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ABSTRACT

Drought stress is the most important environmental stress which affects negatively on plant growth and
productivity. With the climate change and the scarcity of water, drought conditions have become frequent and
prominent, affecting the agricultural production worldwide. Therefore, breeding crops for drought tolerance
has gained significant attention at present. To cope with drought, plants possess different mechanisms and
understanding their biological significance would enable the utilization of these mechanisms in crop
improvement for drought tolerance. Therefore, in the current review an effort has been made to compile the
information related to drought tolerance mechanisms and drought resistant/tolerant crop improvement with
special reference to tropical palm tree species.
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1. INTRODUCTION

Among the negative impacts of severe
environment on plants, drought can be considered
as one of the most significant environmental
stresses that affects the plant growth and
performance. Drought stress occurs as a result of
an imbalance between the evapotranspiration flux
and water intake from the soil (Lipiec et al., 2013)
where the soil and atmospheric humidity becomes
lower than the ambient air temperature. The
adverse effects of drought stress involve mainly
the reduction of crop productivity and yield. For
instance, 21% and 40% of yield reduction has
been observed in wheat and maize crops
respectively due to drought stress caused by
approximately a 40% reduction of water
(Daryanto et al., 2016). Currently, about 45% of
the world's total agricultural land has been
affected by drought (Dos Reis et al., 2012). The
effect of drought has become more severe with the
climate change. Intergovernmental Panel on
Climate Change (IPCC) reports that the air and
ocean temperatures have risen, and the
concentrations of greenhouse gases have
increased over time (Edenhofer, 2015). Both
these factors affect the plant growth and crop
productivity (Stocker et al., 2013) as they result in
elevated temperatures and infrequent and erratic
precipitations and thereby contributing to the
development of drought-prone areas (Zhao et al.,
2017). Therefore, with the increment of global
warming and rising of population, it is crucial to
take measures for the development of drought
tolerance in crops, in order to meet the demand. In
this review, the efforts that have been made so far
to improve crop productivity under water-limiting
conditions, and to develop drought tolerant crops
have been discussed with special reference to
tropical palm trees.

Droughttolerance in plants

Drought tolerance is defined as the ability of a
plant to survive, grow, and reproduce
satisfactorily with limited water supply (Turner,
1979). Crop plants should have both the ability to
survive under drought and the ability to produce a
harvestable yield under adverse conditions. In
order to cope with environmental stresses, plants
possess different strategies and among them,
drought escape, dehydration avoidance and
dehydration tolerance are important in facing and
responding to drought (Levitt, 1980). Simply,
drought escape strategies include the completion
of the full life cycle of the plant prior to
approaching a drought event. Dehydration
avoidance strategies include the morpho-
physiological features that enable the plant to
maintain hydration whereas dehydration
tolerance strategies include the features that allow
the plant to maintain proper functionality in
severe dehydrated state. However, these three
broad strategies include a cascade of
physiological, biochemical and molecular events
and they will be discussed in detail.

Drought escape

As mentioned earlier drought escape can be
described as the ability of a plant species to
complete its life cycle before the commencement
of drought. Plants which possess this strategy are
usually ephemerals and they can regulate the
vegetative and reproductive growth depending on
the availability of water, thereby avoiding the
experiencing of the drought stress. Two main
mechanisms are identified in association to this
strategy namely the rapid phenological
development and development plasticity (Basu et
al., 2016). Rapid phenological development
includes the rapid plant growth with early
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flowering and production of minimal number of
seeds before the depletion of the soil water
(Abobatta, 2019). However, such plants do not
possess with any special morphological,
physiological, or biochemical adaptations for
drought (Basu et al., 2016). Plants with
mechanisms of developmental plasticity show
retarded growth during the dry season, with very
few flowers and seeds, but in wet seasons they
grow indeterminately, producing a large number
of'seeds.

Dehydration avoidance

When considering the morphological adjustments
of plants to cope with heat stress or drought, the
root system lies in front. The root of the plant can
be considered as the key organ providing
mechanical support and it facilitates the
absorption and transportation of water, oxygen,
nutrients, and hormones to the aboveground
tissues. As it has an important role in the abiotic
stress tolerance, crop performance and yield
production in response to environmental
variations, the root modifies its architecture to a
level in which it increases the water uptake
efficiency. In response to drought stress, many
plants prefer to increase the primary root
elongation while suppressing the lateral root
branching (Oosten et al., 2016). Studies have
identified several genetic components
contributing to root architecture that has the
potential to limit crop loss due to adverse
environmental conditions. Moreover, plants re-
model the root system during stresses by
activating programmed cell death in the root
apical meristem and thereby removing the apical
root dominance (Oosten et al., 2016). Drought
tolerance is a complex composite resulting from
the interaction of root and shoot traits (Lu et al.,

2007). The size and activity of the root system
determines the rate at which the shoot system can
produce photosynthates. Therefore, despite of the
less well studied nature of roots due to lack of
ready visibility and issues in replicating the
conditions in which they grow, there is a higher
potential in exploitation and manipulation these
root traits to optimize crop growth and adaptation
to water stress. (Den Herder et al., 2010).

Physiological adjustments that maintain turgor
pressure are important under changing
environmental conditions. Water transportation in
roots is affected by various components such as
root anatomy, water availability and salts in the
soil (Boursiac et al., 2005). All these factors are
influenced by the activity of aquaporins, which are
integral membrane proteins that function as
channels to transfer selected small solutes and
water (Vandeleur et al., 2014).

Stomata is another key player in dehydration
avoidance as they control and regulate the evapo-
transpiration of water to the external environment
(Pirasteh-Anosheh et al., 2016). Stomata usually
occur mostly on the lower surface of the leaf and
new stomata are generated continually during leaf
growth. Stomatal closure is a well-known first
responsive reaction of plants to drought stress in
many crops (Nemeskeri et al., 2015). Stomatal
closures are more closely related to soil moisture
content compared to leaf water status. Stomatal
responses to drought stress are mainly controlled
by chemical signals such as ABA that are
produced in dehydrating roots. According to Taiz
and Zeiger (2002), stomatal closure can be
observed under severe drought conditions along
with other physiological processes such as
inhibition of cell division, inhibition of wall and
protein synthesis, accumulation of solutes and
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inhibition of photosynthesis. However, stomata
closure does not always depend on the or drought
stress signals arising from leaves. In fact, stomata
closure is directly sensitive to soil dehydration,
even before any significant reduction in leaf
mesophyll turgor pressure occurs (Mahajan and
Tuteja, 2005).

Many studies have indicated that drought stress
results in increasing stomatal density in sorghum,
wheat and in some other plants (Yang and Wang,
2001; Xu and Zhou, 2008). Stomatal
morphological traits such as size, density, and
distribution may affect gas exchange quite
remarkably and their relationships with key
environmental factors such as water status (Xu
and Zhou, 2008). Moreover, some studies have
shown that drought stress decreased stomatal size,
which indicated these changes in stomatal
morphology could increase the plant adaptation to
drought stress conditions (Martinez et al., 2007).
Yadollahi et al. (2011) revealed that leaf stomatal
cells of an Almond had strong mechanisms to keep
the leaves turgid and active, even during drought
periods. The lack of relationship between stomatal
density and drought stress in some plants showed
that they possibly use another mechanism for
drought resistance such as stomatal conductance.

Dehydration tolerance

Exposure to drought leads to cellular dehydration
where water removes from the cytoplasm
resulting in decreasing of cytosolic and vacuolar
volumes (Forni et al., 2017). In response to this,
plants increase the production of specific sets of
primary and secondary metabolites that act as
osmo-protectants, osmolytes, antioxidants, and
stress signals which are specifically involved in
stress tolerance (Fang and Xiong, 2015).

Osmo-protectants involve in preserving the cells
and cellular components from the detrimental
changes caused by dehydration, without
interfering with the normal metabolic processes at
the cellular level and thereby restoring
homeostasis. These solutes include amines
(polyamines and glycine betaine), amino acids
(proline), soluble sugars (glucose, sucrose,
trehalose), and polyols (mannitol, sorbitol and
inositol) (Szabados and Savouré, 2010). The
accumulation of these compounds aid in
protection of protein structures and stabilization
of cellular membranes as cells dehydrate,
maintenance of cell turgor and thereby providing
abiotic stress tolerance (Zlatev and Lidon, 2012).

However, some crops have low levels of these
compounds, and hence such plants manipulate the
genes involved in osmo-protectant biosynthesis
pathways and it is considered as one of the
strategies to improve stress tolerance in plants
(Regueraetal.,2012).

Polyamines (PAs) are small aliphatic nitrogen
compounds that are ubiquitous in all organisms. In
plants, PAs act as regulatory molecules involved
in vital cellular processes such as embryogenesis,
floral development, and pollen tube growth
(Tiburcio et al., 2014). A significant accumulation
of the three most common PAs, namely;
Putrescine (Put), Spermidine (Spd), and Spermine
(Spm) could be identified during the biotic and
abiotic stress conditions (Wen and Moriguchi,
2015).

Glycine Betaine (GB) is a quaternary ammonium
derivative of glycine and is one of the major
osmolytes involved in protection of the cell
membrane. They are involved in encouraging
water influx into cells and maintain the
intracellular osmotic equilibrium while regulating
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the signal transduction cascades (Ranganayakulu
et al., 2013). In many plant species these GBs are
accumulated in chloroplasts and other plastids in
response to various abiotic stresses such as
drought.

Proline, a versatile amino acid that is essential
both as a component of the protein and as a free
amino acid contributing to osmotic adjustment in
response to different abiotic stresses (Zandalinas
et al., 2017). Proline facilitates water uptake and
reduces the accumulation of Na' and Cl (Ashraf
and Foolad, 2007) and avoid dehydration.
Therefore, accumulation of proline under stress
conditions in many plant species has been
correlated with stress tolerance.

Other than the above-mentioned compounds,
plant hormones also play major roles in abiotic
stress tolerance. Abscisic acid (ABA) is one of the
most important hormones involved in abiotic
stress tolerance such as drought, cold, heat and
wounding (Zhang et al., 2006). ABA also is
considered as a major chemical involved in root-
to-shoot stress signal transduction (Schachtman
and Goodger, 2008), inducing inhibition of leaf
expansion and stomatal closure. Osmotic stress
also results in the synthesis or catabolism of
several other growth regulators, including Auxin,
Cytokinins, Ethylene, Gibberellins,
Brassinosteroids and Jasmonic acid which are
involved in the regulation of physiological
processes through their action as signal molecules
in signaling networks (Nakashima and
Yamaguchi-Shinozaki, 2013).

In addition to the above strategies, plants also
enhance intracellular Ca’ levels with the support
of several signal molecules such as Inositol
Trisphosphate, Inositol Hexaphosphate and
Diacylglycerol (Hirayama and Shinozaki, 2010)

during stress. Calcium binding proteins,
functioning as Ca’" sensors, perceive these
elevated Ca” levels (Kudla et al., 2010) and it will
lead to the activation of calcium dependent
protein kinases. The activated kinases or
phosphatases can phosphorylate or
dephosphorylate specific transcription factors
(TFs), thus regulating the expression levels of
stress-responsive genes (Reddy ef al., 2011). TFs
play important roles in stress tolerance. Many
abiotic stress-related genes and TFs have been
isolated from different plant species mainly in
wheat and maize and overexpressed in transgenic
plants to improve stress tolerance. The stress-
inducible TFs include members of the DREB,
ERF, WRKY, MYB, bHLH, bZIP, DOF, and NAC
families (Mittal ez al.,2017).

Another important cellular mechanism conferring
drought tolerance is the regulation of Reactive
Oxygen Species (ROS) (Hirayama and Shinozaki,
2010). ROS are chemically reactive molecules
containing oxygen and they are formed in the
metabolism of oxygen and have important roles in
cell signaling and homeostasis. Increased levels of
ROS have been reported during biotic and/or
abiotic stresses, such as pathogen attack,
wounding, UV irradiation, high light, drought,
salinity, and chilling (Sharma et al., 2012).
Accumulation of ROS causes oxidative stress,
which in turn results in oxidative damage to
proteins, DNA and lipids (Gill and Tuteja, 2010).
Acclimation of plants to drought and salinity is
often associated with increased levels of ROS,
such as superoxide anion (O®), hydrogen
peroxide (H,O,), hydroxyl radical (HO), and
singlet oxygen (0O,), which are toxic to the cells
(Grover et al., 2011). During non-stress
conditions, ROS are efficiently eliminated by non-
enzymatic and enzymatic antioxidants. However,
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during drought and salt stress, the production of
ROS exceeds the capacity of the anti-oxidative
systems to remove them, causing oxidative stress
(Vanderauwera et al., 2012). In these conditions,
the elimination of ROS is a key response to tolerate
drought stress. This is mainly achieved by
antioxidant compounds such as ascorbic acid,
glutathione, thioredoxin, and by oxyreductant
enzymes such as glutathione peroxidase,
superoxide dismutase, and catalase. It has been
established that 1-2 % of oxygen absorbed by
plants is used to produce ROS in plants
(Bhattacharjee, 2005). Over accumulation of ROS
from abiotic stress contributes to major losses of
crop productivity and is an important economic
problem for cultivated plants worldwide (Gill and
Tuteja,2010).

The above discussed different strategies used by
plants as drought tolerance mechanisms are
summarized in Figure 1.
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Figure 1: Different mechanisms used by plants to cope

with drought stress (Only the major

strategies are illustrated.)

Improving droughttolerancein crops

With the scarcity of water and frequent droughts
due to climate change, the worldwide agricultural
ecosystems are facing the challenge of combatting
drought. Therefore, breeding for water saving and
drought tolerant crops is a priority in the current
world for ensuring world food security. A
significant progress has been achieved in this
aspect during the last decade (Luo etal.,2019) with
the advancement oftechnology and novel findings.

Breeding strategies include several methodologies
such as breeding and selection in the field,
Quantitative Trait Loci (QTL) mapping or Genome
Wide Association Studies (GWAS), comparative
transcriptome analysis, precise high-throughput
phenotyping, and characterization of drought-
resistance genes, to induce drought-resistance in
different crops.

Understanding the genetic basis of drought
tolerance in plants is vital in developing superior
genotypes resistant to drought. Generally, drought
tolerance is a quantitative trait (Fleury et al., —
2010) controlled by multiple genes. Therefore, the
underpinning mechanisms of droughttolerance are
more complex than the traits of biotic stresses that
are generally characterized by monogenic
resistance. However, studies have shown that
single genes also are important in drought
tolerance in plants (Morgan, 2000) and these genes
include the genes controlling flowering time, plant
height, and osmotic adjustment which might have
important roles in adaptation to drought-prone
environments (Forster ez al., 2004).
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At present, majority of the data available on
drought tolerance are based on segregation
mapping and QTL analysis . Identification of
drought-resistance QTLs is essential to provide
valuable targets in crop breeding. Drought related
QTL information for majority of the plant species
is available in open source databases like
GRAMENE (http://www.gramene. org) and
Phytozome (https:// phytozome. jgi.doe .gov
/pz/portal.html) which can be utilized freely for
further research. When considering the drought
related QTLs for several crops they coincide with
the other specific traits such as yield and root traits
(Verma et al., 2004) which can be used in
improving drought tolerance in crops using
marker assisted selection. For instance, Lanceras
et al. (2004), showed that favorable alleles for
yield components were located in a region of rice
chromosome 1 where QTLs for many drought-
related traits like root dry weight, relative water
content, leaf rolling and leaf drying which have
been previously identified. However, due to the
polygenic nature of drought tolerance and the
interaction with the environment, a genetic
linkage between a specific DNA marker and a
target locus allele established by QTL studies can
be broken. As a result, Marker Assisted Selection
for drought tolerant QTLs has been extremely
difficult (Francia et al., 2005). Cloning of DNA
sequences underlying QTLs is considered to be a
key step towards the application of molecular
techniques in breeding for drought. Even though
most plant QTLs have been cloned so far, no QTL
for drought tolerance has been cloned in crop
species (Cattivelli et al., 2008). However,
ERECTA gene, a sequence beyond a QTL for
transpiration efficiency has been cloned in
Arabidopsis (Masle etal.,2005).

Generation of molecular/function maps or
molecular linkage maps based on candidate genes
is one of the means in determining the functional
markers in plants with larger genomes (Causse et
al., 2004). As this candidate gene strategy can be
utilized to bridge the gap between quantitative
genetic and molecular genetic approaches to study
complex traits, it has been applied to identify the
putative genes involved in drought tolerance in
barley and rice (Zheng et al., 2003; Tondelli et al.,
2006). With the benefit of the conserved
biochemical pathways which involves in stress
tolerance in plants, the genetic information in
model plants can be utilized to exploit the genome
synteny in crops. Several studies have identified
the regulatory components of the drought
response in soybean, wheat and barley using this
approach (Li et al., 2005; Shen et al., 2003; Mare"
etal.,2004).

At present, the novel approaches such as GWAS
have broaden up the horizons in stress tolerance
breeding. For example, Li et al. (2018) have
identified four genomic regions containing Single
Nucleotide Polymorphisms (SNPs) significantly
associated with several different traits in chickpea
under drought stress. This result has indicated the
pleiotropic effects of drought-resistance
associated QTLs. Moreover, Gudys et al. (2018)
have identified 11 candidate QTLs of
physiological and biochemical traits associated
with drought-tolerance in Barley on a high-
density function map. Furthermore, they have
prioritized 143 candidate genes by their potential
involvements in certain biological processes
based on Gene Ontology annotation. Cui et al.
(2018) has provided a new method to identify
QTLs for drought-tolerance in rice by comparing
the allele frequency between drought-resistant
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introgression lines and random populations and
identified 13 major QTLs of drought-tolerance in
rice using the joint segregation distortion method.
The most exciting result of this study was the
detection of the large-effect QTLs locate upstream
of the genetic networks as putative regulators,
which could contribute significantly to drought-
tolerance in rice. In addition, they also suggested
the designed QTL pyramiding strategy that is
feasible for improving drought-tolerance in rice.
Even though there are hundreds of QTLs for the
diverse traits related to drought resistance have
been mapped, only a small portion of them can be
repeatedly detected in different environments and
populations and a few have been verified and
cloned so far (Hu and Xiong, 2014).

Selection and breeding in the field have been used
as the fundamental strategy in different crop
species to build up drought tolerance in the
upcoming progenies (Sallam et al., 2019). A
crucial aspect in all field studies dedicated to
drought tolerance is the assessment of the degree
of drought tolerance of different genotypes
(Avramova et al., 2016). However, in many
studies the identification of tolerant and
susceptible cultivars is based on a few
physiological measures related to drought
response. With the difficulty in identifying a
physiological parameter as a reliable indicator of
yield in dry conditions, it has been suggested that
the yield performance over a range of
environments could be used as the main indicator
for drought tolerance (Voltas et al., 2005).
Furthermore, a number of regression techniques
of yield against environmental indices as
independent variables were developed to evaluate
genotype adaptability. Several indices were
proposed to describe yield performance of a given
genotype under stress and non-stress conditions or

in comparison with the average yield or the yield
of a superior genotype (Finlay and Wilkinson,
1963).

Improving drought tolerance in tropical
palms

When considering the attempts made so far to
improve drought tolerance in perennial tree crops,
it is interesting to look at the improvement of the
palm species such as oil palm (Elaeis guineensis
Jacq.), date palm (Phoenix dactylifera L.) and
coconut (Cocos nucifera L.). Oil palm and
coconut are the two most important plantation
crops grown in the wet tropics. Even though oil
palm is considered as a drought tolerant crop ,
negative impact of drought on the yield can be
identified. Several attempts have been made to
identify drought tolerant genotypes of oil palm via
selection and progeny testing in the field as well as
in controlled environments (Ubara et al., 2017).
Physiological parameters such as the root
biomass, potential root extraction ratio, rate of
stomatal conductance and photosynthesis were
used in these studies (Murugesan et al., 2017).
Also, studies have indicated that the tolerant oil
palm genotypes consisted of higher total root
length, total root surface area and potential root
water extraction ratio than the susceptible
genotypes based on half-distances between roots
and the distance of water migration from soil to
root (Nodichaoetal.,2011).

Furthermore, interspecific hybrids like (E.
guineensis x E. oleifera) have been produced and
they have shown positive responses for drought
tolerance (Barcelos etal., 2005).

Application of Silicon (Si) increases oil palm
resistance to drought (Sacala, 2009), by aiding the
oil palm plants to maintain water contents in the
tissue, and increase photosynthetic activity
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(Bharwana et al., 2013), to support the
establishment of leaves, to maintain the structure
of xylem vessels under conditions of rapid
transpiration rate, to improve the balance of
nutrients, to reduce mineral toxicity and to
increase the mechanical strength of plant tissues
(Sacala, 2009). Other benefits of application of Si
are greater water use efficiency by reducing the
rate of water loss, elimination of cuticular
transpiration and increase in the CO, assimilation
rate and stomatal conductance (Sacala, 2009).

From recent studies conducted using genomic and
transcriptomic approaches, genes, pathways and
networks responding to drought have been
identified in oil palm (Wang et al., 2020). This
study on root transcriptomic response of oil palm
seedlings to drought stress has revealed over
thousand differentially expressed genes. These
genes were involved in different molecular
processes implying the complex nature of the
response to drought. The differently expressed
genes have been identified under different
functional groups including cell wall biogenesis
and functions, phenylpropanoid biosynthesis and
metabolisms, ion transport and homeostasis and
cellular ketone metabolic process, as well as small
molecule biosynthetic processes.

Date palm (Phoenix dactylifera L.) is another
important tree crop contributing to the food
security in arid regions of the world particularly in
the Middle East and North Africa (Hazzouri et al.,
2020). Irrespective of the drought tolerant quality
gifted by nature, studies have been conducted in
several research areas to explore and improve the
drought tolerance in date palm. According to Xiao
et al. (2019), date palm develops a tuber-like
anatomical structure known as the cotyledonary

petiole and it helps to protect the developing
embryo in the soil. Furthermore, this study
reported that date palms maintains suberized and
lignified xylem, phloem and bundle cells in roots
and also produce pneumatophores accounting for
the drought and salinity tolerance.

Yaish (2015) studied the possibility of using
proline as a biochemical marker in selecting for
drought tolerance and found that date palm
seedlings accumulate proline not only in response
to drought but also as a response to salinity,
extreme temperatures and abscisic acid
treatments. As a result, it was concluded that the
proline would be an unsuitable marker to use in
traditional breeding programmes. Even though
proline production is a common response for a
variety of stresses, there is a potential for utilizing
proline production as a possible marker in date
palm breeding programs aiming to improve
abiotic stress tolerance.

With the improvement of cutting-edge
technologies, several omics studies also have been
conducted on the drought tolerance of date palm.
For example, genes involved in salt and drought
tolerance in P. dactylifera have been identified by
aproteomics study (Rabey et al.,2016). The group
have identified 47 genes in total of which 17 are
responsive for drought stress. Furthermore,
Safronov et al. (2017) have conducted a
transcriptomic and metabolomic profiling to
characterize the response to heat and drought
stress in date palm. The results have shown similar
effects on both the stresses including the up
regulation of soluble carbohydrates and increased
antioxidant activity in the cytosol, chloroplasts,
and peroxisomes. Moreover, differentially
expressed genes involved in circadian and diurnal
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Moreover, differentially expressed genes
involved in circadian and diurnal rhythm in
response to combined heat and drought were
reported in the study implying a novel stress-
avoidance strategy in date palm.

When considering coconut, it is mainly a rain-fed
crop and faces summer drought spells each year in
addition to the frequent drought years. Due to its
perennial nature, coconuts have a long duration of
about 37 months from the initiation of
inflorescence primordia to nut maturity which
contains a longer pre-fertilization period (About
26-27 months) and a shorter post fertilization
period (11 months) (Perera et al., 2010;
Ranasinghe, 2013). Therefore, any drought spell
experienced at any of these critical stages affect
the nut yield and the performance of the palm for
about three consecutive years (Naresh Kumar,
2002). As it takes about 4 years for a coconut palm
to recover in the worst affected conditions under a
stress, improving the drought tolerance has been
the need of the hour.

For the improvement of coconut for drought
tolerance, the fundamental and promising
approach which have been used is selection and
progeny testing. Different coconut germplasm has
been screened so far based on the essential
anatomical and physiological traits such as the
cell size and number, the size of the sub stomatal
cavity, stomatal frequency, thickness of the
epicuticular wax on leaflets, photosynthetic rate
and water use efficiency (Naresh Kumar et al.,
2000). Therefore, such desirable traits which
reflects overall palm—water relationships could be
used in identifying coconut cultivars with
different levels of drought tolerance (Rajagopal et
al., 2000). Based on drought tolerance indexes the
germplasm also have been screened. For example,

in Sri Lanka, the two cultivars San Raman tall and
Ambakelle special have been identified as drought
tolerant (Wikramartne, 1987). Ambakelle special
is a cultivar that is resulted from a selection of the
tall coconut palms providing stable yield even
under adverse climatic conditions over 16 years
from the tall coconut population in the Isolated
seed garden at Ambakelle, Sri Lanka. Currently,
three generations of Ambakelle special cultivar
have been produced by paired crossing between
the selected palms and they are in further
evaluation at multi-locational sites for drought
tolerance (Samarasinghe et al., 2018a;
Samarasinghe etal.,2021).

In Cote d'Ivoire, PB-121 was identified as drought
tolerant while West African Tall was identified as
moderately tolerant to drought. According to the
studies conducted at the Central Plantation Crops
Research Institute (CPCRI), India have indicated
that the Tall palms and the hybrids with the mother
parent being Talls had shown a higher degree of
drought tolerance than the dwarf palms and the
hybrids with the mother parent being dwarf
(Rajagopal and Kumar, 2005). With this
background, in Sri Lanka, several attempts were
taken to develop drought tolerant coconut
cultivars through inter and intra varietal
hybridization. For example, the CRISL98 (TSR)
produced in 1998 by crossing of Sri Lankan Tall x
San Raman Tall (Philippine cultivar) was initially
recommended as a cultivar suitable to grow in the
dry zone with drought tolerant traits. However,
these inter and intra varietal hybrids developed
with unselected Sri Lankan tall germplasm failed
to develop cultivars withstanding drought and
temperature stresses (Samarasinghe et al., 2018b;
Waidyarathne and Perera, 2020; Samarasinghe et
al., 2021) and the recommendation of CRISL98
has been revised as to grow them in wet and
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intermediate zones only due to the poor
performance in the dry zone. Therefore, attempts
have been currently made to use the putative
drought tolerant second generation Ambakelle
special palms as the maternal parent in developing
new coconut cultivar CRISL2020.

Use of molecular techniques and novel omics
approaches for improving the drought tolerance in
coconut has been attempted at CPCRI (Rajagopal
and Kumar, 2005) and some of the putative stress
responsive genes to water deficit have been
uncovered (Ramesh et al., 2020). Furthermore,
they revealed differential molecular response of
genotypes to water stress.

Even though the omics outcomes of drought and
other abiotic stresses are nonspecific (Yaish,
2015) and there are only a few records of potential
molecular markers for improving the drought
tolerance, several attempts are in progress to
uncover the putative genes/metabolic pathways
accounting for drought tolerance in coconut and
other palm species using integrated approaches
and to utilize them accordingly in improving the
drought tolerance in coconut.

2. CONCLUSION

Drought tolerance is a quite complex
phenomenon which is controlled by a
combination of anatomical, physiological and
biochemical parameters. At different
developmental stages, plants adopt different
mechanisms to confer drought resistance. Even
though it is difficult to evaluate drought resistance
of a given plant species, several attempts have
been made and are in progress to uncover the
secrets behind drought stress tolerance in plants.
However, in this genomic era it is important to

have an integrated approach of omics tools to
unwrap the linkage of traits, metabolic networks
and protein interactions associated with drought
stress tolerance in plants and to utilize them
accordingly in improving the drought stress
tolerance in plants.
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