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Abstract

Alamro, M., Mahadeen, A. & Mohawesh, O. (2019). Effect of degradable mulch on tomato growth and yield under
field conditions. Bulgarian Journal of Agricultural Science, 25 (6), 1122—1132

The degradable mulch was synthesized to be as anenvironmentally friendly alternative to polyethylene plastic mulch; its
adoption could help in alleviating the environmental pollution as well as the removal and disposal problems of polyethylene
mulch. The present study was conducted to evaluate the degradable mulch performance on tomato growth and yield under
Jordan environmental conditions. The study consisted of four mulch treatments (polyethylene, oxo-degradable, biodegradable
mulches and no mulch (bare soil) as a control).

The current results showed that oxo-degradable and biodegradable mulches are capable of soil moisture preservation
similar to polyethylene mulch. All mulching plot had significantly higher soil temperature than bare soil. The benefits of bio-
degradable mulch on soil microbial community (bacteria and fungi) and soil organic carbon content were well evident with
a significant effect. The improvement of tomato plant growth was noticed mainly in leaf area, fresh and dry weight of shoot
under biodegradable mulch treatment. The current findings revealed a significant difference in percent visual degradation
among mulch treatments. The biodegradable mulch had the highest percent of visual degradation (80%) followed by oxo-
degradable mulch (40%). The degradation of polyethylene mulch, as expected (3.17%), was less evident, remained practically
intact and had the lowest percentage of visual mulch degradation at the end of the growing season. Based on our results, the
using of biodegradable mulch can perform similar and/or better than polyethylene mulch in term of tomato growth and yield,
which could be adopted as a sustainable alternative to polyethylene mulch. Whereas, oxo-degradable mulch, despite having
a beneficial effect similar to polyethylene mulch on tomato growth and yield, it was not satisfying to be an environmentally
friendly alternative to conventional plastic mulch due to fragmented into small pieces, and left too many plastic residues in the
experiment site that needs manual removal.
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Introduction beneficial impact on the commercial production of horticul-

tural systems, the sustainability of producing crops through

Plastic mulch is one of the main important agricultural
practices used to optimize production and quality of tomato
(Lycopersicon esculentum Mill.) in Jordan. Polyethylene is
used as a plastic material for mulching, because it is low
cost, easy to process, high durability, and it is not affected
by acids, bases, or salts (Kaseem et al., 2012). Despite its

the use of polyethylene mulch has been called into ques-
tion (Hakkarainen & Albertsson, 2004). Its utilization led to
problems associated with its management at the end of the
growing season (Subrahmaniyan & Zhou, 2008). Further,
the absence of cost-effective organized disposal techniques
available to the farmer is the other limitation to commercial
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uses of polyethylene mulch (Briassoulis, 2004). In general,
much of polyethylene mulch is often burnt by the growers
at the end of each growing season, which causes an undesir-
able environmental effect (Wang & Nomura, 2010). Another
problem related to using polyethylene mulch is environmen-
tal pollution with plastic residues caused by structural fragil-
ity at the end of the growing season, due to continued expo-
sure to environmental conditions. Not all farmers will make
the effort to remove polyethylene mulch fragments.

This activity is labor-intensive, and it is considered un-
necessary because residual fragments are not perceived to
have a negative impact on soil quality and long-term pro-
ductivity (Kasirajan & Ngouajio, 2012). However, there
are studies showing that polyethylene mulch residues bring
various unfavorable consequences as a result of the accumu-
lated in the soil (Jiang et al., 2017; Schirmel et al., 2018).
Also, plastic residues can cause physical harm to livestock
via ingestion, which is considered one of the main problems
for farmers in Jordan. These issues have triggered many in-
dustrial and academic researchers to create an appropriate
alternative to plastic mulch, while maintaining the competi-
tive advantage of polyethylene mulch through the use of bio-
degradable and environmentally friendly materials (Wang &
Nomura, 2010; Kaseem et al., 2012; Siwek et al., 2013).

The degradable mulch has been designed to be incor-
porated into the soil profile, eliminating the need for poly-
ethylene mulch removal at the end of the growing season
(Subrahmaniyan & Zhou, 2008). It is one of the agricultural
practices that take into account the preservation of the envi-
ronment compared with polyethylene mulch, which is one of
the recognized priorities in the world. Investigations of de-
gradable mulch have proven their favorable impact on crop
yields and the ecosystem (Kasirajan & Ngouajio, 2012; Si-
wek et al., 2013; Lopez-Tolentino et al., 2017). Recently, the
biodegradable mulch and oxo-degradable mulch have been
introduced into the market as an effort to deal with the seri-
ous problem of managing plastic waste from polyethylene
mulch (Briassoulis et al., 2015a). The biodegradable mulch
is synthesized from natural polymers such as starch or from
synthetic polymers such as polylactic acid made from lactic
acid, a monomer found in nature (Goldberger et al., 2013).
Also, it could use polymer blends such as starch with poly-
vinyl alcohol to synthesize biodegradable mulch (Tan et al.,
2016). The biodegradable mulch possesses low permeability
and is mineralized into harmless products (carbon dioxide,
water, and biomass) when placed in contact with the soil
moisture and microorganisms (Moreno et al., 2009). Oxo-
degradable mulch is often synthesized from conventional
polymers (polyethylene) with pro-oxidants substances such
as cobalt acetylacetonate and magnesium stearate to accel-

erate the breakdown of polyethylene to small fragment and
promote biodegradation process (Briassoulis et al., 2015b).

Since the biodegradable and the oxo-degradable are the
common types of degradable mulch, they were used in the
current study to be assessed under arid environmental condi-
tions as an alternative to polyethylene mulch, also to explore
the ability of degradable mulches to provide optimal condi-
tions for open-field tomato crop.

Materials and Methods

Site and experimental design

The study was conducted at Rabba Agricultural Research
Station, Mutah University (920 m above sea level, Longi-
tude 35° 45’ E and Latitude 31° 16’ N) during the period
from May 15" to Dec 15", 2018. The main soil physical
and chemical properties are shown in Table 1. A random-
ized complete block design (RCBD) was adopted with three
replications. Each replicate contains four mulch treatments.
The treatments used were black polyethylene plastic mulch,
black oxo-degradable mulch, black biodegradable mulch,
and no mulch (bare soil) as a control. The characteristics of
the different tested mulches are shown in Table 2.

Plant material and cultural practices

A hybrid ‘956’ tomato seedlings (Lycoperscon escullentum
Mill.) with 3-4 mature leaves were planted in the open field on
17 May 2018 in a single row per bed at 1.5 m spacing, 4 m in
length, and 0.70 m width. Ten tomato seedlings were planted in
each bed with a spacing of 0.40 m. Drip lines were laid under the
mulch placed on the soil surface at the center of each bed. The
tomato seedlings were transplanted. Irrigation was performed
at the time of planting and continued twice per week. Weeds
growing in bare soil treatment and along mulch edges were
manually controlled throughout the growing season. Plants
were fertigated through drip irrigation at the following rate: 150
kg N/ha, 120 kg PO, /ha, and 200 kg K O/ha. No fertilization
was applied before transplanting. Protection against insects and
diseases was accomplished by the spraying of pesticide.

Soil properties measurements

The soil temperature was measured at 10 cm soil depth
once every week and recorded in all plots using a soil digi-
tal thermometer. Soil moisture content was measured every
week in all plots using a handheld time domain reflectometer
(TDR) (ThetaProbe, ML2x, Delta-T Devices, Cambridge,
UK). Representative soil samples were taken twice at the end
of the growing season and 90 days after the end of the grow-
ing season. The samples were taken 90 days after the end
of the growing season to evaluate any significant difference
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occurred in soil pH, electrical conductivity, and soil organic
carbon content after the residues of degradable mulch was
plowed with soil at the end of the growing season compared
to polyethylene mulch and bare soil. Three subsamples were
collected within each plot, subsamples were mixed gently to
obtain one composite sample. The composite samples were
air-dried in the laboratory and sieved through a 2 mm screen.
The extracts of saturated soil paste were prepared from each
sample. The pH reading was taken using the pH meter, the
same extract was used to estimate the electrical conductivity
using the conductivity meter. The percentage of organic car-
bon in the soil samples was estimated according to Walkley
and Black method (1934). Total N was estimated using the
Kjeldahl procedure (Fleige et al., 1971). Available P content
was determined by the Olsen method using the spectropho-
tometer (Watanabe & Olsen, 1965). Available K content was
analyzed by an ammonium acetate method using a flame
photometer (Meiwes et al., 1984).

Bacteria and fungi in term of numbers of colony-forming
units (CFU) per gram of fresh soil on culture media were
measured using serial dilutions of 10 g of soil samples that
collected from all treatments 90 days after the mulch resi-
dues buried into the soil at the end of the growing season.
100 pL from each dilution were applied to Petri dishes con-
taining nutrient agar that were incubated at 37°C for a 24 h
for bacterial culture. The potatoes dextrose agar with 1 mL
serial dilutions was incubated at 25°C for 72 h for culturing
the fungi. The total number of colonies on each of the plates
was counted and the results were expressed as colony-form-
ing unit per gram of fresh soil (CFUg™).

Plant growth measurement

Plant height of five random plants from each plot was
measured from soil surface up to the highest point of the
plant canopy once every week from the fourth week after
transplanting until the eighth week after transplanting using
a meter. Five random leaves from each plot were selected at
the mid of the growing season for the leaf area measurement.
Leaves were then scanned into digital format; images were
then digitally analyzed, using Image J software (Cox, 1972)
to estimate the leaf area of tomato plants. After termination
of the growing season, five plants from each plot were cut
down to the soil surface; fresh weights of shoots were mea-
sured by a digital balance. Then, the samples were dried in
an oven at 70°C until a constant dry weight was obtained,
then shoots dry weight were measured by a digital balance.

Leaf chlorophyll content (SPAD unit)

Leaf chlorophyll content was measured weekly in five
randomly plants per plot using the chlorophyll meter (SPAD-
502, Minolta, Japan). The average values were presented as
SPAD unit.

Leaf mineral content

Leaf samples were randomly collected from each plot
at mid of the growing season. The leaves were washed
with normal tap water and then with distilled water, the
leaves were dried in an oven at 70°C for two days and
were ground into a fine powder for determination of min-
eral content. The dry samples were homogenized and leaf
N content was determined by using the Kjeldahl proce-
dure (Fleige et al., 1971). Leaf P content was determined
using Watanabe and Olsen method, (1965) by atomic ab-
sorptions spectrophotometer. K content was measured by
means of the flame photometry method (Meiwes et al.,
1984).

Yield components

Tomato fruits were harvested twice a week for duration
of 5 weeks when the fruit was a minimum of 75% red ripe. At
each harvest, fruits were counted, weighed, and sorted into
marketable (the fruits that met quality standards demanded
by the market) and unmarketable fruits (cracked, undersized,
sunscald, blossom-end rot and diseased).The average fruit
weight was measured by dividing the marketable weight by
its number for each harvest.

Evaluation of visual mulch degradation

The degradation of all mulches was weekly evaluated
throughout the growing season by means of a percent visual
degradation from an area of 1 m? which was determined for
each mulching plot in all replicates. Using the method de-
scribed by Lopez-Tolentino et al. (2017) with some modi-
fications, ranging from 0% = intact mulch to 100% = com-
pletely degradation mulch.

Statistical analysis

Analysis of variance (ANOVA) was performed using the
SAS software (9.1). Fisher’s least significant difference test
at 95% significance level was used to compare treatment
means for significant differences. Correlation and regres-
sion analysis were used for determination of the relations
between variables.

Table 1. Some physical and chemical soil properties of the experimental site

Texture

pH

EC (dSm™)

Organic matter (%)

N (ppm)

P (ppm)

K (ppm)

Clay loam

7.96

1.04

0.73

900

11.1

378
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Table 2. Characteristics of the tested mulches
Type of mulch Trade name Material Color Thickness |  Width Supplier
um (m) company
Polyethylene plastic Plastic mulch LDPE" Black 20 0.8 Local
mulch
Oxo-degradable mulch Eco-one Polyethylene™ polymers plus additive |  Black 12.7 1.22 Growers Solution
Tennessee, USA
Biodegradable mulch Eco planet Biodegradable™ polymers Black 12.7 1.22 Eco Planet
California, USA

*LDPE = Low density polyethylene.

** The composition of the mulch is the confidential intellectual property of the suppliers

Results and Discussion

Soil properties

The effects of degradable mulch on the soil tempera-
ture at depth 10 cm during the growing season of tomato
are shown in Figure 1. The highest mean soil temperature
during the growing season was recorded under polyethylene
mulch (25.7°C) followed by oxo-degradable mulch (25.4°C)
without any significant difference. The biodegradable mulch
showed significantly lower mean soil temperature (24.4°C)
than polyethylene and oxo-degradable mulch. All mulch-
ing plots showed higher mean soil temperature than bare
soil treatment (23.4°C). The present results are in agree-
ment with that of Moreno et al. (2009) who exhibited that
the soil temperature under biodegradable mulch was lower
than polyethylene mulch. While, Waterer (2010), as well as
Costa et al. (2014), reported that the soil temperature un-
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Mean soil temperature °C at 10 cm depth

Fig. 1. The mean soil temperature °C at 10 cm depth

der biodegradable mulch exhibited good performance with
no significant difference compared to polyethylene mulch.
Lopez-Tolentino et al. (2017) found that mean soil tempera-
ture was higher under polyethylene mulch compared to the
oxo-degradable mulch. The thermal effect of biodegradable
mulch in the present study was lower than polyethylene and
oxo-degradable, which might be due to a higher visual mulch
degradation of biodegradable mulch. Consequently, affected
the amount of heat retained under biodegradable mulch that
had been reflected in the soil temperature data. It was also
noted that, despite mulch degradation, the thermal effect of
biodegradable mulches remained higher than bare soil until
the end of the crop season. This result is in contrary to the
Moreno and Moreno (2008) as well as Sintim et al. (2019)
who mentioned that biodegradable mulch behaved similarly
to bare soil during the late period of the growing season.
There was an obvious difference in soil moisture content
between mulching plots and bare soil over the time (Table 3).
The average soil moisture content under degradable mulch
including oxo-degradable and biodegradable mulch did not
show any significant difference than polyethylene mulch
(Table 3). Our results are in agreement with Wang et al.
(2014) and Saglam et al. (2017) who concluded that the ef-
fect of biodegradable mulch in preserving moisture is similar
to polyethylene mulch. While, Shu-Min et al. (2017) found
that biodegradable and polyethylene mulch showed a similar
effect on soil moisture content during the earlier stages of
plant growth. Sintim et al. (2019) indicated that soil cover-

Table 3. Effect of degradable mulch on soil moisture content at 10 cm depth

Treatment Soil moisture content, %

June July Aug. Sept. Average
Bare soil 15.92b" 14.53 ¢ 15.48 ¢ 17.68 b 15.75b
Polyethylene mulch 2142 a 18.77 ab 20.89 a 21.44 a 20.63 a
Oxo-degradable mulch 2290 a 19.57 a 19.97 ab 23.25a 2142 a
Biodegradable mulch 24.63 a 17.84 b 19410 21.79 a 20.92 a
CV% 11.62 3.24 3.64 3.64 2.74
Pr>F 0.0149 0.0005 0.0003 0.0146 0.0001

*Means followed by the same letter within each column are not significantly different at p <0.05
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ing with polyethylene and biodegradable mulch resulted in
a higher soil water content than bare soil. It is worth to note
that although of visual degradation of degradable mulch in
the present study, it showed a similar ability of polyethylene
mulch in soil moisture preservation. This finding could be
attributed to the shading caused by plant canopy cover, as
degradable mulch exhibited a positive effect on vegetative
growth, which reduced solar radiation reached the soil sur-
face and hence reduce evaporation.

The soil pH showed that there was no significant varia-
tion observed between all mulch treatments at the end of the
growing season, and 90 days after the end of the growing
season (Table 4). Similar results have been reported by Li
et al. (2014) who indicated that there was no variation in
soil pH between polyethylene and biodegradable mulch and
bare soil. Moreover, no significant effect was observed with
mulching application on electrical conductivity at the end of
the growing season and 90 days after the end of the growing
season (Table 4). Domagala-Swiatkiewicz & Siwek (2013)
as well as Siwek et al. (2015) found no impact of biodegrad-
able mulch on electrical conductivity compared to the bare
soil.

The soil content of organic carbon was higher under bio-
degradable mulch than other mulch treatments at the end of
the growing season. The biodegradable mulch continued in
its positive effect on soil organic carbon content compared
to polyethylene and oxo-degradable mulch 90 days after the
end of the growing season, while bare soil treatments had
the lowest soil organic carbon content (Table 4). The oxo-
degradable mulch, showed a similar effect on soil organic
carbon content to polyethylene.

The current data are in accordance with those of Manna
et al. (2018) who reported that the soil organic carbon con-
tent was higher under biodegradable mulch than polyethyl-
ene mulch. The present results support the hypothesis that
biodegradable mulch is beneficial in term of organic mat-
ter improvement, as mentioned by English et al. (2016) who
postulated that the utility of the biodegradable mulch will
add new carbon to the soil which could help improve soil

quality. There were no significant differences observed be-
tween biodegradable, oxo-degradable, polyethylene mulch,
and bare soil in soil N, P, and K contents (data not shown).
Similarly, the findings of Domagala-Swiatkiewicz & Siwek
(2013) appeared that there were no significant differences in
soil N, P, and K between biodegradable mulch and bare soil.

The mulch treatments revealed a highly significant varia-
tion in soil microbial counting (Table 5). The beneficial
effect on bacterial count was observed under degradable
mulches compared to polyethylene and bare soil. The bio-
degradable mulch treatment significantly recorded highest
bacterial count (449x10* cfug') followed by oxo-degrad-
able mulch treatment (118x10* cfug™'). The polyethylene
mulch treatment showed significantly lower bacterial count
(30x10* cfug™) than degradable mulch, but without any sig-
nificant difference than bare soil treatment. A similar trend
was observed in fungi count, the highest fungi count was ob-
tained under biodegradable mulch (5600 cfug™) followed by
oxo-degradable mulch (4133 cfug'). The lowest fungi count
was found under polyethylene mulch and bare soil (Table 5).
All treatments in the current study showed a positive effect
on bacteria and fungi count compared to pre-planting soil
except polyethylene which had a very slight effect. Moreno
& Moreno (2008) observed that polyethylene mulch had a
more negative effect on soil microbial population than the
biodegradable mulch, while bare soils had the highest soil
microbial population.

Tan et al. (2016) observed that the population of bacteria
was higher under biodegradable mulch than polyethylene,
coincides with our results. On the other hand, they found that
the highest number of fungal was under polyethylene than
biodegradable treatment, while the lowest number found in
the bare soil, which is inconsistent with our results. Manna
et al. (2018) obtained similar results and mentioned that the
highest fungal and bacteria population were recorded under
biodegradable mulch than polyethylene and bare soil. The
current findings indicated that there is a significant correla-
tion (r = 0.95; p = 0.02) between the number of bacteria in
term of colony forming unit per gram of fresh soil and the

Table 4. Effect of degradable mulch on soil pH, EC and soil organic carbon

Treatment At the end of the growing season 90 days after the end the growing season
pH EC (dSm™) SOC%"™ pH EC (dSm™) SOC %
Bare soil 7.76a" 1.53a 0.42b 7.66a 1.99a 0.43c
Polyethylene mulch 7.73a 1.15a 0.45b 7.63a 1.33a 0.54b
Oxo-degradable mulch 7.72a 0.89a 0.50 b 7.66a 1.50a 0.57b
Biodegradable mulch 7.66a 1.39a 0.60 a 7.66a 1.97a 0.64a
CV % 0.98 22.35 8.27 0.75 30.05 3.96
Pr>F 0.3801 0.1102 0.0067 0.857 0.3764 0.0001

*Means followed by the same letter within each column are not significantly different at p < 0.05
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organic carbon content of the soil. Also, the positive correla-
tion (r=0.96; p = 0.01) between the number of fungi in term
of colony forming unit per gram of fresh soil and organic
carbon content in the soil. Moreover, the biodegradable and
oxo-degradable mulch increased the organic carbon content
in the soil, particularly biodegradable mulch, which might
be explained the positive impact of degradable mulch on soil
microbial counting (bacteria and fungi).

Table 5. Effect of degradable mulch on soil microbial
counting

Before planting CFUg™

Bacteria (x 10%) Fungi

29 2200

Treatment
Bare soil 62¢" 2933 ¢
Polyethylene mulch 30c 2666 ¢
Oxo-degradable mulch 118 b 4133 b
Biodegradable mulch 449 a 5600 a
CV % 10.07% 7.78%
Pr>F <0.0001 <0.0001

*Means followed by the same letter within each column are not signifi-
cantly different at p <0.05
** CFUg" Colony forming unit per gram of fresh soil

Plant growth

Tomato plants didn’t show any significant differences
in the plant height under all mulch treatments during the
growing season (Table 6). The present results are in agree-

Table 6. Effect of degradable mulch on ‘956° tomato height

ment with those of Ngouajio et al. (2008) for tomato plants,
as well as Lee et al. (2015) for garlic, who concluded that
there was no significant difference between polyethylene
and biodegradable mulch in plant height. The effect of bio-
degradable mulch was clearly reflected on tomato leaf area;
it exhibited the highest leaf area than other mulch treat-
ments (Table 7). Oxo-degradable mulch had a similar ef-
fect on leaf area as polyethylene mulch. The significantly
lowest leaf area was found in plants grown in bare soil
treatment. These findings reconciled with the results ob-
tained by Lopez-Tolentino et al. (2017) who demonstrated
that the leaf area of cucumber under oxo-degradable mulch
(with 12% pigment) was similar to polyethylene mulch and
higher than bare soil.

We might conclude that the proper soil temperature
under biodegradable mulch treatment led to a beneficial
effect on plant growth mainly, leaf area. Supporting the
conclusion obtained by Brouwer (1962) who reported
that root zone temperature plays an important role in the
growth of roots. The optimal soil temperature improves
the root growth, water uptake, and mineral uptake and
consequently better shoot growth, mainly leaf growth
through improving cells elongation. The shoot fresh and
dry weight exhibited a significant response to the degrad-
able mulch treatments including the biodegradable and
oxo-degradable mulch compared to the bare soil (Table 7).
The biodegradable treatment had a pronounced positive
effect on shoot fresh and dry weight compared to poly-
ethylene and bare soil treatments. This result contradicts a

Treatment Height, cm
Weeks after transplanting
4 5 6 7 8

Bare soil 39.40a* 56.17a 63.20a 66.97a 68.83a
Polyethylene mulch 40.10a 55.30a 64.30a 68.20a 70.43a
Oxo-degradable mulch 38.87a 57.93a 67.20a 71.40a 73.63a
Biodegradable mulch 38.63a 54.20a 65.00a 71.27a 72.73a
CV% 5.20% 6.89% 5.9% 6.02% 6.28%
Pr>F 0.8210 0.6940 0.6474 0.5161 0.5798

*Means followed by the same letter within each column are not significantly different at p < 0.05

Table 7. Effect of degradable mulch on leaf area and shoot fresh and dry weight of ‘956¢ tomato

Treatment Leaf area, cm? Shoot fresh weight, g Shoot dry weight, g
Bare soil (Control) 78.68 ¢” 540.7 ¢ 173.38 ¢
Polyethylene mulch 102.00 b 702.3 be 206.59 be
Oxo-degradable mulch 105.81 b 848.2 ab 238.90 ab
Bio-degradable mulch 12337 a 937.7a 280.45 a
CV% 7.83 % 14.54 % 13.26 %
Pr>F 0.0026 0.0188 0.0215

*Means followed by the same letter within each column are not significantly different at p < 0.05
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Fig. 2. The relationship between leaf area
and shoot dry weight of ‘956‘tomato

previous result in Martin-Closas et al. (2008) who found
that total dry weight of tomato was similar for the biode-
gradable and polyethylene mulch. The significant differ-
ence between polyethylene and oxo-degradable mulch in
the measured shoot fresh and dry weight was not being
noticed. Also, Lopez-Tolentino et al. (2017) indicated that
mean shoot dry weight of cucumber was similar for oxo-
degradable mulch and polyethylene mulch. The improve-
ment of tomato shoot dry weight under biodegradable
mulch treatment could be associated with enhancement of
tomato leaf area (Figure 2).

Leaf chlorophyll content

Chlorophyll content in the leaves of tomato plant under
oxo-degradable and biodegradable treatments increased sig-
nificantly compared to those planted in bare soil. Whereas no
significant difference was found between polyethylene, oxo-
degradable and biodegradable mulches. The mean value of
chlorophyll content under oxo-degradable mulch treatment
was 55.2 SPAD units, while under biodegradable mulch and
polyethylene mulch treatments were 54.1 and 53.9 SPAD
units, respectively. The lowest mean value of SPAD unit was
recorded in bare soil treatment (51.7).

These findings, support the conclusion of Choudhary et
al. (2012) who indicated that chlorophyll content was high-
er because of the availability of water under biodegradable,
oxo degradable, and polyethylene mulch treatments than
bare soil that enhances the synthesis of chlorophyll con-
stitutes.

Leaf mineral content

There were no differences were detected in leaf min-
eral content including nitrogen, phosphorus, and potassium
between the all mulch treatments. To our knowledge, there
were no studies illustrated the variation that occurs in the
leaf mineral content in response to the degradable mulch.
Therefore, we limited to the studies that assessed the effect
of polyethylene mulch on leaf mineral content. Wien et al.
(1993) found no significant difference in nitrogen, phospho-
rus, and potassium content in leaf tissue of tomato plants
under polyethylene mulch treatment than bare soil as well
as Min-Li et al. (2004) found that there was no significant
difference in nitrogen accumulation between polyethylene
and bare soil in the second growing season of wheat, which
consistent with present results.

Yield components

The present data illustrated that total yield of tomato
(7.4 kg/m?) under biodegradable mulch treatment was sig-
nificantly higher compared with other treatments (Figure 3).
The oxo-degradable mulch exhibited similar total yield of
tomato (5.4 kg/m?) to the polyethylene mulch treatment (5.0
kg/m?). It was observed that bare soil treatment recorded a
lower total yield of tomato (3.5 kg/m?) compared with other
treatments. A similar conclusion was pointed by Cirujeda et
al. (2012) as well as Moreno et al. (2013) who indicated that
yield of ‘Perfect Peel® a processing tomato was similar under
oxo-degradable and polyethylene mulch treatments. Where-
as, Filippi et al. (2011); Saraiva et al. (2012); Benincasa et
al. (2014); reported that there was no significant difference
in a total yield of melon between the polyethylene and bio-
degradable mulch.

It seems essential to note that, despite the soil under
biodegradable mulch was less heated than in the case of
polyethylene mulch and oxo-degradable mulch in the cur-
rent assessment, the marketable yield of tomato plants under
the biodegradable mulch treatment was significantly higher
(6.5 kg/m?) than other treatments (Figure 3). These results
support our hypothesis that the lower soil temperature un-
der biodegradable mulch can be beneficial in term of tomato
growth and yield during the summer season. The effect of
oxo-degradable mulch treatment on marketable yield of to-
mato in the current study (4.3 kg/m? ) was lower than biode-
gradable mulch, but similar to polyethylene mulch (3.0 kg/
m?) and higher than bare soil (2.3 kg/m?). This result agrees
with Cirujeda et al. (2012) who reported that the marketable
yield of processing tomatoes under oxo-degradable mulch
treatment was similar to polyethylene mulch. The unmar-
ketable yield of tomato plants was found to be significantly
highest under polyethylene mulch treatment (2.0 kg /m?),
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followed by bare soil treatment (1.2 kg/m?).The significantly
lowest unmarketable yield of tomato plants was recorded
under biodegradable (0.9 kg/m?) and oxo-degradable (1.1
kg/ m?) treatments (Figure 3). The positive effect of biode-
gradable mulch on the total and marketable yield of tomato
plant might be as a result of the improvement in the shoot
dry weight. The tomato shoot dry weight is good predictor
of yield, there was a strong relationship between shoot dry
weight and marketable yield of tomato (R*>=0.97; p=0.01)
as shown in Figure 4.

mMarketable yield (Kg/m?)
mUnmarketable yield (Kg/m?)
mTotal yield (Kg/m?)

Yield (kg/m?)
O L N W B 0O N ®

bare soil polyethylene oxo-degradable biodegradable

Mulch treatment

Fig. 3. Effect of degradable mulch on tomato yield kg/m?
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Fig. 4. The relationship between shoot dry weight
and marketable yield of ‘956 tomato

The positive impact of biodegradable mulch on fruit
number was clear as compared to the other treatments (74
fruit/m?).Whereas, the oxo-degradable mulch exhibited
similar effect without any significant difference (56 fruit/
m?) compared to polyethylene mulch treatment (59 fruit/m?).
The lowest significantly fruit number was found in the bare
soil (42 fruit/m?) (Figure 5). A similar trend was observed by
Devetter et al. (2017) who found that strawberry fruit num-
ber was higher under biodegradable mulch treatments than
bare soil. No significant difference was detected in data col-
lected for the average weight of tomato fruit. The biodegrad-

able mulch showed a slight increase in the average weight
of tomato fruit (101 g) followed by oxo-degradable mulch
(96 g) compared to polyethylene mulch (85 g) and bare soil
treatment (84 g). Similar observation were obtained by Can-
dido et al. (2006); Martin-Closas et al. (2008); Moreno et al.
(2009) who found insignificant difference in average fruit
weight of tomato between polyethylene and biodegradable
mulch. In addition, Hannan (2012) observed that there were
no significant differences in fruit weight of tomato between
the biodegradable, oxo-degradable and polyethylene mulch.

a

70

60 i b

50 .

30

20

10

04 : ,

bare soil polyethylene
Mulch treatment

Fruit number /m?
S
o

Fig. 5. Effect of degradable mulches on fruit number/m?

Evaluation of visual mulch degradation

Another purpose of this study was to assess the ability of
degradation of degradable mulch (oxo-degradable and bio-
degradable) under local environmental conditions. Since one
of the main benefits associated with the use of degradable
mulch is to overcome the removal and disposal problems of
polyethylene mulch. The results of the assessment indicated
that degradation of biodegradable mulch began early in the
growing seasons. The first signs of degradation were found
17 days after transplanting (Figure 6).

Fig. 6. The first signs of degradation
in the biodegradable mulch 17 days after transplanting

The oxo-degradable and polyethylene mulch did not
show any signs of degradation on the same date. Also, More-
no et al. (2009) observed that first signs of mulch degradation
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appeared in the biodegradable mulch only seven days after
tomato transplanting. A similar observation in the previous
study conducted by Cowan et al. (2013) who mentioned
that first signs of visual mulch degradation appeared within
2 weeks in biodegradable mulch treatment. Field observa-
tions, depended on percent scale of mulch degradation (0%
= intact mulch, 100% = completely degradation) showed
significant differences between mulch treatments. These dif-
ferences persist to the end of growing season. The biode-
gradable mulch had the highest percent of visual degradation
among mulch treatments (80), followed by oxo-degradable
treatment (40). The degradation of polyethylene mulch treat-
ment, as expected, was less evident, remained practically in-
tact and had the lowest percent of visual mulch degradation
at the end of the growing season (3.17 ) (Figure 7).

== polyethylene mulch

~={—oxo-degradable mulch

~=—biodegradable mulch
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Fig. 7. Evaluation of visual mulch degradation
according to the percent scale of mulch degradation
(0% = intact mulch, 100% = completely degradation)

From current results, it appears that the polymer com-
position can contribute to the difference in degradation be-
tween the biodegradable and oxo-degradable mulch treat-
ments. The conclusions obtained by Kale et al. (2007);
Lopez-Tolentino et al. (2017) supported our hypothesis.
They stated that biodegradation depends on various factors
included the polymer characteristics as chain flexibility, mo-
lecular weight, and polymer composition. The current results
consistent with DeVetter et al. (2017) who mentioned that
biodegradable mulch showed the highest degradation and
only 3% degradation in polyethylene mulch. Similar results
was attained by Sabatino et al. (2018) as they found that the
degradation was higher for biodegradable mulch compared
to polyethylene mulch which recorded only 7.7% of mulch
degradation. It appears that polyethylene mulch did not ex-
hibit any significant visual evidence of degradation through-
out present study.

Despite the high performance of the oxo-degradable
mulch on tomato growth and yield, its degradation during
the growing season was not satisfying due to the low percent
visual degradation compared to the biodegradable mulch.

Secondly, due to the experimental site pollution with plastic
particles resulted from the oxo-degradable fragmentation.
While the biodegradable mulch was significantly degrada-
tion compared to polyethylene and oxo-degradable mulch.
Since the biodegradable mulch is considered a suitable car-
bon source for microorganisms, this feature might be help-
ful in the consume of biodegradable mulch by microorgan-
ism and consequently accelerated the degradation rate. The
present results support the hypothesis that biodegradable
mulch is a beneficial alternative to polyethylene, while the
hypothesis that oxo-degradable mulch as an environmentally
friendly alternative to polyethylene mulch is questionable.

Conclusions

Based on present results, the lower soil temperature un-
der biodegradable mulch during the summer season might be
attributed to the enhancement of tomato vegetative growth.
This enhancement positively revealed a significant effect on
total, marketable yield and fruit number of tomato. The re-
sults of the visual degradation assessment indicated that bio-
degradable mulch had the highest percent of visual degrada-
tion followed by oxo-degradable mulch. The degradation of
polyethylene mulch, as expected, was less evident, remained
practically intact and had the lowest percent of visual mulch
degradation at the end of the growing season. We can con-
clude that biodegradable mulch might be a suitable alterna-
tive to polyethylene mulch for tomato production under field
conditions as it may offer the benefits of polyethylene mulch
for crop production with the added benefit of environmen-
tal protection. Despite the positive effect of oxo-degradable
mulch on tomato growth and yield, it might be not a suitable
option to be alternative to polyethylene mulch, if environ-
mental pollution with plastic mulch residues taken into ac-
count. Further studies are needed to test these types of mulch
in the long term and in different locations.
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