	EFFECTS OF ALTERNATE CROPPING PATTERN ONION-JUTE-PERILLA AGAINST THE EXISTING FARMER’S CROPPING PATTERN FALLOW-JUTE-T. AMAN IN AEZ-12 



Abstract
This experiment was conducted to evaluate the agro-economic performance of the Alternate Cropping Pattern (ACP) consisting of Onion–Jute–Perilla, in comparison to the prevailing Farmers' Cropping Pattern (FCP) of Fallow–Jute–T. Aman in the medium-high land at Faridpur during the 2022-2023 cropping season. The study followed a dispersed design with six replications. Newly released crop varieties, along with improved management practices, were applied in the ACP. In the ACP, under improved management, a yield of 8.90 tons per hectare was obtained from onion, with a Gross Return (GR) of Tk. 242169 per hectare and a Gross Margin (GM) of Tk. 97454 per hectare. For jute, the yield was 3.00 tons per hectare, with a GR of Tk. 239153 per hectare and a GM of Tk. 122283 per hectare. The estimated GR and GM of perilla under improved management were Tk. 317450 and Tk. 232885 per hectare, respectively, involving a total variable cost of Tk. 346150 per hectare. Under ACP management for onion, jute, and perilla, the Benefit-Cost Ratios (BCRs) were found to be 1.67, 2.04 and 3.75, respectively. The Marginal Benefit-Cost Ratio (MBCR) for this cropping pattern was found to be 3.77.

Key Words: Jute, Perilla & Onion
Introduction: Bangladesh is mainly considered as one of the fastest-growing economies (mid economy) in Southern Asia (Sultana, 2022). Over 168 million people (or 1139 people per square kilometer) live in Bangladesh, making it one of the world’s most densely populated countries of the world. At present, each Bangladeshi citizen contributes a meagre USD 7690 towards the Gross Domestic Product (GDP) per annum (GDP Bangladesh, 2022), but this rate could grow exponentially in the advent of an economically viable research. Proper agricultural research is essential to meet the country’s growing foods, cloths (garments: jute-cotton fiber demands), medicine and other basic needs & demands, but this sector is enabling the progression from a mid-income country to a developed country (BBS, 2019). More emphasis on research of agricultural crops was given oil and jute crop-based cropping patterns to different index of Sustainable Development Goals (SDG). This could play a vital role in implementing Vision-2041, and Delta Plan-2100 (Islam et al., 2015). However, the country has a notable shortage of oil and spice crops production during the growing period. Oil and spice crops are closely related to major two rice crops Boro (Onion) and Aman (Perilla). Total requirement of our country onion is 2177 thousand metric tons, but the rest of the amount is importing from the neighboring country like India. It deals with a major foreign currency. On the other hand, Faridpur region is very much suitable for onion production, which accounts 70% of total production in Bangladesh (Mottaleb et al., 2017). To overcome the import dependency Hon'ble Prime Minister Sheikh Hasina has urged to increase the cultivation of spices, mustard and other oil crops in the country to reduce the import dependence of edible oil to deal with the current global situation. Keeping this issue in mind, our cropping pattern has been arranged. On that point of view, Jute Research Regional Station, Faridpur (AEZ-12) conducted: Onion-Jute-Perilla against the existing farmers cropping pattern: Boro-Fallow- Fallow in medium high land of Faridpur. Oil and spices are an integrated part of balance diet. This provides protein, fat, wax, vitamin, mineral, water, and another dietary component (Alim et al., 2016). To improve the existing practices, Jute Farming System Division has undertaken a program to increase to cropping intensity and income of the farmers and another context, to introduce improved technology and new crops, and to engage workless people in the agricultural activities (Mojumder et al., 2021).

Onion (Allium cepa L.) is grown in practically every district of Bangladesh. Pabna, Faridpur, Rajbari, Manikganj, Kushtia, Rajshahi, Jhenaidah, Magura, Meherpur, Madaripur, Shariatpur, Gopalganj, Narayanganj, Dinajpur, and Rangpur are the primary onion-producing districts. Pabna has the greatest onion production rate of any of the 64 districts. The overall onion area in the country was 187 thousand hectares, with Pabna accounting for 42566.40 hectares and Faridpur accounting for 2617 hectares. Pabna, Faridpur, Rajbari, Rajshahi, Kushtia, and Jhenaidah produce approximately 75.79% of the country’s total onion production (BBS, 2019). Onion is a widely used spice in Bangladesh so there is a huge demand for onion which is not met up by domestic production. While demand for onions was over 2.5 million metric tons (MT) in 2023, domestic production was around 3.4 million MT (Anonymous, 2023). Because onions are semi-perishable, roughly 1 million MT were lost during harvesting and storage, leaving just a part to reach the market. To make up the difference, Bangladesh purchased 600,000 to 1 million MT from other nations, especially India. This trade dynamic puts a considerable burden on the country’s foreign currency reserves, highlighting the critical need for efforts to increase domestic onion production and minimize reliance on imports (Anik and Salam, 2015).

Perilla (Perilla frutescens Britt.) is a self-fertilizing crop in Labiatae which is widely cultivated in East Asia. There are two varieties of Perilla, classified based on their morphology and utilization. In Korea, P. frutescens var. frutescens Britt. is an oil crop and contains the highest content of α-linolenic acid which is one of the essential nutrients in diet (Choi, 2015). The essential oils content in perilla leaves, stem and roots were also reported by Lee et al. (1997). Leaves of P. frutescens var. frutescens are also used as a vegetable and for making pickles in Korea. In addition to two cultivated varieties, weedy type plants in both frutescens and crispa had also been reported in perilla (Nitta, 2001). Perilla is one of the important cash crops in Korea. Due to increased meat consumption, the consumer’s demand for perilla fresh leaves is increasing. The seeds of P. frutescens var. frutescens are commonly used as a flavor for traditional food in Korea, Japan, China and Nepal, but P. frutescens var. crispa is a Chinese medicine and vegetable in the Far East region (Nitta et al., 2003). In addition to food value, perilla crop has some beneficial effects on soil properties. Previous study (Nam et al., 2003) reported that inclusion of perilla in cropping system of barley and safflower improved the soil
Methodology
The materials used and methods followed in the experiment have been presented in this section. The experiment was carried out at Bangladesh Jute Research Regional Station, Faridpur (AEZ-12) during the cropping season of 2022-2023. The physico-chemical analysis of soils and chemical analysis of plant samples were carried out in the Jute Farming Systems laboratory, Dhaka. The materials and methods have been divided into different sub-heads and are described as follows-
The experiment was conducted to evaluate the agro-economic performance of the Alternate Cropping Pattern (ACP) (Onion–Jute–Perilla) against the prevailing Farmers’ Cropping Pattern (FCP) (Fallow–Jute–T. Aman) in the medium high land of Faridpur during the cropping season 2022 to 2023. The experiment followed RCBD a dispersed design with six replications. In the ACP, Onion (BARI Onion-08) variety was sown on the 30 October, 2022 and harvested on the 10 February, 2023. Subsequently, jute (BJRI Tossa Pat 8) was sown on the 05 March, 2023 and harvested on the 20 July, 2023. Finally, SAU Perilla-1 was transplanted after harvesting jute on the 30 July, 2023 and harvested on the 15 October, 2023. Recommended seed rates (Onion: 09, Jute: 6, Perilla: 1.50 kgha-1), fertilizers (Urea-TSP-MP-Gypsum-Zinc Sulphate-Boron: kgha-1; Onion: 100-45-80, Jute: 200-50-80-90, Perilla: 55-40-45 kgha-1), and other intercultural operations were applied as and when necessary in ACP. In contrast, farmers used their own choices for varieties, seed rates, sowing time, fertilizer doses, and other intercultural operations in the prevailing Fallow–Jute–T. Aman pattern. To calculate the various returns for the experiment, the following formulas were used:
Design: RCBD, Replication: Disperse (6), Plot size: 20 m2. 
Treatments: (i) T0: Fallow-Jute-T. Aman (FCP)
	        (ii) T1: Onion -Jute-Perilla (ACP)
· GR = Main product yield × price + By-product yield × price
· GM = Gross Return - Total Variable Cost (TVC)
· BCR = Gross Return / Total Variable Cost
· MBCR = (GR of ACP pattern - GR of FCP pattern) / (TVC of ACP pattern - TVC of FCP pattern)
· Rice Equivalent Yield (REY) = Gross return of component crop / Unit price of rice.

Description of the experimental site
Location
The experiment was conducted in the farm of Bangladesh Jute Research Regional Station, Faridpur during the cropping season 2022-2023. Geographically it is situated at 24.75N latitude and 90.500E longitude at an attitude of 8 m above the mean sea level.   

Soil
The general soil type of the experimental farm belongs to Non-calcareous Dark Grey Flood Plain soil. The experimental soil was Meghna Flood Plain silt loam. The soil belongs to order Incept sol having only few horizons, developed under aquic moisture regime and variable temperature regime.

Climate
The experimental area falls under the sub–tropical climate, which is characterized by high temperature and humidity, heavy rainfall with occasional gusty winds in the Kharif season (April–September) and less rainfall associated with moderately low temperature during the rabi season (October–March).

Application of fertilizers 
The full dose of TSP and MoP were applied before transplanting. Urea was applied in three equal splits. The first split of urea was applied 15 days after transplanting, the second split was applied as top dressing 30 days after transplanting and third split was applied different days after transplanting

Transplanting of seedlings
The seedlings of 40 day old were transplanted in the experimental plots on 2022-2023. Three seedlings hill-1 were placed at spacing of 20 cm  20 cm, 15 cm  20 cm and 10 cm  20 cm. The number of rows and number of hills were same in all plots. Gap filling was done different days after transplanting to maintain a uniform plant population and density in each plot. 

Intercultural operations
Irrigation
Irrigation was used in the experimental plots as needed and water level was maintained at 5 cm on soil surface in each unit plot during the growing period of the crop. 

Weeding 
The experimental plots were infested with some common weeds, which were removed by uprooting from the field 3-4 times during the period of the experiment. 

Insect and pest control
There was no infested of insects, pests and diseases in the field and so no control measure was required. 
Harvesting 
The crop was harvested at maturity on different date. The harvested crop was threshed plot wise. Grain and straw yields were recorded plot-wise and moisture percentage was calculated after sun drying. Dry weight of both grain, seed, bulb and straw was recorded and expressed as t ha-1 on sun dry basis. 
Data Collection 
Ten hills were randomly selected from each plot to record the yield contributing characters of the onion, jute and perilla. The selected hills were collected before harvesting of the crop and the following information were recorded. 
Plant height
The plant height was measured from the ground level to top of the panicle. Plants samples from each plot were measured and averaged.
Pod length
Panicle length was measured from basal node of rachis to the apex of each panicle. 
Number of effective branches hill-1
Plant samples were taken at randomly from each plot and total number of effective tillers hill-1 was calculated. 
Filled seeds pod-1
Each panicle was taken and the filled grains panicle-1 were counted and averaged.
1000-grain weight
Thousand grains were counted from the samples collected plot wise and the weights were recorded after sun drying in an electrical balance.
Grain, Bulb, Seed and Straw yield
Grain and straw obtained from each plot were dried and weighed carefully. The yields were expressed as t ha-1 on sun dry basis or 14% moisture basis.

Biological yield
Biological yield was calculated by using the following formula.
Biological yield = Grain yield + Straw yield
Analysis of the initial soil
The initial soil samples were analyzed for both physical and chemical properties in the laboratory of the department of Soil Science, Bangladesh Agricultural University, Mymensingh. The properties studied include particle size analysis, pH, organic matter content, available P and cation exchange capacity (CEC). 

Particle size analysis
The particle size analysis was done by hydrometer method as described by Piper (1950) and the textural class was determined by plotting the results of sand %,        Silt % and Clay % to the “Marshall’s Triangular Co-ordinate’’ following the USDA system.

Soil pH
The soil pH was measured with the help of a glass electrode pH meter using soil water suspension ratio of 1: 2.5 as described by Jackson (1962).

Organic carbon
Organic carbon of the soil was determined by wet oxidation method described by Walkley and Black (1934). 

Cation exchange capacity (CEC) 
Cation exchange capacity of soil was determined by sodium saturated method as outlined by Jackson (1962). The soil samples were saturated with NaOAc followed by replacing the Na+ from the saturated samples by 1 N NH4OAc. The amount of Na+ in the extract was then determined by flame photometer.

Nutrient Uptake:
After chemical analysis of straw and grain samples, the nutrient uptake was calculated from the nutrient content and yield of rice crop by the following   formula:


Statistical analysis
The analysis of variance for crop characters and also for the nutrient content and nutrient uptake by the grain and straw were done following the ANOVA technique and the mean results in case of significant F value were adjudged by the Duncan’s Multiples Range Test (DMRT) (Gomez and Gomez 1984). 

Results and Discussion
The table shows the performance of ACP which includes Onion–Jute–Perilla, compared to the existing FCP which includes Fallow–Jute–T. Aman in medium-high land in Faridpur. The ACP showed improved performance compared to FCP in terms of yield and profitability. The pattern basis field duration revealed that three crops could be productively cultivated, as shown in Table 1.5.1. ACP pattern could be used for the highest 290 days under improved management, while it could be used for 125 days only in the FCP practices. The main product yield per hectare for ACP was higher for jute (3.00 tha-1), Onion (8.90 tha-1) and Perilla (1.75 tha-1) compared to FCP, indicating better utilization of land and resources. The rice equivalent yield was found 5881.67 tha-1 in ACP which was 5439 tha-1 only in the FCP practices (Mahmud et al., 2020). 
Economic performance of three crops like onion, jute and perilla containing cropping patterns showed that the gross return per hectare was higher (129.07%) for ACP than FCP for all three crops. The gross margin was also higher (221%) for ACP for onion, jute and perilla. The BCR for ACP was 1.67, 2.04 and 3.75 in onion, jute and perilla, respectively. The marginal benefit-cost ratio (MBCR) was found 3.77 in these patterns. 
[bookmark: _Hlk173405454][bookmark: _Hlk170210732][bookmark: _Hlk170210619][bookmark: _Hlk170210900][bookmark: _Hlk173405560]Another study compared the agro-economic performance of the Alternate Cropping Pattern (ACP) and Farmers' Cropping Pattern (FCP) in Manikganj during the 2022-23 cropping season. The ACP involved sequential cultivation of Mustard, Kenaf and Perilla while the FCP followed the Mustard–Kenaf–T. Aman pattern. The experiment used a dispersed design with six replications. Under the ACP, Mustard yielded 1.445 tha-1, with a Gross Return (GR) of Tk. 101150 ha-1 and Gross Margin (GM) of Tk. 36125ha-1. kenaf production in the ACP resulted in a fiber yield of 2.635tha-1 and a stick yield of 4.9tha-1, with a GR of Tk. 200687ha-1 and GM of Tk. 89949ha-1. Under the ACP, Perilla yielded 1.321tha-1, with a Gross Return (GR) of Tk. 184940 ha-1 and Gross Margin (GM) of Tk. 88708ha-1. The GR of Mustard was Tk. 101150ha-1 under the ACP and Tk. 100400ha-1 under the FCP. The GR of Perilla Tk. 200400 ha-1 in the ACP while the GR of T. Aman was Tk. 164081ha-1 in the FCP. Economic analysis showed that the ACP: Mustard–kenaf–Perilla pattern had the highest GR (Tk. 502237ha-1) and GM (Tk. 2,48231 ha-1). The MBCR was found to be 2.23 in the ACP pattern. Compared to the FCP, the ACP demonstrated higher GR (10 %) and GM (21.94%). This suggests that the ACP is a more economically viable cropping pattern.

[bookmark: _Hlk173318663][bookmark: _Hlk173405739][bookmark: _Hlk173318879]There is another study compared the agro-economic performance of the Alternate Cropping Pattern (ACP) and Farmers' Cropping Pattern (FCP) in Chandina during the 2022-2023 cropping season. The ACP involved sequential cultivation of Soybean, Jute, T. Aman while the FCP followed the Soybean–fallow–T. Aman pattern. The experiment used a dispersed design with three replications. Under the ACP, Soybean yielded 2.10 tha-1, with a Gross Return (GR) of Tk. 1,14,550 ha-1 and Gross Margin (GM) of Tk. 60,435 ha-1. Jute production in the ACP resulted in a fiber yield of 2.82 tha-1 and a stick yield of 4.50 tha-1, with a GR of Tk. 2,28,300 ha-1 and GM of Tk. 1,17,690 ha-1. The GR of T. Aman was Tk. 1,69,040 ha-1 under the ACP and Tk. 1,66,560 ha-1 under the FCP. Economic analysis showed that the ACP: Soybean–Jute–T. Aman pattern had the highest GR (Tk. 5,11,890 ha-1) and GM (Tk. 2,72,176 ha-1). The MBCR was found to be 2.38 in the ACP pattern. Compared to the FCP, the ACP demonstrated higher GR (85%) and GM (102%). This suggests that the ACP is a more economically viable cropping pattern.

Table 1. Growth rate of area, yield and production of onion using semi-log model 
	Particulars 
	Area 
	Production 
	Yield 

	Trend Coefficient 
	0.03869*** 
	0.05456*** 
	0.01579*** 

	P value 
	0.000 
	0.000 
	0.000 

	F- Statistics 
	119.09 
	87.45 
	44.73 

	Growth Rate (%) 
	3.87% 
	5.46% 
	1.58% 


		*** significant at 1% level







Table 2. Performance of ACP: Onion–Jute–Perilla against existing FCP: Fallow–Jute–T. Aman in medium high land at Faridpur
	Parameters

	ACP management
	FCP management

	
	Onion
	Jute
	Perilla
	Fallow
	Jute
	T. Aman

	Variety
	BARI Onion-8
	BJRI Tossa Pat 8
	SAU Perilla-1
	-
	BJRI Tossa Pat 8
	BRRI dhan 49

	Sowing date
	30-10-22
	05-03-23
	30-07-23
	-
	01-04-23
	15-08-23

	Harvesting date
	10-02-23
	20-07-23
	15-10-23
	-
	05-08-23
	25-11-23

	Duration (Day)
	100
	115
	75
	-
	125
	100

	Pattern basis duration
	290
	225

	No. of ploughing
	3
	3
	3
	-
	3
	3

	No. of laddering
	2
	2
	2
	-
	2
	2

	Seed rate (kgha-1)
	09
	06
	1.50
	-
	07
	25

	Fertilizer rate

	Urea-TSP-MoP-Gyp-ZnSO4
	100-45-80
	200-50-80-90
	55-40-45
	-
	200-50-70
	150-100-65-60

	No. of weeding
	02
	02
	02
	-
	02
	02

	No. of Irrigation
	00
	02
	00
	-
	02
	00

	Pest control
	02
	02
	01
	-
	01
	02

	Labor (no. ha-1)
	132
	170
	125
	-
	175
	130

	Family labor (no. ha-1)
	42
	40
	30
	-
	65
	50

	Hired labor (no. ha-1)
	90
	130
	95
	-
	110
	80

	Mechanical Cost 
(Tk ha-1)
	7500
	6000
	7500
	-
	5500
	18500

	TVC (Tk ha-1)
	144715
	116870
	84565
	-
	116650
	105305

	 Pattern basis TVC (Tk ha-1)
	346150
	221955

	TCC (Tk ha-1)
	114115
	85570
	49565
	-
	75500
	59605

	Product yield (tha-1)
	8.90
	3.00
	1.75
	-
	2.51
	4.50

	By product yield 
(tha-1)
	-
	5.95
	-
	-
	5.65
	4.95

	Rice Equivalent Yield (REY) (tha-1)
	252
	7473
	9920
	-
	6376
	4502

	Pattern basis REY (tha-1)
	5881.67
	5439

	GR (Tk ha-1)
	242169
	239153
	317450
	-
	204051
	158850

	Pattern basis GR 
(Tk ha-1)
	831322
	362901

	GR increased (%)
	129.07
	-

	GM (Tk ha-1)
	97454
	122283
	232885
	-
	87401
	53545

	Pattern basis GM 
(Tk ha-1)
	452622
	140946

	GM increased (%)
	221
	-

	BCR
	1.67
	2.04
	3.75
	-
	1.74
	1.51

	MBCR
	3.77
	-


Table 3. Return of jute production in different locations of Bangladesh
	Item
	Location

	
	Jashore
	Manikganj
	Rangpur
	Faridpur
	Average

	Production (kgha-1) 
	 
	 
	 
	 
	

	Fiber (F)
	3879
	2642
	[bookmark: _Hlk170305743]2363
	[bookmark: _Hlk170304879]3466
	3087

	Stick
	6206
	4976
	4142
	5046
	5092

	Fiber equivalent yield of stick (E)
	827
	752
	701
	613
	723

	Total yield (F+E) (Yi)
	4706
	3394
	3064
	4079
	3810

	Price of Fiber (Pi)
	45
	56
	59
	66
	56.5

	Price of Stick
	6
	8.5
	10
	8
	8.1

	Gross Return (Tk.ha-1)
	 
	 
	 
	 
	

	Value of fiber
	174547
	148598
	112990
	228189
	166081

	Value of stick
	37237
	42293
	41417
	40366
	40328

	Total Return
	[bookmark: _Hlk170305208]211783
	190891
	154408
	268555
	206409

	Total Fixed Cost (TFC)
	29500
	32700
	28500
	60480
	37795

	TVC (Tk.ha-1)
	100835
	82072
	81732
	73342
	84495

	TCC (Tk.ha-1)
	78335
	68272
	58232
	55342
	65045

	Total Cost (TVC+TFC)
	130335
	114772
	139963
	128684
	128438

	Gross Margin (Tk.ha-1)
	 
	 
	 
	 
	

	Total Cost Basis
	81449
	76119
	14445
	139871
	77971

	TVC basis
	110949
	108819
	[bookmark: _Hlk170305373]72676
	[bookmark: _Hlk170305345]195213
	[bookmark: _Hlk170305087]121914

	TCC basis
	133449
	122619
	96176
	213213
	141364

	Break-even quantity [fiber equivalent yield (kg)/ha]
	2896
	2040
	2369
	1955
	2315

	Break-even price (Tk/kg fiber)
	28
	34
	46
	32
	35

	Benefit Cost Ratio
	 
	 
	 
	 
	

	Total Cost Basis
	1.62
	1.66
	1.10
	2.09
	1.61

	TVC basis
	2.10
	2.33
	1.89
	3.66
	2.49

	TCC basis
	1.59
	2.80
	2.65
	4.85
	2.97



Unit price of product, by-product:
	Crop
	Onion
	Jute
	Perilla
	BRRI dhan 29

	Product price (Tk.kg-1)
	30.00
	75.00
	200.00
	32.00

	By-product price (Tk.kg-1)
	-
	6.50
	-
	3

	Labor wage (Tk. day-1)
	550
	550
	550
	550



Economic Data
Economically the pattern is more profitable than the existing pattern. If we follow the above table we easily mention it.
Conclusion: In terms of economic performance, the ACP showed higher gross return per hectare and gross margin for all three crops (onion, jute, and perilla) compared to the FCP. The BCR was higher for the ACP, indicating better economic returns. The MBCR was also favorable for the ACP. Overall, the results indicate that the ACP is a more profitable and sustainable cropping pattern compared to the FCP, particularly for medium-high land in Faridpur areas are suitable with Onion–Jute–T. Aman crop coverage in cropping pattern.
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