlighted by the group. 
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Using Physiological Tools to Complement Empirical Selection 
While morphological traits associated with yield, such as grain number and HI, can be used in visual 
selection of breeding lines, neither trait is reliably expressed in small plots, or at low density in early 
generations. However, there is now good evidence that certain physiological traits have potential for 
improving selection efficiency. For example, under warm, irrigated conditions, CTD measured on 
yield trials in Mexico was significantly associated with yield variation in situ, as well as with the same 
lines grown at a number of international testing sites (Reynolds et al., 1994b). An integrated CTD 
value can be measured almost instantaneously using an infrared (IR) thermometer on scores of plants 
in a small breeding plot, thus reducing error normally associated with traits measured on individual 
plants. Leaf temperatures are depressed below air temperature when water evaporates from their 
surface. The trait is affected directly by stomatal conductance, and therefore indirectly by many 
physiological processes, including vascular transport of water as well as C fixation and 
other metabolic activity. As such, CTD is a good indicator of a genotype's fitness in a given 
environment. Canopy temperature depression measured during grain filling also seems to be 
influenced by the ability of a genotype to partition assimilates to yield. This is indicated by the fact 
that CTD frequently shows a better association with yield and grain number than it does with 
total aboveground biomass. Investigations into methodology (Amani et al., 1996) have shown that 
CTD was best associated with performance when measured at higher vapor pressure deficits (i.e., on 
warm, sunny afternoons). Irrigation status was not a confounding factor within the normal frequencies 
of water application. 
The possibility of combining selection for both CTD (on bulks) and stomatal conductance 
(on individual plants) is another interesting possibility. In fact, work which evaluated a number of 
indirect early generation (F2)

 selection criteria for yield demonstrated the value of stomatal (i.e., leaf) 
conductance as a predictor of yield more than 20 years ago (Wall, 1977). In more recent work at 
CIMMYT  (Gutierrez et al., 2000), stomatal conductance was measured on individual plants in 
F2:5 bulks and showed significant phenotypic and genetic correlation with yield of F5:7 lines. 
 
Measuring Canopy Temperature Depression with Aerial Infrared Imagery 
In terms of selection technologies on horizon, one may be the use of aerial IR imagery to significantly 
increase efficiency of conventional selection for yield. Work conducted recently in northwestern 
Mexico showed that aerial IR images had sufficient resolution to detect CTD differences on relatively 
small yield plots (1.6 m wide). Data were collected using an IR radiation sensor mounted on a light 
aircraft that was flown at a height of 800 m above plots. Information from image was 
subsequently digitized to provide individual plot canopy temperatures to with accuracy of 0.1°C. Data 
of plot temperatures showed significant correlation with final grain yield for random 
derived recombinant inbred lines as well as advanced breeding lines, and a set of elite varieties. Data 
from IR imagery were compared with a spot reading taken a few days earlier with a handheld IR 
thermometer under clear and sunny conditions. Considering that conditions were suboptimal at time of 
IR imagery measurement (intermittent cloud cover introduced significant error into measurements), 
correlation with yield compared quite favorably with that of data from handheld IR thermometers. For 
both methodologies, correlation with yield was higher with random derived lines than with advanced 
or elite lines that had already been screened for performance (This is to be expected since nurseries 
would be skewed in favour of physiologically superior lines after selecting for yield.).  Results 
validated potential of aerial IR imagery as means of screening thousands of breeding plots in a few 
hours for CTD, and hence for their genetic yield potential. 
 
Spectral Reflectance 
Another promising technology is spectral reflectance, which can be used to estimate a range of 
physiological characteristics including plant water status, leaf area index, chlorophyll content, and 
absorbed PAR (Araus, 1996). The technique is based on the principle that certain crop characteristics 
are associated with the absorption of very specific wavelengths of electromagnetic radiation (e.g., 
water absorbs energy at 970 nm). Solar radiation reflected by the crop is measured, and calibrated 
against light reflected from a white surface. Different coefficients can be calculated from specific 
bands of the crop's absorption spectrum, giving a semiquantitative estimate (or index) of a number 
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of crop characteristics. In preliminary experiments, the indexes NDVI (normalized difference 
vegetation index), WI (water index), SR (simple ratio), and SIPI (structural independent 
pigment index) all showed significant correlation with yield, biomass, and leaf area index. The 
measurements were made during grain filling on 25 advanced lines selected for diverse 
morphology, with yields ranging from 5 to 9 t ha-1 in an irrigated spring wheat environment in 
northwestern Mexico (Reynolds et al., 1999). Performance was best correlated with NDVI and was a 
little higher for biomass than for yield. For further explanation of these and other spectral reflectance 
indexes, the reader is referred to Araus et al. (1996, 1999). Spectral reflectance devices record the 
intensity of reflected radiation from 400 to 1200 nm, producing a unique SR signature for a genotype. 
Given the wealth of information present in a genotype's SR signature, the possibility exists of using 
parallel processing to search out characteristic reflectance patterns associated with performance, to 
complement some of the existing indexes mentioned above. 

 
SoilSoilSoilSoil----pppplant water lant water lant water lant water rrrrelationshipselationshipselationshipselationships    

    
Soil-plant-water relationships treat those properties of soils and plants that affect the movement, 
retention, and use of water. These properties must be considered in designing and operating 
conservation irrigation systems. In planning an irrigation system, an agronomist/engineer is concerned 
primarily with  

1. the water-holding capacity of a soil, particularly in a plant's root zone;  
2. the water-intake rate of the soil;  
3. the root system of the crop to be grown; and  
4. the amount of water that the crop uses.  

But he must also have a working knowledge of all soil-plant water relationships in order to plan 
efficient irrigation for particular crops grown on particular soi1 and to adjust the design to various 
conditions. This general knowledge also enables him to assist an irrigator in managing the system 
efficiently. 
Soils 
Soil is a three phase system comprising of the solid phase made of mineral and organic matter and 
various chemical compounds, the liquid phase called the soil moisture and the gaseous phase called 
the soil air. Besides a storehouse of plant nutrients and a reservoir that holds the water needed for 
plant growth, it is a habitat for bacteria and an anchorage for plants. The amount of water a soil can 
hold available for plant use is determined by its physical properties. This amount determines the 
length of time a plant can survive without water being added. It determines both the frequency of 
irrigation and the capacity of the irrigation system needed to ensure continuous crop growth. 
 
Physical properties of soil 
Mineral soils are porous mixtures of inorganic (mineral) particles, decaying organic matter, air and 
water. They also contain a variety of living organisms. The parent material of mineral soils consists of 
loose unconsolidated fragments of weathered rocks or unconsolidated sediments of various kinds. 
Physical and chemical weathering give rise to a horizontal layering in the soil mass. These different 
soil layers can be seen in trenches, eroded banks, and road cuts. Collectively these layers (horizons) 
from top to bottom are called the soil profile. Their arrangement and the kinds of material in the layers 
affect both root growth and the movement and retention of water in the soil. 
Two important physical properties of soils are texture and structure. Soil texture refers to the relative 
proportion of the various size groups of mineral particles in a given soil. Soil structure refers to the 
manner in which the soil particles are arranged in groups or aggregates. Together, soil texture and soil 
structure help to determine the supply of water and air in a soil. 
Unlike texture, structure of the surface soil can be changed. Excellent structure develops in the surface 
layer of soils high in organic matter and on which a perennial grass is growing. Cycles of wetting and 
drying or of freezing and thawing improve structure in the plough layer. On the other hand, 
cultivation of medium or fine textured soils when their moisture content is high tends to destroy 
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structure. Irrigation water containing large amounts of sodium causes very undesirable structure by 
dispersing the soil aggregates. 
The physical condition of the soil in relation to plant growth and ease of tillage is commonly called 
tilth. It depends partly on granulation and on stability of the granules. Tilth is commonly evaluated as 
good, fair, or poor, according to the ease with which the soil can be worked and the rate at which it 
takes in water. Soils in good tilth are mellow, crumbly, and easily worked; they take up water readily 
when dry. Soils in poor tilth generally are hard, cloddy, and difficult to work; they take up water 
slowly and run together when wet. Good soil tilth can be developed and maintained on most soils by 
using good soil management practices. 
 
Soil water 
Since a constant supply of water in the soil is necessary for plant survival and growth, the irrigation 
agronomist/engineer is concerned with how water moves in a given soil, how much water a soil can 
hold and how much of it is available to plants, and how the water supply can be replenished. The first 
two are related to size and distribution of the soil pores and to size of the soil particles and their 
attraction for moisture. The amount of water a soil holds also depends on the amount of organic 
matter in the soil. Generally, the finer the soil particles and the larger the amount of organic matter, 
the more water a soil holds. 
 
Kinds of water in the Soil 
The soil pores, spaces between the particles, form a network of connected cavities of every 
conceivable shape and size. When water is added to a dry soil by either rain or irrigation, it is 
distributed around the soil particles where it is held by adhesive and cohesive forces; it displaces air in 
the pore spaces and eventually fills the pores. When all the pores, large and small, are filled, the soil is 
said to be saturated and is at its maximum retentive capacity. 
The water in the large pores that moves downward freely under the influence of gravity is called 
gravitational water or free water. When the supply of water to the surface is cut off, water continues to 
drain from the large pores for a few days. In well-drained soils, the free water near the surface usually 
has moved out before crops are damaged. The large pores are again filled with air; water in the small 
pores moves because of capillary forces and is called capillary water. It moves more slowly than free 
water; it can move in any direction but always in the direction of the greatest tension. 
Evaporation from the surface and absorption of moisture by growing plants further reduce the amount 
of water in the soil until water no longer moves because of capillary forces. It is held so tightly as very 
thin films around the soil particles and in minute wedges between the particles at their points of 
contact that it cannot be used by plants and they begin to wilt. Eventually the soil is so dry that plants 
die if water is not added to the soil. The remaining water is held on the particle surfaces, particularly 
the soil colloids, so tightly that much of it is non-liquid and moves as a vapour. This is called 
hygroscopic water. 
Of these three forms of water, gravitational, capillary, and hygroscopic, the irrigation 
agronomist/engineer is concerned primarily with gravitational and capillary water since hygroscopic 
water is not available to plants. 
 
Movement of water in the Soil 
The movement of water in the soil is complex because of the various states and directions in which 
water moves and because of the forces those cause it to move. Because of gravity, water moves 
downward. Because of adhesive and cohesive forces, it moves in small pores by capillarity. Because 
of heat, it vaporizes and diffuses through the soil air. 
The rate at which gravitational water percolates through the soil is determined chiefly by the size and 
continuity of the pore spaces. Water usually moves freely through the large pores in coarse-textured 
soils. It moves less rapidly through fine-textured soils because of the resistance to flow in small pores, 
which may also be blocked by swollen colloidal gels and trapped air. Percolation is retarded by a 
slowly permeable layer such as a claypan or ploughpan. A sand lens temporarily halts percolation; but 
once water penetrates such a layer, it continues to move downward.  
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Irrigation water moves as a front--from a saturated soil layer to an unsaturated layer. Movement of the 
front is unsteady; water builds up behind the front until the large pores are filled and then moves to 
the next layer of large pores. In moist soils water movement is more uniform than in dry soils. 
The movement of capillary water is affected by soil texture. The forces that cause capillary movement 
in small pores result largely from the difference in tension between films of different thickness around 
soil particles; the movement is from thick films to thin films. If these forces are expressed in terms of 
tension, water moves from an area where tension is low to an area where tension is high. At 
saturation, capillary movement is most rapid in sandy soils and slowest in clay soils. But in drier or 
unsaturated soils capillary water moves slowly in sands and more rapidly in clays. 
Heat causes water to move as a vapour. As water vapour diffuses through the soil air near the surface, 
it either condenses in another part of the pore space or escapes into the atmosphere. As water is 
evaporated from the surface, capillary water rises and replaces part of the evaporated water. This 
continues until the upper few inches of the soil become dry and capillarity is broken. Water then 
leaves the soil only by vaporizing at the upper capillary fringe and diffusing through the overlying dry 
soil. 
 
How Water Is Held in the Soil 
Work must be done (energy used) to remove water from a soil. The force (tension) with which water 
is held depends on the amount in the soil—the smaller the amount, the greater the tension. The forces 
that determine tension are adhesion, the attraction of soil-particle surfaces for water, and cohesion, the 
attraction of water molecules for each other. By adhesion water is held tightly at the soil-water 
interface. By cohesion these water molecules hold other water molecules. Because of these forces 
water fills the small pores in the soil and is in fairly thick films in the large pores. As the films 
become thicker, however, the water molecules at the outer surface, the liquid-air interface, are held 
less tightly. They can move in response to the pull of gravity and to the pull of less thick films nearby. 
Thus not much work or energy is required to remove water from a soil near saturation. But as more 
and more water is removed, more and more energy is required. 
 
Soil-moisture tension 
Soil-moisture tension is a measure of the tenacity with which water is retained in the soil and shows 
the force per unit area that must be exerted to remove water from a soil. It is usually expressed in 
atmospheres, the average air pressure at sea level, but other pressure units can be used. At a 
temperature of 21 oC (69.8  oF), 
1 atmosphere = a pressure of 14.71 pounds per square inch, 
= a column height of 76.39 centimetres of mercury 
= a column height of 34.01 feet or 1,036 centimetres of water. 
 
An expression of soil-moisture tension does not indicate the amount of water a soil contains nor does 
it indicate the amount of water that can be removed at that tension. These amounts, which depend on 
both texture and structure, must be determined. Generally sandy soils drain almost completely at low 
tension, but fine-textured clays still hold a considerable amount of moisture even at such high tensions 
that plants growing in the soil wilt. 
To show the amount of moisture a given soil holds at various tensions, moisture-extraction curves 
(moisture characteristic curves) must be developed. This can be done by plotting tension in 
atmospheres against moisture content in percentage by weight. Tension values indicate the ease or 
difficulty with which moisture can be removed from a soil and moisture percentage indicates the 
amount of water still in the soil. 
Soil-moisture tension as discussed in the preceding paragraphs is based on pure water. Salts in soil 
water increase the force that must be exerted to extract water and thus affect the amount of water 
available to plants. The increase in tension caused by salts is from osmotic pressure. If two solutions 
differing in concentration are separated by a membrane impermeable to the dissolved substance, such 
as a cell membrane in a plant root, water moves from the solution of lower concentration to the one of 
higher concentration. The force with which water moves across such a membrane is called osmotic 
pressure and is measured in atmospheres. 
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In many irrigated soils, the soil solution contains an appreciable amount of salts. The osmotic pressure 
developed by the soil solution retards the uptake of water by plants since the total moisture stress is 
the sum of the soil-moisture tension and the osmotic pressure of the soil solution. Plants growing in a 
soil in which the soil-moisture tension is 1 atmosphere apparently can extract enough moisture for 
good growth. But if the osmotic pressure of the soil solution is 10 atmospheres, the total stress is 11 
atmospheres and plants cannot extract enough water for good growth. 
 
Available Water 
In designing an irrigation system and in making recommendations for improved techniques of 
applying water, the agronomist/engineer needs to know how much of the water in a soil is available to 
plants. The soil is like a tank and holds just so much available water. Its capacity is limited by the 
total amount of water it can hold between field capacity and the permanent wilting point. In addition 
to soil-moisture tension and the osmotic pressure of the soil solution, availability of water also 
depends on the temperature of the soil. Low soil temperatures decrease availability. 
Field capacity is usually considered as the amount of water a well drained soil holds after free water 
has drained off or the maximum amount it can hold against gravity. The large pores in the soil are 
filled with air, the micropores are filled with water, and any further drainage is slow. In this condition, 
the soil is said to be at field capacity. 
Soil-moisture tension in a salt-free soil at field capacity ranges from less than 0.1 to nearly 0.7 
atmosphere, depending on soil texture. Sands are at field capacity when tension is near 0.6 
atmosphere and loamy sands when tension is near 0.1 atmosphere. Silt loams are at field capacity 
when tension is about 0.3 atmosphere. Clays and clayey soils are at field capacity when tension is 
about 0.6 atmosphere. 
Field capacity of a soil can be determined, after it has been thoroughly wetted by rain or irrigation 
water, by covering a small area to prevent evaporation and determining the moisture content after 
drainage has taken place. One method is to take soil samples, weigh them, dry them in the oven, and 
reweigh them. 
The permanent wilting point, also known as permanent wilting percentage, is the soil-moisture 
content at which plants can no longer obtain enough moisture to meet transpiration requirements; they 
wilt and remain wilted unless water is added to the soil. The moisture tension of a soil at the 
permanent wilting point ranges from 7 to 32 atmospheres, depending on soil texture, on the kind and 
condition of the plants, on the amount of soluble salts in the soil solution, and to some extent on the 
climatic environment. Since this point is reached when a change in tension produces little change in 
moisture content, there is little difference in moisture percentage regardless of the tension taken as the 
permanent wilting point. Therefore 15 atmospheres is the pressure commonly used for this point. 
During periods of low humidity, high temperature, and high wind velocity many plants with a large 
leaf surface show wilting even though the moisture content of the soil is higher than that at the 
permanent wilting point. This occurs because the transpiration rate exceeds the rate at which the plant 
can extract moisture from the soil. When a plant wilts, growth stops. Irrigation water, therefore, 
should always be applied to a soil before the moisture content of the root zone is reduced to the 
permanent wilting point. 
The wilting range is the range in soil-moisture content through which plants undergo progressive 
degrees of permanent or irreversible wilting, from wilting of the oldest leaves to complete wilting of 
all leaves. At the permanent wilting point, which is the top of this range, plant growth ceases. Small 
amounts of water can be removed from the soil by plants after growth ceases, but apparently the water 
is only slowly absorbed and is only enough to maintain life until more water is available. The bottom 
of the range is called the ultimate wilting point. When the moisture level reaches this point, wilting is 
complete and plants die. Although the difference in the amount of water in the soil between the two 
points may be small, there may be a big difference in tension. At the ultimate wilting point soil-
moisture tension may be as high as 60 atmospheres. 
Since the moisture available for plant growth is the capillary water between field capacity and the 
permanent wilting point, the available water holding capacity of a soil can be determined by 
subtracting the amount of moisture remaining in the soil at the permanent wilting point from the 
amount held at field capacity. 
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Soil texture is of primary importance. For soils low in soluble salts, the finer the texture, the greater 
the available moisture holding capacity. But some sandy soils actually hold more available water than 
some clays, chiefly because in fine-textured soils so much water is held on the particles. Even at the 
permanent wilting point, the moisture content of some clays is fairly high. 
Well-drained sandy soils have a low available water holding capacity. At field capacity, most of the 
pore space in sandy soils is filled with air and thus there is little available moisture. Silty soils 
generally have a good available water holding capacity since a soil made up of silty particles of about 
the same size releases most of its moisture at tensions ranging from one-third atmosphere to 15 
atmospheres. But in some silty soils the spaces between large particles may be filled with smaller 
particles, resulting in a low available moisture holding capacity. Some silt loams hold more than 2 
inches of available moisture per foot of soil, but some silty soils are very droughty. Clays and clay 
loams are usually high in available water - about 2 inches per foot of soil—and still hold a 
considerable amount of unavailable moisture at the wilting point. Organic soils hold a considerable 
amount of water at field capacity, but since much of the water is not available, they also have a high 
moisture content at the wilting point. 
So far in this discussion, field capacity has been considered the upper limit of available moisture. This 
is not entirely true. In sprinkler and surface irrigation, water applied to the surface of the soil moves 
downward as a front, saturating the upper layers in most soils before the irrigation application is 
completed. Plant roots in the upper soil layers take up some of the water between saturation and field 
capacity. The amount plants use depends on how fast the soil drains to field capacity and on how 
often it is irrigated. Under good irrigation management on most soils, the length of time in which 
plants can use the extra moisture before the soil reaches field capacity is limited. For design purposes, 
therefore, this water is not considered. 
 
Water intake 
The movement of irrigation water from the surface into and through the soil is called water intake. It 
is the expression of several factors, including infiltration and percolation. 
Infiltration 
The downward flow of water from the surface into the soil is known as infiltration. Water enters the 
soil through pores, cracks, worm and decayed-root holes, and cavities introduced by tillage. In many 
places infiltration is restricted by surface sealing or crusting. 
Percolation 
For irrigation water to be effective in replenishing the soil's water supply, it must be able to move 
down, or percolate, through the soil to a predetermined irrigation depth. This movement of water 
through the soil profile is known as percolation. The percolation rate is governed by the permeability 
of the soil or its hydraulic conductivity. Both terms are used to describe the ease with which soil 
transmits water. 
Permeability is the quality of soil that enables it to transmit air and water. It is independent of the 
viscosity of water. The relative permeability of soils is described in general terms as rapid, moderate, 
and slow. 
Hydraulic conductivity is determined by both the soil and the fluid transmitted. It expresses the 
readiness of a soil to let a particular fluid flow through it for a given potential gradient. It is the 
coefficient "k" in Darcy's Law (v = ki) in which v is the effective flow velocity and i is the hydraulic 
gradient. The values of k depend on the properties of the fluid as well as on those of the soil, and they 
reflect any interactions of the fluid with the porous medium, such as swelling of a soil and the 
attendant reduced porosity. 
Since water percolates chiefly through the large pores in a soil, percolation depends on the relative 
number and continuity of these pores. A soil that has high porosity and coarse open texture has a high 
hydraulic-conductivity value. For two soils of the same "total" porosity, the soil with small pores has 
lower conductivity than the soil with large pores because of the resistance to flow in small pores. A 
soil with pores of many sizes conducts water faster if the large pores form a continuous path through 
the profile. In fine-textured soils, conductivity depends almost entirely on structural pores. In some 
soils, particles are cemented together to form nearly impermeable layers commonly called hardpans. 
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In other soils, very finely divided or colloidal material expands on absorbing water to form an 
impervious gelatinous mass that restricts the movement of water. 
The quality of the water transmitted, particularly its salinity and alkalinity, has a marked effect on 
hydraulic conductivity. A change in the viscosity of water has an effect. A chemical change in water 
may greatly affect hydraulic conductivity without changing viscosity. The addition of a small amount 
of sodium chloride to the soil water, insufficient to make any noticeable difference in viscosity, may 
affect soil structure so much that hydraulic conductivity is greatly reduced. 
 
Factors Affecting Intake Rate 
The intake rate of a soil is a measure of its capacity to take in and absorb irrigation water applied to 
the soil surface during the period of time in which water is applied. The amount of moisture already in 
the soil greatly influences the rate at which water enters the soil. The soil takes in and absorbs 
irrigation water rapidly when water is first applied to the field surface. As the irrigation application 
continues, the surface soil gradually becomes saturated and the intake rate decreases until it reaches a 
nearly constant value. 
The intake rate of any soil is limited by any restriction to the flow of water into or through the soil 
profile. The soil layer with the lowest transmission rate, either at the surface or below it, usually 
determines intake rate. The most important general factors that influence intake rate are the physical 
properties of the soil and in sprinkler irrigation the plant cover. But for any given soil other factors 
may affect the intake rate. 
 
SURFACE SEALING. The formation of a thin compact layer on the ground surface rapidly reduces 
the rate of water intake through the surface. This layer results from a breakdown in structure, in part 
because of the beating action of raindrops or sprinkler drops and in part because of the action of water 
flowing over the surface whereby fine particles are fitted around larger particles to form a relatively 
impervious seal. 
The effect of surface sealing on intake can be greatly reduced, if not eliminated, by protecting the soil 
surface with mulch or some other permeable material. Grasses or other close-growing vegetation will 
help to prevent surface sealing. The hardened or compact surface of a soil subject to surface sealing 
can be broken up by a light cultivation before irrigation water is applied. 
 
SOIL COMPACTION. On some wet soils tillage operations may cause compaction and the formation 
of a ploughpan just below cultivation depth. A ploughpan impedes water movement and reduces the 
intake rate. The intake rate is materially reduced in furrows where tractor wheels operate. Subsoiling 
helps to improve the movement of water through a ploughpan and thus the intake rate, particularly in 
soils that have a relatively impermeable sublayer that can be broken up. The soil takes in more water 
through the enlarged openings and continues to take in water so long as they remain. 
 
SOIL CRACKING. On heavy clay soils that crack on drying, irrigation generally can be 
accomplished by rapidly filling the cracks before the soil starts to swell. The amount of water that can 
be applied depends on the number and size of the cracks. As soon as the soil particles become wet, 
they begin to swell; eventually the cracks are closed so that further intake is either impossible or 
extremely slow. 
 
TILLAGE. The intake rate may be increased by ploughing, cultivating, or any other stirring that 
increases the size of openings. But the beneficial effect of cultivation on soil porosity and intake lasts 
only until the soil settles back to its former condition of density because of subsequent rain or 
irrigation. The intake rate of loose, porous sands is not likely to be increased by any artificial 
disturbance. On some soils, cultivation reduces intake by closing up the natural surface openings that 
lead into the body of the soil. The most important effect of tillage on water movement is to break up a 
surface seal. 
 
CROP ROTATIONS. If coarse organic materials are evenly incorporated into the soil, porosity 
remains high for comparatively long periods, depending mostly on the rate of decomposition of the 
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materials. The intake rate can be maintained and even increased by using a cropping system that 
provides for incorporating crop residues in the upper few inches of the soil, growing grasses and 
legumes, and using any other methods that increase the organic-matter content of the soil. If a good 
crop rotation is followed, the proportion of stable soil aggregates is increased, which means large 
pores and consequently a high water-intake rate.  
 
SOIL AND WATER SALTS. Any salts contained in irrigation water accumulate in irrigated soils and 
in time may change their character. This accumulation is serious in the arid West where almost all 
water is supplied by irrigation. In humid areas rainwater percolating through the soil leaches out most 
accumulated substances. But, in arid regions it is often necessary to overirrigate (leach) periodically to 
remove soluble salts from the soil. 
Some soluble salts in irrigation water such as potassium nitrate may be directly beneficial to crops. 
Under some conditions, calcium and magnesium have a beneficial effect on the physical condition of 
the soil. High concentrations of sodium chloride or sodium sulfate, however, have a detrimental 
effect. If the sodium concentration is high, soil structure breaks down and eventually the soil colloids 
are dispersed, resulting in a tough or rubbery condition. Tilth and permeability are reduced. This 
sealing is noticeable even in some sandy soils. 
The physical properties of some alkali soils, including intake, can be improved by adding chemicals 
or soil amendments through which exchangeable sodium is replaced by calcium. A comparatively 
economical and often used soil amendment is calcium sulfate, or gypsum. In some soils, its use results 
in improved permeability and aeration and thus better root development and plant growth. Other 
chemicals that can be used on some soils are sulfur and aluminum sulfate. 
 
SEDIMENTS IN IRRIGATION WATER. In some places, fine silt and clay particles carried in 
suspension affect the quality of irrigation water. Whether this is detrimental or beneficial depends on 
the amount of silt transported, the length of time the silty flow continues, and the texture of the soil to 
which the water is applied. Occasional deliveries of silty water may be beneficial on coarse sandy 
soils inasmuch as the sediments improve the physical condition of the root zone, thereby reducing the 
rate of water movement. They also add some plant nutrients such as potassium, calcium, and 
phosphates to the soil. But silty water applied to fine-textured soils generally makes the surface of the 
soil still more slowly permeable and difficult to cultivate. 
 
SOIL EROSION. As erosion progresses, the intake rate of many soils is reduced since less permeable 
material such as a dense clay subsoil is uncovered. In other soils erosion exposes coarse-textured 
layers such as sand and gravel. Here the intake rate is increased and irrigation efficiency is greatly 
reduced. 
 
LAND LEVELING. The moving and mixing of soil in land leveling may change the water-intake rate 
of any given area. The effects are similar to those of erosion in that either more permeable or less 
permeable soil material is uncovered. Earth-moving equipment used in land leveling may compact the 
soil and thereby reduce the intake rate. Subsoiling is often necessary after land leveling. 
 
TEMPERATURE. Tests show that water intake is greater during summer rains than during winter 
rains. Apparently the temperature of irrigation water has some effect on intake rate since the 
coefficient of viscosity of water decreases rapidly as temperatures increase. This effect is not 
considered significant by most authorities. 
 
Plants 
Almost every plant process is affected directly by the water supply. Water constitute about 80-90% of 
most plant cells and tissues in which there is active metabolism. The factors influencing the water 
relations of plants and thus their growth and yield responses, may be grouped into the following:  

(i) Soil factors – soil moisture content, texture, structure, density, salinity, fertility, aeration, 
temperature and drainage. 
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(ii)  Plant factors – type of crop, density and depth of rooting, rate of root growth, 
aerodynamic roughness of the crop, drought tolerance and varietal effects. 

(iii)  Weather factors – sunshine, temperature, humidity, wind and rainfall. 
(iv) Miscellaneous factors – soil volume and plant spacing, soil fertility, and soil and crop 

management. 
 
The size of the soil reservoir that holds water available to a plant is determined mostly by that plant's 
rooting characteristics. The distribution of its roots determines its moisture-extraction pattern. 
 
How Plants Get Their Moisture 
Most plants have an enormous absorbing root surface. Near the growing tip of each root or rootlet, 
there are many root hairs in close contact with soil particles and with the air spaces from which roots 
get their oxygen. Through osmotic and other forces, root hairs extract moisture from the film of water 
that surrounds each soil particle. 
Two phenomena seem to explain how a plant gets the enormous amount of water it takes in and 
transpires: (1) Capillary movement of water to plant roots and (2) growth of roots into moist soil. 
As roots take up moisture, tension around the soil particles increases and water moves toward these 
points of plant absorption. How effective capillary movement is depends on how much water can be 
delivered to the soil around the roots and how fast it gets there. But since there is little root extension 
when the soil-moisture content is low, it is likely that near the wilting point any water that reaches 
plant roots must move-to them. 
During favourable growing periods, roots often elongate so rapidly that satisfactory moisture contacts 
can be maintained even when the soil moisture content declines and without much help from capillary 
movement. 
Where a good root system has developed during favourable growing periods, a plant can draw its 
moisture supply from deeper soil layers. Thus if the roots in the upper part of the soil have depleted 
the moisture there to below the wilting point, plant needs can still be met provided roots have already 
grown into deeper layers that contain an adequate moisture supply. 
 
Kinds of Root Systems 
The kind of root system a plant develops is fixed by heredity. Each species has its own characteristic 
growth habit. Some plants have a tap root that penetrates deeply into soil under favourable conditions. 
Other plants are slow growing and develop shallow primary roots and many lateral roots. 
Most of the roots of spinach and celery are in the surface foot of soil, and those of potatoes are within 
the upper 2 feet. Corn, cotton, and tomatoes permeate an open soil to a depth of 4 feet or more. 
Alfalfa and asparagus roots penetrate good soils to a depth of 8 to 10 feet or more. Cucumber roots 
extend laterally 5 or 6 feet in the ploughed layer. Asparagus roots make little lateral spread in 
comparison with their depth. 
 
CONSUMFTIVE USE 
Consumptive use, often called evapotranspiration, includes water used by plants in transpiration and 
growth and that evaporated from the adjacent soil and from precipitation intercepted by plant foliage. 
It is expressed in acre-feet or acre-inches per acre or in depth in feet or inches. 
Transpiration is the process by which water is removed from the soil by a plant, moved through the 
plant to the leaves, and lost to the atmosphere in vapor form. For irrigation, the moisture used in plant 
growth and that retained by the plant is included. Evaporation from the soil surface is not included in 
transpiration but is included in consumptive use. 
Transpiration occurs mostly from the leaves of a plant, but a small part of the emitted moisture comes 
from the younger stems. It occurs mostly during the daylight hours, and only a small amount, possibly 
5 to 10 %, occurs during the night. The rate of transpiration is lowest just before sunrise and usually 
reaches a maximum shortly before noon. Transpiration accounts for a substantial part of the total 
consumptive use of a crop. 
Some of the factors that affect the rate of transpiration are moisture available in the soil, kind and 
density of plant growth, amount of sunshine, temperature, and soil fertility. In summer when 
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exceedingly hot winds blow over a field, transpiration may take place more rapidly than moisture can 
be absorbed by plant roots even when the soil contains an ample supply of moisture. When this 
occurs, plants wilt. In some the foliage may be dried beyond recovery. 
Evaporation is the diffusion of water as a vapour from a surface into the atmosphere. Factors that 
affect the rate of evaporation are the nature of the evaporating surface and differences in vapour 
pressure as determined by temperature, wind, and atmospheric pressure. In determining consumptive 
use, evaporation includes both evaporation from the ground surface and evaporation of the water 
intercepted by vegetation. 
In irrigated fields, frequent shallow irrigations tend to increase water loss by soil evaporation. If less 
frequent heavy irrigations are used, the soil surface is wetted less often and water penetrates to a 
greater depth in the soil. Consequently, a larger part of the irrigation water is available "for crop use. 
In fields of hay, pasture, or other close growing crops, evaporation from the soil is reduced not only 
because the plants transpire a large proportion of the soil moisture but also because they shade the 
soil. 
Soil texture affects evaporation. Evaporation is higher in soils in which capillary movement of water 
to the surface is rapid. Conversely, evaporation is not so high in soils through which water percolates 
freely. Losses of water from soil by evaporation vary greatly not only in different areas but also at 
different times and under different conditions in the same area. Appreciable wind movement, high 
temperature, and low humidity generally result in a high rate of evaporation if there is enough 
moisture at the soil surface. 
After irrigation, evaporation from the surface of the soil is high so long as the topsoil remains 
saturated; the rate is about the same as that from a water surface of the same temperature. Depletion of 
the moisture in the topsoil rapidly reduces the rate of evaporation. The evaporation rate between 
irrigations depends somewhat on tillage operations, cultivation, and mulching as well as on soil 
texture, weather conditions, kind of crop, stage of crop growth, and the method, frequency, and depth 
of irrigation. As plants develop and provide increasingly more shade, the amount of evaporation is 
progressively reduced. 
 
Daily Consumptive Use 
Daily consumptive use, that in a 24-hour period, varies as the factors that influence evaporation and 
transpiration vary. Consumptive use is low at the start of the growing season, increases as plant 
foliage develops and days become longer and warmer, generally reaches a peak during the fruiting 
period, and then rapidly declines to the end of a crop's growing season. From the time seed is planted 
until plants emerge, soil-moisture loss is by evaporation. As plants emerge, transpiration begins and 
increases in amount as they develop. After the plants die, transpiration ceases and further soil-
moisture loss is by evaporation. If all the physical and climatic conditions remain the same, daily 
consumptive use drops in hay and pasture fields immediately after cutting or grazing because of the 
reduction in transpiration. If the field is irrigated immediately after cutting, however, there is no 
reduction in daily consumptive use and the rate may even increase because of high evaporation. 
 
Seasonal Consumptive Use 
The total amount of water used in evaporation and transpiration by a crop during its growing season is 
called seasonal consumptive use. It is expressed usually as acre-inches per acre or as depth in inches 
but sometimes as acre-feet per acre or depth in feet. Seasonal consumptive use values are needed to 
evaluate and determine seasonal irrigation water supplies. 
 
Peak-Period Consumptive Use 
The average daily water-use rate during the 6 to 10 days of the highest consumptive use of the season 
is called the peak-period use rate and is the design rate to be used in planning an irrigation system. 
The peakuse period generally occurs when the crop is starting to produce its harvest, vegetation is 
most abundant, and temperatures are high. Since the average consumptive-use rate is higher for a very 
short peakuse period (2 or 3 days) than for a longer peak-use period, the design rate varies with the 
amount of water that can be used from the root zone (the normal depth of water application per 
irrigation). In shallow soils, in soils with a low water-holding capacity, or for plants with shallow root 
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systems, the depth to which water is applied is shallow and irrigation frequency during the peak-use 
period ranges from 3 to 6 days. The peak-use period for plants with a moderately deep root system 
growing in deep soils with a good water-holding capacity may range from 8 to 15 days. The average 
use rate for these short periods is considerably higher than the average rate for the month of greatest 
moisture use and is generally less than the peak daily-use rate. Deep-rooted crops, such as alfalfa, 
growing in deep soils have a large reservoir to draw on, and the irrigation interval may range from 3 
weeks to 1 month; the design rate is equal to or possibly slightly higher than the average rate in the 
month of greatest moisture use. 
The peak-use period for various crops in a given area may occur at different times in the growing 
season. Early-maturing crops have their peak-use period in late spring or early summer and late-
maturing crops, in late summer or early fall. Knowing when these peaks occur is important in working 
out a cropping plan in which the peak-use periods are staggered, thus reducing the total capacity 
requirement of the irrigation system. If two or more crops are grown in the same field, such as a 
permanent cover crop in an orchard or grain with a new alfalfa seeding, the peak moisture 
requirement of the crop or crop combination that uses more water must be met. 
 
Water movement along soil-plant-atmosphere system 
The complete path of water from the soil through the plant to the atmosphere forms a continuous 
system which may be analysed by evaluating the potential difference between soil and atmosphere in 
contact with root and leaf, respectively. The path of water may be divided into four sequential 
processes as follows: the supply of liquid water to the root surface, the entry of water into the root, the 
passage of water in the conducting elements and the movement of water vapour through and out of the 
leaves. The rate of water movement is everywhere proportion to the potential gradient and inversely 
proportional to the resistance to flow. It is desirable to consider water absorption in the total soil-
plant-atmosphere system instead of the roots alone. In this system one can partition the system in such 
a manner so that the involvement of different plant parts is taken into account. 
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Globalization of agriculture and WTOGlobalization of agriculture and WTOGlobalization of agriculture and WTOGlobalization of agriculture and WTO    

Definitions  
The following definitions of globalization are given in the literature: 

1. Globalization (or globalisation, also mundialisation or mundialization) is a common term for 
processes of international integration arising from increasing human connectivity and 
interchange of worldviews, products, ideas, and other aspects of culture.  

2. Globalization is an attempt to abolish barriers, especially in trade. In fact, globalization has 
been around longer than you might think. 

3. Globalization is an elimination of barriers to trade, communication, and cultural exchange. 
The theory behind globalization is that worldwide openness will promote the inherent wealth 
of all nations. 

4. Name for the process of increasing the connectivity and interdependence of the world's 
markets and businesses. 

5. Globalization is the system of interaction among the countries of the world in order to 
develop the global economy. Globalization refers to the integration of economics and 
societies all over the world. Globalization involves technological, economic, political, and 
cultural exchanges made possible largely by advances in communication, transportation, and 
infrastructure. 

Globalization has speeded up dramatically in the last two decades. Two major recent driving forces 
are advances in telecommunications infrastructure and the rise of the internet. In general, as 
economies become more connected to other economies, they have increased opportunity but also 
increased competition. Thus, as globalization becomes a more and more common feature of world 
economics, powerful pro-globalization and anti-globalization lobbies have arisen. The pro-
globalization lobby argues that globalization brings about much increased opportunities for almost 
everyone, and increased competition is a good thing since it makes agents of production more 
efficient. The two most prominent pro-globalization organizations are the World Trade Organization 
and the World Economic Forum. The anti-globalization group argues that certain groups of people 
who are deprived in terms of resources are not currently capable of functioning within the increased 
competitive pressure that will be brought about by allowing their economies to be more connected to 
the rest of the world. Important anti-globalization organizations include environmental groups like 
Friends of the Earth and Greenpeace; international aid organizations like Oxfam; third world 
government organizations like the G-77; business organizations and trade unions whose 
competitiveness is threatened by globalization like the U.S. textiles and European farm lobby, as well 
as the Australian and U.S. trade union movements. 

Effects of Globalization 

According to economists, there are a lot of global events connected with globalization and integration. 
It is easy to identify the changes brought by globalization. 

1. Improvement of International Trade. Because of globalization, the number of countries 
where products can be sold or purchased has increased dramatically. 

2. Technological Progress. Because of the need to compete and be competitive globally, 
governments have upgraded their level of technology. 

3. Increasing Influence of Multinational Companies. A company that has subsidiaries in 
various countries is called a multinational. Often, the head office is found in the country 
where the company was established. An example is a car company whose head office is based 
in Japan. This company has branches in different countries. While the head office controls the 
subsidiaries, the subsidiaries decide on production. The subsidiaries are tasked to increase the 
production and profits. They are able to do it because they have already penetrated the local 
markets. The rise of multinational corporations began after World War II. Large companies 
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refer to the countries where their subsidiaries reside as host countries. Globalization has a lot 
to do with the rise of multinational corporations. 

4. Power of the WTO, IMF, and WB. According to experts, another effect of globalization is 
the strengthening power and influence of international institutions such as the World Trade 
Organization (WTO), International Monetary Fund (IMF), and World Bank (WB). 

5. Greater Mobility of Human Resources across Countries. Globalization allows countries to 
source their manpower in countries with cheap labour.  For instance, the manpower shortages 
in Taiwan, South Korea, and Malaysia provide opportunities for labour exporting countries 
such as the Philippines to bring their human resources to those countries for employment. 

6. Greater Outsourcing of Business Processes to Other Countries. China, India, and the 
Philippines are tremendously benefiting from this trend of global business outsourcing. 
Global companies in the US and Europe take advantage of the cheaper labour and highly-
skilled workers that countries like India and the Philippines can offer. 

7. Civil Society. An important trend in globalization is the increasing influence and broadening 
scope of the global civil society. 

Civil society often refers to NGOs (nongovernment organizations). There are institutions in a country 
that are established and run by citizens. The family, being an institution, is part of the society. In 
globalization, global civil society refers to organizations that advocate certain issue or cause. There 
are NGOs that support women's rights and there are those that promote environment preservation. 
These organizations don't work to counter government policies, but rather to establish policies that are 
beneficial to all. Both the government and NGOs have the same goal of serving the people. The 
spread of globalization led to greater influence of NGOs especially in areas of great concern like 
human rights, the environment, children, and workers. Together with the growing influence of NGOs 
is the increasing power of multinational corporations. If the trend continues, globalization will pave 
the way for the realization of the full potential of these two important global actors. 
 

World Trade Organization (WTO)  
The World Trade Organization (WTO) is the only global international organization dealing with the 
rules of trade between nations. At its heart are the WTO agreements, negotiated and signed by the 
bulk of the world’s trading nations and ratified in their parliaments. The goal is to help producers of 
goods and services, exporters, and importers conduct their business. 
The World Trade Organization — the WTO — is the international organization whose primary 
purpose is to open trade for the benefit of all. The WTO provides a forum for negotiating agreements 
aimed at reducing obstacles to international trade and ensuring a level playing field for all, thus 
contributing to economic growth and development. The WTO also provides a legal and institutional 
framework for the implementation and monitoring of these agreements, as well as for settling disputes 
arising from their interpretation and application. The current body of trade agreements comprising the 
WTO consists of 16 different multilateral agreements (to which all WTO members are parties) and 
two different plurilateral agreements (to which only some WTO members are parties). 
Over the past 60 years, the WTO, which was established in 1995, and its predecessor organization the 
GATT have helped to create a strong and prosperous international trading system, thereby 
contributing to unprecedented global economic growth. The WTO currently has 155 members, of 
which 117 are developing countries or separate customs territories. WTO activities are supported by a 
Secretariat of some 700 staff, led by the WTO Director-General. The Secretariat is located in Geneva, 
Switzerland, and has an annual budget of approximately CHF 200 million ($180 million, 
€130 million). The three official languages of the WTO are English, French and Spanish. 
Decisions in the WTO are generally taken by consensus of the entire membership. The highest 
institutional body is the Ministerial Conference, which meets roughly every two years. A General 
Council conducts the organization's business in the intervals between Ministerial Conferences. Both 
of these bodies comprise all members. Specialised subsidiary bodies (Councils, Committees, Sub-
committees), also comprising all members, administer and monitor the implementation by members 
of the various WTO agreements. 
More specifically, the WTO's main activities are: 
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— negotiating the reduction or elimination of obstacles to trade (import tariffs, other barriers 
to trade) and agreeing on rules governing the conduct of international trade (e.g. 
antidumping, subsidies, product standards, etc.) 

— administering and monitoring the application of the WTO's agreed rules for trade in goods, 
trade in services, and trade-related intellectual property rights 

— monitoring and reviewing the trade policies of members, as well as ensuring transparency 
of regional and bilateral trade agreements 

— settling disputes among members regarding the interpretation and application of the 
agreements  

— building capacity of developing country government officials in international trade matters 
— assisting the process of accession of some 30 countries who are not yet members of the 

organization  
— conducting economic research and collecting and disseminating trade data in support of 

the WTO's other main activities 
— explaining to and educating the public about the WTO, its mission and its activities. 

 
The WTO's founding and guiding principles remain the pursuit of open borders, the guarantee of 
most-favoured-nation principle and non-discriminatory treatment by and among members, and a 
commitment to transparency in the conduct of its activities. The opening of national markets to 
international trade, with justifiable exceptions or with adequate flexibilities, will encourage and 
contribute to sustainable development, raise people's welfare, reduce poverty, and foster peace and 
stability. At the same time, such market opening must be accompanied by sound domestic and 
international policies that contribute to economic growth and development according to each 
member's needs and aspirations. 
 
Ten benefits of the WTO trading system  

1. The system helps promote peace 
2. Disputes are handled constructively 
3. Rules make life easier for all 
4. Freer trade cuts the costs of living 
5. It provides more choice of products and qualities 
6. Trade raises incomes 
7. Trade stimulates economic growth 
8. The basic principles make life more efficient 
9. Governments are shielded from lobbying 
10. The system encourages good government 

 

The ten misunderstandings 
1. The WTO dictates policy 
2. The WTO is for free trade at any cost 
3. Commercial interests take priority over development 
4. and over the environment 
5. and over health and safety 
6. The WTO destroys jobs, worsens poverty 
7. Small countries are powerless in the WTO 
8. The WTO is the tool of powerful lobbies 
9. Weaker countries are forced to join the WTO 
10. The WTO is undemocratic 

 
World Trade Organization and GATT 
The General Agreement on Tariffs and Trade (GATT ) is a multilateral agreement regulating 
international trade. According to its preamble, its purpose is the "substantial reduction of tariffs and 
other trade barriers and the elimination of preferences, on a reciprocal and mutually advantageous 
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basis." It was negotiated during the UN Conference on Trade and Employment and was the outcome 
of the failure of negotiating governments to create the International Trade Organization (ITO). GATT 
was signed in 1947 and lasted until 1993, when it was replaced by the World Trade Organization in 
1995. The original GATT text (GATT 1947) is still in effect under the WTO framework, subject to 
the modifications of GATT 1994. 

GATT and WTO trade round: GATT held a total of 8 rounds, 
Name Start Duration 

(months) 
Countries Subjects covered Achievements 

Geneva April 
1946 

7 23 Tariffs Signing of GATT, 45,000 tariff 
concessions affecting $10 billion of 
trade 

Annecy April 
1949 

5 13 Tariffs Countries exchanged some 5,000 tariff 
concessions 

Torquay September 
1950 

8 38 Tariffs Countries exchanged some 8,700 tariff 
concessions, cutting the 1948 tariff 
levels by 25% 

Geneva 
II 

January 
1956 

5 26 Tariffs, admission of 
Japan 

$2.5 billion in tariff reductions 

Dillon September 
1960 

11 26 Tariffs Tariff concessions worth $4.9 billion 
of world trade 

Kennedy May 1964 37 62 Tariffs, Anti-
dumping 

Tariff concessions worth $40 billion of 
world trade 

Tokyo September 
1973 

74 102 Tariffs, non-tariff 
measures, 
"framework" 
agreements 

Tariff reductions worth more than 
$300 billion dollars achieved 

Uruguay September 
1986 

87 123 Tariffs, non-tariff 
measures, rules, 
services, intellectual 
property, dispute 
settlement, textiles, 
agriculture, creation 
of WTO, etc 

The round led to the creation of WTO, 
and extended the range of trade 
negotiations, leading to major 
reductions in tariffs (about 40%) and 
agricultural subsidies, an agreement to 
allow full access for textiles and 
clothing from developing countries, 
and an extension of intellectual 
property rights. 

Doha November 
2001 

? 141 Tariffs, non-tariff 
measures, 
agriculture, labour 
standards, 
environment, 
competition, 
investment, 
transparency, patents 
etc 

The round is not yet concluded. 

 

In 1993, the GATT was updated (GATT 1994) to include new obligations upon its signatories. One of 
the most significant changes was the creation of the World Trade Organization (WTO). The 75 
existing GATT members and the European Communities became the founding members of the WTO 
on 1 January 1995. The other 52 GATT members rejoined the WTO in the following two years (the 
last being Congo in 1997). Since the founding of the WTO, 21 new non-GATT members have joined 
and 29 are currently negotiating membership. There are a total of 155 member countries in the WTO, 
with Montenegro and Samoa being new members as of 2012. 
Of the original GATT members, Syria and the SFR Yugoslavia have not rejoined the WTO. Since FR 
Yugoslavia, (renamed to Serbia and Montenegro and with membership negotiations later split in two), 
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is not recognised as a direct SFRY successor state; therefore, its application is considered a new (non-
GATT) one. The General Council of WTO, on 4 May 2010, agreed to establish a working party to 
examine the request of Syria for WTO membership. The contracting parties who founded the WTO 
ended official agreement of the "GATT 1947" terms on 31 December 1995. Serbia and Montenegro 
are in the decision stage of the negotiations and are expected to become the newest members of the 
WTO in 2012 or in near future. 
Whilst GATT was a set of rules agreed upon by nations, the WTO is an institutional body. The WTO 
expanded its scope from traded goods to include trade within the service sector and intellectual 
property rights. Although it was designed to serve multilateral agreements, during several rounds of 
GATT negotiations (particularly the Tokyo Round) plurilateral agreements created selective trading 
and caused fragmentation among members. WTO arrangements are generally a multilateral agreement 
settlement mechanism of GATT.  

 
    

Precision agriculturePrecision agriculturePrecision agriculturePrecision agriculture    
    

Precision farming is a method of crop management by which areas of land within a field may be 
managed with different levels of inputs depending upon the yield potential of the crop in that 
particular area of land. The benefits of so doing are twofold: 

− the cost of producing the crop in that area can be reduced; 
− the risk of environmental pollution from agrochemicals applied at levels greater than those 

required by the crop can be reduced. 
Precision farming is an integrated agricultural management system incorporating several technologies. 
The technological tools often include the global positioning system GPS, geographical information 
system GIS, remote sensing, yield monitor and variable rate technology. 
 
The Need for Precision Farming 
The ‘Green revolution’ of 1960’s has made our country self sufficient in food production. The food 
grain production shot up from 51 million tonnes (mt) from 97 m ha (1950-51) to a record of 241 mt 
from 123 m ha (2010-11). This showed a growth rate of 360 per cent with a meagre 24 per cent 
increase in gross cultivated area.  All this has been possible due to high input application, like increase 
in fertilization, irrigation, pesticides, higher use of HYV’s, increase in cropping intensity and increase 
in mechanization of agriculture. 
 
i) Fatigue of Green Revolution 
Green revolution of course contributed a lot. However, even with the spectacular growth in the 
agriculture, the productivity levels of many major crops are far below than expectation. We have not 
achieved even the lowest level of potential productivity of Indian high yielding varieties, whereas the 
world’s highest productive country have crop yield levels significantly higher than the upper limit of 
the potential of Indian HYV’s. Even the crop yields of India’s agriculturally rich state like Punjab is 
far below than the average yield of many high productive countries (Ray et al., 2001). 
 
ii) Natural Resource Degradation 
The green revolution is also associated with negative ecological/environmental consequences. The 
status of Indian environment shows that, in India, about 182 m ha of the country’s total geographical 
area of 328.7 m ha is affected by land degradation of this 141.33 m ha are due to water erosion, 11.50 
m ha due to wind erosion and 12.63 and 13.24 m ha are due to water logging and chemical 
deterioration (salinisation and loss of nutrients), respectively. On the other end, India shares 17% of 
world’s population, 1% of gross world product, 4% of world carbon emission, 3.6% of CO2 emission 
intensity and 2% of world forest area. One of the major reasons for this status of environment is the 
population growth of 2.2% in 1970 – 2000. The Indian status on environment is, though not alarming 
when compared to developed countries, gives an early warning. 
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In this context, there is a need to convert this green revolution into an evergreen revolution, which 
will be triggered by farming systems approach that can help to produce more from the available land, 
water and labour resources, without either ecological or social harm (Swaminathan, 2002). Since 
precision farming, proposes to prescribe tailor made management practices, it can help to serve this 
purpose. 
 
The Basic Components of Precision Farming 
Precision farming basically depends on measurement and understanding of variability, the main 
components of precision farming system must address the variability. Precision farming technology 
enabled, information based and decision focused, the components include, (the enabling technologies) 
Remote Sensing (RS), Geographical Information System (GIS), Global Positioning System (GPS), 
Soil Testing, Yield Monitors and Variable Rate Technology.  
Precision farming requires the acquisition, management, analysis and output of large amount of 
spatial and temporal data. Mobile computing systems were needed to function on the go in farming 
operations because desktop systems in the farm office were not sufficient. Because precision farming 
is concerned with spatial and temporal variability and it is information based and decision focused. It 
is the spatial analysis capabilities of GIS that enable precision agriculture. GPS, DGPS has greatly 
enabled precision farming and of great importance to precision farming, particularly for guidance and 
digital evaluation modelling position accuracies at the centimetre level are possible in DGPS 
receivers. Accurate guidance and navigation systems will allow for farming operations at height and 
under unfavorable weather conditions even.  
In India, we have all these technologies available and they can be implemented through agricultural 
training centres by giving training to agriculture officers in these technologies. 
 
Basic Steps in Precision Farming 
The basic steps in precision farming are, 

i) Assessing variation 
ii)  Managing variation and 
iii)  Evaluation 

The available technologies enable us in understanding the variability and by giving site specific 
agronomic recommendations we can manage the variability that make precision agriculture viable. 
And finally evaluation must be an integral part of any precision farming system. 
 
i). Assessing variability 
Assessing variability is the critical first step in precision farming. Since it is clear that one cannot 
manage what one does not know. Factors and the processes that regulate or control the crop 
performance in terms of yield vary in space and time. Quantifying the variability of these factors and 
processes and determining when and where different combinations are responsible for the spatial and 
temporal variation in crop yield is the challenge for precision agriculture. 
Techniques for assessing spatial variability are readily available and have been applied extensively in 
precision agriculture. The major part of precision agriculture lies in assessing to spatial variability. 
Techniques for assessing temporal variability also exist but the simultaneous reporting a spatial and 
temporal variation is rare. We need both the spatial and temporal statistics. We can observe the 
variability in yield of a crop in space but we cannot predict the reasons for the variability. It needs the 
observations at crop growth and development over the growing season, which is nothing but the 
temporal variation. Hence, we need both the space and time statistics to apply the precision farming 
techniques. But this is not common to all the variability/factor that dictate crop yield. Some variables 
are more produced in space rather with time, making them more conducive to current forms of 
precision management. 
 
ii). Managing variability 
Once variation is adequately assessed, farmers must match agronomic inputs to known conditions 
employing management recommendations. Those are site specific and use accurate applications 
control equipment. 
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We can use the technology most effectively. In site-specific variability management, we can use GPS 
instrument, so that the site specificity is pronounced and management will be easy and economical. 
While taking the soil/plant samples, we have to note the sample site coordinates and further we can 
use the same for management. This results in effective use of inputs and avoids any wastage and this 
is what we are looking for. 
The potential for improved precision in soil fertility management combined with increased precision 
in application control make precise soil fertility management as attractive, but largely unproven 
alternative to uniform field management. For successful implementation, the concept of precision soil 
fertility management requires that within-field variability exists and is accurately identified and 
reliably interpreted, that variability influences crop yield, crop quality and for the environment. 
Therefore, inputs can be applied accurately. 
The higher the spatial dependence of a manageable soil property, the higher the potential for precision 
management and the greater its potential value. The degree of difficulty, however, increases as the 
temporal component of spatial variability increases. 
Applying this hypothesis to soil fertility would support that Phosphorus and Potassium fertility are 
very conducive to precision management because temporal variability is low. For N, the temporal 
component of variability can be larger than its spatial component, making precision N management 
much more difficult in some cases. 
 
iii). Evaluation 
There are three important issues regarding precision agriculture evaluation. 
�Economics 
��Environment and 
���Technology transfer 
The most important fact regarding the analysis of profitability of precision agriculture is that the value 
comes from the application of the data and not from the use of the technology. 
Potential improvements in environmental quality are often cited as a reason for using precision 
agriculture. Reduced agrochemical use, higher nutrient use efficiencies, increased efficiency of 
managed inputs and increased production of soils from degradation are frequently cited as potential 
benefits to the environment. Enabling technologies can make precision agriculture feasible, 
agronomic principles and decision rules can make it applicable and enhanced production efficiency or 
other forms of value can make it profitable. 
The term technology transfer could imply that precision agriculture occurs when individuals or firms 
simply acquire and use the enabling technologies. While precision agriculture does involve the 
application of enabling technologies and agronomic principles to manage spatial and temporal 
variability, the key term is manage. Much of the attention in what is called technology transfer has 
focused on how to communicate with the farmer. 
These issues associated with the managerial capability of the operator, the spatial distribution of 
infrastructure and the compatibility of technology to individual farms will change radically as 
precision agriculture continues to develop (Pierce and Peter, 1999). 
 
Technology Transition 
Precision agriculture is dependent on the existence of variability in either or both product quantity and 
quality. If this variability does not exist then a uniform management system is both the cheapest and 
most effective management strategy and precision farming is redundant. Thus, in precision farming, 
“Variability of production and quality equals opportunity”. Having said this, the nature of the 
variation is also important in determining the potential for PA in a system. For example the magnitude 
of the variability may be too small to be economically feasible to manage. Alternatively the variability 
may be highly randomized across the production system making it impossible to manage with current 
technology. Finally the variability may due to a constraint that is not manageable. Thus the 
implementation of precision farming is limited by the ability of current variable rate technology (VRT 
machinery/technology that allows for differential management of a production system) to cope with 
the highly variable sites and the economic inability to produce returns from sites with low variability 
using precision farming (VRT). 
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Due to these constraints PA is at present operating on a zonal rather than a completely site-specific 
basis. As VRT improves and the capital cost of entering PA decreases, the minimum size of 
management zone needed to effectively implement PA will decrease till eventually a truly site-
specific management regime is possible. Until this occurs there is need to be able to quantify both the 
variability of a production system and the size of the minimum manageable zone (MMZ). If the 
variability in the production system dictates management zones smaller than the MMZ, then PA is not 
relevant to the system. At the present time (but may be in future). It will be interesting to see how the 
concept of the management zone develops and to see how it compares with the concept of terror. 
 
Present Scenario 
Though precision farming is very much talked about in developed countries, it is still at a very nascent 
stage in developing countries, including India. Space Application Center, ISRO, in collaboration with 
CPRI, Shimla, has initiated a study on exploring the role of remote sensing for precision farming. The 
study on precision agriculture has already been initiated in India, in many research institutes. Space 
Application Center (ISRO), Ahmedabad has started experiment in the Central Potato Research Station 
farm at Jalahandhar, Punjab to study the role of remote sensing in mapping the variability with respect 
to space and time. M S Swaminathan Research Foundation, Chennai, in collaboration with NABARD, 
has adopted a village in Dindigul district of Tamil Nadu for variable rate input application. IARI, New 
Delhi has drawn up a plan to do precision farming experiments in the institutes’. PDFSR, Modipuram 
and Meerut (UP) in collaboration with Central Institute of Agricultural Engineering (CIAE), Bhopal 
also initiated variable rate input application in different cropping systems. In coming few years 
precision farming may help the Indian farmers to harvest the fruits of frontier technologies without 
compromising the quality of land. 
 
 

    
Contract farmingContract farmingContract farmingContract farming 

 
Contract farming refers to a system under which farmer sells his/her produce under forward contract 
to a known buyer (an agribusiness firm, a local processing unit or a multinational company). It is 
nothing but a commitment by a seller/farmer to supply an agricultural commodity of a particular 
quality, at a particular time, in requisite amount and at a pre agreed price to the contracted buyer. 
 
Types of Contract 
 

• Market specification: Contracts are pre-harvest agreements that bind the buyer and the 
grower to a particular set of conditions governing the sale of the crop. These conditions often 
specify price, quality and timing 

• Resource provision: Contracts oblige the processor to supply crop inputs, extension, credit 
etc., in exchange for a marketing agreement 

• Production management: Contracts bind the farmer to follow a particular production 
method or input regimen, usually in exchange for a marketing agreement or resource 
provision. 

 
Indian agriculture is dominated by smallholders - of the total 101 million farm households 86% have 
land holdings ≤2 ha, and their average size of land holding is 0.53 ha (Government of India (GoI), 
2006a). How long can these households survive cultivating such tiny pieces of land? Should they exit 
agriculture or diversify their production portfolio towards commodities that have a greater potential 
for returns to land, labour and capital? Given past trend in transfer of labour from agriculture to other 
economic sectors, option to exit agriculture seems difficult. Diversification towards high-value 
agriculture appears to be a plausible option, at least in the short to medium run. The food basket of 
Indian consumer is changing fast. Sustained economic and income growth, and a fast-growing urban 
population are fuelling rapid growth in demand for high-value food products like fruits, vegetables, 
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milk, meat, egg, fish and beverages. Between 1983 and 2004-05 the share of high-value food products 
(fruits, vegetables, milk, meat, egg, fish and beverages) in the food expenditure increased from 30.4 to 
44.1% in rural areas, and from 45.4 to 55.4% in urban areas (GoI, 2006b). Apart from expanding 
opportunities in domestic market, global demand for high-value foods has been increasing fast, 
offering an opportunity for their exports. In the past, the share of horticultural and animal food 
products in total agricultural exports from India increased from 24% in 1981 to 35% in 2003 (Birthal, 
Joshi and others, 2006). It is however ambiguous whether smallholders can benefit from demand-
driven growth in high-value agriculture. Their inability to access markets is one of the major 
limitations to diversify towards high-value agriculture. Rural local markets for high-value food 
commodities are thin, and trading in distant urban markets is uneconomical due to high marketing and 
transaction costs. They are also constrained by a lack of access to credit, technology, inputs and 
services. Access to foreign markets is restricted by stringent food safety and quality standards there. 
All these reduce incentives to grow high-value food commodities. Nonetheless, the agri-food 
marketing system in India is undergoing a transformation with unfolding of market liberalization and 
globalization. Traditional marketing systems, dominated by adhoc transactions and intermediaries, are 
gradually giving way to organized marketing systems, such as cooperatives, producers’ associations 
and contract farming. Further, the corporate sector is entering into food retailing in a big way, which 
is expected to aid this process of market transformation. 
Organized marketing systems are claimed to reduce marketing and transaction costs, facilitate 
farmers’ access to technology, inputs, credit and services, and mitigate production and market risks, 
and thus aid speeding up agricultural diversification and commercialization. Nonetheless, there is an 
apprehension that smallholders may not benefit much from new marketing arrangements because of 
their inability to supply large volumes and comply with food safety and quality standards being 
imposed by the firms. Despite, contract farming is coming up in India. Will it sustain or not would 
depend on a number of factors including physical, socioeconomic and policy factors.  

 
Potential Advantages and Disadvantages of Contract Farming 
Contract farming is a partnership between agribusiness/marketing firms and farmers, and has both 
advantages and disadvantages to both the parties. For agribusiness firms, contract farming is an 
important means to have an assured access to desired products or a quantitative and qualitative control 
over material supplies without actually engaging itself in farming. Firms may provide inputs, 
technology and services to farmers as a part of contract. If a firm were to produce its raw material 
requirements itself, using own or rented land and hired labour, the costs towards wages, social 
benefits, training and supervision could be very high. Through contract farming, the firm can shift 
and/or share some of these responsibilities with farmers, and secure supplies at a lower cost. Contract 
farming thus enables agribusiness firms to optimally utilize their installed capacity, infrastructure and 
manpower, and respond to food safety and quality concerns of the consumers. Nevertheless, 
agribusiness firms can encounter some negative externalities of contracting. One major externality is 
the risk of extra-contractual sales by the farmers, especially when negotiated price is fixed/pre-
determined and the market price, at the time of delivery, is higher than the negotiated price. Second, 
in smallholder agriculture while transaction costs (search, negotiation and enforcement) of contracting 
with a large number of small farmers are higher, contracting with a few large producers is riskier, 
particularly if the alternative supply sources are limited and non-dependable. Third, in resource 
sharing contracts, firms may also face risk of misuse/diversion of inputs and credit.  
For farmers, contract farming serves as an assured market for their produce at their doorsteps, 
reducing marketing and transaction costs and also price risk. Availability of an assured market also 
acts as an incentive to farmers to use quality inputs, adopt improved technologies and scale up their 
production systems. In circumstances when farmers face problems in accessing inputs, technology, 
information and services, firms provide these as a part of contract and hence reduce uncertainty in 
their availability, quality and prices for the farmers. Further, contract farming is often practiced in 
high-value perishable commodities that are riskier and require a different set of production and 
management practices, while farmers, particularly smallholders, are risk averse and may not venture 
into production of such commodities without technical assistance. To enable farmers to cope up with 
risks, ex ante and expost, firms provide inputs, technology and services, impart training in production 
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management and share risks. Like firms, farmers too are vulnerable to negative externalities of 
contract farming. A farmer, being a weaker partner, is prone to exploitation by the firm. Agribusiness 
firms can extract monopsonistic rent in the output market, if alternative marketing options are limited 
and farmers have locked sizeable investment into assets specific to the contract commodity or the 
commodity is perishable and not amenable to transformation into less perishable products on the farm. 
Firms can also extract monopoly rent in the input markets. Agribusiness firms may introduce new 
crops and technologies that can increase production and market risks. Bound by the contract to 
produce a specific commodity, farmers lose flexibility to adjust their production portfolio to emerging 
market opportunities. Further, there is also an apprehension that farmers’ excessive dependence for 
credit on firms can lead them into perpetual indebtedness.  
 
Factors That Make Contract Farming Work  
Contract farming works if its advantages outweigh the disadvantages for both agribusiness firms and 
farmers, and both feel better off with contract than without it. Putting it differently, success of contract 
farming depends on that factors that address sources of potential disadvantages that countervail the 
synergy between firms and farmers. There are several factors - economic and non-economic, internal 
and external to the contracts – that influence relationship between farmers and firms, and hence the 
performance and the sustainability of contract farming. Contract farming exhibits in various forms, 
depending on the type of commodity, buyers and sellers, and the socio-economic environment 
surrounding farmers. Hence, the factors underlying performance of contract farming could be 
different under different production and socioeconomic environments.  
 
1. Some Successful Ventures of Contract Farming  
For the purpose of identifying factors underneath the success of contract farming, three different 
models of contract farming in three different commodities viz., milk, broilers and vegetables are 
examined. Contract farming in dairying takes form of an intermediate contract. The model was 
developed and is being implemented by the Nestle India Limited – a multinational firm – to source 
milk from small-scale producers. It is well-known that dairying in India is an integral part of rural 
economy, yet its scale of production is too small for a majority of the households to generate cash 
benefits (Birthal, 2007). Contracting with such a large number of small-scale producers raises 
transaction costs to any firm. To reduce the cost of contracting Nestle follows an intermediate model 
of contract farming where the agreement is done with a local villager, called as an ‘agent’. The agent 
collects milk from small-scale producers, and also facilitates distribution of inputs and delivery of 
services. Nonetheless, overtime there has been some scaling-up of dairying in Nestle’s milk shed area 
perhaps due to availability of an assured market in the form of contract farming. As a result, the firm 
has also started direct contracting with large producers. The intermediate contracting however remains 
the dominant form. In fact, majority dairy processors in India use intermediate contracts to procure 
milk supplies. The contract farming scheme of the Nestle now covers about 100 thousand dairy 
farmers in over 1500 villages in several districts of Punjab. In 2005, Nestle collected 438 million kg 
of milk from farmers. Most of the milk collected by Nestle firm is processed into value- added 
products like baby food, butter, ghee, curd, etc. The firm observes strict food safety and quality 
standards right from the milk production stage. It has a well-developed traceability and milk chilling 
systems, and for quality milk supplies it encourages farmers to use milking machines and quality 
inputs. The case of contract farming in vegetables relates to the Mother Dairy Fruits and Vegetables 
Limited (MDFVL) - a wholly owned subsidiary of the public sector parastatal, National Dairy 
Development Board (NDDB). Horticultural production in India is geographically dispersed; only 
about 15 % farm households grow vegetables and 5 % grow fruits (Birthal et al., 2007). This means 
high transaction costs to the firm in securing supplies from scattered producers. To reduce these costs, 
the MDFVL secures supplies of fruits and vegetables from growers’ associations promoted by it. The 
firm provides technical guidance, services and inputs to association members to ensure that farmers 
follow best production and marketing practices. MDFVL (earlier called SAFAL) is an organized retail 
chain and was started in 1988 in Delhi. As of now, the MDFVL secures its supplies from around 300 
growers’ associations spread throughout the country, and has almost an equal number of retail outlets 
in Delhi. SAFAL is the brand name for MDFVL products. Recently, the MDFVL has established a 
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100 % export-oriented HACCP certified processing plant in Mumbai. The model of contract farming 
in broilers in India is a replica of what prevails in most other countries. Firms provide day-old chicks, 
feed, vaccines and services to farmers at no cost to them, and lift entire output by paying fixed 
growing charges (per kilogram of body weight of bird) in lieu of their contribution to cost (labour, 
water and electricity charges, litter and rent for poultry shed and equipment). Farmers are thus insured 
against market risks.  
The case of contract farming in broilers relates to the Venkateshwara Hatcheries Limited (VHL) - one 
of the leading firms in poultry business in India since early 1970s. The firm is engaged not only in 
contract farming poultry, but also manufacturing of poultry feed, medicines, vaccines and value-added 
poultry products. Recently, the firm has started a retail chain in poultry products with brand name 
‘BROMARK’.  
 
2. Critical Success Factors  

From the contract farming schemes mentioned above we distil out factors that have played an 
important role in their success. Table below provides some indicators of their performance.  
More profit, lower marketing and transaction costs: There is a striking difference in the profits of 
contract and non-contract farmers particularly in the case of milk and spinach. Contract farmers 
realize more profits as compared to non-contract farmers; the difference is more than double in milk, 
and 78 % in spinach. Other studies too indicate higher profits for contract farmers. Birthal, Jha and 
others (2006) have reported contract dairy farmers receiving 70 % more profits over non-contract 
farmers. In potato, Kumar (2006) finds 143 % higher profit for contract farmers over non-contract 
farmers. 
 
Table: Economics of contract versus non-contract production  

(Rs/ton) 
 Milk Spinach Broilers 
Item  Con-

tract  
Non-
contract  

% 
differen
ce  

Con-tract  Non-
contract  

% 
differen
ce  

Con-tract  Non-
contract  

% 
differen
ce  

Yield*  11.9  11.4  4.4  8.6  8.3  4.0  1.78  1.79  -0.6  
Producti
on cost  

5586  5782  -2.5  1485  1630  -8.9  -  -  -  

Marketin
g and 
transacti
on costs  

100  1442  -93.1  35  437  -92.0  38  90  -57.8  

Total 
cost  

5686  7170  -20.7  1520  2067  -26.5  -  -  -  

Price  9337  8991  3.8  3311  3074  7.7  -  -  -  
Net 
revenue  

3651  1821  100.5  1791  1007  77.9  2255  2003  12.6  

* milk: 4 % fat corrected in kg per in-milk animal; spinach: tonnes/ha; broilers: body weight in kg/bird. Source: Birthal et al. (2005)  
 

Figures presented in table provide that More profits with contract farming are due to savings in 
marketing and transaction costs, which otherwise are very high in the wet markets. For milk and 
spinach, marketing and transaction costs guzzle 15-22% of the gross revenue (sale price) of the non-
contract farmers. Singh (2005) reports marketing costs eating away 13-27% of the sale price of 
vegetables. Gandhi and Namboodri (2002) also report high marketing costs and margins in fruits and 
vegetables. Through contracts farmers can avoid marketing and transaction costs to a large extent 
(Table). Dairy and spinach farmers could save as much as 90% of these costs over non-contract 
farmers. There are other sources, e.g. yield, production cost and price, of difference in profits of 
contract and non-contract farmers, their contribution however is not significant. Similar results have 
been reported for milk by Birthal, Jha and others (2006). The evidence leads to us to conclude that 
ceteris paribus success of any contract farming scheme would depend on its capability to improve 
farm profitability and reduce marketing and transaction costs.  
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Reducing Risk: Despite lower marketing and transaction costs for the contract farmers, the difference 
in profits of contract and non-contract farmers in case of broilers is not as large as milk and spinach 
(Table). The extent of marketing and transaction costs however is too small for both contract and non-
contract farmers to cause any significant difference in profits. So is the case with average yield (body 
weight of the birds). Some studies (Mehta et al., 2003; Fairoze et al., 2006) also indicate that contract 
farming in broilers is not as profitable as independent production. If the contract farming in broilers is 
not so profitable then why it is widely prevalent in India

 
as well as other countries?  

Poultry production is capital-intensive and faces high production and price risks, as compared to many 
other agricultural enterprises. Under such situations, contract farming performs banking and insurance 
functions. Agribusiness firms provide critical inputs, like day-old chicks and feed at no cost to the 
farmers, and farmers in lieu of their contribution to cost of production receive fixed growing charges 
independent of market prices, while profits for non-contract farmers depend on market prices, which 
are highly volatile. The firms also share production risks limited to natural mortality of about 5 %. 
Contract farming thus reduces uncertainty in availability, quality and prices of inputs, eases capital 
constraint and insulates farmers against market risks. Ramaswami et al. (2006) have estimated that 
through contracts broiler farmers could shift as much as 88% of the market risk to the firms. Birthal et 
al. (2005) too observe little variation in profits of contract farmers (CV=3.5%) than of non-contract 
farmers (CV=70%).  
The above discussion brings out that there is a tradeoff between returns and risks in contract farming 
of commodities involving very high market risk. Studies on contract farming of some other 
commodities, like cotton, potato and Basmati rice also indicate that contract farming works well if 
agribusiness firms manage credit and insurance for farmers (Anon., 2003; Singh, 2007). 
The corollary to this is that the success of contract farming in capital-intensive and riskier enterprises 
would depend on the extent to which it can protect farmers against production and market risks.  
 
Competitive pricing: Contract farming is often criticized on the ground that it empowers firms to 
extract monopsonistic rent in the output market and monopoly rent in the input market, particularly if 
the markets are imperfect and farmers face high asset-specificity

 
in terms of investment, time and 

skills.  
From a comparison of output prices and unit cost of production for contract and non-contract farmers 
in Table above it however appears that firms abstain from extracting monopsony and monopoly rents. 
Output prices for contract farmers are marginally higher, and the unit cost of production is marginally 
lower than for non-contract farmers.  
Further, output prices (milk and spinach) are not pre-determined, but are linked to market prices. Over 
and above market prices, firms pay some premium as to manage the problem of extra-contractual 
sales. The firms have also advantage of scale economies in procurement of inputs and services, and 
pass on a part of these benefits to farmers by charging them less than the market prices. Singh (2007) 
also report similar evidence in case of potato and Basmati rice.  
These observations lead to the inference that the probability of success of contract farming is high if 
prices of outputs and inputs are linked to open market prices, and firms abstain from anti-competitive 
behaviour. 
 
Cementing partnership through non-price factors: Non-price factors, like regular off-take of output, 
timeliness in payments and provision of inputs, technical advice and services, and incentives for 
efficiency and clean production have played an important role in the success of the contract farming 
schemes described above. Nestle rewards farmers for efficiency and clean milk production and 
observes timeliness in payments, inputs and services. VHL provides incentives to broiler farmers for 
better efficiency and also shares with them the incremental profits due to higher market prices. Some 
other studies, too have observed an important role of non-price factors in expanding/strengthening the 
partnership between farmers and firms (Singh, 2007; Thirunavukkarasu and Sudeepkumar, 2005). 
Thirunavukkarasu and Sudeepkumar (2005) have reported a strong tendency among dairy farmers to 
switch over from informal markets to formal markets, and also from one formal to another formal 
market mainly due to non-price factors.  
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The corollary to this is that the non-price factors are as important in cementing the long-run 
relationship and trust between firms and farmers as are the prices.  
 
Spreading supply risks by contracting with small producers: Agribusiness firms, to minimize costs 
of search, monitoring and enforcement of contracts with a large number of small farmers, often tend 
to partner with those farmers who can supply large volumes. Reliance on a few large suppliers, 
however, increases supply risk if the alternative supply sources are limited. Contracts with a large 
number of small farmers, on the other hand, spread supply risk. Firms can reduce transaction costs of 
contracting with small farmers following innovative approaches, like use of intermediate contracts, 
growers’ associations and self-help groups to source raw material supplies and distribute inputs and 
services. For example, Nestle uses intermediate contracts where a local villager procures supplies 
from small dairy producers on behalf of the firm. MDFVL secures its supplies of fruits and vegetables 
through growers’ associations promoted by it. Some textile mills, for example Appachi Cotton 
Company in Tamil Nadu, organize farmers as self-help groups to secure raw material supplies and 
provide inputs, services, credit and insurance (Anon., 2003). Such innovations not only reduce 
transaction costs of contracting with small farmers, but also supply risks. Further, it may be noted that 
in smallholder dominated agrarian economies, exclusion of small farmers from contract farming 
schemes is politically unacceptable and socially undesirable. Inclusion of small farmers in contract 
farming increases its political acceptability. Evidence from case studies on dairy, poultry and 
vegetables show that firms could involve small farmers in contract farming through some 
organizational structures. Of the total milk suppliers to Nestle, 56 % had less than or equal to 5 milch 
animals (Birthal et al., 2005). Similarly, about half of the vegetable suppliers to MDFVL had land 
holdings of less than or equal to 2 ha (Birthal and Joshi 2007). Erappa (2006) also reports over half of 
the contract farmers in Gherkin as small farmers.  
It is thus inferred that in smallholder dominated agrarian economies contract farming would work if 
the agribusiness firms follow innovative approaches such as intermediate contracts and group action 
that not only reduce transaction costs of contracting with small farmers and spread supply risk, but 
also make contract farming a politically acceptable and socially desirable market institution.  
 
A long-term commitment and mutual trust: Asset-specificity is very high in contract farming. 
Agribusiness firms lock in huge investment in infrastructure and manpower for processing, 
procurement and distribution, which, by and large, is commodity-specific. Similarly, farmers too 
invest in commodity-specific assets. Some enterprises like fruit plantation and poultry require 
considerable initial investment. Both firms and farmers would fail to realize returns on such 
investments if there is lack of a long-term commitment and trust between them.  
Often, a lack of a long-term commitment and mutual trust are major causes of breach of contract and 
disputes. Effective communication (monitoring), and transparency and flexibility in terms and 
conditions are needed to develop mutual trust. For example, Nestle has been sustaining its partnership 
with dairy farmers in Punjab for over the last four decades because of a commitment and mutual trust. 
Nestle started its processing facility in 1962 with 2 million kg of milk sourced from 4,660 farmers in 
66 villages in Punjab. Its operations now have expanded manifold; in 2005 it procured 438 million kg 
milk from over 95 thousand farmers spread over 1,700 villages.  
The corollary is that a long term commitment and mutual trust between firms and farmers are 
essential to the success and sustainability of contract farming. 
 
Scaling-out and scaling-up: Scaling-out and scaling-up of contract farming are important for both the 
firm and farmers. For a firm scaling-out as well as scaling-up are important to procure required 
volumes of agricultural produce as to optimally utilize its processing capacity, infrastructure and 
manpower. Scaling-out and scaling-up however have their own advantages and disadvantages. 
Scaling-out spreads supply risk, while scaling-up may increase it. For farmers, scaling-out offers 
market opportunities to new entrants, while scaling-up enables existing contract farmers to augment 
their income. 
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A successful firm follows a combination of both scaling-out and scaling-up not only to spread supply 
risk but also to discharge corporate responsibility of inclusive socio-economic development. It 
encourages and incentivizes its able partners to scale-up their production systems to climb-up income 
ladder, and makes new contracts with potential suppliers to reduce supply risk in case the scaled-up 
partners start exhibiting opportunistic tendency. The corollary is that in the long run the sustainability 
of contract farming would be influenced by the extent to which the agribusiness firms are able to scale 
it up horizontally and/or vertically, ceteris paribus (ceteris paribus = with other conditions remaining 
the same). 
 
Role of Policies in Promoting Contract Farming  
The success factors identified in the previous section are intrinsic to the partnership between firms and 
farmers, and provide that if managed properly contract farming can create a win-win situation for both 
the parties. Yet, there are several other factors, particularly those related to policy, that also play an 
important role in the performance, outreach and sustainability of contract farming.  
Contract farming in India is in the infant stage, and the evidence indicates it can be developed as a 
pro-poor market institution through appropriate policies and strategies. Also there are opportunities 
for farmers in contract farming. Sustained income growth, a fast-growing urban population and 
increasing westernization of diets are fuelling rapid growth in demand for high-value horticultural and 
animal food products, which have a greater scope for production under contracts. Between 2005 and 
2025 the demand for different animal food products is projected to increase by 75-110 % and for fruits 
and vegetable by 85-90 %, as compared to a 20 % increase in the demand for foodgrains (Kumar et 
al., 2007). The demand for processed food products and beverages is expected to grow even faster; the 
share of processed foods and beverages in the total food expenditure is projected to rise to 15 % in 
2020 from 9 % in 1999 (Ravi and Roy, 2006). Besides, export opportunities are also emerging with 
unfolding of globalization. The share of high-value food products (dairy, poultry, fruits and 
vegetables) in the total agricultural exports has steadily increased; from 13.5 % in 2001-02 to 15.9 % 
in 2005-06 (GoI, 2007).  
Contract farming schemes are organized by large agribusiness firms including processors, exporters 
and supermarket chains. Developing contract farming thus requires appropriate policies, infrastructure 
and regulations that facilitate private investment in agribusiness. During the last 15 years the 
Government of India has taken a number of initiatives, such as de-regulation of food industry, pruning 
of the list of agricultural items reserved for small-scale industries, 100 % foreign direct investment 
(FDI) in food processing, reduction in corporate taxes and excise duties on processed foods, 
establishment of agri-export zones, priority sector lending to food processing industry, enactment of 
an integrated food law, de-regulation of agricultural markets, etc. to boost food processing and 
promote agribusiness and contract farming. The following issues however merit further attention:  
 
Invest in physical infrastructure: A firm’s decision to invest in agribusiness, to a great extent, is 
influenced by the availability of good public infrastructure (roads, electricity, communication 
network, electricity, etc.). Public infrastructure is essential to reduce marketing and transaction costs 
and post-harvest losses, and for quick access and dissemination of information. Unfortunately, the 
public infrastructure in India has remained underdeveloped, leading to a slow growth in private 
investment in refrigerated transport, cold storages and food processing. This is reflected in the low 
level of value-addition to agricultural produce; only 2.2% of the production of fruits and vegetables, 
6% of the poultry meat, 21% of the buffalo meat and 15% of the milk produced in the country are 
processed into value-added products by the organized sector (GoI, 2005a). The evidence also shows a 
greater concentration of production of high-value agricultural commodities (in which contract farming 
is more pronounced) in the areas well-connected with roads and urban centers (Parthasarathy Rao et 
al., 2006). Investment in public infrastructure is thus essential to trigger private investment all along 
the supply/value chain.  
 
FDI in food retailing: The Government of India allows 100% FDI in food processing

 
but restricts 

FDI in retailing in general, because of opposition from traders’ lobby and some political parties that 
argue that FDI in retailing would adversely affect livelihood of millions of workers in the unorganized 



CURRENT TRENDS IN AGRONOMY 2012-13 

 

 

34 

 

retailing. Restricting FDI in food retailing however may act as barrier to FDI in food processing and 
thereby to the growth of food processing industry, which is crucial to establish strong backward 
linkages with agriculture. For example, despite a provision of 100% FDI in food processing the 
growth in output of food processing sector has remained almost the same as in the pre-FDI period. 
The Government, however, has permitted FDI in single brand retailing in 2006. Evidence from 
elsewhere shows that FDI in food retailing is beneficial to both consumers and producers (Reardon 
and Gulati 2008). FDI in retailing means rise of supermarkets offering benefits of convenience 
shopping, and access to a variety of products at lower prices to consumers. Supermarkets procure food 
commodities from independent procurement companies (dedicated suppliers) who often work with 
farmers or through contract farming. Such market linkages create opportunities for farmers to have a 
better access to markets for produce, inputs, services and technology.  
Before initiation of economic reforms in 1991 FDI upto 40% was allowed only in some selected 
sectors. In 1991 some more sectors were opened up for FDI and the limit was raised to 51%. This 
process continued, and in the year 2000, FDI was allowed upto 100% in all sectors except those on 
the negative list. In 2006 the FDI has been permitted in single brand retailing. Our estimates show that 
food processing industry grew at an annual rate of around 7% a year during pre-reform period (1980-
81 to 1991-92) and almost at a similar rate after initiation of economic reforms in 1991. Agriculture in 
India is a state subject, and implementation of the Model Act lies with state governments.  
 
Promote competition: By enacting the Model Act (The State Agricultural Produce Marketing 
Development & Regulation Act) in 2003 the Government of India has taken a noteworthy step 
towards creating a level playing field for the private investment in agricultural markets, agribusiness 
and contract farming. Its implementation by the state governments

 
has remained half-hearted. Only a 

few states have amended their existing Agricultural Produce Market Committee Acts on the lines of 
Model Act, others have done some partial amendments or are yet to decide on the modifications. The 
implementation of the Model Act, 2003 in its true spirit is likely to promote competition and 
strengthen industry’s linkages with agriculture. It is, however, cautioned that the governments should 
take appropriate measures to curb any tendency of regional monopsony and collusive oligopsony.  
 
Evolve mechanisms for resolution of conflicts: The Model Act, 2003 outlines provisions for 
regulation of contract farming to protect interests of both agribusiness firms and farmers. However, 
one of the provisions that merit attention concerns mechanism for dispute resolution. Considering the 
lengthy legal procedures, the Act provides that disputes between firms and farmers, if any should be 
mutually resolved or settled by the Marketing Committee with which the contract farming scheme is 
registered. However, at present a considerable number of contract farming schemes are informal and 
remain unregistered with the Marketing Committee. Non-registration of contract farming schemes 
creates a scope for opportunism, breach of contracts and rise in disputes. These problems would 
appear in a severe form with spread of contract farming, which is likely. Thus, there is a need to (i) 
enforce registration of contract farming schemes, and (ii) establish a judicial or quasi-judicial body for 
speedy resolution of disputes.  
 
Develop grades and standards: Price and quality of products are two major factors that can render a 
contract farming scheme a success or failure. Agribusiness firms may reject farm produce or pay a 
lower price on the ground of its poor quality. This happens because of a lack of well-defined grades 
and standards for farm produce. Organized retailers, exporters and processors are imposing their own 
grades and standards on producers. The requirement for developing effective grades and standards 
and their compliance by both sellers and buyers cannot be ignored with rising demand for safe and 
quality foods in both the domestic and the international markets.  
 
Promote farmers’ organizations and other intermediaries: Often, agribusiness firms tend to ignore 
small farmers in contract farming schemes because of higher transaction costs of dealing with a large 
number of them. An effective way of involving smallholders in contract farming is to encourage them 
to organize themselves into cooperatives, self-help groups and growers associations. Such 
organizational structures help them improve their bargaining power vis-à-vis agribusiness firms, and 
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also generate scale economies in acquisition of inputs, technology, services and information. Non-
governmental organizations (NGOs) can also play an important role by acting as intermediaries 
between firms and farmers.  
 
Public-private partnership in agricultural research and extension: Contract farming is more 
prevalent in high-value agricultural commodities that have a considerable market demand. This 
implies a greater diversification of agricultural production portfolio, and sets a demand-driven agenda 
for agricultural research and extension. Agricultural research and extension in India have remained 
largely in the public-domain. However, increasing participation of the private sector in agribusiness 
offers considerable scope for public-private partnership in agricultural research and extension to 
effectively address rising (i) consumers’ concerns for food variety, safety and quality, and (ii) 
farmers’ requirement of information, technology and services.  
 
Improve farmers’ capacity to invest, and cope up with risks: Two important factors in scaling-out/up 
of the contract farming relate to credit and insurance. An overwhelming majority of farmers in India 
are smallholders. They lack capacity to invest in high-value agriculture and are risk averse. Some 
activities like poultry and fruit plantation are capital-intensive and riskier, and need institutional 
support in terms of finance and insurance. Although formal rural credit system in the country is fairly 
well-developed, institutions to protect farmers against risks have remained under-developed. Hardly 
around 4 % farm households in the country insure their farming activities (GoI, 2005b). 
 
 
 

Organic farmingOrganic farmingOrganic farmingOrganic farming    
 
The term organic farming was coined by Lord Northbourne in his book Look to the Land (written 
in 1939, published 1940). From his conception of "the farm as organism," he described a holistic, 
ecologically balanced approach to farming. 
Organic agricultural methods are internationally regulated and legally enforced by many nations, 
based in large part on the standards set by the International Federation of Organic Agriculture 
Movements (IFOAM), an international umbrella organization for organic organizations established in 
1972. IFOAM defines the overarching goal of organic farming as follows: 
"Organic agriculture is a production system that sustains the health of soils, ecosystems and people. It 
relies on ecological processes, biodiversity and cycles adapted to local conditions, rather than the use 
of inputs with adverse effects. Organic agriculture combines tradition, innovation and science to 
benefit the shared environment and promote fair relationships and a good quality of life for all 
involved.." —IFOAM. 
In 1980, the USDA released a landmark report of organic farming. The report defined organic farming 
as a production system, which avoids or largely excludes the use of synthetic organic fertilizers, 
pesticides, growth regulators and livestock feed additives. Organic farming systems largely depends 
on crop rotations, crop residues, animal manures, green manures, off-farm organic wastes, mechanical 
cultivation, mineral bearing rocks and aspects of biological control to maintain soil productivity, 
supply plant nutrients and to control insects, pathogens and weeds (Sharma 2002). 
According to Codex definition (FAO), organic agriculture is production management system, which 
promotes and enhances agro-ecosystem health, including biodiversity, biological cycles and 
biological activity. It emphasizes the use of management practices in preferences to the use of off-
farm inputs, taking into account that regional conditions require locally adopted systems. This is 
accomplished by using, where possible, on-farm agronomic, biological and mechanical methods, as 
opposed to using synthetic materials to fulfil any specific function within the system. 
As per NPOP (India), it is a system of farm design and management to create an eco system, which 
can achieve sustainable productivity without the use of artificial external inputs such as chemical 
fertilizers and pesticides. 
The concept of organic farming is based on following principles: 
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• Nature is the best role model for farming, since it does not use any inputs nor demand 
unreasonable quantities of water. 

• The entire system is based on intimate understanding of nature’s ways. The system does not 
believe in mining of the soil of its nutrients and do not degrade it any way for today’s needs. 

• The soil in this system is a living entity. 
• The soil’s living population of microbes and other organisms are significant contributors to its 

fertility on a sustained basis and must be protected and nurtured at all cost. 
• The total environment of the soil, from soil structure to soil cover is more important. 

 
Thus in today’s terminology it is a method of farming system which primarily aims at cultivating the 
land and raising crops in such a way, as to keep the soil alive and in good health by use of organic 
wastes (crop, animal and farm wastes, aquatic wastes) and other biological materials along with 
beneficial microbes (biofertilizers) to release nutrients to crops for increased sustainable production in 
an eco-friendly pollution free environment. 
The IFOAM laid down four principles of Organic agriculture:  

The principle of health – Organic Agriculture should sustain and enhances the health of soil, plant, 
animal, human and planet as one and indivisible. 
The principles of ecology – Organic Agriculture should be based on living ecological systems and 
cycles, work with them, emulate them and help sustain them. 
The principles of fairness – Organic Agriculture should build on relationships that ensure fairness 
with regard to the common environment and life opportunities and  
The principle of care - Organic Agriculture should be managed in a precautionary and responsible 
manner to protect the health and well being of current and future generations and the environment. 
 
Marketing and export potential of organic products 
Since 1990, the market for organic products has grown from nothing, reaching $51 billion in 2008. 
This demand has driven a similar increase in organically managed farmland. Approximately 
35,200,000 hectares (87,000,000 acres) worldwide are now farmed organically, representing 
approximately 0.8 % of total world farmland (2008). In addition, as of 2008 organic wild products are 
harvested on approximately 31 million hectares. 

Estimating area under organic agriculture in India is a difficult task as there is no central agency that 
collects and compiles this information. Different agencies have estimated the area under organic 
agriculture differently for instance the study undertaken by FIBL and ORG-MARG (Garibay S V and 
Jyoti K, 2003) the area under organic agriculture to be 2,775 hectares (0.0015% of gross cultivated 
area in India). But other estimation undertaken by SOEL-Survey shows that the land area under 
organic cropping is 41000 hectare. The total numbers of organic farms in the country as per SOEL-
Survey are 5661 but FIBL and ORG-MARG survey puts it as 1426. Some of the major organically 
produced agricultural crops in India include crops like plantation, spices, pulses, fruits, vegetables and 
oil seeds etc (Table below). 
 
Major products produced in India by organic farming 
Type of 
Product 

Products 

Commodity Tea, Coffee, Rice, Wheat 
Spices Cardamom, Black pepper, white pepper, Ginger, Turmeric, Vanilla, Tamarind, 

Clove, Cinnamon, Nutmeg, Mace, Chili 
Pulses Red gram, Black gram 
Fruits Mango, Banana, Pineapple, Passion fruit, Sugarcane, Orange, Cashew nut, Walnut 
Vegetables Okra, Brinjal, Garlic, Onion, Tomato, Potato 
Oil seeds Mustard, Sesame, Castor, Sunflower 
Others Cotton, Herbal extracts 
Source: Garibay S V and Jyoti K, 2003 
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India is best known as an exporter of organic tea and also has great export potential for many other 
products. Other organic products for which India has a niche market are spices and fruits. Org-Marg’s 
survey also proves this fact as around 30% of respondents that includes producer, exporters and 
traders has responded that organic tea is produced in India and this is highest response for any single 
crop, next are spices, fruits, vegetables, rice and coffee (Garibay S V and Jyoti K, 2003). There is 
small response for cashew, oil seed, wheat and pulses. Among the fruit crops Bananas, Mangos and 
oranges are the most preferred organic products. 
Organic food exports from India are increasing with more farmers shifting to organic farming. With 
the domestic consumption being low, the prime market for Indian organic food industry lies in the US 
and Europe. India has now become a leading supplier of organic herbs, organic spices, organic 
basmati rice, etc. 
RCNOS recently published a report tilted ‘Food Processing Market in India (2005)’. According to its 
research, exports amount to 53% of the organic food produced in India. This is considerably high 
when compared to percentage of agricultural products exported. In 2003, only 6-7% of the total 
agricultural produce in India was exported. 
Exports are driving organic food production in India. The increasing demand for organic food 
products in the developed countries and the extensive support by the Indian government coupled with 
its focus on agri-exports are the drivers for the Indian organic food industry. 
Organic food products in India are priced about 20-30% higher than non-organic food products. This 
is a very high premium for most of the Indian population where the per capita income is merely USD 
800. Though the salaries in India are increasing rapidly, the domestic market is not sufficient to 
consume the entire organic food produced in the country. As a result, exports of organic food are the 
prime aim of organic farmers as well as the government. 
The Indian government is committed towards encouraging organic food production. It allocated Rs. 
100 crore or USD 22.2 million during the Tenth Five Year Plan for promoting sustainable agriculture 
in India. 
APEDA (Agricultural and Processed Food Export Development Authority) coordinates the export of 
organic food (and other food products) in India. The National Programme for Organic Production in 
India was initiated by the Ministry of Commerce. The programme provides standard for the organic 
food industry in the country. Since these standards have been developed taking into consideration 
international organic production standards such as CODEX and IFOAM, Indian organic food products 
are being accepted in the US and European markets. APEDA also provides a list of organic food 
exporters in India. 
Organic food costs in India are expected to decrease driving further exports in future. 
Organic food production costs are higher in the developed countries as organic farming is labour 
intensive and labour is costly in these countries. However, in a country like India, where labour is 
abundant and is relatively cheap, organic farming is seen as a good cost effective solution to the 
increasing costs involved in chemical farming. Currently most of the organic farmers in India are still 
in the transition phase and hence their costs are still high. As these farmers continue with organic 
farming, the production costs are expected to reduce, making India as one of the most important 
producers of organic food. 

Export Market : Organic agricultural export market is one of the major drivers of greening of 
agriculture in India. The current production of organic crops is around 14,000 tons (Garibay S V and 
Jyoti K, 2003). Out of this production, tea and rice contributes around 24% each, fruits and vegetables 
combine makes 17% of this total production. From India around 11,925 tons of organic product is 
exported, that makes around 85% of total organic crop production. Major export market for Indian 
producers are Australia, Belgium, Canada, France, Germany, Italy, Japan, Netherlands, Sweden, 
Singapore, South Africa, Saudi Arabia, UAE, UK, and USA. Estimated quantity of various products 
that are exported from India in 2002 is shown in Table below. This shows that around 3000 tons of tea 
was exported and in quantity term it was the highest, next major exports are rice (2500 tons), fruits & 
vegetables (1800 tons), cotton (1200 tons) and wheat (1150 tons) (Garibay S V and Jyoti K, 2003).  

Table: Major organic products exported from India 
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Product Sales (tons) Product Sales (tons) 
Tea 3000 Wheat 1150 
Coffee 550 Pulses 300 
Spices 700 Oil seeds 100 
Rice 2500 Fruits and vegetables 1800 
Cashew nut 375 Cotton 1200 
Herbal products 250 Total 11925 
Source: Org-Marg, 2002 
 
The burgeoning US and European green markets provides enormous scope for Indian exporters. 
International Trade Centre’s (ITC) overview of estimation of organic food world-wide shows that 
there is strong growth in retail sales from US $ 10 billion in 1997 to US$ 17.5 billion in 2000 and 
about US$ 21 billion in 2001 (in 16 European countries, USA and Japan). If the demand of so called 
‘green product’ in Japan that is not certified as organic product is excluded from total estimation, than 
also it is US$ 16 billion for 2999 and reached around US$ 19 billion in 2001. Though the current 
market share for organic produced is estimated between one to two percent of total food products 
market, but the forecasting by experts show that this market is likely to grow at a higher pace. 
According to experts in medium term around five percent of the market is expected to be organic 
market share (Minou Yussefi and Heldge Willer, 2003). 
Europe is largest market of organic produces in world and consumes around half of the world produce 
of organic production (Minou Yussefi and Helga Willer, 2003). EU is a net importer of cereals, 
oilseeds, potatoes and vegetables. For 2001, European market for organic food was estimated to be 
around US$ 9 billion but with expected annual growth rate of around 20% (Table) depending upon 
the market, and for 2003 the retail sales for organic food in this market is expected to US$ 10-11 
billion (Rudy Korbech-Olesen, ITC, UNCTAD/WTO). Within Europe, Germany is largest market for 
organic products with sales value of around 2.5 billion Euros ($2.3 billion (US)). On an average the 
per capita spending on organic produces in Europe was euro 23 for 2000. In terms of per capita 
consumption of organic products countries like Denmark (72 Euros per head), Switzerland (Euros 68), 
Austria (Euros 40) and Germany (Euros 31) fared much better than others (Fig: below). While some 
of the European countries like Italy not only meet their internal demand for organic products but they 
also cater to the demands of other neighbouring countries. There are other countries like United 
Kingdom, which are highly dependent on imports to meet their domestic organic product demand.  

 

Fig: Per capita sales of organic produces in selected European Countries in Euro (2000); Source: Garibay S V 
and Jyoti K, 2003. 
 
In North America, retail sales of organic products for 2002 was estimated nearly $12 billion (US) out 
of this US alone is contributing for $11 billion (US). US retail sale for organic product has grown 20-
24% per year for the past 12 years and the same growth trends expected to continue for future. 
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Current retail sales for organic food are around 2% of total retail food sale in US (Minou Yussefi and 
Heldge Willer, 2003). 
In Asia largest market for organic food product is Japan and it is estimated to have the retail sales of 
organic food and beverage of around $(US) 2.5-3.0 billion (Minou Yussefi and Heldge Willer, 2003). 
Of this total value of organic market, imports are estimated to be to the tune of around $(US) 360 
million. Though the organic food market is not more than 0.5% of total food market of Japan but 
according to the Japanese Integrated Market Institute, import of organic products is likely to grow by 
40% (Hiraga, 2002). Other global markets for organic products in Middle East are Saudi Arabia and 
UAE. Within Africa, South Africa is the only country that has organic market potential. As seen from 
the global market growth trends for organic foods there are enormous potentials for India to exploit.  
 
Table: % of organic food and medium term growth expected in selected markets 
Overview for World Market for organic food & beverages in 2000 (estimates) 
Markets % of total food sales % Expected growth - Medium 

term 
Germany 1.6-1.8 10-15 
U.K. 1.0-2.5 15-20 
Italy 0.9-1.1 10-20 
France 0.8-1.0 10-15 
Switzerland 2.0-2.5 10-15 
Denmark 2.5-3.0 10-15 
Austria 1.8-2.0 10-15 
Netherlands 0.9-1.2 10-20 
Sweden 1.0-1.2 15-20 
Belgium 0.9-1.1 10-15 
U.S.A. 1.5-2.0 20 
Source: ITC, January 2002 

 
Total commodity wise demand (in volume terms) has been estimated in some selected export markets 
(Germany, Holland, UK, Switzerland, USA, and Japan) by the FIBL & ORG- MARG survey which 
shows that for Banana it is 6,410 tons, for wheat and soy bean 1,000 tons, for pineapple around 900 
tons and for mango this is around 650 tons (Garibay S V and Jyoti K, 2003).  
The attractiveness of organic market gets enhanced also because of the price premium that these 
products have over the conventionally produced products. Price premium for various organic 
produces vary in different countries depending upon the distribution channels and market conditions. 
This premium varies from 30-50% (trader level) for different products. 
As seen from above there are immense opportunities for organic agricultural exports for Indians to 
exploit. Some of the prerequisites for exploiting this potential include:  

• Farmers capacity to produce the organically the agricultural products which have global 
market and  

• Prior experience of exporters and traders in exporting agricultural commodities to these 
markets 

In the Fig below an attempt has been made to develop a matrix by depicting the conventional 
agricultural commodities, which India has been exporting to various countries across the world as 
well as the existence of organic market for these commodities in these countries. Depicting the current 
conventional agricultural market indicates the capabilities of India in exporting the specific 
agricultural commodities to different countries and similarly depicting the existence of organic 
agriculture market for specific commodities in these countries reveal the existence of opportunities for 
exporting organic agricultural commodities. The matrix reveals that India has demonstrated 
capabilities of exporting agricultural commodities like rice, wheat, tea, coffee, spices, oil meals, 
sugar, fruits & vegetables etc to countries like USA, U. K, Germany, Japan, France, Saudi Arabia, 
South Africa, CIS Countries, Poland, Netherlands, Italy etc. It also shows that in most of these 
countries there is a demand for organically produced commodities, which attract price premiums 



 

 

ranging from 10% to 100%. This shows
maximum potentials by Indian exporters and producers of agricultural commodities. 

Existing conventional export market for Indian producers for particular product

Prospective market for Indian organic products
 
Fig: Conventional agricultural products & their export 
products.Source: Adapted by collating information from different Internet sites 

Domestic Market 

Given the unorganized nature of the domestic organic agriculture market in India it is difficult to 
estimate the magnitude and trends in this growing market. In general, the sale of organic produces is 
limited to metros like Mumbai, Delhi, Kolkata, Chennai, Bangalore and Hyderabad. To a large extent 
this sale is also based on individual initiative of the farmers, 
some entrepreneurial traders etc. The current domestic green products market demand is mainly for 
fruits, vegetables, rice and wheat. Other products include tea, coffee and pulses (ORG
Survey, 2002). The market prosp
cotton are relatively high. For next five years it is projected that organic spices would grow by 14%, 
fruits 8% and herbal plants and cotton it is estimated to be around 7% (ORG
Market for different range of organic agricultur
reach up to 1568 tons in 2006-07. 

Table: Growth forecast for specific organic products in the domestic market

Product 
Growth in 

Spices (all) 
Pepper 
Turmeric 
Tea 
Rice 
Fruits (all) 
Banana 
Mango 
Orange 
Source: Org-Marg, 2002 
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Conventional agricultural products & their export market and prospective market for Indian organic 
Adapted by collating information from different Internet sites  

Given the unorganized nature of the domestic organic agriculture market in India it is difficult to 
he magnitude and trends in this growing market. In general, the sale of organic produces is 

limited to metros like Mumbai, Delhi, Kolkata, Chennai, Bangalore and Hyderabad. To a large extent 
this sale is also based on individual initiative of the farmers, Non Governmental Organizations and 
some entrepreneurial traders etc. The current domestic green products market demand is mainly for 
fruits, vegetables, rice and wheat. Other products include tea, coffee and pulses (ORG
Survey, 2002). The market prospects other commodities like organic spices, fruits, herbal plants and 
cotton are relatively high. For next five years it is projected that organic spices would grow by 14%, 
fruits 8% and herbal plants and cotton it is estimated to be around 7% (ORG-MARG Su
Market for different range of organic agricultural products as shown in Table below 

07.  

Growth forecast for specific organic products in the domestic market

% Projected 
Growth in the 5 

next Years 

Product % Projected Growth 
in the 5 next Years

14 Pineapple 
5 Herbal extracts 

4.5 Cotton 
13 Coffee 
10 Oil seeds 
8 Honey 
15 Groundnut 
5 Baby food 
5 Coconut 
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limited to metros like Mumbai, Delhi, Kolkata, Chennai, Bangalore and Hyderabad. To a large extent 
Non Governmental Organizations and 

some entrepreneurial traders etc. The current domestic green products market demand is mainly for 
fruits, vegetables, rice and wheat. Other products include tea, coffee and pulses (ORG-MARG 

ects other commodities like organic spices, fruits, herbal plants and 
cotton are relatively high. For next five years it is projected that organic spices would grow by 14%, 

MARG Survey, 2002). 
al products as shown in Table below is estimated to 

Growth forecast for specific organic products in the domestic market 

% Projected Growth 
in the 5 next Years 

5 
7 
7 
5 
5 
5 
5 
5 
5 
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Organic Food Consumption in India is on the rise. Some people believe that organic food is only a 
“concept” popular in the developed countries. They think that when it comes to organic food, India 
only exports organic food and very little is consumed. However, this is not true. 
Though 50% of the organic food production in India is targeted towards exports, there are many who 
look towards organic food for domestic consumption. 
ACNielsen, a leading market research firm, recently surveyed about 21,000 regular Internet users in 
38 countries to find their preference for functional foods – foods that have additional health benefits. 
The survey revealed that India was among the top ten countries where healthy food, including organic 
food, was demanded by the consumers. 
The most important reason for buying organic food was the concern for the health of children, with 
over 66 % parents preferring organic food to non organic food. Though organic food is priced over 25 
% more than conventional food in India, many parents are willing to pay this higher premium due to 
the perceived health benefits of organic food. 
The increase in organic food consumption in India is evident from the fact that many organic food 
stores are spurring up in India. Today (2006) every supermarket has an organic food store and every 
large city in India has numerous organic food stores and restaurants. This is a huge change 
considering that the first organic food store in Mumbai was started in 1997. 
What do Indian organic food consumers prefer? The pattern of organic food consumption in India is 
much different than in the developed countries. In India, consumers prefer organic marmalade, 
organic strawberry, organic tea, organic honey, organic cashew butter and various organic flours. 
However, the Indian organic food consumer needs education. There are many consumers who are 
unaware of the difference between natural and organic food. Many people purchase products labeled 
as Natural thinking that they are Organic. Further, consumers are not aware of the certification 
system. Since certification is not compulsory for domestic retail in India, many fake organic products 
are available in the market. 
 
Certification 
Organic certification is a certification process for producers of organic food and other organic 
agricultural products. In general, any business directly involved in food production can be certified, 
including seed suppliers, farmers, food processors, retailers and restaurants. Requirements vary from 
country to country, and generally involve a set of production standards for growing, storage, 
processing, packaging and shipping that include: 

• avoidance of most synthetic chemical inputs (e.g. fertilizer, pesticides, antibiotics, food 
additives, etc), genetically modified organisms, irradiation, and the use of sewage sludge;  

• use of farmland that has been free from synthetic chemicals for a number of years (often, 
three or more);  

• keeping detailed written production and sales records (audit trail);  
• maintaining strict physical separation of organic products from non-certified products;  
• undergoing periodic on-site inspections.  

In some countries, certification is overseen by the government, and commercial use of the term 
organic is legally restricted. Certified organic producers are also subject to the same agricultural, food 
safety and other government regulations that apply to non-certified producers. 

Purpose of certification 

Organic certification addresses a growing worldwide demand for organic food. It is intended to assure 
quality and prevent fraud. For organic producers, certification identifies suppliers of products 
approved for use in certified operations. For consumers, "certified organic" serves as a product 
assurance, similar to "low fat", "100% whole wheat", or "no artificial preservatives". 
Certification is essentially aimed at regulating and facilitating the sale of organic products to 
consumers. Individual certification bodies have their own service marks, which can act as branding to 
consumers. Most certification bodies operate organic standards that meet the National government's 
minimum requirements. Some certification bodies, certify to higher standards. 
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The certification process 

To certify a farm, the farmer is typically required to engage in a number of new activities, in addition 
to normal farming operations: 
• Study the organic standards, which cover in specific detail what is and is not allowed for every 

aspect of farming, including storage, transport and sale.  
• Compliance — farm facilities and production methods must comply with the standards, which 

may involve modifying facilities, sourcing and changing suppliers, etc.  
• Documentation — extensive paperwork is required, detailing farm history and current set-up, 

and usually including results of soil and water tests.  
• Planning — a written annual production plan must be submitted, detailing everything from seed 

to sale: seed sources, field and crop locations, fertilization and pest control activities, harvest 
methods, storage locations, etc.  

• Inspection — annual on-farm inspections are required, with a physical tour, examination of 
records, and an oral interview.  

• Fee — an annual inspection/certification fee (currently starting at $400–$2,000/year, in the US 
and Canada, depending on the agency and the size of the operation).  

• Record-keeping — written, day-to-day farming and marketing records, covering all activities, 
must be available for inspection at any time.  

In addition, short-notice or surprise inspections can be made, and specific tests (e.g. soil, water, plant 
tissue) may be requested. 
For first-time farm certification, the soil must meet basic requirements of being free from use of 
prohibited substances (synthetic chemicals, etc) for a number of years. A conventional farm must 
adhere to organic standards for this period, often, two to three years. This is known as being in 
transition. Transitional crops are not considered fully organic. 
Certification for operations other than farms is similar. The focus is on ingredients and other inputs, 
and processing and handling conditions. A transport company would be required to detail the use and 
maintenance of its vehicles, storage facilities, containers, and so forth. A restaurant would have its 
premises inspected and its suppliers verified as certified organic. 

Participatory certification 

“Participatory Guarantee Systems are locally focused quality assurance systems. They certify 
producers based on active participation of stakeholders and are built on a foundation of trust, social 
networks and knowledge exchange” (IFOAM definition, 2008). 
Participatory Guarantee Systems (PGS) represent an alternative to third party certification, especially 
adapted to local markets and short supply chains. They can also complement third party certification 
with a private label that brings additional guarantees and transparency. PGS enable the direct 
participation of producers, consumers and other stakeholders in: 

• the choice and definition of the standards  
• the development and implementation of certification procedures  
• the certification decisions  

Participatory Guarantee Systems are also referred to as “participatory certification”. 
 
History of Participatory Guarantee Systems 
The organic movement has been a pioneer in the implementation and definition of Participatory 
Guarantee Systems (PGS). Organic certification started in various parts of the world in the 70s and 
80s based on associative systems that were very close to what is now called PGS. Some of these 
associations are still doing participatory certification today, such as for example Nature & Progrès in 
France. Even though third party certification (following ISO 65 requirements) has become the 
dominant form of certification in the food sector, as well as many other sectors, alternative 
certification systems have never ceased to exist. 
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In 2004, IFOAM , the International Federation of Organic Agriculture Movements, and MAELA , the 
Latin American Agroecology Movement, jointly organized the first International Workshop on 
Alternative Certification that took place in Torres, Brazil. It is at that workshop that the concept of 
“Participatory Guarantee Systems” was adopted. At this event, an international working group on 
PGS was established, which later became an official Task Force under the umbrella of IFOAM. The 
Task Force worked on further defining PGS, and established the key elements and key features of 
PGS in a document entitled “Shared Visions – Shared Ideals”. 
Since then, IFOAM  has continuously supported the development of PGS in the organic sector. In 
parallel, other sectors have been looking into the concept to certify various products or processes. 
Still, IFOAM and the organic movement remain a leader in the concept of PGS at the international 
level, and are now advocating for their recognition by governments as valid local certification systems 
in cases where the organic sector is legally regulated. 
 
Certification & product labeling 
In some countries, organic standards are formulated and overseen by the 
government. The United States, the European Union, Canada and Japan have 
comprehensive organic legislation, and the term "organic" may be used only by 
certified producers. Being able to put the word "organic" on a food product is a 
valuable marketing advantage in today's consumer market, but does not guarantee 
the product is legitimately organic. Certification is intended to protect consumers 
from misuse of the term, and make buying organics easy. However, the organic 
labeling made possible by certification itself usually requires explanation. In 
countries without organic laws, government guidelines may or may not exist, while 
certification is handled by non-profit organizations and private companies. 
Internationally, equivalency negotiations are underway, and some agreements are 
already in place, to harmonize certification between countries, facilitating 
international trade. There are also international certification bodies, including 
members of the International Federation of Organic Agriculture Movements 
(IFOAM) working on harmonization efforts. Where formal agreements do not exist 
between countries, organic product for export is often certified by agencies from the 
importing countries, who may establish permanent foreign offices for this purpose. 
In India, APEDA regulates the certification of organic products as per National 
Standards for Organic Production. "The NPOP standards for production and accreditation system 
have been recognized by European Commission and Switzerland as equivalent to their country 
standards. Similarly, USDA has recognized NPOP conformity assessment procedures of accreditation 
as equivalent to that of US.  
With these recognitions, Indian organic products duly certified by the accredited certification bodies 
of India are accepted by the importing countries." In March 2000, the Ministry of Commerce 
launched NPOP (National Programme for Organic Production) design to establish national standards 
for organic products which could then be sold under the logo India Organic. For proper 
implementation of NPOP, NAPP (National Accreditation Policy and Programme) has been 
formulated, with Accreditation Regulations announced in May 2001. These make it mandatory that all 
certification bodies whether internal or foreign operating in the country must be accredited by an 
Accreditation Agency. The regulations make provision for export, import and local trade of organic 
products. However, currently only the exports of organic products come under government 
regulations.  
Thus an agricultural product can only be exported as an organic product if it is certified by a 
certification body duly accredited by APEDA. Organic crop production, organic animal production, 
organic processing operations, forestry and wild products are the categories of products covered under 
accreditation. 
 
Labelling 
LABELLING means any written, printed or graphic matter that is present on the label, accompanies 
the food, or is displayed near the food, including that for the purpose of promoting its sale or disposal. 

Organic 
Certification  

 
Australia 

 
Germany 

 

 
Canada 
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Labelling shall convey clear and accurate information on the organic status of the product. 
When the full standards requirements are fulfilled, products shall be sold as "produce of organic 
agriculture" or a similar description. The name and address of the person or company legally 
responsible for the production or processing of the product shall be mentioned on the label. Product 
labels should list processing procedures which influence the product properties in a way not 
immediately obvious. Additional product information shall be made available on request. All 
components of additives and processing aids shall be declared. Ingredients or products derived from 
wild production shall be declared as such. 
 
NPOP declares following standards for labelling: 

1. The person or company legally responsible for the production or processing of the product 
shall be identifiable. 

2. Single ingredient products may be labelled as "produce of organic agriculture" or a similar 
description when all Standards requirements have been met. 

3. Mixed products where not all ingredients, including additives, are of organic origin may be 
labelled in the following way (raw material weight): 
� Where a minimum of 95% of the ingredients are of certified organic origin, products may 

be labelled "certified organic" or similar and should carry the logo of the certification 
programme. 

� Where less than 95% but not less than 70% of the ingredients are of certified organic 
origin, products may not be called "organic". The word "organic" may be used on the 
principal display in statements like "made with organic ingredients" provided there is a 
clear statement of the proportion of the organic ingredients. An indication that the product 
is covered by the certification programme may be used, close to the indication of 
proportion of organic ingredients. 

� Where less than 70% of the ingredients are of certified organic origin, the indication that 
an ingredient is organic may appear in the ingredients list. Such product may not be called 
"organic". 

4. Added water and salt shall not be included in the percentage calculations of organic 
ingredients. 

5. The label for in-conversion products shall be clearly distinguishable from the label for organic 
products. 

6. All raw materials of a multi-ingredient product shall be listed on the product label in order of 
their weight percentage. It shall be apparent which raw materials are of organic certified 
origin and which are not. All additives shall be listed with their full name. 
If herbs and/or spices constitute less than 2% of the total weight of the product, they may be 
listed as "spices" or "herbs” without stating the percentage. 

7. Organic products shall not be labelled as GE (genetic engineering) or GM (genetic 
modification) free in order to avoid potentially misleading claims about the end product. Any 
reference to genetic engineering on product labels shall be limited to the production method. 

 
 
Accreditation procedures 
 
Accreditation 
n. 
The act of accrediting or the state of being accredited, especially the granting of approval to an 
institution of learning by an official review board after the school has met specific requirements. 
Or  
The act of granting credit or recognition (especially with respect to educational institution that 
maintains suitable standards) 

Accreditation is a process in which certification  of competency, authority, or credibility is 
presented. 
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Organizations that issue credentials or certify third parties against official standards are themselves 
formally accredited by accreditation bodies; hence they are sometimes known as "accredited 
certification bodies". The accreditation process ensures that their certification practices are acceptable, 
typically meaning that they are competent to test and certify third parties, behave ethically and 
employ suitable quality assurance. 

Position of Accreditation in India 

As per the National Programme for Organic Production (NPOP) an accreditation refers registration by 
the accreditation agency for certifying agency for certifying organic farms, products and processes as 
per the guidelines of the National Accreditation Policy and Programme for Organic Product. 
NPOP programme in context of Indian accreditation scenario, defined the function of accreditation 
agencies like  

• Prescribe the package of practices for organic products in their respective schedule;  
• Undertake accreditation of inspection and certifying agencies who will conduct inspection 

and certify products as having been produced in accordance with NPOP;  
• Monitor inspection made by the accredited inspection agencies;  
• Lay down inspection procedures;  
• Advise the National Steering Committee on Organic Production;  
• Accept Accredited certification programmes if such programme confirm to National 

Standard;  
• Accreditation Agencies Shall evolve accreditation criteria for inspection and/or certifying 

agencies and programme drawn up by such agencies for their respective area of operation and 
products;  

• Accreditation agencies shall prepare an operating manual to assist accredited agencies to 
abide by such a manual must contain appropriate directions, documentation formats and basic 
agency and farm records for monitoring and authentication of adherence to the organic 
production programme;  

• Eligible inspection and certification agencies implementing certification programmes will be 
identified by the Accreditation Agency. 

In the year 2000, Ministry of Commerce, Government of India has launched the NPOP. 

 
Accreditation Regulation 2001 under the National Organic Programme for organic 
production 
 
NATIONAL ACCREDITATION BODY 

a) The National Steering Committee (NSC) would also function as the NAB. After the 
evaluation of the agency, the NAB would consider accreditation of the Inspection and 
Certification agency. 

b) The Committee for Accreditation shall comprise of representatives from Ministry of 
Agriculture, Ministry of Commerce and Industry, APEDA, Coffee Board, Spices Board and 
Tea Board. The Chairman of the NSC would be the chairman of this committee. The appellate 
authority would be the Commerce Secretary. 

c) The Committee shall meet as and when necessary and the quorum for any such meeting shall 
be six. If required, the issues for accreditation by the committee can also be decided through 
circulation. The committee shall meet at least twice in a year. 

d) The said Committee for Accreditation shall have the authority to conduct random or surprise 
field inspections, including analysis of samples drawn from the certified operators’ (producer 
groups) farms. 

 
APPLICATION FOR ACCREDITATION 
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Applicants (individuals, firms, co-operatives, societies) seeking Accreditation, as an Agency or 
renewal thereof shall submit an application to the authorized officer in the form prescribed, available 
with APEDA along with fee prescribed for the purpose and specified in these Regulations. 
In the event of non-approval of Accreditation by the NAB constituted for the purpose, the fee paid 
shall be refunded after deducting 25% thereof towards processing charges. 
The Certificate of Accreditation will be valid for a period of 3 years from the date of issue of 
Certificate of Accreditation. 
For renewal of certificate of Accreditation there shall be a renewal fee which shall be remitted with 
the application for renewal. 
 
ALLOCATION OF ACCREDITATION NUMBER 
All Accredited Inspection and Certification Agencies shall be allotted a specific Accreditation 
number, which cannot be transferred or reassigned. 
 
APPROVAL/NON-APPROVAL OF ACCREDITATION 

(a) On receipt of the application duly filled in all respects, together with the prescribed fee, 
APEDA, on behalf of the NAB, shall conduct a preliminary screening of all the applications. 
If the application is found in order, the APEDA shall arrange for field evaluation by the EC 
nominated by the NAB. The NAB shall consider the application, after reviewing the 
evaluation report submitted by the EC. In case the applicant fulfills the prescribed criteria 
with a reasonable tariff structure for inspection and certification, the Committee shall give 
approval to the Certification Agency. 

(b) The NAB may, if it considers appropriate, give opportunity to the applicant to fulfill / rectify 
any deficiencies (tariff structure, inadequacy in manpower, resources and operations) found 
during the evaluation. 

(c) In the case of non-approval, the same shall be intimated to the applicant in writing along with 
reasons thereof.  

(d) The Certificate of Accreditation will be valid for a period of 3 years from the date of issue of 
Certificate of Accreditation. 

 
ACCREDITATION CONTRACT 

(a) On approval of Accreditation, APEDA, on behalf of the NAB, shall inform the Certification 
Agency about the approval along with a copy of the prescribed Accreditation contract. The 
Certifying Agency shall execute the contract on a non-judicial stamp paper of the value 
intimated to the applicant, within fifteen days, from the date of receipt of approval. 

(b) On receipt of the Contract duly signed by the authorised person of the Certification Agency, 
APEDA shall issue the Certificate of Accreditation within a period of fifteen days, from the 
date of receipt of the contract. 

 
UPDATION & RENEWAL OF ACCREDITATION 
Accredited Inspection and Certification Agencies will have to undergo an annual updating procedure 
on the lines similar to the initial Accreditation procedure for renewal of Accreditation: 

(a) APEDA, on behalf of the NAB, shall renew the certificate for a block of three years on 
payment of renewal fee, which shall be filed by the Certification Agency at least 30 days 
before the expiry of the Accreditation period. 

(b) Application for renewal of Accreditation along with the fees prescribed shall be submitted by 
the Certification Agency to reach the Authorized Officer 30 days before the expiry of 
Accreditation period. 

(c) The Chairman of APEDA shall, however, have the power to condone any delay in submitting 
the said renewal application, in the event of a reasonable cause shown for the same. 

(d) The renewal of the certificate for Accreditation shall be based on the past performance of the 
Inspection and Certification Agency and the NAB shall have the right to renew or reject such 
applications, at their absolute discretion. 
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(e) In the event of rejection of an application for renewal, APEDA, on behalf of the NAB, shall 
furnish the reasons for such rejections, in writing. 

(f) Chairman of the NAB shall be the Appellate Authority for deciding any appeal filed on 
account of any such rejection. 

(g) The Ministry of Commerce and Industry, Govt. of India, shall be the Competent Authority for 
entertaining all appeals. Decisions on such appeals shall be final and binding on both the 
parties. 

 
POWER TO ISSUE GUIDELINES 
APEDA, on behalf of the NAB, shall have the powers to issue necessary guidelines to the 
Certification Agencies for inspection and certification programmes, from time to time. 
 
LOGO 
The logo used under the certification programme will be called “India Organic”. This shall be the seal 
used on all the certified organic products, which would identify that the product is organically 
produced and originates from India. 
All Accredited Agencies shall be entitled to use this logo for certified organic products. Use of the 
logo will be based on the fulfilment of the terms and conditions, contained under these regulations. 
Products marketed by any person can bear the National Organic Logo, only if the necessary 
certification is done by an Inspection and Certification Agency accredited by the NAB. 
 
 
SUSPENSION/ TERMINATION OF ACCREDITATION 
The Certificate of Accreditation granted to an agency shall be liable to be suspended for a specific 
period or permanently terminated in the event of violation of any of the regulations and of such other 
directions issued by the NAB or Govt. of India from time to time. 
Provided that in case of suspension, the NAB shall have the powers to nominate any other 
Certification Agency to continue the work of certification in order to protect the interest of the 
operators. 
 
APPEALS AND REVISION OF AWARD ON APPEALS 

(a) An appeal in respect of such suspension and/ or termination of the Certificate of Accreditation 
shall lie with the Chairman of the NAB. The appeal shall be filed within a period of 30 days 
from the date of issue of suspension / termination by the NAB. 

(b) The Ministry of Commerce and Industry, Govt. of India, shall be the Competent Authority for 
revision of the decision of the Appellate Authority. The revision shall be filed within 30 days 
from the date of issue of award on the appeal. However, the said periods for filing an 
appeal/revision can be condoned by the Respective Authority, in the event of a reasonable 
cause being shown. 

 
AMENDMENT TO THE REGULATIONS 
The NAB may, with the prior approval of the NSC, delete, amend or modify any of the clauses 
contained in these Regulations. 
 
JURISDICTION 
In case of any disputes arising out of these Regulations, guidelines and or the conditions and 
directions issued by the Govt. of India and NAB from time to time, only the court situated within the 
territorial jurisdiction of the NAB, shall have the jurisdiction to try and entertain the same. 
 
CATEGORIES FOR ACCREDITATION 
Accreditation shall be granted for each category of products as follows: 

(a) Organic agricultural production 
(b) Organic processing operations 
(c) Wild products 
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(d) Forestry 
(e) Organic animal production and processing 

The Certification Agencies applying for Accreditation should be actively engaged in programmes 
related to organic agriculture movement/production and their programmes should have been in 
operation for at least one year. 
 
RECIPROCITY  
 
National 
Products certified organic by any Accredited Certification Agency as per NPOP will be accepted as 
organic by the other Certification Agencies also. 
 
International 
For imported organic products, the authority for approval will be the NAB. It will decide on the 
recommendations of the Inspection and Certification Agencies or in the event of an equivalency 
agreement to grant a licence based on such equivalency agreement. It will notify a list of such 
Inspection and Certification Agencies. 
Organic products certified under the exporting countries’ organic standards require to be re-certified 
for import as per NPOP. Any Inspection and Certification Agency which wishes to re-certify any 
imported product or products with imported certified ingredients are required to apply to the NAB for 
inclusion of such products and the procedure for their certification in the certification programme 
(MOU). 
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Crop residue management in multiple cropping systemsCrop residue management in multiple cropping systemsCrop residue management in multiple cropping systemsCrop residue management in multiple cropping systems    
 
Over two-thirds of world’s 1.3 billion impoverished people live in rural areas and rely on agriculture 
for a significant part of their livelihoods. Livestock are important assets of this group and play a 
critical role in both sustainability and intensification of agricultural productivity in most farming 
systems. Increasing human population and changes in dietary habits associated with urbanisation and 
higher incomes are causing increased demands for food of animal origin. 
Pastures (herbaceous plants, fodder trees/shrubs), crop residues, cultivated forages, concentrate feeds 
(agro-industrial by-products, grains, feed supplements, etc.) and household wastes are the main 
resources used as livestock feed. Availability of grazing land is decreasing due to expansion of 
cropping to meet the demands for food, urbanisation and land use for other activities such as 
industries. The adoption of introduced forages in tropical developing countries has been limited due to 
lack of evidence of economic profitability or inadequate technical support, such as seed availability. 
Small farmers in rural areas will increasingly depend on crop residues to feed livestock among other 
feed resources for some time to come (Mannetje, 1997). 
Availability and use of crop residues as feed is increasing. Over one billion metric tonnes of residues 
are produced worldwide (Kossila, 1984) and provide much of the feed resources for ruminants in 
developing countries (Owen and Jayasurirya, 1989). The feed value of crop residues has been largely 
ignored and this has resulted in development of crop varieties and hybrids that produce less residues 
than unimproved varieties (Williams et al., 1997). However, crop residues are still the most important 
feed for ruminants in small-holder crop–livestock production systems of Asia and Africa. Although in 
the recent years, the use of cereal grains as feed has increased—Delgado et al. (1999) estimated that 
between 1982 and 1994, the global use of cereal grain as livestock feed increased at the rate of 0.7% 
annually. In spite of increased use of grain as feed, developing countries still use less than half the 
cereal grain proportions for feed compared to those used by developed countries and this is likely to 
continue. Crop residues still contribute substantially to the supply of nutrients for animals in mixed 
farms in the tropical and sub-tropical developing countries. 
In the early days of cereal crop improvement, emphasis was placed on grain yield, and many dwarf, 
high-yielding varieties were released. However, in recent years, recognising the need for crop residues 
as feed for livestock, the emphasis has shifted to dual purpose cultivars. In most crops, intermediate 
optima were observed for many traits including grain and fodder yield and quality. In sorghum, for 
example, grain and fodder (crop residue) yields increased positively up to 1.8 m plant height with 68–
70 days to flowering but the relationship reversed beyond 2.0 m plant height (Rao and Rana, 1982). 
 
Crops used as residues 
The crops whose residues are commonly used as livestock feed and the area under each are given in 
Table below. Wheat occupies the highest acreage in the world followed by rice, maize, barley, 
sorghum and millets (includes pearl millet and several minor millets). Maize is prominently grown in 
Africa, while rice predominates in India. Worldwide, nearly 70.64 million hectares are covered by 
pulses with 24.75 million hectares under groundnut (FAO, 1999). 
 
Table: Area (in million hectares) grown under crops whose residues are used as livestock feeda 
Crop  World  Africa  India 
Wheat  215.27  8.42  27.40 
Rice  155.13  7.84  44.80 
Maize  139.21  26.08  6.30 
Barley  56.41  4.36  0.78 
Sorghum  43.66  22.74  10.40 
Millets  36.16  19.90  11.93 
Oats  13.91 0.18 - 
Groundnut  24.75  9.37  8.00 
Pulses  70.64  15.97  25.39 
a Source: FAO (1999). 
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The potential productivity of various crops for grain and fodder yield and estimated potential dry 
matter production are presented in Table below. Maize contributed most to estimated potential dry 
fodder production globally followed by rice, wheat, sorghum, barley, millets and pulses. In Africa, 
estimated sorghum and maize dry fodder production are highest and almost equal while millets follow 
with half the contribution. 
Wheat, barley, groundnut and pulses made similar contributions of around 30 Mt with rice producing 
double this quantity. In India, crop dry matter production was mostly contributed by rice, sorghum, 
ranked second with only one-third of rice’s total followed by wheat, millets, maize and pulses. 
 
 
Table:  Potential productivity (t ha-1) of grain and dry matter yields and the estimated total dry matter 
production (in million tonnes) of various crops whose residues are used as livestock feed 
Crop  
 

Grain 
yield 
(t ha-1) 

Dry fodder 
yield 
(t ha-1) 

Estimated dry fodder production 
 

World 
 

Africa India 

Wheat 2.7–4.2 3.2–5.6 947.20 37.07 120.55 
Rice 2.5–7.5 6.2–11.8 1396.15 70.58 403.20 
Maize 4.8–10.1 10–16.1 1816.74 340.40 82.22 
Barley 1.2–2.9 5.2–12.7 504.87 39.00 6.98 
Sorghum 1.7–4.8 11–16.9 609.10 317.26 145.08 
Millets 0.5–2.8 1.5–11.6 271.22 149.25 89.46 
Oats 1.2–2.1 5.7–10.3 22.96 0.29 - 
Groundnut 1.2–2.2 2.8–5.5 84.14 31.84 27.20 
Pulses 0.53–1.5 0.9–4.9 176.60 39.93 63.49 
a Grain and dry fodder yields are pooled from various references (quoting is beyond scope of the paper). Mean dry fodder 
yield ha-1 _ area cultivated (from Table 1): estimated/ potential dry fodder production. 

 
Crop residue yields varied for each crop depending on genotype and environmental factors (Table 
above). The data on the potential dry matter production of crops indicates that sorghum and maize 
possess maximum potential followed by barley, millets, rice, oats, wheat and pulses. But the use of 
crop residues as fodder depends not only on productivity but also on quality. Sorghum, for example, 
continues to synthesise new vegetative material even after physiological maturity thus potentially 
accumulating nutrient in stubble. 
Also, sorghum stubble does not decrease in quality as rapidly as maize after physiological maturity 
(Bolsen et al., 1977). Furthermore, sorghum productivity is higher in drier areas with rainfall less than 
650 mm, while pearl millet is important in drier areas with less than 450 mm rainfall. Other cereal 
stovers are not available for maintenance rations for cattle under such climatic conditions. Legumes, 
which are rich in protein, are utilised not only for fodder but also for erosion control and green 
manure in rotation with other crops. 
 
Benefits of crop residues (and the detrimental effects of removing them) 
As a physical buffer, crop residues protect soil from the direct impacts of rain, wind and sunlight 
leading to improved soil structure, reduced soil temperature and evaporation, increased infiltration, 
and reduced runoff and erosion. While some studies suggest that plant roots contribute more carbon to 
soil than surface residues (Gale and Cambardella, 2000), crop residue contributes to soil organic 
matter and nutrient increases, water retention, and microbial and macroinvertebrate activity. These 
effects typically lead to improved plant growth and increased soil productivity and crop yield. The 
basic relationships between these effects are shown in Table below. 
Crop residue is managed using conservation tillage systems, such as notill, strip till, ridge till, mulch 
till, and other reduced tillage methods (see NRCS Conservation Practice Standards 329, 344, 345, and 
346). Most studies involving the effects of crop residues have compared no-till systems with residues 
to conventional tillage without residues, a presumed best case – worst case comparison, overlooking 
the interaction effects between tillage and residues. Karlen et al. (1994) found that 10 years of residue 
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removal under no-till continuous corn in Wisconsin resulted in deleterious changes in many biological 
indicators of soil quality, including lower soil carbon, microbial activity, fungal biomass and 
earthworm populations compared with normal or double rates of residue return. 
Lindstrom (1986) found increased runoff and soil loss with decreasing residue remaining on the soil 
surface under notill, with the study results suggesting a 30% removal rate would not significantly 
increase soil loss in the systems modeled. Reduction in these properties and populations suggests loss 
of soil function, particularly reduced nutrient cycling, physical stability, and biodiversity. 
 
Table: General Benefits of Crop Residues to Soil Quality (after Larson, 1979) 
Primary Effect  Secondary Effect  Tertiary Effect 

 
Contributes to soil 
organic matter 
 

 Improves Chemical, Physical & 
Biological Properties 
 

 Increases yield and yield 
sustainability 
 

Provides Physical 
buffer 
 

 Reduces raindrop impact and wind 
shear 
 

 Reduces soil erosion 

 
Despite the many important benefits of crop residues, research shows some of their effects can vary. 
For example, some reports showed lower yields in systems with high crop residues due to increased 
disease or lower germination (e.g. Linden et al., 2000). Dam et al. (2005) reported poorer emergence 
under no-till corn with residues intact compared with residues removed and conventional till with and 
without residues, which they attributed to cooler soil temperatures and higher soil moisture associated 
with climatic conditions. Power et al. (1986) found increased crop yields for corn and soybean when 
residues were left on the soil surface compared with yields under residue removal in Nebraska. This 
yield effect was most pronounced in drier years, leading them to attribute yield increases to residue-
induced water conservation. 
Rate of residue decomposition varies by climate and crop, leading to varying amounts of erosion 
protection and organic matter additions to the soil. 
Due to these and other site-specific effects of residue on soil function, residue removal 
recommendations need to consider soil type, climate, cropping system, and management in order to 
protect soil quality while allowing for residue harvest for biofuel production. 
 
Crop residue management in rice-wheat cropping system 
Crop residues are good sources of plant nutrients and are important components for the stability of 
agricultural ecosystems. About 400 million tons of crop residues are produced in India alone. In areas 
where mechanical harvesting is practiced, a large quantity of crop residues are left in the field, which 
can be recycled for nutrient supply. About 25% of N and P, 50% of S, and 75% of ( uptake by cereal 
crops are retained in crop residues, making them valuable nutrient sources. 
Both rice and wheat are exhaustive feeders, and the double cropping system is heavily depleting the 
soil of its nutrient content. A rice-wheat sequence that yields 7 t/ha of rice and 4 t/ha of wheat 
removes more than 300 kg N, 30 kg P, and 300 kg K/ha from the soil. 
 
Traditionally, wheat and rice straw were removed from the fields for use as cattle feed and for other 
purposes in South Asia. Recently, with the advent of mechanized harvesting, farmers have been 
burning in situ large quantities of crop residues left in the field. As crop residues interfere with tillage 
and seeding operations for the next crop, farmers often prefer to burn the residue in situ, causing loss 
of nutrients and organic matter in the soil. Unlike removal or burning, incorporation of straw builds 
up soil organic matter, soil N, and increases the total and available P and K contents of the soil. 
The major disadvantage of incorporation of cereal straw is the immobilization of inorganic N and its 
adverse effect due to N deficiency. Incorporation of cereal crop residues immediately before 
sowing/transplanting into wheat or rice significantly lowers crop yields. Due to straw incorporation, 
wheat yield depression (mean of 10 years) decreases from 0.54 t/ha to 0.08 t/ha with the application of 
60 kg N/ha and 180 kg N/ha, respectively. 
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Residue characteristics and soil and management factors affect residue decomposition in the soil. 
Under optimum temperature and moisture conditions, N immobilization can last from four to six 
weeks. Adverse effects of wheat straw incorporation can be averted by incorporating both green 
manure (having narrow C:N ratio) and cereal straw (having wide C:N ratio) into the soil before rice 
transplanting. 
 
Legume Crop Residues and Green Manures 
In northwestern India, short-duration legumes (e.g., mungbean and cowpea) can be grown in the 
fallow period after wheat harvest. In the rice-wheat system, incorporation of mungbean residue after 
picking pods, significantly increases rice yield and saves 60 kg N/ha. The advantages of incorporation 
of legume crop residues and green manuring to rice are similar. 
Green manures are a valuable potential source of N and organic matter. Green manure crops (e.g., 
Sesbania sp.) can be used in rice-based cropping systems. A 45- to 60-day-old green manure crop can 
generally accumulate about 100 kg N/ha, which corresponds to the amount of mineral fertilizer N 
applied to crops. Sometimes green manure crops accumulate more than 200 kg N/ha. Integrated use of 
green manure and chemical fertilizer can save 50-75% of N fertilizers in rice. Green manuring also 
increases the availability of several other plant nutrients through its favourable effect on chemical, 
physical, and biological properties of soil. In Bangladesh, N supplied by Sesbania green manure was 
effective for rice grown in coarse-textured soils but its residual effect on the following crop of wheat 
was negligible. 
 
Rice Straw Management Practices 
Incorporation of rice straw before wheat planting compared to wheat straw before rice planting is 
difficult due to low temperatures and the short interval between rice harvest and wheat planting. 
Farmers use different straw management practices: burning, removal, or incorporation. Rice and 
wheat yields under these practices are generally similar. In few studies, wheat yields were lower 
during the first one to three years of rice straw incorporation 30 days prior to wheat planting, but in 
later years, straw incorporation did not affect wheat yields adversely. In contrast, rice straw 
incorporation gave significantly higher wheat yields of 3.51 t/ha compared to 2.91 t/ha with straw 
removal in Pakistan. 
Incorporation of rice straw three weeks before wheat sowing significantly increases wheat yields on 
clay loam but not on sandy loam soil. About 10-20% of N supplied through organic materials having 
high C:N ratio such as rice straw and stubble is assimilated by the rice crop, 10-20% is lost through 
various pathways, and 60-80% is immobilized in the soil. Addition of 10 t/ha rice straw at four to five 
weeks before transplanting rice is equivalent to the basal application of 40 kg N/ha through urea. 
 
Proper fertilizer management practices can reduce N-immobilization due to incorporation of crop 
residues into the soil. These practices include appropriate method, time, and rate of fertilizer-N 
application. The following options can reduce the adverse effects of N immobilization: 

• Place N-fertilizer below the surface soil layer which is enriched with carbon after 
incorporation of crop residue. 

• Apply N-fertilizer at a higher dose than the recommended dose. 
 
Starter N-Fertilizer Effects on Crop Residue Management 
Application of 15 to 20 kg N/ha as starter dose with straw incorporation increases yields of wheat and 
rice compared to either burning of straw or its incorporation in the soil. At recommended fertilizer-N 
level, rice straw incorporation reduces rice yields than urea alone. Therefore, a higher dose of urea-N 
application with rice straw incorporation is necessary to get good yields. The beneficial effect of straw 
incorporation before rice planting does not carry over to the succeeding wheat crop. Application of 30 
kg extra N/ha than the recommended fertilizer dose, increases rice yields only slightly. 
 
Beneficial Effects of Wheat Crop Residues 
During a 10-year (1984 to 1994) long-term field experiment conducted in India, comparisons were 
made between the application of wheat crop residues versus inorganic fertilizers on rice and wheat. In 
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the first year, inorganic fertilizer-treated plots of rice and wheat yielded the highest. However, in the 
second and third year, yield from the treatment with combined application of wheat straw and 
inorganic fertilizer was similar to that with inorganic fertilizer alone. Beyond fourth year, plots treated 
with a combination of wheat straw and inorganic fertilizer outyielded all other treatments. Another 
long-term study (1988 to 2000) conducted in Punjab, India showed that wheat straw could be 
combined with green manure with no adverse effect on rice yield. Yield and N-use efficiency in rice, 
however, were reduced with wheat straw incorporation. 
Results from the All India Coordinated Agronomic Research Project showed the beneficial effects of 
wheat crop residues when applied as a substitute for chemical fertilizer needs of rice in the rice-wheat 
cropping system. In another study, incorporation of wheat straw (10 t/ha) saved 50% of the 
recommended fertilizer dose (60 kg N + 13.1 kg P + 25 kg K/ha) and helped achieve higher yield of 
rice. 
 

    
    

Latest developments in plant management, weed management, cropping systems, Latest developments in plant management, weed management, cropping systems, Latest developments in plant management, weed management, cropping systems, Latest developments in plant management, weed management, cropping systems, 
grassland management, agrograssland management, agrograssland management, agrograssland management, agro----forestry, allelopathyforestry, allelopathyforestry, allelopathyforestry, allelopathy    

 
Plant/crop management 
At present mainly in the rice-wheat cropping system biological research is focusing on issues related 
to natural resource management (NRM). Its most notable success to-date has been the recent 
development of several resource conservation technologies (RCTs) due to the efforts championed 
by rice and wheat coordinating (RWC) units with its NARS (National Agricultural Research System) 
partners, including the private-sector machinery manufacturers. There is evidence of a significant 
change in the tillage and crop establishment methods being used by farmers in the wheat-based 
system of the northwest IGP. This impact is a major achievement for the RWC of regional 
significance and contributes to the global application of RCTs into a new ecosystem. However, the 
success of the tillage practices raises a number of concerns as well as opportunities. The chief of these 
is the lack of farm-level impact studies that can guide the process of adaptation to other zones, and 
identify emerging issues that need to be addressed by the RWC partners. Although, some monitoring 
studies were launched a few years ago, e.g., on soil health, there is need for more holistic monitoring 
of long-term impacts on the productivity and sustainability of the RWSs in the context of RCTs. The 
scope, coverage and locations of such long-term work should be debated amongst members to 
develop a work plan with clearly agreed responsibilities of the national and international partners.  
 
Resource Conservation Equipment & Technology 
•Laser land leveller •30-50% saving in water 
•Rotavator •50% fuel saving & better quality seed bed 
•Zero till drill/minimum till drill/ multipurpose tool 
bar/ raised bed planter 

•5-10% increase in yield and saving of Rs. 2000-
3000/ha. 

•Pressurized irrigation •20-30% saving in water 
•Rotary power weeder •20-30% saving in time and labour 
•Vertical conveyor reaper/ combine •Timely harvesting, more yield 
•Multi-crop thresher •50% saving in labour and time and 54% saving in 

cost of threshing 
•Straw combine •Recovers 50% straw and also 70-100 kg grain/ha 

resulting into an average saving of Rs. 1250/ha. 
•Straw baler •Makes bales and checks environmental pollution 
•Straw cutter-cum-spreader •Cuts and spreads the straw evenly and helps in 

sowing by zero till drill. 
•Improved manual harvester for mango & kinnow •No damage to fruit and higher capacity 
 
The focus on RCTs is important for reasons other than efficiency and sustainability per se. The new 
RCTs provide a novel ‘platform’ for land and water management approaches and to introduce new 
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crops and varieties into the systems, which may also help to re-establish better ecological balance. 
However, the work to foster greater diversification of the RW systems lacks a comprehensive 
strategy, including policy and market analysis, to guide the research and development efforts in the 
region. Agreement on an overall strategy would help to set more appropriate priorities for fostering 
systems diversification suited to needs of different transects of the IGP. 
The biophysical and socio-economic heterogeneity in different IGP transects must be borne in mind in 
planning future programs. In the west, traditionally a wheat-based production system, introduction of 
intensive rice cultivation has raised concern about environmental sustainability due to antagonism 
between the current soil-water production requirements of the two crops. The challenge for RWC is to 
undertake research to determine what possibilities exist to grow rice in different ways to the benefit of 
the RWSs in terms of productivity, diversity and sustainability (particularly of water use) and 
determine under what circumstances (including national policies) such changes are appropriate. The 
RWC can make significant contributions both by improving water use efficiencies at farm-level 
through new RCTs, including laser land leveling and bed planting, and by joining with the CGIAR’s 
Challenge Program on Water and Food. In the east, where the production systems are traditionally 
rice-based, intensification and diversification in the winter (non-monsoon) season will need to be 
focused on enhancing economic viability, learning from farm-level experiences with diversification in 
Bangladesh. 
The RWC has facilitated a change towards a systems approach and use of farmer participatory 
methods for location-specific multidisciplinary research. It has successfully linked NRM with 
production systems research. While these processes have been adopted in some institutes, especially 
in the context of RWS research, much greater effort is needed through the national research 
establishments to mainstream these processes as a regular feature of program planning and 
implementation. RWC can play a bigger role towards this goal by influencing national research 
policy, disseminating benefits and continued efforts to build capacity of the national partners. 
There are opportunities for greater contributions from IARCs/ARIs in support of RWC’s need for 
attention to policy analysis work and new knowledge about the system processes impacting on its 
long-term resilience and profitability in the context of full exploitation of RCTs and distinctly 
different needs of the western and the eastern transects of the IGP. These include strategic research 
themes of regional and global significance related to land, nutrient, water and crop component 
management and safeguarding the environment (global warming gas emissions and carbon balance). 
IARCs are well placed to assist by developing/introducing new tools and techniques and establishing 
new theme-based partnerships for pioneering research. Planning of future research should be backed 
up with a formal analysis of research priorities, and development of a Medium-Term Plan (MTP). It is 
not about tradeoffs, but about better targeting of limited resources available for research to both the 
national and the international partners of the RWC.  
The needs for expansion of successful RCTs, for system diversification and for water management 
research present an attractive window of opportunity for adoption of such a strategy and for exploring 
different options for securing medium-term funding. At the same time, the RWC members should also 
examine a move towards a more equitable cost sharing arrangement in line with their size, degree of 
involvement and capacity to bridge the gap in sustainable funding for the CU. 
Conservation agricultural (CA) practices have been widely adopted in tropics/subtropics and 
temperate regions of the world for rainfed and irrigated systems. Acreage of CA is increasing steadily 
world-wide to cover about 108 m ha (Derpsch and Friedrich 2009) globally (7% of the world arable 
land area). Thus CA is an innovation process of developing appropriate CA implements, crop 
cultivars etc for iterative guidance and fine-tuning to modify crop production technologies. Recent 
estimates revealed that CS based RCTs are being practiced over nearly 3.9 m ha of South Asia (Gupta 
2010). 
Site specific crop management practices including SSNM, BMP besides IPNS results in better 
crop yield and efficiency. Building crop management programmes by integrating available BMPs for 
the site with due consideration of interactions and their careful management result in huge cumulative 
benefits – additive, and/or multiplicative from the biological system of crop production. This would 
greatly reduce external input supply and achieve highest fertilizer use efficiency and sustainability. 
With increased productivity, acreage under arable cropping can be reduced, fertilizer requirement rate 
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can be reduced, residual accumulation and further wastage of nutrients can be reduced, more C can be 
fixed due to the higher biomass and higher oxygen to atmosphere can be released – a true sustainable 
meaning. When optimum population and optimum fertility BMPs are showing positive effects over 
average practices, the additive effects of interactions of BMPs using all the recommended BMPs 
result in highest benefit compared to compromised adoption. 
The System of Rice Intensification, or SRI for short, is a fascinating case of rural innovation that has 
been developed outside the formal rice research establishment both in India and the rest of the world. 
In the recent past there was complex and continuing evolution of SRI in India and it is an important 
innovation in process and not as a completed product. The System of Rice Intensification (SRI) is new 
technique of rice cultivation which changes the management of soil, water and nutrients that support 
optimal growing environment for rice. The SRI showed that keeping paddy soils moist gives better 
results, both agronomically and economically, than flooding the soil throughout its crop cycle. This 
benefit is enhanced by complementary agronomic practices that greatly increase the growth of roots 
and of soil biota which make it possible to grow more productive phenotypes from any rice genotype. 
The SRI, thus is currently attracting the greatest attention to address the issue of ‘more yield with less 
water'. The SRI can also reduce GHG emission and improves soil health. A study at IARI, New Delhi 
showed that the global warming potential (GWP) in the SRI was only 28.9% over the conventional 
method. It increased the water productivity by 44% compared to conventional planting method. The 
seed rate in SRI was much lower which reduced the input cost. The SRI, therefore, seems to be a 
‘win-win’ technology. However, there are some concerns and bottlenecks in its adoption. 
One of the most promising developments in the controversial field of genetic engineering is the 
success obtained in breeding a nutritionally enriched rice variety now popularly being referred to as 
'golden rice'. This golden rice is genetically modified rice which contains genes that produce high 
levels of beta carotene and related compounds. Beta carotene is contained in yellow fruits like carrots 
(from which it gets its name) and mangoes and in vegetables like spinach. Beta carotene and other 
related compounds are converted in the human body to the crucially needed vitamin A. 
Unfortunately, many in the developing world that do not have access to fruits and vegetables, suffer 
from chronic vitamin A deficiency which results in night blindness. Night blindness plagues millions 
of undernourished people in Asia, including India, crippling their lives. According to the WHO, 
vitamin A deficiency hits the poor in 96 countries of the world, resulting in over five lakh blind 
children every year. This blindness is irreversible, these children will never see.  
Maize is a major cereal crop for both human and livestock nutrition, worldwide. Protein from cereals 
including normal maize, have poor nutritional value because of reduced content of essential amino-
acids such as lysine and tryptophan leading to harmful consequences such as growth retardation, 
protein energy mal-nutrition, anemia, pellagra, free radical damage etc. As a consequence, the use of 
maize as food is decreasing day by day among health conscious people.  The complex nature of these 
problems posed a formidable challenge. This challenge was gladly accepted by two distinguished 
scientists of CIMMYT, Mexico, Dr. S. K. Vasal and Dr. Evangelina Villegas whose painstaking 
efforts for a period of 3 decades led to development of Quality Protein Maize (QPM) with hard 
kernel, good taste and other consumer favouring characteristics. This work is globally recognized as a 
step towards nutritional security for the poor.  QPM research and development efforts appropriately 
spread from Mexico to Central and South America, Africa, Europe and Asia. India also benefited with 
such germplasm and developed its first QPM composite variety ‘Shakti–1’ released in 1997 for 
commercial cultivation across the country. In 1998, the Rajendra Agricultural University (RAU) 
stepped ahead with further R & D towards the development of QPM variety and popularization of 
QPM as food. Research priorities were fixed by the university both for varietals development and 
product development through the process of value addition by way of value chain management. The 
breeding programme on QPM was focused at AICRP Centre on Maize located at Tirhut College of 
Agriculture, Dholi (Muzaffarpur) whereas value addition activities were carried out at the Department 
of Food and Nutrition, College of Home Science, Pusa. As of today, RAU has marched ahead in both 
areas and has its own success story upon QPM. It is an improved variety of maize which contains 
higher amount of lysine and tryptophan with lower amount of leucine and isoleucine in the endosperm 
than those contained in normal maize. Such balanced combination of amino acids in the endosperm 
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results into its higher biological value ensuring more availability of protein to human and animal than 
normal maize or even all cereals and pulses. 
Vertical farming  is a concept that argues that it is economically and environmentally viable to 
cultivate plant or animal life within skyscrapers, or on vertically inclined surfaces. The idea of a 
vertical farm has existed at least since the early 1950s. Vertical farming discounts the value of natural 
landscape in exchange for the idea of "skyscraper as spaceship". Plant and animal life are mass 
produced within hermetically sealed, artificial environments that have little to do with the outside 
world. In this sense, they could be built anywhere regardless of the context. This is not advantageous 
to energy consumption as the internal environment must be maintained to sustain life within the 
skyscraper. The concept of "The Vertical Farm" emerged in 1999 at Columbia University. It promotes 
the mass cultivation of plant and animal life for commercial purposes in skyscrapers. Using advanced 
greenhouse technology such as hydroponics and aeroponics, the skyscrapers could theoretically 
produce fish, poultry, fruit and vegetables. While the concept of stacked agricultural production is not 
new, scholars claim that a commercial high-rise farm such as 'The Vertical Farm' has never been built, 
yet extensive photographic documentation and several historical books on the subject suggest that 
research on the subject was not diligently pursued. New sources indicate that a tower hydroponicum 
existed in Armenia prior to 1951. Proponents argue that, by allowing traditional outdoor farms to 
revert to a natural state and reducing the energy costs needed to transport foods to consumers, vertical 
farms could significantly alleviate climate change produced by excess atmospheric carbon. Critics 
have noted that the costs of the additional energy needed for artificial lighting, heating and other 
vertical farming operations would outweigh the benefit of the building’s close proximity to the areas 
of consumption.  
 
Weed management 
 
Development and testing of new molecules are the never ending tasks for the weed scientists. The 
new molecules are regularly being evolved and are finding place in integrated weed management 
programmes under diverse cropping and farming situations. The integrated weed management mostly 
utilized herbicides at low doses and the manual weeding later on to remove the left over weeds. But 
the scarcity of labour for manual weeding compels to find out alternative weed control strategy. With 
the availability of a wide range of pre and post-emergence herbicides, sequential application of pre 
and post emergent herbicides was the need with due attention to the environmental concerns. A lot of 
research findings started down pouring involving the benefits of sequential application of herbicides. 
 
The adoption of transgenic herbicide-resistant crops has increased dramatically in the last decade. 
Most of the increase in hectares of transgenic crops planted is attributable to glyphosate-resistant 
soybean, maize, canola and cotton. Glyphosate-resistant soybean and canola were introduced in 1996, 
cotton in 1997, and maize in 1999. Glyphosate-resistant cotton accounts for 56% of the cotton 
hectares planted in the USA in 2001. In 2001, glyphosate-resistant soybean and maize cultivars 
accounted for over 70 and 10%, respectively, of the hectares planted in the Mid-west USA and the 
adoption trend is increasing. In Argentina, glyphosate-resistant soybean accounts for 98% of the 
hectares planted in 2001. The results of this unprecedented change in agriculture have been many, but 
perhaps most dramatic is the simplification of weed-control tactics; growers can now apply a single 
herbicide (glyphosate) at elevated rates of active ingredient and at multiple times during the growing 
season without concern for injury to the crop. While a number of agriculturalists and economists 
suggest that the adoption of herbicide-resistant crops will reduce herbicide use dramatically, others 
suggest that herbicide use will actually increase. Regardless, the number of herbicides applied has 
declined, thus increasing the ecological implications such as reducing the biodiversity of arable land, 
facilitating population shifts in weed communities and the evolution of herbicide-resistant biotypes. 
Historically, a number of significant changes in agricultural systems have occurred with significant 
impact on weed communities. Adoption of conservation tillage practices and concomitant changes in 
herbicide use in the 1980s resulted in more small-seeded annual weeds. The development and 
commercialization of herbicides that inhibit acetolactate synthase (ALS) resulted in another 
significant change in weed communities and ushered in the widespread problems with common 
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waterhemp (Amaranthus tuberculatus (Moq) Sauer) and the evolution of herbicide-resistant biotypes. 
The question that must be addressed is whether or not the most recent major change in 
agroecosystems, the adoption of herbicide-resistant crops, represents a different risk than previous 
changes. 
The biological approach (a deliberate use of natural enemies to suppress the growth or reduce the 
population of the weed species) of managing weeds is gaining momentum. This approach involves 
two strategies: the classical or inoculative strategy, and the inundative or bioherbicide strategy. In the 
inoculative approach, an exotic biocontrol agent is introduced in an infested area. This method is slow 
and is dependent on favourable ecological conditions, which limits its success in intensive agriculture. 
Whereas in the inundative approach, bioherbicides are employed to control indigenous weed species 
with native pathogen, applying them in massive doses in the area infested with target weed flora. 
Bioherbicides offer many advantages. They include a high degree of specificity of target weed; no 
effect on non-target and beneficial plants or man; absence of weed resistance development, and 
absence of residue build-up in the environment. 
Commercial bioherbicides first appeared in the market in USA in early 1980s with the release of the 
products Devine, Collego and Biomal. Success stories of these products and the expectation of 
obtaining perfect analogues of chemical herbicides have opened a new vista for weed management. 
Plant pathologists and weed scientists have identified over 100 microorganisms that are candidates for 
development as commercial bioherbicides. Some of these are described here. 
Devine, developed by Abbott Laboratories, USA, the first mycoherbicide derived from fungi 
(Phytophthora palmivora Butl.), is a facultative parasite that produces lethal root and collar rot of its 
host plant Morrenia odorata (stangler wine) and persists in soil saprophytically for extended periods 
of residual control. It was the first product to be fully registered as a mycoherbicide. It infects and 
kills strangler wine (control 95 to 100%), a problematic weed in citrus plantation of Florida. 
Commercially Collego, a formulation of endemic anthrocnose fungus Collectotrichum gleosporiodes 
f. sp. Aeschynemone (cga) was developed to control northern joint vetch (Aeschynemone virginica) in 
rice and soybean field. Dry powder formulation containing 15% spores (condia) of cga as an active 
ingredient was registered in 1982 under the trade name Collego, having a shelf-life of 18 months. It is 
the first commercially available mycoherbicide for use in annual weed in annual crops with more than 
90% control efficiency. 
The successful development of Collego led to the discovery of another Collectotrichum- based 
mycoherbicide, ‘Biomal’ by Philom Bios Inc., Canada. It contains spores of C. gleosporiodes (Penz.) 
Sacc. f. sp. Malavae. It is used to control Malva pusilla (round-leaved mallow) in Canada and USA. 
The most effective period of application is at an early stage, although it can be effective at any stage 
of weed growth. Further, the rust fungus Puccinia canalicuta (Schw) legrah is commercialized under 
the name Dr. Biosedge for control of Cyprus esculantus L. (yellow nut sedge). 
Recently the potential of many microorganisms, especially fungus to control weeds in several crops 
has been reported. Some of them are listed here. Alternaria cassiae (Casst), Cercospora rodmani 
(ABG-5003), Cercospora coccodes (Velgo), Collectotrichum orbicular, Fusarium aonifliral, 
Deleterious rhizobacteria (DRB), Pseudomonas spp., Agrobectarium, Xanthomonas spp., Ervinia 
herbicola, Pseudomonas syringae pv. Tagetis (Pst), Xanthommonas campaestris pv. Poannua, (Xcp), 
S. hygroscoplus (Bialaphos). 
Besides many advantages of bioherbicides, certain factors have been reported to limit the 
development of bioherbicides into commercial products. These include biological constraints (host 
variability, host range resistance mechanisms and interaction with other microorganisms that affect 
efficacy), environment constraints (epidemiology of bioherbicides dependent on optimum 
environmental conditions), technical constraints (mass production and formulations development of 
reliable and efficacious bioherbicide), and commercial limitations (market size, patent protection, 
secrecy and regulations). 
The bioherbicides approach is gaining momentum. New bioherbicides will find place in irrigated 
lands, wastelands as well as in mimic parasite weeds or resistant weed control. Research on synergy 
test of pathogens and pesticides for inclusion in IPM, developmental technology, fungal toxins, and 
application of biotechnology, especially genetic engineering is required. However, bioherbicides 
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should not be viewed as a total replacement to chemicals, but rather as complementary in integrated 
weed management systems. 
 
In developed countries chemical weeding is more prominent than mechanical weeding. However in 
the recent times the problem of environmental degradation and pollution is making the world to have 
a re-think on the adoption of mechanical weeders. Development of row crop weeders is the viable 
option in order to ensure sustainable crop production and optimum environmental conditions. It is 
very easy to use ploughs, harrows and mowers to control weeds in the open field where crop had not 
been planted. However special care must be taken when using 
weeders in row crop plantations. Research efforts over the globe 
are continuing and have yielded some results. Ademosun et al. 
(2003) reported the development of various machines for 
weeding and harvesting. 
One of the latest developments for mechanized hand weeding is a 
controversial human-hybrid weeding machine which supports 
several workers prostrate on their abdomens and allows them to 
pull weeds by their hands, literally laying down on the job!  This 
practice was recently described as inhumane in a Southern 
California periodical La Opinión.   
 
Robotic Suit for Farmers: Japanese scientists at the Tokyo University of Agriculture and 
Technology in early 2009 demonstrated a prototype wearable 
assistance machine equipped with eight motors and 16 
sensors.  This robot suit for farmers is designed to allow a farm 
worker to lift heavy objects, pull weeds and reduce the heavy 
burden of harvesting as the nation's farm industry faces an ageing, 
shrinking workforce.  The 25-kilogramme (55-pound) device is 
intended to assist elderly farmers who need support for their leg 
muscles and joints when they keep a crouching position or lift their 
arms high. The researchers said they were looking to commercial 
use of the suit in two to three years at an initial price ranging from 
500,000 yen to one million yen (about 5,000 to 10,000 
dollars).   That's a lot of yen, and 55 pounds is a lot of weight for an 
ageing farmer or itinerant farm worker, but it may be a good deal if 
they include a Turbo Weed Twister with a built-in torque power 
supply in the final package!  At least this outfit supports an upright 
farmer, as opposed to the prostrate bedweeder design shown above. 
 
Robotic Cultivator System 
Sometimes within the next few years, there may be a new mechanized weeding system available to 
growers, which will save them hundreds of dollars per ha. Over the past three years, David Slaughter, 
a researcher at the University of California-Davis, has been working on perfecting a precision weed 
control robotic cultivator system that can tell the difference between weed seedlings and tomato 
seedlings in the field. On the back of the mechanism, there would be several mounted miniature 
hooded sprayers that would go in between the rows and spot spray the weeds, leaving the tomato 
plants and everything else in the field untouched. Machine vision based detection of volunteer 
potatoes in cropped fields is also being studied by the Wageningeh University, a Dutch university in 
Europe. 
A solar-powered robot with 20/20 vision, on a search-and-destroy quest for weeds, will soon be 
moving up and down the crop rows at the experimental fields at the University of Illinois. What's 
more, this robot has the potential to control weeds while significantly reducing herbicide use.  The 
robot uses GPS for navigation, and there are two small cameras mounted on a frame on top of the 
machine to give the robot depth perception, just like a human, according to Lei Tian, agricultural 
engineer at the U of I. "If he sees a weed, he can actually tell how far away it is."  An on-board 
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computer offers access to information that provides the morphological features of plants, to help the 
robot determine just what is and isn't a weed. Once a weed is identified, a robotic arm attached to the 
front of the machine engages a device the researcher calls "a custom-designed end effector." 
 

 

Robocrop InRow - The Revolutionary Robotic Weeder! 

Using similar image analysis techniques to those used on the Robocrop 2 high speed hoes, Robocrop 
InRow analyses images of the crop immediately in front of the weeder. Applying a predetermined 
grid and best fit logical deduction techniques individual plants are pinpointed and tracked through the 
image. The weeding rotors are then synchronised to work around each individual plant, the rotor 
speed being continually adjusted to take into account plant spacing variations. The InRow rotors are 
then followed up by a set of inter-row cultivation units to complete the all round cultivation process. 
Performance is 2 plants per second per row. 

 
 
 
Ergonica Weed Twister 

The Turbo Weed Twister represents a new level of technology for drill-
powered weeding tools due to the engineering of the unique sleeve grip 
and other advances which allow for a longer shaft without 
compromising precision and ergonomic safety.  This enhances the 
Ergonica Weed Twister line of weeding tools from a manual operation 
to a semi-automated solution to weeds, small and large, left behind by 
herbicides and other mechanical processes.  Should this be the arm of 
the ultimate weeder robot? 

 
Cropping systems 
The research efforts over last two decades (1989-90 to 2010) under the aegis of AICRP–CS have lead 
to several significant findings. The summary of major achievements is listed hereunder. 

• Resource efficient alternative cropping systems to rice-wheat system were developed for 11 
states viz. Haryana, Punjab, U.P., Bihar, Uttaranchal, parts of Orissa, M.P., W.B., Jammu 
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Kashmir, H.P. and Gujarat, involving potato, maize, onion, sunflower, green gram, brinjal, 
berseem (F), cabbage, okra, radish, potato etc, which gave average productivity of 20 t/ha as 
rice equivalent yield as compared to 11-13 t/ha, which led to induce the scope of increasing 
per unit productivity substantially. 

• Likewise, efficient alternatives to pearl millet-wheat system in five states, viz.; Haryana, 
Gujarat, U.P., Rajasthan and Maharashtra, involving potato, green gram, cowpea, mustard, 
cluster bean, chickpea etc. were identified, which gave the productivity up to 12 tonnes per ha 
as compared to existing 8 t/ha. 

• Efficient alternatives to soybean-wheat system in three states, viz.; M.P., Rajasthan and 
Maharastra, were developed. Diversification options involving high value crops like isabgol, 
groundnut, soybean, potato, turmeric etc resulted in average productivity of 15 tonnes/ha as 
compared to existing 12 t/ha (rice equivalent) yield. 

• Integrated plant nutrient supply systems have been established to be beneficial and 
standardized. Substitution of 25-50% N with FYM or green manure in rice-wheat system was 
found to increase the productivity by 4%, which may save chemical fertilizers worth Rs. 7.0 
crores. It also helped in increase of soil organic carbon by 55.9%. In rice-rice system, green 
manuring increased the yield by 3.6%. 

• Site Specific Nutrient Management Technology has been proven to be a potential tool in 
breaking the yield barrier through efficient and balanced nutrient management leading to 
significant productivity increase. Results clearly show that by adoption of SSNM, across the 
locations, grain yields of more than 13 t/ha in rice - wheat system (with a contribution of 58% 
rice and 42% wheat) and 12-15 t/ha in rice-rice system (with a contribution of 48% kharif rice 
and 52% rabi rice), are achievable. It also helped in increase of organic carbon by 55.9%. 

• The use of different resource conservation technologies in rice-wheat system has been 
established to help in significant improvement of crop productivity and resource saving. 
Adoption of RCTs lead to an improvement in productivity of rice by 1 to 7% in mechanical 
transplanting, 3 to 8% in drum seeding, 1 to 2% in zero till drilling and 10 to 13% in system 
of rice intensification (SRI) compared to traditional hand transplanting at different locations. 
Similarly, in wheat, productivity increased by 5 to 29% in zerotill drilling, 4 to 11% in strip-
till drilling and 3 to 23% in bed planting compared to conventional sowing.  

• With the application of recommended technologies and balanced fertilization to at least 10% 
of the area under different cropping systems, spread over various agroclimatic regions as 
indicated by on-farm research on cultivator’s fields, India can easily add about 5 million 
tonnes of food grain equivalent to rice to its food bowl. 

• Through long-term studies in all the major cereal-cereal cropping systems, it has been proved 
that continuous use of chemical fertilizers (NPK) only and omitting P or K application leads 
to occurrence of deficiency of these nutrients and decline in yield of crops. However, the 
extent of yield reduction and occurrence of P or K deficiency is governed by the inherent soil 
supplying capacity and cropping system adopted. 

• On-farm crop response to N, P and K application in different cropping systems has been 
determined. The average response of different cropping systems was 8-12 kg rice equivalent 
yield/kg of any of the major plant nutrients like N, P or K with mean economic responses of 
7-10 Rs./Re invested on N, 4 Rs./Re spent on P and 6-8 Rs./Re spent on K. 

• To improve the sustainability of rice-wheat system over the years, growing of legumes as 
break crop showed a marked influence on weed flora over the years and a reduction of 45 to 
61% weed count was noted in succeeding rice-wheat crop cycle. To improve upon soil 
organic carbon and micro-nutrients application of organic manures has been proven very 
effective. 

• In hybrid as well as inbred rice, N management through LCC proved superior to locally 
recommended N application in three splits and it was found possible to curtail 20-30 kg of 
fertilizer N/ha without sacrificing rice yield, when N is applied as per LCC values. N 
application at LCC<3 in Basmati 370 and at LCC<4 in coarse and hybrid rice was found 
optimum. Moreover, in LCC-based N management, basal application of N can be skipped 
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without any disadvantage in terms of grain yield, and agronomic, physiological or recovery 
efficiency of fertilizer N. 

• Similarly, nitrogen application as per soil supplying capacity and crop demand based on 
SPAD reading (35) produced highest yield of rice (4.92 t/ha) and wheat (4.55 t/ha). Skipping 
basal N application in both rice and wheat led to higher use efficiency of N (partial factor 
productivity, uptake efficiency and internal efficiency) and better crop productivity. 

• Crop residue recycling in rice-wheat was found to increase rice as well as wheat yields by 13 
and 8%, decrease cost effectiveness by 5 and 3% and energy efficiency by 13 and 6%, 
respectively, compared to residue retrieval, whereas yield advantage was to the tune of 9 and 
3% compared to residue burning. Recycling improved SOC by 31 and 2% and MWD by 11 
and 10%, compared to residue retrieval and burning after seven crop cycles. It also improved 
soil moisture content (15%), bulk density (3%), cone index (14%), total N (17%), available 
P2O5 (12%) and K2O (8%) compared to residue retrieval. 

• A comparison of yield, economics and energy of mechanical and manual transplanting 
revealed that the transplanting by rice transplanter provided 85 and 72% savings in labour and 
cost of transplanting including nursery raising, respectively; provided higher rice yield (10%), 
net returns (26%), benefit: cost ratio (29%) and energy efficiency (7%); compared to manual 
transplanting of rice. 

• During 3-4 years of conversion period, crop yields under organic farming were recorded to be 
comparable with conventional (chemical) farming in many regions. Some of these crops and 
their percent improvement in yield are coarse rice (+2%), garlic (+20.4%), maize (+22.8%), 
turmeric (+51.5%), fodder crops (+14.4 to 89.9%) and basmati rice (-6%) at Ludhiana; kharif 
French bean (+19.0%), veg. pea (+62.1%), cabbage (+9.5%), garlic (+7.0%) and kharif 
cauliflower (-4.6%) at Bajaura; fodder berseem (+6.5%), chickpea  (+1.5%), soybean (-2.3%) 
and mustard (-6.6%) at Raipur; Rice (+12.9%), Wheat (+24.4%), Potato (+7.3%), mustard 
(+9.6%) and lentil (+2.5%) at Ranchi, groundnut (+6.9%), rabi sorghum (+15.8%), soybean 
(+9.5%), durum wheat (+32.4%), chilli (+18.8%), cotton (+35.5%), potato (+3.3%), chickpea 
(+3.2%) and maize (-1.1%) at Dharwad; soybean (+10.7%), isabgol (+11.2%), durum wheat 
(+1.1%), mustard (+3.1%) and chickpea (+4.2%) at Bhopal; okra (+1.0%), berseem (-0.2%) 
and veg. pea (+1.8%) at Jabalpur; Dolichos bean (+16.6%) at Karjat; maize (+18.2%), cotton 
(+38.7%), chilli (+8.2%), brinjal (+14.9%) and sunflower (+29.1%) at Coimbatore; rice 
(+1.9%) at Pantnagar; fodder sorghum (+32.5%), okra (+11.3%), baby corn (+11.8%) and 
veg. pea (+2.2%) at Modipuram; and carrot (+5.8%), tomato (+30.6%), rice on raised beds 
(+7.3%), french bean (+17.7%) and potato (+3.0%) at Umiam. 

• Improvement of different magnitudes was recorded in respect of soil organic carbon 
(negligible at Pantnagar to 45.9% at Ludhiana), available-P (negligible at Pantnagar to 45.9% 
at Ludhiana), and available-K (up to 28.8% at Modipuram). However, available-N content 
was, in general, lower under organic systems. 

• An improvement in some of the quality parameters of ginger (oleoresin by 11.5% and starch 
content by 10.6%), turmeric (oil by 10.8%, oleoresin by 12.4%, starch by 20.0% and 
curcumin by 21.7%), chillies (ascorbic acid content by 2.1%), cotton (ginning percentage), 
and vegetables (iron, manganese, zinc and copper content in tomato, French bean, cabbage, 
cauliflower, pea and garlic) was recorded. 

 
Grassland management 
Advances have occurred at a remarkable rate. The introduction of royalties was a major stimulus to a 
flow of improved forage varieties by breeders. Varietal testing was formalized and resultant 
recommended lists are the norm in many countries. Seed is of assured genetic and analytical quality. 
An impressive array of herbicides and pesticides has been developed for control of weeds and pests in 
establishing and established swards. Nutritive valué (NV) profiling identified of the most suitable 
species and varieties for grazing and conservation. Analytically the development of near infra-red 
spectroscopy has been a notable development. On account of their high NV and N-fixing ability, 
forage legumes are arousing increased reappraisal and interest in their use. Fertilizer technology has 
led to more concentrated forms, bulk handling and a better understanding of the interactions of N, P, 
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K and S under different managements. Organic manures are now used more rationally and farm 
nutrient balances are making an increasing impact in efficiency of fertilizer use. 
Early debate on grazing centred on methods but experimentation showed stocking rate was the key 
influence on animal output per unit area or per animal. Another key advance was the integration of 
grazing and conservation, manipulating their areas to achieve a succession of leafy re-growths of high 
NV; buffer feeding was also introduced as insurance. Physiologists elucidated the role of the carbon 
balance in swards and of tiller growth, leading to grazing management based on sward height. The use 
of indigestible markers to measure faecal output and hence estimate intake was a major step forward. 
Silage making has become the most important method of conservation, aided by improved 
mechanization in all aspects of handling, an understanding of the microbiology and biochemistry 
involved and notable introductions such as precision chopping, plastic sheeting, wrapped big bales, 
choice of additives and improved methods of prediction of NV for ration formulation. Some of the 
advances are also applicable to hay making. It is forecast that the rate and degree of progress in 
technology, including biotechnology, will in all likelihood match or surpass the advances achieved in 
the past half century. 

Strategy for Drought  
The severe drought in the country requires a contingency plan for meeting the needs of vast 
populations of humans and the animals. While, the requirements of grains for the human consumption 
can be met during the period, animals are likely to suffer due to non-availability of fodder and crop 
residues. Due to the failure of crops and uncertainties of the monsoon it is of utmost importance to 
emphasize growing of fodder crop even if there is slight availability of moisture so that, the animals 
do not suffer and they should survive. IGFRI proposes the following technologies, varieties and 
feeding management to meet the demand. 

 

Perennial Grasses & grasslands 

 If rain comes 
during 
August 1 – 10 

• Interculture of grass areas for better growth 
• Top dressing of N in 2-3 split doses at 20-25 kg N/ha with the monsoon 

pattern 
• Increased use of top feed resources like Leucaena lucocephala for 

feeding 

August 11 - 30 -do- 

September 1 - 15 -do- 

September 16 - 30 -do- 

 

Feeding Strategy of Livestock in Droughts 

The feeding strategy for livestock during drought 
should aim to optimize the efficiency of 
utilization of available feed resources. The 
approach should be to supply feeds rationally in 
such a manner that provides essential nutrients to 
maintain the physiological function of livestock 
and also to protect their productive traits. 
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 Approaches 

i. Maximum exploitations of dry roughages – available kadbi in chopped form and 
enrichment thereafter. 

ii.  Use of unconventional feed resources –  
a. Tree leaves like Bargad, Pipal, Gular, Shisam, Bamboo, Mulbery, Ardu, Subabul, 

Dhaman etc. 
b. Use of kitchen waste-mixing with dry fodder. 
c. Use of sugarcane bagasee and food industrial by products. 
d. Riverbed and fallow land grazing of livestock. 

iii.  Use of crop residues: Crop residues such as straw, paddy straw, maize/sorghum stover, 
residue from oilseed crop and pulses. 

iv. Resurgence in fodder-agronomic practices – The legume fodder crop like Sesbania, 
subabul, Egyptica, Desmanthus etc. can be propagated on all waste lands. Canal banks, 
hillock slopes and field boundaries. 

v. Use of Fodder enrichment technologies: 
a) Straw/stover treatment with urea and molasses. Use of 2 kg fertilizer grade urea to 

dissolve in 10 l of water, then mixed 10 kg molasses. This mixture is sprayed ever the 
Straw and Stover (100 kg) and allow to remain in sunlight for while. The treated 
Stover may be given 4-5 kg/animal day. 

b) Alkali treatment of fodder: Alkali like sodium hydroxide, calcium hydroxide and 
ammonium hydroxide may be used @ 2% with molasses. Treated straw any be fed @ 
5-6 kg/animal. 

c) Use of Common salt: Straw soaking with 1% common salt solution and sun dried for 
a while.  

d) Use of non-toxic fungi for straw treatment. 
vi. Use of Urea molasses mineral blocks. 
vii.  Use of complete feed blocks from unconventional roughages or Straws. 
viii.  Mineral and Vitamin supplementation with available feeds. 

 
 
Agroforestry: Indian subcontinent 
The role of agroforestry in meeting either present or future requirements of fuelwood, food, fodder 
and small timber and for environmental protection has been very well recognized. What is now 
required is the development of location-specific, need-oriented systems along with the necessary 
support so that farmers can get the required seedlings and other inputs easily and market the produce 
at competitive prices. 
With a population growth rate of over 2% in most of the countries of the subcontinent, the challenge 
of meeting basic requirements of the population is a major concern. The exploitative tendency of 
modern agriculture, aimed at higher and higher production per unit area, is in fact rapidly degrading 
the basic production capacity of the ecosystem. Long-term experiments conducted in India have 
indicated very clearly that in high-production areas the soil is quickly depleted of essential plant 
nutrients. In certain regions where ground-water recharge is slow the rapid withdrawal of ground 
water has alarmingly lowered the water table. Village woodlands and grazing grounds have vanished, 
resulting in acute shortages of fuel and fodder. Government-managed forests are already denuded and 
heavily exploited for meeting timber requirements. Deforestation and cultivation on steep slopes have 
resulted in heavy soil losses and water runoff. These things have happened, perhaps, because 
agricultural research and development efforts have given greater emphasis to individual production 
sectors or components than to the whole system. 
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Farmers in the subcontinent basically practise a mixed-farming system. Their way of life is an 
integration of different components for optimum production without necessitating much external 
input. Agroforestry presents an excellent opportunity for such low-input socio-economic situations as 
it provides for the integration of various production factors for achieving need-based goals. Whether it 
is the problem of apple boxes in the hills, or fodder and fuel in the semi-arid/arid areas, or shelterbelts 
in deserts, or ground cover in high-rainfall areas, or cash crops in high input areas, trees can play a 
role and can be suitably integrated with the existing agricultural production system. It is for the 
scientists engaged in agroforestry research to identify trees for a specific role in a particular ecosystem 
and to synthesize and develop the agroforestry system based on existing components so that the 
production can be optimized without impairing the quality of the resources. 
Fortunately, in the Indian subcontinent the information on the component technology is not lacking, 
whether it is tree, crop, animal, soil, water or environment. In some countries of the subcontinent, 
work on the development of appropriate agroforestry systems has already started; others are in the 
process of developing the needed infrastructure. However, considering the urgency of such an 
approach for application to the field, there is no need to wait for elaborate infrastructural 
developments. What may be required is to develop multidisciplinary teams which are capable of 
synthesizing appropriate systems and have the capacity to manage the components for realizing the 
objectives of the systems. 
Agroforestry research should have as a high priority the identification of appropriate tree species for 
their assigned role in the system in a particular environment. A wide range of indigenous and exotic 
species is available for selection. The ingenuity of the researcher lies in developing a management 
system which may integrate the selected tree species with on-going land-use activities in such a 
manner that the overall production gains are higher, without impairing the basic resources. It may be 
necessary to go for more "on farm" trials so that the synthesized systems can be tested and modified 
on farmers' fields before they are tried for large-scale extension. A number of systems failed to 
become popular with farmers because of the absence of the necessary input supply and marketing 
infrastructure. This may be crucial for agroforestry because overproduction of wood, fruit or fodder 
without any market can affect the farmers adversely. 
The scope for tackling the problems of the rural areas through agroforestry interventions in the Indian 
subcontinent is very promising. There are a number of indigenous and exotic tree species which are 
already being grown on agricultural lands. 
Farmers are responsive to the idea and are prepared to adopt the alternative farming systems. The 
scarcity of fuelwood and fodder is widespread and is affecting seriously the living conditions of rural 
people. In such a situation an appropriate technology of tree integration with agriculture will be 
immediately accepted. However, a major effort awaits agroforestry scientists to synthesize site-
specific technology and policy makers to develop a suitable infrastructure for the disposal of 
diversified products from such a system. 
 

 

 
 
 
Silvipasture Systems for wastelands 
 

In the context of wastelands development, forage based livestock 
production coupled with aided environmental conservation has a 
special significance in the fast changing socio-economic spectrum. 
IGFRI has developed environment friendly technologies for 
rehabilitation of degraded non-arable lands/rangelands leading to 
sustainable livestock production, supply of energy, minor timber and 
additional income generation. 
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 OUTPUTS 
Production/ha 

Forage  
Firewood         
Other 

10 - 14 t/ha (Green) 
2 - 3 t/ha (Dry) 
3 - 5 t/ha (Felling cycle) 
1 - 2 t/ha (Minor fruits) 

MANPOWER 
Managerial 
Labour   

1-3 /crop 
120-150 mandays/ha/yr 

PLANT MATERIALS 
MPTS 
Grass  

Legume 

200-400  Smplings/ha 
4 - 7 kg seed/ha 
5 - 8 kg seed/ha 

 FERTILIZER 
20 kg N/ha        30 kg p/ha       30 kg K/ha 

MACHINERY 
Pitter – Discer 
ECONOMICS  

1 : 3 (Cost/Benefit ratio) 

 Suitable Species 

  Arid  Semi-arid Sub-humid Humid  Temperate 

Trees Khejri, Israeli 
Babul, Ber 

Anjan, Nutan, 
Aonla 

Bhemal, Black 
locust, Money 

Jack 

Subabul, 
Siris,Soapnut 

Willows, Oak, 
Apple 

            

Grasses Sewan, Buffel, 
Bluepanic 

Borthicloa, 
Marvel, 

Deenanath 

Kazangula, 
Greenpanic 

Signal, Pangola, 
Bahia 

Ryegrass, Orchard 
Grass, Fescue 

            

Legumes  Cassia, 
Indigofera 

Siratro, 
Carribean Stylo, 

Butterfly pea 

Red clover, White 
clover 

Desmodium, 
Alysicarpus White clover, Lotus 

 BENEFITS 

• Silvipastoral system transforms the degraded lands into fodder and fuel producing land. 
• The technology is useful for ecological restoration and improvement of soil, environment 

and biodiversity.  
• Planting of multipurpose trees with grasses and legumes in an integrated system and their 

utilization through cut and carry of forage in early years followed by in situ grazing is 
known as silvipastoral system.  

• This system aims at optimizing land productivity, conserving plants, soils and nutrients 
and producing forage, timber and firewood on a sustainable basis.  

• It involves re-plantation, substitution or intervention in the existing vegetation by 
desirable species. 

• The tree selection is based on its easy regeneration capacity, coppicing ability, fast 
growth, nitrogen fixing ability, palatable leaves (fodder) high nutritive value and less 
toxic substances, short rotation and high fuel value.  

• The grasses and legumes should have easy colonizing ability, high production efficiency 
and high nutritive value. 
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• A minimum of 2.5 times improvement in land productivity was found with use of such 
silvipasture systems compared to the prevailing traditional practices.  

• Compared to degraded rangelands such systems provided more than 10 times biomass in 
a rotation of 10-12 years.  

• Mean annual production of 3.5 - 6.1 t/ha dry forage per hectare was possible under 
different tree species on diverse habitats.  

• At 8 years of growth, production of fodder and firewood from tree lopping has been 
found to vary from 1.0-2.5 t/ha of tree fodder per year.  

 
Allelopathy 

Simply put, allelopathy refers to an ecological phenomenon of plant-plant interference through release 
of organic chemicals (allelochemicals) in the environment. These chemicals can be directly and 
continuously released by the donor plants in their immediate environment as volatiles in the air or root 
exudates in soil or they can be the microbial degradation products of plant residues. The chemicals 
may interfere with survival and growth of neighboring or succeeding plants. Black walnut, 
eucalyptus, sunflower, sorghum, sesame and alfalfa are common examples of plants with allelopathic 
property as well as some staple crops such as rice, wheat, barley and sorghum. Plants can emit 
chemicals that also discourage insects and pathogens. To maintain sustained productivity, knowledge 
of this form of plant interference on other plants and on disease causing organisms has been used in 
agriculture since prehistoric time by manipulating cropping pattern and sequence such as mixed 
cropping and crop rotation.  

During the last two decades, the science of allelopathy has attracted a great number of scientists from 
diverse fields world wide and is now viewed from a multifaceted approach (Putnam and Tang 1986; 
Chou et al. 1999; Reigosa and Pedrol 2002). This diverse interest has been greatly driven by the 
prospects that allelopathy holds for meeting increased demands for sustainability in agriculture and 
quality food production for humans, on reducing environmental damage and health hazards from 
chemical inputs, minimizing soil erosion, reducing reliance on synthetic herbicides and finding 
alternatives for their replacement. 

The thirtieth anniversary of the publication of the first edition of Professor Elroy Rice’s book titled, 
simply, “Allelopathy” fell in 2004. Surely, no work on the discipline has been more influential or 
more widely cited in the literature. A flavour of this work is given in an autobiographical contribution 
to the ‘Pioneers in Allelopathy’ series (Rice, 1996).  

Significantly, much of what Rice wrote and described 30 years ago has been neither surpassed nor 
superceded in the literature. The potential scope of allelopathy in natural and managed ecosystems; 
the means of liberation of allelochemicals from plants; the families of compounds themselves, and 
their likely modes of action are all included (Rice, 1974). All that has been accomplished since is the 
refinement that accompanies the application of ever more sophisticated technology….. 

Such an appraisal would be unfair to the undoubted flowering of allelopathy which occurred during 
the1970s, through the 1980s and into the 1990s. During this period allelopaths were active around the 
World. They included, in Canada, Neil Towers; in Europe, Michael Wink; in Japan, Junya Mizutani; 
in Korea, Bong-Seop Kil; in Mexico, Ana Luisa Anaya; in Taiwan, Chang-Hung Chou and CC 
Young; in India, Syamasundar Joshi – who published one of the rare examples of allelopathy being 
deployed to good effect in the field by living plants, in this case the effect of Cassia sericea Sw. on 
Parthenium hysterophorus L.- and in the USA, HH Cheng, Stephen Duke; Frank Einhellig; Stephen 
Gliessman; Gerald Leather; Al Putnam; CD Tang, Doug Worsham, and George Waller, of whom, 
more later. These are examples, only, of the ‘multidisciplinary international audience’ for allelopathy 
and no disrespect is intended to the many workers who do not receive specific mention. As noted, 
above, there was much activity behind the ‘Iron Curtain’ a great deal of which remains inadequately 
explored. 
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Gerald Leather and Bong-Seop Kil were guests at the University of New England (New South Wales) 
which, along with Rick Willis’ laboratory in Melbourne, were the main centres for allelopathy in 
Australia at that time. 

The topics covered by this large group of very productive workers illustrates the extent to which 
allelopathy must be viewed in breadth. Allelopathy was, for example, recognized as but one of the 
many stresses which impact plants in their environment. In some instances allelopathy may emerge as 
a dominant, identifiable influence. In others it is merely part of the background. An allelopathic effect 
which is stark in one season may be invisible in the next.  

Allelopathy was recognized in fresh water and marine systems, demonstrating the capacity for 
allelochemicals to retain their bioactivity even when greatly diluted. Similarly, the fate of 
allelochemicals in the rhizosphere and, more generally, in soil was being explored. Emergent, 
contemporary interest in sustainability of natural and managed systems focused workers on the role 
which allelopathy might play, for example, in reducing reliance on synthetic pesticides. The 
application of mass spectrometry and high pressure liquid chromatography greatly facilitated the 
identification and quantification of allelochemicals. 

Perhaps most important of all was the recognition that those compounds which are to allelopaths, 
‘allelochemicals’, have a broad role in phytochemical ecology (Towers et al, 1989), and that they 
have a long history which has witnessed their employment by man for a variety of purposes. This has 
never been put better than by Whittaker (1970) who wrote, specifically of the alkaloids: “Man’s use of 
alkaloids for flavour, mild stimulation, medicinal effect, or pleasurable self-destruction should not 
obscure a common theme: they are probably, although not necessarily in all cases, repellents and 
toxins, evolutionary expressions of quiet antagonism of a plant to its enemies”. This antagonism may 
be perceived as being part of the array of defences which plants use to offset their sedentary habit 
(Lovett, 1985) and/or as a means of conveying messages: “Allelochemicals may, therefore, be 
considered as part of a network of communication in which disparate organisms give similar 
responses to similar compounds or families of compounds. Plants producing biologically active 
compounds at relatively high concentrations may be perceived as utilizing chemical defences” (Lovett 
et al,1989).  

Taking advantage of an author’s prerogative to be a little nationalistic, it is worth recording that 
Australia well illustrates the rich diversity of allelopathy (Lovett, 1986). As in other countries, 
allelopathy has often been observed but not recognized, for example, in early studies of phytotoxicity 
occurring from the decomposition of stubble in the field (Lovett, 1987). Nevertheless, allelopathy in 
Australia has been identified with plants native and introduced; in communities from rangelands to 
eucalypt forests; in pasture and crop systems, and in situations where bacterial involvement may be a 
pre-requisite for its expression (Lovett, 1987). Later, it has been recognized that chemical compounds 
which may act as plant messengers between plants and widely disparate organisms have potential as 
management tools in agricultural and other production systems (Lovett, 1989). The alkaloids of 
Datura interfere with cell division, damage mitochondria and interfere with energy metabolism 
(Lovett and Ryuntyu, 1988). 

Although recognised as being attenuated, as a consequence of selection for other attributes, crop 
plants also exhibit allelopathy. Studies of allelopathy with Brassica crop residues (Mason-Sedun et al 
1986) showed that not only Brassica species but also cultivars differed in their expression of 
allelopathy. The release of the alkaloids gramine and hordenine from growing barley plants affected 
the growth of a test plant, Sinapis alba L., but it was also found that hordenine affected the growth of 
the common armyworm, Mythimna convecta, an insect pest of barley and the fungal pathogen 
Drechslera teres (Lovett, 1991). 

Towards an allelopathic future? 

Contemporary with Elroy Rice for much of his career, Professor George Waller ranks among the 
pioneers of allelopathy (Waller, 1998) in bringing the rigour of the chemist to his studies of 
agricultural and biochemical topics. He was founding editor of Mass Spectrometry Reviews (Vols 3-
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18) and is an authority on two classes of compound widely associated with allelopathy, the alkaloids 
and the terpenoids. 

In September 1994, with Professor Shamser S Narwal, George Waller led the establishment of the 
International Allelopathy Society. The Society exists to promote understanding of allelopathy, 
referring to any process involving compounds produced by plants, microorganisms, fungi and viral 
secondary metabolites that influence the growth and development of agricultural, forestry, biological 
and ecological systems (excluding animals). Writing a decade later, Waller (2004) avers that, in order 
to sustain production while preserving resources for the future “The world’s need for research and 
development in allelopathy in agriculture, forestry, and ecology is of extreme urgency”. To meet this 
need will require allelopathy to contribute as part of the natural and managed systems of which it is a 
part. Are we meeting this challenge? 

Certainly, a new generation of allelopaths is active. But, pondering on this retrospective, it would be 
easy to argue that the promise of allelopathy, pre- and post-Molisch, has remained exactly that. For 
example, papers describing apparent allelopathic phenomena continue to abound in the literature. The 
dictionary definition of this term is thought-provoking: ‘Phenomenon: a fact or occurrence that 
appears or is perceived, especially one of which the cause is in question’ (Oxford, 1996). Interesting 
as the reported phenomena may be allelopathy runs the risk of becoming an evolutionary dead end 
unless its practitioners can translate phenomena into performance: ‘Performance: achievement under 
test conditions’ (Oxford, 1996). 

An analysis of papers published in Allelopathy Journal is instructive. Up to April 2005 (Volume 15 
No.2) some 294 papers, including short communications, had appeared. Of these, 125 (42.5%) 
describe phenomena, typically, ‘the allelopathic potential of species x against species y’. There is 
some cause for optimism in that up to the end of the year 2000 the percentage was 47%, falling to 
38% in the ensuing years. 

There were some of the latest and most stimulating contributions to the discipline in which the plant 
victims have been dried, ground and extracted with solvents for anything up to two weeks, or more; 
the resulting solutions have been applied to Petri dishes containing the hapless target seeds, and 
claims of discovery of allelochemicals and apparent allelopathic activity have duly been made. 
Frequently, it is told that roots appear to be more sensitive than shoots, and that low concentrations of 
allelochemicals stimulate while higher ones inhibit. The most sophisticated chemistry is sometimes 
applied but the compounds identified are depressingly familiar.  

The scope and fascination of allelopathy are so broad that it is all too easy to fall into this trap of 
reinventing the wheel. But the new generation of allelopaths must be encouraged to pay full attention 
to the work of the pioneers and, rather than mimicking their achievements, strive to move the 
discipline forward. In an equivalent context the German philosopher GWF Hegel (1770-1831) 
observed: “What experience and history teach is this – that nations and governments have never 
learned anything from history, or acted upon any lessons they might have drawn from it” (Hegel, 
1830). 

So many enthusiastic authors, the present writer among them, have identified the potential of 
allelopathy to play an important role in the management of plant-based systems, including agriculture, 
horticulture and forestry. Yet, with relatively few exceptions, allelopathy has not made a recognised 
impact as a management tool in common use. 

Lest it appear unduly censorious there are, among the 294 papers in Allelopathy Journal, some 
excellent examples of ‘performance’. In an analysis it looked, especially, for the word ‘management’ 
in the title of a paper as this implies that allelopathy is actually being applied to deliver useful 
outcomes. Four papers, 1.4% of total contributions, meet this criterion. All are from Asian countries. 

In chronological order, the first example is from India and describes the application of oilseed cakes 
containing extracts of neem (Azadirachta indica A.Juss), castor (Ricinus cimmunis L.), mustard 
(Brassica campestris L.) and rocket salad (Eruca sativa Mill.) to soil under controlled conditions. The 
amended cakes reduced the multiplication of two species of applied nematode, the effects being 
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similar to those achieved with commercial nematicides (Anver and Alam, 2000). The findings are 
relevant to crop protection in several leguminous crops which are important in the sub-continent. 

Eiji Tsuzuki commenced allelopathy research in Japan in the 1970s and is recognized as a pioneer of 
allelopathy (Xuan, 2004). With a strong background in agronomy, Professor Tsuzuki’s contribution 
lies in the exploitation of allelochemicals in crops to reduce dependence on synthetic pesticides. This 
has long been one of the objectives of allelopathy researchers. Thus, as the second example of 
‘management’ papers, Tsuzuki and Dong (2003) applied pellets of several species of buckwheat 
(Fagopyrum spp.) containing a number of commonly identified allelochemicals (for example, ferulic 
and caffeic acids) to several plant species under controlled conditions, where inhibitory activity was 
observed. Most importantly, the work was translated to the field where buckwheat pellets were shown 
to inhibit weeds in rice fields without adverse effects on the crop.  

The third example is that of Cheema and Irshad (2004) who, working in Pakistan, investigated the 
effect of ‘SWE’, water extract of Sorghum bicolor L., on barnyard grass (Echinochloa crus-galli (L.) 
Beauv) in rice (Oryza sativa L.) SWE significantly reduced mass, but not plant density, of barnyard 
grass in the field, relative to control. This reduction was reflected by a positive effect on yield 
components of rice.  

Finally, Ni and Zhang (2005) reviewed the use of allelopathy for weed management in China, citing 
mulching with wheat straw as an effective technique for use in the field. They also found that while 
rice accessions showed differences in allelopathic potential these were not expressed in the field. 
Nevertheless the variation present may provide the basis for further selection for enhanced 
allelopathic activity in this important crop. This work echoes the promise of selection for allelopathic 
activity in crops foreshadowed by the work of Putnam and Duke (1974) with cucumber (Cucumis 
sativus L.). 

Of course, the 294 papers published in Allelopathy Journal are part only of the recent literature. 
Nevertheless, they reflect a broader trend. From January 1996 to April 2005, Allelopathy Journal 
published almost 3500 abstracts of papers on the discipline. A spot check of abstracts published in 
issues 3(2) [July 1996] and 14(2) [October 2004] showed that titles containing the word ‘potential’ 
accounted for 10.5% of the former but only 8.7% of the latter, while papers containing the word 
‘management’ in the title were equal at about 1%. While small in number, it is encouraging that 
management papers are emanating from those countries where Professor Waller and his colleagues in 
the International Allelopathy Society have identified the greatest need.  

The ‘management’ test is extremely crude. However, relaxing the criterion from ‘management’ to 
papers which had a clear component of field work showed that such papers accounted for only about 
10% in 1996 and that the proportion had probably decreased by 2004! 

Of the disciplines involved in allelopathy research, mathematical modelling is making increasingly 
significant contributions. Such theoretical contributions range from separating allelopathy from 
competition (Weidenhamer et al. 1989), characterizing allelopathy and its ecological roles (Goslee et 
al. 2001), elucidating fundamentals of allelopathy (An et al. 1993), simulating specific cases, ie. plant 
residue allelopathy (An et al. 1996), to the modelling of effects by external factors, such as density of 
target plants (Weidenhamer et al. 1989; Sinkkonen 2001). 

The impossible dream? 

It seems clear that allelopaths, in general, often supported by increasingly sophisticated chemistry, 
molecular biology and mathematical modeling, are not engaged in translating even well established 
and documented manifestations of allelopathy to the field. Why is this the case? 

One reason is that, for the scientist, bioassays are easy to carry out and complex chemical tests are 
becoming more readily available. Work in controlled environments yields quicker results than does 
field work, and the flow of publications is concomitantly greater. 

A less cynical view is that allelopathy is one component, only, of a complex system. To deploy it 
requires a multidisciplinary effort, as exemplified by the ‘pioneers of allelopathy’. In other words, 
allelopathy is but one thread in the web of life and it can be extremely difficult to disentangle it and to 
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establish its importance. Fitter (2003) points to this complexity in his paper ‘Making allelopathy 
respectable’, suggesting that there are several cases where successful invasion by weeds is due, at 
least in part, to phytochemical activity. One example cited is that of the success of the European 
Vulpia spp. in Australia, An et al (2005). However, it is cause for reflection that Fitter chose this title 
66 years after Molisch’ published his treatise on allelopathy. 

A third reason is that even where allelopathy has been shown to have a role in, say, weed 
management, for the farmer to use it as part of a management system is much more difficult than the 
simple alternative of employing a commercial herbicide. 

This point leads to another cherished but largely unrealized allelopathic objective. Allelochemicals 
have been repeatedly heralded as the basis for new families of herbicides. Sadly, their impact has been 
very limited and commercial interest in allelochemicals has languished. The compounds involved are 
well known and probably not patentable. While, in some instances, they have been elucidated the 
modes of action of allelochemicals have not been sufficiently novel as to excite investment. The work 
of Tsuzuki and Dong (2003) does, at least, indicate that allelochemicals can hold their own with 
synthetic pesticides in some circumstances and the diminishing number of affordable, effective 
pesticides gives cause for some optimism as to the future of allelopathy as an element in crop 
protection. This may be particularly the case in those countries where economic considerations 
preclude the routine use of conventional chemical approaches. Developing economies in Asia and in 
eastern Europe fit this category and they are proving to be a rich source of papers on allelopathy. 

What may offer a renewed vision for allelopathy is that, in these early years of the twenty-first 
century, the global consumer is exerting increasing influence on production systems. To employ the 
jargon, ‘market pull’ is being exerted. Consumers are demanding fresh, healthy and ‘natural’ foods 
which are definitely not transgenic (GM) in origin. Conventional plant breeding to develop the 
inherent self defence of crop plants, reducing the need for pesticide and herbicide application, may yet 
deliver benefits in this context (see, for example, Dilday et al, 1998; Wu et al, 2002).  

The market for alternative pharmaceuticals, too, is reaching new heights. ‘Bioactives’ are recognised 
and acceptable, not least because the technology to quantify, evaluate, dispense and deploy them with 
confidence now exists. The wide publicity which the carotenoid, lycopene, found principally in 
tomatoes, has received as an antioxidant which reduces the risk of prostate, lung, stomach and a range 
of other cancers (Giovannucci, 1999) is an excellent example. Thus, the climate is right to promote 
allelopathy and allelochemicals in their own right, that is, not as substitutes for or as competitors with 
conventional technologies.  

Consistent with this approach, Zhuoquan et al (2005) refer to recent researches on biogenic volatile 
organic compounds (BVOCs) produced by plants and their relations with other plants, insects, 
pathogens, nematodes and other microbes. The volatiles concerned appear to be known 
allelochemicals but the paper stresses that their role in non ‘plant-plant’ relations warrants a 
distinction between a broader ‘chemoecology’ and allelopathy. 

It is this distinction which may be the basis for a new allelopathy dream. 
 
 

    
GIS, GPS and remote sensing for crop managementGIS, GPS and remote sensing for crop managementGIS, GPS and remote sensing for crop managementGIS, GPS and remote sensing for crop management    

 
 
Geographic Information Systems (GIS) 

Geography:  Study of earth’s features and patterns of their variations with spatial location and 
time. 
Spatial data: data that is specific to a location 

 
Geographic/Geospatial Information  
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� information about places on the earth’s surface 
� knowledge about “what is where when” 

     (Don’t forget time!) 
� Geographic/geospatial:  synonymous 

GIS--what’s in the S? 
� Systems: the technology for the acquisition and management of spatial information 
� Science: the concepts and theory 

-comprehending the underlying conceptual issues of representing data and 
processes in space-time 
-the theory and concepts behind the technology 

Introduce enough of the science to apply the systems correctly and 
understand their capabilities and limitations  

 
� Studies: the societal context 

-understanding the social, legal and ethical issues associated with the application 
of GISystem and GIScience  

 
 
Thus Geographic Information Systems (GIS) may be defined as software systems with capability for 
input, storage, manipulation/analysis and output/display of geographic (spatial) information. 
Some more definitions of GIS 

• The common ground between information processing and the many fields using spatial 
analysis techniques. (Tomlinson, 1972) 

• A powerful set of tools for collecting, storing, retrieving, transforming, and displaying spatial 
data from the real world. (Burroughs, 1986) 

• A computerised database management system for the capture, storage, retrieval, analysis and 
display of spatial (locationally defined) data. (NCGIA, 1987) 

• A decision support system involving the integration of spatially referenced data in a problem 
solving environment. (Cowen, 1988) 

 
Global Positioning Systems (GPS) 

� a system of earth-orbiting satellites which can provide precise (100 meter to sub-cm.)  
location on the earth’s surface (in lat/long coordinates or equiv.) 

Remote Sensing (RS) 
� use of satellites or aircraft to capture information about the earth’s surface 
� Digital ortho images a key product (map accurate digital photos) – rectified aerial 

photographs  
GPS and RS are sources of input data for a GIS. A GIS provides for storing and manipulating GPS 
and RS data but not restricting to these.  
 
In agriculture, there is an urgent need to generate and disseminate a specific system for the 
management of crops, soils, input and natural resources to sustain high productivity and maximum 
profit while preserving the fragile agro-ecosystem.  
With the advent of Remote Sensing Technology, satellite data are being used for mapping, monitoring 
and assessment of agricultural and soils resources of a given area. Space-borne remotely sensed data 
being repetitive and multi-spectral in nature, is an ideal choice for use in monitoring and assessing 
dynamic agricultural resources. GIS acts as computerized database management tool, offering 
solutions for planning and problem analysis related to agriculture. Remote Sensing and GIS 
techniques are becoming fast and effective tools for extracting information of complex and dynamic 
agricultural system. Conventional systems of crop production forecasting have several problems - 
Lack of timely information; variations in statistical figures; lack of availability of data (e.g. 
horticultural crop) and difficult in storing and retrieval. 
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Advantages of remote sensing based agricultural resource survey over conventional 
survey are:  

� The potential for accelerated survey;  
� Capability to achieve synoptic view under relatively uniform illumination conditions;  
� Availability of multi-spectral data providing increased information;  
� Capability of repetitive coverage to depict seasonal and long term changes;  
� Permitting direct measurements of several important agro-physical parameters which are 

used in crop growth assessment and yield prediction;  
� Relatively inexpensive-monitoring from space; and  
� Remotely sensed data provide a permanent record.  

  
Remote Sensing and GIS applications in Agriculture and Soils: Indian experience  
Remote Sensing and GIS technology are being effectively utilized in India in several areas of 
Agriculture and Soils. The major areas of Remote Sensing and GIS applications in Agriculture and 
Soils include Crop/land use inventory (crop acreage - and yield estimation; crop condition assessment; 
cropping system analysis); Soils resource inventory; Land degradation study; Soil erosion hazard 
assessment and Soil conservation planning of watershed; and Land evaluation for land use planning. 
Integrated use of Remote Sensing and GIS technology in these areas in India are discussed in the 
following sections:  
 
Crop / Land use inventory  
Crop inventory related applications comprise of identification/discrimination of crop covers and 
acreage estimation, predicting crop yield and crop growth condition assessment and cropping system 
analysis. Use of satellite data for crop inventory in India faces tougher technical challenge due to (a) 
small field sizes; (b) large diversity of crops sown in an area; (c) large field-to-field variability in 
sowing and harvesting dates, cultural practices and crop management; (d) large areas under rainfed 
/dry land agriculture with poor crop canopies; (e) practice of inter-cropping and mixed cropping and 
(f) extensive cloud cover during Kharif crop season. However, significant success has been achieved 
in crop inventory study using R.S. and GIS techniques in India. 
 
Crop acreage estimation  
Crop discrimination is based on differential spectral response of various crops in a multi-dimensional 
feature space produced by different spectral bands, or time domain or both. The crop acreage 
estimation procedure broadly consists of: i) complete enumeration, and ii) or sample segment 
approach. All these approaches use current season’s ground truth data and supervised classification 
algorithm(s) on digital image processing system. In the complete enumeration approach (for small 
study area), the study area (Blocks, or district boundary) is super-imposed on the satellite data and all 
the pixels within this boundary are analyzed. Estimation of crop acreages for large areas, requires 
handling of a very large volume of data, larger efforts in ground truth data collection. To overcome 
this problem, stratification sampling technique/sample segment based procedure have been developed 
under CAPE. The stratification is done using GIS, based on crop concentration statistics, agro-
physical and/ or agro-climatic conditions. Each stratum is divided into no. of segments of 5x 5 km, 
7.5x7.5 km or 10x10 km size depending on field sizes and no. of crops grown in each stratum. 10% of 
the segments in each stratum, selected randomly is digitally processed to estimate crop acreage per 
segment. These segments-wise estimates are aggregated at each stratum and finally at state level. A 
large no. of variables such as choice of spectral bands, spatial and radiometric resolution of the sensor, 
acquisition date of satellite data, and image classification techniques, influence the results of crop 
identification using RS data.  
The satellite based studies on crop inventory graduated from visual to digital analysis and by launch 
of IRS-1A (Indian Remote Sensing Satellite) in 1988, large crop inventory project called CAPE (Crop 
Acreage and Production Estimation) sponsored by Ministry of Agriculture, was implemented 
covering large area crop acreage, yield prediction and condition assessment for important crops such 
as wheat, rice, cotton, groundnut, mustard and sorghum. Under CAPE mainly IRS-1A, 1B, 1C & 1D 
LISS-I, II & III digital data were being used for district and state levels acreage estimation.  
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Ministry of Agriculture demanded to develop a system providing multiple in season crop assessment 
after successful results of CAPE project. Forecasting Agricultural output using Space, 
Agrometeorology and Land based observations (FASAL) has been conceptualized to meet this 
requirement. 
 
Crop yield modeling:  
Crop yield is influenced by several factors such as crop genotype, soil characteristics, agronomic 
practices, weather conditions and biotic stresses, and the spectral data of crop is an integrated 
manifestation of the effects of all these factors on crop growth. A large experience has been gained in 
India to use of space-borne RS data for yield model development and their use in pre-harvest yield 
forecasting of variety of crops. Methodological aspects of various modelling approaches are briefly 
presented in the following sections.  
Spectral yield models: These are empirical models which directly relate multi-spectral satellite data 
or derived parameters (Spectral Vegetation Indices, SVI) to crop yield. In this approach, SVI at 
particular growth stage (normally, maximum vegetation growth) is related to final crop yield through 
regression techniques. The pre-harvest crop yield is predicted with the assumption that no accident 
occurs after that growth stage. In India district level yields of major crops like wheat, paddy, sorghum 
etc. in various parts of the country are being predicted under CAPE project following this modeling 
approach.  
Agromet-spectral yield models: In this modeling approach remote sensing derived SVI is coupled 
with meteorological indices and/or the yield derived from meteorological models. This approach is 
better compared to spectral yield model because the influences of weather on crop yield are not 
effectively manifested to that extent in remotely sensed data  
Integrated yield models: In integrated modeling approach, GIS is used to integrate spatial data of 
agro-climatic, edaphic and management practices in conjunction with satellite derived spectral 
vegetation indices (SVI) to develop a yield model.  
 
Linking Remote Sensing and Crop Growth Simulation Models: These models predict crop growth 
and yield, and soil and plant water and nutrients balances as a function of environmental conditions 
and crop management practices. Biophysical simulation models are designed to simulate the time 
profile of main crop state variables (Leaf Area Index, [LAI] biomass of various organs; development 
stages etc.) and of energy, carbon, water and nutrient fluxes at the crop-soil-atmosphere interfaces. 
Models are available for the major crops in the world. RS can provide actual state of crop parameters 
viz. LAI, crop distribution, surface canopy temperature etc., while GIS allow spatial organization of 
soil, weather, crop parameters and management data and display of crop model simulated results. In 
India, an attempt has been made to develop a prototype Crop Growth Monitoring System (CGMS) for 
wheat using WTGROWS simulation model in GIS environment for generating daily crop growth 
maps and predicting district-wise grain yield. 
 
Agricultural Drought Assessment and Monitoring  
A RS & GIS based integrated method on agricultural drought mitigation, National Agricultural 
Drought Assessment and Monitoring System (NADAMS) is operationally used in India, which forms 
one of the strategies for sustainable agriculture development. NADAMS integrates NOAA satellite 
derived temporal Vegetation Index (NDVI) and land use/land cover and ground meteorological 
station observed rainfall and aridity anomaly with ancillary crop cultural information through GIS, to 
provide realistic assessment of agricultural drought. 
 
Cropping system analysis  
GIS technology can play vital role for cropping system analysis of an area, by spatially integrating 
temporal crop inventory information of various crop seasons of that area. Satellite RS and GIS have 
come up as an ideal tool to analyze cropping system due to their capability to provide spatial 
information on crop, soil, weather and management practices. In India, utility of satellite data for 
cropping system, in particular, cropping pattern analysis is well demonstrated. 
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Soil resource inventory  
Soil resource inventory provides an insight into the potentialities and limitations of soil for its 
effective exploitation. It is a vital input for sustainable land use planning. Various RS and GIS based 
analysis techniques are used for soil resource inventory and land use planning with respect to soil 
resource mapping, assessment of degraded lands, soil erosion inventory and soil conservation 
planning and land evaluation for land use planning.  
 
Soil resource mapping  
The soil maps are required on different scales varying from 1: 1 million to 1: 4000 to meet the 
requirements of planning at various scales. Though conventional soil surveys were provided 
information on soils, they are subjective, time consuming and laborious. RS techniques have reduced 
field work to a considerable extent and soil boundaries are more precisely delineated than in 
conventional methods. Soil mapping using RS technique needs identification of numbers of elements 
such as land type, vegetation, land use, slope, elevation, relief which control soil variability. Number 
of studies have been carried out in India on multi-scales (small, medium & large) soil mapping in 
different soil scapes following visual interpretation of various satellite data (Landsat MSS, TM, IRS-
LISS 1, 11, 111 & IV). Recently, attempts have been made to use IRS-LISS III and PAN, IRS-LISS 
IV and Cartosat -1 merged digitally through suitable image fusion techniques like HIS, principal 
component analysis etc. and generating soil maps subsequently through systematic visual 
interpretation.  
 
Assessment and monitoring of degraded land  
Soil degradation is often related to decline in soil quality, caused through its misuse by humans. It 
refers to a decline in the soils productivity through adverse changes in nutrient status and soil organic 
matter, structural attributes, and concentration of electrolytes and toxic chemicals. The 
characterization of the surface and the estimation of dynamics in surface properties are found to be 
essential for interpretation and classification of multi-temporal satellite data in land degradation 
studies. Several degraded lands viz, salt-affected, water logged: ravenous have been mapped and 
monitored using IRS satellite data following both visual and digital techniques. Under National 
Wasteland / degraded land mapping project, 84 critically affected districts in various states of India, 
12 categories of degraded lands have been mapped by visual interpretation of Landsat TM and IRS-
LISS II & LISS III data.  
 
Soil Erosion Inventory and Soil Conservation Planning  
The formulation of watershed programme for sustainable agricultural development needs an inventory 
of the quantity of soil loss to erosion and priority delineation of watershed for soil conservation 
measures. A number of modelling approaches both empirical and physically processed based are used 
to quantitatively assess soil erosion hazard through estimation of erosional soil loss. These models 
require input parameters in terms of spatial information on soil, land use/ land cover, slope, soil 
characteristics, drainage and rainfall agro-climatic data etc. Most of this could he obtained from multi-
spectral remote sensing data. GIS technique is very effective tool for integrating above inputs for 
modeling approach in erosional soil loss assessment. GIS technology is also being used for soil 
conservation planning by integrated analysis of information on soil erosion hazard, soil, slope, land 
use/land cover etc. RS and GIS based Universal Soil Loss equation (USLE) model has been widely 
used for soil loss estimation and erosion risk assessment.  
 
Land evaluation for land use planning  
Land evaluation, in general refers to matching land qualities with requirements of a particular land use 
system. RS derived soil and terrain information are prerequisite for optimal land use planning. The 
most widely used indices and approaches for land evaluation are land capability, land productivity and 
FAO Frame Work of Land Evaluation based soil & land suitability analysis. RS and GIS technique 
based integrated techniques were used for assessing land capability, land productivity and soil 
suitability for various crops Land Utilization Types (LUTs) which are vital components for suggesting 
suitable cropping and farming system for sustainable agriculture development.  
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Integrated Mission for Sustainable Development (IMSD): Sustainable natural resources 
development requires holistic approach, maximizing the production after taking into account pre-
carious environmental condition. In this context, the Indian experience of using RS and GIS 
techniques for Integrated Mission for Sustainable Development (IMSD) become relevant. The 
primary goal of IMSD is to integrate in GIS environment, the information on natural resources 
derived from satellite RS such as soils, land use/land cover, slope and surface and ground water 
potential etc., with relevant collateral socio economic data at each watershed level, to arrive at locale-
specific action plans for sustainable development of each region.  
 
Precision Agriculture  
Precision agriculture also known as prescription farming, variable rate technology (VRT) and site 
specific agriculture - is a current buzz word among agricultural circles. It symbolizes balance between 
reliance on traditional knowledge, and management intensive technologies. Precision farming 
technologies provide three basic requirements for sustainable agricultural management. These are, (i) 
ability to identify exact location of field, (ii) ability to gather and analyze information on spacio 
temporal variability of soil and crop conditions at field level, and (iii) ability to adjust input use and 
farming practices to maximize benefits from each field location. Precision agriculture involves 
integrated technologies, such as GPS, GIS, Remote Sensing, variable rate technology (VRT), Crop 
models, and yield monitors. Precision farming is a collection of many high- tech tools, but there is no 
need to adopt all the PF technologies at once to start benefiting from them.  
 
ASSESSMENT OF IRRIGATION WATER REQUIREMENT  
For optimum Crop growth, each species of crop requires specified quantities of water at different 
stages of its growth. Consumptive use of crop is related to sum total factors influencing consumptive 
use by crops include (i) type of crop (ii) state of its growth (iii) climatic parameters.  
Emperical formulae Potential Evapotranspiration (ETo) used.  
Modified penman, Thornthwaite or Blaney criddle methods are used for estimating Potential 
Evapotranspiration depending availability of meteorological data. Crop coefficient (Kc) defined as 
ratio of actual evapotransipiration to Potential Evapotranspiration are used to calculate the crop factor 
for each crop at different growth stage.  
Considering all these factors, monthly water requirement are calculated for all the crops of Kharif and 
Rabi. By deducting effective rainfall utilized by crops, the net irrigation water requirement is 
obtained. Further, the monthly net irrigation requirements are multiplied with the satellite data derived 
crop acreage to arrive at the total net irrigation water requirements of a command area. Further, data 
pertaining to the irrigation water supplies through canals and tube wells are obtained. The field data of 
irrigation water supply, along with remote sensing based net irrigation water requirements is used to 
arrive at the net irrigation deficit/ surplus in each of the canal command area in any season. 
 
Use of RS in crop water requirement  
Mathematical crop water requirement (CWR) can he expressed as  
CWR = EToi * KCi  
i=e  
Where, ETo is reference evapotranspiration (potential evapotranspiration) which can be estimated 
from meteorological variables; Kc is crop coefficient which varies for different crops and their growth 
stages. 
This conventional method represent only limited surrounding area within which meteorological and 
surface characteristics are nearly constant. Climate data used to measure ETo are spatially variable 
and crop cover condition can vary from field to field over time affects crop coefficient. The remote 
sensing derived crop coefficient responds to actual state of crop conditions in the field. The remotely 
sensed data represent a reflectance based crop coefficient. The feasibility of estimating Kc from 
spectral measurement occurs, because both Kc and vegetation indices are affected by leaf area and 
fractional ground cover. The researchers have also developed an approach to estimate seasonal crop 
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water requirement using multi-date IRS -1C WiFS data and GIS tools. The steps followed are as 
under:  

• Georeferencing of temporal satellite data  
• Atmospheric normalization  
• Based on the knowledge of spectral growth profile, hierarchical classification approach can he 

used for classifying land use/ land cover types.  
• Generation of crop coefficient map by using empirically developed relation (Kc = A + 

B*SAVI) based on lysimetric measurements and satellite derived SAVI.  
• The point data of Eto is interpolated using inverse distance approach  

 
IRRIGATION SCHEDULING  
Irrigation scheduling finds an important place in ensuring efficient and sound water management for 
optimizing water resources use. Several conventional approaches have been tried to arrive at when to 
irrigate the crop. The approaches are  
 
i) Depth-time interval  
ii) IW:CPE  
iii) Critical growth stage  
 
Many research workers have proposed remotely sensed canopy temperature as an effective mean of 
irrigation scheduling. Non-irrigated plants had higher canopy temperature than irrigated plants. 
Canopy temperature and water stress are related. If available water becomes limited stanates 
conductance is reduced which results in to reduced transpiration cooling of the leaf surface and 
increased radiation load consequently give rise to an increase in canopy temperature above 
surrounding air temperature. This canopy air temperature difference (Tc-Ta) is measured during mid 
day particularly to monitor water deficit in crops. Generally, (Tc-Ta) will be near zero or negative for 
canopies with adequate water and positive for water stressed canopies. Thus, the sum of positive 
values of (Tc-Ta) appeared as time index to determine when to irrigate. Jackson et al (1977) suggested 
that SDD positive value 10 is adequate to decide when to irrigate.  
Stress degree day (SDD) = (Tc-Ta)i  
Where, Tc and Ta are canopy temperature and air temperature, respectively, at day i.  
To account for meteorological conditions, Jackson et al (1981) introduced crop water stress index 
(CWSI) to monitor water stress conditions in crops.  
CWSI = [1— Eta/Etp] = [ A + [1 +{rc/ra}]-*  
Where, ‘t = y [ +(r  
‘er  
(y ra RnI pCp) - (Tc — Ta) (A + y ) — (es — ea)  
rc/ra =  
y [ — Ta) - (y ra Rnl pCp) ]  
Where, ETp is potential evapotranspiration, y is the psychromatic constant (Pa/°C). rc is the canopy 
resistance to vapor transport (Sm-1 ), is the slope of saturated vapour pressure — temperature curve 
(°C ), rcp is the canopy resistance at potential evapotranspiration (Sm-1), Rn is the net radiation (Wm-
2).  
Spectral vegetation indices (NDVI, SAVI) which are related to crop cover potentially be used to 
estimate reflectance base crop coefficient (Kcr) which is often used in meteorologically based 
irrigation scheduling technique. For example  
Kcr = a + b*SAVI  
where,  
Kcr= Reflectance base crop coefficient  
NIR - R  
SAVI= ……………* (1+L)  
L = Adjustment factor (0.5) for dense canopy  
NIR = Near infrared reflectance  
R = Red reflectance  
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The Water Deficit Index (WDI)  
The previous discussions of the CWSI have assumed that a measure of canopy temperature was 
available or that the crop completely covered the soil surface. This is not the case during the early 
season for all annual crops and may never occur in some cropping systems. A soil background 
included in the surface temperature measurement can lead to false indications of water stress, as a dry 
soil is often much warmer than air temperature. To overcome this limitation, the water deficit index 
(WDI) has been developed that uses both surface minus air temperature and a vegetation index to 
estimate the relative water status of a field.  
The distribution of surface minus air temperature at a particular time has been found to form a 
trapezoid when plotted against percent cover. Note that for many crops, there is a linear relationship 
between percent cover and a vegetation index (such as the normalized difference vegetation index 
(NDVI = [NIR-Red]/NIR+Red]), so the index can be used in place of a direct measure of percent 
cover. The upper left of the trapezoid corresponds to a well-watered crop at 100 % cover and the 
upper right to a non transpiring crop at 100% cover. 
 
DROUGHT MONITORING AND ASSESSMENT  
Drought early warning and monitoring are crucial components of drought preparedness and mitigation 
plans. Recent advances in operational space technology have improved our ability to address many 
issues of early drought warning and efficient monitoring. With help from environmental satellites, 
drought can be detected in 4-6 weeks earlier than before and delineated more accurately, and its 
impact on agriculture can be diagnosed far in advance of harvest, which is the most vital need for 
global food security and trade. Since the late 1980s, these satellites have also been used for drought 
detection, monitoring, and impact assessment in agriculture.  
Synoptic view and frequent repeativity of satellite sensors like NAA AVHAR and IRS-1C and P3 
WiFS sensors are ideally suited for monitoring drought.  
By evaluating the relative redness tone on the satellite FCCs between drought year and immediate 
previous normal year, the aerial extent of drought can be assessed.  
Vegetation indices such as NDVI derived from multi-spectral data are also used for drought 
monitoring. These satellites reflect the extent and degree of vigour which acts an indicator of drought 
condition. NOAA satellite based vegetation indices are helpful to depict broad scale of status of 
agricultural drought in less time.  
Thermal IR remotely sensed data of canopy temperature based indices such as SDD (stress degree 
days) CWSI (Crop water stress index) can be effectively used for detection and quantification of 
drought.  
Rainfall estimation by remote sensing techniques offers one of the potential methods of drought 
prediction. Visible and Thermal IR images of cloud obtained from meteorological satellite like GOES, 
INSAT provides mean of estimation of rainfall. It could be based on the assumption that high cloud 
brightness as observed from visible images and low cloud temperatures as depicted from thermal IR 
images normally implies a greater possibility of rainfall.  
Drought assessment at district level using NDVI generated from NOAA AVHRR data helps in taking 
timely and corrective measures for combating drought using remote sensing data at operation level. 
Drought conditions are assessed on comparative analysis of bi-weekly VI images and statistics with 
those of similar period in previous year. Comprehensive drought assessment would also involve the 
integration of information on cropping zones, soil types, coherent rainfall zones. The availability of 
data with improved spatial resolution from future IRS-P5 LISS IV may explore region specific 
assessment of agricultural drought with improved spatial accuracies. Integration of remote sensing 
data, in-situ observations and meteorological data in GIS may be created in future to develop GIS in 
drought prone districts to extent drought warning into relief management activities.  
 
Temperature condition and vegetation health assessment 
A new method for early drought detection, monitoring and impact assessment estimation is based on, 
estimation of vegetation stress from AVHRR-derived indices designed to monitor vegetation, health, 
moisture and thermal conditions. Unlike the two spectral channel approach routinely applied to 
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vegetation monitoring, the new numerical method, introduced in the late 1980s, is based on a three 
spectral channel combination: visible (VIS, ch 1), near infrared (NIR, ch2), and 10.3-11.3 micro m 
infrared (IR ch4). The initial processing included post-launch calibration of VIS and NIR, calculation 
of the NDVI (NDVI= [NIR-VIS]/[NIR+VIS]) and converting IR radiance to brightness temperature 
(BT) as per Planck function. 
 
SOIL MOISTURE ASSESSMENT  
Soil moisture is the temporary storage of precipitation/ rainfall within a shallow layer of the earth. 
Regional level estimation of soil moisture is essential for crop yield modeling, water balance 
computations and irrigation management.  
 
Visible/Near Infrared Remote Sensing Techniques  
Moist/wet soils have lower albedo/reflectance in the wavelength region of 0.3 to 1.5 micro m than dry 
soils. However, organic matter, soil roughness, texture, angle of incidence etc. affect the reflectance in 
visible/near- infrared region and make this approach impractical. Infrared B&W and CIR (Color 
Infrared) photography are of particular value for sensing variations in surface moisture state, 
qualitatively. Satellite data having spectral bands in this wavelength region are also useful for large 
area, qualitatively assessing surface soil moisture conditions. The principal applications of remote 
sensing in the visible/near—infrared would appear to be qualitative rather than quantitative in respect 
of soil moisture.  
Thermal Infrared Remote Sensing Techniques  
Remotely sensed surface temperature is primarily dependent on the thermal inertia of the soil. The 
thermal inertial, in turn is dependent on both the thermal conductivity and the heat capacity which 
increases with soil moisture according to the relationship.  
DTs = Ts (PM) - Ts (AM) = f(1/D)  
Where DTs is the diurnal temperature difference between the afternoon surface temperature [Ts (PM)] 
and the early morning temperature [Ts AM)], f is the function and D is the thermal inertia given by:  
D = W. Qc. K  
Where W corresponds to the day length, Qc is the volumetric heat capacity and K is the thermal 
conductivity. Thermal inertia describes the ability of the soil to resist temperature change. Wet soils 
have higher D compared to dry soils. A relationship exists between diurnal temperatures between 
thermal inertia and hence soil moisture. However, this relationship depends upon soil type and is 
largely limited to bare soil conditions.  
 
Microwave Remote Sensing Techniques  
Microwave techniques for measuring soil moisture include both active and passive approaches with 
several advantages, such as:  

• Microwave technique have a strong theoretical basis  
• Microwave can sense through cloud cover and in many cases, through a vegetation canopy.  

 
The theoretical basis for measuring soil moisture by microwave techniques is based on the large 
contrast between the dielectric properties of wet soil and dry soil. The dielectric constant of water is 
of the order of 3 to 5. For active microwave remote sensing, increase in soil moisture content 
increases the measured radar backscatters by about 10 dB or by even more. For passive remote 
sensing, this change in soil moisture content decreases emissivity from about 0.95 to 0.6 or less.  
- Active Microwave techniques  
In active microwave approach the measured radar backscatter (St) is made up of backscatter from 
vegetation (Sv) and soil (Ss) and the attenuation caused by vegetation canopy, L. These terms can be 
related by simple model  
St= Sv + Ss/L  
The soil backscatter Ss can be related directly to soil moisture by -  
Ss = R + α .Mv  
Where, R is surface roughness term, α is soil moisture sensitivity and Mv is the volumetric soil 
moisture content. Although R and α are known to vary with wavelength, polarization and incidence 
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angle, there is no satisfactory theoretical model suitable for estimating these terms independently. 
Back scattering is dependent on soil texture, roughness and overlying vegetation. The relationship 
between measured back scattered (Ss) and soil moisture (Mv) requires an empirical relationship with 
ground data. Very few studies are carried out using satellite microwave data for assessing soil 
moisture conditions. 
 
Satellite agro-meteorology  
Agro-meteorology has contributed to agricultural production by forecasting virtually in all countries. 
However, sparse ground based observatory network in developing countries hinders availability of 
timely and reliable information about agro meteorological parameters for real time warming and 
agricultural production forecasting. The recent development of satellite meteorology using both earth 
observation and meteorological satellites enables to obtain frequent and accurate measurement of 
basic agro-meteorology parameters viz., cloud cover, albedo, solar radiation, surface temperature/air 
temperature, rainfall, absorbed photo-synthetically active radiation, soil moisture and evapo-
transpiration etc. These important parameters retrieval requires some algorithms or empirical 
relationships that connect observed radiance from meteorological satellites with the physical state 
variables directly or as input. Despite many micro level parameters require in situ measurements, 
there are many land surface as well as meteorological parameters having great significance to agro-
meterology could be derived by Earth Resource Satellite and Meteorological satellites operating in 
optical, thermal and microwave domain. 
 
Various studies carried out in several areas of Agriculture, Soils and water in India by integrated use 
of aerospace data and GIS have clearly indicated that RS and GIS technologies are very effective tool 
for suggesting /adopting management strategies for sustainable agriculture development in the 
country. However research efforts in several areas are needed for operational crop and soil resources 
inventory, monitoring and management. 
 
 
 
 

Global warmingGlobal warmingGlobal warmingGlobal warming    

 
Global warming is today’s major scientific and political issue. The global temperature had risen only 
4oC over the last 18000 years. However, because of rapid industrialization, it has increased by about 
0.5-1.0oC since the 19th century. Increasing concentration of gases such as carbon dioxide, methane, 
chloroflurocarbon, nitrous oxide and ozone in the atmosphere lead to global warming. These gases 
affect the heat balance of the earth by absorbing long wave radiation which would otherwise escape to 
space. Therefore, these gases behave somewhat like glass in a greenhouse which lets in the sunlight 
but traps outgoing thermal radiation. 

Many predictions are being made about the changes in world climate as a result of global warming. If 
the concentrations of CO2 and other green house gases continue to rise at the present rate, the 
concentration of CO2 will reach about 600 ppm by the year 2030, increasing average global 
temperature by 1.5-4.5oC. There would be shift in rainfall pattern. At high latitudes and high mid 
latitudes, rainfall may increase by 5% in summer and 15% in winter. At lower mid latitudes, summer 
rainfall is likely to become very limited and winter rainfall may decrease by 5-10%. At low latitudes 
the rainfall is expected to be enhanced by about 5-10%. The level of seawater would rise by 20-140 
cm. Increase in potential evapotranspiration could be expected to accompany the increase in 
temperature. The amount of ice and snow on earth would slowly decrease exposing dark surface thus 
causing further rise in temperature. Increase in oceanic temperature might further accentuate the 
problem. The atmosphere contains 60 times less CO2 than the ocean and the later act as a sink. A 
reduction in the capacity of sea water to dissolve CO2 would drastically increase global CO2 thus 
creating a vicious circle. 



CURRENT TRENDS IN AGRONOMY 2012-13 

 

 

80 

 

Impact of global warming and climate change on agriculture 

Global climate change may impact food production across a range of pathways: 1) By changing 
overall growing conditions (general rainfall distribution, temperature regime and carbon); 2) By 
inducing more extreme weather such as floods, drought and storms; and 3) By increasing extent, type 
and frequency of infestations, including that of invasive alien species. 

When CO2 concentration is high, photosynthesis of plants is promoted and transpiration is inhibited. 
Thus, increase in CO2 in the atmosphere could enhance plant growth by increasing the rate of 
photosynthesis, leading to more leaf expansion and a large canopy. It has been further estimated that 
for many plant species, double of CO2 will lead to 10-15% increase in dry matter production, 
provided all other factors remain constant. Yield increases in case of wheat and barley have been 
suggested as high as 40%. 

The photosynthetic response of different crop species varies with increasing CO2. A linear increase in 
CO2 uptake was observed for sugarbeet, tomato and alfalfa, whereas a more typical nonlinear 
response occurred with maize as the concentration of CO2 increased from 550 to 575 ppm. CO2 
enrichment of the atmosphere to 900 ppm has been reported to increase rice yields considerably. The 
grain yield increased from 9.0 to 11.6 t/ha in dry season and from 5.7 to 7.7 t/ha in wet season when 
CO2 enrichment was provided for 30 days before heading in rice. The CO2 response of plants varies 
according to the biochemical pathways for fixation in photosynthesis. C3 plants have qualitatively 
greater photosynthetic response to increase in CO2 concentration than C4 plants. In maize, the rate of 
stomata closure above a concentration of 400 ppm CO2 was proportional to the increase in its 
concentration. About 40% increase in CO2 uptake rate was observed in wheat as CO2 concentration 
was increased from 300 to 800 ppm. When CO2 concentration was increased from 315 to 400 ppm 
over the whole day periods, a 20% increase occurred in maize. Thus the typical arable crops of central 
and northern Europe should benefit more than those of tropical areas where maize, sorghum, millets 
and sugarcane are staples. However, increase in CO2 coupled with changes in temperature, rainfall 
and other environmental conditions leads to an interaction with such climatic effects that is critical in 
determining the net effect of increased CO2. 

Crop yield: In cooler regions, the yields of most crops are expected to increase with increasing 
temperature, except where moisture is a limiting factor. There are indications that global warming 
could lead to a decrease in cereal production in northern America mainly due to the reduction in soil 
moisture. Under a 2xCO2 climate, the yield of maize is likely to fall by 16-25% even assuming that 
the crop is irrigated. In Mexico, combination of decrease in soil moisture and increase in heat stress 
are likely to result in lowered wheat yields. In Russia, rye yield is expected to rise initially due to rise 
in temperature and precipitation, but eventually higher rainfall is likely to cause reduction in yield due 
to more leaching and erosion and decrease in soil fertility. 

In some other countries, increased rainfall could be beneficial to crop yields. In China, there are 
indications that global warming could lead to increased rainfall during summer monsoon. With 1oC 
rise in temperature and increase of 100 mm of precipitation, national yields of rice, maize and wheat 
are estimated to increase by about 10%. Yields of rice are also expected to increase in Japan, but 
decrease in other regions of South-east Asia due to more rapid crop growth. 

In India, the adverse effects of 1-2oC rise in temperature could be obsorbed with 5-10% increase in 
precipitation. The yield increase of 20-30% may be possible on about 70% under paddy and wheat. 
There is also possibility of improvement in the yield of cotton, groundnut and C4 species under new 
environmental conditions. In winter dryland crops, CO2 enrichment and temperature rise could 
probably result in depletion of soil water at a rapid rate during vegetative phase of growth, leading to 
moisture stress during grain filling and consequently poor harvest index and low productivity. In north 
India, warming would offset some losses in yield by early pod set in winter grain legumes like 
chickpea and lentil and by arresting frost damage in oilseed brassicas. 

Cropping pattern: The combination of the effects of climatic change on agricultural crops is likely to 
bring about a spatial shift of crops potential. The areas which at present are judged to be most suited 
to a given crop or combination of crops, may no longer remain as such after a climatic shift. Wheat 
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belts may be replaced by barley, barley by maize, maize by soybean and so on. For example in UK, 
the temperature limit for the successful ripening of maize grain, may gradually shift from south 
towards north as temperature begin to rise. 

Late maturing varieties of paddy which require high temperature for cultivation would be better suited 
to exploit new environmental conditions. It has been estimated that adoption of late maturing paddy in 
Japan might increase yields by 26% with the temperature increase estimated for a doubling of CO2 
atmosphere. Similarly a switch to winter sown cereals would take advantage of the longer growing 
season and reduce damage by high evaporation. Even shortening of maturity duration of rice with 
global warming will be beneficial to maintain proper soil health by adjusting an additional 
leguminous crop in paddy-wheat rotation in Punjab, Haryana and Uttar Pradesh. The reduction in 
length of growing season of cotton with rise in temperature will make this crop even more suitable in 
double cropping system in these states. There is also likelihood of some shift in growing season of 
groundnut from monsoon to spring with global warming. There may be some shift in the area from 
monsoon to winter maize in northern states of India. Indian agriculture may, therefore, undergo a 
great change in terms of suitable crop adjustment, developing proper genotypes and adopting proper 
technology for the changed environmental conditions. 

Insect pest and diseases: The increase in temperature will have a significant effect on the distribution 
and development of insect pests and their interaction with the agricultural crops. Global warming may 
increase the rate of development of pests and the number of generations produced per year, extend 
geographical range, lead to establishment of pest population earlier in the growing season and 
increase the risk of invasion by migrant and exotic species. 

Management practices: A large number of changes in management practices will occur as the effects 
of a changing climate are perceived. There will be substantial increase in the need for irrigation, 
which will probably lead to higher costs of production and possible shifts towards less water 
demanding crops. Conversely increase in rainfall, particularly in regions characterized by monsoon, 
will require changes in management practices to prevent the soil from erosion. Besides, in area where 
greater rainfall is likely, increase in fertilizer use may be required. 

The overall positive benefits and negative outputs, climate, biological, social, economic and political, 
of the rising level of greenhouse gases, still need to be resolved. Present indications are that with a 
changing climate global food production could be sustained at levels sufficient to meet world demand 
through a combination of shifts of agricultural zones and adjustments in agricultural technology and 
management. The regional and local variations in climate change in annual and seasonal variability 
between the present and 2 x CO2 climate, will determine the shape of future agricultural scenario. 

The net effects of CO2 and climate change on agriculture in low rainfall areas and coastal low lands 
need to be determined precisely. The long term field studies of dry matter in different plant parts, soil 
water extraction patterns, evapotranspiration, crop phenology, nutrient requirements and completion 
of crops with insect pests, diseases and weeds, need to planned. The influence of interaction of rising 
CO2 and temperature with toxic air pollutants on plants also needs to be studied. 

    

Genetically Modified (GM) CropsGenetically Modified (GM) CropsGenetically Modified (GM) CropsGenetically Modified (GM) Crops    

 

Genetic modification refers to techniques used to manipulate the genetic composition of an organism 
by adding specific useful genes. A gene is a sequence of DNA that contains information that 
determines a particular characteristic/trait. All organisms have DNA (genes). Genes are located in 
chromosomes. Genes are units of inheritance that are passed from one generation to the next and 
provide instructions for development and function of the organism. Crops that are developed through 
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genetic modification are referred to as genetically modified (GM) crops, transgenic crops or 
genetically engineered (GE) crops. 

In 2011, farmers worldwide planted 160 million acres of Bt cotton and Bt corn. The percentage of 
cotton planted with Bt cotton reached 75 per cent in the U.S. in 2011, but has exceeded 90 per cent 
since 2004 in northern China, where most of China's cotton is grown. 

The main steps involved in the development of GM crops are: 

1. Isolation of the gene(s) of interest: Existing knowledge about the structure, function or 
location on chromosomes is used to identify the gene(s) that is responsible for the desired trait 
in an organism, for example, drought tolerance or insect resistance. 

2. Insertion of the gene(s) into a transfer vector: The most commonly used gene transfer tool 
for plants is a circular molecule of DNA (plasmid) from the naturally occurring soil 
bacterium, Agrobacterium tumefaciens. The gene(s) of interest is inserted into the plasmid 
using recombinant DNA (rDNA) techniques. For additional information see Plasmids link 

3. Plant transformation:  The modified A. tumefaciens cells containing the plasmid with the 
new gene are mixed with plant cells or cut pieces of plants such as leaves or stems (explants). 
Some of the cells take up a piece of the plasmid known as the T-DNA (transferred-DNA). The 
A. tumefaciens inserts the desired genes into one of the plant’s chromosomes to form GM (or 
transgenic) cells. The other most commonly used method to transfer DNA is particle 
bombardment (gene gun) where small particles coated with DNA molecules are bombarded 
into the cell. For additional information see Plant Transformation using Agrobacterium 
tumefaciens and Plant Transformation using Particle Bombardment links. 

4. Selection of the modified plant cells: After transformation, various methods are used to 
differentiate between the modified plant cells and the great majority of cells that have not 
incorporated the desired genes. Most often, selectable marker genes that confer antibiotic or 
herbicide resistance are used to favor growth of the transformed cells relative to the non-
transformed cells. For this method, genes responsible for resistance are inserted into the 
vector and transferred along with the gene(s) conferring desired traits to the plant cells. When 
the cells are exposed to the antibiotic or herbicide, only the transformed cells (containing and 
expressing the selectable marker gene) will survive. The transformed cells are then 
regenerated to form whole plants using tissue culture methods. 

5. Regeneration into whole plants via tissue culture involves placing the explants (plant 
parts/cells) onto media containing nutrients that induce development of the cells into various 
plant parts to form whole plantlets (Figure 1). Once the plantlets are rooted they are 
transferred to pots and kept under controlled environmental conditions. 

6. Verification of transformation and characterization of the inserted DNA fragment. 
Verification of plant transformation involves demonstrating that the gene has been inserted 
and is inherited normally. Tests are done to determine the number of copies inserted, whether 
the copies are intact, and whether the insertion does not interfere with other genes to cause 
unintended effects. Testing of gene expression (i.e., production of messenger RNA and/or 
protein, evaluation of the trait of interest) is done to make sure that the gene is functional. 

7. Testing of plant performance is generally carried out first in the greenhouse or screenhouse 
to determine whether the modified plant has the desired new trait and does not have any new 
unwanted characteristics. Those that perform well are planted into the field for further testing. 
In the field, the plants are first grown in confined field trials to test whether the technology 
works (if the plants express the desired traits) in the open environment. If the technology 
works then the plants are tested in multi-location field trials to establish whether the crop 
performs well in different environmental conditions. If the GM crop passes all the tests, it 
may then be considered for commercial production. 

8. Safety assessment. Food and environmental safety assessment are carried out in conjunction 
with testing of plant performance. Descriptions of safety testing are described in the Food 
Safety Assessment and Environmental Safety Assessment links. 
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Positive Impacts of GM crops 
For the development of improved food materials, GM has the following advantages over traditional 
selective breeding: 

� Allows a much wider selection of traits for improvement: e.g. not only pest, disease 
and herbicide resistance (as achieved to date in plants) but also potentially drought 
resistance, improved nutritional content and improved sensory properties 

� It is faster and lower in cost 
� Desired change can be achieved in very few generations 
� Allows greater precision in selecting characteristics 
� Reduces risk of random occurrence of undesirable traits. 

These advantages could, in turn, lead to a number of potential benefits, especially in the longer term, 
for the consumer, industry, agriculture and the environment: 

• Improved agricultural performance (yields) with less labour input and less cost input 
• Benefits to the soil of “notill” farming practice 
• Reduced usage of pesticides and herbicides 
• Ability to grow crops in previously inhospitable environments (e.g. via increased ability of 

plants to grow in conditions of drought, soil salinity, extremes of temperature, consequences 
of global warming, etc.). Improved sensory attributes of food (e.g. flavour, texture, etc.). 

• Removal of allergens or toxic components, such as the research in USA to produce a 
nonallergenic GM peanut (University of Arkansas) and a nonallergenic GM prawn (Tulane 
University); and in Japan, to produce a GM Nonallergenic rice. 

• Improved nutritional attributes such as: 
o Ingo Potrykus's EU research project jointly funded by the Rockefeller 

Foundation, resulting in increased Vitamin A content in rice, which will help to 
prevent blindness among children in Southeast Asia; 

o the announcement in September 2003 by Edgar Cahoon and his team at the 
Donald Danforth Plant Science Center in Missouri that by inserting a gene 
extracted from barley into a common type of field corn, they have created a strain 
that grows with six times the usual amount of vitamin E, a powerful antioxidant. 

• Improved processing characteristics leading to reduced waste and lower food costs to the 
consumer. 

• Prevention of loss of species to endemic disease (e.g. the Cavendish dessert banana which is 
subject to two fungal diseases that have struck Africa, South America and Asia, but could be 
reprieved by GM development of a disease resistant version). 

 
GM has huge potential for mankind in medicine, agriculture and food. In food, the real benefits are 
not the early instances that have been appearing so far, but its longer term benefit to the world and 
especially the developing countries its potential for developing crops of improved nutritional quality, 
and crops that will grow under previously inhospitable conditions (see above), thereby contributing to 
alleviating hunger and malnutrition, while helping to prevent the otherwise inevitable future pressure 
to encroach on natural resources. Even today, there are 840 million people. 800 million of them in the 
developing countries and 200 million of them children, who regularly do not receive enough food to 
alleviate hunger, still less provide adequate nutrition. 24,000 people die of malnutrition related causes 
daily. That situation will be greatly worsened as a result of the world's escalating population over the 
coming decades. 
There are those who allege that “scientists claim that GM will solve the problem of world hunger”. 
This is a familiar "straw man". It is frequently argued by some that there is more than enough food to 
feed the world and all that is needed is "fairer distribution" (which so far mankind has signally failed 
to achieve) – or a variant of that, "the real problem is not shortage of food, it is poverty". Whatever 
may be done by way of improved yields through conventional methods, attempted population control 
and more effective distribution would, however, be inadequate for the future. There are probably 
enough cereals to feed the present world population (if only they could be distributed to the right 
places at the right times and could be afforded). But there will be substantial shortfalls in cereals in 
the next two decades. Moreover, "world hunger" is a complex not only of inadequate quantity where it 
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is needed but also of inadequate quality i.e. for vast numbers of people the lack of foods with the 
necessary micronutrients and of clean water, for reasonable nutrition and health. 
 
However, in decades to come, with the expected substantial increase in the world population, mostly 
in the poorest, least developed countries, the demand for increased agricultural land and for water will 
greatly increase. The important point is not only how to feed the world now but addressing and trying 
to solve the problem of "How shall mankind feed the world in a few decades from now?” Of course 
the problem that has huge political and economic dimensions will not be solved by GM alone, or even 
by science alone but will certainly not be solved without the contribution of science, including GM. 
Food scientists and technologists can support the responsible introduction of GM techniques provided 
that issues of product safety, environmental concerns, ethics and information are satisfactorily 
addressed. so that the benefits that this technology can confer become available both to improve the 
quality of the food supply and to help feed the world's escalating population in the coming decades. 
 
Negative Impacts of GM crops 
There are following unintended impacts on environment, health, markets 
Environment: 
Unintended environmental impacts include harming non-target and/or beneficial species in the case of 
crops with engineered insecticidal properties, as well as the development of new strains of resistant 
pests. Additionally there is concern that pollen from genetically engineered herbicide resistant crops 
could reach wild, weedy relatives of the crop and create so called super weeds. This is of particular 
concern in the U.S. with crops such as canola and squash. 
Health: 
At present, there is no evidence to suggest that GM foods are unsafe. However, there are no absolute 
guarantees, either. Unintended health impacts from GMOs concern allergens, antibiotic resistance, 
decreased nutrients, and toxins. 

� Allergens Because protein sequences are changed with the addition of new genetic 
material, there is concern that the engineered or modified organism could produce known 
or unknown allergens. A recent National Research Council committee report on GMOs 
recommended the development of improved methods for identifying potential allergens, 
"specifically focusing on new tests relevant to the human immune system and on more 
reliable animal models." 

� Antibiotic resistance Plant genetic engineers have frequently attached genes they are 
trying to insert to antibiotic resistance genes. This allows them to readily select the plants 
that acquire the new genes by treating them with the antibiotic. Sometimes these genes 
remain in the transgenic crop that has lead critics to charge that the antibiotic resistance 
genes could spread to pathogens in the body and render antibiotics less effective. 
However, several panels of antibiotic resistance experts have concluded that the risk is 
miniscule. 

� Decreased nutrients Because the DNA of genetically engineered plants is altered, there 
is concern that some GMOs could have decreased levels of important nutrients, as DNA 
is the code for the production of nutrients. However, it must be noted that nutritional 
differences also have been documented with traditionally bred crops. 

� Introduced toxins Residual toxins resulting from introduced genes of the bacteria 
Bacillus thuringiensis in so called Bt crops are unlikely to harm humans. This is because 
the toxin produced by the bacteria is highly specific to certain types of insects. Prior to its 
inclusion in GE/GM crops, Bt has been used as a biological insecticide, causing no 
adverse effects in humans consuming treated crops.  

� Naturally occurring toxins There is concern that genetic engineering could inadvertently 
increase naturally occurring plant toxins. However, traditional plant breeding also can 
result in higher levels of plant toxins. 

 
Moral Issues 
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"Moving genes from animals to plants gets you into a whole moral, religious, and political 
firestorm..." 
This statement illustrates the primary contention point for the most common ethical moral argument 
against GMOs. For those who believe that humans do not have the right to create life that humans are 
stewards of the earth's species, or that humans are equals with other species, combining genes in ways 
that would not occur in the normal process of evolution conflicts with their personal philosophy of 
life. 
However, the argument has been made that genetic engineering is morally justified as it can be used 
to alleviate disease and starvation. While the argument for alleviating disease is supported by the case 
of genetically engineered human insulin and not yet commercialized projects that seek to deliver 
vaccines via food crops, the argument for alleviating hunger has yet to be borne out. GM crops have 
yet to increase yields on par with hybridization in corn, and it must be remembered that simply 
growing more of a crop does not guarantee that it will reach people who are starving. A member of 
the European Parliament, speaking at the European Voice Conference on GMOs in Brussels in March 
1999, blasted biotech [companies' public relations campaigns] saying while they "attempt to convince 
people they just want to save the environment and feed the starving, people know that wealthy 
companies have not been created to feed the poor." That said, on August 3, Monsanto announced that 
it would not charge licensing fees for the use of its patented technology for producing golden rice. 

 

Seed prSeed prSeed prSeed production technology oduction technology oduction technology oduction technology     

 

The seeds are evolved, tested and if found good they are multiplied and distributed to the farmers for 
commercial production of the crop. Therefore, according to the nature and precaution with which the 
seeds are produced, they are classified into the following groups: 

1. Breeder’s seed or nucleus seed 

These seeds are produced at breeder’s level as a result of hybridization, selection and 
mutation. When these seeds possess all the required genetic characters they are named as 
breeder’s or nucleus seeds. For testing the genetic purity, yield potentials, disease reaction and 
adaptability the seed has to go for testing under a number of trials in different agroclimatic 
conditions or zones of the country. Each breeder’s seed has to be tested in initial evaluation 
trial, National trial, Uniform Regional Trial, District Trial and finally under Mini-Kit 
programme. The varieties which qualify in all the trials are further produced. These seeds are 
of high genetic value and being very little in quantity are often costly. 

2. Foundation seed 

The foundation seed is a second grade seed in order of its genetic purity because there may be 
slight degeneration during the process of multiplication of nucleus seeds. The foundation seed 
is always produced by certain organizations viz. National Seed Corporation, Tarai 
Development Corporation and State Seed Corporation. A strict Seed plot technique which 
includes inspection, rouging, weed control, isolation etc is adopted during seed production 
process. The foundation seed is relatively less pure compared to the breeder’s or nucleus seed. 

3. Certified seed 

The certified seeds are produced from foundation seeds mostly in two ways: in the first way 
the seed is produced at the seed farms of the National Seed Corporation or State Seed Farms. 
In the second way the seed is produced by certified farmers under growers’ programme. 
During the production of seed the field is inspected by the seed inspector and the seed thus 
produced is processed, bagged and tagged in the presence of the seed technicians deputed by 
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seed certifying agency. After proper labeling, the seed is sold to the farmers for commercial 
cultivation. The certified seed is relatively less pure compared to the previous two seed 
categories. 

Basic Concepts of Seed Production 

In order to produce seed which is true to type, one must become knowledgeable in the variety’s 
reproductive process, as well as, the techniques used for maintaining genetic diversity and identity, 
seed harvesting, seed cleaning and seed storage. 
Plants can be broken down into 2 main reproductive categories…Self-Pollinating and Cross-
Pollinating. 

• Self-Pollinating Plants (“selfers”): transfer of pollen from the male anther to the female 
stigma within the same flower or on the same plant. 
� These plants usually require smaller minimum population sizes (minimum number of 

plants needed to ensure genetic diversity) and shorter isolation distances (distance needed 
between same species varieties to ensure no crossing) than crossers. 

� Examples: beans, tomatoes, barley, lentil, oat, rice, soybean, wheat. 
• Cross-Pollinating Plants (“crossers”): transfer pollen from the anther of one plant to the 

stigma of another plant. This process is usually accomplished naturally by wind and insects or 
can also be accomplished manually by hand-pollination. 
� Cross-pollinating plants evolve under conditions of constant gene recombination and 

suffer from “inbreeding depression” (symptoms of decreased vigor and the appearance of 
negative recessive genes when inbred). 

� When breeding cross-pollinating plants one must be cautious to prevent crossing varieties 
of the same species. This can be accomplished through various methods of isolation. 

� Genetic diversity must be maintained. High genetic diversity ensures that all possible 
genes (characteristics) are being represented in the variety. 

� Examples of cross-pollinated: onion, beets, corn, cucumber, cole crops, squash, radish, 
celery, rye, and buckwheat. 

Annual Crops: Annual crops require only one growing season to produce seed and complete their 
lifecycle. But because you are growing the crop for seed rather than fruit, you may have to plant the 
crop earlier than usual and harvest much later. 
Biennial Crops: Biennial crops require 2 growing seasons to produce seed and complete their 
lifecycle. 

• These crops generally require a period of vernalization (exposure to cold) in order to flower. 
[Tip: Before exposing the vegetable to the cold (less than 45 degrees Fahrenheit), they should 
be partially developed]. 
� Cabbage stems should be at least as large as a lead pencil in diameter. 

• Average chilling temperature should be less than 45 degrees Fahrenheit and chilling should 
continue for at least 1 – 2 months. 

Genetic Integrity: To prevent varieties from crossing, seed producers must use some means of 
isolation (cages, distance isolation, time isolation, or hand pollination) during periods when 
pollination can occur. Genetic diversity within a variety is maintained by including a minimum 
number of randomly selected parents into the breeding population. This number will vary by crop 
species. 
Ways to protect a varieties genetic integrity: 

1. Control of seed source: Multiplication of seed material from an appropriate class viz. 
breeder’s, foundation, registered and certified procured from an appropriate source is 
essential. 

2. Nature of preceding crop: In order to maintain genetic purity of the seed there are certain 
requirements pertaining to the nature of preceding crop which may not deteriorate the seed 
quality and help in growing healthy seed crop. Scientific crop rotation should be followed but 
if the same crop was grown in previous season, under special case, then the fields should be 
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irrigated at least three weeks before sowing to allow germination of shattered seeds of the 
previous crop and they should be destroyed during seed bed preparation like in case of rice, 
barley and wheat. The seed crop of sorghum should never have Johnson grass. Thus the 
volunteer plants of same variety or the crop should be destroyed under all the circumstances. 

3. Isolation: isolation is an effective distance upto which the pollens may be carried by various 
agencies like wind, insect etc. from commercial crop to the seed crop and result into natural 
crossing or cross pollination. The seed crop must be grown beyond this distance. 

4. Rouging: A rogue is a plant which is “off-type” (different from the variety) or is otherwise 
undesirable. Presence of off type plants causes a potential threat to genetic contamination, 
purity, however, removal of these plants before flowering or before heading may not 
jeopardize the genetic purity of the seed. The off types may be produced because of presence 
of some recessive genes in the variety at the time of release or they may arise by mutation. 
The off-types may also grow as volunteer if the same crop or variety is grown in previous 
year or these had been mechanical mixture due to use of same seed drill/threshing machine. 

5. Seed certification: To ensure good quality pedigree seed it has to be certified by any 
registered seed certifying agency like NSC, TDC, state Seed Corporations etc. 

6. Adoption of appropriate agronomic practices:  These practices include selection of 
suitable agro-climatic zone, selection of well leveled fertile plots free from water logging, 
hardpan in sub-soil zone and excessive salt; seed treatment, efficient water and nutrient 
management, use of all preventive measures against diseases and insect-pests and other 
cultural practices, timely harvesting, threshing, drying, grading, bagging , storage under 
regulated moisture and fumigated conditions. These practices help in raising a healthy seed 
crop for onward distribution to the cultivators for raising a good crop of higher productivity. 

 
Reproductive Isolation 
1. Isolation strips: plot of a crop which separates seed plots, preventing crossing and mechanical 

mixtures. 
• This strip would theoretically catch windblown pollen and distracts insects from visiting the 

plots on either side of it. 
2. Distance Isolation: Try to follow this general rule, selfers should be isolated by at least 150 feet 

and an isolation strip. Wind pollinated crossers should be separated by at least 1 mile (but up to 5 
miles), insect pollinated crossers should be separated by at least ¼ mile and some other barrier 
(or 1 mile in open land). Once again these figures vary depending on the source of your 
information. 

3. Caging and Artificial Barriers: Cages can be constructed with PVC and fabric row covers. Brown 
paper or fine meshed bags can also be used. Non-porous bags are not recommended because they 
can lead to rot. 

• When these methods are used it is required that either plants are hand-pollinated or pollinators 
must be introduced into the caged/bagged environment. 

4. Time Isolation: You can plant different varieties of the same species in the same year as long as 
the times they flower do not overlap. For annuals, this could mean starting one variety early in 
the season and then starting another several weeks later. For biennials, you could have multiple 
varieties of the same species (such as onions) growing in the same place but only one that is in 
it’s second year and going to flower. 

 
Hand-pollinating 
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Basically, you are transferring pollen from one flower to the stigma of another and then you must 
cover the pollinated flower to isolate it from being pollinated by a different variety. 
1. The flower to be pollinated is emasculated (stripped of anthers or male parts). 

• This should be done BEFORE the male parts begin to release pollen (typically just before the 
flower opens). 

2. To transfer the pollen, either… 
• Remove the entire flower and touch the anthers to the stigma. 
• Place a bag over the flower heads and shake to collect the pollen and then transfer the pollen 

with a feather or fine brush. 
3. After pollination has occurred, the flower should be covered with a bag or taped (squash flowers 

and other large flowers). 

4. Remove the bag or tape after approximately one week. 

Minimum Population Size: This refers to the smallest number of plants that can be grown of one 
variety to ensure genetic integrity. There is a more in-depth minimum population size sheet at the end 
of this section. 
• In general, 

� 200 plants for cross-pollinated varieties. 
� 60-80 plants for self-pollinated varieties. 

These figures often vary depending on who you talk to. 

Seed Harvesting 
• Labels and Records: Label seeds and seed lots! Labels should be affixed to whatever the seed 

is being stored on or in during processing. 
• Harvesting Methods: 

� Dry Seeds: Let the plant material completely dry either in the field or after you harvest in 
mesh bags or on mesh tarps (turn frequently to ensure proper drying). 

• Harvest when the seeds begin to rattle in their pods but, keep a daily check to ensure the pods 
don’t open and you don’t waste any seed. 
� Wet Seeds: Harvest entire fruit and scoop out seeds and place in container. 

• Most fruits should be allowed to slightly over-ripen (but before decay) before you harvest for 
seed. 

• Seeds should be harvested from as many plants as possible throughout the growing season to 
help ensure genetic integrity. 

 
Seed Cleaning 
When seeds come out of the field, they may contain many types of particles (the desired seed, weed 
seed, plant material, etc.). In addition to the many different types of particles, the desired seed may 
have broken or other unviable seed mixed in to the lot. By removing these undesirable seeds and 
particles, you will improve the vigor and germination rate for your lot. When removing the 
undesirable seed from your seed lot, there are many differences in the seed used to make separations. 

1. Size (large vs. small and length, width, and thickness). The most popular way to separate 
particles of different sizes is by scalping (using a screen which allows the desired seed fall 
through the screen holes while removing the larger particles) or sifting (dropping out smaller 
particles by using a screen in which only the particles smaller than the seed are allowed to 
pass). Both of these separations can be made manually by using separating boxes or 
mechanically using devices like the Clipper Office Tester (see equipment section). Making 
length separations can be done by using an indented cylinder or disc machine. 

2. Weight (heavy vs. light and differences in specific gravity and surface area). This separation 
is best done with a box fan, an air column or aspirator (see equipment section). These work by 
passing a stream of air past the seed allowing the light (often unviable) seed to be blown out 
of the seed lot. This method will also remove any light chaff that remains within the seed lot. 

3. Shape (round vs. non-round). This separation can be done with a spiral separator (round 
seeds will roll faster than flat or non-round seeds). 
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4. Surface Texture (rough, smooth or pointed). A flat piece of roughed-up cardboard works 
well for this separation. Round seed will roll to the bottom when placed at a slight angle while 
flat seed will be “caught” on the roughed cardboard. Also a velvet roller works well (see 
equipment section). 

5. Color: This separation is most often done by hand-picking although there are color separation 
devices; they are not commonly used by small-scale seed producers. 

 
Other things to keep in mind when cleaning seed: 

• Labels, Records and Mechanical Mixing: Affix labels to all seed containers and spaced far 
enough apart to ensure there is no mechanical mixing of seed lots. 

• Cleaning Supplies: Dry seed should be free of seed pods, hulls, and stalks by being smashed 
in a tarp, bag or mechanical thresher (clipper mill, belt thresher, brush mill, etc.) and then 
screened. Screens are used to separate out material that is larger or smaller than the seed being 
cleaned. 
� Wet vegetable seed cleaning supplies include buckets for fermenting, hand mashers (4 x 4 

with a handle), a wet vegetable seed separator (See Seed Cleaning Equipment section) 
and sieves and colanders. 

• Always dry seeds completely before storing! 
 
Cleaning Dry Seed 

• Seed pods can be dried then smashed in a number of ways…stomping and smashing in a 
threshing box, or using a mechanical thresher is common. Once all the seeds are released 
from the pods, you can separate the seeds from the pods by using handscreens or a “Clipper 
Mill” (See Equipment section). 
� A threshing box can be built by making a 3 x 3 box (without a top) and placing a 

corrugated plastic mat at the bottom of it. 
• Once the larger pods are removed, lighter chaff can be removed by winnowing or using an air 

column (See Equipment section). Finer removal of chaff can be accomplished by using a 
velvet roller (See Equipment section). 

• Once all chaff has been removed, seeds should be stored in a dark, clean, dry, pest-free 
environment. 

 
Wet Seed Cleaning 

• Seeds can be removed from fruit by cutting the fruit open and scooping out the seeds or by 
using a “Wet Vegetable Seed Separator” for tomatoes, peppers, and cucumbers. (See 
Equipment section). 

• After seeds are removed, some species (tomatoes, for example) can benefit from a 
fermentation process. 
� Fermentation Process: Place seeds (covered with pulp/gel) into a container and cover 

seeds with an equal amount of water for approximately 2 days. You should stir this mix at 
least twice a day. 

• Once the fermentation process is finished (there will be a pungent odor and layer of mold 
growing on the top of the bucket), seeds should be rinsed thoroughly. Strainers and fryer 
baskets come in handy during this step. 

• After seeds are rinsed, they can be dipped in a 20% Clorox solution (this process protects the 
seed from Tobacco Mosaic Virus) and then rinsed again with clean water to protect the seeds 
against certain viruses. 
� The seeds only need to be dipped for enough time to ensure that all the seeds have 

contacted the bleach solution. 
• Once seeds are treated, they should be dried completely prior to storing. 

 
Drying Seeds 

• Drying seeds at 10 – 25 degrees Celsius (50 – 77 degrees Fahrenheit) and at 10 – 20 % 
relative humidity using either some type of desiccant (silica gel or activated alumina) or a 
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dehumidified drying chamber (set at the lowest heat setting or no the “no heat” setting) is 
ideal but air drying is common as well. Desiccants should be replaced every 3 to 5 years and 
dehumidifiers should be carefully watched so that seeds are not damaged by the heat. 

• Seeds should be dried as soon as possible after harvest to avoid fungal and viral growth. 
• Drying time is variable depending on the seed and the conditions in which the seed is being 

dried. 
• If you can push your nail into the seed, it is probably not dry enough to store!!! 
• Ovens are not recommended for drying seeds since heat can damage many seeds 

 
Seed Storage 

• Optimal storage is airtight, low humidity, and low temperature. 
� Except for peas and beans which like some “open air”. 

• Containers should ideally be moisture proof and sealable (keep in mind that most plastics are 
not moisture proof). 

• Metal, foil-lined heat sealable envelopes are often used at seed banks. 
• Cold storage in a chest type deep freezer is invaluable for extending the lifespan of seeds. 

Low temperatures slow the process of seed decay. But be careful, most seeds can tolerate 
freezing but, it may damage others. Test a small sample of seeds first before putting the whole 
seed lot into freezer storage. 

• Leak, onion, corn and parsnip seed is short-lived, the seed will most likely only last 1 – 2 
seasons. 

• Always remember that before opening any seed container that has been in a freezer, let the 
container acclimate to room temperature! If you just open the container straight from the 
freezer, condensation will form on the interior walls of the container and you will have to dry 
the seed again (possibly damaging it). 

 
Germination Testing 

• Germination testing is important to both the seed regenerator and the seed producer. 
• Always try to germinate a random sample of the seeds you are wanting to plant. 
• For long term storage, initial germination should be at least 85% for cereals, and 75% for 

vegetables. 
• Wild species often have lower germination rates. 

 

Seed production of major field crops: Cereals 

Rice 

Rice is a self pollinated crop but sometimes or rarely cross pollination is also reported. The extent of 
cross-pollination ranges between 0.1 to 4%. Therefore, an isolation distance of about 3.0 metres 
between commercial and seed crop is sufficient. 

 

Raising of seedlings 

To avoid varietal admixture one should choose a site for nursery where rice was not grown in the 
previous year. Sowing of seed should be done between 25th May to 10th of June for long duration 
varieties and between 10th to 25th June for short duration varieties. About 50-60 beds of 6 m x 1.5 m 
size are required for raising seedlings to transplant one hectare area. About 450 g of single super 
phosphate and 20 g of zinc sulphate/bed should be mixed into the soil at the time of final tillage 
operation in the beds. Seeds of required grade or type viz. nucleus/breeders/foundation should be 
taken after approval from the certification agency. A seed rate of 25-30 kg/ha for fine rice varieties 
(about 400-500 g/bed) should be treated with ceresin/agrosan G.N./bavistin  at the rate of 2.5 g/kg of 
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seed, soaked and sprouted and then sown in the beds either by broadcasting or by line sowing. Proper 
weed and water management practices should be adopted for obtaining healthy seedlings. They 
should be uprooted carefully and transplanted at the age of three weeks in early varieties. Weak, 
diseased or phenotypically different seedlings should be discarded. 

Post-planting care 

Like commercial crop the seed crop should also be fertilized with recommended dose of NPK and Zn. 
The field should be well puddle before transplanting. Two-three healthy seedlings should be 
transplanted in row at 20 cm x 15 cm in case of early and medium varieties and 20 cm x 20 cm or 30 
cm x 20 cm in case of long duration ones. Tow-three weedings or application of butachlor or other 
herbicide, as in case of commercial crop should be done to take care of weeds. Proper measures for 
insect-pests (stem borer, brown plant hopper, Gandhi bug etc) and diseases (blast, bacterial leaf blight, 
brown spot, seedling blight and foot rot etc) and micronutrient deficiency (khaira disease) should be 
taken. 

Roguing 

Roguing of wild rice plants, disease affected plants especially those infected with tungro virus and 
false smut and off-types thrice – once at panicle initiation, next at flowering and final near maturity 
keep seed free of admixtures. 

Harvesting and threshing 

The seed crop should be harvested when the seeds are at about 20% moisture. Threshing should be 
done over thoroughly cleaned floor. The grains should be winnowed and dried to about 10-12% 
moisture for storage. 

Seed certification 

Seed certification is a process designed to secure, maintain and make available high quality seed and 
propagating materials of superior crop plant varieties so grown and distributed as to ensure desirable 
standards of genetic identity, physical purity, seed conditions and quality. Certification of seed is 
performed in following four phases: 

1. In all the cases, where the fields are under foundation or certified seed production, the 
individual who has taken up the production must submit documentary evidence including the 
certification tag, purchase records etc. to the certifying agency when demanded. 

2. This is done in order to verify conformity to prescribe field standards. The objective of field 
inspection is to ensure that necessary steps to overcome genetic and physical contamination 
have been taken in time to make them effective. The field inspection gives the following 
information: 

a) Whether the seed crop is grown in compliance with other special requirements for the 
crop concerned. 

b) Whether the roguing is done to confirm the standards prescribed for the seed production. 
Roguing refers to the removal of all the contaminating factors such as pollen shedders in 
bajra and sorghum, shedding tassels in maize, crosses, off-types, diseased plants/ears, 
objectionable weeds and inseparable other crop plants. 

c) Whether the plants are true to the varietal characteristics described for them. 
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d) Whether the crop is planted in prescribed ratio of female (seed) and male (pollinator) 
parents in the case of hybrid seed production. The prescribed ratios of female and male is 
given as under: 

The recommended number of male border rows and the ration of male and female rows 

Crop Minimum No. of 
border rows 

Planting ratio 
 No. of female rows No. of male rows 
Bajra 8 4 2 
Maize- single crosses 4 4 2 
Other hybrids 2 6 2 
Sorghum 4 4 2 

 

e) Where the seed crop is provided with prescribed isolation as mentioned below: 

Minimum isolation distance in meters (as per Field Inspection Manual Published by NSC 1972) for 
field crops 

Crop(s) Minimum isolation distance 
(m) 

Remarks (to be isolated from) 

Foundation Certified 
Cereals – barley, oats, 
paddy, wheat 

3 3  

Berseem, lucerne 400 100  
Castor 300 150  
Cotton 50 30  
Groundnut 3 3  
Jute 50 50 Other varieties 
 3 3 Other species 
Maize – inbred lines/single 
crosses 

400 - From any maize of same kernel colour 
or texture 

 400 - Any maize with different kernel colour 
and texture 

Other hybrids - 200 Any maize with same kernel colour 
and texture 

 - 300 Any maize with different colour and 
texture 

Composite/open pollinated 
variety 

400 200 Other variety 

Mesta – Hibiscus 
cannabinus 

200 100 Other varieties of the same species or 
other variety not pure 

Hibiscus sabdartffa 100 50 -do- 
 - 10 Other species 
Pearl millet 1000 200 Other varieties 
 1000 25 Same variety but nor pure 
Rape, Mustard 200 100 Other varieties of the same species 
Sesamum 100 50 Other varieties/same variety but not 

pure 
Sorghum Hybrid 300 200 Other varieties 
 300 25 Same variety but not pure 
 400 400 Johnson grass (S. halepense) 
 400 200 Forage sorghum 
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Crop(s) Minimum isolation distance 
(m) 

Remarks (to be isolated from) 

Foundation Certified 
Open pollinated 200 100 Other varieties/same variety but not 

pure 
 400 200 Johnson grass (S. halepense) 
 400 200 Forage sorghum 
Soybean 3 3 Other varieties/same variety but not 

pure 
Sunhemp 200 100 -do- 
Teosinte 200 100 Any maize/other varieties 

 

The inspections are usually made at: 

a) Pre-flowering stage – this includes seedling stage, vegetative stage, flowerbud initiation 
stage and all such stages prior to emergence of flowers. 

b) Flowering stage – When the flowers have opened, the stigma is receptive and anthers are 
shedding pollens. 

c) Post-flowering stage – The stage when receptivity of stigma and the pollen shedding of 
anthers have ended. This includes milk stage and dough stage both. 

d) Pre-harvest stage – The stage when the seeds becomes harder and reach to physiological 
maturity. 

e) Harvest stage – The stage when the seeds are physiologically matured and sufficiently 
dried to permit safe and easy harvesting. 

f) Whether the seed crop is harvested properly to avoid mechanical admixture. 
3. Testing of each seed lot and seed sample 

It is done for germination, purity etc. 
4. Tagging, labeling and sealing to identify the seed 

The colour of the prescribed certification tag shall be white for foundation seed, and for 
certified seed. These colours are prescribed by the Central Certification Board. The seed 
inspector sends the report in sheets of different colours: 
First copy Pink  To head office 
Second copy Green To grower 
Third copy Yellow To regional office 
Fourth copy White To be kept by the inspector 

 

The container of the certified seed shall carry a seal of such material and in such a form as the 
certification agency may determine and no container carrying a certification tag shall be sold as 
certified seed if the tag or seal has either been tampered with or removed. 

Hybrid seed production 

Hybrid seed is seed produced by cross-pollinated plants. In hybrid seed production, the crosses are 
specific and controlled. The advantage of growing hybrid seed compared to inbred lines comes from 
heterosis. To produce hybrid seed, elite inbred varieties with well documented and consistent 
phenotypes (such as yield) are crossed and the resulting hybrid seed is collected. Another factor that is 
important in hybrid seed production is the combining ability of the parent plants. Although two elite 
inbred parent plant varieties may produce the highest yields of their crop, it does not necessarily mean 
that crossing these inbreds will result in the highest yielding hybrid. Combining ability is the term 
used to describe the level of heterosis that the parents will generate in the resultant seed. Higher 
combining ability between the parents results in increased performance in the resulting hybrid seed. 
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Hybrids are bred to improve the characteristics of the resulting plants, such as better yield, greater 
uniformity, improved color, disease resistance, and so forth. Today, hybrid seed production is 
predominant in agriculture and home gardening, and is one of the main contributing factors to the 
dramatic rise in agricultural output during the last half of the 20th century. In the US, the commercial 
market was launched in the 1920s, with the first hybrid maize. All of the hybrid seeds planted by the 
farmer will be the same hybrid, which causes the first generation of seed from the hybrids planted to 
be inbred. This is why hybrid seed is generally not saved from subsequent generations and is 
purchased for each planting. Hybrid seeds are much dearer than normal seeds, due to the technology, 
time and effort put in to produce them. 
 
Hybrid rice 
To sustain in coming decades, the self-sufficiency achieved, the production of rice needs to be 
increased every year by almost 2 million tons. This is a daunting task, in view of plateauing trend 
observed in yield potential of high yielding varieties, and decreasing and declining natural resource 
base. This increase in production is to be achieved without disturbing the delicate environmental 
balance. 
Among the many genetic approaches being explored to break the yield barrier in rice, hybrid rice 
technology appears to be the most feasible and readily adoptable one. China has successfully 
demonstrated usefulness of hybrid rice to meet increased demands for rice. During the last 25 years, 
an additional 300 million tons of rice was produced due to adoption of hybrid rice on large scale. 
Besides, due to the realized higher rice productivity, 3-4 million hectares from rice could be spared 
annually for production of other high value crops. 
Realizing the potential of hybrid rice to increase the production and productivity, Indian Council of 
Agricultural Research (ICAR) launched a mission mode project on hybrid rice in December, 1989. 
International Rice Research Institute (IRRI) collaborated with the project providing the needed 
germplasm and technical support. This projects was further strengthened with financial support from 
UNDP and technical support from FAO since September, 1991. The UNDP support was mainly 
through providing consultancies, fellowship training abroad and needed equipments. Mahyco 
Research Foundation (MRF), a private R & D Foundation is also extending limited financial supports, 
since 1996, to fill the critical gaps, so that the major objectives of the project can be achieved 
expeditiously. From the ICAR, the project is presently being supported under the National 
Agricultural Technology Project (NATP) since 1998. 
Concerted efforts from all the concerned coupled with whole-hearted support from the funding 
agencies have enabled the country to enter an era of hybrid rice. 
Hybrid rice is the commercial rice crop from F1 seeds of cross between two genetically dissimilar 
parents. Good rice hybrids have potential of yielding 15-20% more than the best inbred variety grown 
under similar conditions. To exploit the benefits of hybrid rice, farmers have to buy fresh seeds every 
cropping season 

How is Hybrid rice developed? 
Rice is a strictly self-pollinated crop. Therefore, for developing commercial rice hybrids, use of a 
male sterility is essential. Male sterility by genetic or non-genetic means makes the pollen unviable 
and such rice spike-lets are incapable of setting seeds through selfing. Thus, a male sterile line can be 
used as female parent of a hybrid. A male sterile line, when grown side with a pollen parent in an 
isolated plot, can produce a bulk quantity of hybrid seed due to cross pollination with the adjoining 
fertile pollen parent. The seed set on male sterile plant is the hybrid seed which is used for growing 
the commercial hybrid crop.  

The success and sustenance of hybrid rice technology depends on the efficient and economic hybrid 
seed production, so as to provide good quality seed at reasonable price to the farmers. Hybrid seed 
production, in self pollinated crop like rice, is quite tedious. Therefore, extensive trials were 
conducted to standardize the seed production package. Various requirements for successful seed 
production such as ideal locations/seasons, seed rate, row ratio, GA3, supplementary pollination 
techniques etc., have been worked out and a seed production package has been developed. The details 
of the package are as under.  
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Optimum package for hybrid rice seed production and CMS multiplication  

Activity   Particulars 

Seed rate  :  
Seed parent 15 kg/ha 
Pollen parent 5 kg/ha  

Nursery : Sparse seeding to ensure multitillered (4-5) seedlings in 25 days  

Row ratio : 
2B:10A, for CMS multiplication 
2R:12A, for hybrid seed production  

Number of 
seedlings/hill : 

2 seedlings/hill for seed parent; and 
3 seedlings/hill for pollen parent  

Spacing : 
B/R to B/R  - 30 cm 
B/R to A     - 20 cm  
A to A        - 15 cm  

GA3 application : 45 g/ha at 5% heading in two split doses on consecutive days 
Supplementary 

pollination 
: Twice a day at peak anthesis during flowering phase 

Roguing : 
Twice during vegetative phase based on morphological characters 
and twice during and after flowering based on floral characters 
sterility etc. 

Seed yield (t/ha) : 1.0-1.5 

 
Seed producers can obtain seed yields of about 1.0 to 1.5 t/ha by adopting this package. There is a 
need to refine the present technology so as to enhance the seed yields up to 2.0 to 2.5 t/ha so that the 
seed cost can be reduced.  

GA3 is one of the essential requirements for hybrid seed production and it is a costly input. Therefore, 
efforts are being made to find some alternate chemicals or substitutes to economize GA3 use. Initial 
results have indicated that GA3 requirement can be reduced by using some chemicals such as ZnSO4, 
urea and boric acid in combination with lower doses of GA3.Such studies will help to reduce the cost 
of seed production thus helping the farmers to get the hybrid seed at reasonable cost which is now 
being sold @ Rs. 90-100/kg. 

India has a very well organized seed industry both in public and private sectors and this can be 
effectively utilized for hybrid rice seed production. Realizing fully well, the potential of seed industry, 
enough encouragement was given to the seed sectors to take up hybrid seed production. Required 
parental lines were made available to the interested companies and their personnel were imparted 
training on hybrid rice seed production technology. This step has really helped many companies and 
some of them have established full fledged R & D facilities for hybrid rice. Now the seed industry has 
fully geared to meet the seed requirement and what it needs is the demand which has to be created by 
well organized transfer of technology activities.  

Large Scale Seed Production  

Large scale seed production has been taken up predominantly by private sector and to lesser extent by 
public sector seed agencies in India during the last five years. Initially seed yields obtained were less 
than 1.0 t/ha but now an average seed yields of 1.5 t/ha or more are being obtained routinely. 
Maximum seed yield of 3.8 t/ha has been recorded in a seed production plot of 2.0 ha area by a 
private sector company.  
Progress made in large scale seed production in India, in the initial phase, has been impressive as 
compared to the progress made in China at similar stage. In China, it took more than five years to 
attain an average seed yield of 1.0 t/ha and only after a decade average seed yields of 1.5 t/ha were 
attained. In India, average seed yields of 1.5 t/ha are being obtained after five years of initiating large 
scale seed production. Seed yields can be increased further by utilizing the new CMS lines with 
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higher outcrossing potential, now under development in Indian hybrid rice breeding programmes and 
through further refinement of seed production technology.  
Now 3,000-3,5000 tons of hybrid rice seed is produced annually in India, 95% of it by the private 
seed sector. The leading private sector seed companies in Hybrid Rice Seed Production are Hybrid 
Rice International, PHI, Mahyco, Indo-American, Parry Monsanto, Advanta India, Syngenta and Nath 
Seed company. Half a dozen other private seed companies are also engaged in hybrid rice seed 
production on a smaller scale. 
Among public sector seed agencies, National Seed Corporation (NSC), State Farms Corporation of 
India (SFCI), Andhra Pradesh State Seed Development Corporation (APSSDC), Karnataka State Seed 
Development Corporation (KSSDC), West Bengal State Seed Development Corporation (WBSSDC), 
and U.P. and Terai Seed Development Corporation (UPTSDC) are presently engaged in hybrid rice 
seed production on much smaller scale. All these public sector seed agencies put together, produce 
around 100 tons of hybrid rice seed annually. 
Hybrid rice is likely to become popular and adopted in large acreage during the next decade. Huge 
quantities of hybrid rice seed will be needed. Thus there is ample scope for all the private and public 
sector seed agencies in India to produce large quantities of hybrid seed in the years ahead to 
popularize rice hybrids. 

Cultivation Package 

Several agronomic trials were conducted to standardize the cultivation package for the rice hybrids.  
The details of the cultivation package for rice hybrids are presented in Table below. 

Activity   Requirement  
Seed rate  :  15 kg/ha 
Seeding density (in nursery) : 10-20 g/m2 
Spacing : 15 x 15 or 20 x 15 cm 
Seedlings/hill : One 
Nitrogen level : 120-150 kg/ha (based on soil fertility) 
Plant protection  : Need based 

 
Hybrid maize 
Hybrid maize is always produced by cross pollinating two or more parental inbred lines. In general, 
inbred lines are a kind of end product for hybrid development since they are developed by five to six 
generations of inbreeding. Due to this inbreeding, the lines are always lower yielding, less vigorous, 
shorter and more uniform than normal maize. Hybrid maize produced by cross-pollinating the inbred 
lines, is high yielding, vigorous and generally uniform. Hybrid seed must be continuously produced 
by cross pollinating the inbred lines. If farmer save their own seeds from the commercially grown 
hybrids for the next season, they will fail to obtain high yield due to genetic segregation of the hybrid 
in the subsequent season. 
There are several different types of hybrids depending on the number of parental inbred lines involved 
in the hybrid combination: 
 

Single crosses : (A x B) = 2 lines 
Three way cross : (A x B) x C = 3 lines 
Double cross : (A x B) x (C x D) = 4 lines 
Top cross : Variety x line : 1 variety, 1 line 

 
Single cross hybrids involve two parental inbred lines. Each hybrid consists of one seed parent 
(female) and one pollen parent (male). Depending on the characterstics of the inbred lines they will be 
designed either as female or male parents. 
General characteristics of both parents are as follows: 
For seed parent (female) 

1. Greater number of seeds/ear 
2. 2-3 days earlier flowering than male 
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3. Good silk emergence 
4. More vigorous plant 

For pollen parent (male) 
1. More quantity of pollen production 
2. 2-3 days later flowering than female. 

 
Production of hybrid maize involves following steps 
 
Maintenance of inbred lines 
An isolation distance of about 400 metres from any maize variety with the same grain colour and 
texture but it should be 600 m or more from those varieties which have different grain colour and 
texture. It the prescribed isolation is not possible then the varieties should be sown at different dates 
so that they do not flower at the same time. In case if the isolation distance is less than the 
recommended one then border rows of about 5 metres width of the male parent should be planted at 
the same time along with the seed crop so that flowering in the male and female parents is the same. 
The border rows of male parents should be relatively dense.  
 
Removal of tassels 
Hybrid seed production requires the female parent have its tassels removed or made infertile before its 
silk emergence to avoid self-fertilization. 
3 ways to do this: 

1. Manually or mechanically remove tassel - must be done in 7-10 d between when tassel is 
ready to emerge and pollination. Fields inspected to ensure that no tassels were missed. Yield 
reductions of up to 10% due to detasseling. Yield reductions even greater with mechanical 
removal. 

2. Use of parents that possess cytoplasmic male sterility (CMS): incorporation of specific 
recessive genes into inbred parents that make pollen either sterile or delay pollen shed until 
well after silks of female parent have been fertilized by desired pollen. Use of CMS narrows 
the genetic base and makes crop more susceptible to disease. 

3. Use of chemicals to control pollen formation or viability 
� Male gametocides to control pollen viability or production continue to be explored, along 

with other techniques for flowering control 
� Such methods eliminate the costly need for physical removal of the tassel 
� No chemical or alternative means have yet been found as a practical alternative to 

mechanical detasseling, however, studies are continuing. 
 
Matured cobs are removed, dried, shelled, cleaned, bagged and stored in a moisture proof or moisture 
regulated store. Proper seed treatment and time to time fumigation in the seed store are essential to 
maintain the seed health. 
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Concepts of system approach in agricultureConcepts of system approach in agricultureConcepts of system approach in agricultureConcepts of system approach in agriculture    

 

System  

n.  

1. A group of interacting, interrelated, 
or interdependent elements forming a 
complex whole.  

2. A functionally related group of 
elements, especially:  

a. The human body regarded as 
a functional physiological 
unit.  

b. An organism as a whole, 
especially with regard to its 
vital processes or functions.  

c. A group of physiologically or 
anatomically complementary organs or parts: the nervous system; the skeletal system.  

d. A group of interacting mechanical or electrical components.  
e. A network of structures and channels, as for communication, travel, or distribution.  
f. A network of related computer software, hardware, and data transmission devices. 

3. An organized set of interrelated ideas or principles.  
4. A social, economic, or political organizational form.  
5. A naturally occurring group of objects or phenomena: the solar system.  
6. A set of objects or phenomena grouped together for classification or analysis.  
7. A condition of harmonious, orderly interaction.  
8. An organized and coordinated method; a procedure. 
9. The prevailing social order; the establishment. Used with the: You can't beat the system. 

 
 

A system consists of several components or subsystems which depend on each other. A system is 
defined as a unified whole or set of elements/components that are interrelated and interacting among 
themselves. A system processes input into outputs. Therefore, each system consists of boundaries, 
components, interactions between components, inputs and outputs.  

The Systems Approach 

The term "systems" is derived from the Greek word "synistanai," which means "to bring together or 
combine." The term has been used for centuries. Components of the organizational concepts referred 
to as the "systems approach" have been used to manage armies and governments for millennia. 
However, it was not until the Industrial Revolution of the 19th and 20th centuries that formal 
recognition of the "systems" approach to management, philosophy, and science emerged (Whitehead 
1925, von Bertalanffy 1968). As the level of precision and efficiency demanded of technology, 
science, and management increased the complexity of industrial processes, it became increasingly 
necessary to develop a conceptual basis to avoid being overwhelmed by complexity. The systems 

Organized, purposeful structure regarded as a 
'whole' consisting of interrelated and 
interdependent elements (components, entities, 
factors, members, parts etc.). 

Set of detailed methods, procedures, and 
routines established or formulated to carry out a 
specific activity, perform a duty, or solve a 
problem. 
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approach emerged as scientists and philosophers identified common themes in the approach to 
managing and organizing complex systems. Four major concepts underlie the systems approach: 

• Specialization: A system is divided into smaller components allowing more specialized 
concentration on each component.  

• Grouping: To avoid generating greater complexity with increasing specialization, it becomes 
necessary to group related disciplines or sub-disciplines.  

• Coordination: As the components and subcomponents of a system are grouped, it is necessary 
to coordinate the interactions among groups.  

• Emergent properties: Dividing a system into subsystems (groups of component parts within 
the system), requires recognizing and understanding the "emergent properties" of a system; 
that is, recognizing why the system as a whole is greater than the sum of its parts. For 
example, two forest stands may contain the same tree species, but the spatial arrangement and 
size structure of the individual trees will create different habitats for wildlife species. In this 
case, an emergent property of each stand is the wildlife habitat.  

 

 The systems approach considers two basic 
components: elements and processes. ELEMENTS 
are measurable things that can be linked together. 
They are also called objects, events, patterns, or 
structures. PROCESSES change elements from one 
form to another. They may also be called activities, 
relations, or functions. In a system the elements or 
processes are grouped in order to reduce the 
complexity of the system for conceptual or applied 
purposes. Depending on the system's design, groups 
and the interfaces between groups can be either 
elements or processes. Because elements or 
processes are grouped, there is variation within each 
group. Understanding the nature of this variation is 
central to the application of systems theory to 
problem-solving. 

 

 

 

 

Ecosystems are composed of elements and 
processes. (These are usually referred to as 
ecosystem structures and functions or the 
patterns and processes of an ecosystem.) As 
an example, the elements of a forest 
ecosystem might include trees, shrubs, 
herbs, birds, and insects, while the 
processes might include growth, mortality, 

decomposition, and disturbances. 

  

 

 

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. 
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Open vs Closed Systems 

Some systems are open with respect to certain 
elements or processes (e.g., figure to the right). 
The elements or processes can flow into or out 
of the system. For example, an automobile 
engine is "open" with respect to gasoline--
gasoline flows in and exhaust (oxidized 
gasoline) flows out. 

  

Other systems are closed with respect to 
certain elements or processes (e.g., figure to 
the right). The elements or processes do not 
leave the system. For example, an automobile 
engine is largely "closed" with respect to 
lubricating oil--the oil does not leave the 
engine. 

 
  

Ecological systems are open systems with respect to most elements and processes. They 
receive energy and nutrient inputs from their physical environment and, at the same time, cycle 
nutrients back out of the system. They are also open to outside influences such as disturbances (e.g., 
hurricanes, ice storms, fires, insect outbreaks). 

Hierarchies 

Most systems contain nested 
systems; that is, subsystems 
within the system. Similarly, 
many systems are subsystems 
of larger systems. 

  

For example, the nested system above right could represent: 

atoms (black dots), molecules (red circles), cells (blue), and organs (green); 
leaves (black dots), trees (red circles), stands (blue), and landscapes (green); 
planets (black dots), solar systems (red circles), galaxies (blue circle), and universes (green). 
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Nested systems can be considered as a hierarchy of systems. Hierarchical (nested) systems contain 
both parallel components (polygons of the same color, above) and sequential components (polygons 
of different colors, above). 
"At the higher levels, you get a more abstract, encompassing view of the whole emerges, without 
attention to the details of the components or parts. At the lower level, you see a multitude of 
interacting parts but without understanding how they are organized to form a whole (Principia 
Cybernetica 1999)." 
Attempting to measure, study, or manage a system at a precision greater than the innate variation 
among its components leads to meaningless measures. At the upper levels of a hierarchical system, 
the amount of precision which can be measured, studied, or managed declines for two reasons: 

1. The elements or processes in parallel components of a system (e.g., two stands) are slightly 
different; therefore, combining them at a broader level (e.g., landscape) increases the innate 
variation of the average component (e.g., stand). 

2. The elements or processes in sequential components of a system are dependent on each other; 
therefore, variation in components become additive. For example, size variation among trees 
within a stand means that there is innate variation in the average tree size in a stand, and even 
greater variation in the average tree size when stands are combined into landscapes.  

Moving information between levels of a hierarchy requires time. The variation in time needed to 
process different steps within a hierarchy can lead to innate temporal lags or bottlenecks. These can be 
minimized by not trying to consider a system with high precision from a single, central, upper 
hierarchical level (e.g., centralized planning by governments or regional models of ecosystems). 
Instead, such centralized levels are useful for generalities which allow local variation, while more 
precision is achieved through independent, parallel processes at more localized levels.  

 

General system Theory 

The systems approach integrates the analytic and the synthetic method, encompassing both holism 
and reductionism. It was first proposed under the name of "General System Theory" by the biologist 
Ludwig von Bertalanffy. von Bertalanffy noted that all systems studied by physicists are closed: they 
do not interact with the outside world. When a physicist makes a model of the solar system, of an 
atom, or of a pendulum, he or she assumes that all masses, particles, forces that affect the system are 
included in the model. It is as if the rest of the universe does not exist. This makes it possible to 
calculate future states with perfect accuracy, since all necessary information is known.  

However, as a biologist von Bertalanffy knew that such an assumption is simply impossible for most 
practical phenomena. Separate a living organism from its surroundings and it will die shortly because 
of lack of oxygen, water and food. Organisms are open systems: they cannot survive without 
continuously exchanging matter and energy with their environment. The peculiarity of open systems 
is that they interact with other systems outside of themselves. This interaction has two components: 
input, that what enters the system from the outside, and output, that what leaves the system for the 
environment. In order to speak about the inside and the outside of a system, we need to be able to 
distinguish between the system itself and its environment. System and environment are in general 
separated by a boundary. For example, for living systems the skin plays the role of the boundary. The 
output of a system is in general a direct or indirect result from the input. What comes out, needs to 
have gotten in first. However, the output is in general quite different from the input: the system is not 
just a passive tube, but an active processor. For example, the food, drink and oxygen we take in, leave 
our body as urine, excrements and carbon dioxide. The transformation of input into output by the 
system is usually called throughput. This has given us all the basic components of a system as it is 
understood in systems theory (see Fig. )  



 

 

Fig. a system in interaction with its environment

When we look more closely at the environment of a system, we see that it too con
interacting with their environments. For example, the environment of a person is full of other persons. 
If we now consider a collection of such systems which interact with each other, that collection could 
again be seen as a system. For ex
city. The mutual interactions of the component systems in a way "glue" these components together 
into a whole. If these parts did not interact, the whole would not be more than the sum of
components. But because they interact, something more is added. With respect to the whole the parts 
are seen as subsystems. With respect to the parts, the whole is seen as a supersystem. 
 
If we look at the supersystem as a whole, we don't need to be 
look at its total input and total output without worrying which part of the input goes to which 
subsystem. For example, if we consider a city, we can measure the total amount of fuel consumed in 
that city (input), and the total amount of pollution generated (output), without knowing which person 
was responsible for which part of the pollution. This point of view considers the system as a "black 
box", something that takes in input, and produces output, without us bei
between (in contrast, if we can see the system's internal processes, we might call it a "white box"). 
Although the black box view may not be completely satisfying, in many cases this is the best we can 
get. For example, for many processes in the body we simply do not know how they happen. Doctors 
may observe that if they give a patient a particular medicine (input), the patient will react in a certain 
way (output), e.g. by producing more urine. However, in most cases they have
particular mechanisms which lead from the cause to the effect. Obviously, the medicine triggers a 
complex chain of interconnected reactions, involving different organs and parts of the body, but the 
only thing that can be clearly established is the final result. 

The black box view is not restricted to situations where we don't know what happens inside the 
system. In many cases, we can easily see what happens in the system, yet we prefer to ignore these 
internal details. For example, when we model a city as a pollution producing system, it does not 
matter which particular chimney produced a particular plume of smoke. It is sufficient to know the 
total amount of fuel that enters the city to estimate the total amount of carbon dioxide an
produced. The "black box" view of the city will be much simpler and easier to use for the calculation 
of overall pollution levels than the more detailed "white box" view, where we trace the movement of 
every fuel tank to every particular buil
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Fig. a system in interaction with its environment 

When we look more closely at the environment of a system, we see that it too con
interacting with their environments. For example, the environment of a person is full of other persons. 
If we now consider a collection of such systems which interact with each other, that collection could 
again be seen as a system. For example, a group of interacting people may form a family, a firm, or a 
city. The mutual interactions of the component systems in a way "glue" these components together 
into a whole. If these parts did not interact, the whole would not be more than the sum of
components. But because they interact, something more is added. With respect to the whole the parts 
are seen as subsystems. With respect to the parts, the whole is seen as a supersystem. 

If we look at the supersystem as a whole, we don't need to be aware of all its parts. We can again just 
look at its total input and total output without worrying which part of the input goes to which 
subsystem. For example, if we consider a city, we can measure the total amount of fuel consumed in 

and the total amount of pollution generated (output), without knowing which person 
was responsible for which part of the pollution. This point of view considers the system as a "black 
box", something that takes in input, and produces output, without us being able to see what happens in 
between (in contrast, if we can see the system's internal processes, we might call it a "white box"). 
Although the black box view may not be completely satisfying, in many cases this is the best we can 

any processes in the body we simply do not know how they happen. Doctors 
may observe that if they give a patient a particular medicine (input), the patient will react in a certain 
way (output), e.g. by producing more urine. However, in most cases they have
particular mechanisms which lead from the cause to the effect. Obviously, the medicine triggers a 
complex chain of interconnected reactions, involving different organs and parts of the body, but the 

ablished is the final result.  

The black box view is not restricted to situations where we don't know what happens inside the 
system. In many cases, we can easily see what happens in the system, yet we prefer to ignore these 

when we model a city as a pollution producing system, it does not 
matter which particular chimney produced a particular plume of smoke. It is sufficient to know the 
total amount of fuel that enters the city to estimate the total amount of carbon dioxide an
produced. The "black box" view of the city will be much simpler and easier to use for the calculation 
of overall pollution levels than the more detailed "white box" view, where we trace the movement of 
every fuel tank to every particular building in the city.  
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When we look more closely at the environment of a system, we see that it too consists of systems 
interacting with their environments. For example, the environment of a person is full of other persons. 
If we now consider a collection of such systems which interact with each other, that collection could 

ample, a group of interacting people may form a family, a firm, or a 
city. The mutual interactions of the component systems in a way "glue" these components together 
into a whole. If these parts did not interact, the whole would not be more than the sum of its 
components. But because they interact, something more is added. With respect to the whole the parts 
are seen as subsystems. With respect to the parts, the whole is seen as a supersystem.  

aware of all its parts. We can again just 
look at its total input and total output without worrying which part of the input goes to which 
subsystem. For example, if we consider a city, we can measure the total amount of fuel consumed in 

and the total amount of pollution generated (output), without knowing which person 
was responsible for which part of the pollution. This point of view considers the system as a "black 

ng able to see what happens in 
between (in contrast, if we can see the system's internal processes, we might call it a "white box"). 
Although the black box view may not be completely satisfying, in many cases this is the best we can 

any processes in the body we simply do not know how they happen. Doctors 
may observe that if they give a patient a particular medicine (input), the patient will react in a certain 
way (output), e.g. by producing more urine. However, in most cases they have little idea about the 
particular mechanisms which lead from the cause to the effect. Obviously, the medicine triggers a 
complex chain of interconnected reactions, involving different organs and parts of the body, but the 

The black box view is not restricted to situations where we don't know what happens inside the 
system. In many cases, we can easily see what happens in the system, yet we prefer to ignore these 

when we model a city as a pollution producing system, it does not 
matter which particular chimney produced a particular plume of smoke. It is sufficient to know the 
total amount of fuel that enters the city to estimate the total amount of carbon dioxide and other gases 
produced. The "black box" view of the city will be much simpler and easier to use for the calculation 
of overall pollution levels than the more detailed "white box" view, where we trace the movement of 



 

 

Fig. a system as a "white box", containing a collection of interacting subsystems, and as a "black 
box", without observable components. 

These two complementary views, "black" and "white", of the same system illustrate a general 
principle: systems are structured hierarchically. They consist of different levels. At the higher level, 
you get a more abstract, emcompassing view of the whole, wi
components or parts. At the lower level, you see a multitude of interacting parts but without 
understanding how they are organized to form a whole. According to 
level view is all you need. If you know the precise state of all the organs and cells in the body, you 
should be able to understand how that body functions. Classical medicine is based on this reductionist 
view. Different alternative approaches to medicine have argued that such a view misses out the most 
important thing: the body is a whole. The state of your mind affects the state of your stomach which 
in turn affects the state of your mind. These interactions are not simple, li
relations, but complex networks of interdependencies, which can only be understood by their common 
purpose: maintaining the organism in good health. This "common purpose" functions at the level of 
the whole. It is meaningless at the l

One way to understand this is the idea of "
governing the parts determine or cause the behavior of the whole. This is "upward causation": from 
the lowest level to the higher ones. In emergent systems, however, the laws governing the whole also 
constrain or "cause" the behavior of the parts. 

This reasoning can be applied to most of the things that surround us. Although the behavior of a 
transistor in a computer chip is governed by the laws of quantum mechanics, the particular 
arrangement of the transistors in the chip can only be understood through the principles of computer 
science. The structure of the DNA molecule, which codes our genetic information, is determin
the laws of chemistry. Yet, the coding rules themselves, specifying which DNA "triplet" stands for 
which amino acid, don't derive from chemistry. They constitute a law of biology. Each level in the 
hierarchy of systems and subsystems has its own laws
lower level. Each law specifies a particular type of organization at its level, which "downwardly" 
determines the arrangement of the subsystems or components at the level below. When we say that 
the whole is more than the sum of its parts, the "more" refers to the higher level laws, which make the 
parts function in a way that does not follow from the lower level laws. 

Although each level in a hierarchy has its own laws, these laws are often similar. The same t
organization can be found in systems belonging to different levels. For example, all open systems 
necessarily have a boundary, an input, an output and a throughput function. The cells in our body 
need food and energy in the same way that the body as
the cells receive these substances in a different form. The material is different, but the function is the 
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Fig. a system as a "white box", containing a collection of interacting subsystems, and as a "black 
box", without observable components.  

These two complementary views, "black" and "white", of the same system illustrate a general 
principle: systems are structured hierarchically. They consist of different levels. At the higher level, 
you get a more abstract, emcompassing view of the whole, without attention to the details of the 
components or parts. At the lower level, you see a multitude of interacting parts but without 
understanding how they are organized to form a whole. According to the analytic approach
level view is all you need. If you know the precise state of all the organs and cells in the body, you 
should be able to understand how that body functions. Classical medicine is based on this reductionist 

ative approaches to medicine have argued that such a view misses out the most 
important thing: the body is a whole. The state of your mind affects the state of your stomach which 
in turn affects the state of your mind. These interactions are not simple, linear cause and effect 
relations, but complex networks of interdependencies, which can only be understood by their common 
purpose: maintaining the organism in good health. This "common purpose" functions at the level of 
the whole. It is meaningless at the level of an individual organ or cell.  

One way to understand this is the idea of "downward causation". According to reductionism, the laws 
governing the parts determine or cause the behavior of the whole. This is "upward causation": from 

the higher ones. In emergent systems, however, the laws governing the whole also 
constrain or "cause" the behavior of the parts.  

This reasoning can be applied to most of the things that surround us. Although the behavior of a 
p is governed by the laws of quantum mechanics, the particular 

arrangement of the transistors in the chip can only be understood through the principles of computer 
science. The structure of the DNA molecule, which codes our genetic information, is determin
the laws of chemistry. Yet, the coding rules themselves, specifying which DNA "triplet" stands for 
which amino acid, don't derive from chemistry. They constitute a law of biology. Each level in the 
hierarchy of systems and subsystems has its own laws, which cannot be derived from the laws of the 
lower level. Each law specifies a particular type of organization at its level, which "downwardly" 
determines the arrangement of the subsystems or components at the level below. When we say that 

ore than the sum of its parts, the "more" refers to the higher level laws, which make the 
parts function in a way that does not follow from the lower level laws.  

Although each level in a hierarchy has its own laws, these laws are often similar. The same t
organization can be found in systems belonging to different levels. For example, all open systems 
necessarily have a boundary, an input, an output and a throughput function. The cells in our body 
need food and energy in the same way that the body as a whole needs food and energy, even though 
the cells receive these substances in a different form. The material is different, but the function is the 
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same: to allow the cell or organism to grow, repair itself, and react to adverse effects. Similar 
functions can be seen at the level of society, which also needs an input of "food" (including ores, raw 
materials, agricultural produce) and energy, which it uses for self-repair and growth. Closed systems 
at different levels have many features in common as well. The binding forces which hold together the 
planets in the solar system, the atoms in a molecule, or the electrons in an atom, although physically 
different, have a very similar function. The embeddedness of systems in supersystem holds for all 
types of systems: societies consist of people which consist of organs, which consist of cells, which 
consist of organelles, which consist of macromolecules, which consist of molecules, which consist of 
atoms, which consist of nucleons, which consist of quarks.  

Thus we find similar structures and functions for different systems, independent of the particular 
domain in which the system exists. General Systems Theory is based on the assumption that there are 
universal principles of organization, which hold for all systems, be they physical, chemical, 
biological, mental or social. The mechanistic world view seeks universality by reducing everything to 
its material constituents. The systemic world view, on the contrary, seeks universality by ignoring the 
concrete material out of which systems are made, so that their abstract organization comes into focus.  

Based on the principles of ecology every process should be studied and analyzed as a whole and not 
in fragments. For instance, a variety may be released after determining its adaptations, diseases, pest 
reaction etc. and not based on only good yield under a particular region or only its quality of products 
etc. Thus to have a comprehensive idea, the study should be made on whole system. In agro-system, a 
number of factors function together for its development. These sets of related units make a system. 
Therefore, a system is an interlocking network of several actions and reactions, distinguished by many 
causes and effects of several pathways moving backwards and forwards. In nature also, living and 
non-living environments interact, and influence each other leading to almost a stable system known as 
an ecosystem where different components co-ordinate to form a single unit like a machine (Duckham 
and Masefield, 1970). Integration of through knowledge of all parts becomes essential to understand a 
machine and learning about its one or two parts would lead nowhere. It is essential to get information 
of related units and analyze as a whole system to draw valid conclusions. For instance, a crop in a 
particular region would be established only where all the environmental conditions and other 
ecological requirements would be in accordance to its growth phases and ecological optimum as a 
whole. It means crop would be established in a particular area only after a vigorous selection and 
competition and not by chance or haphazard placement. Obviously, crop must be having a complete 
harmony with its environment (Chatterjee, 1988). Any disturbance or influence prevailing in a 
situation may affect any factor of a system, would certainly upset the whole system. Thus, individual 
study may create more problems rather than solving them (Ruthenberg, 1976). Hence, for a successful 
crop production, it is suggested to have systems approach to farming. 

If we look into our package of practices, management practices developed and recommended 
for individual crops. The residual effects of individual crops are not considered in crop based 
recommendation. In this approach, resources are not utilized efficiently. To a farmer, instead of a 
crop, land is a unit and management practices should be for all crops that are to be grown on a piece 
of land. Systems approach is applied to agriculture for efficient utilization of all resources, 
maintaining stability in production and obtaining higher net returns. 
 
 
    

    
Holistic approach of farming systemsHolistic approach of farming systemsHolistic approach of farming systemsHolistic approach of farming systems    

    
The terms 'farming systems' and 'mixed farming' are used interchangeably. However, there are some 
subtle differences between these two. Mixed farming is defined as a system of farming on a particular 
farm which includes crop production, raising livestock, poultry, fisheries, bee keeping etc., to sustain 
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and satisfy as many needs of the farmer as possible. Subsistence is important objective of mixed 
farming while higher profitability without altering ecological balance is important in farming systems.  
Different scientists have defined a farming system differently. However, many definitions, in general, 
convey the same meaning that it is strategy to achieve profitable and sustained agricultural production 
to meet the diversified needs of farming community through efficient use of farm resources without 
degrading the natural resource base and environmental quality. Relatively recent definitions include: 

• Farming system is a resource management strategy to achieve economic and sustained 
agricultural production to meet diverse requirements of farm livelihood while preserving 
resource base and maintaining a high level of environment quality (Lal and Miller 1990). 

• Farming system is a set of agro economic activities that are interrelated and interact with 
themselves in a particular agrarian setting. It is a mix of farm enterprises to which farm 
families allocate its resources in order to efficiently utilize the existing enterprises for 
increasing the productivity and profitability of the farm. These farm enterprises are crop, 
livestock, aquaculture, agro forestry and agri-horticulture (Sharma et al 1991). 

• Farming system represents an appropriate combination of farm enterprises (cropping systems 
horticulture, livestock, fishery, forestry, poultry) and the means available to the farmer to 
raise them for profitability. It interacts adequately with environment without dislocating the 
ecological and socioeconomic balance on one hand and attempts to meet the national goals on 
the other (Jayanthi et al 2002). 

 
Farming systems approach 
Farming is very complex system with many growth factors involved in it. The farming system 
enterprises like cropping system, dairying, piggery, poultry, fishery, bee keeping etc. are interrelated. 
The end products and wastes of one enterprise are used as inputs in others. The wastes of dairying like 
dung, urine, refuse etc., are used for the preparation of farmyard manure which is an input in cropping 
systems. The straw obtained from the crops is used as fodder for cattle. Cattle are used for different 
field operations for growing crops. Thus different enterprises of farming systems are highly inter-
related. 
Besides the interaction of crops, animals, weeds, insects, fungi, bacteria etc. with each other, soil, 
input levels (seed, fertilizers, chemicals, irrigation etc) and climatic factors (rainfall, temperature, 
radiation, winds etc.) also interact with them and among themselves. When we study intensive 
cultivation as an independent factor, we would certainly lose information about its effects on physico-
chemical properties of soil, inputs and other management practices. Therefore, all factors should be 
studied as a whole so that effect of one factor on another could be evaluated and conclusions drawn 
on the validity of whole system for the long run. In agro-ecosystem, much more is removed in the 
form of products, grains or straw etc. and seldom returned to the system leading to imbalances. The 
various functional units, in agro-ecosystems are crops, livestock poultry, machinery, land, processing, 
investment, marketing facilities etc. All these interact with each other and there is a combined use of 
input supplies which are received from the environment to satisfy the farm system (agro-ecosystem) 
as a whole and many other subsystems like soil micro-organisms which is a sub-system of soil and 
soil is further a subsystem of crop producing system. Further the crop producing system is a 
subsystem of farm-system. Some of the farm related subsystems are social, biological and mechanical 
systems depending upon their environments. These subsystems play an important role in adopting 
various strategies at the farm and in selection of enterprise for the farm. The farm with agro-
ecosystem is, therefore, a man-biological-machine system. Obviously, it is a very complex system, 
may be more than an individual plant or soil system. For a systematic planning, it becomes imperative 
that all related subsystems function in complete harmony with each other for getting high output per 
unit area per unit time. Neglecting any subsystem may lead to harmful effects on total agro-
ecosystem. Therefore, it is important to consider farming as a system. It would be beneficial to group 
the farms of similar structures. Then each can be expected to produce similar production function 
(Ruthenberg, 1976) e.g. grazing systems and arable systems-intensive farming like rice-wheat farm in 
the Punjab and sugarcane farm in the Tarai area of Uttar Pradesh. In arable farming, if there are two 
farms which have independent subsystems have to be examined separately for improvement and 
future planning. 
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Concept of farming systems 
The farming system, as a concept, takes into account the components of soil, crops, livestock, labour, 
capital, energy, and other resources, which the family at center managing agriculture and other related 
activities. The farm family functions within the limitations of its capability and resources, the socio-
cultural settings and interactions of those components with the physical, biological and economic 
factors (Raman and Balaguru 1991). Integrated farming systems are productive and profitable as they 
encourage habitat conservation, value addition and utilization of products and wastes as inputs in 
other enterprises with the farm (Chambers 1990). 
 
Integrated farming systems 
From the definitions of farming systems, it is clear that a farming system is integration of crops, 
livestock, aquaculture, agro-forestry, agri-horticulture etc. for efficient use of farm resources to 
augment farm income and sustainability in production. However, in the literature, there may not be 
much significant difference between the two. To distinguish between the two, another system called 
specialized farming system has been coined. A specialized farming system is one which concentrates 
on single cropping system or sequence of farming enterprises like animal breeding, dairying etc. to 
achieve the highest degree of precision management with minimal diversion of resources/attention to 
diverse crops or enterprises, differing widely in managerial skills and involving extremely different 
implements and/or handling capabilities for the produce. Integrated farming system a component of 
farming system, introduces a change in the farming technique for maximum production in the 
cropping pattern and takes care of optimal utilization of resources. Farm wastes are better recycled for 
productive purposes in integrated farming system. Unlike specialized farming system, integrated 
farming systems activity is focused round a few selected, interdependent, interrelated and often 
interlinking production systems based on a few crops, animals and related subsidiary professions 
(Jayanthi et al 2002). 
It appears that the farming systems approach is not entirely a new approach to farming communities 
in developing countries and India is not an exception. An insight into traditional farm activities in 
India, earlier to 1950s, clearly indicates that intensive farming systems were in existence from times 
immemorial.  
In India, akin to other developing countries, majority of the farmers belong to the category of 
marginal to small land holders. As their resource use capabilities are low, their farming activities 
remain by and large, subsistence in nature than commercial. Self reliance for household food needs 
has been an issue of primary importance to many millions of them. However, the farmer is not 
working in isolation. His farming activities are constantly influenced by the biophysical, social and 
economical factors. On any given farm, farming activities, by and large, may comprise of any one or 
combination of the following: 

• Cropping: mono or multiple 
• Horticulture: vegetable, orchards, plantations, flower cultivation or nursery 
• Agroforestry systems (agri-horticulture, agri-pasture, silvi-pasture, agri-silvi-pasture etc.) 
• Livestock: milch animals/draught animals 
• Sheep/goat rearing 
• Poultry 
• Piggery 
• Fisheries 
• Sericulture 
• Apiculture (beekeeping) 

A farming system may comprise one or more than one enterprise and in most situations, only one of 
them is of primary importance around which the entire farm activities revolve, where as others, if any, 
may of secondary or tertiary importance. Farmers’ resource base and his needs are important and not 
the multiplicity of enterprises on his under farming systems approach. 
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Dryland farmingDryland farmingDryland farmingDryland farming    

 

Indian agriculture is predominantly a rainfed agriculture under which both dry farming and dry land 
agriculture is included. Dry farming was the earlier concept for which amount of rainfall (less than 
500 mm annually) remained the deciding factor for more than 50 years. In modern concept, dry land 
areas are those where the balance of moisture is always on the deficit side. In other words, annual 
evapotranspiration exceeds precipitation. In dry land agriculture, there is no consideration of amount 
of rainfall. It may appear quiet strange to a layman that even those areas which receive 1100 mm or 
more rainfall annually fall in the category of dry land agriculture under this concept. To be more 
specific, the average annual rainfall of Varanasi is around 1100 mm and the annual potential 
evapotranspiration is 1500 mm. Thus the average moisture deficit so created comes to 400 mm. This 
deficit in moisture is bound to affect the crop production under dry land situation ultimately resulting 
into total or partial failure of the crops. Accordingly the production is either low or extremely 
uncertain and unstable which are the real problems of dry land in India. 

The success of crop production in these areas depends on the amount and distribution of rainfall, as 
these influences the stored soil moisture and moisture used by crops. The amount of water used by the 
crop and stored in the soil is governed by the water balance equation: ET = P-(R+S). When the 
balance of the equation shifts towards right, precipitation (P) is higher than ET, so that there may be 
water logging or it may even lead to run off (R) and flooding. On the other hand, if the balance shifts 
to the left, ET becomes higher than the precipitation, resulting in drought in the various severity. 
Taking the country as a whole, as per meteorological report, severe drought as large area is 
experienced once in 50 years and partial drought in five years while folds are expected every year in 
one part of the country or the other, especially during rainy season. In fact the balance of the equation 
is controlled by the weather, season, crops and cropping pattern. 

Status 

Out of 14.2 million ha of net sown area in the country, rainfed agriculture is practiced in 95 million ha 
(67%). Nearly 67 m ha of rainfed area falls in the mean annual precipitation range of 500-1500 mm. 

The average annual rainfall of the country is 1200 mm amounting to 400 million ha-m of rain water 
over the country's geographical area (329 m ha). However, the distribution across the country varies 
from less than 100 mm in extreme arid areas of western Rajasthan to greater than 3600 mm in NE 
states and 1100 mm from east coast 2500-3000 mm in the west coast. The broad area of the summer 
monsoon activity extends between 300 N to 300 S and from 300 W to 16.50 E. the detail information on 
rain fall and monsoonal pattern in India has been summarized in the following table: 

 

Rainfall pattern in fall  

 Season/Period m ha m                    % 
Winter (Jan-Feb)                12                    3 
Pre-monsoon (Mar-May)                52                   13 
South-west monsoon (Jun-Sept)               296                   74 
North-east monsoon (Oct-Dec)                 40                   10 
Total for the year                400                  100 
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Rainfed farming comprises about 91% area of coarse cereals (sorghum, pearl millet, maize and finger 
millet), 91% pulses (chickpea and pigeon pea), 80% of oilseeds (groundnut, rape seed, mustard and 
soybeen), and 65% of cotton. Also, about 50% area under rice and 19% area under wheat is rainfed. 
During the past 25 years there occurred significant changes in the area and yield of important crops of 
rainfed farming areas. The area under coarse cereals decreased by about 10.7 million ha and most of 
this was under sorghum. The area under oilseeds increased by 9.2 million ha and most of this increase 
was due to irrigated rapeseed and mustard and soybean. The total area under pulses and cotton 
remained constant but more of cotton became irrigated and shifts in the area occurred from one agro-
ecological region to others. Area under chickpea in the northern belt decreased but increase in the 
central belt. This change occurred due to increase in area under rice-wheat cropping system which 
displaced chickpea and also pearl millet to a great extent and maize to a small extent. 
According to the present concept, there are 128 districts in the country which face the problems of dry 
land. Of these 25 districts covering 18 m ha of net area sown with 10% irrigation receive 375-750 mm 
rainfall annually spread over Central Rajasthan, Saurashtra region of Gujarat and rain shadow region 
of Western Ghats in Maharashtra and Karnataka. Twelve districts have irrigation covering 30-50% of 
the cropped area and do not pose serious problems. The remaining 91 districts covering mainly 
Madhya Pradesh, Gujarat, Maharashtra, Andhra Pradesh, Karnataka, Uttar Pradesh, parts of 
Haryana, Tamil Nadu etc., represent typical dry land area. The total net sown area in these districts is 
estimated to be 42 million hectares of which 5 m ha are irrigated. Rainfall in these districts varies 
from 375 to 1125 mm. Therefore, more and more efforts are to be made for enhanced and stable 
production in these areas so that the recurring droughts do not stand in the way of meeting the 
growing food demands. 
It is not that no attention has been paid in the country towards the development of dryland farming. 
Efforts were made right from 1923 to improve crop yields with the establishment of a research 
projects at Manjari in Maharashtra and later at Solapur, Bijapur, Raichur and Hagari in Deccan and 
Rohtak (Haryana) in the north. An All India Coordinated Research Project for Dry land Agriculture 
was launched by ICAR in 1970 in collaboration with Government of Canada. Later Central Research 
Institute for Dryland Agriculture (CRIDA) was established in 1985 at Hyderabad. These projects 
generated technology, which, if followed, can bring marked improvement in cropping intensity, 
productivity and stability in production. 

Problems 

In dry land agriculture, scarcity of water is the main problem. Apart from the low and erratic behavior 
of rainfall, high evaporative demand and limited water holding capacity of the soil constitute the 
principle constraint in the crop production in dry land area. Yield fluctuations are high mainly due to 
vagaries of weather, often much behind the risk bearing capacity of the farmers. It is surprising to a 
layman that even humid areas with 2000 mm of annual rainfall not only suffer from moisture stress, 
but also face drinking water scarcity. Monsoon starts in the month of June and ends in last week of 
September or sometimes in the first week of October. Most of the rainfall is received during this 
period. With undulating topography and low moisture retention capacity of the soil, major portion of 
the rain water is lost through runoff, causing erosion and adding to the water logging of low lying 
areas. After the rain stops, very little moisture is left in the profile to support plant growth and grain 
production. 
In dry land area deficiency and uncertainty in rainfall of high intensity causes excessive loss of soil 
through erosion which leaves the soil infertile. Owing to erratic behaviour and improper distribution 
of rainfall, agriculture is risky, farmers lack resources, tools become inefficient and ultimately 
productivity is low. 
Vertisoles have high clay content and high moisture retention capacity. Owing to its swelling and 
shrinking characteristics, permeability is low and hence the rate of infiltration of water is minimum. 
This causes more surface and high soil loss from the top layer owing to surface erosion. It is estimated 
that 68.5 tones/ha per year soil is lost from vertisoles. Due to high clay content it develops cracks 
during Rabi season at flowering stage of crops. 
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Alfisols are, by and large, light textured soils which have low moisture holding capacity but high 
water intake. The rain water falling in such areas gets soaked up and saturates the profile. The soil 
water percolation is more and therefore, is lost for crop use. Owing to faster intake of water in the 
profile the surface runoff is limited and soil loss from erosion is low (3.05 t/ha/year). Soil crusting is a 
common problem in low rainfall areas. 
Entisols are generally loamy sand or sandy loam. Depth in these soils is not a constraint. These soils 
have very low clay content and hold water up to 200 mm per meter of soil profile. Its nutrient holding 
capacity is poor. In low rainfall areas monsoon cropping is practiced and in high rainfall areas double 
cropping is possible. 
Submontane soils are medium in texture and depth is medium to deep as well as moderate in clay 
content. Moisture retention capacity is high (300 mm/m. profile). These soils are poor in nitrogen but 
in other nutrients. Phosphorous may be limiting in high production system. Due to high rainfall 
double cropping is possible in these soils. 
Sierozems are extremely light soils, effectively depth being influenced by the CaCo3 concentration in 
soil profile. Its moisture holding capacity is low (150 mm water.m). Sierozemic soils are low in 
nitrogen and sometimes inadequate in phosphorous. Subsoil salinity is common. These soils are 
mostly monsoon cropped, except in deep sandy loams where post-monsoon cropping is also possible. 
Crusting is very frequent. 
 

Improved Dryland Technology 

The improved techniques and practices, which have so far been generated and recommended for 
achieving the objective of increased and stable crop production in dryland areas, have been 
summarized in following lines. 

Crop Planning 
The farmers of the dry land areas, prior to the development of dry land techniques, were growing a 
crop either on rainwater in kharif or on conserved soil moisture during the winter. The crop varieties 
are grown when moisture is sufficiently available. Such varieties have low genetic potential for yield. 
Selecting suitable crops and varieties capable of maturing within actual rainfall periods will not only 
help in enhancing production of a single crop but in intensifying the cropping intensity. Many criteria 
have been laid out for selecting a crop variety for drylands. The capacity to produce a fairly good 
yield under limited soil moisture conditions is the most desirable criteria. The duration of kharif 
crops/varieties should not normally exceed the number of rainy days. In other words, crop varieties 
for dryland areas should be of short duration, through resistant tolerant and high yielding which can 
be harvested with in rainfall periods and have sufficient residual moisture in soil profile for post-
monsoon cropping. 
      Under dry land agriculture determination of length of growing period (LPG) i.e., moisture 
availability of a given soil type, provides better index than total rainfall based crop planning. LPG is 
defined as the period when the moisture and temperature regimes are suitable for crop growth and the 
period is determined by the FAO method (1983). The LPG is computed as the sum of the period when 
P is more than 0.5 PET plus time taken to utilize stored soil moisture (assured 100 mm) after P falls 
short of PET. For example 'Nagpur' and Ratnagiri in Maharashtra receive mean annual rainfall of 
1120 mm and 2500 mm, respectively but LPG determination indicates that both the places have LPG 
of 210 days in deep black soils. Therefore, both the places are suitable for single long duration on a 
short duration crop with a relay rabi crop. 

Planning for aberrant weather 
Dryland agriculture is subject to high variability in areas sown, yields and output. These variations are 
the results of aberrations in weather conditions, especially rainfall. Delay in normal monsoonal pattern 
causes problems of timing and the organization of preparatory tillage and other initial activities for 
commencing cultivation processes for the season. Such monsoonal delays have repercussions on the 
programme of activities for the entire agricultural year. Even after the onset of monsoon and the 
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commencement of planting, there may be monsoonal withdrawal causing moisture stress on plants 
and creating difficulties in the adoption and timing of approval cultural practices ultimately causing 
reactions in yields and outputs.  Some crops are highly susceptible to such mid-season variations in 
moisture availability such as at the flowering stage in rice. Major crops like rice and maize get 
seriously affected if monsoonal rains cease early. 
The need for modifying and introducing and introducing new technology for increasing and sustaining 
yield in dry land areas can hardly be overemphasized. Equally urgent is the need to decelerate and 
ultimately eliminate the process of damage to agricultural assets which are proceeding unabated in dry 
land areas. Erratic rainfall results in fluctuating production. This in turn leads to frequent scarcities, 
like the ones experienced in Indonesia and Vietnam in 1977 which created severe food shortages. 
Droughts in China in 1972, 1974 and 1985 brought depression of food grain production by up to 
about 25 million t. Frequent droughts in India during 1966, 1968, 1972, 1974, 1979, 1982 and 1987 
seriously affected the food and fodder production in the country. Hence, it is necessary to understand 
the distribution of South-West monsoon within the season to determine the extent to which the crop 
productions are likely to be affected by the vagaries of monsoon. 
Several attempts have been made to understand the behavior of South-West monsoon rainfall in 
different agro-climatic regions on the basis of historical rainfall records. These studies (Singh, 1987, 
Ramanna Rao, 1988) have brought out that (i) there is large variation in dates of commencement of 
South-West monsoon from year to year in different parts of the country, (ii) the monsoon rainfall is of 
sequential nature with long dry spells or breaks extends sometimes to the period of even one month or 
more, (iii) there is large year to year variation in dates of withdrawal of South-West monsoon, (iv) 
there is variation in quantum of rainfall received from year to year and (v) high intensity rainfall 
occurs in association with movement of cyclones or depression resulting in sizeable loss of rainwater 
through run-off and deep drainage. Thus, crop production in dry lands fluctuates widely from year to 
year due to vagaries of weather. An aberrant weather can be categorized under three heads i.e. (i) 
delayed onset of monsoon, (ii) long gaps or breaks in rainfall, and (iii) early stoppage of rains towards 
the end of monsoon season. Therefore, to mitigate such weather situations, farmers should make some 
changes in normal cropping schedule for getting some production in place of total crop failure. 

Crop Substitution 

Alternate crop strategies have been worked out for important regions of the country for vertisols, 
alfisols, entisols, submontane and sierozemic soils. Strategy has also been evolved for normal onset of 
rains, breaks in rains, early withdrawal, its uneven distribution; through selection of crops/varieties 
which efficiently utilize the soil moisture, responsive to production input and potential producers. 
Appropriate crops, suiting varying rainfall situations, have been identified for most of the dry land 
regions of India (Table below). 
Crops which do better under normal rainfall years may not do so under abnormal years. Studies 
conducted in agro climatic conditions of Varanasi (eastern U.P.) revealed that under normal monsoon 
crops like short duration upland rice, maize, pearl millet, blackgram, greengram, sesame, pigeon pea 
etc. should be taken up on the basis of needs. These crops should be followed by chickpea, lentil, 
barley, mustard, safflower, linseed etc. on residual moisture during winter season. 
If monsoon sets in as late as second week of July, short duration upland rice (variety - NDR-97 and 
NDR-118) may be included in place of Akashi and Cauvery. If the rains are delayed beyond the 
period but start somewhere in last week of July or first week of August and growing season is reduced 
to 60-70 days, then cultivation of hybrid pearl millet (NHB 3-4, B.J. 104), blackgram (Type 9), 
greengram (var-Jagriti and Jyoti) may be included in place of T-44 and K-851 etc. Yet another 
alternative could be to harvest a fodder of either pearl millet, maize, sorghum or a mixture of cowpea, 
blackgram and one of the above fodder crops. 
In case monsoon rains stop early towards the end of season, normal sowing of short duration upland 
rice, black gram and sesame may be taken up. If the rain stops very early, i.e. by the end of August or 
first week of September, only fodder crops or grain legumes could be harvested. Depending upon the 
soil moisture condition, relay sowing of crops like chickpea, lentil, mustard, linseed and barley could 
be done in rabi season. 
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Table: Traditional and Alternate Efficient crops in Different Dryland Regions of India 

SN Region Traditional crop  Alternate efficient crop 
1. Deccan Rabi season Cotton, wheat Safflower 
2. Malwa Plateau wheat Safflower, Chick pea 
3. Uplands of Bihar Plateau and Orissa Rice Ragi, Black gram, Groundnut 
4. South-easy Rajasthan Maize Sorghum 
5. North Madhya Pradesh Maize Soybean 
6. Eastern UP Kalitur Chick pea 
7. Sierozems of North-west India Wheat Mustard, Taramira (Eruca sativa) 

  

During the recent drought, it was found that farmers in Karnataka, Andhra Pradesh and Maharashtra 
who went in for sunflower cultivation were in gainers. Sunflower succeeded where other crops failed. 
In other dry land regions, alternative efficient crops can profitably substitute the traditional ones 
(Table below). 

Table: Relative Yield of Traditional and Efficient Crops in Dryland Areas  

Region  Traditional  Yield (q/ha) Efficient crops Yield (q/ha) 
Bellary Cotton 2.0 Sorghum 26.7 
Varanasi Wheat 8.6 Chickpea 28.5 
Ranchi Upland Rice 28.8 Maize 33.6 
Indore Green gram, Wheat 11.8  

11.0 
Soybean  
Safflower 

33.3 
24.2 

Agra Wheat 10.3 Mustard 20.4 
Hisar Wheat 3.0 Taramira 16.0 
Udaipur Maize 18.0 Hybrid sorghum 29.0 

Dry land research has remained confined to important traditional crops such as sorghum, millet, pulse 
and oilseeds and has not explored the possibility of growing non-traditional crops such as dye-
providing crops {e.g. Henna (Lawsonia inermis: mehadi) and jaffra (Bixa ovellana) species (e.g. 
cumin), and medicinal value crops (e.g. citronella, lemon grass, senna and isabgol)}. These crops need 
to find an important place in research agenda of dry land farming. 

Time has come for the relevant researchers to plan a joint integrated research programme for 
maximizing the profitability, productivity and sustainability of learning systems of rainfed areas. 
Sericulture offers great promise in rainfed farming strategy, particularly of the watershed approach in 
peninsular India. 

Efficient Cropping System 

Besides putting various measures to increase the productivity levels of dry land crops, efforts would 
also be needed to increase the cropping intensity in dry land areas which was generally 100%, 
implying that a single crop was taken during the year. Cropping intensities of these areas could be 
increased by practice of inter cropping and multi cropping (sequential) by way of more efficient 
utilization of resources. The cropping intensity would depend on the length of growing season which 
in turn depends on rainfall pattern and the soil moisture storage capacity of the soil. For example in 
Indore region, receiving 1000 mm annual rainfall, only single crop can be taken on shallow soils, inter 
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cropping in medium depth soils and double cropping on deep soils. Similar crop combinations have 
been identified for different regions of the country. In dry land of Varanasi region upland rice-
chickpea/lentil sequence can be practices with advantage. 

Inter cropping of vegetables with grain crops was pursued vigorously in some centers such as 
Varanasi and Phulbani. At both the places long duration pigeon pea was inter cropped with vehetables 
such as okra, radish and chilli. Such inter cropping systems would be very useful to get maximum 
returns from rainfall agriculture. Even at Solapur, leafy vegetables and some short duration beans 
were grown as intercrops during the rainy season. 

Fertilizer Use 

Soils of dry lands in the country are not only thirsty but hungry also because these soils are severely 
eroded horizontally as well as vertically. Whenever efforts are made towards bunding and levelling of 
the fields in dry land areas, it is the surface soil which is removed. The resultant effect is that the 
fields are rendered shallow in depth and completely deprived of plant nutrients, particularly nitrogen, 
phosphorus and potassium. It is, therefore, necessary to apply all the three major nutrients in adequate 
amounts. Since soil moisture is limiting in dry lands, the availability of nutrients becomes limited, 
attempt should always be made to apply fertilizers in furrows below the seed. If seed-cum-fertilizer 
drills drawn by bullocks or tractors are available, this very objective can be fulfilled. There has been 
belief among the farmers of dry land areas that use of fertilizer increases the chances of crop failure 
but recent findings have shown that the use of fertilizer is not only helpful in providing nutrients to 
crop but also helpful in efficient use of profile soil moisture (Table below). If dry land farmers are 
shown such results, they will be convinced to use more and more fertilizers. 

Table. Effect of N on Yield and Moisture Use Efficiency (MUE) of Barley and Wheat (Varanasi) 

Nitrogen levels (kg/ha) Grain yield (q/ha) Total moisture use (mm) MUE (kg/mm)  

Barley       

0 14.05 133.7 10.5 

30 20.45 136.3 15.0 

60 30.00 142.3 21.0 

90 37.20 141.6 26.3 

Wheat       

0 9.55 145.5 6.6 

30 13.55 144.4 9.3 

60 18.35 153.6 119 

90 24.15 155.1 13.6 

Studies on the management of legumes in crop sequences for their residual effect indicated that in 
alluvial soils an advantage of 25-30 kg N/ha could be obtained in barley or mustard grown after black 
gram or green gram. Another possibility for nitrogen management in cropping system is to use 
legumes as green manures either at flowering stage or after one picking. Studies conducted at 
Varanasi clearly showed that general yield levels of barley and mustard were greater when legumes 
raised in the previous season was incorporated I soil after first picking as compared to that harvested 
at normal maturity (Table below). 

In dry land areas, a proper mixing of organic and inorganic would be desirable. Organics have low 
nutrient content, but help to improve the moisture holding capacity of soils. In addition to yield 
advantage, nutrients like potassium help to increase drought tolerance by affecting plant-soil 
relationship. Transpiration losses are reduced and productivity per unit water increases. 
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Table. Nitrogen Economy to Legume-Cereal System (4 years average) 

Nitrogen (kg/ha) Crop yield (q/ha) 
 Green gram 

Incorporated 
Unincorporated 

Mustard 1.89 2.23 
Barley   
0 16.98 13.65 
30 21.30 18.64 
60 24.43 21.84 
90 27.27 25.20 

Rain water management 

Efficient management of rain water can boost agricultural production from dry lands. The broad bed 
and furrow system of the Inernational Crop Research Institute for the Semi Arid Tropics 
(ICRISAT)  for managing rain water in vertisols made it possible to increase crop yields four to five 
times as compared to normal practice. However, this method could not be adopted widely by the 
farmers in India because it is costly and labour intensive. The vertical mulching developed at Bellary 
centres increases the infiltration of water in soil profiles and improves in situ moisture conservation. 
The scope for managing profile moisture is limited in alfisols but the surface run off in such soils can 
be reduced by ridge-and-furrow technique. Alternatively, application of compost and farm yard 
manure as well as raising legumes will add the organic matter to the soil and increase the water 
holding capacity. 
The winter rain which is not retained by the soil flows out as surface runoff. The run-off-recycling 
holds immense prospects in deep black soils where the seepage losses are very much less. This runoff 
water, if not permitted to drain out safely, causes erosion. Therefore, safe disposal of excess water 
from the field drains to the disposal system should be planned properly. This excess runoff water can 
also be harvested in storing dug out ponds and recycled to donor area in the event of severe moisture 
stress during rainy season or for raising crops during the winter. 

Water-shed Approach for Resource Improvement and Utilization  

      Watershed management is a holistic approach arrived at optimizing the use of land, water and 
vegetation in an area and thus, providing solution to alleviate drought, moderate floods, prevent soil 
erosion, improve water availability and increase fuel, fodder and agricultural production on a 
sustained basis. On the basis of the experiences of ICAR Operational Research Projects, which 
attracted the attention of our farmers, State departments, administrators and scientists, 47 model 
watersheds were established during the year 1983 for development, jointly by the Ministry of 
Agriculture, ICAR and various State Government Department and Agricultural Universities, in 16 
states and then the Department of Agriculture and Co-operation launched the National Watershed 
Development Project for Rainfall Areas (NWDPRA) covering almost the same states. Out of these 47 
model watersheds, the Central Research Institute for dryland Agriculture (CRIDA), Hyderabad has 
been entrusted with 30 watersheds. These activities were in micro and mini-watersheds covering 500-
2000 ha. Major components in these model watersheds are: (i) Improvement of water resources, (ii) In 
situ soil and water conservation: rain water harvesting for safe disposal of surface runoff, (iii) increase 
in cropping intensity and (iv) alternate land use system for efficient use of lands as per land capability 
to provide stability in productivity. 
The model watersheds in operation have provided a fruitful experience of how development can lead 
to all round improvement in food and fodder production, economic condition of the farmers. Sakho-
majori model, where creation of eater source worked as a catalyst and triggered the development 
process can be repeated under similar situations. Similar experiences have been gained at Tejpura 



CURRENT TRENDS IN AGRONOMY 2012-13 

 

 

114 

 

(Jhansi), Ariel (Bareilly District) and Tejpura watersheds which have been awarded the First and 
Second Prizes respectively by the President of India on 14-11-1988 based on the recommendation of 
National Productivity Council. 

Alternate land use system 

All dry lands are not suitable for crop production. Some lands may be suitable for range/pasture 
management, while others for tree farming, lay farming, dry land horticulture, agro-forestry systems 
including alley cropping. All these systems which are alternatives to crop production are called as 
alternate land use systems. This system not only helps in generating much needed off-season 
employment in mono crop dry land but also minimizes risk, utilizes off season rains which may 
otherwise go waste as runoff, prevents degradation of soils and restores balance in the ecosystem. 
Crop production may be disastrous in the years of drought, whereas drought resistant grasses and trees 
could be remunerative. Scientists of dry land have developed many alternate land use systems which 
may suit different agro ecological situations. These are alley cropping, agri-horticultural system and 
silvi-pastoral systems which utilize the resources in better way for increased and stabilized production 
from dry lands. 
 
Alley Cropping: For imparting stability and providing sustainability to the farming system, a tree-
cum-crop system will be one most appropriate for such situations. One such system called 'alley 
cropping' - a version of agro-forestry system, could meet the multiple requirements of food, fodder, 
fuel, fertilizer etc. Alley cropping is a system in which food crops are grown in alleys formed by 
hedge rows of trees or shrubs. The essential feature of the system is that hedge rows are cut back at 
planting and kept pruned during cropping to prevent shading and to reduce competition with food 
crops.  
For example, fast growing leguminous trees such as Leucaena leucocephala or Gliricidia spp. are 
planted in rows. During the cropping season, trees are lopped at about 0.5 m height. These loppings 
are used as mulch to reduce moisture loss and improve the nutrient status of soil. Arable crops like 
maize, rice, pearl millet, legumes, oilseeds etc. are planted in the alleys formed by the two rows of 
trees. This is also known as agri-silvi culture. Alley cropping is also a form of conservation farming 
which enhances soil fertility and prevents erosion. 
One very strong argument in favour of alley cropping is its ability to produce usable material even in 
years of severe drought. At Rajkot in 1985, rainfall received during the season was only 30% of the 
normal. There was total failure of grain production of the three legume crops tried in the system. In 
sole crop plots production was limited to 5.0 q/ha to 17.0 q/ha of green fodder. However, in alley 
cropped plots, Leucaena hedge-rows produced over 50.0 q/ha of green fodder. 
 
Agri-horticultural system : Agri-horticultural system plays an important role in dry land areas, 
especially in semi-arid regions where production of annual crops is not only low but also highly 
unstable. Fruit trees if suitably integrated in dryland farming system could add significantly to overall 
agricultural production including food, fuel and fodder, conservation of soil and water and stability in 
production and income. Dry land fruit trees being deep rooted and hardy, can better tolerated 
monsoonal aberrations than short duration seasonal crops. Hence, in drought year when annual crops 
usually fail or their production is highly depressed, fruit trees species yield considerable food, fodder 
and fuel.  
A suitable example of agri-horti-system is growing of cow pea/green gram/horse gram in inter space 
of ber (Zizyphus mauritiaria) at 6 x 6 m spacing at Hyderabad. Phalsa (Grewia asiatica) may be 
planted in between two ber plants in a row with a view to intensify the system. A well managed dry 
land orchard of ber should give 50 kg fruits per tree/year. There should be 250 plants/ha for optimized 
production. The grow income would touch around Rs. 50,000/ha (250 x 50 x 4), assuming that one kg 
ber fetches Rs. 4. One could get an additional income of Rs. 800-Rs. 1000 from green gram/cow pea 
(2.5-3.0 q/ha). 
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Silvi-Pastoral System: This system is suited to marginal dry lands and is most preferable where the 
fodder shortages are experienced frequently. The system essentially consists of a top feed tree species 
carrying grasses on legumes (preferable perennial) as understorey crops. Dry land farmers having 
larger holdings and keeping a land fallow for a longer period for one reason on the other, should go in 
for this system which could provide both fodder and fuel. In a survey carried out in Andhra Pradesh, 
Karnataka and Maharashtra by CRIDA scientists, it was revealed that after food it is the fodder which 
is of paramount importance for sustaining animal wealth in rural areas. In years to come, fuel will 
assume greater importance.  
In August, 1981 Leucaena leucocephalla was planted in contour trenches 7.5 m apart, the plant to 
plant spacing being maintained at 2.0 m at CRIDA. Four strips at upper reaches of plot (2% slope) 
were put under Cenchrus ciliaris, while lower four strips were seeded with Stylosanthes hamata. The 
system has come up very well. 

Efficient Implements 

      In order to take full advantage of annual precipitation in dry land agriculture, higher doses of 
energy input is essential. Farmers in dry lands have been using traditional and outdated farm 
equipments which not only perform poorly but also demand a lot of energy and time and post-harvest 
operations. Farm implements can help to conserve as much rain water in situ as possible and to 
harvest rain water. Shallow off season tillage with pre-monsoon showers ensures better moisture 
conservation and lesser weed intensity. It has resulted in 20% yield increase in sorghum in Andhra 
Pradesh. Deep tillage helps in increasing water in soils having textural profiles and hard pan. This has 
resulted in 10% yield increase in sorghum and 9% yield increase in case of caster. For in-situ moisture 
conservation, land has to be opened so that it can cause hurdle to flow of rain water. Tillage machines 
of appropriate size and type matching the power sources need to be used. Location specific seeders 
have been developed for dry land areas and these have shown good prospects and promise. A feature 
of these machines is that the seeds and fertilizers are placed in the moist zone of the soil resulting in a 
high percentage of seed germination and good crop vigour. In deciding farm mechanization in dry 
land areas, where farmers are generally poor, and their socio-economic condition should always be 
kept in mind. 
      The foregoing discussions show that technology of crop production in dry land areas have been 
generated to a great extent. What is important now is to view it in socio-economic context of the 
farmers. Once the technology is adopted by the farmers, the contribution of dry land areas to the total 
production can be sizably improved and the living standards of the farmers of these areas can be 
improved. This has been clearly shown in selected watershed areas and what is needed is to have 
more watersheds identified, proper technology to be developed and implemented. 
 

    
SSSSustainable agricultureustainable agricultureustainable agricultureustainable agriculture    

 
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."  
" Under Food, Agriculture, Conservation, and Trade Act of 1990 (FACTA, Washington, DC,), "the 
term sustainable agriculture means an integrated system of plant and animal production practices 
having a site-specific application that will, over the long term: 

• satisfy human food and fiber needs;  
• enhance environmental quality and the natural resource base upon which the agricultural 

economy depends;  
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• make the most efficient use of nonrenewable resources and on-farm resources and integrate, 
where appropriate, natural biological cycles and controls;  

• sustain the economic viability of farm operations; and  
• enhance the quality of life for farmers and society as a whole." 

 
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. Expanding agriculture to ecologically fragile areas means greater threat to environment. 
According to some, sustainable; agriculture is minimal dependence on synthetic fertilizers, pesticides 
and antibiotics. It is also considered as a system of' cultivation with use of manures, crop rotations and 
minimal tillage. A group of Canadian scientists have defined sustainable agriculture as a philosophy 
and system of farming with its roots in a set of values that reflect a state of empowerment of 
awareness of ecological and social realities and of one's ability to take effective action which involves 
design and management procedures that work with natural processes to conserve all resources, 
promote agro-ecosystem resilience and self-regulation, and minimize waste and environmental 
impact, while maintaining or improving farm profitability. 
Sustainable agriculture is a balanced management system of renewable resources including soil, 
wildlife, forests, crops, fish, livestock, plant genetic resources and ecosystems without degradation 
and to provide food, livelihood for current and future generations maintaining or improving 
productivity and ecosystem services of these resources. Sustainable agriculture system has to be 
economically viable both in the short and long term perspectives. Natural resources- not only provide 
food, fiber, fuel and fodder but also perform ecosystem services such as detoxification of noxious 
chemicals within soils, purification of waters, favourable weather and regulation of hydrological 
process within watersheds. Sustainable agriculture has to prevent land degradation and soil erosion. It 
has to replenish nutrients and control weeds, pests and diseases through biological and cultural 
methods.  
Because agricultural systems are so diverse, based on farm size, location, crop being grown, 
socioeconomic background, among many other factors, and because the movement has become so 
widespread globally, sustainable agriculture has come to represent different things to different people. 
Nevertheless there are some common threads, concepts, and beliefs. In the most general terms, 
sustainable agriculture describes systems in which the farmer reaches the goal of producing adequate 
yields and good profits following production practices that minimize any negative short-and long-
term side effects on the environment and the well-being of the community. The major goals of this 
approach are thus to develop economically viable agro-ecosystems and to enhance the quality of the 
environment, so that farmlands will remain productive indefinitely. 
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 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.  
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Ecological soundness: Aldo Leopold summed up this concept quite simply, "A thing is right when it 
tends to preserve the integrity, stability and beauty of the biotic community. It's wrong when it tends 
to be otherwise." Derived from the Greek word for house, in current usage "eco" implies the wisdom 
and authority to manage in the best interests of the household. Species diversity is essential to achieve 
self-regulation and resultant stability. An ecologically sound agriculture also must be resource 
efficient in order to conserve precious resources, avoid systems toxicity and decrease input costs. 
 
Economic viability:  Essential to this perspective is that there be a positive net return, or at least a 
balance, in terms of resources expended and returned. Ignored in current accounting are numerous 
subsidies that make agriculture appear economically viable, and hidden costs such as loss of wildlife 
and health care costs from chemical exposure.  
In addition to short-term market factors relating to supply and demand, real viability requires an 
understanding of a number of other considerations, including relative risk and qualitative factors 
(security, beauty, satisfaction), which are often ignored in economists' models because they are 
difficult to quantify. Asked Leopold, "Do economists know about lupines?"  
 
Social Justice: The system must assure that resources and power are distributed equitably so that the 
basic needs of all are met and their rights are assured. This requires equitable control of resources and 
full participation. Whether in the field, market or voting both, all people must be able to participate in 
the vital decisions that determine their lives. Access to land is necessary in order for a majority of the 
world's population to escape poverty and grow the food it requires. As important as equitable land 
tenure is the availability of adequate resources to succeed in this effort, including capital, technical 
assistance and market opportunities. At the same time, the rights of landless farm workers and the 
urban poor must be recognized.  
 
Humaneness: Agriculture must embody our highest values (kindness, mercy, sympathy) in all 
aspects- from respect for life to the protection of diverse cultures. Humans clearly have an 
interdependent relationship with animals- from their physical labour and companionship to their 
invaluable recycling of organic matter and provision of food- but too often animals are seen only as 
objects to be exploited. Humane agriculture must be based on a fundamental respect for animals and 
recognition of their rights. Cultural roots are as important to agriculture as plant roots. Without strong 
communities and vibrant cultures, agriculture will not flourish.  
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. 
Sustainable agriculture involves farming systems that are environmentally sound, profitable, 
productive, and compatible with socioeconomic conditions (J. Pesek, in Hatfield and Karlen, 
Sustainable Agriculture Systems).  
 
The definitions of sustainable agriculture as described above and various others those in the literature, 
may be analyzed in terms of three components viz., unit; form and criteria. The unit referred to by the 
authors to define sustainable agriculture are as follow: 

• Development of future generations; 
• Farming or agriculture; 
• Agricultural programme policy or practice; 
• Agro-ecosystem; 
• Integrated systems of plant and animal production practices; land use system and 
• Natural resource base. 

In terms of economy it was referred to as follow:  
• Maintenance or enhancement of biological production and productivity; 
• Development that meet the needs of future generations; 
• Attainment and continued satisfaction of changing human needs; 
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• Economically viable; 
• Makes use of low-cost inputs and less dependence on high inputs; 
• More dependence on intensive management; 
• Use of the very best of the technology in a balanced and well managed system; 
• Make efficient management of renewable, non-renewable and human resources; 
• Steady state between what is harvested and what is replenished; 
• Maintains soil fertility; and 
• Capacity to recover from stresses and disturbances. 

In terms of ecology it was referred to as follow: 
• Conserves land, water, plant and animal genetic resources; 
• Development without compromising the ability of future generations to meet their own needs; 
• Maintains soil fertility; 
• Conserves man-made resources; is environmentally non-degradable; 
• Ecologically sound; 
• Enhance the integrity, diversity of the managed agricultural ecosystem; 
• Maintains a steady state between what is harvested and what is replenished; 
• Utilizes natural biological cycles and controls; 
• Minimizes dependence of production on external inputs; and resilience of resource base or 

capacity to recover from stresses and disturbances. 
A few authors have referred sustainable agriculture in terms of social benefits also viz. socially 
acceptable, socially just, culturally adapted, equity of resource access and integrating into existing 
social organization. 
It can be seen that benefits of farm diversification (Farming system approach) and the conditions to be 
fulfilled for a system to be pronounced as sustainable are similar. 
The criteria used by the authors while defining sustainable agriculture are as follows: 

• Maintenance or constant; 
• Enhancement; and 
• Long term; 

Based on the above analysis, sustainable agriculture is referred to be an agro ecosystem which 
maintains or enhances biological production and productivity and results in attainment and continued 
satisfaction of changing human needs by conserving and efficiency using the renewable, non-
renewable and human resources. 
 
Some Key Undesirable Side Effects of Modern Agriculture 

• Unsustainable irrigation programs throughout the world are resulting in an undesirable 
buildup of salinity and toxic mineral levels in one out of five hectares under irrigation. Thus, 
agricultural water, a nonrenewable resource whose use has tripled globally since 1950, has to 
be used more efficiently to minimize salinization problems.  

• Excessive soil erosion, in the range of fifteen to forty tons per hectare annually, results in the 
loss of productive farmland in many parts of the world. Forested areas, a refuge for wildlife 
and biodiversity (biological diversity), are then often turned into agricultural fields to 
compensate for the loss of the abandoned eroded areas.  

• The indiscriminate use of pesticides is affecting human health and wildlife populations, as 
first reported to the population at large in Rachel Carson's book Silent Spring (1962).  

• The increased concentration of farms into larger and larger farm holdings is reducing the 
number of small family farms, believed by many to represent the heart of rural communities 
and to be key stewards of the environment.  

• The trend toward larger farms and plantation-type monocultures is leading to a loss of global 
biodiversity. Biodiversity, many argue, may be a critical ecological feature that allows the 
continued survival of humans on earth.  

• The excessive reliance on synthetic fertilizers, and the improper use and disposal of animal 
wastes is leading to the breakup of natural nutrient cycles. This causes an undesirable buildup 
of nutrients and salts in aquifers, affecting wildlife in aquatic habitats. 
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Driving forces for sustainable agriculture 
How have we come to reconsider our food and fiber production in terms of sustainability? What are 
the ecological, economic, social and philosophical issues that sustainable agriculture addresses? The 
long-term viability of our current food production system is being questioned for many reasons. The 
prevailing agricultural system, variously called "conventional farming," "modern agriculture," or 
"industrial farming" has delivered tremendous gains in productivity and efficiency. Food production 
worldwide has risen in the past 50 years; the World Bank estimates that between 70 % and 90 % of 
the recent increases in food production are the result of conventional agriculture rather than greater 
acreage under cultivation.  
Philosophical underpinnings of industrial agriculture include assumptions that "a) nature is a 
competitor to be overcome; b) progress requires unending evolution of larger farms and depopulation 
of farm communities; c) progress is measured primarily by increased material consumption; d) 
efficiency is measured by looking at the bottom line; and e) science is an unbiased enterprise driven 
by natural forces to produce social good."  Significant negative consequences have come with the 
bounty associated with industrial farming. Concerns about contemporary agriculture are presented 
below. While considering these concerns, keep the following in mind: a) interactions between farming 
systems and soil, water, biota, and atmosphere are complex—we have much to learn about their 
dynamics and long term impacts; b) most environmental problems are intertwined with economic, 
social, and political forces external to agriculture; c) some problems are global in scope while others 
are experienced only locally; d) many of these problems are being addressed through conventional, as 
well as alternative, agricultural channels; e) the list is not complete; and f) no order of importance is 
intended. 
 
Ecological Concerns 
Agriculture profoundly affects many ecological systems. Negative effects of current practices include 
the following:  

• Decline in soil productivity can be due to wind and water erosion of exposed topsoil; soil 
compaction; loss of soil organic matter, water holding capacity, and biological activity; and 
salinization of soils and irrigation water in irrigated farming areas. Desertification due to 
overgrazing is a growing problem, especially in parts of Africa.  

• Agriculture is the largest single non-point source of water pollutants including sediments, 
salts, fertilizers (nitrates and phosphorus), pesticides, and manures. Pesticides from every 
chemical class have been detected in groundwater and are commonly found in groundwater 
beneath agricultural areas; they are widespread in the nation’s surface waters. Eutrophication 
and "dead zones" due to nutrient runoff affect many rivers, lakes, and oceans. Reduced water 
quality impacts agricultural production, drinking water supplies, and fishery production.  

• Water scarcity in many places is due to overuse of surface and ground water for irrigation 
with little concern for the natural cycle that maintains stable water availability.  

• Other environmental ills include over 400 insects and mite pests and more than 70 fungal 
pathogens that have become resistant to one or more pesticides; stresses on pollinator and 
other beneficial species through pesticide use; loss of wetlands and wildlife habitat; and 
reduced genetic diversity due to reliance on genetic uniformity in most crops and livestock 
breeds.  

• Agriculture's link to global climate change is just beginning to be appreciated. Destruction of 
tropical forests and other native vegetation for agricultural production has a role in elevated 
levels of carbon dioxide and other greenhouse gases. Recent studies have found that soils may 
be sources or sinks for greenhouse gases.  

 
Economic and Social Concerns 
Economic and social problems associated with agriculture cannot be separated from external 
economic and social pressures. As barriers to a sustainable and equitable food supply system, 
however, the problems may be described in the following way: 
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• Economically, agricultural sector includes a history of increasingly large expenditures and 
corresponding government involvement in planting and investment decisions; widening 
disparity among farmer incomes; and escalating concentration of agribusiness—industries 
involved with manufacture, processing, and distribution of farm products—into fewer and 
fewer hands. Market competition is limited. Farmers have little control over farm prices, and 
they continue to receive a smaller and smaller portion of consumer money spent on 
agricultural products.  

• Economic pressures have led to a tremendous loss of farms, particularly small farms, and 
farmers during the past few decades. This contributes to the disintegration of rural 
communities and localized marketing systems. Economically, it is very difficult for potential 
farmers to enter the business today. Productive farmland also has been pressured by urban and 
suburban sprawl.  

 
Impacts on Human Health 
Potential health hazards are tied to sub-therapeutic use of antibiotics in animal production, and 
pesticide and nitrate contamination of water and food. Farm workers are poisoned in fields, toxic 
residues are found on foods, and certain human and animal diseases have developed resistance to 
currently used antibiotics. 
 
Philosophical Considerations 
Historically, farming played an important role in our development and identity. From strongly 
agrarian roots, we have evolved into a culture. Can sustainable and equitable food production be 
established when most consumers have so little connection to the natural processes that produce their 
food? What intrinsically human values have changed and will change with the decline of rural life and 
farmland ownership? World population continues to grow. According to recent United Nations 
population projections, the world population will grow from 5.7 billion in 1995 to 9.4 billion in 2050, 
10.4 billion in 2100, and 10.8 billion by 2150, and will stabilize at slightly under 11 billion around 
2200. 
Finally, the challenge of defining and dealing with the problems associated with today's food 
production system is inherently laden with controversy and emotion. "It is unfortunate, but true, that 
many in the agriculture community view sustainable agriculture as a personal criticism, or an attack, 
on conventional agriculture of which they are justifiably proud.  
 
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. 

 
 

Research methodology in AgronomyResearch methodology in AgronomyResearch methodology in AgronomyResearch methodology in Agronomy    

 
The livelihood of 70% of Indian population is based on agriculture. Therefore, economy of the 
country is agriculture dependent. More than 65% area is dependent on rains for successful cultivation 
of crops. The productivity of crops in these rainfed and dryland areas is very variable. It is therefore, 
necessary to mitigate erratic behaviour of monsoon/winter rains through different agro-techniques for 
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increasing the productivity of crops. Similarly irrigation management is very essential in irrigated 
areas for enhancing crop productivity. Different disciplines of agriculture (mainly agronomy, 
Genetics, Horticulture, Crop Physiology, Agricultural Engineering, Animal Husbandary and Dairy, 
Economics and Extension) play important role in increasing crop production through different 
agrotechniques viz. tailoring crop genotypes, suitability of soil type, standardization of sowing time, 
seed rate, plant population, plant geometry, nutrient management, irrigation and rainwater 
management, weed management, insect-pests and diseases management, animal nutrition and dairy 
management, technology transfer, economics of different crops/cropping systems/farming systems, 
suitable farm machinery, implements etc., In different disciplines, research work is continuously 
being carried out to cater the need of the changing problems arise in crop production. 
 
Research 
Research refers to a search for knowledge. One can also define research as a scientific and systematic 
search for relevant information on a specific topic. In short, the search for knowledge through 
objectives and systematic method of finding to a problem is research. 
 
Characteristic of research 

• Research originates with a question of a problem. 
• Research requires a clear articulation of a goal. 
• Purpose is understanding. 
• Oriented towards discovery. 
• Research follows a specific plan of procedure. 
• Research usually divides principal problem into more manageable sub-problems. 
• Research is guided by the specific research problem, question or hypothesis. 
• Research accepts certain critical assumptions. 
• Focus is holistic. 

 
Types of Research 
The various kinds of human science research can be subdivided to three criteria: 

1. The measure of generality and applicability: 
• Basic research 
• Applied research 
• In-service research 
• Action research 

2. The level of ordering: 
• Descriptive research 
• Prophetic research 
• Diagnostic research 

3. The measure of control by researchers 
• Library research 
• Field research 
• Laboratory research 

 
Agricultural research can be categorised into three types 
Basic research: It deals with the development of the principles and concepts of major technological 
advances. Basic research is the generation of knowledge. Example – study of the genetic resistance of 
rice to blast. 
Applied research or development research: It is the application of basic research to immediate 
problems. Applied research is the generation of technology. Example – recommendation of fertilizer 
doses, herbicides, insecticides etc, hybrid maize, insect resistance high yielding rice variety. 
Adaptive research: Adaptive research is the repetitive developmental research under varied 
conditions. Example – Development of specific variety of rice for Aus or Aman or Boro season, 
fertilizer recommendation for specific location or land type or soil type. 
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Purpose/objective of research 
The purpose of research is to discover answers to questions through the application of scientific 
procedures. The main aim of research is to find out the truth which is hidden and which has not been 
discovered as yet. Though each research study has its own purpose, we may think of research 
objectives as falling into a number of following broad groups: 

• To gain familiarity with a phenomenon or to achieve a new insight into it. 
• To attain the goal. 
• To solve the problem. 
• To maintain the system or to improve the system 
• To portray accurately the characteristic of a particular individual situation or a group. 
• To determine the frequency with which something occurs or with it is associated with 

something else. 
• To test a hypothesis of a causal relationship between variables. 

 
Requirements of research 
For a successful research 4 Ms (Man, Money, Masonary and materials) are required. 
 
Research planning 
Plan is a predetermined course of action. Planning is defined as the act or process of making a plan 
which is termed as a programme, a project or a schedule. Purpose of planning is to evolve a sound, 
defensible and realistic programme of action. Plan gives a detail answer to all pertinent questions 
involving in conducting a project. 
 
Characteristic of a research Programme 
Research programme should have following characteristics- 

• Clear and understandable 
• Impact oriented and measureable 
• Within nations development goals and mandate 
• Within capabilities of resources 
• Flexible and adjustable 

 
Strategies in Research Planning 
 

1. Plan should cover a period of time 
2. Plan of action should be flexible 
3. Bottom to top levels of hierarchy should be involved in the planning process. Senior scientists 

give more time in planning due to their critical views and experience. 
 
Research planning Methodology (Scientific Method) 

1. Identification of problem 
2. Prioritization of the identified problem 
3. Present status of the problem 
4. To set goal, objectives or target for the research 
5. To formulate operational hypothesis for undertaking the research 
6. To select research/experimental materials to workout the hypothesis to achieve the 

goal/objective/target. 
7. To select method of testing the hypothesis. 
8. To put the materials and methods in operation. 
9. To collect relevant predetermined data from the materials in accordance with the hypothesis. 
10. To compile and analysis the data and interpret. 
11. To draw conclusion about the hypothesis with reference to the objective(s) 
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12. Communication of the results to the desired audience (publication, demonstration, workshop 
etc.) 

 
Research Problem 
A problem is a deviation from some standard of performance. Problem may be defined as result of 
constraints that prevent from reaching their goal. An agricultural problem may be defined as any 
difficulty in converting efforts into economic agricultural production. A problem may be the result of 
one or several causes which one cause may result several problems. A problem may be national, 
regional or local. For example, nutrition deficiency is a national problem, flood is a regional problem 
and Ufra disease of rice is a local problem. 
 
Steps for identifying a research problem 

1. Statement of the problem in general way 
2. Understanding the nature of problem 
3. Surveying the available literature 
4. Developing the ideas through discussion 
5. Rephrasing the research problem into a working proposition 

 
Factors to be considered in determining the priority of researchable problems 

1. Economic importance of the problem 
2. Technology/innovation available to overcome such a problem 
3. Cost and time needed to carry out the research 
4. Availability of the resources 
5. The ease of implementing the new technologies (probability of adoption of the new 

technology) 
6. Probable distribution of benefits within the society. 
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