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Abstract Drought stress is becoming a serious challenge for international food security. Prevailing climate change, complex nature of genetic response to drought and multifaceted character of drought-associated traits make drought more pronounced. Drought severely impairs plant growth and development, production and performance of crop plants. It causes significant yield reduction and brings shrinkage of farmlands compared to other abiotic factors. Worldwide, wheat is the most important food crop contributing one fifth of total dietary calories and proteins. However, recurrent drought associated with climate change is among the principal constraints to global productivity of wheat (Triticum aestivum L.) and T. durum L.). Based on genetic variability within and among wheat species, there is morphological, physiological, biochemical and molecular attributes against water stress. This review illustrates, change in these attributes in wheat and functional genomics through transgenic wheat as drought tolerance mechanisms in wheat. Potential challenges and associated opportunities in drought tolerance development in wheat are also highlighted. 
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1. Introduction Drought is abiotic stress, severely impairs plant growth and development, limits production and the performance of crop plants, causes significant yield reductions on crops and impact on cropping areas, more than any other abiotic factors (Shao et al., 2009;Rad et al., 2012; Ray et al., 2018). Climate extremes are expected to increase with climate change, which may negatively affect crop production mainly due to drought (Troy et al., 2015). Due to the existing climatic change, it is assumed that by the year 2025, around 1.8 billion people will face absolute water shortage and 65% of the world’s population will live under water-stressed environments (Nezhadahmadi et al., 2013). This is due to an imbalance in plant water regime resulting in an excessive evapotranspiration by shoot over water uptake by root (Reynolds et al., 2005). Thus, Drought is most devastating stress, which immediately affects morphological, physiological, biochemical, and molecular characteristics of wheat crop and lead to severe reduction in overall production (Nezhadahmadi et al., 2013; Bila et al., 2015). Wheat is the most abundant crop in the world, the first rainfed crop after maize and the second irrigated crop after rice (Portmann et a.,l 2010). The two major wheat species, hexaploid bread wheat (Triticumaestivum 
L.; 2n = 6x = 42) and tetraploid durum wheat (Triticum durum L.; 2n = 4x = 28), are commercially important. Food and Agriculture Organization (FAO) of the United Nations has estimated 739.9 million tons of wheat production in 2017, which would be down from 760.1 million previous year production (http://www.fao.org/worldfoodsituation/csdb/en/). Wheat contribute about 20% of the total dietary calories and proteins worldwide (Lobell & Gourdji 2012; Shiferaw et al., 2013). Despite, the estimated wheat demand to increase by 60% (Manickavelu et al., 2012) to 70%  (CIMMYT, 2014) by 2050, wheat production might go down by 29% because of climate change imposed environmental stresses such as drought (Manickavelu et al., 2012). Zampieri et a.l (2017) reported that drought is the main contributor of annual wheat production variability in major wheat production belts throughout the world, which is estimated at around 40%.These predictions indicate that improving drought stress tolerance in wheat has supreme importance for global food security. Continued wheat genetic improvement is thus critically important as it has direct impact on economic development, food security, and international grain trade. Wheat as a sessile crop plant has different degree of adaptation mechanisms to abiotic stresses such as drought. Therefore, determination of the genetic diversity existing within and between wheat populations remains as basis for elucidation of the genetic structure and for improvement of quantitative traits for drought tolerance. Genetic variability of wheat can be explored with germplasm from its centers of origin, diversity and within wild relative and landraces for drought tolerance (Nevo and Chen 2010; Dvorak et al., 2011; Dodig et al., 2012). However, drought tolerance is a complex trait that is controlled by numerous genes, each with minor/polygenic effects (Bernardo 2008; Gupta et al., 2017). Some of the genes are located as quantitative trait loci (QTL) exhibiting additive and non-additive gene effects. Due to its polygenic inheritance and genotype by environment interaction, drought tolerance typically has low heritability (Blum, 2010; Khakwani et al., 2012).Additionally, the inheritance of most QTLs that have been examined sofar have a certain component of epigenetics control (either DNA methylation or histone modification,or both) (Gupta et al., 2017). On the face increasing climatic extremes and high demand for wheat for accelerated world population growth, understanding 
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drought tolerance mechanisms in wheat has principal importance. In general, wheat respond to drought stress with a wide range of modifications leading to changes at morphological, cellular, physiological, biochemical, and molecular level (Rampino, 2006; Lopes & Reynolds, 2011). Hence, this review focuses on morphological, physiological, biochemical, and molecular responses of wheat to tackle drought stresses.  
2. Wheat morphological responses to drought tolerance  Morphological traits of wheat has been significantly impacted by drought.  Study result showed that vegetative and reproductive stages of crops were affected by drought (Shi et al., 2010).Wheat yield losses at vegetative and reproductive stages under drought condition has been reviewed in Nezhadahmadi et al (2013). Bilal et al. (2015) specified wheat yield under drought stress suffer serious moisture deficit throughout its growth period from seedling to full maturity (Figure 1). Various scholars have reported morphological responses of wheat to moisture stress via above ground; gain yield, plant height, biomass, leaf (area, extension, size, number, and longevity), and below ground; root (extension, dry weight, density, and length, and root to shoot ratio (Nezhadahmadi et al, 2013). Under drought condition, decreasing pattern was experienced in above ground morphological traits in wheat (Kilic & Yağbasanlar, 2010). In contrast to the above groundmorphological traits, under drought stress conditions, below ground morphological traits continue to grow to find water. These different growth responses of shoot and root under water limiting conditions could result in high root to shoot ratio, and function as drought avoidance mechanism in drought tolerant wheat genotypes. Experiments conducted on durum wheat (Triticum durum L.) genotypes indicated weak to strong positive correlations of morphological traits. These include plant height, fertile tiller number, with grain number and biomass make the evaluation of high-yielding genotypes in rainfed conditions possible (Liu et al, 2015).Morphological traits (such as plant height and tiller number)could therefore be considered as potential indicators for indirect selection of durum wheat with water-deficit stress tolerance. Most agro-morphological traits except root length and associated parameters show decreasing trends under water limiting conditions. In drought susceptible wheat genotypes photosynthetic rate and eventually targeted yielddecrease drastically. Therefore, wheat genotypes with higher performance of agro-morphological traits are considered to have drought tolerance mechanisms.  However, since drought is a complex trait and drought tolerance response is carried out by various genes, transcription factors (TF), microRNAs (miRNAs), hormones, proteins, co-factors, ions and metabolites (Budak et al., 2015) contribution of morphological traits alone is less significant. This complexity coupled with the large and repetitive genome size of wheat has limited the development of wheat cultivars for drought tolerance by classical breeding. However, several research finding have been indicated that a strategy of selecting should take into consideration early flowering, long grain filling period, late maturity period, low drought susceptibility index (DSI values<1), a high number of grains per spike, high spike weight and short spike length for increasing yields under drought conditions (Kilic & Yağbasanlar, 2010).  
3. Wheat physiological responses to drought tolerance Physiological changes are consequences of deleterious effects of drought on important metabolic processes as well as responses of various defense mechanisms adapted by plants under drought conditions (Chorfil & Taïbi, 2011). Physiological characters are yield stability parameters and useful for evaluating drought tolerance wheat genotypes (Kadam et al., 2017). The principle is to strengthen the synthesis of metabolism, increase intracellular infiltration of substance concentration, reduces osmotic potential, maintain the pressure and normal cell physiological function (Dong et al., 2018). Evaluation of wheat genotypes under drought stress illustrated that drought tolerance genotypes accumulate higher concentration of physiological indices such as free proline, glycine, betaine, total sugars and potassium content. These organic and inorganic substances help to maintain osmo-regulation under water stress. Moreover, higher concentration of these solutes gives advantage to wheat plant to tolerate drought stress (Muhammad et al., 2016). In tolerant durum wheat genotypes, maintenance of high plant water status and maintenance of photosynthetic rate are major physiological attributes of high yield stability under rainfed conditions (Liu et al., 2015). Even though, leaf water status was maintained by unlimited water supply from deeper soil layers, wheat plants regulate its stomata in response to drying signals from the roots in the top drying layer of the soil profile (Blum and Johnson, 1993; Saradadevi et al., 2015). Transgenic wheat plants close their stomata rapidly under drought stress conditions and resulted in reduced transpiration and water loss, improving wheat drought resistance (Yu et al., 2017). Several studies reported that under drought stress photosynthesis shows direct relationship with wheat grain production due to reduction in stomatal opening, which resulted in low amount of CO2 fixation that lead to reduction in photosynthetic amount (Mafakheri et al. 2010). Lowered photosynthetic amount is an outcome of inhibition of RuBisCO (ribulose-1, 5-bisphosphate carboxylase/oxygenase) enzyme activity and development of ATP under water deficit condition (Dulai et al. 2006). Monirul et al (2015) depicted that Polyethylene Glycrol-induced drought stress caused significant decline in 
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physiological characteristics in susceptible wheat genotype as compared to tolerant genotype, suggesting response variability among genotypes for drought tolerance. Liu et al. (2015) explored that durum wheat genotypes tolerant to water-deficit stress has less yield reduction and also had less reduction in chlorophyll content, relative water content and leaf water potential. Hence, durum wheat genotypes tolerant to water-deficit stress maintain a higher photosynthetic rate and leaf water status. Higher leaves chlorophyll contentis significantly correlated with photosynthesis and regarded as encouraging selection trait in crop productivity (Teng et al., 2004). Under water stress conditions, decrease in water status and osmotic potential in plants is the ultimate outcome of lower relative water content. Osmoregulation mechanism plays a remarkable role in preserving turgor pressure, which helps in soil water absorption and continue plant metabolic activities for its survival (Bilal et al., 2015). Under drought, Cell-membrane stability (CMS) is another vital important selection criteria of drought tolerant genotypes. Genotype with values less than 50% and with 71-80% are considered as susceptible and tolerant to drought, respectively (Tripathy et al. 2000; Bilal et al., 2015). In drought tolerant wheat,higher CMS protect the plant from ROS that causes decrease in membrane stabilitydue to production of lipid peroxidation.Physiological responses, includingchlorophyll content, closure of stomata and decrease in the activity of photosynthesis, development of oxidative stress, alteration in the integrity of cell wall, production of metabolites play a crucial role in wheat when water is limiting. Thus, these physiological traits could be consideredas potential indicators for indirect selection of tolerant wheat genotype(s) under drought conditions.  
4. Wheat biochemical responses to drought tolerance  In crop plants, significantly accumulated metabolites under drought stress are considered as key metabolites and are correlated with potential biochemical pathways, enzymes or gene locations for a better understanding of the tolerance mechanisms (Ullah et al., 2017).Drought signaling pathways involve crosstalk among various biochemical, which makes breeding for drought tolerance an uphill task (Akpinaret al., 2012). Proline is among key biochemicals that accumulate in significant proportions in plants when exposed to various kinds of stress, including dehydration (Hong-Boa et al., 2006; Khamssi, 2014). Ithas been associated with several osmo protection roles, including; osmotic adjustment (Marek et al., 2009; Zadehbagheriet al., 2014), membrane stabilization (Hayat et al., 2012), and gene signaling to activate anti-oxidizing enzymes that scavenge reactive oxygen species (ROS) (de Carvalhoet al., 2013, Kadamet al., 2017). Higher accumulation of proline in BG-25, drought tolerant wheat genotype, deliver strong antioxidant defense and play a pivotal role in drought tolerance in wheat (Monirul et a.l, 2015).Chorfil & Taïbi (2011) investigated that durum wheat genotypes adapted to arid environment exhibited significantly higher accumulation of proline compared to the less adaptive once.  In the course of adaptation to stress environments, plant hormonesregulate diverse processes in plants, which enable adjust to stress. Under water deficits, ABA translocate form roots to leaves and involve in alteration of guard cell ion transport, regulatestomatal closure, reduces water loss and inhibits plant growth (Kim 
et al., 2010; Wilkinson and Davies 2010). Studies indicated that wheat genotypes that accumulate less ABA in their leaves have been associated to drought resistance and those accumulating more ABA havebeen considered sensitive to drought (Quarrie, 1981; Ji et al., 2011).  On the contrary, high leaf ABA accumulating wheat lines demonstrated better water use efficiency for grain yield than low ABA lines (Innes et al., 1984). Auxins is knownas negative regulators of drought tolerance in crop plants.In wheat leaves, drought stress tolerance was accompanied by a decrease in indole-3-acetic acid (IAA) content (Xie et al,. 2003). Brassinosteroids (BRs) have also been reported to protect plants against various abiotic stresses (Kagale et al., 2007). Application of BR was seen to increase water uptake and membrane stability, as well as to reduce ion leakage arising from membrane damage in wheat plants subjected to drought stress (Sairam, 1994). Hormonal priming increased grain yield, total sugar and protein contents of some bread wheat genotypesunder drought as tolerance mechanism.Seed priming with plant growth regulators like Gibberellic Acid (GA) and Salicylic Acid (SA) can significantly enhance wheat performance in terms of morphological parameters and yield attributes under drought (Ulfat et al., 2017). Dong et al. (2018) showed that activities of antioxidant enzymes (POD), malondialdehyde (MDA), proline (Pro), glutathione (GSH) and H2O2 in wheat seedlings increased under drought stress. Hence, those wheat seedlings with increased antioxidants enzymes activities can be used as indicator of drought resistance during evaluation. In general, co-ordination between different hormone signaling, or hormone signaling and otherpathways such as ROS regulatory mechanisms could be flexible, being altered by timing and types ofstresses, and could be different depending on plant species under stress combinations (Nobuhiro, 2016, Llanes 
et al., 2016).  
5. Wheat molecular responses to drought tolerance  Drought stress triggers expression of many genes influencing the metabolism of several bio-chemicals including key enzymes, transcription factors, hormones, amino acids, and carbohydrates (Yang et al. 2010). Notable among these include the phytohormone; Abscisic acid (ABA), proline, tryptophan, late embryogenesis abundant 
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(LEA) proteins, trehalose, raffinose, mannitol, glycine-betaine, and superoxide dismutase (Sivamani et al., 2000; Hameed et al., 2011; Nio et al. 2011). Gene expression experiments have identified several hundred genes which are either induced or repressed during drought stress (Shi et al., 2006). In wheat, there are several genes which are responsible for drought stress tolerance and produce different types of enzymes and proteins such as, late embryogenesis abundant (lea), responsive to abscisic acid (ABA), rubisco, helicase, proline, glutathione-S-transferase (GST), and carbohydrates during drought stress (Nezhadahmadi et al., 2013). These bio-molecules are involved in dehydration avoidance or dehydration tolerance events such as osmotic adjustment, membrane stabilization, anti-oxidation, scavenging of reactive oxygen species (ROS), and gene regulation (Ashraf, 2010; Yang et al., 2010).Gene(s) linked with drought tolerance has enhanced our understanding of this complex phenomenon.  Knowing the genetics of drought tolerance and identifying quantitative trait loci (QTLs) linked with DNA markers help wheat breeders to develop high yielding drought tolerant cultivars (Khan et al., 2011). A number of research studies have been carried out to investigate drought tolerance in wheat using DNA markers by interval and GWAS mapping. The DNA markers used includes SSR, SNP, and DArT markers. SNPs are generally more abundant, stable, amenable to automation, efficient and cost-effective than other forms of genetic variants (Rafalski, 2002; Akhunov et al., 2009). The research reports elucidated that some QTLs were found to be major QTLs (explaining ~20% phenotypic variation) and stable QTLs (detected in >50% tested environments) (Acuna-Galindo et al., 2015; Gupta et al., 2017; Gahlaut et al., 2017).  It has been reported that specific genomic regions of chromosomes 5A and 7A were important for wheat improvement for drought tolerance. Chromosome 7A was considered to be important, since it contains QTL for days to anthesis (DTA), days to maturity (DTM), grain filling duration (GFD), productive tillers per m2 (PTPM) and 1000 grain weight (TGW) together with a QTL affecting drought sensitivity index (DSI) for grain weight per ear (GWPE) linked with wmc0283 (Acuna-Galindo et al., 2015). QTLs were found to be associated with plant height, kernel weight and yield under varying water availability in wheat (Maccaferri et al., 2008). However, contribution of QTLs to a trait is often low and QTLs associated with adaptive responses to drought differ across environments, while those that are constitutive are stable across environments (Collins et al., 2008). Dissecting the phenotypic traits into smaller and simpler traits, which show high heritability in genotypes exhibiting drought tolerance, has led to the identification of stable QTLs associated with these traits across diverse environments (Tardieu & Tuberosa, 2010). Drought signaling gene expression is categorized into ABA-dependent and ABA-independent pathways as ABA is the first line of defense against drought (Budak, et al., 2013), figure 2. ABA-dependent signaling consists of two main gene clusters (regulons) regulated by ABA-responsive element-binding protein/ABA-binding factor (the AREB/ABF regulon) and the MYC/MYB regulon (Budaket al., 2015). NAC and WRKY TFs provide crosstalk between these pathways. ABA accumulation during the expression of drought tolerance isknown to bring about a reduction in ethylene production and an inhibition of ethylene-induced senescence and abscission (Thameur et al., 2011). Significant genotypic variation in the accumulation of ABA in wheat leaves under water stress has been demonstrated in most of the studies conducted in wheat (Quarrie and Jones, 1977; Henson and Quarrie, 1981; Quarrie, 1981; Ji et al., 2011; Du et al., 2013). It has been reported that expression of two genes, TaCRT1 (calreticulin Ca2+-binding protein) and DREB1A (dehydration responsive transcription factor) greatly induced in roots of drought stress tolerant, BG-25 than drought stress susceptible, Bijoy(Monirul et al., 2015). These, imply that the expression of the two genesinvolvement in generegulation associated with drought tolerancemay be linked with the survival of wheat plants under drought conditions. In addition, it was indicated that higher antioxidant capacities in roots of water deficit wheat genotype further implicate that this genotype is efficient in scavenging ROS generated by drought stress.Reverse transcription-PCR by Khateebet al (2017) on the assessment gene expression level for a drought stress response gene (DHN15.1) showed increased DHN15.1 transcript level in drought tolerant Karaka, T. 
durum landrace. Karakshowed long shoots (48% relative to its control), the longest roots (45% relative to its control) and the highest proline content (483% relative to its control). According to the investigation, this landrace appeared to be a good donor for drought tolerant genes due to its drought tolerance mechanisms. Under stress conditions,alternative splicing of some mRNAs coding for transcription factorshas been reported in wheat (Egawa et al., 2006).Molecular genetic understanding of genes and networks for stomatal patterning, size, and density regulation in wheat enable modulation of stomatal index in wheat and improve Transpiration Efficiency (TE) under drought stress (Kulkarni et al., 2017). In wheat, a number of functional genomics studies were undertakenfor identification of drought responsible gene expression. For instance, transgenic wheat using HVA1 gene for ABA-responsive late embryogenesis abundant protein has improved transgenic wheat biomass under drought stress situation (Sivamani et al., 2000). Transgenic wheat expressing DREB1 gene from Arabidopsis showed better tolerance to drought under glasshouse conditions (Pellegrineschi et al., 2004). Significantdifferences in stress indices revealed that the SeCspA transgenic wheat lines possessed significantand stable improvement in drought tolerance over the control plants (Yu et al., 2017). Thus, suggesting that over expressing a synthetic bacterial cold shock protein, 
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SeCspAgene confers drought tolerance.  
6. Challenges and opportunities in crop plants drought tolerance development Key challenges in breeding drought tolerant crop plants have been discussed by several scholars (Ashraf, 2010; Blum, 2010; Khakwani et al., 2012; Kosová et al., 2014). Congruently, the following factors are known to be challenges in developing drought tolerant wheat cultivars. These are: Timing (growth stages), genetic diversity, intensity of drought, complex and the large size wheat genome, low heritability and quantitative/polygenic nature of drought responsive traits, epistatic QTL interactions, genotype and environment interaction and concomitant occurrences of biotic and abiotic factors. Genetics of drought tolerance/sensitivity is complex, and the associated traits are complex and polygenic, thus making the task of developing drought-tolerant cultivars difficult. However, the current high throughput technologies to carryout precise phenotyping, dissection of wheat genome through (transcriptomics, proteomics, metabolomics, genotyping and SNP chip assay) and bioinformatics softwares employed put optimism to identify drought tolerant wheat. Therefore, recent technologies such as high-throughput phenotyping, next generation sequencing (NGS), and genetic engineering should be utilized for drought tolerance improvement in wheat (Mwadzingeni et al.,2015).   
7. Conclusion Drought intensity and occurrence increases due to climate change. It adversely affect wheat yield and yield related components globally. Genetic dissection of wheat using high throughput phenotyping and genotyping help to explore wheat genetic diversity for drought tolerance. It should also, be noted that drought does not occur independent from other abiotic stresses and is normally associated with heat stress (Jha et al., 2014). Application of omic sciences to identify gene (s) or gene region (s) and gene transfer technology give confidence to develop drought tolerant wheat cultivars, hence to enhance future wheat breeding program.  
References  Acuna-Galindo, M.A.; Mason, R.E.; Subramanian, N.K. & Hays, D.B. (2015), “Meta-analysis of wheat QTL regions associated with adaptation to drought and heat stress”,Crop Sci.,55, 477–492.  Akhunov, E., Nicolet, C., Dvorak, J. (2009), “Single nucleotide polymorphism genotyping in polyploid wheat with the Illumina GoldenGate assay”, Theoretical and Applied Genetics 119:507-517. Akpinar, B.A., Avsar, B., Lucas, S.J. & Budak, H. (2012), “Plant abiotic stress signaling”. Plant Signal.Behav.7: 1450–1455. Ashraf, M. (2010), “Inducing drought tolerance in plants: recent advances”, Biotechnol. Adv. 28(1):169-183. Bernardo, R. (2008), “Molecular markers and selection for complex traits in plants: Learning from the last 20 years”, Crop Science 48:1649–1664. Bilal, M., Iqbal, I., Rana, R.M., Shoaib, U.R., Rehman, Haidery, Q.A., Ahmad, F., Ijaz, A. & Umar, H.M.I. (2015), “A comprehensive review of effects of water stress and tolerance in wheat (TriticumaestivumL.)”, 

Tropical Plant Research 2(3): 271–275. Blum, A. & Johnson, J. W. (1993), “Wheat cultivars respond differently to a drying top soil and a possible non-hydraulic root signal”, J. Exp. Bot. 44:1149–1153. Blum, A. (2010), “Plant Breeding for Water-Limited Environments”, Springer, London. pp. 1–210. Budak, H., Hussain, B., Khan, Z., Ozturk, N.Z. & Ullah, N.  (2015):  From Genetics to Functional Genomics: Improvement in Drought Signaling and Tolerance in Wheat” Front. Plant Sci. 6:1012. Budak, H., Kantar, M. & Kurtoglu, K. Y. (2013), “Drought tolerance in modern and wild wheat”, Scientific 
World Journal 3:548246. Chorfil, A. & Taïbi1, K. (2011), “Biochemical Screening for Osmotic Adjustment of Wheat Genotypes under Drought Stress” Tropicultura 29(2): 82-87. CIMMYT. (2014), “Wheat Improvement–the Mandate of CIMMYT’s Global Wheat Program” Http://www.cimmyt.org/en/what-we-do/wheat-research/item/wheat-improvement-the-mandate-of-cimmyt-s-global-wheat-program. Collins, N., Tardieu, F. & Tuberosa, R. (2008), “Quantitative trait loci and crop performance under abiotic stress: where do we stand”, Plant Physiol. 147:469–486. de Carvalho, K., de Campos, M.K.F., Domingues, D.S., Pereira L.F. & Vieira L.G.E. (2013), “The accumulation of endogenous proline induces changes in gene expression of several antioxidant enzymes in leaves of transgenic Swinglecitrumelo”, Mol.Biol.Rep.40:3269–3279.  Dodig, D., Zorić, M., Kandić, V., Perović, D. & Šurlan-Momirović, G. (2012), “Comparison of responses to drought stress of 100 wheat accessions and landraces to identify opportunities for improving wheat drought resistance. Plant Breeding 131:369–379. Dong, Z., Liu, H. & Yang, X. (2018), “Effects of Drought Stress on Some Physiological and Biochemical 



Journal of Natural Sciences Research                                                                                                                                                www.iiste.org ISSN 2224-3186 (Paper)   ISSN 2225-0921 (Online) Vol.8, No.9, 2018  

47 

Indexes of Wheat Seedlings” Journal of Asia Botany. Du, Y. L., Wang, Z. Y., Fan, J. W., Turner, N. C., He, J. & Wang, T. (2013), “Exogenous abscisic acid reduces water loss and improves antioxidant defence, desiccation tolerance and transpiration efficiency in two spring wheat cultivarssubjected to a soil water deficit”,  Funct. Plant Biol. 40, 494–506. Dulai, S., Molnár, I., Prónay, J., Csernak, A., Tarnai, R. & Molnár-Láng, M. (2006), “Effects of drought on photosynthetic parameters and heat stability of PSII in wheat and in Aegilops species originating from dry habitats”, Act a Biologica Szegediensis 50: 11–17. Dvorak, J., Luo, M. C. & Akhunov, E. (2011), “NI Vavilov’s theory of centres of diversity in the light of current understanding of wheat diversity, domestication and evolution”, Czech Journal of Genetics and Plant 
Breeding 47:S20-S27. Egawa, C., Kobayashi, F., Ishibashi, M., Nakamura, T., Nakamura, C. & Takumi, S. (2006), “Differential regulation of transcript accumulation and alternative splicing of a DREB2 homolog under abiotic stress conditions in common wheat”, Genes Genet. Syst. 81:77–91. Gahlaut ,V., Jaiswal, V., Tyagi, B.S., Singh, G., Sareen, S. & Balyan, H.S, (2017), “ QTL mapping for nine drought-responsive agronomic traits in bread wheat under irrigated and rain-fed environments”, PLoS ONE 
12(8): e0182857. Gupta, P.K., Balyan, H.S. & Gahlaut, V. (2017), “QTL Analysis for Drought Tolerance in Wheat: Present Status and Future Possibilities”, Agronomy 7:5. Hameed, A., Bibi, N., Akhter, J. & Iqbal, N. (2011),  “Differential changes in antioxidants, proteases, and lipid peroxidation in flag leaves of wheat genotypes under different levels of water deficit conditions”, Plant 
Physiology and Biochemistry 49:178–185. Hayat, S., Hayat, Q., Alyemeni, M.N.,Wani, A.S.,Pichtel, J., & Ahmad, A.  (2012), “Role of proline under changing environments: a review”, Plant Signal. Behav.7:1456–1466.  Henson, I. E. & Quarrie, S. A. (1981), “Abscisic acid accumulation in detached cereal leaves in response to water stress: I. Effects of incubation time and severity of stress”, Z. Pflanzenphysiol.101:431–438. Hong-Boa,S.,Chen,X.Y.,Chu,L.Y.,Zhao,X.N.,Wu,G.,Yuan,Y. B. (2006), “ Investigation on the relationship of proline with wheat anti-drought under soil water deficits”, Colloids Surf.53:13–119. Innes, P., Blackwell, R. D. &  Quarrie, S. A. (1984), “Some effects of genetic variation in drought-induced abscisic acid accumulation on the yield and water use of spring wheat”, J. Agric. Sci. 102: 341–351.  Jha, U. C., Bohra, A., Singh, N. P. (2014), “Heat stress in crop plants: Its nature, impacts and integrated breeding strategies to improve heat tolerance”, Plant Breeding 133:679–701. Ji, X., Dong, B., Shiran, B., Talbot, M. J., Edlington, J. E. & Hughes, T. (2011), “Control of abscisic acid catabolism and abscisic acid homeostasis is importantfor reproductive stage stress tolerance in cereals. 
Plant Physiol. 156:647–662. Ji, X., Dong, B., Shiran, B., Talbot, M. J., Edlington, J. E., Hughes, T. (2011), “Control of abscisic acid catabolism and abscisic acid homeostasis is important for reproductive stage stress tolerance in cereals”, 
Plant Physiol. 156: 647–662. Kadam, S., Shukla, Y., Subhash, N., Singh, C. & Suthar, K. (2017),  “Screening of Wheat Genotypes (Triticum 
durum L.)  In Response to Drought Stress by Some Physiological and Biochemical Indices”, Int. J. Pure 
App. Biosci. 5(3): 969-977. Kagale, S., Divi, U.K., Krochko, J.E., Keller, W.A. & Krishna, P. (2007), “Brassinosteroid confers tolerance in Arabidopsisthaliana and Brassica napusto a range of abiotic stresses”, Planta, 225:353-364. Khakwani, A. A., Dennett, M., Munir, M. & Abid, M. (2012), “Growth and yield response of wheat varieties to water stress at booting and anthesis stages of development”, Pakistan Journal of Botany 44:879–886. Khamssi, N.N. (2014), “Leaf proline content and yield performance of wheat genotypes under irrigated and rain-fedconditions”, Ind.J.Fund.Appl.LifeSci.14:95–299. Khan, M.A., Iqbal, M., Jameel, M., Nazeer, W., Shakir, S., Aslam, M.T. & Iqbal, B. (2011), “Potentials of molecular based breeding to enhance drought tolerance in wheat (Triticumaestivum L.)”, African Journal of 
Biotechnology 10(55): 11340-11344. Khateeb, W.A., Shalabi, A.A.L., Schroeder, D.  & Musallam, I.  (2017), “Phenotypic and molecular variation in drought tolerance of Jordanian durum wheat (Triticum durum Desf.) landraces”, PhysiolMolBiol Plants 
23(2):311–319.  Kilic, H. & Yağbasanlar, T. (2010), “The Effect of Drought Stress on Grain Yield, Yield components and some Quality Traits of Durum Wheat (Triticum turgidum ssp. durum) Cultivars”, Not. Bot. Hort. Agrobot. Cluj 
38 (1), 164-170. Kim, T.H., Böhmer, M., Hu, H., Nishimura,N. & Schroeder, J. I. (2010), “Guard cell signal transduction network: advances in understanding abscisic acid,CO2, and Ca2+ Signaling”,  Annu. Rev.Plant Biol. 61: 561–591. Kosová, K., Vítámvás, P., Urban, M.O., Kholová, J. & Prášil, I.T, (2014), “Breeding for enhanced drought resistance in barley and wheat – drought-associated traits, genetic resources and their potential utilization in 



Journal of Natural Sciences Research                                                                                                                                                www.iiste.org ISSN 2224-3186 (Paper)   ISSN 2225-0921 (Online) Vol.8, No.9, 2018  

48 

breeding programmes”, Czech J. Genet. Plant Breed. 50: 247–261. Kulkarni, M., Soolanayakanahally, R.,Ogawa, S., Uga, Y., Selvaraj, M.G. & Kagale, S.  (2017), “Drought Response in Wheat: Key Genes and Regulatory Mechanisms Controlling Root System Architecture and Transpiration Efficiency”, Front. Chem. 5:106. Liu, H., Searle, I.R., Mather, D.E., Able, A.J. & Able, J.A. (2015), “Morphological, physiological and yield responses of durum wheat to pre-anthesis water-deficit stress are genotype-dependent”, Crop & Pasture 
Science, 66:1024–1038. Llanes, A., Andrade, A., Alemano, S. & Luna, V. (2016), “Alterations of Endogenous Hormonal Levels in Plants under Drought and Salinity”, American Journal of Plant Sciences 7, 1357-1371. Lobell, D. B. & Gourdji, S. M. (2012), “The influence of climate change on global crop productivity”, Plant 
Physiol. 160:1686–1697. Lopes, M.S. & Reynolds, M.P. (2011), “Drought adaptive traits and wide adaptation in elite lines derived from resynthesized hexaploid wheat” Crop Sci, 51:1617–1626. Maccaferri, M., Sanguineti,  M.C., Corneti, S., Ortega, J. L. A., Ben Salem, M., Bort, J., DeAmbrogio, E.,  del Moral, L. F. G.,  Demontis, A. A., El-Ahmed, F., Maalouf, H., Machlab, V., Martos, M., Moragues, J., Motawaj, M., Nachit, N., Nserallah, H., Ouabbou, C., Royo, A., Salma & Tuberosa, R. (2008), “ Quantitative trait loci for grain yield and adaptation of durum wheat (Triticum durum Desf.) across a wide range of water availability”, Genetics 178: 489–511.  Mafakheri, A., Siosemardeh, A., Bahramnejad, B., Struik, P. & Sohrabi, E. (2010), “ Effect of drought stress on yield, proline and chlorophyll contents in three chickpea cultivars”, Australian Journal of Crop Science 4: 580–585. Marek, Ž., Jana, R., Katarína, O.& Brestiè, M.(2009), “Osmotic adjustment in winter wheat varieties and its importance as a mechanism of drought tolerance”, Cereal Res.Commun.37:569–572. Monirul, I., Begum, M.C., Kabir, A.H. & Alam, M.F. (2015), “Molecular and biochemical mechanisms associated with differential responses to drought tolerance in wheat (Triticumaestivum L.)”, Journal of 
Plant Interactions, 10(1): 195-201. Muhammad, H.C., Nazir, A.C., Qamaruddin, C., Sheikh, M.M., Sadaruddin, C. & Zaid, C. (2016), “Physiological characterization of six wheat genotypes for drought tolerance”, International Journal of 
Research – Granthaalayah, (4)2:184-196. Mwadzingeni, L., Shimelis, H., Dube, E., Laing, M.D. & Tsilo, T.J. (2015),” Breeding wheat for drought tolerance: Progress and technologies”, Journal of Integrative Agriculture.  Nevo, E. & Chen G. (2010), “Drought and salt tolerances in wild relatives for wheat and barley improvement”, 
Plant, Cell &Environment 33:670–685. Nezhadahmadi, A., Prodhan, Z.H. & Faruq, G. (2013), “Drought Tolerance in Wheat”, Hindawi Publishing 
Corporation the Scientific World Journal pp 1-12. Nio, S., Cawthray, G., Wade, L. & Colmer, T. (2011), “Pattern of solutes accumulated during leaf osmotic adjustment as related to duration of water deficit for wheat at the reproductive stage”, Plant Physiology and 
Biochemistry 49:1126–1137. Nobuhiro, S. (2016), “Hormone signaling pathways under stress combinations”, Plant Signaling & Behavior 
11:11, e1247139. Pellegrineschi, A., Reynolds, M., Pacheco, M., Brito, R. M., Almeraya, R., Yamaguchi-Shinozaki, K. & Hoisington, D. (2004) “Stress induced expression in wheat of the Arabidopsis thaliana DREB1A gene delays water stress symptoms under greenhouse conditions”, Genome 47:493–500. Portmann, F. T., Siebert, S. & Döll, P. (2010), “Globalmonthly irrigated and rain fed crop areas around the year 2000: a new high-resolution data set for agricultural and hydrological modeling”, Glob. Biogeochem. 
Cycles 24:GB1011. Quarrie, S. A. & Jones, H. G. (1977), “Effects of abscisic acid and water stress on development and morphology of wheat”, J. Exp. Bot. 28: 192–203. Quarrie, S. A. (1981), “Genetic variability and heritability of drought-induced abscisic acid accumulation in spring wheat”, Plant Cell Environ 4:147–151. Rad, R.N., Kadir, M.A., Jaafar, H.Z. & Gement, D. (2012), “Physiological and biochemical relationship under drought stress in wheat (TriticumaestivumL.)”, Afr. J. Biotechnol.11:1574-1578. Rafalski, A. (2002), “Applications of single nucleotide polymorphisms in crop genetics”, Current Opinion in 
Plant Biology 5:94-100. Rampino, P. (2006),”Drought stress response in wheat: physiological and molecular analysis of resistant and sensitive genotypes”, Plant Cell Environ, 29:2143–2152. Ray, R.L., Fares, A. & Risch, E. (2018): Effects of Drought on Crop Production and Cropping Areas in Texas. Agricultural & Environmental Letters.   Reynolds M.P., Mujeeb-Kazi A. & Sawkins, M. (2005), “Prospects for utilizing plant-adaptive mechanisms to 



Journal of Natural Sciences Research                                                                                                                                                www.iiste.org ISSN 2224-3186 (Paper)   ISSN 2225-0921 (Online) Vol.8, No.9, 2018  

49 

improve wheat and other crops in drought- and salinity-prone environments” Annals of Applied Biology, 
146: 239–259. Sairam, S. K. (1994), “ Effects of homobrassinolide application on plant metabolism and grain yield under irrigated and moisture-stress conditions of two wheat varieties”, Plant Growth Regul.14, 173–181. Saradadevi, R., Bramley, H., Palta, J. A., Edwards, E. & Siddique, K. H.  (2015), “Root biomass in the upper layer of the soil profile is related to the stomatal response of wheat as the soil dries”. Funct. Plant Biol. 43: 62–74.  Shao, H.B., Chu, L.Y., Jaleel, C.A., Manivannan, P., Panneerselvam,R. &  Shao, M.A.  (2009). “Understanding water deficit stress induced changes in the basic metabolism of higher plants- biotechnologically and sustainably improving agriculture and thee co-environment in arid regions of the globe. Crit. Rev. 
Biotechnol 29:131-151. Shi, J.F., Mao, X.G., Jing, R.L., Pang, X.B., Wang, Y.G. & Chang, X.P. (2010), “Gene expression profiles of response to water stress at the jointing stage in wheat,” Agricultural Sciences in China 9(3):325–330. Shiferaw, B., Smale, M., Braun, H.J., Duveiller, E., Reynolds, M.P. & Muricho, G. (2013), “Crops that feed the world 10: Past successes and future challenges to the role played by wheat in global food security”, Food 
Security 5 (3): 291-317. Sivamani, E., Bahieldin, A., Wraith, J.M., Al-Niemi, T., Dyer, W. E. & Ho, T. D. (2000), “Improved biomass productivity and water use efficiency under water deficit conditions in transgenic wheat constitutively expressing the barley HVA1gene”, Plant Sci. 155: 1–9. Tardieu, F. & Tuberosa, R. (2010), “Dissection and modelling of abiotic stress tolerance in plants”, Curr. Opin. 
Plant Biol. 13:206–212. Teng, S., Qian, Q., Zeng, D., Kunihiro, Y., Fujimoto, K., Huang & D Zhu, L. (2004), “QTL analysis of leaf photosynthetic rate and related physiological traits in rice (Oryza sativa L.)”, Euphytica 35:1–7. Thameur, A., Ferchichi, A. &   Lo′pez-Carbonell, M. (2011), “Quantification of free and conjugated abscisic acid in five genotypes of barley (Hordeum vulgare L.) Under water stress conditions”, S. Afr. J. Bot. 77: 222–228. tolerance-related genes from transcriptional profiling data”, Physiologia Plantarum 127: 1-9 Tripathy, J., Zhang, J., Robin, S., Nguyen, T.T. & Nguyen, H. (2000), “QTLs for cell-membrane stability mapped in rice (Oryza sativa L.) Under drought stress”, Theoretical and Applied Genetics 100: 1197–1202. Troy, T. J., Kipgen, C. & Pal, I. (2015), “The impact of climate extremes and irrigation on US crop yields Environ”, Res.Lett.10: 054013. Ulfat, A., Majid, S.A. & Hameed, A. (2017), “Hormonal seed priming improves wheat (triticumaestivuml.) Field performance under drought and Non-stress conditions”, Pak. J. Bot., 49(4): 1239-1253. Ullah, N., Yüce, M.Z., Gökçe, N.Ö.  & Budak, H (2017), “Comparative metabolite profiling of drought stress in roots and leaves of seven Triticeae species”, BMC Genomics 18:969. Wilkinson, S. & Davies, W. J. (2010), “Drought, ozone, ABA and ethylene:new insights from cell to plant to community”,  Plant, Cell Environ.33:510–525. Xie, Z. J., Jiang, D. Cao, W. X., Dai, T. B. & Jing, Q. (2003), “Relationships of endogenous plant hormones to accumulation of grain protein and starch in winter wheat under different post-anthesis soil water statuses”, 
Plant Growth Regul.41: 117–127. Yang, S., Vanderbeld, B., Wan, J. &, Huang Y. (2010), “Narrowing down the targets: Towards successful genetic engineering of drought-tolerant crops”, Molecular Plant 3:469–490. Yu, T.F., Xu, Z.S., Guo, J.K., Wang, Y.X., Abernathy, B., Fu, J.D., Chen, X., Zhou, Y.B., Chen, M., Ye, X.G. & Ma, Y.Z. (2017), “Improved drought tolerance in wheat plants over expressing a synthetic bacterial cold shock protein gene SeCspA”,  Scientific Reports. Zadehbagheri, M., Azarpanah, A. & Javanmardi, S. (2014), “Proline metabolite transport an efficient approach in corn yield improvement as response to drought conditions”, Nature 566:76–485. Zampieri, M., Ceglar, A., Dentener, F. & Toreti, A. (2017), “Wheat yield loss attributable to heat waves, drought and water excess at the global, national and subnational scales”,  Environ. Res. Lett.12: 064008. 



Journal of Natural Sciences Research                                                                                                                                                www.iiste.org ISSN 2224-3186 (Paper)   ISSN 2225-0921 (Online) Vol.8, No.9, 2018  

50 

A B  Figure 1. Percent yield losses at reproductive growth stages under drought in wheat (A) and percent yield losses at vegetative growth stages under drought in wheat (B) (modified from Nezhadahmadi et al., 2013). 

 Figure 2. ABA-dependent and ABA-independent pathways of stress response. MYB and DREB TFs are given as examples to ABA dependent and-independent routes. While ABA-dependent pathways appear to recruit antioxidant and osmo protectant mechanisms, ABA-independent pathways generally involve protective proteins. NAC and WRKY TFs provide crosstalk between these pathways; where some members, such as TaNAC4 and TaNAC6, may predominantly act in an ABA-dependent fashion, some members maybe closer to ABA-independent pathways. In several cases, such asTaWRKY19, both pathways are employed. It should be noted that both pathways are highly intermingled, and functions of several regulators, such as TaNAC2a, as well as entire pathways are yet to be elucidated (Budak et al., 2013).  


