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Abiotic Stress Management for Climate Resilient Agriculture  

 

Narendra Pratap Singh* and Yogeshwar Singh  

ICAR-National Institute of Abiotic Stress Management, Baramati, Pune 413115 

*Email: narendraprataps@yahoo.co.in 

 

Prime Minister Narendra Modi’s aim of doubling farmer’s income by the year 

2022, has evoked strong responses from various analysts, experts and the media. The goal 

has been dubbed as impossible and unrealistic. It is the responsibility of all agriculture 

stakeholders to make it possible so that India will produce sufficient food to achieve food 

and nutritional security. For this we have to work in scientific and holistic manner so that 

we may increase the agriculture production besides increasing the input use efficiency in 

eco-friendly manner. Indian agriculture is passing through difficult times due to two 

consecutive drought situations in several parts of the country, thereby resulting into wide 

spread distress among farmers. The rural areas in these parts are facing food and 

livelihood crisis, more specifically the shortage of fodder and drinking water. Despite the 

earlier history of famines and continuing patterns of droughts, remarkable successes have 

been achieved towards food security at the national level. Yet the country continues to 

face challenges in terms of availability, access, balanced diet, diversity and equity 

associated with consumption of nutritious food at sufficient levels. For meeting 

requirement of the burgeoning population, the country will need an estimated 400 million 

tonnes of food grains by 2050, from a current level of about 260 million tonnes. current 

population is 1.21 billion, it is projected to reach 1.6 billion by 2050.  

 Agricultural production continues to be vulnerable to unexpected and extreme 

weather events, the incidence and intensity of which is increasing with climate change 

(IPCC 2014). Abiotic stresses such as drought, salinity and extreme temperature together 

with the growing population and per capita food consumption are challenging 

sustainability of food security. With substantial water consumption in agriculture, quality 

and quantity of ground water is becoming more critical for human as well as soil health. 

With 1/3 of the geographical area prone to degradation due to soil erosion, flood, 

waterlogging etc. Expansion of agricultural land is a remote possibility. With 2/3rd of the 

cultivated area prone to drought, uncertainty looms large over stability of food production 
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and price. Consequence of adverse impact of drought on agricultural crops and forages 

are evident even in livestock production and also reflected in the reduction of inland 

fisheries. India experienced trails of unusually widespread and untimely drought, flood 

and most recently hailstorm events on frequent basis. The increased frequencies of these 

adverse events demand appropriate measures to minimise their impact on agricultural 

crops. On one hand side conservation agriculture should be promoted on large scale and 

other side more research is needed on micro-irrigation strategies like partial root zone 

drying and drip irrigation and fertigation systems. These measures are critical to develop 

location/situation wise recommendations for achieving the goal of sustainable agriculture 

production by harnessing maximum per unit applied water. Remote sensing and GIS 

tools are becoming increasingly useful tools to delineate abiotic stress at regional level. 

With further inputs like edaphic factors derived from soil maps, cropping pattern and 

their responses to stressors, regional models can be put forth for forecasting abiotic 

stresses using GIS based statistical tools.  

Development of stress tolerant transgenics using gene transfer approaches needs 

much more understanding of plant stress-tolerance and gene-regulatory network systems. 

Apart from feeding regimes and dietary strategies, genetic improvement of livestock is 

essential to ensure permanent and cumulative changes in performance and this can be 

accomplished through biotechnological interventions. 

Some of the measures including nutritional supplement, plant bio-regulators and 

canopy management should be developed on location and case specific to minimise yield 

losses and increase farmer’s income. Plant bioregulators (PBRs) play key role in the 

ability of plants to adapt under changing climatic conditions, by mediating growth, 

development, nutrient allocation and source sink transitions. With the use of specific 

bioregulators, crops can be grown under various abiotic stresses namely drought, salinity 

and heat with minimum yield losses. Yield losses in arable crops under drought stress can 

be minimized by 15 to 20 % with the use of bioregulators. The future prospective is to 

identify the crop and condition specific bioregulators as well as optimization of the dose, 

frequency and stage of sprays for achieving the maximum benefits under stress 

conditions. In these aspects attempts have already been initiated to identify suitable 

agrochemicals/plant bioregulators like KNO3, spermidine, thiourea, salicylic acid, ortho-
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silicic acid etc to minimise the adverse effect of heat, drought and water logging stress in 

arable and orchard crops as per level and nature of stress. 

 In the recent past, India experienced trails of unusually widespread and untimely 

hailstorm events during February–May 2014 and 2015 (Rathore, 2016). These events 

have caused a large scale destruction of crops in Indian states mainly North and Central 

part, being the worst hit with varying levels of damage. There is need to adapt low cost 

protected structures for cultivation of high value crops like grapes and pomegranate to 

check the losses incurred due to frequent hailstorm incidences.  

 Attempts have also been initiated to identify beneficial microbes that can 

contribute in minimising stress impact on crop performance under harsh agro-ecologies. 

Since microorganisms represent the significant fraction of molecular and chemical 

diversity in nature. Microbes contribute to basic ecosystem processes such as the 

biogeochemical cycles and food chains, as well as maintain vital relationships with 

higher organisms and plants.  

Conservation Agriculture (CA) is a strategy for mitigating climate change and as 

an adaptive mechanism for alleviating climate change effect. CA practices can help in 

sequestering atmospheric CO2 in the form of soil organic matter, as well as reduction in 

GHG emissions through efficient production system. CA facilitates soil management 

without excessive disturbance, protection from erosion, compaction, aggregate 

breakdown, loss in organic matter, leaching of nutrients etc.  

Organic Agriculture is a possible option for stress mitigation and adaption to climate 

change. It is an alternative sustainable, eco-friendly production system that assists in 

biological pest control and crop rotation, supply green manure and composts/FYM to 

maintain soil fertility. According to an estimate, organic agriculture combined with 

reduced tillage techniques has the potential to sequester 500 kg C/ha/yr. This maximum 

organic scenario would mitigate about 4 Gt CO2 equivalents/yr or 65 per cent of the 

agricultural GHG. There are opportunities to use this approach for sustainable and eco-

friendly farming models that meet on-farm requirement of organic inputs through 

biochar, biomass transfer from agroforestry for direct application on farm and 

composting for farm nutrient recycling. 
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It is the need of hour to uncover complexity of harsh agro-ecologies and in-field 

variabilities through modern technologies and accordingly adaptation options through 

combination of key traits and genes for genetic improvement in tolerance to stress. In 

addition micro-irrigation strategies, mitigation options through conservation agriculture 

along with use of second generation machines, organic farming, use of plant bio-

regulators, nano-particles and other relevant technologies are essential for addressing the 

issues of increasing farmers income under resource limiting climate change era. Beside 

these above mentioned aspects, attempts should also be focused in scaling up the proven 

technologies like use of stress tolerant varieties, conservation agriculture, integrated 

farming system, fertigation etc. to build up the confidence amongst farmers that 

agriculture can be a fruitful business with the assistance of Pradhan Mantri Fasal Bima 

Yojana. 
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Elemental Profiling in Plant, Animal and Human through Inductively Coupled 

Plasma-Mass Spectrometry (ICP-MS)      

 

Neeraj Kumar, Paritosh Kumar, NP Singh 

ICAR-National Institute of Abiotic Stress Management, Baramati 

 

Inductively coupled plasma-mass spectrometry (ICP-MS) is a powerful analytical 

tool which is used for analyzing trace elements with excellent sensitivity in biological 

and non-biological environmental samples. A large range of elements can be detected 

using an ICPMS, which are summarized in Figure. The ICP-MS employs argon plasma 

(ICP) as the ionization source and a mass spectrometer (MS), usually with a quadrupole 

mass filter, to separate the ions produced. It can simultaneously measure most elements 

in the periodic table and determine analyte concentrations down to the sub nanogram per 

litre or parts per trillion (ppt), level. It can perform qualitative, semi quantitative, and 

quantitative analysis, and compute isotopic ratios on water samples, and in waste extracts 

and digest In an ICP-MS instrument, liquid samples are introduced by a peristaltic pump 

to the nebulizer where a sample aerosol is formed. A double-pass spray chamber ensures 

that a consistent aerosol is introduced to the plasma. Argon gas is introduced through a 

series of concentric quartz tubes, known as the ICP torch. The torch is located in the Se 

centre of a RF coil. A Tesla coil ionizes the argon gas and free electrons are accelerated 

by a 27 MHz radio frequency field. Collisions between the accelerated electrons and the 

argon gas generate high temperature plasma. The sample aerosol is instantaneously 

decomposed in the plasma to form analyte atoms, some of which are ionized. The ions 

produced are extracted from the plasma into the mass spectrometer region, which is 

maintained at a high vacuum (typically 10-6 torr) using differential pumping. The analyte 

ions are extracted through a pair of orifices, approximately 1 mm in diameter, known as 

the sampling cone and the skimmer cone. The analyte ions are then focused by a series of 

lenses into a quadrupole mass analyzer which separates the ions based on their mass-to 

charge ratio (m/z). Finally, ions are detected using an electron multiplier, and data at all 

masses are collected and stored through a computer interface. The use of high resolution 

or magnetic sector mass spectrometers has become more common in ICP-MS, allowing 

the user to eliminate or reduce the effect of interferences due to mass overlap. The 
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instrument like ICP-MS has both a magnetic sector and an electric sector and is used to 

separate and focus the ions. The magnetic sector is dispersive with respect to both ion 

energy and mass and focuses all the ions with diverging angles of motion coming from 

the entrance slit of the spectrometer. The electric sector is dispersive only to ion energy 

and focuses the ions onto the exit slit. Such an arrangement is called a double-focusing 

high resolution mass spectrometer.  

Generally most of the element are not synthesise in the human, plant and animal 

body, however, it provided through dietary source. Further, we can determined elements 

in the plant, animal and fish to know the level of particular elements in biological and 

non-biological samples and in order to find out whether there is a deficiency of an 

element or if there has been excessive exposure to an element. From the analytical point 

of view, these two aims may make a big difference as the concentrations analyzed may 

differ by orders of magnitude, and the analytical methods applied may thus be markedly 

different. Even the stability of a specimen on storage may be different, depending on the 

concentration of the element. In dealing with contamination, the most common source of 

error in trace element analysis in the laboratory, the level of the analyte in the specimens 

is also a decisive factor. However, when the concentrations in the specimens are high, 

they tend to be so in the environment of the sample collection as well. The risk of 

contamination during sampling is important irrespective of analyte level. Hence, a very 

sensitive and accurate instrument are available to determined element in different 

biological and non-biological samples called Inductively coupled plasma mass 

spectrometry (ICPMS). Inductively coupled plasma mass spectrometry (ICPMS) is an 

analytical technique that performs elemental analysis with excellent sensitivity. The ICP-

MS instrument employs argon plasma (ICP) as the ionization source and a mass 

spectrometer (MS), usually with a quadrupole mass filter, to separate the ions produced. 

It can simultaneously measure most elements in the periodic table and determine analyte 

concentrations down to the sub nanogram per litre or parts per trillion (ppt), level. It can 

perform qualitative, semi quantitative, and quantitative analysis, and compute isotopic 

ratios on water samples, and in waste extracts and digest In an ICP-MS instrument, liquid 

samples are introduced by a peristaltic pump to the nebulizer where a sample aerosol is 

formed. A double-pass spray chamber ensures that a consistent aerosol is introduced to 
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the plasma. Argon gas is introduced through a series of concentric quartz tubes, known as 

the ICP torch. The torch is located in the Se centre of a RF coil. A Tesla coil ionizes the 

argon gas and free electrons are accelerated by a 27 MHz radio frequency field. 

Collisions between the accelerated electrons and the argon gas generate high temperature 

plasma. The sample aerosol is instantaneously decomposed in the plasma to form analyte 

atoms, some of which are ionized. The ions produced are extracted from the plasma into 

the mass spectrometer region, which is maintained at a high vacuum (typically 10-6torr) 

using differential pumping. The analyte ions are extracted through a pair of orifices, 

approximately 1 mm in diameter, known as the sampling cone and the skimmer cone. 

The analyte ions are then focused by a series of lenses into a quadrupole mass analyzer 

which separates the ions based on their mass-to charge ratio (m/z). Finally, ions are 

detected using an electron multiplier, and data at all masses are collected and stored 

through a computer interface.  

 

Principle of ICP-MS 

The sampled material is introduced into high-energy argon plasma that consists of 

electrons and positively charged argon ion. In the plasma, the material is split into 

individual atoms. These atoms will lose electrons and become (singly) charged positive 

ions. To allow their identification, the elemental ions produced in the plasma (ICP) must 

be transferred from 7000 K to room temperature and from atmospheric pressure to high 

vacuum. To do so, the ions are extracted through a number of apertures. Besides ions also 

photons are produced in the plasma. Photons also pass through the apertures. They are 

not removed by vacuum and produce high background signal when they reach the 

detector. To minimize this background, also called photon stop is present this is a small 

metal plate placed in the centre of the ion beam, which reflects the photons away from 

the detector. The positive ions are not stopped by the photon stop because a positively 

charged cylinder lens guides them around it. Subsequently, the ion beam enters the 

quadrupole mass analyser. In the quadrupole the ions are separated on the basis of their 

mass-to charge ratio. Each element has its own characteristic isotopes and masses and 

will therefore produce its own mass spectrum. After passing the quadrupole the ions hit a 

special detector .It contains two stages to allow simultaneous measurements of high and 
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low signals. This allows simultaneous detection of main components and ultra trace 

elements in single run, the ICP-MS a perfect tool for survey analysis of totally unknown 

samples. 

Figure 1: The layout of an ICP-MS 

 

Important components of ICP-MS 

1. Sample introduction system – composed of a nebulizer and spray chamber and 

provides the means of getting samples into the instrument 

2. ICP torch and RF coil–generates the argon plasma, which serves as the ion source 

of the ICP-MS 

3. Interface – links the atmospheric pressure ICP ion source to the high vacuum 

mass spectrometer 

4. Vacuum system – provides high vacuum for ion optics, quadrupole, and detector 

5. Collision/reaction cell – precedes the mass spectrometer and is used to remove 

interferences that can degrade the detection limits achieved. It is possible to have 

a cell that can be caused both in the collision cell and reaction cell modes, which 

is referred to as a universal cell 
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6. Ion optics – guides the desired ions into the quadrupole while assuring that neutral 

species and photons are discarded from the ion beam 

7. Mass spectrometer – acts as a mass filter to sort ions by their mass-to-charge ratio 

(m/z) 

8. Detector – counts individual ions exiting the quadrupole 

9. Data handling and system controller- controls all aspects of instrument control 

and data handling to obtain final concentration results. 

 

Figure 2: Autosampler 

 

Sample preparation for elemental analysis 

Sample Digestion 

Biological (Fish tissue, blood, plant materials) and non-biological (Soil, water) samples 

were acidic digestion with different composition as given below: 

1. HNO3 and HCl (5:1)   

3HCl + HNO3 → 2H2O + NOCl + Cl (The nitric acid destroys organic matter and 

oxidizes sulphide material. It reacts with concentrated hydrochloric acid to generate 

aqua regia and considered adequate for dissolving most base element sulphates, 

sulphides, oxides and carbonates) 
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2. HNO3 + HCl + HF (5:0.5:0.5 

HNO3 + HCl + HF (5:0.5:0.5) mixture provide satisfactory dissolution of silica 

matrices 

3. HNO3+ HF (5:1) 

 

Figure 3: Microwave Digestion System 

 

Table 1: Importance of different acid used for digestion  

Nitric acid Oxidizing acid, frequently mixed with H2O2, HCl, HF, H2SO4  

Hydrogen peroxide Increased oxidation potential  

Hydrochloric acid Non-oxidised acid, form soluble chloride, dissolves the salts 

weaker acids 

Nitro hydrochloric acid Forms NOCl and release chlorine as the active components, 

digestion of precious metals, sulphide 

Hydrofluoric acid Non-oxidized, digestion of silicates,    

Sulphuric acid Non-oxidized, dehydration of organic materials,   

 

Guidelines for microwave acid digestion 

The acids used in microwave digestion may be classified in two main groups: 
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1. Non-oxidizing acids, such as hydrochloric acid, hydrofluoric acid, phosphoric 

acid, diluted sulfuric acid and diluted perchloric acid; 

2. Oxidizing acids, such as nitric acid, hot concentrated perchloric acid, concentrated 

sulfuric acid and hydrogen peroxide. 

 

Nitric acid 

Nitric acid has the following properties: 

1. Boiling point is 120°C at 65% concentration 

2. Poor oxidizing strength at concentrations less than 2M; oxidizing strength 

increases with 

concentration and reaction temperature 

3. The most common acid for oxidation of organic matrices with this typical 

reaction: (CH2)X + 2HNO3 -> CO2(g) + 2NO + 2H2O 

4. It dissolves most metals forming soluble nitrates, exceptions are Au and Pt (non 

oxidized) and Al, B, Cr, Ti and Zr (passivated) 

5. These metals require acid mixtures or diluted nitric acid 

6. Often mixed with H2O2, HCl and H2SO4 

7. Available in high purity for trace level analysis. 

 

Hydrogen peroxide 

Hydrogen peroxide is an oxidizing agent (2H2O2 -> 2H2O + O2); added to nitric 

acid it reduces the nitrous vapors and it accelerates the digestion of organic samples by 

raising the temperature. 

 

Hydrochloric acid 

1. Hydrochloric acid has the following properties: 

2. Boiling point of azeotropic mixture with H2O with 20,4% HCl is 110°C; 

3. Available with 38% concentration; 

4. It dissolves salts of weak acids (carbonates, phosphates) and most metals are 

soluble with the exception of AgCl, HgCl and TiCl; 

5. Excess of HCl improves the solubility of AgCl, converted into AgCl2 
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6. Strong complex nature 

7. Widely used for iron-based alloys because of its ability to hold large amounts of 

chloro-complex in solution 

8. Other complexes formed are Ag (I), Au (II), Hg (II), Ga (III), Tl (III), Sn (IV), Fe 

(II) and Fe (III). 

9. It does not dissolve oxides of Al, Be, Cr, Ti, Zr, Sn and Sb; sulphates of Ba and 

Pb, group II fluorides, SiO2, TiO2 and ZrO2. 

 

Hydrofluoric acid 

Acid digestion 

1. Boiling point is 108°C at 40% concentration 

2. Non-oxidizing, strong complex nature 

3. Used in digestion of minerals, ores, soils, rocks and even vegetables containing 

silicates 

4. Major use is the decomposition of silicates according with this reaction: SiO2 + 

6HF -> H2SiF6 + 2H2O 

5. Often used in combination with HNO3 or HClO4. 

Evaporation/concentration 

1. Following dissolution, many analyses require removal of HF to prevent 

equipment damage or to resolubilize insoluble fluorides; 

2. Many analytes such as As, B, Se, Sb, Hg and Cr may volatilize. 

Complexation 

Alternative approach to remove HF from the solution, by addition of Boric acid; 

1. Following reactions take place: H3BO3 + 3HF -> HBF3(OH) + 2H2O and 

HBF3(OH) + HF -> HBF3 + H2O; 

2. 10-50 times excess Boric acid enhances reaction rate. 

 

Sulfuric acid 

1. Sulfuric acid has the following properties 

2. Boiling point is 340°C at 98% concentration, exceeding the maximum working 

temperature of TFM Teflon vessels 
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3. Careful reaction monitoring is required to prevent vessel damages 

4. It destroys organics by dehydrating action 

5. Many sulfates are insoluble (Ba, Sr, Pb) 

 

Perchloric acid 

Perchloric acid has the following properties: 

1. Boiling point is 203°C at 72% concentration; 

2. Hot and concentrated is the strongest oxidizing acid; 

3. Rapid, sometimes explosive, reaction with organic matrices; 

4. Often mixed with nitric acid for a controllable digestion of organic matrices; 

5. All perchlorate are soluble with the exception of KClO4; 

6. Perchloric acid decomposes at 245°C in a closed microwave vessel, developing 

gaseous byproducts and a tremendous excess pressure. 

 

Aqua regia 

1. Aqua regia properties are the following: 

2. Made up by hydrochloric acid and nitric acid in a 3:1 (volume/volume) mixture; 

3. It produces NOCl (nitrosyl chloride), which decomposes in NO and Cl2 up on 

heating; 

4. It dissolves precious metals; 

5. It must be freshly prepared and used immediately, otherwise it evolves chlorine 

gas 

6. Over pressurizing and venting the vessel 

 

Benefits of Microwave Assisted Digestion   

1. Cleanliness of preparation environment  

2. Reproducible digestion,   

3. Improved QA/QC  

4. Reduces skill level as a factor  

5. Greatly reduces preparation time 
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Uses and applications of ICP-MS 

1. One of the largest volume uses for ICPMS is in the medical and forensic field, 

specifically, toxicology. A physician may order a metal assay for a number of 

reasons, such as suspicion of heavy metal poisoning, metabolic concerns, and 

even hepatological issues. Depending on the specific parameters unique to each 

patient's diagnostic plan, samples collected for analysis can range from whole 

blood, urine, plasma, serum, to even packed red blood cells. 

2. Another primary use for this instrument lies in the environmental field. Such 

applications include water testing for municipalities or private individuals all the 

way to soil, water and other material analysis for industrial purposes. 

3. This technique is also widely used the field of radiometric dating, in which it is 

used to analyze relative abundance of different isotopes. ICP-MS is more suitable 

for this application than the previously used Thermal Ionization Mass 

Spectrometry, as species with high ionization energy such as Osmium (Os) and 

Tungsten (Hf-W) can be easily ionized. 

4. In the field of flow cytometry, a new technique uses ICP-MS to replace the 

traditional fluorochromes. Briefly, instead of labeling antibodies (or other 

biological probes) with fluorochromes, each antibody is labeled with a distinct 

combination of lanthanides. 

5. Regardless of the sample type, blood, water, etc., it is important that it be free of 

clots or other particulate matter, as even the smallest clot can disrupt sample flow 

and block or clog the sample tips within the spray chamber. Very high 

concentrations of salts, e.g. sodium chloride in sea water, can eventually lead to 

blockages as some of the ions reunite after leaving the torch and build up around 

the orifice of the skimmer cone. This can be avoided by diluting samples 

whenever high salt concentrations are suspected, though at a cost to detection 

limits.  

6. Quantification of proteins and bio molecules by icp-ms: There is an increasing 

trend of using ICP-MS as a tool in speciation analysis normally involves a front 

end chromatograph separation and an elemental selective detector such as AAS 

and ICP-MS. For example, ICP-MS may be combined with size exclusion 
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chromatography and quantitative preparative native continuous polyacrylamide 

gel electrophoresis for identifying and quantifying native metal in bio fluids. Also 

the phosphorylation status of proteins can be analyzed. 

7. A new type of protein tagging reagents called metal coded affinity tags (Me CAT) 

were introduced to label proteins quantitatively with metals, especially 

lanthanides. The Me CAT labeling allows relative and absolute quantification of 

all kind of proteins or other biomolecules like peptides. Me CAT comprises a site 

specific biomolecule tagging group with at least a strong chelate group which 

binds metals. 

8. The Me CAT labeled proteins can be accurately quantified by ICP-MS down to 

low attomol amount of analyte which is at least 2–3 orders of magnitude more 

sensitive than other mass spectrometry based quantification methods.  

9. By introducing several Me CAT labels to a biomolecule and further optimization 

of LC-ICP-MS detection limits in the zeptomol range are within the realms of 

possibility. By using different lanthanides Me CAT multiplexing can be used for 

pharmacokinetics of proteins and peptides or the analysis of the differential 

expression of proteins e.g. in biological fluids. 

 

Case Study  

The study has been conducted in Dhimbe reservoir in Maharashtra and evaluated 

fourteen metals namely chromium (Cr), manganese (Mn), cobalt (Co), nickel (Ni), 

copper (Cu), zinc (Zn), selenium (Se), arsenic (As), strontium (Sr), cadmium (Cd), tin 

(Sn), antimony (Sb), mercury, (Hg) and lead (Pb) has been studied in freshwater mollusk, 

Lamellidens marginalis  
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Kumar et al. 2017 
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Abstract  

Reliable large−scale agriculture production is an essential component of global 

food security; however, sustained efforts are needed to ensure optimized resilience under 

diverse crop stress conditions. Climate changes are expected to increase the frequency 

and intensity of both abiotic and biotic stress. Plant bio−regulators (PBRs) play an 

important role in stress resilience, yet the concentration and composition of these PBRs 

are also dependent on climate variables. In this research, impact of PBRs on crop yields, 

water productivity and post−harvest quality of major crops (wheat, soybean, sorghum, 

onion and eggplant) under water scarce conditions was studied. Potential PBRs included: 

potassium nitrate (KNO3), salicylic acid, sodium benzoate (SB), thio−urea (TU), 

gibberellin (GA3) and ortho-silicic acid (OSA) were applied exogenously at 3−4 critical 

growth stages of specific crop as main treatments. The uniquely designed line−source 

sprinkler system (LSS) was used to apply varied levels of irrigation water (IW) ranged 

between 0−1.0 times the CPE (cumulative open pan evaporation) as sub–treatments. The 

application of PBRs mitigated water stress and significantly improved yields, water 

productivity and post−harvest quality. The PBRs maintained higher leaf water content, 

lower canopy temperature, modulated the stomatal opening and ultimately the source–

sink relations thereby improving the yield and productivity under deficit irrigation. 

Particularly PBRs like thio–urea (10 mM), sodium benzoate (100 mg L–1), KNO3 (1.5%) 

and salicylic acid (10 µM) were found effective to mitigate water stress in wheat, 

sorghum, onion and eggplant, respectively. Thus relative response of PBRs is highly 

specific environment conditions and varies with crop to crop. PBRs also helped to 

improve significantly physicochemical and functional quality characteristics viz., 

rehydration ratio, protein content, total soluble sugar, total phenolics content and pyruvic 

acid in water deficits. It is concluded that conjunctive use of PBRs along with 
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supplemental irrigation present viable water stress mitigation strategy, improved crop 

quality and water productivity under the climate change.  

 

Introduction  

The crop productivity is exposed to different types of abiotic stresses (heat, cold, 

drought, flood, salinity, mineral deficiency, toxicity, chilling or freezing stress etc.) and 

potential yield are seldom achieved with stress. The present challenges viz., water and 

soil pollution, urbanization, global climate change etc. further add up to the situation. 

Overall effect of abiotic stresses depends on the intensity and length of stress varies with 

growth stages and cultivars. Abiotic stresses are linked with natural phenomenon and 

their scale varies at temporal and special dimension. The changing climate poses serious 

threats to global agricultural production and place unprecedented pressures on the 

sustainability of agriculture industry. On the other hand, population growth and health–

conscious consumers demand more and better food products. In addition to restricting 

carbon emission and conserving resources, adaption of abiotic stress mitigation strategies 

for sustainable vegetable production will be the single most important step that we take in 

the future.  

Water stress and moisture availability in soil exert great influence on plant growth 

through direct and indirect effects viz., root development, vegetative growth, uptake and 

mobilization of nutrients. It also affects turgidity, normal metabolism, cell division and 

enlargement which influence overall crop growth response. Bio−regulators (PBRs) play 

an important role to control the physiological metabolic activities in crops under water 

stress conditions. The research needs to be focused on increasing water use efficiency and 

control of metabolic activities in crops through use of PBRs under varied irrigation water 

regimes in different crops cultivated in water stressed regions. For this purpose, creation 

of large number of water levels which vary systematically from one end of single plot to 

the other are needed. The line source sprinkler technique facilitates the application of 

progressively decreasing amounts of water at increasing perpendicular distance from the 

line source (Hank, 1980). Therefore present research aimed to develop of crop water 

functions and impact of bio−regulators and supplemental irrigation on productivity and 

post-harvest qualities of different crops grown under different water stressed regions 
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using line source sprinkler plot irrigation system as stress mitigation strategy for climate 

resilient agriculture. 

  Crop yield is primarily water-limited in arid and semi-arid regions. Under limited 

irrigation water, reduction in grain yield and its post-harvest quality due to restricted 

water availability depends on degree, duration and timing of imposed water deficit. Many 

studies on plant responses to water deficits (stress) were carried out by investigators 

concerned with agricultural production, environment and resources, and macroscopic 

physics of soil, plant, and atmospheric water. As expected, the physiological and 

metabolic aspects of these studies were often weak and, on the other hand, studies carried 

out by metabolism-oriented biologist’s frequently slighted important physical facets. 

Nevertheless, laudable investigations, especially during the last few years, have been 

sufficient to warrant optimism about substantial progress in the near future. Overall 

research on crop resistance or tolerance to abiotic stresses has not received much 

attention. Therefore, well understanding of plant responses to the interactive effect of 

water and nutrients deficits, how these deficits may theoretically affect plant processes 

using PBRs are the needs of the future line of research.     

The helpful role of PBRs in improving the crop yields and water productivity 

through the regulation of physiological processes and plant–water relations has recently 

been elaborated through several reports (Khan et al., 2015; Srivastava et al., 2016; 

Wakchaure et al., 2016a&b). Though the most of PBRs have been tried under pot or 

controlled conditions, those reported for their viability include salicylic acid (Fayez and 

Bazaid, 2014); sodium benzoate (Beltrano et al., 1999; Kumar et al., 2014); thiourea 

(Bhunia et al., 2015; Wakchaure et al., 2016) and potassium nitrate (Gimeno et al., 

2014). Nevertheless, there is general lack of information on the relative responses of 

PBRs under field conditions (Wakchaure et al., 2016a&b). So, the other objective was to 

evaluate the effectiveness of selected PBRs on yield, water productivity and post-harvest 

quality under variable water deficits in semi-arid Deccan Plateau of India. 
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Case studies and salient research findings  

1.  Responses of Wheat (HD−2189) to PBRs under varied water deficit  

The interactive effect of irrigation regimes and PBRs on grain yield and water 

productivity of spring wheat (Triticum aeastivum L) were evaluated during three years 

(2012−15) using LSS (Fig.1). PBRs applied through exogenous sprays included: 10 mM 

thio-urea (TU), 10 uM salicylic acid (SA), 15 g L−1potassium nitrate (KNO3), 25 ppm 

gib-berellic acid (GA3), 8 ppm ortho-silicic acid (OSA) at crown root initiation (CRI), 

flag leaf and seed milking stages and control (no PBR). Seven irrigation levels were 

generated through a line source sprinkler system (LSS) viz., application of irrigation 

water (IW) equalling 1.0, 0.85, 0.70, 0.55, 0.40, 0.25 and 0.10 times the CPE (cumulative 

open pan evaporation). The maximum yield obtained with PBRs varied between 4.11–

4.46 Mg ha−1 at IW: CPE 0.85 against 4.09 Mg ha−1without PBR. While the yield decline 

equalled 0.35–0.42 Mg ha−1for every 0.1 IW: CPE for PBRs against 0.43 Mg ha−1without 

PBR (. The overall improvement in grain yield and total biomass with PBRs ranged 

between 5.9–20.6% and 4.8–15.3%, respectively. Specifically TU and SA showed a 

major role under medium (IW:CPE 0.40–0.69) and severe (0.10–0.39)stress conditions in 

terms of maintenance of leaf water content, modulating the stomatal opening and better 

water usage and thereby improved yield by 0.41–0.88 Mg ha−1 The maximum water 

productivity ranged between 1.20–1.35 kg m−3 with different PBR’s while it was 1.18 kg 

m−3 without PBR and the latter could be achieved with 19–56% lesser irrigation water 

with PBRs. Overall conclusions are that the effects of deficit irrigation could be 

substantially enhanced in terms of grain yield and water productivity when used 

conjunctively with PBRs like TU and SA. Thus for integrating PBRs with supplemental 

irrigation, large scale testing is required for defining their economic spray schedules 

under water scarcity conditions (Wakchaure et al., 2016a). 
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2. Effect of plant bio-regulators on growth, yield and water production functions of 

sorghum [Sorghum bicolor (L.) Moench] 

Effect of plant bio-regulators (PBRs) and supplemental irrigation on growth and 

grain yield of sorghum [Sorghum bicolor (L.) Moench] was evaluated (Fig.3) during two 

years (2015−2016). Exogenous application of PBR’s included: 10 μM salicylic acid 

(SA), 100 mg L−1 sodium benzoate (SB), 500 ppm thiourea (TU), 1.5% potassium nitrate 

(KNO3) at seedling elongation (20 DAS), reproductive (50 DAS) and panicle emergence 

(75 DAS) stages and control (no spray of PBR). The maximum grain yield (3.60–

3.88 Mg ha−1) was obtained at IW: CPE 0.80 and declined @ 0.43–0.49 Mg ha−1 for 

every 0.1 IW: CPE for PBRs and the corresponding values were 3.49 and 

0.53 Mg ha−1 without PBR. The application of PBR’s mitigated water stress and 

improved gain yield, straw yield and water productivity by 6.8–18.5%, 5.7−14.7% and 

1.16−1.41 kg m-3, respectively (Fig.4). SA was more effective under moderate (IW: CPE 

0.79–0.50) while SB and TU were better under severe water deficits (IW: CPE 0.49–

0.05). Thus SB and TU present viable option to reduce water use by 25.2-49.7% under 

the conditions of deficit irrigation (Wakchaure et al., 2016) 

  

Fig.1. Experimental setup and evaluation 

of PBRs using line source system (LSS) 

Fig.2 Relative response of PBRs to grain 

yield of wheat  
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Fig.3. Sorghum response to PBRs Fig.4. Water productivity as expressed as 

the function of PBR’s at various 

quantities of applied water (AW)  

 

3. Growth, bulb yield, water productivity and quality of onion (Alliumcepa L.) as affected 

by deficit irrigation regimes and exogenous application of plant bio–regulators 

Effect of plant bio–regulators (PBRs) viz., potassium nitrate (KNO3, 15 g L−1), 

thio–urea (TU, 500 ppm), salicylic acid (SA, 10 µM), gibberellic acid (GA3, 25 ppm) and 

sodium benzoate (SB, 150 mg L−1) for two years (2015–17) under various levels of 

deficit irrigation created using line source sprinkler system (LSS) was evaluated in onion 

(Allium cepa L.) (Fig.5). The crop could sustain little water deficits and its bulb yield 

declined to 0.84, 0.66, 0.48, 0.35, 0.24 and 0.16 when irrigation water (IW) applied 

equalled 0.85, 0.70,0.55, 0.40, 0.25 and 0.10 times the pan evaporation (CPE) against 

maximum yield at full irrigation (IW:CPE1.00). Application of PBRs helped to mitigate 

the water stress through maintenance of leaf water content, modulating the canopy 

temperature and better water usage thereby improving average bulb yields by10.1–25%. 

Especially KNO3 and TU were more effective under low to medium water deficits. The 

water productivity ranged between 7.78 and 9.61 with PBRs against 7.36 kg m−3 under 

control (Fig.6). The overall water saving was 18.3, 25.7, 48.4 and 63.8% with PBRs 

namely GA3, SA, TU and KNO3, respectively. The marketable quality monitored in 

terms of bulb weight, geometric mean diameter and sphericity was significantly reduced 

with water deficits while it improved with PBRs. Among the other physicochemical and 

functional quality characteristics of the onion bulb, rehydration ratio, protein content, 

 

 



ICAR Sponsored Summer School on “Climate change and abiotic stress management strategies for doubling farmers income” 

(September 07-27, 2018), ICAR-NIASM, Baramati 

 

25 
 

y = -0.0013x2 + 0.1414x + 6.4575     R² = 0.9429

y = -0.0006x2 + 0.0966x + 6.5309     R² = 0.9316

y = -0.0004x2 + 0.0977x + 5.3702     R² = 0.9542

y = 0.0004x2 + 0.0445x + 6.7512      R² = 0.9728

y = 0.0002x2 + 0.0616x + 5.3167      R² = 0.9833

y = 0.0007x2 + 0.0353x + 4.9954      R² = 0.9794

0.0

2.0

4.0

6.0

8.0

10.0

12.0

100 150 200 250 300 350 400 450 500 550 600 650

W
at

er
 p

ro
d

u
ct

iv
it

y
 (

k
g
m

−
3
)

Quantity of water applied (mm)

PBRs

KNO3

TU

SA

GA3

SB

Control

total soluble sugar, total phenolics content and pyruvic acid were lowered by water 

deficits. These were improved significantly with PBRs. Thus it was concluded that 

combining PBRs like KNO3 and TU can further facilitate to implement deficit irrigation 

technology for sustaining productivity and quality of onion under water scarce 

conditions. 

 

Fig.5. Onion responses to PBRs under varied irrigation water levels as depicted in IR image 

 

Fig.6. Water productivity as a function of PBRs and quantity of applied water (AW) 

during onion growth period 
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4. Exogenous application of PBRs for enhancing water productivity of eggplant (cv. 

Panchganaga)  

           Exogenous sprays of PBRs viz., 15 g L–1 potassium nitrate (KNO3), 10 mM 

salicylic acid (SA), 500 ppm thiourea (TU) and 100 ml L−1 microbial biopolymer (BP) 

were applied at vegetative, flowering, fruit formation and development stages of 

eggplant. The interactive effect of PBRs, BP and supplemental irrigation on yield 

formation was evaluated using line source sprinkler system (LSS) at seven levels of 

irrigation water (IW) equalling to 0.90, 0.75, 0.60, 0.45, 0.30, 0.15 and 0.0 times of 

cumulative open pan evaporation (CPE). Application of PBRs and biopolymer 

significantly improved marketable yield and water productivity over control (Fig.7) . 

PBRs like salicylic acid (10 µM) at higher and KNO3 (15 g L−1) at lower irrigation levels 

present viable option to mitigate water stress and reduce water use by 50 per cent. 

Nutritional quality (TSS, protein contents and antioxidant enzymes activities) of brinjal 

enhanced significantly with PBR’s underwater deficits. Identified plants PBR’s like 

KNO3, SA help to mitigate water stress and can help to boost the productions vis-a-vis 

profitability of onion under water scarcity conditions. Similarly use of microbial 

biopolymer can be better alternative for chemical PBRs for enhancing yield  

 

 

 

 

 

 

 

 

 

 

Fig. 7.  Relative response of PBRs and biopolymer to eggplants 

 

 

 

KNO
3
 (1.5%) 
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Conclusions  

 PBRs  like  thiourea (10 mM), sodium benzoate (100 mg L-1), potassium nitrate  

and salicylic acid (10 µM) helped to mitigate water stress for wheat, sorghum, 

onion and  eggplants, respectively 

 The response of PBRs is highly specific environment conditions and varies with 

crop to crop 

 The post-harvest quality measured in terms of  physiochemical and functional 

characteristics (TSS, protein contents, total phenolics and antioxidant enzymes 

activities) of vegetable crops  enhanced  significantly with PBRs under water 

deficits 

 Overall use of PBRs can help to boost the productions vis-a-vis profitability of 

crops under  climate change in water scarce regions   
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Introduction 

A mushroom, is the fleshy, spore–bearing fruiting body of a fungus, typically 

produced above ground on soil or on its food source. Edible, medicinal, and wild 

mushrooms are the three major components of the global mushroom industry. Out of 

2000 edible mushrooms species, hardly 20–30 are cultivable commercially. The 

commercial mushroom cultivation has grown up 30 folds in almost all the parts of the 

world during last three decades, the world mushroom production achieved the growth 

rate of about 10%. Lentinula and four other genera (Pleurotus, Auricularia, Agaricus, 

and Flammulina) account for 85% of the world's total supply of cultivated edible 

mushrooms. Globally, China is the leading producer of mushrooms with more than 70% 

of the total global production, which is attributed to community based farming as well as 

diversification of mushrooms. 

  

Mushroom production-recycling of agro-wastes 

Diversification in any farming system imparts sustainability. Mushrooms are one 

such component that not only impart diversification but also help in addressing the 

problems of quality food, health and environmental related issues under current climate 

change. Commercial production of edible mushrooms represents unique exploitation of 

the microbial technology for the bioconversion of the agricultural, industrial, forestry and 

household wastes into nutritious food (mushrooms). Indoor cultivation of mushrooms 

utilizes the vertical space and is regarded as the highest protein producer per unit area and 

time-almost 100 times more than the conventional agriculture and animal husbandry. 

This hi-tech horticulture venture has a promising scope to meet the food shortages, 

without undue pressure on land. For the people of a developing country like India, the 

two main issues are the quality food and unemployment besides the environmental issues 
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and these issues can be resolved by popularizing mushroom cultivation amongst the rural 

masses and the young generation. Thus one of the major areas that can contribute towards 

goal of conservation of natural resources as well as increased productivity is recycling of 

agro-wastes including agro-industrial waste for mushroom farming. Even if we can 

recycle 2% of agrowastes, we can produce >4 times of present world mushroom 

production. Utilising these wastes for growing mushrooms can enhance income and 

impart higher level of sustainability.  

 

Can mushroom cultivation: an agribusiness under Climate Change? 

India produces about 700 million tonnes of agricultural wastes per annum and a 

major part of it is left out to decompose naturally or burnt in situ. This can effectively be 

utilized to produce highly nutritive food such as mushrooms and spent mushroom 

substrate can be converted into organic manure/vermi–compost.  Even if we can recycle 

2% of agro-wastes, we can produce >4 times of present world mushroom production. 

India having diversified (temperate, subtropical and tropical) agro-climatic conditions of 

varied temperature (–15 to 40°C) and relative humidity (52–95%). Thus considering the 

surplus agro–wastes, diversified agro-climatic conditions and high water productivity of 

mushrooms (1 kg/25 L water); mushroom cultivation definitely as an agribusiness under 

climate change for doubling the farmer’s income.  

 

Mushroom farming statistics and round the year cultivation  

 Mushroom farming today is being practiced in more than 100 countries and its 

production is increasing at an annual rate of 6-7%. In some developed countries of 

Europe and America, mushroom farming has attained the status of a high-tech industry 

with very high levels of mechanization and automation. China alone is reported to grow 

more than 20 different types of mushroom at commercial scale and mushroom cultivation 

has become China’s sixth largest industry. Presently, three geographical regions– Europe, 

America and East Asia contribute to about 96% of world mushroom production. With the 

rise in the income level, the demand for mushrooms is bound to increase in other parts of 

the world as well. China has been producing mushrooms at very low costs with the help 

of seasonal growing, state subsidies and capturing the potential markets in the world with 
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processed mushrooms at costs not remunerative to the growers in other mushroom 

producing countries. 

In India the mushroom production systems are mixed type i.e. both seasonal 

farming as well as high-tech industry (Fig. 1). Mushroom production in the country 

started in the 70s but growth rate, both in terms of productivity as well as production has 

been phenomenal (Fig.2). In seventies and eighties button mushroom was grown as a 

seasonal crop in hills, but with the development of the technologies for environmental 

controls and increased understanding of the cropping systems, mushroom production shot 

up from mere 5000 tonnes in 1990 to over 2,00,000 tonnes in 2015. Today, commercially 

grown species are button and oyster mushrooms, followed by other tropical mushrooms 

like paddy straw mushroom, milky mushroom, etc. The concentrated areas of production 

in India are the temperate regions for the button mushroom, tropical and sub-tropical 

regions for oyster, milky, paddy straw and other tropical mushrooms. Two to three crops 

of button mushroom are grown seasonally in temperate regions with minor adjustments 

of temperature in the growing rooms; while one crop of button mushroom is raised in 

North Western plains of India seasonally. Oyster, paddy straw and milky mushrooms are 

grown seasonally in the tropical/sub-tropical areas from April to October. The areas 

where these mushrooms are popularly grown are Orissa, Maharashtra, Tamil Nadu, 

Kerala, Andhra Pradesh, Karnataka and North Eastern region of India. The different areas 

of mushrooms production in India as given in fig. 2. Some commercial units are already 

in operation located in different regions of our country and producing the quality 

mushrooms for export. The present production of white button mushroom is about 85% 

of the total production of mushrooms in the country.  

 

 

Commercial mushroom unit  Seasonal mushroom growing 

Fig. 1. Mushroom production systems in India 
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Mushroom production and productivity   Diversified mushroom growing areas 

  

Fig. 2. Mushroom production, productivity and diversified mushroom growing 

areas in India 

 

Mushrooms are grown seasonally as well as in state-of-art environment controlled 

cropping rooms all the year round in the commercial units. Mushroom growing is a 

highly labour-oriented venture and labour availability is no constraint in the country and 

two factors, that is, availabilities of raw materials and labour make mushroom growing 

economically profitable in India. Moreover, scope for intense diversification by 

cultivation of other edible mushrooms like oyster, shiitake, milky and medicinal 

mushrooms are additional opportunities for Indian growers. By just diverting 1% of agro-

wastes towards mushroom production, India can produce 3 million tonnes of mushroom 

and about 15 million tonnes of compost. Being an indoor crop, the commodity provides 

immense opportunities for empowerment of rural and urban women through cultivation 

and also the production of value-added products. Mushrooms possess significant health 

benefits and medicinal properties including anti-cancer effect. India can enter into a big 

and lucrative international trade in the medicinal mushrooms, presently monopolized by 

some East Asian countries and America. There is tremendous scope for diversifying 

mushroom export by including other mushroom species. With the current growth rate of 

the Indian economy, the domestic market too for the mushrooms is likely to enlarge 
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sooner than later. India endowed with varied climate and thus has the inherent advantage 

for the diversification of mushroom is in different regions and seasons of the country.  

 
Plains of India  

 
Medium elevated lands of India 

 

High elevated hilly lands  

Fig.3. Round the year mushroom cultivation- diversification of mushroom 
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Thus different mushrooms can be cultivated round the in plains, medium elevated 

and hilly areas (Fig.3).  Scientific and technical manpower on mushrooms in the country 

coupled with the skill-upgradation will cater to the technological needs of the industry. 

Mushroom industry is getting its due support both from the public as well as private 

funding agencies and is making rapid strides under the Govt.’s policy of liberalization 

and globalization. 

Major issues which are confronting and are likely to continue to do so in 

foreseeable future are: i) population growth, ii) income growth and iii) urbanization. 

During the next 18- 20 years these factors will determine the demand for food in general 

and mushrooms in particular throughout the world, especially in the developing 

countries. The important lesson to be learnt from this scenario is that it will be 

appropriate to diversify in terms of different types of mushrooms, the mushroom products 

as well as the regions for supply of different mushrooms and products. This will provide 

buffering to counter the ill effects of fluctuations in prices and demand. It is possible to 

cultivate mushrooms under varied climatic conditions. Some of the important mushrooms 

for temperate, sub-tropical and tropical conditions are briefly described below details 

(fig.4). 

  

Diversified Mushrooms types  

Temperate mushrooms  

a. Button mushroom: The button mushroom is most popular variety both for 

domestic and export market. At global level it ranks first. The main problems are quality 

of raw materials particularly, wheat/paddy straw, chicken manure and sometimes gypsum 

resulting in poor quality of compost and poor yield. Besides, high cost of imported 

cultures/ spawn, machineries and casing material are other impediments. In recent years 

even increasing cost of electricity has given severe blow to the mushroom industry. 

Several medium scale projects have started growing mushroom targeting big city markets 

utilizing indigenous machinery and equipment. However, during winter season hundreds 

of seasonal growers undertake button mushroom production particularly in Northern 

States targeting big cities like Delhi, Chandigarh, etc. 
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b. Oyster mushroom: This mushroom has species suitable for both temperate and 

sub-tropical regions. For temperate region Pleurotus ostreatus, P. florida (winter strain) 

and P. fossulatus (Kabul dhingri), P. eryngii (King oyster) are ideal. The areas suitable 

for button mushroom are equally suitable for the cultivation of these species. Oyster 

mushroom in dried form can be exported. 

c. Shiitake: This is one of the most popular mushrooms both as food and 

medicine. At global level it has second position and contributes 24% to total mushroom 

production. In India, its cultivation is neglegible. However, experiments show that this 

variety can be successfully grown on saw dust when temperature is about 20◦C. There is 

good scope for the cultivation in the country. This may become a popular variety in 

domestic market and has good potential for export. 

d. Flammulina velutipes: Flammulina velutipes, commonly referred as winter 

mushroom, is popular in East Asian countries and is known for its nutritional and 

medicinal value. It can be cultivated on saw dust of broad leaves supplemented with 10% 

wheat bran. This is a temperate mushroom fruiting in the temperature range of 10-14◦C. 

This mushroom can be grown in variety of containers 

Subtropical mushrooms 

a. Summer white button mushroom: This variety also belongs to genus Agaricus - 

A.bitorquis. Since it grows well in temperature upto 24◦C it is suitable for cultivation in 

subtropical region. However it is sensitive to false truffle due to its production at higher 

temperature and thus the perfect pasteurization of compost & casing material is a must. 

b. Oyster mushroom: Most of the oyster mushroom species are subtropical in 

nature and grow well in temperature range of 20-32◦C. The most popular ones are P. 

sajor-caju, P. flordia, P. flabellatus, P. eous. These varieties particularly P. florida and 

P.sajor-caju are most popular in the country. 

c. Shiitake: There are strains of Lentinula edodes which can be grown in 

temperature range upto 24-25◦C. Hence ideal in subtropical areas. 

Tropical Mushrooms 

a. Paddy straw mushroom (Volvariella spp.):  This variety is most popular for its 

taste and flavour in South East and far East Asian countries. Its flavour is 

excellent and cropping cycle is short. However, this variety has low yield and 

poor keeping quality. In India, its cultivation is restricted to Orissa. It can be 
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grown in temperature range of 25-40◦C. Pasteurized paddy straw substrate 

supplemented with cotton seed hulls gives better productivity. 

b. Milky mushroom (Calocybe indica): This is indigenous tropical mushroom most 

suitable for tropical regions.  At present this variety is being commercially 

cultivated in South India (Tamil Nadu, A.P. and Karnataka). Recently its 

production has started in North India. 

  
Button (A. bisporus)  Winter oyster mushroom 

  

Shiitake mushroom Flammulina velutipes 

  
Pleurotus eous Paddy straw mushroom 
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Milky mushroom Reishi mushroom 

 

Fig. 4 Different types of edible mushrooms 
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c. Reishi mushroom (Ganoderma lucid): This is also a tropical mushroom 

growing in temperature range of 30-350C with high humid climate. The world production 

is estimated to be 6000 tonnes and share of China is 4000 tonnes/annum. Its cultivation 

technology has been standardized in India. There is good scope of this mushroom both in 

domestic and export market. Caution, however, is required in disposal of spent substrate 

as the fungus is a phytoparasite. It may be ensured that filters are in place in cropping 

rooms and substrate is disposed after heat kill or is burnt after drying. 

 

Future Prospects 

India has tremendous potential for mushroom production and all commercial 

edible and medicinal mushrooms can be grown. There is increasing demand for quality 

products at competitive rate both in domestic and export market. Though growth of 

mushroom will depend on increasing and widening domestic market in coming years, 

export market will be equally attractive. To be successful in both domestic and export 

market it is essential to produce quality fresh mushrooms and processed products devoid 

of pesticide residues and at competitive rate. It is also important to commercially utilise 

the compost left after cultivation for making manure, vermi compost, briquettes, etc. for 

additional income and total recycling of agro-wastes. Overall future of the mushroom 

industry in India depends on the strength, weaknesses, opportunities and threats as given 

below. 

Strength: - Climatic diversification, abundant raw material and man power, strategic 

location  

Weaknesses: - Higher cost of finances, packaging materials, energy and transportation, 

poor quality of raw materials and higher cost machineries 

Opportunities: - Decline production of other countries and breaking down of 

international trade barrier, well adaptation of modern technologies and 

PHT management   

Threats: - Competition from China, demand shifted towards the fresh consumption  
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Introduction 

Abiotic stress, mainly drought, reduces average yields for most major crop plants 

by more than 60%. Water stress or water deficit is one of the major environmental factor, 

which prevents plants from realizing their full genetic potential and has a major impact 

on crop yield (Araus et al. 2002, Morison et al. 2008, Salekdeh et al. 2009). Abiotic 

stress leads to a series of morphological, physiological, biochemical and molecular 

changes that adversely affect plant growth and productivity (Wang et al. 2001). To 

counter this adverse environmental factor, plants try to avoid the drought condition 

through various ways. They try to escape the season of drought by early flowering.  They 

may decrease the leaf area (LA), increase the efficiency of roots to acquire water or may 

decrease activity of stomata. Slowing growth, osmotic adjustments and synthesis of 

antioxidants are some other mechanisms adapted by plants to combat adverse 

environmental conditions. These adaptations help plants to adapt to drought conditions.  

Some plants are able to adapt to water deficiency by shortening their growth cycle or they 

avoid drought stress by augmenting root growth to increase their water uptake (Molnar et 

al. 2004)). Unfortunately, the mechanisms by which crops maintain yield under drought 

stresses are poorly understood since drought can occur at different stages of the plant’s 

development, with different effects on plant function, and thus requires distinct 

mechanisms for tolerance. In addition, a variety of abiotic stresses commonly occur 

during drought, such as high temperatures, high concentrations of salt and other toxic 

solutes and low availabilities of nutrients (Fleury et al. 2010, Salekdeh et al. 2009, 

Mittler 2006), and these vary by location and time.  

Signaling pathways are induced in response to environmental stress and recent 

molecular and genetic studies have revealed that these pathways involve many 
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components. The multiplicity of information embedded in abiotic stress signals underlies 

one aspect of the complexity of stress signaling (Chinnusamy et al. 2004). Nevertheless, 

most studies on water stress signaling have focused on primarily salt stress because plant 

responses to salt and drought are closely related and the mechanisms overlap (Zhu 2002). 

Responses to stress are not linear pathways, but are complicated integrated circuits 

involving multiple pathways and specific cellular compartments, tissues, and the 

interaction of additional cofactors and/or signaling molecules to coordinate a specified 

response to a given stimulus. Plants respond to these stresses at molecular and cellular 

levels as well as physiological level. Expression of a variety of genes has been 

demonstrated to be induced by these stresses. The products of these genes are thought to 

function not only in stress tolerance but also in the regulation of gene expression and 

signal transduction in stress response (Yamaguchi-Shinozaki et al. 2002, Shinozaki et al. 

2003).  

In addition, the sensitivity of many crops to a particular abiotic stress varies 

depending on their developmental stage. For example, rice is sensitive to salt stress at the 

young seedling stage, but much less at the reproductive stage (Flower et al. 1981, Lutts et 

al. 1995). It is suggested that stress tolerance mechanisms in a plants are controlled by a 

variety of genes, which are expressed at different times during the life of the plant 

(Witcombe et al. 2008, Fleury et al. 2010). Plant adaptations to most abiotic stresses 

involve a range of traits which combine to contribute plant tolerance. Individual genes 

have been reported to improve the stress tolerance in some crops, for instance, the 

transcription factor ZmNF-YB2 has been reported to improve drought tolerance in maize 

(Nelson et al. 2007). While in majority of cases, it is not a simple matter of identifying 

the single gene that will provide resistance to a particular abiotic stress. This review 

describes recent advances in improvement of crop plants for water stress tolerance using 

biotechnological tools. This review deals with transgenic approach for improvement of 

crop plants for water stress tolerance. 

 

Advancement in understanding and identification of the components involved in 

drought tolerance mechanism. 
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The genetic model of model plant Arabidopsis has allowed the identification of 

numerous pathways important to growth under limiting water (Umezawa et al. 2006, 

Hirayama and Shinozaki 2010], and these pathways tend to be conserved among 

agricultural crops (Nakashima et al. 2009). In the last decade, researchers made 

promising breakthroughs in understanding ABA biosynthesis, ABA receptors, and other 

components of the ABA signal transduction pathway (Joshi-Sahat et al. 2011, Kline et al. 

2010). This valuable new mechanistic understanding of the complex ABA signaling 

pathway will help in expediting innovations around managing plant responses to drought. 

Biotechnological approaches to improve drought stress tolerance in plants may 

involve over-expression of genes involved in particular aspects of cellular homeostasis 

such as osmotic adjustment, chaperones, or antioxidants (Umezawa et al. 2006,Yang et 

al. 2010). Alternatively, ectopic expression or suppression of regulatory genes could 

potentially activate multiple mechanisms of stress tolerance simultaneously (Century et 

al. 2008). Genes encoding members of the AP2/ERF transcription factor family including 

the Dehydration Responsive Element Binding Proteins (Xu et al. 2011), ABA Response 

Element Binding Proteins, and NAC transcription factors (Nakashima et al. 2009) have 

all shown promise, as well as genes encoding proteins involved in other aspects of signal 

transduction, such as kinases and protein modification enzymes (Yang et al. 2010). In 

addition, progress in identification of plant microRNAs, including those with expression 

altered by drought stress (Covarrubias and Reyes 2010, Wang et al. 2011), provides 

exciting new targets for controlling drought response pathways. Demonstration of 

drought stress tolerance in crops in controlled environments is proceeding at an 

encouraging rate (Yang et al. 2010). Many of these recent discoveries have been in rice, 

which is both an excellent model species for basic research, and one of the world’s most 

important crops. Study of rice mutants with altered stress tolerance led to the 

identification of genes in three pathways that can be manipulated to improve stress 

tolerance (Du et al. 2010, Huang et al. 2009, Zhang et al. 2009). Several genes that can 

provide drought stress tolerance were identified by altered expression of genes shown to 

be induced by drought stress in rice (Zheng et al. 2009, Takasaki et al. 2010, Song et al. 

2011, Huang et al. 2009,Ouyang et al. 2010,Ning et al. 2011, Seo et al. 2011, Liu et al. 

2009). Findings from Arabidopsis continue to be a rich source of drought leads (Lu et al. 
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2009, Gao et al. 2011, Gao et al. 2009, Zhang et al. 2010, Zhang et al. 2010, Zhang et al. 

2010, Quan et al. 2010, Li et al. 2011, Malikarjune et al. 2011, Morran et al. 2011, Gao 

et al. 2011). Some transgenes were derived from extremely stress-tolerant species such as 

Thellungiella halophila (Lv et al. 2009), a salt-tolerant relative of Arabidopsis, and 

Atriplex hortensis (Wang et al. 2010), although direct comparison of alleles from less 

tolerant species is needed to validate this approach. Overexpression of some regulatory 

proteins has led to dwarf phenotypes with reduced yields, but use of drought-inducible 

(Xu et al. 2011, Xiao et al 2009) or tissue-specific (Jeong et al. 2010) promoters may 

overcome this issue. The magnitude and consistency of gene effects may be improved by 

co-expression of 2 or more transgenes that each provide drought efficacy, ideally through 

different mechanisms (Wei et al. 2011). 

Genes involved in many of the essential steps of the stress response have been 

identified and characterized. In particular, the recent discovery of ABA receptors, 

progress in understanding the transcriptional and post-transcriptional regulation of stress-

responsive gene expression, and studies on hormone interactions under stress have 

facilitated addressing the molecular basis of how plant cells respond to abiotic stress. 

Genetic approaches with more complex genomes are becoming increasingly tractable as 

genomic information in non-model crops increases and even whole crop genomes can be 

re-sequenced. Thus, genetic approaches to elucidating the molecular basis to abiotic 

stress tolerance in crops are becoming more easily achievable. This knowledge can be 

delivered to breeders through marker-assisted selection or genetic modification 

technologies. The mechanism underlying the environmental stress response in plants is 

probably more advanced and prominent than in animals. Moreover, the question of how 

plant cells react to various environmental stresses is one of the most attractive topics not 

only to plant biologists but also to agronomists, because abiotic stress is a particular 

threat to crop productivity. It is estimated that abiotic stress such as drought, salinity and 

extreme temperatures, which usually cause primary crop losses worldwide, lead to an 

average yield loss of >50% for most major crop plants (Boyer 1982). Furthermore, world 

food production needs to be doubled by the year 2050 to meet the ever-growing demands 

of the population (Tilman et al. 2002). For these reasons, understanding the mechanisms 

underlying plant abiotic stress responses and the generation of stress tolerant plants has 
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received much attention in recent years. However, because of the complexity of stress 

tolerance traits, conventional approaches are less effective at directly connecting 

tolerance traits to the determinant genes that play key roles in the stress response. Owing 

to recent progress in functional genomics, genes involved in many of the essential steps 

of the stress response have been identified and characterized. In particular, the discovery 

of ABA receptors, progress in understanding the transcriptional and post-transcriptional 

regulation of stress-responsive gene expression, and studies on hormone interactions 

under stress have facilitated addressing the molecular basis of how plant cells respond to 

abiotic stress. Importantly, the physiological functions of a number of genes have been 

investigated in transgenic model plants and some crops, and an approach for utilizing 

useful genes for crop genetic improvement by gene transfer has been proposed. This 

review describes recent progress towards understanding plant abiotic stress responses, 

primarily focusing on ABA receptor identification, stress-responsive gene expression 

regulation by transcription factors (TFs), signal transduction mediated by protein 

modification and the roles of phytohormones in plant stress responses and development. 

The roles of small RNAs and RNA-directed DNA modifications in this regard have been 

extensively reviewed elsewhere (Sunkar and Zhu 2004, Sunkar et al. 2007, Chinnusamy 

and Zhu 2009). 

 

Transition of drought tolerance capability in crop plants from laboratory to 

farmer’s field  

Many genes have been identified that can improve traits contributing drought 

tolerance. Demonstration of drought efficacy in the field is a critical step for showing 

commercially relevant drought tolerance, but resources for this testing are limited for 

many researchers, and governmental regulation of transgenic crops is often a barrier to 

field testing (Fgedoroff et al. 2010). 

Benefit from several transgenes has been demonstrated in field trials (Table 1). 

One example is the Cold Shock Protein B (CspB) RNA chaperone from Bacillus subtilis. 

CspB plays a role in adaptation of bacteria to low temperatures, and its overexpression 

was shown to provide stress tolerance to Arabidopsis, rice and maize (Castiglioni et al. 

2008). Results from field testing at multiple locations with controlled irrigation showed 
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that maize lines expressing the CspB gene had higher yield under water-limiting 

conditions than controls, and also had yields equivalent to controls under optimal 

growing conditions. While this transgene provided significant yield improvements, it is 

expected that the addition of transgenes with different modes of action can complement 

the performance of this gene, and may expand the geographic regions and growing 

conditions under which benefit may be obtained. 

Several other recent examples in which transgenic lines have demonstrated improved 

drought tolerance in field testing. In one experiment, several transgenes with ability to 

improve stress tolerance in model species were tested in transgenic rice in field trials over 

two years (Xiao et al. 2009). Each gene was tested with two promoters, one constitutively 

expressed and the other drought-responsive. Efficacy in promoting drought tolerance was 

demonstrated for six of these genes with one or both promoters. This experiment provides 

an excellent example of fairly rapid movement of transgenes with known efficacy from 

models into crops, and it is hoped that some of these genes will ultimately have 

commercial utility. An example that demonstrates the importance of testing the 

translation of greenhouse experiments to field performance was reported for the AP37 

and AP59 genes in rice (Oh et al. 2009). Over-expression of these genes in transgenic 

rice showed that either gene improved drought tolerance phenotypes in the growth 

chamber, but only AP37 showed yield improvement under drought in the field. One 

phenotype that may lead to a difference in greenhouse and field results is reduced plant 

size. Smaller plants use less water and thus have more water available compared to larger 

control plants in identical pots. However, in the field this mode-of-action may not give 

benefit, and may even produce yield drag (Blum 2011). Testing drought tolerance in field 

trials is difficult, even if controlled irrigation is available, because of the unpredictable 

variability of weather, soil, rain, and pests or diseases. Furthermore, some transgenes may 

function in pathways that interact with environmental parameters, leading to variable 

results. The conceptually simplest way to deal with these issues is to test at many 

locations over multiple years. However, this kind of testing is expensive and time-

consuming. More thorough characterization of transgenic lines may improve the ability to 

predict which lines are likely to show benefit in field conditions. This characterization 

may be enhanced by use of high-throughput phenotyping methods, which are often based 
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on non-destructive imaging techniques to quantify biomass, shoot architecture, 

photosynthesis, pigmentation, water content, transpiration rate, and other traits (Skirycz 

2011, Berger 2010, Reuzea et al. 2010). High-throughput methods for imaging root 

architecture have been developed (Zhu et al. 2011), creating opportunities to generate a 

more complete phenotypic profile. Field performance data from transgenic plants can be 

combined with thorough phenotypic data obtained in a greenhouse, using different 

stresses and taken at a variety of developmental stages, to develop models for predicting 

field performance based on greenhouse results (Tardieu and Tuberosa 2010). Such 

modeling could improve the success rate of greenhouse to field translation. Based on 

results obtained, it may be desirable to modify screening protocols. Screen modifications 

could involve the level of drought stress used, and also the developmental stage. Most 

drought research has been conducted by screening and testing under severe drought 

conditions. The types of mechanisms that can protect against this level of stress such as 

reducing plant size or decreasing stomatal conductance may be accompanied by reduced 

productivity under well-watered conditions. Identification of new gene leads by screening 

under moderate rather than extreme drought may identify genes that provide a mode-of-

action more suitable for typical agricultural environments (Skirycz et al. 2011). Most 

non-field screens for drought tolerance have focused on vegetative stages, because of the 

relative ease and speed of obtaining data, despite the knowledge that water limitation at 

the time of flowering is the most damaging to crop productivity. Therefore, it may be 

productive to conduct screening and follow-up testing using stress applied around 

flowering. 

 

Enhancement of drought stress tolerance in agricultural crops employing genetic 

engineering  

Many plants have multiple physiological, biochemical and molecular mechanisms 

that enable them to tolerate environmental stresses. Understanding the mechanisms by 

which plants perceive and transduce the stress signals to initiate adaptive responses and 

their engineering using molecular biology and genomic approaches are essential for 

improving abiotic stress tolerance in crop plants. Several efforts in this direction have 

been carried out in many laboratories targeting manipulation of genes belonging to 
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diverse categories. Genetic engineering strategies rely on the transfer of one or several 

genes that are either involved in signaling and regulatory pathways, or that encode 

enzymes present in pathways leading to the synthesis of functional and structural 

protectants, or that encode stress tolerance-conferring proteins. Attempts have been made 

to confer drought resistance to plants through biotechnological approaches and   drought 

tolerant varieties of crops such as wheat, soya bean and rice have been produced. 

 

Engineering genes involved in plant’s stress surveillance 

Sensors initiate a signalling cascade to transmit the signal and activate nuclear 

transcription factors to induce the expression of specific sets of genes. Genes involved in 

stress signal sensing and a cascade of stress-signaling in model plant such as Arabidopsis 

thaliana has been of recent research interest (Winicov and Bastol 1997; Shinozaki and 

Yamaguchi-Shinozaki 1999). Components of the signal transduction pathway may also 

be shared by various stress factors such as drought, salt and cold (Shinozaki and 

Yamaguchi-Shinozaki 1999). Although there are multiple pathways of signal-

transduction systems operating at the cellular level for gene regulation, ABA is known 

component acting in one of the signal transduction pathways, while others act 

independently of ABA. The early response genes have been known to encode 

transcription factors that activate downstream delayed response genes (Zhu 2002). 

Although, specific branches and components exist (Lee et al. 2001), the signaling 

pathways for salt, drought, and cold stresses all interact with ABA, and even converge at 

multiple steps (Xiong et al. 1999). Abiotic stress signalling in plants involves receptor-

coupled phospho-relay, phosphoionositol-induced Ca2+ changes, mitogen activated 

protein kinase (MAPK) cascade, and transcriptional activation of stress responsive genes 

(Xiong and Zhu 2001). A number of signaling components are associated with the plant 

response to high temperature, freezing, drought and anaerobic stresses (Grover et al. 

2001). One of the merits for the manipulation of signaling factors is that they can control 

a broad range of downstream events that can result in superior tolerance for multiple 

aspects (Umezawa et al. 2006). Alteration of these signal transduction components is an 

approach to reduce the sensitivity of cells to stress conditions, or such that a low level of 

constitutive expression of stress genes is induced (Grover et al., 1999). Over-expression 
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of functionally conserved At-DBF2 (homolog of yeast DBF2 kinase) showed striking 

multiple stress tolerance in Arabidopsis plants (Lee et al. 1999). Transgenic tobacco 

plants produced by altering stress signaling through functional reconstitution of activated 

yeast calcineurin not only opened-up new routes for study of stress signaling, but also for 

engineering transgenic crops with enhanced stress tolerance (Grover et al. 1999). 

Overexpression of an osmotic-stress-activated protein kinase, SRK2C resulted in a higher 

drought tolerance in A. thaliana, which coincided with the upregulation of stress-

responsive genes (Umezawa et al. 2004). Similarly, a truncated tobacco mitogen-

activated protein kinase kinase kinase (MAPKKK), NPK1, activated an oxidative signal 

cascade resulting in cold, heat, salinity and drought tolerance in transgenic plants 

(Kovtun et al. 2000, Shou et al. 2004). However, suppression of signaling factors could 

also effectively enhance tolerance to abiotic stress (Wang et al. 2005). 

 

Drought stress induced genes 

The complex plant response to abiotic stress involves many genes and 

biochemical-molecular mechanisms. Various genes respond to drought-stress in various 

species, and functions of their gene products have been predicted from sequence 

homology with known proteins. Many drought-inducible genes are also induced by salt 

stress and low temperature, which suggests the existence of similar mechanisms of stress 

responses. Genes induced during drought-stress conditions are thought to function not 

only in protecting cells from water deficit by the production of impor-tant metabolic 

proteins but also in the regulation of genes for signal transduction in the drought stress 

response (amaguchi-Shinozaki et al. 2002, Shinozaki et al. 2003). Thus, these gene 

products are classified into three major groups. (1) those that encode products that 

directly protect plant cells against stresses such as heat stress proteins (HSPs) or 

chaperones, LEA proteins, osmoprotectants, antifreeze proteins, detoxification enzymes 

and free-radical scavengers [Bray et al.2000]. (2) those that are involved in signaling 

cascades and in transcriptional control, such as MAPK, CDPK [Ludwig et al. 2004] and 

SOS kinase [Zhu et al. 2001], phospholipases [Frank et al. 2000], and transcriptional 

factors [Shinozaki et al. 2000, Choi et al. 2000], those that are involved in water and ion 

uptake and transport such as aquaporins and ion transporters (Blumwald 2000). Stress-



ICAR Sponsored Summer School on “Climate change and abiotic stress management strategies for doubling farmers income” 

(September 07-27, 2018), ICAR-NIASM, Baramati 

 

48 
 

inducible genes have been used to improve the stress tolerance of plants by gene transfer. 

It is important to analyze the functions of stress-inducible genes not only to understand 

the molecular mechanisms of stress tolerance and the responses of higher plants, but also 

to improve the stress tolerance of crops by gene manipulation. Hundreds of genes are 

thought to be involved in abiotic stress responses (Seki et al. 2003). 

 

Engineering genes involved in transcriptional regulation. 

Transcription factors (TFs) are small molecules that attach to specific sites on a 

DNA molecule in order to activate or deactivate the expression of certain genes. A single 

gene encoding a specific stress protein does not always result in sufficient expression to 

produce useful tolerance, because multiple and complex pathways are involved in 

controlling plant drought responses (Bohnert et al. 1995) and because modification of a 

single enzyme in a biochemical pathway is usually contrasted by a tendency of plant cells 

to restore homeostasis Konstantinova et al. (2002)]. Targeting multiple steps in a 

pathway may often modify metabolite fluxes in a more predictable manner. Another 

promising approach is therefore to engineer the overexpression of genes encoding stress 

inducible transcription factors. Transcription factors typically regulate several genes and 

are likely to be used extensively in the next generation of genetically modified crops 

(Yamaguchi-Shinozaki and Shinozaki 1994, Chinnusamy et al 2005).   Numerous 

transcriptional regulators are known to be involved in plant responses to drought stress 

(Yamaguchi-Shinozaki and Shinozaki 2006); most fall into one of the large transcription 

factor families (AP2/ERF, bZIP, NAC, MYB, MYC, Cys2His2 zincfinger, NFY and 

WRKY); and some cis-elements, bound by these transcription factors, have been 

identified (Yamaguchi-Shinozaki and Shinozaki 2006). For example abscisic acid-

responsive elements (ABRE) (Mundy et al. 1990) are 50 upstream regions of abscisic 

acid-responsive genes that are bound by AREB/ABF transcription factors belonging to 

the basic leucine zipper family. These mediate at least one of the abscisic acid-dependent 

pathways involved in responses to drought stress. Another cis-element is the dehydration 

responsive element/C-repeat (DRE/CRT) which is involved in one of the abscisic acid-

independent pathways (Yamaguchi-Shinozaki and Shinozaki 1994). 
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Various DRE/CRT-binding proteins, coding for ERF/AP2 transcription factors, 

are induced by desiccation, salt treatment, and cold in some plant species (Yamaguchi-

Shinozaki and Shinozaki 2006). The first examples of transcription factor engineering to 

improve abiotic stress tolerance were overexpression of the ERF/ AP2 factors CBF1, 

DREB1A and CBF4. Overexpression of these factors resulted in cold, drought and salt 

tolerance in Arabidopsis [Jaglo-Ottosen et al. 1998, Kasuga et al. 1999, Haake et al. 

2002) and it was later shown the similar tolerance could be induced in many crop plants 

by overexpression of these factors [Agarwal et al. 2006, Pellegrineschi et al. 2004). 

Numerous transgenic Arabidopsis varieties with improved drought tolerance due to 

overexpression of various stress-regulated transcription factors have been reported, but 

similar results have also been obtained in crop plants (Saibo et al. 2009). Typically a 

gene coding for a transcription factor in Arabidopsis is isolated, characterized and shown 

to improve drought response when overexpressed. The gene is then transferred to a crop 

plant where it often confers the same drought-tolerant phenotype. The HRD gene, coding 

for an AP2/ERF-like transcription factor (Karaba et al. 2007) exemplifies this approach. 

Arabidopsis plants with a gain-of-function mutation in the HRD gene (hrd-D mutants) are 

droughtresistant, salt-tolerant, and overexpress abiotic stress marker genes. 

Overexpression of the same gene in rice significantly improves water use efficiency both 

under well-watered conditions (50–100% increase) and under drought (50% increase). 

These plants also show enhanced photosynthetic assimilation and reduced transpiration 

(Karaba et al. 2007). HRD gene overexpression conserves drought tolerance in both 

dicots and monocots. 

  

Engineering genes for osmotic regulation and ionic balance. 

Early attempts to develop transgenic plants resistant to water stress focused on 

single action genes responsible for the modification of a single metabolite or protein that 

would confer increased tolerance to drought stress. Recent reviews {Bhatnagar-Mathur et 

al. 2008, Umezawa et al. 2006) document progress in this area. Osmoregulation is one of 

the most effective ways evolved by stress-tolerant plants to combat abiotic stress, but 

most crop plants lack the ability to synthesize the osmoprotectants naturally produced by 

stress-tolerant plants. Therefore genes concerned with the synthesis of osmoprotectants 
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have been incorporated into transgenic plants to confer stress-tolerance (reviewed in 

(Bhatnagar-Mathur et al. 2008, Umezawa et al. 2006). Overproduction of compatible 

solute osmoprotectants such as amino acids (e.g. proline), quaternary and other amines 

(e.g. glycinebetaine and polyamines), and sugars and sugar alcohols (e.g. mannitol, 

trehalose and galactinol) has been achieved in various target plants. Glycinebetaine in 

particular has been extensively studied as a compatible solute, both by genetically 

engineering its biosynthesis in agriculturally important species and by its exogenous 

application (Chen and Murata 2008).When maize plants were transformed with the betA 

gene from Escherichia coli that encodes choline dehydrogenase, they accumulated 

glycinebetaine in tissues and were more tolerant to drought stress than wild-type plants at 

different developmental stages. Most importantly their grain yield was 10–23% higher 

than that of wild-type plants after three weeks of drought stress (Quan et al. 2004). In 

some cases the accumulation of compatible solutes also protects plants against damage by 

reactive oxygen species (ROS) (Bohnert and Shen 1999); in other cases the solutes have 

chaperone-like activities that protect other proteins maintaining their structure and 

function (Diamant et al. 2001, McNell et al. 1999]. Genes coding for heat-shock proteins, 

molecular chaperones and LEA proteins (reviewed in [Bhatnagar Mathur et al. 2008, 

Umezawa et al. 2006) have been extensively used to improve drought responses in 

plants. An interesting recent example is the use of RNA chaperones of bacterial origin by 

Castiglioni et al., to confer abiotic stress tolerance in several species, and improved grain 

yield in maize under water-limiting conditions (Castiglioni et al. 2008). These authors 

demonstrated that constitutive expression of two cold shock proteins – CspA from E. coli 

and CspB from Bacillus subtilus (both RNA chaperones) – conferred abiotic stress 

tolerance to transgenic Arabidopsis, rice, and maize. They obtained a greater than 20% 

increase in maize grain yield under water-limiting conditions in field trials, without 

observing pleiotropic effects on plant development. The improvement in drought 

response was observed in the late vegetative/flowering period as well as the grain-fill 

period: during these periods, three consecutive days of wilting can reduce grain yield by 

30–50% (Claasen and Shaw 1970). Stress tolerance conferred by manipulation of cold 

shock proteins is not only novel, but also appears as a highly promising approach to 

improving plant productivity in suboptimal growth conditions. 
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Table 1: Transgenic crops for water stress tolerance  

Pathway targeted  Gene family Trans 

gene  

Transgenic 

expression 

Crop Reference 

Osmoregulation H+-PPase AVP1 CaMV35S cotton Pasapula et 

al. 2011 

Osmoregulation + 

glycinebetaine 

biosynthesis 

H+-Ppase + choline 

dehydrogenase 

BetA and 

TsVP 

Zm Ubiquitin maize Wei et al. 

2011 

ABA biosynthesis LOS5/ABA3 LOS5 OsHVA22P 

(stressinducible) 

and 

OsActin1 

rice Xiao et al. 

2009 

ABA sensing; 

farnesyltransferase 

farnesyltransferase BnFTA RNAi with AtHPR1 

promoter (drought 

induced in shoot) 

Canola Wang et al. 

2009 

 

 

 

 

 

 

 

Stress response 

 

 

 

 

 

 

 

AP2/ERF 

AP37 Os.Cc1 

(constitutive) 

rice Oh et al. 

2009 

CBF3 OsHVA22P 

(stressinducible) 

And OsActin1 

(constitutive) 

rice Xiao et al. 

2009 

HARDY CaMV35S berseem Abogadallah 

et al. 2011 

NAC OsNAC1

0 

RCc3 (root) 

(constitutive 

expression not 

efficacious) 

rice Jeong et al. 

2010 

C2H2-EAR zinc 

finger protein 

ZAT1 OsHVA22P (stress 

inducible) 

And OsActin1 

rice Xiao et al. 

2009, Mittler 

et al. 2006 ] 

MAP kinase NPK1 OsHVA22P 

(stressinducible) 

And OsActin1 

rice Xiao et al. 

2009 

Ion transport Na+/H+ antiporter NHX1 Actin1 rice Xiao et al. 

2009 

Ser/Thr kinase SOS2 OsHVA22P (stress 

inducible) 

rice Xiao et al. 

2009, Batelli 

et al. 2007 
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Nutritional resource management is the important aspect of abiotic stress 

management in livestock in addition to genetic management. Abiotic stress is defined as 

the negative impact of non-living factors on the living organisms in a specific 

environment.  The present classification of abiotic stress i.e. edaphic, drought, and 

atmospheric is based on the basic requirements of plants on these factors for their growth 

and production. Although edaphic factors have influence on whole biosphere, they do not 

directly influence animal growth and production. The nutritional requirements of animals 

are mostly fulfilled through plants which provide various required nutrients such as 

proteins, carbohydrates, fats, vitamins, minerals etc. However, nutrient requirements of 

animals are fulfilled through varied sources and not by any single type of plant alone. 

Hence, edaphic factors which directly influence plants have only indirect impact on 

animals. Besides climate and water, other abiotic factors that influence animals directly 

are very complex, depending on abiotic requirements for their sustenance, growth and 

production. The indirect effects of climate driven changes in animal performance result 

mainly from alterations in the nutritional environment (Valtorta 2010) besides direct 

effects of heat and water scarcity during drought cycles. Therefore, the edaphic, 

atmospheric and drought factors influence livestock by altering nutrient availability.  
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The inappropriate environmental factors influence directly as well as indirectly by 

altering supply of nonliving requirements to livestock in the specific production system.  

Drought is an extended period of water scarcity due to scarcity or the absence of rainfall, 

but related to inefficient water resource management. Drought is the frequent climatic 

condition adversely affecting agriculture/livestock production in drought prone areas of 

India. Drought is a natural hazard that differs from other hazards since it has a slow onset, 

evolves over months or even years, affects a large spatial extent, and cause little 

structural damage. Livestock plays important role in the economy of landless or marginal 

farmers besides sustaining farmers’ income during scarcity/drought periods. Hence, 

uplifting nutritional strategies for livestock may be highly essential in drought prone 

areas for successful doubling of farmers’ income mission. 

 

Drought Prone Areas in India 

Out of the total geographical area of India, almost one-sixth area with 12% of the 

population is drought prone; the areas that receive an annual rainfall up to 600 mm are 

the most prone. The Irrigation Commission (1972) had identified 67 districts as drought 

prone. These comprise 326 talukas located in 8 states, covering an area of 49.73m ha. 

Subsequently, the National Commission on Agriculture (MOA 1976) identified a few 

more drought prone areas with slightly different criteria. Later, based on detailed studies, 

74 districts of the country have been identified as drought prone. The districts having less 

than 60% of cultivated area under irrigation and possessing arid (31), semi-arid (133) and 

sub-humid (175) agro-ecosystems were identified and prioritized for Rainfed Area 

Development Programme (RADP).  Recently extensive studies conducted under NICRA 

have led to identification of 100 districts in peninsular India highly prone to drought 

(Prasad et al., 2012). Adverse impact of drought is evident from the vast agricultural land 

left uncultivated and severe forage crisis for animals.  

Broadly, the drought affected areas in India can be divided into two tracts. The 

first tract comprising the desert and the semi-arid regions covers an area of 0.6 million sq 

km. It is rectangle shaped area whose one side extends from Ahmadabad to Kanpur and 

the other from Kanpur to Jullundur. In this region, rainfall is less than 750 mm and at 

some places it is even less than 400 mm. The second tract comprises the dry region lying 
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in the leeside of the Western Ghats up to a distance of about 300 km from coast. It is 

known as the rain shadow area of the Western Ghats; rainfall in this region is less than 

750 mm and is highly erratic. 

Outside these two main regions, there are isolated pockets which experience 

frequent droughts and are termed as drought prone areas. They are Coimbatore and Nellai 

Kottabomman districts in Tamil Nadu, Saurashtra and Kachchh regions, Janshi, Lalitpur 

region, Mirzapur plateau, Kalahandi region, Odisha, Purulia district of Paschim Bengal 

etc. (Sarkar 2011.). 

 

Impact of Drought on Livestock 

Besides direct impact of scarcity of water, drought also results in scarcity of 

nutritional resources and exposure of animals to adverse climatic conditions mainly heat 

stress. Scarcity of forages during drought can increase the risks of animal poisonings and 

nutritional imbalances. The impaired water quality, feed quality, nutritional deficiency 

and increased incidence of plant poisonings are some drought‐related threats to cattle 

health and productivity. (Poppenga and Puschner). Due to reduced availability of fodder, 

animals are forced to consume other vegetations or non-conventional feed stuffs with 

increased risk of exposure to anti-nutritional factors. In addition, once the 

drought‐breaking rains occur, the grazing conditions for cattle may dramatically change 

and pose additional health risks. The conditions mostly commonly associated with the 

end of severe drought conditions include bloat, certain deficiency problems, plant 

poisonings, and clostridial diseases. The other impacts of drought are changes in 

production systems which include migration of livestock farmers to surplus areas, sale of 

animals for slaughter and shifting from large ruminant based systems to small ruminant 

systems. 

   

Drought Stress Management through Nutritional Technologies  

There are many challenges for sustaining livestock wealth due to recurrent 

drought or delayed monsoon like situations in drought prone areas in the country. 

Research efforts regarding suitability of fodder species for increasing production, 

alternate fodder sources and optimization for their use, storage and transport of fodder, 
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optimizing nutrient availability and utilization by the different livestock species in target 

areas are warranted for sustainable livestock production in drought prone areas. Special 

attention need to be provided for recommendation of plant and animal based mixed 

production system where forage needs of the useful animals are fulfilled. There are 

several research initiatives and innovations happened during last few years which help in 

enhancing productivity which need to be adopted.  

Development and use of drought tolerant fodder varieties 

       Research efforts should be for increasing the fodder yield of cultivated fodder 

crops on agricultural lands as well as on wastelands and community pastures (Hegde, 

2010). The strategy should include selection and breeding of high yielding and stress 

tolerant as well as short duration fodder crops and varieties. Importance may be given to 

improve the yields through sustainable production practices, efficient conservation 

practices and strengthening the value chain of dairy and meat producers by providing 

various critical services required to improve productivity and sustain livelihood. For this 

joint efforts of various government and non- government agencies are important. A 

comprehensive review of the improved fodder crop varieties released/notified during the 

past three decades, fodder production systems and packages of practices for important 

fodder crop, intensive forage sequences recommended for different regions has been 

provided in Handbook of agriculture, (2010).  

Hydroponics  

            There is renewed interest in hydroponic fodder as a feedstuff for sheep, goats, and 

other livestock. The yield and quality of sprouts produced is influenced by many factors 

such as soaking time, grain quality, grain variety and treatments, temperature, humidity, 

nutrient supply, depth and density of grain in troughs and the incidence of mould (Sneath 

and McIntosh 2003). The technology of hydroponic systems is changing rapidly with 

systems today producing yields never before realized. The future for hydroponics appears 

more positive today than any time over the last 50 years. Methods and technologies that 

can contribute to improved water use efficiency and productivity merit closer 

consideration like hydroponic technique (Al-Karaki and Al-Hashimi 2012). 

Hydroponically produced fodder was found to enhance the efficiency of water use. 

Bradley and Marulanda (2000) reported that hydroponic green fodder production 
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technique requires only about 10–20% of the water needed to produce the same amount 

of crop in soil culture. More research efforts regarding water saving options including use 

of treated waste water for hydroponic green fodder production need to be carried out for 

applying in drought prone areas of India.  

Hay and Silage making 

            Hay making and ensiling are the only options available to farmers wanting to 

conserve forage on a large scale. In drier climates, haymaking is still important. 

However, there has been a trend over the last 30 years or so for the proportion of forage 

conserved as silage to increase, while the proportion dedicated to hay has declined 

(Wilkinson et al. 1996). Ensiling offers many advantages over haymaking. Large 

quantities of forage can be conserved in a short time, forage conservation is less weather 

dependent and thirdly, silage is well suited to mechanization. However, a major 

disadvantage associated with silage making is that the feeding value of the resultant 

forage is reduced relative to that of the original crop (Charmley, 2000).  Silage is made of 

forages, crop residues, or agricultural and industrial by-products that have been preserved 

by natural or artificial acidification, for use as animal feed in periods when feed supply is 

inadequate (Mannetje, 1999) 

According to Charmley, 2000, the possibility that in future, silages will have 

superior feeding value to the original crop is realistic. Physical treatments can break 

down barriers to improve intake and digestibility. Predictable silage fermentation can be 

used to optimize rumen function. More research efforts, besides popularization of 

technique, to improve silage intake and utilization using locally available forages are 

required to overcome the scarcity of fodder during drought cycles in different regions of 

India.  

Making silage from drought damaged crops, need to be assessed in drought prone 

areas in India as a nutrition management option.  Availability of sugarcane tops in the 

drought prone areas need to be exploited as effective drought stress management option. 

During drought conditions plant growth is impaired and nitrates can accumulate in the 

plant. Nitrates are normally taken up by plants from the soil and utilized for the synthesis 

of plant protein. Elevated nitrate levels can also occur in summer annual forages 

subjected to drought stress. Weeds commonly found in corn fields such as pigweed, 
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ragweed, lambsquarter, nightshade, and Johnsongrass can also accumulate toxic levels of 

nitrates, under drought conditions. High nitrates concentrations in corn plants and corn 

silage can potentially be toxic to cattle (Wright, 2015). 

 Complete feed blocks 

The crop residues have low nutritional value and are bulky and fibrous. In 

addition, availability of crop residues varies with season and region. In some regions 

there is deficiency of crop residues, while in some other regions they are available in 

abundance but are largely wasted. Under emergency situations complete feed technology 

has been used to save the animals from hunger and death. Based on the productivity 

levels of animals, the Densified Total Mixed Ration Blocks (DTMRBs) or the densified 

total mixed ration pellets (DTMRPs) of different formulations can be made using 

different ingredients, including minerals, vitamins and feed additives. Thus, the 

technology of straw-based densified complete feed as blocks or pellets could play an 

important role in providing balanced rations to livestock in the tropical regions of green 

forage scarcity. The technology offers a means to increase milk and meat production in 

the tropics apart from having other advantages such as: decrease in environmental 

pollutants (including methane emission), increase in income of farmers, decrease in 

labour requirement and time for feeding and reduction in transportation cost of straw. The 

technology also has the potential to alleviate regional disparity in feed availability, as the 

block or pellet making units can be set up to act as ‘Feed Banks’ in regions of abundant 

crop residue availability. It could also provide complete feed to livestock under 

emergency situations created by natural calamities such as drought and man-made 

conflicts (Walli et al., 2012). However, there is a need to take up further research on 

energy cost of straw transportation and feed densification and how to reduce it. Research 

may also be taken up for monitoring the quality of the processed feed to check that the 

nutrients are not diluted by the addition of more of non-nutritional feed additives. 

Feeding of complete ration in mash form is beneficial in terms of feed intake, body 

weight gain, nutrient utilization and feed conversion efficiency in growing crossbred 

female calves in comparison to conventional feeding system and also with complete feed 

in block form (Sharma et al., 2010). 

Urea molasses treatment 
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 It is generally recommended to avoid urea treatment during periods of drought. 

However, urea treatment of poor quality fodder if done judiciously under controlled 

condition is beneficial to sustain the periods of drought. 

  

Nutrient management during drought stress 

           During periods of scarcity nutrient management of individual animals is important 

to sustain health and production or even save the life of animals. Mineral/vitamin 

supplementation based on the requirement may be provided under the guidance of 

experts. 

Novel feed resources/ Alternate feeds  

  Search for alternate feed resources and research for its judicious use need to be 

carried out for the different agro-ecological systems. Several newer feed resources have 

been evaluated and found useful for feeding. Incriminating factors have been identified in 

unconventional feeds and methods for their detoxification have been evolved. Protein 

cakes after oil extraction from seeds of neem, castor, karanj, palm and mahua have been 

evaluated and found suitable after detoxification to use for feeding. However, largely this 

technology is not yet adopted by end users. 

  

Drought Stress Management through Management of Nutritional Resources 

During periods of drought cycles there is overall shortage of feeds and fodder for 

livestock in the area.  Unavailability of forages results in shortage to provide the needed 

dry matter intake and subsequently overall nutrients the animal needs. In these situations 

it becomes necessary to provide a supplemental forage source to meet this need. In many 

cases, these forages are substandard so additional supplementation may be needed as well 

to maintain a base-line production level. Providing inadequate levels of protein and 

energy always reduces performance in some manner and is stressful to the animal. 

In a survey conducted in villages of Ghorawal and Chopan blocks of district Sonbhadra, 

Uttar Pradesh to find out the nutritional status and reproductive performance of dairy 

cattle it was observed that the nutrients intake through different feed ingredients was not 

enough to fulfill the requirement of the animals as per the standard (Vidya Sagar et al., 

2013). Pantgne et al. (2002) reported that farmers, in general do not fed their animals 
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with required amount of nutrients. Singh et al., (2008) reported that the dairy animals in 

Middle Gangetic Plain were fed with traditional manner and they were deficient in DM, 

CP and TDN supply. 

The data/estimates of fodder production in the country vary widely. Fodder 

production and its utilization depend on the cropping pattern, climate, socioeconomic 

conditions and type of livestock. At present, the country faces a net deficit of 61.1% 

green fodder, 21.9% dry crop residues and 64% feeds (Anonymous, 2010).  

Although there are variable estimates of feed and fodder availability in the 

country, all of the estimates point towards overall deficient status of feed and fodders for 

livestock even in absence of drought. The projected deficit of green and dry fodder 

appears to be agrevated during near future. 

Table:  Status of feed and fodder (DM basis) in India 

Feeds Available (MT) Required (MT) Deficit (%) 

Dry fodder 365 412 11 

Concentrate 34 47 28 

Green Fodder 126 193 35 

Total 526 652 19 

NIANP 2005 

           During drought cycles these situations of deficit forages are further aggravated in 

drought prone areas with severe negative impact on livestock population. To address 

these problems following strategies are suggested by National disaster management 

authority (NDMA). 

Strategies suggested by NDMA Interventions needed 

Assessment of need for fodder will be done well in 

advance. If a deficit is identified, ways and means to fill 

the gap will be explored including supplies from the 

nearest area, within the mandal, within the District, or in 

the nearby State. 

Timely and realistic 

assessments and ensuring 

availability of fodder. 

Exploring alternative 

sources. 

Raising of fodder in Government as well as farmers’ lands 

with buy back arrangements for fodder cultivated will be 

promoted. 

Initiatives of government 

agencies with area specific 

programmes required. 

Use of tank bunds for fodder cultivation. Suitable guidelines with 

area specific varieties 

needed. 

Utilizing the period between crops for fodder cultivation. Suitable guidelines with 

area specific varieties 

needed. 
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Distribution of fodder produced within a State in nearby 

areas. 

Initiatives of government 

and non-government 

agencies Establishment of fodder banks. 

Conserving fish and aqua culture during droughts. Need to be coupled with 

water conservation practices 

Utilizing the assistance of Ministry of Railways in 

transport of fodder and drinking water from unaffected 

areas to those affected. 

Initiatives of government 

agencies required. 

Organizing online availability of information relating to 

demand and supply of fodder 

Undertaking market intervention to keep the prices 

reasonable. 

Intensification of water conservation measures in the 

villages. 

Deficiency or excesses of nutrients 

Livestock farmers feed their animals based on their traditional knowledge and 

availability of forages. In general there is lack of scientific/balanced feeding of livestock.  

Imbalanced feeding leads to excess feeding of some nutrients whilst others remain 

deficient. This not only reduces milk production and increases costs per kg milk, but also 

affects various physiological functions including long term animal health, fertility and 

productivity. 

The nutritional requirements of animals not only vary with species but also with 

stage of growth and status of production.  The nutrient requirements of young animals, 

lactating as well as pregnant animals are different. The nutritional stressors in livestock 

are highly complex in nature as per the highly variable nutrient contents of feed resources 

and nutrient requirements of individual animals. The nutritional requirements of 

herbivorous animals are mostly fulfilled by plants. The nutritional requirements of 

productive animals are mostly met with various dry/green forages and concentrate 

mixtures which mostly contain cereals, cakes, mineral mixtures, salt, vitamins etc. 

Therefore, nutritional stress in animals can be due to deficiency or excesses of nutrients 

in diet. The nutrient requirement of animals is fulfilled through plants from varied 

sources viz. crop residues (54%), cultivated fodder (28%) and grazing (18%). 

Nutritional requirements in Indian livestock are generally met through crop 

residues, fodder crops or tree fodders as well as grazing and concentrate mixtures. The 

optimum productivity of livestock depends upon regular supply of balanced nutritional 
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requirements. Knowledge of livestock owners about balanced nutrient requirements of 

livestock and availability of ingredients in terms of quality and quantity has also impact 

on livestock and their production. 

 

Ration balancing 

 The diet of livestock needs to be balanced in terms of fodder, protein, energy and 

minerals. Depending on the local feed/fodder resources and nutrient requirement of 

livestock, various combination of ration can be formulated to suit the productive potential 

of animals. Based on the data on nutrient profile of feeds /fodders and requirement by 

livestock, software program models have been developed by National Dairy 

Development Board (NDDB) and National Institute of Animal Nutrition and Physiology 

(NIANP) and they can be conveniently used at Krishi Vigyan Kendra (KVK) or 

Cooperative society level. 

 

Anti-Nutritional Factors in Fodder Plants 

Anti-nutritional factors (ANF) are compounds which reduce the nutrient 

utilization and/or food intake of plants or plant products used as human foods or animal 

feeds and they play a vital role in determining the use of plants for humans and animals 

(Soetan and Oyewol, 2009).  Poor digestibility of protein in the diets of developing 

countries, which are based on less refined cereals and grain legumes as major sources of 

protein, is due to the presence of less digestible protein fractions, high levels of insoluble 

fiber, and/or high concentrations of anti-nutritional factors present endogenously or 

formed during processing (Sarwar et al., 2012).  The deleterious role of anti-quality 

components depends upon its concentration, rate of degradation by the microbes and 

accordingly it will influence the growth and the performance of the animal. The major 

antiquality components that adversely affect the nutritional value of the forages are 

tannins and saponins (Gilani et al., 2012). Intensive rearing practices restrict the exposure 

of livestock to toxic plants, and therefore cases of plant poisoning occur considerably less 

frequently than in other regions of the world practicing extensive livestock management, 

and where the free-ranging animals must eat whichever plants are available, usually non-

cultivated, and often under highly unfavorable climatic conditions including periods of 
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drought. The various toxic and antinutrional components observed in plants are 

Alkaloids, Glycosides, Phytoestrogens Lectins/ phytohemagglutinins, Oxalates and 

phytates, Nitrates, Plant phenolics, Saponins,Toxic amino acids and proteins, Heavy 

metals and Phytoallexins. During drought conditions, suitable precautions need to be 

taken to prevent the access by livestock to the sources of these anti-nutritional factors. 

  

Drug and pesticide residues in feed stuffs 

Animal feeds and forages contain a wide range of contaminants and toxins arising 

from anthropogenic and natural sources (D'Mello, 2000). Animals intended for human 

food may absorb pesticides from residues in their feed, water or during direct/indirect 

exposure in the course of pest control. Pesticides, agricultural and industrial chemicals, 

heavy metals and radionuclides may pollute animal feed and forages. The methods 

available for controlling pollution from these sources are well understood from a 

technical point of view although the effective implementation of controls can be difficult 

(Hinton 2000). This is true in Indian conditions as detailed information about feed and 

fodder residues at field level and required monitoring facilities are not available at grass 

root level.  

In India, 38,000 MT of technical grade pesticides are used annually to control 

pests and plant diseases. The pesticides are classified as insecticides, fungicides, 

weedicides, herbicides, nematodicides and rodenticides; of which insecticides constitutes 

77% of the total pesticides used in different agricultural and animal husbandry practices 

and in public health operations (Chauhan, 2012). The contaminants exert wide range of 

effects in livestock including acute to chronic toxicity with loss of production, growth 

retardation, systemic toxicity, infertility and carcinogenicity. It is essential to develop 

suitable binders that can be included in feed to minimize the absorption of these residues 

in order to prevent their entry into the food chain. 

 

Conclusions 

As most of the abiotic stressors affect livestock through their diet and impacts of 

most of stressors may be managed by providing appropriate nutrients, nutrition and 

nutritional resource, nutritional management is important aspect of abiotic stress 
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management in livestock for doubling farmers’ income mission. 2022. Defining the 

availability of various nutritional resources, their nutritional composition, judicious use 

and strategic management through silage making, hydroponics techniques and TMR 

blocks is required to avoid stress in productive animals and sustain the livestock 

population in drought prone areas.   
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Introduction 

Water is also becoming scarce not only in arid and drought prone areas but also in 

regions where rainfall is abundant. Also, due to climate changes and increased demands 

of different water users (agriculture, industry, domestic) water becomes scarce resources 

worldwide. Since, irrigated agriculture is the one of the largest consumer of these 

resources (so-called blue water footprint), irrigation management must be shifted from 

maximal production per crop area to maximal production per unit of water used by crops. 

To cope with the water shortage, it is necessary to adopt water-saving agriculture counter 

measures. Efficient use of water by irrigation is becoming increasingly important. Among 

the strategies for reducing water footprints, changing the full irrigation to the reduced 

crop’s water supply (deficit irrigation techniques) is one of the options. In recent years, 

water-saving irrigations techniques such as deficit irrigation (DI) and partial root zone 

drying (PRD) or alternative irrigation (AI) have been developed with micro irrigation 

system for field and horticulture crops. These systems improve the water productivity 

(WP) and quality of produce in horticulture crops as well as in cereal crops.  
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Water efficient technologies/strategies 

Deficit irrigation (DI)  

 Deficit irrigation is an optimization strategy in which irrigation is applied during 

drought-sensitive growth stages of a crop. The correct application of DI requires 

thorough understanding of the yield response to water (crop sensitivity to drought stress). 

In regions where water resources are restrictive it can be more profitable for a farmer to 

maximize crop water productivity instead of maximizing the harvest per unit land.  

Concept of deficit irrigation 

Water restriction is limited to drought-tolerant phenological stages, often the 

vegetative stages and the late ripening period. Total irrigation application is therefore not 

proportional to irrigation requirements throughout the crop cycle. While this inevitably 

results in plant drought stress and consequently in production loss, DI maximizes water 

productivity, which is the main limiting factor (English, 1990). In other words, DI aims at 

stabilizing yields and at obtaining maximum WP rather than maximum yields (Zhang and 

Oweis, 1999).  

In the literature, the terms ‘supplemental irrigation’ and ‘deficit irrigation’ are 

both used. The first term generally refers to a rain-fed crop receiving additional irrigation 

during the whole season or during sensitive growth stages, whereas DI generally refers to 

fully irrigated crops from which water is withheld during certain tolerant growth stages.  

Since drought tolerance varies considerably by genotype and by phenological stage, DI 

requires precise knowledge of crop response to drought stress for each of the growth 

stages (Kirda  et al., 1999). In addition, correct application of DI requires a thorough 

assessment of the economic impact of the yield reduction caused by drought stress 

(English, 1990; English and Raja, 1996; Sepaskhah and Akbari, 2005; Sepaskhah et al., 

2006). In areas where water is the most limiting factor, maximizing WP may be 

economically more profitable for the farmer than maximizing yields (English, 1990). As 

these examples suggest, DI requires a highly integrated approach to agricultural water 

policy. 

 

Advantages 

 Maximizes the water productivity. 
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 Although a certain reduction in yield is observed but the quality of the yield (e.g. 

sugar content, grain size) observed to be equal or even superior to rain-fed or FI 

cultivation  

 Allows economic planning and stable income due to a stabilization of the harvest in 

comparison with rainfed cultivation  

 Decreases the risk of certain diseases linked to high humidity (e.g. fungi) in 

comparison with full irrigation  

 Reducing irrigation applications over the crop cycle will also reduce nutrient loss 

through leaching from the root zone, resulting in improved ground water quality  

 Over-fertilization may cause crops to be more susceptible to dry spells and may lead 

to decreased harvest indexes.  

 Lower  fertilizers needs as compared to in full irrigation. DI reduced fertilizer 

application. Combining DI and optimum fertilizer application leads to a higher yield 

increase (higher WP) than the sum of the separate yield increases obtained by both 

factors 

 Controls of vegetative growth and canopy density (reduce pruning in grapevine) 

 Improvement of irrigation water use efficiency and saving water for irrigation 

 Increases in nutrient use efficiency (especially N) 

 Improvement of fruit or yield quality (potato, grape, tomato, pepper, apple, maize) 

 DI is the possibility of controlling sowing dates by irrigation, which allows improved 

planning of agricultural practices  

 Due to drought stress in particular growth stages, the length of the cropping cycle 

might change under rain-fed cultivation. Farre´ and Faci (2006) report a delay in 

flowering (7 and 17 days) and maturity (5 and 12 days) for sorghum and maize, 

respectively, under water deficit conditions. McMaster and Wilhelm (2003) find that 

drought decreases crop cycle length for wheat and barley. 

 

Constraints 

 Exact knowledge of the crop response to water stress is important. 
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 There should be sufficient flexibility in access to water during periods of high 

demand (drought sensitive stages of a crop). 

 A minimum quantity of water should be guaranteed for the crop, below which DI has 

no significant beneficial effect. 

 An individual farmer should consider the benefit for the total water users community 

(extra land can be irrigated with the saved water), when he faces a below-maximum 

yield 

 Because irrigation is applied more efficiently, the risk for soil salinzation is higher 

under DI as compared to full irrigation.  

 Determining optimal timing of irrigation applications is particularly difficult for crops 

with CWP functions in which maximal WP is found within a small optimum range of 

ET 

 Irrigators should have unrestricted access to irrigation water during sensitive growth 

stages.  

 

The effect of water stress on plants at physiological, biochemical and molecular 

levels and a crop that is imposed to PRD as a water-saving irrigation may show diverse 

responses to water stress in terms of these three responses levels according to the severity 

and timing of the water stress (Fig 1).  



ICAR Sponsored Summer School on “Climate change and abiotic stress management strategies for doubling farmers income” 

(September 07-27, 2018), ICAR-NIASM, Baramati 

 

82 
 

 

Fig 1. Physiological and molecular bases of drought stress tolerance. 

(After Shao et al., 2008) 

 

Strategies to improve water productivity under water scarcity 

There are two ways to improve water productivity of crop:  

1. Cultivation of plants with high water-use efficiency or plants with greater drought 

tolerance 

2. Investment in water-efficient technologies for growing plants as in deficit irrigation 

techniques  

 

In recent years, the two main approaches for developing practical solutions to manipulate 

vegetative and reproductive growth used. That has been regulated deficit irrigation (RDI) 

and Partial root zone drying (PRD).  

RDI 

 Irrigating at less than the full requirement of the plants and potential 

evapotranspiration (maintaining soil moisture at a relatively low level). 

  imposes plant deficit during prescribed crop growth period 

PRD 
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 Applying irrigation to alternately wet and dry (at least) two spatially prescribed parts 

of the plant root system to simultaneously maintain plant water status at maximum 

water potential and control vegetative growth for prescribed parts of the seasonal 

cycle of plant development 

 Imposes soil deficit within alternating sides of rootzone but plants remains turgid 

RDI and PRD have become established water management techniques. Therefore, 

great emphasis is placed in the area of crop physiology and crop management with the 

aim to make plants more efficient in water use through RDI and PRD irrigation practice 

under dry conditions.  

Partial root-zone drying irrigation (PRD)  

Partial root-zone drying (PRD) is a modified form of deficit irrigation (DI) 

(English et al., 1990), which involves irrigating only one part of the root zone in each 

irrigation event, leaving another part to dry to certain soil water content before rewetting 

by shifting irrigation to the dry side; therefore, PRD is a novel irrigation strategy since 

half of the roots is placed in drying soil and the other half is growing in irrigated soil 

(Ahmadi et al., 2010a).  

Principle of PRD 

 When a part of the root zone dries out, ABA produced in the roots in drying soils 

and is transported by water flow in xylem to the shoot for regulating the shoot 

physiology. The increase in abscisic acid in the xylem flow roots to leaves triggers the 

closure of stomata as response to water stress and reduced shoot growth and transpiration. 

After 10–15 days, the wet and the dry root zone are inverted. However, due to alternating 

wet and dry zones, roots have continuous access to water. Thus, the plant continues to 

grow and flowering and fruit development will not affect. Alternating the wet and dry 

zones of the roots means that repeated surges of ABA are delivered to the shoots, 

maintaining conditions of reduced shoot growth and reduced transpiration, but with no 

significant effects on flowering and fruit development (Fig 3) 
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        Full irrigation    Deficit irrigation   PRD 

 

Fig 2: Schematic of the irrigation pattern in FI, DI, and PRD 

(After Davies and Hartung, 2004). 

 

 

Fig 3: Partial root zone drying using two above-ground drip lines in a vineyard 

 

Chemical and hydraulic signaling in PRD 

In drought, soil drying induces restriction of water supply and these results in a 

sequential reduction of tissue water content, growth and stomatal conductance. The plants 

have some mechanism for sensing the availability of water in the soil and regulating 

stomatal conductance and leaf growth accordingly. It has been termed non-hydraulic or 

chemical signaling. Hydraulic signaling, which represents transmission of reduced soil 

water availability via changes in the xylem sap tension. Roots in drying soil produce 

more ABA than under normal conditions and it is moved as an anti-stress root chemical 

signal to shoot through transpiration stream and limits the stomatal conductance. At mild 

water stress, ABA as a major chemical signal (CS) acts earlier than the change in plant 

water status i.e hydraulic signal, HS. However, under severe water stress, both CS and 

HS may be involved in regulating plant physiological processes. At severe water stress, 

the leaf water potential in mesophyll cells decreases and stomata will close to a greater 
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extent that inhibits the photosynthetic rate (Taiz and Zeiger, 2006). In some plants, CS 

and HS occur independent of each other, while in others they take place dependently. A 

balance between CS and HS occur in PRD. In PRD, roots on the irrigated side absorb 

enough water to maintain high shoot water potential, and the roots on the non-irrigated 

side produce ABA for possible reduction in stomatal conductance. This mechanism 

optimizes water use and increase water productivity.  

Difference between RDI and PRD 

RDI PRD 

Site must be responsive to irrigation 

Can be used with furrow irrigation  Drip irrigation preferred, alternate row furrow 

possible  

Water must be available on demand 

Control of fruit size  No/ negligible effect on size  

Vegetative growth control  Vegetative growth control  

Potential for yield loss  No loss of yield  

Positive effects on fruit quality  Possible improvement in quality  

Marginal water savings  Significant water savings  

No irrigation hardware modification  Significant changes required. Can be retrofitted.  

Soil water monitoring recommended 

High-level management skills required 

Source: Regulated deficit irrigation and Partial rootzone drying, Irrigation insights no 4 

 

Agricultural benefit of root-to-shoot chemical signaling 

PRD reduced vine vigour, canopy density and increased the quality, yield of fruit and 

improved water-use efficiency (Loveys et al., 2000). It also resulted in leaf expansion 

rate in wheat (Ali et al., 1998), maize (Bahrun et al., 2002), soybean (Liu et al., 2005a), 

potato (Liu et al., 2006c), and tomato (Topcu et al., 2007). Excessive plant vigour is a 

major problem for many fruit crops, since the use of assimilates in leaf growth restricts 

fruit set and development.  

The frequency of the switch is determined according to soil type and other factors 

such as rainfall and temperature. In most of the published data the PRD cycle includes 10 

to 15 days (Davies et al., 2000; Stoll et al., 2000). 

Advantages and disadvantages of PRD irrigation  
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PRD irrigation may have benefits on water use, WUE, fruit quality and nutrient 

uptake It is important to assess how much water PRD can save in a growing season. 

Water-saving considerations have resulted in most PRD treatments receiving less water 

(usually 50%) than control plants. In addition to water savings, PRD has also been 

reported to have beneficial effects on fruit quality and nutrient uptake with no, or 

minimal, losses in yield (dos Santos et al., 2003).  

Water use and WUE  

Water use as percent of fully irrigated treatment is decreased and irrigation water 

use efficiency (IWUE) is increased essentially by PRD as reported in a number of 

species, e.g. cotton, tomato, pear grapevine and hot pepper (Table1). In maize PRD 

irrigation reduced water consumption by 35% with a total biomass reduction of 6–11% as 

compared with fully watered plants (Kang and Zhang, 2004). Another experiment with 

hot peppers and drip irrigation showed that PRD reduced water used for irrigation by 

about 40% and maintained similar yield as in fully watered plants (Kang et al., 2001).  

PRD was tested in peach and apple orchards at Yangling, Shaanxi, China by using a drip 

irrigation system (Gong et al., 2001), and in a pear orchard in Victoria, Australia by using 

a flood irrigation system (Kang et al., 2002b). Results showed water savings of 52% in 

peach and 23% in pear, respectively (Kang and Zhang, 2004).  

Fruit quality  

PRD can improve the quality of fruits of several species; in grapes, cotton, 

tomato, and hot pepper (Table 1). In grapes sugar content was increased by PRD (e.g. 

Stoll et al., 2000, dos Santos et al., 2003). They have shown that this is largely a result of 

better control of vegetative growth of the grapevine. Also Dry et al., (2000) found that 

wine quality was consistently higher from PRD Wine yards.  

Table1. Effect of PRD on water use, WUE and fruit quality 

Plant  

Water use as 

% of fully 

irrigation  

Fruit 

Quality  

IWUE as % of 

fully irrigation  
Reference  

Cotton  70 I*       134 Tang et al.,(2005) 

Tomato  50 I 163 Kirda et al (2004) 

Pear  55 n.m 145 Kang and Zhang(2004) 
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Grapevine  50 I 152 Dry et al(2000) 

Hot Pepper  50 I 166 Dorji et al. (2004) 

*I= improvement of quality n.m= not measured  

 

Nutrient uptake  

An extra benefit from PRD-induced new roots may be related to their function in 

nutrient uptake. The drying and rewetting cycle by PRD induced new roots, and this may 

make the nutrients in soil zone more available to the plants (Kang et al., 2001, dos Santos 

et al., 2003 ).  

Root development and water uptake 

Root development and distribution are affected by spatial and temporal soil water 

distribution (Wang et al., 2006). Further, they affect water and nutrient uptake from the 

soil to maintain the physiological activities of the above-ground part of the crop. Mild 

water stress in soil leads to preferential root growth into the moist soil zone and water 

uptake through root system expansion and increasing root length density (RLD, cm root 

per cm3 soil) (Benjamin and Nielsen, 2006; Songsri et al., 2008). Earlier studies 

indicated that PRD enhanced the extension and inhibition of primary and secondary roots 

(Kang et al., 2000b), increased root growth (Dry et al., 2000) and root mass (Kang et al., 

2000a; Mingo et al., 2004), improve ABA-induced root hydraulic conductivity (Glinka, 

1980; Taiz and Zeiger, 2006; Thompson et al., 2007), and increased the nutrient uptake 

(Wang et al., 2009). 

Plant water uptake rate is enhanced after re-watering in water stress condition 

compared to full irrigation. This is obtained due to improvement of hydraulic 

conductivity of root systems that is subjected to water stress (Kang and Zhang, 2004). 

The root system can partially compensate for the increasing limited water availability on 

the non-irrigated side of PRD due to an increase in root hydraulic conductivity.  

Disadvantages of PRD irrigation  

PRD may be reducing biomass production as CO
2 

uptake is partly restricted due 

to stomatal closure causing water savings. Biomass reductions are often in the range of 

10% in cereal crops, while in fruit trees hardly any yield reduction has been found.  
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The value of benefits from water savings should be balanced with value of yield 

reductions and cost of implementing PRD irrigation system compared with traditional 

systems. As PRD irrigation is in the research phase further experiences are needed to 

evaluate economical advantages of PRD irrigation. 

 

Practical application of RDI and PRD: Irrigation management strategies 

Before making irrigation plan it is important to know the characteristics of soil in the 

field including: 

• Number and thickness of layers (identifying impermeable layers in the soil that may 

cause  

   drainage and surface run-off problems)  

• Soil texture, 

• Soil structure 

• Field water capacity, wilting point 

• Rate of infiltration 

• Rooting depth of plants that will be growing 

• Soil chemical analyses to identify possible chemical/nutrient problems (e.g. acidity, 

salinity, nutrient deficiency). 

 

Irrigation methods for applying RDI and PRD  

PRD and RDI could be applied in the field by different irrigation methods including: 

• Furrow irrigation 

• Drip irrigation 

 

Furrow irrigation system 

PRD System should be applied as the two rows configurations and the both 

furrows should be irrigated alternately. After the switching period, wetted furrow started 

to dry out and dry furrow will be irrigated. 
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RDI System should be applied at the same time in all rows, but with 50-70% 

water amount needed for full treatment  

 

 

 

In drip surface or subsurface for PRD irrigation two irrigation lines should be set up 

and operated separately with the distance between emitters of 60cm (for potato). This 

way lateral of one emitter will irrigate one part of the root system and emitters of other 

lateral will irrigate other half of root system. In FI and RDI irrigation one lateral is used 

for irrigation with the distance of 30 cm between emitters. Irrigation in FI and RDI 

should cover a total root area. 

Precaution to be taken while implementing PRD 

• Best PRD responses occur in soils with high values of readily available water (RAW). 

Shallow soils with low RAW can allow relatively small volumes of applied water to 

deplete rapidly. To some extent this can be overcome by more frequent irrigation.  

• Use of PRD in soils with poor infiltration characteristics may also cause problems if 

sufficient water cannot be supplied through what is effectively 50% of the normal soil 

surface area. 

• The amount and timing of irrigation applied to the ‘wet’ side should be sufficient to 

prevent the development of significant water deficits (soil moisture tension should 

remain higher than 50 kPa). 

• If soil moisture monitoring is available, the irrigated side of the plant should be 

switched when water extraction from the “dry” side becomes negligible. In sandy soils 

and under hot dry conditions this may be only a few days. In soils with a higher water 
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retention characteristic and under less stressful conditions, the cycle time may become 

several weeks. 

• Use of PRD should not result in significant reduction in midday leaf water potential 

when compared with standard irrigation practice.  

• When PRD is being implemented in an existing orchard, total soil area wetted by the 

irrigation system (wet plus dry sides) should not vary significantly from that wetted by 

the original irrigation system. For example, conversion from flood to drip may wet only 

a small fraction of the available roots. The PRD irrigation system should aim to wet 

about half the roots at any one time.  

• Correctly implemented PRD should not result in major effects on fruit quality. With 

Navel oranges, PRD using very low water application rates saw a reduction in fruit size 

in heavily cropped trees but this problem was not evident at higher water inputs. A 

reduction in water input, applied by flood or by drip, may result in a small but 

significant reduction in the percentage of juice and an increase in acid. There should be 

no effect on sugars and sugar/acid ratios may change accordingly.  

• Response to PRD varies between species. It is still not known how some plants will 

respond. 

 

Conclusion 

In areas where the available water supply limits agricultural production, deficit 

irrigation will gain importance over time as farmers strive to increase the productivity of 

their limited land and water resources. Farmers must choose crops and irrigation 

strategies carefully to maximize the value of their crop and livestock production 

activities, while ensuring the sustainability of agriculture. Deficit irrigation will play an 

important role in farm-level water management strategies, with consequent increases in 

the output generated per unit of water used in agriculture. 

Partial root zone drying strategy is a very useful and significant step in improving the 

water use efficiency, increasing productivity, and improving quality of produce of 

perennial horticultural crops. The cost of implementing PRD is economical where the 

cost of irrigation water is high and as water becomes an increasingly valuable and scarce 

resource.  
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 The poor and depleted soil fertility remains a primary constraint to agricultural 

productivity in most of tropical and sub-tropical regions. The elevated temperatures, 

changing precipitation patterns and extreme weather events also greatly affected on 

agriculture production (IPCC, 2007). The average rate of crop production increase by 

only 1.3% per year, but it cannot keep pace with population growth. By connecting the 

genotype to the phenotype, high yielding, stress-tolerant plants can be selected far more 

rapidly and efficiently than is currently possible. However, the lack of access to 

phenotyping capabilities limits our ability to dissect the genetics of quantitative traits 

related to growth, yield and adaptation to stress. Now days, plant phenotyping greatly 

helps the genetic analysis of abiotic stress tolerance to further elucidate the stress 

tolerance mechanisms. However, conventional methods of plant phenotyping are 

laborious and destructive as compared to the recently developed high-throughput, non-

destructive imaging technologies (Roy et al. 2011; Yang et al. 2013). The recent 

phenotyping techniques, being non-destructive, enable acquiring quantitative data on 

plant growth, health, and water use under abiotic stress by taking multiple images of the 

same plant at different time points and at different wavelengths (Morison et al. 2008 and 

Jones et al. 2009). Therefore, these technologies are being routinely applied to quantify 

traits related to stress tolerance in a number of crop plants (Berger et al. 2010 and White 

et al. 2012). 

 

 

 

 

 

 

 

A scheme for plant phenotyping 
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Phenotyping under controlled condition 

 Although filed phenotyping is the best option to select genotypes of our interest in 

the target environment for yield and its component, the phenotyping in controlled 

environment  facilities is advantageous for imposing abiotic stresses uniformly, which is 

not possible in field conditions. The studies on influence of abiotic stress factors like 

excess or limited moisture stress, high temperature and salinity are conducted under 

controlled conditions. The controlled condition under which the plants are grown should 

be relevant to the conditions prevailing in the field (Izanloo et al. 2008).  Evaluation 

under controlled conditions is advantageous in terms of collecting data at a particular 

stage when genotypes being tested differ in durations to attain certain phenological stage. 

Growing plants in pots allows for strict control of water stress imposed on test genotypes 

and the homogeneity of stress severity; such control is seldom achieved under field 

conditions, particularly when genotypes under test differ in phenology and biomass.  

  

Phenotyping under field condition 

 Ultimately, evaluation of crop plants for yield performance under particular 

abiotic stress needs to be done under field conditions. Field phenotyping helps to identify 
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tolerance traits in the ultimate target environment and helps in evaluating many 

genotypes at a time. Unlike controlled growth condition, in field evaluations, there are 

certain factors which impact the quality of the phenotypic data to be collected (Tuberosa, 

2011) listed the following factors to be evaluated carefully to ensure the collection of 

meaningful phenotypic data in field experiments under water limiting conditions. The 

factors are the experimental design, heterogeneity of experimental condition between and 

within experimental unit, size of the experimental unit and number of replicates, number 

of sampled plants with in each experimental unit and genotype-by-environment-by-

management interaction. Though the field evaluations are conducted on the ultimate 

target environmental conditions or crop management during the experimentation might 

influence the plant’s phenotype. Thus the variability caused by these factors must be kept 

to the minimum so as to collect quality phenotyping information. In field evaluation, 

techniques like measuring canopy spectral reflectance (Gutierrez et al. 2010) and 

screening under high temperature stress (Hazra et al. 2009) and drought stress (Ashraf et 

al. 2005) are employed. The phenotyping methodologies like line source irrigation, 

withholding irrigation to impose water stress (Rao and Bhatt, 1992), imposition of 

salinity stress and conducting evaluation trails during high-temperature periods in the 

hotspot areas are a few techniques that are followed under field condition.  

Phenotyping sites for different abiotic stress 

Drought stress: 

 Long-term daily climate data and soil data are required to ensure a site allows 

drought stress to be applied at the required growth stage, with minimum variation 

in soil properties.  

 Drought phenotyping is often conducted during the off (dry) season to control the 

timing, intensity and duration of the period of water stress and avoid the climatic 

uncertainty associated with conducting drought trials during the main season.  

 Rainout shelters in the main season can be used as an alternative to screening in 

the dry season but cost and limited space are important considerations. 

Nutrient stress: 

 Remove depleted nutrient from the soil.  
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 The initial selection of a suitable site is essential.  

 The development of N stress can be increased by the selection of a site with sandy 

soil as sandy soils generally tend to have low levels of mineral N and organic 

matter.  

 Information on cropping history is important so fields which have previously had 

two distinct cropping systems on the field can be avoided. 

Saline stress: 

 Automatic saline solution circulatory system 

 Perforated pots in saline water tanks 

 At booting stage transfer of plants to saline condition to checked flag leaf 

condition 

 Supported hydroponics system used for imposing a controlled and homogeneous 

salt-stressed 

Thermal stress: 

 Off season planting/ staggered planting 

 Maintained heat stress condition in phytotron facility 

Different imaging techniques in plant phenotyping used to detect abiotic stresses 

Imaging 

Techniques 
Sensor Resolution 

Phenotype 

Parameters 
Examples 

Environment 

conditions 

Fluorescence 

imaging 

Fluorescence 

cameras 

Whole 

shoot or 

leaf tissue, 

time series 

Photosynthetic 

status (variable 

fluorescence), 

quantum yield, 

non-photochemical 

quenching, leaf 

health status, shoot 

architecture 

Wheat 

(Bürling et 

al., 2010), 

Tomato 

(Mishra et 

al., 2012) 

Controlled 

environment, 

field 



ICAR Sponsored Summer School on “Climate change and abiotic stress management strategies for doubling farmers income” 

(September 07-27, 2018), ICAR-NIASM, Baramati 

 

99 
 

 

Imaging 

Techniques 
Sensor Resolution 

Phenotype 

Parameters 
Examples 

Environment 

conditions 

Thermal 

imaging 

Near-

infrared 

cameras 

Pixel-based map 

of Surface 

temperature in the 

infrared region 

Canopy or 

leaf 

temperature 

Wheat 

(Manickavasagan et 

al., 2008) 

Controlled 

environment, 

field 

 

Imaging 

Techniques 
Sensor Resolution Phenotype Parameters Examples 

Environment 

conditions 

Visible light 

imaging 

Visible 

spectral 

range 

whole organs 

or organ 

parts, time 

series 

Projected area, Growth 

dynamics, Shoot biomass, 

Yield traits, Panicle traits, 

Root architecture, Imbibition 

and germination rates, Early 

embryonic axis growth, 

Height, 

Size morphology, Flowering 

time 

Arabidopsis 

thaliana 

(Joosen et al., 

2012), 

Rice  

(Clark et al., 

2011) 

Controlled 

environment, 

field 
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Imaging 

Techniques 
Sensor Resolution 

Phenotype 

Parameters 
Examples 

Environment 

conditions 

Hyperspectral 

imaging 

Near-infrared 

 instruments, 

spectrometers 

,hyper spectral 

camera 

Crop 

vegetation 

cycles, 

indoor time 

series 

experiments 

Leaf and 

canopy water 

status; Leaf and 

canopy health 

status; panicle 

health status; 

leaf growth; 

Coverage 

density 

Wheat 

(Moshou et 

al., 2005) 

Controlled 

environment; 

Field 

 

Imaging 

Techniques 
Sensor Resolution 

Phenotype 

Parameters 
Examples 

Environment 

conditions 

Near Near-infrared Continuous or water content Soybean Controlled 
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infrared 

imaging 

cameras, 

multispectral line 

scanning 

cameras, active 

thermography 

discrete 

spectra for 

each pixel in 

the near-

infrared 

region 

composition 

parameters for 

seeds, leaf 

area index 

(Bolon et 

al., 2011) 

environment 

 

 

 

Conclusion 

 The quick development of germplasm and their tolerance to several complex 

polygenic inherited abiotic and biotic stresses combined is critical to the resilience of 

cropping systems in the face of climate change. Plant phenomics is a simply plant 

physiology in ‘new clothes’, but it promises to bring physiology up to speed with 

genomics by introducing the incredible recent advances made in computing, robotics and 

image analysis to the wider field of plant biology. Phenomics provides the opportunity to 

study previously unexplored areas of plant science, and it provides the opportunity to 

bring together genetics and physiology to reveal the molecular genetic basis of a wide 

range of previously intractable plant processes. The future challenges of characterizing 

crop plant for desirable traits require the advances we have seen in information 

technology, and there is a need to build on these advances for global food security. The 

better knowledge of the physiological, biochemical, molecular and genetic basis of the 

mechanisms promoting tolerance to abiotic stress will enhance the capacity to improve 

crop yield under hostile environments.  
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Introduction 

There is now a growing consensus that climate is changing and world will 

experience a much warmer climate because of the greenhouse gases that have 

accumulated in the atmosphere over time. These greenhouse gases are known to be 

persistent which means that the beneficial effects of best possible mitigation options will 

be realized only after some decades. The climate change is manifested in terms of rising 

temperature, more variable rainfall patterns, rise in sea level, increased frequency of 

extreme climatic events such as drought, floods, cyclones, heat wave, etc. Though 

climate change is a global phenomenon, the impacts are more inequitable in the sense 

that developing countries will be more affected. India, being a developing country, with a 

large population depending on agriculture will be more affected by climate change. 

Climate change affects agriculture directly through crop yields and indirectly by 

influencing water availability and changes in pest and pathogen incidence. 

Climate change projections suggest that an increase in temperature by 2 to 3.5C 

would reduce net agricultural income by 25%. Although an increase in carbon dioxide is 

likely to be beneficial to several crops, associated increase in temperature and increased 
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variability in rainfall would considerably affect food production. The AR-5 of IPCC 

indicates a probability of 10 to 40 percent loss in crop production by the year 2080-2100. 

It is also evident through modeling studies that loss of 4 to 5 million tons in wheat 

production in future with every 1C rise in temperature. Climate change is likely to 

aggravate the heat stress in dairy animals and adversely affect their productive and 

reproductive capabilities. A preliminary estimate indicates that global warming is likely 

to reduce milk production in India to the tune of 1.6 million by 2020.  Increasing sea and 

river water temperature is likely to affect fish breeding, migration and harvest.  Indian 

coastline, which is about 7,517 km, is vulnerable to climate change impacts such as water 

intrusion and coastal salinity.  A rise in temperature as low as 1°C could have a profound 

impact on survival and the geographical distribution of different fresh water &marine fish 

species. Therefore, it is very important for farmers and other stakeholders to adopt 

climate resilient technologies and reduce the losses. Simple adaptations such as change in 

planting dates and crop varieties could help reduce the adverse effects of climate change 

to some extent.  In the recent past increased extreme weather events have been 

experienced in some or other parts of the country viz., droughts (2000-2004, 2006, 2009, 

2011, 2012, 2014 & 2015), floods (2005, 2006, 2012, 2014 & 2015), cyclones (2012, 

2015), heat wave (2003, 2004, 2005, 2007, 2010 & 2016), cold wave (2005, 2006, 2008, 

2011, 2012, 2013 and 2017), hailstorm (2014, 2015). Increased number of mid-season 
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NICRA Net Work 

droughts and high intensity rains that take away fertile soil leading to water stress 

reduced food production, stability and livelihoods of the farmers in the country. Small 

changes in temperature and rainfall would have significant effect on the quality of 

cereals, fruits, aromatic and medicinal plants. Pests and diseases are highly dependent 

upon temperature and humidity, and therefore will greatly be influenced by climate 

change.  The recent outbreak of whitefly on cotton in northwest India and pink bollworm 

at several cotton growing areas of the country is attributed to aberrant changes in 

weather. 

Therefore it is evident that climate change has become an important area of 

concern for India to ensure food and nutritional security for growing population. To meet 

the challenges of sustaining domestic food production in the face of changing climate and 

generate information on adaptation and mitigation in agriculture to contribute to global 

fora like UNFCC, it is important to 

have concerted research on this 

important subject. With this 

background, Indian Council of 

Agricultural Research (ICAR), 

under the Ministry of Agriculture 

and Farmers Welfare launched a 

network ‘National Innovations in 

Climate Resilient Agriculture’ 

(NICRA) during the year 2011. 

NICRA aims to evolve crop 

varieties tolerant to climatic stresses 

like floods, droughts, frost, 

inundation due to cyclones and heat 

waves. Under this project about 41 

Institutes of ICAR are conducting 

research under Strategic Research 

Component covering various theme 

areas viz., development of multiple stress tolerant crop genotypes, natural resource 
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Components of NICRA 

management, quantification of green house gas emissions in agriculture and the develop 

technologies for their reduction, climate resilient horticulture, marine, brackish and 

inland fisheries, heat tolerant livestock, mitigation and adaptation to changing climate in 

small ruminants and poultry. Sate of the art infrastructure required or climate change 

research such as high through-put phenotyping platforms, free air temperature elevation 

(FATE), carbon dioxide and temperature gradient tunnels (CTGC), high performance 

computers, automatic weather stations, growth chambers, rainout shelters, animal 

calorimeter, shipping vessel, flux towers and satellite receiving station were established 

in the research institutes across the country under NICRA project. 

Technology Demonstration 

Component (TDC) under NICRA aims to 

demonstration of location specific 

practices and technologies to enable 

farmers cope with current climatic 

variability. Demonstration of available 

location-specific technologies related to 

natural resource management, crop 

production, livestock and fisheries is 

being taken up in the climatically 

vulnerable districts for enhancing the 

adaptive capacity and resilience against climatic variability. Technologies with a 

potential to cope with climate variability are being demonstrated under Technology 

Demonstration Component (TDC) in 121 most vulnerable districts selected across the 

country through Krishi Vigyan Kendras (KVKs). 

Institutional intervention Component under NICRA aims at creating enabling 

support system in the village comprising of strengthening of existing institutions or 

initiating new ones (Village Level Climate Risk Management Committees (VCRMC)), 

establishment and management of Custom Hiring Centers (CHCs) for farm implements, 

seed bank, fodder bank, creation of commodity groups, water sharing groups, community 

nursery and initiating collective marketing by tapping value chains. 100 custom hiring 

centers (CHCs) for farm machinery were setup under NICRA project, which are being 
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managed by Village Climate Risk Management Committee (VCRMC) comprising of 

villagers. Module on use of ICT for knowledge empowerment of the communities in 

terms of climate risk management is also being planned in select KVKs for generation of 

locally relevant content and its dissemination in text and voice enabled formats. 121 

KVKs associated under NICRA projects have also taken initiatives such as participatory 

village level seed production of short duration, drought and flood tolerant varieties, 

establishment of seed banks involving these varieties were established in the KVKs, 

demonstration and of improved varieties of fodder seeds and establishment of fodder 

bank in NICRA villages. Details on the research under this project is as under. 

 

Climate Smart Crop Varieties 

Large number of germplasm screened for drought, heat, salinity, submergence 

tolerance etc. in different field and horticultural crops, for identifying donors for stress 

tolerance. Number of advance breeding materials was generated and evaluated at multi-

locations for developing new cultivars. Germplasm lines of rice and wheat tolerant to 

drought and heat stress have been collected from different climatic hot-spot regions of 

India. So far a total of 184 rice accessions were collected. Evaluation of wheat 

germplasm for drought tolerance with 1485 accessions was conducted to identify drought 

tolerance lines based on 22 morpho-physiological traits. Based on the drought susceptible 

index a reference set will be developed for allele mining using micro satellite markers. 

Marker assisted back cross breeding was carried out using molecular markers link to the 

QTL governing drought tolerance into Pusa Basmati-1. rice varieties. Two rice genotypes 

for submergence tolerance was registered with National Bureau of Plant Genetic 

Resources (MBPGR), New Delhi. One salinity tolerant variety is in final year of All India 

Coordinated Research Project trials. Three superior heat tolerant hybrids were developed.  

Four drought tolerant rice varieties were released for Tripura. Two extra-early (50-55 

days) green gram varieties were identified for summer cultivation (IPM 409-4, IPM 205-

7) and one multiple stress tolerance redgram wild accession (C. scarabaeoides). A large 

number of soybean genotypes were evaluated for drought. Lines JS 97-52, EC 538828,  

EC 456548 and EC 602288 identified as relatively tolerant. These lines have been 

crossed among each other and with lines with superior agronomic background and are in 
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F2-3 generations. Five heat tolerant and 12 drought tolerant genotypes in tomato. Number 

of mapping population in rice, wheat, maize were developed for identifying QTL for 

various abiotic stresses in these crops for utilization in maker assisted selection (MAS) 

breeding.  

 

Natural Resource Management 

GHG emissions  (CO2, CH4& N2O) due to implementation of climate resilient 

interventions in various production systems (annual and/perennial crops, irrigated rice, 

inputs, livestock, forestry and land use change) were converted to an equivalent value 

(tonne CO2 equivalent) in 7 villages of Gujarat and Rajasthan, which were found to be 

negative suggesting a sink in GHG emissions.  Direct-seeded rice (DSR) with mungbean 

residue incorporation, brown manuring (BM) with sesbania, rice residue retention (RR) 

in zero till (ZT) wheat/rabi crops are important conservation agriculture (CA) practices. It 

was observed that mung bean residue (MBR) + DSR – ZTW – ZT summer mung bean 

(ZTSMB) gave highest system productivity, net return, water productivity and low GWP. 

In long term efforts to assess CA practices on productivity enhancement, nutrient use 

efficiency, soil health and quality, it was observed that seed (3.8 t ha-1) and stover (5.6 t 

ha-1) yields in maize in CA were on par with conventional system (CT). Also, 

significantly higher grain (5.3 t ha-1), stover (6.5 t ha-1) yields and harvest index (0.44) 

were realized with balanced fertilization with NPKSZnB. Analysis of Resource 

Conservation Technologies (RCT) in NEH zone indicated that conventional Tillage (CT) 

has higher cumulative soil respiration (> 18%) compared to zero tillage. Agroforestry 

offset carbon dioxide from atmosphere is 0.77 tons of CO2ha-1 year-1and agroforestry 

system are estimated to mitigate 109.34 million tonnes CO2 annually from 142.0 million 

ha of agriculture land. Further, it is estimated to offset 33 per cent of total GHGs 

emissions from agriculture sector annually at country level. The net eco-system methane 

exchange during rice growth period was the highest between active tillering to maximum 

tillering stage in rice.  The diurnal variations in mean Net Eco-system Exchange (NEE) in 

submerged rice eco-system in both dry and wet seasons varied from + 0.2 to - 1.2 and + 

0.4 to - 0.8 mg CO2 m
-2 s-1.  The cumulative seasonal methane emission was reduced by 

75% in aerobic rice as compared to continuously flooded rice.  The seasonal emissions 
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were lower in slow release N fertilizer, especially, when applied on the basis of 

Customized Leaf Colour Chart (CLCC). Zero tillage in wheat lowered the GWP as 

compared to tilled wheat.  Similarly, CO2, CH4 and N2O fluxes were influenced by tillage 

/ anchored residue and anchored residues of 10 and 30 cm in zero till reduced the N2O 

emissions in rainfed pigeonpea-castor system. In efforts on mitigation strategies by 

reducing carbon foot prints through conservation agriculture in rainfed regions, carbon 

foot print from various practices like decomposition of crop residues, application of 

synthetic N fertilizers, field operations and input production indicated that there is a 

scope to reduce carbon foot prints by reducing one tillage operation with harvesting at 10 

cm height with minimal impact on the crop yields.  Long-term conservation horticultural 

practices in mango orchards improved the quality of soils through enhancing the organic 

carbon fraction and biological status, especially near the surface. Soil aggregates and 

water stability improved under conservation treatments. Cover crop, Mucuna, could 

conserve maximum moisture and reported higher Glomalin content in soil indicating the 

improvement in soil aggregation. Assessment of biochar on productivity, nutrient use 

efficiency and C sequestration potential of maize based cropping system in North-Eastern 

Hill region indicated a higher soil microbial biomass carbon (SMBC), dehydrogenase 

enzyme activity (DHA) and soil organic carbon (SOC) with application of biochar @ 5.0 

t/ha along with 75% RDF + 4 t/ha FYM, while exchangeable aluminium and 

exchangeable acidity were reduced. GHG inventory for different cropping systems and 

production systems. GHG emissions quantified from Conservation Agriculture (CA) – 15 

to 20% reduction, Resource conservation technologies (Biochar, zero tillage, reduced 

tillage, mulching etc.). C Sequestration in different agroforestry systems (16-22 t C ha-1). 

  

Greenhouse Gas Emission from Agriculture and Allied Sector 

Under NICRA, emphasis has been placed on the development of technologies, 

which can reduce the green house gas emissions without compromising on yield. As part 

of this initiative, various ICAR institutes such as Indian Agricultural Research Institute 

(IARI), New Delhi, Indian Institute of Farming Systems Research (IIFSR), Modipuram, 

Indian Institute Soil Science (IISS), Bhopal, Central Arid Zone Research Institute 

(CAZRI), Jodhpur, ICAR Research Complex for NEH Region (ICAR-NEH), Umiam are 
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working on various themes related to the GHG emissions. Facilities like, Eddy 

Covariance towers are established at IARI, New Delhi and National Rice Research 

Institute (NRRI), Cuttack for continuously monitoring the GHG emissions from the crop 

fields during growing season so as to quantify precisely the extent of GHG emissions 

from the paddy systems. Research Facilities like Rainout shelter, Carbon dioxide 

Temperature Gradient Chamber (CTGC), Free Air Carbon dioxide Enrichment (FACE), 

Free Air Temperature Enrichment (FATE) etc. have been established to understand the 

impact of elevated carbon dioxide (eCO2) and temperature and develop crop varieties that 

can withstand these stresses. Practices which can further reduce the GHG emissions such 

as improved systems of paddy cultivation, fertilizer management, improved fertilizer 

materials, crop diversification, etc. are explored for further reducing the GHG emissions 

from the paddy based systems. The proven mitigation practices, which can reduce the 

GHG emissions, are being demonstrated to farmers as part of the Technology 

Demonstration Component (TDC) of NICRA. The TDC of NICRA is being implemented 

in 121 climatically vulnerable districts of the country by taking one or cluster of villages 

in each of the vulnerable district. 

Location specific, crop specific mitigation practices such as system of rice 

intensification, direct seeded rice cultivation (dry and wet methods of cultivation), soil 

test based fertiliser application, rational application of nitrogen, integration of trees 

especially fruit trees in the arable systems, efficient irrigation systems such as drip 

method and sprinkler method of application which can reduce the energy use while 

irrigating field crops, demonstration of zero tillage cultivation as an alternate to burning 

crop residues in rice-wheat systems of Punjab and  Haryana where large quantities of rice 

residues are being burnt, integration of green manure crops in the existing cropping 

systems, promotion of green fodder crops and greater use of green fodder for livestock, 

etc. are being demonstrated as part of the technology demonstration component of 

NICRA in the 121 climatically vulnerable districts of the country.  The proven resilient 

practices are being integrated in the development programs such as the Crop 

diversification in traditionally paddy growing regions as part of the National Food 

Security Mission (NFSM) wherein 1.02 lakh ha is being diversified from paddy to other 

less water consuming crops in the country during the year 2015-2016. Similarly the 
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paddy systems of cultivation such as System of rice cultivation, direct seeded rice are 

being promoted by the development programs as part of the NFSM where in 1.63 lakh ha 

area was brought under these improved methods of paddy cultivation in the country 

during the year 2015-2016. Such kind of efforts would contribute to reduction of GHG 

emissions in the country. 

 

Horticulture 

Climate change impacts several horticultural crops in the country. Flooding for 24 

hours severely affects tomato during flowering stage. Onion during blub stage is highly 

sensitive to flooding, where as warmer temperatures shorten the duration of onion bulb 

development leading to lower yields. Similarly, soil warming adversely affects several 

cucurbits. Reduction in chilling temperature in the recent years in Himachal Pradesh 

drastically affected apple production, and the farmers are shifting from apple to kiwi, 

pomegranate and other vegetables. More importantly, temperature and carbon dioxide are 

likely to alter the biology and forging behavior of pollinators that play key role in several 

horticulture crops. Under NICRA project research has been initiated at 5 ICAR Institutes 

viz., Indian Institute of Horticultural Research (IIHR), Bengaluru, Indian Institute of 

Vegetable Research (IIVR), Varanasi, Central Potato Research Institute (CPRI), Shimla, 

Central Institute of Temperate Horticulture (CITH), Srinagar and Directorate of Onion 

and Garlic Research (DOGR), Pune. High throughput screening of germplasm using 

plant Phenomics, Temperature Gradient Chambers, FATE Facility, Root imaging system, 

Environmental Chamber, TIR Facility, Photosynthetic System and Rainout shelter 

enabled to characterizes large number of germplasm lines and identify suitable donors for 

breeding against drought, heat stress and flooding in tomato, brinjal and onion. The 

technique for inter-specific grafting of tomato over brinjal has been standardized and 

large-scale demonstrations have been taken up to withstand drought and flooding in 

tomato. Environmentally safe protocol was developed for synchronizing flowering in 

mango, which is induced due to changing climate. A microbial inoculation with osmo 

tolerant bacterial strains have been developed to improve yield under limited moisture 

stress in tomato. Several resource conservation technologies viz., mulching, zero tillage, 

reduced tillage, biochar etc. have been demonstrated in climatically vulnerable districts 
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across the country through Krishi Vigyan Kendras (KVKs). Large-scale adoption of this 

climate resilient technologies enable to adopt the changes associated with global warming 

and also keep pace with increasing demand for horticulture products in the country in the 

years to come. 

 

Livestock 

Under NICRA project climate change research facilities for livestock viz., CO2 

Environmental Chambers, Thermal Imaging System, Animal Calorimeter, Custom 

Designed Animal Shed etc.  have been established at ICAR-National Dairy Research 

Institute (NDRI), Karnal and ICAR-Indian Veterinary Research Institute (IVRI), 

Izatnagar. Biochemical, morphological and physiological characterization of indigenous 

cattle breeds were carried out and compared with exotic breeds. The traits identified in 

indigenous breed viz., heat shock proteins, air coat colour, wooly hair etc. that impart 

tolerance to heat stress could be used in future animal breeding programs to develop 

breeds that can withstand high temperature. Different feed supplements have been 

identified and tested successfully to withstand heat stress in cattle. Studies on prilled 

feeding in cattle showed that they help lowering stress levels and methane emission. 

Custom designed shelters system and feed supplementation with chromium propionate, 

mineral supplements (Cu, Mg, Ca and Zn) both in feed and fodder significantly improved 

the ability to withstand heat stress. At ICAR-North Eastern Hill Region, Umiam, the 

local birds of Mizoram are predominantly black in colour, small size, crown appearance 

on head, light pink comb with black, poorly develop wattle, small ear lobe, shank is 

brown to black and elongated. The average annual egg production of local birds is 45-55 

eggs. Local birds are more tolerant to common diseases of poultry. Innovative deep litter 

pig housing model was developed that offers the advantages of better micro-environment 

both summer and winter, better physiological adaptation, protecting animal welfare and 

behavior, faster growth rate of piglets and higher performance and productivity and low 

incidences of diseases/ conditions. The performance of Vanaraja poultry under backyard 

farming at different altitude under diversified agro-climatic condition was evaluated. 

Vanaraja birds have high tolerance to incidence of diseases and showed wide adaptability 

under different altitude. Many of these climate resilient technologies viz., feed 
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supplement, shelter management, improved breeds, silage making, de-warming etc. have 

been demonstrated in the farmers field through KVKs in the 121 climatically vulnerable 

districts across the country. Up-scaling of these technologies through respective State 

Governments would enable the livestock farmers in the country cope with vagaries 

associated with climate change. 

  

Fisheries 

Under NICRA project climate change research facilities for Fisheries viz., 

Research Vessel, Green House Gases analyzer Agilent 7890A GC Customized, Fish 

Biology Lab, CHNS/O analyzer, Automatic Weather Station installed etc. have been 

established at ICAR- Central Marine Fisheries Research Institute (CMFRI), Kochi, 

ICAR- Central Inland Fisheries Research Institute (CIFRI), Barrackpore, ICAR- Central 

Institute of Brackish water Aquaculture (CIBA), Chennai and ICAR- Central Institute of 

Freshwater Aquaculture (CIFA), Bhubaneswar. Relationship of temperature and 

spawning in marine and freshwater fisheries sector is being elucidated so that fish catch 

in different regions can be predicted by temperature monitoring.  A shift in the spawning 

season of oil sardine was observed off the Chennai coast from January-March season to 

June-July. Optimum temperature for highest hatching percentage was determined in 

Cobia.  A closed poly house technology was standardized for enhancing the hatching rate 

of common carp during winter season.  An e-Atlas of freshwater inland capture fisheries 

was prepared which helps in contingency planning during aberrant weather. For the first 

time a green house gas emission measurement system was standardized for brackish 

water aquaculture ponds.  Cost effective adaptation strategies like aeration and addition 

of immuno-stimulant in the high energy floating feed helped freshwater fish to cope with 

salinity stress as a result of seawater inundation in Sundarban islands. Relationship was 

established between increase in Surface Sea Temperature (SST) and catch and spawning 

in major marine fish species. Simulation modeling was used to understand the climate 

change and impacts at regional/national level. 

 

Micro Level Agro Advisory  
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Under ICAR-NICRA project a concept of micro level Agromet advisories at 

block level was developed and on a pilot basis with the help block level forecasts 

provided by IMD, Agrometeorologists of AICRPAM cooperating centers and KVK 

subject matter specialists initiated in 25 selected blocks in 25 selected districts. 

AICRPAM introduced a new concept "Field Information Facilitators (FIFs)" who acts as 

the interface between the farmer and AICRPAM & KVK for Crop data collection and 

dissemination of MAAS.  

The Dissemination mechanism was strengthened with different methods used by 

the AICRPAM centers viz. Dandora, pasting posters at different important places where 

people frequently watch, through SMS to the mobile phones of the farmers who are 

registered with AICRPAM center and KVKs. Special mobile applications were also 

developed by AICRPAM centers for dissemination of AAS.  The feedback obtained from 

the farmers stated that many of them were satisfied with the timely Agromet advisories 

which are benefitted them a lot. some of the success stories presented below. In reality 

expansion of these services throughout the country will benefit of farming community 

and helps in doubling of their income. 

  

 Policy Support  

Vulnerability assessment map prepared under NICRA is being used by different 

Ministries and several NGOs/CBOs.  

 NICRA is also contributing to National missions like NMSA, Water mission, 

Green fund and INDC 

 GHG inventory by NICRA partner institutes contributes to BUR reports 

 Outcome of NICRA project supported some of the policy issues in Sates of 

Maharashtra (BBF Technology), Million farm ponds in the Sates of Andhra Pradesh 

and Telangana, ground water recharge initiatives (Southern states), drought 

proofing in Odisha, NABARD action plans, NICRA model village expansion in 

Assam etc. 

 Contingency planning workshops organized every year in different States helps in 

preparedness to face weather aberrations. 
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Over all, NICRA project is contributing towards developing adaptation and 

mitigation strategies in the country and enabling to make Indian agriculture more resilient 

to climate change. 

 

Conclusions 

NICRA is a unique project, which brings all sectors of agriculture viz. crops, 

horticulture, livestock, fisheries, NRM and extension scientists on one platform for 

addressing climate concerns. It is very important to sustain the efforts made in the past 

few years and take forward the project for some more years. Over the past five years, the 

state of the art infrastructure facilities have been established, standardized and put in to 

function in core institutes of ICAR to undertake the climate change research. Manpower 

(Scientists, Research Associates, Research Fellows, Technical Officers etc.) have been 

trained to handle and operate these facilities.  However, some of these precious research 

facilities are yet to be utilized to the full potential.  In other words, a large platform 

related to climate change research has been created in the country. Crop improvement for 

multiple stresses takes several years of research and multi location testing. Efforts made 

under this project, in some cases resulted in development of varieties/hybrids ready for 

large-scale cultivation. Whereas, many are under different stages of development which 

may require few more years to be released as variety/hybrid/breed. Simulation modeling 

to assess the impact of climate change at regional level is still at initial stage. 

Standardization of minimum data sets and compilation of data from different sources 

have shown good progress. In the next phase, these data sets will be used for modeling. 

Capacity building for this activity 

will be emphasized and a dedicated 

group will be formulized. Research, 

essentially long term in nature, 

should continue further to achieve 

the intended outputs and outcomes  

Though there are some 

positive lessons and experiences 
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emerging out of technology demonstration component, there is still considerable need to 

continue this activity to identify and demonstrate technologies that help deal with climate 

change. In fact, the technologies found to be performing well are getting fed into 

programs such as NMSA. There is still need to develop variety of adaptation options for 

different sub-sectors within agriculture, for different regions and for farmers with varying 

resource endowments. Such an effort is to be accompanied by identification of factors 

that help adopt technologies on a wider scale.  

The commitments of the country to emission reductions require generate appropriate 

information and data on emissions as well as options that help reduce emissions. 

Techniques standardized so far under NICRA for estimation of GHG emissions from 

different management practices will be used for further reducing the carbon footprint of 

production systems in the country. Government of India has committed for the reduction 

of emission intensity of GDP by 32-35% by 2030 from 2005 levels, and the outputs of 

NICRA project contributing to several national project reports i.e., Intended Nationally 

Determined Contribution (INDC), Biennial Update Report (BUR), Nationally 

Appropriate Mitigation Action (NAMAs), National Mission on Sustainable Agriculture 

(NMSA) and several other Missions under National Action Plan on Climate Change. The 

system-wide impacts and responses to climate change need to be understood better and 

more comprehensively. The efforts in this direction, which have begun, recently have to 

be taken through their logical course for such an understanding is necessary to identify 

and prioritize various adaptation options. To sum up, the activities initiated few years 

back under NICRA should continue and expand in scope and content, and enable to 

develop multi location multi sector mitigation and adaptation strategies so that we combat 

major challenge posed due to climate change in Agriculture.  
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Prologue 

The majority of the Indian population is dependent on agriculture and allied 

sectors for their livelihood and income. Therefore, maximum emphasis is given to the 

development and improvement of these sectors. However, limited irrigation is one of the 
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important and critical constraints in these sectors as only 35% of the net sown area in 

India is under complete irrigation. To overcome irrigation problems as well as to boost 

the agriculture production the government encouraging construction of farm ponds which 

can harvest of rainwater and subsequently storing this water for later (during drought) use 

of agriculture. These farm ponds which are constructed under different agricultural 

scheme in the farmers land has scope to utilize for aquaculture without affecting the 

water level in farm pond. The farm pond based aquaculture is potential option to improve 

farmer’s surplus income and ensure their sustainable livelihood. Fish culture in such 

water bodies has potential to increase fish production and economic return per unit area 

of land. This model of producing fish fingerlings results in increasing the fingerling 

production and will take ‘Mission Fingerling’ programmes as forward linkage in Blue 

revolution scheme. It is expected that this additional water area will prove a boon to 

‘Mission Fingerling’ programmes to achieve blue revolution. 

 

Introduction 

Past strategy for development of agriculture sector in India has focused primarily 

on rising agricultural output and improving food security. It is obvious that if inflation in 

agriculture price is high, farmer’s income in nominal terms will double in much shorter 

period. This implies that the ongoing and previously achieved rate of growth in farmer 

income has to be accelerated. Therefore realise the need to pay special attention to the 

farmer, the Ministry of Agriculture and Farmers Welfare set the goal of doubling farmers 

income by the year of 2022 and took strong measure for the same to harness all possible 

sources of growth in farmers income within as well as outside agriculture sector. MoA 

mentioned the major sources of growth operating within agricultural sector are: 

1) Improving in productivity 

2) Resource use efficiency or saving in cost of production  

3) Increase in cropping intensity 

4) Diversification towards high value crop 

5) Shifting cultivator from farm to non-farm occupation 

6) Improvement in terms of trade for farmers or real price 
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So, keeping in the view of above major possible sources of growth of income, the 

farm pond based   aquaculture, based on two above sources i.e.  1) Resource use 

efficiency or saving in cost of production and 2) Diversification towards high value crop. 

 

Farm ponds a boon for farmers 

Since Climate change impacts agriculture by reducing yield due to intensity of 

drought, rise in temperature, variability in precipitation and reducing the availability of 

several natural resources, water being the most prominently commodity. To overcome 

this Agriculture Department of the Government of India has initiated a ‘National 

Horticulture Mission’, Maharashtra Rural Employment Guarantee Scheme, Rashtriya 

Krishi Vikas Yojana (RKVY). Maharashtra State initiated significant efforts in this 

direction and a scheme popularly known as “Magel Tyala Shet Tale” (Farm pond on 

Demands) and Jalyukt Shivar (JYS). In Andhra Pradesh, mandal committee will prepare 

a plan on ‘Neeru-Chettu’, NREGA and farm ponds construction. Under ‘Panta-Kunta’ 

programme, two to five small farm ponds will be dug in every village.  All schemes 

offers a subsidy for digging and lining the farm ponds which to ensure water storage for 

longer period. Farm ponds are manmade tanks constructed for holding water which could 

be used during scarce season to ensure lifesaving irrigation for the crops. Very Few 

studies conducted on aquaculture of farm pond provides information on the aquaculture. 

 

Smallholder fish production systems 

Todays, the majority of the individual farmers have farm pond and has scope to 

utilize for aquaculture without affecting the water level for future use. At the same time 

scarcity of water is a major problem faced by the farmers and a slew of measures to 

protect remuneration, keep input costs low and open up alternative forms of income will 

help the farmers getting surplus income. So, Fish culture in farm pond has potential to 

increase fish production system and economic return per unit area of land. The 

investment costs are small and a return on the investment is possible in as little as three 

months which is totally surplus income of the farmers in existing resources. It appears to 

be a highly suitable livelihoods option for people who have farm pond with limited 
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capital investment and operating costs of around Rs.7650 for a 30 X 30X 3 m farm pond, 

generating ₹ 28000-30000 of revenue. 

Now days, major concern in freshwater aquaculture is to increase production per 

unit area by applying different innovations and technologies in existing water resources. 

The production from marine sector has almost reached its potential as most of the 

resources have already been overexploited and therefore there is little scope for 

increasing the production from that source. On the contrary, most of the inland fishery 

resources are underexploited and there is tremendous scope for triggering fish production 

from different inland fisheries resources. A study made by the International Water 

Management Institute (IWMI) revels that by 2025 nearly 1/3rd of world population would 

live in the regions of severe water scarcity and the same proportion of the population in 

India could face absolute water scarcity. Therefore a major focus will be on the judicious 

management of water resources like farm pond and do develop strategies for its efficient 

and multiple uses.  

These water bodies’ uses for agriculture use during the drought period and it can 

be parallel used for aquaculture by stocking fish species such as Labeo rohita, Catla catla 

and Cirrihinus mrigala, GIF Tilapia Oreochromis niloticus, Pangasianodon 

hypophthalmus. This model of producing fish fingerlings results in increasing the 

farmer’s income. It is also expected that this additional water area will prove a boon to 

‘Mission Fingerling’ programmes to achieve blue revolution. In the light of this 

perspective, Farm Pond based Aquaculture Model could take a viable option for doubling 

farmer income in India. 

 

   

Boosting fingerling supply 

A key constraint to aquaculture in large water bodies is the supply of fingerlings 

especially those of a sufficiently large size to grow quickly to market size, in seasonal 

ponds or to avoid predation in perennial ponds. The DARE realised the fish fingerling 

production is the single most important critical mission visualised to achieve fish 

production targets under the Blue Revolution, The Neel Kranti Mission. The mission 

seeks to enhance fisheries production to 15mmt from 10.79 mmt by the end of the year 
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2020-21, under the Blue Revolution. Large-scale implementation of farm pond 

excavation scheme is going to be a major boon for the fingerling production. There was 

no systematic supply chain for fish fingerling in the India, where it can make backward 

linkages for fish growers. Farm pond based aquaculture makes bridge between fish 

hatchery to fish grower. 

 

Farming strategies 

Nursing fish seed is arguably the simplest component of farm pond based 

aquaculture and a suitable entry-point into aquaculture for farmers and fishers. Between 

hatchery operations, which produce spawn, and on-growing operations, which raise carp 

to market size, is a short but vital stage where spawn are nursed in farm pond to 

fingerlings – the size at which they can be stocked in larger seasonal or perennial ponds. 

The nursery rearing involve nurturing of 3 days old spawn which has just begin to eat and 

continue for the period of 3 months to raise the fingerling size. The different management 

strategy involved to fingerling production is: 
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Fig.1 Backword and farwrd linkage of farmers 

 

Nursery farming and management in Farm pond 

In farm pond based aquaculture model, emphasis is given on boosting the primary 

productivity by manure and fertilization. This will ensure enough availability of plankton 

as natural food. In addition, supplementary feed plays an important role and fed @ of 5-8 

% of body weight. Broadly, the various steps involved in the management of farm ponds 

may be classified as (i) Pre-Stocking Management, (ii) Stocking Management (iii) Post-

Stocking Management operations  

Pre-stocking management 

Pre-stocking management aims at proper preparation of pond to remove the 

causes of poor survival, unsatisfactory growth, etc. and also to ensure ready availability 

of natural food in sufficient quantity and quality for spawn/fry/fingerlings to be stocked. 

The first step in pre-stocking management is to ploughing (without lining farm pond), 

eradicate aquatic vegetation and predatory & weed fishes. The pond is fertilized with 

organic manures and inorganic fertilizes, the cow dung is applied generally @ of 1000 

kg/ha, urea @ 100 kg/ha/year and single supar phopsphte @ 50 kg/ha/year. The oil 

emulsion dose (diesel and detergent @ 0.5 litre & detergent 200 gm) should be applied 

prior to 2-3 days of stocking. Pre-stocking part of the management involves the following 

sequential measures (Fig. 1-6). 


