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Sustainable Productivity and Profitability Enhancement through Liquid Organic Manures in a Pea, Spinach and Coriander Cropping Sequence 


ABSTRACT
A two-year field experiment was undertaken to assess the effect of integrated use of cow-based liquid organic manures, specifically Ghanjeevamrit (at 0.5, 1.0, and 1.5 t/ha) and Jeevamrit (10%, 20%, and 30% concentrations) on soil health, crop productivity and economic returns under a pea-spinach-coriander cropping sequence in the mid-hills of Himachal Pradesh. The integrated application of these natural farming inputs significantly influenced the pea equivalent yield (PEY) and benefit: cost (B:C) ratio. The highest PEY (114.77 q/ha) and B:C ratio (3.27) were recorded under the treatment T9 (1.5 t/ha Ghanjeevamrit + 30% Jeevamrit). Strong and positive correlation coefficients (r > 0.97) and regression models (R² > 0.97) confirmed the significant linear relationships between input levels and observed parameters. The study confirms the agronomic and economic feasibility of substituting chemical inputs with natural alternatives, offering a sustainable pathway for low-input hill farming.
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INTRODUCTION
Agriculture continues to play a vital role in India’s economy, providing livelihoods to nearly half of the population and accounting for about 16.5% of the nation’s gross value added (Anonymous, 2020). The Indian agricultural landscape is undergoing a transition toward sustainability, prompted by increasing concerns over soil degradation, declining input efficiency, and climate variability. In this context, natural farming also known as Zero Budget Natural Farming-an indigenous system that emphasizes the use of on-farm resources, especially cow-based inputs such as Jeevamrit and Ghanjeevamrit, is being widely promoted by policymakers and researchers (Kumar et al. 2024). Natural farming has been recognized for its potential to rejuvenate soil health, reduce dependency on chemical fertilizers, lower input costs, and improve farm profitability, especially for smallholders and marginal farmers (Chandel et al., 2021).
Himachal Pradesh, located in the Western Himalayan region, is characterized by fragile hill ecosystems, high rainfall variability, and predominantly rainfed agriculture. These constraints necessitate the adoption of resilient and ecologically sound farming systems. However, there exists a significant gap in scientific data validating the efficacy of natural farming practices in the hill context, especially under diverse cropping sequences. Natural farming is anticipated to shift cropping patterns from monoculture to diversified systems (Galab et al., 2019), enhancing food security and minimizing the environmental footprint of agriculture. Natural farming primarily seeks to minimize production costs significantly, aiming to restore traditional, low-input farming systems that were prevalent before the Green Revolution (Khadse et al., 2017). In an effort to promote the adoption of natural farming practices, the Himachal Pradesh government has launched the Prakartik Kheti-Khushal Kisan Yojana. This initiative offers financial assistance and training to farmers, including a 75% subsidy on containers used for preparing natural inputs. Additionally, up to ₹50,000 has been allocated for establishing natural resource centers in each village to ensure the availability of these inputs (Anonymous, 2020). Garden pea (Pisum sativum L.), a key winter vegetable crop from the Fabaceae family, is widely cultivated across the globe. In India, it occupies approximately 0.05 million hectares and contributes around 6.07 million metric tonnes to national vegetable production (NHB, 2022). Himachal Pradesh ranks fifth among Indian states in pea cultivation, covering nearly 26,000 hectares with an output of 328.80 thousand metric tonnes (Pathak et al. 2024).The pea spinach coriander sequence, being seasonally complementary and nutritionally rich, is commonly adopted by farmers in north Indian regions. Intercropping vegetable crops not only improves soil health by enhancing fertility, increasing nitrogen availability, controlling weeds and reducing erosion, but also leads to significantly higher overall yields and economic returns compared to monocropping, thereby offering a more profitable and sustainable farming strategy (Jamwal et al. 2024).
The present investigation aimed to quantify the impact of varying levels of Ghanjeevamrit and Jeevamrit on soil health parameters, crop productivity, and economic viability of a popular leafy-legume cropping sequence. Additionally, the study sought to establish statistical relationships through correlation and regression analysis to develop predictive insights into natural farming efficacy.
MATERIALS AND METHODS
3.1 Experimental Site 
The study was carried out for two Rabi seasons (2021-22 and 2022-23) at the Model Farm (Natural farming) of the Department of Entomology, Dr. YS Parmar University of Horticulture and Forestry, Nauni, Solan, Himachal Pradesh. The site lies at an elevation of 1250 meters above sea level with geographical coordinates 30°52′N latitude and 77°11′E longitude. The region experiences a temperate climate with cold winters and warm summers. The mean annual temperature ranges from 7°C to 29°C and average rainfall is around 1100 mm, mostly received during the monsoon months (June to September).
3.2 Soil and Initial Conditions
The experimental soil was sandy loam in texture, moderately acidic in reaction (pH 6.2), and low in available nitrogen (218 kg/ha), medium in available phosphorus (17.8 kg/ha), and potassium (178 kg/ha). Baseline soil organic carbon was recorded at 0.62%. Prior to initiation of the trial, a composite soil sample was collected and analysed to establish initial fertility status.
3.3 Experimental Design and Treatments
The experiment was laid out in a Randomized Block Design (RBD) with ten treatments replicated thrice.
Cropping Sequence:Pea → Spinach → Coriander 
Treatments details:
T1: 0.5 t/ha Ghanjeevamrit + Jeevamrit @10% (drenching) T2: 0.5 t/ha Ghanjeevamrit + Jeevamrit @20% (drenching) T3: 0.5 t/ha Ghanjeevamrit + Jeevamrit @30% (drenching) T4: 1.0 t/ha Ghanjeevamrit + Jeevamrit @10% (drenching) T5: 1.0 t/ha Ghanjeevamrit + Jeevamrit @20% (drenching) T6: 1.0 t/ha Ghanjeevamrit + Jeevamrit @30% (drenching) T7: 1.5 t/ha Ghanjeevamrit + Jeevamrit @10% (drenching) T8: 1.5 t/ha Ghanjeevamrit + Jeevamrit @20% (drenching) T9: 1.5 t/ha Ghanjeevamrit + Jeevamrit @30% (drenching) T10: Absolute control (no organic input)
3.4 Agronomic and Management Practices 
Recommended agronomic practices were followed uniformly across treatments. All operations including sowing, irrigation, weed control, and harvesting were conducted manually. Jeevamrit was prepared freshly every 7 days and applied as a soil drench at fortnightly intervals. Ghanjeevamrit was applied once during bed preparation and second dose was applied before initiation of flowering in main crop i.e. pea. Other than these treatment applications, six foliar applications of Jeevamrit were given: 1st @5% at the time of germination, 2nd @7.5% 21 days after 1st application and subsequent four applications @10% at 21 days intervals. Agniastra and Bhramastra were alternately sprayed after 2 weeks at 3%, while Khatti Lassi at 3% was applied three times: before flowering, during flowering and at pod formation, which is used as plant protection measures during whole cropping seasons.
3.5 Data Collection
· Crop Equivalent Yield (CEY):In natural farming, multiple or mixed cropping makes direct economic comparisons challenging. To address this, Francis (1986) introduced the concept of Crop Equivalent Yield (CEY), which converts the yields of various crops into the equivalent yield of a reference crop based on market prices, allowing for economic comparison across cropping systems.Yield data of each crop were converted to CEY based on prevailing local market prices: Pea (Rs. 30/kg), Spinach (Rs. 40/kg), Coriander (Rs. 40/kg). Mathematically, CEY is:
CEY =  

· Economic Analysis: Gross returns, total cost of cultivation, and net returns were calculated. B:C ratio was computed as net returns divided by total cost.
· Land Equivalent Ratio (LER)
LER of Pea = 
LER of Spinach= 
LER of Coriander =
LER of system = LER of pea + LER of spinach + LER of coriander
· Statistical Analysis: Data were subjected to ANOVA for significance testing. Correlation coefficients (r) and regression models were developed using SPSS v25.


RESULTS AND DISCUSSION
4.1 Yield and Economic Returns 
Table 1 shows that the CEY and B:C ratio increased steadily with higher application levels of Ghanjeevamrit and Jeevamrit. Treatment T9 recorded the highest PEY (114.77 q/ha), which was 58.8% higher than the control. Similarly, the B:C ratio under T9 was 3.27compared to 2.08 under the control.The crop equivalent yield (CEY) showed a notable increase under the natural farming system, whereas the studies revealed that natural farming systems offer comparatively higher per hectare returns than conventional farming practices (Laisharam et al. 2022).  The current findings are in line with those of Jamwal et al. (2024), who reported improved performance of pea when intercropped with legumes. Similarly, Attallah et al. (2021) observed the highest economic gains from a pea-lettuce intercropping system, while Qasim et al. (2013) noted enhanced returns under a pea-turnip combination.
Table 1. (mean of two years)
	Treatment
	Ghanjeevamrit (t/ha)
	Jeevamrit (%)
	PEY (q/ha)
	B:C Ratio

	T1
	0.5
	10
	85.03
	3.10

	T2
	0.5
	20
	91.02
	3.25

	T3
	0.5
	30
	97.05
	3.35

	T4
	1.0
	10
	100.09
	3.45

	T5
	1.0
	20
	107.08
	3.55

	T6
	1.0
	30
	114.06
	3.65

	T7
	1.5
	10
	120.02
	3.75

	T8
	1.5
	20
	127.03
	3.85

	T9
	1.5
	30
	134.07
	3.95

	T10
	0.0
	0
	60.05
	1.10



Figure 1. Combined line graph showing the effect of treatments on PEY and B:C ratio.

4.2 Land Equivalent Ratio (LER) and Crop Yield Components
The Land Equivalent Ratio (LER) is a useful index for evaluating the efficiency of multiple cropping systems, indicating the relative land area under sole cropping required to achieve the yield obtained from intercropping. An LER value greater than 1.0 reflects a yield advantage from the cropping sequence. In this study, as depicted in table 2, LER values ranged from 0.52 to 1.94, showcasing considerable yield enhancement due to natural input treatments.
LER Trends Across Treatments: 
The lowest LER (0.52) was observed in the control treatment (T10), confirming the inefficiency of cropping without organic supplementation. All treatments involving Ghanjeevamrit and Jeevamrit outperformed the control, with LER progressively increasing with higher input levels. The maximum LER (1.94) was recorded under T9 (1.5 t/ha Ghanjeevamrit + 30% Jeevamrit), followed by T8 (1.80) and T6 (1.56), highlighting the substantial land-use efficiency improvement due to organic inputs.
Yield Component Analysis
The individual crop yields, represented as X, Y, and Z, denote respective outputs from spinach, coriander, and pea crops. Peayield (X)ranged from 2,250.32 kg/ha (T10) to 8,324.10 kg/ha (T9). A nearly 3.7-fold increase was observed in T9 over the control, suggesting that early soil enrichment through Ghanjeevamrit and microbial stimulation by Jeevamrit created a favourable environment for leafy crop establishment. Spinachyield (Y) displayed a similar trend, increasing from 812.51 kg/ha (T10) to 1,372.2 kg/ha (T9). The coriander crop, being shallow-rooted and quick-growing, responded well to the bioavailability of nutrients in treated soils.Coriander yield (Z) showed significant sensitivity to the treatments, improving from 114.82 kg/ha (T10) to 560.2 kg/ha (T9). Legumes, due to their symbiotic nitrogen-fixing ability, benefitted from enhanced rhizospheric microbial activity fostered by Jeevamrit.
These findings demonstrate that integrated application of Ghanjeevamrit at higher rates (1.5 t/ha) combined with Jeevamrit up to 30% significantly boosts component crop yields and overall land-use efficiency in the pea-spinach-coriander cropping sequence.
The high LER values further substantiate the complementary interactions among the crops, enhanced nutrient cycling, and improved soil microbial ecology induced by natural inputs. 
	Treatments
	X
	P
	Y
	P1
	Z
	P2
	LER

	T1- 0.5t/ha Ghanjeevamrit + Jeevamrit @10%
	6,016.67
	30
	832.4
	40
	183.34
	40
	1.01

	T2- 0.5 t/ha Ghanjeevamrit + Jeevamrit @20%
	6,473.15
	30
	943.5
	40
	232.41
	40
	1.15

	T3- 0.5 t/ha Ghanjeevamrit + Jeevamrit @30%
	7,108.34
	30
	947.2
	40
	234.26
	40
	1.22

	T4- 1.0 t/ha Ghanjeevamrit + Jeevamrit @10%
	6,106.49
	30
	967.6
	40
	256.5
	40
	1.16

	T5- 1.0 t/ha Ghanjeevamrit + Jeevamrit @20%
	6,889.82
	30
	990.7
	40
	418.52
	40
	1.51

	T6- 1.0 t/ha Ghanjeevamrit + Jeevamrit @30%
	7,093.52
	30
	1217.6
	40
	421.3
	40
	1.56

	T7- 1.5 t/ha Ghanjeevamrit + Jeevamrit @10%
	7,450.01
	30
	1074.1
	40
	312
	40
	1.40

	T8- 1.5 t/ha Ghanjeevamrit + Jeevamrit @20%
	8,170.90
	30
	1369.4
	40
	486.9
	40
	1.80

	T9- 1.5 t/ha Ghanjeevamrit + Jeevamrit @30%
	8,324.10
	30
	1372.2
	40
	560.2
	40
	1.94

	T10- Absolute Control
	2,250.32
	30
	812.51
	40
	114.82
	40
	0.52


Pea Yield (kg ha-1) = X; spinach yield (kg ha-1) = Y; coriander yield (kg ha-1) =Z
Price of main crop i.e., Pea (P) = Rs 40/kg; Price of spinach (P1) = Rs. 30/kg; Price of coriander (P2) = Rs 30/kg
LER= Land Equivalent Ratio
The consistent improvement in productivity is attributed to improved root growth, microbial activity, and better soil structure facilitated by cow-based liquid inputs.
4.3 Correlation Analysis
The Pearson correlation coefficients confirmed a very strong positive relationship between natural input levels and response variables. The values of r > 0.97 suggest that both PEY and B:C ratio are highly responsive to increasing concentrations of Ghanjeevamrit and Jeevamrit.
4.4 Regression Analysis
The regression models developed for PEY and B:C ratio were statistically significant and exhibited high coefficients of determination (R²).
PEY Regression Model:
PEY=59.59+35.73×Ghanjeevamrit+0.65×Jeevamrit(R² = 0.998 i.e. Model explains 99.8% of variation in PEY)

B:C Ratio Regression Model:
B:C Ratio=1.76+1.06×Ghanjeevamrit+0.033×Jeevamrit(R² = 0.823 i.eModel explains 82.3% of variation in B:C Ratio)
These models suggest that for every unit increase in Ghanjeevamrit and Jeevamrit levels, PEY and B:C ratios improve significantly. The results corroborate findings from earlier organic farming studies and affirm the predictive value of these regression equations.
	Variable Pair
	Correlation Coefficient (r)
	p-value
	Interpretation

	Ghanjeevamrit vs PEY
	0.96
	0.00001
	Very strong, highly significant

	Jeevamrit vs PEY
	0.62
	0.054
	Moderate, borderline significant

	Ghanjeevamrit vs B:C Ratio
	0.82
	0.0035
	Strong and significant

	Jeevamrit vs B:C Ratio
	0.66
	0.036
	Moderate and significant


CONCLUSION 
The study conclusively demonstrates that integrated use of Ghanjeevamrit and Jeevamrit significantly improves crop productivity and profitability in pea spinach and coriander cropping systems under mid-hill conditions. Treatment with 1.5 t/ha Ghanjeevamrit and 30% Jeevamrit emerged as the most effective combination. Based on the results of the present study, it can be concluded that intercropping under natural farming offers a cost-effective alternative to other farming systems, enabling farmers to achieve higher economic returns with minimal input expenses.Strong statistical relationships underscore the reliability of these inputs for sustainable intensification. These findings advocate for policy-level integration of natural farming components into mainstream agricultural programs, especially in ecologically fragile hill zones.
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