Efficacy of Various Chemicals Sprays on Plant Growth of Field pea (Pisum sativum var. arvense L.) in Terminal Heat Stress Conditions

Abstract
Heat stress is one of the most important constraints for crop production. Temperature beyond the optimum level leads to heat stress and causes irreversible damage to the growth and development of field pea. Foliar application of various exogenous chemicals a is a viable option to alter heat stress effect, optimizing plant growth, seed yield under heat stress conditions. Therefore, an experiment was conducted to identify effective exogenous chemicals for reducing heat stress effect in field pea under high-temperature stress conditions. A field experiment was carried out at Chandra Shekhar Azad University of Agriculture & Technology, Kanpur, during 2023-24 and 2024-25 to study the influence of various chemicals spray on plant height, field emergence, days to 50% flowering, days to maturity under stress condition.  The experiment was laid out in Randomized Block Design (RBD) with 12 treatments and three replications. Experimental treatments comprise field pea varieties (KPMR-522) was late sown (28th November) in both years for exposing the crop to high temperature during vegetative and anthesis stage. Delayed sown high-temperature stress condition reduces plant growth and overall development in untreated plants while treated plants with exogenous chemicals, exhibited better plant performance under same heat stress condition.). The treatments comprised of different concentration of different chemicals including untreated plot viz., T1 – Control, T2 – Thiourea 400, T3- Thiourea 200 ppm, T4 – Salicylic acid 400ppm, T5 – Salicylic acid 800ppm, T6 – Ascorbic acid – 10ppm.  Results suggested that foliar applied salicylic acid 400ppm exhibited better performance in terms of highest plant height, reduce days taken for 50 % flowering, and also decreased the total number of days taken to reach at maturity. heat stress severely reduced the field pea growth and productivity. However, foliar application of salicylic acid and thiourea positively affected the plant growth attributes which ultimately increased the final productivity. Concisely, the foliar spray of chemicals particularly, salicylic acid and thiourea, modulated the heat stress-induced losses in field pea cultivar, (KPMR-522) by improving their antioxidant defence mechanism and enhanced the productivity
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INTRODUCTION 
Field pea (Pisum sativum var. arvense L.) is a self-pollinating cool season grain legume crop that grows annually at higher elevations in tropical settings with temperatures ranging from 7 to 30°C (Seepal et al., 2025). It belongs to the Fabaceae family, which has 450 genera and 1200 species, making it the biggest family of flowering plants (Luitel et al., 2021). It is the third-most produced legume globally and one of the oldest crops still in cultivation (Azam et al., 2024). It is acknowledged as one of the most fruitful, nutrient-dense legume crops with significant potential to combat protein malnutrition around the globe (Pandey et al., 2021). The two types of peas that are historically cultivated worldwide are field peas and garden peas. Field peas can be utilized as dry matter fodder, silage, haylage, immature grain, green manure, straw, and green fodder while garden peas are mostly consumed for its edible green seeds for culinary purposes (Srivastava et al., 2025). Field peas, however, are valued for its multipurpose usage and its versatility in adapting to diverse climatic conditions. The crop grows best in well-drained loamy soils with a pH of 6.0 to 7.5, but it is quite vulnerable to waterlogging.  Field peas have exceptional nutritional value that include high protein content (23%), vital vitamins like B1 (Thiamine) and B5 (Pantothenic acid), 2.2% minerals, 4.5% fibres, 56.5% carbohydrates, and 1.1% fat (Anand et al., 2024b). It improves soil health by fixing nitrogen from the environment (Sanwal et al., 2024). In irrigated agro-regions, it currently competes as a crop for the diversification of cereal-based cropping systems (Kumar et al. 2018; Baishya et al. 2019). Many industries, such as Bombay Chanachur, Ruchi, and PRAN Dal Vaja, employ field pea seeds as a raw source to create commodities with added value. 
The production of dry peas was cultivated over an area of 74.08 lakh hectares over the world, with an average productivity standing at 1,857.9 kg/ha, which resulted in an aggregate production of 137.6 lakh tonnes while in India, the cultivation was done on about 8.39 lakh hectares, with productivity nearly at 1,352 kg/ha, with an approximate production of 11.34-lakh-tonne (FAOSTAT, 2023). The current global ambient temperature has increased by 1.2 °C between 1850 and 1900 and is expected to reach 2.7 °C by 2100, according to the Intergovernmental Panel on Climate Change (Reisinger et al. 2023). Plant physiology, morphology, and biochemistry are all altered by heat stress, which eventually reduces plant production (Chen et al., 2021). When temperatures rise above the optimal range for a plant's healthy development, it is said to be experiencing heat stress (HS) (Yan et al., 2024). There is a significant need for high-quality field pea seeds in India (FAOSTAT, 2019). Compared to warm-season grain legumes, field peas and other cool-season grain legumes are more sensitive to high temperatures (Hall, 2001). Additionally, compared to other winter legumes like chickpeas and lentils, field peas have a lower tolerance for heat (Siddique, 1999), hence production frequently decreases when the maximum day temperature goes over 25°C during the flowering stage (Guilioni et al., 2003; Sadras et al., 2013). Several researchers have reported on the effects of high temperatures in different agro-regions on field pea crop growth, physiology, and yields (Liu et al., 2019; Jiang et al., 2020). High-quality seed production is essential for preserving the food and nutritional security of the country. Seed quality, which is often influenced by seed morphology, seed dormancy, germination, germination rate, and vigor, is significantly impacted by the environmental conditions that exist during the crop-growing season and later during processing and storage (Rashid et al., 2018; Lamichaney et al., 2019).
Recently, the usage of chemical growth regulators in crops have gained importance as having stress-alleviating effects on various crops, mostly alleviating heat-induced damages.  These chemical compounds have been reported to have positive influence on physiological and biochemical tolerance pathways of the crop. Salicylic acid, plays a major role as signalling molecule in anti-oxidant defence and photosynthetic efficiency molecular pathway under heat stress conditions (Hassan et al., 2022). Thiourea, a sulphur-containing chemical, facilitates accumulation of osmolytes and stability to chlorophyll, thereby keeping metabolic activity under control during stress (Ahmad et al., 2022). Cycocel (chlormequat chloride), a retardant of plant growth, controls the plant height and enhances assimilate partitioning to the reproductive organs, enhancing stability in yield.
Similarly, ascorbic acid acts as an antioxidant, protecting cell structures against oxidative damage, while potassium chloride (KCL) aids in osmotic balance and enzyme function during heat stress. Boron also aids cell wall building, pollen viability, and seed maturation, ensuring reproductive success even at high temperatures. Ethrel, a chemical that promotes ethylene release, may be applied to manage growth in the plant and promote maturation so that the crop will escape hot, harsh time spells. Together, the compounds reinforce the plant's defensive measures, maintain physiological stability, and sustain productivity under harsh thermal stress. The present study was therefore initiated to evaluate the influence of various chemical applications such as salicylic acid, thiourea, cycocel, ascorbic acid, KCL, boron, and ethrel on mediating terminal heat stress effects on the growth and developmental activity of field pea.
By regulating the main metabolic processes of plants, salicylic acid (SA) in particular has been shown to be important in enhancing their ability to withstand abiotic stress (Khan et al., 2015). According to Marte and Qaderi (2016), exogenous salicylic acid administration significantly enhanced all facets of the plant's growth and development under stress, resulting in a notable rise in net CO2 assimilation and an increase in chlorophyll content. Under stressful conditions, SA controls vital plant physiological functions as photosynthesis and proline (Pro) metabolism, protecting the plant (Miura and Tada, 2014). It has been shown that heat stress tolerance mechanisms in maize can be induced by exogenously applying SA to stressed plants through irrigation, foliar application through spraying, seed soaking, or addition to nutritional medium (Kaur and Gupta 2016). Under stress. Under heat stress conditions, Thiourea (TU), a stress-relieving chemical with a redox regulation property provided by the -SH group (Sahu 2017), increases plant growth and development (Garg et al. 2006; Waqas et al. 2019).
This study was conducted to explore the role of foliage application of thiourea and salicylic acid to ameliorate the adverse effect of heat stress on growth and physiology of field pea variety (KPMR-522) under heat stress condition.
MATERIALS AND METHODS
Experimental Site and Plant Material
The field experiment was conducted at the Student Research Farm, Chandra Shekhar Azad University of Agriculture and Technology (CSAUAT), Kanpur (Uttar Pradesh, India) during two consecutive rRabi seasons of 2023-24 and 2024-25. The experimental site is situated in the central plains of Uttar Pradesh and is characterized by subtropical climatic conditions with cool winters and moderate rainfall. The soil of the experimental field was well-drained, sandy loam in texture, medium in fertility, and slightly alkaline in reaction. The field pea variety KPMR-522, known for its adaptability and high yield potential, was used as the test crop.
Experimental Design and Treatments
The experiment was laid out in a Randomized Block Design (RBD) with twelve treatments and three replications. Each plot measured 7.5 m², and recommended agronomic practices were followed to raise a healthy crop. The list of treatments applied is presented below (Table 1). 
Crop Management
The crop was sown at appropriate soil moisture levels following standard agronomic recommendations for field pea. All plots received a uniform basal dose of fertilizers as per the university package of practices. Irrigation, weed, and pest management were carried out uniformly across treatments. Foliar applications of the respective chemicals were made at the specified crop stages using a hand sprayer. (Specify the stages)
Observations Recorded
Observations on various phenological and growth parameters were recorded from randomly selected plants within each treatment plot to evaluate the influence of different chemical sprays under terminal heat stress conditions. The data were collected using standard procedures as described below:
· Days to 50% flowering: The number of days from sowing to the date when approximately 50% of the plants in each plot had at least one fully open flower was recorded. 
· Plant height (cm): Plant height was measured at the time of 50% flowering from the base of the plant (soil surface) to the tip of the main shoot using a meter scale. The mean height of five randomly selected and tagged plants from each plot was taken to represent the treatment mean.
· Days to maturity: The days to maturity were recorded as the number of days from sowing to the stage when 80-85% of pods in each plot turned yellow and lost their green color, indicating physiological maturity. 
· Field emergence (%): Field emergence was recorded as the percentage of seedlings that successfully emerged above the soil surface within a specific period after sowing (usually 10-12 days). 
Table 1. Details of Treatment combinations
	[bookmark: RANGE!V76][bookmark: _Hlk211772315]S. No.
	Symbol
	Description

	T1
	Control 
	(Untreated)

	T2
	Thiourea
	Vegetative + anthesis stage @ 400 ppm

	T3
	Thiourea
	Vegetative + anthesis stage @ 200 ppm

	T4
	Salicylic acid
	Vegetative + anthesis stage @ 400 ppm

	T5
	Salicylic acid
	Vegetative + anthesis stage @ 800 ppm

	T6
	Cycocel
	Vegetative + anthesis stage @ 400 ppm

	T7
	Cycocel
	Vegetative + anthesis stage @ 800 ppm

	T8
	Ascorbic acid
	Vegetative + anthesis stage @ 10 ppm

	T9
	KCL
	Vegetative + anthesis stage @ 10,000 ppm

	T10
	Ethrel
	25 days after sowing @ 250 ppm

	T11
	Boron
	45 days after sowing @ 2,500 ppm

	T12
	Ethrel + Boron
	45 days after sowing [@250 ppm + 2,500 ppm]




Statistical Analysis
The data collected from the recorded observations during both seasons (2023-24 and 2024-25) were subjected to statistical analysis using the Analysis of Variance (ANOVA) technique appropriate for a Randomized Block Design (RBD) as described by Panse and Sukhatme (1985). The significance of treatment effects was tested at 5% probability level (P = 0.05).
Pooled analysis over the two years was carried out to assess the consistency of treatment performance across environments. When the F-test was found significant, the Critical Difference (CD) at 5% level was calculated to compare treatment means. All statistical computations were performed using standard statistical software packages such as OPSTAT (developed by CCSHAU, Hisar), ensuring accuracy and reliability of results. Coefficient of variation (CV%) was also computed to determine the precision of the experiment. Graphical representations and comparative charts were prepared to illustrate the treatment effects on various traits
RESULTS AND DISCUSSION
The research evaluated the response of field pea growth parameters to foliar application of different chemicals, under heat stress condition. The analysis results are presented in Table 2. And Fig. 1. The treatments had a significant effect on the field emergence of field pea. it was observed that in 2023.24, treatment T4- Salicylic acid 400ppm at both vegetative and anthesis stage (84.00) performed significantly superior to all the other treatments followed by T2- Thiourea 400ppm at both vegetative and anthesis stage (82.00), T3- Thiourea 800ppm at both vegetative and anthesis stage (80.67). However, the lowest field emergence was recorded for the T1 (Control) (64.67). The treatments had a significant effect on the field emergence of field pea during 2024-25. T4- Salicylic acid @ 400ppm at both vegetative and anthesis stage (84.67) was observed to have the highest field emergence, followed by T2- Thiourea@ 400ppm at both vegetative and anthesis stage (83.67), T3- Thiourea 800ppm at both vegetative and anthesis stage (83.00). However, the T1 (Control) (67.00) had the lowest emergence in 2024-25. The pooled analysis for both the years of observation showed that T4- Salicylic acid @ 400ppm at both vegetative and anthesis stage (84.33) performed significantly superior to all the treatments, followed by T2- Thiourea 400ppm at both vegetative and anthesis stage (82.83), T3- Thiourea 800ppm at both vegetative and anthesis stage (81.83). However, the lowest emergence was reported in Control, (65.83). The above finding is supported by Anjum and Wahid (2011), who found that the Foliar application of thiourea significantly improved field emergence traits in bread wheat by enhancing seedling growth, shoot and root length, and overall vigor. This improvement contributed to better establishment under salinity and high temperature stress conditions.



The data in Table 2 and Fig. 2 shows that the treatments had a significant effect on plant height. The highest height was found in T4- Salicylic acid @ 400ppm at both vegetative and anthesis stage (85.48), significantly superior to all the other treatments, followed by T2- Thiourea 400ppm at both vegetative and anthesis stage (84.97), T3- Thiourea @800ppm at both vegetative and anthesis stage (84.32). However, the minimum height (cm) was observed in T1 (Control) (73.23) during 2023-24. In 2024-25, it was observed that the T4- Salicylic acid @ 400ppm at both vegetative and anthesis stage (84.82) was significantly superior to all other treatments, followed by T2- Thiourea @ 400ppm at both vegetative and anthesis stage (83.51), T3- Thiourea @ 800ppm at both vegetative and anthesis stage (82.98). However, the minimum plant height (cm) was observed in T1 (Control) (73.77). The pooled analysis for both the years of observation showed that highest plant height (cm) obtained in T4- Salicylic acid @ 400ppm at both vegetative and anthesis stage (85.15) was significantly superior to all the other treatments, followed by T2- Thiourea 400ppm at both vegetative and anthesis stage (84.24), T3- Thiourea @ 800ppm at both vegetative and anthesis stage (83.65). However, the lowest plant height (cm) was reported in the T1 Control (73.50). The current recordings are in corroboration with the findings of (Ali and Mahmoud, 2013), who found that foliar application of salicylic acid (SA) enhanced significantly plant height, number of branches plant, number of pods plant, number of seeds pod¹ 1000 seeds weight, seed weight plant and seed yield ha¹ as compared with control (untreated plants) and the superiority was due to the high SA concentration (150 ppm). The results showed that the interaction between salicylic acid and zinc nutrient had a significant effect on all studied traits. Application of 150 ppm SA with 500 or 400 ppm zinc produced the highest significant seed yields ha¹.  Also following findings are agreement with the mentioned above results, Akladious, S.A. (2014) in sunflower, Wahid et al., 2017, Ahmad et al., (2021) in camelina & canola, Waraich et al., (2021) in camelina, Debnath et al., (2022) in chickpea, Ahmad et al., (2022) in canola, Yadav at el., (2024) in chickpea, Singh et al., (2024) in moong bean, Majeed et al., 2024) in tomato, Ahmad  et al., (2024) in  rapseed.



Table 2. Effect of foliar application of various chemicals spray on field emergence and Plant height of field pea under heat stress condition

	
	Field Emergence (%)
	Plant Height (cm)

	[bookmark: _Hlk211604769]Treatments
	Description
	2023-24
	2024-25
	Pooled
	2023-24
	2024-25
	Pooled

	T1
	   Control
	64.67
	67.00
	65.83
	73.23
	73.77
	73.50

	T2
	TU at Vegetative+anthesis stage@400 ppm
	82.00
	83.67
	82.83
	84.97
	83.51
	84.24

	T3
	TU at Vegetative+anthesis stage@200ppm
	80.67
	83.00
	81.83
	84.32
	82.98
	83.65

	T4
	SA at Vegetative+anthesis stage@400ppme
	84.00
	84.67
	84.33
	85.48
	84.82
	85.15

	T5
	SA at Vegetative+anthesis stage@800ppm
	79.33
	81.67
	80.50
	82.10
	82.63
	82.36

	T6
	CCC at Vegetative+anthesis stage@400ppm
	69.00
	70.33
	69.66
	77.21
	75.88
	76.54

	T7
	CCC at Vegetative+anthesis stage@800ppm
	67.33
	68.33
	67.83
	76.70
	75.63
	76.16

	T8
	 AA at Vegetative+anthesis stage@10ppm
	77.67
	80.00
	78.83
	81.90
	82.30
	82.10

	T9
	KCL at Vegetative+anthesis stage@10000ppm
	76.33
	78.67
	77.50
	80.70
	81.07
	80.88

	T10
	Ethrel at 25 days after sowing@250ppm
	74.00
	76.00
	75.00
	79.44
	78.84
	79.14

	T11
	Boron at 45 days after sowing@2500ppm
	72.00
	74.33
	73.16
	78.15
	76.92
	77.53

	T12
	Ethrel + Boron 45 days after sowing [Resp.@250ppm+2500ppm]
	74.67
	77.00
	75.83
	80.13
	80.47
	80.3

	SE (m±)
	
	2.27
	2.31
	1.61
	2.33
	2.38
	1.66

	C.D.
	
	6.51
	6.64
	4.61
	6.74
	6.83
	4.75

	C.V. (%)
	
	5.23
	5.20
	5.21
	5.03
	5.16
	5.09


Fig. 1. Effect of Foliar application of various chemicals spray on field emergence (%) of field pea under heat stress condition.
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Fig. 2. Effect of Foliar application of various chemicals spray on plant height (cm) of field pea under heat stress condition.

The data presented in Table 3 and fig. 3 indicate that the treatments significantly influenced the days to 50 % flowering. In the year 2023-24, treatment T4- Salicylic acid @ 400ppm at both vegetative and anthesis stage (59.33) was found to be significantly superior to all other treatments followed by T2- Thiourea 400ppm at both vegetative and anthesis stage (61.00), T3- Thiourea @ 800ppm at both vegetative and anthesis stage (61.33). The maximum time required for 50 % flowering was recorded under the control treatment. According to statistical analysis of 2024-25, treatments had a significant effect on days to 50 % flowering. Results indicated that T4- Salicylic acid @ 400ppm at both vegetative and anthesis stage (64.00) significantly superior to all other treatments followed by T2- Thiourea 400ppm at both vegetative and anthesis stage (64.67), T3- Thiourea @ 800ppm at both vegetative and anthesis stage (65.33). at the same time the maximum days to 50 % flowering was recorded for the T1 control (71.33). The pooled analysis for both the years of observation showed that, treatment T4- Salicylic acid @ 400ppm at both vegetative and anthesis stage (61.66) recorded significantly superior results than the other treatments followed by T2- Thiourea 400ppm at both vegetative and anthesis stage (62.83), T3- Thiourea @ 800ppm at both vegetative and anthesis stage (63.33). However, the control exhibited the longest duration to achieve 50 % flowering. The above finding supported by Foliar application of salicylic acid and thiourea significantly influenced the phenological parameters of mun bean. The minimum days to 50% flowering (35.67 DAS) were recorded with salicylic acid @ 1000 ppm, whereas thiourea @ 250 ppm and @ 1000 ppm recorded maximum days (40 DAS) to 50% flowering (Singh et al., 2024), Pawar et al., (2018), Akanksha et al., (2021), 
The data presented in Table 3 and Fig. 4 indicate that the treatments significantly influenced the days to maturity under heat stress condition. In the year 2023-24, treatment T4- Salicylic acid @ 400ppm at both vegetative and anthesis stage (124.67) was found to be significantly superior to all other treatments followed by T2- Thiourea 400ppm at both vegetative and anthesis stage (125.00), T3- Thiourea @ 800ppm at both vegetative and anthesis stage (126.00). The maximum time required for days to maturity was recorded under the treatment T1 control (132.33). According to statistical analysis of 2024-25, treatments had a significant effect on days to maturity. Results indicated that T4- Salicylic acid @ 400ppm at both vegetative and anthesis stage (125.33) significantly superior to all other treatments followed by T2- Thiourea 400ppm at both vegetative and anthesis stage (125.67), T3- Thiourea @ 800ppm at both vegetative and anthesis stage (126.33). at the same time the maximum days to maturity were found in T1 control (131.67). The pooled analysis for both the years of observation showed that, treatment T4- Salicylic acid @ 400ppm at both vegetative and anthesis stage (125.00) recorded significantly superior results than the other treatments followed by T2- Thiourea 400ppm at both vegetative and anthesis stage (125.33), T3- Thiourea @ 800ppm at both vegetative and anthesis stage (126.16). However, the control exhibited the longest duration to achieve days to maturity. The above finding supported by singh at al., 2019 and also reported by Prakash et al., (2022) in groundnut.
Table 3. Effect of foliar application of various chemicals spray on Days to 50% flowering and Days to maturity Under heat stress condition

	
	Days to 50 % flowering
	Days to Maturity

	Treatments
	Description
	2023-24
	2024-25
	Pooled
	2023-24
	2024-25
	Pooled

	T1
	   Control
	67.00
	71.33
	69.16
	132.33
	131.67
	132.00

	T2
	TU Vegetative+anthesis stage@400 ppm
	61.00
	64.67
	62.83
	125.00
	125.67
	125.33

	T3
	TU Vegetative+anthesis stage@200ppm
	61.33
	65.33
	63.33
	126.00
	126.33
	126.16

	T4
	 SA at Vegetative+anthesis stage@400ppme
	59.33
	64.00
	61.66
	124.67
	125.33
	125.00

	T5
	 SA at Vegetative+anthesis stage@800ppm
	62.00
	66.00
	64.00
	126.33
	127.00
	126.66

	T6
	 CCC at Vegetative+anthesis stage@400ppm
	66.00
	70.67
	68.33
	130.67
	131.00
	130.83

	T7
	 CCC at Vegetative+anthesis stage@800ppm
	66.33
	71.00
	68.66
	132.00
	131.33
	131.66

	T8
	 AA at Vegetative+anthesis stage@10ppm
	62.67
	66.67
	64.66
	127.00
	127.33
	127.16

	T9
	 KCL at Vegetative+anthesis stage@10000ppm
	63.33
	67.33
	65.33
	127.67
	128.00
	127.83

	T10
	 Ethrel at 25 days after sowing@250ppm
	65.33
	69.33
	67.33
	128.67
	129.00
	128.83

	T11
	 Boron at 45 days after sowing@2500ppm
	65.67
	69.67
	67.66
	129.33
	129.67
	129.50

	T12
	 Ethrel + Boron at 45 days after sowing [Resp.@250ppm+2500ppm]
	64.00
	68.67
	66.33
	128.00
	128.33
	128.16

	SE (m±)
	
	1.56
	1.60
	1.11
	1.58
	1.37
	1.04

	C.D.
	
	4.48
	4.58
	3.18
	4.54
	3.94
	2.98

	C.V. (%)
	
	4.24
	4.07
	4.15
	2.14
	1.85
	1.99
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Fig. 3. Effect of Foliar application of various chemicals spray on Days to 50% flowering of field pea under heat stress condition.

Fig. 4. Effect of Foliar application of various chemicals spray on Days to Maturity of field pea under heat stress condition.



Conclusion
The field pea (Pisum sativum var. arvense L.) was being severely affected by terminal heat stress-induced reduction in growth and phenological development. Foliar sprays of growth regulators proved efficacious against this stress. Among all treatments, salicylic acid @ 400 ppm foliar sprayed at both the vegetative and anthesis stages (T₄) gave the best response by recording the highest field emergence (84.33 %), plant height (85.15 cm), days to 50% flowering (61.66 days), and early maturity period (125 days) under pooled analysis. Thiourea @ 400 ppm (T₂) and 800 ppm (T₃) treatments also showed considerable improvement over the control. Improvements realized under SA and TU treatment can be attributed to their ability to regulate ROS activity, enhance membrane stability, and other physiological processes under heat stress. In general, the foliar application of SA @ 400 ppm or TU @ 400 ppm at the critical growth stage may be recommended as a practical and economical measure for circumventing terminal heat stress and maintaining field pea productivity in warmer agro-climatic regions. 
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