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ABSTRACT
[bookmark: _Hlk211455215]The present study aimed to evaluate the interactive effect of seed priming and foliar application with different concentrations of micronutrients on economics of coriander var JD-1. The experiment was conducted at Vegetable Research Centre, Maharajpur, Department of Horticulture, Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur, Madhya Pradesh during Rabi season of 2020- 2021 with 18 treatments (seed priming with copper and manganese separately @ 150, 300 and 450 ppm each along with foliar spray @ 0.1% Copper and 0.1 % Manganese separately at 45 and 75 DAS). The results highlighted that treatment, T11 seed priming with Mn @ 150 ppm and foliar spray of 0.1% Mn at 45 DAS) and T17 (seed priming with Mn @ 450 ppm and foliar spray of 0.1% Mn at 45 DAS) recorded the maximum B:C ratio. It can be concluded from the findings of present study that the seed priming and foliar application of copper and manganese had significantly influenced the seed yield hence, increased the economic profitability i.e., net monetary returns and benefit-cost ratio of coriander. 
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INTRODUCTION 
Coriander (Coriandrum sativum L.) is a crucial seed spice in Indian cuisine and its young plants are also used in flavoring and garnishing curries and soups (Sahib et al., 2013). “Coriander is grown almost all the states of the country but Madhya Pradesh, Rajasthan, Gujarat, Assam, West Bengal, Uttar Pradesh and Andhra Pradesh are the major coriander growing states. Madhya Pradesh produces quality coriander and is the largest producer of coriander in the India. As per the 2nd advanced estimate of 2024-2025, the total area under coriander is 604.49 thousand ha with the production of 854.97 thousand MT. Madhya Pradesh is the leading state in area and production of seed coriander with 318.37 thousand ha and 476.87 thousand MT production respectively” (Anonymous, 2025). From India coriander seeds, its powder and volatile oil are exported to several countries like Malaysia, Singapore, Sri Lanka, USA and Gulf countries. Coriander has a huge market demand because of its great utility in food/culinary purpose, nutraceuticals, pharmaceuticals and cosmetics industries.
Micronutrients such as copper, manganese, zinc, iron, molybdenum and boron are the essential nutrients that are utilized by the plants in small quantities. Micronutrients are involved in all metabolic and cellular functions (Martens & Westermann,1991). Copper is of great importance in the plant’s life, as it is essential for photosynthesis, oxidative stress defense, cell wall synthesis, carbon and nitrogen metabolism. Manganese plays a vital role in plant metabolism and growth, involved in oxidation and reduction processes of the electron transport system, pollen fertility and carbohydrates synthesis during grain filling. Deficiency of manganese has very serious effects on crop’s quality and quantity (Tavakoli et al.,2014).
 “Seed priming is a physiological method of controlled hydration and drying to enhance sufficient pre-germinative metabolic process for rapid germination” (Dawood, 2018).  “It is a simple, effective and low-cost technique in which seeds are partially hydrated to a point where pre-germination metabolic activities start without actual germination by treating with different chemicals or growth regulators, and then redried until close to the original dry weight. It is a cost-effective technique to ensure uniform emergence and high vigour of seeds which is leading to better crop establishment and yield” (Mondal & Bose, 2019).
The foliar application of micronutrients has a significant positive influence on the growth and yield contributing characters of crop may be due to the better absorption of micronutrients, which influences the various physiological activities and biochemical processes hence better sink-source relationship (Kalidasu et al., 2008). Although foliar application is cost effective and beneficial under stress conditions also (Noreen et al., 2018). There is a critical knowledge gap of systematic evaluation of seed priming and foliar application of micronutrients in multiple concentrations simultaneously and providing a comprehensive economic framework that is currently limited in seed spice literature. Therefore, the present study aimed to estimate the collaborative effect of seed priming and foliar application with different concentrations of copper and manganese on economic parameters of coriander var JD-1.
METHODOLOGY
                   The present investigation was conducted at Vegetable Research Centre, Maharajpur, Department of Horticulture, Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur, Madhya Pradesh during Rabi season of 2020- 2021. The details of 18 treatments of the present study are displayed in Table-1. The experiment was laid under FRBD (Factorial Randomized Block Design) with 3 replications. Seed priming with Cu and Mn was done by soaking the splitted seeds in 150, 300 and 450 ppm solution of Cu and Mn each for 16 hours followed by thorough washing afterward seeds were shade dried for 48 hours to their original moisture content. Sowing was done in a plot of size 3 m × 2.4 m, at the seed rate of 10 kg/ha with the spacing of 30 cm × 10 cm. All the recommended cultural and plant protection schedules for raising a standard crop of coriander were adopted throughout the season. The crop was manually harvested at the physiological maturity plot and treatment wise, followed by sun drying in respective plots. After drying, threshing and winnowing, clean seeds were weighed individual plot wise and the weight was recorded in gram per plot. This was then converting into q/ha for calculation purpose.
             For calculating the economics, prevailing market prices/rates for inputs and outputs along with the average treatment seed yield were considered. The seed yield was calculated plot wise for all the treatments. The net return was calculated by subtracting the cost of cultivation for each treatment from gross return obtained from the economic yield of crop. The cost of cultivation, gross monetary return, net monetary return and benefit cost ratio had been used to analyze the economics. The B:C ratio was calculated by dividing Net monetary return (NMR) with cost of cultivation for each treatment.


	Table-1 Details of the treatments

	Treatment Code
	Treatment Description

	T1 (A1B1)
	Seed Priming @150 ppm Cu+ No Foliar Spray

	T2 (A1B2)
	Seed Priming @150 ppm Cu + Foliar Spray @ 0.1% Cu at 45 DAS

	T3 (A1B3)
	Seed Priming @150 ppm Cu + Foliar Spray @ 0.1% Cu at 75 DAS

	T4 (A2B1)
	Seed Priming @300 ppm Cu + No Foliar Spray

	T5 (A2B2)
	Seed Priming @300 ppm Cu + Foliar Spray @ 0.1% Cu at 45 DAS

	T6 (A2B3)
	Seed Priming @300 ppm Cu+ Foliar Spray @ 0.1% Cu at 75 DAS

	T7 (A3B1)
	Seed Priming @450 ppm Cu + No Foliar Spray

	T8 (A3B2)
	Seed Priming @450 ppm Cu+ Foliar Spray @ 0.1% Cu at 45 DAS

	T9 (A3B3)
	Seed Priming @450 ppm Cu+ Foliar Spray @ 0.1% Cu at 75 DAS

	T10(A4B1)
	Seed Priming @150 ppm Mn + No Foliar Spray

	T11 (A4B2)
	[bookmark: _Hlk210560703]Seed Priming @150 ppm Mn+ Foliar Spray @ 0.1% Mn at 45 DAS

	T12 (A4B3)
	Seed Priming @150 ppm Mn+ Foliar Spray @ 0.1% Mn at 75 DAS

	T13 (A5B1)
	Seed Priming @300 ppm Mn + No Foliar Spray

	T14 (A5B2)
	Seed Priming @300 ppm Mn+ Foliar Spray @ 0.1% Mn at 45 DAS

	T15 (A5B3)
	Seed Priming @300 ppm Mn + Foliar Spray @ 0.1% Mn at 75 DAS

	T16 (A6B1)
	Seed Priming @450 ppm Mn + No Foliar Spray

	T17 (A6B2)
	Seed Priming @450 ppm Mn + Foliar Spray @ 0.1% Mn at 45 DAS

	T18 (A6B3)
	Seed Priming @450 ppm Mn + Foliar Spray @ 0.1% Mn at 75 DAS



RESULTS AND DISCUSSION
Economics of the treatments
In present study the economic assessment was done to determine the profitability of seed priming and foliar application of copper and manganese in improving the yield and productivity of coriander. The cost of individual treatment combination per hectare is indicated in Table-2. Perusal of data presented in Table-3 and Fig-1 indicated that seed priming and foliar application of copper and manganese had significantly increased the seed yield hence resulted in higher Gross Monetary Return, Net Monetary Return and B:C ratio.
Cost of cultivation
[bookmark: _Hlk204108852][bookmark: _Hlk210482669]The cost of cultivation per was determined to calculate the expenditure incurred on different inputs from seed priming till marketing in the study area. The common expenditure per hectare for the cultivation of coriander var JD-1 was Rs. 51030. The common expenditure included land preparation, sowing (cost of seed, fertilizers, labour for sowing and fertilizer application), after care (thinning and weeding, cost of insecticides, fungicide, labour for pesticides and fungicide application), irrigation (tubewell charges, labour for irrigation), harvesting, threshing, transporting and marketing. The variation among the expenses of treatments was due to the difference in levels of concentration of micronutrients used for seed priming as well as foliar application. The treatments, T1 (A1B1) and T10 (A4B1) noted the minimum investment of Rs. 53665. The treatments T8, T9, T1 and T18 noted the maximum investment of Rs.59214 each. The increase in the amount of micronutrients increased the cost of cultivation on the other hand also enhanced the seed yield. The results for cost of cultivation of coriander derived in consonance with the earlier findings of Mishra (2003), Chand, U. (2020) and Meena et al., (2020). 
Gross monetary return (GMR)
The gross monetary return was computed as the total returns obtained from economic seed yield before deducting the expenses. The selling price of 1 kg of coriander seed was Rs.170 per kg. The maximum (Rs. 205870 per hectare) GMR was noted in treatment, T17 (Seed priming with Mn @ 450 ppm and foliar spray of 0.1% Mn at 45 DAS) from an average yield of 12.11 q/ha, followed by T5 (Seed priming @ 300 ppm Cu + Foliar spray @ 0.1% Cu at 45 DAS) with Rs. 188700 per hectare from 11.10 q/ha seed yield. The yield of T17 and T5 were higher as compared to rest of the treatments, thus resulted in higher gross monetary returns. By the implementation of improved practices and appropriate inputs result in higher yield thus, good net monetary returns can be achieved. These results are in agreement with the findings of Chand, U. (2020) and Meena et al., (2020). 
Net monetary return (NMR) 
[bookmark: _Hlk210510662][bookmark: _Hlk204852224]It is desirable to have higher net returns in the expense of less cost of cultivation. The treatments T17 (Seed priming with Mn @ 450 ppm and foliar spray of 0.1% Mn at 45 DAS) gave the maximum net monetary return (Rs. 146656) followed by T11 (Seed priming with Mn @ 150 ppm and foliar spray of 0.1% Mn at 45 DAS) with Rs. 134741 NMR. The reason behind higher NMR for T17 and T11 was their high seed yield. The results obtained in the present study are in conformity with the earlier finding of Ullah et al., (2017), they revealed that seed priming with 0.1 M Mn solution obtained maximum net returns and benefit-cost. Prathibha et al., (2018), Chand, U. (2020), Kumar, (2020) and Meena et al., (2020) also mentioned about the more net returns in coriander. 
Benefit Cost ratio (B:C ratio)
[bookmark: _GoBack]           The B:C ratio calculations were based on the current market prices for different inputs and products. “Considering all the treatments, the seed priming and foliar application of micronutrients had significantly influenced the B:C ratio. The maximum (2.50) B:C ratio was obtained from T11 (Seed Priming @150 ppm Mn+ Foliar Spray @ 0.1% Mn at 45 DAS) closely followed by T17 (Seed priming with Mn @ 450 ppm and foliar spray of 0.1% Mn at 45 DAS) with 2.48 B:C ratio. Higher B:C ratio is due to the enhanced germination, growth, seed yield, and yield contributing characters which were influenced by the application of Mn, as it an important micronutrient governing proper growth and development of crop” (Schmidt and Husted, 2019). As B:C ratio is a profitability indicator, the higher B:C ratio depicted the economic feasibility of seed priming and foliar application of copper and manganese. These results are concurred with those found by Ullah et al., (2017), Prathibha et al., (2018), Kumar, (2020) and Meena et al., (2020). 
CONCLUSION
           On the basis of the significant increase in the seed yield it can be concluded that coriander responded well to the seed priming and foliar application of copper and manganese. Although, the expenditure was not least in treatment of seed priming with Mn @ 150 ppm and foliar spray of 0.1% Mn at 45 DAS) and seed priming with Mn @ 450 ppm and foliar spray of 0.1% Mn at 45 DAS), but these treatments resulted in higher additional monetary returns and B:C ratio due to increased seed yield. The application of micronutrients (copper and manganese) had increased the plant height, number of branches, number of umbel/plant, number of umbellets/plant, number of seeds/umbel and ultimately resulted in higher seed yield. The outcomes of the economic analysis have proved the significance of seed priming and foliar application of essential micronutrients i.e., copper and manganese therefore, promoting profitability of coriander. 


[bookmark: _Hlk204003461][bookmark: _Hlk209007716]Disclaimer (Artificial intelligence)
Option 1:
Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript. 
Option 2: 
Author(s) hereby declare that generativ AI technologies such as Large Language Models, etc. have been used during the writing or editing of manuscripts. This explanation will include the name, version, model, and source of the generative AI technology and as well as all input prompts provided to the generative AI technology
Details of the AI usage are given below:
1.
2.
3.

REFERENCES
Anonymous, 2025. Ministry of agriculture and Farmers Welfare. Govt. of India (2nd Adv. Estimates,2024-25).https://www.indiastat.com/data/agriculture/brinjal/data-year/2024.
Chand, U. (2020). Economic analysis of production of major seed spices in Rajasthan (Doctoral dissertation, Department of Agricultural Economics, Institute of Agricultural Sciences, Banaras Hindu university Varanasi).
Dawood, M. G. (2018). Stimulating plant tolerance against abiotic stress through seed priming. In Advances in seed priming (pp. 147-183). Singapore: Springer Singapore.
Kalidasu, G., Sarada, C., & Reddy, T. Y. (2011). Influence of micronutrients on growth and yield of coriander (Coriandrum sativum) in rainfed vertisols. Journal of Spices and Aromatic Crops, 17(2):187-189.
Kumar, R. (2020). Influence of micronutrients on seed yield, quality and its storability in coriander (Coriandrum sativum L.) (Doctoral dissertation, Haryana Agricultural University Hisar). 
Martens, D. C., & Westermann, D. T. (1991). Fertilizer applications for correcting micronutrient deficiencies. Micronutrients in agriculture, 4, 549-592.
Meena, M., Lal, G., Khan, M., Meena, R. S., Meena, R. D., Meena, S. S. and Mishra, B. K. (2020). Cumin and coriander cultivation: An economic analysis. International Journal of Seed Spices, 10(2), 74-79.
Mishra, S. K., (2003). Production and marketing of principle seeds species in Rajasthan (Unpublished Ph.D. (Ag.) Economics Thesis, Rajasthan University, Bikaner, Campus–Jobner). 
Mondal, S., & Bose, B. (2019). Impact of micronutrient seed priming on germination, growth, development, nutritional status and yield aspects of plants. Journal of Plant Nutrition, 42(19), 2577-2599. https://doi.org/10.1080/01904167.2019.1655032
Noreen, S., Fatima, Z., Ahmad, S., Athar, H. U. R., and Ashraf, M. (2018). Foliar application of micronutrients in mitigating abiotic stress in crop plants. In Plant nutrients and abiotic stress tolerance (pp. 95-117). Singapore: Springer Singapore.
Prathibha, R., Vasanthi, D. and Selvi, D. (2018). Effect of IPNS and Foliar Nutrition on the Yield and Quality Attributes of Coriander (Coriandrum sativum L.). Madras Agricultural Journal, 105. 
Sahib, N. G., Anwar, F., Gilani, A. H., Hamid, A. A., Saari, N., & Alkharfy, K. M. (2013). Coriander (Coriandrum sativum L.): A potential source of high‐value components for functional foods and nutraceuticals‐A review. Phytotherapy research, 27(10), 1439-1456.
Schmidt, S. B., & Husted, S. (2019). The biochemical properties of manganese in plants. Plants, 8(10), 381. https://doi.org/10.3390/plants8100381 
Tavakoli, M. T., Chenari, A. I., Rezaie, M., Tavakoli, A., Shahsavari, M. and Mousavi, S. R. (2014). The importance of micronutrients in agricultural production. Advances in Environmental Biology, 31-36.
Ullah, A., Farooq, M., Rehman, A., Arshad, M. S., Shoukat, H, Nadeem, A., Nawaz, A., Wakeel, A., and Nadeem, F. (2017). Manganese nutrition improves the productivity and grain biofortification of bread wheat in alkaline calcareous soil. Experimental Agriculture 54(5):744-754. 







[bookmark: _Hlk205135362]Table 2- Total The cost of individual treatment combination per hectare
	TREATMENT
	MICRONUTRIENTS
USED IN SEED
PRIMING
	MICRONUTRIENTS
USED IN FOLIAR
APPLICATION
	TOTAL

	FIXED
COST
	TOTAL
COST

	
	Qty(kg)
	Rate/kg(Rs)
	Amount
	Qty(kg or lit)
	Rate/kg(Rs.)
	Amount
	
	
	

	T1
	1.7
	1550
	2635
	-
	-
	-
	2635
	51030
	53665

	T2
	1.7
	1550
	2635
	0.08
	1550
	124
	2759
	51030
	53789

	T3
	1.7
	1550
	2635
	0.08
	1550
	124
	2759
	51030
	53789

	T4
	3.4
	1550
	5270
	-
	1550
	-
	5270
	51030
	56300

	T5
	3.4
	1550
	5270
	0.08
	1550
	124
	5394
	51030
	56424

	T6
	3.4
	1550
	5270
	0.08
	1550
	124
	5394
	51030
	56424

	T7
	5.2
	1500
	8060
	----
	1550
	-
	8060
	51030
	59090

	T8
	5.2
	1500
	8060
	0.08
	1550
	124
	8184
	51030
	59214

	T9
	5.2
	1500
	8060
	0.08
	1550
	124
	8184
	51030
	59214

	T10
	1.7
	1550
	2635
	----
	1550
	-
	2635
	51030
	53665

	T11
	1.7
	1550
	2635
	0.08
	1550
	124
	2759
	51030
	53789

	T12
	1.7
	1550
	2635
	0.08
	1550
	124
	2759
	51030
	53789

	T13
	3.4
	1550
	5270
	----
	--
	--
	5270
	51030
	56300

	T14
	3.4
	1550
	5270
	0.08
	1550
	124
	5394
	51030
	56424

	T15
	3.4
	1550
	5270
	0.08
	1550
	124
	5394
	51030
	56424

	T16
	5.2
	1550
	8060
	--
	---
	---
	8060
	51030
	59090

	T17
	5.2
	1550
	8060
	0.08
	1550
	124
	8184
	51030
	59214

	T18
	5.2
	1550
	8060
	0.08
	1550
	124
	8184
	51030
	59214







[bookmark: _Hlk205135379]Table- 3 Effect of seed priming, foliar application of micronutrients and their interaction on mean performance of economics parameter
	Treatment Details

	Seed yield (q/ha)
	Gross Monetary Return (Rs)
	Expenditure
(Rs/ha)
	Net
Monetary Return (Rs)
	B:C
Ratio

	T1 (A1B1)
	SP @150 ppm Cu+ No FS
	7.71
	131070
	53665
	77405
	1.44

	T2 (A1B2)
	SP @150 ppm Cu + FS@ 0.1% Cu at 45 DAS
	9.38
	159460
	53789
	105671
	1.96

	T3 (A1B3)
	SP @150 ppm Cu + FS@ 0.1% Cu at 75 DAS
	9.88
	167960
	53789
	114171
	2.12

	T4 (A2B1)
	SP @300 ppm Cu + No FS
	8.37
	142290
	56300
	85990
	1.53

	T5 (A2B2)
	SP @300 ppm Cu + FS@ 0.1% Cu at 45 DAS
	11.10
	188700
	56424
	132276
	2.34

	T6 (A2B3)
	SP @300 ppm Cu + FS@ 0.1% Cu at 75 DAS
	9.38
	159460
	56424
	103036
	1.83

	T7 (A3B1)
	SP @450 ppm Cu + No FS
	8.09
	137530
	59090
	78440
	1.33

	T8 (A3B2)
	SP @450 ppm Cu+ FS@ 0.1% Cu at 45 DAS
	9.48
	161160
	59214
	101946
	1.72

	T9 (A3B3)
	SP @450 ppm Cu+ FS@ 0.1% Cu at 75 DAS
	9.36
	159120
	59214
	99906
	1.69

	T10 (A4B1)
	SP @150 ppm Mn + No FS
	8.59
	146030
	53665
	92365
	1.72

	T11 (A4B2)
	SP @150 ppm Mn+ FS@ 0.1% Mn at 45 DAS
	11.09
	188530
	53789
	134741
	2.50

	T12 (A4B3)
	SP @150 ppm Mn+ FS@ 0.1% Mn at 75 DAS
	10.01
	170170
	53789
	116381
	2.16

	T13 (A5B1)
	SP @300 ppm Mn + No FS
	9.85
	167450
	56300
	111150
	1.97

	T14 (A5B2)
	SP @300 ppm Mn+ FS@ 0.1% Mn at 45 DAS
	8.89
	151130
	56424
	94706
	1.68

	T15 (A5B3)
	SP @300 ppm Mn + FS@ 0.1% Mn at 75 DAS
	9.44
	160480
	56424
	104056
	1.84

	T16 (A6B1)
	SP @450 ppm Mn + No FS
	8.53
	145010
	59090
	85920
	1.45

	T17 (A6B2)
	SP @450 ppm Mn + FS@ 0.1% Mn at 45 DAS
	12.11
	205870
	59214
	146656
	2.48

	T18 (A6B3)
	SP @450 ppm Mn + FS@ 0.1% Mn at 75 DAS
	9.41
	159970
	59214
	100756
	1.70
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Fig 1- Heat map of Economic parameters
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