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GROWTH AND YIELD DYNAMICS OF WHEAT GENOTYPES EXPOSED TO ELEVATED HEAT STRESS

Abstract 

A pot experiment was conducted in the pot house of Baba Mastnath University, Rohtak, Haryana, during wheat season of 2020-2021 with ten genotype of wheat (C-306, HD-3086, NSGW-27, DBW-90, NSGW-9, WH-730, WH-1124, NSGW-1, RAJ-3765 and WH-1105) were assessed for growth and yield related attributes at three levels of sowing date i.e., OE (second week of November), HSE (third week of December) and EHSE (second week of January) in complete randomized block design with three replication to find out the suitable time of planting for each genotype. Due to late planting conditions, plant organs and transfer from source to sink were affected. Genotype varied from to 106.9 to 86.70 cm (plant height), 42.1 to 34.1 cm (peduncle length), 299.5 to 250.0 (peduncle fresh weight), 233.8 to 186.5 (penultimate fresh weight), 47.08 to 39.5 (no. of grain/spike), 12.43 to 5.8 cm (spike length), 2.49 to 0.88 (grain weight/spike), 18.68 to 14.48 (number of spikelet/spike), 38.5 to 23.8 grain filling duration and 9.7 to 6.8 (number of productive tillers/plant). In light of recent results, the wheat genotypes C-306, DBW-90, HD-3086 and NSGW-27 were identified as promising among all studied genotypes which can be utilized for cultivation in areas subjected to heat stress and for further yield related studies.
Key words: Growth, Yield, Wheat, Sowing Date and Heat Stress
Introduction: The inexorable process of climate change in terms of the rise in minimum (night time) temperature delineates its huge impact on crop plants while its effect on the yield and quality related parameter of various crops (Parveen et al., 2022). Recent studies have been conducted to examine the long-term influence of climatic variability on wheat output and propose adaptation techniques to mitigate its detrimental effects in India (Kumari et al., 2023). Wheat is one of the most important cereals for food and feed, and it is, therefore, necessary to determine the effects of short-term high temperature events (heatwaves) during grain filling (Tomás et al., 2020). The yield penalty of 5.7% experienced this year due to an early onset of high temperatures (>40 ◦C) during the reproductive phase of the crop was caused due to the shriveling of the grain (Bentley et al., 2022). Stress intensity and duration are two important factors which count in screening plant plasticity (Sanad et al., 2016). For a single day of high temperature (35°C) at anthesis, grain number and yield were reduced by up to 33 and 35% respectively, where there was also significant variation in response across the range of cultivars tested (Talukder et al., 2014). Several yield parameters are affected by high temperatures as vegetative weight and grain number and weight, as reviewed in (Akter and Islam, 2017). The plant under heat stress which affects almost all stages of wheat growth from germination to maturity (Shenoda et al., 2021). Temperature is one the most important climatic factors which effect the growth, development and yield of wheat (Sharma et al., 2021). The impact of high temperature (above 30.0 °C) at anthesis and post-anthesis on wheat yield, before examining the effect of post-anthesis high temperature on the chemical and physical quality of grain (Fernie et al., 2022). Global wheat production is projected to decrease by up to 6.0% for each 1.0 °C increase above the optimum range of 12.0–22.0 ◦C (Wu et al., 2021, Asseng et al., 2015). The growth stage at which heat stress events occur has a significant impact on wheat grain yield (Djanaguiraman et al., 2020). Djanaguirama et al. (2020) found that heat stress at 32.0 °C reduced yield per plant by 29.0% and 44.0% at anthesis and during the grain filling period, respectively (Sah, 2022; NARC, 2020).  High temperature and water scarcity often reduce the single grain weight, and this reduction also varies across the spike length (Thakur et al., 2022). Spike morphology parameters, including spike shape, are associated with yield, easier threshing, and stress tolerance (Dorofeev et al., 1984, Konopatskaia et al., 2016). The number of grains and the grain weight vary at different positions within the spike, i.e., basal, median, and distal. Spikelet formation starts at the middle of the spike and then advances both ways (upwards and downwards) in the spike (Baillot et al., 2018). Hence, grain weight is greater at the middle part of the spike relative to apical or bottom parts (Hughes et al., 2017, Calderini and Ortiz-Monasterio, 2003). However, floret development within the spikelets begins from the bottom, and distal florets have relatively lower grain weight (Liu et al., 2006, Lizana et al., 2010; Xie et al., 2015). The present study was conducted to determine the impact of sowing date and heat stress during grain filling period on growth, yield components and quality related traits of wheat genotypes.
Materials and Methods: Ten advance wheat genotype viz., (C-306, HD-3086, NSGW-27, DBW-90, NSGW-9, WH-730, WH-1124, NSGW-1, RAJ-3765 and WH-1105) were procured from   Department of Genetics and Plant Breeding, Chaudhary Charan Singh Haryana Agricultural University, Hisar (Haryana). The geographical coordinate of the area is between 28o 53´N and 76°36´ E. The seeded at three sowing dates viz., Optimum environment (OE): The crop was sown in the second week of November, Heat stress environment (HSE): The crop was sown in the third week of December and Extended heat stress environment (EHSE): The crop was sown in the second week of January during the rabi season 2020-2021 at the pot house of Baba Mastnath University, Rohtak, Haryana with complete randomized block design. Five seeds were sown in each earthen pots filled with 10 kg farm soil under different sowing dates viz., normal, late and very late sown conditions and sowing was completed when pots were maintaining field capacity and watered thrice times in a week to maintain water content in the soil. 
Plant height (cm) was observed by the plant reached its physiological maturity by using a metric ruler. The height of three plants from each genotype in a replication was measured as the average length in cm from the base to the tip of the plant, omitting the awns. Using an electric balance, fresh weight of peduncle and penultimate (mg) was determined. The fresh weight was collected immediately upon sampling. Five primary spikes from each genotype for every replication were enumerated to determine the number of spikelets per spike at maturity. 
Spike length (cm) was measured by five independently selected plants at maturation phase from every genotype for each replication were measured in centimetres with the help of the ruler, and an average was derived. Grain weight counted and dried until constant weight were calculated. The number of fully grown spikes carrying tillers per plant was used to average for calculating the number of productive tillers per plant. To calculated the grain filling duration by counting the no. of days from 50% flowering to physiological maturity. Triplicate data were analysed OPSTAT software (accessible on www. http// hau.ernet.in.) for the complete randomized design (CRD) and CD at 5% was determined.
RESULT AND DISCUSSION: The analysis of growth and yield traits showed a significant effect of genotypes, environments, and genotype x environment interaction, indicating that the expression of genotypes changed under different conditions for all traits. 
Plant height: Extended heat stress environments resulted in the drop of the plant height from 126.8cm (C-306) to 72.5cm (WH-1105) and the mean reduction in wheat genotype ranged between 106.9, 95.6 and 86.7 as compared to optimum, heat stress and extended heat stress.  Plant height was significantly reduced under extended heat stress effect as compared to optimum effect of heat stress showed in Table (1). Plant height is a crucial adaptability trait in heat prone areas. 
Table 1. Effect of elevated heat stress condition on the plant height and peduncle length in wheat genotypes.
	Genotype
	Plant height (cm)
	Peduncle length (cm)

	
	OE
	HSE
	EHSE
	Mean G
	OE
	HSE
	EHSE
	Mean G

	C-306
	148.3
	128.3
	103.8
	126.8
	44.7
	39.1
	37.6
	40.5

	DBW-90
	112.0
	99.4
	93.8
	101.7
	55.7
	48.1
	46.0
	49.9

	HD-3086
	142.5
	120.6
	100.3
	121.1
	53.5
	46.1
	44.4
	48.0

	NSGW-1
	88.4
	83.5
	78.2
	83.4
	36.0
	34.5
	28.7
	33.1

	NSGW-27
	120.8
	103.8
	96.2
	106.9
	47.9
	43.5
	38.4
	43.3

	NSGW-9
	105.4
	93.5
	87.7
	95.5
	39.2
	36.6
	32.1
	36.0

	RAJ-3765
	82.3
	77.6
	70.6
	76.8
	34.8
	31.6
	27.5
	31.3

	WH-1105
	78.5
	71.4
	67.6
	72.5
	33.9
	30.6
	26.8
	30.4

	WH-1124
	92.7
	87.1
	82.6
	87.5
	37.3
	33.5
	29.1
	33.3

	WH-730
	98.5
	90.3
	86.2
	91.7
	38.0
	33.6
	29.9
	33.8

	Mean T
	106.9
	95.6
	86.7
	
	42.1
	37.7
	34.1
	

	Two Way Factors
	C.D
	SE(d)
	SE(m)
	C.D
	SE(d)
	SE(m)

	Treatment(T)
	1.337
	0.667
	0.472
	0.549
	0.274
	0.194

	Genotypes(G)
	2.441
	1.218
	0.861
	1.002
	0.5
	0.353

	Interaction (TXG)
	4.229
	2.109
	1.491
	1.736
	0.866
	0.612


OE=Optimum Environment; HSE=Heat Stress Environment; EHSE=Extended Heat Stress Environment
Peduncle length: Since an extended heat stress environment during the growth season cause a severe reduction in peduncle length with a loss in yield of crop. Peduncle length reduction as a result of the extended heat environment from 49.9 (DBW-90) to 30.4cm (WH-1105). Whereas the mean reduction in genotype for peduncle length ranged between 42.1 to 34.1cm (Table 1). DBW-90 exhibit the highest value and WH-1105 presented the lowest measurements under optimum, heat stress and extended heat stress respectively. Testing late sown wheat genotypes in drought stress environments for the plant height Bohara et al (2023).
Table 2. Effect of elevated heat stress condition on the peduncle and penultimate fresh weight in wheat genotypes
	Genotype
	Peduncle fresh weight (mg)
	Penultimate fresh weight (mg)

	
	OE
	HSE
	EHSE
	Mean G
	OE
	HSE
	EHSE
	Mean G

	C-306
	402.3
	348.5
	300.0
	350.3
	404.5
	393.1
	312.5
	370.0

	DBW-90
	340.0
	216.0
	302.5
	286.2
	253.5
	210.8
	200.4
	221.6

	HD-3086
	420.5
	398.7
	330.6
	383.3
	339.5
	321.4
	281.5
	314.1

	NSGW-1
	246
	338.3
	288.7
	291.0
	168.2
	146.6
	140.3
	151.7

	NSGW-27
	223.7
	218.7
	185.9
	209.4
	335.3
	220.3
	211.7
	255.8

	NSGW-9
	329.8
	242.3
	268.5
	280.2
	177.3
	168.3
	156.8
	167.5

	RAJ-3765
	218.3
	206.7
	197.0
	207.3
	153.2
	143
	135.7
	144.0

	WH-1105
	206.5
	194.6
	177.2
	192.8
	151.6
	131.1
	127.9
	136.9

	WH-1124
	288.8
	316.4
	212.6
	272.6
	176.5
	156.6
	148.4
	160.5

	WH-730
	318.7
	267.0
	236.6
	274.1
	178
	163.2
	150
	163.7

	Mean T
	299.5
	274.7
	250.0
	
	233.8
	205.4
	186.5
	

	Factors
	C.D
	SE(d)
	SE(m)
	C.D
	SE(d)
	SE(m)

	Treatment(T)
	6.388
	3.186
	2.253
	6.111
	3.048
	2.155

	Genotypes(G)
	3.499
	1.745
	1.234
	3.347
	1.669
	1.18

	Interaction (TXG)
	11.064
	5.518
	3.902
	10.585
	5.279
	3.732


OE=optimum environment; HSE=heat stress environment; EHSE=extended heat stress environment
Fresh weight of peduncle decreased as a result of the extended heat stress environment 299.5, 274.7 and 250.0mg under optimum, heat stress and extended heat stress respectively. whereas the mean reduction in wheat genotype peduncle fresh weight ranged between 350.3 and 192.8mg (Table 2). C-306 exhibited the highest value and WH-1105 presented the lowest measurement under optimum and extended heat stress environment. Penultimate fresh weight was found to decrease in all the tested wheat genotypes under the extended heat stress environment. Minimum reduction in penultimate fresh weight was observed in 136.9 (WH-1105) followed by 144.0mg (RAJ-3765). 
No. of grain/spike: The average no. of grain per spike observed a reduction of 13% and 21% under heat stress and extended heat stress effect, respectively, in comparison to optimum effect of heat (Table 3). The highest reduction was observed in WH-730, while the minimum reduction was observed in HD-3086 under extended heat stress effect. Grain weight/spike: The average weight of grain per spike was reduced by 18.29% and 21.46% under heat stress and extended heat stress effect, respectively. Mean of grain weight per spike shifted from optimum (2.49) to extended heat stress effect (0.88). The physiological maturity period of the crop was reduced to 18% under HSE and 36% under EHSE treatment, reduced grain weight (Shirdelmoghanloo et al., 2016). The average no. of grain/spike recorded a reduction of 32% and 14% under EHSE and HSE respectively, in comparison to OE studied by Kumar et al. (2023).

Table 3. Effect of elevated heat stress condition on numbers of grain/spike and grain weight/spike in wheat genotypes
	Genotype
	No. of grain/spike
	Grain weight/spike

	
	OE
	HSE
	EHSE
	Mean G
	OE
	HSE
	EHSE
	Mean G

	C-306
	50.2
	45.5
	43.3
	46.33
	3.57
	2.98
	1.89
	2.81

	DBW-90
	48.9
	45.2
	41.7
	45.27
	2.6
	2.26
	1.00
	1.95

	HD-3086
	53.2
	48.1
	44.3
	48.53
	3.21
	2.74
	1.53
	2.49

	NSGW-1
	45.3
	39
	35.5
	39.93
	1.97
	1.5
	0.51
	1.33

	NSGW-27
	51.8
	46.6
	43.8
	47.40
	3.08
	2.53
	1.07
	2.23

	NSGW-9
	46
	39.3
	36.8
	40.70
	2.41
	2.03
	0.75
	1.73

	RAJ-3765
	42.8
	37
	34
	37.93
	1.84
	1.43
	0.47
	1.25

	WH-1105
	41.6
	36.6
	33.5
	37.23
	1.74
	1.18
	0.45
	1.12

	WH-1124
	44.6
	34.5
	34.5
	38.97
	2.07
	1.83
	0.57
	1.49

	WH-730
	46.4
	40.9
	33.0
	39.90
	2.39
	2.01
	0.6
	1.67

	Mean T
	47.08
	41.6
	39.5
	
	2.49
	2.05
	0.88
	

	Factors
	C.D
	SE(d)
	SE(m)
	C.D
	SE(d)
	SE(m)

	Treatment(T)
	1.099
	0.548
	0.388
	0.05
	0.025
	0.018

	Genotypes(G)
	0.002
	0.300
	0.212
	0.027
	0.014
	0.01

	Interaction (TXG)
	1.903
	0.949
	0.671
	0.087
	0.043
	0.031


OE=optimum environment; HSE=heat stress environment; EHSE=extended heat stress environment
Length of the spike decreased as a result of the extended heat stress environment from 11.13 to 7.13 cm, whereas the mean reduction in wheat genotype for spike length ranged between 12.43 and 5.8 cm (Table 4). C-306 exhibited the highest value and WH-1105 presented the lowest measurement under optimum and extended heat stress environment. 
Table 4. Effect of elevated heat stress condition on spike length and no. of spikelets/spike in wheat genotypes
	Genotype
	Spike length (cm)
	      No. of Spikelets/spike

	
	OE
	HSE
	EHSE
	Mean G
	OE
	HSE
	EHSE
	Mean G

	C-306
	13.8
	11.2
	8.4
	11.13
	20.3
	18.2
	16.0
	18.2

	DBW-90
	13.2
	10.8
	7.8
	10.60
	19.4
	17.4
	14.9
	17.2

	HD-3086
	13.6
	10.2
	7.0
	10.27
	20.1
	17.9
	16.0
	18.0

	NSGW-1
	12.1
	8.4
	5.1
	8.53
	17.9
	15.6
	13.6
	15.7

	NSGW-27
	12.9
	9.8
	6.5
	9.73
	19.6
	17.1
	15.3
	17.3

	NSGW-9
	12.4
	8.8
	5.5
	8.90
	18.4
	16.4
	14.2
	16.3

	RAJ-3765
	11.1
	7.4
	4.0
	7.50
	17.6
	15.6
	13.6
	15.6

	WH-1105
	10.9
	7.1
	3.4
	7.13
	17.4
	15.4
	13.5
	15.4

	WH-1124
	11.5
	8.0
	4.5
	8.0
	17.9
	15.6
	13.8
	15.8

	WH-730
	12.8
	9.6
	5.8
	9.40
	18.2
	16.0
	13.9
	16.0

	Mean T
	12.43
	9.13
	5.8
	
	18.68
	16.52
	14.48
	

	Factors
	C.D
	SE(d)
	SE(m)
	C.D
	SE(d)
	SE(m)

	Treatment(T)
	0.232
	0.116
	0.082
	0.433
	0.216
	0.153

	Genotypes(G)
	0.127
	0.063
	0.045
	0.237
	0.118
	0.084

	Interaction (TXG)
	0.402
	0.200
	0.142
	0.751
	0.374
	0.264

	One Way Factor
	
	
	
	
	
	

	C.D.
	0.587
	0.342
	0.266
	0.921
	0.813
	0.588

	SE(m)
	0.197
	0.115
	0.089
	0.310
	0.274
	0.198

	SE(d)
	0.279
	0.163
	0.126
	0.438
	0.387
	0.280

	C.V.
	2.752
	2.181
	2.671
	2.874
	2.869
	2.365


OE=optimum environment; HSE=heat stress environment; EHSE=extended heat stress environment
The number of spikelets per spike was found to decrease in all the tested wheat genotypes under the extended heat stress environment. Mean number of spikelet per spike for all genotypes ranged between 18.68 and 14.48. Minimum reduction in number of spikelets per spike was observed in WH-1105 followed by RAJ-3765. 
The extended heat stress environment led to the reduction in the number of productive tillers per plant ranged between 9.7 to 6.3 and the average reduction in genotype fluctuated between 10.6 and 7.3 (Table 5). Heat stress during the grain development period drastically reduce grain filling period, accelerate maturity phase, and significantly reduce crop yield reported by Chakrabarti et al. (2013). The optimum temperature during the anthesis and grain filling stage ranges from 12°C to 22°C (Poudel et al., 2021).
Table 5. Effect of elevated heat stress condition on grain filling period and no. of productive tillers/plant in wheat genotypes
	Genotype
	Grain filling period
	No. of productive tillers/plant

	
	OE
	HSE
	EHSE
	Mean G
	OE
	HSE
	EHSE
	Mean G

	C-306
	35.8
	22.5
	24.4
	27.6
	11.7
	11.4
	8.8
	10.6

	DBW-90
	36.1
	22.4
	23.9
	27.5
	10.9
	10.7
	7.6
	9.7

	HD-3086
	36.2
	25.1
	24.4
	28.6
	11.2
	11.0
	8.2
	10.1

	NSGW-1
	40.3
	27.5
	24.0
	30.6
	8.7
	8.2
	6.0
	7.6

	NSGW-27
	36.5
	26.1
	20.3
	27.6
	10.9
	10. 7
	7.6
	9.7

	NSGW-9
	38.7
	26.9
	23.3
	29.6
	9.6
	9.1
	6.7
	8.5

	RAJ-3765
	39.8
	27.9
	25.5
	31.1
	8.5
	7.7
	5.7
	7.3

	WH-1105
	40.3
	26.1
	24.1
	30.2
	7.8
	7.3
	5.4
	6.8

	WH-1124
	41.7
	26.3
	25.3
	31.1
	9.1
	8.4
	6.0
	7.8

	WH-730
	39.3
	26.8
	23.2
	29.8
	9.3
	8.9
	6.3
	8.2

	Mean T
	38.5
	25.8
	23.8
	
	9.7
	9.3
	6.8
	

	Factors
	C.D
	SE(d)
	SE(m)
	C.D
	SE(d)
	SE(m)

	Treatment(T)
	0.773
	0.386
	0.273
	0.122
	0.060
	0.040

	Genotypes(G)
	0.423
	0.211
	0.149
	0.171
	0.083
	0.062

	Interaction (TXG)
	1.339
	0.668
	0.472
	0.385
	0.196
	0.135

	One Way Factor
	
	
	
	
	
	

	C.D.
	1.938
	1.093
	0.976
	0.409
	0.375
	0.310

	SE(m)
	0.652
	0.368
	0.328
	0.136
	0.126
	0.104

	SE(d)
	0.923
	0.520
	0.465
	0.193
	0.179
	0.148

	C.V.
	2.937
	2.474
	2.387
	2.436
	2.362
	2.473


OE=optimum environment; HSE=heat stress environment; EHSE=extended heat stress environment
Conclusion
The comparative analysis of cultivar performance under different conditions showed a high effect of heat stress on all the traits observed. Extended heat stress is an effective way to expose plants to heat stress to estimate the effect of late planting on phenological-growth yield related traits (Gupta et al., 2015; Nagar et al., 2015; Sharma et al., 2015; Agarwal et al., 2021; Rehman et al., 2021). The reduction in the mean and range for different traits was high in the EHSE environment as compared to the HSE (Kumar et al., 2023). This study was conducted to assess the effect of moderate to extreme heat stress on growth yield related traits in wheat genotypes. Genotypes C-306, DBW-90, HD-3086 and NSGW-27 exhibited good outcomes when extreme heat stress was applied to wheat genotypes. These genotypes can be further employed to produce HEAT resistant varieties, offering support in particular research fields and molecular studies for future prospects.
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