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 Multistoried agroforestry systems as a form of jackfruit-eggplant based is increasingly 

recognized as a promising option to counteract the catastrophic effects of climate change 

through providing multifaceted benefits. Unfortunately, farmers of Bangladesh did not 

manage their jackfruit orchard in a scientific manner. Therefore, the present study was 

aimed to assess the productivity and profitability of jackfruit-eggplant based agroforestry 

system after modification from a traditional jackfruit orchard during the period of July 

2012 to December 2013. Five treatments covering four orientations of jackfruit tree and 

an open field was used as a control treatment. To observe the growth and economic 

performance of the system; soil moisture and temperature, DBH, number of fruits per 

tree, fruit length, fruit width, fruit weight, total yield, BCR, and LER were calculated 

following different established methods. The yield of jackfruit dramatically increased by 

81% in the agroforestry system in compared to sole cropping, while eggplant shows 

inverse trend. Soil moisture was high in agroforestry system than that of control plot 

while soil temperature shows reverse pattern. Indeed, agroforestry system had some 

negative effects on growth performance of understorey crops. Despite, net return and 

BCR from jackfruit based agroforestry system were 5.58 lakh and 4.56, which was 66 

and 45%, respectively higher than sole cropping systems. The LER of jackfruit-eggplant 

based agroforestry system was 2.17. Considering the main findings, we can elucidate that 

jackfruit orchards can be transformed to agroforestry system for maximizing production, 

generating income and conserving environment. 
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Introduction 

Bangladesh is situated at the interface of the two 

contrasting settings in the Bay of Bengal to the south and 

the Himalayas to the north with a very high population 

density of about 998 persons per km2 area (Abdullah and 

Rahman, 2015; Rahman et al., 2016). The livelihoods of 

millions of people hinge on agriculture, which acts as a 

mainstay of the economy. Agriculture is closely linked to 

food and nutrient security, and a broad-based source of 

income (Rahman et al., 2017). Under the current scenario 

of increasing human population and climate uncertainty, 

agricultural productivity would decrease along with the 

shrinking of cultivated land. Fascinatingly, the country 

has achieved impressive gains in food grain production in 

the last two decades and reached to near self-sufficiency 

at the national level by producing about 28 million metric 

tons of cereals, especially rice and wheat (BBS, 2011; 

Islam et al., 2016) along with dipping the population 

living under the poverty line from 57% in 1991 to 29% in 

2012 (General Economics Division, 2013). Regardless of 

important gains in reducing poverty and increasing 

agricultural productivity, roughly 25% of the population 

is considered food insecure (Rich et al., 2015). In 

Bangladesh, although tremendous achievements have 

been made in agriculture sector due to technological 

development, non-technological factors such as high 

temperature, uneven rainfall are making agricultural 

production risky. On the contrary, even grain production 

increased significantly; there is a huge gap between 

demand and production of vegetables and fruits (Hasan et 

al., 2016). Therefore, it is needed to identify alternate 

production system that increases production in a 

sustainable manner by combining fruits and vegetables.  

Agroforestry is increasingly recognized as a 

sustainable land use that enhances farmers’ ability to 

adapt to climate change because of the multiple benefits 

including diversified products, supplementary income and 

environmental services (Lasco et al., 2011; Schoeneberger 

et al., 2012). It facilitates not only to upscale 
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socioeconomic status of the farmers but also to enhance 

soil fertility, reduces erosion, improves water quality, 

conserves biodiversity, increases aesthetics and sequesters 

carbon to alleviate global warming (Nair et al., 2009; 

Hasan et al., 2016). Agroforestry is being practiced in 

Bangladesh since ancient time throughout the country 

with various patterns across the ecosystems because of 

disparities in topography, soil, water and climatic 

advantages (Miah et al., 2002). 

Terrace ecosystem is a region of complex relief and 

soils developed over the Madhupur clay, comprising 

about 8% of the total land area of Bangladesh considered 

as one of the potential hotspots for performing 

agroforestry. Among divergence agroforestry systems that 

prevail in terrace ecosystems, jackfruit based system is 

dominant. Moreover, jackfruit is one of the most popular, 

delicious and important fruit trees in Bangladesh, which is 

widely found throughout the country. It is a perfect 

multipurpose tree as each and every parts of the tree can 

be utilized for instance seeds are used as vegetable, rind is 

used as supplementary feed for livestock and timber 

offers excellent carpentry and furniture making.  

Jackfruit based agroforestry, however, is not practiced 

scientifically in the terrace ecosystem, therefore, farmers 

are not getting desired benefits. To maximize the 

production, economic benefits and environmental 

advantages from jackfruit based agroforestry practice, it is 

needed to develop a viable production model that ensures 

resource use, increases yields as well as economic and 

environmental benefits, as there is limited information of 

the jackfruit based agroforestry in the terrace ecosystem 

of Bangladesh. Considering the above facts and to explore 

a suitable fruit tree-vegetable combination, an on-farm 

research was designed to appraise the performance of 

upper-story jackfruit and lower-story eggplant plant. 

Furthermore, microclimatic modification and economic 

return from the newly developed jackfruit based 

agroforestry was also evaluated to compare the 

profitability of traditional system. 

 

Materials and methods 

 

Study location 

An On-Farm study was conducted during the period 

from July 2012 to December 2012 at Shibpur Upazila 

under Narsingdi district (23º 29´ North latitude and 

90º10´ East longitude), which is an ideal location of 

central terrace ecosystem of Bangladesh (Fig. 1). The 

climate of the area is mild both in the summer and the 

winter. The maximum and the minimum mean 

temperatures during winter vary from 19º to 23.7ºC and in 

summer from 26º to 29ºC. The rainfall is generally heavy 

during the monsoon (July and August) and the mean 

annual relative humidity is about 74%. 

 

Experimental design and treatment 

An established jackfruit orchard was transformed to 

agroforestry for the experimentation. Almost similar ages 

of jackfruit trees (10-13 years) were selected for imposing 

treatments. Nonetheless, jackfruit trees were kept as 

upper-story crop and widely cultivated Singnath eggplant 

variety was grown as lower-story crop. The experiment 

was conducted in a Randomized Complete Block Design 

(RCBD) with three replications. Each jackfruit tree was 

considered as a unit plot for a single replication. There 

were five treatments: open (non-agroforestry traditional 

farming), AF-S (agroforestry – south orientation), AF-N 

(agroforestry – north orientation), AF-E (agroforestry – 

east orientation) and AF-W (agroforestry – west 

orientation). 

 

 

 
Figure 1 Location of the study area in Shibpur Upazila under Narsingdi district, terrace ecosystem of Bangladesh. 
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Field preparation and management practices 

For eggplant, land was prepared well by disking 

followed by harrowing and laddering until a good tilth 

was obtained. Land was fertilized by N, P, K, B and 

cowdung at the rate of 115, 75, 78, 11 and 5000 kg ha-1, 

correspondingly. Intercultural operations were done as 

and when necessary till end of the experiment. For 

controlling pest and diseases, Malathion 57 EC and 

Dithene M 45 were used at the rate of 2 ml lit-1 and 2 g lit-1, 

respectively. Poison bite and sex pheromone were also 

used to reduce the infestation of insects. No additional 

input was applied for jackfruit trees. 

 

Data collection and analysis 

To know the growth and yield performance of 

jackfruit, diameter at breast height (DBH), fruit length, 

fruit width and fruit weight were measured as sole and 

agroforestry jackfruit trees. Five representative plants of 

eggplant were selected from each orientation for data 

collection. Samples were collected at 50, 70, 90, 110, 130 

and 150 DAT. Fruit length, diameter and weight were 

measured at each harvesting and finally yield was 

calculated by summing up the weight of all fruits during 

the experimental period. Soil temperature and moisture 

were calculated periodically at every month interval to 

know the soil environment modification in agroforestry 

practice.  

Benefit-cost ratio (BCR) is the ratio of gross return 

with total cost of production. It was calculated by using 

the following formula (Islam et al., 2004):  

 

Benefit-cost ratio (BCR)=
Gross return

Total cost of production 
 

 

Land equivalent ratio (LER) is derived from its 

indication of relative land requirements for intercrops 

versus monocultures. It helps to find the relative 

performance of a component of a crop combination 

compared to sole stands of that species (Mead and Willey, 

1980). The LER was measured as: 

 

Land equivalent ration=
Ci

Cs
+

Ti

Ts
 

 

Where, Ci is crop yield under agroforestry, Cs is crop 

yield under sole cropping, Ti is tree yield under 

agroforestry, and Ts is tree yield under sole cropping.  

The data were statistically analysed using the 

“Analysis of Variance” (ANOVA) technique with the 

help of computer package “Statistix 10” to examine the 

significant variation of the results due to different 

treatments. The mean differences were adjusted by least 

significant different (LSD) at the 5% level of significance.  

 

Results  

 

Performance of Jackfruit  

Performance of jackfruit tree was measured before 

(sole) and after (agroforestry) the experimentation. A 

comparison of the performance of jackfruit between sole 

(2012) and agroforestry (2013) practices has been 

demonstrated in Table 1. The diameter at breast height 

(DBH) of jackfruit tree as sole crop was 20.95 cm that 

rose to 21.87 cm as agroforestry crop. Fascinatingly, the 

individual fruit weight and fruit size were diminished in 

agroforestry practice than that of sole cropping and the 

rate of decrease for individual fruit weight, fruit length 

and fruit width was 12.13, 11.03 and 15.63%, 

respectively. Surprisingly, the number of fruits per tree 

was increased significantly in agroforestry (72) than sole 

practice (35) and the rate of increment was 105.71%. As a 

result, the total yield of fruit was increased by 80.75%.  

 

Performance of Eggplant 

Performance of eggplant by evaluating various 

parameters has been presented in Table 2. Fruit diameter 

of eggplant did not vary significantly at different 

orientations of agroforestry and open condition. However, 

the highest (28.67 mm) and the lowest (24.31 mm) fruit 

diameters were recorded in control and at north 

orientation, respectively. Fruit length of eggplant was 

remarkably varied in open field and agroforestry 

practices. The longest fruit (21.28 cm) was noted in open 

condition, which was statistically similar to south 

orientation (19.88 cm) in agroforestry practice. Fruit 

length, however, grown at north, east and west 

orientations did not vary significantly. The maximum 

number of fruits (9.50) per plant was noted in open field, 

which was statistically similar to south orientation (8.33). 

Number of fruits per plant grown at different orientations 

in agroforestry practice did not vary significantly. Among 

the orientations, the maximum (8.34) and minimum (6.67) 

number of fruits per plant were recorded at south and 

north orientations, respectively. A significant variation 

was found in producing fruit weight of eggplant grown in 

open field and agroforestry practice. The highest weight 

per fruit (91.33 g) was noted at south orientation in 

agroforestry practice, which was statistically similar to 

open field (90.00 g). Fruit weight grown at other 

orientations (north, east and west) in agroforestry practice 

did not vary significantly, although the lowest value 

(72.33 g) was noted at north orientation. The maximum 

yield (855.0 g) per plant was noted in control treatment, 

which was statistically similar to south orientation (761.2 

g) in agroforestry. Among the orientations, the maximum 

(761.2 g) and minimum (482.1 g) yield per plant were 

recorded at south and north orientations, respectively.  

 

Soil Moisture Content 

Initially, the soil moisture did not vary between 

agroforestry and open fields, but it was higher in 

agroforestry practice than open field at the following 

measurement dates (Fig. 2). During the first measurement 

date, soil moisture was slightly higher in open field than 

agroforestry plots. In July, moisture level did not vary 

significantly, although open field contained the highest 

moisture level (9.12%) and north orientation contained 

the lowest moisture level (8.58%). In August, open field 

retained the utmost moisture level (12.70%) and north 

orientation contained the least level (10.87%). In 
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September, north orientation contained the paramount 

moisture level (12.18%) and open field contained the 

minimum level (11.84%). In October, the highest 

(11.80%) and the lowest (10.14%) moisture levels were 

recorded at east orientation and open field, respectively. 

In November, south orientation and open field retained 

the maximum (12.45%) and the minimum levels (9.83%) 

of soil moisture, respectively. At the final measurement 

date (December), west orientation contained the highest 

moisture level (12.07%) and open field contained lowest 

level (10.37%). Among the agroforestry plots, although 

the variation was minimum, but on an average the higher 

soil moisture was recoded at south orientation followed 

by west, east and north orientations.  

 

Soil Temperature 

In general, soil temperature was higher in open plot as 

compared to agroforestry plots (Fig. 3). Among different 

orientations, the soil temperature was not consistent. At 

the first measurement (July) date, the highest (32.35ºC) 

and the lowest (30.47ºC) soil temperatures were recorded 

at open field and east orientation, respectively. In August, 

east orientation contained the highest temperature 

(30.99ºC) and west orientation contained the lowest 

(30.14ºC) soil temperature. In September, north and east 

orientations contained the highest (31.04ºC) and the 

lowest level (30.72ºC) of soil temperatures, respectively. 

From October through final measurement dates, the 

highest soil temperature was found in open field and the 

lowest at north orientation in most of the cases.  

 

Table 1 Performance of jackfruit tree as agroforestry and sole crops. 

Parameter 
Year 

% Change 
Sole (2012) Agroforestry (2013) 

DBH (cm) 20.9 (±4.96) 21.8 ± (5.19) 4.39 

No. of fruits per tree 35.0 (±2.32) 72.0 (±2.87) 105.71 

Fruit length (cm) 39.0 (±3.11) 34.7 (±2.51) -11.03 

Fruit width (cm) 75.5 (±5.26) 63.7 (±4.39) -15.63 

Fruit weight (kg) 23.9 (±1.39) 21.0 (±4.62) -12.13 

Total yield (kg tree-1) 836.5 (±17.11) 1512.0 (±16.76) 80.75 
Figures in parenthesis indicate the standard error (±SE) value. 

 

Table 2 Performance of eggplant as agroforestry and sole crops. 

Treatments 
Fruit diameter 

(mm) 

Fruit length 

(cm) 

Individual fruit 

weight (g) 

Number of fruits  

per plant 

Fruit yield 

(kg plant-1) 

Open 28.76a 21.28a 90.00a 9.50a 855.0a 

AF-N 24.31a 15.30b 72.33b 6.66b 482.1c 

AF-S 28.16a 19.88a 91.33a 8.33ab 761.2ab 

AF-E 24.67a 17.72b 79.17b 7.17b 567.6b 

AF-W 26.56a 17.92b 77.00b 7.00b 539.0b 
Means followed by different letters differ significantly based on LSD0.05. 

 

Table 3 Total cost and return from eggplant-jackfruit based agroforestry practice as compared to sole cropping. 

System Crop Cost Income Total return  (BDT) Net return  (BDT) BCR LER 

Agroforestry 
Eggplant 156695 456370 

714558 557863 4.56 2.17 
Jackfruit - 258188 

Sole Eggplant 156695 491860 491860 335165 3.13  
USD 1 = 78 BDT. 

 

  
Figure 2 Soil moisture content over time at different 

orientations in agroforestry systems and open plot.  
The measurement was done monthly basis and the first measurement was 

done at 50 DAT of eggplant seedlings. Vertical bars indicate ±SE. 

Figure 3 Soil temperature content over time at different 

orientations in agroforestry system and open plot.  
The measurement was done monthly basis and the first measurement was 

done at 50 DAT of eggplant seedlings. Vertical bars indicate ±SE. 
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Benefit Cost Ration (BCR) and Land Equivalent 
Ration (LER)  

To know the economic performance and land use in 
eggplant-jackfruit agroforestry system over sole cropping, 
benefit cost ratio (BCR) and land equivalent ratio (LER) 
have been calculated and presented in Table 3. The total 
cost for eggplant-jackfruit agroforestry system was BDT 
275244, while the incomes from eggplant and jackfruit 
were BDT 456370 and BDT 258188 per hectare, 
respectively. On the other hand, the cost and income in 
sole eggplant system were BDT 156695 and BDT 
491860, respectively. The total return in agroforestry and 
sole cropping were BDT 714558 and BDT 491860; 
whereas the net returns were BDT 557863 and BDT 
335165, respectively. The BCR for eggplant-jackfruit 
agroforestry system and sole eggplant was 4.56 and 2.17, 
respectively. The land equivalent ration for eggplant-
jackfruit agroforestry system was 2.17, which is quite 
high. It indicates that 3.29 times higher land would be 
required to get similar production from sole cropping as 
compared to agroforestry system.  

 
Discussion 

 
The yield improvement of jackfruit in agroforestry 

system may be explained by good management of the 
system. In general, farmers do not manage their jackfruit 
orchard through the application of irrigation, fertilizer and 
pest management. However, in agroforestry system, 
sufficient irrigation, fertilizer and pesticides were applied 
for understory (eggplant) crops that were also enjoyed by 
jackfruit trees. Moreover, the fruit size was decreased in 
agroforestry practice may be due to huge bearing than 
sole system. The result what we found is corroborated by 
Uddin et al. (2010) in a Litchi-Indian spinach based 
agroforestry system. 

The increase in fruit size for many fruit species is 
regulated by cell division, cell growth or a synchronized 
series of cell division and expansion (Yamaguchi et al., 
2004; Zhang et al., 2006). However, the lower fruit 
diameter in agroforestry practice may be due to relatively 
higher shade with lower mobilization of reserve 
assimilates to reproductive organs. Similar observations 
were also reported by Rahman et al. (2010) on tomato 
cultivar in multistory agroforestry system. Fruits grown in 
open field received maximum light and more nutrients, 
which increased fruit length compared to that grown 
under tree species. Furthermore, shade created by 
evergreen jackfruit tree retard phloem imports, which also 
may be responsible for diminishing fruit length, hence to 
maximize fruit growth, appropriate sunlight exposure is 
essential (Morandi et al., 2011). Lower number of fruits 
per plant under relatively more and prolonged shaded 
conditions was probably due to poor photosynthetic 
capacity of plants, which encumbers reproductive growth 
of plants. The decreasing photosynthetic capacity of 
shaded plants was attributed due to both stomata and 
mesophyll cell properties (Hanif et al., 2010). Light 
availability was higher in open field compared to 
agroforestry system, which effect on fruit weight. The 
outcomes of our study are corroborated by Miah et al. 
(2008) on tomato cultivars under ghoraneem (Azadirachta 

indica) and sissoo (Dalbergia sissoo) based agroforestry 
systems. Diffuse light under agroforestry systems 
promotes the development of vegetative structures, while 
intense light favors the development of flowers, fruits and 
seeds (Weaver and Clements, 1973). In contrast, leaf litter 
inputs from agroforestry trees could provide sufficient 
nutrients and organic matter to sustain crop growth that 
may improve eggplant yield. Similar results were 
observed by Lehmann et al. (2002); Bhardwaj et al. 
(2005); Sarvade et al. (2014). 

In sole cropping, the soil moisture content was slightly 
lower as compared to agroforestry practice, this may be 
due to the high rate of evaporation of water from the 
surface of open fields, particularly during the summer 
season. The noticeable difference in the soil moisture 
content on different aspects (south and west) and seasons 
showed that the southern aspect always possessed higher 
moisture content due to lower insulation which in turn 
gives birth to rich vegetation. However, during July, 
insolation period also increased the atmospheric and soil 
temperatures, which influenced soil temperature adversely 
and equilibrium is attained only after the monsoon 
showers are received in the months of August to 
September. The findings of our study are supported by 
Donohue et al. (1987). 

The effect of trees on soil temperature is an important 
parameter for agroforestry systems, since the 
photosynthesis-respiration relationship depends largely on 
ambient temperature, plays a vital role in the 
accumulation of carbohydrate and in the control of the 
survival of crops in those systems. Lower temperature 
beneath tree crowns may reduce water stress and increase 
biomass of bellow crown species, if competition for light 
does not overcome the benefit of reduced temperature to 
the species beneath the tree crown. Nevertheless, the 
diminished trend of soil temperature in agroforestry could 
be owing to shade cast by the crown of the jackfruit trees. 
In open field, sunlight easily penetrate to the root system 
resulting increased soil temperature but sunlight cannot 
easily penetrate to the root system in agroforestry (Tanga 
et al., 2014; Mukherjee et al., 2008). 

The higher economic return from jackfruit based 
agroforestry system might be due to several reasons for 
instance i) the presence of trees in crop fields has a 
positive effect on crop productivity, due to combinations 
of depositing mulch and nutrients, shade cover for 
exposed soils, reduced erosion, trapping airborne topsoil, 
and attracting animals and birds who deposit manure and 
urine, ii) surpluses resources of jackfruit tree e.g. 
firewood, construction timber and non-timber can be sold 
to diversify household income, iii) natural resources 
generated by jackfruit trees and restored habitats 
sustainably increase consumption by rural households and 
reduce expenditures on farm inputs such as fertilizers, 
fodder for livestock’s and household needs. All of these 
factors augmented farm income compare to traditional 
land use systems. The outcomes what we found are 
corroborate by Hasan et al. (2008) in jackfruit-pineapple 
agroforestry production system, Hossain et al. (2015) at 
fruit-tomato based agroforestry systems. 
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