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ABSTRACT

Salinity is a major constraint to higher crop production in the southern coastal soils of Bangladesh.
To overcome this problem, a study was undertaken with the application of different mulch materials
and potassium fertilizer doses during 2017-18 and 2018-19 at Barguna district of Bangladesh. The
test crop was a bitter gourd. The experiments were laid out in a two-factor randomized complete
block design with three replications. The first factor was different types of mulch material (M1: no
mulch, Mz: rice straw mulch, and Ms: polythene mulch), and the second factor was different rates of
potassium (K) fertilizer (Ki: no K fertilizer, Kz2: 100% recommended K fertilizer, and Ks: 150%
recommended K fertilizer). The effect of mulch materials and potassium fertilizer doses recorded
significantly higher yield, yield components, and nutrient uptake of bitter gourd in both the years
over control treatment. In the case of mulching, the polythene mulch treatment had the best
performance in all tested parameters, followed by rice straw mulch and no mulch treatment. The
polythene mulch treatment resulted in a 136% and 198% higher yield over no mulch treatment in
two years, respectively. Regarding the K effect, the 150% recommended K fertilizer gave the best
performance, followed by the 100% recommended K fertilizer and control treatment. Application of
150% recommended K increased 39 and 68% higher yield over K control treatment in two years,
respectively. The polythene mulch and/or 150% recommended K fertilizer gave the highest positive
results among all the tested treatments. On the other hand, the use of polythene mulch and/or
150% recommended K fertilizer gave the lowest soil EC and exchangeable soil Na. Therefore,
polythene mulch and/or 150% recommended K fertilizer could be a new package for increasing
bitter gourd yield by reducing salinity in coastal saline soil of Bangladesh.

Keywords: Mulching; potassium fertilizer; saline soil; bitter gourd yield and Bangladesh.

1. INTRODUCTION the farmers to cultivate more crops and increase
crop production by reducing soil and water
Bangladesh is a country of agriculture, and more  salinity problems in coastal regions. Polythene
than 80% of the total population is directly or mulches reduce evaporation losses from the soil
indirectly involved with agriculture. The total area  surface, accelerate crop development in cool
of Bangladesh is 147,570 km2. The coastal area climates by increasing soil temperature, and
covers about 20% of the country and over 30% reduce salinity. Kumar et al. [4] reported that
of the net cultivable area [1]. Out of 2.86 million  polythene mulch produces more vyield by
hectares of coastal and offshore land, about conserving more moisture. Salt tolerance is
1.056 million ha of arable land is affected by directly associated with potassium (K) contents
varying degrees of salinity [2]. Soil salinity is a  because of its involvement in osmotic regulation
global issue threatening land productivity, and and competition with sodium (Na). Therefore, the
estimates predict that 50% of all arable land will —application of K in excess may facilitate
become impacted by salinity by 2050 [2a]. The maintaining a higher K*: Na* ratio, which
major challenges facing this region are the threat increases the tolerance capacity of crops to
of climate change, soil and water salinity, water  salinity [5]. Considering the above facts, using
logging, and resource (land and water) polythene mulch and optimum K fertilizer is
degradation [3]. These changes are negatively suitable for reducing soil salinity. In view of the
impact on soil fertility and crop productivity, above scenario, the present study was
which underpin the rural economy of coastal conducted to determine the effects of polythene
Bangladesh. On the other hand, the farmers of mulch and K fertilizer on crop yield in the coastal
the coastal area mostly cultivate low-yield mono-  saline soils of Bangladesh.
crop local rice varieties and sometimes dry land
crops in Rabi and Kharif-1 seasons like 2. MATERIALS AND METHODS
mungbean, sesame, bitter gourd, snake gourd,
sweet gourd, etc. for their staple food and other 21 Experimental Sites
requirements. But this is highly weather-
dependent. Most of the farmers can’t harvest The experiment was conducted in the Barguna
their crops due to adverse climatic conditions, district of Bangladesh. The experimental field is
and finally, they financially lose. Now the located at 22°37° N latitude and 89°10' E
challenge for Bangladesh is how best to adapt longitude at Ganges Tidal Floodplains (AEZ 13).
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2.2 Climate

The experimental area is situated in the sub-
tropical climatic zone and is characterized by
heavy rainfall during the months of April-
September (Kharif season) and scanty rainfall
during the rest of the year. The Rabi season
(October-March) is characterized by
comparatively low temperatures and plenty of
sunshine from November to February [2].

2.3 Crop and Variety

The bitter gourd was used as a test crop, and the
variety was Lal Teer Hybrid Karala; Tia. It is a
popular variety of bitter gourd in Bangladesh.

2.4 Treatment Details

Factor A: types of mulch material (M1: no mulch,
Mz: rice straw mulch, and Ms: polythene mulch)
and Factor B: rate of K fertilizer (Ki: no K
fertilizer, K2: 100% recommended K fertilizer, and
Ks: 150% recommended K fertilizer). Therefore,
nine treatment combinations were used in the
experiment. The N, P, and K were applied at a
recommended rate of 75, 30, and 50 kg ha@,
respectively. Therefore, 100% and 150%
recommended K mean 50 and 75 kg K ha?,
respectively.

2.5 Experimental Design

The experiments were laid out in a two-factor
randomized complete block design with three
replications.

2.6 Recording of Plant and Soil Data

The yield and yield contributing parameters, such
as primary stem length, number of leaves per
primary stem, number of branches per plant,
number of fruits per plant, fruit yield, and nutrient

uptake of bitter gourd leaf were recorded
following standard protocol. Post-harvest soil
samples were analyzed for EC and
exchangeable Na content. Soil EC was

measured in 1:5 soil-water suspensions using an
EC meter (HANNA EC 214) [6]. The
exchangeable Na content was determined by the
ammonium acetate (NH4OAc) extraction method

[7].
2.7 Economic Analysis

Economic analysis was done following the
principle of partial budget analysis [8].The
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marginal benefit-cost ratio (MBCR) is indicative
of the superior treatments. The MBCR is the ratio
of added benefit and added cost. To compare
different treatments with control treatments, the
following formula was used-

MBCR
_ Gross retumn (tested treatmen ts) - Gross return (control treatmen t)
VC (tested treatmen ts) - VC (control treatmen t)

_Added benefit (over control)
Added cost (over control)

Where,

VC = Variable cost
polythene and rice straw)

Gross return = Yield x price

(Cost of fertilizer,

2.8 Statistical Analysis

The statistical analysis of soil and plant data was
done through the computer-based statistical
program STAR (Statistical Tool for Agricultural
Research), as outlined by Gomez and Gomez
[9]. Significant effects of treatments were
determined by analysis of variance (ANOVA),
and treatment means were compared at the 5%
level of significance by Duncan’s Multiple Range
Test (DMRT).

3. RESULTS
3.1 Effects on Primary Stem Length

The primary stem length of bitter gourd increased
significantly due to the single effect of mulch
materials but was not significantly influenced by
the single effect of K fertilizer and their
interaction in both the years (2017-18 and 2018-
19). Considering the single effect of mulch
materials, the primary stem length ranged from
172.7 to 235.8 cm in 2017-18 and 197.2 to 268.1
cm in 2018-19, respectively. The highest primary
stem length was always found in the polythene
mulch treatment, which was significantly higher
than the rice straw mulch treatment. Considering
the single effect of K, 150% recommended K
recorded the highest stem length of 211.0 and
221.4 cm in 2017-18 and 2018-19, respectively.
The K-control treatment always had the lowest
primary stem length. When the interaction effect
was considered, polythene mulch x 150%
recommended K fertilizer recorded significantly
the highest primary stem length of 241.3
and 274.7 cm in two years, respectively
(Table 1).
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3.2 Effects on Number of Leaves per
Primary Stem

Like the number of branches per plant, the
number of leaves per primary stem of bitter
gourd was significantly influenced by the single
effect of mulching in both the years. The number
of leaves per primary stem ranged from 32.4 to
41.2 and 35.3 to 41.9 in 2017-18 and 2018-19,
respectively. The highest number of leaves per
primary stem was found in the polythene mulch
treatment, which was significantly higher than the
rice straw mulch and control treatments in both
years. Rice straw mulch had statistically similar
leaves per primary stem in the control treatment.
K fertilizer had very little effect on increasing the
number of leaves per primary stem. Although
non significant, the highest leaf production was
found at the 150% recommended K rate. The
interaction effect of mulching x K fertilization was
also not very impressive, as out of two years,
only in the first year a significant effect was found
(Table 1).

3.3 Effects on Number of Branches per
Plant

The significant effect of mulch materials on the
number of branches per plant of bitter gourd was
found in both the years but in case of K fertilizer
a significant effect was found in only first year.
The number of branches per plant ranged from
5.9 to 10.3 in 2017-18 and 6.2 to 11.6 in 2018-
19. In the first year, the highest number of
branches per plant (10.3) was obtained from the
polythene  mulch treatment, which was
significantly higher than the rice straw muilch
(6.9) treatment. A similar trend was also found in
the second-year trial. Generally, the rice straw
mulch treatment had a positive effect on the
number of branches per plant over the control
treatment. The highest number of branches per
plant recorded in the polythene mulch treatment
clearly proved that polythene mulch made the
soil comfortable for plant growth. Considering the
single effect of K, the highest number of
branches per plant was recorded in the 150%
recommended K fertilizer dose, and the lowest
was found in the K control treatment in both
years. In case of interaction effect, the highest
number of branches per plant was recorded in
polythene mulch x 150% recommended K
fertilizer treatment in both the years (Table 2).

3.4 Effects on Number of Fruits per Plant

The number of fruits per plant varied significantly
due to the single effect of mulch materials, K
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fertilizer and their interactions in both the years
(2017-18 and 2018-19). Considering the single
effect of mulch, the highest number of fruits per
plant of 18.0 and 15.0 was obtained from
polythene mulch in first and second year,
respectively which was significantly higher than
the rice straw mulch treatment. The lowest
number of fruits per plant of 7.0 and 8.0 was
recorded in no mulch treatment in first and
second year, respectively. Considering the single
effect of K fertilizer, the highest number of fruits
per plant of 15.0 and 14.0 was obtained from
150% recommended K treatment in first and
second year, respectively. In case of interaction
effect, the highest number of fruits per plant of
23.0 and 19.0 was recorded in polythene muilch
x 150% recommended K fertilizer interaction in
first and second year, respectively. The
polythene mulch x 100% recommended K had
the second rank on this parameter. In both the
years, no mulch x no K fertilizer interaction had
the lowest performance (Table 2).

3.5 Effects on Fruit Yield

The fruit yield of bitter gourd increased
significantly due to both the single and interaction
effects of mulch materials and K fertilizer doses
in both the years. Across the years, the
significantly highest fruit yield of 27.25 and 27.27
t hat! was found in polythene mulch treatment.
The straw mulch treatment had better
performance than the no mulch treatment. The
lowest fruit yield of 11.56 and 9.16 t ha! was
always found with no mulch treatment in two
years, respectively. Regarding the single effect of
K, the significantly highest fruit yield of 22.22 and
20.51 t ha'! was obtained from the 150%
recommended K treatment in two years,
respectively. Considering the interaction effect,
the highest fruit yield of 32.67 and 34.88 t ha'
was recorded in polythene mulch x 150%
recommended K fertilizer interaction also in two
years, respectively (Table 3). In terms of
increasing fruit yield, polythene mulch and the
150% recommended K fertilizer interaction had
outstanding performance. The highest increase
in fruit yield over control of 250 and 364% was
recorded in the polythene mulch x 150%
recommended K fertilizer interaction in two
years, respectively. Thus, the results indicated
that polythene mulch along with the 150%
recommended K fertilizer dose had the
consistently best performance over the other
treatment combinations.
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No mulch x No K Rice straw mulch x 100% K Polythene mulch x 150% K

Fig. 1. Effect of mulching and K fertilization on number of fruits per plant at the time of first harvesting

Table 1. Single and interaction effect of mulch materials and potassium fertilizer doses on primary stem length and number of leaves per primary
stem of bitter gourd at Barguna district of Bangladesh

Treatments Primary stem length (cm) Number of leaves per primary stem
2017-18 2018-19 2017-18 2018-19

K 100% K 150%  Mulch K 100% 150% Mulch K 100% K 150% K Mulch K 100% 150%  Mulch

control K mean control K K mean control mean control K K mean
No mulch 167.0 163.3 187.7 172.7C 193.0 199.3 199.3 197.2B 30.0Cb 31.3Cb 36.0Ba 324B 34.0 34.0 38.0 35.3B
Rice straw 217.0 207.3 204.0 209.4B 196.7 209.3 190.3 1988B 36.0Ba 36.3Ba 32.7Ba 35.0B 35.0 35.7 36.3 35.7B
mulch
Polythene 225.7 240.3 241.3 235.8 A 272.7 257.0 2747 268.1A 41.0Aa 410Aa 41.7Aa 41.2A 40.0 40.7 45.0 419 A
mulch
K mean 203.2 203.7 211.0 220.8 2219 221.4 35.7 36.2 36.8 36.3 b 36.8b 39.8a
Significance  Mulch-*** K fertilizer-NS and Mulch-*** K fertilizer-NS and Mulch-***, K fertilizer-NS and Mulch-***, K fertilizer-NS and
level interaction-NS interaction-NS interaction-NS interaction-*
%CV 11.08 9.10 6.37 10.46

Similar small letters in a row or similar capital letters in a column are not significantly different at 5% level by DMRT, CV= Co-efficient of variation, *= Significant at 5% level, ***=Significant at 0.1%
level, NS= Not significant.
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Table 2. Single and interaction effect of mulch materials and potassium fertilizer doses on branches per plant and number of fruits per plant of
bitter gourd at Barguna district of Bangladesh

Treatments Number of branches per plant Number of fruits per plant
2017-18 2018-19 2017-18 2018-19

K 100% 150% K Mulch K 100% 150% K Mulch K 100% K 150% K Mulch K 100% K 150% K Mulch

control K mean control K mean control mean  control mean
No mulch 5.0 5.7 7.0 59B 5.3 7.0 6.3 6.2C 5.0Cb 7.0Ca 8.0Ca 7.0C 70Cb 80Cb 10.0Ca 8.0C
Rice straw mulch 6.7 6.7 7.3 6.9B 8.3 7.0 7.7 7.7B 9.0Bb 13.0Ba 14.0Ba 12.0B 9.0Bc 11.0Bb 13.0Ba 11.0B
Polythene mulch 9.0 9.3 12.7 10.3A 11.3 11.0 12.3 11.6 A 12.0Ac 18.0Ab 23.0Aa 18.0A 12.0Ac 14.0Ab 19.0Aa 15.0A
K mean 6.9b 7.2b 9.0a 8.3 8.3 8.8 9.0c 13.0b 150a 9.0c 11.0b 14.0a
Significance level Mulch-*** K fertilizer-** and Mulch-***, K fertilizer-NS and Mulch-***, K fertilizer-NS and Mulch-*** K fertilizer-* and

interaction-NS interaction-NS interaction-NS interaction-NS
%CV 14.32 10.73 8.87 10.63

Similar small letters in a row or similar capital letters in a column are not significantly different at 5% level by DMRT, CV= Co-efficient of variation, *= Significant at 5% level, **= Significant at 1%
level, ***=Significant at 0.1% level, NS= Not significant.

Table 3. Single and interaction effect of mulch materials and potassium fertilizer doses on fruit yield of bitter gourd at Barguna district of

Bangladesh
Treatments Fruit yield (t ha?)
2017-18 2018-19
K control 100% K 150% K Mulch mean K control 100% K 150% K Mulch mean
No muich 9.34 Cc 9.47 Cb 15.88 Ca 1156 C 7.52 Cc 8.18 Ch 11.78 Ca 9.16 C
Rice straw mulch 15.01 Bc 15.14 Bb 18.10 Ba 16.08 B 8.48 Bc 14.15 Bb 14.87 Ba 12.50B
Polythene muich 23.60 Ac 25.48 Ab 32.67 Aa 2725 A 20.67 Ac 26.27 Ab 34.88 Aa 27.27 A
K mean 15.98 c 16.70 b 2222 a 12.22¢c 16.20b 20.51a
Significance level Mulch-***, K fertilizer-*** and interaction-*** Mulch-***, K fertilizer-*** and interaction-***
%CV 10.47 10.52 %CV 10.47 10.52 %CV 10.47 10.52

Similar small letters in a row or similar capital letters in a column are not significantly different at 5% level by DMRT, CV= Co-efficient of variation, ***=Significant at 0.1% level.
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3.6 Effects on Leaf Sodium (Na) Content

The Na content in leaf varied significantly with
the single effect of mulch and K fertilization in
both the years. In the case of the interaction of
mulch materials with K fertilizer significantly
influenced the leaf Na content of bitter gourd only
in second year. Over the years, the lowest leaf
Na content of 1.91 and 1.63% was found in the
polythene mulch treatment in two years,
respectively which was significantly lower than
the control and straw mulch treatments. In the
case of K fertilizer doses, the highest leaf Na
content of 2.51 and 2.13% was found in the
control (no K fertilizer) treatment in two years,
respectively. The leaf Na content was decreased
with the increase of K application rate.
Considering the interaction effect, the highest
leaf Na content of 1.71 and 1.49% was recorded
in the control (no mulch x k control) treatment,
and the lowest leaf Na content of 2.27 and 1.85%
was recorded in the polythene mulch x 150%
recommended K fertilizer interaction in two
years, respectively (Table 4).

3.7 Effects on Leaf Potassium (K) Content

The leaf K content was significantly varied due to
the single effect of mulching and K fertilization
and their interaction in both the years. The
highest leaf K content of 2.27 and 2.08% was
found in the polythene mulch treatment in two
years, respectively. The K content in rice straw
was higher than that of no mulch but significantly
lower than that of polythene muich. In the case of
K fertilizer doses, the lowest potassium content
of 1.75 and 1.49% was found in K control
treatment in two years, respectively. The
potassium content gradually increased with the
increase of K application rate. The highest leaf K
content of 2.34 and 1.82% was recorded in the
150% recommended K dose in two years,
respectively. In the case of the interaction effect,
the highest leaf K content of 3.13 and 2.45% was
recorded in the polythene mulch x 150% K
fertilizer interaction, and the lowest leaf K content
of 1.34 and 0.78% was recorded in the no mulch
x no K fertilizer interaction in two years,
respectively (Table 4).

3.8 Effects on Leaf Na:K Ratio

The sodium and potassium ratio is an important
determinant of salt tolerance in crops. The
sodium and potassium ratio is more detrimental
than the sole Na content of the leaf. A higher
Na:K ratio makes plants toxic and deficient in K
[10]. In the experiment, polythene mulch had the
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lowest Na:K ratio across the years (Figs. 2-3).
Rice straw mulch had a Na:K ratio higher than
polythene mulch but lower than the control
treatment. No mulch treatment always had the
highest Na:K ratio. Generally, the application of K
reduces the Na:K ratio in the leaf. There was a
reverse relationship between the Na:K ratio and
added K. It means that the Na:K ratio gradually
decreased with the increase of added K.
Therefore, 150% recommended K had the lowest
Na:K ratio, and K control treatment had the
highest Na:K ratio (Figs. 2-3).

3.9 Effects on Soil Electrical Conductivity
(ECl;S)

The soil ECys varied significantly with different
treatments over control in both the years. The
highest soil ECis recorded from the control
treatment which was significantly higher than the
tested mulch materials. The lowest soil EC1:5 of
2.23 and 1.91 dS/m was consistently recorded in
polythene mulch treatment in first and second
years, respectively. The rice straw mulch
reduced the soil EC1s value by 62 and 52%,
whereas the polythene treatment reduced it by
64 and 56% over the control treatment in two
years, respectively. Regarding the K effect, the
highest soil EC1s of 4.82 and 3.31dS/m was
recorded in the control treatment, and the lowest
soil EC150f 2.51 and 2.07 dS/m was recorded in
the 150% recommended K fertilizer in two years,
respectively. The 150% recommended K fertilizer
treatment reduced soil EC1s value by 48 and
37% over the control treatment in two years,
respectively. Considering the interaction effect,
the lowest soil ECu:s recorded in polythene mulch
x 150% recommended K fertilizer interaction in
both the years (Table 5). The polythene much x
100% recommended K fertilizer interaction
decreased soil ECis value by 81 and 70%,
whereas the polythene much x 150%
recommended K fertilizer interaction decreased
by 82 and 81% over control treatment (no mulch
and K control) in two years, respectively.

3.10 Effects on Soil
Sodium (Na) Content

The exchangeable sodium (Na) content of the
soil varied significantly with different treatments.
Considering the single effect of mulch materials,
the highest exchangeable Na content in soil
(4.32 meqg 100g? sail in first year and 5.27 meq
100g? soil in second year) was found in the in
the control treatment, which was significantly
higher than the polythene mulch treatment. The
lowest exchangeable Na content in soil was

Exchangeable
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Fig. 2. Na:K ratio of bitter gourd leaf at Barguna
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Fig. 3. Na:K ratio of bitter gourd leaf at Barguna
district in the year 2018-19
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Table 4. Single and interaction effect of mulch materials and potassium fertilizer doses on leaf Na and K content of bitter gourd at Barguna district
of Bangladesh

Treatments Leaf Na (%) content Leaf K (%) content
2017-18 2018-19 2017-18 2018-19
K 100% 150% Mulch K 100% K 150% K Mulch K control 100% K 150% K Mulch K 100% K 150% K  Mulch
control K K mean control mean mean control mean

No mulch 2.77 234  2.03 2.38A 249Aa 161Bb 1.58Bc 2.08A 1.34Bb 2.34Aa 1.56Cb 1.75B 0.78Bb 1.56Ba 1.56Ca 1.30B
Rice straw  2.49 2.13 1.86 2.06B 2.06Ba 2.07Aa 2.12Aa 182B 2.34Aa 1.34Bb 2.34Ba 2.01AB 1.34Bb 1.34Bb 2.34Ba 1.68AB

mulch
Polythene 2.27 1.76 1.71 1.91B 1.85Ca 1.56Bb 1.49Bb 1.63C 1.56Bc 2.13Ab 3.13Aa 2.27A 2.34Ab 2.34Ab 2.45Aa 2.08 A

mulch

K mean 251a 208b 1.77c 2.13a 1.75b 1.66b 1.75b 1.94ab 2.34a 1.49b 1.75a 1.82a

Significance Mulch-*** K fertilizer-*** and Mulch-***, K fertilizer-*** and Mulch-*** K fertilizer-*** and interaction- Mulch-***, K fertilizer-*** and interaction-
level interaction-NS interaction-*** Fhk rkx

%CV 6.95 4.60 8.56 4.23

Similar small letters in a row or similar capital letters in a column are not significantly different at 5% level by DMRT, CV= Co-efficient of variation, ***=Significant at 0.1% level, NS= Not significant.

Table 5. Single and interaction effect of mulch materials and potassium fertilizer doses on post-harvest soil EC1.5 and exchangeable Na content of
bitter gourd at Barguna district of Bangladesh

Treatments ECi:s (dS/m) Exchangeable Na (meq 100g* soil)
2017-18 2018-19 2017-18 2018-19
K 100% K 150% K Mulch K 100% K 150% K Mulch K 100% K 150% K Mulch K control 100% K 150% K Mulch
control mean control mean control mean mean

No mulch 7.24Aa 6.86Aa 4.82Ab 6.19A 5.82Aa 4.06Ab 3.22Ac 4.36A 6.49Aa 1.98Cc 4.49Ab 4.32A 9.16Aa 6.49Aa 6.49Aa 5.27A
Rice straw 4.13Ba 1.70Bb 1.39Cb 2.37B 2.19Ba 2.17Ba 1.88Bb 2.08B 4.89Ba 5.50Aa 4.27Aa 3.99A 2.82Bb 6.11Aa 2.94Bb 4.36B

mulch
Polythene  3.08Ba 1.37Cc 1.33Cb 2.23B 1.91Bb 1.72Cc 1.10Ba 1.91B 1.94Cb 3.77Ba 1.60Bb 3.33A 3.09Bb 1.99Bc 1.77Bb  3.99B

mulch

K mean 4.82a 3.31b 2.51c 3.31a 2.65b 2.07c 4.44a 3.75a 3.45a 5.02a 453ab  4.07b

Significance Mulch-***, K fertilizer-*** and Mulch-***, K fertilizer-*** and Mulch-***, K fertilizer-** and Mulch-***, K fertilizer-NS and interaction-***
level interaction-*** interaction-*** interaction-***

%CV 3.94 3.84 7.07 4,53

Similar small letters in a row or similar capital letters in a column are not significantly different at 5% level by DMRT, CV= Co-efficient of variation, **= Significant at 1% level, ***=Significant at 0.1%
level, NS= Not significant.
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recorded in the polythene mulch treatment. The
rice straw mulch reduced soil exchangeable Na
by 8 and 17%, whereas the polythene treatment
reduced it by 23 and 24% over the control
treatment in two years, respectively. The results
further indicate that in the control treatment,
exchangeable Na content is always higher, and
in the polythene mulch condition, it was the
lowest. Considering the single effect of K
fertilizer, the lowest soil exchangeable Na
content of 3.45 and 4.07 meq 100g! soil was
recorded in the 150% recommended K dose in
the years 2017-18 and 2018-19, respectively. In
the control treatment, where no K was added, it

consistently  recorded the highest soil
exchangeable Na content. The 100%
recommended K fertilizer reduced soil

exchangeable Na content by 16 and 10%,
whereas 150% recommended K fertilizer
reduced it by 22 and 19% over the control
treatment in two years, respectively. The Na
content gradually decreased with an increase in
the rate of K application. The result indicated that
the 150% recommended K fertilizer dose had the
consistently best performance over the years.
Considering the interaction effect, the result
indicated that the lowest soil exchangeable Na
content was recorded in polythene mulch x
150% recommended K fertilizer interaction in
both the years. The polythene much x 100%
recommended K fertilizer interaction reduced soil
exchangeable Na by 42 and 78%, whereas the
polythene much x 150% recommended K
fertilizer interaction reduced Na by 75 and 81%
over no mulch x no K (control) treatment in two
years, respectively (Table 5).

3.11 Correlation Matrix

The fruit yield of a crop is a complex character
that results from the interactions of many
characters. To examine the interrelationship of
fruit yield with other plant and soil characteristics,
a correlation matrix was done. The values of the
correlation coefficient (r) with their level of

significance are given in Table 6. It appears that
fruit yield was positively and significantly
correlated with primary stem length, the number
of branches per plant, the number of leaves per
primary stem, and the number of fruits per plant.
Fruit yield was positively correlated with leaf
potassium (K), but negatively and significantly
correlated with leaf sodium (Na) content. The
result of the correlation between yield and the
nutrient contents of the leaf clearly revealed that
the higher sodium concentration in the leaf
reduced the fruit yield, whereas the potassium
concentration increased fruit yield. Regarding soil
properties, fruit yield was negatively correlated
with soil EC and soil sodium (Na) contents.

3.12 Economic Analysis

The economic analysis for the bitter gourd was
done to find out the marginal benefit-cost ratio
(MBCR) against different mulch and K fertilizer
treatments. Over the years, polythene mulch,
along with any rates of K (0, 100, and 150%
recommended K), had consistently higher gross
return and added benefit. Rice straw mulch had a
lower return compared to the polythene mulch
treatment. In the experiment, the highest added
benefit was recorded in the polythene mulch x
150% recommended K combination (Table 7).
The polythene mulch treatment had the highest
MBCR except in a few cases. The K fertilizer did
not much affect the MBCR value due to the use
of a lower amount and a lower market price. In a
few cases, no mulch treatment had the highest
MBCR due to its very low added cost. But this
treatment is not feasible for growing crops in the
coastal saline region of Bangladesh because of
soil salinity. Therefore, based on the MBCR
value, polythene mulch along with the 150%
recommended K could be advisable for
progressive farmers. Straw mulch could also be
recommended for farmers who want to invest a
lower amount of money to get a satisfactory
yield.

Table 6. Correlation between fruit yield and different plant and soil parameters of bitter gourd

Variables Fruit yield
2017-18 2018-19
Primary stem length 0.683*** 0.811%**
Number of leaves per primary stem 0.791%** 0.776%**
Number of branches per plant 0.727*** 0.828***
Number of fruits per plant 0.787*** 0.899***
Leaf sodium (Na) -0.557** -0.504**
Leaf potassium (K) 0.279Ns 0.241Ns
Soil EC -0.333NS -0.465*
Soil sodium (Na) -0.230Ns -0.106NS

*= Significant at 5% level, **=Significant at 1% level, ***=Significant at 0.1% level, NS = Not significant
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Table 7. Marginal benefit cost ratio (MBCR) of different mulch and potassium treatments of
bitter gourd at Barguna district of Bangladesh

Treatments 2017-18 2018-19
Gross Added Added MBCR Gross Added Added MBCR
return (tk) benefit (tk)  cost (tk) (tk) return (tk) benefit (tk) cost (tk) (tk)
MiK1 467083.3 375833.3
M2K1 750416.7  283333.4 12500 22.7 743333.3 367500 12500 29.4
MsK1 1180000 712916.7 30000 23.8 1033333 657500 30000 21.9
M1Kz2 473500 6416.7 2500 2.6 409166.7 33333.37 2500 13.3
M2K2 507083.3  40000.03 15000 2.7 707500 331666.7 15000 22.1
MsK2 1633333 1166250 32500 35.9 1313333 937500 32500 28.8
M1K3 920000 452916.7 3750 120.8 588750 212916.7 3750 56.8
M2K3 794166.7  327083.4 16250 20.1 424166.7 48333.37 16250 3.0
MsK3 1274167 807083.4 33750 23.9 1744167 1368333 33750 40.5

M= no mulch, M,= rice straw mulch, Ms= polythene mulch, K;= no K fertilizer, K,= 100% recommended K fertilizer and Ks=
150% recommended K fertilizer

4. DISCUSSION

The vyield and yield contributing characters
(primary stem length, leaves per primary stem,
branches per plant, and number of fruits per
plant) of bitter gourd were higher in polythene
mulch than other mulch treatments in both the
years. It may be due to higher soil moisture
within the root zone by restricting direct
evaporation of soil water through the use of
polythene mulch. Polythene mulching has
consistently contributed to the retention of lower
electrical conductivity (EC) and Na*
concentrations with a higher concentration of K*
in soil through conserving moisture. Thus, low
concentrations of salt and high soil water under
polythene mulch during the growing season were
the main reasons for the higher yield and yield-
contributing characteristics of bitter gourd. The
results are also similar to the findings of different
researchers [4,11]. Among all the K treatments,
150% recommended K had the highest results in
yield and vyield-contributing characteristics of
bitter gourd in both the years. This is because
150% of recommended K fertilizer application
increases more K* ion concentration in the root
zone than other tested treatments, which
facilitates the balanced uptake of Na* and K*
by plants. Similar results were also found by
different researchers [12,13]. In the case of
interaction, the results indicated that polythene
mulch along with the 150% recommended K
fertilizer dose had the consistently best
performance over the other tested treatment
combinations in both the years. This is because
polythene mulch maintains higher soil moisture
within the root zone by restricting direct
evaporation of soil water than without mulching,
and the 150% recommended K application
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protects plants from salinity effects by facilitating
a balanced uptake of Na* and K*. The results are
similar to the findings of Sanas et al. [14]. Over
the years, the bitter gourd leaf contains the
lowest amount of Na and the highest amount of
K in the polythene mulch treatment compared to
other treatments. The polythene mulch restricts
the accumulation of Na in saline soils by
conserving more soil moisture. Perhaps in no
mulch condition, salts were accumulated in
higher concentrations in the soil and
concomitantly increased the uptake of Na. When
Na uptake is higher, then K uptake is lower in
plant tissue, and vice versa. For this reason, the
lowest leaf Na content and the highest leaf K
content was found in polythene mulch treatment.
These results are consistent with the earlier
works  [15]. Generally, 150% of the
recommended K dose had the lowest Na and
highest K content of leaf in both the years.
Probably, higher rates of K compete well with Na
for plant uptake. Similar results were found by
some other researchers [16]. Considering the
interaction effect, the lowest Na and highest K
content of leaf were recorded in polythene mulch
x 150% recommended K in both the years. This
might be due to the lower Na uptake from the soil
because higher doses of K inhibit the uptake of
Na from the soil. On the other hand, the highest
K content of leaf may be due to higher doses of
the recommended K fertilizer. The soil ECis
value and exchangeable Na concentration were
highest in the control treatment and lowest in the
polythene mulch treatment. The results clearly
proved that polythene mulch is highly capable for
reducing soil EC1:s value and Na concentration to
a lower limit than other tested treatments by
conserving the highest moisture level in the root
zone. The results are consistent with the earlier



Mukta et al.; Asian Soil Res. J., vol. 8, no. 1, pp. 33-45, 2024; Article n0.ASRJ.111941

works by Rahman et al. [17]. In the case of K
fertilizer treatments, the highest and lowest soil
ECus value and exchangeable Na concentration
were recorded in the control treatment and the
150% recommended K fertilizer treatment,
respectively. A similar result was found by Kaya
et al. [18]. Considering interaction treatment, the
highest and lowest soil ECis value and
exchangeable Na concentration were found in
the control treatment and polythene mulch x
150% recommended K fertilizer interaction
treatment, respectively. This is due to polythene
mulch and the 150% recommended K fertilizer
having the highest ability to reduce soil salinity
(ECuws) and Na concentration compared to other
treatments in the experiment. In the experiment,
it was observed that when the polythene mulch
was not used, the soil exchangeable Na was
extremely high. At that condition, the application
of the recommended 150% K fertilizer did not
have any additional benefit, but it may restrict the
uptake of soil sodium by balancing the Na*:
K* ratio in the soil. On the other hand, when the
polythene mulch was used, the scenario was
totally changed. The use of polythene drastically
reduced soil sodium. Here, mulch materials
reduce soil sodium by restricting evaporation
losses and conserving more moisture in the soil.
This may cause a reduction in soil Na value even
with the combined application of mulch materials
with K fertilizers. The results are consistent with
the earlier works of Kaya et al. [18]. In the case
of correlation study, a strong relationship was
found between fruit yield and different soil and
plant parameters. The strong relationship
between fruit yield and all the soil and plant
parameters revealed that fruit yield was greatly
influenced by those parameters. Similar findings
were also observed in the earlier works [19].
Considering the gross return, polythene mulch
always gave the highest value followed by rice
straw mulch and control treatment in any amount
of recommended K fertilizer in both the years.
Gross return is directly related to the yield of the
component crops and the prices that the
producer receives for the produce [20].
Considering gross return over control, the
polythene mulch was found to be an
economically more profitable and viable
treatment than the rice straw mulch treatment.
The better economic performance of polythene
mulch treatment was accomplished primarily due
to higher fruit yield. Indeed, for achieving
sustainable crop yield with reduced soil salinity,
the polythene mulch approach deserves
attention.
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5. CONCLUSION

Several outputs, like increasing crop Yyield,
reducing soil salinity, and introducing a new
package for saline soil management, were
brought out through the use of polythene mulch
and potassium fertilizer in this study. So,
polythene mulch and potassium fertilizer
management approaches were found to be
highly effective for reducing salinity and
increasing crop production in coastal saline soils
in Bangladesh. More specifically, the polythene
mulch and 150% recommended K fertilizer were
the best among all the tested treatments.
Therefore, polythene mulch and 150%
recommended K fertilizer could be recommended
as a new package for farmers’ use in coastal
saline soil management in Bangladesh to
achieve a higher crop yield.
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