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Abstract: Bangladesh’s coastal regions are rich in saline water resources. The majority of
these resources are still not being used to their full potential. In the southern Bangladeshi
region of Patuakhali, research was conducted to investigate the effects of mulching and drip
irrigation on tomato yield, quality, and blossom-end rot (BER) at different soil salinity
thresholds. There were four distinct treatments applied: Ti= drip irrigation with polythene
mulch, T, = drip irrigation with straw mulch, T3 = drip irrigation without mulch, and T4 =
standard procedure. While soil salinity was much greater in treatment T3 (1.19-8.42 dS/m)
fallowed by T4 (1.23-8.63 dS/m), T1 treatments had the lowest level of salinity and the
highest moisture retention during every development stage of the crops, ranging from 1.28—
4.29 dS/m. Treatment T3 exhibited the highest soil salinity levels (ranging from 1.19 to 8.42
dS/m), followed by T4 with a range of 1.23 to 8.63 dS/m. In contrast, T; treatments
consistently maintained the lowest salinity levels (ranging from 1.28 to 4.29 dS/m) and the
highest moisture retention throughout all stages of crop development. In terms of yield, drip
irrigation with no mulch treatment (T3) provided the lowest output (13.37 t/ha), whereas
polyethylene mulching treatment (T) produced the maximum yield (46.04 t/ha). According to
the study, conserving moisture in tomato fields and reducing soil salinity may both be
achieved with drip irrigation combined with polythene mulch. The research suggests that
employing drip irrigation in conjunction with polythene mulch could effectively preserve
moisture in tomato fields and concurrently decrease soil salinity.
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1. Introduction

Lycopersicon esculentum, commonly known as the tomato, holds substantial
global importance as a key horticultural crop and an integral component in diverse
cuisines, offering a nutrient-rich source of vitamins, minerals, and antioxidants [1].

The tomato, scientifically known as Lycopersicon esculentum, is a very
significant horticultural crop worldwide. As a significant part of many meals, tomato
fruit is a good source of vitamins, minerals, and antioxidants [1]. Tomatoes’ aroma
volatiles, sugar, and acid content are primarily responsible for their organoleptic
quality, while their mineral, vitamin, carotenoid, and flavonoid content determine
their nutritional quality [2]. Consequently, it is a vegetable crop of commercial
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significance. The most often consumed vegetable is the tomato, which has excellent
nutritional value and is a strong source of potassium, vitamins A and C, and other
nutrients. Few cultivars are somewhat salt resistant, and they are only moderately
susceptible to salinity. According to Mass [3], EC 2.5 dS/m is the threshold value for
saline rooting media. Tomato is cultivated as an important and popular vegetable as
well as a salad crop with a wide range of varieties all over the country, but due to the
unfavorable ecosystem, its production area is limited in the southern part of
Bangladesh. In this area, traditionally, tomatoes are cultivated on homesteads rather
than in crop fields, due to drought and salinity problems simultaneously.

Tomatoes are produced in Bangladesh from September to April, when there is
little rainfall and evapotranspiration uses up the soil’s moisture content (250 mm).
The only thing that directly affects tomato production is water. Careful use of
manures and fertilizers, effective use of available soil moisture, planting spacing,
timing, weed control, and other factors are critical to successful tomato growing [4,5].
Utilizing soil moisture effectively is crucial among these aspects. In Bangladesh,
producers must rely on irrigation or natural precipitation because of the sparse
rainfall from September to April. Many farmers also lack the financial means to pay
for irrigation. In this case, native mulching can be a suitable irrigation-saving option.
Crop waste, straw, rice husk, and water hyacinth are examples of native mulches that
are typically used in horticultural crop cultivation [6,7]. Different types of mulch
play an important role in conserving soil moisture [4]. There is a large amount of
arable land in Bangladesh’s southern region that might be used for agriculture [8].
Adequate vegetables are necessary to overcome the significant obstacle presented by
coastal locations damaged by salt. Given the significance of tomatoes as a food in
Bangladesh, a great deal of study is required to create growing conditions with
moderate salinity that would yield strong vegetative development. On the other hand,
a limited number of research studies have examined the impact of salt stress on
tomato fruit development, production, and quality. According to the Sign et al. [9]
report, out of all vegetables, tomatoes are moderately sensitive to salinity. On the
other hand, considerable genetic heterogeneity in tolerance to salt levels exists across
tomato genotypes [10].

In the southern portion of Bangladesh, the Patuakhali and Barguna regions are
unique physiological units [11]. It is distinguished by harsh environmental factors
such as heavy clay soil, high soil salinity, and a lack of quality irrigable water during
the dry season [12]. The winter period is comparatively shorter in this region than in
other parts of the country; therefore, this area is referred to as challenging for
agricultural production [13]. Nevertheless, these regions possess substantial arable
land, presenting an opportunity to significantly enhance national agricultural output.
However, there is a lot of arable land in these areas, which might help boost
agricultural output nationally [14]. Among the cultivable areas of this region,
roughly 86% of low to medium saline (4—8 dS/m) provides scope for good crop
production [15]. Drip irrigation systems allow water and nutrients to be supplied
directly to the crop’s roots, boosting production and water savings while also
improving irrigation efficacy [16]. Mulching also minimizes water loss from the soil
surface and improves moisture distribution, hence changing the irrigation schedule
[17,18]. The productivity and quality of tomato crops are significantly influenced by
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water [19]. Increased irrigation enhances tomato productivity despite lowering
soluble sugar, organic acid, and dry matter [20]. Deficit irrigation often has the
opposite effect on fruit yield as it does on fruit quality. It has been established that
deficit irrigation increases tomato titratable acidity, vitamin C content, and total
soluble solids [2].

Limited research has investigated the combined impact of varying soil moisture
levels and saline water irrigation on the growth, quality, and yield of tomatoes. This
stands in contrast to numerous studies that have individually explored the agronomic
performance of tomatoes. Few research has examined how different soil moisture
levels and salty water irrigation affect tomato growth, quality, and yield in
combination, despite the fact that several studies have examined the agronomic
performance of tomatoes separately. Furthermore, more research is required to
evaluate whether tomato production in the southern region of Bangladesh is
threatened by salty water irrigation. The growth responses of tomatoes to saline
water and irrigation were examined and studied in the field experiment described
here. Regarding crop performance, our hypothesis was that every environmental
condition would have an equal impact on tomato growth and development. As a
consequence, this experiment was carried out with the following goals in mind: to
observe the performance of tomato yield under different salinity levels; to investigate
the different salinity levels for tomato growth and yield; and to investigate the
influence of drip irrigation schedule, mulching materials, and their interactions on
soil salinity mitigation and tomato yield and quality in a coastal environment.

2. Materials and methods

The experiment was conducted at MLT site Kuakata, Patuakhali in the Rabi
season of 2015-2016. The trial was laid out in RCBD with 3 compact replications
consisting with 4 treatments i.e., Ti: drip irrigation with polythene mulch, T»: drip
irrigation with straw mulch Ts: drip irrigation without mulch Ts: conventional
practice. The tomato (BARI Tomato-14) seedlings of 30 days old were transplanted
in unit plots of 5 m X 1.2 m on 23 December 2015. For mulching, 10 um black
polyethylene sheet having holes of 50 mm diameter at a distance of 60 cm % 40 cm
was spread over the beds and tomato seedlings were transplanted in the holes
(Figure 1). For straw mulch, paddy straw at 10 t/ha was used after transplanting.
Recommended fertilizer doses (Nioo, P10o, Kso kg/ha) for fertigation were used for all
treatments except conventional one. For irrigation application, plastic water tank
with drip system having a capacity of 150 L was installed at a height of 1 m above
the ground surface to irrigate 9 plots by gravitational flow. One plant was provided
with a dripper of 0.5 L/h discharge capacity. Ripened tomato was harvested 6—8
times starting from the first week to the last week of March 2016. Soil samples were
collected at 15 days interval to measure salinity and moisture content of each plot.
The climatic information is displayed in Figure 2. Data on growth yield and yield
contributing characters were collected at different stages of plant growth (Figure 3).
Collected data were analyzed using Microsoft Excell and R software.
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Figure 1. A typical layout of drip irrigation system.
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Figure 2. Meterological data and GPS location of experimental site (source: meteorological station, Kalapara,
Patuakhali).

Figure 3. (Continued).
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3. Results and discussion

Irrigated agriculture will remain the primary source of the world’s food supply.
Only 16 percent of the world’s agricultural land is made up of irrigated farmlands,
however they produce 30% to 40% of the food that is consumed globally [21]. A
very effective use of water resources is necessary for irrigated agriculture to remain
viable. There are yet to be any widely recognized design standards for managing salt
water in humid environments [22]. Research has indicated that using too much salty
water for irrigation might cause a large build-up of salts in the layer that has been
ploughed, which would negatively impact the growing conditions for crops [23]. In
order to address the issue of a sustainable irrigated agriculture that conserves water
resources and has a minimal influence on crop growth and development, it is
imperative to create novel management techniques for the exploitation of saline
water [24]. It has been demonstrated that, in comparison to crops that are irrigated
directly with saline water, the present practice of alternating irrigation between saline
and non-saline water reduces the harm caused by salt to crops.

Salt in irrigation water, particularly NaCl, often has detrimental effects for crops.
These effects include turgor pressure reduction, slowed cell development, and
damage to chloroplasts, which lowers photosynthesis and growth rate [22]. In the
end, these modifications affect crop production and dry matter buildup. It has been
noted that oxidative stress in salinity stress is caused by unchecked production of
reactive oxygen species and damage to the antioxidative system [25]. According to
research by Alarcon et al. [26], tomato plants might exhibit a drop-in relative growth
rate and leaf area ratio within 17 days of exposure to rising osmotic pressure in the
nutrient solution. Research by Karin [27] showed that a small amount of salt stress
promotes crop development, increases adenosine triphosphatase enzymatic activity,
and improves osmotic adjustment.

3.1. Soil salinity

The results of salinity development revealed that irrigation system and
mulching created variations in the soil salinity in the treatments (Figure 4). Through
drip irrigation same amount of water was applied more precisely and uniformly but
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salinity development was differed among the drip irrigated treatments due use of
different kinds of mulch materials. The soil salinity was developed considerably at a
lower rate in drip irrigation system that was more influenced by polythene mulch
(1.28-4.29 dS/m) fallowed by straw mulch (1.26-5.24 dS/m) compared to non-
mulch (1.19-8.42 dS/m). In conventional (flood) irrigation system salinity
development (1.23-8.63 dS/m) was similar as drip irrigation without mulch. The
results are in agreement with the findings of Tan et al. [28]. They noticed that
mulched drip irrigation significantly decreases the soil salinity, the contents of
individual salt ions, the pH value, the ratio of CI” to SO4*~ and the sodium adsorption
ratio (SAR) at a 20-cm depth of soil by controlling the soil matric potential. Hanson
et al. [29] also noted that mulched drip irrigation has been widely used to alleviate
the deleterious effects of salinity on tomato because it effectively suppresses the
upward movement of salt to the plough layer.
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Figure 4. Soil salinity development in different treatments in tomato growing period.

3.2. Tomato yield

The growth, yield and yield attributes and water used by the tomato plants of
each treatment are presented in Table 1 and Figure 5. In drip irrigation system each
plant of treatment T, T> and T3 received 21 liters of water and in conventional
irrigation system it was 32 liters (T4) during their growing period and a significant
difference was found in plant height among treatments. It was due to mulch effect
because mulch kept the root zone moist preventing evaporation throughout the
growing season. In T; black polythene mulch prevented evaporation more than straw
mulch in T,. Consequently, taller, and healthy plants were produced by the mulch
treated plots than mulch less drip or conventional irrigated plots. The highest plant
height (96.0 cm) was found in T, fallowed by T» (92.33 cm) and Tz (87.67 cm).
Same effects were found in yield and yield contributing parameters. Drip irrigation
with polythene much influenced more in yield and yield contributing parameters than
other treatments, so fruit yield was also the highest (46.04 t/ha) followed by drip
irrigation with straw mulch (26.67 t/ha). The lowest yield (13.37 t/ha) was found
from drip irrigation with no mulch treatment. The results are in agreements with the
finding of Raina et al. [30]. He explained in his article that mulched drip irrigation
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has various effects on the nutrient components of tomatoes, and it plays a more
significant role in increasing fruit yield than flood irrigation.

Table 1. Yield and its related attributes of tomato.

Treatments ?cl:;:;t height Fruits/plant }ll'lliltvis('itu(agl m) Yield (t/ha) X/];lt:; tl)lsed
T 96.00 21.33 54.0 46.04 21

T2 92.33 16.00 41.0 26.67 21

T3 87.67 9.33 35.0 13.37 21

T4 85.33 10.33 42.0 17.67 32

(6% 2.53 14.18 7.97 13.88 5.43

LSD 4.57 4.04 6.91 7.18 7.72

Note: Ti: drip irrigation with polythene mulch, T2: drip irrigation with straw mulch Ts: drip irrigation
without mulch T4: conventional practice.
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Polythene mulch with hFi i 3 I S[:':v,"’ Mulch with drip
drip irrigation system g : Tgation system
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Figure 5. Different mulch and irrigation system: (A) Polythene mulch with drip irrigation; (B) Straw mulch with drip
irrigation; (C) Drip irrigation without mulch; (D) Conventional practices.

3.3. Disease incidence

Blossom End Rot (BER) (Figure 6) was observed in all the treatments, but its
incidence was severe in non-mulched and conventional treatments (Table 2).
Blossom end rot is a physiological condition that results in a water-soaked spot
which appears at the blossom end of tomato fruits caused by a calcium imbalance
within the plant. Fluctuations in soil moisture (too wet or too dry) and salinity
induced blossom end rot in the treatments. As the plots of drip with polythene
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mulched treatment (T) were moist throughout the growing season so BER incidence
was the lowest. BER was found the highest in drip without mulch plots. A similar
claim was made in the context of tomato growing by Biswas et al. [31].

Figure 6. Blossom end rot symptom of tomato fruits.

Table 2. Disease incidence in different treatments.

Disease incidence in different treatments (%)
T T2 Ts Ta

Diseases

Blossom end rot 5 8 17 15

Note: Ti: drip irrigation with polythene mulch, T2: drip irrigation with straw mulch Ts: drip irrigation
without mulch T4: conventional practice.

3.4. Cost and return

Among the drip irrigated treatments, the highest gross margin (Tk. 236000/ha)
equivalent to 2149.30 US$/ha was obtained from polythene mulched plots though
variable costs were the highest (Table 3). It was due to the highest yield production
by the treatment of drip irrigation with polythene mulch. The gross margin was less
and even negative in drip irrigation without mulch than conventional irrigation
system. The farmers were delighted seeing taller and healthy plants in the plots of
drip irrigation with polythene mulch treatment. They showed their interest to grow
tomato using drip irrigation with polythene mulch as it is more profitable. They also
opined that initial cost of this technology is higher, but system of irrigation is easy
and less time consuming. The benefit cost ratio (BCR) was recorded the highest
(1.75) for the treatment drip irrigation with polythene mulch. It may be suggested
that 75% could be earned additionally by cultivating tomato through drip irrigation
with polythene mulch. A similar statement was reported by Biswas et al. [31] in
Tomato cultivation.

Table 3. Cost and return analysis of tomato as affected by different mulching and
drip irrigation.

Treatments Gross return (Tk/ha) Total variable cost (Tk/ha) Gross margin (Tk/ha) BCR

1 2

Ti 552000 (5027.24US$) ?2§$£g7 Us$) (23164?90.2 0USS) 1.75

- 320040 285000 35040 D
(2915.45 US$) (2596.02 US$) (319.11 US$)

- 160440 255000 ~94560 0.63
(1461.55 US$) (2322.75 US$) (861.16 US$)

T, 212040 164000 48040 129
(1931.69 US$) (1493.69 US$) (437.49 USS$)

Note: Dripper at 5 tk/piece, pipe at 2tk/ft, tomato at 12 Tk/kg in local market.
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4. Conclusion

The use of mulch with drip irrigation is a good option not only for water
savings but also for improved yield. The maximum yields of 46.04 t/ha and 26.67
t/ha were obtained under drip irrigation with polythene mulch with water supply and
drip irrigation with straw mulch, respectively. The use of mulch with drip irrigation
is a good option not only for water saving and mitigating salinity but also for
improving tomato yield in coastal saline soils. Compared to the non-mulched control
treatment, this technique saved irrigation water and boosted fruit production by
20%—25%. Similarly, drip irrigation systems with mulching economize 40%—45% of
irrigation water and reduce salinity levels. Although polythene mulch produced more
and used less water, straw mulch provided a greater economic return. Polyethylene
mulch may thus be a choice in instances where land and water production are
prioritized. However, this finding will be helpful for growers, extension personnel,
and researchers growing tomatoes in a similar type of saline environment.
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