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Climate change imposes serious threat to wheat production. Further, abiotic stresses such as drought and heat are major constraints to wheat crop production and food security. Problem of heat and drought stress is not regional its have global presence. At global level wheat (Triticum aestivum L.) crops face high temperature stress during the reproductive phase, which is the main cause for poor grain growth, single seed weight decrease and consequently lower grain yield. Both drought and heat have negative impact on wheat physiology and yield in isolation but effect was more severe when they combined together, causing huge loss in major growing regions worldwide, and both the occurrence and the severity of these events are likely to increase with global climate change. Moreover, the faster than- predicted change in global climate, Intergovernmental Panel on Climate Change, (2007), indicated that frequent occurrence of drought will become more evident because of the long-term effects of global climate change. Further, water deficit stress can strike at any developmental stage of plant but the reproductive phase of plant is more sensitive towards limited water during. Thus, it is utmost important to understand that how plants respond to drought and co-occurring stress (i.e. heat) in order to stabilize the crop performance under these conditions in order to feed the growing population. 
Introduction:

In current scenario the production of and quality of wheat grains are severely affected by drought and heat stresses (Lama et al., 2023). In one recent study it was reported that drought and heat stresses have negative impacts on wheat production and its growth not only in India even at global level, causing up to 40% and 60% yield losses in isolation, respectively, but their cumulative effect can cause more severe losses (Sareen et al., 2023). A major portion of the wheat  grown  in  South  Asia  is  considered  to  be  affected by  heat  stress,  of  which the  majority  is present  in  India (Joshi  et  al.,  2007a). The  most  heat-stressed  locations  of South Asia are the Eastern Gangetic Plains (EGP), central and peninsular India, whereas heat stress is considered  moderate  in  north western  parts  of  the  Indian Gangetic  Plains  (IGP)  (Joshi  et  al.  2007b). Transitory  or  constantly  high  temperatures  cause  an array of morpho-anatomical, physiological and biochemical  changes  in  plants,  which  affect  plant  growth  and development and may lead to a drastic reduction in yield. In current context of climate change, drought and heat has been identified key threat to wheat production. Further, drought and heat caused many common negative impacts on wheat plant. The general effects of drought on plant growth are quite well known, but the primary effects of water deficit at the biochemical levels are not well understood. It is now known that extent of drought tolerance varies from species to species in almost all plant species. Plant tolerance to drought results from both morphological adaptation and responses at the biochemical and genetic levels. The adverse effects of drought stress on plant growth and development may be due to ionic imbalance, alteration in different metabolic activities of plants, inhibition of enzymatic activities, disturbances in solute accumulation. 

 In India terminal heat stress is a major reason of yield decline in wheat due to delayed planting (Joshi et al., 2007). Late planted wheat suffers drastic yield losses which may exceed to 40-50%. The  delay  in  wheat  sowing may  be  due  to  the  presence  of  any  previous crop(s)  or  non-availability  of  inputs  and,  hence, the  yield  is  reduced  drastically  due  to  terminal high temperature at the time of  grain filling stage  of the crop. Shrivelled small grains are produced and different yield associated traits such as tillering, grain weight and grains numbers/spike are reduced.  Biological  yield,  harvest  index  and spike  length  are  severally  decreased  which  vary  genotype  to  genotype.  Many  physiological  and  biochemical    processes    are    also    negatively  affected  due  to  high  temperature  (Hamam  and  Khaled,  2009).  In  a  global  analysis  of  crop  yields from 1981 to 2002, there was a negative response of  wheat,  maize  and  barley  (Hordeum  vulgare) yields to rising temperature, costing an estimated $5  billion  per  year  (Lobell  and  Field,  2007). 
For making the crops water stress tolerant, understanding about plant responses to water-limited environment is of great importance. Moreover, the new, high yielding wheat varieties developed   through   modern   technologies   have contributed    significantly    in    achieving    good harvest.  However,  there  is  still  need  to  identify  and evolve new genotypes which can better withstand new environmental   risks   and   possess   some potential  to  produce  high  grain  yield  (Riazuddin et  al.,  2010).  While effects of heat and drought on crop growth and yield have been studied separately, but little is known about the combined effect of these stresses. Therefore, there  is  a  dire  need  to  develop  genotypes  that  are tolerant  to co-occurring stresses (drought and  heat). Although, selection and breeding is the ultimate way to produce stress tolerant crop plants. Increasing the thermo-tolerance of wheat might improve its potential to acclimate to both high temperature and drought (Machado et al., 2001). Therefore, stress combinations instead of individual stresses have been recognized as realistic threats faced by plants.
(A) Effect of water stress on wheat

Wheat yield is particularly susceptible to drought during two important growth periods, the first is between terminal spikelet (TS) stage (Tottman and Broad, 1997) and boot stage (BT), and the second between boot stage and anthesis (Zhang and Oweis, 1999). With progressive global climate change and increasing shortage of water resources and worsening eco environment, wheat production is influenced greatly (Vasil, 2003). Anti-oxidative performance in higher plants has been thought to be one of the main physiological mechanisms and be central in responses to soil water deficits (Jiang and Zhang, 2004). a consequence of drought is the limitation of photosynthesis and usually accompanied with the formation of AOS in chloroplasts such as the superoxide radical, hydrogen peroxide and the hydroxyl radical (Foyer et al., 1994; Asada, 1997). It has been reported that there are correlations between antioxidants in cells and water deficit stress (Tsugane et al., 1999). Drought limits plant growth and field crops production more than any other environmental stresses (Gholamin et al., 2010). There are reports about decrease of chlorophyll in the drought stress conditions (Mayoral et al., 1981, Kuroda et al., 1990) Also, it is reported that chlorophyll content of resistant and sensitive cultivars to drought and thermal stress, reduced. But resistant cultivar to drought and thermal stress conditions had high chlorophyll content (Sairam et al., 1997). Pastori and Trippi (1992) expressed that, resistant genotypes of wheat and corn had higher chlorophyll content than sensitive genotypes under the oxidative stress. Ashraf et al. (1994) also reported that drought stress will reduce concentration of chlorophyll b more than chlorophyll a. plants are equipped with complex and a highly efficient antioxidative defense system, which can respond and adapt to drought stress, composed of protective nonenzymatic and enzymatic protection mechanisms function to interrupt the cascades of uncontrolled oxidation in some organelles and serve to maintain the antioxidants in their reduced functional state, that efficiently scavenge active oxygen species (AOS) and prevent damaging effects of free radicals (Schwanz et al., 1996; Shalata and Tal, 1998). Acclimation of plants to drought is considered to promote antioxidants defense systems to face the increased levels of AOS, which in turn, cause membrane damage by lipid peroxidation and indicated by malondialdehyde (MDA) content, which is one main parameter for evaluating membrane oxidation extent and are toxic for the cells (Shao et al., 2005). Accumulations of soluble carbohydrates increase the resistance to drought stress in plants (Keyvan, 2010). Earlier reports mentioned that sugars protect the cells during drought by the following mechanism; the hydroxyl groups of sugars may substitute for water to maintain hydrophilic interactions in membranes and proteins during dehydration. Thus, sugars interact with proteins and membranes through hydrogen bonding, thereby preventing protein denaturation (Al-Rumaih and Al-Rumaih, 2007). Materials such as soluble carbohydrates have a role in osmotic regulations and conservation mechanism (Martin et al., 1993). In wheat, 60-95% of the grain nitrogen (N) comes from the remobilization of N stored in roots and shoots before anthesis (Hirel et al., 2005), determining the grain protein concentration and the baking quality of flour.

(B) Effect of heat stress wheat:

High temperature during grain development (grain ﬁlling) is a major limitation to wheat production in many environments worldwide (Hays et al., 2007). Furthermore, current estimates indicate that in India alone, more than 13.5 million ha of wheat growing area is heat stressed (Joshi et al., 2007c). Both  the  proximity  to  the  equator  and  the  popular  rice– wheat  cropping  system,  which  involve  late  sowing  of wheat, are the major causes of exposure of wheat in India and other neighbouring countries to high temperatures during grain ﬁlling (Rane et al., 2007). The current trends in India  indicate  that  the  ‘cool  period’  for  wheat  crop  is shrinking,  while  the  threat  of  terminal  heat  stress  is increasing (Joshi et al. 2007b). Stay green is a trait that has been    used    to    indicate    heat    tolerance    in    hot environment (Acevedo et al., 1991). Photosynthetic rate   is   maximum at 20-22 0C and decreases abruptly at 30-32 0C (Al Khatib & Paulsen 1999). Heat stress injuries of the   photosynthetic   apparatus   during   reproductive growth of wheat diminish source activity and sink capacity   which   results   in   reduced   productivity (Harding et al., 1990). Source activity is damaged by heat  because  both  leaf  area  (Herzog  1982)  and  photosynthesis  is reduced  (Al  Khatib  &  Paulsen  1984).   Heat   injury   limits   sink   growth potential particularly when stress is imposed during early sink developmental stages (Nicolas et al., 1984).   Grain yield was negatively related to the thermal time accumulated above the base temperature of 310C (Mian   et   al.,   2007).   High  temperature  above  32 0C   has  been  reported  reducing  grain  yield  and  grain  weight  (Wardlaw  et  al., 2002). Terminal heat stress largely refers to a rise in temperature at the time of grain growth (grain ﬁlling duration, GFD).  In wheat, high temperatures (30 0C) after anthesis can decrease the rate of grain ﬁlling (Stone and Nicolas 1995), while high temperatures imposed before anthesis can also decrease grain yield. Yields are reduced 3–4 % per 1 0C  rise  above  the  optimum  temperature  (15–20 0C)  during grain  ﬁlling  (Wardlaw  et  al.,  1989).  Using  this  factor (3–4 % loss per 10C above 15–20 0C), it can be calculated that  most  commercially  sown  wheat  cultivars  in  India would  lose  approximately  50 %  of  their  yield  potential when exposed to 32–38 0C temperature at the crucial grain formation  stage.  It  has  been  observed  that  a  heat  wave (35–37 0C)  of  3–4 days  modify  grain  morphology  and reduces  grain  size  (Wardlaw  and  Wrigley  1994).  For example, a short period (4 days) of exposure to high temperature (35 0C) reduced grain yield up to 23 % (Stone and Nicolas 1994) and 3-day heat treatment (38 0C from 8 am to 5 pm) reduced individual yield component up to 28.3 % (Mason et al., 2010). Therefore, breeding for high-temperature tolerance in wheat is a major objective around the world. This need is expected to grow further in light of increased global warming (Lillemo et al., 2005). Hence, it is important to incorporate late heat tolerance into wheat germplasm. Breeding for heat tolerance is still in its infancy stage and warrants more attention in future (Ashraf 2010). Although, signiﬁcant variation for heat tolerance exists among wheat germplasm (Joshi et al. 2007 b, c), no direct criteria are available to do selection for heat tolerance. Phenotypic  selection  for  heat  tolerance  has  been performed using  indirect  selection  for  GFD  (Yang  et  al., 2002), thousand grain weight (TGW) and canopy temperature  depression  (CTD)  (Reynolds  et  al.,  1994; Ayeneh et al., 2002). 

Table1: Potential traits/characters for screening wheat for heat tolerance (adopted from Dwivedi et al., 2018 with partial modification)
	
	Traits/characters
	References

	1
	Photosynthesis rate
	Reynolds et al. (1994), Dwivedi et al. (2017b), Lan et al. (2022)

	
	Spike photosynthesis
	Cossani and Reynolds (2012),

	2
	Leaf chlorophyll content
	Reynolds et al. (1994)

	3
	Canopy temperature depression
	Reynolds et al. (1994, 1998); Amani et al. (1996); Blum et al. (2001), Dwivedi et al. (2017b)

	4
	Membrane stability
	Talukder et al. (2014), Dwivedi et al. (2017b)

	5
	Flag leaf stomatal conductance
	Reynolds et al. (1994) 

	6
	Grain weight
	Lama et al. (2022)



	7
	High temperature index/ Heat Susceptibility Index
	Rane and Nagarajan (2004), Dwivedi et al. (2017b)

	8
	Stay-green
	Reynolds et al. (2001), Nawaz et al. (2013), Latif et al, (2020)

	9
	Stem carbohydrate re-mobilization
	Cossani and Reynolds (2012), Dwivedi et al. (2017b)

	10
	Pollen viability
	Dwivedi et al. (2017b)

	11
	Anti-oxidants activity
	Sairam et al. (2000), Dwivedi et al. (2019)

	12
	Grain filling durations
	Dwivedi et al. (2017b)


 ( C ) Combined effect on heat and water stress on wheat
Climate events such as heat, drought, excessive rainfall, and high atmospheric concentrations of CO2 are already affecting the production and quality of wheat worldwide (Yadav et al., 2020). Drought during stem elongation and heat stress during the grain-filling stage have

been identified as particularly important environmental factors affecting the yield and quality of wheat (Le Gouis et al., 2020). This is because drought and heat impair the growth and development of different wheat plant organs, the rate of photosynthesis, fertility, the number of spikes, grain-filling, and nutrient uptake by the plant (Lan et al., 2022). Yield losses due to individual or combined heat–drought stresses have been observed in multiple countries in Europe, including Finland, Sweden, France, Belgium, and Switzerland (Lama et al., 2022). Water-deficit often combined with high temperature stress is the main abiotic factor limiting crop-plants productivity and food security worldwide (Boyer et al., 1982). High temperature and drought stress are projected to reduce crop yields and threaten food security. While effects of heat and drought on crop growth and yield have been studied separately, little is known about the combined effect of these stressors (Mahrookashani et al., 2017).  Drought and high temperature usually occur simultaneously, but their effects on plant development often are studied separately. Crop responses to one stress might be altered by the level of the other stress (Blum et al., 1990). High-temperature stress may affect osmotic adjustment in plants by increasing the rate of evapotranspiration (Gates, 1968) and by interfering with the production and utilization of solutes, primarily glucose, that are involved in osmotic adjustment (Acevedo et al., 1999;). crops maintain nearly stable water relations regardless of temperature when moisture is ample, but high temperature strongly affects water relations when water is limiting. Increasing the thermo-tolerance of wheat might improve its potential to acclimate to both high temperature and drought (Machado et al., 2001). Therefore, stress combinations instead of individual stresses have been recognized as realistic threats faced by plants (Rizhsky, 2002), (Mittler, 2006), (Suzuki et al., 2014), (Mahalingam, 2015), (Ramegowda and Senthil Kumar, 2015). Most of the wheat growing areas of the world experience environmental stresses including drought (water stress) and high temperature (heat stress) that adversely affect crop growth, development and yield (Semenov and Shewry, 2011). Heat and drought impacted source sink relationships by decreasing the rate of carbon assimilation (C) and respiration as well as partitioning and redistribution of carbon (C) and Nitrogen (N) within the plants. This altered activity of C and N affects starch and protein metabolism in leaves and finally resulting in distinct grain yield and quality. (Vignjevic et al., 2015). Overall, combined effect of drought + high temperature stress was more detrimental than the individual stress; however, the interaction effect was hypo-additive in nature, which might be due to cross adaptation effect. (Kumari et al., 2018).
Table 2: Relatively heat tolerant wheat genotypes developed/identified in India 
	Relatively Heat and drought tolerant wheat varieties
	WH730, GW273, NW1014, RAJ 3765, NW 1014, Halna, DBW 14, and HD2987


Conclusion: 
It is evident that in the current scenario of climate change era, abiotic stresses such as drought and particularly heat create havoc for wheat production. Development of climate resilient wheat genotype is key target for current research not only at national even at international level. In order to achieve SDG it is necessary to produce more quality food in order to feed the growing population.
References:   
Acevedo E H, Silva P C, Silva H R and Solar B R. (1999) Wheat production in Mediterranean environments. In Wheat: Ecology and Physiology of Yield Determination. Eds. EH Satorre and GA Slafer. pp 295–331. Food Products Press, Binghamton, NY.

Acevedo E, Nachit M and Ferrara G O. (1991) Effects of heat stress on wheat and possible selection tools for use  in  breeding  for  tolerant.  Pp  401-421,  D.A. Saunders,  ed.  Wheat for the non traditional warmer areas. Mexico, D.F: CIMMYT.

Al-Khatib   K.    and    Paulsen    G M.   (1999)    High temperature  effects  on  photosynthetic  processes  in template and tropical cereals. Crop Sci 39:119-125.

Ashraf   M.   (2010)   Inducing   drought   tolerance   in   plants:   recent advances. Biotechnol Adv 28(1):169–183

Blum A, Ramaiah S, Kanemasu E T and Paulsen G M. (1990) The physiology of heterosis in sorghum with respect to environmental stress. Ann. Bot. 65: 149–158
Blum A, Klueva N, Nguyen HT (2001). Wheat cellular thermo tolerance is related to yield under heat stress. Euphytica. 117: 117–123.

Cossani CM, Reynolds MP (2012). Physiological traits for improving heat tolerance in wheat. Plant Physiol. 160: 1710-1718.
Dwivedi SK., Basu S., Kumar S., Kumar G., Prakash V., Kumar S., Mishra JS., Bhatt BP., Malviya N., Singh GP., Arora A. (2017b) Heat stress induced impairment of starch mobilisation regulates pollen viability and grain yield in wheat: Study in Eastern Indo-Gangetic Plains. Field Crops Res. 206:106–114.

Dwivedi SK., Basu S., Kumar S., Kumari S., Kumar A., Jha S.,  Mishra JS., Bhatt BP., Kumar G (2019). Enhanced antioxidant enzyme activities in developing anther contributes to heat stress alleviation and sustains grain yield in wheat.  Functional Plant Biol. 46 (12): 1090-1102.

Dwivedi SK, Rao KK, Prakash V (2017a).Adoption of heat tolerant wheat varieties. Indian Farm.. 67(09): 3-4.
Gates D M. (1968) Transpiration and leaf temperature. Annu. Rev. Plant Physiol. 19: 211–238.

Hamam K A and Khaled A G A.  (2009). Stability of     wheat     genotypes     under     different environments   and   their   evaluation   under sowing dates and nitrogen fertilizer levels. In: Australian   Journal   of   Basic   and   Applied Sciences, 3(1), p. 206-217.

Harding  S A,  Guikema  G A  and  Paulsen  G M.  (1990) Photosynthetic decline from high temperature stress during  maturation  of  wheat.  II  Interaction  with source  and  sink  processes.  Plant  Physiol  92:  654- 658

Hays  D B,  Mason  R E and  Do  J H.  (2007). In:  Buck  HT,  Nisi  JE,  Salomo´n  N  (eds)  Wheat  production  in  stressed environments. Springer,  Dordrecht.

Herzog H. (1982) Relation of source and sink during the grain filling period in wheat and some aspects of its regulation. Physio Plant 56:155-166

IPCC (Intergovernmental Panel on Climate Change). (2007). Intergovernmental Panel on Climate Change fourth assessment report: Climate change 2007. Synthesis Report. World Meteorological Organization, Geneva, Switzerland.

Joshi  A K,  Chand  R,  Arun  B,  Singh  R P and  Ortiz  Ferrara  G.  (2007a) Breeding crops for reduced-tillage management in the intensive, rice–wheat systems of South Asia. Euphytica 153:135–151

Joshi  A K,  Mishra  B,  Chatrath  R,  Ferrara  G O  and Singh  R P.  (2007)  Wheat  improvement  in  India: Present   status,   emerging   challenges   and   future  prospects. Euphytica 157:431-446

Joshi A K, Ferrara O, Crossa  J, Singh G, Sharma R, Chand R and  Parsad R.  (2007c)  Combining  superior  agronomic  performance  and terminal heat tolerance with resistance to spot blotch (Bipolaris sorokiniana) in the warm humid Gangetic Plains of South Asia. Field Crops Res. 103: 53–61.

Joshi A K, Mishra B, Chatrath R, Ortiz Ferrara G and Singh R P. (2007b). Wheat  improvement  in  India:  present  status,  emerging  challenges and future prospects. Euphytica. 157: 431–446

Kumari S, Kumar S, Prakash P, Singh A K (2018)  Effect of individual and combined drought and high temperature stress condition on chlorophyll contents and growth of wheat (Triticum aestivum L.) seedling.  J Pharmacog Phytochem.  7(1): 2369-2374.

Lama, S., Vallenback, P., Hall, S. A., Kuzmenkova, M., and Kuktaite, R. (2022). Prolonged heat and drought versus cool climate on the Swedish spring wheat breeding lines: impact on the gluten protein quality and grain microstructure. Food Energy Secur. 11 (2), 1–17. doi: 10.1002/fes3.376

Lan, Y., Chawade, A., Kuktaite, R., and Johansson, E. (2022). Climate change impact on wheat performance - effects on vigour, plant traits and yield from early and late drought stress in diverse lines. Int. J. Mol. Sci. 23 (6), 1–17. doi: 10.3390/ijms23063333 

Lama S, Leiva F, Vallenback P, Chawade A and Kuktaite R (2023) Impacts of heat, drought, and combined heat–drought stress on yield, phenotypic traits, and gluten protein traits: capturing stability of spring wheat in excessive environments. Front. Plant Sci. 14:1179701. doi: 10.3389/fpls.2023.1179701
Le Gouis, J., Oury, F.-X., and Charmet, G. (2020). How changes in climate and agricultural practices influenced wheat production in Western Europe. J. Cereal Sci. 93, 102960. doi: 10.1016/j.jcs.2020.102960

Lillemo M, van Ginkel M, Trethowan R M, Hernandez E and  Crossa J. (2005)  Differential  adaptation  of  CIMMYT  bread  wheat  to global high temperature environments. Crop Sci. 45: 2443–2453.
Latif, S.; Wang, L.; Khan, J.; Ali, Z.; Sehgal, S.K.; Babar, M.A.; Wang, J.; Quraishi, U.M. Deciphering the Role of Stay-Green Trait to Mitigate Terminal Heat Stress in Bread Wheat. Agronomy 2020, 10, 1001. https://doi.org/10.3390/agronomy10071001
Lobell, D B and Field C B. (2007). Global scale climate- crop   yield   relationships   and   the impacts of recent warming. Environ Res Lett. 2: 014002.  

Machado S, Paulsen G M. (2001) Combined effects of drought and high temperature on water relations of wheat and sorghum. Plant and Soil 233: 179-187. 

Mahrookashani A,  Siebert S, Hüging H,  Ewert F. (2017) Independent and combined effects of high temperature and drought stress around anthesis on wheat. J Agro Crop Sci. 203:453–463.

Mason R E, Mondal S, Beecher F W, Pacheco A, Jampala B, Ibrahim A M H and Hays D B. (2010) QTL associated with heat susceptibility index in wheat (Triticum aestivum L.) under short-term reproductive stage heat stress. Euphytica 174: 423–436

Mian  M A,  Mahmood  A,  Ihsan  M  and  Cheema  N M. (2007)  Response  of  different  wheat  genotypes  to post   anthesis   temperature   stress.   J.   Agric   Res   45: 269-276

Nicolas  M E,  Gleadon  R M  and  Dalling  M J.  (1984) Effects of  drought  and  high  temperature  on  grain growth in wheat. Aust J Plant Physiol 11: 553-566 

Nawaz, A., M. Farooq, S.A. Cheema, A. Yasmeen and A. Wahid, 2013. Stay green character at grain filling ensures resistance against terminal drought in wheat. Int. J. Agric. Biol., 15: 1272‒1276

Slovacek RE and Hind G (1981) Correlation between the  photosynthesis  and  the  transthylakoid  proton gradient. Biochem Biophys Acta 35: 393-404

Rane J, Nagarajan S (2004). High temperature index—for field evaluation of heat tolerance in wheat varieties. Agricultural System,  79:243-255.

Rane J, Pannu R K, Sohu V S, Saini R S, Mishra B, Shoran J, Crossa J, Vargas M and  Joshi A K (2007) Performance of yield and stability of advanced wheat genotypes under heat stressed environments of Indo-Gangetic Plains. Crop Sci 47: 1561–1573

Reynolds M P, Balota M, Delgado M I B, Amani J and  Fischer R A. (1994) Physiological  and  morphological  traits  associated  with  spring wheat yield under hot, irrigated conditions. Aust J Plant Physiol 21: 717–730

Reynolds M P, Ortiz-Monasterio J I and  McNab A. (eds) (2001) Application  of  physiology  in  wheat  breeding. CIMMYT, El  Batan, Mexico.  

Riaz-ud-din   G M,   Subhani,   N.   Ahmed,   Hussain M  and  Rehman A.  (2010).  Effect  of temperature    on    development    and    grain formation in spring wheat. Pak. J. Bot., 42(2): 899-906. 

Sairam RK, Srivastava GC, Saxena DC (2000). Increased antioxidant activity under elevated temperature: a mechanism of heat stress tolerance in wheat genotypes. Biologia Plant. 43: 245- 251
Sareen, S.; Budhlakoti, N.; Mishra, K.K.; Bharad, S.; Potdukhe, N.R.; Tyagi, B.S.; Singh, G.P. Resilience to Terminal Drought, Heat, and Their Combination Stress in Wheat Genotypes. Agronomy 2023, 13, 891. https://doi.org/10.3390/agronomy13030891

Stone P J and Nicolas M E. (1994) Wheat cultivars vary widely in their responses  of  grain  yield  and  quality  to  short  periods  of  post- anthesis heat stress. Aust J Plant Physiol 21: 887–900. 

Talukder SK, Babar MA, Vijayalakshmi K, Poland J, Prasad PVV, Bowden R, Fritz A (2014). Mapping QTL for the traits associated with heat tolerance in wheat (Triticumaestivum L.), BMC Genet.

Tricker P J, Elhabti A, Schmidt J and Fleury D. (2018) The physiological and genetic basis of combined drought and heat tolerance in wheat. J Exp Bot. 69:3195-3210.

Vignjevic M, Wang X, Olesen J E, Wollenweber B. (2015). Traits in spring wheat cultivars associated with yield loss caused by a heat stress episode after anthesis. J. Agron. Crop Sci, 201: 32–48.

Wardlaw I F, Blumenthal C, Larroque O and Wrigley  C W. (2002) Contrasting effects of chronic heat stress and heat shock on grain weight and flour quality in wheat. Functional Plant Biol. 29: 25-34 

Wardlaw I F, Dawson I A, Munibi P (1989) The tolerance of wheat to high temperatures during reproductive growth: II. Grain development. Aust J Agric Res 40: 15–24

Wardlaw I F, Wrigley C W. (1994) Heat tolerance in temperate cereals: an overview. Aust J Plant Physiol 21:695–703 

 Yang  J,  Sears  R G,  Gill  B S,  Paulsen  G M.  (2002)  Quantitative  and molecular characterization of heat tolerance in hexaploid wheat. Euphytica 126: 275–282.

Yadav, S., Modi, P., Dave, A., Vijapura, A., Patel, D., and Patel, M. (2020). “Effect of abiotic stress in crops,” in Sustainable crop production. (London, UK: IntechOpen).













































11

