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Basic Concepts and Definitions 

This discussion focuses only on ways to use less water for crops while maintaining 

or even increasing total crop productivity (unrelated to economic value of water) 

by enhancing the efficient use of water through improved management and 

advanced irrigation technologies. Strategies to be considered as a part of these 

activities include redesigning total irrigation systems for higher efficiency, 

successfully treating and reusing degraded waters, reducing evaporation losses, 

introducing site‐specific applications, implementing managed‐deficit irrigations, 

and employing engineering techniques to minimize leaching and water losses to 

unrecoverable sinks. There are no one‐size‐fits‐all remedies nor any silver bullets; 

each area and mix of cropping systems will have unique solutions. 

Summary of ways to improve water-use efficiency 

Conservation of water 

• Reduce conveyance losses by lining channels or, preferably, by using closed 

conduits. 

• Reduce direct evaporation during irrigation by avoiding midday sprinkling. 

Minimize foliar interception by under-canopy, rather than by overhead 

sprinkling. 

• Reduce runoff and percolation losses due to overirrigation. 

• Reduce evaporation from bare soil by mulch-ing and by keeping the inter-

row strips dry. 

• Reduce transpiration by weeds, keeping the inter-row strips dry and applying 

weed control measures where needed. 



 

 

Enhancement of crop growth 

• Select most suitable and marketable crops for the region. 

• Use optimal timing for planting and harvesting. 

• Use optimal tillage (avoid excessive cultivation). 

• Use appropriate insect, parasite and disease control. 

• Apply manures and green manures where possible and fertilize effectively 

(preferably by injecting the necessary nutrients into the irrigation water). 

• Practise soil conservation for long-term sustainability. 

• Avoid progressive salinization by mon-itoring water-table elevation and 

early signs of salt accumulation, and by appropriate drainage. 

• Irrigate at high frequency and in the exact amounts needed to prevent water 

deficits, taking account of weather conditions and crop growth stage. 

                                          The water balance of a field 

 

Drought resistance-  

Drought resistance (DR) is defined as the mechanism causing minimum loss of 

yield in a water deficit environment relative to the maximum yield in a water 

constraint free management of the crop. Plants have evolved several mechanisms 

to cope with water deficit stress which includes drought escape and drought 

tolerance. 



 

 

• Crops such as rice, wheat and soybeans could be adapted to better survive 

dry environments. Researchers have identified the genetic underpinnings 

of drought resistant plants, allowing them to potentially 

develop crops that could grow, and even thrive, in dry conditions. 

• Drought is the most important environmental stress affecting agricultural 

productivity worldwide. Breeding of drought-tolerant crops is important in 

order to meet demands of food security in the face of an ever increasing 

world population, global warming and water shortage.  

• Drought resistance (DR) is defined as the mechanism causing minimum 

loss of yield in a water deficit environment relative to the maximum yield in 

a water constraint free management of the crop. Plants have evolved several 

mechanisms to cope with water deficit stress which includes drought escape 

and drought tolerance. Plant breeders and physiologists have identified 

some important traits associated with DR in crop plants. Many of these 

traits relate to making appropriate use of water when it is available, often 

with the aim of ensuring reproductive success and grain yield.  

• Traits associated with DR serve as important breeding tools in identifying 

stress-resistant genotypes and in introgressing the resistance traits into high 

yielding genotypes. Marker-assisted selection based around screening for 

desirable alleles at QTL for DR is an important approach for improving DR 

in crops. Dissecting these complex phenotypic traits into simpler heritable 

traits has led to the identification of genes associated with some QTLs for 

DR. Breeding for DR has met with limited success following either 

empirical or marker-assisted selection approach. 

•  It is essential to integrate crop physiology, functional genomics and 

breeding approaches to dissect complex DR traits, understand the molecular 

basis of DR and develop improved cultivars to adapt to the changing 

climate. This chapter focuses on the DR traits important for agricultural 

productivity in major crops, i.e. wheat and rice. The physiological and 

genetic basis of traits is discussed to highlight the complexity of the 

quantitative traits and the need to integrate this information in breeding 

drought-resistant crops. 
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