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BACKGROUND AND OBJECTIVES: Increasing global temperature imposes large risks to food

security globally and regionally. Besides, adaptation effort on cultivation practices, such as mulching,
is urgent to overcome environmental problem due to certain material used, commonly plastic that is
not biodegradable. Biodegradable mulch is a mulch that could be degraded by microorganism and
made from renewable organic materials. It plays a role in carbon sequestration and will contribute
carbon and nutrients to the soil after being degraded. This current research aimed at investigating soil
microclimate under various biodegradable mulch compositions and optimizing the compositions of
biodegradable mulch that can be used to support the growth of short-cycle crops i.e. horenso (Spinacia
olearecea L.).
METHODS: This study was carried out using a simple randomized complete block design with
one control (without mulch) and five treatments (biodegradable mulch compositions), namely the
percentage of water hyacinth (40-80%) and coconut coir (20-60%).
FINDINGS: All tested biodegradable mulch compositions could modify microclimate by decreasing
1-2°C of soil temperature and maintaining the soil moisture within the range of 63-84%. Although there
was no significant difference in the growth and yield of horenso among the differing biodegradable
mulch compositions, the biodegradable mulch composition treatments resulted in signficantly higher
value than the control (without mulch). The biodegradable mulch composition treatments could
increase fresh shoot weight around 38-55%, fresh root weight for about 55-94%, and dry shoot weight
approximately by 1.6-2.8 times compared to the control (without mulch).
CONCLUSION: This finding has emphasized that all tested biodegradable mulch compositions are
potentially used as mulch for horenso (Spinacia oleracea L.) cultivation. This study provide information
in the formulation of biodegradable mulch to adapt the compositions on other short-cycle crops and
other horticulture crops.
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INTRODUCTION
Human activities have contributed about 1.0°C
of rising global temperature over the pre-industrial
levels and would reach 1.5°C in the next three
decades (IPCC, 2018). Climate change affects food
security and nutrition through its impact on food
availability, quality, accessibility, and distribution. The
rise of global temperatures leads to major risk on
global and regional food security, especially in lowlatitude areas, as the effects of temperature changes,
precipitation, and extreme weather, as well as the
increasing CO2 concentrations (Gornall et al., 2010;
Ayinde et al., 2011; Hoegh-Guldberg et al., 2018).
A healthy lifestyle is one of the precursors of the
initiated habit of consuming fruits and vegetables,
including spinach. National spinach consumption
increased by 11.25% in 2015-2016, but the increased
production, productivity, and harvested area,
respectively, were only by 6.77%, 3.53%, and 3.13%
(Ministry of Agriculture Republic of Indonesia, 2017).
Asia produced most of the world’s horenso in 20162018, approximately 95%, and the biggest importer
was Europe, around 54-58% of world import quantity
(FAO, 2020a and 2020b). Horenso (Spinacia oleracea
L.) is one type of spinach with a higher economic
value than other types commonly consumed by local
people (Amaranth sp.). Global warming that has
caused the evapotranspiration and respiration inflicts
an impact on crop yields. An effort to overcome the
problem is developing an appropriate technology
through modifying the environment to provide a
near-optimum growth environment for horenso
plants i.e. mulching (Lalljee, 2013; Fagariba et al.,
2018). Mulch is commonly used in vegetable crop
cultivation practices to manipulate the microclimate,
increase water use efficiency, and improve growth
and yields (Behzadnejad et al., 2020; Edgar et al.,
2016; Henrique, 2020; Lamont, 2017; Sathiyamurthy
et al., 2017). Most mulch films are produced from
petroleum-based plastics, generally polyethylene,
and have caused waste handling problems (Kasirajan
and Ngouajio, 2012). Plastics as synthetic polymers are
non-biodegradable and the handling of their wastes
constitutes the major problem. Furthermore, 8% of
total world oil production is consumed in plastics
manufacturing, in which 3-4% is used as energy during
the production process, and thus indirectly causing
CO2 emissions and global warming (Nkwachukwu et
al., 2013). Biodegradable mulch (BDM) is a mulch
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that could be degraded by microorganism and is
made from renewable organic materials. In addition
to its environmentally-friendly characteristic,
BDM plays a role in carbon sequestration and will
contribute carbon and nutrients to the soil after
being degraded (Jirapornvaree et al., 2017). Tanveer
et al. (2019) asserted that mulch can protect the soil
from excessive evaporation and increase soil organic
matter (SOM) as a result of increasing carbon input
and decreasing soil disturbance. It was emphasized
that the application of mulch and plant residues
has increased soil microbial activity, ameliorated
heat stress, provided water storage, and increased
soil organic carbon (SOC). Gu et al. (2016) reported
that the application of mulch above ground level
increases SOC contents and its active fractions at the
depth of 1-100 cm. Hu et al. (2018) affirmed that the
combination of green manure and mulching using
crop residues in organic crop systems increased C
input and SOC contents. Unfortunately, this benefit
cannot be obtained from the use of plastic mulch
because there is no additional C input nor increasing
SOC mineralization (Wang et al., 2016). Biodegradable
mulch is a promising solution; therefore, a series of
research on raw materials and their compositions has
been initiated these past years. Some materials that
have been studied are water hyacinth, straw, banana
stem, tannery waste, recycled paper, cellulosic fiber,
and starch (Iriany et al., 2018; Iriany et al., 2019a and
2019b; Zhang et al., 2019; Henrique, 2020; Marí et al.,
2020). In this current research, water hyacinth was
used because it is an aquatic weed that has high dry
matter yield of approximately 400 kg/ha/week with
a high total content of cellulose and hemicellulose (±
43%). In addition, coconut coir was used considering its
inexpensive fiber sources from post-harvest coconut
with low specific weight so that it has a good tensile
strength (Tham, 2012; Sarika et al., 2014; Salleh et al.,
2015). The optimum composition of BDM made from
the combination of water hyacinth and coconut coir
has not been reported yet; accordingly, its application
to the crop cultivation, particularly initiated to shortcycle crop e.g. spinach, is required. Furthermore,
understanding the role of BDM on microclimate
modification is needed to contribute climate change
adaptation strategy. The objectives of this current
research were to investigate the soil microclimate
under various BDM compositions and to optimize
the BDM compositions that can be used to support
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the growth of short-cycle crops, especially horenso.
To achieve these objectives, the field experiment was
conducted at East Java, Indonesia in 2019.
MATERIALS AND METHODS
This research was conducted at Dau, Malang, East
Java, Indonesia with an altitude of 500 meters above
sea level, the average daily temperature of 25-32 °C,
and the rainfall of around 3600 mm per year. The
physical and chemical properties of the soil shown in
Table 1. Some materials used in this current research
were raw materials of BDM (water hyacinth petiole
and coconut coir), horenso seed (Spinacia oleracea
L), and fertilizer (foliar fertilizer, manure, and green
manure (Azolla sp). The procedures of making BDM
were cutting and weighing, pulping, molding, and
drying as explained by Iriany et al. (2018).
Experimental design
This research was carried out using a simple
randomized complete block design (RCBD) with
one control (without mulch) labeled as MO, and
five treatments (BDM compositions), repeated
three times. The treatments were various BDM
compositions (the percentage of water hyacinth and
coconut coir) labeled as MO1 (80:20), MO2 (70:30),
MO3 (60:40), MO4 (50:50), and MO5 (40:60).
Measured variables
Measured variables included soil microclimate
and plant growth. Microclimate was observed in
the morning and at noon (also called as minimum
Table 1: Soil physical and chemical properties
Table 1: Soil physical and chemical properties
Soil properties
Bulk density (g/cm3)
Porosity (%)
Sand (%)
Silt (%)
Clay (%)
Water content at pF 2.5 (cm3/cm3)
Water content at pF 4.2 (cm3/cm3)
Macropores (%)
Mesopores (%)
Micropore (%)
pH
Soil organic (%)
N total (%)
P-available (mg/kg)
K (mg/100 g soil)
CEC (cmol(+)/kg)

Value
1.27
51.24
45.09
41.01
13.90
0.30
0.17
30.80
12.90
8.80
5.96
4.07
0.34
41.63
57.69
38.95

and maximum for soil temperature variables), twice
a week, using a digital thermohygrometer during
horenso cultivation. Microclimate variables were soil
temperature (oC) and soil humidity (%). The plant
growth variables were plant height (cm), number
of leaves, leaf area (cm2), and stem diameter (mm),
observed once a week from 1st until 5th week after
planting (WAP). Marketable yield and dry weight of
horenso included fresh shoot and root weight (g) and
dry shoot and root weight (g), harvested in the end
of observation.
Statistical analysis
The data were analyzed using the analysis of
variance (ANOVA) to determine the effect of the
treatments, then by means of HSD (Tukey test) α 5% to
find out the best treatment. Correlation analysis was
performed to understand the relationship between
plant growth and microclimate (soil temperature and
moisture). Response surface method (RSM) analysis
was also carried out to analyze the optimum BDM
compositions based on fresh shoot weight and plant
height data using Minitab v19.
RESULTS AND DISCUSSION
Soil microclimate under various biodegradable mulch
compositions
The average of minimum soil temperature
under BDM was 25°C and the average of maximum
soil temperature was 28°C; while the averages of
minimum and maximum soil temperatures in bare
soil (control) were 27oC and 28oC respectively. Soil
moisture ranged between 75-84% with the average
of 80% in the morning and ranged between 63-80%
with the average of 73% at noon after the application
of various BDM compositions. Soil moisture in bare
soil (control) ranged between 60-70% with the
average of 66% in the morning and ranged between
51-66% with the average of 57% at noon (Fig. 1).
All tested biodegradable mulch compositions in
this study could modify microclimate by decreasing
1-2°C of soil temperature and maintaining the soil
moisture within the range of 63-84%. This result was
in accordance with previous research reported by
Iriany et al. (2019a) that the soil temperature under
BDM made from water hyacinth and banana stalk
were lower and more stable compared with without
mulch and the soil humidity was within the range of
66.1 - 78.2%.
3
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The optimum temperature of baby leaf spinach
cultivation according to Applied Horticultural
Research (2016) ranges between 14-24°C with the
maximum temperature of 32oC. This condition is
even more fulfilled by the use of BDM, with the
minimum temperature of 25°C and the maximum
temperature of 28°C compared to the control with
the minimum and maximum temperatures of 27°C
and 28oC respectively. Yamori et al. (2005) reported
that the optimum temperatures of light-saturated
photosynthetic rate of spinach leaves were 27°C,
36°C, and 24°C at the ambient CO2 concentration of
360 µL/L, 1500 µL/L, and a curve of 50, 100 and 150
µL/L at the high-temperature treatment (day/night
i.e. 30/25oC). The use of various BDM compositions
could modify the microclimate i.e. decreasing the
soil temperature by 1-2°C and maintaining the soil
moisture within the range of 63-84%. This result
was similiar to a research reported by Chen et al.

30

Plant growth of horenso (Spinacia oleracea L.) on
various biodegradable mulch compositions
The effects of BDM compositions on the plant
height of horenso started to appear on 2 and 3 weeks
after planting (WAP). On the 4 and 5 WAP, various
BDM compositions did not significantly affect the
height of horenso although there were significant
differences compared to the control (without mulch)
(Fig. 2). Based on Spinach Plants, Spinach Leaves,
and Bunched Spinach: Shipping Point and Market
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Inspection Instructions, plant height at 5 WAP had
met spinach medium standard (4-8 inches or 10.1620.32 cm) to large standard (> 8 inches or 20.32 cm)
(USDA, 2006).
The effects of BDM compositions on the number
of leaves began to be seen on 2 WAP to 4 WAP and
showed higher value than the control (without
mulch) (Fig. 3). The BDM composition treatments
did not contribute significant effects on the number
of leaves at the end of the observation although the
BDM composition treatments resulted in more leaves
than those of the control.
The effects of treatments on leaf area were seen
on the 1st WAP with MO1 treatment showing the
highest average of leaf area compared to the other
BDM compositions. On 4 and 5 WAP, MO2 treatment
showed the highest average leaf area compared to
the other BDM compositions and the control (Fig. 4).

The effect on the stem diameter was shown on
2 WAP with MO1 treatment, detecting wider stem
diameter than the other BDM compositions. On 3
WAP until the end of the observation, there was no
significant difference in stem diameter among differing
BDM compositions; however, there were significant
differences between the BDM compositions and the
control (Fig. 5).
The results of observation on marketable yield
and dry weight of horenso (25 days after planting
(DAP)) showed that the treatments significantly
affected fresh and dry shoot weight as well as fresh
root weight variables, but not on the dry root weight
(Table 2). The BDM composition treatments could
increase fresh shoot weight around 38-55%, fresh
root weight for about 55-94%, and dry shoot weight
approximately by 1.6-2.8 times compared to the
control (without mulch).
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Table 2: Marketable yield and dry weight of horenso grown in various BDM compositions at 25 days after planting (DAP)
Table 2: Marketable yield and dry weight of horenso grown in various BDM compositions at 25 days after planting (DAP)
Treatment
MO
MO1
MO2
MO3
MO4
MO5

Fresh shoot weight (g)
6.88 b
9.58 a
10.63 a
10.10 a
9.45 a
9.54 a

Dry shoot weight (g)
0.73 b
1.88 ab
2.17 a
2.53 a
1.91 ab
2.76 a

Fresh root weight (g)
3.27 d
5.17 c
6.32 a
6.03 ab
5.25 bc
5.07 c

Dry root weight (g)
0.53 a
0.29 a
0.61 a
0.42 a
0.43 a
0.48 a

Mean values in same columns followed by the same letter are not significantly different at P≤0.05 significance based on HSD (Tukey test α= 0.05).
MO (control/bare soil), BDM compositions (the percentage of water hyacinth and coconut coir) labeled as MO1 (80: 20), MO2 (70:30), MO3 (60:40),
MO4 (50:50), and MO5 (40:60).

Table3:3:Coefficient
Coefficientcorrelation
correlation (r)
(r) between
between microclimate
Table
microclimate and
andgrowth
growthvariable
variable
Variable
Tmin
Tmax
SMmor
SMnoon

Leaf
area
-0.805**
-0.685**
0.739**
0.692**

Stem
diameter
-0.775**
-0.767**
0.777**
0.751**

Number
of leaves
-0.788**
-0.757**
0.889**
0.888**

Plant
height
-0.757**
-0.768**
0.907**
0.856**

Fresh SW

Dry SW

-0.728**
-0.738**
0.844**
0.793**

-0.435*
-0.433*
0.658**
0.711**

T= soil temperature; min= minimum; max= maximum;SM= soil moisture; mor= morning; SW= shoot weight
** = P-value ≤ 0.01; * = 0.01 < P-value ≤ 0.05; ns = P-value > 0.05

Based on the correlation analysis, the temperature
component (minimum and maximum) has shown
a considerably close relationship with the growth
and marketable yield of horenso. In summary, the
minimum and maximum temperatures have been
connected to the growth and marketable yield
variables; while the moisture of the morning and
noon soil has shown a positive relationship with
the growth and marketable yield variables (Table 3).
These results could be explained by the improvement
of the growth and marketable yield of horenso after
the BDM composition treatments compared to the
bare soil.
6

Fresh root
weight
-0.809**
-0.758**
0.865**
0.840**

Dry root
weight
0.212ns
0.266ns
-0.156ns
-0.170ns

In general, various BDM compositions did not
show significant differences in the growth variables
of horenso (plant height, number of leaves, stem
diameter, and fresh shoot weight). However, there
were significant differences between the BDM
composition treatments and the bare soil. The
results of this current research were in accordance
with the previous BDM-based research on shallot
and cauliflower cultivation. BDM application (made
from water hyacinth, straw, and tannery waste) on
shallot resulted in insignificantly different fresh and
dry weight among differing BDM compositions, but
significantly different from the control (without
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mulch) at 40 DAP (Iriany et al., 2019b). In addition,
the treatments of various BDM compositions (made
from water hyacinth, banana pseudostem, and
tannery waste) resulted in insignificant number of
leaves on cauliflower (Iriany et al., 2019a). The effects
of the use of organic mulch from various sources on
Spinacia oleracea L. cultivation have been widely
reported. The use of organic compost mulch (400
grams per planting basin) increased fresh weight and
dry weight of spinach by 8% and 12% respectively,
compared to the bare soil (M Manyatsi and Simelane,
2017). In addition, Meena et al. (2014) reported that
a more suitable microclimate condition, lowering the
temperature by 2-6 °C at the depth 0-5 cm, resulted
in the increase of fresh weight of spinach around 2266%. Khan et al. (2019) assert that mulching using
green tea waste-rice bran compost at the dose of
0.5 kg/m2 increased dry weight of spinach by 2.5
times compared to the control (without mulch)
and increased dry weight of radish by 0.8, 1.7, and
2.0 times compared to the control (without mulch)
at the doses of 0.5, 1, and 2 kg/m2 respectively.
Carmichael et al. (2012) also confirmed that the
use of mulch grass (10 cm thickness) significantly
increased plant height and leaf area by 39% and
18% respectively, but it did not significantly increase
fresh weight on 5 WAP (only 18%) compared to the
bare soil in radish (Raphanus sativus L.) cultivation
(with 70% soil moisture). The percentage increase in
fresh and dry shoot weight of Spinacia oleracea L.
reported in the previous research is still lower than
the results of this current research. Accordingly,
BDM made from water hyacinth and coconut fiber
is promising to be used in Spinacia oleracea L.
cultivation. Higher growth, marketable yield, and
dry weight in all BDM compositions compared to the
control (without mulch) can be specifically explained
by microclimates, i.e. lower temperature under BDM

compared to the bare soil. It can be caused by Rubisco
(µmol/m2) and cytochrome f per Rubisco content
(mol/mol) (balancing between RuBP regeneration
and RuBP carboxylation) at lower temperature that
were higher compared to the higher temperature
treatment (Yamori et al., 2005).
Optimum biodegradable mulch for improving the
growth of horenso (Spinacia oleracea L.)
Based on response optimizer, the optimum BDM
composition affecting plant height, stem diameter,
number of leaves, and fresh shoot weight as the
response variables was obtained at 56.42% water
hyacinth and 0% coconut coir with the composite
desirability (D) value of 0.9620. The D values of
the tested BDM compositions from the highest to
the lowest were MO2, MO3, MO1, MO4, and MO5
respectively, with the values ranging from 0.80650.6211 (Table 4).
The contour plot in Fig. 6 shows that the higher
growth variable (plant height) and marketable yield
(fresh shoot weight) were obtained with the higher
water hyacinth percentage than coconut coir. Based
on the overlay contour plot and 3D surface plot,
the optimum composition of BDM for the growth
and marketable yield was obtained at 40-70% water
hyacinth and 0-20% coconut coir (Figs. 6 and 7).
Based on the response surface analysis, the D
value of the optimum and tested BDM compositions
that is close to 1 imply that compositions appear
to accomplish favorable results for all variables as
a whole (Minitab Inc., 2014). Generally, regarding
individual desirability (D) value from the tested
BDM compositions, the effective composition
to maximize the number of leaves and stem
diameter ranged from 0.60668-0.88254), while the
fresh shoot weight and plant height ranged from
0.57272-0.77523. Based on overlay contour plot

Table 4: Response optimizer of BDM compositions on fresh shoot weight, plant height, number of leaves and stem diameter
Table 4: Response optimizer of BDM compositions on fresh shoot weight, plant height, number of leaves and stem diameter
Treatment
(%Water Hyacinth:
%Coconut Coir)
Optimum (56.43:0)
MO1 (80:20)
MO2 (70:30)
MO3 (60:40)
MO4 (50:50)
MO5 (40:60)

Composite
desirability (D)
0.962
0.750
0.807
0.804
0.742
0.621

Fresh shoot
weight
0.957
0.671
0.732
0.736
0.683
0.573
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Desirability (d)
Plant
Number
height
of leaves
0.895
1.000
0.728
0.757
0.774
0.846
0.775
0.861
0.733
0.800
0.646
0.663

Stem diameter
1.000
0.855
0.883
0.850
0.759
0.607
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60

plant
height
< 19
1 9 – 20
20 – 21
21 – 22
22 – 23
> 23

50

coconut coir

40

30

20

10

0

0

10

20

30

40

50

Water Hyacinth

60

70

80

60

fresh shoot
weight
< 6.0
6.0 – 7.2
7.2 – 8.4
8.4 – 9.6
9.6 – 1 0.8
> 1 0.8

50

coconut coir

40

30

20

10

0

0

10

20

30

40

50

Water Hyacinth

60

70

80

6: Contour
andsurface
surface plots
showing
the effects
BDM compositions
(percentage of water
hyacinth and of
coconut
coir)
on plant and
Fig. 6: Fig.
Contour
and
plots
showing
the of
effects
of BDM compositions
(percentage
water
hyacinth
height (top) and fresh shoot weight (bottom) of horenso
coconut coir) on plant
height (top) and fresh shoot weight (bottom) of horenso

Overlay countour
countour plot
showing
the effects
of BDM compositions
(percentage of(percentage
water hyacinthof
andwater
coconut
coir) on plant
Fig.Fig.
7: 7:Overlay
plot
showing
the effects
of BDM compositions
hyacinth
andheight
coconut
(top) and fresh shoot weight (bottom) of horenso
coir) on plant height (top) and fresh shoot weight (bottom) of horenso
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and 3D surface plot, the optimum composition
of BDM for the growth and marketable yield was
obtained at 40-70% water hyacinth and 0-20%
coconut coir that was similar to MO2 treatment
(70% water hyacinth and 30% coconut coir) with
the highest D value compared to the other BDM
compositions. Although there was no significant
difference in growth and yield of horenso among
the differing BDM compositions in general, this
optimum composition of BDM can be used as a
consideration in the future BDM formulation

and 30% coconut coir) with the highest composite
desirability value (D) compared to the other
biodegradable mulch compositions. Although there
was no significant difference in the growth and yield
of horenso among the differing BDM compositions,
the BDM composition treatments resulted in
significantly higher value than the control (without
mulch). The BDM composition treatments could
increase fresh shoot weight around 38-55%, fresh
root weight for about 55-94%, and dry shoot weight
approximately by 1.6-2.8 times compared to the
control (without mulch). This finding emphasized
that all BDM compositions tested in this current
research can be used as mulch in horenso (Spinacia
oleracea L.) cultivation. Further research was
needed to adapt BDM compositions on other shortcycle crops and other horticulture crops. The long
term use of biodegradable mulch in horticulture
crops cultivation is not only expected to help crops
deal with climate change, but also improve the soil
health. Biodegradable mulch is one of the practical
aspects to achieve sustainable agriculture that
focuses on producing long term crops while having
minimal negative impacts on the environment.

CONCLUSION
This study investigated biodegradable mulch
composition as microclimate modification effort to
combat climate change and to improve the growth
and marketable yield of horenso, which may have
contributions on other short-cycle crop cultivation.
Organic mulch provides a favorable environment for
crops and adds nutrients to the soil but its stock is
limited due to seasonal and spatial availability and
cannot be stored for a long time. On the other hand,
plastic mulch is practically easy to use, but less
environmentally friendly and expensive disposal
cost. Commercial biodegradable plastic mulch is
made from expensive raw materials and requires
sophisticated production technology. In this study,
we attempt to produce biodegradable mulch with
abundant and low-cost raw materials using simple
technology. The Various tested BDM compositions
in this research have contributed a number of
modifications on the microclimate by decreasing
1-2°C of soil temperature and maintaining soil
moisture within the range of 63-84%. These
properties support the adaption effort to combat
climate change. High and stable soil humidity
indicates the sufficient water availability in the soil
for plant growth and development. The optimum
composition of the mulch for supporting growth
and marketable yield of horenso were obtained
with the higher water hyacinth percentage than
coconut coir. The optimum composition of BDM
for the growth and marketable yield was obtained
at 40-70% water hyacinth and 0-20% coconut coir
based on the overlay contour plot and 3D surface
plot. Referring to the response optimizer analysis
with growth and marketable yield as responses, the
optimum biodegradable mulch composition was
obtained from MO2 treatment (70% water hyacinth
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ABBREVIATIONS

∝

r
RCBD
RSM
RuBP
SMmor
SMnoon
SOC
SOM
Tmax
Tmin

Level of significance

%
°C
µL/L
µmol/m2
ANOVA
BDM
C
cm
cm2
CO2
D
d
DAP

Percent
Centigrade or degree Celcius
microlitre per litre
micromoles per square metre
Analysis of variance
Biodegradable mulch
Carbon
Centrimetre
Square centimetre
Carbon dioxide
Composite desirability
Desirability
Days after planting
Food and Agriculture Organization
FAO
of the United Nations
g
Gram
HSD
Honestly significant difference
kg/ha/week Kilogram per hectare per week
kg/m2
Kilogram per square metre
mm
Milimetre
mm per year Milimetre per year
Control or without mulch
MO
(treatment code)
Biodegradable mulch made of 80%
MO1
water hyacinth and 20% coconut
coir (treatment code)
Biodegradable mulch made of 70%
MO2
water hyacinth and 30% coconut
coir (treatment code)
Biodegradable mulch made of 60%
MO3
water hyacinth and 40% coconut
coir (treatment code)
Biodegradable mulch made of 50%
MO4
water hyacinth and 50% coconut
coir (treatment code)
Biodegradable mulch made of 40%
MO5
water hyacinth and 60% coconut
coir (treatment code)
mol/mol
mole per mole
P-value
Probability value

USDA
WAP

Pearson correlation coefficient
Randomized complete block design
Response surface method
Ribulose 1,5-bisphosphate
Soil moisture in the morning
Soil moisture in the noon
Soil organic carbon
Soil organic matter
Maximum soil temperature
Minimum soil temperature
United States Department of
Agriculture
Weeks after planting
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