Assessment of Integrated Nutrient Management Practices on Growth, Yield and Quality of Garden Pea under Gird Zone Conditions of Madhya Pradesh, India

Abstract
A field experiment was conducted during the Rabi season of 2021–22 at RVSKVV, research farm, Department of Agronomy, College of Agriculture, Gwalior (M.P.) to study the effect of integrated nutrient management on the growth, yield, and quality of garden pea (Pisum sativum L. var. hortense) under the Gird zone of Madhya Pradesh. Ten nutrient management treatments comprising different combinations of inorganic fertilizers, organic manures, biofertilizers, and foliar NPK sprays were evaluated in a randomized block design with three replications. The results revealed that the treatment T₄ (75% RDF + 2.5 t/ha FYM) recorded the highest plant height (58.17 cm), number of pods per plant (32.98), seed index (14.33 g), and grain yield (2286 kg/ha), which were significantly superior to other treatments. The lowest values were obtained under control (T₁₀). The study concluded that the integrated application of organic and inorganic sources of nutrients improves the growth, yield, and quality of garden pea while reducing dependence on chemical fertilizers, ensuring sustainable productivity under Gird zone conditions.
Keywords: FYM, foliar spray, Garden pea, INM, RDF, Sustainable productivity.
1. Introduction
The garden pea (Pisum sativum L. var. hortense) is one of the most significant legume vegetable crops and is also referred to as "Matar." It is an annual cool-season vegetable crop planted in India's winter season. Due to its sweet flavour, the garden pea can be consumed raw and is mostly produced for its green seeds. It is the world's second most important legume crop. [1]. It is a nitrogen-fixing leguminous plant, so it increases the quality, productivity, and soil fertility of the next crops [2]. It is a member of the Fabaceae family. It is a widely produced, nutrient-dense vegetable that can be eaten fresh, canned, frozen, or dehydrated as a pulse. It is thought to have originated in Ethiopia, the Mediterranean region, and Central Asia, with a secondary centre of diversity in the Near East [3]. It is a nutrient-dense vegetable, and 7.2 g of digestible protein, 15.8 g of total carbs, 139 I.U. of vitamin A, 9 mg of vitamin C, 34 mg of magnesium, and 139 mg of phosphorus are all present in significant concentrations in this legume's edible part of 100 g [4].
After China, India is the world’s second-largest producer of peas. Globally, approximately 2.18 million hectares are planted with garden peas, producing about 21.77 million tonnes with a productivity of 9.99 metric tonnes per hectare [6]. “In India, peas are cultivated over an area of roughly 0.56 million hectares, yielding an annual production of 5.66 million tonnes and a productivity of 10.11 metric tonnes per hectare” [6]. Only Uttar Pradesh and Madhya Pradesh together account for 60% of all production in India [7]. “Uttar Pradesh, Madhya Pradesh, Jharkhand, Punjab, Himachal Pradesh, West Bengal, Haryana, Bihar, Uttarakhand, Odisha and Karnataka are the principal pea-growing states. Uttar Pradesh is the leading producer of peas. It generates over half of all peas grown in India, and Madhya Pradesh is India's second-largest pea grower” [8].
“Organic manure is becoming increasingly important in modern agriculture due to its benefits in maintaining the soil's health without causing pollution as well as enhancing the physical, chemical, and biological aspects of the soil” [8, 9]. “Good crop yields need the use of chemical fertilisers, but their misuse may be exceedingly detrimental to the environment and their expense prevents the production of economically viable agricultural products. Increased chemical use during intensive farming has contaminated groundwater and upset the balance between the soil, plant, and microbial populations” [8]. “On the other hand, bio-fertilizers are an affordable and sustainable source of plant nutrients that can partially replace chemical fertilisers. By fixing atmospheric nitrogen both symbiotically and a symbiotically with plant roots, as well as by solubilizing insoluble soil phosphates and producing plant development chemicals in the soil, bio-fertilizers play a critical role in enhancing soil fertility” [10].
2. Materials and Methods
2.1 Experimental Details
The research experiment was conducted at the RVSKVV Research Farm, Department of Agronomy, College of Agriculture, Gwalior (M.P.) in the Rabi season of 2021–22. Gwalior has a sub-tropical climate characterized by hot, dry summers, with maximum temperatures soaring above 45˚C during May and June. The winters are chilly, with minimum temperatures dropping to as low as 2˚C in December and January. The texture of the experimental field's soil was sandy clay loam. The soil in the experimental field was high in potash, low in organic carbon and nitrogen availability, and had medium levels of available phosphorus.

Experimental Design and Treatments
The experiment was laid out in a Randomized Block Design (RBD) with 10 treatments and three replications:
Table 1: Treatment Details 
	S. No.
	Treatments

	T1
	100% RDF

	T2
	125% RDF

	T3
	100% RDF + 1% NPK (spray at pod formation)

	T4
	75% RDF + 2.5 t/ha FYM

	T5
	75% RDF + Rhizobium + PSB

	T6
	75% RDF + 1% NPK (spray at flower initiation & pod formation)

	T7
	50% RDF + 2.5 t/ha FYM

	T8
	50% RDF + Rhizobium + PSB

	T9
	50% RDF + 1% NPK (spray at flower initiation & pod formation)

	T10
	Control



The recommended dose of fertilizer (RDF) was 20 kg N, 60 kg P₂O₅, and 20 kg K₂O per hectare. Farmyard manure (FYM) was applied 15 days before sowing as per the treatments. Rhizobium and PSB cultures were used for seed inoculation. For optimum results, seeds of garden pea are treated with Rhizobium culture at the rate of 20 g per kilogram of seed and Phosphate Solubilizing Bacteria (PSB) at 20 g per kilogram of seed before sowing. 
2.2 Details of observations recorded
2.2.1 Growth parameters: 
2.2.1.1 Plant population m-2:
A wooden quadrate of 1m x 1m was used to estimate plant population at the initial (30 DAS) and harvest stage. The quadrate was placed randomly at three places within the plot and average number of plants was calculated.
2.2.1.2 Plant height (cm):
The plant height was measured from the base of the plant to the tip of the fully opened leaf on the main shoot at 30, 45, 60 DAS and also at the harvest stage. Measurements were taken from five plants in each treatment tagged earlier and the average height was calculated and expressed in cm.
2.2.1.3 Number of pods per plant:
The numbers of filled pods present in five tagged plants were counted at harvest stages and the average was calculated and expressed as the number of pods per plant.
2.2.2 Yield attributing characters: 
2.2.2.1 Number of seeds per pod:
The number of seeds from five randomly selected pods from each of the five tagged plants used for the measurement of the number of seeds was counted individually. The average was expressed as the number of seeds per pod.
2.2.1.2 Seed index (g):
Samples were drawn from the produce of each plot and 1000 seeds were Weighed for each sample. Broken seeds were discarded. while counting 1000 seeds.
2.2.2.3 Grain yield (kg ha-1):
Grain yield per plot was converted into per hectare with the help of the formula as given below:

2.2.2.4 Stover yield (kg ha-1):
Stover yield per plot was converted into per hectare with the help of formula as given below:

2.2.2.5 Biological yield (kg ha-1):
Crop bundle weight per plot was converted into per hectare with the help of formula as given below:

2.2.2.6 Harvest Index (%):
The harvest index was obtained by dividing the economic yield (grain yield) with total biological yield and expressed as a percentage.

2.2.3 Quality parameters:
2.2.3.1 Protein content in grain (%):
The Estimation of protein was determined by estimating organic nitrogen using the conventional micro-kjeldahl method as per the procedure given in AOAC (1990).
The protein percentage was calculated by using the following formula:

2.2.3.2 Protein yield (kg ha-1):
The protein yield per hectare was calculated using the formula:

3. Results and Discussion:
3.1 Growth parameters: 
At all stages of crop development, pea growth metrics were significantly affected by fertility levels. Fertility levels were directly related to growth parameters such as plant population, plant height and number of pods per plant. All combined nutrient management treatment interventions significantly outperformed the control in all growth-related metrics. The application of 75% RDF + 2.5 t/ha FYM followed by 75% RDF + Rhizobium + PSB recorded the highest values of all these growth parameters, and both treatments were shown to be much more effective than other INM treatments, including 100% RDF. 50% RDF+ Rhizobium + PSB were applied to the soil in that order of importance. When compared to the control plot, FYM or biofertilizer applications (PSB 20 g/ kg seed + Rhizobium 20 g/ kg seed with 50% RDF or biofertilizer with 75% RDF) significantly increased plant height. These findings are consistent with those of [11], who found that “the application of FYM and the recommended fertilizer dose (RDF) significantly increased plant growth over the control in comparison to different organic manures and inorganic inputs on the growth, yield, and quality attributes of capsicum and garden pea” [12] also noted that integrated nutrient management improved pea output when fertilizer was applied at 50% of the required rate and was supplemented with 2.0 kg each of Rhizobium and PSB and 25 kg of Farmyard Manure [13]. The combined use of NPK @ 30:60:40 kg/ha + FYM 15t/ha + Rhizobium 200g/10kg of seed resulted in the highest yield and nutrient uptake by pea (Pisum sativum L.) cv. Arkel. 
3.2 Yield attributing characters: 
By comparison to the control, all nutrition management strategies almost dramatically increased the factors that are directly related to final seed production, including number of pods/plants, seeds/pod, and 100-seed weight. The combined application of 75% RDF + 2.5 t/ha FYM treatment was significantly greater than the remainder of the other INM treatments, including 100% RDF. The yield-attributing characteristics, such as number of pods/ plants, number of seeds/pods, and 100 seed weight, increased significantly with rising fertility levels and recorded significantly higher statistically equivalent values. These findings are consistent with those of [1, 14, 15, 16, 17], who discovered that NPK + farmyard manure resulted in significantly higher pea crop production qualities. All these yield-attributing features were considerably greater in the treatment T4 75% RDF + 2.5 t/ha FYM than in the control (T10).
The number of seeds per pod, 100-seed weight, and seed as well as stover output per plant, etc. are among the yield-attributing parameters that have a direct impact on plant productivity. The combined effects of 75% RDF + FYM 2.5 t/ha resulted in noticeably higher but statistically equivalent seed and stover yields (2286 kg/ha and 4642 kg/ha, respectively), and they were clearly superior to the other fertility levels. Except for 75% RDF + 1% NPK (spray at flowering initiation & pod formation) and 125% RDF, the next-best treatment was 100% RDF + 1% NPK (spray at pod formation), which likewise produced significantly greater seed yield than 100% RDF and other INM treatments. “The trend of increases in the yield-attributing features, such as pods/plant, seeds/pod, 100-seed weight, and grain yield/plant, as well as higher vegetative growth, was completely in line with the corresponding increases in the seed and straw yields achieved as a result of these treatments. Increasing yield-attributing characteristics and, as a result, pea and other pulse seed yields have also been reported by numerous researchers as a result of integrated nutrient management” [1, 11, 13, 15, 17, 18, 19, 20, 21, 22].
3.3 Qualitative studies
[bookmark: _GoBack]           Protein content is known to be the economic yield in pulses, and improving protein content through appropriate agronomic modifications is the main goal to boost grain legume yield [15]. Grain Protein content is an end product of a complex series of biochemical and physiological processes. The suggested practice of 75% RDF + 2.5 t\ha FYM (T4) resulted in the maximum protein content (20.77%) and protein yield (475.2 kg/ha). “Both the effective transfer of nitrogen from the vegetative portions to the developing seeds and the production of protein from the reduced nitrogen molecules within the seeds may be responsible for this [25]. The findings are consistent with research” [18, 22, 23, 24].
4. Conclusion
It can be concluded that for boosting pea productivity with the highest net income and benefit: cost ratio, the application of 75% RDF + 2.5 t/ha FYM and 75% RDF + Rhizobium + PSB are the optimum organic and inorganic fertilizer combinations. The nutritional quality of the soil is also improved by these treatments. The combination of organic and inorganic nutrient sources enhances nutrient use efficiency, supports soil fertility, and ensures sustainable crop production. This treatment not only improved yield attributes and productivity but also contributed to better soil health and reduced dependency on chemical fertilizers. Hence, it can be recommended as an effective nutrient management practice for achieving sustainable production of garden pea in the region.



Table-2: Effect of Integrated nutrient management on growth of garden pea (Pisum sativum L. var. hortense) under Gird zone of Madhya Pradesh.
	S. No.
	Treatments
	Plant Population (m2)
	Plant height (cm)
	Pods/plant

	
	
	30 DAS
	At harvest 
	30 DAS
	60 DAS
	At harvest
	

	T1
	100% RDF
	11.53
	11.13
	15.00
	39.98
	52.47
	30.15

	T2
	125% RDF
	11.86
	11.57
	15.20
	41.87
	54.97
	31.12

	T3
	100% RDF +1% NPK (spray at pod formation)
	11.13
	11.03
	15.00
	42.87
	56.10
	31.33

	T4
	75% RDF + 2.5 t/ha FYM
	12.40
	12.17
	15.73
	44.97
	58.17
	32.98

	T5
	75% RDF + Rhizobium + PSB
	12.17
	11.80
	15.67
	44.60
	57.43
	32.43

	T6
	75% RDF + 1% NPK (spray at flower initiation & pod formation)
	10.13
	10.07
	14.93
	42.70
	56.03
	31.18

	T7
	50 % RDF + 2.5 /ha FYM
	10.33
	10.13
	15.07
	40.97
	53.23
	31.02

	T8
	50% RDF+ Rhizobium + PSB
	10.93
	10.40
	14.90
	37.73
	49.40
	29.03

	T9
	50% RDF + 1% NPK (spray at flower initiation & pod formation)
	10.07
	9.97
	13.47
	38.90
	50.73
	29.47

	T10
	Control
	10.03
	9.80
	12.60
	37.07
	48.07
	28.92

	 
	SEm±
	0.705
	0.764
	0.562
	0.274
	0.361
	0.704

	 
	CD (P=0.05)
	NS
	NS
	1.669
	0.813
	1.072
	2.090




Fig.: -1: Graph showing the Effect of Integrated nutrient management on growth of garden pea (Pisum sativum L. var. hortense) under Gird zone of Madhya Pradesh.


Table 3: Effect of Integrated Nutrient Management on yield and quality of Garden Pea (Pisum sativum L. var. hortense) under Gird Zone of Madhya Pradesh.
	S.
No.
	Treatments
	Seeds/pod
	Seed index
	Grain yield
(kg ha-1)
	Stover yield
(kg ha-1)
	Biological yield
(kg ha-1)
	Harvest Index
(%) 
	Protein content
(%)
	Protein yield
(kg ha-1)

	T1
	100% RDF
	6.58
	11.80
	1775
	3056
	4831
	30.75
	18.33
	325.4

	T2
	125% RDF
	7.20
	12.30
	1947
	3556
	5503
	31.43
	19.43
	378.2

	T3
	100% RDF +1% NPK (spray at pod formation)
	7.71
	13.77
	2150
	4437
	6587
	32.66
	20.45
	424.4

	T4
	75% RDF + 2.5 t/ha FYM
	8.20
	14.33
	2286
	4642
	6928
	33.00
	20.77
	475.2

	T5
	75% RDF +Rhizobium + PSB
	8.07
	14.13
	2167
	4645
	6778
	32.97
	20.53
	443.2

	T6
	75% RDF +1% NPK (spray at flower initiation& pod formation)
	7.67
	13.13
	2033
	3957
	5990
	31.96
	19.73
	417.8

	T7
	50 % RDF + 2.5 /ha FYM
	6.93
	12.13
	1810
	3417
	5227
	31.23
	18.82
	340.8

	T8
	50% RDF+ Rhizobium + PSB
	6.34
	11.27
	1637
	2749
	4276
	29.30
	17.80
	291.6

	T9
	50% RDF+ 1% NPK (spray at flower initiation& pod formation)
	6.47
	11.57
	1708
	3028
	4736
	30.05
	18.23
	311.4

	T10
	Control
	6.11
	10.90
	1571
	2529
	3743
	28.93
	17.33
	220.2

	 
	SEm±
	0.244
	0.570
	40.32
	51.61
	90.15
	0.877
	0.287
	11.77

	 
	CD (P=0.05)
	0.726
	1.692
	119.82
	153.33
	267.87
	2.607
	0.852
	34.97





Fig.: -2: Effect of Integrated Nutrient Management on Seed/pod, Seed index, Harvest index and Protein content of Garden Pea (Pisum sativum L. var. hortense) under Gird Zone of Madhya Pradesh.


Fig.: -3: Effect of Integrated Nutrient Management on Grain yield, Stover yield, Biological Yield of Garden Pea (Pisum sativum L. var. hortense) under Gird Zone of Madhya Pradesh.
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