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Abstract
	The present study analyzed the performance of production and export of cabbage of Indian based on secondary data collected from different government departmental repositories and websites. Statistical techniques like mean, standard deviation, CV (Coefficient of variation), regression and CAGR (Compound annual growth rate) a were applied for analysis. Cabbage contributed 4.92 % share of mean aggregate production of Indian vegetables over last ten years. Although, India contributing 8.29% share of global cabbage production with a CAGR of1.65 % over last 10 years (2014-15 to 2024-25), ranked 2nd after China, but the share of global cabbage export estimated only 0.10 % over the same period. The major destinations for cabbage export from India were emerging markets like Vietnam and Poland showing positive trends altogether indicating opportunities. Hence, India has to explore more export markets without sacrificing domestic demand. The lower growth rate (CAGR) of productivity (0.14 %) of cabbage compared to area (2.60 %) over two decades (2000-01 to 2024-25) harnesses for technological breakthrough. Two major cabbage producing states viz. West Bengal and Odisha accounted 34.45 % of national production. But in terms of productivity, West Bengal (28.35 t/ha) and Uttar Pradesh (27.98 t/ha) led the country. Hence, enhancement of productivity through technological development and adequate market infrastructures with improvement in post-harvest management of the crop particularly processing might be given importance to increase production and export potential of cabbage.
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1. Introduction
Globally India is the second-largest producer of horticultural crops. About 33% of the agriculture Gross Value Added (GVA) is contributed by the Indian horticulture sector making a large amount of contribution to the Indian economy (Horticultural statistics at a glance, 2023). On the other hand, vegetables alone constitute 59.79% of production share in GVA of horticulture and national export earnings from vegetable sector is Rs.7378.14 crore (Horticultural Statistics at a Glance 2023 & Agricultural Statistics at a Glance 2024-25). India is the world’s largest producer, exporter and consumer of vegetables, known as the ‘basket of vegetables’ (APEDA agri-Xchange). The diversified climate of India is conducive to variety of vegetable cultivation. The major vegetables which are cultivated in India are potato, onion, tomato, brinjal, cabbage, cauliflower, okra, peas, radish, bottle gourd (www.indiastat.com).
Cabbage (Brassica oleracea var. capitata), belonging to family of Brassicaceae, is one of the most important vegetables which is consumed by people all over the world. Cabbage has originated from Europe (Mekonnen and Gadisa, 2021) and it spread through colonization and trade to different parts of world. The most edible part is the compact head of the plant (Patidar et al., 2018) that is the leaves wrapped together is used as vegetable as well as in salads and the presence of glucosinolates in it has strong nutritional value (Patidar and Mohiuddin, 2018). Cabbage has a large number of medicinal properties such as it helps in digestive system disorders, blood cholesterol, etc. (Malik et al., 2017). Cabbage as vegetable also prevents or cures human health related disorders or diseases (Srivastava et al., 2022). Cabbage is also rich in vitamins A, C, and K, as well as fiber and water (Worku and Mehari, 2018).
Among vegetables, India is the 2nd largest producer of cabbage after China, producing 8.29 % of total global production during 2024-25 (www.tridge.com) with a mean production of 9150.90 million kg, 4.92 % of total vegetable production in 2024-25 (www.indiastat.com). The other principal producers are Russia, South Korea, Ukraine, Indonesia, Japan, United States, Poland and Vietnam. Though production and area of cabbage in India is huge but its productivity is lower than that of leading producers particularly China and South Korea (Gupta, 2015 and FAOSTAT, 2014). The low productivity is primarily caused by the cultivation of traditional varieties, combined with ineffective production and protection management practices, inadequate postharvest techniques, and the volatile pricing in the output market (Malik et al., 2017). In India, major cabbage producing states are West Bengal, Odisha, Madhya Pradesh, Gujarat, Bihar, Assam and in terms of production (000’MT) their national share is 22.68%, 12.41%, 10.47%, 8.28%, 7.66% and 7.22% respectively (www.agriwelfare.gov.in). NAFED, ICAR and its various crop research institutes are involved for its improvement (Srivastava et al., 2012).
In India several wholesale markets particularly of West Bengal and Odisha, are organized for national trading of cabbage (Sekhar et al., 2014). The export earning of India from cabbage is 2.19 million USD during 2024-25 (DGCI&S, Kolkata). Hence, it is pertinent to study the dormant potentiality of cabbage production and export by India. The study aimed to investigate how Indian cabbage performed in terms of production and export growth in domestic and global markets.
2. Materials and Methods
The study was carried out based on secondary data. The required information related to area, production, productivity and export were collected from different Government’s institutions viz. Agriculture and Horticulture department of Government of West Bengal, Department of Economics and Statistics etc. and also sourcing from important websites viz. www.indiasat.com, www.tridge.com, www.agristat.com, as well as official websites of Horticulture board of India and Department of Agriculture and Farmers Welfare of India to satisfy the specific objectives.
2.1 Analytical techniques: Simple descriptive statistics particularly mean, standard deviation, coefficient of variation (CV) and percentage were used to analyze the data. To inspect the trend in cabbage production, productivity, Compound Annual Growth Rate (CAGR) and CV techniques were employed.
2.2 Compound Annual Growth Rate (CAGR): The Compound Annual Growth Rate (CAGR) in area, production and productivity of cabbage was estimated by using the exponential growth function of the following form; 
Where, Y is dependent variable (area/production/productivity), a = intercept term, b = (1+r) and ‘r’ is the compound growth rate, t = time trend, u = Random error term
The above model in the Logarithmic form is expressed as: 
ln a and ln b values were obtained using the methods of ordinary least squares and per cent CAGR was computed using the following relationship; .
Student’s t test was used to test the significance of growth rate.
3. Results and Discussion
3.1 Status of cabbage production and extent of export: The thirteen years (2011-12 to 2024-25) data of the area and production shares of different sectors of horticulture in India was used to assess the proportionate contribution of vegetables (presented through Fig. 1). It was observed that key contribution to the mean area of horticulture venture of India over the specified period came from vegetables (39.71 %) followed by fruits (26.11 %), spices (15.23 %) and plantation crops (15.36 %). Similarly, in production, vegetables dominated with 59.51 % share followed by fruits (31.14 %), spices (2.88 %) and plantation crops (5.40 %).	
 
                                                                                                                 Source: www.indiastat.com
Although, vegetables ranked 1st in terms of area and production among the horticultural sectors, but the growth rate (CAGR) of vegetables had only 1.87 % and 2.47 % in area and production respectively, which is lower than flowers (3.21 % area, 6.22 % production) but higher than fruits (0.40 % area, 3.07 % production) (Table 1). This indicates balanced expansion in vegetable sector, with scope for cabbage as a key contributor.
Table 1: Trend in growth (CAGR) of different sectors of Horticulture in area and production over last 13 years (from 2011-12 to 2024-25)
	Sectors
	Mean
	CAGR (%)

	
	Area (‘000 ha.)
	Production (‘000 MT)
	Area
	Production

	Fruits
	6763.14
	97066.57
	0.40
	3.07

	Vegetables
	10281.07
	185376.80
	1.87
	2.47

	Flowers
	292.50
	2620.14
	3.21
	6.22

	Aromatic & medicinal plants
	650.50
	793.29
	3.46
	0.40

	Plantation crops
	3976.43
	16834.64
	1.82
	0.71

	Spices
	3944.21
	8966.93
	2.90
	5.54

	Total horticultural crops
	25910.43
	311790.50
	1.67
	2.66


                                                                                                          Source: www.indiastat.com
The ten years (2014-15 to 2024-25) data of the production of major vegetables produced in India was used to assess the trend in production of major vegetable, presented through Table 2. The major vegetables of India are potato, onion, tomato, brinjal, cabbage, cauliflower, okra, peas, radish, bottle gourd, etc. It was revealed that major contribution to the total mean production of vegetables of India shared by potato (27.43 %) followed by onion (13.15 %) and tomato (10.41 %), altogether constituted 51% of total vegetable production in India. Whereas cabbage only contributed 4.92% of total vegetable production with a growth rate (CAGR) of 2.01, significant at 1 % level, found to be lower compared to all other vegetables except brinjal. The results inferred that cabbage production could be augmented over the years to increase the export potential without sacrificing domestic demand.
Table 2: Trend in production of major vegetables over last 10 years in India (2014-15 to 2024-25)
	Vegetables
	Mean
	CAGR (%)
	R2
	P-value

	
	Production (‘000 MT)
	% share
	
	
	

	Potato
	52710.05
	27.43
	2.28***
	0.819
	0.000

	Onion 
	25275.61
	13.15
	4.98**
	0.700
	0.001

	Tomato
	20013.97
	10.41
	2.39*
	0.518
	0.012

	Brinjal
	12752.06
	6.64
	0.23***
	0.746
	0.000

	Cabbage
	9451.88
	4.92
	2.01***
	0.970
	0.000

	Cauliflower
	9056.90
	4.71
	2.58***
	0.968
	0.000

	Okra
	6516.57
	3.39
	3.03***
	0.953
	0.000

	Peas
	5819.69
	3.03
	4.30***
	0.977
	0.000

	Radish
	3051.75
	1.59
	3.70**
	0.646
	0.002

	Bottle Gourd
	3043.82
	1.58
	8.89***
	0.928
	0.000

	Total vegetables
	192169.60
	100
	2.39***
	0.931
	0.000


Source: Horticultural Statistics at a Glance 2021 and Agricultural statistics at a glance 2024
	The global export performance of India in cabbage was explored with the data on value of cabbage exports over the last 10 years (2014-15 to 2024-25) were used to analyse the growth in export potential, presented in table 3. It was found that China and United states were the leading global exporter of cabbage accounting 34.09 and 19.06 respectively, altogether constitute around 53% of the total value of global export. But it is disheartening to note that India could only contributes a very negligible share (0.10%) of global export value. But in terms of trend in export, compound annual growth rate of export (5.07%) of cabbage of India exposed to be much higher than China (0.33%) and United States (-4.50%). It indicates that global export of cabbage from India is increasing over the years. But the variation in stability of growth of export is observed to be 15.79% which was almost similar to China (16.10%) and slightly higher than United States (10.05%). It indicated that growth of export of cabbage from India was more stable than most of the major exported countries.  Hence, India has to increase the volume export of cabbage by searching more export markets without sacrificing domestic demand. Hence, India needs to stress on improving cabbage export through expansion in production, augmentation in productivity and value addition traits.

Table 3: Global export performance of cabbage over last ten years from 2014-15 to 2024-25 (value in Million USD)                                                                                       
	Country
	Mean export value 
	CV (%)
	CAGR (%)
	P- value

	China
	553.98 (34.09%)
	16.10
	0.33
	0.503

	India
	1.71 (0.10%)
	15.79
	5.07
	0.177

	Russia
	2.37 (0.14%)
	7.65
	-0.24
	0.698

	South Korea
	20.20 (1.24%)
	17.32
	-0.78
	0.740

	Ukraine
	1.76 (0.10%)
	44.13
	-2.55
	0.936

	Indonesia
	9.00 (0.55%)
	17.60
	4.62
	0.242

	Japan
	2.35 (0.14%)
	31.50
	8.64
	0.516

	United States
	309.73 (19.06%)
	10.05
	-4.50
	0.445

	Poland
	32.71 (2.01%)
	19.83
	9.08
	0.285

	Vietnam
	9.85 (0.60%)
	31.84
	14.02
	0.051

	World
	1624.83 (100%)
	15.08
	-5.14
	0.488


                                                                           Source: www.apeda.gov.in
3.2 Global position of cabbage production and trend: 
	To determine the trend and performance in cabbage production in India compared to the principal cabbage producing countries, the CAGR technique of analysis was employed. Production performance of major cabbage producing countries was analyzed using the last ten years (2014-15 to 2024-25) production data and delineated in Table 4. The Table shows that the major cabbage producing countries are China, India, Russia, South Korea, Ukraine, Indonesia, Japan, United States, Poland and Vietnam. India occupied 2nd position by contributing 8.29% of total global production (110329.10 million kg) followed by Russia and South Korea. Whereas, China found to be the leading contributor (31.23 %) of total global production. In terms of growth rate (CAGR), India occupied a better position compared to China (1.15 %), Russia (-2.56 %), Ukraine (-2.65 %), Poland (-4.19 %) and Japan (-0.14). Over the same period, India achieved 1.65% compound annual growth rate in cabbage production, higher than the global growth rate (0.29 %). The trend in cabbage production in India revealed significant at 1% level of probability. But the variation of cabbage production in India over the said period revealed 5.36% which was slightly higher than China but lower than most of the major cabbage producing countries. The above findings inferred that India has more stability in production with positive growth rate (Fig. 2) over the period compared to other major producing countries except China and Indonesia. 



Table 4: Global production (qty. Million Kg.) performance of cabbage from 2014-15 to 2024-25 
	Country
	Mean
	CV (%)
	CAGR (%)
	P- value

	China
	34451.82 (31.23%)
	3.99
	1.15***
	0.0002

	India
	9150.90 (8.29%)
	5.36
	1.65***
	0.0001

	Russia
	2784.54 (2.52%)
	17.04
	-2.56**
	0.0015

	South Korea
	2497.27 (2.26%)
	9.52
	0.08NS
	0.6771

	Ukraine
	1717.27 (1.56%)
	8.58
	-2.65*
	0.0249

	Indonesia
	1442.72 (1.31%)
	2.63
	-0.55NS
	0.3162

	Japan
	1455.45 (1.40%)
	1.58
	-0.14NS
	0.6436

	United States
	982.09 (0.89%)
	6.20
	-0.24NS
	0.8594

	Poland
	911.00 (0.82%)
	20.24
	-4.19**
	0.0010

	Vietnam
	995.54 (0.90%)
	12.57
	3.05***
	0.0001

	World
	110329.10 (100%)
	15.44
	0.29NS
	0.8302


                                                                              Source: www.tridge.com
.                                                                                                                                       Source: www.indiastat.com
3.3 Area, production and productivity of cabbage in India and their trend: 
	To examine the performance of India in cabbage production and growth in area, production and productivity, the last twenty-five years (2000-01 to 2024-25) was analyzed and shown in Table 5. The estimated mean area, production and productivity of cabbage over the said period were found 350.40 thousand ha., 7900.69 thousand ton and 22.48 ton/ha., respectively. However, the growth rate (CAGR) of area expansion, production and productivity was estimated as 2.60%, 2.73% and 0.14% respectively, which are all significant at 1 % level of probability. Whereas, the instability index (CV) was observed to be highest in production with 22.29% variation followed by area (20.80%). However, instability index for productivity was estimated at 2.67% indicated that the continuity in productivity enhancement was more stable than area and production. Further, the linear trend lines of area and production (Fig. 3) also revealed that the growth of both area and production of cabbage was in positive trend with R² of 0.899 and 0.937 respectively. It was also noticed that the annual growth rate (CAGR) for both area and production was almost identical. Another important finding underscoring steady expansion driven more by area than yield gains. The low productivity growth (0.14 % CAGR) compared to area (2.60 %) harnesses the need for technological breakthrough to sustain future output.
Table 5: Trend in Area, production and productivity of cabbage in India from 2000-01 to 2024-25 
	Particulars
	Area (‘000 ha.)
	Production (‘000 MT)
	Productivity (MT/ha.)

	Mean
	350.40
	7900.69
	22.48

	SD
	72.87
	1761.13
	0.60

	CV (%)
	20.80
	22.29
	2.67

	R²
	0.899
	0.937
	0.430

	CAGR (%)
	2.60***
	2.73***
	0.14***


                                                                                    Source: www.indiastat.com
                                                                                                                            Source: www.indiastat.com



3.4 State-wise contribution in cabbage production and trend in growth: 
	The mean contribution of major cabbage producing states in terms of area, production and productivity from 2014-15 to 2024-25 was estimated and presented in Table 6. It was observed that West Bengal, Odisha and Madhya Pradesh occupied 1st, 2nd and 3rd position respectively in terms of cabbage production. Whereas, in terms of area West Bengal, Bihar and Odisha ranked 1st, 2nd and 3rd position respectively. However, in terms of productivity West Bengal, Uttar Pradesh and Odisha took the leading positions. The above finding revealed that West Bengal achieved 1st position in area, production and productivity achievements in cabbage cultivation. On the contrary, in terms of annual growth rate (CAGR) of area and production, Uttar Pradesh found to be the pioneer, accounting 8.6% and 19.42% respectively followed by Madhya Pradesh (8.79% and 6.15% respectively) and Gujarat (2.21% and 2.90% respectively). Whereas, trend in growth rate of area and production of West Bengal in cabbage cultivation revealed less than 1% for both instead of having 1st position in mean area, production and productivity. The above finding inferred that Uttar Pradesh, Madhya Pradesh and Gujarat were to be the most innovators for enhancement of growth of area expansion and production.
Table 6: Contribution of major cabbage producing state in terms of area, production and productivity of last 10 years (2014-15 to 2024-25)
	State
	Mean
	CAGR (%)

	
	Area (‘000 ha.)
	Production (‘000 MT)
	Productivity (MT/ha.)
	Area
	Production

	West Bengal
	81.91 (19.85%)
	2321.26 (24.55%)
	28.35 
	0.79
	0.78

	Odisha
	40.53 (9.82%)
	1120.86 (11.85%)
	27.67
	1.60
	1.33

	Madhya Pradesh
	34.75 (8.42%)
	816.77 (8.64%)
	23.64
	8.79
	6.15

	Bihar
	40.92 (9.92%)
	721.44 (7.63%)
	17.63
	0.91
	1.49

	Gujarat
	32.49 (7.87%)
	722.81 (7.64%)
	22.22
	2.21
	2.90

	Assam
	33.77 (8.18%)
	717.12 (7.58%)
	21.22
	0.93
	1.21

	Chhattisgarh
	21.68 (5.25%)
	408.83 (4.32%)
	18.82
	0.24
	0.59

	Jharkhand
	22.65 (5.49%)
	349.65 (3.70%)
	15.78
	0.79
	-3.22

	Haryana
	17.47 (4.23%)
	315.23 (3.33%)
	18.56
	-0.93
	2.55

	Uttar Pradesh
	9.52 (2.31%) 
	326.90 (3.46%)
	27.98
	18.65
	19.42

	India
	412.69 (100%)
	9455.94 (100%)
	22.90
	1.65
	2.05


                                                                                                                                 Source: www.indiastat.com
4. Conclusion
	India produced around 8% of total global cabbage production over the last ten years. Even, the growth rate (CAGR) of cabbage production of India over the same period found to be higher compare to the most of the producing countries in the world. Moreover, among the major vegetables produces in India, cabbage holds 5th position accounting 4.92% (average from 2014-15 to 2024-25) of the total vegetable production. India’s contribution to the total global export of cabbage both in terms of quantity and value revealed very low (8.29% of the quantity and 0.10% of value). Although export quantities were relatively very low compared to major global exporters, the rising trend of export value indicating the considerable scope for growth in international markets. In India over the last 24 years, the positive trend in area, production and productivity of cabbage cultivation was found with the estimated growth rate (CAGR) 2.60%, 2.73% and 0.14% respectively. However, the instability in growth of production revealed much higher than productivity. West Bengal, Odisha, Madhya Pradesh altogether contributed around 45% of total cabbage production of India.  but in terms of productivity, West Bengal, Odisha and Uttar Pradesh took the leading position. However, challenges such as low productivity, dependence on conventional cultivation methods, inadequate post-harvest management, and price volatility hinder the sector from achieving its full potential. Hence, to enhance the domestic availability and global competitiveness of cabbage production and export, the vertical expansion cabbage cultivation by adoption of improved variety, scientific agronomic and plant protection practices to boost productivity, development of post-harvest infrastructures particularly for processing as well as horizontal expansion of cultivation area are highly crucial to be strengthen.
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Fig 1: Mean share of different sectors of Horticulture in area ('000 ha.) and production ('000 MT) in India (FY 2011-12 to FY 2024-25)

Average Contribution (%)	Area	Fruits	Vegetables	Flowers	Aromatic	Plantation	Spices	26.2	39.68	1.1299999999999999	2.5099999999999998	15.33	15.14	Average Contribution (%)	Production	Fruits	Vegetables	Flowers	Aromatic	Plantation	Spices	31.11	59.48	0.83	0.26	5.45	2.83	



Fig. 2: .Trend in cabbage production ('000 MT) of India 
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Fig. 3: Trend in Area and production of cabbage in India from 2000-01 to 2024-25
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