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Effect of polyethylene plastic mulch on yield and fruit quality parameters of tomato
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ABSTRACT

The greenhouse experiment was conducted to evaluate the effect of black polyethylene (PE)
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plastic mulch on yield and some quality parameters of tomato. In the study, black PE mulch

material was laid on raised beds and bare soil (not mulched) was used as control. Mulch did
not affect plant height, fruit shape index, chroma and hue angle, firmness, soluble solids

content, titratable acidity. Black PE plastic mulch had a positive influence on yield.
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Significantly higher stem diameter and yield were obtained from the black PE mulch

application (17.23 mm and 18.78 kg da™, respectively) compared to the control (15.30 mm

* CORRESPONDING

and 16.75 kg da*, respectively). On the other hand, vitamin C was higher in control (41.13

mg 100 g*) than in the black PE mulch application.

1. Introduction

Turkey is one of the most important vegetable producers in
the world. The world's fresh vegetable production is 1.1
billion tons and the production area is 58 million hectares.
Turkey ranks fourth globally with approximately 31 million
tons of vegetable production among the producer countries
(FAO, 2019). Open area vegetable production is 23.2 million
tons and 7.8 million tons of production is realized under
greenhouse conditions (Republic of Turkey Ministry of
Agriculture and Forestry, 2019). Tomato ranks first in
Turkey vegetable production with 12.8 million tons (TUIK,
2020). Agronomic practices are important factors that
increase yield and quality in tomato cultivation. The weeds
that appear in the production areas host lots of diseases and
pests, and they also compete with the crops regarding
nutrients, water in the soil, and sunlight. This leads to a
significant decrease in yield and deterioration of fruit quality.
Excessive use of fertilizers and pesticides against diseases,
pests, and weeds adversely affects the environment and
human health. Therefore, the orientation towards organic
vegetable cultivation has increased (Durmusoglu et al., 2010;
Ozer, 2017a,b).

Mulch is preferred in organic vegetable cultivation due
to essential benefits such as the use of weed control,
conservation of moisture in the soil, increasing soil
temperature, control the erosion losses, and remove the
residual effects of pesticides, fertilizers, and heavy metals,
earliness, and vyield increase, protection of fruits against
diseases, easiness of drip irrigation and water-saving (Unlii
et al., 2006; Kocar, 2007; Zanic et al., 2009; Ozer, 2017a;
Igbal et al.,, 2020). Many researchers have stated that
mulches used in different colors (black, brown, transparent,
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green, and white) and materials (organic and inorganic) have
essential contributions to vegetable growing (Kogar, 2007;
Ozer et al., 2009; Ozer, 2017a). Mulch materials may be
inorganic (paper, aluminum, plastic, etc.) or organic (straw,
sawdust, animal manure, compost, etc.). In the case of using
organic mulches, some problems such as preventing soil
warming by organic material that covers the soil surface like
a layer, changing the pH balance, and in some cases nitrogen
deficiency can occur. The most commonly used inorganic
mulch in the world is polyethylene plastic mulch. The use of
plastic mulch in agriculture is increasing day by day. Plastic
mulch provides the excellent development of plant roots by
causing an increase in soil temperature and encouraging
strong growth (Ekinci and Dursun, 2006). Therefore, this
study investigated the effects of black plastic mulch on the
yield and quality of tomatoes without fertilization.

2. Materials and methods

The research was carried out in the unheated plastic
greenhouse of Ondokuz Mayis University, Faculty of
Agriculture, Department of Horticulture, between 7 April
and 28 July 2021. In the study, seedlings of tomato (Solanum
lycopersicum L. cv. Erva), indeterminate tomato variety,
were used. The plastic greenhouse was in width of 6 m, a
length of 20 m (120 m?), and a side height of 3 m. The raised
bed blocks with and without mulch (bare soil) were 9 m long,
1 m wide, and 25 c¢cm high. Burnt animal manure (1 kg m?)
was incorporated to 5 cm soil depth as base fertilizer along
the prepared tubes. Drip irrigation pipes have been drawn to
be suitable for double-row planting. Afterward, black
polyethylene plastic mulch material was covered on the
prepared raised bed by randomly dispersing the applications.
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The tomato seedlings cv. Erva were planted on April 7, with
50 cm between the rows and 50 cm within the rows.
Chemical fertilizers did not apply after planting.

2.1. Examined parameters

Plant height (cm) was measured from the root collar to the
tip of the plant. The stem diameter (mm) was measured with
a digital caliper in the middle of the inter-node between the
first and the second node. Yield (kg da*) was calculated by
weighing all harvested fruits. In each experiment replication,
ten sampled fruits from both mulch and control treatments
were used in the analyses. The fruit shape index
(width/length) was calculated by dividing the fruit length by
the fruit width. Firmness was removed from 2 different
cheeks of the equatorial part of 10 fruits in each replication
and then measured by a hand penetrometer (4301, Instron,
USA) with a 7.9 mm tip (Kili¢ et al., 1991). The amount of

Temp erature(°C)

water-soluble dry matter was measured with a digital
refractometer (PAL-1, McCormick Fruit Tech. Yakima,
USA). Titratable acidity was determined in the samples
taken from the existing fruit juice samples. Vitamin C (L-
ascorbic acid) content (mg vitamin C/100 g fresh weight)
was calculated by measuring at 518 nm wavelength in a
spectrophotometer according to AOAC (1995). Color of the
fruits was measured in terms of L, A, B using a Minolta color
measuring device and hue angle and chroma values were
calculated according to the following formula [Hue® h= tan’
Y(b/a) Chroma C*=\(a2+b?)] (McGuire, 1992). During the
growing period, greenhouse temperature (°C), relative
humidity (%) (KT100, Kimo, France) were measured from
planting to the end of harvest. The measured values are given
in Figure 1.
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Figure 1. Temperature (°C) and relative humidity (%) values in a greenhouse during the growth period of tomato

Table 1. The effect of mulch application on plant height, stem diameter, fruit shape index and some fruit quality parameters

Investigated parameters Mulch Control P value
Plant height (cm) 186.11 186.32 0.97 ns
Stem diameter (mm) 17.23 a 15.30b 0.04*
Fruit shape index 1.33 1.33 0.56 ns
Chroma 26.11 26.53 0.72 ns
Hue angle 51.88 51.11 0.36 ns
Firmness (kg/cm?) 4.76 5.43 0.12ns
SSC (%) 4.35 4.55 0.23 ns
Titratable acidity (g citric acid 100 mL™?) 2.98 3.22 0.12 ns
Vitamin C (mg 100 g?) 38.86 b 41.13a 0.01*

*: The differences between the means are statistically significant (p < 0.05). ns: non-significant

2.2 Statistical analysis

The study was carried out in Randomised Complete Block
Design with 3 replications. JMP statistical analysis program
was used for statistical analysis. The differences between
treatments means were compared by the “t-test” (p< 0.05).

3. Results and discussions

The plant height of tomatoes was not affected by applying
plastic mulches compared to control (bare soil). Among the
examined parameters, the significant effects of the
applications on stem diameter and vyield values were
determined (p<0.05).

The black PE mulch application determined the highest stem
diameter (17.23 mm) (Table 1). Total yield was significantly
higher for black PE mulch (18.78 kg da') when compared to
the control (16.75 kg da™t) (Figure 2).

It is thought that black PE mulch application conserves
more water in the soil than the control without mulch,
accelerates root activity, and increases water and nutrient
uptake and transport. Other researchers have reported a
significantly higher yield on black PE mulch due to soil
moisture conservation, effective soil temperature, and weed
control (Seyfi and Rashidi, 2007; Berihun, 2011; Mahadeen,
2014; Tesfaye et al., 2016). The black plastic mulch reduced
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soil water evaporation and improved soil water retention
(Mahadeen, 2014). Mulching increased fruit yield and stem
diameter based on these positive contributions compared to
control treatment where mulch is not used. Many studies
have shown that mulch application has a positive effect on
yield compared to mulch is not used (Kurtar, 2010; Ozer,
2012; Rajablariani et al., 2012). Also, Gordon et al. (2010)
stated that plastic mulch produced a higher total yield when
compared with other mulches.
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Figure 2. The effect of mulch on the tomato fruit yield (The
difference between the means of mulch treatments is
statistically significant (p < 0.05)

There were no significant differences between mulched
and non-mulched control treatments for fruit shape index and
colors (chroma and hue angle) (Table 1). In control, fruit
firmness (5.4 kg/mm?), soluble solids content (4.5%) and
titratable acidity (3.22 g citric acid 100 mL') values were
determined a little bit higher than mulching application.
However, there were no significant differences between
mulched and non-mulched control treatments for those traits
(Table 1). Significant (p<0.05) variation was recorded
between plastic mulch and control treatments for vitamin C
content. The vitamin C content was determined higher in
plants grown in control (41.13 mg 100 g*) than that in the
mulching application (38.86 mg 100 g!) (Table 1). Alagoz
et al. (2020) reported that vitamin C values of tomatoes
grown in different planting systems (raised bed and flat) and
the green manure treatments ranged between 17.55 and
24,50 mg 100 g The vitamin C content of tomato is
affected by genetic factors, temperature and light from
environmental factors, water and nutrient content from soil
conditions, and harvest maturity (Ili¢ et al., 2012).

4. Conclusion

The study investigated the effect of mulch use on yield and
quality parameters in tomato cultivation. According to the
results, it was determined that the yield and stem diameter
parameters were higher in mulch treatment than the control.
At the same time, vitamin C content was higher in the control
group. According to the findings, it is thought that the mulch
application keeps the heat and moisture more, encourages
plant growth, and therefore increases the yield and stem
diameter values. However, the high vitamin C content in the
control group suggests that tomato plants increase their
vitamin C content under stress conditions. Overall, mulch is
recommended in vegetable cultivation because of its
benefits, such as preventing weed growth, protecting plant

roots and soil from adverse environmental conditions, and
increasing yield and quality.
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