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Climate change imposes serious threat to wheat production and productivity. Further, drought and heat either in isolation or in combination impose serious constraints for the optimum production of wheat. Abiotic stresses created a global threat for wheat production. At global level wheat (Triticum aestivum L.) crops elevated temperature at different growth stages, but most sensitive stage is reproductive stage, which is the main cause for poor grain growth, single seed weight decrease and consequently poor quality of grains and yield. Both stresses (water deficit stress and high temperature) have negative impact on wheat physiology and yield, causing significant yield loss worldwide. Further, in future the frequency and the severity of these stresses will be more promising and devastating with the change in global climatic condition. Further, water deficit stress can strike at any growing stage of plant but the effect was more pronounced at reproductive phase of plant. Thus, in order to stabilize the crop performance under these conditions and harness optimum yield it is necessary to understand the plant performance under respond co-occurring stress in order to feed the majority of world population where wheat is an staple food crop. 
Introduction:

In current scenario the wheat production and grains quality 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). Heat stress impacted severely on majority of wheat crops grown in South Asia, particularly in India (Joshi et al., 2007a). In South Asia the most heat stress affected areas are the part of Eastern Gangetic Plains (EGP), peninsular and central India, while the heat wave moderately affected the N-W  parts  of  the  Indian Gangetic  Plains  (IGP)  (Joshi  et  al.  2007b). Transitory  or  constantly  high  temperatures  causes a series of changes in plants at various level i.e  changes at morphological to physiological even at biochemical and molecular level, which  negatively impacted the development and growth of the plants and may lead to a significant yield loss. 
Moreover, the fundamental effect of water deficit stress (drought) is well known. Studies showed that the level of drought tolerance varies from species to species. Plant adopts various mechanism in order to escape or tolerance to the drought stress through morphological adaptation and changes at biochemical and genetic levels. Due to stress the ionic imbalance of plant cell lost, the metabolic activities of plants altered and the key enzyme functionaries got inhibition by various factors. 

In eastern Indo-gangetic plain of India heat stress at terminal stage of crop due to delayed planting is a key reason for declining wheat production and productivity which may exceed to 40-50% (Joshi et al., 2007). Various factors involved in the delayed sowing of wheat which includes long duration of previous crops or inputs not available at the time of sowing. Het affect the crops severely which led to the shrivelling of grains, lesser number of productive tiller and grain weight and lower grains numbers/spike.  Moreover, heat also impacted the biological yield (BY), harvest index (HI) and spike length (SL) which varied at among genotypes. Apart from these plant physiological and biochemical processes were also negatively influenced under heat stress (Hamam and Khalid,  2009).  Global  analysis  from 1981 to 2002 showed that the  yields of wheat,  maize  and  barley  (Hordeum  vulgare) negatively influenced under rising temperature, which costed an estimated $5  billion  per  year loss  (Lobell  and  Field,  2007). 
Hence a sincere effort is required to make the crops resilient under extreme condition. In order to developed drought tolerant genotypes it is utmost important to understand the plant responses towards water-deficit environment. Moreover, it is the time to think about the development of the new, high yielding wheat varieties which can tolerate the harse environment and ensure the optimum yield (Riazuddin et  al.,  2010).  Further, the effects of heat and drought on crop growth and yield have been studied in isolation, and very litte investigation has been done on the combined effect of these two stresses. Therefore, it is the right time to put sincere effort for the identification and development of wheat genotypes that can tolerate the co-occurring stresses (drought and  heat) and ensure a optimum yield. 
(A) Water stress and wheat
Two stages are more critical for production of wheat i.e. between terminal spikelet (TS) stage (Tottman and Broad, 1997) and boot stage (BT), and the second between boot stage to anthesis (Zhang and Oweis, 1999). Further, due to continous changing pattern of climate and less availability of water, the production of wheat is drastically influenced (Vasil, 2003). In order to protect their physiological functions plant responds variably against extreme environment. Among many physiological processes, the anti-oxidative performance to scavenge the ROS in higher plants has been thought to be one of the major physiological mechanisms and be key in responses to drought (Jiang and Zhang, 2004). Further, water deficit stress limits the photosynthetic functions and its usually accompanied with the AOS generation in chloroplasts (Foyer et al., 1994; Asada, 1997). Tsugane et al., (1999) established the correlations between antioxidants level and water deficit stress. 
Drought has significant impact of the crops. Droughts can occur at any stage of the crops. Water deficit stress i.e. drought restricted the normal development of  plant and crops yield (Gholamin et al., 2010). Researcher reported that drought not only affect the growth and yield even also physiological functions. It was observed that the content of chlorophyll significantly decreased in water deficit stress conditions (Mayoral et al., 1981, Kuroda et al., 1990). Moreover lot of variability was observed in tolerant and susceptible wheat cultivars in terms of chlorophyll content, and tolerant cultivars able to maintain the  chlorophyll content (Sairam et al., 1997). Pastori and Trippi (1992) reported that, tolerant wheat and corn genotypes were able to maintain their green photosynthetic content than susceptible ones under the oxidative stress. Further concentration of chlorophyll b was more reduced than chlorophyll a” system (Ashraf et al. 1994). Anti oxidative defense system composed of protective nonenzymatic and enzymatic protection mechanisms efficiently scavenge the ROS/AOS and check the damaging effects of free radicals (Schwanz et al., 1996; Shalata and Tal, 1998). Improved anti-oxidative system is required under stress in order to scavenge the ROS which cause a devastating effect on lipid of membrane.  Membrane damage by lipid peroxidation and indicated by malondialdehyde (MDA) content, a key trait for evaluating membrane oxidation extent and are toxic for the cells (Shao et al., 2005). Further, oluble carbohydrates accumulation led to increase the drought resistance in plants (Keyvan, 2010). The action mechanism of sugar to protect the cells from oxidative damage is 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). Soluble carbohydrates involved in osmotic regulations and conservation mechanism (Martin et al., 1993). 

(B) Effect of heat stress wheat growth and yield:

It is now well established fact that the high temperature at reproductive stage especially at grain ﬁlling is a key factor to limit wheat production in worldwide environmental conditions (Hays et al., 2007). Furthermore, as per the estimation, India alone have more than 13.5 million ha area of wheat is affected by heat stress (Joshi et al., 2007c). Rane et al., (2007) reported that both  the  proximity  to  the  equator  and  the  popular  rice– wheat  cropping  system,  which  involve  late  sowing  of wheat due to late harvesting of rice, are the major causes of heat exposure to wheat during grain ﬁlling grown in India and other neighbouring countries. In current scenario of climate change,  the  ‘cool  period’  for  wheat  crop  is shrinking,  while  the  threat  of  terminal  heat  stress  is increasing in India (Joshi et al. 2007b). 
Various traits have been reported as indicator for the heat stress tolerance in wheat. Among these traits, the stay green is one of the important trait which indicates heat    tolerance    in    hot environment (Acevedo et al., 1991). Further, the photosynthetic rate  also varied as per environmental temperatures, and it was observed that it  is   maximum at 20-22 0C and decreases abruptly at 30-32 0C (Al Khatib & Paulsen 1999). Heat induced damage of the   photosynthetic   apparatus   during   reproductive stage of wheat diminish the source activity and sink capacity   which  in turn reduced  the productivity (Harding et al., 1990). Source activity (i.e leaf) is damaged by high temperature because  both  leaf  area  (Herzog  1982)  and  photosynthesis  is reduced  (Al  Khatib  &  Paulsen  1984).   Sink i.e grain capacity is affected by heat stress and effect was more at early fdevelomental phase of the grains (Nicolas et al., 1984). There is negative co-relation between grain yield and thermal time accumulated above the base temperature of 310C (Mian   et   al.,   2007).   High  temperature  above  32 0C   led to the reduction in  grain  yield  and  grain  weight  (Wardlaw  et  al., 2002, Dwivedi et al., 2017). The rate of grain filling and grain filling duration were negatively affected by the high temperatures (30 0C) after anthesis (Stone and Nicolas 1995). As per the estimation the per 1 0C  rise  above  the  optimum  temperature  (15–20 0C)  during grain  ﬁlling  can reduce the 3–4 % grain yield (Wardlaw  et  al.,  1989).  With the application of this factor (i.e. 3–4 % loss per 10C above 15–20 0C), it is estimated that 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.  Wardlaw  and  Wrigley  (1994) reported that heat  wave (35–37 0C)  of  3–4 days  changed the grain  morphology  and altered the grain  size.  Stone and Nicolas (1994) reported that a  short period (4 days) of high temperature (35 0C) exposure reduced grain yield up to 23 % while a 3-day heat exposure (38 0C from 8 am to 5 pm) reduced individual yield component up to 28.3 % (Mason et al., 2010). 
Therefore, at global level breeding programmes were initiated for development of high-temperature tolerance wheat genotypes. And it will expedite further due to current scenario of climate change i.e global worming (Lillemo et al., 2005). Hence, in order to achieve sustainable yield under extreme environment it is necessary to identify heat tolerant wheat germplasm/genotypes. Moreover, the breeding programme for development of heat tolerant wheat genotypes is still running at slower pace and warrants more attention in future (Ashraf 2010). As per the reports available, a lot of variability observed for heat stress tolerance among wheat germplasm (Joshi et al. 2007 b, c), but no direct criteria are available for selection. Further, selection at phenotypic level for identification of  heat  tolerance genotypes has  been performed using  indirect  traits  like 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
Water-deficit often combined with high temperature stress is the key abiotic factors limiting crop-plants productivity and food security worldwide (Boyer et al., 1982). In the era of climate change, it is necessary to understand the effect of co-occouring stresses on growth and yield of wheat genotypes, in order to identify the superior germplasm. Climate induced events like heat, drought, excessive rainfall, and high atmospheric concentrations of CO2 are affecting wheat production and its quality at global level (Yadav et al., 2020). Elevated temperature and water deficit stress are projected to reduce crop yields and threaten food security. Moreover, the effects of heat and drought on crop growth and yield have been studied separately, little is known about the combined effect of these stresses (Mahrookashani et al., 2017).  Water deficit stress during stem elongation phase and heat stress particularly at grain-filling stage have been considered as important environmental factors affecting the yield and quality of wheat (Le Gouis et al., 2020). This is happening just because of drought and heat that impaired the developmental stage of wheat plants organs, net photosynthetic rate, fertility, the number of spikes, grain/spike, grain-filling, and nutrient uptake by the plant (Lan et al., 2022). Grain yield losses due to individual or co-occouring stresses (heat–drought) have been observed in multiple countries in Europe, including Finland, Sweden, France, Belgium, and Switzerland (Lama et al., 2022). 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 of the cell (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. Thus in order to increase the level of tolerance of wheat might improve its potential to acclimate to both high temperature and drought (Machado et al., 2001). Therefore, in current world scenario the combined stresses instead of individual stress have been recognized as realistic threats faced by plants (Rizhsky, 2002), (Mittler, 2006), Semenov and Shewry, (2011) (Suzuki et al., 2014), (Mahalingam, 2015), (Ramegowda and Senthil Kumar, 2015). Further, heat and water deficit stress influenced the 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/partitioning of C and N affects the starch and protein metabolism in leaves and finally in distinct grain yield and quality. (Vignjevic et al., 2015). Overall, combined effect of drought + high temperature stress was more devastating 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: 
Climate change is a reality in this current world and everyone must have the courage to accept this. Second reality is the world population is growing at faster pace beyond expectation further, 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. Hence, it is utmost important to identify and to develop a climate resilient wheat genotypes in order to feed the growing population of the area in which wheat is a staple food crop. 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 goals 1 and 2 (Zero poverty & Zero hunder) it is necessary to produce more nutritionally rich quality food in order to progress in sustainable manner and to feed the growing population.
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