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Abstract | Heat stress causes deleterious effects on growth and production of spinach in tropical and subtropical areas. There are many techniques to cope with these stresses but foliar application of chitosan was a very significant tool. Three cultivars of spinach (All Pure Green, Desi Local, and Lahori Palak) were grown at normal temperature 18/20°C (day/night temperature) and then after four weeks after emergence 40/32°C (day/night temperature) was given by gradually enhancing 2°C per day. After one week of heat stress (40/32°C), four treatments (25, 50, 75, 100 ppm) of chitosan were applied as a foliar spray on spinach cultivars in comparison to control (non-treated with chitosan). The research findings evidenced that foliar application of chitosan significantly affected attributes under heat stress. All Pure Green was affected more followed by Desi Local, while Lahori Palak was least affected. Chitosan at 100 ppm revealed the optimized results. It was observed that maximum value (17.48 SPAD units) was found in Lahori Palak at 25 ppm of chitosan, followed (17.05 SPAD units) at 100 ppm in Lahori Palak for chlorophyll contents. The minimum EL (57.75%) was observed in Lahori Palak at 100 ppm, similarly chlorophyll content were also maximum (17.48 SPAD units) in Lahori Palak at 100 ppm, building Lahori Palak more responsive toward chitosan against heat stress. Chitosan application with optimum concentration may help to improve the production potential of spinach cultivars in areas hit by temperature stresses.
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			1. Introduction

			Spinach (Spinacia oleracea L.) is a winter season vegetable, found in moderate climatic conditions and grows best at 15-18°C range of temperature. Pakistan ranked 8th in spinach production, contributing only 0.4% to overall global production. Pakistan produced about 109 thousand tons annually of spinach from the area of 8820 hectares (GOP, 2017-18). Due to climatic change at global level and in the region, temperature fluctuation is being observed which affects crop production. Abiotic stresses i.e. drought, heat and salinity have deleterious impact on growth and development of horticultural crops (Parmar et al., 2017). Heat stress is a leading climatic factor to food security, as it leads to reduction in productivity of crops and livestock population. Diverse species of vegetables showed different trend in response to heat stress, as data collected indicates 1°C rise in temperature cause 10-15% loss decline in crop production (Upadhyaya et al., 2011). Plants naturally compete stress condition and become agile in response to those hostile conditions (Wang et al., 2003). Depending on the severity caused by environmental abiotic factors; plant may adopt different functional, structural and anatomical changes (Potters et al., 2007). These fluctuations cause decline in growth, productivity, nutritional potential and metabolic profile of plants (Altman, 2003). Various genotypes of the vegetables vary in their thermos-tolerance ability (Ali et al., 2019). There are number of other ways to protect plants from heat stress viz. genetic approaches, ROS (reactive oxygen species) and various protectants against heat stress. These different approaches have their different pros and cons which make them suitable or inappropriate for plant protection against heat stress. In spinach at temperatures higher than 35°C, CO2 assimilation rate declined significantly which lead to lower yield (Tang et al., 2007).

			Chitosan is environment friendly natural polymer (Bakhshi et al., 2020), formerly used as a natural seed treatment but a study evidenced that its foliar application is more effective than seed treatment (Janmohahammadi et al., 2014). It (co-polymer of D-glucosamine and N-acetyl-d-glucosamine) has ability to mitigate heat stress in cucumber (Ali et al., 2020). It has been proved a vital chemical for sustainable crop production (Ahmed et al., 2020). In recent years, in search of biological approaches avoidance of chemicals in Agriculture has directed exploring the practice of bio-polymers based biomaterials. Among all the tested biomaterials, chitosan gave the best results (Pichyangkua and Chadchawan, 2015). Chitosan is obtainable in bulk masses from the de-acetylation of the chitin, it has numerous benefits: it is harmless, cheap and can be easily linked with the other compounds to accomplish to enhanced performance of this biomaterial. In recent years, this natural biomaterial with fascinating physiological prospective has been receiving more attention (Katiyar et al., 2015). It has been used as a natural seed treatment (Mohamed et al., 2020) its coating of fruits and vegetables enhanced the shelf life and quality (Cui et al., 2020; Shah and Hashmi, 2020) in abiotic stress resistance (Menazea et al., 2020). 

			Recent studies have revealed that chitosan influences mechanisms of the plants against numerous biotic factors i.e. bacteria, fungi and insects as well as against abiotic factors including cold, toxic metals, salinity, drought and heat stress to enhance the productivity of crops. This natural biomaterial with fascinating physiological prospective has been receiving more consideration and a noticeable interest in agriculture systems due to its tremendous properties particularly in horticultural crops. Chitosan ascertained essential to cope with heat stress in spinach plant. It is widely applicable in agricultural industry to overcome stresses especially heat stress as well as medicines and many other fields (Anusuya and Sathiyabama, 2016). 

			2. Material and Methods

			The current experiment was conducted in growth room of Institute of Horticultural Sciences, University of Agriculture, Faisalabad, during 2018. Three cultivars of spinach were selected (All Pure Green, Desi Local, and Lahori Palak) were obtained from Ayyub Agriculture Research Institute (AARI), Faisalabad. Seeds were sown in plastic pot at (18°C/20°C day/night) in growth room having automated heating and cooling units. 14 hours’ day (lights remained turned on) 10 hours’ night (lights remained turned off). Sand was used as growing medium. Half strength Hoagland’s solution was used for nutrition. Growth room was lightened up by 10000 lux light intensity to provide suitable environment for photosynthesis with 65% humidity level. When seedlings were one-month old temperature was raised daily by 2°C to avoid osmotic shock, until highest temperature (32°C/40°C day/night) was achieved. Plants kept for one-week at 32°C/40°C day/night was considered heat stress. Chitosan was dissolved in water to make it more soluble 0.1 molar C2H4O2 (at room temperature, 12 hours with stirring) was added. One-week after application of high temperature (40/32°C with 14 hours’ day/10 hours’ night), various chitosan levels were sprayed on foliage of seedlings. While, four treatments of chitosan were applied on spinach cultivars i.e. 25, 50, 75, 100 ppm in comparison to control (non-treated with chitosan). Plants at control (without chitosan application) were just foliarly sprayed with distilled water. 1 week after the application of chitosan, data for different parameters viz. number of leaves, leaf area (cm2), along with root and shoot length (cm), root to shoot ratio, mass of fresh seedlings (g), mass of dry seedlings (g) and shoot length (cm) were collected.

			2.1 Physiological attributes

			2.1.1 Chlorophyll contents (SPAD value)

			Chlorophyll content (SPAD value) of leaves of randomly selected 4 plants per pot were measured by the help of SPAD mater (CCM-200 plus Bio- Scientific USA).

			2.2 Cell membrane thermo-stability

			It was measured indirectly by determining electrolyte leakage (EL) (%). To calculate electrolyte leakage of leaf cells assessment of the cell membrane stability (CMS) was done by following method of Farkhondeh et al. (2012) with a few alterations. Leaf samples were taken, after washing 0.3 g of leaf samples with deionized water, these were placed in tubes which had 15 mL of deionized water and incubated for two hours at 25°C. After that electrical conductivity of the solution (L1) was determined. Samples were then autoclaved at 120°C for twenty minutes and the final conductivity (L2) was calculated after equilibration at 25°C. Leaf electrolyte leakage (EL) was measured by following formulae:
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			2.3 Statistical analysis

			The experiment was conducted following 2 factor factorial (cultivars vs chitosan doses) under Completely Randomized Design (CRD). Collected data was evaluated statistically through ANOVA and significance was tested by means of LSD (least significance difference) test at probability level of 5%. 

			3. Results and Discussion

			3.1 Agronomic traits

			Under heat stress (32°C/40°C day/night), it was observed that maximum value (4.10 cm) was found in Desi Local at 75 ppm of chitosan, followed (3.65 cm) at 100 ppm in Lahori Palak under heat stress. However, it was seen that minimum value (2.40 cm) of shoot length was observed in Lahori Palak at 75 ppm, followed by (2.70 cm) at control in All Pure Green under heat stress. On overall basis, it was observed that Desi Local spinach have more shoot length as compared with other cultivars under heat stress regimes (Table 1). 

			Among cultivars, All Pure Green got maximum value (6.10 cm) at 100 ppm of chitosan, followed by Lahori Palak (5.20 cm) at 75 ppm regarding root length at 40°C. However, the minimum value (4.18 cm) of root length was observed in Lahori Palak at control, followed by All Pure Green (4.28 cm) at control at 32°C/40°C (day/night). On the basis of average results, it was noticed that 100 ppm was best dose regarding root length. It was also found that with increasing the concentration of chitosan overall the value of root length was increased in all cultivars of spinach under heat stress. At highest temperature, it was seen that All Pure Green got highest position regarding root length (Table 2). 

			Table 1: Effect of chitosan on shoot length (cm) of spinach cultivars at 40°C.

			
				
					
					
					
					
					
				
				
					
							
							Treatments

						
							
							All pure green

						
							
							Desi local

						
							
							Lahori palak

						
							
							Mean

						
					

					
							
							No CHT

						
							
							2.70 cd

						
							
							3.58 a-d

						
							
							3.45 a-d

						
							
							3.24 A

						
					

					
							
							 25 ppm

						
							
							3.00 a-d

						
							
							3.50 a-d

						
							
							3.13 a-d

						
							
							3.21 A

						
					

					
							
							50 ppm

						
							
							3.43 a-d

						
							
							4.02 ab

						
							
							2.40 d

						
							
							3.28 A

						
					

					
							
							75 ppm

						
							
							2.88 bcd

						
							
							4.10 a

						
							
							2.68 cd

						
							
							3.22 A

						
					

					
							
							100 ppm

						
							
							3.43 a-d

						
							
							2.90 bcd

						
							
							3.65 abc

						
							
							3.33 A

						
					

					
							
							Mean

						
							
							3.09 B

						
							
							3.62 A

						
							
							3.06 B

						
							
							3.38

						
					

				
			

			Different letters in each column and row indicate significant difference among means, while same letters in each column and row showed non-significant results. CHT; chitosan. 

			Table 2: Effect of chitosan on root length (cm) of spinach cultivars at 40°C.

			
				
					
					
					
					
					
				
				
					
							
							Treatments

						
							
							All pure green

						
							
							Desi local

						
							
							Lahori palak

						
							
							Mean

						
					

					
							
							No CHT

						
							
							4.33 ab

						
							
							4.45 ab

						
							
							4.18 b

						
							
							4.32 A

						
					

					
							
							25 ppm

						
							
							4.28 ab

						
							
							4.35 ab

						
							
							4.73 ab

						
							
							4.45 A

						
					

					
							
							50 ppm

						
							
							5.10 ab

						
							
							5.10 ab

						
							
							4.73 ab

						
							
							4.98 A

						
					

					
							
							75 ppm

						
							
							4.63 ab

						
							
							4.58 ab

						
							
							5.20 ab

						
							
							4.80 A

						
					

					
							
							100 ppm

						
							
							6.10 a

						
							
							4.63 ab

						
							
							5.23 ab

						
							
							5.32 A

						
					

					
							
							Mean

						
							
							4.89 A

						
							
							4.62 A

						
							
							4.81 A

						
							
							4.77

						
					

				
			

			Different letters in each column and row indicate significant difference among means, while same letters in each column and row showed non-significant results.

			On overall basis, it was seen that Desi Local cultivar of spinach showed maximum number of leaves. The maximum value (6.00) was gained by Desi Local at 100 ppm of chitosan, followed by Desi Local (5.50) at 25 ppm regarding number of leaves under heat stress. However, it was seen that minimum value (3.00) of number of leaves was observed in Lahori Palak at 75 ppm, followed by in 25 ppm in Lahori Palak (3.25) under heat stress. It was noticed that on the basis of average results 100 ppm was best dose regarding number of leaves. It was also found that with increasing the concentration of chitosan overall numbers of leaves were increased in all cultivars of spinach under heat stress (Table 3). 

			Table 3: Effect of high temperature on number of leaves of spinach cultivars at 40°C.

			
				
					
					
					
					
					
				
				
					
							
							Treatments

						
							
							All pure green

						
							
							Desi local

						
							
							Lahori palak

						
							
							Mean

						
					

					
							
							No CHT

						
							
							4.75 abc

						
							
							4.25 b-e

						
							
							4.25 b-e

						
							
							4.42 A

						
					

					
							
							25 ppm

						
							
							4.25 b-e

						
							
							5.50 ab

						
							
							3.25 de

						
							
							4.33 A

						
					

					
							
							50 ppm

						
							
							4.25 b-e

						
							
							5.00 abc

						
							
							4.50 bcd

						
							
							4.58 A

						
					

					
							
							75 ppm

						
							
							4.50 bcd

						
							
							4.25 b-e

						
							
							3.00 e

						
							
							3.92 A

						
					

					
							
							100 ppm

						
							
							4.25 b-e

						
							
							6.00 a 

						
							
							4.00 cde

						
							
							4.75 A

						
					

					
							
							Mean

						
							
							4.40 AB

						
							
							5.00 A

						
							
							3.80 B

						
							
							4.40

						
					

				
			

			Different letters in each column and row indicate significant difference among means, while same letters in each column and row showed non-significant results.

			However, maximum value of mass of fresh seedling (0.772 g) was found in Lahori Palak at 75 ppm of chitosan, followed (0.690 g) at control in Lahori Palak for fresh weight under heat stress (40°C). It was seen that minimum value (0.304 g) of fresh mass was observed in All Pure Green at control, followed by (0.341 g) at 25 ppm in Desi Local at 32°C/40°C. On the basis of average result, it was noticed that 75 ppm was best dose regarding the fresh mass (g). It was also found that with increasing the concentration of chitosan overall fresh mass increased in all cultivars of spinach under heat stress. Lahori Palak gained highest position regarding fresh mass at 32°C/40°C day/night (Table 4).	

			Table 4: Effect of chitosan on fresh weight (g) of spinach cultivars at 40°C.

			
				
					
					
					
					
					
				
				
					
							
							Treatments

						
							
							All pure green

						
							
							Desi local

						
							
							Lahori palak

						
							
							Mean

						
					

					
							
							No CHT

						
							
							0.304 e

						
							
							0.384 cde

						
							
							0.690 ab

						
							
							0.459 A

						
					

					
							
							25 ppm

						
							
							0.447 b-e

						
							
							0.341 de

						
							
							0.672 abc

						
							
							0.487 A

						
					

					
							
							50 ppm

						
							
							0.522 a-e

						
							
							0.502 a-e

						
							
							0.569 a-e

						
							
							0.531 A

						
					

					
							
							75 ppm

						
							
							0.578 a-e

						
							
							0.360 de

						
							
							0.772 a

						
							
							0.570 A

						
					

					
							
							100 ppm

						
							
							0.629 a-d

						
							
							0.389 b-e

						
							
							0.591 a-e

						
							
							0.536 A

						
					

					
							
							Mean

						
							
							0.496 B

						
							
							0.395 B

						
							
							0.659 A

						
							
							0.517

						
					

				
			

			Different letters in each column and row indicate significant difference among means, while same letters in each column and row showed non-significant results.

			The maximum value (0.088 g) was found in Lahori Palak at 100 ppm of chitosan, followed by Lahori Palak (0.081 g) at 75 ppm regarding dry mass under heat stress. However, it was seen that minimum value (0.033 g) of dry mass was observed in All Pure Green at control, followed by (0.039 g) at 25 ppm in Desi Local under heat stress. On the basis of average results, it was noticed that 100 ppm was best dose regarding seedling dry mass (g). It was also found that with increasing the concentration of chitosan, overall the dry mass was increased in all cultivars of spinach under heat stress. Overall, Lahori Palak cultivar of spinach got highest position regarding dry mass under heat stress (Table 5).

			Table 5: Effect of chitosan on dry weight (g) of spinach cultivars at 40°C

			
				
					
					
					
					
					
				
				
					
							
							Treatments

						
							
							All pure green

						
							
							Desi local

						
							
							Lahori palak

						
							
							Mean

						
					

					
							
							No CHT

						
							
							0.033 e

						
							
							0.039 de

						
							
							0.060 a-e

						
							
							0.044 A

						
					

					
							
							25 ppm

						
							
							0.051 b-e

						
							
							0.039 de

						
							
							0.071 a-d

						
							
							0.054 A

						
					

					
							
							50 ppm

						
							
							0.051 b-e

						
							
							0.055a-e

						
							
							0.059 a-e

						
							
							0.055 AB

						
					

					
							
							75 ppm

						
							
							0.061 a-e

						
							
							0.045 cde

						
							
							0.081 ab

						
							
							0.062 AB

						
					

					
							
							100 ppm

						
							
							0.078 abc

						
							
							0.057 a-e

						
							
							0.088 a

						
							
							0.074 A

						
					

					
							
							Mean

						
							
							0.055 B

						
							
							0.047 B

						
							
							0.072 A

						
							
							0.058

						
					

				
			

			Different letters in each column and row indicate significant difference among means, while same letters in each column and row showed non-significant results.

			Table 6: Effect of chitosan on root to shoot ratio of spinach cultivars at 40°C.

			
				
					
					
					
					
					
				
				
					
							
							Treatments

						
							
							All pure green

						
							
							Desi local

						
							
							Lahori palak

						
							
							Mean

						
					

					
							
							No CHT

						
							
							1.61 abc

						
							
							1.29 bc

						
							
							1.32 bc

						
							
							1.41 A

						
					

					
							
							25 ppm

						
							
							1.47 abc

						
							
							1.28 bc

						
							
							1.62 abc

						
							
							1.45 A

						
					

					
							
							50 ppm

						
							
							1.46 abc

						
							
							1.30 bc

						
							
							2.28 a

						
							
							1.68 A

						
					

					
							
							75 ppm

						
							
							1.59 abc

						
							
							1.14 c

						
							
							2.10 ab

						
							
							1.61 A

						
					

					
							
							100 ppm

						
							
							1.80 abc

						
							
							1.86 abc

						
							
							1.39 bc

						
							
							1.68 A

						
					

					
							
							Mean

						
							
							1.58 A

						
							
							1.37 A

						
							
							1.74 A

						
							
							1.57

						
					

				
			

			Different letters in each column and row indicate significant difference among means, while same letters in each column and row showed non-significant. 

			It was observed that maximum value (2.28) was found in Lahori Palak at 50 ppm of chitosan, followed by (2.10) at 75 ppm in Lahori Palak root to shoot ratio under heat stress. It was seen that minimum value (1.14) root to shoot ratio was observed in Desi Local at 75 ppm, followed by (1.28) at 25 ppm in Desi Local under heat stress. However, on the basis of average result it was noticed that 100 ppm was best dose at par with 50 ppm regarding root to shoot ratio. It was also found that with increasing the concentration of chitosan overall root to shoot ratio increased in all cultivars of spinach under heat stress. On average basis, Lahori Palak got highest position regarding root to shoot ratio under heat stress (Table 6).

			 

			Cultivar and treatment comparison was significantly observed (Table 8). It was observed that maximum value (11.98 cm2) was found in All Pure Green at 100 ppm of chitosan, followed by Lahori Palak (10.8 cm2) at control regarding leaf area under heat stress. It was seen that minimum value (3.65 cm2) leaf area was observed in Desi Local at 25 ppm, followed by at 3.75 cm2 in Desi Local under heat stress. On the basis of average result 100 ppm was best dose regarding leaf area. It was also found that with increasing the concentration of chitosan overall leaf area increased in all spinach cultivars under heat stress. During heat stress, Lahori Palak got highest position regarding the leaf area (Table 7).

			Table 7: Effect of chitosan on leaf area (cm2) of spinach cultivars at 40°C.

			
				
					
					
					
					
					
				
				
					
							
							Treatments

						
							
							All pure green

						
							
							Desi local

						
							
							Lahori palak

						
							
							Mean

						
					

					
							
							No CHT

						
							
							5.40 def

						
							
							4.25 f

						
							
							10.78 ab

						
							
							6.81 A

						
					

					
							
							25 ppm

						
							
							5.90 def

						
							
							3.65 f

						
							
							10.33 abc

						
							
							6.63 A

						
					

					
							
							50 ppm

						
							
							7.18 c-f

						
							
							4.63 ef

						
							
							6.25 def

						
							
							6.02 A

						
					

					
							
							75 ppm

						
							
							8.23 bcd

						
							
							4.18 f

						
							
							8.45 a-d

						
							
							6.95 A

						
					

					
							
							100 ppm

						
							
							11.98 a

						
							
							3.75 f

						
							
							8.10 b-e

						
							
							7.94 A

						
					

					
							
							Mean

						
							
							7.74 A

						
							
							4.09 B

						
							
							8.78 A

						
							
							6.87

						
					

				
			

			Different letters in each column and row indicate significant difference among means, while same letters in each column and row showed non-significant results.

			3.2 Physiological traits

			It was observed that maximum value (17.48 SPAD units) was found in Lahori Palak at 25 ppm of chitosan, followed (17.05 SPAD units) at 100 ppm in Lahori Palak for chlorophyll contents under heat stress. It was seen that minimum value (8.33 SPAD units) chlorophyll was observed in Desi Local at control, followed by (9.08 SPAD units) at 100 ppm in Desi Local under heat stress. Based on average results it was noticed that 100 ppm was best dose regarding chlorophyll contents. It was also found that with increasing the concentration of chitosan overall chlorophyll contents increased in all cultivars of spinach under heat stress. On the overall basis the Lahori Palak got highest Position regarding chlorophyll contents (SPAD value) under heat stress (Figure 1). 

			[image: ]

			Figure 1: Effect of chitosan on chlorophyll contents of spinach cultivars at 40°C.

			It was found that various concentrations of chitosan significantly affect electrolyte leakage of spinach cultivars over control (Table 8). It was observed that maximum value (79.50%) was found in All Pure Green at control, followed by Lahori Palak (77.50%) at 25 ppm regarding electrolyte leakage under heat stress. It was seen that minimum value (57.75%) electrolyte leakage was observed in Lahori Palak at 100 ppm, followed by All Pure Green (63.25%) at 100 ppm of chitosan under heat stress. Based on average results it was noticed that 100 ppm was best does regarding this parameter It was also found that with increasing he concentration of chitosan overall electrolyte leakage %age increased in all spinach cultivars under heat stress. Under heat stress, on the overall basis Desi Local cultivar of spinach got highest position regarding to electrolyte leakage (Figure 2). 

			[image: ]

			Figure 2: Effect of chitosan on electrolyte leakage (%) of spinach cultivars at 40°C.

			To maintain water relation is the key for proper functioning of metabolism. So the use of antitranspirants have been proved an effective technique to mitigate effect of heat stress in horticultural crops recently (Dash et al., 2020; Tonhati et al., 2020). 

			Table 8: Analysis of variance table for influence of chitosan on different spinach cultivars under heat stress.

			
				
					
					
					
					
					
					
				
				
					
							
							Parameters

						
							
							Source of variation

						
							
							P value

						
							
							Parameters

						
							
							Source of variation

						
							
							P value

						
					

					
							
							Shoot length

						
							
							Cultivar (G)

						
							
							0.0657NS

						
							
							Root length 

						
							
							Cultivar (G)

						
							
							0.8046NS

						
					

					
							
							Treatment (T)

						
							
							0.9966NS

						
							
							Treatment (T)

						
							
							0.3503NS

						
					

					
							
							V x T

						
							
							0.1134NS

						
							
							G x T

						
							
							0.9079NS

						
					

					
							
							No of leaves

						
							
							Cultivar (G)

						
							
							0.0026*

						
							
							Fresh Weight

						
							
							Cultivar (G)

						
							
							0.0013**

						
					

					
							
							Treatment (T)

						
							
							0.3533NS

						
							
							Treatment (T)

						
							
							0.7310NS

						
					

					
							
							G x T

						
							
							0.197NS

						
							
							G x T

						
							
							0.5009NS

						
					

					
							
							Dry Weight

						
							
							Cultivar (G)

						
							
							0.0061**

						
							
							Plant height

						
							
							Cultivar (G)

						
							
							0.0036**

						
					

					
							
							Treatment (T)

						
							
							0.0385**

						
							
							Treatment (T)

						
							
							0.3153NS

						
					

					
							
							G x T

						
							
							0.8856NS

						
							
							G x T

						
							
							0.2952NS

						
					

					
							
							Root to shoot  ratio

						
							
							Cultivar (G)

						
							
							0.0000**

						
							
							Leaf area

						
							
							Cultivar (G)

						
							
							0.0000**

						
					

					
							
							Treatment (T)

						
							
							0.8233NS

						
							
							Treatment (T)

						
							
							0.4545NS

						
					

					
							
							G x T

						
							
							0.1652NS

						
							
							G x T

						
							
							0.0131*

						
					

					
							
							EL

						
							
							Cultivar (G)

						
							
							0.2940NS

						
							
							
							
					

					
							
							Treatment (T)

						
							
							0.0000**

						
							
							
					

					
							
							G x T

						
							
							0.0248*

						
							
							
					

				
			

			When P >0.05=Non-significant NS; P ≤0.05=Significant*; P ≤0.01=Highly significant**

			Chitosan has played vital role in alleviation of heat stress in plants (Sharif et al., 2018). In present study various levels of chitosan (0, 25, 50, 75, 100 ppm) were utilized to optimize its level to gain maximum alleviation from drastic effects of heat stress because optimization of growth stimulants, regulators and promotors is very vital step in alleviation of abiotic stress in vegetables. But foliar application oat 100 ppm it was seen that it gives the maximum potential to reduces the stress condition giving release. Cultivars varied in their capacity to tolerate heat stress (Hussain et al., 2016; Ali et al., 2020). Chlorophyll luminescence is considered a key parameter for heat stress injury (Bilger et al., 1990). High temperature above threshold temperature weakened the cell membrane, becomes a cause to produce ROS that mainly attacks photosystem II and respiratory pathways (Goraya et al., 2017).

			During optimization, it was comprehended that spinach cultivars sustainably reduced transpiration rate at each level as it is an effective anti-transpiring chemical. These results confirmed the past research in pepper plants, where 26-43% reduction of water loss upon treatment with chitosan was estimated without changing in biomass production under controlled growth room conditions in pepper plant (Bittelli et al., 2001). It was observed that by chitosan treatment, stem length of plants, number of leaves per plant and mass of fresh and dry leaves was increased (Shehata et al., 2012). This fact also indicated that chitosan was applied as foliar spray on basil plants enhanced height, inflorescence, number of branches, leaf area index, fresh and dry mass of seedling roots and shoots (Pirabalouti et al., 2017). Leaf area was also enhanced as was described earlier by Salachna et al. (2014). It is proved that chitosan is plant growth enhancer and act similar to a plant promoter (Uthairatankij et al., 2007), enhanced stem length, number of leaves, relative growth rate and yield of okra (Pichyangkura and Chadchawan, 2015). In one of study, it was seen that cultivars with less surface temperature and more chlorophyll contents revealed better performance in photosynthetic rate. Such conclusions were reinforced by Shaheen et al. (2016) who observed that that if a cultivar has low temperature of leaf surface and higher lead SPAD value would have more photosynthetic rate. During examination it was observed that heat tolerant cultivars have high chlorophyll contents (SPAD value) than susceptible cultivars in all sowing dates, which is also confirmed (Hussain et al., 2016). Charoenwattana (2013) explored the response of chitosan polymer and lotus extracts (an herbal) to on morphological attributes of orchid. Orchid plantlets were treated with various chitosan levels (10, 30, 50 and 100 ppm) and various concentrations of lotus extract. Highest value for number of leaves and maximum and other growth parameters were observed in plants spray with 100 ppm chitosan. Heat stress produced more electrolyte leakage as compared to normal conditions in recent findings which might be due to damage to cell membrane damage as a result of lipid peroxidation which are indicator of heat stress (Yoshida, 2012) this lipid peoxidation lead to oxidative stress (Kipp and Boyle, 2013) and in response plant develop defensive mechanism (Gommers, 2020). Previous finding of Nguyen et al. (2020) revealed that nano-chitosan mixed with calcium chloride improved antioxidant in strawberry and reduced the MDA content by adopting defensive mechanism. Current findings revealed that chitosan maintained the cell membrane thermos-stability and chlorophyll contents of spinach cultivars under heat stress which are in line with the outcomes of Ali et al. (2020).

			Conclusions and Recommendations

			It was stated that different cultivars have different heat tolerance ability, but chitosan at 100 ppm enhanced the ability to respond against high stress at an optimized level. Moreover, chitosan improved heat resistance capacity under elevated temperature (40°C) prominently more in Lahori Palak. Furthermore, cultivars having a comparatively high capacity to tolerate high temperature could be used in the breeding programs to ensure gene transfer in high yield varieties for the economical yield potential in spinach.
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Abstract | Heat stress causes deleterious effects on growth and production of spinach in tropical and
subtropical areas. There are many techniques to cope with these stresses but foliar application of chitosan
was a very significant tool. Three cultivars of spinach (All Pure Green, Desi Local, and Lahori Palak) were
grown at normal temperature 18/20°C (day/night temperature) and then after four weeks after emergence
40/32'C (day/night temperature) was given by gradually enhancing 2'C per day. After one week of heat stress
(40/32°C), four treatments (25,50, 75,100 ppm) of chitosan were applied as a foliar spray on spinach cultivars
in comparison to control (non-treated with chitosan). The research findings evidenced that foliar application
of chitosan significantly affected attributes under heat stress. All Pure Green was affected more followed by
Desi Local, while Lahori Palak was least affected. Chitosan at 100 ppm revealed the optimized results. It was
observed that maximum value (17.48 SPAD units) was found in Lahori Palak at 25 ppm of chitosan, followed
(17.05 SPAD units) at 100 ppm in Lahori Palak for chlorophyll contents. The minimum EL (57.75%) was
observed in Lahori Palak at 100 ppm, similarly chlorophyll content were also maximum (17.48 SPAD units)
in Lahori Palak at 100 ppm, building Lahori Palak more responsive toward chitosan against heat stress.
Chitosan application with optimum concentration may help to improve the production potential of spinach
cultivars in areas hit by temperature stresses.
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1. Introduction and in the region, temperature fluctuation is being
observed which affects crop production. Abiotic
stresses i.e. drought, heat and salinity have deleterious

impact on growth and development of horticultural

pinach (Spinacia oleracea L.) is a winter season
vegetable, found in moderate climatic conditions

and grows best at 15-18'C range of temperature.
Pakistan ranked 8™ in spinach production,
contributing only 0.4% to overall global production.
Pakistan produced about 109 thousand tons annually
of spinach from the area of 8820 hectares (GOP,
2017-18). Due to climatic change at global level

crops (Parmar e al., 2017). Heat stress is a leading
climatic factor to food security, as it leads to reduction
in productivity of crops and livestock population.
Diverse species of vegetables showed different trend
in response to heat stress, as data collected indicates
1°C rise in temperature cause 10-15% loss decline
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