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HIGHLIGHTS

e All plastic mulches promoted soil moisture
retention compared to the unmulched control.

e Non-biodegradable mulch gave the highest soil
temperature and the control was the lowest.

e Mulching conserved soil P and NOs™~, but had
little effect on NH,*.

e Mulching did not affect soil pH but increased
soil EC relative to the control.

e Biodegradable mulch performed comparably
to non-biodegradable plastic mulches by
improving biomass yield.
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GRAPHICAL ABSTRACT
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ABSTRACT
Plastic film mulching (PFM) enhances plant growth and productivity by
modifying soil properties. In Sri Lanka, the adoption of PFM is gradually rising,
especially for high-value crops. However, its influence on soil remains a topic
of significant scrutiny, especially in environmentally delicate locations such as
the wet zone (WZ) of Sri Lanka. This research examines how different PFMs
affect soil physicochemical properties and plant performance in chili
production within the WZ. Chili (Capsicum annuum cv. MICH HY-1) was
cultivated under a non-biodegradable low-density polyethylene (LDPE) mulch
(PEUK), a reflective LDPE mulch, a PLA-PBAT biodegradable mulch (BD) and no
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mulch film application for one growing season. Soil physicochemical properties
(pH, EC, moisture, nutrients and temperature), plant height and leaf
chlorophyll content (SPAD) were measured monthly. The fresh biomass of
roots, leaves, stems and remaining fruits was measured at the end of the
season. This study demonstrated that mulching effectively conserved soil NO3~
and available P while having no significant impact on NHz* levels. Mulching
increased gravimetric moisture content (GMC) and soil temperature compared
to the control, with PEUK achieving the highest soil temperature (36.3 +
0.71 °C). Mulching did not influence soil pH, but the control consistently had
the lowest EC (17.6 + 1.54 pS-cm™1). Mulching significantly improved plant
height (PEUK of 70.2 + 1.7 cm), SPAD (PEUK of 65.6 + 1.4), yield (BD of 1230 +
84 g) and fresh biomass relative to the control (height of 58.8 + 2.3 cm, SPAD
of 49.7 £ 1.5 and yield of 736 + 59 g). Overall, the findings demonstrate that
biodegradable mulch performed similarly to non-biodegradable plastic
mulches in improving both soil properties and crop yield, indicating it could be

a sustainable alternative for chili production in wet tropical regions.

© The Author(s) 2025. Published by Higher Education Press. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0)

1 Introduction

Chilies (Capsicum annuum and C. frutescens), grown for the a
hot-tasting tropical fruit, belongs to the Solanaceae familyl'l.
As a crucial agricultural commodity, chili is important for the
economy in Sri Lanka, contributing to both domestic
consumption and export revenues!’. In 2023, Yala (April to
September) and Maha (October to March) growing seasons, Sri
Lanka produced a total of 67.4 Mt of green chili from a total of
12100 hal’l. The country exports various chili-based products,
including dried chili, chili powder and other processed
products, to markets such as India, the Middle East and
Europe. Chili production supports the livelihoods of
smallholder farmers, especially in rural areas, due to the high
demand for the crop. Also, chili is an essential ingredient in Sri
Lankan cuisine, which drives local consumption!*],

However, chili farmers in Sri Lanka face multiple agronomic
challenges that limit productivity, including water scarcity,
nutrient management inefficiencies, weed competition, and
pest and disease pressurel’l. Erratic rainfall patterns,
exacerbated by climate change, disrupt production cycles,
leading to reduced productivity’l. Additionally, price volatility
in fertilizer markets can significantly affect chili prices,
resulting in income uncertainty for farmers. These challenges
emphasize the need for effective water conservation strategies,
weed control and efficient fertilizer management practices to

maintain high yields and stable incomes[>". To address these
challenges, many farmers have adopted plastic film mulching
(PFM) for chili production!”].

PFM has been shown to enhance plant growth and
productivity by reducing evaporation, regulating soil
temperature, and improving water use efficiencyl"="1. Also, it
supports  sustainable practices by promoting plant
development, accelerating fruit ripening and improving crop
qualityl’]. Specifically, UV-treated silver-on-black low-density
polyethylene (LDPE) mulch has demonstrated efficacy in
increasing chili growth and yield while reducing weed
infestations and fertilizer dependencyl’). This UV-treated
silver-on-black polyethylene mulch is widely used in Sri Lanka
because of the higher market availability and cheaper than
other mulch types (i.e., biodegradable and black-only non-
biodegradable LDPE mulch). It differs from non-biodegradable
mulch because a silver top coat is treated with UV inhibitors to
prevent mulch degradation and act as a pest repellent by
reflecting light!’]. Plastic film mulching has been reported to
increase crop yields by 20%-50% in maize production, by
1. In chili

production, it optimizes soil health and crop growth by

improving soil hydrothermal conditions and tilth[' "~

elevating topsoil temperatures, which accelerates early plant
development, particularly in cooler climates!'’~'"]. Also, PFM

reduces soil compaction, enhancing root penetration and
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nutrient use efficiencyl'>'”], For example, in maize production,
PFM has been shown to enhance inorganic N availability,
decrease N leaching and improve N use efficiency, leading to
improved germination, N uptake and higher grain yields!'%'"1.
Additionally, PFMs mitigate soil erosion by protecting the soil
surface, preserving valuable topsoil and preventing long-term
land degradation[”"-*!1.

LDPE mulches remain dominant in global agriculture due to
their mechanical resilience, predictable performance across
climates and economic

accessibility, particularly for

smallholder farmers!”>'”]. Their impermeability effectively
minimizes water loss and stabilizes soil temperatures, fostering
early crop establishment in variable climates’>*’]. However,

long-term LDPE wuse risks soil degradation through
microplastic accumulation and reduced microbial diversity,
exacerbating environmental burdens in ecologically sensitive
regionsl”>""l. Conversely, biodegradable films can mitigate
plastic pollution by degrading to carbon dioxide, water and
microbial ~ biomass, circular

aligning  with economy

principlesl”®*"1. However, their adoption is hindered by higher
costs, inconsistent degradation rates under tropical humidity
and reduced tensile strength, which may compromise weed
suppression and durability in high-rainfall systems!""l. While
biodegradable mulches often require tailored formulations to
match the thermal efficiency of LDPE, their capacity to balance
agronomic performance with environmental sustainability is
considerable, positioning them as critical for tropical regions
that prioritize both soil health and long-term productivity.

PFM adoption in Sri Lanka’s tropical agriculture is in a
transitional phase, with farmers slowly incorporating this
technology into their agronomic practices!”’]. However, in
certain regions, the practice of using raised beds covered with
PFM has become standard for producing high-value crops,
such as chili, squash and eggplant!”’“], Despite the growing use
of PFM in wet tropical regions, significant knowledge gaps
exist regarding optimal PFM selection and application,
particularly in Sri Lanka’s WZ. Field-based research is
therefore needed to evaluate both non-biodegradable and
biodegradable PFMs, considering their agronomic benefits and
potential environmental impact.

This study, therefore, aimed to assess how these different types
of mulching materials influence soil physical and chemical
properties, crop growth, and crop productivity in a real-world

field setting. To our knowledge, this is the first study in Sri
Lanka to compare the agronomic performance and soil
physical and chemical properties of chili production using
three different types of PFMs, including a biodegradable
mulch, a non-biodegradable black mulch, and a reflective non-
biodegradable mulch film. We hypothesized that (1) different
PEM types would differentially modify soil properties based on
their physical characteristics (with non-biodegradable black
LDPE maximizing soil warming, reflective LDPE mulch
optimizing light distribution and biodegradable mulch
providing comparable benefits), and (2) these modifications
would lead to enhanced crop performance metrics compared to
bare soil through improved growing conditions. By evaluating
the performance of these mulches in the WZ and red-yellow
podzolic soil conditions, we aimed to provide valuable insights
into their potential for enhancing sustainable farming practices

in similar climates and soil conditions.

2 Materials and methods

2.1 Site selection

The study was conducted at the Meewathura Field Research
Station (7°25" N 80°59" E), situated in Peradeniya (Agro

Climatic Zone-WM), within the Kandy District of the Central
Province, Sri Lanka. The field is located at an elevation of 500
masl and is characterized by a sandy clay-loam texture, and the
soil unit is a red-yellow podzolic soil (Rhodudults and
Tropudults) under the Sri Lankan classification system, which
corresponds to Entisols in the USDA soil classification!*’~"'],
These soils are known for being acidic, with pH values typically
ranging between 4.5 and 5.5, requiring specific management
practices for agricultural productivity. The regional climatic
conditions include an annual temperature range from a
minimum of 18 °C to a maximum of 33 °C and a total annual
rainfall ranging from 1400 to 3300 mml'’l. The research was
conducted over 7 months, encompassing both the dry and wet
periods from the end of August 2023 to mid-March 2024. The
weather parameters of the site during the research period are
given in This extended period allowed for the
observation of crop performance under varying seasonal
conditions. The field area was specifically selected due to its
suitability for the research objectives, and as it had no prior
history of plant fertility management applications or plastic
incorporation, ensuring a controlled environment for assessing

treatment impacts.
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Fig. 1 Weather parameters of the research site during the
experimental period.

2.2 Experimental design

The experimental site was prepared by thoroughly weeding the
area and plowing the soil to a depth of 15 cm, and seedbeds
were prepared after rotavating the soil. The experimental
design was a randomized complete block design with four
replicates for each treatment, resulting in a total of 16 plots,
). Each plot
measured 1 m x 4 m. The total land area was 108 m?2. The plots

which were arranged into a 4 x 4 grid (

were arranged as furrows with ridges spaced 50 cm apart. A
sprinkler system with six sprinklers was established for the

irrigation. The PFMs were manually installed over the
respective plots, 1 day before the transplanting date of chili
seedlings, with the edges buried in the soil to ensure they
remained securely in place throughout the study.

The study incorporated three types of PFMs as treatments:
(1) non-biodegradable mulch, a black low-density polyethylene
(LDPE) film with a thickness of 30 um (GroMax Industries
Ltd., UK), from here on referred to as PEUK; (2) reflective
mulch, a black and silver LDPE film with a thickness of 30 pm
(Heyleys Agriculture Holdings Ltd., Colombo, Sri Lanka), from
here on referred to as PESL. Silver LDPE mulch is made by co-
extruding a black layer with a silver-pigmented or metallic-
coated film. The silver side reflects more light and absorbs less
heat, but its durability is reduced due to UV degradation. The
final PFM treatment was (3) biodegradable mulch, composed
of a 15:85 weight ratio blend of polylactic acid (PLA) and
polybutylene adipate-co-terephthalate (PBAT), with a thickness
of 15 pm (GroMax Industries Ltd., Hadleigh, UK), from here
on referred to as biodegradable mulch (BD). An unmulched
control treatment (CON) consisting of bare soil was included
for comparison.

Chili (C. annuum cv. MICH HY-1 hybrid) seeds, which were
treated with Captan 50% WP (7 gm~2) to avoid damping off,
were put into the nursery on 13 August 2023. All agronomic
followed the
Department of Agriculture, Sri Lanka. After a 4-week nursery

practices recommendations given by the

4m
Im BD-R4 PEUK-R2 PESL-R3 CON-R1
PEUK-R1 BD-R3 CON-R3 PESL-R2
0.5m}
PESL-R4 CON-R2 PEUK-R4 BD-R2
CON-R4 PESL-R1 BD-R1 PEUK-R3
0? m

Fig. 2 Field layout showing the complete randomized treatment plots. CON-R, no mulching-replicate; BD-R, biodegradable mulch-replicate;

PESL, reflective mulch-replicate; PEUK, non-biodegradable mulch-replicate.
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period, chili seedlings were planted in the field on 10
September 2023. Spacing of 60 cm between rows and 45 cm
between plants was used in two parallel rows per plot, with
each row containing nine seedlings, resulting in a total of 18
plants per plotl’’]. Fertilizer application was meticulously
planned, starting with a basal dose of 100 kg-ha™! of triple
super phosphate (TSP) and 50 kg-ha! of muriate of potash
(MOP)[*l, After planting, all agronomic practices were
performed in the same manner for all plots to minimize any
effect of management practices on the results. Plots were
fertilized again at 2 weeks after planting (WAP) with
100 kg-ha™! of urea, at 4 WAP with 125 kg-ha™! of urea, at the
flowering stage (8 WAP) with 125 kgha=! of urea and
50 kg-ha~! of MOP, and at 12 and 16 WAP with 125 kg-ha™! of
urea was applied as a support to the nutritional needs of the
plantsl’ ], Chili was cultivated during the Maha season, and
irrigation was conducted in 2-day intervals throughout the
growing season, according to the requirement, considering the
rainfall in the area, to maintain the optimal soil moisture
condition for plant growth. Irrigation practices were similar to
the local farmers in the WZ, Sri Lanka. Manual weeding was
done after planting with the top-dressing application to reduce
competition from unwanted plants and to avoid pest and
disease occurrence. Pest control was done using Imidacloprid
200 kg-m~3 SL, Fenobucarb 500 kg-m~3 electrical conductivity
(EC) and Profenophos 500 kg-m~3 EC according to necessity.
Plants were harvested manually 90 days after planting, once the
chili pods turned dark green.

2.3 Measuring soil and plant parameters

From the start of the experiment, soil gravimetric moisture
content (GMC) and temperature were measured at three
locations per plot at 10 cm depth, at monthly intervals using an
in-house moisture-temperature meter, which was created and
calibrated using the oven drying method and soil thermometer,
specifically for this experiment. At the start and end of the
season, soil wet and dry bulk densities were measured using the
core method[**],

Every 4 weeks, soil samples were collected from 0 to 20 cm
depth using a stainless-steel soil corer. Three random samples
were taken within a 15-cm radius from the plant base in each
plot and homogenized for pH, EC, and nutrient analysis. Soil
pH and EC were measured using a 1:2.5 w/v ratio of fresh soil
to distilled water extraction method. From each sample, 10 g of

soil was homogenized with 25 mL of distilled water by shaking
for 30 min and allowing it to settle for 10 min. EC and pH were
measured using a calibrated pH and EC meter (Eutech WC PC
650, Eutech instruments Pte Ltd., 7 Gul Circle, Singapore) with
standard electrodes.

Available soil phosphorus, ammonium and nitrate were
measured as nutrient parameters. P was analyzed in a 1:5 w/v
ratio of air-dried soil to 0.5 mol-L~! NaHCOj extract, following
a modified ammonium molybdate colorimetric methodl’"],
Inorganic nitrogen was extracted in a 1:5 w/v fresh soil to
0.5 mol-L~! KCl extract. NHs* was measured colorimetrically
via the salicylic acid method!**] and NO;~ was analyzed using
the vanadium chloride method!""1.

Crop height was measured at monthly intervals on six
randomly selected plants per plot, from the plant base to the tip
of the longest shoot when fully elongated using a measuring
tape. Leaf chlorophyll content was also assessed at monthly
intervals using a SPAD chlorophyll meter (SPAD-502 PLUS,
Konica Minolta, Tokyo, Japan) on six randomly selected plants
per plot. Plants were harvested every 2 weeks, a total of six
times throughout the season. Six plants per plot were randomly
selected, and the fresh weight of chilies was recorded. At the
end of the experiment (13 March 2024), the previously selected
six plants were uprooted and cleaned from each plot. Leaves,
stems and remaining fruits were shredded separately, the roots
were washed from the soil and fresh biomass was recorded for
all parts.

2.4 Statistical analysis

All data was tested for outliers using Dixon’s Q-Test.
Descriptive statistics were used to attain standard errors. Plant
(leaves, stem, remaining fruits and stem fresh biomass) and soil
(total C, wet and dry bulk density) measurements at the end of
the season and harvest data were analyzed using one-way
analysis of variance (ANOVA), and the mean separation was
performed using Duncan’s New Multiple Range Test. To assess
treatment differences in time series measurements (nutrients,
pH and EC for soil) and (SPAD and plant height for plants),
mixed-effect models (repeated measures ANOVA) were
applied, and LSD means separation was done. All analyses were
performed using SAS statistical software, University Edition,
and the interpretations were made at « = 0.05.
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3 Results

3.1 Soil chemical parameters

Overall, available soil P, NH4* and NO3~ revealed temporal
effects and differences between the different mulching
treatments (p < 0.05). At 4 WAP, the PESL treatment (18.3 +
3.4 mgkg!) had the highest P concentration, while the BD
(84 + 1.0 mgkg!) treatment had the lowest (p < 0.05,

). By 8 WAP, P levels increased in PESL (20.2 +
0.4 mg-kg™!) and remained the highest compared to BD (12.1 +
1.3 mgkg™!) and PEUK (9.7 + 0.4 mg-kg™!) as the lowest. At
12 WAP, BD treatment had the highest P concentration (20.6 +
4.5 mgkg!), while PESL (12.3 + 1.7 mg-kg™!) had the lowest
concentration (p < 0.05). There were no significant differences
between the four treatments at 16 WAP. At 20 WAP, BD and
PEUK had the highest available P (8.9 + 0.77 and 8.8 +
0.74 mg-kg~!, respectively) while the CON and PESL had the
lowest (6.7 = 0.72 and 6.5 + 0.27 mgkg™!), respectively (p <
0.05, ). At 24 WAP, the highest available P

= BD = CON = PESL = PEUK

a
a
a
5 & ab
b ab I
be b
ac ]
c & e 4 ? a 5
b al
a.u?? il igl

—~
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=
(%]
(=)

NN
S W

—_
S

Available soil P (mg-kg™)
>

5
0

concentration was in the BD treatment (8.2 + 0.76 mg-kg™!)
and the lowest P concentration was in the CON and PESL
treatments (6.3 + 0.53 and 5.7 + 0.12 mgkg™) (p < 0.05,

). From 16 WAP to 24 WAP, P concentrations
decreased across the four treatments. Overall, the PESL
treatment had the highest P concentration at 4 and 8 WAP,
while BD had the highest values at 12, 20 and 24 WAP. The
CON had the lowest concentration at 8.20 mgkg™' and
24 WAP when compared to other treatments, resulting in
lower available P retention in WZ chili fields.

For soil ammonium at 4 WAP, the BD treatment had the
highest concentration and the PEUK treatment the lowest (p <
0.05, ). By 8 WAP, NH,* levels dropped sharply across
the with PESL having the highest
concentration (6.6 + 2.5 mg-kg™!) and CON was the lowest
(3.7 £ 0.1 mgkg™!). By 12 WAP, NH,* concentrations had
increased for all treatments, but there were no significant
By 16 WAP, NH,*
concentrations had decreased across all treatments, having the

four treatments,

differences between treatments.
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Time

(a) Available soil P, (b) available soil NH4*, and (c) available soil NO;~ measured at different time points under four treatments. CON, no

mulching; BD, biodegradable mulch; PESL, reflective mulch; PEUK, non-biodegradable mulch; and WAP, weeks after planting. Values are

means = standard error of the mean (SEM), lowercase letters on the error bars indicate significant differences between four treatments (n = 4)

(p < 0.05).
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lowest available NH4* concentration in PESL and BD (2.7 +
0.3 mg-kg™! and 3.0 + 0.1 mg-kg!, respectively) compared to
others (p < 0.05, ). By 20 WAP, NH,* concentrations
had increased, with the CON treatment having the highest
value (24.0 = 5.1 mgkg!), and PEUK and BD the lowest
(16.4 + 8.2 mgkg! and 18.3 + 1.8 mgkg!, respectively). At
24 WAP, PEUK was the highest NH4* concentration (24.5 +
2.1 mgkg™!) and CON was the lowest (8.5 + 1.5 mg-kg™) (p <
0.05, ). The BD treatment had the highest NH,4*
concentration at 4 WAP and PESL peaked at 16 WAP and
CON at 20 WAP. NH4* concentrations fluctuated across the
study period, with sharp declines observed at 8 and 16 WAP,
followed by increases at later stages, where PEUK had the
highest concentration at 24 WAP. There was no clear
indication of the effect of mulching on available soil NH4*.

For soil NO;~, at 4 WAP, the BD treatment had the highest
concentration and PEUK the lowest (p < 0.05, ). By 8
WAP, NO;~ concentrations were not significantly different
between treatments. At 12 WAP, the PESL treatment had the
highest NO;~ concentration (57.1 + 6.5 mg-kg™!) and CON the
lowest (32.5 + 12.7 mg-kg™!). At 16 WAP, NO;~ concentrations
had dropped significantly, with the PEUK treatment having the
highest concentration (2.9 £ 0.2 mgkg™') and CON the lowest
(1.7 = 0.01 mgkg!). At 20 WAP, NO;~ concentrations were
similar among the four treatments. At 24 WAP, the PESL
treatment had the highest NO;~ concentration (2.3 =+
1.0 mg-kg™!) and BD the lowest (1.6 + 0.1 mg-kg™) (p < 0.05,

). Overall, the BD had the highest NO3~ concentration
at 4 WAP and PESL peaked at 12 and 24 WAP. NO;-

(a) = BD = CON = PESL = PEUK
6.5

a a a b
6.0 pre] . Wb
5.5 il vood . 5
% 5.0 a? abb Ia}v a I I
3 45
4.0
35
3.0
4WAP 8WAP 12WAP 16 WAP 20 WAP 24 WAP
Time
Fig. 4

®) =

concentrations had declined sharply by 16 WAP and remained
low, with PEUK having the highest concentration at 16 WAP.
The CON NO;~

concentrations at most time points, indicating that mulching

treatment consistently had lower

resulted in a higher soil NO3~ conservation.

For soil pH, 4 and 8 WAP values were similar across
treatments. By 12 WAP, the BD treatment had the highest pH
(6.10 £ 0.10) compared to others (p < 0.05, ). After
16 WAP, pH values dropped significantly and remained lower
until the end of the season. By 16 WAP, there were no
significant differences between the four treatments. At
20 WAP, the highest pH was observed in the PESL treatment
(5.1 + 0.13) and CON had lowest (4.7 = 0.07) (p < 0.05,

). By 24 WAP, pH values had stabilized without
significant differences between treatments, ranging between
5.0 £ 0.07 (BD) and 5.1 + 0.11 (PESL). Therefore, mulching did
not have a significant effect on soil pH.

For soil EC, at 4 WAP, the BD treatment had the highest value
(136.2 + 29.8 pS-cm™!) and CON had the lowest (67.7 *
8.6 uS-cm!) (p < 0.05, ). By 8 WAP, EC had decreased
across the four treatments with the CON treatment having the
lowest value (17.6 + 1.5 pS-cm™!) compared to the other
treatments. At 12 WAP, EC remained low, with the lowest
value of 20.8 + 1.8 pS-cm™! in the CON treatment and the
highest value of 41.8 + 9.0 uS-cm~! in the BD treatment (p <
0.05, ). After 16 WAP, EC increased again, with no
significant difference between the four treatments at 16 and
20 WAP. By 24 WAP, the PEUK treatment had the highest EC

=] =BD = CON = PESL = PEUK
© 180

160

ab a .
140 L 2, 4
120 [ L 1 ] l
100 ”
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(a) Soil pH and (b) soil EC measured at different time points under four treatments. CON, no mulching; BD, biodegradable mulch; PESL,

reflective mulch; PEUK, non-biodegradable mulch; and WAP, weeks after planting. Values are means + SEM, lowercase letters on the error

bars indicate significant differences between four treatments (n = 4) (p < 0.05).
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(136.8 + 259 puS-cm™!) and CON the lowest value (74.0 *
11.5 uS-cm™!) (p < 0.05, ). Finally, the CON treatment
consistently had the lowest values over the time points
compared to other treatments, so mulching had a significant
impact on soil EC.

For GMC at 4 WAP, there were no significant differences
between the treatments. By 8 WAP, the BD treatment had the
highest GMC (23.6% + 3.75%) compared to others (p < 0.05,
). At 12 WAP, soil GMC was similar across the four
By 16 WAP, soil GMC had dropped in all
treatments, with the BD treatment having the highest value
(11.5% *= 0.8%) and CON the lowest (9.3% = 0.4%). At
20 WAP, soil GMC had increased in all the treatments but
there were no significant differences between treatments. By 24
WAP, the PEUK treatment had the highest soil GMC (18.1% *
1.4%) and CON the lowest (10.5% + 0.6%) (p < 0.05, ).
The CON treatment consistently had the lowest soil GMC at
multiple time points, including 8, 16 and 24 WAP, which
indicates that mulching helped conserve soil moisture.

treatments.

For soil temperature at 4 WAP, values were similar across the
treatments, ranging from 30.3 £ 0.5 °C (CON) to 30.7 + 0.3 °C
(PEUK) and there no significant differences at 8 WAP. By 12
WAP, temperatures had decreased across the four treatments,
with PEUK having the highest (29.7 + 0.3 °C) and CON the
lowest (28.7 = 0.3 °C) (p < 0.05, ). By 16 WAP, soil
temperature had increased again, with the BD and PEUK
treatments having the highest (30.6 + 0.7 °C and 30.4 + 0.4 °C,
respectively) and CON the lowest (28.8 + 0.2 °C) (p < 0.05,

—~
o
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25

20 | b I = a
. bI ] 1 aI bI
If h[ Top® I bccl

10 o 1

5 .
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Time

Gravimetric soil moisture (%)
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Fig. 5

). At 20 WAP, temperatures were similar between the
treatments, and at 24 WAP, soil temperatures varied with
PEUK and PESL having the highest temperatures of 33.3 +
0.1 °C and 33.2 + 0.2 °C respectively, and the BD and CON the
lowest (32.5 £ 0.2 °C and 32.5 + 0.2 °C, respectively) (p < 0.05,

). Overall, soil temperature varied over time and
between treatments, with PEUK consistently having the highest
values at 12, 16 and 24 WAP. In contrast, CON consistently
had the lowest temperatures at these times.

3.2 Plant measurements

Plant height revealed significant temporal effects and
differences between the treatments throughout the study
period (p < 0.05). At 4 WAP, the BD (25.7 + 1.2 cm) and PESL
(25.1 £ 1.0 cm) treatments had the tallest plants, and PEUK the
shortest (21.8 = 1.1 cm). By 8 WAP, PESL (51.1 + 1.3 cm),
PEUK (48.9 + 1.1 cm) and BD (47.7 + 1.5 c¢cm) treatments had
taller plants compared to the CON treatment, which had the
lowest (41.2 + 1.5 cm) (p < 0.05, ). At 12 WAP, PEUK
(55.7 £ 1.7 cm), PESL (55.8 + 1.6 cm) and BD (53.4 + 1.8 cm)
had the tallest plants compared to the CON treatment (48.0 +
1.8 cm). By 16 WAP, PEUK had the tallest plants (60.8 *
1.9 cm), followed by PESL (59.3 £ 1.9 cm) and BD (59.3 +
1.8 cm), and CON had the shortest (52.0 + 1.7 cm). At
20 WAP, the PEUK treatment still had the tallest plants (64.1 £
1.6 cm), followed closely by PESL (62.8 + 2.3 cm) and BD
(61.8 + 1.7 cm), and the CON treatment remained the lowest
(56.0 + 1.8 cm). By 24 WAP, PEUK maintained the tallest plant
height (70.2 + 1.7 cm), followed by PESL (65.8 + 2.0 cm) and

=BD = CON = PESL = PEUK

b
(b) 9
O 37 2
L 35 2
2 33 I 7 b B
§31 2t
2 2 B3
§29 by b ] bII
3 27
25
4 WAP 8 WAP 12WAP 16 WAP 20 WAP 24 WAP

Time

(a) Soil GMC and (b) temperature measured at different time points under four treatments. CON, no mulching; BD, biodegradable

mulch; PESL, reflective mulch; PEUK, non-biodegradable mulch; and WAP, weeks after planting. Values are means + SEM, lowercase letters on
the error bars indicate significant differences between four treatments (n = 4) (p < 0.05).
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error bars indicate significant differences between four treatments (n = 4) (p < 0.05).

BD (65.7 + 1.8 cm), and the CON treatment had the shortest
plants (58.8 £ 2.3 cm) (p < 0.05, ).

Leaf chlorophyll content (SPAD) also revealed differences
between the treatments and time points (p < 0.05). At 4 WAP,
the PESL (54.7 £ 0.7) and BD (54.3 + 1.1) treatments had the
highest SPAD values, and PEUK the lowest (51.4 = 0.9) (p <
0.05, ). By 8 WAP, the BD (56.8 + 0.8), PEUK (56.7 =
0.7) and PESL (56.5 + 0.9) treatments had the highest SPAD
values compared to the CON treatment, which had the lowest
(49.7 £ 1.5). At 12 WAP, PEUK had the highest SPAD value
(63.7 + 1.3), followed by BD (62.7 + 1.2) and PESL (61.9 + 0.9),
and the CON treatment had the lowest (59.0 + 1.4) (p < 0.05,

). SPAD values f were not significantly different
between treatments at 16, 20 and 24 WAP.

Overall, plant height consistently increased across the four
treatments over time, with PEUK having the tallest plants at
24 WAP (70.2 = 1.7 cm). SPAD values were generally higher in
the BD and PEUK treatments throughout the study period,
with PEUK having the highest values at 12 WAP (63.7 + 1.3)
and 16 WAP (65.6 + 1.4). Conversely, the CON treatment
consistently had the shortest heights and lowest SPAD values
across most time points, indicating that the mulching had
improved the plant growth.

Yield per plant revealed differences between treatments at
various harvest times (p < 0.05, ). At the first harvest,
the BD treatment (324 + 38 g) had the highest yield, followed
by the PESL (296 * 33 g) and PEUK (243 + 19 g) treatments,
and CON (111 + 16 g) had the lowest. At the second harvest,

the BD (214 + 20 g), PESL (206 + 20 g) and PEUK (202 + 17 g)
treatments continued to have the highest yields, while CON
(74.3 + 8.56 g) remained the lowest (p < 0.05, ). At the
third harvest, there was a general reduction in yield, with
values ranging from 90.5 + 11.9 g (BD) to 64.7 + 11.4 g (CON),
with no significant differences between treatments. The fourth
harvest revealed an overall increase in yield, with the BD (259 +
30 g) and PEUK (246 + 34 g) treatments having the highest
yields. Although the PESL (202 + 31 g) and CON (209 + 22 g)
treatments yielded lower amounts, these were not significantly
different. At the fifth harvest, the PEUK (251 + 38 g) and PESL
(242 + 25 g) treatments had the highest yield, and CON (149 +
19 g) the lowest (p < 0.05,
that there were no significant differences between the

). The sixth harvest revealed

treatments. For total yield, the BD treatment gave the highest
amount (1230 + 84 g), followed by the PESL (1190 + 56 g) and
PEUK (1180 + 59 g) treatments, and CON had the lowest
(736 £ 59 g) (p < 0.05, ).

Overall, the BD treatment consistently yielded the highest, or
among the highest, at all harvests, followed by PESL and
PEUK. Notably, CON consistently had the lowest yields, or
among the lowest, at all harvests, culminating in the lowest
total yield. The BD treatment was the most productive
throughout the growing period, with PESL and PEUK having
comparable, but slightly lower yields, while CON consistently
underperformed in terms of yield.

The fresh weight of plant roots, stems, leaves and remaining
fruits per plant at the end of the season revealed significant
differences between treatments (p < 0.05). The PESL, BD and

https://journal.hep.com.cn/fase
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PEUK treatments had the highest root fresh weight at 19.7 +
1.6,19.2 £ 1.4 and 18.2 * 1.3 g, respectively, and CON had the
lowest (13.7 £ 1.1 g), differing from the other treatments (p <
0.05, ). Significant variations in stem fresh weight were
observed across treatments indicating that the PESL (146 +
22 g), PEUK (130 + 15.2 g) and BD (121 + 15 g) treatments
gave the highest stem fresh weights, and CON (84.5 + 12.4 g)
the lowest (p < 0.05,
plant was not significantly different between treatments (p >
0.05), ranging from 23.8 to 18.0 g. The fresh weight of
remaining fruits was likewise not significantly different

). The fresh weight of leaves per

between treatments, ranging from 18.0 to 13.7 g.

PESL consistently provided superior performance in root and
stem fresh weights, and CON the lowest, underscoring its
relatively poor performance compared to the other treatments.

4 Discussion

4.1 Soil chemical properties

The findings of this study demonstrate the substantial benefits
of plastic mulching in improving soil physicochemical
properties and enhancing crop performance in chili fields
within the WZ of Sri Lanka, as previously observed by Bosland
& Votaval'l. The consistently lower levels of soil available P in

enhances soil available P retention, which was observed in
previous studies!’*'°l. Plastic film mulching reduces soil
exposure to high rainfall, surface runoff and high wind, thereby
conserving and increasing soil available P in high-rainfall
similar to the WZ of Sri Lanka ( ).

Additionally, mulching improves soil microbial activity by

regions[ 0]

maintaining favorable moisture and temperature conditions,
which in turn accelerates organic matter mineralization and
nutrient releasel’”]. This may be another reason for higher P
availability in mulched soils. However, the effect of mulching
on NH,* levels was inconclusive ( ). Previous studies
have found that PFM effectively mitigated N leaching and
decreased N,O emissions and NH; volatilization, resulting in
higher NH,* in mulched soils*'l. The consistently lower NO5~
levels in the CON treatment (

effectively decreases NO3~ leaching. Plastic mulches act as a

) indicate that mulching

barrier against surface water infiltration and deep percolation,
l. The sharp decline of soil NH,*
observed at 8 and 16 WAP across the four treatments

conserving soil NO;~!

( ) may be due to the higher rainfall. A decrease in soil
NO;~ from 16 WAP to the end of the season was observed in
all treatments ( ), which may be due to increased crop
N intake during the reproductive stage and quicker organic N
mineralizationl'>*"]. Also, the preferred form of N for chili is
NO;™ because it facilitates root growth, fruit production, water,

and other nutrient uptake, resulting in a vigorous plant.

the control treatment compared to mulched treatments Soil pH remained unaffected by mulching treatments
( ) indicate that mulching mitigates nutrient loss and  ( ), which is consistent with findings of Ibarra-Jiménez
25648-10 https://journal.hep.com.cn/fase
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et al.[’l, who observed that plastic mulches do not alter soil
pH. However, earlier studies have shown that the PFM
decreases soil pH['*"l and the decline in pH across the four
treatments from 16 WAP onward ( ) may be attributed
to the accumulation of organic acids or increased nitrification
rates!"’]. Mulched treatments had higher EC compared to the
CON treatment (

attributed to the accumulation of soluble salts and enhanced

). This increase in EC could be

nutrient retention due to decreased leaching!’'l. Plastic
mulches create a microclimate that stabilizes soil processes,
preventing the rapid loss of nutrients and salts”’l. The
observed temporal variations in EC align with patterns of
nutrient cycling and crop uptake during the growing season.

4.2 Soil physical properties

One of the most significant impacts of mulching observed in
this study was soil moisture conservation. The CON treatment
had the lowest soil moisture content at multiple time points (8,
16 and 24 WAP) (
mulches in reducing water evaporation and conserving soil

), demonstrating the efficacy of

moisture. This result corroborates earlier studies, which found
that mulches reduce water loss by acting as physical barriers to
direct sunlight and wind!"*~"°. Also, by reducing weed growth,
mulching may reduce water loss from the soil through
transpiration["’]. Tmproved soil moisture is particularly
advantageous in rainfed agricultural systems, where water

availability is often erraticl**°l.

It is noteworthy that plastic film mulching generally improves
crop productivity by creating optimal temperature conditions
for plant growth[*°7], especially in cooler regions like the WZ
of Sri Lanka. The thermal properties of mulching were also
evident, with PEUK mulch consistently recording the highest
soil temperatures than other treatments at most time points
( ). Black plastic mulch such as PEUK absorbs most
UV, visible and infrared solar radiation and re-emits it as
thermal infrared radiation, effectively increasing soil
temperatures”’1. Tts ability to transfer heat to the soil depends
on good contact between the mulch and the soil surface, as the
soil has higher thermal conductivity than air. Under black
plastic mulch in the daytime, soil temperatures are typically
2.8 °C higher at 5 cm depth and 1.7 °C higher at 10 cm depth
compared to bare soill’“l. Plastic mulches, particularly darker
ones, trap heat and elevate soil temperatures, which enhances
root activity and nutrient uptake compared to bare soils!"*"]

whereas reflective mulch keeps soil cooler as the silver side

reflects sunlight(®']. These may be the reasons for the highest
soil temperature of the PEUK treatment.

4.3 Plant growth and yield

The positive impact of mulching on plant performance metrics
such as plant height ( )» SPAD values ( ), yield
( ) and fresh biomass ( ) was evident in this
study. Previous research has shown that using PFM enhances
yield parameters in chili and other crops in terms of plant
height, the number of fruits per plant, fruit girth, fruit length,
fruit quality and overall fresh fruit yield when compared to
non-mulched and organic mulch treatments(®’~"l. The plant
height and SPAD values were the highest under PEUK and BD
mulches ( ), indicating that these treatments create
optimal conditions for chili growth. The importance of using
PFM is its ability to retain nutrients within the root zone,
enabling crops to absorb nutrients more efficientlyl’],
suppressing weed growth to reduce competition!], increasing
soil moisture retention and modifying soil temperaturel*’].
These may lead to greater plant height and SPAD values in
mulch treatments than in the control. The lower plant height
and SPAD values in the control treatment at most of the time
points highlight the adverse effects of chili production without
mulching ( ).

The most significant indicator of mulching benefits was yield.
BD mulching consistently provided the highest yields, followed
by PESL and PEUK mulches at most time points and finally in
the total yield (
mulch may be attributed to its dual role in conserving soil

). The superior performance of BD

moisture and releasing nutrients (e.g., C, N, P and K) as it
degrades with climate conditions, and mechanical and
microbial activities”). However, its effectiveness and time
duration depend on environmental conditions, material
composition, and thickness of the mulch!”l. Conversely, the
), highlighting
the critical role of mulching in improving resource use

CON treatment gave the lowest yields (

efficiency and crop productivity. This aligns with previous
findings about chilil®’l and other crops such as tomato and
sweet cornl®>*'l. The environmental benefits of biodegradable
mulch, including reduced plastic waste and improved soil
health, align with global efforts to promote sustainable

agricultural practicesl’>""1,

Also, mulching improved fresh root and stem weights, with
(PESL) highest
accumulation ( ). This supports earlier studies, which

reflective mulch giving the biomass
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found that plastic mulching promotes vigorous root growth by
maintaining optimal soil moisture and aeration conditions!’*],
and fresh biomass of leaves and stems was comparatively
higher under PFMI,
additional advantages compared to non-biodegradable or

Reflective film mulches provide

biodegradable PFMs by improving plant resistance to pests in
vegetables (beans)[**’] as well as some diseases by repelling
their hosts in some crops such as zucchinil®!l, Reflective film
mulch is particularly effective at increasing photosynthetically
active radiation available for plants through reflected sunlight
rather than direct sunlight, and it may cause enhanced
photosynthesis in blueberries!*’], cucumbers®’] and chilil*°l.
These may be the possible reasons for a higher yield and fresh
weight of roots and stems from PESL treatment. The poor
CON
importance of mulching in mitigating environmental stresses

performance of the treatment underscores the

and enhancing plant resilience.

Overall, these findings strongly indicate the value of the
adoption of plastic film mulching practices in chili production
in the WZ of Sri Lanka. Mulching not only improves soil health
and water use efficiency but also enhances crop performance.
Future research could focus on the long-term impacts of
mulching on soil organic matter dynamics and the economic
viability of various mulch types in diverse soil types and

climatic conditions.

5 Conclusions

The study demonstrates the significant potential of PFM for
enhancing agricultural productivity in wet tropical regions
while highlighting important differences between mulch types.
The comparable performance of biodegradable mulch to non-
biodegradable plastics for both soil improvement and crop
yield is of significance. This, therefore, offers a pathway toward
more sustainable agricultural practices in Sri Lanka’s WZ.
While all mulch types effectively improved soil moisture
retention and nutrient availability, their distinct effects on soil
temperature and plant growth dynamics suggest future
opportunities for optimizing the selection of materials for PFM
based on specific production/management goals and seasonal

timing.

This study highlights the potential of PFM with biodegradable
film as a viable alternative to non-biodegradable films in
tropical regions with high rainfall. The findings demonstrate
that biodegradable films can support agricultural productivity
These

underscore the importance of investigating sustainable mulch

while offering environmental benefits. results

options to reduce environmental impacts and preserve natural

resources in tropical agriculture.
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