


Effect of Different Doses of Nutrients on Growth and Yield of Garden Pea (Pisum sativum L.)


Abstract:
The present field study was conducted to evaluate the impact of different nutrient levels on the growth, physiological traits, and yield attributes of garden pea (Pisum sativum L.) under specific agro-climatic conditions. The experiment included five treatments with varying doses of NPK fertilizers, among which the treatment T5, consisting of 125% of the recommended NPK dose, consistently produced the most favorable results. Observations were recorded at 30, 45, 60 days after sowing (DAS), and at harvest to assess plant height, number of branches per plant, leaf area index (LAI), and dry matter accumulation.The T5 treatment significantly enhanced vegetative growth and physiological efficiency, resulting in better pod formation and overall yield performance. Notably, T5 achieved the highest plant height (68.3 cm), LAI (2.45), and dry matter accumulation (22.8 g/plant), leading to a superior green pod yield of 95.2 q/ha. In contrast, the control treatment (T1), which received no fertilizer, showed the lowest performance across all parameters.The results underscore the importance of optimized nutrient management, especially nitrogen, in achieving enhanced crop performance in legumes. This study supports the adoption of higher-than-recommended NPK doses, tailored to soil conditions, to maximize productivity without adverse effects. Furthermore, the integration of chemical and organic nutrient sources and stage-specific application practices could further improve sustainability and efficiency in garden pea cultivation.	Comment by Asmaa: Space beginning paragraph 	Comment by Asmaa: ??? write name of treatment
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1. Introduction
Garden pea (Pisum sativum L.) is one of the most widely cultivated leguminous vegetable crops, recognized for its early maturity, high nutritional value, and nitrogen-fixing ability that improve soil fertility. It is an integral component of the rabi cropping system in northern and central India (Abhishek et al., 2015). Pea is a rich source of protein (about 20–25%), carbohydrates, vitamins A and C, and minerals like iron and calcium, making it a valuable dietary component (Bose et al., 2000; Bilashini Devi et al., 2018). Optimum growth and yield of pea crops depend significantly on balanced nutrient management. Among macro-nutrients, nitrogen (N), phosphorus (P), and potassium (K) are most critical. Nitrogen is essential for chlorophyll synthesis and vigorous vegetative growth (Ali et al., 2003). Phosphorus supports early root establishment, nodulation, and flower formation, while potassium enhances photosynthesis efficiency, water retention, and disease resistance (Bai et al., 2017; Soniya et al., 2025).	Comment by Asmaa: space	Comment by Asmaa: Bose & som, 2000
In India, many farmers apply fertilizers without considering soil nutrient status or the crop’s actual requirements, often leading to imbalanced nutrient supply (Akarsh et al., 2020). Excessive or deficient fertilization not only reduces crop productivity but also deteriorates soil health (Baswana et al., 2007). Therefore, there is a need to identify optimal nutrient doses for pea cultivation that can improve both productivity and sustainability (Bunker et al., 2018).
Several studies have reported that appropriate combinations of N, P, and K fertilizers significantly improve plant height, number of branches, leaf area index (LAI), dry matter accumulation, flowering behavior, and ultimately, pod yield (Gupta et al., 2017; Hemang et al., 2018). Moreover, the application of balanced nutrients enhances nutrient use efficiency and crop quality (Janusauskaite et al., 2023).
Research trials have demonstrated that an integrated and optimized nutrient management strategy not only improves plant vigor and yield traits but also leads to higher economic returns per unit area (El-Afifi et al., 2017; Abhishek et al.,, 2015). However, the exact dose may vary with soil type, climatic conditions, and variety used. The present investigation was conducted to study the effect of different nutrient doses on the growth and yield performance of garden pea under field conditions using a Randomized Block Design (RBD) with seven treatments and three replications. The objective was to determine the most effective and economically viable nutrient combination that can be recommended for maximizing garden pea yield while ensuring soil fertility.
2. Materials and Methods
2.1 Experimental Site
The field experiment was conducted during the Rabi season of 2023–24 at the ShivalikResearch Farm, located within the premises of Shivalik College of Engineering, Dehradun, Uttarakhand, India. The geographical location of the experimental site lies at approximately 30.3165° N latitude and 78.0322° E longitude, with an altitude of about 640 meters above sea level. The region experiences a temperate climate with cool winters and moderate rainfall.
The soil of the experimental field was sandy loam in texture with pH: 6.8 (slightly acidic), Organic carbon: 0.62% (moderate fertility), Available Nitrogen: 268 kg/ha (medium), Available Phosphorus: 24.5 kg/ha (medium) and Available Potassium: 220 kg/ha (medium)
The field was well-prepared using standard tillage operations. Proper leveling and weed-free conditions were ensured before sowing.
2.2 Experimental Design and Treatment Details
The experiment was laid out in a Randomized Block Design (RBD) with seven treatments and three replications, ensuring statistical reliability and minimizing environmental error (Gomez & Gomez, 1984). Each plot measured 2.5 m × 2.0 m, accommodating adequate plant population and spacing for accurate observation. The garden pea variety ‘Arkel’, a widely accepted early maturing cultivar known for its superior pod quality and yield potential, was selected for the trial (Bilashini Devi et al., 2018).
Spacing and Layout:
Row spacing: 30 cm
Plant spacing: 10 cm
Net plot area: 5.0 m² per plot
Treatment Structure:
	Treatment Code
	Nutrient Level (N:P:K kg/ha)
	Description

	T1
	0:0:0
	Absolute Control

	T2
	20:40:40
	50% RDF

	T3
	25:50:50
	75% RDF

	T4
	30:60:60
	100% RDF

	T5
	35:70:70
	100% RDF + 25% Extra N

	T6
	40:80:80
	100% RDF + 50% Extra N

	T7
	45:90:90
	100% RDF + 75% Extra N


Note: RDF refers to the Recommended Dose of Fertilizers as per ICAR recommendations for garden pea cultivation 
2.3 Crop Establishment and Management
The seeds were treated with Rhizobium leguminosarum before sowing to enhance nodulation and nitrogen fixation. Sowing was done manually using a seed drill to a depth of 2–3 cm on well-prepared beds during the first week of November 2023. Phosphorus and potassium were applied in full as basal doses at the time of sowing. 
Nitrogen was applied in two equal splits—half at sowing and the remaining half at 30 DAS (days after sowing), except in the control treatment. Irrigations were provided at critical stages, i.e., branching, flowering, and pod development. Weeding and plant protection measures were taken manually and with recommended pesticides, respectively, to avoid competition and pest infestation (Ali et al., 2003; Akarsh et al., 2020).
2.4 Parameters Observed
A set of growth and yield parameters were recorded periodically and at harvest to determine the impact of different nutrient doses. The observations included:
Plant Height (cm) – Measured from the base to the tip of the plant 
Number of Branches per Plant – Average of five randomly selected plants from each plot.
Leaf Area Index (LAI) – Calculated using a leaf area meter (model LICOR 3100) at 45 DAS.
Dry Matter Accumulation (g/plant) – Oven-dried samples were taken at 60 DAS and at harvest to measure plant dry weight.
Number of Pods per Plant – Counted from randomly selected five plants per plot.
Pod Length (cm) – Measured from 10 randomly selected pods from each plot.
Pod Weight (g) – Average weight of ten fresh pods per plant.
Green Pod Yield (q/ha) – Final yield was extrapolated from net plot yield to hectare basis.
Statistical Analysis: 
All recorded data were subjected to statistical analysis using ANOVA as per the method suggested by Gomez and Gomez (1984) to test the significance of treatment effects. The Critical Difference (CD) at 5% level of significance was used for comparison among treatment means.
3. RESULTS AND DISCUSSION
3.1 Plant Height (cm)
3.1 Plant Height
Plant height is a vital indicator of vegetative growth and the overall health of the plant. In the present study, plant height increased significantly with increasing nutrient doses. The tallest plants (68.3 cm at harvest) were recorded in treatment T5, followed by T6, whereas the shortest plants (40.1 cm) were observed in the control treatment (T1). This increase in plant height with nutrient application is attributed to the availability of essential nutrients, especially nitrogen, which stimulates cell division and elongation in meristematic regions (Abhishek et al., 2015; Bai et al., 2017). These findings are consistent with Bunker et al. (2018), who observed that nitrogen enhances shoot elongation and contributes to better canopy development in legumes.
3.2 Number of Branches per Plant
The number of branches per plant is closely associated with the photosynthetic surface area and ultimately yield. A significant variation was observed among the treatments. The highest number of branches (5.2) was recorded in T5, followed by T6, whereas the control recorded the least (2.8). This could be due to the balanced application of nutrients which promotes axillary bud growth and branching (Hemang et al., 2018). Similar results were also reported by Gupta et al., (2017), who found a positive correlation between nutrient availability and branching in pea plants.
3.3 Leaf Area Index (LAI)
LAI indicates the leaf surface area available for photosynthesis. In this study, LAI increased significantly with nutrient levels, peaking at T5 (2.45 at 60 DAS), followed by T6 (2.32), while the lowest LAI (1.15) was observed in the control. The increase in LAI in nutrient-rich treatments can be linked to enhanced leaf development and chlorophyll content due to better nutrient assimilation (Soniya et al., 2025). According to Janusauskaite et al., (2023), higher LAI improves radiation interception and biomass accumulation, thereby enhancing yield potential.
3.4 Dry Matter Accumulation (g/plant)
Dry matter accumulation represents the net photosynthate available for plant development. A significant increase in dry matter accumulation was observed in treatment T5 (22.8 g/plant), followed by T6 (21.4 g/plant). The minimum value was recorded in the control (13.1 g/plant). This suggests that higher nutrient doses supported efficient photosynthesis and translocation of assimilates, leading to increased biomass (Bai et al., 2017). A similar trend was observed by Abhishek et al., (2015), who highlighted the role of balanced NPK application in improving biomass accumulation in legumes.
3.5 Yield Attributes and Green Pod Yield
Pods per Plant
Pods per plant are a direct yield component. The highest number of pods per plant (18.3) was found in T5, followed by T6 (17.8), while the control had the lowest number (10.4). Nutrient sufficiency enhances floral bud differentiation and pod setting (Akarsh et al., 2020).
Pod Length (cm)
Pod length significantly increased with nutrient application, with T5 recording the longest pods (9.8 cm), followed by T6 (9.4 cm). The control plot produced the shortest pods (6.3 cm). Adequate nitrogen and phosphorus availability enhances reproductive development, resulting in longer pods (Bunker et al., 2018).
Pod Weight (g)
Pod weight also responded positively to nutrient application. T5 had the highest average pod weight (6.4 g), while the control had the lowest (3.7 g). This improvement is likely due to better seed filling and carbohydrate accumulation promoted by nutrient availability (Ali et al., 2003).
Green Pod Yield (q/ha)
The maximum green pod yield (95.2 q/ha) was obtained in T5, followed by T6 (90.1 q/ha), and the lowest yield was recorded in T1 (48.7 q/ha). The increase in yield under T5 can be ascribed to improved growth, higher pod number, and better pod development, supported by optimal nutrient supply. These results agree with those of Gupta et al., (2017) and Bunker et al. (2018), who reported that integrated and balanced fertilization significantly enhances pod yield in garden pea.
Table 1: Effect of Different Nutrient Doses on Growth and Yield of Garden Pea (Pisum sativum L.)
	Treatment
	Plant Height (cm)
	Branches/Plant
	Leaf Area Index (60 DAS)
	Dry Matter/Plant (g)
	Pods/Plant
	Pod Length (cm)
	Pod Weight (g)
	Green Pod Yield (q/ha)

	T1 (Control)
	40.1
	2.4
	1.12
	12.3
	10.5
	6.8
	3.4
	48.7

	T2 (40:40:30 NPK kg/ha)
	49.8
	3.2
	1.56
	15.6
	13.6
	7.5
	4.5
	65.4

	T3 (60:40:30 NPK kg/ha)
	55.1
	3.7
	1.82
	17.8
	14.5
	8.1
	5.1
	75.6

	T4 (60:60:30 NPK kg/ha)
	61.7
	4.2
	2.01
	19.6
	16.3
	8.5
	5.7
	82.8

	T5 (80:60:40 NPK kg/ha)
	68.3
	5.2
	2.45
	22.8
	18.3
	9.8
	6.4
	95.2

	T6 (100:60:40 NPK kg/ha)
	66.4
	4.9
	2.21
	21.1
	17.8
	9.3
	6.1
	90.1

	T7 (Recommended Dose + Biofertilizer)
	63.2
	4.4
	2.05
	20.4
	17.1
	9.0
	5.9
	88.3

	CD (P=0.05)
	3.42
	0.39
	0.21
	1.8
	1.7
	0.4
	0.3
	4.7

	SEm ±
	1.12
	0.13
	0.07
	0.6
	0.6
	0.14
	0.11
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4. Summary and Conclusion
The present investigation revealed that the application of different nutrient doses had a pronounced effect on the growth characteristics, physiological parameters, and yield components of garden pea. Among all the treatments tested, T5 (125% of the recommended NPK dose) consistently recorded superior results.
The enhanced performance under the T5 treatment is evident from significant improvements in parameters such as plant height (68.3 cm), leaf area index (2.45), dry matter accumulation (22.8 g/plant), and green pod yield (95.2 q/ha). This can be attributed to improved nutrient availability, particularly nitrogen, which supports vigorous vegetative growth and enhanced photosynthetic activity (Abhishek et al. 2015; Bai, et al., 2017). The control treatment (T1), where no fertilizer was applied, showed the poorest performance, highlighting the essential role of macro-nutrients in crop growth and yield formation (Bunker et al., 2018).
The findings also support the idea that integrated and balanced nutrient management plays a key role in promoting both vegetative development and reproductive efficiency in legume crops. These outcomes are aligned with previous studies that emphasized the importance of nutrient optimization in enhancing productivity and resource use efficiency in pulse crops (Soniya, Anju, & Tripathi, 2025).[4]
In conclusion, applying 125% of the recommended NPK dose proved to be the most effective strategy for maximizing the growth and yield of garden pea under the given experimental conditions. The study reinforces the significance of strategic nutrient management in realizing the full genetic potential of the crop.
Recommendations 
Implementation of T5 Nutrient Schedule: Farmers growing garden pea under similar conditions should consider adopting the T5 nutrient regimen, i.e., 125% of the recommended NPK dose, which showed consistently higher yield without any observable nutrient stress (Hemang et al., 2018).[17]
Routine Soil Testing:
Encouraging periodic soil testing will help determine the nutrient status of the soil and guide appropriate fertilizer application, ensuring efficient nutrient use and reduced wastage (Bai, B et al., 2017).[12]
Use of Integrated Nutrient Management (INM):
The combination of organic manures (e.g., farmyard manure or compost) with inorganic fertilizers not only improves soil structure but also enhances nutrient availability and long-term productivity (Abhishek K et al., 2015).[7]
Stage-Specific Nutrient Application:
Splitting nitrogen and other nutrients based on crop growth stages—especially during vegetative growth and pod initiation—can lead to better uptake and utilization while minimizing leaching losses (Abhishek K et al., 2015).[7]
Farmer Awareness and Training:
Extension services should organize regular training sessions for farmers on the importance of balanced nutrient application, how to assess crop needs using tools like leaf area index (LAI), and the role of dry matter accumulation in productivity (El-Afifi et al., 2017).[3]
Further Experimental Validation:
Long-term and location-specific trials should be carried out to validate the consistency of the T5 approach across different soil types and climatic zones, as well as to study its residual impact on soil health.
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Plant Height (cm)	T1 (Control)	T2 (40:40:30 NPK kg/ha)	T3 (60:40:30 NPK kg/ha)	T4 (60:60:30 NPK kg/ha)	T5 (80:60:40 NPK kg/ha)	T6 (100:60:40 NPK kg/ha)	T7 (Recommended Dose + Biofertilizer)	40.1	49.8	55.1	61.7	68.3	66.400000000000006	63.2	Branches/Plant	T1 (Control)	T2 (40:40:30 NPK kg/ha)	T3 (60:40:30 NPK kg/ha)	T4 (60:60:30 NPK kg/ha)	T5 (80:60:40 NPK kg/ha)	T6 (100:60:40 NPK kg/ha)	T7 (Recommended Dose + Biofertilizer)	2.4	3.2	3.7	4.2	5.2	4.9000000000000004	4.4000000000000004	Leaf Area Index (60 DAS)	T1 (Control)	T2 (40:40:30 NPK kg/ha)	T3 (60:40:30 NPK kg/ha)	T4 (60:60:30 NPK kg/ha)	T5 (80:60:40 NPK kg/ha)	T6 (100:60:40 NPK kg/ha)	T7 (Recommended Dose + Biofertilizer)	1.1200000000000001	1.56	1.82	2.0099999999999998	2.4500000000000002	2.21	2.0499999999999998	Dry Matter/Plant (g)	T1 (Control)	T2 (40:40:30 NPK kg/ha)	T3 (60:40:30 NPK kg/ha)	T4 (60:60:30 NPK kg/ha)	T5 (80:60:40 NPK kg/ha)	T6 (100:60:40 NPK kg/ha)	T7 (Recommended Dose + Biofertilizer)	12.3	15.6	17.8	19.600000000000001	22.8	21.1	20.399999999999999	Pods/Plant	T1 (Control)	T2 (40:40:30 NPK kg/ha)	T3 (60:40:30 NPK kg/ha)	T4 (60:60:30 NPK kg/ha)	T5 (80:60:40 NPK kg/ha)	T6 (100:60:40 NPK kg/ha)	T7 (Recommended Dose + Biofertilizer)	10.5	13.6	14.5	16.3	18.3	17.8	17.100000000000001	Pod Length (cm)	T1 (Control)	T2 (40:40:30 NPK kg/ha)	T3 (60:40:30 NPK kg/ha)	T4 (60:60:30 NPK kg/ha)	T5 (80:60:40 NPK kg/ha)	T6 (100:60:40 NPK kg/ha)	T7 (Recommended Dose + Biofertilizer)	6.8	7.5	8.1	8.5	9.8000000000000007	9.3000000000000007	9	Pod Weight (g)	T1 (Control)	T2 (40:40:30 NPK kg/ha)	T3 (60:40:30 NPK kg/ha)	T4 (60:60:30 NPK kg/ha)	T5 (80:60:40 NPK kg/ha)	T6 (100:60:40 NPK kg/ha)	T7 (Recommended Dose + Biofertilizer)	3.4	4.5	5.0999999999999996	5.7	6.4	6.1	5.9	Green Pod Yield (q/ha)	T1 (Control)	T2 (40:40:30 NPK kg/ha)	T3 (60:40:30 NPK kg/ha)	T4 (60:60:30 NPK kg/ha)	T5 (80:60:40 NPK kg/ha)	T6 (100:60:40 NPK kg/ha)	T7 (Recommended Dose + Biofertilizer)	48.7	65.400000000000006	75.599999999999994	82.8	95.2	90.1	88.3	






