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ABSTRACT
The present study investigates comparative economic analysis of zero budget natural farming and nutrient management practices of kharif maize in Bundelkhand region of chitrakoot, India. The experiment was conducted during Kharif 2023 and 2024 using a Randomized Block Design with thirteen treatments, including various combinations of ZBNF practices, organic inputs, and recommended dose of fertilizers (RDF) with biofertilizers. The economic performance of each treatment was evaluated based on cost of cultivation, gross and net monetary returns, and the benefit-cost (B:C) ratio. Among all treatments, T8 (100% RDF + Azotobacter + PSB) proved most economically beneficial, achieving the highest net monetary return (Rs. 113,283 ha⁻¹) and B:C ratio (4.08), despite being third in gross returns. T9 (75% RDF + 25% FYM + Azotobacter + PSB) recorded the highest gross return (Rs. 159,651 ha⁻¹) but was second in net returns. Treatments like T6 (Vermicompost) and T7 (Poultry Manure) performed poorly in terms of economic viability. The findings suggest that while ZBNF reduces input costs significantly, integrated nutrient management with biofertilizers offers superior profitability and sustainability in maize cultivation.
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INTRODUCTION
Agriculture has been the mainstay of the Indian economy for centuries. Over half the country’s population today depends on agriculture and allied services for their livelihoods. Agriculture constitutes 17.4 per cent of the gross value added (GVA) to the national economy [1]. Since the Green revolution of the 1960s, agriculture in India has relied heavily on chemical fertilizers and pesticides. Over the years, their excessive use has resulted in their diminishing marginal utility leading to declining net incomes and growing debts for farmers. Their excessive application also poses threat to soil health, ground water purity, local biodiversity and human health. The inherent unsustainability of chemical-based agriculture and its contribution to the ecological and agrarian crisis has resulted in growing demand for alternative agro ecological farming practices that promise a most of ecological and social benefits [2].
Agrarian distress is often viewed as a short-term phenomenon in which farmers look for support from various quarters on account of being unable to get a gainful return due to low price realization, increasing cost of inputs, frequent occurrence of natural calamities, etc. Besides, substantial increase in input costs has led to a decline in crop income over the years [3]. The price of urea, DAP (Diammonium phosphate) and potash has risen by 60 per cent to 600 per cent between l99l-92 and 2013-14 [4]. Though, per hectare real value of output increased for most crops in recent years, but these rise in input cost was much higher [5], resulting into reduced farm income. Moreover, green revolution technology is now contemplated to be degrading the agroecosystem; and diminishing the economic returns for the farmers [6]. Several studies have shown that chemical fertilizer and pesticides affect soil health by killing millions of microbes present in the soil which are important for sustaining plant life [7]. Decreasing trend in crop yield growth has been observed due to injudicious or overuse of inputs like synthetic fertilizers and pesticides [8].
Zero budget natural farming (ZBNF) a sustainable agricultural system is one such alternative to chemical fertilizer-based agriculture and high input cost agriculture. It exemplifies agro ecological principles where the emphasis is on “enhanced soil conditions by managing organic matter and soil biological activity; diversification of genetic resources; enhanced biomass recycling; and enhanced biological interactions” [9]. The practice advocates 100 per cent elimination of synthetic chemical inputs (fertilizer and pesticides) and encourages the application of natural mixtures made using cow dung, cow urine, jaggery, pulse flour etc., mulching practices, and symbiotic intercropping. The practice could potentially reinvigorate rural economies and reduce credit risks for farmers caused by high-input resource-intensive chemical farming. It will also help agricultural families retain greater resources to spend on their well-being for needs such as education, health, and financial security [1]. At the same time, the practice holds promise for improving biological soil health and local biodiversity, enhancing the climate resilience for crops, contributing towards the Sustainable Development Goals, and supporting the achievement of the Global Nutrition Targets 2025 of access to affordable and safe food.
Maize (Zea mays L.) is the world’s third most important cereal crop after rice and wheat. Generally maize is called as “Queen of cereals” due to higher yield. Maize is grown primarily for grain, fodder, raw material for industries and for diversified products. Being a C4 plant it is capable to utilize solar radiation more efficiently even at higher radiation intensity. As heavy feeder of nutrients maize productivity is largely dependent on nutrient management. Therefore, it needs fertile soil to express its yield potential [1]. In India it is being cultivated in an area 9.9 m ha with the production of 31.5 m t and productivity of 3200 kg ha-1. In Madhya Pradesh State, maize is cultivated in an area of 1.44 m ha with a total production of 4.62 m t and productivity of 3190 kg ha-1. (Economic survey, 2022).	Comment by suraj mishra: Cite the reference at the end.


MATERIALS AND METHODS
The field experiment was conducted Rajola Farm, Agriculture Faculty, Mahatma Gandhi Chitrakoot Gramodaya Vishwavidyalaya Chitrakoot, Satna (M.P.)  during kharif, 2023 and 2024 to investigates comparative economic analysis of zero budget natural farming and nutrient management practices of kharif maize in Bundelkhand region of chitrakoot, India. The experimental plot was laid out in Randomized Block design (RBD) with three replications and thirteen treatments. The treatments imposed were of T1- Control, T2- Seed treatment with Beejamrit + Foliar application of jeevamrit + Mulching, T3- Seed treatment with Beejamrit + Soil application of jeevamrit + Foliar application of jeevamrit + Mulching, T4- Seed treatment with Beejamrit + Soil application of Ghana jeevamrit + Foliar application of jeevamrit + Mulching., T5- Farm Yard Manure (Based on RDN equivalent of recommended), T6-Vermicompost (Based on RDN equivalent of recommended), T7- Poultry Manure (Based on RDN equivalent of recommended), T8-100 % RDF + Azotobacter + PSB, T9-75 % RDF + 25 % FYM + Azotobacter + PSB, T10 - 50 % RDF + 50 % FYM + Azotobacter + PSB, T11- 75 % RDF, T12- 100 % RDF, T13 -125 % RDF.	Comment by suraj mishra: write with full name.
The purpose of estimating the economics of Zero Budget Natural Farming to what extent this farming reduces the expenditure on purchased inputs by comparing the economics of ZBNF with other treatments. Each treatment was having different input usage. In case of Zero budget natural farming extracts of naturally available low-cost materials (Jeevamrit, Beejamrit, Ghana-Jeevamrit, Neemastra and Agniastra etc) were used for plant protection and production and mulching material used for moisture conservation. 
The data for the study was obtained by maintaining records on labour cost and number of labours used for each operation and cost and quantity of inputs used in different treatments in Kharif maize experiment since from land preparation up to harvesting. Further, recorded data on cost of cultivation for different treatments of Kharif maize experiment was analysed by using following formulas.

Economics evaluation
Cost of cultivation (Rs. ha-1)
	 The paying out incurred on cultivation of maize from initial tillage to harvesting was worked out and expressed as Rs. ha-1.
Gross monetary returns (Rs. ha-1)
	The crop yield per hectare was calculated and net profit was calculated on the basis of the market rate.
Net monetary returns (Rs. ha-1)
	Net profit was calculated by subtracting cultivation cost from gross profit.
B:C Ratio (Rs. / Rs. of investment)
	The benefit-cost ratio calculated by dividing the net returns (Rs. ha-1) by the total cost of cultivation (Rs. ha-1) by the total cost of cultivation. By using the formula given by Perin et al. (1979).	Comment by suraj mishra: Cite the reference at the end.
B:C = 

RESULTS
	The Different Systems of Nutrient Management showed significant influence on the economics of maize were presented in Table 1.
	The economies of the applied treatments were worked out based on the differences between cost of output ha-1in both the years (Table 1 & Fig. 1). The pooled data indicated that the best treatment T9 (75% RDF + 25% FYM +Azotobacter + PSB) gave the maximum GMR (Rs. 159651 ha-1) but attained the second position in NMR (Rs. 110839 ha-1) and fifth position in case of B:C ratio (3.27). Whereas T8 (100 RDF + Azotobacter + PSB) although attained the third position in case of GMR (Rs. 150096 ha-1) but found the best first position in case of NMR (Rs. 113283 ha-1) as well as in B:C ratio (4.08). The treatment T10 (50% RDF + 50% FYM + biofertilizers) proved the second best in GMR (Rs. 152234 ha-1) but NMR and B:C ratio were quite lower (Rs. 94999 ha-1and 2.66, respectively). Similar in case of T13 (125% RDF), the GMR was up to Rs. 140001 ha-1with fourth position, but its NMR (Rs. 102605 ha-1) and B:C ratio (3.74) was in the third and second position, respectively. In this way, in other applied treatments also, GMR, NMR and B:C ratio were quite different with each other. Ultimately in T1 (control) treatment the GMR was found lower (Rs. 81783 ha-1) and the NMR was also lowest (Rs. 54503 ha-1) with 3.00 B:C ratio (not lowest). The B:C ratios were found in the lowest range (1.74 to 1.83) in case of T6 [Vermicompost (Based on RDN equivalent of recommended)] and T7 [Poultry Manure (Based on RDN equivalent of recommended)] treatments along with lower NMR (Ra. 54919 to 56939 ha-1). Thus, from the economical view point, the treatments T8, T9 and T13 proved the first, second and third best treatments, respectively. 	Comment by suraj mishra: Figure is not shown in manuscript.	Comment by suraj mishra: In case of writing in first time, write full name. 	Comment by suraj mishra: In case of writing in first time, write full name. 
	Comment by suraj mishra: Put a space between two words.
	Comment by suraj mishra: Put a space between two words.
DISCUSSION
The net monetary return (NMR) ha-1 from the deduction of expenditure ha-1 from gross monetary return (GMR) is the ultimate goal of any farmer. The occurrence of variation in NMR is due to vast differences in the cost of inputs and in GMR ha-1 from the applied treatments. In the present research, the treatment T9 (75 % RDF + 25 % FYM + Azotobacter + PSB) which is proved the best in productivity resulted in maximum GMR (Rs. 159651 ha-1) but attained the second position in NMR (Rs. 110839 ha-1) and fifth position in B:C ratio (3.27). Whereas T8 (100 RDF + Azotobacter + PSB) although attained the third position in case of GMR (Rs. 150096 ha-1) but found the best first position in case of NMR (Rs. 113283 ha-1) as well as in B:C ratio (4.08). The treatment T10 (50% RDF + 50% FYM + biofertilizers) proved the second best in GMR (Rs. 152234 ha-1) but NMR and B:C ratio were quite lower (Rs. 94999 ha-1and 2.66, respectively). The treatment-wise differences in total expenditure occurred and the produce ha-1 obtained is but natural on account of the market value of inputs and outputs. The present results corroborate with those of many researchers (Joshi Ekta et al. 2013; Deepak et al., 2022 and Makwana, et al., 2023).

Table 1. Economics of maize as influenced by different systems of nutrients management
	Treatments
	Cost of cultivation (Rs. /ha)


	Gross Return (Rs. /ha)
	Net Return (Rs. /ha)
	B: C Ratio

	
	2023
	2024
	Pooled
	2023
	2024
	Pooled
	2023
	2024
	Pooled
	2023
	2024
	Pooled

	T-1
	27280
	27280
	27280
	78094
	85472
	81783
	50814
	58192
	54503
	2.86
	3.13
	2.99

	T-2
	42319
	42319
	42319
	96201
	105345
	100773
	53882
	63026
	58454
	2.27
	2.49
	2.38

	T-3
	44119
	44119
	44119
	102942
	115650
	109296
	58823
	71531
	65177
	2.33
	2.62
	2.48

	T-4
	43719
	43719
	43719
	111716
	126213
	118964
	67997
	82494
	75245
	2.56
	2.89
	2.72

	T-5
	51280
	54135
	52708
	116666
	129275
	122970
	65386
	75140
	70262
	2.28
	2.39
	2.33

	T-6
	67280
	69350
	68315
	118675
	131833
	125254
	51395
	62483
	56939
	1.76
	1.9
	1.83

	T-7
	73280
	75430
	74355
	122697
	135852
	129274
	49417
	60422
	54919
	1.67
	1.8
	1.74

	T-8
	36813
	36813
	36813
	142620
	157572
	150096
	105807
	120759
	113283
	3.87
	4.28
	4.08

	T-9
	48812
	48812
	48812
	151622
	167680
	159651
	102810
	118868
	110839
	3.11
	3.44
	3.27

	T-10
	57235
	57235
	57235
	143652
	160817
	152234
	86417
	103582
	94999
	2.51
	2.81
	2.66

	T-11
	34990
	34990
	34990
	113426
	121855
	117641
	78436
	86865
	82651
	3.24
	3.48
	3.36

	T-12
	36776
	36776
	36776
	129627
	143670
	136649
	92851
	106894
	99873
	3.52
	3.91
	3.72

	T-13
	37396
	37396
	37396
	132179
	147822
	140001
	94783
	110426
	102605
	3.53
	3.95
	3.74









CONCLUSION
The analysis of different nutrient management practices reveals that the treatment T9 (75% RDF + 25% FYM + Azotobacter + PSB) resulted in the highest net return (Rs. 110839 ha⁻¹ pooled) among all treatments, with a benefit-cost (B:C) ratio of 3.3, indicating its economic superiority and sustainability. This is closely followed by T8 (100% RDF + Azotobacter + PSB), which had the highest B:C ratio of 4.1, showcasing excellent profitability and input efficiency. However, its net return (Rs. 113283 ha⁻¹ pooled) was slightly lower than T9, possibly due to lower input costs in T9. Organic-based treatments such as T4 and T3, involving Beejamrit, Jeevamrit, and mulching, showed promising returns (Rs. 75245 and Rs. 65177 ha⁻¹ respectively), with decent B:C ratios (2.7 and 2.5), suggesting their potential in integrated nutrient management, especially for sustainable and eco-friendly farming. On the other hand, treatments with vermicompost (T6) and poultry manure (T7), though organic, resulted in lower net returns and B:C ratios, indicating that their high input costs may reduce profitability under current conditions.

Reference	Comment by suraj mishra: Some references are missing.
Businessline. Input prices have pulled down farm income. [Online] Available: https://www.thehindubusinessline.com/economy/agri.business/input-prices-have-pulled-down-farm-income/article9828657.ece [Accessed 31 Jul. 2019]
Deepak, Louraa, Suresh Kumara, Pawan Kumara, Sunila, Amit Dhankara, Isha Ahlawata, Sandeep Bedwalb & Ankush. Comparative effect of organic and inorganic sources of nutrients on yield, soil properties, and economics of wheat under rice-wheat cropping system. Indian Journal of Traditional Knowledge. 2022; 21(3): 685-694.
Gupta, N., Tripati, S., Dholakia, H. H.  Can zero budget natural farming save input costs and fertiliser subsidies? Report. The Council on Energy, Environment and Water. 2020; 1-30.
Joshi, E., Nepaliya V., Varma A. and Singh D. Effect of integrated nutrient management on growth, productivity and economicsof maize (Zea mays L.). Indian Journal of Agronomy. 2013; 58(3): 434-436.
Khadse, A., Rosset, P. M., Morales, H., Ferguson, B. G. (2018). Taking agro-ecology to scale: The zero budget natural farming peasant movement in Karnataka, India. The Journal of Peasant Studies. 2018;45(1):192-219.
Lal R. Soil degradation as a reason for inadequate human nutrition. Food Security. 2009;1:45-47.
Lalith, K. R., Dhivya, M., Abinaya, D., Lakshmi Krishna R., Krishnakumar S. (2013). Effect of integrated nutrient management on soil fertility and productivity in maize. Bulletin of Environment, Pharmacology and Life Sciences. 2013.;2(8):61-67.
Makwana, N. D., Bhanvadia, A. S. and Gediya, K. M. Effect of integrated nutrient management in maize. The Pharma Innovation Journal. 2023;12(11):887-890.
Mishra, S.  Risks, farmers suicides and Agrarian crisis in India: Is there a way out? Indian Journal of Agricultural Economics.2008;63(1):38-54.
Rahman S.  Green revolution in India: Environmental degradation and impact on livestock. Asian Journal of Water, Environment and Pollution. 2015;12(1):75-80.
The Hindu. Why a price increase alone won't help farmers. [Online] Available:https://www.thehindu.com/opinio n/op-ed/more-to-it-than-msp/articlel8966926.ece [Accessed 31 Jul. 2019]
Tripathi, S., Shahidi, T., Shruti, N., Gupta, N. Zero budget natural farming for the sustainable development goals. Report. The Council on Energy, Environment and Water. 2018;134-158.
Zafar, I. A., Hussain, A., Latil, M. R., Asi, Chaudhary J. A. Impact of pesticide applications in cotton agro ecosystem and soil bioactivity studies. Journal Microbial Populations Biology Sciences. 2001;1(7):640-644.







