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Effect of Organic Foliar Nutrition on Growth and Yield of Garden Pea (Pisum sativum L.)


ABSTRACT
Background: The garden pea (Pisum sativum L.), an important crop in the north-eastern region's agricultural environment, provides nitrogen to subsequent crops in rotation and eliminating the need for extra fertilizers. However, overuse of inorganic fertilizers harms soil health by depleting beneficial organisms and hindering natural nutrient renewal. 
Aim: To promote sustainable agriculture, this study aims to evaluate the effect of organic foliar nutrition on garden pea development and production during the 2023–24 Rabi season at the Experimental Field, Department of Agronomy, College of Agriculture, Iroisemba, CAU, Imphal, Manipur, India.
[bookmark: _Hlk171699370]Methods: The experiment was conducted using a Randomized Block Design (RBD) with eight treatments, each replicated three times. The treatments were: T₁: Jeevamrutha @3% at 20, 40 and 60 DAS, T₂ : Panchagavya @3% at 20, 40 and 60 DAS, T₃ : Jeevamrutha @5% at 20, 40 and 60 DAS, T₄ : Panchagavya @5% at 20, 40 and 60 DAS, T₅ : Jeevamrutha @7% at 20, 40 and 60 DAS, T₆ : Panchagavya @7% at 20, 40 and 60 DAS, T₇: RDF @ N:P:K 20:60:40 kg/ha and T₈ : Control (Water Spray). 
Result: The result of the research revealed that T₆ was found to be the most remunerative among the other treatments, with the highest benefit-cost ratio (1.74). Thus, the application of Panchagavya @7% at 20, 40, and 60 DAS was found to be most profitable. 
Conclusion: This study suggests that panchagavya application can serve as a practical and sustainable alternative for enhancing productivity while reducing input costs. Further research across diverse agro-climatic conditions is recommended to validate these findings and support wider adoption of sustainable farming practices.	Comment by acer: Small letter
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INTRODUCTION
The garden pea (Pisum sativum L.) holds significant agricultural and nutritional value in India, particularly in the north-eastern region. It is an autogamous crop with cleistogamous flowers and generally less than 1% naturally out-crossing belonging to the Fabaceae family (Singh et al., 2024; Ram et al., 2026). It is most extensively cultivated in the temperate regions and restricted to cooler altitudes in the tropics and winter season in the sub tropics (Meena et al., 2025). Peas are esteemed for their high protein content and essential nutrients, contributing to balanced diets and playing a crucial role in crop rotation systems by fixing nitrogen through symbiosis. India stands out as both the leading producer and consumer of pulses globally, with pulses, including peas, contributing substantially to the dietary protein intake of the population. In recent years, India has seen a significant increase in pulse output. For example, pulse output grew from 13.38 million metric tons in 2005-06 to 25.58 million metric tons in 2020-21, indicating better agricultural techniques and higher productivity (Gaur, 2021). Garden pea production helps to sustainable agriculture by improving soil health, water usage efficiency, and nitrogen fixation, which benefits succeeding crops. However, uncontrolled use of inorganic fertilizers offers considerable difficulties to soil health, jeopardizing its physical, chemical, and biological characteristics. This approach reduces the number of beneficial soil organisms and alters natural nutrient cycles, resulting in soil deterioration and diminished fertility over time. To address these challenges, there is a rising emphasis on minimizing the use of chemical fertilizers and incorporating organic inputs into agricultural methods. The application of organics ameliorates the physicochemical properties, preserves the quality of the soil, and boosts the productivity of the crop. The soil quality includes the soil fertility and biological activity levels, which are inextricably linked because the mineralization of important organic elements occurs through the biomass (Rathore et al., 2023). Organic substances, such as fermented liquid organic manures like panchagavya and jeevamrutha, have emerged as viable alternatives to synthetic fertilizers. Panchagavya, generated from cow products such as dung, urine, milk, curd, and ghee, is well-known for its high nutritional content and growth-promoting characteristics. Panchagavya acts as an immunity booster and growth promoter in the human body. It increases the growth and development of plants and zoo plankton (Singh et al., 2023b). It includes vital nutrients such as nitrogen (N), phosphorus (P), and potassium (K), as well as growth hormones such as indole acetic acid (IAA) and gibberellic acid (GA), which promote plant development, improve soil fertility, and increase agricultural yields (Selvaraj et al., 2007). Jeevamrutha, another form of liquid organic manure, is essential for Zero Budget Natural Farming methods. It is composed of local cow dung, urine, legume flour, jaggery, and live soil, which promotes soil microbial activity and improves soil fertility (Palekar, 2006; Devakumar et al., 2008; Nath et al., 2023). Beneficial microorganisms found in panchagavya and jeevamrutha include nitrogen-fixing bacteria, phosphorus solubilizers, actinomycetes, and fungi, all of which contribute to improved soil health and enzymatic activity (Sreenivasa et al., 2009). The use of these organic inputs has been found to alter a variety of physiological characteristics in plants, including increased nutrient absorption, photosynthesis, flowering and pod development, and seed quality. Furthermore, they help to sustainable agriculture by decreasing the environmental consequences of chemical fertilizers and supporting healthier food production systems (Galindo et al., 2007).	Comment by acer: starting with a lowercase letter	Comment by acer: starting with a lowercase letter
MATERIALS AND METHODS
[bookmark: _Hlk223703042][bookmark: _Hlk223703034]A field experiment was conducted during Rabi season 2023-24 at the Field, College of Agriculture, Central Agricultural University, Iroisemba, Imphal, Manipur. The experimental site is located at 24°.45’N latitude and 93°.54’ E longitude, with an altitude of 774 m above MSL in the Eastern Himalayan Region (II).  The weather condition prevailed in the experimental location during the course of investigation is briefed here under. The rainfall received during the cropping season (November 2023 – February 2024) was 141.62 mm. The mean temperature recorded during the cropping season was 26.2 0C (max.) and 6.4 0C (min.) respectively. The average relative humidity in the morning ranged from 86.2 % to 91.9 % and evening ranged from 41.30 % to 55.10 %. The mean wind velocity 3.57 km hr-1. The soil of the experimental field, which was clay loam in texture, revealed an acidic pH, moderate organic carbon content, low availability of nitrogen and phosphorus, and medium availability of potassium. The experiment was conducted using a Randomized Block Design (RBD) with eight treatments, each replicated three times. The treatments details comprised of T₁: Jeevamrutha @3% at 20, 40 and 60 DAS, T₂  : Panchagavya @3% at 20, 40 and 60 DAS, T₃  : Jeevamrutha @5% at 20, 40 and 60 DAS, T₄ : Panchagavya @5% at 20, 40 and 60 DAS, T₅ : Jeevamrutha @7% at 20, 40 and 60 DAS, T₆ : Panchagavya @7% at 20, 40 and 60 DAS, T₇ : RDF @ N:P:K 20:60:40 kg/ha and T₈  : Control (Water Spray). The garden pea variety Namdhari NS 1100 was used during the course of investigation. This cultivar is an early mature variety, maturing in 80-85 days and resistant to powdery mildew disease. After primary tillage, five tons of Farm Yard Manure (FYM) per hectare was evenly distributed and thoroughly incorporated into the soil across 24 experimental plots. Before sowing, the seed was treated with biofertilizer (Rhizobium leguminosarum) at a rate of 2g/kg seed per hectare. Seeds were sown during first week of November. The seeds were sown at a spacing of 10 cm on ridges made 30 cm apart. The observations on plant height, number of nodules/plant, number of pods/plant, number of seeds/pod, green pod yield, stover yield, biological yield and harvest index were recorded manually on five randomly selected sample plants from each plot in each replication were evaluated individually using the standard approach.
Harvest index was calculated by using the following expression (Donald, 1962).
Harvest index =  × 100
The observed data on crops was statistically analyzed based on the procedure (Gomez and Gomez, 1984). The variance analysis for all treatments was performed using a Randomized Block Design (RBD). Critical difference (CD) at five per cent level of provability was calculated for comparison. 

RESULTS AND DISCUSSION
Growth parameters
The growth parameters are depicted in Table 1. At 60 and 80 days after sowing (DAS), treatment T₆ had the most nodules per plant, with values of 35.20 and 26.47, respectively, which were significantly higher than those of the other treatments. This could be attributed to the micronutrients provide by the Panchagavya.  In contrast, the control treatment (T₈ ) consistently demonstrated the lowest number of nodules per plant, with values of 21.53, and 10.87 at 60 and 80 DAS, respectively.
The plant height of garden pea reported at 60 and 80 days after sowing (DAS) showed substantial differences due to varying amounts and timings of Panchagavya and Jeevamrutha foliar treatments. T₇ (100% RDF) consistently produced the tallest plants, which were statistically equivalent to those found in treatments T₆ (Panchagavya @ 7%), T₅ (Jeevamrutha @ 7%), and T₄ (Panchagavya @ 5%). This rise in plant height can be linked to increased nitrogen and phosphate availability, which most likely boosted meristematic tissue activity, resulting in larger cell numbers and sizes. These results are similar to prior research by Bhardwaj et al. (2021), Sutar et al. (2019), and Singh et al. (2023a).	Comment by acer: begins with a capital letter 
Yield parameters
The yield parameters are depicted in Table 1. The highest mean number of pods per plant was observed in treatment T₇ (100% RDF), statistically at par with T₆ (Panchagavya @ 7%). Treatment T₈  (control) showed the lowest mean number of pods per plant. Adequate nitrogen, phosphorus, and potassium availability improves functional leaf formation, boosting photosynthetic rates and yield components such as pods per plant. These findings align with Purohit et al. (2023). Based on the results, treatment T₇ (100% RDF) had the largest mean number of seeds per pod, which was statistically equivalent to T₆ (Panchagavya @ 7%). In contrast, T₈ (control) had the fewest seeds per pod. These findings agree with those published by Rabade et al. (2022). Treatment T₇ (100% RDF) produced the best green pod yield per hectare, which was statistically comparable to treatments T₆ (Panchagavya @ 7%) and T₅. In contrast, the control (T₁) treatment produced the lowest yields. This increase in production is due to improved assimilate transport and a balanced supply of potassium and nitrate nitrogen, which promote floral retention and effective photosynthetic transfer from source to sink. Excess assimilates were most likely directed toward storage compounds, increasing green pod yields in garden peas. These findings are consistent with previous research by Kumbar et al. (2015), Rabade et al. (2022), Sridhara et al. (2022), and Singh et al. (2023). Treatment T₇ (100% RDF) produced the highest stover production per hectare, which was statistically equivalent to T₆ (Panchagavya at 7%) and T₅. In contrast, the control treatment (T₈ ) produced the lowest yield. T₇ (100% RDF) had the greatest harvest index, which was statistically equivalent to T₆ (Panchagavya @ 7%) and T₅ (Jeevamrutha at 7%). Conversely, the control treatment (T₈ ) had the lowest harvest index. This shows that grain and stover divide dry materials efficiently, which is corroborated by Rabade et al. (2022) results.
Economic parameters
The economic parameters are illustrated in Table 2. The adoption of improved organic techniques in garden pea farming, such as foliar spraying of Panchagavya and Jeevamrutha, is heavily influenced by economic factors. Net returns and benefit-cost ratios are critical to their popularity among farmers. Treatment with 100% RDF had the greatest cultivation cost, gross revenue, and net returns, probably due to increased chemical fertilizer requirements. This is consistent with the findings of Purohit et al. (2023) about greater cultivation expenses. Conversely, the application of 7% Panchagavya demonstrated the highest benefit-cost ratio (1.74), most likely due to improved green pod and seed yields assisted by appropriate nutrient administration timing, as reported by Amareswari et al. (2015).	Comment by acer: begins with a capital letter



	[bookmark: _Hlk171195514][bookmark: _Hlk171195544][bookmark: _Hlk171763321]Treatments
	Plant height (cm)
	Number of nodules per plant
	No. of pods per plant
	No. of seeds per pod
	Green pod yield (kg/ha)
	Biological yield (kg/ha)
	Stover yield (kg/ha)

	
	60DAS
	80DAS
	60DAS
	80DAS
	
	
	
	
	

	T₁
	Jeevamrutha @3%
	28.32
	28.49
	23.40
	14.67
	3.27
	4.20
	1563.70
	3549.86
	1986.16

	T₂ 
	Panchagavya @3%
	29.16
	29.33
	24.67
	17.33
	3.60
	4.53
	1717.88
	3881.02
	2163.13

	T₃ 
	Jeevamrutha @5%
	30.01
	30.36
	25.47
	17.47
	4.13
	4.73
	1820.49
	4042.79
	2222.31

	T₄
	Panchagavya @5%
	32.56
	32.84
	28.27
	19.47
	4.60
	5.33
	1939.34
	4253.72
	2314.38

	T₅
	Jeevamrutha @7%
	32.83
	33.27
	29.60
	20.00
	5.20
	5.73
	2084.86
	4442.36
	2357.50

	T₆
	Panchagavya @7%
	35.93
	36.50
	35.20
	26.47
	5.93
	7.33
	2385.08
	4900.16
	2515.08

	T₇
	RDF
	37.38
	37.62
	26.33
	19.40
	6.27
	7.47
	2493.41
	5026.81
	2533.40

	T₈ 
	Control
	25.13
	25.60
	21.53
	10.87
	2.40
	3.67
	1286.34
	3051.49
	1765.15

	S.Em. (±)
	0.98
	0.96
	0.86
	1.26
	0.21
	0.28
	134.58
	237.50
	66.14

	C.D.(P=0.05)
	2.96
	2.89
	2.61
	3.80
	0.64
	0.86
	407.30
	718.78
	200.18


Table 1: Mean performance of different treatments on growth, yield and yield attributes of garden pea.











Table 2: Mean performance of different treatments on economics of garden pea.
	Treatments
	Total cost of Cultivation (₹/ha)
	Gross return (₹/ha)
	Net return (₹/ha)
	B:C ratio

	T₁
	Jeevamrutha @3%
	59269
	109458.67
	50189.67
	0.85

	T₂ 
	Panchagavya @3%
	59389
	120251.83
	60862.83
	1.02

	T₃ 
	Jeevamrutha @5%
	59989
	127434.06
	67445.06
	1.12

	T₄
	Panchagavya @5%
	60189
	135753.70
	75564.70
	1.26

	T₅
	Jeevamrutha @7%
	60709
	145940.20
	85231.20
	1.40

	T₆
	Panchagavya @7%
	60989
	166955.83
	105966.83
	1.74

	T₇
	RDF
	66743
	174538.47
	107795.47
	1.62

	T₈ 
	Control
	58189
	90044.02
	31855.02
	0.55



CONCLUSION
Excessive chemical fertilizer application affects soil and the environment, forcing long-term agricultural development to fulfill future demand while conserving resources. High cultivation expenses pose a difficulty for small and marginal farmers in India. The research revealed that RDF (T₇) produced higher yields and returns but at a higher initial cost, making it unsuitable for resource-poor farmers. In contrast, spraying @7% panchagavya as a foliar spray (T₆) at 20, 40, and 60 DAS was cost-effective, with a benefit-cost ratio of 1.74, indicating a feasible approach. More study is needed to confirm these findings in different settings, ensuring the best outcomes for sustainable agriculture techniques.
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