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Review Article

ABSTRACT

Drought stress in plants has become one of the major abiotic stress that limits the growth and
development of plants which also contributes to low yields. Biotechnology which has new and
emerging techniques can be use to solve the problem of drought stress in plants. This review aimed
at identifying drought stress tolerance in plants at different stages, how plants respond to drought
stress using different methods and the application of different biotechnology methods to improve
drought tolerance in plants. Some important parameters about drought stress in plants such as
drought tolerance mechanisms, plants responses to drought stress, gene regulation for drought
stress tolerance in plants, effects of drought stress at different stages of plant growth and
biotechnology methods in developing drought tolerance in plants was reviewed. The use of
biotechnology methods such as classical breeding, use of genetic manipulation, genes from
resurrection plants and Protoplast fusion was discussed. Drought stress affects our plants seriously
and it leads to wilts, reduction of yields and death of plants at different developmental stages.
Plants have developed different mechanisms to respond to drought stress but these mechanisms
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are not sufficient enough without the application of biotechnology to greatly improve the growth,
development and increase yield in pants. The use of biotechnology greatly improves plants ability to
tolerate drought stress depending on the plant species and period of exposure. The use of
biotechnology methods has become very vital in improving plants drought stress so as to overcome
the major problems of plants which includes increase in population and climatic change.

Keywords: Biotechnology; classical breeding; genetic manipulation; plant drought stress; protoplast

fusion and resurrection plants.
1. INTRODUCTION

Drought is the water deficit that impairs plants
growth, development and yield compared with
the normal water supply required for optimum
growth. The drought which is an abiotic factor is
one of the most common stresses that greatly
hampered plants growth and development
compared to other types of plant stresses [1,2].
Drought induces metabolic changes in plants,
such as increased levels of free sugars and free
essential amino acids, which according to the
"Plant stress hypothesis" causes the plant to
have a higher nutritional value for herbivores and
can play an important role in herbivore outbreaks
[3]. Drought stress is usually said to be an
extremely dry condition beyond a threshold level
which causes damage to plants. When plants
lack adequate water supply, the resulting drought
stress normally reduces growth more than all
other plant abiotic stresses. Plant responds to
lack of water by reducing the activities of
photosynthesis and other plant processes. When
plants experience drought stress and water loss
progresses, leaves of some plant species appear
to change colour (usually to yellow-brown) and
drought stress also reduces crop productivity or
yield [4,5]. Drought stress also plays a vital role
in determining the availability of most plants
species across different locations in the world.
Naturally, drought stress in plants varies from
species to species, a period of exposure and
some environmental parameters. Plants
tolerance to drought stress is a relevant issue
that requires new improve techniques like
biotechnology to enhance stress-tolerant [6]. The
most common factors that influence plants
tolerance to drought stress includes; the
physiology of the plant, the extent of the plant
stress, the growth stage, gene expression, the
specie of the plant, etc [7].

In this review, some important parameters about
drought stress in plants such as drought
tolerance mechanisms, plant responses to
drought, gene regulation for drought stress
tolerance in plants, effects of drought stress at
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different stages of plant growth and
biotechnology methods in developing drought
tolerance in plants was discussed.

2. DROUGHT TOLERANCE
MECHANISMS IN PLANTS

Plants exposed to drought stress can tolerate
(adapt) to the stress depending on the plant
species and period of exposure which the plants
may survive under drought stress through the
induction of diverse biochemical, physiological or
morphological factors [8]. Phenotypic and
morphological changes that often occur in plants
are influenced by a spectrum of physiological
and molecular interactions developed to
acclimate to drought stress [9]. Drought stress
tolerance is the ability of a plant to grow, develop
and thrive with displayable economic yield and
value under limiting or no water supply [8].
Drought stress affects not only the water
relations of plants at cellular and tissue levels but
also at organ levels, which may result in explicit
and/or relatively ambiguous interactions that can
damage or acclimatize the plant [10].

Plants often respond to abiotic stresses through
the expression of stress-regulated genes and
protein production. The available data on stress-
related genes is still limited as their functions
have not been thoroughly established [7].
However, it has been established that plants'
ability to tolerate drought stress is a complex
event that involves a combination of some of the
genes to express synergistically. The expression
of genes may be triggered by stress-induced
events or result from injury responses to the
plant [8]. With the advent of genomics, some
genes are known to be expressed when plants
are drought-stressed to produce relevant drought
stress-related proteins and enzymes including
dehydrins (polypeptide), invertase, glutathione S-
transferase, and late embryogenesis abundant;
also, the expression of Abscisic acid (ABA)
genes which is an essential phytohormone that
regulates growth, development and adaptation to
drought stress and the synthesis of



macromolecules such as rubisco, helicase,
proline, and carbohydrates are the molecular
basis of drought tolerance [7]. A polypeptide
(dehydrins) was observed to be the
most abundant among the accumulated
macromolecules in response to loss that leaves
water content in some plants (pea, maize, barley,
arabidopsis, etc) and under drought-induced
stress LEA proteins plays the protective role of
plants. In extreme cases even though they are
not plant specific, LEA proteins has been
associated with cellular desiccation tolerance.
Osmotin which is also a stress-responsive
antifungal protein accumulates under both biotic
and abiotic stress in several plant species [11].
Macromolecule such as phospholipids and
glycolipids are the lipid components of the plant
membrane layer, while triglycerides are primarily
used to store CH4 and CO2 during the
developmental stages of plants [12]. 70%-80% of
the total protein and lipid composition of leaf
tissue are found in the chloroplasts. Lipids, which
are one of the major components of the
membrane, are likely to be affected by water
stress [13].

3. PLANT RESPONSES TO DROUGHT

3.1 Physiological and

Responses

Morphological

Plant growth and development is a process that

is usually accomplished through certain
physiological and morphological complex
interactions such as cell division, cell
enlargement, and differentiation, as well as

genetic interactions. The growth of a plant is
regulated by these activities as well as the
presence of organic and inorganic compounds
required for the development of new protoplasm
[14]. The quality and yield of plant growth to a
reasonable degree depend on these complex
interactions which can be greatly reduced by
drought stress [8].

The physiological response of plants to drought

stress can include; interference with
photosynthetic activity, stomatal regulation,
oxidative stress which eventually leads to

damage of the plant, generation of toxic
metabolites which can cause plant death [15],
water-retention level of leaf decreases, impaired
growth rate, decrease in CO, concentration, etc.
Cell growth and differentiation alongside other
physiological events are one of the most drought-
sensitive physiological events due to a decrease
in turgor pressure which is one of the major plant
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responses to drought stress [16]. Water is
important in the maintenance of the turgor
pressure  which is necessary for cell
enlargement, growth and for maintaining the
plant as a whole. Turgor is equally vital in
stomatal regulation and the motility of various
differentiated plant structures [17]. In extreme
drought stress, cell differentiation and elongation
of some plants are repressed through the
ongoing interference of water and minerals flow
from the vascular tissues to the other
components of elongating cells [18]. Severe
drought stress mostly is accompanied by
increased salt concentration which [14] defined it
as osmotic adjustment. Osmotic adjustment
occurs when solutes gradually accumulate in the
elongating cells of developing the plant as the
water retention level decreases over time.
Osmotic adjustment is one of the most essential
events in plant acclimatization to water-limitation,
for the reason that it maintained vascular tissue
metabolic activity and enables re-growth upon
water availability which of course varies greatly
from specie to specie [19].

3.2 Biochemical Responses

For decades, the complex interactions of
biochemical pathways that arise by drought
stress have become relevant [20]. Reactive
oxygen species are produced in different
compartments of the plant cell, both under
normal and stressful conditions. When plants are
stressed by drought or other abiotic stresses,
reactive oxygen species are generated as a
result of the inhibition of photosynthesis and the
preeminence of photorespiration. The generation
of reactive oxygen species is one of the earliest
biochemical responses of eukaryotic cells to
biotic and abiotic stresses. The production of
reactive oxygen species in plants, known as the
oxidative burst, is an early event of plant defense
response to water-stress and acts as a
secondary massager to trigger subsequent
defense reaction in plants. Reactive oxygen
species, which include oxygen ions, free radicals,
and peroxides, form as a natural byproduct of the
normal metabolism of oxygen and have an
important role in cell signaling. However, during
environmental stress such as drought, reactive
oxygen species levels increase dramatically
resulting in oxidative damage to macromolecules
such as proteins, DNA and lipids [21]. Being
extremely reactive, reactive oxygen species can
severely damage plants by increasing lipid
peroxidation, protein denaturation, nucleic acid
fragmentation and finally cell death. Drought



stress induces oxidative stress in plants by a
generation of reactive oxygen species. Drought-
induced high production of reactive oxygen
species and it increases the content of
malondialdehyde. The content of
malondialdehyde has been considered as an
indicator of oxidative damage [22].

Reactive oxygen species are found to have a
dual function in plants: they are needed as
signaling molecules, but a high concentration it is
detrimental. High reactive oxygen species
concentration is therefore, a symptom of stress
and plants have to maintain the reactive oxygen
species within a certain level that is required for
normal cellular homeostasis. Reactive oxygen
species concentration in the cell is maintained by
the antioxidant system, which is made up of the
antioxidant molecules ascorbate, glutathione,
and a-tocopherol in addition to the antioxidant

enzymes peroxidases, catalases, and
dismutases [23]. In plants, reactive oxygen
species are discharged through certain

antioxidant molecules, polar and lipid-soluble
molecule [24], and the most effective antioxidant
being the process that counteracts oxidative
stress [8]. Most plants that are exposed to severe
environmental stresses notably as drought have
developed a mechanism to reprogram their
metabolic pathways to tolerate the impending
stress which often result in changes in the
production and utilization of available
metabolites. The advent of metabolomics has
uncovered how plants subjected to abiotic
stresses invest in the synthesis of essential
macromolecules and metabolites that contribute
to palliate stresses as osmoregulators,
antioxidants and defense compounds. Drought-
induced stress can also alter the available
content and composition of plants
macromolecules such as proteins which
eventually causes proportional changes of
structural and soluble proteins [25].

3.3 Gene Regulation for Drought Stress
Tolerance in Plants

The advent of whole-genome sequencing has led
to several drought-related candidate genes been
discovered and these genes have been
characterized [26]. The sequencing of model
plants such as Arabidopsis thaliana and Oryza
sativa marked a new era in plant biotechnology.
This post-genomic era is geared towards
establishing the functions of the entire genes
thought to be found in plants and hence, their
expression profiles. Genetic manipulation
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associated with drought tolerance and other
abiotic stresses has become possible. Some
genes thought to be induced by abiotic stresses
have been reported [27] and some of these
drought-responsive genes were cloned and
characterized by a range of plant species [28].
The expression of these drought-responsive
genes to stress can be subjected to regulation
and coordination by modifying a gene for
tolerance under stress [29]. For efficient
tolerance and restoration of cellular activities in
plants under abiotic stresses, a gene that
encodes a stress-inducible transcription factor
that regulates other genes should be considered
[30]. The recent candidate genes for abiotic
stress used in plant genetic modification switch
on transcription factors for regulation and
expression of a range of genes for stress
tolerance [28]. These transcription factors
interact with cis-acting elements in the promoter
region of related genes and act synergistically to
enhance plant tolerance to a range of
environmental stresses. Majority of these
transcription factors that are induced by stress
can be broadly categorized into these families,
AP2/ERF, bZIP, NAC, MYB, MYC, Cys2His2,
zinc-finger and WRKY [31] DREB2s and
DREB1A are the largest subgroups of genes that
are involved in two different ABA-independent
pathways [32,33] involved in drought-responsive
gene expression in a transgenic plant.

4. EFFECTS OF DROUGHT STRESS AT
DIFFERENT STAGES OF PLANT
GROWTH

4.1 Seed and Seedling

Drought stress is one of the environmental
stresses in tropical regions that have a severe
limitation on plants growth, development and
yield. Plant responses to stress have become
one of the most research fields [52]. Studies
revealed that the most sensitive stage for
drought stress in a plant is the seed germination
and seedling stages [53] Drought stress has
been reported to greatly interfere with
germination and seedling phase [8]. Research on
physiological and biochemical responses under
water-limiting stress in the stages of seed
germination and early seedling growth becomes
relevant in full degree in reconciling and
identifying trends in early-stage and, to a certain
extent, in understanding the interior reasons for
low seedling establishment under natural
conditions [54]. These early growth stages are
important considering the effect of drought



stress. The germination of the viable seed
depends to a large extent on the level of
moisture available in the soil for a physiological

and metabolic activity to breakdown the
dormancy of the dry seed. In plants, the
developmental stages which may involve

germination, seedling establishment, vegetative
growth and development of reproductive growth
stages can easily be impaired by limited water
supply [55]. Eck and Musick 1979 [56] reported
the effect of drought stress exposure on irrigated
sorghum seed at different stages of development
such as early boot, heading, and early grain
filling. According to their study, 35-42 days of
water stress exposure at boot stage significantly
decreased yield by 43% and 54% respectively.
Inuyama et al. [57] in a separate study for a
period of 16 days and 28 days under water
stress reported 16% and 36% reduction in yield
respectively at the vegetative stage of sorghum
development. Poor water supply reduces the
viability of seed and is directly linked with
seedling and post seedling crisis in plants [58].
The duration and exposure to drought stress are
directly linked with poor moisture intake,
germination and seedling establishment in maize
[55]. Roots and shoots elongations are elements
of seedling and their proliferation are subject to
drought stress [59]. Drought stress at seedling

Ishaku et al.; APRJ, 5(2): 34-46, 2020; Article no.APRJ.56829

stage will reduce seed endosperm weight, the
growth of the coleoptile, mesoctyl, radicle, shoot,
and root of sorghum [60]. Rizza et al. [61]
reported that drought stress can be related to
early maturity, small plant size and reduced leaf
area.

4.2 Growth and Development of Plant

Growth is an irreversible increase in size,
volume, and/or weight, which often involves the
spectrum of stages such as cell division, cell
elongation, and proliferation and cell
differentiation [62]. Growth and development of
plants may be greatly affected under drought
stress as a result of inhibition of enzyme
activities, reduced cell size and cell division,
reduced water potential and gradual decline in
energy supply [63]. The growth and development
of plants is vital for establishing proper and
normal plant structure that can carry out effective
physiological and metabolic interactions which
ultimately determines and give potential yields of
plants [22]. Water limitation severely interferes
with plant phenology where the plant phases of
growth are considerably reduced with a few
exceptions. Prolong drought stress initiate a
signal to cause an early switch from normal plant
developmental stages to vegetative reproduction

Table 1. Some drought-related responsive genes in plants

Gene Gene expression Plant Nature Reference

Adc Production of polyamine Rice Drought resistance [34]

AtTPS1 Trehalose-6-phosphate synthase Tobacco Drought resistance [35]

betA Choline dehydrogenase Maize Drought resistance [36]

mt1D Mannitol synthesis Wheat Drought and salinity  [37]
tolerance

P5CS Proline synthesis Petunia Drought resistance [38]
and high proline

P5CS Proline synthesis Soybean Drought resistance [39]

PPO Polyphenol oxidases Tomato Drought resistance [40]

suppression
HVA1 LEA protein Rice Drought and salinity  [41]
ME-leaN4 LEA protein Chinese Drought and salinity  [42]
cabbage resistance

Apx3 Ascorbate peroxidase Tobacco Drought resistance [43]

ABF3 Transcription factor Rice Drought resistance [44]

Alx8 APX2 and ABA Arabidopsis  Drought resistance [45]

AREB1 ABRE-dependent ABA signaling  Arabidopsis  Drought resistance [46]

DREB Transcription factor Arabidopsis  Drought tolerance [47]

DREB1 Transcription factor Rice Drought, salt and [48]
cold tolerance

DREB1A Transcription factor Tobacco Drought and cold [49]
tolerance

DREB2A Transcription factor Arabidopsis  Drought tolerance [50]

OsDREB1A Transcription factor Arabidopsis  Drought, salt and [51]

freezing tolerance
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Table 2. Effects of drought stress in some selected crop plants

Crop Growth of stage Reduction in yield % References
Rice Reproductive 50-91 [65]
Rice Grain filling 60 [8]
Rice Reproductive 23-85 [66]
Maize Vegetative 23-60 [8]
Maize Reproductive 70-47 [8]
Maize Reproductive 63—-88 [67]
Maize Grain filling 79-81 [8]
Sunflower Reproductive 60 [8]
Cowpea Reproductive 60-11 [8]
Soybean Reproductive 46-72 [68]
Barley Seed filling 49-57 [69]
Sunflower Reproductive 60 [8]
Potato Flowering 13 [70]

stage which generally results to reduce yield [63].
In Table 2, yield reduction in crops as a result of
drought stress which depends upon the degree
and period of stress has been reported.
McMaster and Wilhelm 2003 [64] report that
growth period of barley (Hordeum vulgare L.) and
wheat (Triticum aestivum L.) get reduced under
drought stress which ultimately affects yield.

5. BIOTECHNOLOGY
DEVELOPING
TOLERANCE PLANTS

METHODS IN
DROUGHT

5.1 Use of Classical Breeding

In light of critical global scenarios related to water
availability for agricultural purposes, techniques
such as conventional breeding and marker-
assisted selection are employed to develop
drought tolerance in crop plants for human
consumption [71].

Conventional breeding for developing drought
tolerance in plants involves the art of hybrid
cross to develop new and improved cultivars.
Retrospectively, filed crop breeding approaches
have increased yields through selection and
combination of identifiable characteristics. The
breeding program requires the identification of
genetic variants to drought stress and other
abiotic stress among crop cultivars where the
different genetic traits are introduced into
varieties with the required features [72]. This
method has been used for ages in breeding
programs of cereal crops. Due to the existence of
tolerance variability to a large extent among
plants to environmental stress, the existence of
stress regulatory genes in plants to abiotic and
biotic stress has been long accepted worldwide.
Traditional breeding techniques have

demonstrated the fact that heritable ftraits
conferring stress tolerance are regulated by a
spectrum of genes expression synergistically,
which may explain why genetic engineering of
plants with drought tolerance are cumbersome
[71]. The expression of single gene encoding
functional proteins like late embryogenesis
abundant proteins, antifreeze proteins, and
molecular chaperones, would normally confer
some level of tolerance to stress but do not
completely give sustained tolerance to the
majority of environmental stresses. Nevertheless,
as the plants develop and evolve, a composite of
molecular interactions may lead to their
sustenance in water limitation alongside other
environmental stresses and in this way, a set of
regulatory genes encoding regulatory proteins
have been established. The expression of
regulatory proteins among others is central to the
expression of genes for defense [73].

Marker-assisted selection is also a technique
used in improving drought stress
tolerance/resistance. In this technique, relevant
quantitative trait locus for drought stress traits
are usually added into plants with high yielding
potential and thus developed mutant enhanced
varieties that have only the major quantitative
trait locus. Commonly known molecular markers
such as random amplified polymorphic DNA
(RAPD) and restriction fragment length
polymorphism has helped to bring about the
development of drought tolerance traits that their
expression is independent of environmental
effects [72].

5.2 Use of Genetic Manipulation

The response of a plant to drought stress has
been studied at different levels such as the
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ecological, cellular, physiological and molecular
levels and research in these areas has
established a bone technological basis now in
use for developing plants with drought tolerance
through genetic engineering. The limiting factor
to this novel approach of plant modification for
improvement is the availability of relevant genes
and regulatory elements directly involved in
tolerance to drought stress [71]. Increasing crop
yield and value that are exposed to abiotic stress
requires novel techniques to augment classical
approaches which are often unable to a large
degree prevent damage to a crop [26]. One such
novel approach is genomics where a whole
genome sequence is analyzed to discover novel
and functional genes. Loosely, with the aid of
microarrays, 130 genes that are sensitive and
may respond to drought stress have been
established [74] and these genes are directly or
indirectly involved with transcription modulation,
ion transport, transpiration control, and
carbohydrate metabolism. With the advent of this
technique, genes have been uncovered and
functional genes for stress tolerance are
established [26]. The discovery paves room for
another novel technique known as recombinant
DNA technology where the genetic makeup of
plants can be modified with relevant genes to
tolerate environmental stress. Plant transgenesis
in contrast with conventional breeding
approaches ensures the incorporation of genes
of interest into the target plant. de Campos et al.
reported the transgenic ‘Swingle’ citrumelo
induced with PSCSF129A gene that encode the
key enzyme for proline biosynthesis and
accumulation that is crucial in promoting drought
tolerance in crops with higher osmotic
adjustment [75]. With the era of recombinant
DNA technology, the development of genetically
engineered plants with improved value seems to
be a viable approach of crop improvement in
contrast to classical or marker-assisted breeding
approaches [73]. The development of
transformation methods has resulted in an
efficient generation of genetically modified plants
to sustain crop productivity against abiotic
stresses [76].

5.3 Through the Genes from Resurrection
Plants

Resurrection plants are unique in that they can
survive almost complete dehydration from their
vegetative parts. They shut down their metabolic
systems to tolerate dehydration and the plants
are lifeless [77]. Plants species whose seeds and
vegetative parts can survive severe water loss or
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are desiccation-tolerant are regarded as
resurrection plants (poikilohydric), as opposed to
dehydration sensitive plants (homohydric)
[78,79]. Resurrection plants make up an
outstanding group within the flowering plants.
The plants have a unique ability to withstand

thorough dehydration of their vegetative
components [80]. The changes in water levels
and cellular responses associated with

dehydration in seeds are shown to be similar in
resurrection plants that are exposed to metabolic
stresses as a result of severe water loss [81]. For
plants to successfully withstand complete
dehydration needs the concerted expression of
thousands of genes that involved 63 metabolic
pathways and the utilization of 64 biochemical
defense mechanism to protect cellular biological
integrity. The gene family of early light-induced
proteins (ELIPS) is generally over-expressed
during dehydration in all studied resurrection
plants and may play a central role in
safeguarding against photo-oxidative stress of
the photosynthetic machinery during extreme
dehydration [82]. One such dehydration
associated gene (dsp-22) in resurrection plant
Craterostigma plantagineum codes for a mature
21 kDa protein which accumulates in the
vegetative parts and contrasts to other
dehydration associated genes, light is crucial in
regulating the expression level of dsp-22 [83].
Systemic studies of drought stress in the
resurrection plant involve identifying a larger
number of genes, metabolites, and proteins that
usually respond to desiccation or drought stress.
Some of these mechanisms that help cellular
protection during extreme dehydration are
peculiar to desert species [84]. VanBuren et al.
[85] Reported that desiccated plant evolves from
a combination of gene duplications and network-
level rewiring of existing seed desiccation
pathways.

5.4 Through Protoplast Fusion

Protoplasts are cells without cell walls and
cytoplasmic membrane forms the outermost
layer in such cells. They can be obtained through
the activity of some specific lytic enzymes such
as cellulose, pectinase or macerozyme to
degrade cell wall [85]. Through protoplast fusion,
scientists can circumvent mating type and
incompatibility group limit to investigate
mitochondrial genetics, performed inter-generic
protoplast fusion [86]. The fusion of isolated plant
protoplasts by electrical stimulation has been
studied and routinely employed as an
experimental method. Nevertheless, the user of



this method is faced with constraints by the
composition of the suspension medium [87]. The
protoplast fusion technique has remarkable
possibilities for genetic variability and strain
enhancement [88]. Hennig et al. [89] Reported
the use of protoplast fusion lines of poplar
hybrids under drought stress. Protoplast
technology is one of the promising techniques
that can be used by plant breeders to improve
crop varieties [90]. Hawkes [91] Reported the
use of protoplasts fusion to develop drought
tolerance in explant-derived tissue cultures of
Colt cherry (Prunus avium x pseudocerasus)

5.5 In vitro Selection Technique

The in vitro tissue culture approach which
employ the use of a selective medium containing
selective agents to select and improve plants
with specific features. The technique has offer
opportunity to regenerate and induce stress
tolerance in plants through the use of selective
agents such as NaCl, polyethylene glycol or
mannitol, etc which allow preferential growth and

survival of desirable features [92-94]. The
explants are either exposed in a stepwise
manner with gradual increase in the

concentration of the these selecting agents or
are exposed to shock treatment where the
culture medium contain high concentration of the
agents [95]. Plants that survived such
environmental exposure are eventually selected.
These approach induces genetic variation among
the exposed explants in cultured medium and
regenerated plants called somaclonal variation
which can result in genetically stable traits useful
in crop improvement [96,97]. In vitro selection
technique for explants demonstrating increased
drought tolerance has been reported.
Polyethylene glycol (PEG) has been utilized to
induce drought stress in plants and the
determination of plants that withstand water
stress is based on accumulation of consistent
solutes primarily proline as well as the presence
of antioxidative enzymes such as peroxidases,
catalases, and dismutases [95].

6. DISCUSSION

The development of plants with the ability to
establish and withstand/tolerate water limitation
and remain productive in marginal soils is one of
the major goals of crop and forage breeding
programs worldwide [98].

In a world where population growth exceeds food
supply, overcoming environmental stresses that
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affect crop yield and quality becomes relevant.
Drought is the most important abiotic stress that
can affect plant growth and development and
efforts have been recorded down the line to
improve crop yield under water—limiting state.
The drought tolerance mechanism is a complex
process that involves a wide range of
physiological, morphological and biochemical
interactions at various levels of plant growth and
development which may include stomatal
regulation, synthesis of osmoprotectants,
generation of osmolytes, reduction in water loss
and increased water uptake, etc. Understanding
the effect of drought stress like other abiotic
stresses becomes relevant to ensure food

supply.
7. CONCLUSION

Plant drought stress is a major problem in the
growth and development of plants. One of the
major challenges of the plant biotechnologist is
solving the problem of plant drought stress so
that it can combat the problem of climatic change
and increase in population growth. Recent
advances in plant biotechnology has seen
remarkable progress in molecular markers
selection processes and in developing transgenic
plants with increased drought stress tolerant.

These approaches have facilitated our
understanding of underlying processes in plant
responses to drought induced stress. Through
plant genetic engineering and molecular marker
techniques, drought stress induced genes have
been identified and cloned.

It therefore means that the applications of
biotechnological and molecular approaches such
as genomics, proteomics, and transcriptomic that
can enhance a better understanding of plant
water use efficiency and tolerance to improve
yield under drought stress is very promising.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES
1. Shao HB, Chu LY, Jaleel CA, Manivannan
P, Panneerselvam R, Shao MA.
Understanding water deficit stress-induced
changes in the basic metabolism of higher
plants biotechnologically and sustainably
improving agriculture and the



10.

11.

12.

13.

14.

15.

ecoenvironment in arid regions of the
globe. Crit. Rev. Biotechnol. 2009;29:131-
151.

Khan MB, Hussain M, Raza A, Farooq S.
Jabran K. Seed priming with CaCl, and
ridge planting for improved drought
resistance in maize. Turk. J. Agric. For.
2015;39:193-203.

Miguel G, Ximénez-Embun, Félix Ortego,
Castafiera P. Drought-Stressed Tomato
Plants Trigger Bottom—Up Effects on the
Invasive Tetranychus evans; 2016.

Boyer JS. Plant productivity and
environment. Science. 1982;218:443-448.
Araus JL, Slafer GA, Reynolds MP, Royo
C. Plant breeding and drought in C3
cereals: What should we breed for? Ann
Bot. 2002;89:925-940.

Rizhsky L, Liang H, Mittler R. The
combined effect of drought stress and heat
shock on gene expression in tobacco.
Plant Physiol. 2002;130:1143-1151.
Nezhadahmadi A, Prodhan ZH, Farug G,
Drought Tolerance in Wheat.

Published online 2020 Feb. 11.

Farooq M, Aziz T, Wahid A, Lee DJ.
Siddique KHJC, Science P. Chilling
tolerance in maize: Agronomic and
physiological approaches. Crop Pasture
Sci. 2009;60:501-516.

Valdés AE, Irar S, Majada JP, Rodriguez
A, Fernandez B, Pagés M. Drought
tolerance  acquisition in  Eucalyptus
globulus (Labill.): A research on plant
morphology, physiology and proteomics.
Journal of Proteomics. 2013;79:263-276.
Beck EH, Fettig S, Knake C, Hartig K,
Bhattarai T. Specific and unspecific
responses of plants to cold and drought
stress. J. Biosci. 2007;32,501-510.
Ramagopal S. Advances in understanding
the molecular biology of drought and
salinity tolerance in plants- the first
decade. Adv. PIl. Biotech. Biochem. (Eds);
1993.

Taiz L, Zeiger E. Plant physiology: Mineral
nutrition.  The  Benjamin  Cummings
Publishing Co., Inc. Redwood City.
1991;100-119.

Harwood NJ Russell. George Allen &
Unwin, London. 1984;162.

[ISBN 0-04-574021-6 or 0-04-574022-4]
Turner NC, Jones MM. Turgor
maintenance by osmotic adjustment: a
review and evaluation. 1980;87-103. In
Bray EA. Abscisic acid regulation of gene
expression during water-deficit stress in

42

Ishaku et al.; APRJ, 5(2): 34-46, 2020; Article no.APRJ.56829

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

the era of the Arabidopsis genome. Plant,
Cell and Environment. 2002;25(2):153—
161.

Taiz L, Zeiger E. Plant Physiology, 4th Ed.,
Sinauer Associates Inc. Publishers,
Massachusetts; 2006

Kramer PJ, Boyer JS. Water relations of
plants and soils. San Diego: Academic
Press; 1995.

Qaderi M, Martel, A, Dixon S.
Environmental factors influence plant
vascular system and water regulation.
Plants. 2019;8(3):65.

Acosta-Motos J, Ortufio M, Bernal-Vicente
A, Diaz-Vivancos P, Sanchez-Blanco M,
Hernandez J. Plant Responses to Salt
Stress: Adaptive Mechanisms. Agronomy.
2017;7(1):18.

Bohnert HJ, Sheveleva E. Plant stress
adaptations — Making metabolism move.
Current  Opinion in Plant Biology.
1998;1(3):267-274.

Cruz de Carvalho MH. Drought stress and
reactive oxygen species. Plant Signaling
and Behavior. 2008;3(3):156—165.

Anjum SA, Xie X, Wang L, Saleem F M,
Man C, Le W. Morphological, physiological
and biochemical responses of plants to

drought stress African Journal of
Agricultural Research. 2011;6(9):2026-
2032

Das K, Roychoudhury A. Reactive oxygen
species (ROS) and response of
antioxidants as ROS-scavengers during
environmental stress in plants. Frontiers in
Environmental Science. 2014;2.

Sharma P, Jha AB, Dubey RS, Pessarakli
M. Reactive oxygen species, oxidative
damage, and antioxidative defense
mechanism in plants under stressful
conditions. Journal of Botany. 2012;1-26.
LiQ, Lu Y, Pan C, Yao M, Zhang J, Yang
X, Li L. Chromosomal localization of genes
conferring desirable agronomic traits from
wheat-agropyron cristatum disomic
addition line 5113. PLOS ONE.
2016;11(11).

Solankey SS, Singh RK, Baranwal DK,
Singh K. Genetic expression of tomato for
heat and drought stress tolerance: An
overview. International  Journal  of
Vegetable Science. 2015; 21(5):496-515.
Rabbani MA, Maruyama K, Abe H, Khan
MA, Katsura K, Ito Y, et. al., Monitoring
expression profiles of rice genes under
cold, drought, and high-salinity stresses
and abscisic acid application using cDNA



28.

290.

30.

31.

32.

33.

34.

35.

36.

37.

microarray and RNA gel-blot analyses.
Plant Physiol. 2003;133:1755-1767.

Wang H, Wang H, Shao H, Tang X.
Recent advances in utilizing transcription
factors to improve plant abiotic stress
tolerance by transgenic technology.
Frontiers in Plant Science. 2016;7.

Elamin HB, Roy NK, Ping X. Transcription
factors associated with abiotic and
biotic stress tolerance and their potential
for crops improvement. Genes. 2019;10:
771.

Nakashima K, Yamaguchi-Shinozaki K,
Shinozaki K. The transcriptional regulatory
network in the drought response and its
crosstalk in abiotic stress responses
including drought, cold, and heat. Front.
Plant Sci. 2014;5:170.

Umezawa T, Fujita M, Fujita Y,
Yamaguchi-Shinozaki K, Shinozaki K.
Engineering drought tolerance in plants:
Discovering and tailoring genes to unlock
the future. Curr. Opin. Biotechnol. 2006;
17:113-122.

Liu H, Stone SL. Abscisic Acid Increases
Arabidopsis ABI5 Transcription Factor
Levels by Promoting KEG E3 Ligase Self-
Ubiquitination and Proteasomal
Degradation. The Plant Cell. 2010;22(8):
2630-2641.

Nakashima K, Yamaguchi-Shinozaki K.
ABA signaling in stress-response and seed
development. Plant Cell Rep. 2013;32:
959-970.

Capell T, Bassie L, Christou P. Modulation
of the polyamine biosynthetic pathway in
transgenic rice confers tolerance to
drought stress. Proc. Natl. Acad. Sci. USA.
2004;101:9909-9914.

Almeida JR, Modig T, Petersson A, Hahn-
Hagerdal B, Lidén G, Gorwa-Grauslund
MF. Increased tolerance and conversion of
inhibitors in lignocellulosic hydrolysates
bySaccharomyces cerevisiae. Journal of
Chemical Technology & Biotechnology.
2007;82(4): 340-349.

Quan R, Shang M, Zhang H, Zhao Y,
Zhang J. Engineering of enhanced glycine
betaine synthesis improves drought
tolerance in maize. Plant Biotechnology
Journal. 2004;2(6):477-486.

Abebe T, Guenzi AC, Martin B, Cushman
JC. Tolerance of mannitol-accumulating
transgenic wheat to water stress and
salinity. Plant Physiol. 2003;131:1748-
1755.

43

Ishaku et al.; APRJ, 5(2): 34-46, 2020; Article no.APRJ.56829

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Yamada M, Morishita H, Urano K, Shiozaki
N, Yamaguchi-Shinozaki K, Shinozaki K,
Yoshiba Y. Effects of free proline
accumulation in petunias under drought
stress. Journal of Experimental Botany.
2005;56(417):1975-1981.

De Ronde JA, Cress WA, Kru™ ger, GHJ,
Strasser RJ, Van Staden J. Photosynthetic
response of transgenic soybean plants,
containing an Arabidopsis P5CR gene
during heat and drought stress. J. Plant
Physiol. 2004;161:1211-1224.

Thipyapong P, Hunt MD, Steffens JC.
Antisense downregulation of polyphenol
oxidase results in enhanced disease
susceptibility. Planta. 2004;220:105-117.
Rohila JS, Jain RK, Wu R. Genetic
improvement of Basmati rice for salt and
drought tolerance by regulated expression
of a barley Hval cDNA. Plant Sci.
2002;163:525-532.

Park BJ, Liu Z, Kanno A, Kameya T.
Genetic improvement of chinese cabbage
for salt and drought tolerance by
constitutive expression of a B. napus LEA
gene. Plant Sci. 2005;169:553-558.

Yan J, Wang J, Tissue D, Holaday AS,
Allen R, Zhang H. Photosynthesis and
seed production under water-deficit
conditions in transgenic tobacco plants that
overexpress an ascorbate peroxidase
gene. Crop Science. 2003;43(4):1477.

Oh SJ, Song SI, Kim YS, Jang HJ, Kim
SY, Kim M, Kim YK, Nahm BH, Kim JK.
Arabidopsis CBF3/DREB1A and ABF3 in
transgenic rice increased tolerance to
abiotic stress without stunting growth.
Plant Physiol. 2005;138:341-351.

Rossel JB, Walter PB, Hendrickson L,
Chow WS, Poole A, Mullineaux PM, et al.,

A mutation affecting
ASCORBATEPEROXIDASE2 gene
expression reveals a link between

responses to
tolerance. Plant Cell
269-281.

Fujita Y. AREB1 Is a Transcription
Activator of Novel ABRE-Dependent ABA
Signaling That Enhances Drought Stress
Tolerance in Arabidopsis. The Plant Cell
Online. 2005;17:3470-3488.

Kasuga M, Liu Q, Miura S, Yamaguchi-
Shinozaki K, Shinozaki K. Improving plant
drought, salt, and freezing tolerance by
gene transfer of a single stress-inducible
transcription factor. Nat. Biotechnol. 1999;
17:287-291.

highlight and drought
Environ. 2006;29:



48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Ilto Y, Katsura K, Maruyama K, Taji T,

Kobayashi M, Seki M, Shinozaki K,
Yamaguchi-Shinozaki K. Functional
analysis of rice DREB1/CBF-type
transcription factors involved in cold-

responsive gene expression in transgenic
rice. Plant and Cell Physiol. 2006;47:141—
153.

Kasuga M, Miura S, Shinozaki K,
Yamaguchi-Shinozaki K. A Combination of
the arabidopsis DREB1A gene and stress-
inducible rd29A  promoter improved
drought- and low-temperature stress
tolerance in tobacco by gene transfer.
Plant and Cell Physiology. 2004;45(3):
346-350.

Sakuma Y, Maruyama K, Osakabe Y, Qin
F, Seki M, Shinozaki K, Yamaguchi-
Shinozaki K. Functional analysis of an
Arabidopsis transcription factor, DREB2A,
involved in drought-responsive gene
expression. Plant Cell. 2006;18:1292—
1309.

Dubouzet JG, Sakuma Y, Ito Y, Kasuga M,
Dubouzet EG, Miura S, Seki M, Shinozaki
K, Yamaguchi- Shinozaki K. OsDREB
genes in rice, Oryza sativa L., encode
transcription activators that function in
drought-, highsalt- and cold-responsive
gene expression. Plant J. 2003;33:751—
763.

Liu J, Folberth C, Yang H, Rdckstrom J,
Abbaspour K, Zehnder AJB. A Global and
spatially explicit assessment of climate
change impacts on crop production and
consumptive water use. PLoS ONE.
2013;8(2):57750.

Mbitsemunda JPK, Karangwa A. Analysis
of factors influencing market participation
of smallholder bean farmers in Nyanza
District of Southern Province, Rwanda.

Journal of Agricultural Science. 2017;
9(11):99.
Zhang Z, Wang W, Li W. Genetic

interactions underlying the biosynthesis
and inhibition of 3-diketones in wheat and
their impact on glaucousness and cuticle
permeability. Plos one. 2013;8(1):54129.
Aslam M, Magbool MA, Cengiz R. Drought
Stress in  Maize (Zea mays L.).
SpringerBriefs in Agriculture; 2015.

Eck HV, and Musick JC. Plant water stress
effect on irrigated sorghum. I. Effect on
yield. Crop Sci. 1979;19:586-592.

Inuyama, S, Musick, JT, and Dusek, DA.
Effect of plant water deficit at various
growth stages on growth, grain yield and

44

Ishaku et al.; APRJ, 5(2): 34-46, 2020; Article no.APRJ.56829

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

leaf water potential of irrigated grain
sorghum. Proc. Crop Sci. Soc. Jpn. 1976;
45:298-307.

De Melo RB, Franco AC, Silva CO,
Piedade MTF, Ferreira CS. Seed
germination and seedling development in
response to submergence in tree species
of the Central Amazonian floodplains. AoB
PLANTS. 2015;7.

Rauf M, Munir MQ, Hassan MUI, Ahmad
M. Performance of wheat genotypes under
osmotic stress at germination and early
seedling growth stage. Sky Journal of
Agricultural Research. 2007;2(8):116—119.
Assefa Y, Staggenborg SA, Prasad VPV.
Grain sorghum water requirement and
responses to drought stress: A review.
Online. Crop Management.
DOI:10.1094/CM-2010-1109-01-RV.

Rizza F, Badeck FW, Cattivelli L, Lidestri
O, di Fonzo N, and Stanca AM. Use of a
water stress index to identify barley
genotypes adapted to rainfed and irrigated

conditions; Crop Science. 2004;44(6):
2127-2137.

Perrot-Rechenmann, C. Cellular
Responses to Auxin: Division versus

Expansion; Cold Spring Harb Perspect
Biol; 2010.

Farooq M, Hussain M, Wahid A, Siddique
KHM. Drought Stress in Plants: An
Overview. Plant Responses to Drought
Stress. 2012:1-33.

McMaster GS, Wilhelm WW. Phenological
responses of wheat and barley to water
and temperature: Improving simulation
models. J Agric Sci. 2003;141:129-147.
Lafitte HR, Yongsheng G, Yan S, Li1 ZK.
Whole plant responses, key processes,
and adaptation to drought stress: The case
of rice, J. Exp. Bot. 2007;58:169-175.
Venuprasad R, Lafitte HR, Atlin GN.
Response to direct selection for grain yield
under drought stress in rice. Crop Sci.
2007;47(1):285-293.

Kamara AY, Menkir A, Badu—Apraku B,
Ibikunle O. The influence of drought stress
on growth, yield and yield components of
selected maize genotypes. J. Agr. Sci.
2003;141:43-50.

Samarah NH, Mullen RE, Cianzio SR,
Scott P. Dehydrin-like proteins in soybean
seeds in response to drought stress during
seed filling, Crop Sci. 2006;46:2141-2150.
Samarah NH. Effects of drought stress on
growth and yield of barley. Agron. Sustain.
Dev. 2005;25:145-149.



70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Kawakami J, Iwama K, Jitsuyama Y. Soil
water stress and the growth and yield of
potato plants grown from microtubers and
conventional seed tubers. Field Crop. Res.
2006;95;89-96.

Aguado-Santacruz GA, Garcia-Moya E,
Aguilar-Acufia  JL, Moreno-Gémez B,
Solis-Moya, E, Preciado-Ortiz ER, Rascén-
Cruz Q. In vitro plant regeneration from
quality protein maize (QPM). In Vitro
Cellular & Developmental Biology — Plant.
2007;43(3):215-224.

Kiriga AW, Haukeland S, Kariuki GM,
Coyne DL, Beek, NV. Effect of
Trichoderma spp. and Purpureocillium
lilacinum on Meloidogyne javanica in
commercial pineapple production in Kenya.
Biological Control. 2018;119:27-32.
Sengar RS, Singh A, Sengar K. Gene
regulation and biotechnology of drought
tolerance in rice. International Journal of
Biotechnology and Bioengineering
Research. 2013;4(6):547-552 .

Seki M, Narusaka M, Abe H, Kasuga M,
Yamaguchi-Shinozaki K, Carninci P,
Hayashizaki Y, Shinozaki K. Monitoring the
expression pattern of 1300 Arabidopsis
genes under drought and cold stresses by
using a full-length cDNA microarray. The
Plant Cell. 2001;13:61-72.

de Campos MKF, de Carvalho K, de
Souza FS, Marur CJ, Pereira LFP, Filho
JCB, Vieira LGE. Drought tolerance and
antioxidant enzymatic activity in transgenic
‘Swingle’citrumelo plants over-
accumulating proline. Environ Exp Bot.
2011;72:242-250.

Lépez-Arredondo D, Gonzalez-Morales S,
Bello-Bello E, Alejo-Jacuinde G, Herrera L.
Engineering food crops to grow in harsh
environments. Research. 2015;4:651.
Vicré M, Farrant JM, Driouich A. Insights
into the cellular mechanisms of desiccation
tolerance among angiosperm resurrection
plant species. Plant, Cell and Environment.
2004;27:1329-1340.

Prieto-Dapena P, Castafio R, Almoguera
C, Jordano J. The ectopic over expression
of a seed-specific transcription factor,
HaHSFA9, confers tolerance to severe
dehydration in vegetative organs. The
Plant Journal. 2008;54(6):1004—1014.
Blomstedt CK, Griffiths CA, Gaff DF,
Hamill JD, Neale AD. Plant Desiccation
Tolerance and its Regulation in the Foliage
of Resurrection “Flowering-Plant” Species.
Agronomy. 2018;8:146.

45

Ishaku et al.; APRJ, 5(2): 34-46, 2020; Article no.APRJ.56829

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Xiao L, Yang G, Zhang L, Yang X, Zhao S,
Ji Z, He Y. The resurrection genome of
Boea hygrometrica: A blueprint for survival
of dehydration. Proceedings of the
National Academy of Sciences. 2015;
112(18):5833-5837.

Farrant JM, Moore JP. Programming
desiccation-tolerance: From plants to
seeds to resurrection plants. Current
Opinion in Plant Biology. 2011;14(3):340—
345.

VanBuren R, Pardo J, Wai CM, Evans S,
Bartels D. Massive tandem proliferation of
ELIPs supports convergent evolution of
desiccation tolerance across land plants.
Plant Physiology; 2019.

Bartels D, Hanke C, Schneider K, Michel
D, Salamini, F. A desiccation-related Elip-
like gene from the resurrection plant
Craterostigma plantagineum is regulated
by light and ABA. The EMBO Journal.
1992;11(8):2771-2778.

Bechtold U. Plant Life in Extreme
Environments: How Do You Improve
Drought Tolerance? Front. Plant Sci.
2018;9:543.

VanBuren. R, Wai C.M, Pardo J, Giarola V,
Ambrosini S, Song X, Bartels D.
Desiccation tolerance evolved through

gene duplication and network rewiring in
Lindernia; 2018.

Verma N, Bansal MC, Kumar V. Protoplast
fusion technology and its biotechnological
applications:  Department of Paper
Technology, Indian Institute of Technology,
Roorkee, Saharanpur Campus,
Saharanpur. India. 2004;247001.

Hayat S, Christias C. Isolation and fusion
of protoplasts from the phytopathogenic
fungus Sclerotium Rolfsii (Sacc.) .Brazilian
Journal of Microbiology. 2010;41:253-263.
Antoaneta P, Dimitrova, Alexander M.
Christov. Electrically induced protoplast
fusion using pulse electric fields for
dielectrophoresis. Plant Physiol.
1992;2008-2012.

Hennig A, Kleinschmit GJ, Schoneberg S,
Loffler S, JanBen A, Polle A. Water
consumption and biomass production of
protoplast fusion lines of poplar hybrids
under drought stress. Frontiers in Plant
Science. 2015;6(330):1-5.

Ochatt JS, Power BJ. Selection for salt and
drought tolerance in protoplast- and
explant-derived tissue cultures of Colt
cherry (Prunus avium x pseudocerasus).
Tree Physiology. 1988;5:259-266.



91.

92.

93.

94.

Hawkes JG. The potato: Evolution,
biodiversity and genetic resources. Am. J.
Pot Res. 1990;67:733—735.

Purohit, M, Srivastava, S, Srivastava PS.
Stress tolerant plants through tissue
culture. In: Srivastava, P.S. (Ed.), Plant
Tissue Culture and Molecular Biology:
Application and  Prospects. Narosa
Publishing House, New Delhi. 1998;554—
578.

Abaka KA, Gali Al, Haruna A, Ardo PB.
Phytochemicals screening and antifungal
activity of Balanites aegyptiaca Seed and
Callus Extract against Candida albicans.
Asian Plant Research Journal. 2020;4(4):
9-16.

Emmanuel DB, Gali Al, Peingurta AF,
Afolabin  SA. Callus culture for the
production of therapeutic compounds.
American Journal of Plant Biology. 2019;
4(4):76-84.

Ishaku et al.; APRJ, 5(2): 34-46, 2020; Article no.APRJ.56829

95.

96.

97.

98.

Rai MK, Kalia RK, Singha R, Gangola, MP,
Dhawan AK. Developing stress tolerant
plants through in vitro selection—An
overview of the recent progress.
Environmental and Experimental Botany.
2011;71 89-98.

Mohamed MAH, Harris PJC, Henderson
J. In vitro selection and characterization
of a drought tolerant clone of
Tagetes minuta. Plant Sci. 2000;159:213—
222.

Larkin PJ, Scowcroft SC. Somaclonal
variation—A novel source of variability
from cell culture for plant improvement.
Theor. Appl. Genet. 1981;60:197-214.
Monteros AE, de los, Lafaye, G, Cervantes
A, Del Angel, G, Barbier Jrd, Torres G.
Catalytic wet air oxidation of phenol over
metal catalyst (Ru,Pt) supported on TiO,—
CeO, oxides. Catalysis Today. 2015;258:
564-569.

© 2020 Ishaku et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sdiarticle4.com/review-history/56829

46



