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RESPONSE OF DIVERSE RICE GENOTYPES TO HIGH TEMPERATURE STRESS DURING THE REPRODUCTIVE PHASE
Abstract

High temperature is a major abiotic stress in the globe as the mean temperatures are rising. Keeping in view the changing climate scenario it is essential to identify rice genotypes that can tolerate rise in the temperature. A field experiment was conducted to evaluate rice genotypes for high temperature tolerance under artificial polyhouse. The increase in mean maximum temperature was 3.6oC and mean minimum by 1.6oC under polyhouse. High temperature stress resulted in a mean reduction of days to maturity by four days, though days to 50% flowering were unaffected. Plant height among the genotypes decreased slightly by 1–3 cm under stress. Mean chlorophyll content declined under high temperature conditions however, IET 31444, IET 30651, and IET 31510 had higher chlorophyll levels under stress. Yield and yield components were adversely affected. Yield reduced by 22.1% over control. Spikelet fertility, grain yield, Total dry matter and harvest index reduced in all the tested genotypes under high temperature conditions. Among the genotypes, N22, IET 31510, IET 31444 and MTU 1290 exhibited superior performance under heat stress, maintaining higher spikelet fertility, grain yield and test weight, indicating better tolerance. In contrast, Vandana, IET 30505, and IET 29694 were highly susceptible, showing significant yield reductions. These findings emphasize the existence of genotypic variability in high temperature response and identify promising heat-tolerant lines for use in breeding programs aimed at developing climate-resilient rice varieties.
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Introduction
Rice (Oryza sativa L.) is one of the most important cereal crops grown globally, serving as a staple food for more than half of the world’s population. Rice cultivation is also the mainstay for most of the population in the world and in Asia in particular. However, the crop productivity is increasingly threatened by rising global temperatures due to climate change. The reported optimum temperature range for rice growth is 25–35°C, beyond which physiological and reproductive processes are adversely affected (Jagadish et al., 2021). The fifth assessment report of the IPCC (2014) stated that by 2100 the projected increase of global mean surface temperature is 3–5 °C. This increase would lead to detrimental effects on the crop production and productivity.
Heat stress, especially during the reproductive stages such as panicle initiation (PI), booting, and flowering causes significant yield reductions by impacting the pollen viability, desiccation of the stigmatic surface, reduction in spikelet fertility and chlorophyll stability (Wang et al., 2021).

High temperature stress accelerates plant senescence, disrupts chloroplast integrity and reduces chlorophyll content, thereby limiting photosynthetic efficiency (Kongsraviya et al., 2023). At the reproductive stage, exposure to temperatures above 35 °C has been shown to inhibit anther dehiscence, pollen germination, and grain filling, leading to severe spikelet sterility and yield losses (Cho et al., 2020). Moreover, recent studies highlight that heat stress at the panicle initiation stage is particularly detrimental, as it affects panicle differentiation and reduces the number of filled grains, resulting in irreversible yield loss (Wang et al., 2021).
Understanding the physiological and yield responses of diverse rice genotypes under elevated temperature conditions is crucial for identifying heat-tolerant genotypes and developing adaptive breeding strategies. The need for screening and identification of resilient genotypes to sustain rice production under the increasing threat of global warming and climate change is needed.  Therefore, the present study was undertaken to evaluate the effect of high temperature stress imposed during the reproductive phase on chlorophyll content, morpho-phenological traits, and yield components in rice genotypes under field conditions.
Materials and Methods
Plant material: A field experiment was conducted during kharif 2024 at Regional Agricultural Research Station, Maruteru, to screen and evaluate twenty-four rice genotypes for high temperature tolerance. The trial was laid out in the field in a split-plot design with three replications. A spacing of 20 cm between rows and 15 cm between hills was maintained to ensure uniform crop establishment. The recommended doses of Nitrogen (N), Phosphorus (P) and Potassium (K) were applied and appropriate water management and crop protection practices were followed as required. All other standard agronomic practices for irrigated transplanted rice were adopted to ensure optimum crop growth.

Imposition of treatments: The experiment was transplanted in two sets. One set of genotypes was maintained under ambient field conditions, while the other set was exposed to high temperature stress by enclosing the crop within a transparent polythene sheet supported by bamboo poles and an iron frame, beginning from the panicle initiation (PI) stage. This resulted in raising the maximum temperature by approximately 3.6°C above ambient and mean minimum temperature by 1.6oC during the entire crop growing season. The internal temperature was continuously monitored using a data logger and maintained until the crop attained physiological maturity.

Morpho-phenological traits: Observations on various morpho-phenological traits were recorded from the tagged plants in each treatment and genotype. Plant height was measured at the reproductive stage by recording the distance from the base of the plant to the tip of the terminal leaf or panicle on the main stem, whichever was longest and it was expressed in centimeters (cm). Days to 50% flowering were noted as the number of days taken for half of the plant population in each genotype and treatment to flower. Similarly, days to maturity were recorded as the total number of days taken from sowing to physiological maturity.

Chlorophyll content: Biochemical estimation of chlorophyll content was performed using the flag leaf at the reproductive stage (one week after anthesis). The leaf samples were cut into small pieces, and 25 mg of tissue was weighed for analysis. Chlorophyll extraction was carried out in 80% acetone following the method of Porra et al. (1989). Absorbance was recorded using a UV-VIS spectrophotometer, with chlorophyll a and chlorophyll b measured at 663.2 nm and 646.8 nm, respectively. The chlorophyll content was expressed as mg g⁻¹ fresh weight (FW). Calculations of chlorophyll a, chlorophyll b, and total chlorophyll were done according to the formulae described by Lichtenthaler and Wellburn (1983). 

Yield and yield attributes: Yield and yield attributes such as Panicle number per m2, grain number per panicle, 1000-grain weight, total dry matter, spikelet fertility and harvest index were recorded at harvest. At physiological maturity, panicles from a demarcated one-square-meter area in both control and stress conditions were harvested and were counted and expressed as Panicle number per m2. Further they were threshed, cleaned and weighed to determine grain yield (g/m²). For grain number per panicle, five panicles were randomly selected from each genotype, all the spikelets were separated and filled grains were counted. Test weight was recorded by randomly selecting 1000 seeds from each genotype under both conditions, weighing them, and expressing the value in grams. After harvest, shoots were dried, and shoot biomass was recorded. Spikelet fertility was calculated as the ratio of filled spikelets to total spikelets, expressed in percentage. Harvest index was determined as the ratio of economic yield to biological yield and expressed as a percentage.

Statistical analysis: Two-way analysis of variance (ANOVA) was performed using Statistix 8.1 package. Statistical significance of the parameter means was determined by performing Fisher’s LSD test to test the statistical significance.

Results and Discussion:

High temperature was imposed at panicle initiation and with the help of data loggers the temperature inside the polyhouse was monitored on daily basis. The mean maximum temperature in the ambient condition was 31.4 oC and the average mean minimum temperature was 24.5 oC. Whereas, under polyhouse the mean monthly maximum temperature was 34.9 oC and the average of monthly minimum temperature was 26.0 oC. The difference in mean monthly maximum and minimum temperature was 3.6 oC and 1.6 oC, respectively (Fig 1).
Fig 1: Temperature readings under polyhouse (heat stress) and ambient conditions (control)
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Morpho-phenological traits: 

The impact of high temperature was not significant on days to 50% flowering but the mean days to maturity reduced by 4 days. Among the genotypes the difference varied from 1-6 days. Genotypes IET 30505, IET 31440 and IET 31540 flowered 6 d earlier than control. At flowering the plant height recorded a reduction under high temperature. The reduction was 1-3 cm among the genotypes tested (Table 1). 
 
Ezin et al. (2022) documented a significant reduction in plant height across several elite rice lines subjected to high-temperature treatments. Elevated temperatures causes earlier maturity and reduces the internode elongation which results in reduction of plant height (Ren et al., 2023). In this study, a reduction in days to maturity and plant height was noted in accordance to the findings above.
Table 1: Impact of high temperature on morpho-phenological characters in rice genotypes

	Entry
	Days to 50% flowering
	Days to maturity
	Plant height (cm)

at flowering

	
	C
	Ht
	M
	C
	Ht
	M
	C
	Ht
	M

	CO-51
	90
	89
	90
	121
	117
	119
	114
	112
	113

	IET 29694 
	93
	93
	93
	122
	120
	121
	127
	126
	127

	IET 29700 
	94
	94
	94
	123
	121
	122
	137
	137
	137

	IET 30505 
	95
	94
	95
	126
	120
	123
	127
	125
	126

	IET 30555 
	90
	90
	90
	121
	119
	120
	136
	135
	136

	IET 30561 
	94
	93
	94
	125
	120
	123
	143
	140
	141

	IET 30635 
	92
	91
	92
	121
	118
	120
	127
	125
	126

	IET 30651 
	92
	91
	92
	122
	118
	120
	129
	128
	129

	IET 30653 
	94
	92
	93
	125
	121
	123
	140
	139
	140

	IET 30656 
	92
	92
	92
	121
	120
	121
	120
	119
	120

	IET 30660 
	90
	91
	91
	121
	119
	120
	123
	122
	123

	IET 31433 
	95
	94
	95
	124
	119
	122
	136
	135
	136

	IET 31440 
	96
	94
	95
	125
	119
	122
	123
	122
	123

	IET 31444 
	94
	93
	94
	124
	121
	123
	118
	116
	117

	IET 31510 
	95
	93
	94
	125
	123
	124
	113
	111
	112

	IET 31512 
	96
	95
	96
	126
	121
	124
	143
	140
	141

	IET 31515 
	95
	94
	95
	128
	124
	126
	137
	136
	137

	IET 31533 
	96
	95
	96
	128
	123
	126
	126
	124
	125

	IET 31540 
	97
	96
	97
	127
	121
	124
	113
	112
	113

	MTU-1290 
	95
	93
	94
	123
	120
	122
	118
	116
	117

	NDR-97
	96
	96
	96
	126
	123
	125
	108
	106
	107

	US-314 
	97
	96
	97
	124
	121
	123
	130
	128
	129 

	N22
	98
	97
	98
	126
	125
	126
	114
	112
	113

	Vandana
	86
	82
	84
	120
	115
	118
	113
	98
	106

	Mean
	94
	93
	
	124
	120
	
	126
	124
	

	LSD (T)
	NS
	0.51
	1.12

	LSD (V)
	1.7
	1.68
	3.60

	LSD (TxV)
	2.42
	2.38
	5.25

	CV (%)
	1.59
	1.2
	2.6


Physiological traits:

Chlorophyll content: The mean chlorophyll content reduced from 2.61 in control to 2.10 under heat stress. Highest chlorophyll content under high temperature stress was noted in IET 31444 (2.84 mg g-1 FW) followed by IET 30651 (2.51 mg g-1 FW), IET 31510 (2.43 mg g-1 FW), IET 31540 (2.41 mg g-1 FW) and N22 (2.37 mg g-1 FW). Lowest was in IET 30660 (1.63 mg g-1 FW) followed by Vandana (1.67 mg g-1 FW) and IET 31433 (1.7 mg g-1 FW) and IET 31440 (1.78 mg g-1 FW). The percent reduction of chlorophyll content compared to control was lesser in IET 30656 (8.1%), CO-51 (9.1%) and IET 31515 (10.1%). Whereas more than 25% reduction was observed in MTU 1290, IET 30660, IET 31440, Vandana and IET 31433 (Fig 2).  
Fig 2: Impact of high temperature on Total Chlorophyll content (mg/g FW) in rice genotypes 
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Chlorophyll is essential for photosynthesis, enabling plants to capture light energy and convert it into chemical energy for growth. It also serves as an important indicator of plant health and stress tolerance, reflecting the efficiency of the photosynthetic apparatus. High temperature led to reduction in chlorophyll content under heat stress. Decline in chlorophyll under heat stress have been reported in rice and other cereals resulting in damage to photosynthetic pigments (Liu et al., 2021; Ren et al., 2023). Zhang et al (2014) exposed flag leaves to high temperature during grain-filling and noted reduction in chlorophyll content. The decline was greater in the heat-sensitive line than in the tolerant lineIn the present study, among the tested genotypes, IET 31444, IET 30651, IET 31510, IET 31540, and N22 maintained relatively higher chlorophyll levels indicating better pigment stability under stress. 
 Grain yield and yield attributes:

 Spikelet fertility (%): The mean spikelet fertility dropped from 90.0% in control to 69.5% under high temperature stress. Among the genotypes tested, higher spikelet fertility under stress conditions was observed in N22 (81.2%) followed by IET 30635 (80.2%), IET 306 (82.0%). Less than 65% spikelet fertility was noted in IET 31515, IET 30505, IET 30651, IET 29694 and NDR-97.  Reduction in spikelet fertility was less than 15% when compared to control in N22, IET 30635, IET 30656, IET 31510, MTU 1290 and IET 30653. Whereas more than 30% reduction was in IET 29694, IET 30505, IET 31515 and NDR-97 (Table 2). 

Grain number per panicle: The average number of grains per panicle dropped from 146 to 118. IET 31533 (173), MTU 1290 (170), IET 30651 (142) and IET 31515 (138) had a higher grain number per panicle under high temperature stress whereas IET 30660 (87), IET 30635 and IET 30656 (89) recorded lower number of grains per panicle. (Table 2).   
1000 grain weight (g): The average test weight reduced from 21.0 g in control to 18.4 g under high temperature conditions. The test weight was highest in MTU 1290 (22.1g) followed by CO-51 (20.8g) and IET 30651 (20.2g). Lowest test weight was noted in IET 31515 (14.8 g), IET 31533 (15.0) and N22 (16.5) (Table 2). Whereas the reduction in test weight was maximum in IET 31440 (20.8%), IET 30656 (19.1%), Vandana (18.3%) and IET 29700 (16.7%). Minimum was noted in IET 31510 (2.2%), N22 (4.1%), IET 3444 (4.2%).
Total Dry matter (g m-2): The total dry matter reduced from 814 g/m2 in control to 694 g/m2 under high temperature conditions. Higher TDM under high temperature conditions were noted in IET 31444 (813 g m-2) followed by IET 31510 (805 g m-2), IET 30635 (792 g m-2). Lowest TDM was in NDR-97 (574 g m-2), IET 30651 (594 g m-2) and IET 30561 (597 g m-2) (Table 3).
Grain yield (g m-2): Grain yield reduced from 592 gm-2 in control to 461 gm-2 under high temperature stress. Higher grain yield under high temperature was noted in IET 31444 (577 gm-2) followed by IET 31510 (565 gm-2), MTU 1290 and IET 30656 (511 gm-2).  Lower was in Vandana (344 gm-2), IET 30651 (376 gm-2) and IET 30505 (392 gm-2). More than 30% reduction was in IET 30505, Vandana, IET 29694 and IET 29700 and less than 10% reduction was in IET 31510  and N22 (Table 3).
Harvest index (%): Harvest index reduced from 42.2% in control to 39.8% under high temperature conditions. Highest harvest index was noted in IET 31533 (41.9%) followed by CO-51 (41.7%) and lowest was in IET 29700 and Vandana (36.0%) (Table 3).
High temperature stress during the panicle initiation stage and reproductive stage significantly reduces the grain yield and its attributes such as panicle number, spikelet fertility, grain number per panicle, and 1000-grain weight. In the present study a reduction in panicle number, spikelet fertility, grain number per panicle, 1000-grain weight, total dry matter, harvest index and grain yield under heat stress was evident. In an experiment conducted by Lee et al (2020) rice grown at high temperature during flowering resulted in ~47% reduction in spikelet fertility. In a study conducted by Hu et al (2021), rice plants exposed to high temperature during the panicle initiation stage exhibited up to 84% reduction in grain yield in the heat-sensitive genotype LYPJ and about 17% reduction in mean 1000-grain weight. Furthermore, reduction in chlorophyll results in reduction in the photosynthetic activity under heat stress that ultimately reduces the carbohydrate availability resulting an impact on panicle and grain development. In this study also reduction in grain yield and yield attributes were evident under high temperature stress.
Table 2: Impact of high temperature on yield attributes characters in rice genotypes

	Entry
	Spikelet fertility (%)
	Grain number per panicle
	1000 grain weight (g)

	
	C
	Ht
	M
	C
	Ht
	M
	C
	Ht
	M

	CO-51
	88.1
	69.0
	78.6
	190
	131
	161
	22.4
	20.8
	    21.6

	IET 29694 
	89.0
	62.0
	75.5
	145
	121
	133
	21.5
	19.4
	20.5

	IET 29700 
	92.4
	65.0
	78.7
	123
	100
	112
	22.8
	19.0
	20.9

	IET 30505 
	93.5
	64.3
	78.9
	116
	98
	107
	22.1
	19.0
	20.5

	IET 30555 
	94.0
	66.0
	80.0
	131
	112
	121
	22.2
	19.4
	20.8

	IET 30561 
	83.0
	67.1
	75.1
	140
	114
	127
	21.7
	18.3
	20.0

	IET 30635 
	90.2
	80.2
	85.2
	112
	89
	100
	22.3
	19.2
	20.7

	IET 30651 
	85.1
	62.0
	73.6
	174
	142
	158
	22.5
	20.2
	21.4

	IET 30653 
	82.0
	70.0
	76.0
	130
	109
	120
	21.8
	19.4
	20.6

	IET 30656 
	90.2
	79.0
	84.6
	117
	89
	103
	21.5
	17.4
	19.5

	IET 30660 
	93.0
	70.4
	81.7
	111
	87
	99
	22.0
	18.4
	20.2

	IET 31433 
	92.1
	72.0
	82.1
	151
	122
	137
	22.0
	18.8
	20.4

	IET 31440 
	91.0
	68.0
	79.5
	157
	129
	143
	22.1
	17.5
	19.8

	IET 31444 
	89.7
	75.1
	82.4
	136
	123
	130
	19.0
	18.2
	18.6

	IET 31510 
	89.9
	78.0
	84.0
	117
	98
	108
	18.6
	18.2
	18.4

	IET 31512 
	93.0
	70.0
	81.5
	168
	138
	153
	21.3
	18.3
	19.8

	IET 31515 
	94.3
	64.5
	79.4
	173
	138
	156
	16.4
	14.8
	15.6

	IET 31533 
	87.0
	70.2
	78.6
	233
	173
	203
	17.4
	15.0
	16.2

	IET 31540 
	89.0
	63.0
	76.0
	150
	109
	130
	21.2
	18.3
	19.8

	MTU-1290 
	90.0
	78.0
	84.0
	200
	170
	185
	24.4
	22.1
	23.3

	NDR-97
	91.0
	58.0
	74.5
	111
	95
	103
	19.4
	18.3
	18.8

	US-314 
	91.0
	69.0
	80.0
	166
	130
	148
	20.8
	19.0
	19.9

	N22
	89.8
	81.2
	85.5
	121
	117
	119
	17.2
	16.5
	16.9

	Vandana
	92.0
	65.3
	78.7
	131
	103
	117
	20.2
	16.5
	18.4

	Mean
	90.0
	69.5
	
	114
	118
	
	21.0
	18.4
	

	LSD (T)
	10.3
	2.82
	0.13

	LSD (V)
	2.4
	9.36
	0.46

	LSD (TxV)
	10.2
	13.24
	0.65

	CV (%)
	5.6
	6.28
	2.0


Table 3: Impact of high temperature on grain yield and yield attributes in rice genotypes

	Entry
	TDM (g/m2) at maturity
	Grain yield (g/m2)
	 Harvest index (%)

	
	C
	Ht
	Mean
	C
	Ht
	Mean
	C
	Ht
	Mean

	CO-51
	917
	686
	801
	670
	493
	581
	42.1
	41.7
	41.9

	IET 29694 
	832
	620
	726
	590
	403
	497
	41.8
	39.4
	40.6

	IET 29700 
	904
	786
	845
	654
	442
	548
	41.9
	36.0
	39.0

	IET 30505 
	808
	608
	708
	566
	392
	479
	41.5
	39.0
	40.3

	IET 30555 
	846
	705
	776
	629
	453
	541
	42.7
	39.0
	40.8

	IET 30561 
	797
	597
	697
	595
	428
	511
	42.9
	41.4
	42.2

	IET 30635 
	824
	792
	808
	617
	508
	563
	42.8
	38.7
	40.7

	IET 30651 
	707
	594
	651
	522
	376
	449
	42.9
	38.6
	40.8

	IET 30653 
	897
	780
	838
	634
	499
	567
	41.2
	39.2
	40.2

	IET 30656 
	777
	726
	752
	585
	511
	548
	43.1
	41.3
	42.2

	IET 30660 
	856
	740
	798
	604
	486
	545
	41.4
	39.8
	40.6

	IET 31433 
	898
	754
	826
	607
	482
	544
	40.3
	39.1
	39.7

	IET 31440 
	746
	651
	699
	569
	450
	509
	43.7
	40.6
	42.1

	IET 31444 
	900
	813
	857
	646
	577
	612
	41.7
	41.5
	41.6

	IET 31510 
	839
	805
	822
	627
	565
	596
	42.6
	41.2
	41.9

	IET 31512 
	786
	639
	712
	577
	432
	505
	42.3
	40.3
	41.3

	IET 31515 
	772
	743
	757
	601
	457
	529
	43.8
	38.3
	41.0

	IET 31533 
	802
	681
	742
	601
	491
	546
	42.9
	41.9
	42.4

	IET 31540 
	818
	671
	745
	574
	454
	514
	41.3
	40.4
	40.8

	MTU-1290 
	864
	727
	796
	628
	511
	569
	42.2
	40.0
	41.0

	NDR-97
	752
	574
	663
	532
	399
	465
	41.3
	40.9
	41.1

	US-314 
	824
	706
	765
	604
	477
	541
	42.5
	40.3
	41.4

	N22
	655
	634
	645
	477
	432
	455
	42.1
	40.5
	41.3

	Vandana
	712
	612
	662
	501
	344
	423
	41.3
	36.0
	38.7

	Mean
	814
	694
	
	592
	461
	
	42.2
	39.8
	

	LSD (T)
	37
	26.4
	0.87

	LSD (V)
	123
	87.4
	2.88

	LSD (TxV)
	174
	123.7
	4.08

	CV (%)
	14.1
	14.2
	6.13


Conclusion:
Elevated temperature led to reduction in chlorophyll content, spikelet fertility, grain number per panicle, test weight, total dry matter, and grain yield, indicating the overall negative impact of heat stress on rice productivity. However, among the genotypes screened IET 31444, IET 31510, MTU 1290, and N22 exhibited comparatively better performance with minimal reductions in physiological and yield parameters. This highlights their inherent tolerance to high temperature stress and they can serve as valuable resources for developing heat-tolerant rice varieties through breeding programs. 
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