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Abstract:  A performance study of BAU Kamranga–1 was conducted at different areas of northern region and BAU–GPC of Bangladesh
during the period from July 2009 to June 2013. The Palashbari, Gaibandha region registered the tallest plant (2.63, 4.65 and 5.66 m),
maximum leaves (726.80, 976.39, 1179.65 plant–1), maximum branches (20.73, 63.80 and 87.29 plant–1) and higher canopy volume (2.95,
3.79 and 4.86 m3) in 2010, 2011 and 2012, respectively than that of other areas including its released area. Shortest time at first (27.27, 26.99
and 28.42 days) and second (27.29, 26.75 and 27.56 days) seasons for fruit setting, maximum fruits/plant (8.56, 23.14 and 35.61), maximum
harvested fruits/plant (7.00, 20.33 and 31.28), maximum fresh fruits/plant (6.67, 19.33 and 29.16) and higher fruit yield/plant (0.36, 1.05 and
1.60 kg) were recorded in Palashbari, Gaibandha in 2010, 2011 and 2012, respectively.  From the above investigation, it was found that
BAU–GPC released BAU Kamranga–1 had highly adaptable under Palashbari area where the climatic factors, soil pH and other nutrient
content were more favourable for the cultivation of BAU Kamranga–1 than other area. So, Palashbari, Gaibandha area was the most suitable
for cultivation of BAU Kamranga–1. 
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Introduction
Carambola  (Averrhoa  carambola L.)  is  a  minor  fruit  in
Bangladesh  belonging  to  the  family  Oxalidaceae  (Bose
and Mitra, 2002) and its native was Malaysia or Indonesia
(Zewen and Dewet,  1982). It  is known in South-Eastern
Asia for thousands of years, was introduced to the USA by
a  Florida  nursery  over  95  years  ago.  In  Queensland,
Australia, it is grown for at least 100 years (George et al.,
1988) and is now one of the important and popular fruits
of  Southeast  Asian  countries.  The  total  fruit  production
scenario of Bangladesh in 2010-2011 is 43.85 thousand M
tons under the total  land area  is  about  347 thousand acre
where 12 thousand M tons of Kamranga fruits are produced
in 2010–11 in Bangladesh with an average area under 0.94
thousand acre (BBS, 2012). The fruit of carambola is a rich
source  of  reducing  sugars,  ascorbic  acid  and  minerals,
such  as  K,  Ca,  Mg and P (Haick,  1952).  Ripe  fruits  in
sweet form of carambola contain both oxalic acid (0.6%)
and malic acid (0.06%), whereas fruits of the sour form
contain only oxalic acid in quantities ranging from 1.0% in
unripe fruits to 0.5% in ripe ones. Samson (1986) stated
that the fruits contain several amino acids including serine,
glutamic acid and alanine. The vitamin C content is also
high (50 mg/100g) compared with orange. The fruits are
also used for preparing juice, preserves, jam, jelly, pickles
and  eaten  fresh  or  in  Salad.  In  Philippines,  the  ground
leaves  and  shoots  are  used  as  remedy for  chicken  pox,
intestinal  parasites  and  headaches  (Coronel,  1983).  The
star sections of fruit are used in fruit salads and cakes. The
fruits  have  a  wide  appeal  because  of  its  decorative
qualities (George  et al., 1988).  The carambola tree seems
to be used for bonsai.  In Bangladesh, temperature ranges
from 5oC to 28oC in winter and from 22oC to 40oC in the
summer in Bangladesh with the variation in rainfall from
1430 mm in the North and North-west to 4,338 mm in the
East and South-east (Rahim and Rahman, 2012). Besides,
Bangladesh is situated between 20.50-26.50 N latitude and
the soil are mostly loamy, porous and well aerated.  The
Northern  region  of  Bangladesh  is  highly  vulnerable  to
sandy  soil.  Local  people  informed  that  most  of  the
vegetation  including  fruit  plants  was  affected  by  sandy
soil.  In  that  case,  BAU  Germplasm  Centre  developed
some potential fruits varieties which have made suitable
for  greater  adoption  in  different  northern  regions  of
Bangladesh where sandy soil areas are rapidly increasing

through climate change effect (Rahim, 2012). Adaptability
of a species and its suitability to a site is indicated by its
frequency and growth.  The proper area  selection is very
essential  for  getting  good  yield  and  quality  of  fruits
varieties of Bangladesh. Hence, an attempt was made to
select the suitable area of northern regions of Bangladesh
for cultivation of BAU–GPC released Kamranga–1. 

Materials and Methods
The present study was conducted at different locations of
Northern region and BAU–GPC, Mymensingh, Bangladesh
during  the  period  from  July  2009  to  June  2013.  The
experiment  was  consisted  4  treatments  (locations)  where
three  upazillas  of  Northern  part  of  Bangladesh  namely
Palashbari,  Gaibandha,  Gaibandha  Sadar  and  Pirgonj,
Rangpur under the AEZ–2 and BAU–GPC, Mymenisngh
under the AEZ–9. BAU Kamranga–1 (Mistu) was used as
planting  materials  in  this  study  which  was  released  by
BAU, GPC. The whole experimental area was divided into
three  equal  plots  where  each  block  contains  each
replication. Similar design was also applied for each studied
areas  (treatments).  Thus  there  were  12  (treatments  4  ×
replication  3)  unit  plots  altogether  in  the  experiment.  A
distance of 4 m was maintained for both plant to plant and
line to line where replication to replication (block to block)
distance was 5 m.  Two to three (2-3)  years  sampling of
BAU Kamranga–1 were planted at September 2009. Land
prepared  by deep ploughing followed by harrowing and
leveling with a gentle slope for good drainage. Thereafter
one month before planting pit was prepared in 75-100 ×
75-100 × 75-100 cm3 sizes. Fertilizers @ 10-15 kg FYM,
750 g urea, 400 g TSP, 250 g MP, 250 g gypsum and 15 g
zinc sulphate were applied per plant in two split. Weeding
and soil loosening, irrigation, pruning, and disease and pest
management  operation  were  also  done  as  intercultural
operation for maximizing the yield. Fruit are best harvested
when  yellow  color  develops  in  the  furrow between  the
ridges and the ridges are green. The data were recorded on
plant height, leaves/plant, branches/plant, canopy volume
(m3), days to 100% flowering, days to fruit setting, total
fruits/plant,  harvested  fruits/plant,  fresh  fruits/plant  and
yield/plant  (kg). The  experiment  was  laid  out  in  single
factors with three replications while statistical  analysis of
the  data  were  done  by  RCBD method  and  means  were
adjudged by LAS at both 1 and 5% level of probability.
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Results
Plant height:  Plant height data of BAU Kamranga were
taken at 2010, 2011 and 2012 where analysis of variance
showed significantly variation due to  areas  of  the study
(Table 1). The tallest  plant (2.63, 4.65 and 5.66 m) was
found  in  Palashbari,  Gaibandha  followed  by  Gaibandha
Sadar (2.62, 4.44 and 5.45 m) in 2010, 2011 and 2012,
respectively.  In  contrast,  Pirgonj,  Rangpur  noted  the
shortest  plant  (2.50,  4.23  and  5.21  m)  at  those  stages,
respectively. 
Number of leaves/plant: Number of leaves/plant data had
significant  due  to  areas  of  the  studied  at  all  the  data
recording stages of 2010, 2011 and 2012 (Table 1). Among
the  studied  location,  Palashbari,  Gaibandha  produced
significantly the maximum leaves/plant  in 2010 (726.80),
2011 (976.39) and 2012 (1179.65) followed by Gaibandha
Sadar (705.30, 940.13 and 1143.39 in 2010, 2011 and 2012,
respectively). On the other hand, the minimum leaves/plant
in 2010 (682.65), 2011 (892.89) and 2012 (1091.15) were

found  under  Pirgonj  of  Rangpur  at  these  stages,
respectively. 
Number  of  branches/plant:  Analysis  of  variance  data
regarding branch production/plant at 2010, 2011 and 2012
had highly (P<0.01) significant due to areas or regional effect
in this study (Table 1 and Plate 1). From the Table 1 it was
found that the maximum number of branches/plant (20.73,
63.80 and 87.29) was recorded under Palashbari, Gaibandha
while  it  was  minimum  (17.64,  45.37  and  68.26)  under
Pirgonj, Rangpur in 2010, 2011 and 2012, respectively. 
Canopy volume:  Canopy volume of  BAU Kamranga–1
was also significantly influenced  by the studied  various
locations at  2010, 2011 and 2012 (Table 1  and Plate 1).
Observation  result  from the  Table  1,  it  was  found  that
Palashbari, Gaibandha showed the higher canopy volume
in  2010 (2.95  m3),  2011 (3.79  m3)  and  2012 (4.86  m3)
followed  by  Gaibandha  Sadar  in  2010  (2.69  m3),  2011
(3.47  m3)  and  2012  (4.36  m3).  Likewise,  Pingonj  of
Rangpur showed the minimum canopy volume (2.69, 3.47
and 4.36 m3) at those stages, respectively. 

Table 1. Main effect of different locations on plant height of BAU Kamranga at different days after planting during 2010-
2012

Location
Plant height (m) at

different DAP
Number of leaves/plant at

different DAP
Number of branches/plant

at different DAP
Canopy volume (m3) at

different DAP
2010 2011 2012 2010 2011 2012 2010 2011 2012 2010 2011 2012

BAU-GPC 2.55 4.41 5.37 690.00 915.39 1114.87 18.33 52.18 75.53 2.78 3.53 4.60
Palashbari of Gaibandha 2.63 4.65 5.66 726.80 976.39 1179.65 20.73 63.80 87.29 2.95 3.79 4.86
Gaibandha sadar 2.62 4.44 5.45 705.30 940.13 1143.39 19.67 51.75 75.24 2.85 3.69 4.68
Pirgonj of Rangpur 2.50 4.23 5.21 682.65 892.89 1091.15 17.64 45.37 68.26 2.69 3.47 4.36
LSD0.05 0.06 0.126 0.13 12.11 11.077 18.29 0.20 1.190 0.74 0.109 0.11 0.14
LSD0.01 0.10 0.191 0.19 18.34 16.774 27.69 0.30 1.802 1.12 0.166 0.17 0.21
Level of significance ** ** ** ** ** ** ** ** ** ** ** **

Plate 1. Photograph taken at 100% flowering stage of BAU Kamranga–1 in 2012

Days  to  flowering:  Days  to  100%  flowering  of  BAU
Kamranga  was  significantly  influenced  among  the  areas
(Table  2).  The  requiring  days  for  100%  flowering  had
maximum under Gaibandha Sadar in 2010 and 2012 (12.48
and  12.92  days,  respectively)  while  it  was  maximum in
2011 (12.36 days) under Palashbari, Gaibandha. Similalry,
BAU–GPC  requiring  the  minimum  time  in  2010  (10.25
days) while Pirgonj, Rangpur in 2011 and 2012 (10.37 and
10.87 days, respectively).
Days to fruit setting:  Days to fruit setting were counted
from  the  flower  initiation  whereas  analysis  of  variance
data  was  significantly  influenced  among  the  studied
locations in the year 2010, 2011 and 2012 (Table 2). The
requiring days for fruit setting varied from 30.96 to 36.20

days in 2010, 30.23 to 35.77 days in 2011 and 28.48 to
33.09  days  in  2012  whereas  Palashbari,  Gaibandha
requiring the longest  and Pirgonj,  Rangpur requiring the
shortest time for fruit setting. 
Number  of  fruits/plant:  Number  of  fruits/plant  had
significant due to location in this study (Table 2 Plate 2).
Number of fruits/plant of BAU Kamranga–1 varied from
2.29 to 8.56 in 2010, 9.33 to 23.14 in 2011 and 14.66 to
35.61 in 2012 whereas Palashbari, Gaibandha recorded the
maximum  fruits  followed  by  Gaibandha  Sadar  (6.75,
17.87  and  28.01)  whle  Pirgonj,  Rangpur  produced
significantly  the  minimum  fruits  among  the  studied
location. 
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Number  of  harvested  fruits/plant:  Effect  of  locations
was  significantly  influenced  on  number  of  harvested
fruits/plant (Table 2 and Plate 2). From the Table 2, it was
appeared  that  the  maximum  number  of  harvested
fruits/plant  (7.00,  20.33  and  31.28)  was  obtained  under
Palashbari,  Gaibandha  whereas  it  was  minimum  (1.67,
7.67 and 12.29) under Pirgonj, Rangpur in 2010, 2011 and
2012, respectively. 
Number of fresh fruits/plant:  The ranges of fresh fruits
plant–1 were 1.33 to 6.67 in 2010, 5.67 to 19.33 in 2011

and  10.34  to  29.16  in  2012  where  significantly  the
maximum number of fruits/plant was found in Palashbari,
Gaibandha and minimum in Pirgonj,  Rangpur during the
study (Table 2 and Plate 2). Among other locations, BAU–
GPC obtained the average number of fresh fruits of 3.33,
9.00 and 14.22 in 2010, 2011 and 2012, respectively while
Gaibandha  Sadar  produced  5.33,  13.33  and  21.87  fresh
fruits plant–1 in those years, respectively.

Table 2. Main effect of different locations on number of branches plant–1 of BAU Kamranga at different days after planting
during 2010-2012

Location
Days to 100%

flowering
Days to fruit

setting
Number of
fruits/plant

Number of harvested
fruits/plant

Number of fresh
fruits/plant

Yield
(kg plant–1)

2010
BAU-GPC 10.25 33.85 4.14 3.67 3.33 0.18
Palashbari of Gaibandha 11.45 30.96 8.56 7.00 6.67 0.36
Gaibandha sadar 12.48 32.15 6.75 5.67 5.33 0.29
Pirgonj of Rangpur 11.33 36.20 2.29 1.67 1.33 0.08
LSD0.05 0.18 1.30 0.27 0.56 0.37 0.06
LSD0.01 0.27 1.97 0.41 0.84 0.56 0.10
Level of significance 0.01 0.01 0.01 0.01 0.01 0.01

2011
BAU-GPC 12.22 33.45 11.10 10.67 9.00 0.54
Palashbari of Gaibandha 12.36 30.23 23.14 20.33 19.33 1.05
Gaibandha sadar 11.87 32.47 17.87 15.67 13.33 0.80
Pirgonj of Rangpur 10.37 35.77 9.33 7.67 5.67 0.36
LSD0.05 0.14 0.442 1.100 1.046 1.180 0.063
LSD0.01 0.21 0.670 1.665 1.583 1.787 0.096
Level of significance 0.01 0.01 0.01 0.01 0.01 0.01

2012
BAU-GPC 11.37 32.12 18.36 15.89 14.22 0.80
Palashbari of Gaibandha 12.05 28.48 35.61 31.28 29.16 1.60
Gaibandha sadar 12.92 30.33 28.01 24.24 21.87 1.22
Pirgonj of Rangpur 10.87 33.09 14.66 12.29 10.34 0.59
LSD0.05 0.11 0.84 0.90 1.10 0.90 0.20
LSD0.01 0.17 1.27 1.37 1.67 1.37 0.30
Level of significance 0.01 0.01 0.01 0.01 0.01 0.01

Plate 2. Photograph showing the mature fruits during harvest in 2012

Fruit  yield:  Fruit  yield  of  BAU  Kamranga–1  was
significantly influenced by the studied different locations
during the study (Table 2) whereas fruit yield varied from
0.08 to 0.36 kg/plant in 2010, 0.36 to 1.05 kg/plant in 2011
and  0.59  to  1.60  kg/plant  in  2012  under  the  locations
Pingonj, Rangpur and Palashbari, Gaibandha, respectively.
Among  other  studied  locations,  the  area  of  Gaibandha
Sadar and BAU–GPC obtained the statistically significant
fruit yield while it’s ranked second (0.29, 0.80 and 1.22
kg/plant)  and  third  (0.18,  0.54  and  0.80  kg/plant),
respectively regarding fruit yield.

Discussion
The  present  study  was  undertaken  to  find  out  the  most
suitable area  regarding better  growth  and higher  yield of
BAU  Kamranga–1  (Misti).  The  data  on  morpho–
physiology, yield and yield attributing affected significantly
and  significantly  increased  with  the  advancement  of  the
study  due  to  locations  where  all  the  data  had  highly
significant  under  Palashbari,  Gaibandha  and  lower  under
Pirgonj,  Rangpur.  Among  the  morphological  characters-
plant  height,  leaves/plant,  branches/plant  and  canopy
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volume had higher under Palashbari, Gaibandha. Palashbari,
Gaibandha also registered the minimum time for flowering
and fruit setting; maximum total, harvested fruits and fresh
fruits  and  fruit  yield  during  the  study.  Field  experiment
conducted  by  Islam  et  al.  (2013)  in  the  Haor  area  of
Bangladesh  with  27  fruit  species  and  in  three  southern
districts  (Bhola,  Borguna  and  Patuakhali)  of  Bangladesh
also  found  significant  variation  among  the  locations.
Goenaga (2007) also conducted a study on how carambola
(Averrhoa  carambola)  cultivars  in  various  agro-
environments where nine carambola cultivars grown on an
Oxisol,  an  Ultisol,  and  a  Mollisol  were  evaluated  under
intensive management at Isabela, Corozal, and Juana Dıaz,
PR, respectively who also found variation in morphological
and  yield  attributing  characters  due  diverse  agro-
environments.  Fuentes  et  al.  (2007)  also  studied  about
Characterization  of  the  quality  of  fruits  of  star  fruit
(Averrhoa  carambola L.)  cultivars  in  Tabasco,  Mexico.
Similarly, Milan and Osman (2007), Rahman et al. (2007)
observed in their experiment in Kluang, Johor based on the
number of fruits and total weight of fruits harvested, while
plant morphology, fruit weight, fruit length, fruit width and
number of seeds per fruit and other characters statistically
significant. Gonzalez et al. (2003) conducted an experiment
on the physical, chemical and physiological characteristics
of carambola adapted to the Colombian Amazonian foothills
conditions.  Hernandez-Delgado  and  Galan–Sauco  (2003)
also  found  carambola  cultivars  suitable  in  the  Canary
Islands.  The  cultivars  recommended  under  the  Canary
Island  warm  climatic  conditions  are  B-17  and  Sri
Kembangan (short-style types), and Arkin (long-style type).
Luthfur  Rahman et  al.  (2003)  also  conducted  a  field
experiment  on five genotypes  of  exotic carambola  at  the
RHRS, Akbarpur, Moulvibazar for two years where number
of fruits plant-1 was also significantly higher in AC0012 than
all the genotype.
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