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Abstract: To maximize the production in agroforestry system it is needed to explore the best possible tree-crop interactions. Therefore,
an experiment  was  conducted at  the Char  Kalibari  which  is  situated by the side of  Brahmaputra river adjacent to the  Bangladesh
Agricultural University, Mymensingh, during the period from 15 October 2012 to 15 February 2013 with the aim of evaluating the
growth performance of winter crop viz. Carrot (Daucus carota) grown under 3 years old Akashmoni tree saplings. The Experimental
design was 2 Factorial RCBD Design with three replications. The 1st factor was 4 different distances viz. 0 (open field), 0-1.5, 1.5-3 and
3-4.5 feet distant from tree sapling bases and the 2nd factor was 4 different fertilizer doses viz. RFD (Recommended Fertilizer Dose),
OM (Organic Manure), ½RFD+½OM, NF (Non Fertilizer). The plot is 150m x 8m were laid around the tree.   Different growth and
yield data were taken from the crop species.  The result showed that morphological characteristics (plant height, no. of leaves per plant,
leaf length, root length, root girth) of carrot were increased gradually in treatments where vegetable distance was more (T0>T3> T2> T1).
Similarly crop production was the highest value of yield was 28 t/ha at RFD in T0.  The lowest value of yield was 11.2 t/ha recorded
under NF in T0. Among different distance groups in association with Akashmoni yield of carrot was ranking as T 3 > T2 > T1 i.e. 3-4.5 ft
> 1.5-3 ft> 0-1.5 ft distances from tree base. Similar trend of variation was found all manure and fertilizer treatments. Total yield of
Carrot along with Akashmoni in RFD in T3, T2, T1 treatment were 27.16, 23.80 and 21 t/ha, respectively, in OM in T3, T2, T1 treatment
were 23.09, 20.23 and 17.85 t/ha, in  ½RFD+½OM in T3, T2, T1  treatment were 26.29, 23.09 and 20.37 t/ha and in NF in T3, T2, T1

treatment were 10.86, 9.52 and 8.4 t/ha. The growth characteristics of Akashmoni (Acacia auriculiformis) significantly influenced by
the interaction of the crops. Morphological parameters of carrot were affected significantly by distance from sapling. The longest tree
was recorded under the treatment open field which was statistically different from other treatments. In the view of tree height the better
tree-crop combination was found from tree-carrot because of the lower competition for nutrient, water and light.
Keywords: Carot, Akashmoni-Acacia auriculiformis, Intercropping, Agroforestry system.

Introduction
Bangladesh is one of the densely populated countries of
the  world  struggling  hard  to  feed  her  more  than  130
million people. Population had doubled in the last 30 years
and  population  density  is  now  806  persons  per  square
kilometer. About 30% of the total population live in rural
areas  and are directly dependent on agriculture for their
livelihood.  The  country  has  only  a  land  area  of  14.39
million hectares,  but to the over growing population per
capita land area is decreasing at an alarming rate of 0.005
ha/cap/year  since  1989 and  therefore,  steadily  declining
the land: man ratio. The current food deficit of around 2
million tons is like to be increased further with decreasing
land:  man  ratio.  Rather,  the  capacity  of  our  land  is
decreasing day by day due to intensive cropping and use
of high input technologies (Hossain and Bari, 1996).
Recently, some techniques have already been advocated to
overcome  the  future  challenges,  agroforestry  is  one  of
them. Agroforestry,  the integration  of  the tree,  crop and
vegetable  on  the  same  area  of  land  is  a  promising
production system for maximizing yield and maintaining
friendly  environment  (Nair,  1990).  In  agroforestry
systems,  trees  or  shrubs  are  intentionally  used  within
agricultural  systems,  or  non-timber  forest  products are
cultured in forest settings. Knowledge, careful selection of
species  and  good  management  of  trees  and  crops  are
needed  to  optimize  the  production  and  positive  effects
within the system and to minimize negative competitive
effects.
Agroforestry means many things to different people. It is
often  applied  to  the  integration  of  trees,  typically  one
species  grown for  timber,  with pasture;  but  it  may also
include more complex systems that  include trees with a
variety of crops,  both annual and perennial  species,  and
animals. 
Though agroforestry is an age-old practice in Bangladesh,
further  improvement  may  be  brought  for  harvesting

maximum  benefit  by  identification  of  appropriate  tree-
crop combination. Akashmoni (Acacia auriculiformis)  is
an important timber tree species that is grown all over the
country  for  its  wide  range  of  adaptability.  This  timber
species is deep rooted, large sized having spread canopy at
mature stage and contribute the major share of the timber
supply of the country. Besides, the excessive parts of the
tree are used as fuel wood, pole and other purposes.
On the other hand to meet farmer’s timber and fuel wood
demand  they  plant  huge  number  of  saplings  of  timber
species  in  their  cropland,  homestead,  and  other  fallow
lands  at  block  plantations,  row  plantation,  scattered
plantations,  etc.  Initially  the  saplings  are  small  and  it
requires wider spacing and it takes many years to generate
income. Farmers do not get immediate return from the tree
monoculture  area.  During  this  early  period  of  tree
establishment farmers can grow annual crops (vegetables)
at  the  base  area  and  surrounding  area  of  the  saplings.
Cultivation of vegetables can ensure optimizing use of our
land resources and ultimately increases our total yield. The
competition  between  vegetable  and  sapling  for  growth
resources such as light, water and nutrients are minimum
at  the  early  years  of  tree  establishment.  Traditionally,
farmers  grow  shade  loving  spices  and  vegetables  under
different  trees  in  their  cropland,  homesteads  and
surrounding areas. But for expanding this concept in wider
scales, other important winter vegetables should be tested
so that farmers can choose their desired understory crop
during  sapling  stages  of  timber  tree  species.  For
identifying the compatible vegetables should be screened
out in terms of their adaptability and yield.
In  Bangladesh,  a large no. of vegetables  is  cultivated in
winter  season.  Financial  returns  from  vegetables  the
production of most field crops (BBS, 1997).  Among the
different winter vegetables, carrot is the important winter
vegetables  in  Bangladesh.  Carrot  is  one  of  the  most
important carotene rich root crops. This vegetable is easily
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grown in the base of different trees (i.e. Akashmoni tree)
which can provide both wood and vegetable production.
In the view of proper utilization of homesteads or other
places and increased production of winter vegetables, the
present study was undertaken with the broad objective to
evaluate  the  performance  of  carrot  in  association  with
Akashmoni tree.  

Materials and Methods
This chapter deals with materials and methods that were
used  in  conducting  the  experiment.  It  includes  short
description  of  location  of  the  experimental  plot,
characteristics  of  soil,  climate,  materials  used  for  the
experiment etc. The details of the experiment, its methods
used are described below: 
Experimental  site  and  season:  The  experiment  was
carried out at Char Kalibari which is situated by the side of
Brahmaputra river adjacent to the Bangladesh Agricultural
University, Mymensingh during the period from 15 October
2012 to  15  February  2013.  The  place  is  geographically
located  at  about  24°75"  North  latitude  and  90°50'  East
longitude.
Tree  and plant  materials:  In this study the saplings of
Akashmoni (Acacia auriculiformis) and combination with one
crop. This is: Carrot (Daucus carota L.)
Tree  establishment  and management:  The study was
done under 3 year’s Akashmoni tree saplings. Then carrot was
grown around the Akashmoni tree as per design and treatment.
Experimental  design  and  treatment  combination:  The
Experimental design was laid out in a 2 Factorial Randomized
Complete Block Design (RCBD). The vegetable was carrot
grown around the Akashmoni tree in a 40×8 m². 1st factor was
four tree-crop distance treatments viz. T₀= Open field referred
to as control, T₁= 0-1.5 feet distance from the tree base, T₂=
1.5-3 feet distance from the tree base, T₃= 3-4.5 feet distance
from the tree base. 2nd factor was four fertilizer doses viz.
RFD= Recommended Fertilizer Dose, OM= Organic Manure,
½RFD+½OM= Half Recommended Fertilizer Dose + Half
Organic Manure, LF= Low Fertilizer.
Land preparation:  The experimental land was first
opened on  11 October,  2012 and the  operation was done
by spade. Then the land was fallow for few days.  All crop
residues and weeds were removed from the field and
finally the land was properly leveled.
Crop establishment and management:  Carrot seeds
are sown apart lines. After emergence, carrot was thinned
by maintaining 10 cm distance from plant to plant.
Intercultural  operation:  Different  intercultural
operations  viz.  irrigation,  weeding,  fertilization,  pest
control, removal of runner, net setting and mulching were
done  for  better  growth  of  strawberry  plants.  Irrigation,
weeding,  fertilization and pest  control  were  done it  was
required.
Harvesting:  Carrot  was harvested  at  120 days  after
sowing when the crop reached at edible size.
Method of data collection:  Plant  samples  of  Carrot  were
collected randomly from the respective plot and control
plot.  Twenty five carrot plants were selected from plot
for data collection. Data were collected at 30, 60, 90
and 1200 DAS at  30 days  intervals.  The parameters
under study were as plant height (cm), no. of leaves per
plant , length of leaves (cm), length of root (cm), diameter

of  root  (cm),  fresh  weight  of  carrot  (g),  dry  weight  of
carrot (g), yield of carrot (t/ha).
Statistical Analysis: The data on various growth and
yield contributing characters of tested vegetable was
statistically  analyzed  to  examine  the  significant
variation  of  the  results  due  to  different  parameters.
The  analysis  of  variance  for  each  of  the  character
under study was done by F (variance ratio) test for 2-
Factorial  RCBD  Design.  The  mean  differences  were
evaluated by Duncan’s New Multiple Range Test (DMRT)
(Gomez and Gomez, 1984).

Results and Discussion
Morphological features of carrot at 120 DAS significantly
influenced  by  Akashmoni  tree  but  it  were  prominent  in
very near the tree base as well as by different fertilizer and
manure treatments (Table 1a-1d). 
Effect of Recommended Fertilizer Dose
Plant  height:  Carrot  was  cultivated  under  different
distance from the tree. It grew more vigorously in the open
field  than  those  grew  close  distance  to  the  tree.  The
highest average plant height of Carrot was 76.20cm, found
in To(open field referred  as control).The second highest
average  plant  height of  Carrot  was  73.91cm,  found  in
T3(3-4.5 ft distance from the tree) and the lowest average
plant height of Carrot was 57.15cm, found in T1  ( 0-1.5ft
distance from the tree ) . Other lowest average plant height
of Carrot was 64.77cm, found in T2 (1.5-3 ft distance from
the tree) (Table 1.a).
No. of Leaves Plant-1: Different treatments had significant
effect on no. of leaves plant-1 of carrot. The result revealed
that  the  highest  no.  of  leaves  per  plant  (23.80)  was
produced  by  T0 (open  field  referred  as  control).  The
second  highest  no.  of  leaves  per  plant    (23.09)  was
produced under T3 (3-4.5 ft distance from the tree) and the
lowest result (17.85) was observed at T1 (0-1.5ft distance
from the tree) and 2nd lowest result (20.23) was observed at
T2 (1.5-3 ft distance from the tree (Table 1.a).
Leaf Length (cm): Leaf length of carrot was significantly
affected  by  different  distance,  where  largest  leaf  length
was obtained 21.50cm at T0 (which is referred as control).
Second largest leaf length was 20.86cm at T3  (3-4.5 feet
distance from trees). The lowest leaf length was 16.13cm
found in T1 (under 0-1.5 feet distance from trees).Second
lowest leaf length was 18.28cm at T2  (1.5-3 ft distance
from tree) (Table 1.a).
Root Length (cm): Root length of carrot was significantly
affected  by different  distance,  where  largest  root  length
was  obtained  121.10cm  at  T0 (which  is  referred  as
control). Second largest root length was 117.47cm at T3 (3-
4.5 feet distance from trees). The lowest root length was
90.83cm  found  in  T1  (under  0-1.5  feet  distance  from
trees).Second  lowest  root  length  was  102.94cm  at  T2

(1.5-3 ft distance from tree) (Table 1.a).
Root Girth (cm):  Root girth of carrot  was significantly
affected by different distance, where largest root girth was
obtained  11.39cm  at  T0 (which  is  referred  as  control).
Second largest  root  girth  was 11.05cm at  T3  (3-4.5  feet
distance from  trees).  The lowest  root  girth was 8.54cm
found in T1 (under 0-1.5 feet distance from trees).Second
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lowest  root  girth was  9.68cm  at  T2  (1.5-3  ft  distance
from tree) (Table 1.a).
Effect of Organic Manure
Plant  height:  Carrot  was  cultivated  under  different
distance from the tree. It grew more vigorously in the open
field  than  those  grew  close  distance  to  the  tree.  The
highest average plant height of Carrot was 64.77cm, found

in To(open field referred  as control).The second highest
average  plant  height of  Carrot  was  62.83cm,  found  in
T3(3-4.5 ft distance from the tree) and the lowest average
plant height of Carrot was 48.58cm, found in T1  ( 0-1.5ft
distance from the tree ) . Other lowest average plant height
of Carrot was 55.05cm, found in T2 (1.5-3 ft distance from
the tree) (Table 1.b).

No. of Leaves Plant-1: Different treatments had significant
effect on no. of leaves plant-1 of carrot. The result revealed
that  the  highest  no.  of  leaves  per  plant  (20.23)  was
produced  by  T0 (open  field  referred  as  control).  The
second  highest  no.  of  leaves  per  plant  (19.62)  was
produced under T3 (3-4.5 ft distance from the tree) and the
lowest result (15.17) was observed at T1 (0-1.5ft distance
from the tree) and 2nd lowest result (17.20) was observed at
T2 (1.5-3 ft distance from the tree (Table 1.b).
Leaf Length (cm): Leaf length of carrot was significantly
affected  by  different  distance,  where  largest  leaf  length
was obtained 18.28cm at T0 (which is referred as control).
Second largest leaf length was 17.73cm at T3  (3-4.5 feet
distance from trees). The lowest leaf length was 13.71cm
found in T1 (under 0-1.5 feet distance from trees).Second
lowest leaf length was 15.54cm at T2  (1.5-3 ft distance
from tree) (Table 1.b).
Root Length (cm): Root length of carrot was significantly
affected  by  different  distance,  where  largest  root  length
was  obtained  102.94cm  at  T0 (which  is  referred  as
control). Second largest root length was 99.85cm at T3 (3-
4.5 feet distance from trees). The lowest root length was
77.21cm  found  in  T1  (under  0-1.5  feet  distance  from
trees).Second lowest root length was 87.50cm at T2  (1.5-
3 ft distance from tree) (Table 1.b).

Root Girth (cm):  Root girth of carrot  was significantly
affected by different distance, where largest root girth was
obtained  9.68cm  at  T0 (which  is  referred  as  control).
Second  largest  root  girth  was  9.39cm at  T3  (3-4.5  feet
distance from  trees).  The lowest  root  girth was 7.26cm
found in T1 (under 0-1.5 feet distance from trees).Second
lowest  root  girth was  8.23cm  at  T2  (1.5-3  ft  distance
from tree) (Table 1.b).
Effect  of  ½RFD+½OM:  considering  all  parameters
almost  effet  was observed  with ½RFD+½OM  like  RFD
effect (Table 1c).
Effect of Non Fertilizer
Plant  height:  Carrot  was  cultivated  under  different
distance from the tree. It grew more vigorously in the open
field  than  those  grew  close  distance  to  the  tree.  The
highest average plant height of Carrot was 30.48cm, found
in To(open field referred  as control).The second highest
average  plant  height of  Carrot  was  29.57cm,  found  in
T3(3-4.5 ft distance from the tree) and the lowest average
plant height of Carrot was 22.86cm, found in T1  ( 0-1.5ft
distance from the tree). Other lowest average plant height
of Carrot was 25.91cm, found in T2 (1.5-3 ft distance from
the tree) (Table 1.d).
No. of Leaves Plant-1: Different treatments had significant
effect on no. of leaves plant-1 of carrot. The result revealed
that  the  highest  no.  of  leaves  per  plant  (14.28)  was
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produced  by  T0 (open  field  referred  as  control).  The
second  highest  no.  of  leaves  per  plant    (13.85)  was
produced under T3 (3-4.5 ft distance from the tree) and the
lowest result (10.71) was observed at T1 (0-1.5ft distance
from the tree) and 2nd lowest result (12.14) was observed at
T2 (1.5-3 ft distance from the tree (Table 1.d).
Leaf Length (cm): Leaf length of carrot was significantly
affected  by  different  distance,  where  largest  leaf  length
was obtained 12.90cm at T0 (which is referred as control).
Second largest leaf length was 12.51cm at T3  (3-4.5 feet
distance from trees). The lowest leaf length was 9.68cm
found in T1 (under 0-1.5 feet distance from trees).Second
lowest leaf length was 10.97cm at T2  (1.5-3 ft distance
from tree) (Table 1.d).
Root Length (cm): Root length of carrot was significantly
affected  by  different  distance,  where  largest  root  length
was obtained 72.66cm at T0 (which is referred as control).
Second largest root length was 70.48cm at T3  (3-4.5 feet
distance from trees). The lowest root length was 54.50cm
found in T1 (under 0-1.5 feet distance from trees).Second
lowest root length was 61.76cm at T2  (1.5-3 ft distance
from tree) (Table 1.d).
Root Girth (cm):  Root girth  of carrot  was significantly
affected by different distance, where largest root girth was
obtained  6.83cm  at  T0 (which  is  referred  as  control).
Second  largest  root  girth  was  6.63cm  at  T3  (3-4.5  feet
distance from  trees).  The lowest  root  girth was 5.12cm
found in T1 (under 0-1.5 feet distance from trees).Second
lowest  root  girth was  5.81cm  at  T2  (1.5-3  ft  distance
from tree) (Table 1.d).
Comparative  yield  of  carrot  using different  fertilizer
dose at different treatment:  The yield of carrot in RFD
(Recommended Fertilizer Dose) was always greater than
OM  (Organic  Manure),  ½RFD+½OM  and  NF  (Non
Fertilizer).  Similarly  yield  of  carrot  gradually  increased
with increasing distance from tree base, yield in T0  (Open
field referred as control) was always greater than T1  (<1.5
feet  distance  from the  tree),  T2  (1.5-3  ft  distance  from
tree) and  T3  T3  (3-4.5  feet  distance  from  the  tree).  The
highest  yield of carrot  was obtained in T0  in RFD is  28
t/ha, where  T0  in OM= 23.8 t/ha,  ½RFD+½OM = 27.16
t/ha and NF= 11.2 t/ha (Fig. 1). The second highest yield
of carrot in T3  in RFD was  27.16 t/ha, where  T3  in OM=
23.09 t/ha, ½RFD+½OM = 26.29 t/ha and NF= 10.86 t/ha.
Lowest yield in T1 in RFD was recorded 21 t/ha, where T1

in OM= 17.85 t/ha,  ½RFD+½OM = 20.37 t/ha and NF=
8.4 t/ha. Second highest yield in T2  in RFD was 23.8 t/ha,
where  T2 in OM= 20.23 t/ha,  ½RFD+½OM = 23.09 t/ha
and LF= 9.52 t/ha (Fig.1). Comparing the yield of carrot
produced  along  with  different  dose  not  same.  15-25%
yield reduced in different treatment along with Akashmoni
tree.  When  distances  were  diminishing,  yield  of  carrot
was  decreased.  Because  in  tree-crop  interaction,  crop

does  not  acceptance  proper  amount  of  sunlight,  air,
nutrient, and water etc. It  was noted that  yield  of carrot
per plant was expressively increased with the increase of
distance from sapling. Similar result also observed by Bari
and Rahim (2009) in Sisso and Lemon tree in association
with Carrot, Mallick et al. (2013) in strawberry along with
lohakat  tree,  Alam  et  al. (2012)  in  different  suumer
vegetables along with differents trees. 

Fig.  1. Comparative  yield  of  carrot  using  different
fertilizer dose at different treatment
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