


Performance of Naga chilli as intercropping with sweet orange plant under agroforestry approach



Abstract
[bookmark: _GoBack]A field study was conducted at a farmer’s field in Faridpur village, Fenchuganj, Sylhet, from September 2021 to August 2022, to evaluate the biological performance of Naga chilli in a BARI Malta-1based agroforestry system. Naga chilli was grown both as a sole crop (farmer’s practice) and as an intercrop with BARI Malta-1 plant. The growth characteristics of Naga chilli including plant height, canopy spread, and number of branches at different growth stages showed no significant differences between the two systems. However, yield-related traits were slightly affected by the cropping pattern. Sole Naga chilli cultivation produced the highest yield (9.69 t/ha), while the agroforestry system yielded 8.74 t/ha, indicating a minor reduction (9.80%). BARI Malta-1plants in the agroforestry setup showed steady growth, with plant height and stem diameter increasing by 59.51% and 88.73%, respectively, over the one-year observation. The cultivation of Naga chilli in an agroforestry system had no significant effect on the yield and yield components of BARI Malta-1plants. When intercropped with Naga chilli, BARI Malta-1 produced a yield of 13.00 t/ha, compared to 14.73 t/ha under sole cropping, resulting in a yield reduction of 13.73%. The study concludes that integrating BARI Malta-1 with Naga chilli in an agroforestry system can serve as a sustainable and efficient alternative to highland cropping in Bangladesh, contributing to improved food and nutrition security.
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Introduction
Trees and their products play a vital role in enhancing household food security, particularly by helping to meet seasonal food shortages (Uddin and Chowhan, 2016). A homestead is used as a dwelling place as well as a production unit for plants, animals and fish under an integrated farming system in which continuous interactions take place among people, trees, livestock, soil and water (Foysal et al., 2013). The household consumption of fruits like jackfruit, mango, banana, guava, coconut, papaya, litchi, and citrus etc. from homestead trees, along with income from selling these products as well as supports poor farmers in managing food and financial shortages during lean periods (Hassan and Mazumdar, 1990). At present Bangladesh produces 51.4 lakh MT of fruits from 4.02 lakh hectares of land, where homesteads contribute a significant share (BBS, 2021). Homestead forests are also believed to conserve biodiversity and are often referred to as “Biodiversity Island” of the country (Alam et al., 2010).

Bangladesh is one of the most densely populated countries in the world, with a population of 170 million people living within an area of 147,570 square kilometers, with a growth rate of 1.02% each year (Reza et al., 2022). With the rising population and increasing demand for food production, efficient use of agricultural land has become critical, making mixed farming a recommended practice. Although the country has achieved significant advancements in producing staple crops (FAO, 2016; World Bank, 2018b), it still struggles with a triple burden of malnutrition, including over-nutrition, under-nutrition, and micronutrient deficiencies (Amjath-Babu et al., 2020). Fruits and vegetables are the major source of vitamins and minerals of the people of the country. The minimum dietary requirement of fruits and vegetables per day per capita is 85g and 220g/head/day whereas the availability is only 60g and 80g, respectively (Roy, 2011). However, due to high price of fruits and vegetables the majority of people cannot afford to buy them.

Agroforestry maintains high levels of productivity, stability and equitability. Bangladesh has potential to expand agroforestry practices to mitigate climate change and boost food security. From socioeconomic and ecological point of views as well, agroforestry offers strong potential to evolve climate smart agricultural practices supporting food security, and adaptation and mitigation (Riyadh et al., 2021). From a survey of 80 homesteads Roy et al. (2013) obtained 62 plant species (trees, herbs and shrubs) belonging to 36 families, among which only 21 were fruit species (major and minor). Fortunately, most of these major and minor fruit species are grown in the homesteads. Most example of fruit-tree-based Agroforestry has developed over long periods in response to interaction between agro ecological conditions, plant diversity and farmer resources and needs. Many of the practice such as jackfruit based system in Madhupur Tract, Date palm and Palmyra palm based system in Faridpur and Jessore areas, Mango based system in Rajshahi region etc are well cited on the smallholdings of Bangladesh characterized by sub-optional management and subsistence farming conditions (Miah and Ahmed, 2003).
Moreover, tree plantations improve soil physical, chemical and biological properties through accretion and decomposition of organic matter through litter fall, and roots decay. Deep and extensive root systems of trees enable them to absorb substantial quantities of nutrients below the rooting zone of crops and transfer them to surface soil (Hartemink et al., 1996). Research has consistently shown that intercropping various vegetable crops offers several advantages, including better resource utilization and higher economic returns, compared to growing vegetables alone (Mallick et al., 2013; Alam et al., 2014; Das et al., 2020; Alam et al., 2021).

Naga chilli (Capsicum chinense) known for its distinct pungency and high market demand is a high-value spice crop with significant cultural and economic importance in Bangladesh and neighboring regions. Its relatively short growing period and adaptability make it well-suited for intercropping within perennial tree-based systems. 

Sweet orange (Citrus sinensis), a member of the Rutaceae family, is widely recognized as a high-return fruit crop and holds significant horticultural and economic importance globally (Wu et al., 2018). It is grown extensively in over 140 tropical and subtropical countries (Cuenca et al., 2016). In Bangladesh, it is commonly known as Malta and is cultivated on a large scale due to its economic potential. Among the cultivated varieties, BARI Malta-1 is currently the most popular and commercially grown. As of 2022–23, BARI Malta-1 orchards in Bangladesh covered approximately 987.21 hectares, producing around 3616.43 metric tons, with an average productivity of 3663.28 kg/ha (BBS, 2023). This fruit plant holds strong potential for integration into agroforestry systems. Its vertical growth habit forms a natural canopy, offering shade that helps regulate temperature fluctuations and protects winter vegetables from frost. Moreover, the root system of the BARI Malta-1 plant enhances soil aeration and supports nutrient cycling, contributing to improved soil health and overall productivity of the intercropped system.

The advantages of intercropping Naga chilli with BARI Malta-1 plants go beyond environmental benefits. This agroforestry system also contributes to effective pest and disease management. BARI Malta-1 plants release natural chemical compounds that act as insect repellents, helping to minimize pest attacks on winter vegetables (Islam et. al. 2022). Additionally, the presence of multiple plant species in the system attracts beneficial insects, including pollinators and natural predators, which support ecological balance and reduce the need for chemical pesticides. While various studies in Bangladesh have explored vegetable cultivation under different tree species, research on intercropping Naga chilli with BARI Malta-1 plants remains limited. Therefore, this study was undertaken to evaluate the performance of Naga chilli intercropped with BARI Malta-1 using an agroforestry approach. Considering this gap, the present study was undertaken with the following objectives:

1) To study the growth and yield of Naga chilli in BARI Malta-1 based agroforestry system 
2) To observe growth and yield of BARI Malta-1 in Naga chilli based agroforestry system.

Materials and Methods
An On–Farm experiment was conducted at Fenchuganj upazila of Sylhet district during September 2021 to August 2022. In this study the three-years-old previously established sweet orange var. BARI Malta-1 orchards were used as plant components. Spacing of BARI Malta-1 plant was 3m×3m. Naga chilli was cultivated in association with BARI Malta-1 plants as agroforestry approach. The experiment was laid out in Randomized Complete Block Design (RCBD) with three replications. The treatments were: Sole Naga chilli and Naga chilli-sweet orange based agroforestry. Treatments were randomly allotted in each block. Growth and yield of studied Naga chilli were observed in different distances from BARI Malta-1 plants pits viz. 0-50cm, 51-100cm and 101-150cm in all directions. Data was collected from three representative plants of Naga chilli at 30 days interval starting from 30 DAT to final harvest. For Naga chilli, data on growth parameters like plant height, canopy spread, and number of branches at various stages, average number of fruits per plant, fruit length, fruit width, single fruit weight, yield per plant and yield (t/ha) were recorded. For BARI Malta-1, data on plant height, stem diameter, number of fruits per plant, fruit length, fruit width, single fruit weight, yield per plant and yield (t/ha)   were recorded. Stem diameter for both Naga chilli and BARI Malta-1 was taken at 30 cm above ground level. The recorded data were compiled and analyzed by RCBD design to find out the statistical significance of the experimental results. That means for all recorded data, the analyses of variance for all the characters and Least Significant Difference (LSD) test were performed using statistical package programmed Statistix 10.0 software. Mean comparisons were done by Duncan's Multiple Range Test (DMRT) (Gomez and Gomez, 1984) and also by Least Significant Difference (LSD) test.

Results and Discussion
Plant height of Naga Chilli
Plant height is a significant indicator of growth in Naga chilli. Observations recorded at 30, 60, 90 days after transplanting, and at final harvest, showed no significant variation in plant height (Figure-1) when Naga chilli was grown within a BARI Malta-1-based agroforestry system. The plant height consistently increased as the crop matured, reaching its maximum (75.21 cm) at final harvest in the sole Naga chilli cropping system. However, overall differences in growth parameters between the agroforestry system and the sole cropping system were minimal.












        figure-1: Plant height performance of Naga chilli at various stages in 
BARI Malta-1 based agroforestry

Canopy spreading of Naga Chilli
Canopy spreading is the most important growth contributing characters for naga chilli. The variation of canopy spreading of Naga chilli grown in BARI Malta-1 based Agroforestry system and sole Naga chilli did not vary at all. Maximum canopy spreading (65.2cm × 63.8 cm) was found in sole Naga chilli intercropping which was statistically similar to the BARI Malta-1 based agroforestry system. 














Figure-2: Canopy spread performance of Naga chilli at different growth stages
in BARI Malta-1 based agroforestry system
Branch development of Naga chilli
There was no significant effect on the number of branches production per plant at different stages of growth (30, 60, 90 DAT and final harvest) (Figure-3). At final harvest, the highest number of branches was found in sole Naga chilli (28.27) and lowest (26.45) in BARI Malta-1 based agroforestry system.
















Figure-3: Branch development of Naga chilli at various growth stages in
BARI Malta-1 based agroforestry system

Yield and yield contributing characters of Naga chilli
As data shown in Table-1, sole Naga chilli exhibited the lowest number of fruit (77.88) but among the intercropping configurations, Naga chilli demonstrated the highest number of fruit (85.74). In regards to fruit length, the longest fruit was observed in sole Naga chilli (5.25cm). In contrast, the shortest fruit (4.76 cm) recorded in BARI Malta-1 based agroforestry system. The variation of fruit width, single fruit weight and yield per plant of Naga chilli grown in BARI Malta-1 based Agroforestry system and sole Naga chilli did not vary at all. In case of yield, sole Naga chilli displayed maximum yield at 9.69 t/ha. Whereas Naga chilli intercropped with BARI Malta-1 in agroforestry system gave minimum yield at 8.74 t/ha, which is due to the probable reason that both the intercrops were root crops and there is more competition for space and nutrients between them as reported by (Devkota et al., 2022).


Table-1 Yield and yield-contributing traits of Naga chilli in BARI Malta-1 -based agroforestry system
	Treatment
	Number of
fruit
	Fruit length
(cm)
	Fruit width
(cm)
	Single fruit
weight (g)
	Yield/
plant (g)
	Yield
(t/ha)
	Yield reduction (%)

	AF System
	85.74a
	4.76b 
	2.77a
	3.59a
	286.15a
	8.74b
	
9.80

	Sole Naga chilli
	77.88a
	5.25a
	2.56a
	3.82a
	290.15a
	9.69a
	

	LSD 0.05
	11.39
	0.27
	0.32
	0.67
	25.43
	0.24
	

	CV(%)
	3.96
	1.53
	3.42
	5.16
	2.51
	0.73
	



Performance of BARI Malta-1 plants
Growth charaters
The growth of BARI Malta-1 plants, in terms of both height and stem diameter from September 2021 to August 2022, showed a consistent upward trend in both agroforestry and sole cropping systems (Fig. 4 and Fig. 5). Initially, plant height was 165.7 cm in the Naga chilli-based agroforestry system and 175.1 cm under sole cultivation, which gradually increased to 210.4 cm and 217.7 cm, respectively, by the end of the observation period. A similar pattern was observed in stem diameter, starting at 11.6 cm and 12.4 cm, and increasing to 13.3 cm and 14.4 cm in agroforestry and sole systems, respectively. The growth performance of BARI Malta-1 was relatively slow, likely due to the time required for root system establishment, combined with the inherently slow-growing nature of the variety. Over the 12-month observation, the plant height and stem diameter increased by 59.51% and 88.73%, respectively. These results indicate that, although growth was gradual, BARI Malta-1  plants were able to develop steadily alongside Naga chilli in the agroforestry system without significant suppression, supporting the compatibility of the two crops in early-stage intercropping.

	
	

	Figure-4. Plant height of BARI Malta-1 during September, 21 to August 2022
	Figure-5: Stem diameter growth of BARI Malta-1 during September, 21 to August 2022



Yield and yield contributing characters
The yield of BARI Malta-1 plants was measured under both agroforestry and non-agroforestry conditions (Table 2). The findings showed that the yield and yield components of BARI Malta-1 plants were statistically similar in both agroforestry and non-agroforestry systems when cultivated together with Naga chilli. The comparison between the Naga chilli based agroforestry System and Sole BARI Malta-1 shows that Sole BARI Malta-1 performed significantly better in terms of number of fruits per plant, individual fruit weight, and total yield per hectare. BARI Malta-1 plants grown without Naga chilli showed slightly higher values in terms of number of fruits per plant (76.33), fruit length (6.67cm), fruit diameter (6.07cm), individual fruit weight (181.32g), and fruit yield per plant (13.50 t/ha). The total yield under non-agroforestry conditions was 14.73 t/ha, which was nearly equal to the yield obtained when BARI Malta-1 was grown together with Naga chilli under the agroforestry system (13.00 t/ha). Overall, the Naga chilli based agroforestry System resulted in a 13.73% yield reduction compared to Sole BARI Malta-1. This minimum or non-significant difference may be due to intensive management of Naga chilli which minimizes competitive effect of BARI Malta-1 plant. These findings align with those of Islam et al. (2022), who reported that intercropping winter vegetables with dragon fruit in an agroforestry system can reduce yields due to competition for essential growth resources. Non-significant yield difference also found by Alam et al. (2014) when they combinedly cultivated winter vegetables and sapling stage of Akashmoni trees.

Table 2. Yield attributes of BARI Malta-1 plants as agroforestry system
	Treatment
	Number of fruits per plant
	Fruit length (cm)
	Fruit diameter (cm)
	Individual fruit weight (g)
	Fruit yield/plant
(kg)
	Yield (t/ha)
	Yield reduction (%)

	AF System
	72.12a
	6.30a
	5.83a
	173.50a
	12.19a
	13.00a
	13.73

	Sole BARI Malta-1 
	76.33a
	6.67a
	6.07a
	181.32a
	13.50a
	14.73a
	

	LSD 0.05
	11.49
	0.87
	0.38
	17.63
	3.25
	3.88
	

	CV(%)
	4.41
	3.83
	1.82
	2.83
	7.21
	7.98
	



Conclusions
The findings of the study revealed that Naga chilli exhibited similar growth characteristics including plant height, canopy spread, and branch number at various stages under both BARI Malta-1 based agroforestry and sole cropping systems. While yield was slightly higher in sole cropping (9.69 t/ha), and the agroforestry system also performed well (8.74 t/ha), indicating minimal impact on Naga chilli productivity. BARI Malta-1 plants in the agroforestry system showed substantial growth, with a 59.51% increase in height and an 88.73% increase in stem diameter over 12 months observation. Although BARI Malta-1 yield was slightly reduced by 13.73% when intercropped with Naga chilli (13.00 t/ha vs. 14.73 t/ha in sole cropping), the difference was not statistically significant. Concisely, the current study concluded that agroforestry system focused on BARI Malta-1 with Nagachilli, could be an excellent alternative to the highland cropping system in Bangladesh to ensure sustainable and efficient production and promote food and nutrition security.
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AF System	30 DAT	60 DAT	90 DAT	Final harvest	Days after tranplanting	11.6	16.07	22.39	26.45	Sole Naga chilli	30 DAT	60 DAT	90 DAT	Final harvest	Days after tranplanting	12.37	18.760000000000002	23.73	28.27	
Number of branches


AF System	Sep	Oct	Nov	Dec	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	165.7	168.8	171.6	175.9	178.9	183.4	189.4	194.8	199.6	203.5	207.5	210.4	Sole BARI Malta-1	Sep	Oct	Nov	Dec	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	175.1	178.8	181.6	185.9	188.9	195.4	199.4	204.8	207.6	209.5	214.5	217.7	Month of observation

Plant height (cm)


AF System	Sep	Oct	Nov	Dec	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	11.6	11.7	11.8	11.9	12	12.2	12.5	12.6	12.8	13.1	13.2	13.3	Sole BARI Malta-1	Sep	Oct	Nov	Dec	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	12.4	12.5	12.7	12.9	13	13.2	13.5	13.6	13.8	14.1	14.2	14.4	Month of observation

Stem diameter (cm)


AF System	30 DAT	60 DAT	90 DAT	Final harvest	53.52	65.599999999999994	70.48	73.430000000000007	Sole Naga chilli	30 DAT	60 DAT	90 DAT	Final harvest	54.7	64.62	71.66	75.209999999999994	Days after transplanting

Plant height (cm)


AF System	N/S	E/W	N/S	E/W	N/S	E/W	N/S	E/W	30 DAT	60 DAT	90 DAT	Final harvest	Days after transplanting	32.6	33.5	48.7	45.3	55.8	54.4	64.5	61.3	Sole Naga chilli	N/S	E/W	N/S	E/W	N/S	E/W	N/S	E/W	30 DAT	60 DAT	90 DAT	Final harvest	Days after transplanting	33.5	34.700000000000003	51.4	48.7	59.3	58	65.2	63.8	
Canopy spreading (cm)
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