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Abstract
An experiment was conducted during the Rabi season of 2022–2023 in a farmer’s field at Char Gonai, Kaunia, Rangpur, located in Agro-Ecological Zone-3 of Bangladesh, to determine the optimum seed rate of onion when grown with coriander under charland conditions. The experiment consisted of five treatments: recommended seed rate of onion with 10% recommended seed rate of coriander, recommended seed rate of onion with 20% recommended seed rate of coriander, recommended seed rate of onion with 30% recommended seed rate of coriander, sole onion, and sole coriander. The trial was laid out in a Randomized Complete Block Design with three replications. BARI Piaz-4 was used as the onion variety, while BARI Dhania-2 was used as the coriander variety. The results showed that sole onion produced the highest bulb yield of 18.87 t ha⁻¹, whereas onion grown with 20% recommended seed rate of coriander produced the lowest onion yield of 2.56 t ha⁻¹. Most onion yield-contributing traits, except plant height, were significantly influenced by coriander seed rate. In coriander, the highest grain yield was obtained from sole coriander at 1792.6 kg ha⁻¹, while the lowest yield was recorded from onion mixed with 30% recommended seed rate of coriander at 1018.5 kg ha⁻¹. The highest Land Equivalent Ratio of 1.10 was recorded from onion grown with 10% recommended seed rate of coriander, indicating a yield advantage over sole cropping. From an economic perspective, sole coriander produced the highest benefit-cost ratio, whereas sole onion generated the highest gross return. Among the mixed cropping treatments, onion with 10% recommended seed rate of coriander was the most promising combination in terms of land-use efficiency and economic return. The study concludes that, under charland conditions of AEZ-3, coriander seed rate should not exceed 10% of its recommended level when grown with BARI Piaz-4 onion. Further research using coriander seed rates below 10% may help refine the most productive and profitable onion–coriander mixed cropping system for charland farmers.
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I. Introduction
Onion (Allium cepa L.) and coriander (Coriandrum sativum L.) are two important spice crops cultivated widely in Bangladesh. These crops contribute to household food use, market income, crop diversification, and rural livelihood security. Onion is one of the most widely consumed spices in the country and has strong commercial importance because of its regular demand in domestic markets. Coriander is also an important spice crop used both as fresh leaves and dried seed. In Bangladesh, spice crops are commonly grown during the Rabi season, and their production plays an important role in improving farm income and cropping intensity, particularly among small and marginal farmers (Bangladesh Bureau of Statistics, 2021; Bangladesh Agricultural Research Institute, 2015).
Charland agriculture has special importance in Bangladesh because charlands provide seasonal and sometimes permanent agricultural opportunities for resource-poor farming communities. Charlands are newly emerged or periodically formed riverine lands created through the deposition of alluvial sediments along major river systems such as the Jamuna, Padma, Meghna, Ganges, and Teesta (Elahi, 1991). Although these lands are agriculturally important, crop production in char areas is often constrained by sandy soil texture, low organic matter, poor moisture retention, limited soil fertility, erosion, flooding risk, and weak infrastructure support (Islam et al., 2012). Because of these limitations, farmers in charland areas often adopt mixed cropping and intercropping systems to increase total productivity from limited and uncertain land resources.
Intercropping is the cultivation of two or more crops on the same piece of land during the same growing season. It is widely recognised as an effective practice for improving land-use efficiency, crop diversification, resource utilisation, yield stability, and farm income (Willey, 1979; Francis, 1986; Vandermeer, 1989). The advantage of intercropping depends on the ability of component crops to use available resources differently in time and space. When crops differ in canopy structure, rooting pattern, growth duration, and nutrient demand, they may utilise sunlight, water, nutrients, and space more efficiently than sole crops (Ofori & Stern, 1987; Fukai & Trenbath, 1993). Recent studies have also shown that intercropping can increase yield advantage through complementary resource use, improved belowground interactions, and better system productivity (Li et al., 2014; Li et al., 2020).
In Bangladesh, intercropping and mixed cropping practices are common among smallholder farmers, particularly where land is limited and crop failure risk is high. Previous studies have reported the potential of intercropping in different crop combinations, including maize with groundnut, root crops with chilli, onion with pea, and coriander with onion under charland or comparable field conditions (Alom et al., 2010a; Alom et al., 2010b; Begum et al., 2015; Rahman et al., 2015; Talukder et al., 2015). These studies indicate that intercropping can increase total system productivity and improve land-use efficiency when crop combinations and plant populations are properly managed.
However, the success of a mixed cropping system depends strongly on crop selection, seed rate, plant population, planting geometry, and the competitive ability of each crop. If the companion crop is grown at an excessive seed rate, it may compete strongly with the main crop for nutrients, moisture, light, and space. Such competition may reduce the yield of the main crop and lower the overall productivity of the system (Fukai & Trenbath, 1993; Vandermeer, 1989). On the other hand, if the companion crop is grown at too low a seed rate, the potential benefit of mixed cropping may not be fully achieved. Therefore, optimum seed rate is a key factor in designing a productive and profitable intercropping system.
Although onion–coriander mixed cropping is practised by farmers in charland areas, scientific information on the optimum coriander seed rate for this system is still limited. Earlier research has shown that coriander can be intercropped with onion in charland conditions, but the appropriate seed rate needs further refinement for better land-use efficiency and profitability (Talukder et al., 2015). Similar work on onion-based mixed cropping with black cumin also suggests that seed rate and crop density have a major influence on yield, economic return, and intercropping advantage under charland conditions (Haque et al., 2024). Therefore, the present study was conducted to evaluate the effect of different coriander seed rates on onion yield, coriander yield, Land Equivalent Ratio, Onion Equivalent Yield, and economic return under charland conditions of AEZ-3 in Bangladesh. The main objective was to identify a suitable onion–coriander mixed cropping combination for improving land-use efficiency and profitability in charland farming systems.
II. Materials and Methods
The experiment was conducted during the Rabi season of 2022–2023 in a farmer’s field at Char Gonai, Tapamodhupur, Kaunia, Rangpur, Bangladesh. The experimental site belongs to Agro-Ecological Zone-3, which is characterised by riverine charland conditions. Charland soils in Bangladesh are generally formed from recent alluvial deposits and are often sandy to sandy loam in texture, with low organic matter and low water-holding capacity (Elahi, 1991; Islam et al., 2012). These soil conditions make crop production challenging, especially during the dry Rabi season, when moisture availability and nutrient retention may limit crop growth.
The experiment was arranged in a Randomized Complete Block Design with three replications. Randomized block designs are commonly used in agronomic field experiments to reduce experimental error caused by field variability and to improve the precision of treatment comparison (Gomez & Gomez, 1984). Five treatments were included in the study: recommended seed rate of onion with 10% of the recommended seed rate of coriander, recommended seed rate of onion with 20% of the recommended seed rate of coriander, recommended seed rate of onion with 30% of the recommended seed rate of coriander, sole onion, and sole coriander. BARI Piaz-4 was used as the onion variety, while BARI Dhania-2 was used as the coriander variety. These varieties were selected because BARI-developed spice crop varieties are widely used in Bangladesh and are recommended for improved production under local agro-ecological conditions (Bangladesh Agricultural Research Institute, 2015).
The land was prepared through repeated ploughing and laddering to obtain a fine seedbed suitable for direct sowing. Cow dung was applied at the rate of 5 t ha⁻¹. Chemical fertilizers were applied at the rate of N₇₀P₂₅K₅₀B₂ kg ha⁻¹. The full doses of cow dung, phosphorus, potassium, and boron were incorporated into the soil during final land preparation. Nitrogen was applied in two equal splits. The first split was applied at 15 days after germination, and the second split was applied at the flowering stage. Split application of nitrogen is a common agronomic practice because it helps reduce nutrient loss and improves nutrient availability during important crop growth stages (Gomez & Gomez, 1984).
Before sowing, coriander seeds were soaked overnight to improve germination. The seeds were also treated with Provax at 2.5 g kg⁻¹ of seed to reduce the risk of seed-borne diseases. Seeds were sown on 21 November 2022. A row-to-row distance of 30 cm and plant-to-plant spacing of 10 cm were maintained. Standard intercultural operations, including weeding, irrigation, and earthing-up, were carried out when necessary. Disease management practices were also followed during the growing period. Autostin at 2 g L⁻¹ and Amistertop at 2 g L⁻¹ were applied at 25, 65, and 75 days after sowing. The crops were harvested on 15 March 2023.
Data were collected on plant population per square metre, plant height, number of branches per plant, bulb diameter, plot yield, grain yield, bulb yield, Onion Equivalent Yield, Land Equivalent Ratio, gross return, gross margin, and benefit-cost ratio. Onion yield was expressed as tonnes per hectare, while coriander yield was expressed as kilograms per hectare. The collected data were analysed statistically using Statistix-10 software. Treatment means were compared using the Least Significant Difference test at the 5% level of probability following standard statistical procedures for field experiments (Gomez & Gomez, 1984).
Onion Equivalent Yield was calculated to compare the total productivity of different treatments by converting coriander yield into onion-equivalent value based on market price. Equivalent yield is widely used in intercropping studies because it allows the productivity of different component crops to be expressed in terms of one main crop. The formula used was:
OEY = Yio + Yic × (Pc/Po)
where Yio represents the yield of intercropped onion, Yic represents the yield of intercropped coriander, Pc represents the market price of coriander, and Po represents the market price of onion.
Land Equivalent Ratio was calculated to assess the land-use advantage of the mixed cropping system over sole cropping. LER is a widely used index for evaluating intercropping advantage and comparing the relative productivity of intercropping and monocropping systems (Willey, 1979; Mead & Willey, 1980). The formula used was:
LER = (OIY/OSY) + (CIY/CSY)
where OIY represents the yield of intercropped onion, OSY represents the yield of sole onion, CIY represents the yield of intercropped coriander, and CSY represents the yield of sole coriander. A Land Equivalent Ratio greater than 1.0 indicates that the intercropping system is more efficient than sole cropping, whereas a value below 1.0 indicates a disadvantage of intercropping (Mead & Willey, 1980).
III. Results and Discussion
The yield and yield-contributing parameters of onion were significantly affected by the different coriander seed rates used in the mixed cropping system. All measured onion parameters, except plant height, showed significant differences among the treatments. This indicates that coriander seed rate had a clear influence on onion growth and yield performance under charland conditions. Similar findings have been reported in other intercropping studies, where component crop density and spatial arrangement strongly influenced yield and resource competition (Fukai & Trenbath, 1993; Vandermeer, 1989; Li et al., 2020).
Plant population per square metre varied from 40.67 in the treatment where onion was grown with 10% recommended seed rate of coriander to 62.33 in sole onion. The highest plant population was recorded in sole onion, while intercropped treatments showed lower plant stands. This reduction may have resulted from competition between onion and coriander during germination and early establishment, especially under sandy and low-fertility charland soil conditions. Charland soils are often low in organic matter and have poor moisture retention capacity, which may intensify competition between component crops during early growth (Elahi, 1991; Islam et al., 2012).
Plant height of onion did not differ significantly among the treatments. The values ranged from 51.67 cm in onion grown with 10% recommended seed rate of coriander to 59.33 cm in onion grown with 20% recommended seed rate of coriander. The non-significant variation in plant height suggests that vegetative height was less sensitive to companion crop competition than yield-contributing characters such as bulb diameter and bulb yield. Similar patterns have been observed in intercropping systems where vegetative growth may continue even when reproductive or storage yield is reduced because of resource competition (Fukai & Trenbath, 1993).
Bulb diameter was significantly influenced by the treatments. Sole onion produced the highest bulb diameter of 43.77 mm, while onion grown with 10% recommended seed rate of coriander produced the lowest bulb diameter of 34.36 mm. Onion grown with 20% and 30% recommended seed rate of coriander produced bulb diameters of 37.36 mm and 37.197 mm, respectively. The reduction in bulb diameter under mixed cropping may be attributed to competition for nutrients, soil moisture, and light. In intercropping systems, yield reduction in one component crop often occurs when the companion crop competes strongly for limited resources during critical growth stages (Ofori & Stern, 1987; Fukai & Trenbath, 1993).
Onion bulb yield differed significantly among the treatments. Sole onion produced the highest yield of 18.87 t ha⁻¹ and was statistically superior to all intercropped treatments. Among the intercropped treatments, onion grown with 10% recommended seed rate of coriander produced 3.723 t ha⁻¹, onion grown with 20% recommended seed rate of coriander produced 2.567 t ha⁻¹, and onion grown with 30% recommended seed rate of coriander produced 2.743 t ha⁻¹. These findings indicate that the inclusion of coriander reduced onion yield considerably compared with sole onion. Similar yield reductions of the main crop have been reported in other onion-based and charland intercropping studies when the companion crop increased competition for resources (Rahman et al., 2015; Talukder et al., 2015; Haque et al., 2024).
However, the purpose of mixed cropping is not always to maximise the yield of one crop alone. Rather, the main purpose is often to improve total system productivity, land-use efficiency, income stability, and risk reduction. Intercropping systems may reduce the yield of an individual component crop but still provide an overall production advantage when the combined yield of all crops is considered (Willey, 1979; Mead & Willey, 1980; Francis, 1986). Therefore, onion yield reduction in the mixed treatments should be interpreted together with coriander yield, Land Equivalent Ratio, Onion Equivalent Yield, and economic return.
The yield and yield-contributing parameters of coriander were also affected by its seed rate and by its association with onion. Plant population per square metre varied significantly among the treatments. Sole coriander produced the highest plant population of 67.33 plants m⁻². In the intercropped treatments, coriander plant population increased with increasing coriander seed rate. Onion grown with 10% recommended seed rate of coriander produced 31.33 coriander plants m⁻², while onion grown with 20% and 30% recommended seed rate of coriander produced 45.33 and 46.33 plants m⁻², respectively. This result confirms that plant stand increased as the proportion of coriander seed increased in the mixture.
Coriander plant height and number of branches per plant were not significantly affected by the treatments. Plant height ranged from 85.0 cm to 90.33 cm, while the number of branches per plant ranged from 12.83 to 16.34. This suggests that coriander maintained its vegetative growth pattern even when grown with onion. However, grain yield varied significantly, showing that reproductive output was more sensitive than vegetative traits. This finding agrees with the general principle that yield-forming traits are often more affected by interspecific competition than simple vegetative characters (Fukai & Trenbath, 1993; Vandermeer, 1989).
The highest coriander grain yield was recorded in sole coriander at 1792.6 kg ha⁻¹. Among the intercropped treatments, onion grown with 10% recommended seed rate of coriander produced 1625.6 kg ha⁻¹, while onion grown with 20% recommended seed rate of coriander produced 1548.2 kg ha⁻¹. The lowest coriander yield was recorded from onion grown with 30% recommended seed rate of coriander at 1018.5 kg ha⁻¹. Although the 10% and 20% coriander seed rate treatments had lower plant populations than sole coriander, their grain yields were relatively close to the sole coriander yield. This may be due to compensatory growth, where individual coriander plants produce better under lower plant density because of reduced competition among coriander plants. Such compensatory effects have been discussed in intercropping literature, where lower density may allow better resource availability for individual plants (Fukai & Trenbath, 1993; Li et al., 2014).
The lower coriander yield at 30% seed rate may have resulted from greater competition both within coriander plants and between coriander and onion. Higher plant density does not always increase yield because excessive population can create competition for light, nutrients, moisture, and space. This result is consistent with the concept that intercropping advantage depends on balanced competition and complementarity between component crops (Willey, 1979; Ofori & Stern, 1987; Li et al., 2020).

Table 1. Yield and yield contributing parameters of onion mixed with varying coriander seed rates at Charland of Tapamodhupur, Kaunia, Rangpur during 2022-23
	Treatments
	Plants m-2
	Plant height (cm)
	Bulb diameter (mm)
	Plot yield (kg)
	Yield (tha-1)

	RSR of onion+10% RSR of coriander
	40.67b
	51.67a
	34.36b
	3.337b
	3.723b

	RSR of onion+20% RSR of coriander
	49.0ab
	59.33a
	37.36b
	2.30b
	2.567b

	RSR of onion+30% RSR of coriander
	51.33ab
	57.0a
	37.197b
	2.457b
	2.743b

	Sole onion
	62.33a
	56.0a
	43.77a
	16.91a
	18.87a

	Level of significance
	**
	NS
	*
	*
	*

	CV (%)
	9.22
	4.97
	13.51
	15.51
	15.60


*Recommended seed rate=RSR

Table 2. Effects of varying coriander seed rate on yield and yield contributing parameters of coriander in onion-coriander mixed cropping system at Charland of Tapamodhupur, Kaunia, Rangpur during 2022-23
	Treatments
	Plants m-2
	Plant height (cm)
	Number of branches plant-1
	Plot yield (Kg)
	Yield (kgha-1)

	RSR of onion+10% RSR of coriander
	31.33c
	85.0a

	16.34a
	.934b
	1625.6a

	RSR of onion+20% RSR of coriander
	45.33b
	90.33a
	12.83a
	1.49a
	1548.2a

	RSR of onion+30% RSR of coriander
	46.33b
	90.0a
	15.0a
	1.42a
	1018.5b

	Sole coriander
	67.33a
	86.33a
	14.67a
	1.64a
	1792.6a

	Level of significance
	**
	NS
	NS
	*
	*

	CV (%)
	9.22
	3.26
	13.51
	15.51
	15.60


*Recommended seed rate=RSR
Land Equivalent Ratio was calculated to assess the advantage of onion–coriander mixed cropping compared with sole cropping. The highest LER of 1.10 was obtained from onion grown with 10% recommended seed rate of coriander. This indicates that 10% more land would be required under sole cropping to produce the same combined yield obtained from this mixed cropping treatment. An LER greater than 1.0 is generally considered evidence of land-use advantage in intercropping systems (Mead & Willey, 1980). Therefore, onion with 10% coriander seed rate provided a clear land-use advantage under charland conditions.
Onion grown with 20% recommended seed rate of coriander produced an LER of 1.00, indicating that the system was equivalent to sole cropping in terms of land-use efficiency. However, onion grown with 30% recommended seed rate of coriander produced the lowest LER of 0.71, indicating a yield disadvantage. This result shows that a higher coriander seed rate increased competition and reduced the overall productivity of the mixed cropping system. Similar findings have been reported in charland-based intercropping research, where crop combination and population density strongly influenced LER and economic performance (Begum et al., 2015; Rahman et al., 2015; Talukder et al., 2016).
Onion Equivalent Yield was used to compare the economic productivity of the treatments by converting coriander yield into onion-equivalent terms. Sole onion produced the highest Onion Equivalent Yield of 18.87 t ha⁻¹. Among the mixed cropping treatments, onion grown with 10% recommended seed rate of coriander produced the highest Onion Equivalent Yield of 9.14 t ha⁻¹. Onion grown with 20% recommended seed rate of coriander produced 8.01 t ha⁻¹, while onion grown with 30% recommended seed rate of coriander produced 6.14 t ha⁻¹. Sole coriander produced an Onion Equivalent Yield of 5.98 t ha⁻¹. These results show that the 10% coriander seed rate was the best mixed cropping treatment in terms of onion-equivalent productivity. Equivalent yield is useful in intercropping studies because it reflects both biological yield and market value of component crops (Willey, 1979; Mead & Willey, 1980).
Table 3. Land equivalent ratio (LER) of onion-coriander mixed cropping system at Charland of Tapamodhupur, Kaunia, Rangpur during 2022-23
	Treatments
	Yield of onion (tha-1)
	Yield of black cumin (kgha-1)
	Land equivalent ratio (LER)

	RSR of onion+10% RSR of coriander
	3.72
	1625.6
	1.10

	RSR of onion+20% RSR of coriander
	2.56
	1548.2
	1.00

	RSR of onion+30% RSR of coriander
	2.74
	1018.5
	0.71

	Sole Onion
	18.87
	-
	1

	Sole coriander
	-
	1792.6
	1


*Recommended seed rate=RSR
The cost and return analysis further clarified the economic performance of the different treatments. Sole onion produced the highest gross return of Tk. 566,100 ha⁻¹ and the highest gross margin of Tk. 361,285 ha⁻¹, with a benefit-cost ratio of 2.76. This indicates that sole onion was the most profitable treatment in terms of total return and gross margin. However, sole coriander produced the highest benefit-cost ratio of 4.27 because its production cost was much lower than that of onion. Therefore, although sole coriander had the highest benefit-cost ratio, its total gross return and gross margin were lower than those of sole onion. Economic evaluation is important in intercropping research because farmers usually adopt a technology only when it provides practical income benefits along with yield advantage (Francis, 1986; Maleque et al., 2009).
Among the mixed cropping treatments, onion grown with 10% recommended seed rate of coriander performed best economically. This treatment produced a gross return of Tk. 274,200 ha⁻¹, a gross margin of Tk. 69,385 ha⁻¹, and a benefit-cost ratio of 1.34. Onion grown with 20% recommended seed rate of coriander produced a gross return of Tk. 240,300 ha⁻¹, a gross margin of Tk. 35,485 ha⁻¹, and a benefit-cost ratio of 1.17. In contrast, onion grown with 30% recommended seed rate of coriander produced a gross return of Tk. 184,200 ha⁻¹ and a negative gross margin of Tk. 20,615 ha⁻¹, with a benefit-cost ratio of 0.90. This result clearly indicates that increasing coriander seed rate beyond 10% reduced the economic viability of the mixed cropping system.
Table 4. Cost and return of varying coriander seed rates in onion-coriander mixed cropping system at Charland of Tapamodhupur, Kaunia, Rangpur during 2022-23
	Treatments
	Onion Equivalent yield
(tha-1)
	Gross return (Tkha-1)
	Total cost of production (Tkha-1)
	Gross margin (Tkha-1)
	Benefit cost ratio (BCR)

	RSR of onion+10% RSR of coriander
	9.14
	274200
	204815
	69385
	1.34

	RSR of onion+20% RSR of coriander
	8.01
	240300
	204815
	35485
	1.17

	RSR of onion+30% RSR of coriander
	6.14
	184200
	204815
	-20615
	-0.90

	Sole onion
	18.87
	566100
	204815
	361285
	2.76

	Sole Coriander
	5.98
	179400
	41975
	137425
	4.27


*Recommended seed rate=RSR, Farmgate price of onion= Tk.30 kg-1, Coriander = Tk.100 kg-1
The overall results suggest that sole onion remains the best option when the objective is to maximise onion yield and total gross return. However, when farmers want to grow onion with coriander as a mixed cropping system, the coriander seed rate should be carefully controlled. The treatment with 10% recommended seed rate of coriander produced the highest Land Equivalent Ratio among the mixed treatments and also gave the best economic return within the intercropped combinations. This finding supports the broader principle that intercropping systems perform best when competition between component crops is balanced and when crop density is adjusted to optimise total system productivity rather than the yield of one crop alone (Willey, 1979; Fukai & Trenbath, 1993; Li et al., 2020).
Therefore, onion with 10% recommended seed rate of coriander may be considered the most suitable onion–coriander mixed cropping option under charland conditions of AEZ-3. The findings also show that increasing coriander seed rate to 20% did not provide a clear advantage, while increasing it to 30% reduced both land-use efficiency and profitability. This confirms that excessive companion crop density can create strong competition and reduce the overall performance of the system, particularly under the resource-limited conditions of charland soils.
IV. Conclusion
The study demonstrated that sole BARI Piaz-4 onion produced the highest bulb yield and the highest gross return under charland conditions of Agro-Ecological Zone-3 in Bangladesh. However, onion–coriander mixed cropping can be useful for improving land-use efficiency when coriander is used at an appropriate seed rate. Among the mixed cropping treatments, onion grown with 10% recommended seed rate of coriander gave the highest Land Equivalent Ratio, the highest Onion Equivalent Yield, and the best economic return. This treatment produced an LER of 1.10, indicating a clear yield advantage over sole cropping. In contrast, onion grown with 30% recommended seed rate of coriander produced an LER below 1.0 and resulted in negative economic return, showing that excessive coriander seed rate is not suitable for this system.
Based on the findings, coriander seed rate should not exceed 10% of its recommended level when grown with BARI Piaz-4 onion under charland conditions. A higher coriander seed rate increases competition and reduces onion yield, land-use efficiency, and profitability. Therefore, for charland farmers who wish to practice onion–coriander mixed cropping, the combination of recommended seed rate of onion with 10% recommended seed rate of coriander may be recommended as the most suitable option. Further studies should be conducted using coriander seed rates below 10% to identify whether an even lower seed rate can provide better balance between onion yield, coriander yield, land-use efficiency, and economic return.
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