Effect of foliar application of different chemicals on the growth of field pea (Pisum sativum var. arvense L.) under terminal heat stress

Abstract
Heat stress is one of the main factors that restrict crop production and field pea (Pisum sativum L.) is one of the most affected crops. A temperature beyond the optimum for the crop causes irreversible damage to the growth and whole plant development. The objective of this study was to assess the different exogenous chemicals in terms of their effectiveness in counteracting high-temperature stress in field pea. A field trial was held during the rabi seasons of 2023-24 and 2024-25 at the Chandra Shekhar Azad University of Agriculture and Technology, Kanpur. The experimental design adopted was randomized block design with twelve treatments and three replications. The results showed that salicylic acid foliar application (400 ppm) significantly increased the plant height, reduced the days to 50 % flowering, and days to maturity under high temperature stress conditions. Salicylic acid and thiourea, in general, enhanced plant growth and productivity due to enhanced antioxidant defense mechanism. Thus, the foliar application of these types of exogenous chemicals could be a practical and highly effective method to reduce heat stress and maintain the production of field peas even in conditions of increasing temperatures.
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INTRODUCTION 
Field pea (Pisum sativum var. arvense L.), a self-pollinated and cool-season grain legume, is cultivated yearly at higher elevations of the tropics and it is a hardy crop to some extent at 7 to 30°C (Seepal et al., 2025). It is a member of the Fabaceae family, which includes about 450 genera and 1200 species making it one of the largest families of flowering plants (Luitel et al., 2021). Field pea is the third most produced legume worldwide and is among the oldest cultivated plants (Azam et al., 2024). It is a legume that has been identified as very productive, rich in nutrients, and with a great potential to help fight global protein malnutrition (Pandey et al., 2021).
Globally, field pea and garden pea are the two main varieties of peas that are used in a traditional manner. It is mainly the garden peas that find their way to the table as delicious green seeds, while the field peas are engaged in a number of roles such as being a source of dry matter fodder, silage, haylage, immature grain, green manure, straw, and green fodder (Srivastava et al., 2025). The adaptability of field pea to different climatic conditions plus its multiple uses have secured its position as a major crop for supporting the ecosystem. It prefers well-drained loamy soils with a pH value between 6.0 and 7.5 but is very susceptible to waterlogging.
Nutritionally, field pea seeds are a great source of protein (23%) along with carbohydrates (56.5%), fibre (4.5%), fat (1.1%), minerals (2.2%), and also contain essential vitamins like B1 (Thiamine) and B5 (Pantothenic acid). Besides these, the crop plays a significant role in enhancing soil fertility by virtue of its capacity to biologically fix nitrogen (Sanwal et al., 2024). In irrigated agro-ecosystems, field pea is one of the most important crops that lead to the diversification of cereal-based cropping systems (Kumar et al., 2018; Baishya et al., 2019). The industries utilize field pea seeds as raw material for the production of various value-added food products such as Bombay Chanachur, Ruchi, and PRAN Dal Vaja.
The world’s total area for dry pea production amounts to around 74.08 lakh hectares, with an average yield of 1,857.9 kg ha⁻¹, giving a total output of 137.6 lakh tonnes. In the case of India, the field pea covers an area of around 8.39 lakh hectares with an average yield of 1,352 kg ha⁻¹ leading to production of about 11.34 lakh tonnes (FAOSTAT, 2023). The Intergovernmental Panel on Climate Change (Reisinger et al., 2023) reports that the global average temperature has increased by 1.2°C since the beginning of the industrial era (1850-1900) and is likely to reach 2.7°C by the end of the century. The increase in temperature has a profound effect on plant physiology, morphology, and biochemistry, which eventually leads to a decline in productivity (Chen et al., 2021).
The plant can only grow normally in a given temperature range as stated (Yan et al., 2024) and if the temperature exceeds it, heat stress will occur. Field pea and other cool-season legumes have less tolerance to high temperatures than warm-season legumes (Hall, 2001). The flowering stage is the period when field pea among winter legumes is the most sensitive as it already shows reduced yield at 25°C (Siddique, 1999; Guilioni et al., 2003; Sadras et al., 2013). Various researchers have reported that high temperature has a negative effect on the field pea plant; thus, the plant has less growth, less physiological activity and less yield even if planted in diverse agro-climatic areas (Liu et al., 2019; Jiang et al., 2020).
The production of high-quality seeds is the foundation for food and nutrition security. Seed quality, determined by seed morphology, dormancy, germination and vigour, is very sensitive to the environmental conditions of the crop during growth, processing and storage (Rashid et al., 2018; Lamichaney et al., 2019).
Chemical growth regulators have recently been attracting attention in the area of their potential to relieve abiotic stress, mainly heat-induced damage, by boosting the physiological and biochemical tolerance mechanisms of crops. Salicylic acid, for example, acts as a signaling molecule that increases antioxidant defense and photosynthetic efficiency during heat stress (Hassan et al., 2022). Thiourea, which is a sulfur-containing compound, helps with osmolyte accumulation and stability of chlorophyll thereby keeping the plant's metabolic balance during stress (Ahmad et al., 2022). Cycocel (Chlormequat chloride), which is a growth retardant, not only regulates plant height but also improves the partitioning of assimilates towards the reproductive organs thereby contributing to the stability of yield.
Equally, ascorbic acid is a powerful antioxidant, safeguarding cellular forms from oxidative injury, and potassium chloride (KCl) assists in the regulation of osmotic balance and enzyme activation during heat stress. Boron is involved in cell wall development, viability of the pollen, and seed germination and ripening and in increasing reproductive success even at high temperatures. Ethrel, which induces ethylene emission, synchronizes plant growth and maturity, allowing the crop to avoid the key heat stress periods. Together, these compounds consolidate the plant's defence mechanisms, stabilize physiological activities, and maintain productivity under terminal heat stress.
Of these, salicylic acid (SA) has been widely researched for its role in controlling plant metabolism and its role in abiotic stress tolerance (Khan et al., 2015). Exogenous SA application dramatically increases growth and development of plants under stress through enhanced net CO₂ assimilation and chlorophyll content (Marte and Qaderi, 2016). SA also controls important physiological processes like photosynthesis and proline metabolism, thus safeguarding stressed plants (Miura and Tada, 2014). Heat tolerance in maize has also been induced successfully using exogenous application of SA through foliar spray, irrigation, or seed treatment (Kaur and Gupta, 2016). Thiourea (TU), a stress-alleviating compound with redox-regulating activity because of its –SH group (Sahu, 2017), promotes growth and development of plants under heat stress (Garg et al., 2006; Waqas et al., 2019).
Thus, the current study was conducted to assess the significance of thiourea and salicylic acid foliar application in alleviating the harmful effects of terminal heat stress on field pea variety KPMR-522's growth and physiological performance.


MATERIALS AND METHODS
Experimental Site and Plant Material
The field experiment was performed at the Student Agricultural Research Farm, Chandra Shekhar Azad University of Agriculture and Technology (CSAUAT), Kanpur, Uttar Pradesh, India, over two consecutive Rabi seasons of 2023–24 and 2024–25. The experimental field is located in the central plains of Uttar Pradesh and has a subtropical climate with cold winters and moderate rain. Soil was well-drained sandy loam, medium in fertility and slightly alkaline in reaction. Field pea (Pisum sativum L.) cv. KPMR-522 with its adaptability and high yield potential was employed as the test crop.
Experimental Design and Treatments
Experiment was designed in Randomized Block Design (RBD) having twelve treatments and three replications. Each plot was of 7.5 m², and all agronomic practices were adopted as recommended for obtaining a healthy crop stand. The treatments applied are described in Table 1. 
Crop Management
Sowing was done at optimum soil moisture regimes according to standard agronomic practices for field pea. All the plots received an even basal application of fertilizers as per university package of practices. Irrigation, weed control, and pest control were done evenly on all the treatments. Foliar spray of the respective chemicals was given at vegetative and anthesis stages with the help of a hand sprayer.
Observations Recorded
Observations were recorded for various traits viz. Field emergence (%), plant height (cm), days to 50% flowering (days), days to maturity (days) at vegetative and anthesis stage. Observations were noted from five randomly chosen plants within each plot to check the impact of chemical sprays on terminal heat stress condition. Standard protocols were adopted for recording observations for all parameters. The data of the two consecutive seasons were pooled and used for data analysis.


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 two-year data collected were subjected to Analysis of Variance (ANOVA) suitable for RBD as outlined by Panse and Sukhatme (1985). Comparison of treatment means was done with Critical Difference (CD) at 5% probability level (P = 0.05). Pooled analysis was conducted over the two years to evaluate treatment performance consistency across environments. All the statistical calculations were done by using OPSTAT software (CCSHAU, Hisar) (Sheoran et al., 1998). The coefficient variation (CV%) was calculated to find experimental precision, and graphical plots were made by using MS-Excel 2016 to depict treatment effects.
RESULTS AND DISCUSSION
Field emergence (%)
Foliar spray of salicylic acid at 400 ppm (T₄) showed consistently the highest field emergence (84.33%), followed by thiourea at 400 ppm (T₂) (82.83%), while the minimum emergence was obtained in control (T₁) (65.83%) (Table 2, Figure 1). All these observations clearly indicate that salicylic acid and thiourea treatment enhanced seedling establishment during heat stress, and T₄ proved to be significantly better compared to other treatments for both years as well as in overall pooled analysis. The experimental findings were supported by Megha et al., (2024) in chickpea, and Ashraf et al. (2023) in pea.
Plant Height (cm)
Data in Table 2 and Fig. 1 show that various treatments significantly affected plant height in both seasons. The application of salicylic acid at 400 ppm (T₄) in the vegetative and anthesis stages gave the highest plant height in years, followed by thiourea at 400 ppm (T₂) and 800 ppm (T₃). The control (T₁) recorded the lowest values in all cases, signifying the negative impact of heat stress on non-treated plants. The findings indicated that salicylic acid successfully cushioned heat-caused reduction in growth. Increased plant height under salicylic acid and thiourea treatments could be attributed to their function of enhancing cell elongation, photosynthesis efficiency, and hormonal balance under stress situations. These findings were in good conformity with the observations of Ali and Mahmoud (2013), who indicated that salicylic acid foliar spraying helped to significantly enhance plant height, number of branches, and yield parameters in crops. Equally similar trends were also observed by Akladious (2014) in sunflower, Wahid et al. (2017) and Waraich et al. (2021) in Camelina, Ahmad et al. (2021, 2022) in canola, Debnath et al. (2022) and Yadav et al. (2024) in chickpea, Singh et al. (2024) in moong bean, Majeed et al. (2024) in tomato, and Ahmad et al. (2024) in rapeseed.
Phenological Parameters
The data from Table 3 and Fig. 1 indicated that various treatments significantly affected the days to 50% flowering of field pea. Plants treated with salicylic acid at 400 ppm (T₄) at vegetative and anthesis stages flowered most significantly earlier compared to all other treatments, followed by thiourea at 400 ppm (T₂) and 800 ppm (T₃). The untreated control (T₁) had the longestdays to 50% flowering, showing the negative effect of terminal heat stress on phenological development. The results indicated the  efficacy of Salicylic Acid in accelerating reproductive transition under conditions of heat stress. Similar observations were reported by Mohapatra et al., (2020) in pea, Sadras et al., (2013) in field pea.
In the same vein, results in Table 3 and Fig.1 revealed that the days to maturity were significantly influenced by the treatments. The shortest maturity period was obtained with salicylic acid (400 ppm) followed by that of thiourea at 400 and 800 ppm, but the longest maturity period was obtained with the control. The promotion of flowering and maturity under salicylic acid and thio urea treatments could be due to their regulatory functions in the balance of hormones, enhancement of photosynthetic processes, and preservation of cellular homeostasis at high temperatures. These results are in close conformity with Singh et al. (2024) in moong bean, Pawar et al. (2018), and Akanksha et al. (2021), who concluded that salicylic acid and thiourea spray brought forward phenological growth. The same trend was also noticed by Singh et al. (2019) and Prakash et al. (2022) in groundnut, reaffirming the potential of these treatments to overcome heat-related delays in crop growth and development.









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

	[bookmark: _Hlk211604769]Treatments
	Description
	Field Emergence (%) Pooled
	Plant Height (cm) Pooled

	T1
	   Control
	65.83
	73.50

	T2
	TU at Vegetative+anthesis stage@400 ppm
	82.83
	84.24

	T3
	TU at Vegetative+anthesis stage@200ppm
	81.83
	83.65

	T4
	SA at Vegetative+anthesis stage@400ppme
	84.33
	85.15

	T5
	SA at Vegetative+anthesis stage@800ppm
	80.50
	82.36

	T6
	CCC at Vegetative+anthesis stage@400ppm
	69.66
	76.54

	T7
	CCC at Vegetative+anthesis stage@800ppm
	67.83
	76.16

	T8
	 AA at Vegetative+anthesis stage@10ppm
	78.83
	82.10

	T9
	KCL at Vegetative+anthesis stage@10000ppm
	77.50
	80.88

	T10
	Ethrel at 25 days after sowing@250ppm
	75.00
	79.14

	T11
	Boron at 45 days after sowing@2500ppm
	73.16
	77.53

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

	SE (m±)
	
	1.61
	1.66

	C.D.
	
	4.61
	4.75

	C.V. (%)
	
	5.21
	5.09



Table 3. Effect of foliar application of various chemicals spray on Days to 50% flowering and Days to maturity Under heat stress condition

	Treatments
	Description
	Days to 50 % flowering (Pooled)
	Days to Maturity (Pooled)

	T1
	   Control
	69.16
	132.00

	T2
	TU at Vegetative+anthesis stage@400 ppm
	62.83
	125.33

	T3
	TU at Vegetative+anthesis stage@200ppm
	63.33
	126.16

	T4
	SA at Vegetative+anthesis stage@400ppme
	61.66
	125.00

	T5
	SA at Vegetative+anthesis stage@800ppm
	64.00
	126.66

	T6
	CCC at Vegetative+anthesis stage@400ppm
	68.33
	130.83

	T7
	CCC at Vegetative+anthesis stage@800ppm
	68.66
	131.66

	T8
	 AA at Vegetative+anthesis stage@10ppm
	64.66
	127.16

	T9
	KCL at Vegetative+anthesis stage@10000ppm
	65.33
	127.83

	T10
	Ethrel at 25 days after sowing@250ppm
	67.33
	128.83

	T11
	Boron at 45 days after sowing@2500ppm
	67.66
	129.50

	T12
	Ethrel + Boron 45 days after sowing [Resp.@250ppm+2500ppm]
	66.33
	128.16

	SE (m±)
	
	1.11
	1.04

	C.D.
	
	3.18
	2.98

	C.V. (%)
	
	4.15
	1.99




Fig. 1. Effect of Foliar application of various chemicals spray on Days to Maturity of field pea under heat stress condition.




Conclusion
[bookmark: _Hlk183685723][bookmark: _Hlk198899984][bookmark: _Hlk200024137][bookmark: _Hlk196908816][bookmark: _Hlk209183012]Terminal heat stress significantly restricted field pea growth and phenological development. Foliar treatment with growth-regulating chemicals successfully counteracted the negative influence of high temperature. Of the treatments tested, salicylic acid and thiourea were specifically effective in maintaining plant growth, promoting flowering and synchrony of maturation, and enhancing crop performance under stress. The reason behind the positive response lies in their function to regulate reactive oxygen species, enhanced membrane stability, and consequently increased physiological resilience. Thus, foliar application of salicylic acid (400 ppm) or thiourea (400 ppm) at critical growth phases can be proposed as a feasible and economical method to reduce terminal heat stress and maintain field pea productivity in warmer agro-climatic zones.
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