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PREFACE
Increasing number of regions are facing severe water shortage.
It is estimated that about one-third of the world’s population lives in
water scarce or extremely water scarce areas and by 2025 it is expected
to grow to two-thirds. Agriculture is the largest water consumer
worldwide and fulfilling agricultural water demand will soon become a
major challenge in most parts of the world. The ideal response to this
would be implementation of improved technologies, bringing in changes
in water use practices and water resources management. Development
and adoption of water-efficient technologies can improve the situation
in respect of excessive water use in agriculture. Technological
innovations aiming at “more crop for every drop,” are proposed solution
for increased water use efficiency which could also lead to increase in
water productivity in the agricultural sector.
Growing water scarcity has led to a renewed interest in water
productivity as a potentially useful concept to identify where
improvements in agricultural production can be made. The challenge is
to improve land and water productivity, evolve effective management
alternatives to cope up with erratic climatic conditions and to provide
adequate support and infrastructural facilities. Variety of technological
options have been developed in the fields of water management,
integrated farming systems, soil health management, crop protection
and agroforestry. These options not only can improve the economic
water productivity substantially but also cater the needs of small,
marginal and resource poor farmers of the country. As a consequence, a
lot of hope has been bestowed upon Eastern Plateau and Hill Region in
the scheme of things which would usher the country into the second
phase of green revolution.
This publication brings out new approaches, methods, concepts
and findings to address the growing and important issue of improving
water productivity. In the context of growing water scarcity and low
water productivity, this publication would be highly useful to scientists,
policy makers and farmers.
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Crop Improvement for
Water and Heat Stress Tolerance
It is estimated that by 2025 the water use in the agriculture sector is
expected to increase by 1.3 times (Shiklomanov, 1999). To meet the
water requirements of the burgeoning population and for the industrial
consumption, water has to be diverted to other uses leaving less water
available for agriculture. Also, emission of greenhouse gases such as
carbon dioxide, methane and nitrous oxide emission from agricultural
fields are major sources contributing to the global increase in
temperature. These changes are bringing in extreme events in climatic
conditions such as excess rain in a short span, excess increase in
temperature, sudden drop in temperature, cloudy conditions reducing
available sunshine, drought and flood. Although it is predicted that slight
increase in carbon dioxide is favorable for yield and slight increase in
temperature would increase crop yields in temperate areas, crop plants
have started experiencing spans of contrasting stresses. Thus,
developing plants with multiple stresses has become a great challenge.
The following section deals with two majors stress viz., water deficit and
heat and challenges in developing tolerant varieties. Under deficit water
supply, the survival and yield prospects of the crops are severely
affected. There is need to explore the possibilities for saving available
water for meeting the requirements of critical growth stages of the crop
production.
Crop Response to limited water supply
The adoption of plants to water deficit is a very complex process
involving morphological, physiological, biochemical, and molecular
alterations. The drought tolerance can be observed with the traits
related to the osmotic adjustment, cell membrane stability, epicuticular
wax on the plant parts, ability for partitioning the stem reserves to the
economic parts of the yield, manipulation and stability of flowering
processes etc. In the short-term soil drought, yield reduction could be
related to reduced stomatal conductance and concomitantly lower
photosynthetic rates but in the long term, a smaller leaf area (due to
decreased leaf size and higher rates of leaf senescence), and an altered
assimilate partitioning between plant structures and organs could be
more directly responsible for reduced yield

Stomatal Conductance: Reductions in stomatal conductance happen due
to internal water deficits as drought progresses and, as a consequence,
yield reduction happens. Another problem associated with reduced
stomatal conductance (and thus reduced transpiration rate) is
increased leaf temperature, which has possible consequences on higher
maintenance respiration and photorespiration rates, which further
contributes to decrease in crop productivity. Variation in inherent water
use efficiency exhibited by some of the genotypes is due to the reduction
in stomatal conductance (g) rather than increased photosynthetic
capacity at a given stomatal conductance (Meinzer et al. 1990). In case
of Soybean, plant stem elongation, stomatal conductance, relative water
content, water potential, osmotic potential and turgor pressure of stress
plants declined in all genotypes when studied under water stress
(Hossain et al. 5102). In crops like rice, high dry matter production of
the drought resistant cultivars is not due to high water use efficiency,
but due to their high ability to maintain transpiration, which is
supported by deep root systems. (Pinheiro et al. 2005, Kobata et al.
1996).
Root Development: In addition to factors leading to a lower transpiration
rate, the adaptation to water deficit involves a greater capacity for water
absorption by the plant. This process can be accomplished with
genotypes that have more robust root systems (deep and branched),
which can better exploit deeper soil water reserves. Indeed, a hallmark
of plants subjected to water stress is an increase in the biomass
allocated to the root system. Plants respond to water deficit using
mechanisms of avoidance by improving root traits (Price et al. 2002).
Though osmolyte accumulation (OA) is generally considered as a
mechanism for increasing crop yields under drought conditions, the
field studies examining the association between OA and crop yield had
not shown any benefit (Serraj and Sinclair 2002). However, mechanism
identified for beneficial yield responses to OA is the maintenance of root
development in order to reach water that may be available deeper in the
soil profile. Yield is a function of water used, water-use efficiency and
harvest index and during the water stress, the crops have access to a
substantial amount of water, but they have to exploit with the root
system to mine to residual water to improve the yields (Passioura
1983).
Leaf parameters: Under moderate water deficit conditions, decreases in
leaf area are not necessarily accompanied by decreases in
photosynthetic rates on a leaf area basis, but if drought progresses
further, strong decreases in photosynthetic rates per unit leaf area are
often observed. All the physiological traits such as leaf area index, leaf

area ratio, specific leaf area and the leaf weight ratio decrease with
decreasing water availability (Farshbaf-Jafari et al. 2014). Other
important traits like plant height and root length, number of pods
produced per plant are severely affected under soil moisture stress at
the flowering stage (Dahanayake et. al. 2014).
Crop Yield: Under water stress conditions, the yield (Y) of a crop can be
described by the equation: Y = E x WUE x HI, where E = transpired water,
WUE = water-use efficiency and HI = harvest index (i.e., relationship
between the biomass of the organ of commercial interest and the total
plant biomass). Large increases in productivity through breeding
programs occurred by increasing the harvest index. For most annual
species grown; however, HI is close to its maximum value, and
additional increases in crop yields must necessarily be accomplished
through increased biomass accumulation. Therefore, the challenge is to
increase the capacity of the plant to produce a larger amount of dry
matter per unit area.
Crop Response to heat stress
Excessive temperature and high irradiance, are common under drought
conditions. These factors explain why drought is considered to be a
multidimensional stressor. With a reduction in photosynthesis, the use
of incident solar radiation decreases, which can damage plant
metabolism through processes such as lipid peroxidation and protein
and nucleic acid oxidation. These oxidative damages can be observed in
leaves as chlorotic areas, which in many cases progress to necrosis,
leading to leaf abscission. Genotypes with higher antioxidant activity,
both enzymatic (increased activity of enzymes, such as superoxide
dismutase, catalase, ascorbate peroxidase, and glutathione reductase)
and non-enzymatic (e.g., glutatnione ana ascorbate) tend to be more
tolerant to drought, snowing less oxidative damage compared with
genotypes with less robust antioxidant systems. This high antioxidant
capacity confers increased cellular protection, especially for the
photosynthetic machinery, and maintenance of leaf area, which
consequently results in increased production, even under severe water
deficits.
Breeding programs, selection for higher WUE for water-limited
conditions would lead to increased yield and also drought resistance.
This he substantiates with the statement that till the time biochemistry
of photosynthesis is improved genetically, transpiration efficiency and
WUE would lead to a reduction in transpiration and crop water-use
which are very crucial for plant production. Therefore, breeding for
efficient soil moisture capture traits should be the important target for
yield improvement under drought stress.

Breeding for water deficit stress
Breeding programs for drought conditions must combine increased
biomass production with lower water consumption or increased WUE.
Reducing the stomatal conductance, increasing the photosynthetic
capacity or even combining both factors may lead to a higher WUE. A
reduction in stomatal conductance is not favorable in breeding
programs aimed at increasing productivity because it entails less C02
influx and lower photosynthetic rates and, therefore, less biomass
accumulation. Thus, the great challenge is to increase the
photosynthetic capacity under conditions of low stomatal conductance.
Several strategies have been proposed to increase the photosynthetic
capacity of cultivars. One of these strategies involves C02 concentrator
mechanisms, such as the one found in species that utilize C4 metabolism.
Another strategy would be to increase the C02 specificity of the enzyme
ribulose 1, 5- bisphosphate carboxylase/oxygenase (Rubisco), thus
reducing losses related to photorespiration in C3 plants.
The increase in the mesophyll conductance is directly associated with
increases in photosynthetic rates without the need for increased
stomatal conductance. Finally, another strategy involves increasing the
specific leaf mass because such an increase represents a greater amount
of the photosynthetic apparatus per leaf unit area.
At a cellular level, osmotic adjustment has been considered as the most
striking response of plants subjected to water deficit, which is
characterized by a net solute increase in cells. These solutes, named
compatible osmolytes, are organic compounds (e.g., proline sugar
alcohols, sorbitol, mannitol) that do not interfere with cell metabolism.
The osmotic adjustment has two main functions: (i) maintaining cell
turgor in the presence of negative water potential, which allows the
process of cell elongation to be maintained in addition to allowing
relatively larger stomatal aperture and (ii) providing a greater capacity
for water uptake by the roots, which would also contribute in the
maintenance of higher stomatal conductance. Concomitantly, osmotic
adjustment leads to the maximization of the photosynthetic process,
resulting in relatively greater biomass accumulation. Thus, genotypes
with greater potential for osmotic adjustment tend to be more tolerant
and, therefore, more productive under drought conditions (Pattanayak,
2014).
Drought or water deficit is defined as a condition of moisture deficit
sufficient to have an adverse effect on vegetation. Premature
senescence, abscission of flowers, delay in flowering & grain formation,
spikelet sterility etc. are some of the indicators of drought in crop plants.
Drought tolerance is defined as the ability of a genotype to be more

productive with a given amount of soil moisture than another genotype.
Drought was classified as Terminal, Unpredictable and Unpredictable &
terminal based on the stage of occurrence (Jordan and Miller, 1980).
Water deficits develop due to loss of water through stomata. Water lost
is replaced by water drawn from soil through root, stem and leaf via
xylem, which was explained by the phenomenon Soil-plant-atmosphere
continuum (Passioura, 1982). The activity of plants with a water deficit
depends upon climatic conditions, which affect the quantity of water
available and how the water is used. The responses to limited water
availability are diverse with respect to plant species involved and/or the
severity and duration of the water deficit. There are three strategies by
which plants can grow and develop properly with water deficit
conditions:
Drought escape (Turner, 1986): It is the ability of the plant to complete
its life cycle before soil water is depleted. Phenology of the crop matches
with the soil moisture availability. Short duration, earliness, dormant
seeds etc are some of the examples. It is usually observed under terminal
drought condition.
Drought avoidance (Levitt, 1980): It is the ability to maintain high
tissue water potential despite shortage of soil moisture. Optimal use of
water is obtained for the production of dry matter. Drought can be
avoided by two means either by reducing transpiration or increasing
absorption of water:
• Water Savers: reduced transpiration by closure of stomata
(Jones, 1998), leaf drop (Turner, 1986) and reduced surface by
smaller thicker leaves
• Water Spenders: increased absorption of water by improving
capacity of root system (Turner, 1986 and Subbarao et al.,
1995).
Stress is excluded by means of morphological, physiological and
biochemical barriers such as:
• Morphological: reduced leaf area, leaf rolling, cuticular wax,
deep rooting system, awn, stability in yield
•
Physiological: reduced transpiration, high water use
effeciency, stomatal closure, osmotic adjustment
•
Biochemical: accumulation of proline, polyamine, trehalose,
increase nitrate reductase activity and increased storage of
carbohydrate

Drought tolerance: It is the ability to withstand water deficit with low
tissue water potential. This is obtained by maintenance of turgor
through osmotic adjustment (induces solute accumulation), increases
elasticity in the cell and decrease in cell size. It involves cellular
tolerance mechanism. Drought recovery which involves increased
vegetative growth vigour is also a tolerant mechanism.
Each of these tolerances is associated with costs and benefits, which
vary according to the species, the environment, the technological
resources of the farmer, and the goals of breeding.
Some of the successful approaches in drought tolerance:
 P5C5 gene codes for rate limiting enzyme in proline
biosynthesis pathway from cowpea and overexpressed in
tobacco resulted in P5C5 transgenics highly tolerant to stress
(Kavikishore et al., 1995).
 SHINE/WIN 1 AP2 ERF transcription factors (Asaph et al.,
2004), WXP 1 (Zhang et al., 2005) have been successfully found
to increase wax synthesis which improved drought tolerance.
 Transcription factors At DREB 1A in groundnut, rice, potato and
pigeon pea (Shinozaki et al., 2002), Os DREB 1A in rice
(Shinozaki & Shinozaki, 2005), DREB 1A in soybean and
vegetables, HsfA1 in tomato (Nover et al., 1983), SNAC in rice
(Xiong et al., 2006), Plant nuclear factor NF-Y in maize (Nelson
et al., 2007), Bacterial RNA chaperon csp-A in maize were
validated under field conditions.
 Improvement of water use efficiency in rice by expression of
HARDY, an Arabidopsis drought and salt tolerance gene (Aarti et
al., 2007).
 Consistent drought grain yield QTLs (qDTY1.1, 2.2, 3.1, 3.2, 4.1,
6.1, 12.1)) identified through bulk segregant analysis in N22
and Dhagaddeshi of rice (Vikram et al., 2012).
 IRRI drought tolerant breeding programme of rice involved
transfer of identified QTLs (DTY12.1, 3.1) into mega varieties
IR64, MTU1010, Swarna, Sambha Mahsuri, Anjali and Vandana
by AB QTL approach and 4 QTLs (DTY1.1, 2.1, 3.1, 8.1) in
Swarna and Swarna Sub1by gene pyramiding approaches.
Table 0 describes IRRIs’s successful drought breeding
programme in South, South east Asia and Africa.

Table 13.1 High-yielding drought-tolerant varieties developed
from IRRI’s and released in different countries of South and
Southeast Asia and Africa
Name

Designation

Days to
maturity

Plant
height
(cm)

Country,
release year,
situation

Sahod Ulan 1

IR74371-54-1-1

110

104

Hardinath 1

115

100

Sahbhagi dhan

IR80411-B-491-1
IR74371-70-1-1

110

104

BRRI dhan56

IR74371-70-1-1

110

108

Sookha dhan 3

IR74371-70-1-1

110

108

Sookha dhan 1

IR74371-46-1-1

110

101

Sookha dhan 2

IR74371-54-1-1

110

104

Katihan 1

IR79913-B176-B-4
IR81412-B-B82-1
IR81023-B116-1-2
IR72667-16-1B-B-3
IR74963-262-51-3-3
IR79971-B191-B-B
IR79971-B227-B-B
IR81047-B106-2-4
IR77080-B-B34-3
IR74371-54-1-1

105

90

120

107

115

130

115

100

125

100

110

115

113

114

105

119

120

130

110

104

Philippines
2009, RL, UP
Nepal 2009,
RL
India
2010,
RL, UP
Bangladesh
2011, RL
Nepal 2011,
RL
Nepal 2011,
RL
Nepal 2011,
RL
Philippines
2011, UP
Philippines
2011, RL
Philippines
2011, RL
Philippines
2011, RL
Philippines
2011, RL
Indonesia
2011, UP
Indonesia
2011, UP
Philippines
2013, RL, DS
Mozambique
2013, RL
Nigeria 2013,
RL

Sahod Ulan 3
Sahod Ulan 5
Sahod Ulan 6
Sahod Ulan 8
Inpago LIPI Go
1
Inpago LIPI Go
2
Sahod Ulan 12
M’ZIVA
UPIA3

Vegetable breeding for drought tolerance is still at infancy followed by
traditional methods of identification of tolerant genotypes and
conventional breeding methods to transfer the tolerance. Table 2
compiles drought tolerant species in vegetables (Kumar et al., 2012).

Table 13.2 Drought tolerant species & genotypes of vegetables
Vegetable

Drought tolerant species/genotypes

References

Tomato

S. habrochaites (EC- 520061), S. pennelli (IIHR
14-1, IIHR 146-2, IIHR 383, IIHR 553 , IIHR 555,
K-14, EC-130042, EC-104395, Sel-28), S.
pimpinellifoloium (PI-205009, EC- 65992, Pan
American), S. Esculentum var. cerasiforme, S.
hirsutum, S. cheesmanii, S. chilense, S.
habrochaites, S. Sitiens

Rai et al (2011)

Arka Vikas, RF- 4A
L. pennellii (LA0716), L. chilense (LA1958,
LA1959, LA1972), S. Sitiens (LA1974, LA2876,
LA2877, LA2878, LA2885), S. Pimpinellifolium
(LA 1579)
Brinjal

S. microcarpon, S. gilo S. macrosperma, S.
integrifolium, Bundelkhand Deshi
S. sodomaeum (syn. S. linneanum)

Chilli

Singh (2010)
Razdan &
Mattoo (2007)
Rai et al (2011)
Toppino et al
(2009)

SM- 1, SM- 19, SM- 30, VioletteRound, Supreme

Kumar & Singh
(2006)

C. chinense, C. baccatum var. pendulum, C.
eximium

Singh (2010)

Arka Lohit, IIHR - Sel.-132
Potato

S. acaule, S. demissum and S. stenotonum, Alpha,
Bintje

Arvin &
Donnelly (2008)

S.ajanhuiri, S.curtilobum, S.xjuzepczukii

Ross (1986)

Kufri Sheetman
Solanum chacoense, Kufri Sindhuri

Pandey et al
(2007)

Okra

A. caillei, A. rugosus, A. tuberosus

Charrler (1984)

Onion

Allium fistulosum, A. munzii, Arka Kalyan, MST
42, MST 46

Singh (2010)

French bean

P. acutifolius

Kavar et al
(2011)

Sweet potato

VLS6, IGSP 10, IGSP 14, Sree Bhadra

Singh (2010)

Cassava

CE-54, CI-260, TP White, Narukku-3, Ci-4

Singh (2010)

Water melon

Citrullus colocynthis (L.) Schrad

Dane et al
(2007)

Cucumber

INGR-98018 (AHC-13)

Rai et al (2008)

Winter
squash

Cucurbita maxima

Chigumira &
Grubben (2004)

Cucumis Spp.

Cucumis melo var. momordica VRSM- 58, INGR98015 (AHS-10), INGR-98016 (AHS-82), CU
159, CU 196

Rai et al (2008),
Kusvuran
(2012), Pandey
et al (2011)

Cucumis pubescens, INGR-98013 (AHK-119)
Cucumis melo var. callosus, AHK- 200,
SKY/DR/RS-101
Cucumis melo var. chat, Arya Cucumis melo, SC15

The progress in the last 100 years, in relation to obtaining drought
tolerant cultivars, has been very weak in most breeding programs,
regardless of the species considered. Many experiments have been
conducted in greenhouses or growth chambers with plants in small pots,
a condition that causes the plants to be exposed to drastic and swiftly
imposed drought which do not entirely reflect the field situation, and
therefore, the comparative results should be treated with caution.
Consequently, much of the drought tolerance information generated by
physiologists has limited utility for the crop breeder because such
information cannot be converted to adequate indices to predict the
behavior of genotypes with varying levels of tolerance to water stress.
The dissociation between basic information and the requirements of
applied (or applicable) information is an additional bottleneck for
advancements leading to the acquisition of more drought-tolerant
materials. There is great need to conduct multidisciplinary research
involving molecular, physiological, and classic genetic improvement to
enhance crop performance in drought prone regions. Recent advances
in the transcriptome, proteome, and metabolome have allowed an
integrated view of the expression of thousands of genes and their
products involved in drought tolerance. In the long term, these
improvements will provide a better understanding of the polygenic
nature of drought tolerance. The adequate selection and parameters for
the identification of genetic material with increased water deficit
tolerance has resulted in satisfactory increases in the yield of some crop.
Improved WUE, more robust root systems, osmotic adjustments, and
increased activity of the antioxidant system are some of the features that
should be on the breeding programs aiming to increase production
under water deficit condition.
Breeding for heat Stress
The threshold temperature (upper and/or lower), which varies both
inter and intraspecifically, refers to the daily average temperature that
causes a reduction in growth. The temperature increase above the upper
limit for a period of time is sufficient to cause irreversible damage to
plant growth and development is defined as heat stress, which is a
complex function of the intensity, duration, and rate of temperature
increase. It leads to death of cells, tissues, organs and whole plants. Sun
scald in tomatoes and grapes, bark burn in trees are some of the
examples of heat stress. Plants are subjected to heat stress under the
following conditions: (i) the air temperature is high, and the plants
receive energy by the transfer of sensible heat; (ii) solar radiation
incident on the ground raises the temperature above the air
temperature; and (iii) solar radiation-induced heating and the inability

to dissipate heat can rapidly warm the leaves (up to 15 °C above the air
temperature or more), particularly in leaves that have a low
transpiration rate and are frequently subjected to high temperatures.
Wilting, leaf burn, leaf folding or abscission are some of the indicators of
heat induced damage. Increased transpiration rate, higher leaf
reflectance or angle or orientation to the sun are examples of heat
avoidance in crop plants. Greater water uptake, thicker leaves, higher
leaf sap electrical conductivity and chlorophyll content and lower
stomatal number are related to heat tolerance which operate at cellular
level.
Heat stress can affect crop yield at any time from sowing to grain
maturity, but it is the time around flowering, when the number of grains
per land area is established, and during the grain-filling stage, when the
average grain weight is determined, that high temperatures have the
most impact on the final harvestable crop, as found in cereals.
Effect of high temperature on flower initiation: Temperatures > 300
c during floret formation cause complete sterility in wheat (Saini and
Aspinall, 1982). In wheat, number of kernels/unit area decreases @ 4%
for each degree increase in mean temperature during anthesis (Fischer,
1985). In rice, floral abnormalities induced by heat stress leads to
spikelet sterility (Takeoka et al., 1991).
Effect of heat stress on fertilization: In wheat, high temperature stress
(>30 0C) from early meiosis to pollen maturity has a damaging effect on
the viability of pollen grains resulting in failure of fertilization and thus
reduction in seed set (Saini and Aspinall, 1982). Increased temperature
over mid anthesis period decreased the grain number/ear at maturity
in spring wheat (Ferris et al., 1998). Sterility is caused by poor anther
dehiscence and low pollen production and hence low number of
germinating pollen grains on the stigma (Prasad et al., 2006). In maize,
reduction in seed set occurs at temperatures higher than 380c mainly
because of a reduction in pollen germination ability and pollen tube
elongation (Stone, 2001).
Grain filling under heat and drought: Large yield losses in cereals
because of reduction in starch accumulation. In wheat, drought (20 days
at endosperm cell division) resulted in 30-40% lower endosperm cell
number, No. of small starch granules per cells was also reduced by 45%
(Nicolas et al., 1985).
Thus, understanding how environmental factors signal phenological
processes such as flowering will be extremely relevant for future food

production, since a large part of food comes as grains/seeds. In this
context, any change in flowering time could affect not only seed
production but also food composition. The reduction in grain weight in
response to heat stress during the initial stage of filling can be partially
attributed to the small number of cells in the endosperm, while the
subsequent stress reduces starch synthesis due to the reduced
availability of assimilates for the grain or direct effects on the synthesis
processes in the grains. Photosynthesis is limited at temperatures above
35 °C due to demand, which normally occurs at high temperatures,
contributes to the reduction of photosynthesis. In addition, stomatal
closure due to high evaporative air demand, which normally occurs at
high temperatures, contributes to the reduction of photosynthesis.
Most plants have a considerable capacity to adjust photosynthetic
performance to their growth temperatures. Part of that capacity can be
assigned to the properties of Rubisco, which is very thermostable.
Notably, the rate of carboxylation may increase at 40 °C or above but at
a lower speed than the oxygenation rate; consequently, higher
photorespiration rates are frequent at high temperatures, which
ultimately reduce carbon gain. Therefore, Rubisco that has more
carboxylation capacity would be advantageous in situations of excessive
heat. Regardless, at moderately high temperatures, the low activation
slate of Rubisco would be the main cause of the decreased
photosynthetic rate due to the suppression of Rubisco activase activity.
The accumulation of compatible osmolytes is an important adaptive
mechanism to heat stress. Under heat, different plant species can
accumulate a variety of osmolytes, such as sugars, sugar alcohols,
proline, and betaines, as a way to increase tolerance to heat stress, such
as in water and salt stresses. Due to the pivotal role of osmolytes in
response to environmental stresses, the selection of materials with a
greater potential for the accumulation of these osmolytes, whether
through traditional genetic breeding, marker assisted selection or
genetic engineering, is of special interest.
In summary, the measurement of membrane thermal stability is a good
indicator of high temperature tolerance. In this context, the electrolyte
leakage method, which is used to check the loss of cell
compartmentalization, seems very sensitive for the quantification of
temperature tolerance, as demonstrated in rice. To increase heat
tolerance, crop breeding has been conducted by biotechnological
methods such as the control of membrane composition or creation of
cultivars with the constitutive expression or overexpression of heat
shock proteins. Studies have indicated that plant tolerance to heat is a
multigenic characteristic. Despite the genetic complexity and difficulties
heat tolerant strains and hybrid cultivars have been developed in crops

such as rice and maize. Changing plant architecture to increase planting
density and thereby increasing canopy density can reduce thermal
stress with minimal effect on water consumption (Pattanayak, 2014).
Transitory or constantly high temperatures cause an array of
morphoanatomical, physiological, and biochemical changes in plants,
which affect plant growth and development and may lead to a drastic
reduction in economic yield. The adverse effects of heat stress can be
mitigated by developing crop plants with improved thermotolerance
using variousgenetic approaches (Wahid et al., 2007). Lucas et al., 2013
discovered five QTLs for breeding heat tolerant cowpea. N22 and Dular
are excellent sources of genes for heat tolerance in rice (Manigbas et al.,
2014).
Field screening for drought / heat tolerance is complicated by the fact
that both are highly influenced by genotype x environment interaction.
Choosing uniform sites for evaluation, more replications and larger set
of germplasm are some of the strategies followed by the breeders. In
addition, the selection environment should be a representative of the
target environment and there should be a good genetic correlation
between the selection environment and target environment. A
sequential path analysis of the component characters may help to
identify the proper predictor variables.
Stress tolerance technology could help farmers get the most from their
inputs and management practices and protect their investments in
times of water shortages and high temperatures.

