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Streamlining Different Plant Breeding Methods to Enhance Water Use Efficiency in
Agricultural Systems

Abstract

Relevance of Water in human life and agro-ecosystems has been extensively illustrated for
decades around the globe. Despite the reality that the earth is mostly surrounded by water, its
utility has been limited in domestic consumption and agricultural purposes. Thus, tweaking
water usage in agricultural systems has been a tricky problem in order to meet the
requirements of the growing population and to obtain more crop yield per drop of water in
agriculture. In this review, an attempt has been made to revisit the methods available to

improve water use efficiency in agriculture.

Introduction

Water is essential for life [1]. The planet earth is often regarded as ‘blue planet’ as water
occupies around 71% of its surface. But around 96% of total earth’s water is saline which is
unfit for domestic consumption or for agricultural purpose. Of the total fresh water content,
68% is in the form of glaciers and only 30% is in the ground. So, the amount of fresh water
that sustains terrestrial life is very small, constituting less than 1% of the earth’s total water
content (Grey et al., 2013 and Valavanidis, 2019). However, with the increasing global
population, the water shortage is also increasing at an alarming rate (Jury and Vaux, 2005 and
Ruggiero et al., 2017).

Water scarcity has become a major problem even for domestic use. On the other hand, the
increasing population is also pressurizing the agriculture sector to increase the food
production (Islam and Karim, 2019 and Shah et al., 2021). But changing climate, long dry
spells, and erratic rainfall pattern has become a nightmare from the recent decades and are
limiting the gains in crop production. So, in order to meet the growing food demands,
intensive agriculture system has come into practice which includes use of hybrids, chemical

fertilizers and artificial irrigation as major inputs.



Around 80% of the world’s total allocatable water resource is currently consumed by
irrigated agriculture (9). So, agriculture has become the largest consumer of available water
(Sharma et al., 2015 and Zhu et al., 2019). The total evapo-transpiration from agricultural
landsis expected to increase twice in next 50 years, if we continue with the same trend of
cultivation practices and food consumption (Sharma et al., 2015). So, optimal management of
world water resources is one of the major challenges of the current century to ensure food
security and water availability to our future generations (Zhu et al., 2019). In this context,
there is a pressing need to improve water productivity. Producing more crop per drop of
water has become the agenda in agriculture sector (7). Increasing water use efficiency of food
crops offers a key to achieve this and solve the global water scarcity problem for crop

production.

Water Use Efficiency:

As a normal physiological activity, plants diffuse carbon dioxide and water through
their stomatal pores by the process of photosynthesis and transpiration respectively (14) and
(10). Both these processes, being affected by the leaf area, are inter-connected with each
other (10). Of the total water uptaken by the plant, over 90% is lost through transpiration and
not utilized for biochemical processes (Ruggiero et al., 2017).The amount of biomass
produced per unit of water transpired is termed as “Transpiration efficiency (TE)” (13).
Whereas, the amount of biomass produced per unit of water used by a plant is water use
efficiency (WUE) (16).

The concept of water use efficiency was first introduced by Briggs and Shantz (1913)
(5) and is broadly defined as the ratio of water used by the plant for metabolism to the water
lost through transpiration (Ruggiero et al., 2017). But Plant metabolism is affected by rising
temperatures and recurring droughts. The higher temperatures not only alter the thermal
environment of plants, but make the atmosphere drier, thus increasing the evapo-transpiration
and reducing WUE (11). Severe droughts also have negative impacts on growth, physiology,

and reproduction of plants and lead to decline in crop yields (12).

With the recurring events of erratic rain fall, severe drought and -elevated
temperatures, it is a challenging task to increase economic productivity of food crops with the
limited availability of water resource. Hence, several physical and biological approaches

should be pursued in an integrated manner. Besides proper agronomic practices, employing



suitable breeding methods for improving TE or WUE to boost crop yields could be a key to

address this global issue of water shortage (10).

Breeding for increased WUE or TE

Breeding for increased WUE or TE demands screening for physiological traits like
root architecture, seedling vigour, days to flowering, carbon isotope discrimination (CID),
leaf turgor, stomatal conductance, abscisic acid (ABA), osmolytes, chlorophyll concentration,
and remobilization of water-soluble carbohydrates. Thus, there is a need to bridge the gap
between physiology and breeding (Shunmugam et al., 2018). There are several reports of
efforts on improving WUE and drought tolerance in crop plants. With the progress made in
understanding drought adaptive mechanisms of crops, the mechanism has been broadly
classified into drought escape, drought avoidance, and drought tolerance based on the plant
physiological habit and drought response (Sreeman et al, 2018).

Drought escape is a drought adaptive mechanism which refers to the ability of the
plant to complete its life-cycle before onset of drought (Shavrukovet al., 2017). Early
reproductive phenology is one of the major traits that help plants to escape drought
(Shavrukov et al., 2017 and Khan et al., 2018). Early reproductive phenology here denotes
for early flowering, early pod/seed development and early pod/seed maturity. For example,
ILC 1799 a chickpea variety that possess early maturing habit, large seed size, higher yield,
and escapes drought (Sabaghpour et al. 2006).

In contrast, Drought avoidance is the ability of plant tissues to maintain relatively
higher water content even in water deficit conditions. This is mainly achieved by minimizing
water loss (water savers) and optimizing mechanism exhibited by plants in response to
drought, and is associated with small or closed stomata with reduced photosynthesis
(Shavrukov et al., 2017). Reduced leaf size, waxy and thick leaf cuticle layer, thick palisade
tissues, large number of trichomes, and developed vascular tissues in leaves reduces
transpiration and thus checks water loss under drought environment (llyas et al., 2021). Thus,

these traits form the basis of selection in breeding for arid and semi arid crops.

Drought tolerance refers to the ability of a plant to adapt itself to water deficit
conditions. It includes certain biochemical or morphological adaptations of the plants and cell
injury avoidance [3]. Roots are the first organ that experience the drought stress. So, the root

system has a critical role in response to drought stress. Longer water uptake (4).It is the slow



growth roots are more favorable for drought tolerance as compared to shorter roots (llyas et
al., 2021). Root traits confer grain yield advantages under terminal drought in chickpea [2].
Breeding for the best combination of profuse Root Length Density at surface soil depths, and
Root Dry Weight at deeper soil layer is the best selection strategy, for high WUE and an
enhanced terminal drought tolerance in case of chickpea [2]. Stay green trait in case of
cereals like sorghum and pearl millet is an improved drought tolerance trait that is
characterized by delayed leaf senescence and extended duration of photosynthesis (Kimani,
2012 and Serba and Yadav, 2016). The plants possessing stay green trait overcome terminal
drought stress by retaining their green leaves even after anthesis for longer time and also
exhibit longer grain-filling period than the non-stay green types. Thus, the plants showing
stay green nature yield higher even under the harsh drought conditions (Kamal et al., 2019,
Serba and Yadav, 2016 and (8)

Knowing the relevance of different plant physiological traits affecting drought
response via drought escape, drought avoidance and drought tolerance, proper breeding
method has to be followed. The conventional breeding includes screening of varieties for
drought resistance and identifying genetic variability to drought among crop varieties, or
among sexually compatible species. Upon identifying the lines/ varieties showing drought
resistance, the trait has to be introduced in the background of an agronomically superior
variety. Over the decades, the conventional breeding for drought has become successful. But,
it is a slow process and is limited by the availability of suitable genes in the crossable species
for breeding.

The neglected and under-explored plant species serve as a reservoir of several useful
genes (Padulosi et al., 2013) Exploiting such species with enhanced drought tolerance, and
desirable agronomic and nutritive characteristics than the cultivated varieties can be a
profitable approach. Introducing such species into existing cropping systems in arid and
semi-arid regions will ensure higher WUE or TE (Rosero et al., 2020). But, cross-
incompatibility of wild species or related species with the cultivated pool and the problem of
linkage drag are the major issues hindering the progress of utilizing these gene rich species

through conventional breeding approaches.

With the advancements in genome sequencing and availability of robust molecular
marker systems, the breeding process has become much faster compared to the conventional
breeding tools. Various works have been reported on the identification of genes and QTLs
(Quantitative trait loci) controlling drought tolerance. Few to quote, 15 genomic regions



controlling traits related to drought tolerance in chickpea (Rehman et al., 2017), 7 candidate
genes governing stay green types in sorghum (1), and a major QTL for tolerance to water
deficit condition in pearl millet (Tharanya et al., 2018). The identified genes or QTLs can be
transferred to the desired genotype using marker assisted breeding (Serraj et al., 2005). Over
expression genes/gtls/miRNA (Micro RNAs) controlling drought tolerance is yet another
approach assisting in developing drought tolerant genotypes (Shah and Ullah, 2021). Over-
expression of miR408 in case of chickpea (15) and miR172c of soybean (Li et al., 2016) has
increased drought tolerance. But, over-expression of genes may affect the other untargeted
genes also, in a negative manner (Prelich et al., 2012). Because of this off-target effect of
over-expression technique, targeted approaches like gene editing tools have come into

practice.

Of the various biotechnological tools assisting in crop breeding, gene editing
technologies are gaining much popularity now-a-days. Through gene editing technologies
like Zinc Finger Nucleases (ZFNs), Transcription Activator-Like Effector Nucleases
(TALEN), and the Clustered Regularly Interspaced Short Palindromic Repeats
(CRISPR)/CRISPR-Associated nuclease protein (CRISPR/Cas) system new alleles can be
generated by inducing point mutations (Rosero et al., 2020). The CRISPR/Cas 9 tool has
been successfully employed to alter the traits related to drought tolerance in crops like
soybean (6), maize (Shi et al., 2017) and chickpea (3). The improvements in gene editing
techniques have assured the transgene free nature, and higher on-target efficiency in crop
plants (Jaganathanet al., 2018). In summary, these molecular tools, particularly Marker
Assisted Breeding and CRISPR can be boon in future drought resistance breeding

Conclusion

Water is very crucial for survival of life forms on the earth. About 80-85 % of available water
is used for agriculture alone. In this challenging era of climate change, it is always advisable
to opt for more crop per drop motto to meet the demands of growing population all over the
globe. In this regard several approaches were designed to increase WUE in agriculture. In
addition, several irrigation methods and agronomic practices have also been employed to
avoid water losses. Breeding methods along with molecular tools have emerged as potential
avenues in breeding for higher TE or WUE by crop plants. Although many strategies are
employed in this regard, it is the duty of each individual to save and use water carefully for

both domestic and agriculture purpose.



Drought being a complex problem, holistic approach of growing drought tolerant cultivars

and following appropriate agronomic practices like adjusting the sowing date as per the

rainfall pattern of the locality, optimal irrigation at critical stages and choosing water saving

irrigation methods helps to prevent water wastage in crop fields.
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