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MASS LOSS AND NUTRIENT DYNAMICS ASSOCIATED WITH
GREEN LEAF LEACHING OF CROPLAND AGROFOREST
TREE SPECIES OF BANGLADESH

SUMMARY

Nutrients leaching from green leaves can contribute a major role in cycling
and supply of nutrient to the agricultural crops in any agroforestry system. This
study focused on the nutrients (N, P and K) leaching from green leaves of Acacia
auriculiformis, Eucalyptus camaldulensis, Mangifera indica, Artocarpus
heterophyllus, Litchi chinensis, Khaya anthotheca and Swietenia macrophylla as
the common cropland agroforest tree species of Bangladesh. Green leaves of the
selected species were leached in deionized water and the experiment was
continued up to 192 hours. Mass loss (%) of green leaves, Electrical Conductivity
(EC) and Total Dissolved Solid (TDS) of leaching water of each species showed
significant (p<0.05) curvilinear relationship with leaching time. Initial
concentration of NH,, PO4and K in leaching water of green leaves of individual
species was found to increase significantly (p<0.05) up to 72 hours and remained
almost constant at the later stages. All the tree species showed similar pattern
K>NH,>PO, of nutrients release during the leaching process. The highest
concentration of 3,242 ppm NH, was observed for S. macrophylla, highest
concentration of 1,934 ppm PO, was detected for L. chinensis and highest
concentration of 9,258 ppm potassium was found for A. auriculiformis. This
study showed that E. camaldulensis was the best in terms of nutrient return
through green leaves leaching process followed by A. auriculiformis and L.
chinensis.

Keywords: Agroforestry, Bangladesh, Cropland, Green leaf, Leaching,
Nutrients

INTRODUCTION

Trees and agricultural crops uptake nutrients from the same piece of land
but trees uptake nutrients from comparatively deeper layers of soil. A portion of
those nutrients are stored in plant biomass and a considerable amount of nutrients
are returned back to the soil as litter and leaching from green leaf (Kumar et al.
2010; Hasanuzzaman et al. 2014a). Litter acts as a source of organic matter as
well as nutrients to the agricultural crops through the process of mechanical and

*Md. Hasanuzzaman (corresponding author: hasanfwt@gmail.com), Mahmood Hossain,
S.M. Rubaiot Abdullah, Md. Al-Amin Shaikh, Md. Ziaul Haque, Shamima Nasrin,
Forestry and Wood Technology Discipline, Khulna University, Khulna- 9208,
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microbial breakdown activities i.e. leaching and decomposition of litter
(Marschner, 1995; Kimmins, 2004; Mahmood et al. 2011; Hasanuzzaman et al.
2014bc). Green leaves of cropland agroforest trees are harvested through
different tending operations usually used as fuel in the under developed countries
like Bangladesh, which can contribute a major role in biogeochemical cycling of
nutrients (Hocking and Islam, 1994; Hasanuzzaman et al. 2014d). The green
leaves fallen down on the cropland agroforest, dried in the open sunlight and may
contribute to supply nutrients to the agricultural crops during the precipitation
(Eaton et al. 1973; Chowdhury, 1997; Hossain et al. 1988; Mahmood et al. 2004;
Wood et al. 2005; Mahmood et al. 2010). The nature of nutrient supply through
leaching process found to vary from species to species and leaching time
(Marschner, 1995; Jones, 1998; Hasanuzzaman et al. 2014b). Moreover, this
variation may be related to nutrients concentration in leaf; rate of nutrient uptake;
growth and life form and characteristics of individual nutrients (Elevitch and
Wilkinson, 1998; Mahmood and Saberi, 2007; Mahmood et al. 2009; Ali et al.
2013). Selection of appropriate tree species is an issue in agroforestry practice
(Hasanuzzaman et al. 2006; Hasanuzzaman et al. 2014be). The information on
nutrient return efficient tree species will draw peoples' interest to incorporate
them in agroforestry practices. So far, no attempt has been taken to screen and
prioritized the agroforest tree species on the basis of nutrient return. Present
study aimed to evaluate the nutrient (N, P and K) leaching from green leaf of
Acacia auriculiformis, Eucalyptus camaldulensis, Mangifera indica, Artocarpus
heterophyllus, Litchi chinensis, Khaya anthotheca and Swietenia macrophylla

MATERIAL AND METHODS

Description of the study site. Southwestern Bangladesh is a low (<10 m
above mean sea level) flat, and fertile deltaic plain which is predominated by
calcareous to noncalcareous alluvium soils (BBS, 2004). Three districts
(administrative unit) i.e. Khulna, Jessore and Satkhira were selected that lies
between 22°44'-23°14" N and 89°01'-89°36' E at southwestern Bangladesh. A
tropical to subtropical monsoon climate characterizes this region with three
distinct seasons i.e. summer (March—May), rainy (June—October), and winter
(November—February). The annual average rainfall is around 1,800+268 mm
with 155 mm of monthly average rainfall. The mean annual temperature is 26 °C
with a range of 22-31 °C. January is the coldest month and May is the warmest
month of the years (Hasanuzzaman et al. 2014c). The average relative humidity
is the highest (86%-88%) during the month of July to August and the lowest
(72%-74%) during February to April.

Collection of green leaves and leaching experiment. Two kg of green
leaves were picked from individual species of Acacia auriculiformis, Eucalyptus
camaldulensis, Mangifera indica, Artocarpus heterophyllus, Litchi chinensis,
Khaya anthotheca and Swietenia macrophylla during March and April, 2013
from the existing cropland agroforests of the study site. During that period, all
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the studied tree species flushes the new leaves which contain higher
concentration of nutrients compared to other period. Moreover, this period is the
driest period (almost no rainfall) in Bangladesh. Therefore, no leaching occurs in
the green leaves on the trees. The collected leaves were air-dried at room
temperature for one week. Leaf discs (r = 0.80 cm) were prepared for leaves with
higher leaf area (>34 cm?) of all the studied species. Leaf discs were thoroughly
mixed and accurately weighted to 5 g of leaves as individual sample. A total of
90 samples were prepared of each species. The dust particles on individual leaf
surface were removed through soft brushing and then rinsed in to deionized water
for a few seconds (Turner and Broekhuizen, 1992; Kumar et al. 2010).
85samples were placed into individual beaker (500 ml) and 200 ml of deionized
water was added to each beaker and few drops of HgCl, solution (50 mg/L) were
added to each beaker to prevent fungal decay (lbrahima et al. 2008; Mahmood et
al. 2009). The beakers were kept at room temperature; and the experiment was
conducted for 192 hours. Five samples of each species were kept into the oven at
80 °C for four days to get air-dry to oven-dry conversion weight ratio.

Sample collection and measurements. Five samples of each species were
collected at 0.5, 1, 1.5, 2, 2.5, 3, 4, 8, 12, 24, 48, 72, 96, 120, 144, 168 and 192
hours, respectively (Mahmood et al. 2013). The collected samples were oven
dried at 80 °C for 4 days. Mass loss due to leaching was calculated from the
difference between initial and final oven-dried mass of the sample and the rate of
mass loss was also calculated from the mass loss and the respective leaching
time. Electric conductivity (EC) and total dissolve solid (TDS) of leaching water
at different time intervals were measured at the same time of sample collection
by an Electric conductivity meter (EC-470L, Istek, Inc., Korea). About 100 ml of
leaching water at different time interval was collected for each species for further
analysis.

Nutrients in leaching water. Ammonium (NH,;) and phosphate (PO,)
concentration in leaching water were measured according to Weatherburm
(1967) and Timothy et al. (1984), respectively using UV-Visible Recording
Spectrophotometer (HITACHI U-2910, Japan). Potassium concentration in
leaching water samples were measured by Flame photometer (PFP7, Jenway
LTD, England).

Statistical analysis. Mass loss (%) due to leaching was transformed to
arcsine and analysis of variance (ANOVA) was calculated to compare the mass
loss among the species using SAS 6.12 statistical software. Electric Conductivity
(EC), Total Dissolve Solid (TDS), NH4, PO, and K concentration in leaching
water at different time interval of the studied species were compared by ANOVA
using SAS 6.12 statistical software. Moreover, relationships among mass loss,
EC and TDS of leaching water; and leaching time were calculated by using SPSS
(17) statistical software.
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RESULTS AND DISCUSSION
Mass loss during the leaching process. Mass loss of leaf samples, EC and
TDS of leaching water was found to vary significantly (p<0.05) among the
studied tree species and time. The highest (24.95%) mass loss of green leaf
samples was observed for S. macrophylla followed by K. anthotheca (22.47%)
and the lowest (09.83%) was found for L. chinensis at the end of the experiment
(Figure 1).
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Figure 1. Mass loss (%) at different time of leaching process
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The highest EC of 2,037 uS/cm was observed for K. anthotheca followed
by A. auriculiformis (2,032 uS/cm) and the lowest of 892 uS/cm was observed

for M. indica (Figure 2).
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The highest TDS of 1,700 mg/l was observed for K. anthotheca followed
by A. auriculiformis (1,603 mg/l) and the lowest of 625 mg/l was observed for M.
indica (Figure 3).
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Figure 3. Total Dissolved Solid (mg/l) of leaching
water at different time of leaching process

The mass loss, EC and TDS showed significant (p<0.05) positive
curvilinear relationship with the leaching time (Table 1).
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Table 1. Relationship among mass loss
of green leaf, electrical conductivity
(EC) and total dissolved solid (TDS) of
leaching water and leaching time of
selected cropland agroforest tree species

EC Vs Leaching time Relationship TDS Vs Leaching time Relationship

(Regression coefficient and F-value)

Mass loss Vs Leaching time Relationship

Name

(Regression coefficient and F-value)

(Regression coefficient and F-value)

of species

53.81

=0.73, F=37.28
=0.75, F=41.71

=0.67, F=28.83

=0.79, F-

A

Y=238.5In(x)+156.5; R

=0.82, F=64.97

A

316.2In(x)+282.7; R’
Y=164.2In(x)+204.6; R

Y=

0.81, F=59.50

3

3.46In(x)+6.15; R
Y=2.68In(x)+6.59; R

Y=

S. macrophylla

A

Y=110.2In(x)+175.9; R
Y=217.3In(x)+169.1; R

=0.75, F=42.20
0.64, F=24.59

A

2

0.77, F=46.1

0.8

S

E. camaldulensis

5

&

Y=253.9In(x)+562.7; R

. F=64.01

2

=2.17In(x)+4.12; R?

Y=

A. heterophyllus

M. indica

S

82.17In(x)+192.2; R
Y=229.4In(x)+315.0; R

0.74, F=39.61

XS

Y=135.2In(x)+187.4; R

=0.70, F=32.31
0.77, F=47.69
0.80, F=54.54

%

17In(x)+5.61; R
3.12In(x)+5.59; R

Y=2.85In(x)+1.95; R

-9

Y=
Y:

=0.87, F=96.19
0.84, F

=

38.57

=0.75, F=41.26

314.41n(x)+467.8; R2=0.73, F:

Y=344.7In(x)+252.1; R

Y=

%

K. anthotheca

74.94

=

Y=227.8In(x)+306.1; R

=

g

A. auriculiformis

=0.78, F=49.92

124.31n(x)+169.9; R?

=53.55

=0.79, F-

177.6In(x)+195.5; R2

Y=

0.87, F=91.71

1.45ln(x)+1.15; R2

Y=

L. chinensis

The differences in mass loss of
green leaves during the leaching process
may be due to the variable concentration
of different soluble inorganic and organic
substances and morphological
characteristics of leaf (Taylor and
Parkinson, 1988; Saini, 1989; Ibrahima et
al. 1995; Mahmood et al. 2013). The
higher amount of mass loss of leaves
emphasizes the potentiality of species to
provide readily available organic and
inorganic compounds (Wetzel, 1995).
Irrespectively, the positive curvilinear
relationship between weight loss of green
leaf, EC and TDS of leaching water with
the leaching time indicated the weight
loss of leaf litter could be the result of
leaching of cations and other soluble
organic substances, which increased with
time (Mahmood et al. 2009, 2013).

Nutrients at different stages of
leaching process
Ammonium, PO, and K concentration in
leaching water of individual species was
found to vary significantly (p<0.05) with
time and species. The highest
concentration of 3,242 ppm of NH,; was
found in leaching water of S.
macrophylla followed by E.
camaldulensis (3,030 ppm) and the
lowest of 1,424 ppm was found for L.
chinensis (Figure 4). Highest
concentration of 1,934 ppm of PO, was
detected in leaching water of L. chinensis
followed by E. camaldulensis (1,806
ppm) and the lowest of 325 ppm was
found for A. heterophyllus (Figure 5).
Comparatively  higher  concentration
(9,258 ppm) of K was observed in
leaching water of A. auriculiformis
followed by K. anthotheca (7,167 ppm)
and the lowest of 4,410 ppm was
measured for L. chinensis (Fig. 6).
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Higher concentration of K was leached from the leaf followed by NH, and
PO, for all the studied tree species (Figures 4 - 6). The variation in nutrients
(NH,, PO4 and K) concentration in leaching water of the studied species may
depend on their initial concentration in leaf (Ibrahima et al. 1995; Mahmood et
al. 2009; 2013). Moreover, the leaching of nutrients varies with the
characteristics of nutrients and their involvement in structural compound of leaf
(Meyer et al. 1973). Initial concentration of NH, and PO, in leaching water was
found to increase significantly (p<0.05) up to 72 hours and then remained almost
constant at later stages (72 to 192 hours) (Figures 4 and 5).

While the initial concentration of K in leaching water was found to
increased significantly (p<0.05) up to 48 hours and then remained almost
constant at later stages (48 to 192 hours) (Figure 6).

192
iy
£ 2§
£ x¥ 7
TZE
48
24
: o
{usdd} worEmuB0d §
@ - 192
168
i
Ef =3
ws _43‘5
24
; o
5 3 8
{usdd] wonequimes §
B
gg‘ ek
-E 72 2
B B F
¢ S
S g. 1%
- 9% =
{uedid} won.quismn) g EE
24
o
g 8§ 8
{usdd) wonegusiwes

Figure 6 Potassium concentration (ppm) in leaching
water at different time of leaching process



Mass loss and nutrient dynamics associated with green leaf leaching... 147

K is highly mobile and accumulated in physiologically active tissues
(leaves, buds and roots) (Marschner, 1995). Nitrogen is an important compound
of leaf (chlorophyll), grain, plant tissue and roots of plants and structurally bound
with cell wall (DeFelice, 1993; Smil, 2000). Phosphorus is most abundant in
meristematic tissue and accumulated in the reproductive components (seeds and
fruits) (Meyer et al. 1973) and leaf contained comparatively lower concentration.
These could be the reason for observing initial rapid increase of K concentration
in leaching water compared to NH4 and PO, (Marschner, 1995; Mahmood et al.
2009).

CONCLUSIONS

This study showed that E. camaldulensis was the best in terms of nutrient
return through leaching process from green leaves followed by A. auriculiformis
and L. chinensis. The present finding has given an idea on nutrient return
capacity of tree species through leaching mechanism associated with green
leaves. This finding will help in species selection in agroforestry practices as well
as motivate people to use green leaf as manure rather than fuel.
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GUBITAK MASE | DINAMIKA HRANLJIVIH SASTOJAKA USLIJED
RAZLAGANJA ZELENOG LISCA KOD VRSTA DRVETA SA
POLJOPRIVREDNOG ZEMLJISTA U AGRO-SUMAMA BANGLADESA

SAZETAK

Hranljivi sastojci koji se oslobadaju razgradnjom zelenog lis¢a moze da
ima veliku ulogu u ciklusu i stvaranju hranljivih sastojaka za poljoprivredne
usjeve u bilo kojem agro-Sumskom sistemu. Ovaj rad je usmjeren na nutriente
(N, P i K) koji nastaju raspadanjem zelenog lis¢a Acacia auriculiformis,
Eucalyptus camaldulensis, Mangifera indica, Artocarpus heterophyllus, Litchi
chinensis, Khaya anthotheca i Swietenia macrophylla kao ¢estih vrsta drveta
poljoprivrednog zemljista agro-Suma u BangladeSu. Zeleno liS¢e odabranih vrsta
se rastvara u dejonizovanoj vodi i eksperiment je vrSen u periodu do 192 sata.
Gubitak mase (%) zelenog lis¢a, elektricna provodljivost (EC) i ukupan sadrzaj
Cvrste rastvorene materije (TDS) vode rastvora za svaku vrstu je pokazala
znacajan (p<0,05) krivolinijski odnos sa vremenom razlaganja. Otkriveno je da
se pocetna koncentracija NH,, PO, i K kod vodenog rastvora zelenog lis¢a
pojedina¢nih vrsta znafajno povecava (p<0,05) do 72. sata i ostaje gotovo
konstantna u narednim fazama. Sve tri vrste drveca su pokazale slicnu Semu
K>NH,>PO, oslobadanja hranljivih sastojaka tokom postupka raspadanja.
Najveca koncentracija 3,242 ppm NH,; je primije¢ena kod S. macrophylla,
najveca konentracija 1,934 ppm PO, je otkrivena kod L. chinensis i najveca
koncentracija 9,258 ppm kalijuma je otkrivena kod A. auriculiformis. Ovo
istrazivanje je pokazalo da je E. camaldulensis najbolji u smislu povrata
hranljivih sastojaka kroz proces razgradnje zelenog lis¢a, a zatim slijede A.
auriculiformis i L. chinensis.

Kljuéne rije¢i: AgroSumarstvo, Banglade$, poljoprivredno zemljiste,
zeleno liSée, razlaganje, hranljivi sastojci
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Abstract

Cropland agroforestry is an important production system in Bangladesh. Melia azadirachta, Azadirachta indica, Eucalyptus
camaldulensis, Swietenia macrophylla, Mangifera indica, Zizyphus jujuba, Litchi chinensis, Albizia saman, Artocarpus
heterophyllus, Acacia auriculiformis, Dalbergia sissoo and Khaya anthotheca are common in the cropland agroforest of
Bangladesh and have been selected for this study. This study focused on the mass loss of leaf litter and nutrient (N, P and K)
addition in soil through the microbial decomposition of leaf litter of the selected cropland agroforest tree species of
Bangladesh. Leaf litter decomposition experiment was conducted using litter bag technique both in dry and wet season in a
controlled environment. The mass loss was found the highest (57% and 63%) for M. azadirachta followed by E,
camaldulensis (50% and 56%), A. indica (53% and 58%) and the lowest (11% and 19%) was found for L. chinensis in dry
and wet season respectively. The highest rate of decomposition (0.32 g/day and 0.35 g/day) was observed for M. azadirachta
and the lowest (0.06 g/day and 0.10 g/day) was detected for L. chinensis. Significant (p=0.05) differences were observed
among the mass loss of leaf litter and N, P and K concentration of decomposed soil of the studied species between dry and
wet season. The decay constant (k) was found the highest for M. azadirachta (0.005 and 0.005) followed by E. camaldulensis
(0.004 and 0.005), A. indica (0.004 and 0.005) and the lowest for L. chinensis (0.001 and 0.001) in dry and wet season
respectively. A similar pattern of nutrient concentration (P> K> N) in the decomposed soil of the entire studied tree species
were observed. Among the considered cropland agroforest tree species, M. azadirachta was found to be the best followed by,
E. camaldulensis, L. chinensis and A. heterophyllus in terms of N, P and K return.

Keywords: Cropland agroforestry, leaf litter decomposition, decay constant, organic matter, nutrient return, species

selection.

Introduction

Bangladesh is one of the densely populated countries of the
world with a population of over 150 million within a territory of
1, 42,776 km?. About 80 % of the total population lives in the
rural areas whose livelihood is dependent on agriculture and
related activities'. Farmers plant trees in the croplands for the
increased production of timber, fodder, fuel wood, fruits, herbal
medicines, raw material of small cottage industries, short-term
non-timber products and also for the environmental and
ecological benefits™’. Agroforestry promotes efficient cycling of
nutrients than traditional agriculture systems which have shown
their ability to hold sustainable agriculture and better
environment as well***?. A wide variety of tree species are
practiced in different cropland/other form of agroforest in

Bangladesh™®’. Among these species, Melia azadirachta,
Azadirachta indica, Eucalyptus camaldulensis, Swietenia
macrophylla, Mangifera indica, Zizyphus jujuba, Litchi

chinensis, Albizia saman, Artocarpus heterophyllus, Acacia
auriculiformis, Dalbergia sissoo and Khaya anthotheca are
common in the cropland agroforest of Bangladesh'""".

Nutrients are up taken by Plants and a portion of these nutrients
are accumulated in plant body'*. Conversely, a major portion of

International Science Congress Association

the up taken nutrients are returned back to the soil through litter
fall®. Litter improves the soil quality through the addition of
organic matter and nutrients to the soil'*"”. Highest amount of
organic matter and nutrients are returned back to the soil
through leaf litter in comparison with the other parts of litter”'®
" The nutrients of litter addition to the soil is dependent on
microbial decomposition and leaching of minerals and soluble
components followed by microbial oxidation of refractory
components”'***?! However, the amount of nutrient addition
through litter decomposition varies from species to species >,
Appropriate tree species selection based on nutrient cycling is a
vital issue in agroforestry practice. However, no attempt has
been taken to screen or prioritized the commonly planted tree
species in the cropland agroforests as well as other types of
agroforest on the basis of nutrient cycling. The amount of
nutrient addition to the particular ecosystem found to vary with
the species®’ and other climatic conditions i.e. rainfall'>*",
This study was conducted in a laboratory condition to observe
the actual nutrient return through microbial decomposition of
leaf litter of the selected tree species both in dry and wet season.
A few studies focused on the nutrient release pattern through
leaf litter decomposition of agroforest tree species of
Bangladesh’. However, no attempt has been taken to screen the
nutrient return through microbial decomposition of leaf litter of
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the agroforest tree species to the soil. Therefore, this study
aimed to prioritize the commonly planted cropland agroforest
tree species of Bangladesh on the basis of nutrients (N, P and K)
return to the soil through microbial decomposition of leaf litter.

Material and Methods

Description of the study area: Bangladesh is located between
20°34'-26°3"' N; and 88°01'-92°41"' E, on the South bordered by
the Bay of Bengal and on all the other sides India along with a
small part of Myanmar. Khulna, Jessore and Satkhira districts
are located at the southwestern Bangladesh that characterizes
low, flat, and fertile deltaic plain predominated by calcareous to
noncalcareous alluvium soils”. A tropical to subtropical
monsoon climate characterizes with three distinct seasons i.e.
summer, rainy and winter in this region’®. The average of
monthly rainfall is 155 mm, the highest average rainfall (339
mm) occurs during the month of June to September and the
lowest average rainfall (16 mm) occurs in the month of
November to February in the study area. January is the coldest
month and May is the warmest month of the years. The mean
annual temperature is 26 °C with a range of 22-31 °C. The
average relative humidity is the highest (86%-88%) during the
month of July to August and the lowest (72%-74%) during
February to April''.

Collection and processing of leaf samples: Bulk of yellowish
senescence leaves of M. azadirachta, A. indica, E.
camaldulensis, S. macrophylla, M. indica, Z. jujuba, L.
chinensis, A. saman, A. heterophyllus, A. auriculiformis, D.
sissoo and K. anthotheca were picked from trees of selected
cropland agroforest. Leaves of individual species were
thoroughly mixed and 100 grams of leaves were considered as
individual sample.

Experimental setup: The microbial decomposition of leaf litter
of the selected tree species was conducted by using litter bag
technique’. The experiment was conducted at the glass house of
Forestry and Wood Technology Discipline Nursery, Khulna
University. The experiment was conducted during April, 2013
to September, 2013 for both dry and wet season but dry and wet
season was manually controlled on the basis of the previous
year’s daily rainfall data. Dry season was controlled following
the rainfall of October to March, 2012 and wet season was
controlled following the rainfall of April to September, 2012. A
total of 12 species were tested and for each species 6 plastic
bowls (3 replicate for dry season and 3 replicate for wet season)
were prepared with 10 kg of air dried soil. At the same time 1
kg of air dried soil was brought to the laboratory for measuring
the initial nutrient and organic matter status of soil. Individual
leaf samples were placed in every litter bag (30 x 20 cm) with 1
mm’ mesh size. 6 litter bags of each species were prepared for
dry and wet season study and 3 litter bags of each species was
brought to the laboratory for calculating conversion ratio of
fresh to oven-dry weight at 80 °C to constant weight. Each litter
bag was placed in single bowl. Thus a total of 72 bowls with 72
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litter bags was prepared (36 for dry and 36 for wet season) for
the selected 12 species. Water was supplied to the bowls
considering the previous year’s rainfall data discussed earlier.
At the end of experiment (6 month) litter bags were removed
from the bowls and the soils were thoroughly mixed. The soils
were then air dried for further analysis.

Sample Collection and processing: Litter bags were collected
from the glass house at the end of six months experiment (dry
and wet season). The collected leaf litter samples were washed
gently and the sediments and dirt particles were removed using
a soft brush with running tap water and final rinsing by distilled
water. Each leaf litter sample was then oven-dried at 80 °C to
constant weight. After the collection of leaf litter bags, the soil
samples were mixed thoroughly and air dried. The air dried soil
samples were then brought in the Nutrient Dynamics Laboratory
for chemical analysis. The decomposed soil sample of each
species was then oven-dried at 80 °C to constant weight.

Mass loss and decay constant: The amount of mass loss of leaf
litter of the studied tree species was calculated from the initial
converted oven-dry mass and the remaining mass at the end of
experiment. The decomposition rate of leaf litter was calculated
from the mass loss (%) divided by duration of decomposition
period (days). Decay constants were calculated using negative
exponential decay model for leaf litter of the studied species.

X/ Xy=exp ¥

where, X-final weight at time ¢, X, -the initial weight, exp- the
base of natural logarithm, k- the decay rate coefficient and #-is
the time (days) in year.

Organic matter and nutrients addition through leaf litter
decomposition: Soil organic matter content addition through
microbial decomposition of leaf litter of the studied species was
determined by ignition method®®. One gram soil sample of oven-
dried at 105°C was taken in a porcelain cup and placed in a
muffle furnace (Wise Therm, FH-05, DAIHAN Scientific co.
Itd, Korea) and kept at 450 °C for four hours. After cooling to
room temperature, the weight of the ignited sample was taken.
Percentage of loss on ignition was calculated from the following
calculation.

Loss of weight (g)
Oven dry weight (g)

Loss on ignition (%) = %100

The amount of organic matter added through leaf litter
decomposition of the studied species was calculated from the
initial soil and the soil collected at the end of experiment of each
species.

The plant available form of nitrogen in soil was extracted
following Mulvaney” and the plant available form of
phosphorus and potassium in soil was extracted following
Williams and Stewart” using an orbital shaker (STUART
SCIENTIFIC, UK) and the samples were then filtered. The
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filtered soil samples were processed according to Weatherburn®
and Timothy et al.*> to measure nitrogen and phosphorus
concentration in soil sample using UV-Visible Recording
Spectrophotometer respectively (U-2910, HITACHI, Japan).
Potassium concentration in soil sample was measured using
Flame photometer (PFP7, Jenway LTD, England). The amount
of nutrients (N, P and K) added in soil through leaf litter
decomposition of the studied tree species was calculated from
the initial soil and the soil collected at the end of experiment of
each species.

Statistical analysis: The relationship among mass loss of leaf
litter; organic matter, N, P and K concentrations of decomposed
soil of the studied tree species between dry and wet season was
evaluated by unpaired t test using SPSS (17) statistical software.

Results and Discussion

Mass loss and microbial decomposition: The highest (57%
and 63%) mass loss of leaf litter was found for M. azadirachta
during dry and wet season while the lowest (11% and 19%) was
observed for L. chinensis (table 1). The rate of decomposition
was found the highest (0.32 g/day and 0.35 g/day) for M.
azadirachta followed by A. indica (0.29 g/day and 0.32 g/day)
and the lowest (0.06 g/day and 0.10 g/day) was observed for L.
chinensis in dry and wet season respectively. The mass loss and
rate of decomposition showed significant (p=0.05) differences
among the studied tree species may be due to the litter quality,
the presence of varying amounts of water soluble phenolic
compounds, flavanoids, tannin, physicochemical properties of
leaf litter and the presence of thick waxy cuticle'®*'"**** The
mass loss was observed due to the leaching of minerals, readily
soluble substances and carbohydrates (non-lignified)”*'*>*7 as
well as the release of cellulose, lignin and tannin of leaf litter”'.
The mass loss of leaf litter of the studied tree species found to
vary significantly (p=0.05) among dry and wet season
experiment (table 4) may be due to the variation of rainfall*.
The decay constant (k) was found the highest for M.
azadirachta (0.005 and 0.005) followed by E. camaldulensis
(0.004 and 0.005), A. indica (0.004 and 0.005) and the lowest
for L. chinensis (0.001 and 0.001) in dry and wet season
respectively (table 2). The higher range of decay constant (Table
2) was found in wet season than dry season because of site
factors i.e. rainfall also reported by Semwal et al.,** and Isaac
and Nair”’. Conversely highest half-life was found for L.
chinensis (1117 and 608) followed by K. anthotheca (838 and
436), A. saman (664 and 558) and the lowest was found for M.
azadirachta (146 and 127) days in dry and wet season
respectively (table 2). The shorter half-life was found for wet
season and higher half-life was found for dry season (table 2)
may be attributed to microclimatic (rainfall) variations’®. The
value of decay constant varied for different species (table 2)
which was also reported by Mahmood et al.,”*'. The highest
microbial decomposition rate of leaf litter of M. azadirachta
could be an indicator of better quality, compared to the litter of
other studied tree species also reported by Mahmood et al.,’.
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Organic matter and nutrients addition through leaf litter
decomposition: The highest (2.73%) organic matter content
was found in the decomposed soil of A. heterophyllus followed
by L. chinensis (2.25%), A. auriculiformis (2.00%) and the
lowest (1.35%) for A. indica in dry season while the highest
(3.77%) organic matter content was detected in the decomposed
soil of L. chinensis followed by Z. jujuba (3.40%), A.
auriculiformis (3.35%) and the lowest (2.60%) was found for A.
saman in wet season (table 2). The highest (0.157 ng/g)
available N concentration was found in the decomposed soil of
D. sissoo followed by M. azadirachta (0.137 pglg), A.
heterophyllus (0.117 pg/g) and the lowest (0.004 pg/g) was
detected for M. indica in dry season while the highest (0.125
ug/g) available N concentration was found in the decomposed
soil of M. azadirachta followed by A. indica (0.115 pg/g), L.
chinensis (0.088 ng/g) and the lowest (0.006 pg/g) was found
for S. macrophylla in wet season (Table 3). The highest (10.91
ug/g) available P concentration was found in the decomposed
soil of E. camaldulensis followed by K. anthotheca (8.20 ng/g),
A. saman (8.055 pg/g) and the lowest (0.58 ug/g) was observed
for M. azadirachta in dry season while the highest (9.34 ug/g)
available P concentration was found in the decomposed soil of
M. azadirachta followed by E. camaldulensis (8.01 pg/g), M.
indica (7.39 pg/g) and the lowest (0.96 ug/g) was found for L.
chinensis in wet season (table 3). The highest (0.38 ng/g)
available K concentration was found in the decomposed soil of
A. heterophyllus followed by Z. jujuba (0.36 ng/g), A. indica
(0.29 pg/g) and the lowest (0.004 pg/g) was detected for M.
azadirachta in dry season while the highest (0.42 ng/g)
available K concentration was observed in the decomposed soil
of L. chinensis followed by Z. jujuba (0.37 ng/g), K. anthotheca
(0.22 pg/g) and the lowest (0.07 pg/g) was detected for A.
heterophyllus in wet season (table 3). The pattern of nutrients
addition (P> K> N) in the decomposed soil was similar for all
the studied tree species (table 3). The significant (p=0.05)
variation among organic matter as well as nutrients (N, P and K)
concentration in the decomposed soil of the studied species
were observed (tables 2 and 3) as the selected tree species were
from different families, nutrient release pattern and chemical
and biochemical properties of leaf litter'®***'. Comparatively
higher amount of organic matter and nutrients (N, P and K)
concentration in the decomposed soil of M. azadirachta, E.
camaldulensis, A. heterophyllus and L. chinensis (table 3)
indicated the capabilities of these species to return higher
amount of nutrients through microbial decomposition. The
organic matter content in decomposed soil of the studied tree
species found to vary significantly (p=0.05) among dry and wet
season experiment may be for the variation of climatic factors
i.e. rainfall but the addition of nutrients (N, P and K)
concentrations in the decomposed soil was not varied
significantly (p=0.05) among dry and wet season experiment
(table 4) may be for the microbial or non-microbial
immobilization in the residual leaf litter while leaf litter acts as a
surface for fungi or heterotrophic organisms in the wet season
experiment” "%,
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Table - 1
Mass loss and rate of decomposition of leaf litter of cropland agroforest tree species in dry and wet season
Name of Species Mass loss (%) of leaf litter Rate of decomposition (g/day)
Dry season Wet season Dry season Wet season
M. azadirachta 57 63 0.32 0.35
E. camaldulensis 50 56 0.28 0.31
A. indica 53 58 0.29 0.32
A. saman 17 20 0.10 0.11
A. auriculiformis 21 36 0.12 0.20
Z. jujuba 36 51 0.20 0.28
K. anthotheca 14 25 0.08 0.14
D. sissoo 36 46 0.20 0.25
M. indica 24 41 0.13 0.23
S. macrophylla 22 31 0.12 0.17
A. heterophyllus 25 44 0.14 0.25
L. chinensis 11 19 0.06 0.10
Table-2

Decay constant, half life and organic matter added through leaf litter decomposition of cropland agroforest tree species in
dry and wet season

. Decay constant Half life (t5oin days) Organic matter (%) added in soil
Name of Species
Dry season | Wet season | Dry season | Wet season Dry season Wet season
Melia azadirachta 0.005 0.005 146 127 1.4 3.2
Eucalyptus camaldulensis 0.004 0.005 178 152 1.4 2.85
Azadirachta indica 0.004 0.005 167 144 1.35 2.65
Albizia saman 0.001 0.001 664 558 1.37 2.6
Acacia auriculiformis 0.001 0.003 517 278 2.00 3.35
Zizyphus jujuba 0.002 0.004 282 176 1.87 3.40
Khaya anthotheca 0.001 0.002 838 436 2.00 3.10
Dalbergia sissoo 0.002 0.003 282 203 1.47 2.97
Mangifera indica 0.002 0.003 456 235 1.60 3.30
Swietenia macrophylla 0.001 0.002 509 338 1.45 3.17
Artocarpus heterophyllus 0.002 0.003 431 212 2.73 2.93
Litchi chinensis 0.001 0.001 1117 608 2.25 3.77
Table-3
Nutrients added through leaf litter decomposition of cropland agroforest tree species in southwestern Bangladesh
Dry season Wet season
. N P K . P K
Name of species . . . N concentration . .
concentration | concentration | concentration (ng/g) concentration | concentration
(ng/g) (ng/g) (ng/g) " (ng/e) (ng/g)
M. indica 0.004 4.340 0.206 0.049 7.388 0.159
A. heterophyllus 0.116 4.531 0.382 0.068 5.579 0.066
L. chinensis 0.048 6.245 0.108 0.088 0.960 0.423
Z. jujuba 0.078 6.769 0.361 0.077 4.055 0.367
K. anthotheca 0.066 8.198 0.102 0.067 4912 0.216
E. camaldulensis 0.022 10.91 0.066 0.060 8.007 0.149
S. macrophylla 0.024 6.389 0.175 0.006 3.150 0.081
A. auriculiformis 0.098 3.055 0.056 0.083 2.721 0.182
D. sissoo 0.157 0.198 0.123 0.066 3.293 0.190
A. indica 0.071 4.340 0.289 0.115 5.483 0.087
M. azadirachta 0.137 0.579 0.004 0.125 9.340 0.138
A. saman 0.044 8.055 0.035 0.063 7.150 0.074
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Table-4
Significant test of mass loss and nutrients concentration among dry and wet season of leaf litter decomposition of cropland
agroforest tree species

Name of species Mass Organic N concentration P concentration K concentration
loss matter (ng/g) (ng/g) (ng/g)

M. azadirachta 12.59, P=0.003 5.20, P=0.061 0.24,P=0.411 2.95, P=0.021 13, P=0.003
E. camaldulensis 16.39, P=0.002 16.74, P=0.019 1.34, P=0.125 4.61, P=0.005 2.22, P=0.078
A. indica 26.61, P=0.001 8.22, P=0.007 0.65, P=0.277 0.24, P=0.412 1.89, P=0.066
A. saman 4.61, P=0.021 2.82, P=0.033 0.33, P=0.380 0.152, P=0.443 0.412, P=0.375
A. auriculiformis | 30.11, P=0.001 15.59, P=0.020 0.314, P=0.384 0.089, P=0.467 2.54, P=0.042
Z. jujuba 108.65, P=0.001 8.69, P=0.001 0.03, P=0.488 0.368, P=0.367 0.189, P=0.430
K. anthotheca 116.92, P=0.001 2.28, P=0.043 0.07, P=0.474 0.358, P=0.369 3.57,P=0.012
D. sissoo 68.20, P=0.001 10.06, P=0.001 1.06, P=0.174 0.630, P=0.282 0.69, P=0.263
M. indica 45.13, P=0.001 3.65, P=0.011 1.31, P=0.130 0.57, P=0.301 0.965, P=0.195
S. macrophylla 56.73, P=0.001 4.85, P=0.008 0.455, P=0.347 0.458, P=0.335 5.20, P=0.003
A. heterophyllus 36.82, P=0.001 0.51,P=0.319 1.2, P=0.150 0.198, P=0.426 1.90, P=0.099
L. chinensis 25.99, P=0.001 5.71, P=0.005 0.71, P=0.258 0.87,P=0.216 61,P=0.001

Conclusion

Ahmed MFU, Rahman SML, Ahmed ASMM, Quebedeaux

B. Agroforestry as it pertains to vegetable production in
Bangladesh, Journal of Agronomy, 3, 282-290 (2004)

6. Zashimuddin M., Community forestry for poverty reduction
in Bangladesh. In: Sim HC, Appanah S, Lu WM (eds), Can
community forestry make money? Proceedings of the
regional workshop on forest for poverty reduction, 1-2
September, Beijing, China, Available at
www.fao.org./docrep/007/ad511e/ad511 e00.htm#Contents.
[accessed 05 November 2013] (2004)

7. Rahman S.A., Paras F.D., Khan S.R., Imtiaj A., Farhana
K.M., Toy M.M., Akhand M.B., Sunderland T., Initiatives
of tropical agroforestry to sustainable agriculture: A case
study of capasia village, Northern Bangladesh, Journal of
Horticulture and Forestry, 3(4), 115-121 (2011)

Smiley G.L. and Kroschel J., Yield development and
nutrient dynamics in cocoa-gliricidia agroforests of central
Sulawesi, Indonesia, Agroforestry systems, 78, 97-114
(2010)

9. Mahmood H., Siddique M.R.H., Rahman M.S., Hossain
M.Z., Hasan M.M., Nutrient dynamics associated with leaf
litter decomposition of three agroforestry tree species
(Azadirachta indica, Dalbergia sissoo and Melia

A considerable amount of organic matter and nutrients can be
added to the soil of different agroforestry practices through the
process of leaf litter decomposition and a portion of these
organic matter and nutrients are reused by the plants. The added
nutrients can contribute sustainable soil fertility, an important
issue for agroforestry practices. Among the considered tree
species, M. azadirachta was found to be the best followed by, E.
camaldulensis, L. chinensis and A. heterophyllus in terms of N,
P and K return.
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Mangifera indica, Zizyphus jujuba, Litchi chinensis, and Artocarpus heterophyllus are the most common cropland agroforest
horticultural tree species of Bangladesh. This study focused on leaf litter decomposition and nutrient (N, P, and K) dynamics during
the decomposition process. This experiment was conducted for 180 days by using litter bag technique during dry and wet seasons.
Mass loss was the highest (49% and 57%) for A. heterophyllus and the lowest (25%) was found for L. chinensis. The highest initial
rates (0.75% and 2.35%/day) of decomposition were observed for Z. jujuba and the lowest (0.50% and 0.79%/day) for L. chinensis.
The highest decay constant was observed for A. heterophyllus (2.14 and 2.34) and the lowest (0.88 and 0.94) for L. chinensis. Leaf
litter of all the studied species showed a similar pattern (K > N > P) of nutrient release during the decomposition process. Zizyphus
jujuba showed comparatively higher return of N, P, and K than others. However, a significant (P < 0.05) higher amount of mass

loss, rate of decomposition, decay constant, and amount of nutrient return from leaf litter were observed during the wet season.

1. Introduction

Bangladesh is a developing country where agriculture is
the major economic activity. Farmers plant trees in the
croplands for the increased production of timber, fodder,
tuel wood, fruits, herbal medicines, raw material for small
cottage industries, and short-term nontimber products and
for environmental and ecological benefits [1-4]. Agroforestry
promotes more efficient cycling of nutrients than traditional
agriculture systems. It is also more sustainable and better
for the environment [5-7]. A wide variety of horticultural
tree species are used in different croplands and/or forms of
agroforestry in Bangladesh [8-10].

Nutrients are uptaken by plants for their growth and
development and a portion of these nutrients is accumulated
in plant body [11, 12]. Conversely, a considerable amount of
nutrients are returned to the soil through litter fall which
has an important role in the biogeochemical cycling of
nutrients [13, 14]. Litter improves soil quality through adding
the organic matter and nutrients to the soil [15-17]. Leaf

litter is the main and fastest source of organic matter and
nutrient to the soil compared to other litter types [6, 18,
19]. The nutrients in litter were added to the soil through
microbial decomposition and physical leaching of soluble
components followed by microbial oxidation of refractory
components [18, 20-22]. However, the amount of nutrient
addition through litter decomposition varies from species to
species [20, 23, 24]. The amount of nutrient addition to a
particular ecosystem was found to vary with the species [20,
25] and other climatic conditions [13, 20, 26]. Appropriate
tree species selection based on nutrient cycling is a vital
issue in agroforestry practice. However, no attempt has been
taken to screen or prioritize the commonly planted tree
species in the cropland agroforests as well as other types of
agroforestry on the basis of nutrient cycling. The objectives
of this study were to determine the following: (1) leaf litter
decomposition rates for four commonly planted horticultural
agroforestry tree species (Artocarpus heterophyllus, Mangifera
indica, Zizyphus jujuba, and Litchi chinensis) in the dry season
(from December to May with average monthly rainfall of



45 mm) and wet season (from June to November with average
monthly rainfall of 240 mm), (2) return rates of N, P, and K
to the soil for these species in the dry and wet seasons, and
(3) the best species to use on the basis of nutrient return
through leaf litter decomposition.

2. Materials and Methods

2.1. Description of the Study Area. Bangladesh is bordered by
the Bay of Bengal on the south and India on all the other
sides except for a small section of Myanmar. Southwestern
Bangladesh is low (<10 m above mean sea level), flat, and
located on a fertile deltaic plain which is predominated by
calcareous to noncalcareous alluvium soils [27]. This study
was conducted in a selected cropland without trees (paddy
field) of Khulna district in southwestern Bangladesh lying
between 22°46" and 22°47' N and 89°29" and 89°30 E. During
the period of experiment no agricultural cultivation was car-
ried out in that cropland. A tropical to subtropical monsoon
climate characterizes this region with three distinct seasons,
that is, summer (March-May), rainy (June-October), and
winter (November-February). The monthly average rainfall
is 155 mm. The highest average rainfall (339 mm) occurs from
June to September and the lowest average rainfall (16 mm)
occurs in the months of November to February. January is
the coldest month and May is the warmest month. The mean
annual temperature is 26°C with a range of 22-31°C [28]. The
average relative humidity is the highest (86%-88%) from July
to August and the lowest (72%-74%) from February to April.

2.2. Collection and Processing of Leaf Samples. Yellowish
senescent leaves of A. heterophyllus, M. indica, Z. jujuba, and
L. chinensis were picked from the trees of selected cropland
agroforests. Leaves of individual species were thoroughly
mixed.

2.3. Experimental Design. Decomposition of leaf litter was
determined using the litter bag technique [6]. Five g of air
dried leaf litter was placed in each 300 x 150 mm nylon bag
with 1 mm? mesh size. A total of 90 litter bags were prepared
in the Nutrient Dynamics Laboratory, Khulna University,
for each species in each season and 80 litter bags were
placed randomly in the cropland and the remaining 10 bags
were brought back to the laboratory for calculating oven-dry
weights by drying at 80°C to constant weight. The litter bags
were placed on December 1, 2012 for dry season and June 1,
2013 for wet season in the cropland.

2.4. Sample Collection and Processing. Ten bags were col-
lected for each species at every 10-day interval for the initial
30 days and subsequently at 60-, 90-, 120-, 150-, and 180-
day interval for the remaining periods. The collected leaf
litter samples were gently washed and all sediments and
dirt particles were then removed by using a soft brush with
running tap water followed by final rinsing in distilled water.
Each sample was then oven-dried at 80°C to constant weight
in the said laboratory.
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2.5. Mass Loss and Decay Constant. The loss in dry mass of
leaf samples was calculated from the initial converted oven-
dry mass and remaining mass. The rate of decomposition
was calculated from the percentage of mass loss divided by
respective days of sample collection. Decay constants for leaf
litter were calculated using the negative exponential decay
model as follows:

X )

— =ex 29], 1

% =™ ) 0
where X is the weight remaining at time ¢, X, the initial
weight, exp is the base of natural logarithm, k is the decay
rate coeflicient, and ¢ is the time of placement in year. Half-

life of each species was calculated using the equation Half-life
(t50) =1n 2/K [29].

2.6. Nutrients Concentration in Leaf Litter. The oven-dried
leaf samples of individual species were ground and processed
using acid digestion [30]. The digested sample extracts were
processed according to [31, 32] to determine N and P con-
centrations using a UV-Visible recording spectrophotometer
(U-2910, HITACHI, Japan) and K concentrations in sample
extracts were determined by flame photometry (PFP7, Jenway
LTD, England) in the said laboratory. The amount of nutrient
released from leaflitters was calculated as differences between
initial and final absolute mass also expressed as percentage of
initial amount.

2.7. Statistical Analysis. The rate of mass loss and nutrients
concentration (N, P, and K) in leaf litter of different tree
species at different collection time intervals and also with
the tree species were compared by ANOVA analysis followed
by Duncan multiple range test using SAS 6.12 statistical
software. A P value of <0.05 was used for significance. The
relationship among the rate of leaf litter decomposition and
site factors (monthly rainfall and temperature) was evaluated
by correlation analysis using SAS 6.12 statistical software.
Furthermore, the relationship among mass loss, nutrient
concentrations (N, P, and K), and time was evaluated by
regression analysis using SAS 6.12 statistical software. The
differences between mass loss, N, P, and K concentrations in
dry season and wet season were evaluated by unpaired ¢-test
using SPSS (17) statistical software.

3. Results

3.1. Mass Loss. The mass loss due to microbial decomposition
was significantly different (P < 0.05) at different sampling
times during the dry and wet season for all the studied tree
species (Table 1). The comparatively highest (49% and 57%)
mass losses were observed for A. heterophyllus and the lowest
(25% and 25%) were for L. chinensis during 180 days in the
dry and wet seasons, respectively (Figure 1). The initial rate of
decomposition (10 days) was the highest (0.75% per day) for
Z. jujuba and the lowest (0.50% per day) was for L. chinensis
while the final rate of decomposition (180 days) was the
highest (0.27% per day) for A. heterophyllus and the lowest
(0.14% per day) was for L. chinensis in dry season (Figure 2).
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TaBLE 1: Significant test of mass loss of leaf litter of the selected cropland agroforest horticultural tree species among dry and wet season.
Name of species 00 days 10 days 20 days 30 days 60 days 90 days 120 days 150 days 180 days
0.11 7.24 11.55 9.47 8.66 6.16 7.18 2.53 1.78
A. heterophyllus
P <091 P<0.001 P<0001 P<0001 P<0.001 P<0001 P<0.00l P<0.010 P<0.046
M. indica 0.23 8.51 4.26 8.08 8.19 11.52 10.03 3.05 2.5
' P <0.87 P<0.001 P<0001 P<0001 P<0.001 P<0001 P<0.001 P<0.003 P<0.010
Z. jujuba 0.16 14.07 16.14 19.96 16.84 15.47 22.21 7.60 4.69
' P <0.89 P<0001 P<0001 P<0.001 P<0.001 P<0001 P<000l P<0.001 P<0.001
L. chinensis 0.05 2.70 3.75 3.34 3.80 8.02 5.46 3.51 1.70
' P <0.96 P <0.007 P<0.001 P<0002 P<0.001 P<0001 P<0.001 P<0.001 P<0.054

TABLE 2: Average decay constant and half-life (t5,) of leaf litter of selected cropland agroforest horticultural tree species during microbial
decomposition in dry and wet season.

Name of species

Dry season

Wet season

Average decay constant (K) ts5, (Days) Average decay constant (K) ts, (days)
A. heterophyllus 2.14 118 2.34 108
Z. jujuba 2.03 125 2.24 113
M. indica 1.44 176 1.61 157
L. chinensis 0.88 289 0.94 270

TABLE 3: Relationship among rainfall and temperature with mass loss of leaf litter of selected cropland agroforest horticultural tree species

(dry and wet season).

Name of species

Rainfall versus mass loss relationship

Temperature versus mass loss

(correlation coefficient and P value)

relationship

(correlation coefficient and P value)

Dry season Wet season Dry season Wet season
A. heterophyllus r=0.12, P =0.82 r =047, P =0.35 r=0.15P=0.78 r =0.86, P = 0.03
M. indica r=031,P=0.55 r=0.38, P =045 r=0.31,P=0.55 r =0.88, P =0.02
Z. jujuba r=0.13, P =0.80 r =0.44, P =0.38 r =022, P =0.68 r=0.87, P =0.02
L. chinensis r =0.16, P = 0.76 r=0.40,P =0.43 r =024, P =0.65 r=10.87, P =0.02

TABLE 4: Significant test of N concentration of leaf litter of the selected cropland agroforest horticultural tree species among dry and wet

season.

Name of species 00 days 10 days 20 days 30 days 60 days 90 days 120 days 150 days 180 days
A. heterophyllus 0.34 1.55 1.47 4.19 3.81 1.63 2.20 4.64 4.11

P <0.38 P <0.99 P <0.11 P <0.007 P <0.009 P <0.09 P <0.05 P <0.005 P <0.007
M. indica 0.59 419 5.44 6.97 9.78 14.91 15.28 9.27 8.98

P <0.69 P <0007 P<0003 P<0.001 P<0.001 P<0001 P<0001 P<0.001 P<0.001
Z. jujuba 0.24 3.04 2.83 6.15 2.61 7.52 16.21 14.51 8.37

P <0.29 P <0019 P<0.024 P<0.002 P <0.03 P<0.001 P<0001 P<0.001 P<0.001
L. chinensis 0.76 4.53 3.37 5.03 5.05 532 3.89 2.61 0.54

P <0.84 P<0.005 P<0014 P<0004 P<0.004 P<0003 P<0.009 P<0.030 P <0.31

TABLE 5: Significant test of P concentration of leaf litter of the selected cropland agroforest horticultural tree species among dry and wet

season.

Name of species 00 days 10 days 20 days 30 days 60 days 90 days 120 days 150 days 180 days
1.56 0.57 2.005 0.300 0.30 3.17 0.80 0.184 2.145
A. heterophyllus
P <0.097 P <0.30 P<0.058 P<038 P<039 P<0017 P<0234 P<0432 P <0.049
M. indica 0.70 5.83 0.84 3.002 0.64 0.70 5.50 7.84 3.69
' P <0.26 P <0.002 P<0225 P<0.020 P <0.28 P <0.26 P<0.003 P<0001 P<0010
Z. jujuba 0.36 3.73 1.49 0.40 0.54 0.60 1.02 0.55 1.92
' P <0.37 P <0.010 P <0.11 P <0.36 P <031 P <0.29 P <0.182 P <031 P < 0.061
L. chinensis 0.45 1.56 0.09 0.60 0.82 3.04 2.43 0.83 5.04
' P <0.34 P <0.097 P <047 P <0.29 P <0.23 P <0.02 P <0.04 P <0.22 P < 0.004




International Journal of Forestry Research

TABLE 6: Significant test of K concentration of leaf litter of the selected cropland agroforest horticultural tree species among dry and wet
season.

Name of species 00 days 10 days 20 days 30 days 60 days 90 days 120 days 150 days 180 days
0.67 12.97 10.02 52.22 17.37 1.86 4.98 14.89 11.58
A. heterophyllus
P <0.78 P<0.001 P<0.001 P<0001 P<0.001 P<0.068 P<0004 P<0.001 P<0.001
M. indica 0.35 3741 4.89 7.49 0.155 5.73 6.52 4.83 19.76
’ P <0.44 P<0.001 P<0.004 P<0001 P<0442 P<0.002 P<0001 P<0.004 P<0.001
Z. jujuba 0.77 18.11 16.01 8.55 57.33 3.73 0.89 10.72 17.78
’ P <0.82 P<0.001 P<0.001 P<0.001 P<0.001 P<0.010 P <021 P <0.001 P <0.001
. . 0.64 2.04 11.38 10.03 5.21 3.03 2.73 0.44 6.12
L. chinensis

P <091 P <0.06 P <0001 P<0001 P<0.003 P <0.02 P <0.03 P <034 P < 0.001

TABLE 7: Nutrients added through microbial decomposition of leaf litter of cropland agroforest horticultural tree species in dry and wet
season.

Species N concentration (mg/g) P concentration (mg/g) K concentration (mg/g)
Dry season Wet season Dry season Wet season Dry season Wet season
M. indica 9.06 13.93 3.74 1.00 27.82 25.42
A. heterophyllus 17.22 8.22 11.47 18.95 48.39 45.63
L. chinensis 12.20 8.48 3.16 3.50 36.96 31.26
Z. jujuba 21.81 25.11 14.31 15.54 53.95 55.34
100 Mangifera indica Litchi chinensis
100
S -
= g
£ .
g 5
: :
2 &
z 2 80 -
<
=
50 T T T T T 1 70 T T T T T 1
0 30 60 90 120 150 180 0 30 60 90 120 150 180
Days Days
—o— Dry season —— Dry season
—A— Wet season —A— Wet season
(@ (b)
100 Artocarpus heterophyllus 100 & Zizyphus jujuba
90 .
g g
2 801 £
E g
g 70 A g
: :
2 60 2
<
=
= 50
40
0 30 60 90 120 150 180

Days
—6— Dry season
—A— Wet season

—6— Dry season
—A— Wet season

(©) (d)

FIGURE 1: Decomposition of leaf litter of four tree species used in agroforestry during the dry and wet seasons over 180-day periods.
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due to microbial decomposition.

The initial rate of decomposition (10 days) was the highest
(2.35% per day) for Z. jujuba and the lowest (0.79% per day)
was for L. chinensis while the final rate of decomposition (180
days) was the highest (0.32% per day) for A. heterophyllus
and the lowest (0.14% per day) was for L. chinensis in the
wet season (Figure 2). The rate of decomposition of other
agroforestry tree species of tropical region was found the
highest (3.6% per day) for M. azadirachta, followed by A.
indica (2.9% per day) and D. sissoo (2.4% per day) [6]. The
decay constant (k) was the highest for A. heterophyllus (2.14
and 2.34) followed by Z. jujuba (2.03 and 2.24) and M.
indica (1.44 and 1.61) and the lowest was for L. chinensis
(0.88 and 0.94) in dry and wet seasons, respectively (Table 2).
Conversely highest half-life was detected for L. chinensis
(289 days and 270 days) followed by M. indica (176 days and
157 days) and Z. jujuba (125 days and 113 days) and the lowest
was for A. heterophyllus (118 days and 108 days) in dry and wet
seasons, respectively (Table 2). The microbial decomposition
rate of leaf litter of the studied tree species showed positive
relationship with rainfall and temperature in both dry and
wet seasons (Table 3).

3.2. Nutrients at Different Stages of Microbial Decomposition
Process. The nutrients concentration was found to decrease
gradually at the end of the experiment (180 days) in dry
season (Figures 3, 4, and 5). Conversely, nutrients concen-
tration decreased in the initial stage but increased at the end
of experiment in wet season (Figures 3, 4, and 5). A rapid
decrease in P concentration was observed at the end of first
month and a rapid decrease in K concentration occurred in
the first 10 days while N concentrations increased gradually
during the leaflitter decomposition in the wet season (Figures
3, 4, and 5). The concentrations of N, P, and K showed
significant (P < 0.05) differences between dry and wet
seasons (Tables 4, 5 and 6) but the differences among initial
concentrations were not significant (P < 0.05). Leaf litter
showed a similar pattern (K > N > P) of initial nutrient
concentration in all the studied species (Figures 3, 4, and
5). The highest concentrations of N (22 and 25 mg/g) and
K (54 and 55mg/g) were added to the soil from the leaf
litter of Z. jujuba, whereas the highest concentration of P (12
and 19 mg/g) was added to the soil from the leaf litter of A.
heterophyllus in dry and wet seasons, respectively. The lowest
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FIGURE 5: K concentration (mg/g) of leaf litter of four tree species used in agroforestry during the dry and wet seasons over 180-day periods

due to microbial decomposition.

concentration of N (9 and 14 mg/g), P (4 and 1 mg/g), and K
(28 and 25 mg/g) was added to the soil from the leaf litter of
M. indica in dry and wet seasons, respectively (Table 7).

4. Discussion

4.1. Mass Loss. 'The mass loss pattern and rate of decompo-
sition showed significant (P < 0.05) differences among the
studied tree species (Figures 1 and 2) which may be due to
the litter quality, the presence of varying amounts of water
soluble phenolic compounds, flavonoids, tannin, physical
and chemical properties of leaf litter, and the presence of
thick waxy cuticle [18, 33, 34]. Mass of leaf litter decreased
gradually during the experiment in dry and wet season due
to decomposition [6, 20]. Higher rate of decomposition of
leaf litter was found during the first 30 days, followed by
a gradual mass loss for the subsequent 150 days (Figure 2)
which indicates two stages, that is, initial stage and advanced
stage [26, 35]. In the initial stage, relatively larger decrease
in mass was observed due to leaching of readily soluble
substances and nonlignified carbohydrates [36-38]. While in

the advanced stage, the further decrease in mass loss may be
attributed to the release of higher percentage of recalcitrant
fractions like cellulose, lignin, and tannin of leaf litter [39].
The shorter half-life found for wet season and higher half-
life found for dry season (Table2) may be attributed to
microclimatic variations [6, 40]. The decay constant range, k
= 2.14-0.88 in dry season and k = 2.34—0.94 in wet season,
was found for this study while k = 3.46-2.35 was found
for three tropical agroforestry tree species (Mangifera indica,
Artocarpus heterophyllus, and Anacardium occidentale) as
reported by Isaac and Nair but higher range of decay constant,
k = 6.67-3.91, was found for the other three tropical agro-
forestry tree species (Melia azadirachta, Azadirachta indica,
and Dalbergia sissoo) as reported by Isaac and Nair [41]
and Hossain et al. [6]. Alvarez et al. [42] reported that k
value is often greater than 1.0 for tropical forests indicating
that leaf litter turnover occurred in a year or less than a
year. The higher range of decay constant was found in wet
season than dry season because of site factors, that is, rainfall
also reported by Semwal et al. [26] and Isaac and Nair [41].
The decay constant varied from species to species (Table 2)



also reported by Hossain et al. [6] and Mahmood et al. [20]
and varied within a species for the differences in the length of
decomposition period and different land use types [17]. The
highest rate of leaf litter decomposition of Z. jujuba could be
an indicator of higher litter quality, compared to other studied
tree species also reported by Hossain et al. [6].

4.2. Nutrients at Different Stages of Microbial Decomposition
Process. The variation in nutrients (N, P, and K) concen-
tration in the leaf litter of the studied species at the initial
stages of decomposition was found (Figures 3, 4, and 5) as
the selected tree species were from different families having
variation in chemical and biochemical properties of leaf
litter [43-45]. Comparatively higher initial concentration of
N, P, and K concentration in the leaf litter of Z. jujuba
indicated that capabilities of this species to retranslocate
these nutrients were lower during the senescence of leaves
[6, 46, 47]. The faster decreasing of K concentration from
leaf litter was observed as it is a nonstructural element
and highly mobile to be the most leachable cation during
the decomposition of litter [24, 48-50]. N is structurally
bound with cell wall and leaf contained comparatively lower
concentration of P [6, 51, 52]. The initial rapid decrease of
nutrients concentration (Figures 3, 4, and 5) observed may be
due to the loss of the soluble forms of nutrients at the initial
stages of decomposition [38] and a slower release of nutrients
at the later stages of leaf litter decomposition governed by
microbial oxidation of refractory components and physical
and biological fragmentation [20, 49]. On the contrary,
increased concentration of nutrients (N, P, and K) at different
stages of decomposition in wet season (Figures 3, 4, and 5)
was attributed to microbial or nonmicrobial immobilization
in the residual leaf litter while leaf litter acts as a surface for
fungi or heterotrophic organisms [6, 20, 53].

5. Conclusions

A considerable amount of organic matter and nutrients added
to the soil through the process of leaf litter decomposition
and a portion of these organic matter and nutrients would
be reused by the plants. More organic matter and nutri-
ents can be added to the soil through the process of leaf
litter decomposition during wet season because of higher
rate of decomposition in wet season than dry season. The
added nutrients may contribute to the sustainability of soil
fertility, which is becoming an important phenomenon for
agroforestry practices. Among the considered tree species, Z.
jujuba was found to be the best followed by A. heterophyllus,
L. chinensis, and M. indica in terms of N, P, and K return.
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Abstract

Leaf litter is the main and quick source of organic matter and nutrient to the soil compared to other parts of litter.
This study focused on the nutrients (N, P and K) leaching from leaf litter of Melia azadirachta, Azadirachta indica,
Eucalyptus camaldulensis, Swietenia macrophylla, Mangifera indica, Zizyphus jujuba, Litchi chinensis, Albizia saman,
Artocarpus heterophyllus, Acacia auriculiformis, Dalbergia sissoo and Khaya anthotheca as the common cropland agroforest
tree species of Bangladesh. About (9 to 35) % of initial mass was lost, while Electric Conductivity (EC) and TDS (Total
Dissolved Solid) of leaching water increased to (573 to 3,247) pS/cm and (401 to 2,307) mg/l respectively after 192
hours of leaching process. Mass loss (%) of leaf litter, EC and TDS of leaching water showed significant (ANOVA,
p<0.05) curvilinear relationship with leaching time. Initial concentration of NHy4, PO, and K in leaching water was
found to increase significantly (p<0.05) up to 48/72 hours and then remained almost constant at later stages (48/72
to 192 hours). Mass loss of leaves; EC, TDS, NHs, PO4 and K in leaching water was varied also significantly (ANOVA,
p<0.05) among the studied tree species. All the tree species showed similar pattern of nutrients (K>N>P) release
during the leaching process. The highest NHy (4,097 ppm) and potassium (8,904 ppm) concentration was found for
M. azadirachta while the highest PO4 (1,331 ppm) concentration was found for E. camaldulensis in the leaching water.
Among the studied tree species, M. azadirachta, A. indica, D. sissoo, E. camaldulensis and Z. jujuba was selected as
the best tree species with respect to nutrient leaching.

Key Words: bangladesh, cropland agroforestry, leaf litter, leaching, nutrients

indica, FEucalyptus camaldulensis, Swietenia  macrophylla,

Introduction
Mangifera indica, Zizyphus jujuba, Litchi chinensis, Albizia sa-

Cropland agroforestry is an important production sys-
tem of Bangladesh. Farmers plant trees in the cropland
agroforest for the production of timber, fodder, fuel wood,
fruits, herbal medicines and also for the environmental and
ecological benefits (Dwivedi 1992; Ahmed 2001; Ya 2002;
Ahmed etal. 2004; Anon 2010). A wide variety of tree spe-
cies (about 40 species) are practiced in cropland agroforest
of Bangladesh (Aktar et al. 1992; Ahmed 2001; Anon
2006). Among these species, Melia azadirachta, Azadirachta

man, Artocarpus heterophyllus, Acacia auriculiformis, Dalbergia
sissoo and Khaya anthotheca are common in the cropland
agroforest of Bangladesh (Quddus 2001).

Trees and agricultural crops uptake nutrients from the
same piece of land but trees usually uptake nutrients from
comparatively deeper layers of soil (Hasanuzzaman et al.
2006). A portion of those nutrients are stored in plant bio-
mass and a considerable amount of nutrients are returned

back to the soil as litter and leaching from leaf litter. Litter
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acts as a source of organic matter and nutrients to the agri-
cultural crops through the process of physical and microbial
degradation activities i.e. leaching and decomposition of lit-
ter (Marschner 1995; Kimmins 2004; Mahmood et al.
2009; Hossain et al. 2011) which also improves the soil
quality (Ngoran et al. 2006; Mahmood et al. 2009;
Mahmood et al. 2010; Traidiati et al. 2011). Leaf litter is
the main and quick source of organic matter and nutrient to
the soil compared to other parts of litter which is available
through the process of decomposition (Mason 1977; Park
and Cho 2003; Hossain et al. 2011). The amount of nu-
trient addition varies from species to species (Marschner
19955 Jones 1998; Hasanuzzaman et al. 2006). This varia-
tion may be related to nutrients concentration in leaf and

age of leaf; rate of nutrient uptake; nutrient retranslocation;

Md. Hasanuzzaman and Mahmood Hossain

growth and life form and characteristics of individual nu-
trients (Elevitch and Wilkinson 1998; Mahmood and
Saberi 2007; Mahmood et al. 2009; Salehi et al. 2013).
Appropriate tree species selection based on leaching of nu-
trients from leaf litter can be an issue in agroforestry
practice. Some studies focused on the nutrient leaching
from leaf litter of some tree species (Hasanuzzaman et al.
2006; Mahmood et al. 2009; Mahmood et al. 2010). But,
there is not a complete study on nutrient leaching from leaf
litter of all the species used in agroforestry practices in
Bangladesh. Therefore, this study aimed to evaluate nu-
trient leaching from leaf litter of common agroforest tree
species of Bangladesh. The information on nutrient leach-
ing from leaf litter will draw peoples' interest to incorporate

the nutrient return efficient tree species in agroforestry
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practices. So far, no attempt has been taken to screen or pri-
oritized the agroforest tree species on the basis of nutrient
return in the South Asian region as well as in Bangladesh.
Therefore, this study aimed to evaluate the nutrient (N, P
and K) leaching from leaf litter of the selected tree species.
This finding will help to prioritize the tree species for crop-
land agroforest and other types of agroforestry practices in

Bangladesh as well as other countries in the world.

Materials and Methods

Description of the stuady site

Southwestern Bangladesh is a low (<10 m above mean
sea level) flat, and fertile deltaic plain which is predomi-

nated by calcareous to noncalcareous alluvium soils (BBS

2004). Three districts (administrative unit) i.e. Khulna,
Jessore and Satkhira were selected from southwestern
Bangladesh, that lies between 22°44'-23°14' N and
89°01'-89°36' E.. A tropical to subtropical monsoon climate
characterizes this region with three distinct seasons i.e.
summer (March-May), rainy (June—October), and winter
(November—February). The annual average rainfall is
1,800+268 mm, while the monthly average rainfall is 155
mm. The highest monthly rainfall (339 mm) occurs during
the month of June to September and the lowest monthly
rainfall (16 mm) occurs in the month of November to
February in the study area. January is the coldest month
and May is the warmest month of the years. The mean an-
nual temperature is 26°C with a range of 22-31°C (Kabir
and Webb 2008). The average relative humidity is the high-
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Fig. 3. Total Dissolved Solid
(TDS) of leaching water during

the leaching process.

Table 1. Relationship among mass loss of leaf litter, electrical conductivity (EC) and total dissolved solid (TDS) of leaching water and leaching

time of selected cropland agroforest tree species

Name of species

Mass loss Vs Leaching time
Relationship (Regression
coefficient and F-value)

EC Vs Leaching time
Relationship (Regression
coefficient and F-value)

TDS Vs Leaching time
Relationship (Regression
coefficient and F-value)

M. azadirachta
A. indica

D. sissoo

S. macrophylla
E. camaldulensis
A. heterophyllus
M. indica

Z. jujuba

K. anthotheca
A. awriculiformis
A. saman

L. chinensis

R*=0.74, F=39.00
R’=0.81, F=58.87
R’=0.75, F=42.20
R*=0.76, F=44.80
R’*=0.70, F=32.08
R’=0.67, F=28.21
R’=0.76, F=43.89
R’=0.58, F=19.50
R’=0.72, F=36.54
R*=0.84, F'=76.22
R*=0.52, F=14.99
R’*=0.83, F=66.05

R*=0.76, F=48.31
R*=0.78, F'=49.04
R’=0.63, F=24.34
R*=0.83, F'=66.39
R*=0.52, F=15.47
R*=0.64, F=24.59
R*=0.71, F=34.79
R*=0.59, F=20.23
R*=0.65, F=25.79
R*=0.80, F'=55.26
R*=0.48, F=12.79
R*=0.70, F=32.13

R’=0.83, F=69.12
R*=0.77, F=46.85
R’=0.63, F=24.19
R’=0.83, F'=67.86
R’=0.49, F=13.70
R’=0.71, F=33.62
R’=0.69, F=31.82
R’=0.57, F=18.33
R’=0.67, F=27.86
R’=0.81, F'=58.31
R’=0.47, F=12.64
R’=0.61, F=22.03
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Table 2. Significant test of mass loss of leaf litter, EC and TDS of leaching water at different time intervals

Name of species Mass loss (%)

EC (uS/em) TDS (mg/l)

M. azadirachta
A. indica

D. sissoo

S. macrophylla
E. camaldulensis
A. heterophyllus
M. indica

Z. jujuba

K. anthotheca
A. awriculiformis
A. saman

L. chinensis

F=4.14,p<0.0507
F=528,p<0.0287
F=693,p<0.0132
F=7.16,p<0.0119
F=6.67,p<0.0149
F=694,p<0.0132
F=7.46,p<0.0105
F=6.70,p<0.0147
F=7.90,p<0.0086
F=724,p<0.0115
F=7.82,p<0.0089
F=9.17,p<0.0050

F=82.76,p<0.0001
F=42.06,p<0.0001
F=105.74, p<0.0001
F=46.43,p<0.0001
F=77.78, p<0.0001
F=81.34,p<0.0001
F=67.57,p<0.0001
F'=249.68, p<0.0001
F=125.99,p<0.0001
F=46.19,p<0.0001
F=114.83,p<0.0001
F=58.72,p<0.0001

F'=50.38, p<0.0001
F'=43.16, p<0.0001
F=96.30,p<0.0001
F=43.58,p<0.0001
F=79.53,p<0.0001
F=40.89,p<0.0001
F=49.74,p<0.0001
F'=230.66, p<0.0001
F=108.49, p<0.0001
F=70.28,p<0.0001
F=77.56,p<0.0001
F=64.70,p<0.0001

Table 3. Significant test of NH,, PO, and K concentration of leaching water at different time intervals

Name of species

NH. (ppm)

PO, (ppm)

K (ppm)

M. azadirachta
A. indica

D. sissoo

S. macrophylla
E. camaldulensis
A. heterophyllus
M. indica

7. jujuba

K. anthotheca
A. auriculiformis
A. saman

L. chinensis

F=28.33,p<0.0001
F=28.41,p<0.0001
F=31.71,p<0.0001
F=34.09, p<0.0001
F=40.67,p<0.0001
F=38.06,p<0.0001
F=33.65,p<0.0001
F=49.39,p<0.0001
F=46.48,p<0.0001
F=52.60,p<0.0001
F=4823,p<0.0001
F=43.57,p<0.0001

F=98.28, p<0.0001
F=111.10, p<0.0001
F=52.06,p<0.0001
F=95.60,p<0.0001
F=43.59,p<0.0001
F=108.51,p<0.0001
F=62.77,p<0.0001
F=57.22,p<0.0001
F=106.22, p<<0.0001
F=62.03,p<0.0001
F=116.61,p<0.0001
F=62.64,p<0.0001

F=63.09, p<0.0001
F=57.63,p<0.0001
F=58.54,p<0.0001
F=72.31,p<0.0001
F=119.96, p<0.0001
F=92.10,p<0.0001
F=79.54,p<0.0001
F=67.80,p<0.0001
F=77.15,p<0.0001
F=67.79,p<0.0001
F'=95.82,p<0.0001
F'=99.82,p<0.0001

est (86%-88%) during the month of July to August and the
lowest (72%-74%) during February to April.

Leaf litter collection and leaching experiment

Yellowish senescence leaves were picked from M. azadir-
achta, A. indica, E. camaldulensis, S. macrophylla, M. indica,
Z. jujuba, L. chinensis, A. saman, A. heterophyllus, A. auric-
uliformis, D. sissoo and K. anthotheca during March and
April, 2013. The collected leaves were air-dried at room
temperature for one week. Leaf discs (r = 0.80 cm) were
prepared for leaves with higher leaf area (>34 cm’).
Leaves/leaf discs were thoroughly mixed and accurately
weighted to § g of leaves as individual sample. A total of 90
samples were prepared of each species. Eighty five samples
were placed into individual beaker (500 mL) and 200 mL
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Table 4. Significant test of mass loss of leaf litter, EC, TDS, NH,,
PO, and K concentration of leaching water among the studied tree

species
p . Tabulated Significant
arameter F 5% level level Pr>F
Mass loss (%) of leaf litter F=33.76  0.0001
EC (US/cm) of leaching water F=48.46  0.0001
TDS (mg/l) of leaching water F=35.50  0.0001

NH, concentration (ppm) of leaching F=19.11  0.0001
water

PO, concentration (ppm) of leaching F=36.71  0.0001
water

K concentration (ppm) of leaching water F=43.71  0.0001




of distilled water was added to each beaker and few drops of
HgCl, solution (50 mg/L.) were added to each beaker to
prevent fungal decay (Ibrahima et al. 2008; Mahmood et
al. 2009). The beakers were kept at room temperature and
covered with polyethylene sheets; and the experiment was
conducted for 192 hours. Five samples for each species
were kept into the oven at 80°C for four days to get air-dry

to oven-dry weight conversion ratio.
Sample collection and measurements

Five samples of each species were collected at 0.5, 1, 1.5,
2,2.5 3, 4,8, 12, 24, 48, 72, 96, 120, 144, 168 and 192

hours, respectively. The collected samples were oven dried
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at 80°C for 4 days. Mass loss due to leaching was calculated
from the difference between initial and final oven-dried
mass of the sample and the rate of mass loss was also calcu-
lated from the mass loss and the respective leaching time.
Electric conductivity (US/cm) and total dissolve solid
(TDS) (mg/l) of leaching water samples at different time
intervals were measured at the same time of sample collec-
tion by an Electric conductivity meter (EC-470L, Istek,

Inc., Korea).
Nutrients measurement in leaf litter

Ammonium (NH;) and phosphate (PO,) concentration

in leaching water were measured according to
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Weatherburm (1967) and Timothy et al. (1984), re-
spectively using UV-Visible Recording Spectrophotometer
(HITACHI U-2910, Japan). Potassium concentration in
leaching water samples were measured by Flame photo-
meter (PFP7, Jenway LTD, England).

Statistical analysis

Mass loss (%) due to leaching was transformed to arc-
sine and analysis of variance (ANOVA) was calculated to
compare the mass loss among the species using SAS 6.12
statistical software. Electric Conductivity (EC) and Total
Dissolve Solid (TDS) of leached water samples and NH,,

PO, and K concentration in leaching water at different time

interval were compared by ANOVA using SAS 6.12 stat-
istical software. The relationship among mass loss, EC and
TDS of leaching water and leaching time were calculated
by using SPSS (17) statistical software.

Results (and Discussion)

Mass loss during the leaching process

The highest (34.64%) mass loss was observed for M.
azadirachta followed by A. indica (30.53%), A. awric-
uliformis (19.26%) and the lowest (9.34%) was found for L.
chinensis at the end of the experiment (Fig. 1). The highest
(3,247 uS/cm) EC was observed for M. azadirachia fol-
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lowed by A. indica (2,834 uS/cm), A. heterophyllus (1,836
WS/cm) and the lowest (573 WS/cm) was observed for M.
indica (Fig. 2). The highest (2,308 mg/l) TDS was ob-
served for M. azadirachia followed by A. indica (2,202
mg/l), S. macrophylla (1,434 mg/l) and the lowest (401
mg/l) was observed for M. indica (Fig. 3). The mass loss,
EC and TDS showed significant (ANOVA, p<0.05)
positive curvilinear relationship with the leaching time
(Table 1). Mass loss of leaves, EC and TDS of leaching
water was found to vary significantly (ANOVA, p<0.05)
at different time intervals for individual species (Table 2).
Moreover, mass loss of leaf litter, EC and TDS of leaching
water was varied significantly (ANOVA, p <0.05) among
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the studied tree species (Table 4). The differences in mass
loss of leaves during the leaching experiment may be due to
the variable concentration of different soluble inorganic
and organic substances and morphological characteristics
of leaf (Nykvist 1963; Taylor and Parkinson 1988; Saini
1989; Ibrahima et al. 1995). The higher amount of mass
loss of leaves emphasizes the potentiality of species to pro-
vide readily available organic and inorganic compounds
(Wetzel 1995). Irrespectively, the positive linear relation-
ship between weight loss of leaf litter, EC and TDS of
leaching water with leaching time (Table 1) indicated the
weight loss of leaf litter could be the result of leaching of

cations and other soluble organic substances, which in-
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creased with time (Allen 1974). Similarly, Park and CH
(2003); Hasanuzzaman et al. (2006) and Mahmood et al.
(2009) reported that the rate of weight loss, subsequent
loss of inorganic and organic substance from leaf litter var-

ies with time.
Nutrients at different stages of leaching process

The highest concentration (4,097 ppm) of NH, was
found in leaching water of M. azadirachta followed by A.
indica (3,612 ppm), D. sissoo (2,812 ppm) and the lowest
(1,188 ppm) was found for L. chinensis (Fig. 4). Highest
concentration (1,331 ppm) of PO, was detected in leaching
water of E. camaldulensis followed by M. azadirachia (1,303
ppm), A. indica (1,289 ppm) and the lowest (536 ppm) was
found for A. heterophylins (Fig. 5). Moreover, highest con-
centration (8,904 ppm) of K in leaching water was found
for M. azadirachia followed by A. indica (8,366 ppm), D.
sissoo (8,306 ppm) and the lowest (3,308 ppm) was found
for L. chinensis (Fig. 6). NHy, PO, and K concentration of
leaching water at different time intervals was found to vary
significantly (ANOVA, p<0.05) for individual species
(Table 3). Moreover, NH,4, POy and K concentration of
leaching water was varied significantly (ANOVA, p <0.05)
among the studied tree species (Table 4). The result of the
study showed that K>NH, > PO, (concentration) in the
leaching water. Nutrients (NHy4, PO, and K) showed dif-
ferent rate of leaching among the studied tree species, as
they were from different families with varying rate of nu-
trient uptake; growth and life form; site variability and nu-
trients involvement in structural properties of respective
plant cell (Marschner 1995; Elevitch and Wilkinson 1998;
Mahmood and Saberi 2007; Mahmood et al. 2009). The
variation of nutrients (NH,, PO, and K) concentration in
leaching water of the studied tree species during the leach-
ing process (Table 3) may depend on the initial concen-
tration of nutrients in leaf (Ibrahima et al. 1995; Mahmood
etal. 2009). The leaching of nutrients varied with the char-
acteristics of nutrients and involvement in structural com-
pound of leaf (Meyer et al. 1973; Mahmood et al. 2009).
Initial concentration of NHy and POy in leaching water
was found to increase significantly (p<0.05) up to 72
hours and then remained almost constant at later stages (72
to 192 hours) (Figs. 4, 5). While the initial concentration of

K in leaching water was found to increased significantly (p
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<0.05) up to 48 hours and then remained almost constant
at later stages (48 to 192 hours) (Fig. 6). K is highly mobile
in plant and accumulated in physiologically active tissues
(leaves, buds and roots) (Marschner 1995). While nitrogen
is an important part of compounds that regulate plant
growth and development and found in the leaves
(chlorophyll), grain, plant tissue and roots of plants
(DeFelice 1993; Smil 2000). Phosphorus is most abundant
in meristematic tissue and accumulated in the reproductive
components (seeds and fruits) (Meyer et al. 1973) and leaf
contained lower amount of P. These could be the reason of
initial rapid increase in K concentration compared to NH,
and POy in leaching water (Marschner 1995; Mahmood et
al. 2009). The significant positive curvilinear relationship
among nutrients and leaching time explains the nutrient
concentration increases with leaching time. Leaching is the
preliminary stage of litter decomposition and it ceases at
certain stage (Mason 1977), this could be the reason for ob-
serving positive curvilinear relationship with the mass loss
of leaf and nutrients concentration in leaching water with
longer leaching time.

The finding of this study reveals that the amount of nu-
trients addition to the soil through leaching of leaf litter will
be an important phenomenon for agroforestry practices es-
pecially in the tropical and subtropical regions. Among the
studied tree species M. azadirachta, A. indica, D. sissoo and
E. camaldulensis have been prioritized for cropland agro-
forestry as well as other agroforestry practices in

Bangladesh.
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ABSTRACT: Cropland agroforestry is an important production system of Bangladesh. This study focused on the
diversity, composition, people’s preferences, spatial variations and purpose of cultivation of agricultural crops in the
cropland agroforestry practices of southwestern Bangladesh. A total of 313 cropland agroforests were randomly surveyed
from Khulna, Jessore and Satkhira districts of this region. The highest (0.84 to 0.87) crop diversity index (CDI) was found
for climber vegetables, followed by tuber vegetables (CDI - 0.78 to 0.81), spices (CDI - 0.75 to 0.81) and the lowest (CDI
- 0.20 to 0.40) was found for cereal crops. Among these three districts maximum crop diversity was found in Jessore as the
soil is more suitable as well as marketing and transportation facility is higher than the other two districts. Among the cereal
crops maximum (95%) preferred paddy (Oryzae sativa). Among the cash crops maximum (68%) preferred jute (Corchorus
capsularis). Among the tuber vegetables maximum (44%) preferred potato (Solanum tuberosum). Among the fruity
vegetables maximum (42%) preferred brinjal (Solanum melongena). Among the leafy vegetables maximum (39%)
preferred basil (Basella alba). Among the climber vegetables maximum (36%) preferred bean (Lablab niger). Among the
pulses maximum (52%) preferred lentil (Lens culinaris). Among the spices maximum (42%) preferred green peeper
(Capsicum frutescens). Among the flowers maximum (70%) preferred rose (Rosa centifolia). Among the
annuals/perennials maximum (66%) preferred banana (Musa spp.). Overall diversity and preference of agricultural crops in
southwestern Bangladesh were determined by the local demand and end product.
Key words: Bangladesh, Cropland agroforestry, Crop combinations, Diversity index, Relative preference.

INTRODUCTION

Bangladesh with a population of over 150 million within a territory of 144 thousand sq km is one of the densely
populated countries of the world. About 80 percent of the total population lives in the rural areas whose livelihood are
centered on agriculture and related activities (BBS, 2011; Hasanuzzaman et al., 2014a). More than 30 percent of the rural
families are landless or functionally landless having land only less than 0.202 hectares although per capita availability of
arable land is 0.045 hectares (Ericksen et al., 1997). Due to small size of land holding historically commercial farming is
less practiced rather smallholders’ subsistence agriculture is widely practiced. These smallholders utilize the limited
amount of arable land for both food production and other land uses such as forestry, fisheries, and human habitation which
put heavy pressure on productivity of land (Zashimuddin, 2004; Ericksen et al., 1997). Moreover, with the increased
population and urbanization prime agricultural land is diminishing at an alarming rate. As there is limited scope to expand
the amount of cultivable land and the economy of the nation heavily depends on the performance of agricultural sectors
both intensification and diversification in agriculture have been observed in recent years (Ahmed et al., 2004). Therefore,
wherever biophysical and morphological condition of soil permits, the smallholders go for intercropping (i.e. mixed crop
farming) and agroforestry to maximize economic return from limited land. Other reasons of proliferation of agroforestry
practice in Bangladesh are diminishing forestlands and limited scope of plantation in heavily dense home garden (Ahmed,
2001). Agroforestry practice is now an urgent issue to meet the ever increasing demand of agricultural and forest products
as well as minimize the environmental degradation (Hasanuzzaman et al., 2006).

In cropland agroforestry system, various fast growing trees that demand less water and blocked minimum sunlight
are planted alongside crops or some cases along the plot boundaries. In addition to cereal crops different vegetables,
pulses, beans, spices and nontraditional cash crops are grown under the trees or using trees as trellis in the croplands
(Chowdhury, 1997; Hasanuzzaman et al., 2014a). Crop diversification enhances nitrogen in the soil to replenish the soil
fertility as well as more pest-resistant thus, increases the sustainability of arable land (Ahmed, 2001; Chakraborty, 2012).
It generates more employment opportunities and has tremendous potential to alleviate rural poverty particularly in the lean
period when smallholders await for maturing and harvesting of main crops, the short durational complimentary non-cereal
crops act as a safety net (Gunasena, 2000; Gunasena, 2003). Therefore, agroforestry practice is gaining popularity is many
parts of Bangladesh (Aktar, 1992; Quddus, 2001).
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Given this development, many earlier studies have made strong assertion that a well-planned and well managed
multi-layered cropping system of cropland agroforestry will play a great role in improving agricultural as well as forestry
production in Bangladesh. Although some of these studies sporadically pointed that coastal Khulna region is lagging
behind in this regards, however, none of them presented a comprehensive analysis of the situation of cropland agroforestry
practice in Khulna region (Ahmed et al., 2004; Hasanuzzaman et al., 2014a). In this regards three gaps in knowledge and
practice are very much striking. First, little is known about the diversity of products in cropland agroforestry system in
Khulna region. Second, the linkages between agroforestry practices and macro spatial variations in terms of biophysical
condition and soil morphology are still remain unclear. Third, whether the smallholders take their production decision in
cropland agroforestry based on traditional cropping practices or based on informed choice taking consideration of the
socio-environmental context is poorly understood.

This study taking coastal Khulna region of Bangladesh as a strong case of unexplored cropland agroforestry
practice aims to address the points raised above. Khulha region comprises of Khulna, Jessore and Satkhira district
(administrative unit, typical size: 2500 sg. km) is one of the regions where this transformation (i.e. agriculture to
agroforestry) has been taking place for long but the progress has been slow. Therefore, the overarching goal of this
research is to offer an in depth analysis of current situation of cropland agroforestry practices in Khulna region. This will
be done by examining few dimensions of agroforestry. First, what is the extent of diversity of crop production in cropland
agroforestry practice? Second, are spatial variations observed in cropland agroforestry practices that linked to biophysical
and morphological conditions of local soil? Third, how do local traditions influence the cropland agroforestry practices in
Khulna region? Exploring these research questions has great significance for rural development and poverty alleviation in
coastal Khulna region. Therefore, the findings of this paper will help multiple stakeholders including the smallholders,
policy makers, development practitioners to devise mechanism for intervention that would increase productivity in
cropland agroforestry without undermining sustainability and environmental quality.

MATERIALS and METHODS

Description of the study site

Bangladesh is located between 20°34'-26°3' N and 88°01'-92°41' E. It is bordered by the Bay of Bengal on the
South and by India on all other sides along with small part of Myanmar in the south-eastern edge (BBS, 2004). The study
is conducted in coastal Khulna region which comprises of three administrative units i.e. Khulna, Jessore and Satkhira
district. Study area covers an estimated area of 10,830 sq km) in the South-west corner of Bangladesh (BBS, 2011). The
Khulna region is basically a low lying flat, and fertile deltaic plain, most parts of which are roughly one meter above the
mean sea level (MSL) (BBS, 2004; Hasanuzzaman et al., 2014b). The world famous mangrove forest Sundarban’s is
located at the southern edge of this study site. Both calcareous and noncalcareous alluvium soils are found in this region
(BBS, 2004). Tidal influence and salinity intrusion are pronounced in many parts of this region. In fact, strong salinity
gradient in soil and water is observed from Jessore (located in the north edge) to Satkhira (located in the south edge). A
tropical to subtropical humid monsoonal climate characterizes the entire area. The region experience about 1650 mm
rainfall annually with high concentration during the month of June to August. Three distinct seasons such as summer
(March—May), rainy (June— October), and winter (November—February) are pronounced in the entire area. The mean
annual temperature is 26°C (range: 19-32°C). In some places, temperatures drop to 10-C during the winter and reach 40-C
or more during the summer (Hasanuzzaman et al., 2014c). Cropland agroforestry practices are greatly shaped by many of
these climatic factors and non-climatic factors in this region.

Sampling design and data collection

Every district consists of a number of smaller administrative units called sub-district. Twelve sub-districts (4 sub-
districts from each district) were selected randomly. In the absence of systematically documented information on cropland
agroforestry in each sub-district, cropland agroforestry plots were selected in an unbiased manner following
Hasanuzzaman et al., (2014a). Every day a new local guide was hired to assist in selecting plots of cropland agroforestry.
After selecting a cropland agroforestry plot, the guide was requested to stay away from the interview process in order to
prevent bias while selecting the next plot of cropland agroforestry. Thus data and information were collected from a total
of 313 plots of cropland agroforestry selected randomly during April —June 2013. The questionnaire broadly includes
inquiry about the socio-demographic profile of the plot owners, various socio-environmental and ecological attributes of
the plots employed for cropland agroforestry, species composition, management practices, and the problem encountered in
the cropland agroforestry practices. Various descriptive and inferential statistics were used to analyze the situation.

Determination of crop diversity index

There exist a myriad of methods of computing diversity index. One of the most widely used diversity index is
Shannon's index (a measure of biodiversity in an ecological community) which is an ideal one for computing diversity of a
particular area but not suitable for comparison purpose. Shannon diversity index allows comparison among the species of
two communities only if total sample sizes are equal for both communities. For three districts of Khulna region as the
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sample sizes are not the same, therefore this index is not used to determine crop diversity. Another widely used diversity
index is Simpson's diversity index which takes into account the number of species present, as well as the relative
abundance of each species. However, to compute this index the number of species in any area, as well as the number of
individuals of each species is required. As this study deals with the varieties of crops species (cereal, non-cereal, spices,
vegetables etc.) which could not be counted rather amount of areas designated for each of these crops production could be
computed, therefore the main Simpson diversity index could not be used. However, Gini-Simpson index which has
similarities with The Gibbs-Martin index of diversity has solved this problem. Because Gini-Simpson index gives the
probability those two randomly sampled individuals from the assemblage represent two different species. Therefore, for
this research to compute the crop diversity, Gini-Simpson index is used. The Gini-Simpson Index for crop diversity

computation can be expressed as
n 2
oo =1- Y (2)
i Ai
j=1

Where, CDI; = crop diversity index of location i. a;= area planted to the jth crop in the ith location. A; = total area
planted under all crops. This research chooses to study the diversity of agricultural crops at the farm/plot level as data is
collected for the number of crops cultivated and the area under each crop. From 313 sample plots a total of 150 ha land
was included for the computation of crop diversity indexes (CDI) in the study region of Khulna.

Determination of physical properties and chemical indicators of soil

Top soils (up to 10 cm depth) from selected cropland agroforests of each districts was collected using core
sampler of 5 cm diameter. Bulk density was determined by core method as described by Maynard and Curran (2007).
Conductivity (EC) of soil was measured according to Mostara and Roy (2008). Soil p" was measured according to Miller
and Kissel (2010). Organic matter of soil was measured according to Allen (1974). The plant available form of nitrogen in
soil was prepared following Mulvaney (1996) and the plant available form of phosphorus and potassium in soil was
prepared following Allen (1989). Then the sample extracts were processed according to Weatherburm (1967) and Timothy
et al. (1984) to measure nitrogen and phosphorus concentration in sample extracts respectively using UV-Visible
Recording Spectrophotometer (U-2910, HITACHI, Japan). Potassium concentration in sample extracts was measured by
Flame photometer (PFP7, Jenway LTD, England).

Statistical analysis
The statistical analysis (multiple responses, ¥ test, ANOVA, descriptive statistics) was performed using SPSS
(17.0) statistical software.

RESULTS and DISCSSION

Socioeconomic characteristics of farm owner

Among the respondents, who practice cropland agroforestry, maximum 38% are from Satkhira followed by 32%
from Jessore and 30% from Khulna district. According to the farm size classification followed by Bangladesh government
(BBS, 1998), about 79% of the cropland agroforestry owner are peasant farmer having farm size between 0.12-0.80 ha and
15% are marginal farmer having farm size below 0.12 ha. About 5% have medium farm size (0.80 to 2 ha) and only about
1% are large farmer having farm size bigger than 2 ha (Table 1). Therefore, it could be inferred that majority of the
cropland agroforestry owners are substance farmer/producer.

Crop diversity

In cropland agroforestry broadly five types i.e. arable crops, vegetables, pulses, spices and flowers are practiced
(Tables 3, 4 and 5). If a crop is cultivated in 5% or more area of a plot that crops is counted for this analysis. Varying
degrees of diversity in cropping pattern were observed for different groups of cropland agroforestry produces (i.e. crops,
vegetables, species, etc). Spatial variability was also observed for crop diversity index (CDI). The highest CDI (0.84 to
0.87) was found for climber vegetables followed by fruity vegetables (0.78 to 0.81) and spices (0.75 to 0.81). Conversely
lowest CDI: (0.20 to 0.40) was observed for cereal crops (Table 2). Among these three districts maximum crop diversity
was found in Jessore than the other two districts (Table 2). The value of CDI is bound to zero to one (Shahidullah et al.,
2006). The index is zero when a land area grows only one crop i.e. complete specialization while the index is moving
towards one showing increase in number of crops and in case of complete diversification the value is one (Singh et al.,
2013). Theoretically, for a crop group a CDI of 0.60 means there is 60 percent probability that if two species/varieties of
that crop were randomly choses they would be different species/varieties. Practically, higher CDI implies more diversified
used of a single plot. For CDI below 0.25 is considered very low level of diversity and 0.6 or above is considered high
level of diversity. The crop diversity indexes was the highest for climber vegetables (Table 2) as these vegetables are year
round crop and needs very low investment as well as it can be produced in marginal lands including different fishery
practices. Maximum respondents cultivate cash crops as poverty is the basic problem of rural peoples of Bangladesh
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(Zashimuddin, 2004) and the lowest number of respondents cultivate flowers as flower culture is comparatively a new
venture as well as the supply of different flowers is not sufficient enough to meet the market demands, so the commercial
production of flowers and ornamental plants has started in Bangladesh. Initially the farmers started production of flowers
and ornamental plants on commercial basis and now a day’s they plant different timber and horticultural tree species for
higher monetary benefit from the same piece of land (Mannan et al., 2007). One of the reason of more flower cultivation in
Jessore may be the soil is more suitable for flower cultivation as well as better communication of Jessore and West Bengal
of India than the other two districts. If the Mongla port of Khulna district performs as an international sea port then the
export of flowers will be increased in a great scale and the adjacent areas can be under flower cultivation thus a lot of
foreign currency can be earned through flower cultivation.

Arable crops

Among the arable crops respondents cultivate three (3) cereal crops and five (5) cash crops in the cropland
agroforests (Table 3). Maximum (94.7%) cultivate Oryzae sativa followed by 10.5% Triticum aestivum and the lowest
(9.6%) cultivate Zea mays as cereal crops among the cropland holders who cultivated cereal crops. While maximum
(68.2%) cultivate Corchorus capsularis followed by 50.7% Brassica campestris, 35.8% Sesamum indicum and the lowest
(0.7%) cultivate Gossypium herbaceum as cash crops among the cropland holders who cultivated cash crops (Table 3). It
was also identified that, as a single crop maximum respondents cultivate Oryzae sativa (paddy) as the staple food of
Bangladesh which covers 79.4 percent of the total cultivatable land area of Bangladesh and different salt tolerant varieties
of paddy are also introduced in the saline areas of Bangladesh which causes unfavorable environment and hydrological
situation that restrict the normal crop production throughout the year ((Zashimuddin, 2004; Islam, 2013; WFP, 2013).
Maximum respondents cultivated Corchorus capsularis (jute) as cash crops as the raw materials of different jute
industries. A large scale of population of this region are engaged for their livelihood in different jute industries as the areas
have a conducive environment for jute industry, including low land price, availability of workers and fertile land for jute
growth (Moazzem, et al., 2009; BSS, 2011). Jute dominates among fiber crops in Bangladesh [World Food Programme
(WFP) 2013]. Zashimuddin, (2004) also reported that jute is one of the major cash crop of Bangladesh.

Vegetables

Among the vegetables respondents cultivate tubers, fruity, leafy and climber vegetables (Table 4). Seven (7) tuber
vegetables are cultivated in this practice and maximum (43.9%) cultivate Solanum tuberosum followed by 33.3%
Colocasia esculenta and the lowest (5.3%) cultivate Brassica campestris as tuber vegetables among the cropland holders
who cultivated tuber vegetables (Table 4). Six (6) fruity vegetables are grown in the croplands and maximum (42.0%)
cultivate Solanum melongena followed by 37.0% Brassica capitata and Brassica botrytis and the lowest (13.4%) cultivate
Brassica gongyloides as fruity vegetables among the cropland holders who cultivated fruity vegetables (Table 4). Four (4)
leafy vegetables are cultivated in the cropland agroforests and maximum (38.5%) cultivate Basella alba followed by
36.9% Amaranthus lividus and Amaranthus tricolor and the lowest (23.1%) cultivate Spinacea oleraceae as leafy
vegetables among the cropland holders who cultivated leafy vegetables (Table 4). Eleven (11) climber vegetables are
cultivated in the practices and maximum (36.4%) cultivate Lablab niger followed by 33.9% Lagenaria siceraria, 27.1%
Cucurbita maxima and the lowest (5.9%) cultivate Trichosanthes anguina among the cropland holders who cultivated
climber vegetables (Table 4). Maximum repondents cultivate Solanum tuberosum (potato) as under ground vegetables as
potato is one of the food-stuff in Bangladesh which is primarily used as a vegetable but it is also considered as a staple
food like many other countries also treated as the third major crop of Bangladesh after paddy and wheat (Mukul et al.,
2013; WFP, 2013). Maximum respondents cultivate Basella alba (basil or malabar spinach) as leafy vegetables as basil is
available year round (Anon, 2013). Maximum respondents cultivate Capsicum frutescens (green peeper) as spices as green
peeper is the most prevalent spices in the southern coastal region of Bangladesh (Uddin et al., 2002). Maximum
respondents cultivate Solanum melongena (brinjal) as above ground vegetables as brinjal is one of the most consumed
vegetables in the country (Ahmad, 2013). Maximum respondents cultivate Lablab niger (bean) as climber vegetables as
bean is the poor people’s protein in Bangladesh where around 42% people are suffering from malnutrition as well as a
good source of slowly digestible carbohydrate, fiber, vegetable protein and a valuable means of lowering the glycemic
index (GI) of the diet (Zashimuddin, 2004; Curran, 2013).

Pulses, Spices, Flowers and others

Four (4) pulses are cultivated in the cropland agroforests and maximum (52.1%) cultivate Lens culinaris followed
by 32.9% Vigna radiate and the lowest (6.8%) cultivate Lathyrus sativum as pulses among the cropland holders who
cultivated pulses (Table 5). Seven (7) spices are cultivated in this practice and maximum (42%) cultivate Capsicum
frutescens followed by 35.2% Curcuma longa, 23.1% Alium cepa and the lowest (5.5%) cultivate Zingiber officinale as
spices among the cropland holders who cultivated spices (Table 5). Five (5) flowers are cultivated in the cropland
agroforests of Jessore district only. Maximum (69.6%) cultivate Rosa centifolia followed by 21.7% Gladiolus spp. and the
lowest (8.7%) cultivate Polianthes tuberosa as flowers among the cropland holders who cultivated flowers (Table 5). Six
(6) annuals/perennials are cultivated in the cropland agroforestry practices and maximum (65.8%) cultivate Musa spp.
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followed by 34.2% Carica papaya, 10% piper betel and the lowest (2.5%) people cultivate Elaeis guineensis as
annuals/perennials among the cropland holders who cultivated annuals/perennials (Table 5). Maximum respondents
cultivate Lens culinaris (lentil) as pulses as lentil is the most important pulse, commonly known as poor man’s meat in
Bangladesh as well as in the Asia-Pacific region (Sarker et al., 2004). Lentil is richer in fiber, protein and micronutrients
(Watson, 2013). Lentil is popular to all classes of people and is taken in almost all meals (WFP, 2013). Maximum
respondents cultivate Musa spp. (banana) as annuals/perennials as banana is the most common native year round fruit
which back the high and quick economic return to the farmers (Roy et al., 2012). Kibria and Saha (2011) reported that,
banana agroforestry is financially more profitable than other systems. Maximum respondents cultivate Rosa centifolia
(rose) as flower as rose is the most popular flower of Bangladesh which is now a profitable enterprise to the farmers in
Bangladesh. Haque et al., (2013) reported that, the highest profit was obtained from rose cultivation compared to its
competitive crops like potato, jute, lentil, sesame, mustard and mungbean.

Physical properties and chemical indicators of soil

The highest (0.172 pg/g) available form of nitrogen was found in the soil of Jessore district while the highest
available form of phosphorus (40.38 pg/g) and potassium (2.77 pg/g) was observed in the soil of Khulna districts (Table
6). The highest bulk density (1.28 g/cm®) and the highest p" value (6.88 to 7.62) was observed in the soil of Jessore
districts where as the highest organic matter content (6%) and highest conductivity (605.33 pS/cm) was detected in the soil
of Khulna districts (Table 6). Among these three districts maximum crop diversity was found in Jessore may be the soil is
more suitable and climatic conditions are favorable for agricultural crops production with fulfilling the marketing and
transportation facility better than the other two districts. The another reason for observing highest crop diversity indexes
in Jessore may be the soils of Jessore are non saline while the other two districts are belongs to coastal and offshore areas
(saline belt) of Bangladesh having low soil fertility (Haque, 2006).

Tree crop combinations

Among the tree-crop combinations significant (p<0.05) combinations was found maximum for jute (Mango,
Plum, Date and Palm) followed by paddy (Mahogany, Coconut and Jackfruit), turmeric (Akashmoni, Litchi and Jackfruit),
rose (Ghora neem, Mango and Shirish) and the lowest was found for wheat, potato, tomato, mustard and papaya etc.
(Appendix 1). On the contrary, highest significant (p<0.05) combination was found for Mango followed by Mahogany,
Litchi, Plum, Coconut and the lowest was found for Akashmoni, Ghora neem and Eucalyptus with different agricultural
crops (Appendix 1).The tree-crop combinations reveals that jute, paddy, turmeric, rose, brinjal, bottle gourd, parble, bean ,
lentil and green peeper among agricultural crops and Mango, Mahogany, Litchi, Plum and Coconut among tree species are
most preferred by the respondents in cropland agroforestry practices of southwestern Bangladesh. These combinations also
reveal that maximum respondents choose agricultural crops and tree species on the basis of local demand as well as
increased production.

The income of both individuals and communities has been increased by practicing cropland agroforestry over
pure agriculture and as result a large scale of croplands has been converting to cropland agroforests in the recent period of
time. The agricultural crops combination with different horticultural tree species found more preferred by the respondents
for more profitability. However, the sustainability of this practice is dependent on different management training and
monitoring by the concern department.
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Table 1. Size of cropland agroforests in southwestern Bangladesh [after Hasanuzzaman et al. (2014a)]

Size of cropland agroforests Area (ha) Respondent (%)
Marginal Below 0.12 15.00
Small 00.12-00.80 78.60
Medium 00.80-02.00 05.40
Large Above 2.00 01.00
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Table 2. Crop diversity indexes of agricultural crops in southwestern Bangladesh

Types of Crop diversity index
agricultural crops Khulna Satkhira Jessore
Cash crops 0.64 0.57 0.67
Tuber vegetables 0.72 0.77 0.79
Annuals/perennials 0.49 0.69 0.69
Fruity vegetables 0.78 0.81 0.81
Climber vegetables 0.86 0.87 0.84
Cereal crops 0.20 0.33 0.40
Spices 0.75 0.80 0.81
Pulses 0.44 0.65 0.65
Leafy vegetables 0.74 0.74 0.72
Flowers nla n/a 0.77

Table 3. Arable crops in southwestern Bangladesh

Types Name of species % respondent x? value (Significant level)
Khulna Satkhira Jessore  Total*
Cereal Paddy (Oryzae sativa) 34.2 316 289 94.7 2.820 (0.245)
crops Wheat (Triticum aestivum) 35 44 2.6 10.5 0.254 (0.881)
Maize (Zea mays) 1.8 5.3 2. 9.6 1.440 (0.486)
Cash Jute (Corchorus capsularis) 10.1 37.2 20.9 68.2 22.44 (0.000)
crops Mustard (Brassica campestris) 13.7 21.9 15.1 50.7 0.502 (0.778)
Sesame (Sesamum indicum) 115 12.2 12.2 358 0.448 (0.799)
Sugarcane (Saccharum officinarum) 14 2.7 2.0 6.1 0.311 (0.856)
Cotton (Gossypium herbaceum) 0.7 00 00 0.7 2.300 (0.316)
*Results are multiple responses from the respondents
Table 4. Vegetables in southwestern Bangladesh
Types Name of species % respondent x? value
Khulna Satkhira Jessore Total* (Significant level)
Tuber Potato (Solanum tuberosum) 114 19.7 12.9 43.9 1.46 (0.481)
vegetables Arum (Colocasia esculenta) 8.3 16.7 8.3 33.3 3.13 (0.209)
Elephant foot yam (Alocasia indica) 45 45 7.6 16.7 2.22 (0.329)
Mud potato (Amorphophallus campanulatus) 45 3.8 15 9.8 2.25(0.325)
Carrot (Dioscorea alata) 15 45 3.8 9.8 1.44 (0.487)
Radish (Daucus carota) 15 3.0 6.1 10.6 4.61 (0.100)
Turnip (Raphanus sativus) 0.8 3.0 15 5.3 1.32 (0.517)
Fruit vegetables  Brinjal (Solanum melongena) 134 16.0 12.6 42.0 0.10 (0.950)
Cabbage (Brassica capitata) 11.8 12.6 12.6 37.0 0.34 (0.843)
Cauliflower (Brassica botrytis) 12.6 10.9 134 37.0 1.57 (0.457)
Lady’s finger (Abelmoschus esculentus) 4.2 7.6 5.9 17.6 0.48 (0.788)
Tomato (Lycopersicon esculentum) 5.9 5.9 6.7 18.5 0.42 (0.809)
Kohlrabi (Brassica gongyloides) 1.7 5.0 6.7 134 3.57 (0.168)
Leafy Basil (Basella alba) 10.8 12.3 154 38.5 0.91 (0.634)
vegetables Red leafy (Amaranthus tricolor) 9.2 16.9 10.8 36.9 0.71 (0.700)
Amaranph (Amaranthus lividus) 10.8 13.8 12.3 36.9 0.04 (0.981)
Spinach (Spinacea oleraceae) 4.6 10.8 7.7 231 0.88 (0.644)
Climber Bean (Lablab niger) 10.2 14.4 119 36.4 0.14 (0.932)
vegetables Parble (Trichosanthes dioica) 6.8 9.3 8.5 24.6 0.16 (0.922)
Bottle gourd (Lagenaria siceraria) 9.3 11.0 13.6 33.9 1.51 (0.471)
Pumpkin (Cucurbita maxima) 8.5 7.6 11.0 27.1 1.84 (0.399)
Balsam apple (Momordica charantia) 25 7.6 34 13.6 2.46 (0.293)
Ridge gourd (Luffa cylindrica) 3.4 25 25 8.5 0.50 (0.779)
Cucumber (Cucumis sativus) 1.7 51 1.7 8.5 2.12(0.347)
Green cucumber (Benincasa hispida) 1.7 25 25 6.8 0.17 (0.920)
Sweet bitter gourd (Momordica cochinchinensis) 0.8 25 25 5.9 0.94 (0.626)
Asparagus bean (Vigna unguicalata) 25 25 0.8 5.9 1.09 (0.579)
Snake gourd (Trichosanthes anguina) 3.4 1.7 0.8 5.9 2.54 (0.281)

*Results are multiple responses from the respondents
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Table 5. Pulses, Spices, Flowers and other crops in southwestern Bangladesh

Types Name of species % respondent x2 value (Significant
Khulna Satkhira Jessore Total* level)

Pulses Lentil (Lens culinaris) 13.7 21.9 16.4 52.1 0.420 (0.810)
Bean(mug) (Vigna radiata) 8.2 9.6 15.1 329 2.440 (0.2950)
Green pea (Pisum sativum) 2.7 41 14 8.2 0.680 (0.7110)
Grass pea (Lathyrus sativum) 14 14 41 6.8 1.910 (0.3860)

Spices Green peeper (Capsicum frutescens) 14.3 16.5 11.0 41.8 0.620 (0.733)
Turmeric (Curcuma longa) 14.3 9.9 11.0 35.2 2.160 (0.340)
Onion (Alium cepa) 55 9.9 7.7 231 0.480 (0.788)
Garlic (Allium sativum) 4.4 6.6 55 16.5 0.100 (0.951)
Aniseed (Foeniculum vulgare) 2.2 8.8 55 16.5 2.490 (0.288)
Coriander (Coriandrum sativum) 2.2 2.2 1.1 55 0.380 (0.828)
Ginger (Zingiber officinale) 2.2 2.2 1.1 55 0.380 (0.828)

Flowers Rose (Rosa centifolia) 00 00 69.6 69.6 30.21 (0.000)
Gladiolus (Gladiolus spp.) 00 00 21.7 21.7 5.730 (0.057)
Marie gold (Tagetes patula) 00 00 17.4 17.4 12.09 (0.002)
Gerbera (Gerbera aurantiaca) 00 00 8.7 8.7 3.990 (0.136)
Tube rose (Polianthes tuberosa) 00 00 8.7 8.7 9.950 (0.007)

Annuals/ Banana (Musa spp.) 20.0 24.2 21.7 65.8 0.100 (0.950)

Perennials Papaya (Carica papaya) 13.3 10.0 10.8 34.2 2.120 (0.347)
Bettle-leaf (Piper betel) 00 9.2 0.8 10.0 15.38 (0.000)
Drum stick (Moringa oleifera) 25 25 4.2 9.2 1.070 (0.585)
Napier grass (Pennisetum purpureum) 00 00 5.0 5.0 13.22 (0.001)
Oil palm (Elaeis guineensis) 00 00 25 25 6.550 (0.038)

*Results are multiple responses from the respondents

Table 6. Physical properties and chemical indicators of soil in southwestern Bangladesh

Name Nitrogen Phosphorus Potassium Organic Bulk Conductivity  P?

of concentration concentration concentration matter density (uS/cm)
districts  (ug/g) (ng/0) (ng/g) (%) (g/em’)
Khulna 0.133 40.38 2,77 6 1.30 605.33 6.39-6.70
Satkhira  0.085 34.54 1.49 5 1.46 591.75 5.95-7.66
Jessore 0.172 25.46 1.21 4 1.52 516.67 6.88-7.62
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Appendix 1. Significant test of tree-crop combinations in cropland agroforests of southwestern Bangladesh

Tree 2 value (Significant level)
species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Mahogany 3.89 0.65 0.39 0.11 0.29 0.43 6.24 0.29 287 1.07 0.10 0.28 3.85 4.82 111 0.15 2.83 0.70 0.27 2.46 1.20 2.27 0.58 0.01 0.001
(0.05) (0.42) (053) (0.74)  (0.59) (0.51)  (0.01)  (0.59) (0.09) (0.30) (0.76)  (0.60)  (0.05)  (0.03)  (0.29)  (0.70)  (0.09)  (0.40)  (0.61)  (0.12)  (0.27) (0.13) (045  (0.93)  (0.98)
Lombu 1.85 0.67 3.02 0.78 1.67 041 0.85 0.86 0.10 0.77 293 0.07 0.65 0.18 0.02 0.29 0.55 0.50 1.21 0.85 0.55 0.29 0.05 0.47 0.38
(0.17)  (0.41)  (0.08) (0.38) (0200 (0.52)  (0.36)  (0.37)  (0.76)  (0.38)  (0.09)  (0.79)  (0.42)  (0.67)  (0.88)  (0.59)  (0.46)  (0.48)  (0.27)  (0.36)  (0.46) (059)  (0.83)  (0.49)  (0.54)
Neem 251 0.94 215 0.18 0.003 0.38 0.003 0.003 0.10 179 0.33 0.38 347 0.54 1.69 0.30 1.28 1.20 0.18 0.003 1.28 0.03 3.55 1.93 0.63
0.11) 0.33) (0.14) (0.67) (0.95) (0.54) (0.95) (0.96) 0.77) (0.18) (0.57) (0.54) (0.06) (0.46) (0.19) (0.58) (0.26) 0.27) (0.67) (0.96) (0.26) (0.87) (0.06) (0.17) (0.43)
Ghoraneem  1.03 0.63 0.43 1.06 0.46 147 258 0.71 1.02 0.96 1.31 1.37 0.53 0.31 0.67 0.22 2.18 0.40 113 0.79 2.18 0.22 15.09 0.001 1.18
(0.31) (0.43) (0.51) (0.30) (0.50) 0.23) 0.11) (0.40) (0.31) (0.33) (0.25) (0.24) (0.47) (0.58) (0.42) (0.64) (0.14) (0.53) (0.29) (0.37) (0.14) (0.64) (0.00) (0.98) (0.28)
Akashmoni 0.47 0.20 242 1.04 0.15 0.01 0.83 0.83 0.97 0.38 1.09 0.44 0.74 0.52 0.81 0.58 0.29 0.68 0.37 0.26 0.70 491 2.32 0.77 0.07
(0.49) (0.65) 0.12) (0.31) (0.70) (0.93) (0.36) (0.36) (0.33) (0.54) (0.30) (0.51) (0.39) (0.47) (0.37) (0.45) (0.59) (0.41) (0.55) (0.61) (0.40) (0.03) (0.13) (0.38) (0.79)
Sissoo 021 0.08 0.96 041 0.33 0.46 215 215 0.38 0.15 017 0.18 0.30 0.21 0.32 0.23 271 2.82 0.15 0.10 0.28 0.23 011 0.30 0.68
(0.64) (0.78) 0.33) (0.52) (0.57) (0.50) (0.14) (0.15) (0.54) (0.67) (0.68) (0.68) (0.59) (0.65) (0.57) (0.63) (0.10) (0.09) (0.70) (0.75) (0.60) (0.63) (0.74) (0.58) (0.41)
Mango 0.18 0.98 5.04 291 178 8.19 0.45 0.44 591 417 4.24 0.08 151 0.007 6.19 0.39 2.35 0.37 0.27 0.19 2.35 1.02 747 0.55 0.86
(0.67) 0.32) (0.03) (0.09) (0.18) (0.01) (0.50) (0.51) (0.02) (0.04) (0.04) 0.78) 0.22) (0.93) (0.01) (0.53) (0.13) (0.54) (0.60) (0.66) (0.13) (0.31) (0.01) (0.46) (0.36)
Plum 0.46 0.64 5.90 0.14 0.12 0.13 1.65 0.04 0.24 0.37 133 1.06 134 1.49 0.92 0.27 6.02 6.46 0.004 0.20 9.20 0.27 0.25 0.001 0.63
(0.50) (0.42) (0.02) 0.71) 0.73) 0.72) (0.20) (0.85) (0.62) (0.54) (0.25) (0.30) (0.25) 0.22) (0.54) (0.60) (0.01) (0.01) (0.95) (0.67) (0.01) (0.60) (0.62) (0.97) (0.43)
Litchi 0.02 1.04 0.11 1.20 2.58 1.95 0.71 0.71 0.009 119 0.86 2.26 381 0.32 5.22 0.15 1.84 0.01 0.27 131 4.03 6.18 1.40 0.29 2.24
(0.90) (0.31) 0.74) 0.27) 0.11) (0.16) (0.40) (0.41) (0.92) (0.28) (0.35) 0.13) (0.05) (0.57) (0.02) (0.70) (0.18) (0.92) (0.60) (0.25) (0.05) (0.01) (0.24) (0.59) (0.14)
Coconut 6.46 0.01 0.39 0.36 0.04 0.98 173 031 119 0.14 0.39 0.23 184 0.88 0.07 0.53 0.20 0.13 0.00 222 138 053 2.90 12.97 2.39
(0.01) (0.93) (0.53) (0.55) (0.84) 0.32) 0.19) (0.58) (0.28) 0.71) (0.53) (0.63) (0.18) (0.35) 0.79) (0.47) (0.65) 0.72) (0.99) (0.14) (0.24) (0.47) (0.09) (0.00) (0.12)
Date 0.02 0.04 12.18 0.14 0.16 2.09 137 0.62 6.02 249 1.68 011 0.14 254 0.09 0.31 0.33 0.03 222 0.79 117 36 0.99 0.46 0.92
(0.89) (0.85) (0.00) 0.71) (0.69) (0.15) (0.24) (0.43) (0.01) (0.11) (0.20) (0.74) 0.71) (0.11) 0.77) (0.58) (0.58) (0.87) (0.14) (0.38) (0.28) (0.06) (0.32) (0.50) (0.34)
Jackfruit 0.00 127 0.02 229 0.27 0.48 0.27 2.69 321 0.001 1.69 0.90 0.03 0.21 126 172 0.10 0.07 2.30 161 219 381 0.18 0.01 273
(0.99) (0.26) (0.88) 0.13) (0.61) (0.49) (0.61) (0.10) 0.07) (0.98) 0.19) (0.34) (0.86) (0.64) (0.26) (0.19) (0.76) (0.80) (0.13) (0.21) (0.14) (0.05) (0.67) (0.91) (0.10)
Palm 2.03 152 5.49 0.72 0.01 0.37 0.17 0.01 0.61 2.88 0.90 0.23 331 5.82 0.13 220 0.39 0.33 274 1.92 3.03 0.78 2.06 1.88 341
(0.15) 0.22) (0.02) (0.40) (0.91) (0.54) (0.68) (0.91) (0.44) (0.09) (0.34) (0.63) 0.07) (0.02) 0.72) (0.14) (0.53) (0.57) (0.10) (0.17) (0.08) (0.38) (0.15) (0.17) (0.07)
Lemon 176 0.00 139 0.58 124 0.35 0.34 0.39 0.54 177 1.04 1.08 0.17 127 0.09 0.05 0.17 0.28 0.90 0.63 0.17 0.05 0.67 155 179
0.19) (0.00) (0.24) (0.45) 0.27) (0.56) (0.57) (0.56) (0.46) (0.18) (0.31) (0.30) (0.68) (0.26) (0.76) (0.83) (0.68) (0.60) (0.34) (0.43) (0.68) (0.83) (0.41) (0.21) (0.18)
Bettle-nut 013 053 0.01 0.07 0.38 0.27 0.38 0.001 1.03 170 0.11 0.32 130 0.54 0.34 0.73 0.10 113 1.62 113 115 2.56 121 339 0.13
0.72) 0.82) (0.91) 0.79) (0.54) (0.60) (0.54) (0.98) (0.31) 0.19) (0.74) (0.57) (0.26) (0.46) (0.56) (0.39) (0.76) (0.29) (0.20) (0.29) (0.28) (0.11) 0.27) (0.07) (0.72)
Shirish 0.64 0.05 0.86 0.08 0.65 0.86 0.07 0.07 0.21 0.03 0.10 0.09 136 0.39 1.69 1.96 4.93 1.06 2.56 179 0.004 0.03 8.12 147 0.21
(0.42) (0.83) (0.35) 0.77) (0.42) (0.35) 0.79) 0.78) (0.65) (0.86) (0.75) (0.76) (0.24) (0.54) 0.19) (0.16) (0.03) (0.30) (0.11) (0.18) (0.95) (0.87) (0.01) (0.23) (0.64)
Eucalyptus 1.60 0.12 0.002 0.58 6.94 0.44 0.50 0.50 0.58 0.23 2.82 0.26 0.44 2.09 0.48 0.35 0.42 135 0.22 0.15 0.42 176 0.16 0.46 0.11
(0.21) 0.73) (0.97) (0.45) (0.01) (0.51) (0.49) (0.48) (0.45) (0.63) (0.09) (0.61) (0.51) (0.15) (0.49) (0.56) (0.52) (0.25) (0.64) (0.70) (0.52) (0.18) (0.67) (0.50) (0.75)

Note: 1=paddy, 2=wheat, 3=jute, 4=sesame, 5=arum, 6=potato, 7=cauliflower, 8=cabbage, 9=brinjal, 10=tomato, 11=Red leafy , 12=Basil , 13=Bottle gourd , 14=Parble , 15=Bean,
16=Pumpkin , 17=Lentil , 18=Mustard , 19=Onion , 20=Garlic , 21=Green peeper , 22=Turmeric, 23=Rose , 24=Papaya, 25=Banana.
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Abstract : Cropland agroforest is an important production system in the
southwest region of Bangladesh. This study focused on the floristic
composition and management of existing cropland agroforests. A total of
313 cropland agroforests were surveyed and 83% respondents practiced
pure agroforestry while the remaining 17% practiced agroforestry with
fisheries. A total of 18 forest trees and 2 shrubs were recorded from 11
families and 59 species of agricultural crops were from 28 families. A
higher proportion (79%) of cropland agroforests were occupied small
land areas (0.12—0.80 ha). About 63% of respondents planted trees for
fruit production and 47% for timber production, and 35% of respondents
engaged in commercial production (35%). Swietenia macrophylla was
the most prevalent species (relative prevalence 20.83) followed by Man-
gifera indica (relative prevalence 15.57) and Cocos nucifera (relative
prevalence 7.08). Shorter spacing was used for timber and fuel wood
species and wider spacing for fruit trees. A wide range of rotation periods,
from 5 to 25 years, was observed for both cases. The use of chemical
fertilizer was highest followed by cow dung and compost in cropland
agroforests. Overall management practices of cropland agroforest in
southwest Bangladesh were determined by the end product and local

demand.
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agroforest in

Introduction

Agroforestry involves introduction and retention of trees along
with cultivation of agricultural crops on a parcel of land. This
land management system satisfies the socio-economic needs of
people in a sustainable way (Dwivedi 1992; Raintree 1997,
Beetz 2011). Numerous ecological and environmental services
(protection of crops, livestock, soil and watercourses; biodiver-
sity conservation; diversification of income sources; increased
biological production; improved water quality and improved
habitat for humans and wildlife) are provided by well designed
agroforestry systems. Moreover, agroforestry practices also con-
tribute to carbon sequestration and mitigate climate change ef-
fects (Dwivedi 1992; Ahmed 2001; Ahmed et al. 2004). Bangla-
desh is densely populated with about 80% of the population oc-
cupying rural areas (BBS 2011). Two-thirds of the total land area
of Bangladesh is arable but per capita availability of arable land
is only 0.045 hectare which puts extreme pressure on land for
habitation, agriculture and other uses including forestry
(Zashimuddin 2004; Ericksen et al. 1997). Agriculture scientists
recommend a well-planned and well managed multi-layered
cropping system to achieve highest returns from limited amounts
of arable land. The vertical distribution of yields in croplands
through agroforestry is believed to play a great role in overall
improvement in agricultural and forestry production in Bangla-
desh (Ahmed and Ali 1993). Agroforestry policies were official-
ly initiated during the latter part of 1970 and gained popularity
during the last couple of decades (Rahman et al. 2011). Cropland
agroforestry practice is, however, a relatively a new idea and is
only recently adopted in some areas of Bangladesh. Cropland
agroforest includes planting of trees and protecting naturally
growing trees in the crop lands (Abedin and Quddus 1990a; Roy
1997; Ahmed 2001) along the margins of smaller crop fields and
sometimes within the larger crop fields (Roy 1997). Various
vegetables, pulses, cereal crops, and cash crops are cultivated at
the early stages and shade tolerant crop species are usually culti-
vated after 10 to 15 years (Chowdhury 1997).
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Azadirachta indica, Melia azadirachta, Eucalyptus spp.,
Artocarpus heterophyllus, Ziziphus spp., Cocos nucifera, Syzyg-
ium spp. Mangifera indica, Dalbergia sissoo, Swietenia macro-
phylla, Albizia spp. Leucaena leucocephala, Litchi chinensis and
Acacia spp. are commonly planted in agroforestry plots in Bang-
ladesh without much consideration for productivity, sustainabil-
ity, environmental conservation, land suitability or local demand
(Quddus 2001; Hasanuzzaman et al. 2006; Zaman et al. 2010a).
Appropriate selection of tree species and management regimes
are, however, key concerns for fulfillment of local market de-
mand and achievement of environmental sustainability in any
agroforestry project. Information on types of agroforestry or
homestead agroforestry is available in Bangladesh but infor-
mation on cropland agroforestry is limited. Moreover, there is
almost no information on cropland agroforests in southwestern
Bangladesh. The present study was aimed to provide information
about existing cropland agroforests, particularly their vegetation
and management practices. This will help researchers and de-
velopers to devise interventions aimed at increased productivity,
sustainability and environmental conservation.

Materials and methods
Location of the study area

Three districts (administrative units) e.g. Khulna, Jessore and
Satkhira were selected for this study from southwest Bangladesh.
These districts (the study area) lie between N 22°44'-23°14'"; and
E 89°01'-89°36'. Southwest Bangladesh is a low (<10 m asl),
flat, and fertile deltaic plain with calcareous to noncalcareous
alluvial soils (BBS 2004). A tropical to subtropical monsoon
climate characterizes this area. Three distinct seasons are sum-
mer (March-May), rainy (June—October), and winter (Novem-
ber—February) and the mean annual rainfall is (1800+£268) mm.
The mean annual temperature is 26 °C (range: 19-32 °C). In
some areas, temperatures drop to 10 °C during winter and reach
40 °C or more during summer (Kabir and Webb 2008).

Sampling procedure

Every district consists of a number of smaller administrative
units called sub-districts. Twelve sub-districts (4 sub-districts
from each district) were randomly selected for study. In the ab-
sence of systematic documented information on cropland agro-
forests in each sub-district, we selected cropland agroforests in
an unbiased manner following Kabir and Webb (2009). Every
day a new local guide was hired to assist in selecting cropland
agroforests. After selecting the cropland agroforests, the guide
was requested to stay away from the agroforests in order to pre-
vent bias with future selection in future days. One hundred
cropland agroforests were selected from each of the three dis-
tricts, Khulna, Jessore and Satkhira. Thus a total of 313 cropland
agroforests were selected from the total study area. A semi
structured questionnaire was administered to record the response
of owners/farmers of the respective cropland agroforests.

@ Springer

Data collection and analysis

Information was collected on the biophysical, demographic and
socioeconomic conditions of the cropland agroforest practition-
ers using a semi-structured questionnaire. The collected infor-
mation was also supplemented with time-to-time focus group
discussions and physical observations of the cropland agroforests.
Plant species (trees, shrubs and agricultural crops) in each sam-
pled cropland agroforest were identified and recorded. Each
recorded plant species was classified by family, types (trees,
shrubs, herbs, and climbers) according to morphology, domesti-
city (planted/natural), origin, stratum, and common uses. Infor-
mation on cropland agroforest management practices was also
collected that covered major aspects of management practices
such as planting material/seedling quality, spacing, tending, irri-
gation and fertilization, pest and disease control and rotation of
tree species. Statistical analysis (multiple response and descrip-
tive statistics) was performed using SPSS (11.5) statistical soft-
ware. Moreover, relative prevalence ( R p) of different tree spe-

cies was determined by the following equation.

R , = (N / C) X Cropland with specimen species (%)
(Chowdhury 1997) )

where, R » is the relative prevalence; N is number of trees; C is

the area of croplands.

Results and discussion

Demographic and socio-economic characteristics of the re-
spondents

The age range of the respondents was 18—70 years. Respondents
were classified into three age categories; young (<18 years old),
middle age (19-50 years old) and elderly (>50 years old). The
average age of the respondents was 44 years. Most respondents
(66%) were middle aged, followed by elderly (32%) and young
(18%). Zaman et al. (2010b) reported the average age of agro-
forest farmers was 32 years and the majority (71%) was from the
middle aged category in northern Bangladesh. Most farmers
(about 53%) were middle aged in homestead agroforestry in
southwestern Bangladesh (Kabir and Webb 2009). This compar-
ison reveals that middle aged people were more engaged in ag-
roforestry activities. The levels of education among the farmers
were categorized into five groups. The proportions of education-
al level of the respondents were 18%, 44%, 20%, 14% and 4%
for illiterate (no schooling), primary level (1 to 5 years of
schooling), secondary level (6 to 10 years of schooling), higher
secondary level (10 to 12 years of schooling) and higher study
(16 years and above), respectively. The occupations of respond-
ents were classified into five major groups i.e. farmer, fisherman,
business, service and student and the proportions were 74%, 10%,
8%, 5% and 3%, respectively. Similar observation on education-
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al level was reported for northern Bangladesh, where a higher
proportion (49%) of respondents had primary education (Zaman
et al. 2010a). Kabir and Webb (2009) and Zaman et al. (2010a)
reported that agriculture was the main occupation of the agrofor-
est farmers in southwestern and northern Bangladesh.

Cropland agroforest hectarage

The cropland area was categorized as marginal (below 0.12 ha),
small (0.12—0.80 ha), medium (0.80-2.0 ha) and large (above 2.0
ha) in southwestern Bangladesh. About 53% and 58% of home-
stead agroforests were found to occur on small land areas in
northern and southwestern Bangladesh respectively (Kabir and
Webb 2009; Zaman et al. 2010b). However, we found a higher
proportion (79%) of cropland agroforest occupied the small land
areas (0.12—0.80 ha) (Table 1).

Table 1: Size of cropland agroforests in southwestern Bangladesh

Size of cropland agroforests Area (ha) Respondent (%)
Below 0.12 15

Small 0.12-0.80 78.6

Medium 0.80-2.0 5.4

Large Above 2.0 1

This is a common phenomenon in Bangladesh, where the large
population has small land holdings (average farm size, 0.80 ha)
for cultivation as well as dwelling (Hocking and Islam 1994).
Almost all respondents (99%) started cropland agroforestry from
self-motivation and very few farmers (0.36%) received technical
support (selection of tree and agricultural crops) from Union
councils or other organizations. Chowdhury (1997) reported that
most farmers did not receive motivational or technical assistance
from governmental or non-governmental organizations. Quddus
(2001) reported that small cropland holders preferred planting
trees along the field boundaries. But we recorded no differences
in planting trees on the boundaries of all categories of cropland
agroforests in our study area. Fruit and timber species were
common to all cropland agroforest plot sizes but medium
cropland holders planted fuel and fodder species in addition to
fruit and timber species, and these differences were prominent in
our study area.

Structure and composition of cropland agroforests

People plant trees on all possible types of land in southwest
Bangladesh i.e. in croplands and on the boundaries of
shrimp/fish culture areas. Mostly two types of cropland agrofor-
estry practices i.e., pure agroforestry (83%) and agroforestry
with fisheries (17%) were found in the study area. About 63% of
respondents planted trees for fruit production and 47% planted
trees for timber, and 35% of respondents tended commercial
plots (Table 2). These results are similar to those reported by
Kamaluddin (1997) and Khaleque (1987). Farmers plant various
fruit tree species for their multipurpose nature (Abedin and
Quddus 1990b; Chowdhury 1997). Besides fruit trees, about

18% of cropland agroforest farmers was planted fuel wood trees
in southwestern Bangladesh (Table 2). Chowdhury (1997) found
that 15% of farmers planted trees for fuel wood production in the
croplands of Bangladesh. People planted trees in our study area
for other purposes such as hedgerow fence, boundary demarca-
tion, raw material supply to various wood based industries and
some extraordinary uses (Table 2), similar to the findings of
Chowdhury (1997).

Table 2: Purposes of tree plantation in cropland agroforests in south-
western Bangladesh

Types Respondent (%)
Fruit production 62.9
Timber production 46.6
Commercial business 35.1
Fuel wood production 18.5
Easy to take care 8.6
Fodder production 2.6
Boundary mark 2.6
Industrial use 1.0

Note: Results are multiple responses from the respondents.
Trees in the cropland agroforests

A total of 18 tree species and 2 shrubs (10 native and 10 exotic
species) were identified from 11 families. Fabaceae, Meliaceae
and Palmae accounted for the highest number of species in the
cropland agroforests of southwestern Bangladesh. Kabir and
Webb (2008) recorded a total of 146 tree species in the
homesteads of southwestern Bangladesh, Uddin et al. (2002)
recorded 35 tree species in the southeast, Zaman et al. (2010b)
recorded 62 tree species in the north and Ahmed et al. (2004)
recorded 39 tree species in central Bangladesh. The differences
are probably due to the primary products expected from the
cropland agroforests and the species that can grow without
sacrificing much of the crop yield. This could be the reason for
observing smaller number of tree species in the cropland
agroforests compared to other agroforestry/homestead forest
(Chowdhury 1997). Among the trees and shrubs, Mahogany
(Swietenia macrophylla), Mango (Mangifera indica), Coconut
(Cocos nucifera), Date (Phoenix sylvestris), Palm (Borassus
flabellifer), Plum (Ziziphus spp.), Litchi (Litchi chinensis),
Bettle-nut (4Areca catechu) and Lemon (Citrus limon) were
identified as major species with relative prevalence (Rp) ranging
from 20.83 to 1.17. Swietenia macrophylla was the most
prevalent species (Re =20.83) in cropland agroforests in
southwest Bangladesh (Table 3). Regionally, Artocarpus
heterophyllus (Rp =26.28) in central Bangladesh, Mangifera
indica (Rp =32.58) in northern Bangladesh and Areca catechu
(Rp = 6.15) in various homesteads of Bangladesh are the most
prevalent species (Ahmed et al. 2004; Chowdhury 1997; Zaman
et al. 2010a). About 57% of cropland agroforest farmers in our
study area preferred Swietenia macrophylla for timber
production because of its high market value of timber, small
crown with thin branches, straight single stem with a long clear

@ Springer



600

Journal of Forestry Research (2014) 25(3): 597-604

bole, and fast growing characteristics (Mayhew and Newton

Table 3: Relative prevalence and preference of available tree species in cropland agroforests of southwestern Bangladesh

1998).

English name Botanical name Family Types Origin Relative prevalence
Mahogany Swietenia macrophylla Meliaceae Tree Exotic 20.83
Mango Mangifera indica Anacardiaceae Tree Native 15.57
Coconut Cocos nucifera Palmae Tree Native 7.08
Plum Ziziphus spp. Rhamnaceae Shrub Native 4.14
Bettle-nut Areca catechu Arecaceae Tree Native 2.74
Date Phoenix sylvestris Palmae Tree Native 1.92
Lemon Citrus limon Rutaceae Shrub Native 1.76
Palm Borassus flabellifer Palmae Tree Native 1.19
Litchi Litchi chinensis Sapindaceae Tree Native 1.17
Shirish Albizia saman Leguminosae Tree Exotic 0.77
Lombu Khaya anthotheca Meliaceae Tree Exotic 0.63
Ghora neem Melia azadirachta Meliaceae Tree Exotic 0.46
Jackfruit Artocarpus heteropryllus Moraceae Tree Exotic 0.29
Neem Azadirachta indica Meliaceae Tree Native 0.26
Akashmoni Acacia auriculiformis Fabaceae Tree Exotic 0.10
Ipil-ipil Leucaena leucocephala Fabaceae Tree Exotic 0.06
Eucalyptus Eucalyptus camaldulensis Myrtaceae Tree Exotic 0.03
Chambal Albizia rechardiana Fabaceae Tree Exotic 0.03
Sissoo Dalbergia sissoo Fabaceae Tree Exotic 0.03
Babla Acacia nilotica Leguminosae Tree Native 0.02

This species can grow in a range of soil types, including allu-
vial soils, heavy clays, and lateritic soils (Lamprecht 1989).
Neem (Azadirachta indica), Ghora neem (Melia azadirachta)
and Lombu (Khaya anthotheca) were also planted as timber
species but a small number of respondents (1.0%) preferred
Akashmoni (Acacia auriculiformis), Sissoo (Dalbergia sissoo)
and Eucalyptus (Eucalyptus camaldulensis) as timber species in
our study area (Table 3). Eucalyptus camaldulencis was the most
common timber species in northern Bangladesh (Ahmed 2001).
Nine fruit tree species were identified in the croplands of the
study area. Many respondents (41%) planted Mangifera indica as
a fruit tree followed by Cocos nucifera (26%), Phoenix sylvestris
(24%), Ziziphus spp. (11%) and Areca catechu (7%), (Table 3).
Fruit trees are the most common tree species in the croplands and
homesteads of Bangladesh and Mangifera indica is the dominant
species in every agroforestry practices in every region of Bang-
ladesh (Chowdhury 1997; Millat-e-Mustafa et al. 1996; Kama-
luddin 1997). Other species such as, Plum (Ziziphus spp.), Litchi
(Litchi chinensis), Jackfruit (Artocarpus heterophyllus), Coconut
(Cocos nucifera), Date (Phoenix sylvestris), Palm (Borassus
flabellifer) and Bettle-nut (Areca catechu) were also found as
fruit trees. The mixture of several tree species is more frequent
than monoculture in the crop fields of southwest Bangladesh
(Chowdhury and Satter 1992). Only four tree species were used
as fuel wood among the identified 18 tree species in the cropland
agroforests of our study area. Most of the respondents planted
Albizia saman for fuel wood but, Leucaena leucocephala, Albi-
zia rechardiana and Acacia nilotica were also recorded as fuel
wood species (Table 3). Farmers planted trees in their croplands
to get additional benefits other than agricultural crops, including
increased income, supply of fuel wood, timber, construction
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materials; control of soil erosion and insurance against risk of
crop failure (Chowdhury 1997). Almost all respondents (90%) of
our study area commented that gross household income in-
creased due to practice of cropland agroforestry. Crop yields
decline, however, when trees are grown to full size (Chowdhury
and Satter 1992).

Agricultural crops

We identified a total of 59 agricultural crops of 28 families. Cu-
curbitaceae, Leguminosae, Solanaceae and Graminae contained
the highest numbers of crop species. However, 40 agricultural
crops were identified in the southeast and 32 agricultural crops in
the north and central parts of Bangladesh (Uddin et al. 2002;
Zaman et al. 2010b; Ahmed et al. 2004). We recorded a higher
number of agricultural crops in southwest Bangladesh than re-
ported for other areas. All the agricultural crops with their bo-
tanical and family names are listed in Appendix 1. The most
common vegetables that were grown in association with trees in
the study area were arum (Colocasia esculenta), potato (Solanum
tuberosum), cauliflower (Brassica botrytis), cabbage (Brassica
capitata), brinjal (Solanum melongena), parble (Trichosanthes
dioica), bean (Lablab niger), pumpkin (Cucurbita maxima),
lentil (Lens culinaris) and turmeric (Curcuma longa). However,
most of these are common crops of Bangladesh (Chowdhury
1997). Turmeric is common as a year round crop in this region
particularly in the fields where tree density is relatively high, as
reported by Chowdhury (1997). In  kharif
(April-September) sativa, Corchorus capsularis,
Sesamum indicum and in rabi season (October-March) Lens

season
Oryzae

culinaris, Brassica campestris, Triticum aestivum and others are
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grown on a large scale in the study sites. Papaya (Carica papaya)
and Banana (Musa spp.) is common year round crop of cropland
agroforests of southwestern Bangladesh. The agricultural crops
can be classified as minor and major crops depending on the
level of availability. Among the agricultural crops, 43 species
were identified as minor crops and 16 species as major crops.
Agricultural crops (minor and major) with their associations are
listed in Table 4. Tree and agricultural crop combinations in

cropland agroforests were much higher than in traditional farm-
ing. The diversity of agricultural crops (cereal crops, cash crops,
under ground and above ground vegetables, leafy vegetables,
climbers, pulses, spices, flowers and annuals/perennials) in the
cropland agroforests is higher than in homestead agroforesty
practices where the agricultural crops are typically limited to
vegetables, climbers and spices (Ahmed et al. 2004; Zaman et al.
2010a; Zaman et al. 2010b).

Table 4: Tree - crop combination in cropland agroforests in southwest Bangladesh

Trees Major agricultural crops Minor agricultural crops

Mahogany Paddy, Jute, Sesame, Arum, Potato, Cauliflower, Cabbage, Pumpkin, Elephant foot yam, Tomato, Kohlrabi, Lady’s finger, Red leafy,
Brinjal, Parble, Bean, Pumpkin, Lentil, Mustard, Turmeric, Amaranph, Basil, Balsam apple, Mung bean, Green peeper, Onion, Aniseed
Papaya, Banana, Bottle gourd

Mango Paddy, Jute, Sesame, Potato, Cauliflower, Cabbage, Brinjal, Arum, Lady’s finger, Kohlrabi, Red leafy, Bottle gourd, Parble, Lentil,
Bean, Papaya, Banana Mustard

Coconut Paddy, Banana, Sesame, Papaya Jute, Arum, Potato , Cauliflower, Cabbage

Date Paddy, Jute, Lentil, Papaya, Banana Sesame, Arum, Potato, Cauliflower, Brinjal

Plum Turmeric, Green peeper, Cauliflower Paddy, Brinjal, Papaya, Banana

Litchi Sesame, Lentil Green peeper, Papaya, Garlic

Jackfruit Lentil Paddy, Banana, Jute, Papaya

Neem Paddy Cabbage, Papaya, Brinjal, Parble, Banana

Ghora neem -
Palm -
Shirish -
Lombu -
Bettle-nut -
Lemon -
Akashmoni -
Eucalyptus -
Ipil-ipil -
Chambal -
Sissoo -

Babla -

Brinjal, Jute, Cauliflower, Paddy, Papaya
Jute, Paddy, Banana, Brinjal

Basil, Sesame, Banana, Jute, Paddy, Brinjal
Sesame, Brinjal, Papaya

Paddy, Banana, Lentil, Banana, Bettle leaf
Banana, Papaya, Mustard, Papaya, Paddy
Potato, Turmeric

Lady’s finger, Pumpkin

Paddy, Red leafy, Bean

Arum, Paddy

Brinjal, Paddy, Kohlrabi

Cauliflower, Cabbage

Management of cropland agroforest

Planting materials and spacing

Most respondents (61%) bought seedlings from the local nursery
and the remainder (38%) produced seedlings on their own land.
Union councils provided seedlings to the farmers in a negligible
amount (1.0%). Almost all the farmers like to plant good quality
seedlings or planting materials for fruit tree species but they were
less concerned about good quality planting material for timber
and fuel wood species. Moreover, the cropland agroforestry
practitioners preferred to plant more mature seedlings, especially
for fruit trees to get early fruiting. Lower spacing (3/3, 4/4 and
6/6 m) was observed for timber and fuel wood species, with
wider spacing (3/3, 4/4, 6/6, 8/8, 8/12, 12/12, 12/15 and 15/15 m)
for fruit trees. Wider spacing was also observed for mixtures of
fruit and timber/fuel wood trees. Eighty-two percent of respond-
ents maintained spacing between trees to reduce the competition
for light, moisture and nutrients. Hocking and Islam (1994) noted

that farmers should use wide spacing of trees at least 8 m from
tree to tree and plant mainly along aisles and within a field only
when fields are wider than 16 m to minimize the loss of crop
production.

Tending operation

Tending operations such as pruning, thinning, weeding was
conducted by cropland agroforest practitioners. Pollarding was
conducted annually for Zizyphus jujube. Pruning was also con-
ducted in alternate years or at several year intervals for some
timber trees and some farmers stopped pruning when trees be-
came tall. Fruit trees were not thinned by the respondents.
Pruned materials (small braches, twigs, leaves) were used as fuel
(Table 5). Various pruned materials are used as fuel by the vil-
lagers of Bangladesh (Hocking and Islam 1994). Weeding was
carried out in August-October in our study area, similar to the
report of Hasan et al. (2008). Although the fallen leaves of trees,
crop residues and weeds are often removed from the croplands,
they can provide nutrients to crops (Chowdhury 1997; Hossain et
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al. 1988). Few cropland holders in our study area know of this
but most respondents (90.7%) use leaf litter as fuel (Table 5).

Table 5: Types of fuel and fertilizaer used by the farmers of cropland

agroforest
Respondent  Types of fertilizer Respondent

Types of fuel

(%) (%)
Leaf litter 90.7 Chemical fertilizer 99.7
Cow dung 75.2 Cow dung 82.4
Pruned branch 57.3 Compost 11.5
Agricultural residue 354 Green manure 35
Bamboo 18.4

Note: Results are multiple responses from the respondents.

Irrigation and fertilization

Respondents used different fertilizers to enhance the productivity
of their crops. Almost all respondents applied chemical fertilizer
(99.7%) and cow dung (82.4%) to their cropland agroforest. A
few respondents (11.5%) used compost and a smaller number of
respondents (3.5%) used of leaf litter as manure (Table 5). Con-
versely, they did not apply fertilizer or irrigation for the timber
and fuel wood producing tree species.

Pest and disease control

Almost all respondents (99.3%) used pesticides and insecticides
on their agricultural crops and fruit trees for better production.
Many respondents had received no training and had no proper
knowledge on the application of different pesticides and insecti-
cides. However, Robbani et al. (2007) reported that the use of
pesticides and insecticides is increasing which impacts the land
productivity as well as the habitats of some beneficial insects.

Rotation

Rotation ages for timber and fruit tree species ranged from 5 to
25 years, while fuel wood trees were rotated at 5—15 years. In
some cases, different rotation periods for a single tree species
were followed, depending on the end product (fruit, timber or
fuel wood). Sometimes, respondents used different rotations for
different varieties of a single tree species i.e. Mangifera indica
was found to maintain a wide range of rotation period from 7-25
years (Table 6). We observed longer rotation periods for trees in
croplands, mainly for fruit trees, whereas Quddus (2001) report-
ed short rotations in the croplands from 7—13 years in northwest
Bangladesh.

Table 6: Rotation and uses of different tree species in the cropland agroforest of southwest Bangladesh

Rotation period

Name of Species . B Uses

Minimum Maximum Average
Mangifera indica 7 25 17 Fruit, timber, fuel, fodder
Artocarpus heterophyllus 15 24 21 Fruit, timber, fodder
Zizyphus spp. 13 20 17 Fruit, fuel, fodder
Litchi chinensis 13 22 18 Fruit
Cocos nucifera Not fixed Not fixed Not fixed Fruit, fuel, construction
Phoenix sylvestris Not fixed Not fixed Not fixed Fruit, fuel
Borassus flabellifer Not fixed Not fixed Not fixed Fruit, fuel, construction
Areca catechu Not fixed Not fixed Not fixed Fruit, fuel, construction, boundary
Citrus limon Not fixed Not fixed Not fixed Fruit, fuel, fence, boundary
Swietenia macrophylla 10 20 16 Timber, furniture, construction
Dalbergia sissoo 12 19 16 Timber, furniture
Melia azadirachta 11 17 14 Timber, fuel
Acacia auriculiformis 8 16 13 Timber
Khaya anthotheca 9 16 13 Timber, industrial use
Eucalyptus camaldulensis 7 15 13 Paper and pulp, pole, timber
Azadirachta indica 14 21 17 Timber, construction, medicinal
Albizia saman 6 13 8 Fuel, timber, fuel
Albizia rechardiana 6 13 11 Fuel, timber
Acacia nilotica 7 15 12 Fuel, timber, fodder
Leucaena leucocephala 5 14 9 Fodder, fuel, timber

Problems in practicing cropland agroforestry

Pest and insect attack were the major problems, followed by
cattle, shade and root competition in cropland agroforestry in
southwest Bangladesh. A small portion of the respondents also
identified theft, flood and leaf toxicity as problems (Table 7). A
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small proportion (15.4%) of respondents reported less production
in their cropland agroforests than in traditional farming. Chow-
dhury and Satter (1992) reported that crop yields declined when
trees were grown in association with crops.
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Table 7: Problems of practicing cropland agroforestry in southwest

Bangladesh
Types Respondent (%)
Pest and insect attack 57.3
Cattle 43.4
Shade 349
Root competition 22.2
Theft 19.8
Flood 17.1
Less production 15.4
Leaf toxicity 45
No problem 14.5

Note: Results are multiple responses from the respondents.

Conclusion

The practice of cropland agroforestry started in southwest Bang-
ladesh from the initiative of local people who continue to devel-
op agroforestry through self motivation.
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Appendix 1: List of agricultural crops in the cropland agroforests in southwestern Bangladesh
Types English name Scientific name Family Types English name Scientific name Family
Cereal crops  Paddy Oryzae sativa Graminae Climber Pumpkin Cucurbita maxima Cucurbitaceae
Wheat Triticum aestivum Poaceae vegetables Balsam apple Momordica charantia Cucurbitaceae
Maize Zea mays Poaceae Ridge gourd Luffa cylindrica Cucurbitaceae
Cash crops Jute Corchorus capsularis Tiliaceae Cucumber Cucumis sativus Cucurbitaceae
Sesame Sesamum indicum Pedaliaceae Green cucumber  Benincasa hispida Cucurbitaceae
Sugarcane Saccharum officinarum Poaceae Sweet bitter gourd Momordica cochinchinensis ~ Cucurbitaceae
Cotton Gossypium herbaceum Malvaceae Asparagus bean Vigna unguicalata Leguminosae
Mustard Brassica campestris Brassicaceae Snake gourd Trichosanthes anguina Cucurbitaceae
Under ground Potato Solanum tuberosum Solanaceae Pulses Lentil Lens culinaris Leguminosae
vegetables Arum Colocasia esculenta Araceae Mung bean Vigna radiata Leguminosae
Arum(Man Alocasia indica Araceae Green pea Pisum sativum Leguminosae
Kachu)
Elephant  foot Amorphophallus campan- Araceae Grass pea Lathyrus sativum Leguminosae
yam ulatus
Mud potato Dioscorea alata Dioscoreaceae | Spices Green peeper Capsicum frutescens Solanaceae
Carrot Daucus carota Umbelliferae Turmeric Curcuma longa Zingiberaceae
Radish Raphanus sativus Cruciferae Onion Alium cepa Liliaceae
Turnip Brassica campestris Cruciferae Garlic Allium sativum Liliaceae
Above ground Brinjal Solanum melongena Solanaceae Aniseed Foeniculum vulgare Umbelliferae
vegetables Cabbage Brassica capitata Brassicaceae Coriander Coriandrum sativum Umbelliferae
Cauliflower Brassica botrytis Brassicaceae Ginger Zingiber officinale Zingiberaceae
Lady’s finger  Abelmoschus esculentus Malvaceae Flowers Rose Rosa centifolia Rosaceae
Tomato Lycopersicon esculentum  Solanaceae Gladiolus Gladiolus spp. Iridaceae
Kohlrabi Brassica gongyloides Brassicaceae Marie gold Tagetes patula Compositae
Leafy Red leafy Amaranthus tricolor Amaranthaceae Gerbera Gerbera aurantiaca Asteraceae
vegetables Amaranph Amaranthus lividus Amaranthaceae Tube rose Polianthes tuberosa Amaryllidaceae
Basil Basella alba Basellaceae Annuals Banana Musa spp. Musaceae
Spinach Spinacea oleraceae Chenopodiaceae || /Perennials Papaya Carica papaya Caricaceae
Climber Bean Lablab niger Leguminosae Bettle-leaf Piper betel Piperaceae
vegetables
Parble Trichosanthes dioica Cucurbitaceae Drum stick Moringa oleifera Moringaceae
Bottle gourd Lagenaria siceraria Cucurbitaceae
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LITTER PRODUCTION AND NUTRIENT RETURN THROUGH
LEAF LITTER OF SELECTED CROPLAND AGROFOREST TREE
SPECIES IN SOUTHWESTERN BANGLADESH

SUMMARY

Cropland agro forestry is an important production system in southwestern
Bangladesh. Swietenia macrophylla, Mangifera indica, Zizyphus jujuba, Litchi
chinensis, Albizia saman, Artocarpus heterophyllus, Azadirachta indica, Melia
azadirachta, Khaya anthotheca, Eucalyptus camaldulensis, Acacia auriculiformis
and Dalbergia sissoo are the common cropland agro forest tree species of this region
and have been selected for this study. This study focused on litter production and
estimation of nutrient return through leaf litter of the selected tree species. Five trees
of individual species with average Diameter at Breast Height were selected and
whole tree covering method was followed for the litter production experiment.
Significant (p<0.05) differences in rate of litter production were observed among the
studied tree species and M. azadirachta showed the highest rate (553 g/week)
followed by S. macrophylla (525 g/week). The nutrients (N, P and K) concentration
in leaf litter found to vary significantly (p<0.05) among the species. Highest
concentration of nitrogen (13 mg/g) was detected in the leaf litter of M. azadirachta
and highest concentration of phosphorus (8.70 mg/g) and potassium (43.61 mg/qg)
were observed for A. indica. The estimated highest amount of nitrogen (76 mg/kg),
phosphorus (58 mg/kg) and K (229 mg/kg) can be returned from leaf litter of K.
anthotheca, A. saman and A. indica respectively. Among the studied species, M.
azadirachta, A. indica, E. camaldulensis and D. sissoo can be recommended as
timber species; and M. indica and Z. jujuba can be recommended as fruit tree species
for the cropland agro forest in the southwestern Bangladesh.

Keywords: Agro forestry, Cropland, Leaf litter, Litter production, Nutrients

INTRODUCTION

Bangladesh is a developing country where agriculture is the major
economic activity (Zashimuddin 2004). About two-thirds of the total land area
has been used for agricultural production. This country has the highest (964 per
square kilometer) population density (BBS 2011) which results shrink of per
capita land holding. Presently, the land holding is 0.045 ha/person which was
0.12 ha/person during 1975 (Ericksen et al 1997). This shrinkage in land holding
exerts intense pressure on crop production and other types of land use. Farming
communities are trying by all means to increase the land productivity through the
application of chemical fertilizers, use of high yielding crop varieties which in

MD. HASANUZZAMAN, (corresponding author: hasanfwt@gmail.com), MAHMOOD
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turn impact on biodiversity (Hasanuzzaman et al 2006). Considering these
circumstances, cropland agro forestry practices have shown their ability to hold
sustainable agriculture and better environment as well (Dwivedi 1992, Ahmed
2001). Azadirachta indica (A. Juss.), Melia azadirachta (L.), Eucalyptus
camaldulensis (Dehnh.), Mangifera indica (L.), Artocarpus heterophyllus
(Lam.), Dalbergia sissoo (Roxb.), Albizia saman (F. Muell.), Litchi chinensis
(Sonn.), Zizyphus jujuba (Mill.), Swietenia macrophylla (King), Khaya
anthotheca (Welw.) and Acacia auriculiformis (A. Cunn. Ex Benth.) are the
common tree species in the cropland agro forests and other type of agro forests of
Bangladesh (Quddus 2001, Hasanuzzaman et al 2006, Zaman et al 2010, Alam et
al 2012). But, these tree species have been planted in different agro forests
without considering the issue of productivity, sustainability, environmental health
and nutrient cycling.

Plant uptake nutrients for their growth and development and a portion of
these nutrients are accumulated in plant body. Conversely, considerable amount
of nutrients are returned to the soil through litter fall. Litter (leaves, bark, needles
and twigs) improves the soil quality through adding the organic matter and
nutrients to the soil (Ngoran et al 2006, Mahmood and Hoque 2008, Mahmood et
al 2009, Traidiati et al 2011). Leaf litter is the main and quick source of organic
matter and nutrient to the soil compared to other parts of litter which is available
through the process of decomposition (Mason 1977, Park and Kang-Hyun 2003,
Mahmood et al 2011). Litter from different tree species is mostly used as fuel in
the developing countries like Bangladesh where majority people burn the litter as
fuel (Hasanuzzaman et al 2014). Litter falls normally in small quantities
throughout the year, but peak (up to 90%) fall was observed during the spring
and early summer periods with long days, higher air temperature, limited
availability of water, higher wind speed and lower air humidity (Rapp 1969,
Arianoutsou 1989, Mahmood and Hoque 2008, Sanches et al 2008, Triadiati et al
2011). However, no attempt has been taken to screen or prioritized the tree
species of the cropland agro forests and other types of agro forest on the basis of
nutrient return capacity in the South Asian region as well as in Bangladesh.
Therefore, this study aimed to prioritize the commonly planted tree species on
the basis of litter production and amount of nutrient (N, P and K) return through
litter fall. This finding will help to influence people in using leaf litter as manure
rather than fuel and prioritizing the potential tree species for sustainable cropland
agro forestry practices and other types of agro forestry practices in Bangladesh as
well as other countries in the world.

MATERIAL AND METHODS
Description of the study area
Bangladesh is located between 20°34'-26°3' N; and 88°01'-92°41' E and
bordered by the Bay of Bengal on the South and India on all other sides along
with small part of Myanmar. Southwestern Bangladesh is a low (<10 m above
mean sea level) flat, and fertile deltaic plain which is predominated by calcareous
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to noncalcareous alluvium soils (BBS 2004). Three districts (administrative unit)
i.e. Khulna, Jessore and Satkhira were selected from southwestern Bangladesh,
that lies between 22°44'-23°14" N and 89°01'-89°36' E. A tropical to subtropical
monsoon climate characterizes this region with three distinct seasons i.e. summer
(March—May), rainy (June—October), and winter (November—February). The
monthly average rainfall is 155 mm, the highest average rainfall (339 mm)
occurs during the month of June to September and the lowest average rainfall (16
mm) occurs in the month of November to February of the study area. January is
the coldest month and May is the warmest month of the years. The mean annual
temperature is 26 °C with a range of 22-31 °C (Kabir and Webb 2008). The
average relative humidity is the highest (86%-88%) during the month of July to
August and the lowest (72%-74%) during February to April.

Litter production

The total height (m) and DBH (Diameter at Breast Height) of S.
macrophylla, M. indica, Z. jujuba, L. chinensis, A. saman, A. heterophyllus, A.
indica, M. azadirachta, K. anthotheca, E. camaldulensis, A. auriculiformis and
D. sissoo in the cropland agro forests of the study area were measured. Five
individual of each species with average DBH were selected for litter production
experiment. Whole tree covering method of litter production (Brown 1984) was
followed for six months from November 2011 to April 2012 (end of dry month).
Litter was collected on weekly basis and the collected litter was sorted into
leaves, small branches, flowers, fruits and miscellaneous materials. The litter
parts were then oven dried and weighted. The weekly rate of litter production
was also calculated. Moreover, the length, width and leaf litter area of individual
species were measured by using a leaf area meter (C1-202, CID, Inc, Washington,
US.A).

Nutrients in leaf litter

The oven-dried leaf litter samples of individual species were grounded,
processed and acid digestion according to (Allen 1974). The digested sample
extracts were processed according to (Weatherburn 1967) and (Timothy et al
1984) to measure nitrogen and phosphorus concentration in sample extracts
respectively using UV-Visible Recording Spectrophotometer (U-2910,
HITACHI, Japan). Potassium concentration in sample extracts was also
measured by Flame photometer (PFP7, Jenway LTD, England). The amount of
nutrient in leaf litter was estimated from mass of leaf litter and the concentrations
of respective nutrients in leaf litter.

Statistical analysis

The weekly rate of litter production of the studied species were compared
by one-way analysis of variance (ANOVA) followed by DMRT (Duncan
Multiple Range Test) using SAS statistical software. The relationship among the
rate of litter production and climatic factors (rainfall and wind speed) were
evaluated by correlation analysis using SAS statistical software. Nutrients (N, P
and K) concentration in leaf litter of different tree species was compared by one-
way analysis of variance (ANOVA) using SAS statistical software.
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RESULTS AND DISCUSSION

Leaf morphology

The highest range of leaf litter length (12.80 to 30.30 cm) and width (3.70
to 12.20 cm) were observed for K. anthotheca and the lowest values for length
(2.20 to 6.10 cm) and width (1.30 to 3.50 cm) were measured for A. saman.
Highest area (92.40 cm®) of leaf litter was observed for K. anthotheca followed
by Mangifera indica (77.55 cm?), A. heterophyllus (59.93 cm?) and the lowest
(09.02 cm? was measured for A. saman (Table 1). The leaf morphology (size,
shape, area etc.) found to vary among the species and this variation attributed to
age, thickness of leaf and internal arrangement (midribs, margins, venations) of
leaf/leaflets as well as environmental conditions and adaptation to different
habitats (Cordell et al 1998, Lugo et al 2003, Lamers et al 2006).

Table 1 Leaf morphology of different cropland agro forest tree species in
Southwestern Bangladesh

Leaf/Leaflet

Range of leaf Range of Average | Average

Name of species | Leaf Types | length (cm) leaf width leaf oven-dry

(cm) area weight

(cm?) (9)

Khaya Compound | 12.80-30.30 | 3.70-12.20 | 92.40 1.02
anthotheca

mg;‘gfera Simple | 12.30-31.00 | 3.40-6.00 | 77.55 0.94

Artocarpus Simple 9.30-15.30 | 4.70-7.80 | 59.93 0.72
heterophyllus

Eucalyptus Simple 8.70-20.70 | 1.80-4.70 | 40.16 0.63
camaldulensis

Swietenia Simple 5.30-16.30 | 2.00-520 | 57.26 0.62
macrophylla

Zizyphus jujuba Simple 2.50-9.20 1.80-5.80 20.94 0.39

Acacia Compound | 11.90-18.30 | 1.80-3.70 | 34.90 0.32
auriculiformis

Litchi chinensis Simple 10.70-25.60 2.80-4.60 42.30 0.28

Dalbergia Compound | 2.90-7.70 | 1.70-650 | 1289 | 0.17
SISSO0
Azadirachta Simple 3.00-8.20 1.50-2.40 | 10.04 0.06
indica
Melia

; Compound 2.30-9.10 1.30-3.20 10.83 0.06
azadirachta
Albizia saman Compound 2.20-6.10 1.30-3.50 09.02 0.06

Litter production and nutrients in leaf litter
The amount of litter production, time period and duration of peak litter
production found to vary with species. The highest amount (9.43 kg) of litter



Litter production and nutrient return through leaf litter of selected cropland agroforest... 225

production was observed for K. anthotheca followed by S. macrophylla (8.94
kg), M. azadirachta (7.82 kg), while lowest amount (5.35 kg) was found for A.
saman (Figures 1 to 12). Significant (p<0.05) differences in rate of litter
production was observed among the studied species and M. azadirachta showed
the highest rate (553 g/week) of litter production followed by S. macrophylla
(525 g/week), K. anthotheca (361 g/week) and the lowest rate (263 g/week) was
reported for Z. jujuba (Figure 13). These variations in litter fall rates may be due
to the variation in leaf litter morphology, age and crown architecture of tree
species (Mahmood and Hoque 2008). It was identified that wind speed has
significant (p<0.05) positive relationship with litter production but rain fall
showed no significant (p>0.05) influence on it as the experiment was done during
the dry season (Table 2). This could be the reason for getting no significant
relationship among litter production and rainfall. However, Cornejo et al (1994);
Barajas-Guzman and Alvarez-Sanchez (2003); Cleveland et al (2004) and
Sanches et al (2008) reported that, rainfall and different climatic conditions
(temperature, water availability, wind speed, air humidity etc.) directly influence
the litter production dynamics. Among the litter parts, leaf litter contained the
highest proportion (95%) for A. indica followed by L. chinensis (94%), D. sissoo
(93%) and the lowest proportion (69%) was observed for K. anthotheca (Table
3). The proportion of litter parts found to vary and generally leaf litter contain
63% to 97% of total litter production which is species, age, size and site specific
(Arianoutsou 1989, Mahmood and Hoque 2008, Sanches et al 2008, Tripathi et
al 2009).

Table 2 Correlation among litter production, rainfall and wind speed

Name of species Wind speed _& litter Rainfall & litter
production production
Khaya anthotheca r=0.37,p=0.07 r=0.04,p=0.86
Mangifera indica r=0.50,p=0.01 r=0.10,p=0.64
Artocarpus heterophyllus r=0.33,p=0.17 r=0.16,p=0.33
Eucalyptus camaldulensis r=0.74, p=.027 r=0.22,p=0.46
Swietenia macrophylla r=0.49,p=0.04 r=0.10,p=0.70
Zizyphus jujuba r=0.50, p=0.02 r=0.07,p=0.75
Acacia auriculiformis r=0.69, p=0.04 r=0.09,p=0.70
Litchi chinensis r=0.16,p=0.44 r=-0.02, p=0.94
Dalbergia sissoo r=0.70,p=0.01 r=0.13,p=0.30
Azadirachta indica r=0.49, p=0.02 r=0.12,p=0.24
Melia azadirachta r=0.64, p=0.01 r=045p=0.11
Albizia saman r=0.62, p=0.02 r=0.20,p=0.39
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The nutrients (N, P and K) concentration in leaf litter varied significantly
(p<0.05) among the tree species. Highest nitrogen concentration (13 mg/g) was
recorded from leaf litter of M. azadirachta followed by E. camaldulensis (12.28
mg/g) and A. indica (12.15 mg/g). Highest phosphorus concentration (8.70 mg/g)
was detected from leaf litter of A. indica followed by A. saman (8.56 mg/g) and
M. azadirachta (8.50 mg/g). Highest potassium concentration (43.61 mg/g) was
observed in leaf litter of A. indica followed by M. azadirachta (39.53 mg/g) and
E. camaldulensis (37.23 mg/g) (Table 4). Irrespectively, highest amount (76
mg/kg) of nitrogen can be added from leaf litter of K. anthotheca followed by M.
azadirachta (72 mg/kg), E. camaldulensis (71 mg/kg). Highest amount (58
mg/kg) of phosphorus can be added from leaf litter of A. saman followed by M.
indica (53 mg/kg), M. azadirachta (47 mg/kg). Moreover, highest amount (229
mg/kg) of potassium can be added from leaf litter of A. indica followed by M.
azadirachta (219 mg/kg), E. camaldulensis (214 mg/kg) and the lowest amount
of 58 mg/kg can be added from A. saman. The variation in nutrients
concentration in the leaf litter of the studied species were found as the selected
tree species were from different families with varying nature of nitrogen fixing
capacity; rate of nutrient uptake and retranslocation; types of leaf shading
characteristics (i.e. evergreen, semi evergreen, deciduous, semi deciduous etc.);
growth and life form; characteristics of individual nutrients and soil
physiochemical characteristics (Elevitch and Wilkinson 1998, Mahmood and
Saberi 2007, Mahmood et al 2009, Ali et al 2013).

Table 3 Proportion (%) of litter parts of different cropland agro forest trees in
southwestern Bangladesh

Litter parts
. Leaf Small branches, | Flower | Fruits | Miscellaneo
Name of species litter <2cmin s (%) (%) | -us materials

(%) diameter (%) (%)
Khaya anthotheca 68.67 23.78 0.39 7.11 0.05
Swietenia 71.86 17.06 067 | 1032 | 0.06
macrophylla
Melia azadirachta 70.72 26.02 0.80 2.42 0.02
Artocarpus 88.75 4.95 159 | 457 0.12
heterophyllus
Mangifera indica 92.17 3.83 3.02 0.93 0.03
Eucalyptus
camaldulensis 83.05 8.53 2.50 5.29 0.17
Litchi chinensis 94.34 2.53 0.58 2.46 0.07
Dalbergia sissoo 93.34 2.90 1.55 2.14 0.04
Zizyphus jujuba 87.75 5.06 3.00 4.13 0.05
Acacia 88.76 4.62 236 | 4.17 0.06
auriculiformis
Azadirachta indica 95.32 2.88 0.79 0.96 0.02
Albizia saman 89.84 4.44 0.82 4.78 0.11
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The species specific variation in added amount of nutrients to soil may be
attributed to the variation of amount of leaf litter production and concentration of
respective nutrients in leaf litter. However, the estimated amount of nutrients can
be added to the soil through the complex process of leaf litter decomposition
(Mahmood and Hoque 2008). Among the studied species, M. azadirachta, A.
indica, E. camaldulensis and D. sissoo can be recommended as timber species,
and M. indica and Z. jujuba can be recommended as fruit tree species for the
cropland agro forests on the basis of litter production and possible amount of
nutrient return. Moreover, this priority list of species can be improved by
considering the local demand and end product of these species.

Table 4 Nutrients in leaf litter of cropland agro forest tree species in
southwestern Bangladesh

Nutrient concentration (mg/g) Amount of returnable

Name of nutrient (mg/kg)
Species N P K N P K
Melia

. 13.00+4.10 | 8.50+3.50 39.53£3.30 | 71.91 | 47.01 | 218.64
azadirachta
Eucalyptus

. | 12.28+1.60 | 8.10+1.10 | 37.23+1.30 | 70.53 | 46.52 | 213.81
camaldulensis

Azadirachta

indica 12.15+4.70 | 8.70+2.40 | 43.61+1.80 | 63.76 | 45.66 | 228.86

Albiziasaman | 12.00+2.40 | 8.56+5.10 | 33.15%2.10 | 57.74 | 57.74 | 57.74

Acacla | 49691360 | 2.6042.80 | 17.9741.20 | 61.13 | 13.37 | 92.40
auriculiformis
ﬂfgggus 11.8747.50 | 5.74+6.50 | 36.70+21.50 | 63.19 | 30.56 | 195.37
Khaya

11.6643.50 | 2.65+1.50 | 17.73+1.50 | 75.52 | 17.16 | 114.83
anthotheca
S:‘!gﬁrg'a 11.10+3.10 | 6.10+1.30 | 33.86+1.30 | 66.07 | 36.31 | 201.55
mgincg'fera 10.07+1.10 | 8.3942.90 | 31.20+1.50 | 64.22 | 53.54 | 198.97
Swietenia 9.0243.50 | 4.88+4.10 | 18.61+0.60 | 57.93 | 31.37 | 119.52
macrophylla
Artocarpus
heterophyllus | 7-82:380 | 131210 | 2464090 | 49.31 | 826 | 15537
Litchi

4.33+3.20 | 1.17+0.40 | 22.51+0.90 | 27.73 | 7.49 | 144.17

chinensis
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CONCLUSIONS

Litter can contributes a significant role in nutrient cycling and primary
productivity in any cropland agro forest ecosystem. On the contrary, different
high yielding varieties of agricultural crops have increased the indiscriminate use
of fertilizers in the croplands which leads the negative effect on the environment.
Therefore, species selection in cropland and other form of agro forest on the basis
of nutrient return can reduce the use of chemical fertilizer, which in turn
improves the soil quality and soil health.
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PRODUKCIJA STELJE | NADOKNADA HRANLJIVIH MATERIJA
KROZ LISNI OTPAD ODABRANIH AGROSUMARSKIH VRSTA U
JUGOZAPADNOM BANGLADESU

SAZETAK

AgroSumarstvo predstavlja vazan dio sistema proizvodnje u jugozapadnom
Bangladesu. Swietenia macrophylla, Mangifera indica, Zizyphus jujuba, Litchi
chinensis, Albizia saman, Artocarpus heterophyllus, Azadirachta indica, Melia
azadirachta, Khaya anthotheca, Eucalyptus camaldulensis, Acacia
auriculiformis i Dalbergia sissoo su karakteristi¢ne vrste drveca zastupljene u
ovom regionu i kao takve odabrane za naSe istrazivanje. Ova studija se bavi
proizvodnjom zelenog otpada i procjenom hranljivih materija kod lisnog
komposta (Sumske stelje) kod odredenih vrsta drveéa. Za eksperiment
proizvodnje otpada odabrano je pet vrsta drveca sa prosjecnim vrijednostima
precnika na prsnoj visini i primjenjena je metoda procjene kompletne biomase
drveta. UoCene su znacajne razlike (p<0.05) u proizvodnji organskih materija kod
razli¢itih vrsta drveca, tako da je najveca stopa zabiljezena kod M. azadirachta
(553 g/nedeljno), a odmabh slijedi S. macrophylla (525 g/nedeljno). Koncentracija
hranljivih materija (N, P i K) u lisnom otpadu znac¢ajno varira (p<0.05). Najveca
koncentracija azota (13 mg/ g) je pronadena kod lisnog otpada M. Azadirachta, a
najveca koncentracija fosfora (8.70 mg/g) i kalijuma (43.61 mg/g) su pronadene
kod A. indica. Izracunato je da najveca koli¢ina azota (76 mg/kg), fosfora (58
mg/kg) i K (229 mg/kg) moze da se nadoknadi iz lisnog otpada K. anthotheca, A.
Samana i A. Indica. Od ispitivanih vrsta, M. azadirachta, A. indica, E.
camaldulensis i D. sissoo se mogu preporuciti kao vrste drveca dok se M. Indica i
Z. jujuba se mogu preporuditi kao voéne vrste pogodne za agroSumarstvo u
jugozapadnom BangladeSu.

Kljucne rijeci: agroSumarstvo, njiva, lisni otpad, proizvodnja otpada,
proizvodnja hranljivih materija
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