


Synergistic effects of organic, inorganic and biofertilizers on nutrient content and uptake by capsicum (Capsicum annuum L.)




[bookmark: _Hlk210553306]ABSTRACT

Capsicum (Capsicum annuum L.) is a commercially grown vegetable crop that requires an adequate and balanced nutrient supply for optimal yield and quality. The imbalanced use of inorganic fertilizers has detrimental effects on the soil as well as on the environment. The adoption of Integrated Nutrient Management (INM) thus offers a holistic solution that ensures both immediate and sustained nutrient availability by limiting the use of chemical fertilizers. Keeping this in view, the present investigation was conducted to evaluate the effect of the integrated application of nutrients from different sources on the major nutrient composition and uptake by capsicum plants. The experiment was laid out in a randomized block design (RBD) at the Vegetable farm, Department of Horticulture, Banaras Hindu University, Varanasi, during two rabi seasons 2022-23 and 2024. The experiment consisted of eleven treatments and three replications, with various combinations of organic manures namely, vermicompost, farmyard manure, poultry manure, recommended doses of fertilizers (RDF: 150:60:60 NPK kg/ha), and biofertilizers (Azospirillum and phosphate-solubilizing bacteria). Results revealed that INM treatments significantly enhanced the nitrogen, phosphorus, and potassium content and their uptake as compared to sole organic or inorganic sources. The treatment T8 (RDF 75% + Vermicompost 25% + Azospirillum and PSB 2.5 kg/ha each) consistently recorded the highest nutrient contents: nitrogen (3.61%), phosphorus (0.64%), and potassium (3.96%). Treatment T8 also displayed the maximum uptake of nitrogen (103.61 kg/ha), phosphorus (25.88 kg/ha), and potassium (59.07 kg/ha) across both years. The study suggests that application of organic manures and biofertilizers in combination with inorganic fertilizers improves nutrient uptake and offers a sustainable approach for better productivity of capsicum.
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1. INTRODUCTION 

Capsicum (Capsicum annuum L.), also known as bell pepper or Shimla Mirch, is an economically significant vegetable crop of Solanaceae family. This crop is grown throughout the world for its high nutritional content, medicinal properties, and various culinary uses (Hernandez‐Perez et al., 2020; Brezeanu et al., 2022). Capsicum is cultivated extensively under both open field conditions and protected conditions owing to its high market demand and overall profitability. Its fruits provide vitamins, mainly A and C, carotenoids, phenolic compounds, and minerals, which significantly contribute to nutrition and overall health (Choi et al., 2023; Al Kafi et al., 2025). Its demand is increasing in markets (Akhter et al., 2018) and achieving high yield and quality largely depends on balanced nutrient management practices that can sustain soil fertility and nutrient availability. The excessive and unbalanced application of inorganic fertilizers is effective in enhancing crop productivity in the short term, but can lead to nutrient imbalances, soil degradation, and environmental pollution (Ahmed et al., 2022). Organic manures, vermicompost, farmyard manure, and poultry manure, provide macro- and micronutrients that enhance soil structure, increase nutrient availability, and promote sustainable vegetable production (Rohith et al., 2021; Ahmed et al., 2022; Thakur et al.,2025). Bio-fertilizers, nitrogen fixing bacteria (Azotobacter and Rhizobium) and phosphorus solubilizing microbes, also enhance nutrient availability by mobilizing soil nutrients. Although, organic manures and biofertilizers improve soil health and microbial activity but may not always meet the immediate nutrient demand of high-value crops like capsicum. 
The integration of organic, inorganic, and biofertilizers through integrated nutrient management (INM) offers a holistic solution that ensures both immediate and sustained nutrient availability. This approach not only enhances nutrient use efficiency and uptake by plants but also contributes long term maintenance of soil fertility and ecological balance (Panta and Parajulee, 2021). The combined application of organic fertilizers with inorganic fertilizers attained great significance in vegetable production as large amounts of nutrients are required for continuous production and productivity of capsicum, and relying on fertilizers alone is insufficient to support the soil productivity in high-intensive cropping systems. The adoption of integrated nutrient approach is low across most regions of India, particularly in rural areas. INM strategies in capsicum can help to achieve higher yields and superior quality fruits while simultaneously preserve the soil health for future agricultural activities. Considering all the factors in view, the present study was conducted to study the influence of INM on nutrient content and uptake by capsicum.

2. material and methods 

3.1 Experimental site and design
Field experiments were carried out for two consecutive rabi seasons (2022-23 and 2023-24) at the Vegetable Farm, Department of Horticulture, Banaras Hindu University, Varanasi, Uttar Pradesh. The experimental site was located at 25°10' N latitude and 83°03' E longitude, with an elevation of 128.93 meters above mean sea level. The soil samples were taken before cultivation of the crop from the depth of 0 to 20 cm. The soil was sandy clay loam with pH of 7.9, 197.76 kg/ha of nitrogen, 26.14 kg/ha of phosphorus and 189.48 kg/ha of potassium. The experiment was laid out in a Randomized Block Design (RBD) with eleven treatments (Table 1) and three replications to minimize experimental error (Panse and Sukhatme, 1985). Thirty-days old seedlings of “California Wonder” variety were transplanted in a plot size of 3.0 m × 3.0 m with a spacing of 60 cm × 50 cm. The crop was raised by following all the recommended package and practices. The recommended dose of fertilizers (NPK) for capsicum i.e. 150:60:60 was provided by urea, diammonium phosphate and murate of potash, respectively. Half dose of nitrogen and full doses of phosphorus and potassium were applied as a basal dose. The remaining nitrogen was applied as top dressing after 4 weeks of transplanting. Three organic manures, farmyard manure, poultry manure and vermicompost were applied 10 days before transplanting whereas the biofertilizers (Azospirillum and phosphate solubilizing bacteria) were applied two days before transplanting of seedlings. 
3.2 Data collection and nutrient analysis
Five plants from each treatment were randomly selected and tagged to take the observations. Observations on the nutrient content and uptake of major nutrients (NPK) by the capsicum plants were made after harvest of the crop. The dried samples of plants were finely grounded and stored in sealed bags were used to determine the nutrient content. For estimating nitrogen, phosphorus and potassium content modified Microkjeldhal method (Jackson, 1973), Vanadomolybdate yellow color (Jackson, 1967) and flame photometer method (Jackson, 1973), were employed, respectively. To calculate the nutrient uptake by the plant, the nutrient content (%) was multiplied by the total dry matter production divided by 100 as per the methodology of Gouthami et al. (2021). 
3.3 Statistical analysis
The data obtained were subjected to statistical analysis using one-way analysis of variance (ANOVA) through the online software OPSTAT at a 5% level of significance. To calculate the pooled mean of both years, the data from the two years were averaged. The significance of treatment effects was tested using the F-test at the 5% probability level. The standard error of mean (SEm±) and critical difference (CD) values at 5% significance were also computed to determine the minimum difference required for statistical significance among treatments.

Table 1: Description of Treatment Combinations and Their Corresponding Symbols Used in the Experiment

	S. No.
	Treatments
	Symbols

	1.
	Vermicompost (100% @ 6 t/ha)
	T1

	2.
	Farmyard Manure (100% @ 25 t/ha)
	T2

	3.
	Poultry Manure (100% @ 6 t/ha)
	T3

	4.
	Recommended Dose of Fertilizer (100% @ 150 kg N, 60 kg P2O5, 60 kg K2O/ha)
	T4

	5.
	[bookmark: _Hlk210503019]RDF (50%) + VC (50%) + Biofertilizers (Azospirillum + PSB @ 2.5 kg/ha each)
	T5

	6.
	RDF (50%) + FYM (50%) + Biofertilizers (Azospirillum + PSB @ 2.5 kg/ha each)
	T6

	7.
	RDF (50%) + PM (50%) + Biofertilizers (Azospirillum + PSB @ 2.5 kg/ha each)
	T7

	8.
	[bookmark: _Hlk207721818][bookmark: _Hlk210506225]RDF (75%) + VC (25%) + Biofertilizers (Azospirillum + PSB @ 2.5 kg/ha each)
	T8

	9.
	RDF (75%) + FYM (25%) + Biofertilizers (Azospirillum + PSB @ 2.5 kg/ha each)
	T9

	10.
	RDF (75%) + PM (25%) + Biofertilizers (Azospirillum + PSB @ 2.5 kg/ha each)
	T10

	11.
	Untreated (Control)
	T11




3. results and discussion

3.1 Nitrogen content (%)
During both the years, the nitrogen content in different treatments ranged from 2.63 to 3.59% (2022-23) and 2.72 to 3.63% (2023-24) with T8 showing the highest and T11 showing the lowest values. Similar pattern was recorded for the pooled data across both years that ranged from 2.67% in T11 to 3.61% (T8). The maximum nitrogen content in treatments consisting integrated application of nutrients might be due to the to the combined effect of organic, inorganic, and microbial nutrient sources that enhanced soil fertility and microbial activity, thereby improving nitrogen mineralization and plant assimilation. In contrast, the plots that were not treated showed minimum nitrogen content, likely due to nutrient depletion, volatilization, and limited microbial turnover. The current findings are in line with the findings of Yugvinder et al. (2021), who reported enhanced nitrogen content in chilli with integrated nutrient sources. Prasad et al. (2025) also observed similar improvements with the application of poultry manure (50%) + NPK (50%) in capsicum.
3.2 Phosphorus content (%)
[bookmark: _Hlk210553448]The phosphorous content varied from 0.42 to 0.62% during 2022-23, 0.44 and 0.65% during 2023-24 and 0.43 to 0.64% in the pooled data. During 2022-23, phosphorus content was recorded maximum was recorded in T8 (0.62%), which was at par with T10 (0.61%) and while the lowest was noticed in the T11 (0.42%), followed by treatments T2 (0.47%) and T3 (0.48%). In 2023-24, again T8 (0.65%) showed the maximum value. It was found at par with T10 (0.64%). Whereas the minimum phosphorus content was noticed in T11 (0.44%). The pooled data revealed that the same pattern with maximum recorded in T8 (0.64%), being at par with T10 (0.63%). The minimum concentration of phosphorus was recorded in the T11 (0.43%). The highest phosphorus content in treatment T8 and T10 may be due to enhanced phosphorus solubilization by phosphate-solubilizing bacteria (PSB) and organic acids released from decomposing organic matter. These mechanisms increase the availability of soluble phosphorus for plant uptake. Contrary to this, the lowest phosphorus content in T11 may be associated with low soil phosphorus availability and fixation losses. The findings of the present study are in line with Appireddy et al. (2008) who recorded the increase in phosphorus content in plots treated with INM.

3.3 Potassium content (%)
In 2022-23, the potassium content varied from 1.78 (T11) and 3.92% (T8). Treatment T8 was at par with T10 (3.85). During 2023-24, it varied from 2.05 to 3.99%. The highest potassium content was recorded in treatment T8 (3.99%), which was at par with treatment T10 (3.91%). It was followed by T4 (3.83%) and T9 (3.80%). The lowest potassium content was observed in T11 (2.05%). For the pooled data, similar trend was observed with the highest value recorded in T8 (3.96%) which was at par with T10 (3.88%) and lowest was recorded in T11 (1.92%). The plots which were treated with the integrated nutrients exhibited the highest potassium contents, reflecting more efficient nutrient uptake and assimilation, reduction in potassium fixation by organic manures and enhanced cation exchange capacity of the soil, which improves potassium availability and uptake efficiency. The untreated control plots, on the other hand, exhibited potassium deficiency due to poor nutrient cycling and low soil biological activity. Similar studies were conducted by Appireddy et al. (2008) in capsicum.

Table 2: Nutrient content of capsicum as influenced by integrated nutrient management
	Treatment
	Nitrogen content 
(%)
	Phosphorus content (%)
	Potassium content (%)

	
	2022-23
	2023-24
	Pooled
	2022-23
	2023-24
	Pooled
	2022-23
	2023-24
	Pooled

	T1
	2.98
	3.05
	3.02
	0.49
	0.52
	0.51
	3.10
	3.23
	3.16

	T2
	2.76
	2.85
	2.81
	0.47
	0.50
	0.48
	2.57
	2.70
	2.64

	T3
	2.85
	2.92
	2.89
	0.48
	0.51
	0.50
	2.95
	3.07
	3.01

	T4
	3.27
	3.35
	3.31
	0.57
	0.59
	0.58
	3.75
	3.83
	3.79

	T5
	3.19
	3.25
	3.22
	0.54
	0.55
	0.55
	3.67
	3.74
	3.71

	T6
	3.03
	3.10
	3.07
	0.51
	0.52
	0.51
	3.35
	3.41
	3.38

	T7
	3.13
	3.21
	3.17
	0.52
	0.54
	0.53
	3.50
	3.62
	3.56

	T8
	3.59
	3.63
	3.61
	0.62
	0.65
	0.64
	3.92
	3.99
	3.96

	T9
	3.22
	3.30
	3.26
	0.55
	0.56
	0.56
	3.70
	3.80
	3.75

	T10
	3.38
	3.41
	3.39
	0.61
	0.64
	0.63
	3.85
	3.91
	3.88

	T11
	2.63
	2.72
	2.67
	0.42
	0.44
	0.43
	1.78
	2.05
	1.92

	CD p=0.05)
	0.12
	0.16
	0.11
	0.03
	0.03
	0.02
	0.11
	0.14
	0.10

	SEm±
	0.04
	0.05
	0.04
	0.01
	0.01
	0.01
	0.04
	0.05
	0.04



3.4 Nitrogen uptake by plant (kg/ha)
[bookmark: _Hlk210553469]The nitrogen uptake by capsicum showed significant results. During 2022-23, the nitrogen uptake ranged from 65.12 kg/ha in T11 and 102.12 kg/h in T8. Treatment T8 was followed by T10 (98.15 kg/ha), T4 (96.70 kg/ha) and T9 (90.22 kg/ha). In 2023-24, nitrogen uptake by capsicum ranged from 62.43 (T11) and 105.10 kg/ha (T8). The pooled data of both consecutive seasons showed the maximum value in T8 (103.61 kg/ha). None of the treatments were at par with T8. It was followed by T10 (99.46 kg/ha) and T4 (99.46 kg/ha), while the minimum uptake was observed in the T11 (63.78 kg/ha). The highest uptake of nitrogen in treatment T8 is likely due to the effect of organic manures that reduced the leaching and volatilization losses, inorganic fertilizers provided immediate nutrient supply, and biofertilizers enhanced the nitrogen fixation. Similar results were observed by Shilpa et al. (2024); Hari et al. (2006), Chetri et al. (2012), Altaf et al. (2019) and Sharma et al. (2023).

3.5 Phosphorus uptake by plant (kg/ha)
In 2022-23, the maximum phosphorus uptake of 25.60 kg/ha was observed in T8 followed by T10 (23.25 kg/ha) and T4 (22.70 kg/ha), while the minimum was exhibited by T11 (15.27 kg/ha). In 2023-24, the phosphorus uptake ranged from 14.83 kg/ha to 26.15 kg/ha in T8. Treatment T8 was followed by T10 (24.07 kg/ha) and T4 (23.05 kg/ha). For the pooled data, the values ranged from 15.04 kg/ha (T11) to 25.88 kg/ha (T8). Maximum value of phosphorus uptake in integrated treatment can be attributed to the solubilization of fixed soil phosphorus by organic acids released from vermicompost and the action of PSB, along with the immediate availability of phosphorus from chemical fertilizers. Increased phosphorus content by application of INM was also observed by Gunes et al. (2023); Chetri et al. (2012), Altaf et al. (2019) and Sharma et al. (2023).

3.6 Potassium uptake by plant (kg/ha)
During 2022-23 and 2023-24, potassium uptake by capsicum varied between 24.10 to 58.32 kg/ha in T11 and T8, respectively. Similar results were also observed in 2023-24, where the values ranged between 22.40 kg/ha in T11 to 59.81 kg/ha in T8. It was followed by treatments T10 (57.00 kg/ha) and T4 (55.67 kg/ha). The pooled data further confirmed the consistent effect different treatments, with values varying between 23.25 kg/ha in T11 to 59.07 kg/ha in T8 (59.07 kg/ha).
The highest potassium uptake recorded in treatment T8, may be due to the contribution of organic manures in reducing potassium fixation and providing soluble potassium forms, coupled with efficient uptake facilitated by improved root growth and microbial activity. Whereas the untreated control (T11) showed the lowest values of nutrient uptake for nitrogen, phosphorus and potassium, which emphasized the limitations of relying solely on soil fertility without supplemental nutrient inputs. Treatments that received only chemical fertilizers also showed comparatively lower nutrient uptake which possibly due to losses through leaching, volatilization, and nutrient fixation, which reduced the availability of essential elements to the plants.
Similar studies were also conducted by Hari et al. (2006), who noticed the highest nutrient uptake of nitrogen, phosphorus and potassium with poultry manure applied in combination with the recommended nitrogen fertilizer. Chetri et al. (2012) also observed increase in the nutrient uptake of macronutrients by the combined application of 50 % NPK + 50 % poultry manure (5 t/ha). Bajaj et al. (1979); Altaf et al. (2019) and Sharma et al. (2023) also reported the similar results by the combination of organic and inorganic nutrient sources.

Table 3. Nutrient uptake by capsicum as influenced by integrated nutrient management

	Treatment
	Nitrogen uptake 
(Kg/ha)
	Phosphorus uptake (Kg/ha)
	Potassium uptake (Kg/ha)

	
	2022-23
	2023-24
	Pooled
	2022-23
	2023-24
	Pooled
	2022-23
	2023-24
	Pooled

	T1
	68.41
	71.52
	69.96
	14.38
	15.72
	15.05
	34.10
	35.42
	34.76

	T2
	73.27
	73.28
	73.27
	16.25
	17.17
	16.71
	38.50
	39.75
	39.13

	T3
	70.81
	74.10
	72.45
	18.40
	19.03
	18.72
	42.20
	43.17
	42.69

	T4
	96.70
	100.40
	98.55
	22.70
	23.05
	22.88
	54.22
	55.67
	54.95

	T5
	85.90
	90.20
	88.05
	20.50
	21.37
	20.93
	49.13
	51.33
	50.23

	T6
	82.18
	86.35
	84.27
	19.75
	20.53
	20.14
	47.80
	49.50
	48.65

	T7
	79.39
	83.60
	81.49
	18.80
	19.41
	19.11
	48.80
	50.75
	49.78

	T8
	102.12
	105.10
	103.61
	25.60
	26.15
	25.88
	58.32
	59.81
	59.07

	T9
	90.22
	93.85
	92.03
	21.50
	22.12
	21.81
	50.25
	52.07
	51.16

	T10
	98.15
	100.77
	99.46
	23.25
	24.07
	23.66
	56.10
	57.00
	56.55

	T11
	65.12
	62.43
	63.78
	15.27
	14.83
	15.05
	24.10
	22.40
	23.25

	CD p=0.05)
	3.94
	4.14
	3.61
	0.86
	0.95
	0.46
	1.11
	1.53
	0.88

	SEm±
	1.33
	1.39
	1.22
	0.29
	0.32
	0.16
	0.37
	0.51
	0.30



4. Conclusion

The present study indicated that the maximum nutrient content, and uptake by capsicum were recorded with the application of 75% of RDF + 25% of vermicompost + Biofertilizers (Azospirillum + PSB @ 2.5 kg/ha each) i.e. T8 treatment. Whereas, the minimum values were recorded in control (T11). This result indicated that the use of chemical fertilizer in capsicum can be reduced by 25% through the synergistic application of organic and biological inputs which can lower the environmental impact of intensive vegetable farming. With the help of integrated nutrient management, farmers can grow sustainable capsicum production. 
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