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AND ITS CONTRIBUTING TRAITS IN SNAKE GOURD 
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2, S. PRAMANIK
3 

J. FERDOUSI
4 AND A. SATTAR

5 

Abstract  

A field experiment was conducted at Bangabandhu Sheikh Mujibur Rahman 

Agricultural University (BSMRAU), Bangladesh in the experimental field of 

Horticulture Department during August to November, 2019. The experiment was 

laid out in a Randomized Complete Block Design with three replications to 

evaluate the yield and yield contributing characters as well as to estimate the 

standard heterosis of eight snake gourd hybrids selected from twenty one hybrids 

generated through a 7 × 7 half diallel cross during 2018. The earliest fruit harvest 

was from the cross P2 × P6 (49.00 days) and the highest individual fruit weight 

was recorded in P2 × P6 (217.67g). The cross P2 × P6 (45.67) produced the 

maximum number of fruits per plant which was identical with the hybrid check 

‘Padma’ (44.0) and the cross P3 × P7 (45.33), followed by the cross P1 × P3 (38.67). 

The cross P2 × P6 registered significantly higher fruit yield (47.21 t/ha) than the 

standard hybrid check ‘Padma’ (33.79 t/ha) and other two check varieties of BU 

Chichinga-1 (31.12 t/ha) and BARI Chichinga-1 (21.90 t/ha). For early harvest 

the maximum  significant negative heterosis was recorded in the cross P2 × P6 (-

9.81%) followed by P2 × P3 and P4 × P7 (-6.13% for each cross) and for individual 

fruit weight the maximum positive heterosis was noticed in the cross P2 × P6 

(22.06%), whereas insignificant positive heterosis for number of fruits per plant 

was recorded in the crosses P2 × P6 (3.80%) and P3 × P7 (3.02%). The four hybrids 

P1 × P3, P2 × P3, P2 × P7, P4 × P6, P4 × P7 and P6 × P7 showed significant negative 

heterosis for fruit yield per hectare. The cross P2 × P6 had maximum significant 

positive heterosis for fruit length (19.50%), followed by P1 × P3 (11.87%) and 

BARI Chichinga-1 (10.17%), while the highest positive heterosis was found for 

fruit diameter in the cross P3 × P7 (34.84%) followed by BU Chichinga-1 (32.26%) 

and P2 × P6 (28.06%). The maximum significant positive heterosis was noticed for 

fruit flesh thickness in the cross P6 × P7 (32.07%), followed by P1 × P3, P2 × P3, P2 

× P6 and P4 × P6 (13.21% for all 4 crosses). P2 × P6 showed maximum positive 

traits like early fruit harvest, and maximum number of fruit/plant, fruit yield, fruit 

length, individual fruit weight and maximum duration of harvest. However, based 

on all the evaluated parameters and standard heterotic performance, the best F1 

combinations of P2 × P6, P1 × P3,  P3 × P7 and P6 × P7   may be tested through multi-

location trials for their stability and selection of best commercial hybrids. 

 

1Horticulture Research Centre, Bangladesh Agricultural Research Institute (BARI), 

Gazipur. 2Department of Horticulture, Bangabandhu Sheikh Mujibur Rahman Agricultural 

University (BSMRAU), Gazipur. 3Rice Farming Systems Division, Bangladesh Rice 

Research Institute (BRRI), Gazipur. 4Department of Horticulture, Sylhet Agricultural 

University (SAU), Sylhet. 5Horticulture Research Centre, BARI, Gazipur, Bangladesh. 
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Keywords: Snake gourd, Trichosanthes cucumerina var anguina, standard 

heterosis, F1 hybrids. 

Introduction 

Snake gourd [Trichsanthes cucumerina var. anguina (L.) Haines; 2n = 2x = 22], a 

member of the Cucurbitaceae family, is popularly known as ‘chichinga’ in 

Bangladesh, which is an important summer vegetable grown through the country. 

Snake gourd is thought to have originated in India or the Indo-Malayan region of 

tropical Asia (Adebooye, 2008). It is cultivated all across south and south-east 

Asian countries like India, Nepal, Bangladesh, Pakistan, Indonesia, Sri Lanka, 

Myanmar, Malaysia and China. It grows well round the year except extreme cold 

winter months because of its day neutral type of habit. This vegetable is regarded 

as nutrient-dense from a nutritional standpoint (Gopalan et al., 1982) and its soft 

fruits are eaten as edible vegetables, healthy complement to meals (Devi and 

Mariappan, 2013). About 140 types of winter and summer vegetables grow in 

Bangladesh. But there is an unequal distribution of these vegetables between 

winter and summer seasons. Typically, summer vegetables cover 48.14% of the 

total land area, while winter vegetables occupy 51.86% of the total area under 

vegetable cultivation (Anon., 2020). Production wise 56.29% of vegetables are 

produced in the winter and 43.71% in the summer (Anon., 2020).  

Only 4.58 million tonnes vegetables are produced in Bangladesh (Anon., 2020) 

against the requirement of 17.0-18.0 million tonnes. The vegetable requirement of 

our country is increasing day by day and is estimated to be 30.00 million tonnes 

by 2050 because the population is expected to reach 202 million people by 2050 

(https:// www .the world counts .com/populations/countries/bangladesh).  

Due to heterozygous nature of snake gourd and virtually obligatory outcrossing 

because of its monoecious nature, open-pollinated as well as hybrid varieties could 

be developed (Banik, 2003). In Bangladesh two improved open-pollinated snake 

gourd var.   BARI Chichinga-1 (Mondal et al., 2014)  and var. BU Chichinga-1 

(https://bsmrau.edu.bd /dres /varieties-released/bu-chichinga-1) have been 

released by Bangladesh Agricultural Research Institute (BARI) and Bangabandhu 

Sheikh Mujibur Rahman Agricultural University, respectively and  one hybrid 

snake gourd variety, namely ‘Padma’ (https://successfarmbd.com/product/hybrid–

snake–gourd–padma) has been developed by Lal Teer Private Seed Company. Due 

to lack of enough suitable snake varieties, farmers are mainly cultivating local 

varieties. Therefore, there is no alternative way but to develop high yielding 

improved as well hybrid varieties of snake gourd.  For getting new hybrids, it is 

important to evaluate the selected F1s with check varieties. Nowadays, heterosis 

breeding is one of the most effective tools to exploit the heterotic response for 

several traits (Ahmed, 2016). Hybrid vigour with the magnitude of individual yield 
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components may have an additive of synergistic effect on the final product. 

Heterosis can play a vital role in increasing the yield and quality of snake gourd. 

For developing superior varieties, it is necessary to improve the earliness and yield 

of snake gourd. This can be achieved through effective utilization of germplasm 

resources and integration of genomic tools to impart efficiency and pace to 

breeding processes (Banga, 2012). Exploitation of heterosis in crop plants is one 

of the most attractive achievements in boosting up the production and productivity 

of snake gourd. A comprehensive analysis of the combining ability involved in the 

inheritance of quantitative traits and in the phenomenon of heterosis is necessary 

for evaluation of various breeding procedures (Allard, 1960) for the development 

of hybrid varieties. The  experiment was therefore, carried out to study the 

performances of some selected hybrids and identify the best standard heterotic 

effect on selected hybrids of snake gourd in Bangladesh. 

Materials and Methods 

The experiment was carried out at the experimental farm of the Department of 

Horticulture, Bangabandhu Sheikh Mujibur Rahman Agricultural University, 

Gazipur, Bangladesh during August to November 2019. The location of the site is 

24.090N latitude and 90.260E longitude with an elevation of 8.2 m from sea level 

under agro-ecological zone AEZ-28.  Eight hybrids were selected based on their 

performance in terms of earliness and high yielding capacity, different horticultural 

traits, combining ability and heterobeltiosis from twenty one hybrids generated 

from the crossing performed in 7 x 7 half diallel fashion during 2018. The selected 

hybrids were P1 × P3, P2 × P3, P2 × P6, P2 × P7, P3 × P7, P4 × P6, P4 × P7, P6 × P7 and 

check varieties were also used, which were ‘Padma’ (hybrid) and two varieties, 

namely BARI Chichinga-1 (OP) and BU Chichinga-1 (OP). The hybrid variety 

‘Padma’ was used for working out standard heterosis of eight snake gourd hybrids 

and two check varieties, and BARI Chichinga-1 and BU Chichinga-1 were used 

for comparison of mean performances of eight hybrids under study. The diverse 

snake gourd genotypes viz., TC 01 (P1), TC 05 (P2), TC 24 (P3), TC 33 (P4), TC 

02 (P5), TC 46 (P6) and TC 53 (P7) were used as parents for developing the above 

eight snake gourd hybrid varieties. The experiment was laid out in a Randomized 

Complete Block Design (RCBD) with three replications. Fourteen days old 

seedlings were transplanted on 25 August 2019, in well prepared pits in an 

experimental plot. A total of 33 (11 × 3) unit plots were required, each measuring 

15 m × 1.5 m accommodating 10 plants in single row of 15.0 m in length  with row 

and plant spacing of 1.5 m and 1.5 m, respectively.  

Fertilizers were applied @ 5000-50-24-40-14-1.5-1.0 kg/ha of cowdung-N-P-K-

S-Zn-B according to Fertilizer Recommendation Guide (FRG (2012). The sources 

of N, P, K, S, Zn, and B were Urea, Triple Super Phosphate (TSP), Muriate of 
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Potash (MoP), Gypsum, Zinc Sulphate and  Boric Acid (Laboratory Grade). 

During the final land preparation, the entire amount of cowdung, P, S, Zn, B and 

one-third of K, as well as 1/3rd N and the remaining part of K and N were applied 

in four equal installments at 7, 21, 35 and 49 days after transplantation. The 

observations were recorded on days to 1st male flower opening, days to 1st female 

flower opening, node number of 1st male  flower, node number of 1st female  flower, 

main vine length (m), number of nodes on main vine, number of primary branches 

per plant, days to 1st harvest, duration of harvest, number of fruits per plant, fruit 

yield both per plant (kg) and per hectare (ton),  individual fruit weight (g), fruit 

length (cm), fruit diameter (cm), fruit flesh thickness (cm) and locules  per fruit. 

Statistical Analysis 

Estimation of standard heterosis 

Percent standard heterosis (S) for each character was calculated as follows: 

H (S) = 
F1̅̅̅̅ −CV̅̅ ̅̅

CV̅̅ ̅̅
 × 100, Where, F1 = Mean value of each hybrid and CV = Mean 

value of the check variety (standard variety) (Ene et al., 2019). Mean error variance 

from the combined analysis of variance of check variety and F1s were used for 

calculating the SE of difference. The mean values over replications were used for 

comparison. For standard heterosis, the difference between F1 and the check 

variety hybrid ‘Padma’ used for estimation of standard heterosis was taken into 

account crosswise. When the difference was greater than CD (critical difference), 

it was considered significant and vice versa. Critical difference (CD) = SE × t at 

5% and 1%. For analysis of means of different recorded characters, Statistix 10 

software was used and mean separation was done by Tukey’s honesty significant 

different test.   

Results and Discussion 

Analysis of variance for genotypes i.e. crosses and check varieties showed highly 

significant differences for the maximum number of characters studied (Table-

1).The evaluation of hybrids and estimates of percent standard heterosis observed 

in F1 generation over standard variety ‘Padma’ are presented in Tables 2a, 2b, 3a 

and 3b. 

  



  
 

 

HYBRID PERFORMANCE AND STANDARD HETEROSIS FOR YIELD 147 

T
a

b
le

 1
. 
A

n
a
ly

si
s 

o
f 

v
a
ri

a
n

ce
s 

fo
r 

tr
ea

tm
en

ts
 (

cr
o

ss
es

 a
n

d
 c

h
ec

k
 v

a
ri

et
ie

s)
 

S
o

u
rc

e 
o
f 

v
ar

ia
ti

o
n
 

 

D
eg

re
es

 

o
f 

F
re

ed
o

m
 

M
ea

n
 s

u
m

 s
q

u
ar

e 
(c

h
ar

ac
te

rs
) 

D
ay

s 
to

 

1
st
 m

al
e 

fl
o
w

er
 

o
p

en
in

g
 

D
ay

s 
to

 

1
st
 

fe
m

al
e 

fl
o
w

er
 

o
p

en
in

g
 

N
o

d
e 

n
u

m
b

er
 

at
 t

h
e 

1
st
 

m
al

e 

fl
o
w

er
 

in
it

ia
ti

o
n

 

N
o

d
e 

n
u

m
b

er
 a

t 

th
e 

1
st
 

fe
m

al
e 

fl
o
w

er
 

in
it

ia
ti

o
n

 

M
ai

n
 

v
in

e 

le
n

g
th

 

(m
) 

P
ri

m
ar

y
 

b
ra

n
ch

es
 

p
er

 p
la

n
t 

(n
o

.)
 

N
o

d
es

 

o
n

 m
ai

n
 

v
in

e 

(n
o

.)
 

D
ay

s 
to

 

1
st
 f

ru
it

 

h
ar

v
es

t 

D
u

ra
ti

o
n

 

o
f 

h
ar

v
es

t 

(d
ay

s)
 

R
ep

li
ca

ti
o
n
 

2
 

0
.6

4
 

1
.4

5
 

3
.8

5
 

2
.5

8
 

1
.3

2
 

0
.2

1
 

6
4

.4
8
 

4
.4

8
 

1
.0

9
 

T
re

at
m

en
t 

1
0
 

7
7
.6

1
*
*
 

3
.9

9
*
*
 

2
6

.1
4
*

*
 

6
.4

7
*
*
 

0
.2

9
 

0
.2

4
 

1
7

.8
8
*
 

7
.3

5
*
*
 

9
.2

7
*
*
 

E
rr

o
r 

2
0
 

2
.4

7
 

1
.0

9
 

1
.7

5
 

1
.2

 
0

.1
7
 

0
.2

4
 

7
.2

8
 

2
.2

5
 

1
.9

9
 

*
*

 S
ig

n
if

ic
an

t 
at

 1
%

 l
ev

el
, 
*
 S

ig
n

if
ic

an
t 

at
 5

%
 l

ev
el

 

T
a
b

le
 1

. 
C

o
n

ti
n

u
ed

 

S
o

u
rc

e 
o
f 

v
ar

ia
ti

o
n
 

d
.f

. 

M
ea

n
 s

u
m

 s
q

u
ar

e 
(c

h
ar

ac
te

rs
) 

In
d
iv

id
u

al
 

fr
u
it

 

w
ei

g
h
t 

(g
) 

F
ru

it
s 

p
er

 p
la

n
t 

(n
o

.)
 

F
ru

it
 y

ie
ld

 

p
er

 p
la

n
t 

(k
g

) 

F
ru

it
 y

ie
ld

 

(t
/h

a)
 

F
ru

it
 

le
n

g
th

 

(c
m

) 

F
ru

it
 

d
ia

m
et

er
 

(c
m

) 

F
ru

it
 F

le
sh

 

th
ic

k
n

es
s 

(c
m

) 

L
o

cu
le

s 

p
er

 p
la

n
t 

(n
o

.)
 

R
ep

li
ca

ti
o
n
 

2
 

6
0
.4

8
 

9
.3

 
0

.6
3
 

1
1

.6
3
 

3
.2

7
 

0
.0

0
4
 

0
.0

0
0
3
 

0
.0

 

T
re

at
m

en
t 

1
0
 

5
5
9
.8

9
*
*
 

1
4

1
.9

5
*

*
 

7
.0

8
*
*
 

1
3

0
.9

5
*

*
 

1
3

2
.8

1
*

*
 

0
.4

0
*
*
 

0
.0

1
1
*

*
 

0
.0

7
 

E
rr

o
r 

2
0
 

8
3
.2

1
 

3
.3

 
0

.1
6
 

3
.0

5
 

2
.4

7
 

0
.0

4
 

0
.0

0
1
 

0
.0

7
 

*
*

 S
ig

n
if

ic
an

t 
at

 1
%

 l
ev

el
, 
*
 S

ig
n

if
ic

an
t 

at
 5

%
 l

ev
el

. 

 
 



148 ISLAM et al. 

Performance of selected hybrids and check varieties 

Significant variability in the hybrids was observed for days to 1st male flower 

opening in the snake gourd (Table 2a.). The days to 1st male flower opening ranged 

from 28 to 45 days. All the crosses significantly showed early male flower opening 

compared to the check hybrid variety ‘Padma’ (45 days) except the cross P3 × P7 

(45 days) which was identical with ‘Padma’ for this trait. But the earliest male 

flower opening was recorded in the cross P2 × P7 (28 days) among the eight crosses. 

Moreover, the cross P2 × P7 was significantly earlier blooming than the varieties 

BARI Chichinga-1 and BU Chichinga-1. Ahsan et al. (2014) found some crosses 

SG06 × SG18 and SG10 × SG18 (71.66 days for each cross) in snake gourd, in 

which early male flower opened. These findings were different from the findings 

of present study that may be due to the genotypic variation. Banik (2003) reported 

that the crosses P2 × P3 and P2 × P4 exhibited the earliest male flower opening in 

snake gourd where the range of days to male flower opening were 39 days to 40 

days, which supports the present study. Among the hybrids under study a little 

difference was observed in days to 1st female flower opening, where the range of 

days to 1st female flowering was 40 to 44 days (Table 2a.). The earliest female 

flower opening was observed in the cross P4 × P7 (40.00 days) whereas, no 

significant difference was observed in 7 crosses along with BARI Chichinga-1 and 

BU Chichinga-1 and the check ‘Padma’ with regard to days to 1st female flowering. 

Days to 1st female flower opening in the range of 74 to 82 days was reported by 

Ahsan et al. (2014). The results vary with these reported findings, which may be 

due to environmental and genetic constitutes of the genotypes. The present 

findings supported the result of Banik (2003) who obtained days to female flower 

opening in the range of 38 days to 51 days. 

Significant variation was obtained in node number at the 1st male flower initiation 

which ranged from 7.67 to 16.00 (Table 2a.). The lowest node number at the 1st 

male flower initiation was noticed in the crosses P2 × P6 and P4 × P7 (7.67 for each 

cross) followed by P4 × P6 (8), P1 × P3 (8.33) and P2 × P3 (8.67). This is in 

agreement with the results of Ahsan et al. (2014) who recorded the node number 

for the 1st male flower opening in the range of 6.33 (SG-01 × SG-18)to16.00 (SG-

06 × SG-25). Banik (2003) reported a node number for 1st male flower opening in 

the range of 7.00to 13.00, which is in consonance with the result of the present 

investigation. Statistically significant variation was observed in snake gourd 

hybrids with regard to node number at the 1st female flower initiation which 

ranged from 15.00 to 19.67 (Table 2a.). The lowest node number at the 1st female 

flower initiation was recorded in P2 × P6 (15) followed by P2 × P3 (15.67). This is 

in consonance with the results of Ahsan et al. (2014) who reported that node 

number for the 1st female flower opening ranged from 15.66 (SG-10 × SG-06) to 

23.66 (SG-01 × SG-26). Banik (2003) recorded node number at the 1st female 
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flower initiation from 15.00 (P2× P6) to 25.33 (P2× P3), which is more or less close 

to the present investigation. 

Main vine length at last harvest did not differ significantly, however its range was 

from 5.73 to 6.78 m (Table 2a.). Ara et al. (2013) was also found wide variability 

in the vine length for snake gourd genotypes. Banik (2003) also found variation in 

the length of the vines among 15 crosses of snake gourd where the range of main 

vine length was from 4.45 to 6.15 m. In the crosses, the primary branches per plant 

varied from 4.33 to 5.17 (Table 2a.). Ahsan et al. (2014) was  found significant 

variation in the primary branches per plant for snake gourd genotypes, and it 

ranged from 7.33 to 11.33. In the crosses, nodes on the main vine significantly 

varied from one another and it ranged from 44.00 (P1 × P3) to 52.67 (P6 × P7) (Table 

2a.). Banik (2003) reported that nodes on the main vine varied from 33 to 44, which 

is lower than the present study. This variation might be due to the difference in 

plant materials. 

There was no remarkable difference found in the trial among the crosses (except 

P2 × P6) and two open pollinated varieties and check variety ‘Padma’ in respect of 

days to 1st harvest, and it ranged from 49 (P2 × P6) to 54 days (P4 × P6) but 

substantial difference was noticed between P2 × P6 and the hybrid check ‘Padma” 

(Table 2a.). Ara et al. (2013) reported that days to 1st harvest varied from 77-90 

days, which differs from the present study. There was a significant difference 

found with regard to the duration of harvest which ranged from 37 to 43 days 

(Table 2a.). Except P2 × P3 and P2 x P7 no significant difference was found among 

the 6 crosses, two OP varieties along with hybrid check ‘Padma’. However, the 

cross P2 × P6 (43 days) had the longest duration of harvest closely followed by P1 

× P3 (42 days).  Numerically the crosses P2 × P6 and P1 × P3 exhibited a longer 

duration of harvest than check variety ‘Padma' which is desirable.  

Significant differences were noticed in individual fruit weight  where individual 

fruit weight varied from 167.33 to 217.67g (Table 2b.). The cross P2 × P6 (217.67g) 

recorded the maximum individual fruit weight followed by BU Chichinga-1 

(194.00). Ahsan et al. (2014) recorded the highest individual fruit weight in SG-

04 × SG-26 (210g) and the lowest in SG-10 × SG-25 (110g). Banik (2003) reported 

that individual fruit weight ranged from 158.33 to 341.67g. These results are in 

line with the findings of Banik (2003) and close to the results of Ahsan et al. 

(2014). The number of fruits per plant ranged from 24.00 to 45.67 (Table 2b.), with 

the highest number of fruits per plant found in P2 × P6 (45.67) followed by Padma 

(44.00), and the lowest number of fruits per plant was recorded in P4 × P7 (24). 

Banik (2003) also  found fruit numbers per plant in snake gourd ranging from 9.0 

to 25.33, while Ahsan et al. (2014) reported the number of fruits per plant in snake 

gourd in the range of 14.66 to 51.66. The results of the present study corroborate 

the results of Ahsan et al. (2014) but the results were higher than Banik (2003). 
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This might be due to the difference in genetic constitution of plant material used 

in the reported experiment. 

The eight crosses and three checks differed significantly in respect of fruit yield 

per plant which ranged from 4.31 to 9.93 kg/plant (Table 2b.). The maximum fruit 

yield per plant was found in P2 × P6 cross (9.93 kg) followed by ‘Padma’ (7.86 kg), 

P3 × P7 (7.57 kg) and BU Chichinga-1 (7.23 kg) and the lowest fruit yield  in P4 × 

P7 (4.31 kg). Ahsan et al. (2014) found that the cross SG-10 × SG-25 had the 

highest fruit yield per plant (9.77 kg), while Banik (2003) was  found the fruit yield 

of hybrids in the range of 1.53 and 5.92 kg/ plant. The fruit yield per hectare 

differed significantly among the eight hybrids and three check varieties (Table 

2b.). The maximum fruit yield per hectare was recorded in the cross P2 × P6 (42.71 

t/ha) followed by ‘Padma’ (33.79 t/ha), P3 × P7 (32.57 t/ha) and BU Chichinga-1 

(31.12 t/ha). The hybrid P2 × P6 showed higher yield per hectare than all other 

check varieties, which makes the hybrid desirable for developing a new high 

yielding hybrid variety.  

Significant variation was noted for fruit length and diameter of various hybrids and 

check varieties of the snake gourd (Table 2b.). Fruit length ranged from 27.67 and 

47.00 cm. The maximum fruit length was observed in P2 × P6 cross (47.00 cm) 

closely followed by P1 × P3 (44.00 cm) and BARI Chichinga-1 (43.33 cm) whereas, 

the fruit diameter ranged from 3.10 to 4.18 cm and the highest fruit diameter was 

found P3 × P7 (4.18 cm) which was statistically similar to the rest of all hybrids 

except P1 × P3 (3.27 cm) The variety BU Chichinga-1 also gave identical fruit 

diameter  like other hybrids except P1 × P3 (3.27 cm). Ahsan et al. (2014) reported 

the highest length of fruit in hybrid combination of SG-04 × SG-26 (33.75 cm) and 

the lowest length in SG-10 × SG-18 (21.85 cm) and the highest fruit diameter was 

recorded in SG-18 × SG-01 (5.06 cm) and the lowest diameter (3.51 cm) in SG-10 

× SG-25. Banik (2003) was obtained the fruit length ranging from 24.67 to 40.00 

cm and fruit diameter ranging from 3.05 to 4.80 cm in snake gourd hybrids. The 

results of the present study regarding fruit length and diameter are more or less 

close to Banik (2003) and partially corroborate the findings of Ahsan et al. (2014). 

This may be due to the difference in genotypes or environmental conditions. Fruit 

flesh thickness also significantly varied among the hybrids and check varieties and 

it ranged from 0.50 to 0.70 cm (Table 2b.). The maximum fruit flesh thickness was 

observed in cross P6 × P7 (0.70 cm) whereas, it was the lowest in P3 × P7, BARI 

Chichinga-1, and BU Chichinga-1 (0.50 cm for each genotype). Fruit flesh 

thickness of most of the hybrids was higher than that of check varieties. Locule 

number per fruit did not differ significantly and it ranged from 2.7 to 3.3 (Table 

2b.). Most of the hybrids and check varieties contained three locules except P3 × 

P7 which gave 2.7 locules per fruit. 
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Magnitude of standard heterosis 

The estimation of percent standard heterosis observed in F1 generations over 

hybrid variety is presented in Tables 3a. and 3b. Hybrid var. Padma was mainly 

used as a check for hybrids to measure standard heterosis. All the crosses 

manifested earlier male flowering than the check variety ‘Padma’ and the negative 

standard heterosis ranged from -1.46 to -37.50% over check variety ‘Padma’ (Table 

3). The highest significant negative heterosis was observed in the cross P2 × P7 (-

37.50%) which was followed by P1 × P3 and P2 × P6 (-28.68% for each cross). 

Among the cross combinations, nine crosses had earlier female flowering than their 

check variety ‘Padma’ and the negative standard heterosis ranged from -1.53 to -

8.40% over check variety ‘Padma’ (Table 3a.). The maximum significant negative 

heterosis was observed in the cross P4 × P7 (-8.40%) which was followed by P6 × 

P7 (-6.11%) and P2 × P6 (-5.36%), indicating desirable combinations for early 

female flowering because the negative standard heterosis illustrates earlier female 

flowering. These negative heterosis with reference to days to male flower and 

female flower opening were also reported, Sonavane et al. (2013) in sponge gourd 

and Nagadevi et al. (2022) in ridge gourd. 

All the crosses except P3 × P7 showed significant negative standard heterosis for 

earlier node number at the 1st male flower initiation opening which ranged from -

4.19 to -52.06%. The cross combinations P2 × P6 and P4 × P7 (-52.06% for each cross) 

depicted the highest significant negative standard heterosis for the node number at 

the 1st female flower initiation opening which indicated earliness. These results are 

in conformity with the findings of Lodam et al. (2014), Bairwa et al. (2017) and 

Nagadevi et al. (2022) in ridge gourd. The standard heterosis varied from -8.14% to 

20.45% for node number at the 1st female flower initiation (Table 3a). However, the 

cross combination P2 × P6 (-8.14%) depicted the highest non-significant negative 

heterosis, followed by P2 × P3 (-4.04%). These results are not similar to the findings 

of Lodam et al. (2014), Bairwa et al. (2017), Nandhini et al. (2018) and Nagadevi et 

al. (2022) in ridge gourd because of different cucurbit crops. 

None of the cross combinations performed significant standard heterosis for main 

vine length (Table 3a.). However, the standard heterosis for main vine length 

ranged from -8.03 to 4.65%. These results are not similar to the findings of Devi 

et al. (2017) in snake gourd due to differences in plant genetic material (Table 3a.). 

In case of number of primary branches per plant, all the cross combinations showed 

non-significant negative standard heterosis and it ranged from -0.19 to -16.25% 

(Table 3a.). All the hybrids exhibited non-significant standard heterosis with 

regard to nodes on main vine. However, the range of positive standard heterosis 

for this trait was 0.68 to 8.22%.  
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All the cross combinations performed negative standard heterosis for days to 1st 

harvest compared to check hybrid variety ‘Padma’ and the range of negative 

heterosis was from -1.21 to -9.81% over the check varieties. The highest significant 

negative heterosis was observed in the cross P2 × P6 (-9.81%) which was followed 

by P2 × P3 and P4 × P7 (-6.13% for each cross), indicating desirable combinations 

for early fruit harvest. The negative heterosis for the 1st fruit harvest was also 

reported by Nagadevi et al. (2022) in ridge gourd. With regard to duration of 

harvest, two crosses P2 × P3 (-7.32%) and P2 × P7 (-9.76%) manifested significant 

negative standard heterosis, while non-significant positive standard heterosis range 

was 2.44 to 4.88% over check ‘Padma’ with regard to duration of harvest.  

Only one cross P2 × P6 showed significant positive standard heterosis for individual 

fruit weight and the positive heterosis range was 0.56 to 22.06% over check 

‘Padma’ (Table 3b.). Maximum positive standard heterosis was observed in the 

cross P2 × P6 (22.06%) for individual fruit weight. This result was comparable with 

the earlier findings reported by Nagadevi et al. (2022) in respect of individual fruit 

weight in ridge gourd. In case of number of fruits per plant, only two crosses P2 × 

P6 (3.80%) and P3 × P7 (3.02%) exhibited non-significant positive standard 

heterosis (Table 3b.). The results are not similar with those of Nagadevi et al. 

(2022) in ridge gourd. This dissimilarity may be due to variations in cucurbit crop. 

All the hybrids showed significant negative standard heterosis for fruit yield per 

plant except the cross P2 × P6 (26.34%) which depicted significant positive 

standard heterosis for that character desirable for the improvement of fruit yield 

per plant (Table 3b.). The same trend was also observed in the case of fruit yield 

per hectare. All hybrids showed significant negative standard heterosis for fruit 

yield per hectare except the cross P2 × P6 (26.40%) which showed significant 

positive standard heterosis for that character (Table 3b.). However, the cross P4 × 

P7 (-45.19%) showed the highest significant negative heterosis for fruit yield per 

hectare, followed by BARI Chichinga-1 (-35.19%) and P2 × P3 (-34.63%). The 

cross combination P2 × P6 exhibited significant positive standard heterosis over the 

check ‘Padma’, which is expected to increase fruit yield per hectare. The results 

were comparable with those of Nagadevi et al. (2022) in ridge gourd. 

Three cross combinations for fruit length and all cross combinations for fruit 

diameter showed a significant positive standard heterotic effect over the check 

variety ‘Padma’. The combination P2 × P6 had maximum positive standard 

heterosis for fruit length (19.50%), followed by P1 × P3 (11.87%) and BARI 

Chichinga-1 (10.17%), whereas for fruit diameter, the maximum positive heterosis 

was observed in the cross P3 × P7 (34.84%) followed by BU Chichinga-1 (32.26%), 

P2 × P6 (28.06%), P6 × P7 (28.06%), P4 × P6 (26.77%), P4 × P7 (26.77%), P2 × P7 

(24.84%) and P2 × P3 (17.74%) (Table 3b.). These findings are in consonance with 
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those of Hedau and Sirohi (2004) and Nagadevi et al. (2022) for fruit length in 

ridge gourd and with Nagadevi et al. (2022) in ridge gourd for that character. 

Among all the crosses, five hybrids, namely P1 × P3, P2 × P3, P2 × P6, P4 × P6 and 

P6 × P7 showed significant positive standard heterosis for fruit flesh thickness 

(Table 3b.). For fruit flesh thickness positive standard heterosis ranged from 7.55 

to 32.07% over check variety ‘Padma’ with the maximum significant positive 

heterosis was observed in the cross P6 × P7 (32.07%) followed by P1 × P3, P2 × P3, 

P2 × P6 and P4 × P6 (13.21% for each cross), which is desirable for enhancing fruit 

flesh thickness in snake gourd. Among all the crosses, only one hybrid P2 × P6 

(11.00%) depicted non-significant positive heterosis which is desirable. One 

hybrid P3 × P7 (-11.00%) exhibited non-significant negative standard heterosis for 

locules per fruit over ‘Padma’ (Table 3b.). The rest of the crosses showed no 

heterosis for this trait. 

Conclusion 

Standard heterosis studies can contribute to the development of high-yielding 

vegetable crops that would be of better quality than standard check varieties. 

Considering the above results and discussion of early flowering, duration of harvest, 

individual fruit weight, number of fruits per plant, fruit yield per hectare, fruit length 

and fruit diameter as well as percentage of standard heterosis analysis, the hybrids 

P1 × P3, P2 × P6, P3 × P7 and P6 × P7 showed the best performance compared to the 

commercial hybrid ‘Padma’, and other two check varieties of BARI Chichinga-1 

(OP) and BU Chichinga-1 (hybrid). Before recommendation for commercial 

exploitation, the above four hybrids, namely P1 × P3, P2 × P6, P3 × P7, and P6 × P7 

might be subjected to further evaluation through multi-location trials. 
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Abstract  

Two field experiments were carried out during two consecutive rabi (November-

March) seasons of 2016-17 and 2017-18 at the Horticulture Research Centre of 

the Bangladesh Agricultural Research Institute (BARI), Gazipur, to evaluate the 

effects of different levels of nitrogen pod yield and nutrient uptake by the crop 

French bean (Phaseolus vulgaris L.). The treatments consisted of five N levels (0, 

75, 100, 125 and 150 kg/ha) which were tested on two varieties (BARI Jharsheem-

1 and BARI Jharsheem-2). Both varieties of french bean took up the highest N, P 

and K from soil in presence of 125 kg N/ha. BARI Jharsheem-1 recorded the 

higher fresh pod yield at 150 kg/ha (19.48 t/ha), which was identical with the same 

variety at 125 kg/ha (19.27 t/ha), followed by BARI Jharsheem-2 at 150 kg/ha 

(18.08 t/ha). Therefore, farmers might be advocated to use the variety BARI 

Jharshim-1 & 2 and nitrogen @ 125 kg/ha with other nutrients of 40 -80 -10 -

1.98-0.84 kg/ha of P-K-S-Zn-B along with cowdung at 5 t/ha for french bean 

cultivation in Bangladesh. 

Keywords:  Cowdung, Chhiata soil series, French bean varieties, N, P & K uptake, 

Madhupur Tract. 

Introduction 

French bean (Phaseolus vulgaris L.), a member of the Fabaceae family, is an 

important leguminous vegetable across the world including Bangladesh.  It is also 

known as kidney bean, snap bean, common bean, haricot bean, tepary bean and 

bush bean, and in Bangladesh it is called Jharsheem.  It is used as vegetable when 

pods are immature and tender. The raw green pods of french bean is a good source 

of protein (1.83%), carbohydrate (6.97%), calcium (37 mg/100 g), iron (1.03 

mg/100 g), phosphorus (38 mg/100 g and vitamins (Vit. A-35 πg/100 g, Vit. C-

12.2 mg/100 g, Vit. K-14.4 πg/100 g and Vitamin B (Vit. B1-0.082 mg/100 g, B2-

0.104 mg/100 g and B3-0.734 mg/100 g) (Anonymous, 2021; Sharma et al., 2013). 

Genetic constitution of a variety makes a great contribution to growth, yield and 

pod quality of french bean. Improved varieties, in general, give higher yields if 

supplied with optimum amount of deficient nutrients and are grown under 
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favourable conditions (Farkade and Pawar, 2002). French bean, being a shy 

nodulator, responds well to the application of higher nitrogen for realizing higher 

yield potential (Kushwala, 1991). Its response to applied nitrogen is as high as 120 

kg/ha (Projapoti et al., 2004), 124 kg/ha (Rana et al., 1998) and even as high as 

180 kg/ha (Siddiqui, 2010). 

The growth and yield performance of a crop are a function of the status of soil 

nutrients (especially N) (Mengel et al., 2006). Yield increase may respond to 

additional N supply and increased N utilization efficiency for yield production. 

Physical and chemical availability of nutrients and plant physiological factors 

affect the rate of nutrient absorption in plants (Agele et al., 2008). Potential 

availability of nutrients for plant uptake is a function of its solubility in the growing 

media and its physical location in the root zone. 

Remobilization of nitrogen from photosynthesizing leaves can be stopped or 

reduced by supplemental nitrogen application. Nitrogen is critically deficient in 

most of the soils of Bangladesh. Practically, a number of research work was carried 

out on the effects of nitrogen on pod yield of french bean in Joydebpur condition, 

but there is a scarce information regarding  research work on the influence of 

nitrogen on nutrient uptake as well as fresh pod yield of this crop  in this area. The 

present study was, therefore, undertaken to find out the optimum nitrogen dose on 

nutrient uptake and fresh pod yield  of two varieties of french bean in Joydebpur 

condition.  

Materials and Methods 

Two field experiments were conducted during rabi season (November –March)  of 

2016-17 and 2017-18 at the Research Field of Horticulture Research Centre 

(HRC), Bangladesh Agricultural Research Institute (BARI), Gazipur which is 

located at 23º56′ N longitude and 90º24′ E Latitude at an altitude of 9 meter above 

the sea level.  The two years’ average of soil status for total N was 0.06 % and 

available P, S, Zn and B were 10.4, 16, 0.92 and 0.30 µg/g, respectively, and 

exchangeable K was 0.17 meq/100 g soil. The soil was clay loam, acidic (pH 6.0) 

and non- saline (EC 0.078 dS/m) in character. The research field belongs to 

Chhiata Soil Series under Modhupur Tract (AEZ-28). There were 10 treatment 

combinations comprising 5 levels of nitrogen, viz., 0.0,  75, 100, 125 and 150 kg/ha 

designated as N0 (control), N1, N2, N3 and N4, respectively and two varieties of 

French bean, namely BARI Jharsheem-1 and BARI Jharsheem -2 designated as V1 

and V2, respectively. 

The experiment was laid out in a randomized complete block design (RCBD) with 

three replications. The size of each plot was 3.0 × 1.0 m.   Autostin (@ 2.5 g/kg 

seed) treated seeds were sown by hand during second fortnight of November in 
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both years at a rate of two seeds/hill with a spacing of 25 x 10 cm. After 15 days 

after sowing (DAS) thinning was done keeping one healthy seedling/hill. Two 

hand weeding were done at 15 and 50 DAS. A uniform dose of P (40 kg/ha), K (80 

kg/ha), S (10 kg/ha), Zn (1.98 kg/ha), B (0.84 kg/ha), and cowdung (decomposed) 

(5 t/ha) was used in this experiment (FRG, 2012; Sen et al., 2010). The full dose 

of P, K, S, Zn, B, cowdung, and one-third of N as per treatment was applied during 

final land preparation and the rest half of N was top dressed in two equal 

installments between two rows at 20 and 35 DAS. The macro-nutrient contents of 

the applied decomposed cowdung were N (1.13%), P (0.48%), K (0.89%) and S 

(0.14%). The organic manure cowdung was applied to all plots.The source of N, 

P, K, S, Zn, and B were urea, TSP, MoP, gypsum, zinc sulphate (monohydrate) 

and boric acid (lab grade), respectively. In addition to pre-sowing irrigation, four 

additional irrigations were given to the crop. Tender green pods were picked out 

at regular intervals over 3-4 weeks from mid-January for recording plot-wise yield 

and a total of five pickings were done in both  years from each plot. Pods were 

harvested at regular intervals from the five tagged plants and pod number and 

weight were calculated. From each harvest ten pods were randomly selected and 

weighed.  

The   N, P and K concentration of plants (five plants sampled in each plot, dried in 

an oven at 5oC for 24 hours and ground) were determined  following micro-

Kjeldahl method for N (Jackson, 1973), by a Colorimetric Method for P and Flame 

Photometer Method for K Jackson, 1973).  The uptake values of N, P and K 

obtained by multiplying total per cent of nutrient content of plants with the 

corresponding total dry matter, expressed as kg/ha. Data were analyzed with the 

help of MSTAT-C computer package and mean comparisions were done by LSD 

test at 5% level of probability.  

Results and Discussion 

Effects of different levels of N on fresh pod yield of French bean varieties 

In 2016-17, BARI Jharsheem-1 treated with 150 kg N/ha (V1×N4) recorded the 

maximum green pod yield (19.53 t/ha) being identical with green pod yield 

produced by the same variety treated with 125 kg N/ha (V1×N3) (19.32 t/ha) (Table 

1) while, in case of BARI Jharsheem-2, application of N @ 150 kg/ha (V2×N4) 

produced the second maximum green pod yield (18.05 t/ha) that was identical with 

125 kg N/ha (V1×N3) (17.98 t/ha). In 2017-18, the highest green pod yield (19.42 

t/ha) was found from BARI Jharsheem-1 in combination with 150 kg N/ha (V1×N4) 

closely followed by the same variety combined with 125 kg N/ha (V1×N4) (19.21 

t/ha) and BARI Jharsheem-2 with 150 kg N/ha (V2×N4) (18.11 t/ha). 
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Table 1. Combined effects of varieties and nitrogen levels on fresh pod yield 

of french bean  

Treatment 
Green pod yield (t/ha) 

2016-17 2017-18 Mean 

V1×N0 5.78f 5.74f 5.76g 

V1×N1 12.09e 12.01e 12.05f 

V1×N2 15.80c 15.70c 15.75d 

V1×N3 19.32a 19.21ab 19.27ab 

V1×N4 19.53a 19.42a 19.48a 

V2×N0 4.29g 4.31g 4.30h 

V2×N1 11.57e 11.60e 11.58f 

V2×N2 14.17d 14.22d 14.19e 

V2×N3 17.98b 18.04b 18.01c 

V2×N4 18.05b 18.11ab 18.08c 

LSD (0.05) 1.13 1.31 1.22 

V1=BARI Jharsheem-1, V2 = BARI Jharsheem-2; N0 = 0 kg N/ha, N1=75 kg/ha, N2 = 100 

kg/ha, N3= 125 kg/ha and N4 = 150 kg/ha 

Considering mean data, the maximum green pod yield was obtained from BARI 

Jharsheem-1 combined with 150 kg N/ha (V1×N4) (19.48 t/ha) followed by the 

same variety with 125 kg N/ha (V1×N4) (19.27 t/ha). In case of BARI Jharsheem-

2, no significant difference was observed between 150 and 125 kg N/ha with 

regards to green pod yield per hectare.  Higher number as well as higher weight of 

green pods/plant (data were not presented) might have influenced  higher green 

pod yield at higher levels of N (125 and 150 kg N/ha). Both the varieties in both 

years gave the lowest green pod yield when  urea-N was not applied. These results 

are in agreement with Singh (2000) and Srinivas and Naik (1990) who recorded 

the maximum pod yield of French bean at 125 kg N/ha and 160 kg N/ha, 

respectively; the latter was identical with 120 kg N/ha. Siddiqui (2010) reported 

that BARI Jharsheem-1 gave the highest green pod yield of 16.38 t/ha at 150 kg 

N/ha. Rahman et al. (2018) observed  that BARI Jharsheem-2 (22.7 t/ha) gave 

higher yield than BARI Jharsheem-1(16.67 t/ha), when N @ 120 kg/ha was 

supplied. Shahid et al. (2015) obtained the highest pod yield from the application 

of 120 kg N/ha in french bean. 

Effects of different levels of N on N, P & K uptake by French bean varieties  

Both varieties of french bean showed differential response in uptake of N and 

K (Table 2). BARI Jharsheem -1 showed the  maximum N uptake in both years 
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(2016-17 and 2017-18) compared to BARI Jharsheem -2 while reverse was true 

for BARI Jharsheem -2 in 2016-17. No significant difference was found 

between two varieties of BARI developed Jharsheem with regard to P uptake. 

Higher nitrogen uptake was recorded by N3 (74.21 kg/ha in Y1 and 75.84 kg/ha 

in Y2) treatment which was statistically similar with N2 (70.58 and 72.60 kg/ha 

in Y1  andY2, respectively) and N4 (70.68 and 72.72 kg/ha in Y1  andY2, 

respectively)  Mean data revealed that higher N uptake (75.03 kg/ha) was 

recorded by N dose of 125 kg/ha (N3) followed by N4 (71.70 kg/ha) and N2 

(71.59 kg/ha). Phosphorous uptake was recorded maximum (31.69, 37.63 and 

32.63 kg/ha) in 125 kg/ha (N3) in Y1 and Y2 and mean data, respectively (Table 

2). Similarly, the application of N significantly influenced the plant to uptake 

K from soil. Significantly higher K uptake (40.82 and 41.12 kg/ha) was 

recorded in the treatment N3 in Y1 and Y2. The uptake trend was similar in mean 

data. However, the lowest N, P & K uptake was recorded for N0 (no nitrogen) 

in both years.  

The variety and nitrogen dose in combination put significant effect on uptake of 

N, P and K (Table 2). The maximum N uptake was observed in V1× N3 

combination (77.74 kg/ha in 2016-17, 74.39 kg/ha in 2017-18 and   mean 76.06 

kg/ha) which was closely followed by V1×N2, V1×N4, V2× N2 and V2×N3 in 2017-

18. In 2016-17, P uptake was recorded the highest (33.63 kg/ha) in V1×N3 closely 

followed by V2×N3 whereas, in 2017-18, P uptake was found maximum (32.15 

kg/ha) followed by V1×N3 (31.22 kg/ha). Considering two years’ average data, the 

maximum P uptake was demonstrated by V2×N3 (32.85 kg/ha) followed by V1×N3 

(32.42 kg/ha). 

In the first year, the K uptake was found highest in V2×N3 (40.67 kg/ha) closely 

followed by V1×N4 (37.23 kg/ha), next better uptake of K in V1×N3 (37.42 kg/ha). 

Whereas, in the second year maximum K uptake was recorded in V2×N3 (41.28 

kg/ha) combination closely followed by V1×N3 (40.96 kg/ha) combination and the 

same trend was also followed in mean data. Lower N, P & K uptake was recorded 

in V1×N0 and V2×N0 combinations in 2016-17 and 2017-18, respectively. 

Nutrient uptake increased significantly with the increasing rates of N up to 125 

kg/ha which was due to luxuriant crop growth, pod yield and yield attributes. 

These findings are supported by Prajapati et al. (2004) in French bean where N, 

P and K uptake increased with the increase of N rate up to 120 kg N/ha. Sultana 

et al. (2014) reported that N uptake increased with the increase of N up to a 

certain limit. AVRDC (1990) reported that French bean (bushy type) removed 

N, P and K at the rate of 80, 30 and 100 kg/ha from the soil for12 kg/ha fresh 

pod yield. 
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Table 2. Nutrient uptake of two varieties of French bean as influenced by nitrogen 

levels  

Variety/N 

treatment 

Nitrogen Phosphorous Potassium 

Y1 Y2 Mean Y1 Y2 Mean Y1 Y2 Mean 

Variety (V)         

V1 67.63a 64.24a 65.93 27.31 25.46 26.39 31.39a 35.77 33.58 

V2 66.96b 63.63b 65.30 27.05 26.11 26.58 35.49b 36.12 35.80 

LSD (0.05)     0.51 0.49 - ns ns - 1.10 ns - 

Nitrogen (N)         

N0 42.41c 43.10c 42.75 14.81c 14.99d 14.90 26.02d 26.28c 24.61 

N1 61.81b 63.81b 62.81 26.28b 26.48c 26.38 36.03c 36.55c 35.09 

N2 70.58a 72.60a 71.59 27.93b 29.04b 28.49 38.04b  38.41b 37.12 

N3 74.21a 75.84a 75.03 31.69a 32.63a 32.16 40.82a 41.12a 40.08 

N4 70.68a 72.72a 71.70 28.24b 29.27b 28.75 37.24bc 37.12bc 36.55 

LSD (0.05)    2.98 2.50 - 2.11 1.95 - 1.94 1.87 - 

Interaction (N×V)         

V1×N0 44.28c 42.72d 43.50 15.30d 14.74e 15.02 20.02d 26.15d 23.08 

V1×N1 66.29b 62.19c 64.24 27.02c 26.40d 26.71 31.71c 36.19bc 33.95 

V1×N2 74.84a 71.00ab 72.92 30.33b 27.37cd 28.85 33.85b 38.29b 36.07 

V1×N3 77.74a 74.39a 76.06 33.63a 31.22b 32.42 37.42b 40.96a 39.19 

V1×N4 74.99a 70.91b 72.95 30.27b 27.59cd 28.93 33.93b 37.25bc 35.59 

V2×N0 43.32c 42.10d 42.71 15.07d 14.87e 14.97 25.89a 26.41e 26.15 

V2×N1 65.32b 61.43c 63.38 26.34c 26.15d 26.25 35.87b 36.59cd 36.23 

V2×N2 74.43a 70.16b 72.29 29.98b 28.50c 39.24 37.78b 38.54c 38.16 

V2×N3 77.21a 74.04a 75.63 33.54a 32.15a 32.85 40.67a 41.28a 40.98 

V2×N4 74.54a 70.44b 72.49 30.34b 28.88c 29.61 37.23a 37.79cd 37.51 

LSD (0.05)      3.48 3.12 - 2.31 2.08 - 2.01 1.96 - 

V1=BARI Jharsheem-1, V2 = BARI Jharsheem-2 ; N0 = 0 kg N/ha, N1=75 kg/ha, N2 = 100 

kg/ha, N3= 125 kg/ha and N4 = 150 kg/ha; Y1 = 2016-17, Y2 = 2017-18 

Conclusion 

Application of nitrogen along with other nutrients increased nutrient uptake (N, P 

& K) and fresh pod yield of two french bean varieties, namely BARI Jharsheem-1 

and BARI Jharsheemm-2. Nitrogen applied @ 125 kg/ha recorded maximum 

uptake of N,P & P in both varieties.  BARI Jharsheem-1 treated with 150 kg N/ha 

gave maximum green pod yield (19.48 t/ha) being identical with the combination 

of 125 kg N/ha with the same variety (19.27 t/ha). BARI Jharshim-2 in 

combination with both 125 and 150 kg N/ha gave fair pod yield (18.01-18.08 t/ha) 

of both the varieties. Therefore, french bean fertilized at N @ 125 kg/ha with other 

nutrients might be recommended for securing sustainable green pod yield of this 

crop. 
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Abstract  

A field experiment was conducted at the Regional Agricultural Research Station, 

Jashore to investigate the effect of genotype and plant spacing on the growth, yield 

and profitability of dwarf yardlong bean over vine type during the period from 15 

March 2019 to 14 August 2019. The experiment consisted of two yardlong bean 

genotypes, namely VU (p)-01 (BARI Borboti-01) (vine type) and VU (d) Jas -02 

(dwarf type) and five levels of spacing viz., (i) 40 cm x 30 cm (ii) 40 cm x 40 cm, 

(iii) 50 cm x 40 cm (iv) 50 cm x 50 cm and (v) 60 cm x 60 cm. The factorial 

experiment was laid out in randomized complete block design with three 

replications. Complete harvesting of young pods took 152 days in vine type 

genotype, whereas, in dwarf genotype, that took 69 and 70 days from 1st and 2nd 

cultivation, respectively. In the case of dwarf type genotype, the data of plant 

height at different days after sowing (DAS), number of branches/plant at different 

DAS, canopy spread per plant at different DAS, days required to 1st flowering and 

50% flowering, days required to 1st and last harvesting, pod length and diameter 

were averaged over two times cultivation, but individual pod weight, weight of 

pods per plant and pod yield per hectare were sum up of two growing cycles. The 

obtained results showed that all the characters were markedly influenced by two 

genotypes at different spacing. In genotype VU (d) Jas-02, among spacing 

treatments significantly higher number of primary branches plant-1 (4.40 at 60 

DAS), canopy spread (54.86 cm at 60 DAS), pods plant-1 (39.61), pod length 

(34.90), pod diameter (9.27 mm), pod weight plant-1 (718.62 g) were recorded 

with wider spacing of 60 cm x 60 cm.  In this genotype, maximum plant height 

(65.82 cm at 60 DAS) and yield (31.50 t ha-1) were recorded with the closer 

spacing of 40 cm x 30 cm. In the genotype VU (p) -01, maximum number of 

canopy spread (81.63 cm at 140 DAS), pods plant-1 (23.30), pod length (54.36 

cm), pod diameter (8.13 mm), pod weight plant-1 (365.23 g) were recorded with 

wider spacing of 60 cm x 60 cm. Maximum plant height (415.92 cm at 140 DAS) 

and yield (15.69 t ha-1) were recorded with the closer spacing of 40 cm x 30 cm. 

The economic analysis revealed that, in the case of the VU (p) -01 genotype, the 

40 cm x 40 cm spacing gave the highest BCR of 1.42, whereas, in VU (d) Jas -02 

genotype, that narrower spacing accrued maximum BCR of 3.96. Considering the 

above findings the dwarf genotype [VU (d) Jas-02] with 40 cm x 30 cm plant 

spacing may be recommend for yardlong bean cultivation in Bangladesh. 

Keywords: Pod yield, Yardlong bean, vine type and dwarf type, Spacing, BCR. 
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Introduction 

Yardlong bean (Vigna unguiculata ssp. Sesquipedalis L.) of Fabaceae family is 

one of the most important leguminous tropical vegetable crops. It is also known as 

long-podded cowpea, Chinese long bean, bodi/boda (West Indies), daugok 

(China), pole sitao (Philippines), snake bean, pea bean, asparagus bean, body bean 

due to its long slender pods (Painginker et al., 2021).  In Bangladesh it is popularly 

known as ‘borboti’ grown throughout the country. Yard long bean is considered to 

be originated in Central Africa and widely distributed in India, Indonesia, 

Philippines and Sri Lanka including Bangladesh. According to Verdcourt (1970), 

cowpea has five sub- species, which are cylindrical, Sesquipedalis, dekindtiana, 

unguiculata and manensis. Among them, cylindrical, sesquipedalis and 

unguiculata are cultivated species, whereas dekindtiana and menensis are wild. It 

is highly self-pollinated, vigorous climbing annual, cultivated for its strikingly 

long draping pods which are used as vegetables. The fleshy pendulous pods which 

may be white, light green, dark green, brownish red or purple are usually harvested 

while they are immature and eaten as green vegetables (Resmi and 

Gopalakrishnan, 2001). The average temperature required for its optimum growth 

and development during the growth period is 20ºC to 30ºC and it prefers full 

sunshine during growth and development, whereas cloudy and rainy weather cause 

low yield due to poor fruit set and dropping of young pods (Painginkar et al., 2021). 

The pod production of yardlong bean in Bangladesh is much lower than in other 

Asian countries with a national average yield of 4.65 t ha-1 (Anon., 2022b). 

Bangladeshi farmers cultivated different local, BARI-released and other yardlong 

bean varieties of other organizations, which are low-yielding and trailing type. In 

yardlong bean, it is reported that two growth habit types exist well in forms of 

dwarf and climbing, and the latter takes longer time to commence its pod 

production than the former, but the latter is more common as a commercial crop 

(Nooprom and Santipracha, 2015). Traditional varieties (vine type) of yardlong 

beans are generally grown with the support of ‘A’ shaped structure and its 

preparation by long sticks made with bamboo slices or branches is laborious and 

costly. Besides, during early summer, high-speed wind poses a risk to its 

cultivation by breaking its staking sticks. In contrast, the dwarf yardlong bean is 

relatively a short duration photo insensitive crop which may be comparable to 

replacing the traditional ones, regarding the problem faced during its cultivation 

(Biswas, 2017).  So variety selection is one of the most important decisions for 

yard long bean cultivation. Plant breeders have produced its varieties to suit for 

every climate, garden site, and taste so that farmers must carefully select the certain 

yard long bean varieties in order to gain high productivities and easily grow in 

local areas. At present farmers of the country are cultivating dwarf yard longbean 

collecting seeds from different sources (Anon., 2020 & 2022a).  

Among the factors that affect yield and quality of yardlong bean, population or 

plant density is one most important elements. Suitable plant spacing can lead to 
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optimum yield whereas too high or low plant spacing could result in relatively 

lower yield and quality. Manjesh et al. (2019) opined that the actual yield of this 

crop is low due to following inappropriate spacing and mentioned that the plant 

density and arrangement of plants in a unit area greatly determines (i) resource 

utilization such as sunlight, nutrients and water (ii) the rate, extent of vegetative 

growth and development of crop (iii) yield components (iv) invasion of diseases 

and pests. The density of plant population changes the interception of light, canopy 

structure, dry matter production, and crop yield (Parwar et al., 2007). In addition, 

spacing has a significant influence on various growth parameters, yield, and yield 

attributing characters as well as different flowering behaviors of yardlong beans 

(Dandile et al., 2017).  The recommended spacing for cultivation of pole (vine) 

type yardlong bean is available in the literature. The spacing recommended by 

various authors/researchers for climbing yardlong bean ranges from 30 cm to 15 

cm between plants and 90 cm to 45 cm between rows (Painginkar et al., 2021; 

Manjesh et al., 2019). But it has not yet been determined which spacing is more 

suitable and profitable for dwarf yardlong bean cultivation. We get information 

from You Tube from a farmer’s interview that 45 cm x 25 cm or 45 cm x 20 cm 

spacing is suitable for dwarf yardlong bean cultivation (Anon, 2020 & 2022a). The 

plant spacing for dwarf yardlong bean cultivation appeared in Annual Research 

Reports of Horticulture Research Centre (HRC) generally ranges from 40 cm to 50 

cm between plants and 50 cm to 60 cm between rows (Anon., 2018 & 2019). Based 

on these conditions, five plant spacing viz., 40 cm x 30 cm, 40 cm x 40 cm, 50 cm 

x 40 cm, 50 cm x 50 cm and 60 cm x 60 cm are chosen for the experiment. 

From You Tube we come to know that cultivation of dwarf yardlong bean is 

profitable because no support/trellises are required for its cultivation like vine type 

yardlong bean (Anon., 2022a). Besides, it takes only 65-70 days for complete 

harvesting of young pods of dwarf yardlong bean whereas in case of trailing type, 

complete harvesting of young pod needs 120-150 days. Therefore, in the same 

areas of land where vine type is cultivated once for pod purpose, dwarf type is 

cultivated twice. In view of the above facts, the present investigation was carried 

out to determine the optimum plant spacing for better growth, pod yield and 

profitability of dwarf yard long bean in comparison to vine type. 

Materials and Methods 

The present experiment was conducted at the Regional Agricultural Research 

Station (RARS), Jashore, Bangladesh from March 15 to August 14, 2019. The 

experimental place was situated at 24°51′ N latitude and 89°22' E longitudes and 

15 m above sea level. The soil texture of the RARS, Jashore experimental site was 

classified as clay loam with 2.4 % organic matter and a pH of 7.0 (Islam et al., 

2017).  

To find out suitable genotype and spacing, two yardlong beans [VU (p)-01 (BARI 

Borboti-1) and VU (d) Jas-02] and five spacings (S1: 40 cm × 30 cm, S2: 40 cm × 
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40 cm, S3: 50 cm × 40 cm, S4: 50 cm × 50 cm, S5: 60 cm × 60 cm) were used as 

treatments. Two yardlong bean genotypes were designated as G1 = VU (p)-01 

(BARI Borboti-1) and G2 = VU (d) Jas-02. The genotype G1 was cultivated one 

time and G2 was cultivated two times for this experiment along with all spacing 

treatments in the same field. In case of climbing yardlong bean (G1 genotype) 

complete harvesting of young pods needed 152 days whereas complete harvesting 

of young pods of G2 genotype needed 69 days for the 1st time and 70 days for the 

2nd time. Therefore, two times cultivation of G2 genotype was possible in the same 

field within the same cropping period of G1 genotype. The duration of cultivation 

of G1 was from March 15 to August 14, 2019 (152 days). On the contrary, the 

duration of 1st cultivation of G2 was from 15 March 2019 to 23 May 2019 (70 days) 

and 2nd cultivation was from 01 June 2019 to 08 August 2019 (69 days). The 

factorial experiment was carried out in Randomized Complete Block Design 

(RCBD) with three replications. The unit plot was 6.0 m × 6.0 m (36 m2) in size 

with block to block distance of 1.0 m and plot to plot distance was 0.5 m. In total, 

there were 30 experimental plots. Thus, each unit plot accommodated 300, 225, 

180, 144, and 100 plants, respectively for each yardlong bean genotype. Seeds of 

yardlong bean genotypes were used as planting material. Seeds were soaked 

overnight in water before sowing to enhance germination. Also, seeds were treated 

with Provex-200 @ 2 g kg-1 of seeds before sowing.  Seeds were sown in rows 

according to the treatments by hand at 3 cm depth on 15 March 2019 (1st cultivation 

with G1 and G2) and 1st June 2019 (2nd cultivation with G2). Two seeds were placed 

per hole and the hole was covered with fine soil to ensure uniform germination. 

After a few days of germination, a single healthy plant was considered for 

cultivation and another plant was removed from the hole. Insecticide Proclaim® 

was applied @ 1 g L-1 3 times at an interval of 10 days starting soon after the advent 

of infestation to control bean pod borer Maruca vitrata (Fabricius). In addition, 

Bildor® was sprayed @ 2 ml L-1 3 times at an interval of 10 days to control bean 

aphids (Aphis fabae Scopoli). No fungicide was sprayed for this trial to control the 

fungal diseases. For G1, trellising was done 28 days after sowing and twigs were 

tied with stalks regular basis to maintain the proper growth of the plants.  

Detopping was done in the plants of G2 genotype  21 DAS to enhance the number 

of twigs and keep the plants in the dwarf stage to increase pod yield. Irrigation was 

given as per requirement and weeding was done when as necessary. The manures 

and fertilizers that were used (Cowdung: 5 t ha-1, Urea: 27 kg ha-1, TSP: 86 kg ha-

1, MoP: 31 kg ha-1, respectively) as suggested by Nahid (2018). The full amount of 

well-decomposed cowdung, triple super phosphate (TSP), ½ murate of potash 

(MoP) and 1/3 of urea were applied as basal doses during final land preparation 

and the rest 2/3 amount of the urea and ½ MoP were applied in two equal splits 

viz., 15 and 30 DAS for G2. In the case of G1, the rest 2/3 amount of the urea and 

½ MoP were applied in three equal splits viz., 30, 60 and 90 DAS. The application 

procedure of other maures and fertilizers was similar to the previous one. The Urea 

and MoP were mixed properly and applied around the individual plant maintaining 
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a safe distance from the main stem and immediately top dressed after each 

application.  

Data were gathered from inner plants within each row to avert border effects. Data 

are required on plant height, number of branches per plant and canopy spread per 

plant, days required to first and 50 % flowering, days required to first and last 

harvesting, pod length, pod diameter, number of pods per plant, individual pod 

length, weight of pods per plant and weight of pods per plot. Per hectare yield was 

calculated from plot yield.    In the case of G2, the data of plant height at different 

days after sowing (DAS), number of branches/plant at different DAS, canopy 

spread per plant at different DAS, days required to 1st flowering, days required to 

50% flowering, days required to 1st and last harvesting, pod length and pod 

diameter were averaged over two times cultivation, but individual pod weight, 

weight of pods per plant and pod yield per hectare were sum up of two growing 

cycles.  . Canopy spread was measured by calculating the canopy area in the north-

south and east-west directions of leaves and averaging both values to get the actual 

canopy spread.  

Recorded data were analyzed statistically using the GLIMMIX procedure of SAS 

and mean separation was done with Tukey’s HSD test at p ≤ 0.05 (SAS software 

Version 9.4, SAS Institute Inc, Cary, NC). Economic analysis was also done. 

Results and Discussion 

Effects of genotype and plant spacing on growth characters 

Plant height 

The combined effects of genotype and spacing were found to be significant for 

plant height at various days after sowing (DAS) (Table 1). Plant height at different 

DAS was found to be decreased with the increased plant spacing irrespective of 

the genotypes. In the case of genotype VU (p)-01, plant spacing of 40 x 30 cm 

produced significantly taller plants at 20  DAS (42.29 cm), 40 DAS  (143.37 cm) 

and 60 DAS (221.40 cm) than those of  the spacing of 50 cm x 40 cm (39.38 cm 

at 20 DAS, 137.01 cm at 40 DAS and 213.06 at 60 DAS), 50 cm x 50 cm (38.20 

cm at 20 DAS, 131.27 cm at 40 DAS 203.32 cm at 60 DAS) and  60 x 60 cm 

(37.21 cm at 20 DAS, 123.67 cm at 40 DAS and 192.38 cm at 60 DAS). No 

significant difference was found between 40 cm x 30 cm and 40 cm x 40 cm 

spacing in respect of plant height at different DAS in genotype VU (p)-01. Plant 

height of the genotype VU (p)-01 at 80, 100, 120 and 140 DAS were not analyzed. 

At these DAS, plant height was also decreased with the increase of plant spacing. 

In case of the genotype VU (d) Jas-02, similar result was found in spacing 

treatments with regard to plant height. The maximum plant height was found in 

the closer spacing of 40 cm x 30 cm (36.51 cm at 20 DAS, 66.85 cm at 40 DAS 

and 75.87 cm at 60 DAS) closely followed by 40 cm x 40 cm (36.04 cm at 20 

DAS, 66.51 cm at 40 DAS and 75.11 cm at 60 DAS) and the lowest plant height  
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was observed at the wider spacing of 60 cm x 60 cm (31.24 cm at 20 DAS, 56.40 

cm at 40 DAS and 65.82 at 60 DAS). There were no significant differences 

between 50 cm x 40 cm and 50 cm x 50 cm spacing in respect of plant height at 

different DAS (20, 40 and 60 days). This increase in plant height might be due to 

the greater competition for space and light, thereby forcing the plants to grow 

taller. Increase in the number of plants per unit area coupled with high plant to 

plant competition. Due to this, lower amount of light intercepted by a single plant 

resulting into increased inter nodal length and also under higher plant density there 

might be comparatively low solar interception through crop canopy and under 

increased inter and intra row spacing probably the reduced interplant competition 

for light might have resulted in such variation in plant height. Similar observations 

were also reported by Manjesh et al. (2019), Shrikanth et al. (2007) and Darwesh 

and Fayza (2012) and Moniruzzaman et al. (2002 & 2003) in yardlong bean (vine 

type), hyacinth bean, cowpea and lady’s finger, respectively. Manjesh et al. (2019) 

obtained the highest plant height (294.29 cm) at 45 DAS from the closer spacing 

of 45 cm x 30 cm spacing among eight spacing treatments (45 cm x 30 cm, 45 cm 

x 45 cm, 45 cm x 60 cm, 45 cm x 75 cm, 60 cm x 30 cm, 60 cm x 45 cm, 60 cm x 

60 cm, 60 cm x 75 cm). Anon., (2019) reported that plant height (25.07 cm at 20 

DAS, 56.81 cm at 40 DAS & 66.27 cm at 50 DAS) was observed in VU (d) Jas-

02 genotype at 50 cm x 40 cm spacing whereas plant height (26.23 cm at 20 DAS, 

160.17 cm at 20 DAS and 310.33 cm at 50 DAS) was recorded in VU (p)-01 (BARI 

Borboti-1) genotype at the same spacing. 

Number of branches per plant 

Main effect of genotype and plant spacing was found significant, but insignificant 

effect was found in combined effects of genotype and number of branches plant-1 

in respect of number of branches plant-1 (Table 2). The genotype VU (d) Jas-02 

recorded higher number of branches plant-1  (3.13 at 20 DAS, 4.54 at 40 DAS and 

4.78 at 60 DAS) than that of the genotype VU (p)-01 (1.42 at 20 DAS, 2.52 at 40 

DAS and 3.27 at 60 DAS). The genotype VU (p)-01 produced 4.92, 8.45, 12.64 

and 15.56 primary branches plant-1 at 80, 100, 120 and 140 DAS.  

Number of branches plant-1 was significantly influenced due to different levels of 

spacing. The number of branches plant-1 was increased with the decrease in plant 

density. The highest primary branches plant-1 (2.98 at 20 DAS, 3.92 at 40 DAS and 

4.40 at 60 DAS) were produced at the lowest plant density of 27778 plants ha-1 (60 

cm x 60 cm) and the lowest primary branches plant-1 (1.49 at 20 DAS, 2.95 at 40 

DAS and 3.68 at 60 DAS) were produced at the highest plant density of 83333 

plants ha-1 (45×30 cm). This is due to the fact that, as plant density decreased ample 

resources become available for each plant that enhances the lateral vegetative 

growth of the crop. The increased number of branches at the wider plant spacing 

could also be attributed to more interception of sunlight for photosynthesis, which 

may have resulted in production of more assimilates for partitioning towards the 
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development of higher branches. This result corroborates the findings of Manjesh 

et al. (2019) and Painginkar et al. (2021), Shrikanth et al. (2007 ), Pawar et al. 

(2007), Reddy and Reddy (2011) and Moniruzzaman et al. (2009) in yard long 

bean (vine type), hyacinth bean, French bean, cluster bean and French bean,  

respectively. Manjesh et al. (2019) obtained the highest primary branches plant-1 

(12.25) from 60 cm x 75 cm and the lowest from the closest spacing of 45 cm x 30 

cm (9.71) in field condition at 45 DAS. Painginkar et al. (2021) reported that 

maximum number of branches plant-1 was recorded in wider spacing of 90 cm x 

45 cm (17.77) and the lowest from closer spacing of 90 cm x 15 cm (12.70) at 120 

DAS in vine type yardlong bean. Anonymous (2018) reported that 4.27 branches 

plant-1 at 68 DAS was produced in VU (d) Jas-02 genotype from 60 cm x 40 cm 

spacing.  

Table 2.  Main effect of genotype and plant spacing on the number of branches per 

plant of yardlong bean at different days after sowing 

Treatment 
Number of branches plant-1 at DAS 

20  40  60  80  100  120  140  

Genotype (G) 

G1 1.42 b 2.52 b 3.27 b 4.92 8.45 12.64 15.56 

G2 3.13 a 4.54 a 4.78 a - - - - 

Spacing (S) 

S1 1.49 c 2.95 c 3.68 c - - - - 

S2 1.56 c 3.23 bc 3.79 c - - - - 

S3 1.85 bc 3.35 abc 3.85 bc - - - - 

S4 2.55 b 3.88 a 4.36 a - - - - 

S5 2.98a 3.92 a 4.40 a - - - - 

G XS ns ns ns - - - - 

CV (%) 9.3 8.09 3.95 - - - - 

Means followed by the same letters within a column do not differ significantly by Tukey’s 

HSD test at p<0.05. G1 = VU (p)-01 (BARI Borboti-1), G2 = VU (d) Jas-02, S1 = 40 cm × 

30 cm, S2 = 40 cm × 40 cm, S3 = 50 cm × 40 cm, S4 = 50 cm × 50 cm and S5 = 60 cm × 60 

cm, For G2, number of branches plant-1 was averaged over 2-growing cycles (two times 

cultivation), DAS- days after sowing.  

Canopy spread per plant 

The combination of genotype and spacing exerted significant influence on canopy 

spread plant-1 at different DAS (Table 3). Canopy spread increased with the 

increase of plant density or planting distance irrespective of the genotype. In the 

case of VU (p)-01 genotype, maximum canopy spread (14.96 cm at 20 DAS, 20.73 

cm at 20 DAS and 37.15 cm at 60 DAS) was produced at the lowest plant density 
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of 27778 plants ha-1 (60 cm x 60 cm) and the lowest canopy spread (12.23 cm at 

20 DAS, 16.88 cm at 40 DAS and 30.92 cm at 60 DAS) were produced at the 

highest plant density of 83333 plants ha-1 (45×30 cm). Canopy spread at 80, 100, 

120 and 140 DAS in genotype VU (p)-01 was not analyzed. At these DAS, canopy 

spread increased with the decrease of plant density i.e. with the increase of planting 

distance In the case of the genotype VU (d) Jas -02, maximum canopy spread 

(39.23 cm at 20 DAS, 46.87 cm at 40 DAS and 54.86 cm at 60 DAS) was also 

recorded from the wider spacing of 60 cm x 60 cm closely followed by 50 cm x 50 

cm (38.83 cm at 20 DAS, 45.06 cm at 40 DAS and 52.11 cm at 60 DAS) and the 

lowest (30.63 cm at 20 DAS, 37.83 cm at 40 DAS and 44.29 cm at 60 DAS) from 

the closest spacing of 40 cm x 30 cm which was closely followed by 40 cm x 40 

cm spacing (33.93 cm at 20 DAS, 38.53 cm at 40 DAS and 44.29 cm at 60 DAS). 

This might be due to the fact that, as plant density decreased i.e. planting distance 

increased sufficient resources become available for each plant that enhances the 

lateral vegetative growth of the crop. The increased number of branches at the 

wider plant spacing could also be attributed to more interception of sunlight for 

photosynthesis, which may have resulted in production of more assimilates for 

partitioning towards the development of higher branch and as a result canopy 

spread of the plant increased. This is in perfect agreement with the findings of 

Moniruzzaman et al. (2010), Moniruzzaman and Islam (2006), Moniruzzaman et 

al. (2008)  and Moniruzzaman et al. (2009b) in lady’s finger, lettuce, broccoli and 

French bean, respectively.  

Effects of genotype and plant spacing on flowering and harvesting related 

parameters 

Flowering parameters 

The combined effects of genotype and spacing were found to be significant for 

days required to 1st flowering and 50% flowering (Table 4). Days required to 1st 

flowering was found to be decreased with the increased plant spacing irrespective 

of genotype.  In the case of VU (p)-01 genotype, it took maximum days (33.85 

days) to initiate flowering at the wider spacing of 60 cm x 60 cm) which was 

closely followed by 50 cm x 50 cm (33.50 days) and minimum days (30.25 days) 

were required to reach at 1st flowering stage at the closer spacing of 40 cm x 30 

cm, which was statistically similar to 40 cm x 40 cm spacing (30.65 days).  

The closer spacing of 40 cm x 30 cm took significantly lesser number of days 

(41.25 days) for 50 per cent flowering than wider spacing of 60 cm x 60 cm (47.51 

days) for 50 per cent flowering being statistically identical with 50 cm x 50 cm 

spacing (46.90 days) in VU (p)-01 genotype. Similar results were also found in 

VU (d) Jas -02 genotype. The closer spacing of 40 cm x 30 cm  also took 

significantly lesser number of days (26.78 and 31.12 days for 1st and 50 per cent 

flowering, respectively) for flowering than wider spacing of 60 cm x 60 cm (32.36  

and 40.50 days for 1st and 50 per cent flowering,  respectively). The low population  
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density delayed the maturity due to higher number of branches, canopy spread and 

leaves, and higher availability of nutrients lead to profuse vegetative growth which 

delayed the reproductive phase. This result of flower initiation (days to 1st 

flowering) is in line with the results of Manjesh et al. (2019) and Painginkar et al. 

(2021) who reported that plants in closer spacing took minimum days in vine type 

yard long bean. The findings of 50 per cent flowering are in conformity with 

Manjesh et al. (2019) and Painginkar et al. (2021), Hatam et al. (2000), Deka et 

al. (2015) and Mozumderet al. (2007) who reported that plants in closer spacing 

took minimum days to 50 per cent flowering in yardlong bean (vine type), cluster 

bean, faba bean and hyacinth bean, respectively whereas wider spacing enhanced 

vegetative growth and caused a delay in maturity. Anon. (2019) reported that 45 

and 34 days were required for VU (p)-01 and VU (d) Jas-02 genotypes to reach at 

50% flowering stage, respectively when plant spacing of 50 cm x 40 cm was 

maintained. At 60 cm x 40 cm spacing, days to 1st flowering recorded in the dwarf 

genotype was 31 days (Anon., 2018).  

Harvesting parameters 

Days required to 1st and 50% harvesting were significantly influenced by the 

combined effect of genotype and spacing treatments (Table 4).  Days required to 

1st and 50% harvesting increased with the decrease of plant density irrespective of 

the genotypes. The wider spacing of 60 cm x 60 cm  took significantly higher 

number of days (62.25 and 152 days for 1st and last harvesting of pods, 

respectively) for harvesting than closer  spacing of 40 cm x 30 cm (57.23  and 

147.20 days for 1st and last pod harvesting,  respectively) in VU (p)-01 genotype. 

This result corroborates the result of Painginkar et al. (2021) in vine type yardlong 

bean. But in VU (d) Jas-02 genotype, the wider spacing of 60 cm x 60 cm took 

significantly higher number of days (48.12 and 70 days for 1st and last harvesting 

of pods, respectively) for harvesting than closer  spacing of 40 cm x 30 cm (43.24  

and 66.87 days for 1st and last pod harvesting,  respectively). Anon. (2019) reported 

that 58 and 45 days were required for VU (p)-01 and VU (d) Jas-02 genotypes to 

reach at 1st harvesting stage, respectively when plant spacing of 50 cm x 40 cm 

was maintained. 

Effects of genotype and plant spacing on yield attributes and yield 

Number of pods per plant 

Influence of genotypes and various spacing levels on yield and yield attributing 

characters was found to be significant (Table 4). The number of pods plant-1 

increased with the decrease in plant density irrespective of the genotypes. In 

genotype VU (p)-01, the highest number of pods plant -1 (23.30) was recorded at 

the lowest plant density of 27778 plants ha-1 (60 cm × 60cm) and the lowest 

number of pods plant-1 (16.53) was recorded at the highest plant density of 83333 

plants ha-1 (40 cm × 30 cm). Similar result was also noticed in VU (d) Jas-02 at 
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various spacing. In genotype VU (d) Jas-02, number of pods plant-1 was the 

summation of pods plant-1 produced from two times cultivation. Maximum number 

of pods plant-1 (39.61) was obtained from the lowest plant density of 27778 plants 

ha-1 (60 cm × 60cm) and its lowest value was obtained from the highest plant 

density of 83333 (40 cm x 30 cm).   The decrease in the number of pods plant -1 

with the increase in plant density could be due to increased intra row competition 

which eventually might have caused reduction in the number of pods per plant. 

Furthermore, the increase in the number of pods plant-1 with decreased plant 

density might be due to increase in the number of pods per node as a result of 

higher net assimilation rate and reduction of competition in wider spacing and also 

nutrient, moisture and light. These results are in conformity with the findings of 

Manjesh et al. (2019) and Painginkar et al. (2021), Sahariar et al. (2015) and 

Moniruzzaman et al. (2009), Mozumder et al. (2007) and Moniruzzaman et al. 

(2010)  in vine type yard long bean,  French bean and hyacinth bean, respectively. 

Anon., (2018) and Anon., (2019) reported that 35.27 and 29 pods plant-1 were 

produced in VU (d) Jas-02 genotype at 60 cm x 40 cm and 50 cm x 40 cm spacing, 

respectively whereas 35 pods plan-1 was given by VU (p)-01 (BARI BOrboti-1) 

genotype at 50 cm x 40 cm spacing . 

Pod size (pod length and pod diameter) 

The combination of genotype and spacing significantly influenced pod length and 

diameter (Table 5). Both pod length and diameter increased with the decrease in 

plant density (planting distance) irrespective of the genotypes. In the genotype of 

VU (p)-01, maximum pod length (54.36 cm) and diameter (8.13 mm) was recorded 

from the wider spacing of 60 cm x 60 cm and the lowest pod length (47.50 cm) 

and pod diameter (7.06 mm) from the closest spacing of 40 cm x 30 cm). There 

were no significant differences between 40 cm x 30 cm, 40 cm x 40 cm and 50 x 

40 cm spacing with regard to pod length and diameter. Similar results were also 

observed in VU (d) Jas-02 genotype. In VU (d) Jas-02 genotype, wider spacing of 

60 cm x 60 cm) produced maximum pod length (34.90 cm) and pod diameter (9.27 

mm) and the closer spacing of 40 cm x 30 cm) gave minimum pod length (32.25 

cm) and pod diameter (8.06 mm). The reason for longer pods and more pod 

diameter may be due to availability of favourable conditions, i.e. moisture, light, 

nutrients and less competition of plants among themselves in wider spacing. 

Similar findings were also reported by Manjesh et al. (2019), Moniruzzaman et al. 

(2010a), Sahariar et al. (2015) and Alam et al. (2011) in yardlong bean (vine type), 

hyacinth bean, French bean and faba bean, respectively. Anon. (2019) reported 

that 54.0 cm and 34.0 cm pod length was recorded in VU (p)-01 and VU (d) Jas-

02 genotypes, respectively at 50 x 40 cm spacing and, pod diameter 6.5 and 6.6 

mm was observed in VU (p)-01 and VU (d) Jas-02 genotypes, respectively at the 

same spacing. Anon. (2018) reported that pod diameter 8.1 mm was recorded from 

VU (d) Jas-02 genotype at 60 cm x 40 cm spacing.  
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Individual pod weight 

Individual pod weight was significantly influenced by the combined effects of 

genotype and spacing (Table 5). Individual pod weight increased with the increase 

of planting distance irrespective of the genotypes. In the genotype of VU (p)-01, 

the highest individual pod weight (20.90 g) was recorded from the widest spacing 

of 60 cm x 60 cm closely followed by 50 cm x 50 cm (19.17 g) and the lowest 

individual pod weight (15.19 cm) from the closest spacing of 40 cm x 30 cm) 

closely followed by 40 cm x 40 cm spacing (16.91). Similar result was also noticed 

in VU (d) Jas-02 at various spacing.  The genotype VU (d) Jas-02 gave maximum 

individual pod weight (24.19 g) at wider spacing of 60 cm x 60 cm) and the lowest 

individual pod weight (17.94) was found at the closer spacing of 40 cm x 30 cm  

closely followed by 40 cm x 40 cm spacing (18.80 g). This is due to maximum pod 

length and diameter at wider spacing, and minimum pod length and diameter at 

closer spacing. This result corroborates the findings of Moniruzzaman et al. (2002 

& 2003) and Moniruzzaman et al. (2010b) in lady’s finger, and Moniruzzaman et 

al. (2010a) in hyacinth bean. Anon.(2019) reported that VU (p)-01 (BARI Borboti-

1) and VU (d) Jas-02 genotypes gave 23.20 and 12.90 g individual pod weight (one 

time cultivation), respectively at 50 cm x 40 cm spacing. Anon. (2018) obtained 

individual pod weight 10.07 g (one time cultivation) from VU (d) Jas-02 genotype 

when plant spacing 60 cm x 40 cm was maintained. 

Pod weight per plant and yield per hectare 

The combination of genotype and plant spacing had significant influence on pod 

weight plant-1 (Table 5). Pod weight plant-1 decreased with the increase in plant 

density irrespective of the genotypes.  Maximum pod weight plant-1 was recorded 

at a wider spacing of 60 cm x 60 cm (365.23 g) which was significantly higher 

than closer spacing of 40 cm x 30 cm (188.32 g) in VU (p) -01. In VU (d) Jas-02, 

pod weight plant-1 was the summation of pod weight plant-1 produced from two 

times cultivation. In this genotype similar result was found and maximum pod 

weight-1 was recorded from the wider spacing of 60 cm x 60 cm (718.62 g) and its 

lowest value was obtained from the closer spacing of 40 cm x 40 cm (378.09 g). 

The spacing of 40 cm x 40 cm, 50 cm x 40 cm and 50 cm x 50 cm gave pod weight 

plant-1 of 412.00, 502.45 and 597.31 g, respectively in VU (d) Jas -02 genotype.  

The reason for the higher pod weight plant-1 may probably be due to less 

competition for light, nutrients, water and space in wider row-spacing compared 

to closer ones. The findings are in agreement with the results of Manjesh et al. 

(2019), Moniruzzaman et al. (2010a), Moniruzzaman et al. (2009) and Shahriar et 

al. (2015), and Alam et al. (2011) in yardlong bean (vine type), hyacinth bean, 

French bean and sweet paper. Anon. (2019) reported that VU (p)-01 (BARI 

Borboti-1) and VU (d) Jas-02 genotypes produced 584.67 and 287.33 g (one time 

cultivation) pod weight plant-1, respectively at 50 cm x 40 cm spacing. Anon. 

(2018a) reported that VU (d) Jas-02 recorded pod weight (355.17 g plant-1 from 
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one time cultivation) and Anon. (2018b) reported VU (p)-01 produced 375.2 g pod 

plant-1 at 60 cm x 50 cm spacing.  

The combination of genotype and plant spacing had significant effect on the pod 

yield ha-1 (Table 5). In VU (p) -01 genotype,  it was observed that significantly 

higher pod yield (15.69 t ha-1) was recorded with the closer spacing of 40 cm x 30 

cm  closely followed by 40 cm x 40 cm spacing and the lowest yield (10.15 t ha-1) 

with the wider spacing of 60 cm x 60 cm (Table 5).  The spacing of 50 cm x 40 cm 

and 50 cm x 50 cm produced 13.51 and 12.73 t ha-1, respectively in VU (p)-01 

genotype. In the case of this genotype, there were no significant differences among 

40 cm x 40 cm, 50 cm x 40 cm and 50 cm x 50 cm with regard to pod yield ha-1.  

In VU 9d) Jas-02 genotype, pod yield ha-1 was the summation of yield ha-1 

produced from two times cultivation of this genotype. In this dwarf genotype, 

maximum pod yield (31.51 t ha-1) was recorded from the closer spacing (40 cm x 

30 cm) followed by 40 cm x 40 cm (25.75 t ha-1) and the lowest pod yield (19.96 t 

ha-1) from the wider spacing (60 cm x 60 cm). The spacing of 50 cm x 40 cm and 

50 cm x 50 cm spacing produced 25.12 and 23.89 t ha-1 pod yield, respectively in 

VU (d) Jas-02 genotype.  This might be due to higher plant population per unit 

area at narrower spacing. Similar findings have been reported by Manjesh et al. 

(2019), Deka et al. (2015), Satodiya et al.(2015), Mozumder et al. (2007) and 

Shahriar et al. (2015) in yardlong bean (vine type), cluster bean, vegetable cowpea,  

hyacinth bean and French bean, respectively. Manjesh et al. (2019) obtained the 

highest pod yield of vine type yardlong bean (15.31 t ha-1) from 45 cm x 30 cm 

spacing and the lowest pod yield (9.69 t ha-1) from 60 cm x 75 cm spacing. Anon. 

(2019) reported that 14.66 t ha-1 and 9.21 t ha-1 (one time cultivation) pod was 

produced from VU (p)-01 and VU (d) Jas-02 genotypes, respectively at 50 cm x 

40 cm spacing. Anon. (2018a) reported that VU (d) Jas-02 gave pod yield of 14.80 

t ha-1 (one time cultivation) at 60 cm x 40 cm and Anon. (2018b) reported that 

12.50 t ha-1 pod was obtained from VU (p)-01 genotype at 60 cm x 50 cm spacing. 

It is mentioned that the pod yield of BARI Borboti-2 was 17-18 t ha-1 (Anon., 

2021). BARI Borboti-2 was released as a dwarf variety of yardlong bean from VU 

(d) JAS-02 genotype by Bangladesh Agricultural Research Institute (BARI).  

Economics 

Table 6 shows that plant spacing of 40 cm x 30 cm in genotype VU (d) Jas-02 gave 

the highest gross return (Tk. 882280.00 ha-1) and gross margin (Tk. 647410.33 ha-

1) followed by 40 cm x 40 cm spacing (Tk. 721000.00 ha-1and Tk. 521072.00 ha-

1). The highest benefit-cost ratio (BCR) was obtained from 40 cm x 30 cm spacing 

in VU (d) Jas-02 (3.76) which was followed by 40 cm x 50 cm and 50 cm x 50 cm 

in the same genotype (3.66). This might be due to higher total green pod yield of 

yardlong bean recorded in closer spacing of 40 cm x 30 cm) in VU (d) Jas-02.  In 

VU (p) -01 genotype, the spacing of 40 cm x 30 cm recoded the highest gross 

return, gross margin followed by 40 cm x 40 cm spacing. But in this genotype, 40  
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cm x 40 cm spacing gave the maximum BCR (1.42) followed by 50 cm x 40 cm 

spacing (1.40). From the economic results (Table 6), it is observed that 

cultivation cost of the genotype VU (p)-01 was more than that of the genotype 

VU (d) Jas-02 because the former genotype was involved in costs of trellising, 

more labours due to pesticide spraying and weeding compared to the latter 

genotype. The savings in inputs costs (trellising, labor, insecticides, weeding) 

would increase more to this cost-efficacy for the genotype VU (d) Jas-02. The 

dwarf genotype (VU (d) Jas-02) did not need any trellises for vines, as a result 

bamboo purchasing costs along with labour costs for making trellises were saved. 

In addition, the dwarf genotype had fewer pest infestation compared to the vine 

type traditional cultivar reduced insecticides cost as well as minimized the labor 

cost of spraying those chemicals. Moreover, fewer weeds were observed in the 

dwarf yardlong field which cut down labor costs considerably. For this reason 

the dwarf genotype (VU (d) Jas-02) was more profitable than vine type genotype 

(VU (p)-01. In addition to less cultivation cost, short duration crop cycle (69-70 

days) of this dwarf genotype played a great role in increasing profitability of this 

genotype because two times cultivation of this dwarf genotype had been possible 

due to its short duration crop cycle for green pod production and maximum pod 

yield was recorded in VU (d) Jas-02 genotype.  

Conclusion 

In the present study, the cultivation of yardlong bean of both vine type and dwarf 

type in five spacing had given significant results. The higher productivity was 

recorded in closer spacing of 40 cm x 30 cm spacing irrespective of the 

genotypes. Among five spacing and two genotypes, the dwarf genotype VU (d) 

Jas-02 with spacing treatment of 40 cm x 30 cm gave the highest profitability of 

yardlong bean. Maximum gross margin (Tk. 647410.33 ha-1) and the highest 

BCR of 3.76 were found from the dwarf yardlong bean genotype (VU (d) Jas -

02) at the narrower spacing.  Hence, 40 cm x 30 cm spacing may be 

recommended for dwarf yardlong bean cultivation in field condition of 

Bangladesh.  
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Abstract  

Spacing is significant for determining desired plant population to achieve 
higher yields. Appropriate plant spacing makes more efficient use of nutrient 
and light leading to faster canopy establishment resulted in reducing moisture 
evaporation and weed growth. Hence, an experiment was conducted at the 
open research field of Floriculture Division, Horticulture Research Centre, 
BARI, Gazipur during 2019-20 and 2020-21 to determine the suitable plant 
spacing for growth, yield attributes, yield and quality of gypsophila. The 
experiment consisted of six plantspacing’s viz. broadcast (farmer’s practice ), 20 
cm × 05 cm, 20 cm × 10 cm, 20 cm × 15 cm, 30 cm × 05 cm and 30 cm × 10 
cm.The experiment was arranged in a randomized complete block design with three 
replications.BARI Gypsophila-1 was used as a variety.The blanket doses of 
fertilizers were N:100 kgha-1, P:40 kg ha-1, K:60 kg ha-1, S:20 kg ha-1, Zn:3 kg 
ha-1and B:1.5 kg per hectare was applied in the form of urea, TSP, MoP, 
gypsum, zinc sulphate and boric acid, respectively. The results exhibited that 
the highest seed yield (1308 kg ha-1) was obtained from the wider spacing of 
30 cm × 10 cm. The same plant spacingachieved higher yield increment 
(8.28%) over farmer’spractice. The performance of growth and yield 
parameters were found better in the spacing of 30 cm × 10 cm. Economic 
analysis revealed that the highest gross margin and benefit cost ratio (2.21) 
wereachieved under the spacing of 30 cm × 10 cm.So, spacing 30 cm × 10 cm 
may be suitable for gypsophila cultivation but further research with wider 
spacing is needed for getting a conclusive result. 

Keywords: Gypsophila paniculata L., spacing, profitability, yield attributes, 

relative yield.  

Introduction 

Gypsophila (Gypsophila paniculataL.) is an important flower found in Eurosia, 
Africa, Australia and the Pacific Islands (Amini et al., 2018). Turkey has 
mainly high diversity of Gypsophila (Özdemir et al., 2010). The genus name is 
from the Greek gypsos (gypsum, calc) and philos (loving). Plants of this genus 
are known commonly to baby’sbreath. A few species are commercially 
cultivated for several uses, including floristry, herbal medicine and food 
(Korkmaz and Özçelik, 2011). The gypsophila is most commonly used in 
 

1,3Senior Scientific Officer, 2Chief Scintific Officer, Soil and Water Management 

Section, HRC, BARI, Gazipur, 4Principal Scientific Officer, Floriculture Division, 
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HRC, Bangladesh Agricultural Research Institute, Gazipur. 
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flower arrangements such as bouquets (Poornima et al., 2021). It is also used 
as cut flower and has great economic value in trade because of its prettiness 
(Wahome et al., 2011). 

The seed yield ofgypsophila could be increased by using improved management 

practices like plant spacing. Most of the farmers of Bangladesh are practicing 

broadcast seed sowing. It is well known that broadcast seed sowing always 

resulted in non-uniform plant spacing in crop field which reduced the crop yield. 

However, the yield and vase life of gypsophila areimproved byusing appropriate 

plant spacing as well as plant density. Plant spacing/planting density plays a vital 

role for producing quality of flowers and protects the incidence of diseases and 

pests (Poornima et al., 2021). Plant spacing is an important agronomic factor 

which influenced light capture during photosynthesis and increased nutrient 

availability (Nain et al., 2017). Appropriate plant spacing facilitated the good 

proliferation of photosphere and rhizosphere and for adequate air, light, moisture 

and plant nutrient uptake which ultimately improved the plant growth, yield and 

flower quality (Manimaran and Ganga, 2022; Khan et al., 2003; Ibeawuchi et al., 

2008; Rafiei, 2009). There is little information on plant spacing for gypsophila 

cultivation in Bangladesh. Hence, the present study was undertaken to determine 

the optimum plant spacing for growth, yield, quality and profitability of 

gypsophilacultivation. 

Materials and Methods 

Experimental location and soil  

The field experiment was conducted during the winter season of 2019-20 and 

2020-21 at the research field of Floriculture division, Horticulture Research Centre, 

Bangladesh Agricultural Research Institute (BARI), Gazipur. The terrace soils of 

Gazipur is medium high land with fine-textured (clay loam) and belongs to Chhiata 

soil series under the agro-ecological zone- Madhupur Tract (AEZ-28) (Shil et al., 

2016). The particle and bulk density of the soil was 2.51 g/cm3 and 1.36 g/cm3, 

respectively having the porosity of 46.2% and field capacity (FC) of 25.7%. Before 

beginning the experiment initial soil (0-15 cm) sample was collected from the field 

and analyzed for chemical properties by following the standard methods outlined 

by Page et al. (1982) which are presented in the Table 1.  

Table 1. Nutrients status of the experimental soil 

Properties pH 
OM 

% 

Ca Mg K Total 

N% 

P S Zn B 

meq 100 g-1 µg g-1 

Nutrient level 6.4 1.24 4.52 1.49 0.12 0.065 13.4 20.0 0.84 0.19 

Critical level - - 2.0 0.50 0.12 0.12 7 10 0.6 0.20 

*Interpretation - Low Opt Opt Low 
Very 

low 
Optimum Medium Low Low 

*Anonymous, (2018) 
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Climatic condition: The site atmosphere was subtropical, humid, and subject 

to monsoons. The daily average temperatures was 13.0 to 36.1°C and yearly 

mean rainfall varied from 1500 to 2200 mm. Monthly minimum and maximum 

average temperature, and rainfall data of the experimental period of 2019-20 

and 2020-21 were recorded from a meteorological station located about 369 m 

from the experimental field (Figure 1a, 1b). 

 

 

 Fig. 1. Monthly mean minimum and maximum temperature 0C and rainfall (a, b) 

during the experiment period of 2019-20 and 2020-21. 

Land preparation, layout of experiment and planting material: The land was 

prepared with a tractor driven plough by 4 passes and it was leveled with a 

tractor driven rotavator. Weeds and stubble were eradicatedand cleaned 

manually.The experimental treatment was planned with six plant spacing such as S1 

(Farmer’s broadcasting practice), S2 (20 cm × 05 cm), S3 (20 cm × 10 cm), S4 

(20 cm × 15 cm), S5 (30 cm × 05 cm) and S6 (30 cm × 10 cm). The experiment 

was laid out in a randomized complete block design with three replications.The 

0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

0

50

100

150

200

250

T
em

p
er

a
tu

re
 0

C

R
a

in
fa

ll
 (

m
m

)

2019-20

Min. Max.

(a)

0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

40.0

0

50

100

150

200

October November December January February March

T
em

p
er

a
tu

re
 0

C

R
a

in
fa

ll
 (

m
m

)

2020-21

Min. Max.

(b



194 QUDDUS et al. 

unit plot size was 2 m × 2 m separated from each other by an alley of 50 cm 

widthThe  doses of fertilizers were N:100 kgha-1, P:40 kg ha-1, K:60 kg ha-1, 

S:20 kg ha-1, Zn:3 kg ha-1, B: 1.5 kg ha-1in the form of urea, TSP, MoP, gypsum 

zinc sulphate and boric acid, respectively and cowdung@ 5t ha-1were applied 

and incorporated into the soil (Quddus et al., 2021). The tested variety was 

BARI Gypsophila-1 released from Floriculture Division, Horticulture Research 

Centre, BARI, Gazipur. 

Fertilizer application and seed sowing: Thefull dose of triple super phosphate 

(TSP), gypsum, zinc sulphate, boric acid, decomposed cowdung, 1/3 MoP and 1/3 

urea were applied during final land preparation. Healthy seeds of gypsophila (var. 

BARI Gypsophila-1) were sown @ 2.5 kg ha-1as per plant spacing continuously 

in rows on 12December 2019 and on 13 December 2020, respectively. 

Intercultural management: Light irrigation was applied immediately after 

seed sowing by plastic hose pipe.After two days of seed sowing,irrigation was 

done twice in a week up to 40 days of seed sowing then it was applied single 

in a week before maturity.Hand weeding as well as thinning were done at 20 

days after sowing maintaining the distances of treatment plant spacing (plant 

to plant and row to row). Second hand weeding was done at 40 days after 

sowing. The rest 2/3 Urea and 2/3 of MoP was applied in two equal splits. First split 

was applied at 20 days after sowing (DAS) and second split was applied 40 

DAS.Seedlings were protected from disease (rot) by use of the fungicide 

Dithane M-45 for two times at the rate of 2 g L-1 water at 25 and 35 days after 

sowing.The crop was harvested on 15 March 2020 and on 16 March 2021.The 

maturity sign of gypsophila was determined when old stems with branches 

became brown in colour and about 80% capsules (fruits) became light black in 

colour. In this time some flowers still were present on top of the plants.  

Data collection: Data ongrowth parameters like plant height (cm), number of 

branches per plant, number of internodesper plant and internode length (cm) 

were collected from 10 plants selected randomly from each unit plot and each 

data were averaged.Leaf chlorophyll content was measured by a soil-plant 

analysis development (SPAD) chlorophyll meter (Konica Minolta, model 

SPAD-502 plus, Tokyo, Japan) from randomly selected 10 plants of each 

treatment at 60 days after sowing. The SPAD readings were collected from 

mid-ribs of fully expanded individual leaves in each plant.Five plants from each 

treatment were randomly collected to record number of open and un-open 

flowers per plant. Five open flowers were detached from every plant of each 

treatment for measuring flower diameter and the data was averaged.Regarding 

number of filled and unfilled fruits per plant, 5 mature plants of gypsophila 

were randomly collected from the middle rows of each plot at the harvest time 

and the data were recorded and averaged. Filled fruits were detached from five 
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plants and randomly selected five fruits from each treatment to record the 

number of seeds per fruit. Thousand seed weight (g) was determined by the 

counting of 500 seeds collected from composite seeds of each treatment and 

weighing through electronic balance and converting it into1000-seed 

weight.One square meter area of each treatment plot was selected for recoding 

the number of plants per plot (plant population) after 60 days of seed sowing. 

In the plot of farmer’s broadcasting practice, all plants were considered as plant 

population, but flowers and fruits bearing plants were approximately 70%. In 

case of treatment plot S2 (20 cm × 05 cm), flowers and fruits bearing plants 

were about 79%. Seed yield and straw yield were recorded on a whole plot 

basis and converted in kg ha-1. 

Relative data in percentage: For each plant spacing treatment, the value of 

relative data was presented as percentage relative to the farmer’s broadcasting 

practice..  

𝐑𝐞𝐥𝐚𝐭𝐢𝐯𝐞 𝐝𝐚𝐭𝐚 (%) =
𝐓𝐫𝐞𝐚𝐭𝐦𝐞𝐧𝐭 𝐯𝐚𝐥𝐮𝐞 − 𝐟𝐚𝐫𝐦𝐞𝐫 𝐛𝐫𝐨𝐚𝐝𝐜𝐚𝐬𝐭𝐢𝐧𝐠 𝐯𝐚𝐥𝐮𝐞

𝐟𝐚𝐫𝐦𝐞𝐫 𝐛𝐫𝐨𝐚𝐝𝐜𝐚𝐬𝐭𝐢𝐧𝐠 𝐯𝐚𝐥𝐮𝐞
 ×  100 --------- (1) 

Statistical analysis: Statistical analysis was done subjected to statistical 

analysis of variance (ANOVA) according to Statistix 10 software 

(www.statistix.com). The means of each treatment were compared using the 

least significant difference (LSD) at significant level p ≤ 0.05 (Statistix-10, 

1985). 

Economic analysis: The seed yield was utilized to calculate the gross return. The 

gross return was measured by multiplying the marketable unit price of seed. Gross 

margin was calculated by subtracting management cost from gross 

return.Treatment wise management cost was calculated by adding the cost 

incurred for labours, ploughing and inputs of each treatment. Theshadow prices 

(land rent, straw cost etc.) were not considered. The BCR was calculated from 

gross return divided by total cost of cultivation. 

Results and Discussion 

Growth and flower attributes of gypsophila: Growth attributes of gypsophila 

were affected significantly by different plant spacing (Table 2).The maximum 

plantheight (71.4 cm) was found in spacing30 cm × 10 cm, which was 

statistically similar to spacing20 cm × 10 cm and Farmer’s broadcasting 

practice. The minimum plantheight (61.3 cm) was observed in spacing 20 cm 

× 15 cm. The tallest plant in S6treatment might be related with increasing in the 

space between row to row for getting more light, nutrients, air and moisture as 

http://www.statistix.com/
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compared toother  treatments. The result is in agreement with the findings of 

Poornima et al. (2021) in gypsophila who noted that the tallest plant (96.0 cm) 

was recorded in wider spacing (50 cm × 50 cm) under poly house condition. 

Similar results were also observed by Manimaran and Ganga (2022) in 

Jasminum nitidum andNaik and Kumar (2014) in Dendrobium orchids. 

Different treatment contributed significantly to increase the number of 

branches per plant of gypsophila. The treatment S6 resulted gave more number 

of branches (6.90) per plant, which was comparable to S3, S4 and S5 treatments 

(Table 2).The probable reason of increased branches per plant might be due to 

proper plant space,availability of air, water, sunlight and nutrition for proper 

physiological process of the plant. Similar result was documented by Poornima 

et al. (2021) in gypsophila and Niranjan et al. (2018) in Gladiolus 

grandiflorus.The maximum number of internodes per plant (9.28) of 

gypsophila wasobservedinS6 followed by S4 and S5 treatments. The internode 

length of gypsophila was significantly influenced by different plant spacing 

where the maximum internode length (6.30 cm) was measured from S6(30 cm 

× 10 cm) followed by S4 and S5 treatments. The wider spacing allowed the 

appropriate number of plants to receive better soil moisture, and helped to 

uptake proper nutrient, light for photosynthesis toplant which ultimately 

increased the number of internodes and internode length of gypsophila.Similar 

view was also verified by Jain et al. (2018) in Limonium sinuatum who reported 

that the highest plant length (73.9 cm) as well as internode length was recorded 

in spacing 45 cm × 30 cm.In this experiment, themaximum number of opened 

flowers per plant (54.4) was recorded from S6treatment, which was 

statisticallysimilar  to S3, S4 and S2 treatments. The treatment S6gave more 

number of unopened flowers (43.1) as compared to other treatments. The S6 

treatment (30 cm × 10 cm) recorded higher number of flowers which might be 

due to wider spacing, however this spacing greatly favored the nutritional 

availability and amount of sunlight resulting in higher number of flowers. 

Similar findings were outlined by Niranjan et al. (2018) in Gladiolus 

grandiflorus and Gaurav et al. (2005) in gerbera. Themaximum diameter of 

flower (0.90 cm) was recorded from S4 (20 cm × 15 cm) closely followed by 

S6 treatment (Table 2).Wider plant spacing(20 cm × 15 cm) might have affected 

the flower diameter. Spacing playsa significant role for activation of 

photosynthetic system to enhance biological efficiency, allowinghigher 

photosynthesis to increase flower diameter. Lakshmi et al. (2014) reported that 

African marigold (Tagetes erecta L.) under wider spacing (40 cm × 60 cm) got 

higher flower diameter.Similar view was outlined by Poornima et al. (2021) in 
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gypsophila. Leaf chlorophyll content in leaves was responded positively by 

different spacing. The maximum SPAD value (49.4) was recorded from the 

treatment S6 which was statistically similar to S4, S3 and S5 treatments. The 

lowest value was found in S2 treatment (Table 2). Wider plant spacing (30 cm 

× 10 cm) might be associated with higher leaf chlorophyll due to availability 

of light, air and nutrient from soil. The function of chlorophyll in a plant is to 

absorb sunlight. The energy absorbed from light is transferred to energy-storing 

molecules (Pavlović et al., 2014). However, proper density of plant 

(population) modifies the canopy structure and influence light interception for 

photosynthesis to produce dry matter (Khenizy et al., 2014). 

Table 2. Effect of plant spacing on growth and flower attributes of gypsophila 

(Pooled data of two years) 

Treatment 

Plant 

height 

(cm) 

No. of 

branch 

plant-1 

No. of 

internodes 

plant-1 

Internode 

length 

(cm) 

No. of 

opened 

flower 

plant-1 

No. of 

unopened 

flower 

plant-1 

Flower 

diameter 

(cm) 

SPAD 

value 

S1 (Farmer’s 

practice) 

66.0a-c 5.37c 8.25c 4.12d 45.4c 34.5c 0.59e 47.5bc 

S2 (20 cm × 

05 cm) 

64.3bc 5.91bc 8.34bc 4.64cd 52.7ab 37.8b 0.76d 46.8c 

S3 (20 cm ×  

10 cm) 

69.7ab 6.61ab 8.46bc 5.20bc 52.6ab 41.6a 0.82c 48.6ab 

S4 (20 cm ×  

15 cm) 

61.3c 6.59ab 8.88ab 5.59ab 52.4ab 41.8a 0.90a 49.3a 

S5 (30 cm ×  

05 cm) 

63.5bc 6.06a-c 8.92ab 5.82ab 49.1bc 37.6b 0.84bc 48.5ab 

S6 (30 cm ×  

10 cm) 

71.4a 6.90a 9.28a 6.30a 54.4a 43.1a 0.86ab 49.4a 

CV (%) 5.72 8.21 3.69 8.09 5.72 2.94 2.69 3.92 

Values within the same column with a common letter do not differ significantly 

according to the least significant difference (LSD) test at p≤0.05. 

Seed yield attributes of gypsophila 

Yield attributes of gypsophila were affected by different plant spacing (Table 

3). Maximum number of filled fruits per plant (73.4) was recorded from 

treatment S6 which was significantly different from the other treatments but 

statistically alike with S3and S4 treatments (Table 3). The highest number of 

unfilled fruits per plant (26.9) was recorded inS6treatment which was  

significantly higher than S1 and S2treatments, but statistically identical with S5 

andS4 treatments. This increase in fruits per plant might be due to the minor 

competition among the plants for nutrient and water at wider spacing (30 cm × 
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10 cm). Similar findings were recorded in different crops outlined by Nain et 

al. (2017) in African marigold; Kumar et al. (2012) in African marigold cv. 

PusaNarangi; Poornima et al. (2021) in gypsophila. Seeds per fruit are very 

important yield contributing character for achieving higher seed yield of any 

crop. However, different plant spacing contributed positively to achieve higher 

number of seeds per fruit over farmer’s practice. Maximum number of seeds 

per fruit (16.8) was recorded from S6 treatment that was statistically similar to 

S5, S4 and S3 treatments and the lowest number of seeds per fruit was in S1 

treatment (Table 3). The 1000-seed weight (1.67 g) was found at par except 

farmer’s practice (Table 3). Optimum plant density as well as spacing is very 

essential for higher number of seeds per fruit and getting heaviest seed for 

obtaining highest seed yield. Similar observation was also obtained by Niranjan 

et al. (2018) in gladiolus. 

Table 3. Effect of plant spacing on seed yield attributes of gypsophila (Pooled data 

of two years) 

Treatment 
No. of filled 

fruit plant-1 

No. of unfilled 

fruit plant-1 

No. of seed 

fruit-1 

1000-seed 

wt. (g) 

S1 (Farmer’s 

practice) 
40.0d 15.9b 10.5b 1.48b 

S2 (20 cm × 05 cm) 46.7c 15.4b 11.2b 1.60a 

S3 (20 cm × 10 cm) 71.7ab 18.8b 15.1a 1.63a 

S4 (20 cm × 15 cm) 70.8ab 20.2ab 16.1a 1.67a 

S5 (30 cm × 05 cm) 67.2b 20.8ab 15.3a 1.61a 

S6 (30 cm × 10 cm) 73.4a 26.9a 16.8a 1.67a 

CV (%) 5.07 19.5 6.73 2.74 

Values within the same column with a common letter do not differ significantly 

according to the least significant difference (LSD) test at p≤0.05. 

Yields of gypsophila: Seed yield is a vital reflection for seed production of a 

crop. Seed yield depends on the branches per plant, number of fruits per plant, 

seeds per fruit, and seed weight. In the experiment, farmer’s broadcasting 

practice (S1) treatment had maximum plants but about 70% plants were 

flowered as well as fruits bearer. Similarly closer spacing 20 cm × 05 cm(S2) 

treatment had 2nd highest number of plants but about 79% plants were flowered 

as well as fruits bearer.However, the plant spacing had a significant effect on 

seed yield of gypsophila (Table 4). The highest seed yield (1316 kg ha-1in 2019-

20 and1300 kg ha-1 in 2020-21) was recorded in the treatment S6(30 cm × 10 

cm) which was comparable with S3 and S5treatments in both the years. 
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Maximum percent yield increment over farmers practice (8.28%) was achieved 

in spacing 30 cm × 10 cm (S6) followed by spacing 20 cm × 10 cm (S3) (Table 

4). Wider spacing might have facilitated photosynthesis process due to get 

proper light, air and easily uptake the nutrient from soil.Wider spacing 

facilitates easy translocation of photosynthetic products to the seed for 

increasing enzymatic activitycausingseed yield increment. The result of this 

experiment agrees with the findings of a number of previous research activities 

involving other flower crops (Nain et al., 2017; Khenizy et al., 2014; Kumer et 

al., 2012; Sharma et al., 2012). The highest straw yield of gypsophila (1673 kg 

ha-1in 2019-20 and1723 kg ha-1 in 2020-21) was exhibited in S6 comparable 

with most of the treatment. Similar result was supported by Sing et al (2015) 

in marigold who reported that the highest yield was observed at 40 cm× 20 cm 

spacing. The lowest seed yield and straw yield of gypsophila werenoted in S2 

treatment (Table 4).  

Table 4. Effect of plant spacing on seed yield and straw yield of gypsophila 

Treatment 

Seed yield (kg ha-1) % Seed yield 

increment 

over farmer 

practice 

Straw yield (kg ha-1) 

2019-20 2020-21 Mean 2019-20 2020-21 

S1 (Farmer practice) 1270ab 1145b 1208 - 1588ab 1634ab 

S2 (20 cm × 05 cm) 1160b 1123b 1142 -5.46 1543b 1567b 

S3 (20 cm × 10 cm) 1260ab 1297a 1279 5.88 1681a 1699ab 

S4 (20 cm × 15 cm) 1190ab 1195b 1193 -1.24 1609ab 1607ab 

S5 (30 cm × 05 cm) 1240ab 1211ab 1226 1.49 1671a 1700ab 

S6 (30 cm × 10 cm) 1316a 1300a 1308 8.28 1673a 1723a 

CV (%) 6.05 4.11 - - 4.17 5.05 

Values within the same column with a common letter do not differ significantly 

according to the least significant difference (LSD) test at p≤0.05. 

Plant population of gypsophila: Plant population of gypsophila was influenced 

significantly by the different plant spacing (Figure 2). The maximum number 

(population) of plants per plot (485) was recorded from S1 treatment and lowest 

was from S4 treatment (Figure 2). The reason of maximum number of plants in 

S1treatment (Farmer’sbroadcasting practice) plot might be due to non-uniform 

plant spacing.  
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Fig. 2. Effect of plant spacing on number of plants (plant population) per 

plot (Pooled data of two years). 

Means followed by the uncommon letter (s) are significantly different from each other 

by LSD test at P≤ 0.05. 

Note: S1 (Farmer’s broadcasting practice), S2 (20 cm × 05 cm), S3(20 cm × 10 cm), S4 

(20 cm × 15 cm),  

S5 (30 cm × 05 cm )and S6 (30 cm × 10 cm). 

Cost and return analysis 

Regarding the cost and return analysis, the maximum gross return Tk. 1569600 

ha-1 wasrecorded from S6 treatment followed by S3. The minimum gross return 

was found from S2 treatment. The highest gross marginwas also noted from S6 

treatment. The highest benefit cost ratio of 2.21 was obtained from S6treatment 

followed by S3. The lowest gross margin and benefit cost ratio were recorded 

from S2 treatment (Table 5). 

Table 5. Cost and return analysis of gypsophila due to different plant 

spacing (Pooled data of two years) 

Treatment 
Gross return 

(Tk. ha-1) 

TC 

((Tk. ha-1) 

Gross margin 

(Tk. ha-1) 
BCR 

S1 (Farmer practice) 1449600 694500 755100 2.09 

S2 (20 cm × 05 cm) 1370400 708747 661653 1.93 

S3 (20 cm × 10 cm) 1534800 708747 826053 2.17 

S4 (20 cm × 15 cm) 1431600 708747 722853 2.02 

S5 (30 cm × 05 cm) 1471200 708747 762453 2.08 

S6 (30 cm × 10 cm) 1569600 708747 860853 2.21 

Input prices: Urea= Tk.16 kg-1, T.S.P= Tk.  24 kg-1, MoP= Tk.  17 kg-1, Gypsum= Tk.15 

kg-1, Zinc sulphate= Tk. 1400 kg-1 (lab grade), Boric acid= Tk. 1200 kg-1 (lab grade), 
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Bavistin= Tk. 200 100-g, Ribcord= Tk. 120 100-ml, Gypsophila seed= Tk.1200 kg-1, 

Ploughing= Tk. 1400 ha-1(one pass), Cow dung= Tk. 2.0 kg-1, Wage rate= Tk. 500 day-1 

Output price: Gypsophila seed price rate=Tk. 1200kg-1 

Gross returns were calculated on the basis of farm gate price of Gazipur, Bangladesh. 

TC = Total  cost, BCR = Benefit cost ratio.  

Conclusion  

The gypsophila seed yield and yield traits were influenced significantly by 

plant spacing. The highest seed yield of gypsophila was achieved in the spacing 

of 30 cm × 10 cm. The highest benefit cost ratio and gross margin were also 

found from the same plant spacing. The result suggests that the wider plant 

spacing of 30 cm × 10 cm may be used for cultivation of gypsophila. Further 

research should be conducted on plant spacing including another wider spacing 

for confirmation of suitable plant spacing in maximizing seed yield of 

gypsophila. 
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QUALITY OF MURTA PLANT (Schumannianthus dichotomus) 
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Abstract  

The experiment was conducted at farmers’ field of Kamdebpur village under 
Nalchity upazila of Jhalakati district of Bangladesh during 2019-2020 and 2020-
2021 to develop suitable management package for increasing the yield and quality 
of murta. The treatments comprised of five management practices on existing 
murta plants viz., T1 = Fertilizers (Inorganic + organic, 70-32-40 kg/ha N-P-K, 
respectively and compost 3 t /ha) + Pesticides application (on rhizome and plant 
parts) + Pruning (extra tillers and cleaning of dead plant parts), T2 = Fertilizers 
(inorganic + organic) + Pruning, T3 = Pesticides (insecticide + fungicide) + 
Pruning, T4 = Pruning and T5 = Farmers’ practice (without management). The 
experiment was set up on 10 years old existing mutra plant. The experiment was 
laid out in randomized complete block design with three replications. Plant height, 
doga height, doga diameter, single doga weight, fresh doga yield and rating of 
doga quality varied significantly due to different management practices. The 
maximum  fresh doga yield (32.37 t/ha) was found in T1 treatment and it was 
statistically identical to that of T2 treatment (26.66 t/ha). In terms of rating of doga 
quality (considering length, colour and strength of murta cane), treatment T1 
showed the highest quality (2.33) and it was at par to that of T2 and T3 treatments 
(3.33). The farmers’ practice showed the lowest quality doga (4.67), which was 
similar to that of T4 treatment (4.00). The results further revealed that treatment 
T1 increased the doga yield of 68.35% over the farmers’ practice. However, yield 
of doga for treatments T2, T3 and T4 treatments were 38.64, 31.38 and 14.97% 
higher over farmers’ practice, respectively. In terms of cost and return, treatment 
T1 gave the highest gross margin (Tk. 98765/ha), it was slightly reduced in T2 and 
T3 treatments (Tk. 67663 and 66086/ha, respectively). Improved agronomic 
practices enhanced the growth and quality of murta stem. Considering the stem 
(doga) yield, quality and economic return,  fertilizers (Inorganic + organic, 70-32-
40 kg/ha N-P-K, respectively and compost 3 t /ha) + Pesticides application (on 
rhizome and plant parts) + Pruning (extra tillers and cleaning of dead plant parts) 
would recommended for murta cultivation in Jhalakati. 

Keywords: Murta, management practices, stem yield, cane quality. 

Introduction 

The herbaceous plant from which shitalpati is made is called "murta" plant 

(Schumannianthus dichotomus L.). Murta is a shrub and perennial plant under the 
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family of Marantaceae. Depending on the growing region, murta plant is also called 

as paitra, mustaq, patibet, patipata, muktagach, patigacha, murtha, ratagacha, 

patijong, shitalpati plant etc.  The murta plants are usually grown in the low-lying 

and wetland areas of Sylhet, Sunamganj, Moulvibazar, Habiganj, Chattogram, 

Noakhali, Feni, Lakshmipur, Chandpur, Cumilla, Brahmanbaria, Barishal, Jhalokati, 

Pirojpur, Jashore, Munshiganj, Narsingdi, Tangail, Mymensingh, Natore, Sirajganj 

districts of Bangladesh since hundreds years ago. The stripe, collected from culm of 

the Murta plant is used for weaving the bed mat, which is traditionally known as 

shitalpati. Once planted, good yields are obtained for about forty consecutive years 

(Chowdhury et al., 2007). However, research information on murta cultivation is 

very scanty in Bangladesh and abroad. It was reported that the average annual 

revenue of the Bangladesh government from the sale of murta is about five thousand 

US dollar during the period of 1981-91 (Banik, 2001). Murta can be easily grown on 

fallow lands around houses, ditches, canal, beels or ponds where the lands remain 

wet or damp (Alam, 2007). Murta plant can tolerate salinity and waterlogging. Due 

to its wide adaptability, the plant can be easily cultivated on any land up and down 

(Ahmed et al., 2007). This plant prevents soil erosion and the decaying leaves of the 

plant mix with the soil add organic matter and increase fertility of the soil. Murta 

plant flowers in March-April and fruit/seed matures in June-July (Merry et al., 

1997). Murta plant can grow up to 3-5 meters in length. The main part of this plant 

for making mat is the long stem without node which tends to get shorter as the plant 

grows older (Mia et al., 2018). Plants are usually harvested twice in a year and the 

harvesting continues for about 40 years. The farmers of Jhalakati district have been 

practicing ‘shitalpati’ weaving since about 500 years. The mat is used by people all 

over Bangladesh as a sitting mat, bedspread or prayer mat. Traditional art of 

shitalpati weaving of Sylhet has been included in The United Nations Educational, 

Scientific and Cultural Organization (UNESCO)’s Representative List of the 

Intangible Cultural Heritage (ICH) of Humanity in 2017 (Annon., 2017). Moreover, 

shitalpati carries a glorious history for Bangladesh. Shitalpati of Sylhet was used to 

decorate the palace of British Queen Victoria (BSCIC, 2018). Both men and women 

participate in collecting and processing murta, where women being more involved 

in the weaving process. Moreover, murta has wonderful adaptation capacity to 

marshy land facilitating production in the waterlogged area and play a significant 

role in soil erosion control (Ahmed et al., 2007). The farmers in Jhalakati region 

generally do not apply any management practices for murta plant cultivation 

regarding nutrient management, weeding, pruning of extra tillers and cleaning of 

dead plant parts, insect-pest and disease management etc. That is why the yield and 

quality of murta plant products (stem or doga, beti etc.) are not satisfactory. 

Continuous harvesting of murta plants for 10 or more years leads to decrease in culm 

length. Recurrent harvesting of murta leads to nutrient imbalance and consequently 

the yield is reduced in the aged plantations. Limitations of nitrogen and phosphorus 

caused culm shortness in murta (Mia et al., 2018). It is possible that nutritional 

imbalance or deficiency, either singly or combined, might be responsible for culm 
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shortness (Harpole et al., 2011). However, research on murta cultivation is very 

scanty in the country. In these circumstances, the experiment was designed to 

develop suitable management package for increasing the yield and quality of murta 

stem/doga. 

Materials and Methods 

The experiment was conducted at farmers’ field of Kamdebpur village under 

Nalchity upazila of Jhalakati district of Bangladesh during 2019-2020 and 2020-

2021 to develop suitable management package for increasing the yield and quality 

of murta stem. The experimental site is situated in the latitudes and longitudes of 

22o33/31.518//N and 90o15/38.4618//E. The experimental site is located under the 

agro-ecological zone Ganges Tidal Floodplain (AEZ 13). The soil type was 

medium low land with siltly-clay texture in soil. The treatments of the experiment 

were five management practices on existing murta plants viz., T1 = Plant nutrients 

(inorganic + organic, @ 70-32-40 kg/ha N-P-K, respectively and compost 3 t /ha) 

[Mia et al., 2018] + Pesticides application (on rhizome and plant parts) + Pruning 

(extra tillers and cleaning of dead plant parts like branch, leaf etc.), T2 = Plant 

nutrients (inorganic + organic) + Pruning, T3 = Pesticides (insecticide + fungicide) 

+ Pruning, T4 = Pruning and T5 = Farmers’ practice (without management). 

Pesticides like Autostin 50WDG and Proclaim 5 SG were used as per 

recommended doses in this experiment. The experiment was set up at farmers on 

10 years old existing murta plant. The experiment was laid out in randomized 

complete block design with three replications. Unit plot size was 4.5 m × 3 m. The 

experimental plots were fertilized as per the treatment specifications. Before 

setting up the experiment, the initial soil sample was collected for chemical 

analysis in the laboratory for determining the available plant nutrients. The 

collected soil sample was analyzed in the Regional Laboratory of Soil Resource 

Development Institute (SRDI), Barishal and analytical results were given below: 

Table 1. Analytical results of the soil sample (2019-2020) 

Soil pH 
Salinity 

(dS/m) 

Organic 

matter 

(%) 

Nitrogen 

(%) 

Potassium 

(meq 

/100g soil 

Phosphorus 

(µg/g soil) 

Sulphur 

(µg/g 

soil) 

Boron 

(ppm) 

Zinc 

(ppm) 

7.40 0.71 0.82 0.012 0.15 17.12 2.13 0.51 1.01 

The samples of murta plant were also collected randomly and sent to the Soil 

Science Laboratory of Bangladesh Agricultural Research Institute (BARI), 

Gazipur for determining nutrient status. Analytical results have been presented in 

Table 2. The murta crop (stem/doga) was harvested in the month of January in 

2020 and 2021. Data were collected on different parameters such as plant height, 

number of stem (doga)/m2, doga height, doga diameter, single doga weight, doga 

weight/plot and rating of doga quality. The plot wise doga weights were then 

converted into ton/hectare. The quality of harvested doga (considering length, 
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colour and strength of murta cane) was rated based on 1-7 scale, where 1 = 

Excellent quality, 2 = Very good, 3 = Good, 4 = Moderate, 5 = Poor, 6 = Very 

poor, and 7 = Not useable/worst quality. Besides, the existing local market prices 

of product and by-product were collected for making economic analysis for murta 

cultivation. Data were analyzed through Statistix10 computer software and the 

mean differences were adjudged with Duncan’s Multiple Range Test (DMRT) 

following Gomez and Gomez (1984). 

Table 2. Analytical data of murta sample (2019-2020) 

Sample 

name 

Ca Mg K P S Cu Fe Mn Zn B 

% ppm 

Peet 0.43 0.23 0.60 0.17 0.39 6.88 190.86 85.59 10.52 23 

Ati 0.37 0.20 0.57 0.11 0.29 7.23 168.90 75.74 14.77 37 

Chota 0.24 0.13 0.58 0.18 0.39 7.29 245.46 100.07 15.51 17 

Buka 0.74 0.39 1.33 0.64 0.69 9.30 263.40 118.12 111.63 16 

Whole 

plant 

2.07 1.09 1.12 0.28 0.48 7.72 1977.00 886.55 44.60 44 

Source: Soil Science Laboratory, BARI, Gazipur 

Plant samples: Peet = Upper green part of murta stem, Ati = Lower part of peet, Chhota = 

Lower layer of ati, Buka = Inner soft pith, Whole plant = Peet, ati, chota 

and buka 

Results and Discussion 

Effect of management practices on yield of murta 

The plant height, doga height, doga diameter, single doga weight, fresh doga 

yield and rating of doga quality varied significantly due to different management 

practices as imposed on murta plant (Table 2). In 2019-2020 (Y1), treatment T1 

gave the tallest plant (385 cm), which was statistically similar to that of T3, T2 

and T4 gave statistically similar heights (360, 345 and 320 cm, respectively) but 

treatment T5 produced the shortest plant (244 cm). Likewise, the longest plant 

(387 cm) was also obtained from found achieved from T1 treatment in Y2 (2020-

2021). Statistically identical results were also found in T3 and T2 (385 and 360 

cm, respectively). In average of two years, treatment T1 produced the tallest plant 

(386 cm), which was statistically similar to that of T3 treatment (373 cm) and T2 

treatment (353 cm). The shortest plant (245 cm) was obtained from farmers’ 

practice (without management). The longest doga was found in T1 (234 cm), 

which was statistically identical to T3, T2 and T4 treatments (212, 208 and 206 

cm, respectively) but the shortest doga (179 cm) was obtained from farmers’ 

practice in Y2. Average doga height showed the highest (224 cm) in T1 treatment. 
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Statistically similar height was also observed in T3, T2 and T4 treatments (213, 

209 and 201 cm, respectively). The shortest height of doga (185 cm) was 

obtained from T5 treatment. In Y1, treatment T1 showed the highest diameter 

(22.41 mm) of doga that was statistically at par to that of T2 and T3 treatments 

(21.10, 20.69 and 17.41 mm, respectively). In Y2, treatment T1 also gave the 

highest diameter (24.49 mm) of doga, which statistically similar to T3 (21.79 

mm). Treatment T5 gave the lowest diameter in both the years (16.74 and 17.84 

mm in Y1 and Y2, respectively). Average diameter showed the highest value 

(23.45 mm) in T1 that was statistically similar to that of T3 (21.24 mm) and T2 

(20.63 mm) treatments. The lowest average diameter (17.29 mm) was found in 

T5 treatment. The highest weight of single doga (423 g) was obtained from T1 

treatment in Y1. Statistically identical results were also found in T3 (408 g), T2 

(377 g) and T4 (348 g) treatments. In Y2, T1 gave the highest weight of single 

doga (505 g). In aveage, treatment T1 produced the highest weight of single doga 

(464 g). Statistically similar weight was also obtained from T3 and T2 treatments 

(399 and 381 g, respectively). Farmers’ practice (T5) produced the lowest weight 

of single doga (327 g). In Y1, treatment T1 gave the highest fresh yield (30.91 

t/ha) of doga that was statistically at par to that of T2, T3 and T4 treatments (25.24, 

24.21 and 22.62 t/ha, respectively). Treatment T1 also gave the highest yield of 

fresh doga (30.91 t/ha) in Y1, which was statistically similar to that of T2 (28.07 

t/ha) and T3 (26.31 t/ha) treatments. Treatment T5 gave the lowest yield in both 

the years (19.82 and 18.63 t/ha in Y1 and Y2, respectively). In average of two 

years, doga yield showed the highest (32.37 t/ha) in T1 treatment and the results 

was statistically at par to that of T2 treatment (26.66 t/ha). The lowest yield (19.23 

t/ha) was found in farmers’ practice (T5). The results further revealed that 

treatment T1 increased the doga yield of 68.35% over the farmers’ practice. 

However, the increased yield of doga for T2, T3 and T4 treatments were 38.64, 

31.38%and 14.97%, respectively over the farmers’ practice (T5). Improved 

management practices like application of balanced fertilizers (inorganic + 

organic) along with pesticides application on rhizome or plant parts for 

preventing insect-pest and diseases, pruning of extra tillers and cleaning of dead 

plant parts produced created favourable environment for vigorous growth of 

murta plant that produced more number of stem, increased doga height, doga 

diameter and single doga weight over the farmers’ practice. Cumulative effect of 

these parameters helped in getting higher yield and quality of murta doga. The 

results are in agreement with the findings of Mia et al. (2018) and they noted that 

a combined limitation of N and P was responsible for culm (stem) shortness and 

reduced growth in Murta. Combined application of organic and inorganic 

fertilizers particularly N, P and K increased generation of new plants. It was 

observed that long and wide diameter of doga is suitable for producing quality 

cane for shitalpati weaving. 
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Table 2. Effects of management practices on yield and quality of murta plant at 

farmers’ field of Kamdebpur village, Nalchity, Jhalakati during 2019-2020 

and 2020-2021 

Treatment 
Plant height (cm) 

Stem (doga)/ 

m2 (no.) 

Doga height (cm) 

Y1 Y2 Average Y1 Y2 Average Y1 Y2 Average 

T1 385a 387a 386a 7.21 6.65 6.92 215 234a 224a 

T2 345a 360ab 353ab 6.64 7.31 6.98 210 208ab 209ab 

T3 360a 385a 373a 5.99 6.71 6.35 215 212a 213a 

T4 320a 309bc 314b 6.56 6.22 6.39 197 206ab 201ab 

T5 244b 246c 245c 6.05 5.72 5.89 191 179b 185b 

CV (%) 11.05 9.85 11.60 10.81 14.63 9.02 7.99 7.73 10.66 

F-test ** * * NS NS NS NS ** * 

Table 2. Contd. 

Treatment 

Doga diameter (mm) 
Single doga weight 

(g) 

Stem (doga) fresh yield 

(t/ha) 

Doga 

yield 

increase 

over 

control 

(%) 

Y1 Y2 Average Y1 Y2 Average Y1 Y2 Average 

T1 22.41a 24.49a 23.45a 423a 505a 464a 30.91a 33.82a 32.37a 68.35 

T2 21.10a 20.17bc 20.63ab 377ab 385b 381ab 25.24ab 28.07ab 26.66ab 38.64 

T3 20.69a 21.79ab 21.24a 408ab 391b 399ab 24.21ab 26.31ab 25.26bc 31.38 

T4 17.41b 18.72bc 18.06bc 348ab 344b 346b 22.62ab 21.59b 22.10bc 14.97 

T5 16.74b 17.84c 17.29c 330b 325b 327b 19.82b 18.63b 19.23c - 

CV (%) 7.12 10.13 8.22 12.27 14.59 11.65 21.19 23.44 14.25 - 

F-test ** ** * * ** * * ** * - 

Note: Y1 = Year 2019-2020 and Y2 = Year 2020-2021 

* and ** Significant at 5% and 1% level of probability, respectively; NS = Not 

significant 

Management practices: T1 = Fertilizer + Pesticide + Pruning; T2 = Fertilizer + 

Pruning; T3 = Pesticide + Pruning; T4 = Pruning and T5 = Farmers’ practice 

Effect of management practices on the quality of murta 

Stem or doga quality (based on length, colour and strength of murta cane) varied 

significantly because of different management practices (Table 3). Treatment T1 

showed the highest quality (2.33) and it was at par to that of T2 and T3 treatments 

(3.33). The farmers’ practice showed the lowest quality doga (4.67), which was 

similar to that of T4 treatment (4.00). Application of improve management 
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practices, enhanced the growth of murta plant that produced higher yield and 

improved quality of murta stem. It can be noted that longer and wide diameter of 

doga is more suitable for making good quality murta cane. Attractive natural colour 

and good strength of murta cane are also considered for weaving quality shitalpati. 

Long cane of murta stem is used for weaving big size of shitalpati without making 

any joint of the cane with one another. Demand and price of the unjointed 

shotalpati is comparatively high to the end user as well as in the local market. 

Table 3. Effect of management practices on the quality of murta (2020-2021) 

Treatment Rating of murta (cane quality) 

 Length Colour Strength Average 

T1 2.00 2.00 3.00 2.33c 

T2 3.00 3.00 4.00 3.33bc 

T3 3.00 3.00 4.00 3.33bc 

T4 4.00 5.00 3.00 4.00ab 

T5 6.00 5.00 3.00 4.67a 

CV (%) - - - 12.33 

F-test - - - * 

Note: * Significant at 5% level of probability 

Rating of doga quality: 1 = Excellent, 2 = Very good, 3 = Good, 4 = Moderate, 5 = 

Poor, 6 = Very poor, and 7 = Not useable/worst quality 

Economic return from different management practices of murta 

The economic analysis was done based on the local market price of the product 

and by-product of murta plant. Economic analysis results revealed that gross return 

obtained from treatment T1 was the highest (Tk. 173465/ha), while T2 gave the 

return of Tk. 124863/ha (Table 3). Treatment T3 and T4 showed the gross returns 

of Tk. 118586 and 74647/ha, respectively. The lowest gross return (Tk. 61057/ha) 

was found in T5 (farmers’ practice). Similar trend was also observed in case of 

gross margin. Treatment T1 showed the highest gross margin (Tk. 98765/ha). 

However, comparatively reduced gross margins were achieved from T2 and T3 

treatments (Tk. 67663 and 66086/ha, respectively). On the other hand, the lowest 

gross margin (Tk. 31057/ha) was computed in T5 treatment. The highest value of 

BCR (2.32) was computed in T1, while the values in T3, T2 and T4 were 2.26, 2.18 

and 2.13, respectively. The farmers’ practice showed the lowest value of BCR 

(2.04). Considering the stem (doga) yield, quality and economic return, treatment 

T1= Fertilizers (Inorganic + organic, 70-32-40 kg/ha N-P-K, respectively and 

compost 3 t /ha) + Pesticides application (on rhizome and plant parts) + Pruning 

(extra tillers and cleaning of dead plant parts) can be applied for murta cultivation 

in Jhalakati. 
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Table 3. Economic return from different management practices of murta (average of 

2 years) 

Treatment 
Stem (doga) 

yield (t/ha) 

By-

product 

yield (t/ha) 

Gross 

return 

(Tk/ha) 

Total 

variable cost 

(Tk/ha) 

Gross 

margin 

(Tk/ha) 

Benefit 

cost ratio 

(BCR) 

T1 32.37 10.32 173465 74700 98765 2.32 

T2 26.66 9.83 124863 57200 67663 2.18 

T3 25.26 9.84 118586 52500 66086 2.26 

T4 22.10 7.83 74647 35000 39647 2.13 

T5 19.23 6.76 61057 30000 31057 2.04 

Local market price of murta product: Stem (doga) for T1 Tk. 5200, T2 Tk. 4500, T3 Tk. 

4500, T4 Tk. 3200 and T5 Tk. 3000/t; By-product (dried stem as cooking fuel) price: Tk. 

500/t 

Conclusion 

From two years study it might be concluded that application of inorganic and 

organic fertilizers @ 70-32-40 kg/ha N-P-K, respectively and compost 3 t /ha along 

with pesticide application on rhizome and plant parts and pruning  (extra tillers and 

cleaning of dead plant parts like branch, leaf etc.) would be recommended in 

cultivating murta for achieving higher yield, quality and economic return of murta 

stem or doga. 
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Abstract  

Latkan (Baccaurea sp.), an underutilized minor fruit has drawn popularity 

because of its nutritional value in Bangladesh. Its cultivation, therefore, is gaining 

momentum . So,  a survey on the health status and prevalence of diseases on 

Latkan was carried out at Shibpur upazilla of Narsingdi and Valuka upazilla of 

Mymensingh district during the cropping season 2019-2020. Growers of Latkan 

in the two Upazillas were interviewed to know about the occurrence of diseases 

of latkan and their management. Infected leaves, twigs and fruits were collected, 

and the pathogens were isolated and identified in the Plant Pathology Laboratory 

of BARI, Gazipur. Three diseases were identified viz. (i) gray leaf blight caused 

by Pestalotiopsis sp., (ii) die-back caused by Diplodia sp. and (iii) anthracnose 

caused by Colletotrichum sp. The prevalence of the diseases varied for location, 

age of the orchards and type of the disease. Anthracnose predominated in the old 

orchards compare to gray leaf blight and die-back. Field experiment was 

conducted for chemical management of anthracnose indicated that  Tilt 

(Propiconazole @ 0.5ml/L) and Autostin (Carbendazim @ 1g/L) were effective 

measures to control the disease. 

Keywords: Latkan, survey, disease, management. 

Introduction 

Latkan or Burmese grape (Baccaureasp.) is one of the most popular and 

commercially important minor fruit crops of Bangladesh. It is evergreen, slow 

growing, dioecious, short to medium height, shade loving plant species with 

enormous nutritional value belonging to Euphorbiaceae family. The tree shows a 

good example for the fruits which grows directly from the main trunk (Hagens, 

2000). It is an important unexploited fruit plant native to tropical and subtropical 

Southeast Asian region, which grows as wild as well as under farming, mainly in 

Nepal, India, Myanmar, Bangladesh, South China, Indochina, Thailand, Malaysia, 

Srilanka and some regions of Indonesia (Morton, 1987; Maniruzzaman, 1988; 

Subhadrabandhu, 2001). In recent time, latkan is commercially cultivated in some 

part of Bangladesh and has become popular among the people because of its 

excellent taste, vitamin and market value. It is a mild acidic fruit and mainly 

consumed as fresh. 
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Among underutilized fruit crops, burmese grape is becoming a very potential fruit 

crop grown mostly in homestead condition in the region of Narsingdi, 

Mymensingh, Gazipur, Tangail, Sylhet, Dhaka, Chittagong hill tracts (Bhowmick, 

2010). It flowers during summer month and fruits are matured during rainy season. 

Latkans have various uses such as seeds as dyeing agent (Raghavan and Ramjan, 

2018), leaves, fruits, seeds, and stem bark for  varied therapeutic potential the fruit 

as antiviral and antioxidant source and the stem bark of the plant was reported to 

have diuretic activity (Hasan et al., 2009). It contains potassium twice as much as 

in bananas.  So, the health benefits of latkan are significant. However, there are 

some diseases generally that affect the latkan such as- Anthracnose 

(Colletotrichum sp.), Leaf blight, Bacterial leaf spot, Black rot (Guignardia 

bidwellii), Scab (Venturia inaequalis), Mould rot (Botrytis cinerea), Foot rot 

(Cylindrocarpon sp.) and Dieback which threaten latkan production as well as 

income of the farmers (Karim et al., 2010 and Hasan et al., 2009). Hence, a keen 

observation on latkan is essential for generating details information on disease 

status and their management. Therefore, the present investigation was designed to 

assess the diseases of latkan and to find out the proper control measure of major 

diseases of latkan.  

Materials and Methods 

The field survey programs were conducted in two upazilla namely Shibpur of 

Narsingdi and Valuka of Mymensingh district during the cropping season 2019-

2020. In each upazilla, 10 different latkan fruit orchards were surveyed and 

samples were collected based on visual symptoms. The symptoms of the disease 

were recorded according to description of Amador (2002), Ferguson (2002) and 

Reddy and Murthi (1990). Identification of all the fungal diseases was finally 

confirmed by isolation and identification of the associated fungal organism. Mass 

group of farmer’s interaction was taken to know the detail scenario about the 

diseases of latkan by using questionnaire on disease problems, age of garden, 

intercultural operations, and management practices adopted by the latkan 

farmers.  

Infected fruits as well as diseased plants parts of latkan were collected from the 

survey area and brought into the Plant Pathology Laboratory, Bangladesh 

Agricultural Research Institute for isolation and identification of causal organism. 

Pieces of the diseased sample of latkan were sterilized in 10% chlorox for 2-3 

minutes, followed by several rinses with sterile distilled water. The samples were 

then placed separately on the blotter paper, water agar and potato dextrose agar 

(PDA) Petri plates and incubated at 25±1oC for 5-12 days. After incubation, the 

vegetative and reproductive structures of fungi grew out of the inocula were 

examined under stereo as well as compound microscope. To prove that Koch’s 

postulates were true, pathogenicity test was conducted on symptomless leaves and 

fruits of latkan.  
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An experiment with four different fungicides was conducted under natural 

infection condition in the established orchard of Horticulture Research Center, 

BARI, Gazipur during 2020-21for the management of anthracnose disease of 

latkan. The experiment was laid out in randomized complete block design with 3 

replications. Each plant was considered as a replication. The treatments were T1 = 

Autostin(Carbendazim) @1g/L, T2 = Secure (Fenamidone + Mancozeb 600WG) 

@ 2g/L water, T3 =Dithane M-45 (Mancozeb80%) @ 2g/L water, T4 = Tilt 

(Propiconazole) @ 0.5ml/L water, and T5 = Control. The spraying was started with 

the initiation of anthracnose disease on the latkan plants and a total of three sprays 

were done at an interval of 10-12 days. Data were recorded on the incidence of 

fruit rot disease of latkan and the percent data were transformed and analyzed 

statistically using ‘R’ program and the means were separated by least significance 

difference (LSD) test. 

Results and Discussion 

Outcome of questionnaire: Farmer’s interaction by using questionnaire was the 

basis of details information on latkan cultivation and their disease management. 

The response of 50 latkan growers of Shibpur of Narsingdi and Valuka of 

Mymensingh districts respectively possessing 9-10 years old orchard were almost 

similar (Table 1). They rarely practiced disease management of latkan though there 

were fruit dropping and twig dying. 

Table 1. Outcome of the questionnaire from both Narsingdi and Mymensingh 

districts 

Parameters 
Survey results of Shibpur, 

Narsingdi 

Survey results of Valuka, 

Mymensingh 

Number of farmers 

interviewed 

50 50 

Major diseases of 

latkan 

Not specific, claims for fruit 

dropping, twig dying and fruit 

rot 

Not specific, only claim for fruit 

dropping due to drought and 

dieback 

Age of garden Most of the gardens average 

age 10-11 years 

Most of the gardens average age  

8-9 years 

Intercultural 

operation 

Not practiced regularly Not practiced regularly 

Management option Practice but little Rarely practice 

Isolation and Identification of the pathogens: From the survey area, three 

different diseases were identified from latkan fruit, leaves and twigs of the 

collected samples. The diseases were (i) Gray leaf blight (ii) Die-back and (iii) 

Anthracnose. Based on disease symptoms and morphological characteristics of the 

pathogens viz. mycelium coloration or pigmentation, presence or absence of septa, 
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spore morphology etc., the diseases and pathogens were identified as gray leaf 

blight (Pestalotiopsis sp.), die-back (Diplodia sp.) and anthracnose 

(Colletotrichum sp.). The symptoms of the diseases recorded were as follows. 

Gray leaf blight (Pestalotiopsis sp.): The symptoms started from tip of the leaf as 

light brown to dark brown necrosis that advanced towards both the margins of the 

leaf leading to complete necrosis of the affected leaves that dried up subsequently. 

Death of leaves on new shoots and a foliar blight were also observed. Some of the 

affected leaves showed sun scorched symptom. 

  

Fig. 1. Leaf blight symptoms Fig. 2. Conidia of Pestalotiopsis sp. 

Die-back (Diplodia sp.): Die-back was characterized by progressive dying of 

twigs, and branches, starting at the tips that usually caused slower development 

and hindered uniformity throughout the crown. The tree in the dieback stage, 

however, showed localized symptoms such as apparently healthy twigs and 

branches adjacent to dead or dying twigs and branches that initiated at the top of a 

plant and progressed downward. 

  

Fig. 3. Dieback symptoms Fig. 4. Conidia of Diplodia sp. 
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Anthracnose (Colletotrichum sp.): Fruit infections were characterized by dark, 

brown to black, water-soaked spots or sunken lesions on green and ripe fruit that 

covered with spore masses. Large circular brown spots were formed around the 

damaged or punctured skin of the fruit. The spots darkened with age and centre 

started sunken with dark brown margins. In severe cases, the spots were eventually 

developed cankers on twigs and stems. 

  

Fig. 5. Anthracnose symptoms Fig. 6. Conidia of Colletotrichum sp. 

Disease severity in Shibpur of Narsingdi district 

The prevalence of diseases of latkan in Shibpur upazila of Narsingdi district was 

more in the old orchards as compared to that in the new orchards (Table 2). From 

the survey, it was found that (4%) and (15%) plants were infected with 

Pestalotiopsis sp. in new and old orchards, respectively. Similarly, only (5%) 

latkan plants of new orchards showed die-back disease symptom while (23%) 

infection was found in old orchards. On the other hand, the prevalence of 

anthracnose disease was lower (12%) in new orchards while (27%) in old orchards 

(Table2). 

Table 2. Disease severity of latkan plant in Shibpur of Narshingdi district 

Name of the disease Causal organism 
Percent Infection 

New orchards Old orchards 

Gray leaf blight Pestalotiopsis sp. 04 15 

Die-back Diplodia sp. 05 23 

Anthracnose Colletotrichum sp. 12 27 

Disease severity in Valuka of Mymensingh district 

The incidence of latkan diseases was higher in the old orchards of Valuka upazila 

under Mymensingh district in general (Table 3). From the survey it was found that 

(3%) plants of latkan in new orchards were infected with Pestalotiopsis sp. while 

(9%) infection was observed in the old orchards. Die-back disease prevalence was 
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(5%) and (14%) in new and old orchards, respectively. The incidence of 

anthracnose disease was higher (20%) in old orchards and lower (10%) in new 

orchards of Valuka upazila under Mymensingh district (Table 3). 

Table 3. Disease severity of latkan plant in Valuka of Mymensingh district 

Name of the disease Causal organism 
Percent Infection 

New orchards Old orchards 

Gray leaf blight Pestalotiopsis sp. 03 09 

Die-back Diplodia sp. 05 14 

Anthracnose Colletotrichum sp. 10 20 

Efficacy of fungicides against anthracnose disease of latkan 

The incidence of anthracnose disease of latkan was significantly (p = 0.05%) 

reduced by all the tested fungicides compared to control (Table 4). Among the 

fungicides, Tilt 250EC (Propiconazole) showed the lowest anthracnose disease 

incidence (4.67%) followed by Autostin (Carbendazim) treatment where the 

anthracnose disease incidence was (6.67%) (Table 4). The fungicides Secure 

(Fenamidone + Mancozeb 600WG) and Dithane M-45 (Mancozeb 80%) also gave 

significantly lower anthracnose disease incidence of (9.33%) and (9.67%), 

respectively. The highest anthracnose disease incidence of (37.67%) was recorded 

from the unsprayed control treatment. The maximum  reduction (87.60%) of 

anthracnose disease incidence of latkan was recorded in case of Tilt 250EC 

(Propiconazole) followed by Autostin (Carbendazim) treatment where the 

reduction of anthracnose disease incidence was (82.29%) compared to unsprayed 

control. Besides, the fungicides Secure (Fenamidone + Mancozeb 600WG) and 

Dithane M-45 (Mancozeb 80%) reduced the anthracnose disease of latkan over 

control by (75.23%) and (74.33%), respectively (Table 4).  

Table 4. Effect of fungicides on the incidence of anthracnose disease of latkan 

Treatments 
Anthracnose disease 

incidence (%) 

Disease decreased 

over control (%) 

T1= Autostin (Carbendazim) 6.67 c(14.93) 82.29 

T2= Secure (Fenamidone + 

Mancozeb600WG) 

9.33 b(17.75) 75.23 

T3= Dithane M-45 (Mancozeb 80%) 9.67 b(18.10) 74.33 

T4 = Tilt (Propiconazole) 4.67 d(12.47) 87.60 

T5= Control  37.67 a(37.85) - 

LSD (P = 0.05) 1.845 - 

The anthracnose disease (Colletotrichum sp.) was considered as one of the ten 

most notorious pathogens in the world, causing heavy crop losses worldwide 
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(Dean et al., 2012). The highest incidence (12% and 27%) in Narsingdi and (10% 

and 20%) in Mymensingh of anthracnose disease on latkan were observed during 

the survey. In a similar survey on mango, Onyeani and Amusa (2015) showed that 

60% of mango trees surveyed were found to be infected with anthracnose and over 

34% of fruits produced on those trees were severely infected with the disease 

incidence (45.90%) and severity (38.10%) of anthracnose. Anthracnose disease of 

latkan was a burning issue to the agriculturists as well as latkan farmers and 

effective control measure was not available in the country. A combination of the 

different strategies like chemical control, biological control, physical control and 

intrinsic resistance was recommended for managing the disease (Agrios, 2005). 

The chemical fungicides generally recommended for controlling anthracnose 

disease were based on copper compounds, Carbendazim, dithiocarbamates, 

benzimidazole and triazole compounds (Waller, 1992). Present findings agreed 

partially with the findings of Leroux and Gredt (1974), Pandey (1988), Oh and 

Kang (2002) and Everett et al. (2005) who found that Carbendazim (Derosal) gave 

better control of anthracnose disease of fruits caused by C. gloeosporioides. 

Conclusion 

Three different diseases viz. gray leaf blight, die-back and anthracnose diseases 

were identified from latkan leaves, twigs and fruits plant samples collected from 

Shibpur of Narsingdi and Valuka of Mymensingh district. Among these diseases 

anthracnose was predominant in both the locations. The management study 

revealed that Tilt (Propiconazole) and Autostin (Carbendazim) is found  

effectively controlled the anthracnose disease of latkan in the orchards. 
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Abstract  

The study was conducted in the laboratory of the Department of Entomology, 
Sher-e-Bangla Agricultural University (SAU), Dhaka, Bangladesh to observe the 
biology and morphometrics of fall armyworm, Spodoptra frugiperd (Lepidoptera: 
Noctuidae) during winter (December-February) and summer (March-May) 
seasons. The fall armyworm larvae were collected from the maize field of BARI, 
Gazipur and SAU research fields. The collected larvae were brought to the 
laboratory and reared on maize plant at room temperature. The female moths laid 
eggs in clusters under or upper surface of the maize leaf which were hatched in 
4.01 and 2.45 days at winter and summer, respectively. The larvae passed through 
six instars with the total larval period of 29.17 and 14.80 days, respectively at 
winter and summer. The pupa took 17.63 days in winter and 9.34 daysin summer 
for emergence into adult. During winter season the longevity of female and male 
moths were 15.47 and 13.98 days respectively. But in summer the adult longevity 
for female and male was 10.03 and 8.19 days, respectively. The male-female sex 
ratio in winter was 1:1and 1:2 in summer. The total life cycle was completed 
within 64.79 days (male) and 66.28 days (female) in winter and that was 34.86 
days (male) and 36.70 days (female) in summer. Larva was gradually increased 
in size with instars having a square shaped four black spots on 8th and 9th 
abdominal segments and Y-shaped line on the frons. The male pupa (16.53 mm) 
was slightly larger than the female (15.81 mm) with a bit longer distance between 
genital opening and anal slot. Body length of the adult male measured 13.75 mm 
and that of the female was 12.77 mm. The percent of survival was maximum at 
6thinstar larval stage (94.55 %) and least survival percent was at 1st instar larval 
stage (79.53%). On the other hand, percent of mortality was maximum at 1stinstar 
larval stage (20.47%) and least mortality was at 6th instar larval stage (5.45 %). 

Keywords: Biology, Morphometrics, Fall Armyworm, Spodoptra frugiperda, 
Maize, Zia mays. 

Introduction 

Maize (Zea mays L.) of the family poaceae, is one of the most important worlds’ 
widely grown cereal crops and contributes to food security in most of the 
developing countries. It has high yield potential, there is no cereal on the earth 
which has so immense potentiality and that is why it is called “queen of cereals.  
Maize is the 2nd most important crop in terms of area and production after rice in 
Bangladesh and in 2020-21 maize was produced 41.16 lakh metric tons from an 
area of 4.80 lakh hectares with average yield of 8.57 t/ha (Anonymous, 2022). 
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Maize is the most important staple cereal crop grown of which, 90% of production 
is used as food, industrial material and major component of animal feed. The fall 
armyworm (FAW), Spodoptera frugiperda (J.E Smith), is the most important 
noctuid pest in North and South America and has recently become an invasive pest 
in Africa (Montezano et al., 2018). It has been spread around 38 courtiers till now 
and in Bangladesh, the caterpillar was first detected on two different crops, 
cabbage and maize in different districts (Palma, 2020). Fall armyworm larvae can 
feed on a large number of plant species, including maize, rice, sorghum, millet, 
sugarcane, vegetable crops and cotton, and can cause significant yield losses. 

Fall armyworm is a polyphagous pest and numerous alternative hosts outside the 
production season of main crops.  Larvae feed on the surface of leaves leaving only 
white papery patches on young maize called window panes. Older larvae consume 
more tissues, with stronger mandibles, cut large portions of plant tissues with high 
silica content and includes seedlings, foliage, tassels, cobs, husks, and developing 
kernels. Yield losses due to FAW in maize crops vary from 22 to 67% in different 
parts of the world (Day et al., 2017).  

FAW has several generations per year, whose life cycle consists of egg, six larval 

instars, pupa, and adult (IITA, 2016). Information about biology and life table 

parameters of FAW such as survivorships, mortality rates, longevity, fecundity, 

life expectancy, the population distribution, economic importance, seasonal 

abundance, host plants, life history are essential for natural, cultural, genetic, and 

chemical controls of fall armyworm. These vary depending on the different stages 

in particular hosts and metrological parameter of the country. FAW can migrate 

long distances on prevailing winds, but it can also reproduce continuously in areas 

that are climatically suitable (Prasanna et al., 2018). S. frugiperda has a high 

reproductive capability, a relatively short generation time and great disperse ability 

(Montezano et al., 2018) which has raised an extreme awareness against this insect 

that is threaten for food security. To prevent this enormous invasion, fundamental 

knowledge of its biology and morphological features are very crucial. However, 

obtaining that information seems to be complicated and still limited in Bangladesh 

context. Thus, the aim of this studyis to generate data on the biological and 

morphological parameters of S. frugiperda population growth under laboratory at 

room temperature-to know the growth and development of different stage of fall 

armyworm on maize and to determine morphometry at specific growth stage. 

Materials and Methods 

Collection and rearing of the insects 

The study was conducted in the laboratory at ambient weather condition (Table1) 

in the Department of Entomology, Sher-e-Bangla Agricultural University during 

December, 2020 to May, 2021.  
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Infested maize plants (30 days after emergence) was collected from different 

locations viz. BARI research field, SAU research field and farmers field of Kalatia, 

Keranigonj, Dhaka during growing  season (winter and summer). The collected 

larvae were brought to the laboratory and kept in plastic cages (18 cm height x 25 

cm diameter) with sufficient soil for mass rearing. Some larvae were reared until 

pupation using maize leaves (variety MK 40). Pupae were observed daily until 

moths emerged. The cages were covered with a fine mesh net to prevent the moths 

from escaping. The maize leaves and stems were replaced every day and inspected 

for egg laying. All set-ups were kept under laboratory at room temperature. 

Table 1. Monthly average room temperature and relative humidity during study 

period 

Months 

Average 

temperature 

(0C) 

Range 

Relative 

humidity 

(%) 

Range 

 

Winter season 

December / 2020 17.530C 100C - 250C 60.00 57 – 62% 

January / 2021 16.720C 100C - 250C 53.13 42 – 64% 

February / 2021 18.660C 100C - 300C 45.11 41 – 49% 

Summer season 

March / 2021 24.130C 140C - 350C 48.93 42 – 65% 

April / 2021 26.800C 180C - 340C 59.10 55 – 63% 

May / 2021 26.350C 200C - 330C 68.29 63 – 74% 

Biology of fall armyworm 

Life cycle of fall armyworm was observed in two seasonal conditions such as 

winter (December-February) and summer (March-May). An adult male and a 

female were confined in pair kept in plastic cages (21 cm height x 10 cm diameter). 

Ten pairs were prepared in this manner. The female moth was laid eggs on maize 

leaf. They were provided with soaked cotton pads in 10% sugar solution as food 

source in small plastic caps placed inside the cage and replaced daily. From the 

progeny of these parental stock, 10 neonates (newly-hatched) larvae were 

individually transferred to fresh maize leaves and reared in plastic cages (18 cm 

height x 25 cm diameter) containing moistened filter paper, a fresh maize leaf and 

required amount of soil until pupation. In each cage, pupae were observed daily 

until moths emerged. After that adult moth (male and female) were kept into the 

other plastic cage for further rearing with aforesaid manner to observe the 

developmental period at different stages of fall armyworm. In this study, eggs 

collected within 1 hr after oviposition were placed in plastic cages (19 cm height 

x 18 cm diameter) with moist filter paper maintained at room temperature. There 
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were 4 replications with one egg mass for each cage. The morphological features 

of the different instars were observed and recorded along with incubation period, 

development period from the first instar to the sixth instar, pupal period, pre-

oviposition period (the time adult female emerged to the time the first mass of eggs 

is laid), Oviposition period (egg laying period), post oviposition period (the time 

female stopped laying eggs till death), longevity of male and female adults (the 

time from adult emergence till their death), fecundity (number of egg-masses and 

number of eggs per egg-mass laid in the lifetime of adult females), hatchability of 

eggs and the number of neonates that hatched from all egg-masses laid by a female 

in her lifetime. All periods of observations were taken in days. 

Morphometry of the different life stages 

Morphometric measurements of the different life stages such as different instar 

larvae, pupae and adult length, width and weight were taken. The measurement 

of3rd, 4th, 5th, and 6thinstar larvae, pupae and adults were measured using a digital 

Slide Caliper. The measurement of1stand 2ndinstar larval length and width were 

also taken by using stereomicroscope. The length and width of the larvae was 

measured as well as the width of the head capsule. The male and female pupae 

were likewise measured from the tip of the head down to the tip of abdomen and 

the widest width of the body. Male and female adults were pinned, wings expanded 

and dried. The wing expansion of the forewings was measured and body length 

from the tip of the head to the tip of the abdomen was taken. The larvae, pupae and 

adults were weighted to use an electric balance. The measurement of each stage 

was done by using ten individuals for each stage. 

Adult longevity  

The study was conducted as a completely randomized design with 5 replications. 

Each cage represented one replication. After emergence, the adult male and female 

were confined separately for an hour and randomly selected and transferred into 

plastic cage (21 cm height x 18 cm diameter) covered with fine mesh net. Each 

cage contained 5 adults with soaked cotton pads in 10% sugar solution as food 

source in small plastic caps placed inside the cage and replaced daily. But in case 

of unfed condition, no food was provided. 

Data Analysis 

Data on biological parameters were analyzed by MS office excel 2016 and fed and 

unfed adults’ data were analyzed by the R version 4.1.1 software. Mean separation 

of treatments was calculated by Fisher’s LSD test at 5% level of probability. 
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Results and discussions 

Female moth laid eggs in clusters under or upper surface of the maize leaf, base of 

the plant, in whorls and lid of plastic cage (Plates 1, 2). Newly laid eggs were pink 

to greenish grey in colour and become darker with age towards larval eclosion. 

Fall armyworm eggs were oblate-spheroidal shape, flattened and curve and also 

clearly marked with ridges. Eggs were covered with greyish scales by the female 

moth, giving them a downy appearance. Similar report was also reported by 

(Shylesha et al., 2018). On higher magnification, shining reticulated surface could 

be easily noticed. Incubation period ranged from 3.00–5.00 days with a mean of 

4.01 days and ranged from 2.00–3.00 days with a mean of 2.45 days, at winter and 

summer, respectively (Table 2).  

First instar larvae were greenish with a black head, and turned greenish brown in 

the second instar (Plate 4). The third instar was brownish with three dorsal and 

lateral white lines beginning to form. Fourth to sixth instar had a reddish-brown 

head, were mottled with white and the brownish body bears three white dorsal lines 

and a pale lateral line. Black tubercles were found dorsally on the body which bears 

spines. The arrangement pattern of black spots was square on 8th and trapezoidal 

on 9th segment of larva (Plate 5). The frons had a white inverted Y-shaped line 

(Plate 6). Each larva passed through six distinct instars over a period ranged 24-33 

days with a mean 29.17 days and ranged 11-18 days with a mean of 14.80 days 

(Table 2) observed at winter and summer respectively. Larvae are most active in 

the early morning and tend to hide themselves during the brightest time of the day. 

Duration the larval stage tends to be about 14 days in warm weather and 30 days 

in cool weather (Hardke et al. 2015). Sharanabasappa et al. (2018) also revealed 

that larva passed through six distinct instars over a period of 15.9 ± 1.45 days that 

also supports this result. 

At the time of prepupal period the full-grown larva stopped feeding, turned 

greenish and the bright brown colour. Duration of the pupal period was 1.28 ± 0.28 

in winter and 1.06 ± 0.31 days in summer (Plates 7, 8). Similar results were 

reported by Montezano et al. (2019), as they also claimed that the prepupal stage 

of S. frugiperda was completed in 1-3 days on different food diets. Duration of the 

pupal period was about 17.63 ± 1.65 days (range12.78 - 22.09 days) in winter and 

9.34 ± 0.99 days (range 8.00 to 11.00 days) in summer (Table 2).The pupal period 

ranges between 8 - 9 days in summer and 20 - 30 days in winter was also reported 

by other researcher which is supported the present study. The distance between 

genital opening and anal slot was greater in female than the male (Plate 9, 10) 

which can be used to identify the female and male pupa of fall armyworm.  
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Plate 1. Egg mass Plate 2.  Egg mass (after 24h old) 

  

Plate 3. Newly hatch larvae Plate 4.1st to 6th instar larvae 

  

Figure 5. 6th instar larva Figure 6. 6thinstar larva 
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Plate7. Pre pupa Plate8. Pupa 

  

Plate9. Female Pupa Plate10. Male Pupa 

  

Plate 11. Male moth Plate 12. Female moth 
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Male and Female moths can be identified by the forewing colour and spot. Forewing 

of male is shaded with gray and brown, with triangular white patch at the apical 

region and circular spot at the center of the wing (Plate11). These characters are 

similar as reported earlier by Sharanabasappa et al. (2018). The forewings of females 

are uniform grayish brown to a fine mottling of gray and brown (Plate12) in the 

present study. Adult hind wing is silver-white with a narrow dark border in both male 

and female. Pre-oviposition, oviposition and post oviposition period ranged 4-5, 5-8 

and 4-5 days, respectively in winter and those ranged from 2-3, 4-5 and 2-3 days, 

respectively in summer (Table 2). The female adult longevity was 15.47 days with a 

range of 11-22 days compared to male 13.98 days with a range of 10-21 days in 

winter. On the other hand, the female adult longevity was 10.03 days with a range 

of 9-12 days compared to male 8.19 days with a range of 7-10 days in summer. The 

total life cycle of male and female ranged from 59-73 and 61-73 days, respectively 

in winter and 31-37 and 33-40 days, respectively in summer (Table 2). Adult male 

longevity was shorter than that of the female moths. Sharanabasappa et al. (2018) 

reported that the development cycle of S. frugiperda male and female takes 37.50 

and 40.50 days on average at 270 C. This is also slightly slower than the total 

development period of 66.5 days at 180 C and 18.3 days at 350 C.  

Table 2. Duration (in days) of the different developmental stages of 

Spodoptera frugiperda reared on maize leavesin laboratory at room 

temperature. 

Developmental 

Stage (Days) 

Winter Summer 

Mean ± SD Range Mean ± SD Range 

 Incubation period 4.01 ± 0.79 3.00 – 5.00 2.54 ± 0.44 2.00 – 3.00 

 Larva     

        I inster 4.19 ± 0.75 2.53- 7.00 2.40 ± 0.50 1.19 - 3.14 

        II inster 4.31 ± 0.77 3.00 - 7.00 2.03 ± 0.67 1.17 - 3.00 

       III inster 4.47 ± 0.53 4.00 - 6.00 2.13 ± 0.58 1.23 - 3.00 

       IV inster 4.45 ± 0.51 4.00 - 5.89 1.69 ± 0.53 1.00 - 3.00 

       V inster 4.98 ± 0.97 4.00 - 7.88 2.58 ± 0.97 1.00 - 4.21 

       VI inster 5.61 ±   0.99 5.00 - 8.00 2.75 ± 0.68 2.00 - 5.00 

 Pre-pupa 1.28 ± 0.28 1.00 - 2.00 1.06 ± 0.31 1.00 - 1.97 

 Total larval period 29.17 ± 0.97 24.00 - 33.00 14.80 ± 0.93 11.00 - 18.00 

 Pupal period 17.63 ± 1.65 12.78 - 22.09 9.34 ± 0.99 8.00-11.00 

 Male adult longevity 13.98 ± 2.95 10.00 - 21.00 8.19 ± 0.91 7.00-10.00 

 Female adult longevity 15.47 ± 2.89 11.00 - 22.00 10.03 ± 0.92 9.00-12.00 

 Pre oviposition period 4.78 ± 0.43 4.00 – 5.00 2.97 ± 0.46 2.00 – 3.00 

 Oviposition period 6.51 ± 0.94 5.00 – 8.00 4.61 ± 0.41 4.00 - 5.00 

 Post oviposition period 4.95 ± 0.13 4.00 - 5.00 2.16 ± 0.38 2.00 – 3.00 

 Total life cycle (egg-adult) Male 64.79 ± 3.45 59.00 -73.00 34.86 ± 1.61 31.00 - 37.00 

 Female 66.28 ± 2.79 61.00 -73.00 36.70 ± 1.56 33.00 - 40.00 
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The female moth laid eggs ranged from 690-819 eggs and 893–1261 eggs in winter 

and summer respectively (Table 3). The mean number of eggs production was 

789.29 ± 33.67 eggs/ female and 1071.08 ± 95.07 eggs/ female in winter and 

summer, respectively (Table 3). Usually, egg mass covered with a protective, hair-

like layer of scales (setae) from the female abdomen. The number of egg masses 

laid per female ranged from 4-9 egg masses and 6-9 egg masses in winter and 

summer, respectively. The mean number of eggs/egg mass was recorded as 105.35 

± 14.60 and 121.65 ± 30.96 at winter and summer, respectively. In another study, 

the eggs of S. frugiperda are laid in groups or clusters of 20-350 and total egg 

production per female average about 1500, with a maximum of over 2000.  

Table 3. Number (mean ± SD) of eggs/ female, egg masses/ female, number of eggs/egg 

mass, % egg hatch number of egg layer/ egg mass and sex ratio of S. 

frugiperda on maize 

Different Stages 

(Number) 

Winter Summer 

Mean ± SD Range Mean ± SD Range 

Number of eggs 

female-1 

789.29 ± 33.67 690- 819 1071.08 

±95.07 

893 - 1261 

Number of egg mass 

female-1 

7.13 ± 1.72 4 – 9 8.00 ± 0.92 6 -9 

Number of eggs egg 

mass-1 

105.35 ± 14.60 46 – 165 121.65 ± 30.96 76 – 201 

% Egg hatching   88.51 ± 11.95 65.00 - 96.88 91.63 ± 3.68 80.65 - 99.41 

Number of egg layer 

egg mass-1 

2.13 ± 0.87 1 – 4 2.20 ± 0.9 1 – 4 

Sex ratio (M: F)  1:1 1:2 

Mean percent of egg hatching was 88.51 ± 11.95 and 91.63 ± 3.68 in winter and 

summer, respectively. The female deposits eggs in egg masses ranged from 1-4 

layers both winter and summer (Table 3). Three to four layers of egg in an egg 

mass was observed in the present study. The sex ratio was observed 1:1(M: F) and 

1:2(M: F) in winter and summer, respectively. Ahir et al. (2019) observed less 

male population than female (1:1.30 male and female sex ratio) of the fall 

armyworm. Environmental factors could have influenced on seasonal variations of 

male and female sex ratio fall armyworm. Lekha et al. (2020) earlier mentioned 

that biology of fall armyworm was influenced by growing temperature, relative 

humidity, host, artificial diet. 

Life cycle of fall armyworm was observed under two seasonal conditions such as 

winter (December-February) and summer (March-May). Average temperature was 

found 17.50C, 16.70C and 18.60C for January, February and March, respectively as 

well as humidity ranged from 41- 64%. On the other hand, average temperature 

was 24.10, 26.80C and 26.30C for March, April and May, respectively and the 
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humidity ranged from 42-74% (Table 1) during this period. Variation of weather 

parameters might be influenced on the life cycle of fall armyworm. Lekha et al. 

(2020) mentioned that biology of fall armyworm was influenced by temperature, 

relative humidity, host, artificial diet. 

Morphometry of the different life stages 

Data on morphometry of different developmental stages of S. frugiperda have been 

demonstrated in Table 4. Width of head capsule as well as body length, width and 

weight of different instars of larvae were increased with instars. The width of head 

capsule of the six larval instars were 0.24 mm, 0.36 mm, 0.62 mm, 0.94 mm 1.48 

mm and 2.09 mm, respectively in first, second, third, fourth, fifth and sixth instar. 

The width of head capsules of the larvae was a slowly increased during first, 

second and third instar and significantly increased during the fourth, fifth and sixth 

instars. Larval body length was gradually increased with instars. Similarly, width 

and weight of larvae was markedly increased with instars and the highest width 

(1.15 mm) and weight (359.02 mg) were observed for sixth instar larva. The 

average body length of male and female pupae was 16.53 mm and 15.81 mm, 

respectively (Table 4). Male pupae little bit longer than female pupa. Similar 

findings were also reported by Marcela and Mario (2020). 

Adult male body length was 13.75 mm with a wing expanse of 33.46 mm and body 

weight was 83.52 mg. Female body length was 12.77 mm with a wing expanse of 

34.14 mm and body weight was 75.66 mg. The male was slightly bigger than the 

female although the general trend in arthropods is that males are smaller. But adult 

female wing expanse is slightly bigger than the male. These characters are more or 

less similar as reported earlier (Marcela and Mario,2020), who recorded13.33mm 

body length with a wing expanse of 32.66mmfor male and body length 12.20 mm 

with a wing expanse of 32.81 mm for female. Zeeshan (2021) reported that male 

and female body length was more or less similar (16.3±0.39 mm and 

16.52±0.25mm for male and female, respectively) which is different from present 

study. 

Table 4. Morphometric measurements (mm) of larval instars, pupae and adults of 

Spodoptera frugiperda reared on maize under laboratory in room 

temperature 

Developmental Stage Parameter Mean ± SD Range 

     Larva-   1st instar    

Head capsule   Width (mm) 0.24 ±   0.06 0.18 - 0.36 

Body Length (mm) 1.54±0.17 1.11 - 1.73 

 Width (mm) 0.24±0.04 0.18 - 0.30 

 Weight (mg) 8.28 ±0.39 7.00 - 8.90 
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Developmental Stage Parameter Mean ± SD Range 

2nd instar    

Head capsule Width (mm) 0.36 ±0.04 0.33 - 0.49 

Body Length (mm) 3.03 ±0.15 2.71 - 3.71 

 Width (mm) 0.41±0.03 0.34 - 0.48 

 Weight (mg) 19.44 ±0.66 18.30 - 20.40 

3rd instar    

Head capsule Width (mm) 0.62±0.01 0.60 - 0.63 

Body Length (mm) 6.75±0.54 5.75 - 7.90 

 Width (mm) 0.85±0.031 0.77 - 0.89 

 Weight (mg) 139.39±1.18 136.89 - 141.55 

4th instar    

Head capsule Width (mm) 0.94±0.01 0.92 - 0.95 

Body Length (mm) 14.69±0.53 12.95 - 15.19 

 Width (mm) 0.91±0.044 0.84 - 0.99 

 Weight (mg) 191.49±2.66 185.89 - 194.71 

5th instar    

Head capsule Width (mm) 1.48±0.04 1.40 - 1.56 

Body Length (mm) 27.84±1.49 25.25 - 30.54 

 Width (mm) 1.04±0.06 0.98 - 1.15 

Weight (mg) 280.48±2.67 275.88 - 

283.92 

 

6th instar    

Head capsule Width (mm) 2.09±0.18 1.00 - 2.16 

Body Length (mm) 34.28±1.30 32.27 - 36.79 

 Width (mm) 1.15±0.16 0.18 - 1.23 

 Weight (mg) 359.02±15.77 322.99 - 378.64 

Pupa    

Male Length (mm) 16.53±0.14 16.25 - 16.75 

 Width (mm) 5.02 ± 0.08 4.90 - 5.15 

 Weight (mg) 181.441±19.18 170.61 - 250.79 

Female Length (mm) 15.81 ± 0.10 15.65 - 15.95 

 Width (mm) 4.92 ± 0.07 4.80 - 5.05 
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Developmental Stage Parameter Mean ± SD Range 

 Weight (mg) 174.16 ± 9.62 167.91- 209.38 

Adult    

Male Length of body 

(mm) 

13.75 ± 0.09 13.59 - 13.88 

 Body weight (mg)   83.52 ± 5.25 70.00 - 90.00 

 Wing expanse 

(mm) 

33.46 ± 0.45 32.87 - 34.50 

Female Length of body 

(mm) 

12.77 ± 0.05 12.69 - 12.86 

 Body weight (mg)   75.66 ± 2.12 72.00 - 79.21 

 Wing expanse 

(mm) 

34.14 ± 1.81 28.00 - 39.35 

The percent survival and mortality varied at different growth stages of fall 

armyworm (Figure 1). Figure expressed that, 152 eggs from a single egg mass were 

fully fresh but number of alive 1st instar larvae were 127 out of 152 that means egg 

mortality was (16.45%), whereas the percent of mortality was maximum found in 

(20.47%) 1st instar larva. Minimum percent of mortality (5.45%) was observed at 

6thinstar larva then also found 4th and 5th instar larva which were 12.5% and 12.70% 

respectively. On the other hand, maximum percent of survival was found (94.55%) 

at6thinstar larval stage and least survival was recorded at 1stinstar larval stage 

(79.53%). 

 

Fig. 1. Different stage-specific percent of survival and mortality of S.                 

frugiperda onmaize. 
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Similar trend of different stage-specific survival and mortality was reported 

by Ashok et al. (2020) with maximum mortality of FAW in the first instar larva 

and egg stage, whereas mortality reduce in later larval instar with minimum 

mortality recorded in 6th larval instar. Another results of these studies of FAW 

conducted by Priyanka et al. (2021) under laboratory conditions reveals that the 

maximum apparent mortality of 33.82% in the 1st larval instar, whereas minimum 

mortality was recorded in pupae, 4th, 5rd, and 6th larval instars. Unfed adult 

longevity was much shorterthan fed adult, as shown in (Figure 2). The average 

longevity of the fed female and male moths was recorded as 16.08 days and 

14.12days, respectively and that was4.69 days and 3.95 days, respectively for 

unfed female and male moths of fall armyworm. Lekha et al. (2020) observed an 

adult male and female longevity of 4.50-8.00 and 7.00-10.33 days on different 

hosts; while Kalyan et al. (2020) observed this as 10.67- 13.00 days. 

 

  Fig. 2. Longevity (days) of fed and unfed adults of fall armyworm 

(Spodoptera frugiperda). 

Conclusion 

The results on biology and morphometry of fall armyworms revealed that fall 

army worm had four stages such as egg larva, pupa and adults in its life cycle. 

Eggs are laid in cluster which consisted higher number of eggs in summer than 

winter. The incubation period, duration of different developmental periods and 

total life cycle were longer in winter than summer. Larva transformed into pupa 

through six instars and the size of larva was gradually increased with instars. 

Larva had a white inverted Y-shaped line on frons and a square of black spots on 

8th and trapezoidal on 9th segment. Male pupa was slightly bigger than female 

one with longer distance between genital opening and anal slot. Adult male was 

also a bit larger than female and adult moths feeding with sugar solution lived 

more days than unfed moths.   
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Abstract  

This study presents the economic suitability of solar pump in the southern region 

of Bangladesh. Field survey was conducted during 2018-19 at Kalapara and 

Galachipa Upazila of Patuakhali district, Borguna Sadar and Amtoli Upazila of 

Borguna district, Charfassion and Lalmohon Upazila of Bhola district. BARI 

developed large and mini solar pumps and were tested in those areas for irrigation 

in vegetables. Two water saving irrigation techniques (Drip and alternate furrow) 

and one conventional irrigation practice were used for cultivating tomato, brinjal, 

watermelon and chili. The internal rate of return of all irrigation systems were 

greater than the bank interest rate. Solar powered drip and alternate furrow 

irrigation system was found more profitable than low lift pump for cultivation of 

vegetables.  The benefit-cost ratio of mini and large solar systems were found 1.50 

and 1.42, respectively. So, solar pump may be recommended for irrigation 

vegetables in the southern region of Bangladesh. 

Keywords: Benefit cost ratio, low lift pump, net present value, payback period, 

solar pump. vegetables.    

Introduction  

In Bangladesh, 187188 LLP (Low lift pump), 1357532 STW (Shallow tube well), 

37634 DTW (Deep tube well) and 5500 solar pumps are in operation of 1.58 

million irrigation pumps. There is about 65.08% irrigation coverage of which 

78.45% operate on a diesel engine and 21.55% on electric motor and solar energy 

operated pumps (BADC, 2020). Bangladesh government has already decided to 

generate 1.5 GW electricity from solar within 2021 (SREDA, 2021). Solar based 

irrigation systems are innovative and environment friendly solution for the agro-

based economy of Bangladesh. Farmers normally use pumps for 115-120 days of 

a year for irrigation, while the rest of the year the pumps remain off when solar 

electricity has no use. Bangladesh Rural Electrification Board (BREB) plans to 

install 2000 solar irrigation pumps allowing farmers to sell their unconsumed 

electricity to the national grid when irrigation is no longer required.  Hossain et al. 

(2015) conducted a base-line survey in 2010 at different locations of Bangladesh 

to know the status of solar pumps. There were about 150 solar pumps in 

Bangladesh among them 65% were used for supplying drinking water to the poor 

people of the locality and about 35% solar pumps were used for irrigation 
 

1,2,4&5Farm Machinery and Postharvest Process Engineering Division, 3Irrigation and Water 

Management Division, BARI, Gazipur-1701, Bangladesh. 
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purposes. Statistics from a draft report of SREDA (Sustainable and Renewable 

Energy Development Authority) on National Solar Energy Roadmap 2021-41 

shows that so far 1872 solar irrigation pumps were installed across the country by 

different organizations. Of these, BREB installed 40, IDCOL (Infrastructure 

Development Company Limited) 1523, BADC (Bangladesh Agricultural 

Development Corporation) 137, Barind Multipurpose Development Authority 

(BMDA) 106, RDA (Rural Development Academy) 15, and other authorities 51, 

which have installed power generation capacity is 43.178 MW. Islam and Hossain 

(2022) reported that small solar pump in Bangladesh is more profitable than large 

solar pump. Large solar pump is run by 'fees for service model' and small solar 

pump is run by ‘fees for ownership model' and it is more profitable due better 

management.  

To achieve the government dictum Bangladesh Agricultural Research Institute 

(BARI) has started working on solar irrigation cum solar home system from the 

late 90s. Therefore, this study was executed to assess the technical and economic 

feasibility of BARI developed different solar irrigation system for vegetable 

cultivation over low lift pump in southern areas of Bangladesh.  

Materials and Methods 

Experimentation 

Two types of solar pumps were fabricated at Farm Machinery and Pos-tharvest 

Process Engineering (FMPE) Division, Bangladesh Agricultural Research Institute 

(BARI), Gazipur for surface water lifting. The large and mini solar pumps were 

selected and installed at Patuakhali, Borguna and Bhola districts of southern 

Bangladesh for irrigating vegetables in Rabi season. The large solar pump (910W 

dc motor, 180 L/min discharge) was designed and fabricated for large and medium 

farmers. The mini solar pump (280W dc motor, 40 L/min discharge) was designed 

and fabricated considering affordability of small farmers. The large solar pump 

had inlet and outlet diameters of 51 mm and the mini solar pump had inlet and 

outlet diameter of 25 mm. Field experiments were conducted at Galachipa and 

Kalapara Upazilla of Patuakhali district, Amtali, Borguna Sadar Upazilla of 

Barguna district, Lalmohon and Charfasson Upazila of Bhola district during Rabi 

season of 2019-2020 and 2020-2021 with the solar pumps for irrigating tomato, 

brinjal, chili and watermelon. Drip irrigation, alternate furrow irrigation and 

conventional method (Every furrow/ring basin) irrigation treatments were applied 

through randomized complete block design.Drip irrigation, alternate furrow/ring 

basin irrigation treatments were applied through randomized complete block 

design for executing watermelon experiments. The experiment information is 

given in Table 1. 
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Table 1. Description of field experiments during Rabi season of 2019-20 and 2020-21 

District Upazila Year Vegetables Area (m2) 

Patuakhali Kalapara 2019-20 Brinjal 264 

2020-21 Brinjal 216 

Galachipa 2019-20 Tomato 521 

Brinjal 264 

2020-21 Tomato 216 

Brinjal 240 

Chili 300 

Watermelon 924 

Borguna Sadar 2019-20 Tomato 472 

Brinjal 472 

2020-21 Tomato 250 

Brinjal 216 

Watermelon 360 

Amtali 2019-20 Tomato 336 

Brinjal 524 

2020-21 Watermelon 534 

Brinjal 400 

Bhola Lalmohon 2019-20 Tomato 360 

Brinjal 236 

2020-21 Tomato 584 

Charfassion 2019-20 Brinjal 326 

2020-21 Brinjal 400 

Tomato 120 

Plant height (cm), fruit diameter (cm), fruit length (cm), number of fruits per plant, 

unit fruit weight (g) and yield (t/ha) data were collected. . Two types of solar pump 

were tested and recorded different cost parameters for installation and operations 

of all pumps. The relevant costs of LLP (3.0 kW diesel engine, 660 L/min 

discharge and 76.20 mm outlet diameter) were also collected from direct 

interviewing from the local service providers.   

Financial analysis 

Total operating cost of two types of solar pumps and diesel engine operated LLP 

for crop production is the sum of total fixed cost and total variable cost. Fixed cost 

is the sum of capital consumption, shelter/taxes/insurance and interest of 
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investment. The life cycle cost (LCC) of any piece of equipment is the total 

“lifetime” cost to purchase, install, operate, maintain, replacement and dispose of 

that equipment. LCC analysis is a management tool that can help the owner to 

minimize waste and maximize energy efficiency for pumping system. LCC is 

calculated using the following formulae (Anonymous, 2001). 

LCC = Total investment cost + Fixed cost + variable cost + replacement and 

disposal cost. 

Total Investment cost = Purchase price of pump/panel + Installation cost + Cables 

and accessories cost 

Fixed cost = Capital consumption + interest of investment + shelter 

Variable cost = Repair & maintenance + labor cost + fuel cost + oil/lubrication 

cost  

Operating cost =Fixed cost + variable cost 

Repair  and  maintenance = 3% of purchase price of pump/engine 

Salvage value = 10% of purchase price of pump/solar panel (Sv) 

Shelter =2% of purchase price of pump/engine 

     Capital Consumption = {(TIc − Sv) ∗ CRF} +  (Sv ∗ i) 

Where, TIc = Total investment cost 

 Sv = Salvage value 

 CRF = Capital recovery factor 

 i = interest (10%)   

Where, TIc is the sum of purchase price of pump/solar panel, installation cost, 

cables, accessories and pipes and fitting cost. 

 𝐶𝑅𝐹 =  
𝑖(1+𝑖)𝐿

(1+𝑖)𝐿−1
 

Where, i = Interest (10%)   

 L = Economic life of system 

Marginal benefit cost ration for pump was calculated by the following equation 

                      MBCR =  
Gross Return

Annual Operating Cost
 

Where, Gross return 

($/year) 

= Area under irrigation × irrigation charge per 

year/ season 

 Operating cost 

($/year) 

= Fixed cost + variable cost  
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Benefit cost ration for crop was calculated by the following equation 

                 BCR =  
Gross  Return

Total Cultivation Cost
 

Where, Net return ($/year) = Gross return – cultivation cost 

 Cultivation cost ($/year) = Fixed cost + Variable cost 

 

Payback period for was calculated by the following equation 

                 PBP =  
Total Investment Cost

Gross  Return
 

Depreciation is often defined as the annual loss in value due to use, wear, tear, age, 

and technical obsolescence. Several methods or equations can be used to compute 

annual depreciation. Straight line method was used in this study to calculate 

depreciation. The straight line method of calculating depreciation is widely used. 

The useful life of solar pump and diesel engine-operated pump was assumed to be 

20 years and 10 years, respectively. Annual interest rate was considered 10 % of 

the capital price of the pump. 

Net present value (NPV) was calculated by using the following equation 

NPV= PW of benefit at 10% DF – PW of cost at 10% DF 

Where, PW = Present worth   

 DF = Discounted factor 

To investigate investment prospects of PV water pumping applications, internal 

rate of return (IRR) is used as an indicator of project profitability. Internal rate of 

return is defined as the interest rate at which present worth of the cash flows of a 

project are zero. Internal rate of return higher than the market interest rate means 

profitable investment. 

Present worth income = present worth (disbursements) then IRR = i 

Results and Discussion  

Base line information 

Irrigation status of the selected Upazila of Patuakhali, Borguna and Bhola districts 

were given in Table 3. In all locations farmers used diesel operated LLP. Only 

11.54 to 34.48% farmers used their own irrigation system. Rest of the farmers 

(65.52 to 88.46%) used the irrigation system as hiring basis. The engine horse 

power varied from 4.5  to 10.50 hp depending on the head of water source. 
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Table 3. Irrigation status in the selected areas in Patuakhali, Borguna and Bhola 

districts 

Items 
Patuakhali Borguna Bhola 

Kolapara Galachipa Sadar Amtoli Charfassion Lalmohon 

Pump 

LLP (%) 100 100 100 100 100 100 

Diesel (%) 100 100 100 100 100 100 

Engine ( hp) 6.5 7.3 5.33 4.5 8.32 10.50 

Owner (%) 19.23 34.48 11.54 17.39 17.25 10.35 

Hire (%) 80.77 65.52 88.46 82.61 82.75 89.65 

Fuel 

consumption 

(Lh-1) 

1.03 1.21 0.872 0.792 1.22 1.5 

Operating time 

(h) 

8.5 9.5 10 9 9.85 10.35 

Source 

of 

irrigation 

water 

Canal (%) 85 73 90 65 87 74 

Pond (%) 15 27 10 35 13 26 

Water available in dry 

season (m) 
3.04 2.90 1.59 1.15 1.48 1.27 

Fuel consumptions of the used engines were 0.79 to 1.5 L/h depending on the 

engine power. The operating time of those engines were varied from 8.5 to 10.35 

h depending on the cultivated crop. Most of the southern farmers (65-90%) used 

canal water for irrigation and the head of available water sources varied from 1.15 

to 3.04 m.    

Financial analysis 

Different cost components for two solar pumps and LLP are given in Table 4 . A 

large solar pump comprised of 1.3 kW photovoltaic panel and 1.2 hp centrifugal 

pump with 180 L/min discharge capacity and a mini solar pump comprised of 0.50 

kW photovoltaic panel and 0.40 hp centrifugal pump with 40 L/min discharge 

capacity were selected for economic analysis. A 4.5 hp diesel engine operated 

centrifugal pump with 250 L/min discharge capacity LLP was also selected for 

economic analysis. Life of solar panel was assumed 20 years and life of DC motor 

was assumed five years. The command area of two selected solar pumps were 1.6 

ha and 0.8 ha, respectively and was used in whole season. The command area of 

selected LLP was 2.94 ha. From Table 4 it is observed that the total cost (Cost of 

panel, cost of pump, cost of motor, installation and fitting cost) of large solar pump, 

mini solar pump and LLP were USD 940.80, 303.30 and 314.40 respectively. From 

Table 3, it is also observed that there was no installation cost for LLP. There was 
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no fixed structure for LLP at the southern region of Bangladesh. Farmers usually 

keep LLP at home and transfer it in the field during the time of irrigation. The 

fitting cost of solar pump was higher than LLP. Solar pump need wiring and 

accessories for fitting with the solar panel but LLP does not require such type of 

wiring cost.               

Table 4. Cost Components of two solar pumps and low lift pump 

Item 
Power 

 

Cost of 

panel 

(USD) 

Cost of pump 

associated with 

prime mover (USD) 

Installation 

cost (USD) 

Fittings 

cost 

(USD) 

Total 

cost 

(USD) 

Large 

solar 

pump 

Panel:1300 Wp 

motor: 910 W 

514.80 270.00 

(dc motor with 

pump) 

36.00 120.00 940.80 

Mini solar 

pump 

Panel: 365 Wp 

motor: 280 W 

153.30 12.00 

(dc motor with 

pump) 

36.00 102.00 303.30 

LLP 2984 W - 240.00 

(Engine with pump) 

- 74.40 314.40 

It can be illustrated from Table 5 that the investment cost and fixed cost were much 

higher in two types of solar pump than LLP. The purchase price (USD 0.40 per 

watt) of solar panel was much higher than LLP in Bangladesh. On the other side 

variable cost and operating cost were observed higher in LLP than the solar pumps. 

Variable cost included repair and maintenance, labor cost, fuel cost and oil cost. 

No fuel and oil cost were required for solar pump operation. The labor cost was 

not as much of in solar pump operation. In case of LLP, engine needs overhauling 

almost every year.  Life of diesel engine and pump were considered five years. 

After five year new engine and pump would be required for LLP but for solar pump 

only pump would be required. 

Table 5. Life cycle costs of two solar pumps and low lift pump 

Cost Item Large solar pump Mini solar pump LLP 

Investment cost (USD) 940.80 411.30 314.40 

Fixed cost (USD) 167.90 74.21 24.12 

Variable cost (USD) 155.70 78.66 727.99 

Operating cost (USD) 323.60 152.87 752.11 

Life cycle cost (USD) 1588.00 717.03 1818.62 

In case of solar pumps, only the motor and pump need to be changed after five 

years because the life of solar panel was assumed 20 years (Table 6). Hossain et. 

al. (2015) also found from a survey in Bangladesh that a 4.0 hp submergible solar 

pump was more cost effective than a 4.0 hp diesel engine operated shallow tube 

well.  
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Table 6. Capacity, operation and fuel used in LLP at six upazila in Patuakhali, 

Borguna and Bhola districts 

Cost Item Unit Average value 

Fuel consumption Liter/hour 1.00 

Fuel cost USD/Liter 0.78 

Daily use Hour 8.00 

Yearly use Day 60.00 

Annual use Hour 480.00 

Total energy cost USD/year 374.40 

Oil & lubrication (15% of total fuel cost) USD 56.16 

Area under irrigation Hectare 2.94 

Irrigation cost USD/ha/season 287.42 

Costs and benefit of solar pumps and LLP for vegetable cultivation 

Table 7 gives different cost components regarding tomato, brinjal, watermelon and 

chili cultivation through drip, alternate furrow and every furrow irrigation using 

large solar pump. Among all three irrigation practices, drip irrigation required 

higher cost for all types of vegetables cultivation due to its high installation cost. 

Here input cost included land preparation cost, fertilizer cost, seed cost, insecticide 

and pesticide cost and labor cost. Irrigation cost included pipes, tank and other 

fitting costs. The variable cost is the sum of input cost and irrigation cost. The 

cultivation cost is the sum of variable cost and fixed cost. The input cost was varied 

due to the labor usage varied at different irrigation methods. In that case of, every 

furrow irrigation required higher labor cost than other irrigation practice. The cost 

of pump and fixed cost remained same at all irrigation method.        

Table 7. Costs of Vegetable cultivation  under different irrigation methods for large 

solar pump 

Crop 
Irrigation 

method 

Fixed cost 

($)/ha 

Input 

cost 

($)/ha 

Irrigation 

cost 

($)/ha 

Total variable 

cost ($)/ha 

Total 

cultivation cost 

($)/ha 

Tomato 

Drip 73.99 1142.78 961.61 2104.39 2178.38 

AFI 73.99 1294.27 144.00 1438.27 1512.26 

EFI 73.99 1541.27 300.00 1841.27 1915.26 

Brinjal 

Drip 73.99 3890.24 1215.66 5105.90 5179.89 

AFI 73.99 4075.49 210.00 4285.49 4359.47 

EFI 73.99 4353.36 420.00 4773.36 4847.35 

Watermelon 

Drip 73.99 1184.98 711.36 1896.34 1970.32 

RBI 73.99 1302.30 80.03 1382.33 1456.32 

EFI 73.99 1671.97 80.03 1752.00 1825.99 

Chilli 

Drip 73.99 3942.52 1130.98 5073.49 5147.48 

AFI 73.99 4347.19 264.00 4611.19 4685.18 

EFI 73.99 4841.18 540.00 5381.18 5455.17 
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Table 8 describes different cost components regarding tomato, brinjal, watermelon 

and chili cultivation through drip, alternate furrow and every furrow irrigation 

using mini solar pump. Among all three irrigation practices, drip irrigation required 

higher cost for all types of vegetables cultivation due to its high installation cost. 

Here input cost included land preparation cost, fertilizer cost, seed cost, insecticide 

and pesticide cost and labor cost. Irrigation cost included pipes, tank and other 

fitting costs. The variable cost was the sum of input cost and irrigation cost. The 

cultivation cost was the sum of total variable cost and fixed cost. The input cost 

was varied due to the labor usage varied at different irrigation practices. In that 

case, every furrow irrigation required higher labor cost than other irrigation 

practice. The cost of pump and fixed cost remained same in all irrigation system. 

Table 8. Costs of Vegetable cultivation  under different irrigation methods for mini 

solar pump 

Crop 
Irrigation 

method 

Fixed 

cost 

($)/ha 

Input cost 

($)/ha 

Irrigation 

cost 

($)/ha 

Total 

variable cost 

($)/ha 

Total 

cultivation cost 

($)/ha 

Tomato 

Drip 42.01 1142.78 961.61 2104.39 2146.40 

AFI 42.01 1294.27 144.00 1438.27 1480.28 

EFI 42.01 1541.27 360.00 1901.27 1943.27 

Brinjal 

Drip 42.01 3890.24 1215.66 5105.90 5147.91 

AFI 42.01 4075.49 180.00 4255.49 4297.49 

EFI 42.01 4353.36 420.00 4773.36 4815.37 

Watermelon 

Drip 42.01 1184.98 474.24 1659.22 1701.22 

RBI 42.01 1302.30 80.03 1382.33 1424.33 

EFI 42.01 1431.97 160.06 1592.03 1634.03 

Chilli 

Drip 42.01 3342.52 1215.66 4558.18 4600.19 

AFI 42.01 4347.19 144.00 4491.19 4533.20 

EFI 42.01 4841.18 300.00 5141.18 5183.19 

Table 9 shows different cost components regarding tomato, brinjal, watermelon 

and chili cultivation through drip, alternate furrow and every furrow irrigation 

using LLP. Among all three irrigation practices drip irrigation required higher 

irrigation cost, variable cost and cultivation cost at all types of vegetable 

cultivation due to its high installation cost. Here input cost included land 

preparation cost, fertilizer cost, seed cost, insecticide and pesticide cost and labor 

cost. Irrigation cost included pipes, tank and other fitting costs. The variable cost 

was the sum of input cost and irrigation cost. The cultivation cost was the sum of 

total variable cost and fixed cost. The input cost was varied due to the labor usage 

varied at different irrigation methods. In that case, every furrow irrigation required 

higher labor cost than other irrigation methods. The cost of pump and fixed cost 

remained same in all irrigation systems. 
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Table 9. Costs of Vegetable cultivation  under different irrigation methods for low lift 

pump  

Crop 
Irrigation 

method 

Fixed cost 

($)/ha 

Input cost 

($)/ha 

Irrigation 

cost 

($)/ha 

Total 

variable cost 

($)/ha 

Total 

cultivation cost 

($)/ha 

Tomato 

Drip 24.12 830.78 961.61 1792.39 1816.51 

AFI 24.12 1414.27 144.00 1558.27 1582.39 

EFI 24.12 1181.27 360.00 1541.27 1565.39 

Brinjal 

Drip 24.12 3374.24 1215.66 4589.90 4614.02 

AFI 24.12 4195.49 180.00 4375.49 4399.61 

EFI 24.12 4101.36 420.00 4521.36 4545.48 

Watermelon 

Drip 24.12 1184.98 474.24 1659.22 1683.34 

RBI 24.12 1302.30 80.03 1382.33 1406.45 

EFI 24.12 1431.97 80.03 1512.00 1536.12 

Chilli 

Drip 24.12 3342.52 1215.66 4558.18 4582.30 

AFI 24.12 4347.19 144.00 4491.19 4515.31 

EFI 24.12 4721.18 300.00 5021.18 5045.30 

Table 10 demonstrates that the gross  return was comparatively high at drip and 

alternate furrow irrigation over every furrow irrigation. High gross margin  was 

found in alternate furrow irrigation which was followed by drip irrigation and 

every furrow irrigation for tomato, brinjal, watermelon and chili cultivation at the 

selected locations of the southern districts. Two improved irrigation technologies 

gave highest return than every furrow irrigation for all types of vegetable 

cultivation.      

Table 10. Gross margin of two solar pump and LLP under different irrigation 

methods for vegetable cultivation 

Crop 
Irrigation 

method 

Yield 

(t/ha) 

Selling 

price ($/t) 

Large solar 

pump ($)/ha 

Mini solar 

pump ($)/ha 

Low lift 

pump ($)/ha 

Tomato 

Drip 44.29 122.04 3226.77 3258.75 2860.65 

AFI 38.41 122.04 3175.30 3207.28 2377.17 

EFI 37.69 122.04 2684.43 2656.41 2306.31 

Brinjal 

Drip 47.71 300.00 9133.11 9165.09 6108.39 

AFI 44.62 300.00 9026.53 9088.51 5581.20 

EFI 44.04 300.00 8364.65 8396.63 5296.13 

Watermelon 

Drip 44.69 148.44 4663.46 4932.56 4222.46 

RBI 40.33 148.44 4530.27 4562.25 3852.15 

EFI 38.70 148.44 3918.64 4110.59 3480.52 

Chilli 

Drip 12.50 960.00 6852.52 7399.81 6689.71 

AFI 12.40 960.00 7218.82 7370.80 6660.70 

EFI 11.72 960.00 6266.43 6538.41 5948.30 
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It is shown in Table 11 that the marginal benefit cost ratio was higher in mini solar 

pump (1.51) and large solar pump (1.42) than LLP (1.12). Though it could be 

observed from Table 11 that the gross return was found high in LLP but the 

variable cost and operating costs were much higher in LLP operation than solar 

pumps (Table 5). So that the MBCR became lower in LLP. Biswas and Hossain 

(2013) also reported that a 10 hp solar operated pump became more economic than 

a 10 hp diesel engine operated pump after 10 years of operation. Abu-Aligah 

(2013) reported that for long-term irrigation project (more than five years) solar 

pump is more economic than same sized-diesel pump.   

Table 11. Gross return, gross margin , BCR and payback period of two solar pumps 

and low lift pump  

Benefit Item Large solar pump Mini solar pump Low lift pump 

Gross return (USD) 460.80 230.40 844.80 

Gross margin  (USD) 137.20 77.53 92.69 

Marginal benefit cost ratio 1.42 1.51 1.12 

Payback period 6.86 5.30 3.39 

From the above discussion, it could be stated that the solar pump was more 

economical than diesel operated pump for vegetable cultivation. Though the 

investment cost was high in solar pump irrigation system but the variable cost and 

operating cost were much lower in comparison with diesel operated LLP. 

Generally, farmers of Bangladesh use LLP as hire basis for irrigation. In that case, 

farmers would have to bear the fuel cost and operation cost for the benefit of the 

pump owner. In the survey area, irrigation water was applied through 4.5 hp diesel 

engine operated LLP. Only 18% people were the owner of those pumps and the 

rest 82% people used the pumps for irrigation as hiring basis. The irrigation cost 

per hectare was calculated 287.42 USD per season in the selected survey area 

(Table 5). However, in case of solar pump there was no fuel cost. Therefore, the 

irrigation rent would be less in solar irrigation system than LLP. In case of benefit 

cost ratio, for each type of vegetable cultivation, alternate furrow irrigation and 

ring basin irrigation gave highest BCR than other two-irrigation practices. It could 

be stated from the Table 12 that the improved irrigation techniques were more 

suitable than conventional practice.  

Net present value (NPV), benefit cost ratio (BCR), and internal rate of return (IRR) 

at 10% discounted factor was calculated for project analysis. Discounted measures 

of project were used for financial analysis since undiscounted measures of project 

worth is quite unable to be taken into consideration the timing of benefits and costs. 

From Table 13, it is pointed that the solar pumps and LLP were profitable for the 

owners in using irrigation practice. A cash flow chart was prepared for project 

analysis in making comparison between large solar pump, mini solar pump and 

LLP.  The project analysis was calculated for 20 years project period. The project 
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cost was the sum of capital cost and operating cost of solar PV pumping system. 

The cash inflow of the project came from custom hire of irrigation service to the 

farmers. The hire rate was equal for both diesel pump and solar pump. In Table 13, 

the large solar pump cash out flow it was stated that the NPV, BCR, IRR and DPBP 

was 968.62 USD, 1.33, 14% and 14.28, respectively. Whereas for mini solar pump 

cash out flow stated that the NPV, BCR, IRR and DPBP was 560.65, 1.40, 25% 

and 16.48, respectively. Once more for LLP the cash out flow stated that the NPV, 

BCR, IRR and DPBP was 433.01, 1.06, 17% and 16.61, respectively. The NPV 

indicates that the solar irrigation system was considered financially sound and the 

project may be financially viable because the highest IRR (20%) of solar irrigation 

system was greater than the bank interest rate. Therefore, solar PV system for using 

irrigation purpose in vegetable cultivation is more risk free than other irrigation 

system. 

Table 12. Benefit cost ratio of solar pumps and LLP under different irrigation system 

for vegetable cultivation 

Crop 
Irrigation 

method 
Large solar pump Mini solar pump Low lift pump 

Tomato 

Drip 1.48 1.52 1.12 

AFI 2.10 2.17 1.03 

EFI 1.40 1.37 1.01 

Brinjal 

Drip 1.76 1.78 1.14 

AFI 2.07 2.11 1.09 

EFI 1.73 1.74 1.00 

Watermelon 

Drip 2.37 2.90 1.75 

RBI 3.11 3.20 1.80 

EFI 2.15 2.52 1.54 

Chilli 

Drip 1.33 1.61 1.26 

AFI 1.54 1.63 1.27 

EFI 1.15 1.26 1.03 

Table 13. Comparison of NPV, BCR, IRR and DPBP for two solar pumps and low lift 

pump 

Item 

Large 

solar 

pump 

Mini solar 

pump 

Low lift 

pump 
Remarks 

NPV (USD) 968.62 560.65 433.01 If greater than zero, accepted 

BCR 1.33 1.40 1.06 If greater than unity, accepted 

IRR 14% 25% 17% If greater than prevailing interest rate, 

Accepted 

DPBP 14.28 16.48 16.61 If less than economic life, accepted 
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3.4 Cost and benefit of large and small solar irrigation system including solar 

home system 

 Life cycle cost in Table 14 and Table 15 described the gross and net returns, BCR 

and payback period of two solar irrigation system including solar home system. In 

case of large solar pump investment cost, fixed cost, variable cost, operating cost 

and life cycle cost increased about 358.80, 61.25, 180.00, 241.25 and 841.30 USD, 

respectively. On the other hand, for mini solar pump investment cost, fixed cost, 

variable cost, operating cost and life cycle cost increased about 358.80, 61.25, 

90.00, 151.25 and 661.31 USD, respectively.  

Table 14. Life cycle costs of two solar pumps including solar home system 

Cost item Large solar pump Mini solar pump 

Investment cost (USD) 1299.60 770.10 

Fixed cost (USD) 229.15 135.46 

Variable cost (USD) 335.70 168.66 

Operating cost (USD) 564.85 304.12 

Life cycle cost (USD) 2429.30 1378.34 

Though the expenses were increased gradually at all cost items, the returns also 

increased thoroughly. The gross return was increase USD 367.20 for large and 

mini solar pumps. The gross margin  was increased USD 493.15 and 215.95, 

respectively for large and mini solar pumps.  It was observed that the solar 

irrigation system including solar home system provided higher marginal benefit 

cost ratio than solar irrigation system excluding solar home system. The pay back 

period was observed less in solar irrigation system including solar home system.       

Table 15. Gross return, net return, BCR and payback period of two solar pumps 

Benefit Item Large solar pump Mini solar pump 

Gross return (USD) 828.00 597.60 

Gross margin (USD) 630.35 293.48 

Marginal benefit cost ratio (MBCR) 2.12 1.97 

Pay back period (PBP) 2.06 2.62 

Social benefits of solar pump 

Solar irrigation is potential for increasing agricultural productivity and income due 

to improved access to water (additional cropping season, diversification of 

cropping pattern, higher value crops). From Table 6, it is observed that the farmers 

could save 374.40 USD per year as fuel cost by using solar irrigation system, which 

will save carbon dioxide emission. A single unit solar irrigation system could save 

1.29 tons carbon dioxide emission per year over diesel engine operated low lift 

pump.  
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Farmers could save on an average USD 28.8 per year in domestic use (electricity) 

andabout USD 14 per year in homestead watering (bathing, clothing, cleaning and 

livestock watering etc.). Solar irrigation is time saving technology due to 

replacement of labor-intensive manual irrigation, which can lead to other income-

generating activities. Women and/or children might profit from time not spent on 

watering anymore and potential for job creation in the renewable energy sector, 

which reduced dependence on energy exports. Energy subsidies for fossil fuels can 

be reduced while offering an alternative to farmers and rural communities whose 

livelihoods would otherwise be negatively affected.  

Conclusion 

In all selected locations, 1.91 m depth of water was always available in dry season 
at all water sources. With this available water, about 4.5 hp power diesel operated 
low lift pump is used. Solar pumps (Large and mini) were found suitable in terms 
of technical and financial performance over LLP. The solar irrigation system for 
vegetable cultivation was found profitable. The installation cost of solar irrigation 
system was high but the economic life, labor cost, fuel cost, oil cost and repair 
maintenance cost of solar irrigation system were lower than the LLP. 
Entrepreneurs can save fuel cost, oil cost and repair maintenance cost in operation 
of solar pump. The BCR was found 1.50 and 1.42 for mini and large solar pumps 
respectively. The solar irrigation system was not familiar to the farmers and the 
service providers of the study areas. A solar irrigation system owner or local 
service provider (LSPs) can start this business, which would be a profitable scheme 
for an entrepreneur. To extend the benefits of solar irrigation system among the 
farmers and custom hire service providers, appropriate adoption and dissemination 
programs must be launched all over Bangladesh. After fulfilling own demand, 
service providers can trade excess electricity to others through grid line, charging 
batteries, charging mobile phones and charging battery operated vehicles.      
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