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Studies on effect of terminal heat stress on seed yield and its mitigation in chickpea (Cicer arietinum L.)


Abstract
A field experiment was conducted during 2021–22 at the National Seed Project, Seed Unit, University of Agricultural Sciences, Raichur, to investigate the impact of terminal heat stress on seed yield in chickpea and to explore suitable mitigation strategies. High temperatures during early, late, and very late sowing periods directly influenced the vegetative and anthesis stages, thereby reducing crop productivity. To counteract these effects, foliar spraying of heat stress mitigating chemicals was employed. The experiment was laid out in a split plot design with three sowing dates and ten foliar spray treatments, each replicated twice. Spraying was carried out at two critical growth stages—vegetative (35–40 DAS) and anthesis (50–60 DAS). Observations were recorded on yield parameters. The interaction between sowing dates and foliar sprays significantly influenced these parameters. 100-seed weight of 23.50 g, seed yield per plant of 8.38 g, seed yield per hectare of 1746.00 kg and a harvest index of 123.20. Among treatments, plants sprayed with salicylic acid @ 400 ppm at early sowing recorded the highest yield, proving most effective in mitigating terminal heat stress in chickpea.
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INTRODUCTION
“Chickpea (Cicer arietinum L.) is an annual legume and is the third most consumed legume crop, which is widely cultivated as a winter crop for its typically yellow-brown, pea like seeds in arid and semi-arid areas around the world. It is grown in tropical, subtropical and temperate regions of the world and one of the most important pulse crops of India due to its multiple functions in traditional farming system. It is generally sown in the month of October- November and harvested in February-April in south India. It is a photo as well as thermo sensitive crop and its crop duration is 90-110 days, depending on the variety, genotype, soil moisture, temperature and latitude. Chickpea (Cicer arietinum L.) belongs to genus Cicer, tribe cicerace, family sp. Fabaceae and subfamily Faboideae. Chickpea popularly known as gram, bengal gram, homes, chhola, garbanzo bean is one of the first seed legumes to be domesticated by humans in old world” (Avinash et al., 2020).
“The origin of the crop is considered to be Western Asia from where it spread in India and other parts of the world. Chickpea is thought to have originated in South-East Anatolia and neighbouring Syria and Iran, where the earliest remains date back to around 7000 BC. It was introduced to the Mediterranean Basin, Africa and the Indian subcontinent before 2000 BC. The desi chickpea type is angular in seed shape, small, having different seed coat colour, have a ridged surface and are cultivated mostly in the indian subcontinent, Ethiopia, Mexico, and Iran. The desi variety is grown mainly in semiarid land. The energy value of desi variety grains is 327 kcal/100 g” (Avinash et al., 2020). 
“Chickpea is one of the most important pulse crop of India contributing about 30 per cent of total pulse acreage and about 40 per cent of total pulse production of the nation. They are nutritionally dense edible seeds of legumes that are harvested solely for dry seed. They are rich source of protein, minerals and vitamins, hence they occupy an important place in human diet and also serve as good fodder crops for milch animals. They enrich soil fertility by fixing nitrogen through root nodules and also adding huge quantity of biomass. It is a protein-rich supplement to cereal-based diets, especially to the poor-developing countries, where people are vegetarians or cannot afford animal protein. It is mainly consumed as dal (split cotyledons) and chhole. Many attractive dishes viz; sweets, snacks and namkeen are also prepared from its floor called besan. Also eaten as whole fried or boiled and salted. Fresh green leaves (sag) are used as vegetables and green grains as hare chhole or chholia. Straw of gram is an excellent fodder while both husk and bits of dal are valuable cattle feed. Leaves consist of mallic and citric acid is very useful for stomach ailments and blood purifier” (Avinash et al., 2020).
“Chickpea provide an excellent source of protein nutrition in developing countries like India. It has been a part of certain traditional diets for over 7500 years. It provides a high-quality protein, on an average 126 kg protein per hectare and it is probably the second highest protein yielding legume after soya bean 430.5 kg protein per hectare. Chickpea seeds contain on an average 23 per cent protein, 64 per cent total carbohydrates (47% starch, 6% soluble sugar), 5 per cent fat, 6 per cent crude fiber and 3 per cent ash. High mineral content has been reported for Phosphorus (340 mg 100 g-1), Calcium (190 mg 100 g-1), Magnesium (140 mg 100 g-1), Iron (7 mg 100 g-1) and Zinc (3 mg 100 g-1). Studies have also shown that they can assist in lowering of cholesterol in the bloodstream. It is grown mainly as low input crop under conserved soil moisture and generally experiences terminal high temperature stress of various duration and intensity during reproductive phase. It plays an important role in low input agriculture by fixing atmospheric nitrogen and provides a break crop for the control of diseases, pests and weeds in other cereal crops in rotation, particularly wheat” (Sharma et al., 2012). 
“In the world it is cultivated on 17.9 million ha area with a production of 13.1million tonnes and with an average yield of 965 kg/ha” (Anon., 2021). “India is the largest producer of chickpea in the world, accounting for 65 per cent of the total world’s production. It is cultivated in an area of 9.99 million hectares with a production of 11.91 million tonnes and a productivity of 1192 kg/ha” (Anon., 2021). “Karnataka stands fifth in cultivation with 0.71 million hectares with a production of 0.44 million tonnes and productivity of 625 kg/ha” (Anon., 2021). In Karnataka, Kalaburagi occupies first position in area, production and productivity followed by Bijapur, Bidar, Gadag and Dharwad districts. 
“Climate is rapidly changing and can disrupt food availability, reduce access to food, and affect food quality. The projected increases in temperatures changes in precipitation patterns, changes in extreme weather events and reductions in water availability may all result in reduced agricultural productivity. Although, heat obstruct productivity at all crop growth stages, the extent of damage at reproductive phase of crop growth, mainly the seed filling phase, is critical and causes considerable yield losses as well as the quality of seed produced. It could substantially affect the seed yields by reducing seed size and number, eventually affecting the commercial trait ‘100 seed weight’ and seed quality” (Sharma et al., 2012).
“Heat stress is the increasing temperature over the optimum range of temperature during the growth and development of plant. Late planting of chickpea in India is very common due to the wide spread intensive cropping system which often delays the sowing of chickpea. As a result, portion of the maturity period of the crop is pushed forward and thus has to face higher temperature of the summer as well as hot spells, often occurring at the time of maturity” (Vijaysingh, 2017). 
“Reproductive growth stage (flowering and podding) in chickpea is known to be very sensitive to changes in external environment and heat stress at this stage leads to reduction in seed yield. Drastic reductions in chickpea seed yields were observed when plants at flowering and pod development stages were exposed to high (35°C) temperatures” (Summerfield et al., 1984). “Heat stress adversely affects pollen viability, fertilization, seed development, plant photosynthesis, growth, development, reproduction and metabolism. Therefore, the seriousness of high temperature stress depends on its timing, duration and intensity on crops” (Vijaysingh, 2017). 
“Foliar spray is a technique of feeding nutrients to plant by applying liquid chemicals directly to crop canopy. If used widely, can more efficient, economical, environment friendly, target oriented when used to supplement soil fertilization. Now-a-days, foliar spray is widely adopted strategy in modern crop management where to ensure higher or optimum crop performance by enhancing crop growth. Foliar application overcome soil fertilization limitations, soil unsuitable for fertilizer precipitation, antagonism between certain nutrients, heterogenic soil unsuitable for low dosages and fixation” (Vijaysingh, 2017). 
[bookmark: _GoBack]“Chickpea is grown during rabi season under reducing soil moisture conditions without any irrigation. As a result, there was water deficit for crop at critical stages which affects nutrient uptake ultimately causing yield reduction. To increase the yield during heat stress conditions, we have to take into consideration not only the normalization of plant water regime, but also the normalization of plant feeding and elimination of created deficiencies of some elements. Hence, various foliar spray chemicals used for heat stress mitigation can be helpful for achieving better yield from heat affected plants. Various studies have reported that foliar application of plants improves tolerance to heat stress as compared to non-sprayed plants. Through the present investigation, the conditions of cool winter followed by terminal heat stress which is prevalent in the northern dry zone of Karnataka is trying to mitigate by using heat stress mitigating chemicals at different sowing dates” (Golezani et al., 2013).
Hence, keeping the above facts in view the present investigation entitiled Studies on effect of terminal heat stress on seed yield and its mitigation in chickpea (Cicer arietinum L.)  was undertaken with following objective.
Objectives  
1. To evaluate the adverse effect of heat stress during the reproductive phase on seed yield in chickpea
MATERIAL AND METHODS
A field experiment was conducted at the seed production block, Seed Unit, Monitoring Agricultural Resources, University of Agricultural Sciences, Raichur, Karnataka. The chickpea (JG-11) was sown at three different times to achieve normal (October 1st fortnight), late (November 1st fortnight ) and very late sowing (December 1st fortnight) conditions (Plate 1) in split-plot design with ten foliar spray treatments viz., control, salicylic acid (800 ppm and 400 ppm), ascorbic acid (10 ppm), KCl (1%), thiourea (400 ppm), cycocel (1000 ppm), KNO3 (0.3%), chickpea magic (8g/1), gibberellic acid (100ppm) each treatments was replicated twice in a split plot design during rabi season 2020-22. Spraying was done at two stages of crop growth i.e., at vegetative (35-40 DAS) and anthesis stage (50-60 DAS) in all dates of sowing. 
Yield parameters
100 seed weight (g)
Four samples of 100 seeds each was drawn randomly selected from bulked seed of the five plants and was weighed in grams up to single decimal place with the help of an electronic balance and the mean was expressed as 100 seed weight. 
Seed yield/plant (g)
The pods harvested from five randomly selected plants was dried, threshed, cleaned, weighed individually and the average was worked out and expressed in grams. 
Seed yield (kg/ha)
The seed yield obtained from net plot was cleaned, dried under shade for two days and weighed in kilogram. The seed weight from each plots were used for taking observations was added for computing the seed yield per hectare. On the basis of net plot seed yield, the seed yield per hectare was computed and expressed in kilograms per hectare. 
Harvest index
The harvest index is defined as the ratio of economic yield to total biological yield  and expressed in per cent. The harvest index was worked out as indicated below.
	Harvest Index =
	Economic yield (kg ha-1)
	× 100

	
	Biological yield (kg ha-1)
	

















RESULTS AND DISCUSSION
100 seed weight (g)
In the present investigation, there was an increment in 100 seed weight in normal dates of sowing was shown in Table 1 and Plate 2. As the date of sowing is delayed, there was a significant reduction in 100 seed weight was noticed. Among the dates of sowing, a significantly higher 100 seed weight was noticed in October 1st fortnight sowing (D1) (25.41 g) than in other dates of sowing. However, the minimum 100 seed weight was recorded at very late sowing (D3) (21.72 g) due to rise in temperature may affected by heat stress which causes loss of ovule viability, reduced number of pollen grains retained by the stigma leading to decrease the 100 seed weight. These results are in line with the findings of Golezani et al. (2013) in chickpea.
There was significant difference among the treatments was seen, the plants sprayed with salicylic acid @ 400 ppm (T3) recorded a significantly higher 100 seed weight (25.10 g) and it was on par with the foliar spray of gibberellic acid @ 100ppm (T10) (25.03 g). However, the plants without any spray recorded minimum 100 seed weight (T1) (21.27 g). Increase in 100 seed weight under foliar spray of salicylic acid could be attributed to the fact that, salicylic acid may increase the stem elongation by cell division and expansion as reported by Karim and Khursheed (2011) in wheat.
Interaction among the date of sowing and heat stress mitigating chemicals showed non-significant results for 100 seed weight. Among them, the normal date of sowing and plants sprayed with salicylic acid @ 400 ppm (D1T3) exhibited the significantly highest 100 seed weight (26.70 g) and it was followed by normal dates of sowing and foliar spray of gibberellic acid @ 100 ppm (D1T10) (26.30 g). However, very late sowing without any spray recorded a minimum 100 seed weight (D3T1) (18.20 g). 
However, there was 22.5 per cent increase in 100 seed weight under very late sowing conditions compared with control. Spray of salicylic acid could mitigate the stress by stimulating plant hormones like auxin and cytokinin to deal with stress which inturn enhanced the 100 seed weight and ultimately affects the yield in chickpea. These results are in line with the findings of Sadeghipour and Aghaei (2012) and Vasanthi et al. (2017), who observed that the longer growing period of autumn sown and controlled conditions sown chickpea affected positive characters contributing to yield, such as test weight, which in turn contributed to increased seed yield. Similar findings observed by Karim and Khursheed (2011) in pulses. 
Seed yield/plant (g)
In this present study, there is an increment in seed yield per plant under normal dates of sowing was shown in Table 1. As the date of sowing is delayed, there was a significant reduction in seed yield per plant. Among the dates of sowing, a significantly higher seed yield per plant was noticed in normal sowing (D1) (7.75 g) than in other dates of sowing. However, the minimum seed yield per plant was recorded at December 1st fortnight sowing (D3) (6.95 g) might be due to heat stress which affect abscission of seeds, rate of photosynthesis and limits the plant growth and metabolism that results in severe reductions in seed yield. These results are in line with the findings of Vasanthi et al. (2017) in chickpea.
The results on seed yield per plant varied significantly due to different heat stress mitigating treatments. However, the plants sprayed with salicylic acid @ 400 ppm (T3) recorded a significantly higher seed yield per plant (8.38 g) and it was on par with the foliar spray of gibberellic acid @ 100ppm (T10) (7.91 g) and also significantly lower seed yield per plant was noticed in control (T1) (5.94 g). However, the higher seed yield per plant was observed due to plants sprayed with salicylic acid may increases the water potential through hydrolysis of starch to sugars, resulting in the entry of water into the cell causing elongation and rapid cell division of growing parts. Similar results were obtained in the studies of Vijay Singh (2017) in bengal gram.
 Seed yield per plant showed significant results due to interaction effect of date of sowing and heat stress mitigating chemicals. Among the interactions, normal date of sowing and foliar spray of salicylic acid @ 400 ppm (D1T3) exhibited the maximum seed yield per plant (8.71 g) and was followed by normal dates of sowing and foliar spray of gibberellic acid @ 100 ppm (D1T10) (8.58 g) as compared to all other treatments. Whereas very late sowing without any spray recorded the minimum seed yield per plant (D3T1) (5.78 g). 
In this present investigation, results signify the role of salicylic acid in regulating heat stress response in chickpea crop and there was 27.0 per cent increase in seed yield per plant compared to control under very late sowing conditions due to the fact that salicylic acid appears to induce the stress resistance by increasing the activity of stress enzymes that acts to deal with heat stress leading to an increase in the yield components and seed yield. These results are in line with the findings of Vasanthi et al. (2017) in chickpea, who observed that seeds per pod had a direct effect on seed yield while most of the other characters had an indirect effect under heat stress conditions. Similar results were obtained in the studies of Vijay Singh (2017) in bengal gram. Avinash et al. (2020) in pigeon pea, who observed that with foliar application of salicylic acid @ 400 ppm, they recorded higher seed yield per plant at all the stages of growth.
Seed yield per hectare (kg)
In this present study, there is an increment in seed yield per ha under normal dates of sowing was shown in Table 1. As the date of sowing is delayed, there is a significant reduction in seed yield per ha. Among the dates of sowing, October 1st fortnight sown plants (normal sowing) (D1) revealed significantly higher seed yield per ha (2073.35 kg) than in other dates of sowing. Whereas the minimum seed yield per ha was recorded at very late sowing (D3) (1580.80 kg) might be due to rise in temperature and reproductive processes are adversely affected by heat stress (35.1 ºC - 40 ºC during podding stage), which causes structural and functional abnormalities leading to failure of pollen germination and pollen tube growth leading to lower yield under very late sowing conditions as reported by Zinn et al. (2010) in pulses and Yadav et al. (1998) in chickpea.
Various treatments differed significantly for seed yield per ha. The plants sprayed with   salicylic acid @ 400 ppm (T3) recorded a significantly higher seed yield per ha (2031.43 kg) and it was on par with the foliar spray of gibberellic acid @ 100ppm (T10) (1998.10 kg). However, seed yield per ha recorded lower in control (T1) (1781.27 kg). The increase in seed yield per ha in foliar spray of salicylic acid might be due to accumulation of specific metabolites such as amino acids, proteins especially proline content which helps to maintain water balance in plant. Similar results were obtained in the studies of Vijay Singh (2017) in bengal gram. 
Seed yield per ha showed significant results due to interaction between date of sowing and heat stress mitigating chemicals. Interaction between normal date of sowing and foliar spray of salicylic acid @ 400 ppm (D1T3) exhibited the maximum seed yield per ha (2179.70 kg) and was followed by normal dates of sowing and foliar spray of gibberellic acid @ 100 ppm (D1T10) (2171.20 kg) as compared to all other treatments. Whereas very late sowing without any spray recorded the minimum seed yield per ha (control) (D3T1) (1463.60 kg). 
In the present study, foliar application of salicylic acid ameliorated adverse effects of heat stress and thus helped the crop to improve the above parameter and there was 16.2 per cent increase in seed yield per ha compared to control under very late sowing conditions might be due to plants sprayed with salicylic acid which is beneficial for enhancing the yield and nutritional quality under heat stress conditions. These results are in line with the findings of Vasanthi et al. (2017) in chickpea, who observed that seeds per pod had a direct effect on seed yield per ha while most of the other characters had an indirect effect. Similar results were also observed by Sharma et al. (2007) who observed that the decrease in yield of grain and legumes grown under high temperature conditions is largely due to the reduction in plant population, number of pods per plant, 100 seed weight, seed yield per plant and seed yield per ha in pulses, which were also observed in the present study. Similar results were obtained in the studies of Vijay Singh (2017) in bengal gram, Bera et al. (2008) and Avinash et al. (2020), in pigeon pea, revealed foliar application of salicylic acid @ 400 ppm recorded higher seed yield per ha.
Harvest index
In general, there is an increment in the harvest index for all dates of sowing was shown in Table 1. Harvest index is decreased significantly as the date of sowing is delayed irrespective of the stage of the crop. Among the dates of sowing, a significantly higher harvest index was noticed in normal sowing (D1) (109.27) than in other dates of sowing. However, the minimum harvest index was recorded at December 1st fortnight sowing (D3) (102.15) might be due to heat stress may reduce the pollen viability during reproductive stage that may affect flowering and pod setting stages that leading to decrease in yield. These results are in line with the findings of Sharma et al. (2007) in chickpea.
There was significant difference among all the treatments, the plants sprayed with salicylic acid @ 400 ppm (T3) recorded a significantly higher harvest index (126.37) and it was on par with the foliar spray of gibberellic acid @ 100ppm (T10) (125.73) and also significantly lower harvest index was noticed in plants without any spray (T1) (77.31). However, there was an increase in harvest index might be due to foliar spray of salicylic acid may increase proline content by reducing chronic exposures during pollination stage leading to higher yield as reported by Vijay Singh (2017) in bengal gram. 
The Harvest Index showed non-significant results due to interaction between date of sowing and heat stress mitigating chemicals. Among the interactions, normal date of sowing and foliar spray of salicylic acid @ 400 ppm (D1T3) exhibited the maximum harvest index (128.90) and it was followed by normal dates of sowing and foliar spray of gibberellic acid @ 100 ppm (D1T10) (128.50) as compared to all other treatments. Whereas minimum harvest index was recorded under very late sowing without any spray (D3T1) (76.13).
This experiment revealed that there was higher reduction in harvest index was seen in control under very late sowing. This could be overcome by foliar spray of salicylic acid, hence there was 38.2 per cent increase in harvest index was noticed compared to control under very late date of sowing due to foliar spray of salicylic acid enhanced the seed yield which was significantly associated with increased pods per plant that acts to deal with heat stress which leads to higher harvest index. These results are in line with the findings of Vasanthi et al. (2017) in chickpea, who observed that seeds per pod had a direct effect on harvest index while most of the other characters had an indirect effect. Similar results were obtained in the studies of Vijay Singh (2017) in bengal gram. Avinash et al. (2020) in pigeon pea, who observed that with foliar application of salicylic acid @ 400 ppm, they recorded a higher harvest index.
CONCLUSION
It can be concluded that, heat stress adversely affects the seed yield of chickpea. Among the treatments, sowing done at October 15th and plants sprayed with salicylic acid @ 400 ppm twice at vegetative and anthesis stage was found to be better in obtaining significantly higher seed yield parameters in chickpea variety JG-11 under heat stress conditions. 
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Table 1. Effect of dates of sowing and heat stress mitigating chemicals on yield parameters in chickpea

	Treatments
	100 seed weight (g)
	Seed yield per plant (g)
	Seed yield per ha (kg)
	Harvest index

	
	D1
	D2
	D3
	Mean
	D1
	D2
	D3
	Mean
	D1
	D2
	D3
	Mean
	D1
	D2
	D3
	Mean

	T1
	23.5
	22.1
	18.2
	21.27
	6.13
	5.9
	5.78
	5.94
	1956
	1923
	1463
	1781
	79.14
	76.67
	76.13
	77.31

	T2
	24.6
	24.9
	22.6
	24.03
	8.34
	8.14
	7.78
	8.09
	2086
	2059
	1579
	1908
	118.6
	116.65
	113.9
	116.38

	T3
	26.7
	25.1
	23.5
	25.1
	8.71
	8.52
	7.92
	8.38
	2179
	2167
	1746
	2031
	128.9
	127.01
	123.2
	126.37

	T4
	26.1
	24.3
	22.3
	24.23
	8.32
	8.06
	7.44
	7.94
	2057
	2052
	1563
	1891
	110.6
	107.21
	103.31
	107.04

	T5
	24.2
	23.1
	19.9
	22.4
	7.11
	6.84
	6.14
	6.7
	1986
	1983
	1501
	1824
	90.12
	88
	83.21
	87.11

	T6
	25.1
	24.2
	20.3
	23.2
	7.26
	7.8
	7.36
	7.47
	2031
	2030
	1556
	1872
	109.4
	105.77
	99.23
	104.8

	T7
	25.3
	24.8
	21.4
	23.83
	8.22
	7.22
	6.32
	7.25
	2026
	2021
	1549
	1865
	90.9
	86.7
	84.5
	87.37

	T8
	25.6
	24.9
	22.5
	24.33
	7.38
	7.32
	6.72
	7.14
	2067
	2050
	1573
	1897
	116.8
	112.8
	106.3
	111.97

	T9
	26.7
	25.1
	23.6
	25.13
	7.52
	7.38
	7.2
	7.37
	2169
	2160
	1616
	1982
	119.7
	117.6
	108.3
	115.2

	T10
	26.3
	25.9
	22.9
	25.03
	8.58
	8.24
	6.92
	7.91
	2171
	2165
	1657
	1998
	128.5
	125.3
	123.4
	125.73

	Mean
	25.41
	24.44
	21.72
	 
	7.75
	7.54
	6.95
	 
	2073
	2061
	1580
	 
	109.27
	106.37
	102.15
	 

	 
	D
	T
	D x T
	 
	D
	T
	D x T
	 
	D
	T
	D x T
	 
	D
	T
	D x T
	 

	SEm±
	0.007
	0.372
	0.644
	 
	0.004
	0.113
	0.196
	 
	0.53
	29.93
	51.85
	 
	0.018
	1.604
	2.779
	 

	CD @ 5%
	0.024
	1.079
	NS
	 
	0.018
	0.329
	0.469
	 
	2.04
	86.86
	150.45
	 
	0.061
	4.655
	NS
	 


NS: Non-significant
Sowing window                                                                                   
D1 = Normal date of sowing  		
D2 = Late date of sowing  		                                                                           
D3 = Very late date of sowing
Mitigation treatments 		
T1: Control   					 
T2: Salicylic acid (800 ppm)			 
T3: Salicylic acid (400 ppm)			 
T4: Ascorbic acid (10 ppm)						
T6: Thiourea (400 ppm)              
T7: Cycocel (1000 ppm) 
T8: KNO3 (0.3%)                   
T9: Chickpea magic (8g/l)
T10: GA3 (100ppm)
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                                   Plate 1: General view of experimental plot
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	D1T3 : Normal sowing + Salicylic acid @ 400 ppm 
	D1T1 : Normal sowing + Control 
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	D3T3 : Very late sowing + Salicylic acid @ 400 ppm 
	D3T1 : Very late sowing + Control 

	Plate 2: Effect of dates of sowing and heat stress mitigating chemicals on seed weight
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