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An experiment on established multi-storied fruit garden (coconut + litchi + sweet orange+ pineapple) was 
conducted at Agricultural Research Station, Raikhali, BARI, Rangamati Hill District from January 2009 to 
December 2012. The sole garden of each fruit crop was also made. In multi-storied fruit garden each fruit 
crop was taken as one treatment and its sole garden, as another treatment. Light availability for litchi, 
sweet orange and pine apple were about 55% less than that for the sole crop of the respective fruits and 
for the coconut tree as sole and in the multi-storey fruit garden. The shade provided by coconut tree 
helped producing quality sweet orange fruit. The growth of the pineapple plant was positively influenced 
by the shade and as a result maximum individual fruit was obtained compared to sole crop.  The 
equivalent yield of each fruit crop was higher than its sole crop. The land equivalent ratio for multi-strata 
fruit garden was 2.6. The maximum gross margin of Tk.12,47,083.19 per ha/year and the highest BCR of 
6.79 were obtained from multi-stored fruit garden. 
 
Key word: Multi-storied fruit garden, Agro forestry, Sole fruit orchard, Mixed fruit orchard, Land equivalent ratio, 
Gross margin. 

 
 
INTRODUCTION 
 
Bangladesh is a land of tropical and sub-tropical climate. 
The climate of the country is favourable for different fruit 
crops. Fruits are the chief sources of vitamins and 
minerals which help in the maintenance of proper health 
and resistance to diseases (Bose, 2006).  There are 
many food orchard in the country which are used as sole 
fruit production. These food orchards are easily 
converted to multi-storied agroforestry production system. 
Now-a-days Jackfruit-Pineapple based agroforestry 
system is found in Madhupur region and Litchi-Pineapple 
based agroforestry is going to be introduced in Northern 
part of Bangladesh Uddin et al. (2010). Multi-storey 
gardening is a way of planting a mixture of crops and 
trees of different heights and different uses of food crops, 
cash crops,  fruit  trees,  woody  perennials,  fodder  and  
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forage. It is an agro-forestry based intervention strategy 
containing banana, papaya, pineapple, upland rice, tuber 
crops and different kinds of fruit trees along with the 
shade-producing trees. The growing of different fruit 
crops in an orchard is a modern practice of maximum 
utilization of space, land, light and carbon dioxide. At 
present there has been given more emphasis on multi-
strata fruit gardening in home and abroad because 
farmers can earn more money from the various types of 
produce, both immediately, throughout the year and over 
many years and the different sources of income protect 
the farmers from drought, market price changes, and 
other risks. Besides the variety of crops improve the 
environment by improving soil fertility, and reducing the 
temperature and humidity. Multi-storey gardening is 
especially useful if farmers want to change from farming 
a single food crop to a more productive and profitable use 
of their land. The average annual net returns of the 
traditional   agri-silvi-cultural practices were found much 
higher than the agricu lture (Abedin and Quddus, 1991). 
But the farmers are losing their interest in  such  kind  of  



 

 
 
 
 
agro forestry system due to some problems. Keeping the 
above facts in view the present investigation was 
undertaken to realize the productivity and profitability of 
various fruit crops planted in multi-layered orchard and of 
respective fruit crops as sole cropping. 
 
 
MATERIALS AND METHODS 
 
In multi-storey fruit garden coconut (var. BARI Narkel-2) 
saplings were planted maintaining spacing 8m × 8m in 
2000. Litchi (var. China-3)   and sweet orange (var. BARI 
Malta-1) saplings were planted in 2007 and 2005, 
respectively. Sweet orange (var. BARI Malta -1) was 
planted between the coconut trees and between the 
coconut rows sweet orange and litchi were planted 
alternately. Pineapple (var. Honey queen) saplings were 
planted between litchi and sweet orange trees in June 
2008.  During June 2009 to December 2012, all plants 
become full bearing stage and the growth characteristics 
and the fruit characteristics of different fruit crops were 
undertaken.  

A unit plot measuring 24 m × 24 m was first selected 
from multi-storey fruit garden as well as sole crop of 
respective fruits and data on different growth parameters, 
yield attributes and yield were taken. In multi-storey fruit 
garden spacing was maintained as 8 m× 8 m, 8 m× 8 m, 
8 m× 8 m and 30 cm × 60 cm for coconut, litchi, sweet 
orange (malta) and pineapple, respectively. In fact 
spacing was maintained as 4 m× 4m in all fruit crops 
considering each and every fruit crop except pineapple in 
multi-storey fruit garden. In case of  sole crop spacing 
was maintained 8 m× 8 m, 8 m× 8 m, 4 m× 4 m and 30 
cm × 60 cm for coconut, litchi, malta and pineapple, 
respectively.  

The recommended fertilizer doses were used for sole fruit 
crops and twenty five percentage lower dose of the 
recommended fertilizer doses were used for respective fruit 
crops of multi-storey garden. In unit plot of 576 m

2
 number 

of coconut, litchi, sweet orange tress and pineapple plants 
were 9, 9, 18 and 376, respectively. Day light was measured 
with the help of lux meter at noon (12.01 pm).  

At first cost of production and economic benefits were 
calculated from the unit plot and then they were converted 
to the value of per hectare basis. In multi-storied fruit garden 
one type of fruit crop was considered as one treatment and 
its sole, as another treatment and statistical analyses were 
done by t test (two tailed) to differentiate between these two 
treatments. Thus statistical analysis was done for each fruit 
considering treatment same. 
 
 
RESULTS AND DISCUSSION 
 
Light availability for coconut in  multi-storey fruit gardening 
(MSFG), coconut (sole), litchi (sole), sweet orange (sole) 
and pineapple (sole) was more or less same (Table  1).  In  
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multi-storey fruit garden (MSFG) light was available for litchi 
(434 × 100 lux), sweet orange (436 × 100 lux) and pine 
apple (441 × 100 lux). The shade was provided by only 
coconut tree, since the canopy of sweet orange and litchi 
was not up to the mark. The light reduction by coconut trees 
in MSFG was near about 55% for litchi, sweet orange and 
pineapple. 
 
 
Coconut 
 
Plant height, stem height and canopy spread (N-S & E-W 
direction) were found significantly higher in sole crop 
compared to multi-storey fruit garden (MSFG) (Table 2a). 
The maximum number of bunch/plant and fruits/bunch 
was obtained from sole crop and their lowest values from  
MSFG and the sole garden of coconut produced the 
higher number of fruits (128.75 and 119.27 per plant 
2011 and 2012, respectively) than that of MSFG (85.50 
and 81.09 per plant respectively) (Table 2b). Fangren 
and Aolong (1999) revealed that there was no obvious 
difference in growth and biomass of coconut and 
pineapple between the compound system and the 
monoculture. In the five-year-old compound system of 
coconut interplanted with pineapple, as the coconut is 
short, its canopy hasn't closed, and it has no distinct 
negative-effect to the growth of pineapple. 
 
 
Litchi 
 
There was no significant difference among growth 
characteristics of litchi during 2011 and 2012 (Table 3a) 
but fruit weight, yield/plant and TSS content of fruits 
exhibited significant difference among MSGF and sole 
crop during 2011 and 2012 (Table 3b). The fruits per 
plant were insignificant in 2011 and highly significant in 
2012. In sole garden 8 and 15 % sun-burn fruit was 
produced during 2011 and 2012, respectively whereas no 
sun-burn fruit was found in MSFG (Table 4b). Similar 
result was found by Uddin et al. (2010) at indian spinach 
in litchi based agro-forestry system.  
 
 
Sweet orange 
 
There was no significant difference among growth and 
maximum fruit characters between MSFG and sole crop 
(Tables 4a and 4b). But the MSFG gave higher TSS (8.3 
and 8.4 % during 2011 and 2012, respectively) than that 
of sole crop (7.8 and 8.1 % during 2011 and 2012, 
respectively) (Table 4b). In sole garden 8 and 15 % sun-
burn fruit was produced during 2011 and 2012, 
respectively whereas no sun-burn fruit was found in 
MSFG (Table 4b). The less sun-burn fruits of sweet 
orange in MSGF might be due to heaviest shade created 
by  coconut  and  litchi  tree  as  compared  to  sole  crop.  
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Table 1. Light availability for different fruit crops of multi-storey fruit gardening and the corresponding sole crops. 

 

Fruit crop Light availability  (lux) Reduced light compared to full sun (%) 

Coconut in MSFG 977 x 100 - 

Litchi in MSFG 434 x 100 55.5 

Sweet orange IN MSFG 436 x 100 55.4 

Pineapple in MSFG 441 x 100 54.86 

Coconut (sole) 982 x 100 - 

Litchi (sole) 975 x 100 - 

Sweet orange (sole) 979 x 100 - 

Pineapple (sole) 968 x 100 - 
 

MSFG = Multi-storey fruit gardening 

 
 
 

Table 2a. Growth characters of coconut in multi-storey fruit gardening and sole cropping.   

 

Treatment Base girth (cm) Plant ht.  

(m) 

Stem ht.  

(cm) 

Canopy spread (m) 

N-S E-W 

2011 2012 2011 2012 2011 2012 2011 2012 2011 2012 

MSFG 1.33 1.42 8.80 8.95 3.38 3.40 7.28 7.30 7.60 7.65 

Sole 1.41 1.61 9.02 9.25 3.53 3.51 7.72 7.82 7.92 7.95 

t test ns * * * ** * ** * * * 
 

ns = non significant, * indicates significant at 5% level of probability ** indicates significant at 1% level of probability 

 
 

Table 2b. Fruit characters of coconut in multi-storey fruit garden and sole cropping. 
 

Treatment 
Bunch/plant (no.) 

Fruits/bunch 
(no.) 

Single nut weight 
(g) 

Yield/plant 

(no.) 

2011 2012 2011 2012 2011 2012 2011 2012 

MSFG 9.50 9.54 9.0 8.50 1.18 1.25 85.50 81.09 

Sole 12.50 12.45 10.30 9.58 1.35 1.45 128.75 119.27 

t test * * * * ** ** ** ** 

 
 
 

Table 3a. Growth characters of litchi in multi-storey fruit gardening and sole cropping.  

 

Treatment 

Base girth 
(cm) 

Plant ht. 

(m) 

Stem ht. 

(cm) 

Canopy spread (m) 

N-S E-W 

2011 2012 2011 2012 2011 2012 2011 2012 2011 2012 

MSFG 28.0 29.0 2.75 2.77 39.8 39.85 3.50 3.57 3.68 3.72 

Sole 30.8 30.9 2.48 2.51 41.5 41.65 3.75 3.85 4.10 4.25 

t test ns ns ns ns ns ns ** ** ns ** 

 
 
 

Table 3b. Fruit characters of litchi in multi-storey fruit gardening and sole cropping. 

 

Treatment 
Fruit weight (g) Fruits/plant (no.) Yield/plant (kg) TSS (%) 

2011 2012 2011 2012 2011 2012 2011 2012 

MSFG 16.48 16.51 598.50 599.55 9.86 9.90 17.78 17.70 

Sole 17.34 17.42 667.50 658.62 11.59 11.94 18.10 18.00 

t test ns ** ns ** * ** * ** 
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Table 4a. Growth characters of sweet orange in multi-storey fruit gardening and sole cropping.   
 

Treatment 
Base girth (cm) Plant ht. (m) Stem ht. (cm) 

Canopy spread (m) 

N-S E-W 

2011 2012 2011 2012 2011 2012 2011 2012 2011 2012 

MSFG 24.50 24.75 2.65 2.70 31.0 31.20 2.73 2.75 2.63 2.65 

Sole 28.75 28.75 2.68 2.70 30.5 31.00 3.08 3.10 2.83 2.85 

t test ns  ns  ns  ns  ns  

 
 
 

Table 4b. Fruit characters of sweet orange in multi-storey fruit gardening and sole cropping. 
 

Treatment 

Single fruit 
weight (g) 

Fruits /plant 
(no.) 

Yield/plant (kg) 
TSS 

(%) 
Sunburn (%) 

2011 2012 2011 2012 2011 2012 2011 2012 2011 2012 

MSFG 231.3 23.35 105.0 106.15 24.29 24.78 8.3 8.4 0.00 0.00 

Sole 220.0 220.10 115.0 113.0 25.30 24.87 7.8 8.1 8.00 15.00 

t test ns ns ns ns ns * * * * * 

 
 
 

Table 5a. Growth characters of pineapple in multi-storey fruit gardening and sole cropping.   

 

Treatment 
Plant ht. (m) Leaves No. 

Canopy spread (cm) 

N-S E-W 

2011 2012 2011 2012 2011 2012 2011 2012 

MSFG 68.75 68.82 43.32 45.31 96.0 96.02 100.0 98.87 

Sole 65.53 66.55 45.54 48.31 87.3 86.55 96.00 97.00 

t test ns ns ns ns ** ** **  

 
 
 

Table 5b. Fruit characters and fruit yield of pineapple in multi-storey fruit gardening and sole cropping.  
 

Treatment 

Fruit length 
(cm) 

Fruit Breadth  

(cm) 

Single fruit 

wt. (g) 

Fruit yield 

(t/ha) 
TSS (%) 

2011 2012 2011 2012 2011 2012 2011 2012 2011 2012 

MSFG 10.28 10.25 8.65 8.70 558.7 560.0 30.65 31.25 21.8 20.75 

Sole 9.55 9.60 8.23 8.25 528.8 530.0 29.35 29.50 21.3 21.9 

t test ** ** ** ** * ** ** ** ns ** 

 
 
Similar result was found by Uddin et al. (2010) at indian 
spinach in litchi based agro-forestry system and by Miah 
et al. (2007) in case of egg plant under heaviest shade of 
Eucalyptus-cane association.  
 
 
Pineapple 
 
The growth character viz. plant height, canopy spread (N-
S and E-W direction) was found higher in MSFG than in 
sale crop. (Table 5a). Higher plant height under reduced 
light level was also reported by Islam (1995) in 
mungbean and Murshed (1996) in  chick  pea.  This  may  

attributed due to the stimulation of the cellular expansion 
and cell division under shaded condition. The MSFG 
gave significantly higher values than sale crop in respect 
of fruit length, fruit breadth and single fruit weight (Table 
5b). Chipungahelo et al. (2007) found that the results of 
the effects of light imposed on pineapple have 
demonstrated that light intensity influenced plant height, 
fruit size and fruit yield. Pineapple flowered and yielded 
early under low light intensity. This is probably the 
pineapple is Crassulacean Acid Metabolism (CAM) plant 
in which the crop continue to fix CO2 in the shade. Plants 
using the CAM also continue their growth even when 
water is a limiting factor (Cote et. al., 1993). These  types  
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Table 6. Equivalent yield and land equivalent ratio of different fruit crops as sole and their combination in multi-storey fruit 
garden. 
 

Treatments 
Coconut 

equivalent yield 
(no./ha/yr) 

Litchi equivalent 
yield (no./ha/yr) 

Malta equivalent 
yield (kg/ha/yr) 

Pineapple 
equivalent yield 

(no./ha/yr) 

Land 
equivalent 
ratio (LER) 

Fruit crop in MSFG 2,12,277 1,57,710 53,109 5,35,313 2.6 

Coconut (sole) 20,000 - - - 1.0 

Litchi (sole) - 1,04,297 - - 1.0 

Malta (sole) - - 51,339 - 1.0 

Pineapple (sole) - - - 55,500 1.0 
 

MSFG = Multi-storey Fruit gardening  

 
 

Table 7. Gross return from different fruit crops in multi-storey fruit gardening and from sole fruit garden. 

 

Fruit crop 
Gross return in MSGF 

(Tk./ha/yr) 

Total gross return in sole crop 

(Tk./ha/yr) 

Coconut 2,65,625.00 4,00,000.00 

Litchi 2,49,375.00 2,08,593.75 

Malta 6,07,256.79 11,06,875.00 

Pineapple 3,40,277.78 3,64,583.33 

Total 14,62,534.57  

 
 
of responses are comparable with those obtained under 
the coconut canopies wher e the growth and crop 
development of pineapple was earlier under high density 
planting than the low density planting (Chipungahelo et. 
al., 2005). 
 
 
Equivalent yield and land equivalent ratio 
 
The performance of multi-storied fruit gardening system 
(MSFG) was evaluated on the basis of equivalent yield. 
The equivalent yields of coconut, litchi, sweet orange, 
and pineapple was markedly influenced by multi-layered 
fruit garden (Table 6). The result showed that MSFG 
gave higher coconut, litchi, sweet orange and pineapple 
equivalent yields than that of their corresponding sole 
crop yields. The land equivalent ratio (LER) was used to 
assess the performance of an intercrop relative to the 
corresponding sole crop. If the value of LER is more than 
one (1.00) it indicates a total yield advantage  of  growing  
intercrops over sole crops, since the index denotes how 
much land would be required for growing sole crops to 
obtain the same yields of each component as was 
obtained in MSFG ( inter crop condition). The highest 
LER value (2.6) was obtained from MSFG (Table 6) 
which might be due to maximum complementary use of 
different growth resources in multi -storey fruit gardening. 
 
 
Cost –return analysis  
 

The   highest   gross  return  in  multi-storey  garden  was  

obtained from sweet orange (TK. 6,07,256.79/ha/yr) 
followed by pineapple (TK. 3,40,277.78/ha/yr) and 
coconut (TK. 2,65, 625.00/ha/yr) and the lowest from 
litchi (TK. 2,49,375.00/ha/yr) (Table  7). The maximum 
gross return was recorded from MSFG (TK. 
14,62,534.57/ha/yr) which was fallowed by sweet orange 
(TK.11,06,875.00/ha/yr) (Table 8). The MSFG gave the 
highest gross  margin  (TK. 12,47,085.19/ha/yr)  followed 
by sweet orange (TK 9,04,687.44/ha/yr) and the lowest 
from litchi (TK. 88,836.81/ha/yr). The maximum BCR of 
6.89 was also recorded in MSFG followed by sweet 
orange sole (5.47) and coconut sole (3.46). In an earlier 
study Hasan et al. (2008) stated that benefit cost ratio 
(1.51), net present value and internal rate of return clearly 
indicated the profit ability of Jackfruit-pineapple 
agroforestry production system. The benefit cost ratio 
indicated that if a farmer invests Tk. 100, he would get 
Tk.151 which was inconsonant with present investigation. 
 
 
Conclusion 
 

i. The better quality of sweet orange fruits were produced 
in multi-storied fruit garden compared to sole cropping. 
Due to shade provided by coconut trees no sun-burn of 
fruits was produced in multi-storey fruit garden whereas 
8% sun-burn of fruit was found in sole cropping. 
ii. The growth of the pineapple plant from multi-storey 
garden was better than those of sole cropping and 
maximum single fruit weight was obtained because of 
shade provided by other fruit crops on pineapple.  
iii. The equivalent yields of coconut,  litchi,  sweet  orange  
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Table 8. Cost-return analyses of different fruit crops as sole and their combination in multi-storey fruit garden.  
 

Treatments 
Gross return 
(Tk./ha /yr) 

Total variable cost 
(Tk./ha/yr) 

Gross margin 
(Tk./ha/yr) 

Benefit-cost 

ratio (BCR) 

Fruit crop combination (MSFG) 14,62,534.57 2,15,451.38 12,47,083.19 6.79 

Coconut (sole) 4,00,000.00 1,15,520.83 2,84,479.16 3.46 

Litchi (sole) 2,08,593.75 1,19,756.94 88,836.81 1.74 

Sweet orange (sole) 11,06,875.00 2,02,187.56 9,04,687.44 5.47 

Pineapple (sole) 3,64,583.33 2,07,673.61 1,56,909.72 1.76 
 

Note : Coconut fruit (nut): Tk. 20/piece, Litchi: Tk. 200/100 pieces, Sweet orange: Tk. 80/kg  from MSFG, Sweet orange: Tk. 70/kg from sole, 
Pineapple: Tk. 7/piece, MSFG = Multi-storey fruit gardening  

 
 
 
and pineapple were higher than those of the 
corresponding fruit crops. 
iv. The land equivalent ratio of multi-layered fruit garden 
was higher (2.6) than one (1.00).  
v. The economic benefit of multi-layered fruit garden was 
higher than that of sole cropping of the respective fruit 
crops per unit area. The BCR of multi-layered fruit garden 
was 6.79 whereas the BCR of coconut, litchi, sweet 
orange and pineapple as sole cropping was 3.46, 1.74, 
5.47 and 1.76 respectively. 
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