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Abstract: Multistoried agroforestry practice with different crop combinations were implemented in the South char Kalibari along the bank of 

Brahmaputra river adjacent to the Bangladesh Agricultural University, Mymensingh, during the period from March, 2018 to December, 2019. In this 

study, ten years old lombu (Khaya anthotheca) tree was used as silvicultural component at the upper layer, ginger, panchamukhi kachu and turmeric as 
root crops were cultivated at the ground layer, papaya plant was in between the lombu trees at the second layer, Chui jhal (Piper chaba) as vine crop on 

the lombu tree at the third layer. Following the Randomized Complete Block Design (RCBD) with three replications root crops were planted at three 
different distances from lombu tree base viz. T1 = 2.5 ft., T2 = 5.0 ft, T3 = 7.5 ft. and with a control treatment (T0 = without tree). Performance of all 

studied root crops was significantly affected in this multistoried agroforestry system where mean yield reduction of ginger, panchamukhi kachu and 

turmeric were 42.49, 49.26 and 40.77%, respectively. Area wise yield of lombu tree, papaya and Chui jhal was reduced remarkably due to use of wider 
spacing during lombu tree plantation but yield of individual plant of each not significantly affected. Area wise (ha-1) yield reduction of lombu tree, papaya 

and Chui jhal were near 50, 70 and 60%, respectively. Land Equivalent Ratio (LER) values of ginger-papaya-Chui jhal-lombu, panchamukhi kachu-

papaya-Chui jhal-lombu, turmeric-papaya-Chui jhal-lombu combinations were 1.75, 1.65 and 1.75 which indicates 65-75% yield advantage i.e. under 
monocultures, 65-75% more land would be needed to match yields from this intercropping. Based on the LER analysis all of these crop combinations or 

intercropping as multistoried agroforestry system of this study would be productive agroforestry models for charland areas of Bangladesh. 
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Introduction 

 

Being a land-use system, agroforestry has been notably 

considered as an effective and low-cost method as it does 

help to minimize the process of degradation associated 

with land cultivation and also for its retention of the 

ecosystem (Vergara and Nicomedes, 1987). During the 

last decades, different agroforestry systems have been 

promoted in developing countries as a means to increase 

household incomes and to generate environmental benefits 

that are well suited to poor farmers (Franzel et al., 2004). 

Multistoried cropping system is a perspective modern 

approach for sustainable productivity in horticulture crops 

and it is more adaptable in tall growing perennials with 

compatible semi-perennial and annual crops (Venkatesha 

2015). This system mainly comprises an overstory of trees 

or shrubs with an understorey of economic crops. Tree-to-

tree distance would be wide enough to let sufficient light 

through to understorey crops to partial shading, moist soil, 

high relative humidity and mild temperatures (Sujatha et 

al., 2011), allowing them to be intercropped with timber 

and fuel wood plantations, fruit trees and plantation crops. 

Moreover, in multistoried agroforestry system, the trees in 

different layers harvest sunlight at different canopy strata 

and they also harvest soil nutrient from different soil 

layers by different root strata (Bari and Rahim, 2009). 

Incorporation of timber, fruits, vegetables, spices and 

some medicinal plants in multistoried agroforestry system 

can be an effective and compatible element in 

Agroforestry system. Multistoried cropping systems help 

to reduce the impacts of hazards such as floods and 

droughts that lead to land degradation, while meeting the 

needs of local people for food, firewood, fodder and 

timber. Under the multistoried cropping, crops underneath 

the tall trees or horticultural crops withstand shading 

effects and provide micro-climatic conditions needed by 

all the crops. This system has at least three layers of 

intercropped plants of different heights.  

Diversified cropping system could be one of the solutions 

to realize sustainable productivity and maximum income 

per unit area of land besides maintaining soil fertility by 

the recycling of byproducts of crops since land being a 

renewable resource, must be put to maximum use for 

increased crop production (Hufnagel et al., 2020). A 

multistoried approach is often viewed as a sustainable 

alternative farming system particularly on small and 

marginal lands and it can provide greater economic return 

per unit area. Crop diversification can be considered as an 

attempt to increase the diversity of crops through, e.g. crop 

rotation, multiple cropping or intercropping, compared to 

specialized farming with the aim to improve the 

productivity, stability and delivery of ecosystem services 

(Kremen and Miles, 2012; Garbach et al., 2017). It can be 

one measure to develop more sustainable production 

systems, develop value-chains for minor crops (Meynard 

et al., 2018) and contribute to socio-economic benefits 

(Feliciano, 2019).  

In Bangladesh, charland is the most important venue for 

practicing agroforestry systems. A large number of 

populations are living in these char areas and maintaining 

their livelihood through char-based farming systems. 

Zinger, turmeric and aroids are shade tolerant and 

economic importance root crops in Bangladesh. Papaya, in 

Bangladesh used as vegetables and also vitamin-A rich 

fruit also. Chui jhal is a delicious and economic spice 

crops commonly found in different regions of Bangladesh. 

Introducing and intensifying fruit, root and vine crops in 

multistoried cropping systems can be a solution to 

improve human nutrition of smallholder families. 

Considering above facts this study was conducted with 

different root crops, papaya, Chui jhal and lombu trees as 

multistoried agroforestry system in charland areas at the 

bank old Brahmaputra river of Bangladesh.   

   

Materials and Methods 

Experimental site: The experiment was carried out in 

South Char Kalibari of Old Brahmaputra river during the 

period from March, 2018 to December, 2019. The 

geographical position of South Char Kalibari located 

between 24˚45' - 24˚45'40'' North and 90˚24'4'' - 90˚24'44'' 

mailto:awadudaf@yahoo.com,
https://link.springer.com/article/10.1007/s13593-020-00617-4#ref-CR34
https://link.springer.com/article/10.1007/s13593-020-00617-4#ref-CR18
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East Latitude. The physiographic unit of the soil of this 

char is old Brahmaputra flood plain. Every year after the 

monsoon huge area along the bank of the river old 

Brahmaputra developed as char which is rich due to silt 

deposition.  

Tree and crop materials: In this study, ten years old 

lombu (Khaya anthotheca) tree was used as silvicultural 

component in the upper layer. Along with the lombu tree 

different root, spice, vegetable and fruit crops were 

cultivated. Ginger, panchamukhi kachu and turmeric were 

cultivated in the ground layer, papaya plant was cultivated 

in between the lombu trees in the second layer, Chui jhal 

was cultivated as vine crop on the lombu tree in the third 

layer and as usually lombu tree in the upper layer (Fig. 1). 

 

 
Figure 1. Multistoried agroforestry system 

 

Lombu tree establishment and its management: Lombu 

trees were planted during the year 2009 under strip 

plantation method where plant to plant distance was 10ft 

and row to row distance was 20ft but in sole lombu stands 

the spacing was 10 × 10. As a result, number lombu trees 

in multistoried system were half of its sole stands. 

Average height and girth at breast height (GBH) of lombu 

trees were more than 40 and 1.70ft. To ensure proper 

growth of all lombu trees, necessary management 

activities like pruning, watering, cleaning, weeding, 

fertilizing etc. were done in time. Growth and yield 

performance of lombu trees were recorded with and 

without crops combinations.  

Crops cultivation: Land was prepared by cleaning, 

weeding and ploughing for crops cultivation (Fig. 2a). 

After land preparation ginger, panchamukhi kachu and 

turmeric rhizomes were sown in between the two rows of 

lombu trees (Fig. 2c). Chui jhal planting materials were 

planted in the well-prepared plastic bags which were 

placed in the base of all lombu trees (Fig.2b). Papaya 

seedlings were planted in between the two lombu trees 

(Fig.1). Necessary cultural operations for these crops viz. 

thinning, gap filling, irrigation, pest and disease 

management were done for each crop in proper time.     

Experimental design and treatment combination: 

Single factorial Randomized Complete Block Design 

(RCBD) with three replications was used for all crops in 

association with lombu trees. Ginger, panchamukhi kachu 

and turmeric were planted at three different distances from 

lombu tree base viz. T1 = 2.5 ft., T2 = 5.0 ft. and T3 = 7.5 

ft. These crops also cultivated without lombu tree 

combination which is consider as the control (T0 = without 

tree). So, T1, T2, T3 and T0 are the treatments of this study 

for each root crops i.e. ginger, panchamukhi kachu and 

turmeric separately. Chui jhal, papaya and lombu trees 

were common with these root crops. As a results three 

different combination viz. ginger - papaya - Chui jhal - 

lombu, panchamukhi kachu - papaya - Chui jhal - lombu, 

turmeric - papaya - Chui jhal - lombu were created.   

 

(a) (b)

(c)
 

Figure 2. (a) Land preparation, (b) planting of Chui jhal 

and (c) root crops sowing. 

 

Harvesting, Sampling and Data collection: Growth 

parameters of different studied root crops were recorded 

from this multistoried agroforestry system during optimum 

vegetative period (16 weeks after planting) and yield 

parameters were recorded during harvesting period. For 

data collection plant representative samples were selected 

randomly from all the treatments of the plots. The studied 

parameters of ginger were plant height (cm), tiller plant-1, 

leaves plant-1, stem girth (cm), leaf length (cm), leaf 

breadth etc., for panchamukhi kachu parameters were 

plant height (cm), leaves plant-1, leaf length (cm) and leaf 

breadth, girth of leaf blades, weight plant-1 (g) etc. and for 

turmeric parameters were plant height (cm), tiller plant-1, 

leaves plant-1, stem girth (cm), rhizomes plant-1, rhizomes 

weight plant-1 (g) etc. Yield of papaya was estimated as 

t/ha from average total fruit weight of individual papaya 

tree under multistoried condition and sole condition. In 

case of Chui jhal edible portion of individual plant was 

recorded in and outside of the multistoried agroforestry 

system. Average total yield (volume) value of a lombu tree 

was estimated in different crops combinations and sole 

condition also by using the formula r2h, where ‘r’ is 

average radius and ‘h’ is average bole height. Average ‘r’ 

value estimated from average GBH (Girth at Breast 

Height) values of all lombu trees. Yield (volume basis as 

cft.) of lombu also converted as year/ha = [{Total volume 

÷ age (year)} × number of trees ha-1]. 

Land Equivalent Ratio (LER) estimation: LER is the 

sum of relative yields of the component’s species; i.e.,  

LER = ∑

i=1

m 

(yi  yii) 
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Where, ‘yi’ is the yield of the ‘i’ th component from a unit 

area of the intercrop; ‘yii’ is the yield of the same 

component grown as a sole crop over the same area; and 

(yi ÷ yii) is the relative yield of component i. In this study 

LER will be measured for ginger–papaya–Chui jhal-

lombu, panchamukhi kachu–papaya–Chui jhal-lombu, 

turmeric–papaya–Chui jhal-lombu separately.  

Statistical analysis: All recorded data of this multistoried 

system with ginger, panchamukhi kachu, turmeric, papaya, 

Chui jhal and lombu trees were compiled and analyzed by 

RCBD design to find out the statistical significance of the 

experimental results. The means for all recorded data of 

the studied multistoried agroforestry system were 

calculated and analyzed statistically by using ‘WASP 2’ 

software package to find out the statistical significance of 

the experimental results for all growth and yield 

parameters were performed. The mean differences were 

evaluated by Duncan’s Multiple Range Test (DMRT) 

(Gomez and Gomez, 1984) at 5% level of significance and 

also by Least Significance Difference (LSD) test. 

 

Results and Discussion  
 

Growth and yield performance of root crops under 

multistoried agroforestry system: Growth and yield of 

different root crops (Ginger, panchamukhi kachu and 

turmeric) performed in the first layer are presented here 

separately. 

Growth of root crops: Different growth parameters of 

ginger (plant height, tiller plant-1, leaves plant-1, stem girth, 

leaf length and leaf breadth) panchamukhi kachu (plant 

height, leaves plant-1, leaf length and leaf breadth, girth of 

leaf blade and weight plant-1), and turmeric (plant height, 

tiller plant-1, leaves plant-1, stem girth, rhizomes plant-1, 

rhizome weight plant-1) were significantly influenced by 

lombu trees in this multistoried agroforestry system (Table 

1). It was found that growth of all tested root crops was 

significantly reduced with reducing the distances towards 

base of lombu trees (Table 1).   

 

Table 1. Growth of different root crops in the first layer of multistoried agroforestry practice 

(a) Ginger 

Treatments 
Growth parameters at optimum vegetative stage (16 weeks after planting)  

Plant height (cm) Tiller plant-1 Leaves plant-1 Stem girth (cm) Leaf length (cm) Leaf breadth (cm) 

T0 40.67a 3.63a 20.10a 2.40a 19.60a 2.40a 

T1 26.33c 2.37d 14,43c 1,60d 14.53c 1.73c 

T2 30.47b 3.07c 16.77b 1.90c 15.87bc 2.03b 

T3 38.20a 3.37b 18.17b 2.12b 17.67ab 2.20b 

CV% 9.383 8.259 7.561 6.933 9.096 8.432 

CD (.01) 4.508 0.404 2.715 0.295 3.578 0.282 

Level of sign. ** ** ** ** ** ** 

(b) Panchamukhi Kachu 

Treatments 
Growth parameters at optimum vegetative stage (16 weeks after planting)  

Plant height (cm) Leaves plant-1 Leaf lth. (cm) Leaf bth. (cm) GLB (cm) Wt. plant-1 (g) 

T0 54.53a 4.97a 26.17a 14.43a 5.20a 1583.33a 

T1 34.67c 3.57d 18.23c 9.12c 2.97c 856.67c 

T2 43.57b 4.03c 22.50b 11.67bc 3.67b 1209.00b 

T3 51.5a 4.63b 24.50a 13.83ab 4.60a 1518.33a 

CV% 8.012 7.44 9.135 9.743 7.314 5.993 

CD (.01) 5.599 0.443 2.869 .. 0.904 234.26 

CD (.05) .. .. .. 2.425 .. .. 

Level of sign. ** ** ** * ** ** 

(c) Turmeric 

Treatments 
Growth parameters at optimum vegetative stage (16 weeks after planting)  

Plant height (cm) Tiller plant-1 Leaves plant-1 Stem girth (cm) R. plant-1 R. wt. plant-1 (g) 

T0 48.57a 3.00a 3.83a 5.30a 21.20a 221.67a 

T1 32.97d 2.00d 2.63c 3.51d 14.80d 133.33d 

T2 41.50c 2.28c 3.00b 3.97c 17.33c 169.00c 

T3 44.87b 2.73b 3.60a 4.83b 19.17b 200.33b 

CV% 6.532 7.888 5.787 9.088 7.051 9.073 

CD (.01) 4.206 0.291 0.371 0.493 2.756 20.675 

Level of sign. ** ** ** ** ** ** 

 

Means in column followed by the different letter are significantly different by DMRT at P< 0.01, T1 = 0-2.5 ft. distance, T2 = 2.5-5.0 ft. distance, T3 = 
5.0-7.5 ft. distance and T0 = Control (without tree), GLB = Girth of leaf blade, R= Rhizomes, lth= length, bth= breadth 

 

  

Highest values of all tested growth parameters of ginger, 

panchamukhi kachu and turmeric were recorded in the 

control condition i.e. outside the multistoried condition and 

lowest values were in the treatment T1 (0-2.5 ft. distance 

from lombu tree base) (Table 1). Growth suppression of all 

tested root crops towards the base of lombu trees might be 

due to competition for moisture and nutrients because 

these root crops are almost shade tolerant in nature 
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(Venkatesha, 2015). Root system of 10 years old lombu 

trees obviously dominant over the root system of ginger, 

panchamukhi kachu and turmeric which compete for 

moisture and nutrients in the root zone areas of these root 

crops. Mallick et al. (2013) opined that root system of 7 

years old Xylia dolabriformis tree dominantly suppressed 

the growth of strawberry plant.   

Yield of root crops: Like morphological parameters, yield 

of ginger, panchamukhi kachu and turmeric also 

significantly affected by lombu trees at different distances 

from tree base (Fig. 3). Highest yield of ginger (23.56 tha-

1), panchamukhi kachu (24.85 tha-1) and turmeric (27.42 

tha-1) were obtained in control condition i.e. without lombu 

tree combination. Yield of all tested root crops i.e. ginger, 

panchamukhi kachu and turmeric were gradually increased 

with increasing distance from lombu tree base. Yield 

reduction of ginger, panchamukhi kachu and turmeric at 0-

2.5 ft. distant areas from lombu tree base were 59.55, 

66.40 and 61.89%, respectively. Yield reduction of ginger, 

panchamukhi kachu and turmeric at 2.5-5.0 ft. and 5.0-7.5 

ft. distant areas from lombu tree base were 43.21, 48.65 & 

38.91 and 24.66, 32.72 & 21.52%, respectively. Mean 

yield reduction of ginger, panchamukhi kachu and turmeric 

in this multistoried agroforestry system were 42.49, 49.26 

and 40.77%, respectively. Like growth parameters, yield of 

these root crops also did not affected by shade effect 

because their shade loving habit but root effect of lombu 

tree largely affected the yield of these root crops which are 

clearly reflected by yield reduction estimation. Khatun et 

al. (2010) reported the lower yield of medicinal plants 

(Aloevera, Asparagus and Misridana) under multistoried 

agroforestry systems due to root effect of tree components. 
 

Ginger Panchamukhi Kachu Turmeric

T0 (control) 23.56 24.85 27.42

T1 (0-2.5ft.) 9.53 8.35 10.45

T2 (2.5-5.0ft.) 13.38 12.76 16.75

T3 (5.0-7.5ft.) 17.75 16.72 21.52

Mean 13.55 12.61 16.24
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Figure 3. Yield of root crops under multistoried agroforestry 

system 
 

Papaya yield: Papaya was recorded as tha-1 in different 

crop combinations under the multistoried agroforestry 

system. Compare to sole condition papaya yield as tha-1 

remarkably reduced in different crop combinations (Fig. 4) 

but yield reduction considering individual trees was 

moderate. Considering occupied area (tha-1) by papaya 

plants yield reduction were 73, 74 and 72% in ginger – 

papaya – Chui jhal - lombu, panchamukhi kachu – papaya 

– Chui jhal – lombu and turmeric – papaya – Chui jhal - 

lombu combinations, respectively. Alam et al. (2012) also 

observed similar type of yield reduction of papaya during 

combined production of papaya, summer vegetables and 

different fruit tree-based agroforestry system.   

   

6.95

6.65

7.25

25.5

0 5 10 15 20 25 30

Ginger-papaya-chuijal-lombu

Panchamukhi kachu-papaya-chuijal-lombu

Turmeric-papaya-chuijal-lombu

Sole papaya

Yield (t/ha)

A
g
ro

fo
re

st
ry

 P
rc

ti
ce

s

 
Figure 4. Yield of papaya in multistoried agroforestry 

system under different combinations 

 
Chui jhal yield: Chui jhal yield was also reduced 

remarkably reduced in different crop combinations of this 

multistoried agroforestry system (Table 2). Highest yield 

of Chui jhal (1.75 kg plant-1) was found in sole condition it 

was in ginger - papaya - Chui jhal - lombu, panchamukhi 

kachu - papaya -Chui jhal - lombu and turmeric - papaya - 

Chui jhal - lombu combinations 0.72, 0.71 and 0.71 kg 

plant-1, respectively (Table 2).  

 

Table 2. Chui jhal yield in multistoried agroforestry 

system 
 

Crop combinations Yield (kg/plant) 

Ginger-papaya-Chui jhal-lombu 0.72 

Panchamukhi kachu-papaya-Chui jhal-

lombu 
0.71 

Turmeric-papaya-Chui jhal-lombu 0.71 

Chui jhal as sole crop 1.75 
 

 

Yield of lombu (Khaya anthotheca) tree: Yield of lombu 

trees under this multistoried agroforestry system was 

almost 50% reduced due to wider row to row distances 

(Table 3). Tree yield of this multistoried system was 

estimated as volume basis (cft.) per year per hectare. 

Highest yield of lomu tree (978.23 cft. year-1 ha-1) was 

recorded in sole condition. Statistically similar yield was 

found in different crop combinations of this multistoried 

agroforestry system (Table 3). As evidence from the 

results of this study, yield of Khaya anthotheca under this 

multistoried system not affected but because of wider 

spacing yield ha-1 was remarkably reduced. Alam et al., 

(2014) recorded similar type of yield reduction in Acacia 

auriculiformis tree during combined production with 

different winter vegetables, they also opined that due to 

use of wider spacing tree yield was reduced.  

 

 

 



 5 

Table 3. Average yield (volume) of a lombu (Khaya anthotheca) tree in the multistoried agroforestry practice 

Agroforestry Practices Av. GBH (ft.) Av. RBH (ft.) 
Av. bole height 

(ft.) 

Yield (8yrs) 

(cft.)/tree 

Yield/year/ha 

(cft.) 

Ginger-papaya-Chui jhal-lombu 1.75 0.279 36.27 8.865 478.49b 

Panchamukhi kachu-papaya-Chui jhal-

lombu 
1.73 0.275 36.05 8.561 462.37b 

Turmeric-papaya-Chui jhal-lombu 1.74 0.277 35.72 8.606 462.37b 

Sole lombu 1.77 0.282 36.35 9.077 978.23a 

CV% 11.231 10.732 9.174 8.392 13.345 

CD (.01) 
NS NS NS NS 

60.236 

Level of sign. ** 

Means in column followed by the different letter are significantly different by DMRT at P< 0.01, GBH/RBH = Girth /Radius at beast height 
 

Land Equivalent Ratio (LER): Under this multistoried 

agroforestry system LER was estimated for different crop 

combinations (Fig. 5). LER of ginger – papaya – Chui jhal 

- lombu, panchamukhi kachu – papaya – Chui jhal – 

lombu and turmeric – papaya – Chui jhal - lombu 

combinations were 1.75, 1.65 and 1.75, respectively (Fig. 

5). LER values of crop combinations of this multistoried 

agroforestry system is more than one which indicate all 

combinations of studied multistoried agroforestry system 

will be profitable for charland based farming system. 

Akter et al. (2020) also successfully evaluate different 

crop combinations under multistoried agroforestry system 

in Madhupur Sal forest based on LER analysis. 
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Figure 5. Land Equivalent Ratio (LER) of different crop combination under multistoried agroforestry system 

 

Land Equivalent Ratio (LER) values of ginger-papaya-

Chui jhal-lombu, panchamukhi kachu-papaya-Chui jhal-

lombu, turmeric-papaya-Chui jhal-lombu combinations 

were 1.75, 1.65 and 1.75 which indicates 65-75% yield 

advantage i.e. under monocultures, 65-75% more land 

would be needed to match yields from this intercropping 

also indicate better use of resources and intensive 

utilization of space. Based on the LER analysis all of these 

crop combinations or intercropping as multistoried 

agroforestry system of this study would be the productive 

and sustainable agroforestry models or technologies for 

charland areas of Bangladesh.  
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