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A B S T R A C T   

A study was conducted under field conditions to investigate the effects of different soil mulching on tomato 
development and yield for fresh consumption. Two experiments were conducted, one in the fall-winter and the 
other in the spring-summer. The following treatments were evaluated: soil mulching with brown plastic film (1); 
green plastic film (2); black plastic film (3); silver/black plastic film (4); white/black plastic film (5), yellow/ 
brown plastic film (6); rice straw mulching (7); without mulching and with herbicide application (8); without 
mulching and with weed hoeing (9); and, without mulching and without weed control (10). Morphometric 
characteristics of tomato cv. Cordillera were measured at 10, 20, 30, and 40 days after transplanting (DAT). At 
harvest, yield and number of fruits, total and commercial, were measured, and then physicochemical analyzes 
were performed. The results reported that colored plastic film mulches affected soil temperature in both growing 
seasons, with higher temperatures for dark-colored mulching films, which may have compromised plant growth 
in the spring-summer season. In the fall-winter season, yellow and silver plastic film mulches improved tomato 
plant growth at 40 DAT, while green and silver plastic film mulches resulted in a 33 and 34 % increase in yield 
and the total number of fruits, respectively. Thus, it was possible to conclude that soil mulching materials have 
distinct effects on tomato development and yield, depending on the growing season.   

1. Introduction 

Tomato (Solanum lycopersicum L.) is a vegetable of great economic 
importance worldwide and is commercially cultivated on all continents 
(Sun et al., 2014). Tomato is an essential component in the diet of the 
world population because it has high levels of lycopene and minerals, 
resulting in benefits to human health (Perveen et al., 2015). Brazil is 
among the top ten tomato producers in the world. In 2018, the country 
produced more than 4.11 million tons in an area of 57.134 ha (FAOSTAT 
Database Results, 2020). 

Many management practices have been studied, aiming to enhance 
the yield and quality of agricultural products. Among the technologies 
used in the cultivation of vegetables in recent years, the soil mulching 
with plastic films or organic material has stood out (Lopes et al., 2011). 
In some vegetable species, this practice has been important in improving 
production and product quality (Zhang et al., 2018). 

Soil mulching is a method used in crops grown around the world, 
especially for vegetables, which can promote numerous advantages 
(Moreno et al., 2016). Mulching improves soil water retention capacity, 

contributes to early crop development, changes the soil temperature and 
reduces weed incidence, and all these factors contribute to increased 
yield (Mutetwa and Mtaita, 2014; Haque et al., 2018; Zhao et al., 2014; 
Zangoueinejad et al., 2018). However, these effects may vary according 
to soil type, climate, and material used for mulching (Ghosh et al., 
2006). 

The mulching can be done with organic materials such as straw or 
with inorganic materials such as plastic films. The choice of mulching 
material depends on the climate, the cost-benefit ratio, and the crop to 
be grown (Wang et al., 2016). Mulching materials have a direct influ
ence on the microclimate near the plant, which can have positive or 
negative impacts on plant physiological metabolism (Kader et al., 2017). 
Beneficial effects of soil mulching have been reported for several crops, 
including tomato (Kosterna, 2014), potato (Zhao et al., 2014), blueberry 
(Munner et al., 2019), strawberry (Deschamps et al., 2019), and maize 
(Wang et al., 2019). 

The plastic film has become the main material used for soil mulching 
in recent years (Steinmetz et al., 2016), especially in vegetable pro
duction. The most popular types of plastic mulching films on the market 
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are black mulch film and white/black mulch film. Other colors of plastic 
mulch films that are being studied, include silver, red, blue, yellow, and 
green films (Decoteau et al., 1988; Caruso et al., 2019). However, the 
effects of these colored mulch films on plant development and produc
tion are still inconclusive. 

The coloring of plastic mulch films results in distinct responses due to 
the ability of each color to absorb, transmit and reflect incident solar 
radiation, which may influence soil temperature and the plastic mulch 
surface (Ham et al., 1993). In this context, it is evident that information 
on the use of different plastic mulching films is still incipient. Thus, the 
study aimed to determine the effects of different materials used as soil 

mulches on growth and yield of tomato plants. 

2. Material and methods 

2.1. Experimental description 

Two experiments were conducted under field conditions in the 
Horticulture Sector of the Faculty of Agronomy of the Federal University 
of Goiás, in Goiânia, Goiás, Brazil (16◦35′12′′ S, 49◦21′14′′ W, and 730 m 
of altitude). One experiment was carried out during the fall-winter 
season (from July to October 2018) and the other in the spring- 

Fig. 1. Daily rainfall, average, minimum, and maximum temperature during fall-winter (A) and spring-summer (B) season.  
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summer season (from November 2018 to February 2019). In the fall- 
winter season, lower rainfall rate, lower relative humidity, and mild 
temperatures were observed (Fig. 1A), while in the summer season, 
higher rainfall and higher temperatures were recorded (Fig. 1B). 

The experiments were carried out in clayey soil (53 % clay, 35 % 
sand, and 12 % silt) under the conventional tillage system. The soil had 
the following chemical characteristics: pH in CaCl2 of 5.3; 0.0; 3.9; 2.3; 
0.8; and 0.64 cmolc dm− 3 of Al3+, H +Al, Ca2+, Mg2+ and K+, respec
tively; 30.8 mg dm− 3 of P, and 21 g dm− 3 of organic matter. 

The experimental design was a randomized block design with ten 
treatments and four replications. The treatments consisted of different 
materials for soil mulches: 1) brown plastic film (25 μm thickness), 2) 
green plastic film (25 μm thickness), 3) black plastic film (18 μm thick
ness), 4) silver/black plastic film (22 μm thickness), 5) white/black 
plastic film (22 μm thickness), 6) yellow/brown plastic film (25 μm 
thickness), both produced from polyethylene films manufactured by 
Ginegar Polysack; 7) rice straw mulch (10 t ha− 1, Ceasa, Goiânia, 
Brazil), 8) without mulches and with herbicide application, 9) without 
mulches and with weed hoeing, and 10) without mulches and without 
weed control. Chemical weed control was performed using 1.0 L ha-1 of 
herbicide metribuzin (Sencor®, Bayer Crop Science S.A.) and 0.5 L ha-1 

of herbicide fluazifop-p-butyl (Fusilade® 250 EW, Syngenta Proteção de 
Cultivos Ltda), in two applications at 13 and 21 days after transplanting 
(DAT). The weed control with hoeing was carried out weekly. 

Tomato seedlings were produced in 128 cell expanded polyethylene 
trays, in a commercial seedling nursery and transplanted at 35 days after 
sowing. The cultivar Cordillera® (Feltrin, Farroupilha, Brazil) was used, 
which has an indeterminate growth habit and fruits of saladete type. The 
plants were grown in four beds of 1.20 m wide, in double rows spaced 
0.8 m between rows and 0.5 m between plants. The distance between the 
beds was 1.20 m, totaling 16.66 thousand plants per hectare.The 
experimental unit was represented by 16 plants, being considered the 
eight central plants as a useful plot for the measurements of plant 
development and fruit yield. 

The need for irrigation was determined according to the soil mois
ture provided by the Irrigás Básico sensor (Embrapa, Brasília, Brazil). 
Irrigation was carried out following the recommendations of Alvarenga 
(2013), considering the water requirement of the tomato crop of 
approximately 600 mm throughout the cycle. Three irrigations were 
carried out per week, with the application of a 14 mm irrigation depth in 
each irrigation throughout the 14 weeks of cultivation. This irrigation 
management was applied to all treatments. Irrigation was not carried 
out only on days of natural precipitation. 

The plants were grown in the vertical system with two stems, trel
lised with plastic string with ultraviolet protection. Thinning of lateral 
shoots was performed weekly, and all tomato plants were pruned at the 
height of 1.8 m. At the time of apical pruning, the plants had from 5 to 6 
fruiting trusses. Pest and disease management were performed as 
needed with products registered for the crop. In the autumn-winter 
experiment, the plants were grown for 97 days and in the spring- 
summer for 84 days. 

2.2. Soil temperature 

Ten measurements of soil temperature were performed, at 7-day 
intervals, from the beginning of the transplant until 70 DAT. The data 
collection was performed with a digital thermometer (TE02, Asko, São 
Leopoldo, Brazil) with a probe 115 mm long stainless steel. Measure
ments were taken at 7 a.m. and 2 pm in two depths, at 5 and 10 cm below 
the soil surface. 

2.3. Plant development 

Developmental evaluations were carried out at 10, 20, 30, and 40 
DAT, based on plant height and stem diameter, from 8 plants in the 
center of the seedbed for each replication. The height of the plants was 

produced using a 1.5 m ruler, considering the distance between the soil 
surface and the apical meristem of the main stem. The stem diameter 
was measured at 1.0 cm from the soil surface with a digital caliper (MTX, 
China). 

2.4. Yield, the total number of fruits and marketable fruits 

The harvests were carried out weekly, totaling five harvests. The 
estimated fruit yield (tons per hectare) and the total number and 
marketable fruits (fruit per plant) were performed after the final harvest 
(5th weeks of harvest). 

2.5. Physicochemical analysis 

The content of soluble solids and titratable acidity were determined 
with samples composed of the pulps of five fruits per plot, harvested at 
the ripe stage, and crushed. The titratable acidity content was deter
mined by titrating 5 g of homogenized pulp and diluted to 90 mL of 
distilled water, with a standardized 0.1 M NaOH solution, using 1% 
phenolphthalein alcoholic solution as an indicator. The soluble solids 
content was measured by refractometric reading in ºBrix, at 20 ◦C, with a 
refractometer Digital Abbe Refractometer (Quimis, Diadema, Brazil). 
The results were expressed in g of citric acid per 100 g of pulp. All 
chemical analyzes were performed in triplicate according to the pro
posed methodology Instituto Adolfo Lutz (São Paulo) (2008). 

2.6. Statistical analysis 

Analysis of variance was performed to evaluated the treatments ef
fects on the soil temperatures in each season. The effect of the ‘treat
ments’, ‘season’, and intection ‘treatments x season’ about developtment 
and productivity variables was evaluated by analysis of variance. When 
significant effects of evaluated factor were observed (F test, P ≤ 0.05), 
the means were compared by the Tukey test at 5% probability. All an
alyses were performed using SAS statistical software (SAS Institute, 
Cary, NC, version 9.4). 

3. Results 

3.1. Soil temperature 

The soil mulch materials had a direct effect on soil temperature in 
both growing seasons (Table 1). About the two growing seasons, the 
highest soil temperatures were recorded at both depths (5 and 10 cm) in 
the spring-summer. 

In the fall-winter season, an increase of 2 ◦C in soil temperature at 7 
a.m. was observed with the use of brown, green, black, and silver plastic 
mulches films compared to treatments without soil mulching at both 
depths. Similar results were observed at 2 pm for brown, green, and 
black plastic mulches films, which had the highest temperatures, with an 
average increment of 2.54 ◦C compared to treatments without mulches 
cover. However, during this evaluation, rice straw mulch resulted in a 
reduction of up to 3 ◦C in soil temperature when compared to treatments 
without cover. 

In the spring-summer season, all mulch materials provided high soil 
temperatures at 7 a.m. at both depths. The highest temperature in
creases (2.27–2.55 ◦C) were observed with the use of brown and green 
plastic mulches films. In both depths, the treatments without mulches 
presented lower soil temperature. At 2 pm, the use of brown and green 
plastic mulch films provided higher soil temperatures at both depths, 
with an average increment of 4 ◦C. The treatments without covering and 
without weed control and rice straw had the lowest soil temperatures, 
with 28.20 and 27.88, respectively. 
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3.2. Plant development 

About plant height, at ten days after transplanting (DAT), there was a 
difference only according to the growing season (Table 2), with the 
highest average observed in autumn-winter cultivation (Table 3). For 
the other periods evaluated, there was an interaction between the fac
tors (Table 2), with higher plant height in the spring-summer cultivation 
in all treatments. 

In the autumn-winter cultivation, there was a significant difference 
in plant height only at 40 DAT, a higher average was observed in the 
yellow and silver plastic coverings. Lower plant height was found in 
treatments without cover with herbicide application, and without cover 
and weed control (Table 4). 

In the spring-summer cultivation, at 20 DAT, the green plastic cover 
had a lower average plant height, and the other treatments did not differ 
from each other. In the subsequent evaluation, at 30 DAT, treatment 
without soil covering and herbicide showed the highest average plant 
height, differing from treatments with black, green, and brown plastic 
cover. At 40 DAT, treatments without covering with herbicide, without 
cover with weeding, white plastic cover, and straw cover, showed taller 
plants. The brown and green plastic coverings had the lowest plant 
height at 30 and 40 DAT. 

For stem diameter at 10, 20, 30 and 40 DAT, there was an interaction 
between the factors ’coverage’ ’growing season’ (Table 2), with higher 

Table 1 
Soil temperature at 7 a.m. and 2 p.m. at two depths (5 and 10 cm). in the fall- 
winter and spring-summer growing seasons.  

Mulch material Temperature 7 am (ºC) Temperature 2 pm (ºC)  

5 cm 10 cm 5 cm 10 cm 

Fall-winter season     
Brown plastic 20.04 a 21.33 ab 28.92 a 26.84 a 
Green plastic 19.96 a 21.41 a 27.94 ab 26.08 ab 
Black plastic 19.84 a 21.25 ab 27.87 ab 26.06 ab 
Silver plastic 19.63 ab 21.11 

abc 
26.87 bc 25.25 bc 

White plastic 18.93 
abc 

20.25 
abc 

25.52 cd 24.13 cde 

Yellow plastic 18.92 
abc 

19.74 bc 25.98 cd 24.56 cd 

Rice straw 19.13 
abc 

20.02 
abc 

22.44 e 22.54 f 

Without mulches/ 
herbicide1 

17.95 bc 19.74 bc 26.28 
bcd 

24.86 cd 

Without mulches/hoeing2 17.68 c 19.50 c 25.50 cd 23.94 de 
Without mulches/without 
control3 

17.81 c 19.68 bc 24.58 d 23.30 ef 

Pr > F <0.0001 <0.0001 <0.0001 <0.0001 
CV (%) 10.62 9.51 8.12 5.34 
Spring-summer season     

Brown plastic 25.50 a 26.63 a 35.34 a 33.18 a 
Green plastic 25.66 a 26.62 a 34.40 ab 33.13 a 
Black plastic 25.08 ab 26.32 ab 33.61 abc 31.71 abc 
Silver plastic 25.34 a 26.32 ab 32.79 bc 31.22 

bcd 
White plastic 24.46 b 25.33 c 32.00 c 30.48 

bcd 
Yellow plastic 25.13 ab 26.04 ab 33.86 abc 31.87 ab 
Rice straw 25.17 a 25.81 bc 28.29 d 27.47 e 
Without mulches/ 
herbicide1 

23.14 c 24.06 d 32.01 c 29.84 d 

Without mulches/hoeing2 22.73 c 23.70 d 31.69 c 30.00 cd 
Without mulches/without 
control3 

23.14 c 23.90 d 28.79 d 27.61 e 

Pr > F <0.0001 <0.0001 <0.0001 <0.0001 
CV (%) 3.32 2.86 8.04 6.97 

Values followed by similar letters under the same column are not significantly 
different at p ≤ 0.05 according to Tukey test. 

1 Without mulches and with herbicide application. 
2 Without mulches and with weed hoeing. 
3 Without mulches and without weed control. 
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averages in spring-summer cultivation in all treatments, except for the 
silver plastic cover at 40 DAT (Table 4). In the autumn-winter cultiva
tion, there was a significant difference only at 30 and 40 DAT, where the 
yellow cover presented plants with a larger diameter, differing from the 
treatment without cover and weed control. 

In the spring-summer cultivation, there was a statistical difference 
only for the evaluations at 10 and 30 DAT for the stem diameter vari
able. At 10 DAT, green and straw coverings presented lower averages, 
and the other treatments did not differ from each other. At 30 DAT, the 
white plastic cover had a higher average stem diameter, differing from 
treatments without cover and weed control and with a silver cover. 

3.3. Total yield, marketable yield, the total number of fruits and 
marketable fruits 

Regarding total yield, there was a significant interaction between the 
factors evaluated (Table 2). Regarding silver and green cover, higher 
averages were found in the autumn-winter cultivation, unlike the 
treatment without cover and without weed control, which presented 
higher averages in the spring-summer cultivation. In the autumn-winter 
cultivation, all treatments showed total yield superior to that without 
cover and without weed control. The highest averages were found in 
green and silver coverings. In the spring-summer crop, there were no 
differences between treatments (Table 5). 

Marketable production was not influenced by the interaction be
tween the factors evaluated (Table 2). Treatments without weeding, 
silver, and the brown plastic cover showed higher averages of com
mercial production. The treatment without cover and weed control 
showed a lower average of commercial production compared to the 
others. Regarding the growing season, the highest average was observed 
in spring-summer (Table 3). 

For the total number of fruits, there was an interaction between the 
factors evaluated (Table 2). The treatments with a white cover, rice 
straw, without cover using herbicides, without cover with weeding, and 
without cover and without weed control had the highest averages of the 
number of fruits in spring-summer cultivation. In autumn-winter culti
vation, treatments without cover and weeding and green, silver, yellow, 

brown, and black coverings presented the highest averages, differing 
from treatment without cover and weed control. In the spring-summer 
cultivation, there were no differences between treatments (Table 5). 

About marketable fruits, there was no effect of the interaction be
tween growing seasons and coverages (Table 2). The treatments without 
cover and with weeding and plastic coverings in silver, brown, white, 

Table 3 
Average values of plant height at 10 DAT (ALT10), marketable yield (MYIELD), 
number of marketable fruits (NFM) and post-harvest quality of fresh market 
tomato, total soluble solids (TSS) and titratable acidity (TA), in response to the 
growing under different mulching or season.  

Mulch material ALT10 MYIELD NFM TSS TA 

Brown plastic 21.14NS 36.19 a 27.95 a 4.16NS 0.32NS 

Green plastic 20.69 34.54 ab 27.12 
ab 

4.27 0.31 

Black plastic 20.68 35.95 ab 27.42 a 4.29 0.32 
Silver plastic 20.69 37.53 a 28.24 a 4.20 0.33 
White plastic 20.94 35.97 ab 27.54 a 4.58 0.37 
Yellow plastic 21.25 35.66 ab 27.19 

ab 
4.47 0.35 

Rice straw 20.86 31.91 ab 25.72 
ab 

4.55 0.38 

Without mulches/ 
herbicide1 

20.45 36.10 ab 26.84 
ab 

4.33 0.33 

Without mulches/hoeing2 20.01 40.39 a 29.84 a 4.25 0.32 
Without mulches/without 

control3 
19.74 27.48 b 22.11 b 3.95 0.38 

Growing season      
Fall-winter 21.63* 28.65* 19.99* 4.13* 0.34NS 

Spring-summer 19.66 41.70 34.00 4.48 0.34 

Values followed by similar letters under the same column are not significantly 
different at p ≤ 0.05 according to Tukey test. 

* Significant difference and NSNot significant difference (F, p ≤ 0.05). 
1 Without mulches and with herbicide application. 
2 Without mulches and with weed hoeing. 
3 Without mulches and without weed control. 

Table 4 
Plant height and stem diameter of tomato plants grown under different soil 
mulch in the fall-winter and spring-summer growing seasons.  

Mulch 
material 

Plant height (cm) Stem diameter (mm) 

20 DAT 30 DAT 40 DAT 20 DAT 30 
DAT 

40 DAT 

Fall-winter 
season       
Brown 
plastic 

35.05NS 58.55NS 96.26 
ab 

7.85NS 10.93 
ab 

15.09 
abc 

Green 
plastic 

34.98 56.08 96.28 
ab 

7.73 10.89 
ab 

15.32 
ab 

Black 
plastic 

34.54 58.47 94.40 
ab 

7.67 10.92 
ab 

14.70 
abc 

Silver 
plastic 

33.83 57.91 99.57 a 8.02 11.55 
ab 

15.85 
ab 

White 
plastic 

34.66 56.28 95.31 
ab 

7.71 10.84 
ab 

14.65 
abc 

Yellow 
plastic 

36.03 59.18 100.98 
a 

8.02 11.91 
a 

16.08 a 

Rice straw 35.07 56.16 93.03 
ab 

7.31 10.37 
ab 

14.15 
abc 

Without 
mulches/ 
herbicide1 

32.82 52.61 89.46 b 6.82 9.95 
ab 

13.82 
abc 

Without 
mulches/ 
hoeing2 

33.64 54.50 94.72 
ab 

7.01 10.29 
ab 

13.39 
bc 

Without 
mulches/ 
without 
control3 

32.38 53.38 88.56 b 6.77 9.42 b 12.76 c 

Pr > F 0.4079 0.1138 0.0003 0.0844 0.0453 0.0009 
Spring- 

summer 
season       
Brown 
plastic 

49.73 
ab 

82.91 
bc 

120.50 
bc 

13.09NS 17.02 
ab 

17.86NS 

Green 
plastic 

47.84 b 77.31 c 116.66 
c 

13.04 15.84 
ab 

17.35 

Black 
plastic 

50.03 
ab 

84.41 
bc 

124.37 
abc 

12.97 16.96 
ab 

18.36 

Silver 
plastic 

49.81 
ab 

86.53 
ab 

123.67 
abc 

13.30 15.39 
b 

17.25 

White 
plastic 

52.78 
ab 

89.75 
ab 

130.50 
a 

14.54 18.01 
a 

18.94 

Yellow 
plastic 

53.13 a 88.72 
ab 

127.50 
ab 

13.38 16.53 
ab 

18.17 

Rice straw 50.61 
ab 

88.70 
ab 

130.09 
a 

13.81 16.23 
ab 

18.24 

Without 
mulches/ 
herbicide1 

53.94 a 93.16 a 129.31 
a 

13.68 16.30 
ab 

17.87 

Without 
mulches/ 
hoeing2 

53.03 a 90.28 
ab 

129.81 
a 

13.70 16.20 
ab 

17.62 

Without 
mulches/ 
without 
control3 

51.53 
ab 

87.47 
ab 

125.16 
abc 

13.52 15.63 
b 

17.38 

Pr > F 0.0034 0.0001 0.0001 0.1037 0.0281 0.4902 
CV (%) 5.10 4.60 3.41 6.76 7.47 6.73 

Values followed by similar letters under the same column are not significantly 
different at p ≤ 0.05 according to Tukey test. NS Not significant difference (F, 
p ≤ 0.05). 

1 Without mulches and with herbicide application. 
2 Without mulches and with weed hoeing. 
3 Without mulches and without weed control. 
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and black showed the highest average number of fruits, and the treat
ment without cover and weed control showed the lowest average of 
commercial fruits. About the cultivation period, the highest average was 
observed in the spring-summer (Table 3). 

3.4. Physicochemical quality of fruits 

About soluble solids, there was a significant difference only between 
periods of cultivation (Table 2), with the highest content in spring- 
summer cultivation (Table 3). For titratable acidity, no significant dif
ference was observed for all factors evaluated (Table 2). 

4. Discussion 

The temperature increase occurred with the use of all plastic mulches 
films, but with higher intensity during the spring-summer growing 
season in darker mulches films. Similar behavior was observed by Zhang 
et al. (2019), where there was an increase in soil temperature with 
plastic coverings in all growing seasons, especially in the summer.The 
results showed that dark-colored plastic mulches films (black, brown, 
and green) provided a higher increase in soil temperature when 
compared to the soil without mulches. Similar results were reported by 
Filipović et al. (2016) and Majumder et al. (2016). 

The soil temperature under mulching depends on the specific ther
mal properties of the material used and the incident solar radiation 
(Pramanik et al., 2015). The color of the plastic mulch film determines 
the behavior of the radiant energy and its influence on the microclimate, 
which may affect soil temperature. The black plastic mulch film tends to 
absorb and transmit more shortwave radiation, resulting in increased 
soil profile temperature (Job et al., 2016). According to Díaz-Pérez and 
Batal (2002), the ideal soil temperature near the root system for tomato 
cropping ranges from 24.5–29.3 ◦C, with a maximum of 30.3 ◦C, above 
which tomato development can be inhibited. 

The rice straw mulching contributed to the reduction of soil tem
perature, especially at 2 pm, in both growing seasons. This is because 
this mulch material has a higher albedo and lower thermal conductivity 
than soil without mulches, which reduces the amount of radiation 
reaching the soil surface, resulting in less surface energy available to 
heat the soil (Horton et al., 1996; Jabran, 2019). Similar results have 
been reported for okra (Adekiya et al., 2017) and maize (Haque et al., 
2018; Yin et al., 2019) crops. 

Tomato plants showed greater development in spring-summer 
cultivation. This period of the year is characterized by a higher inci
dence of sunlight and higher temperatures than in winter (Karvatte 
Junior et al., 2020). According to He et al. (2019), among the environ
mental factors, air and soil temperature play a fundamental role in the 
growth of tomato plants. 

In the autumn-winter cultivation, the plants in the yellow and silver 
cover presented higher plant heights and stem diameter. Research on 
yellow coverage is still scarce, but the efficiency of the silver coverage in 
plant growth has already been found in studies by Jha et al. (2018) in the 
okra crop and Torres-Olivar et al. (2017) in cucumber crop. The plants 
on the cover with rice straw showed lower mean stem diameter, a result 
similar to treatments without cover and without weed control. A similar 
result was found by Moursy et al. (2015) in tomato, showing that plants 
grown in rice straw cover had stem diameter lower than the plastic 
cover. 

The brown, green, black, and silver plastic cover reached higher soil 
temperatures and, consequently, lower plant height in spring-summer 
cultivation. According to Szymańska et al. (2017), photosynthesis is 
directly affected by the temperature conditions of the production envi
ronment, as some physiological processes are more sensitive to high 
temperatures. Thus, extreme temperatures above the optimum for the 
crop can cause several negative impacts on plant growth. A study carried 
out with tomatoes showed that root growth was strongly restricted by 
heat stress induced by black plastic mulch (Zhang et al., 2019). 

The positive effect of plastic mulches films on tomato yield was 
significant only in the fall-winter growing season. In the spring-summer 
season, the use or not of soil mulches resulted in similar tomato fruit 
yield, indicating that mulches will not always increase crop yield 
(Ibarra-Jiménez et al., 2012). Adamczewska-Sowińska and Turczuk 
(2018) reported that the use of soil mulches did not significantly in
crease tomato fruit yield. 

In the fall-winter growing season, the highest tomato fruit yield was 
observed with the use of green and silver plastic mulches film with an 
increase of 33 % and 34 %, respectively, when compared to treatments 
without mulches. Many studies have reported that plastic mulch in
creases the yield of many vegetables, such as eggplant (Adamczew
ska-Sowińska et al., 2016), potatoes (Li et al., 2018), and tomatoes 
(Rahman et al., 2016; Kundu et al., 2019). 

Plastic coverings were effective for a greater amount of total and 
marketable fruits, similar to those found by Ogundare et al. (2015). 
According to Ansary et al. (2017), the increase in the number of fruits 
per plant may be related to an improved microclimate, below and above 
the soil surface, using plastic coverings. 

The plants grown in the treatment without mulches and without 
weed control presented the lowest total yield, marketable yield, the 
number of fruits and marketable fruits, certainly due to the presence and 
competition of weeds with tomato plants. Weeds can cause direct and 
indirect damage to the tomato crop. Weeds act directly in reducing fruit 
yield by competing for production factors such as water, light, nutrients, 
and carbon dioxide (CO2). They act indirectly by creating a microcli
mate favorable to disease occurrence and may have an allelopathic ef
fect or host pest insects (Castro et al., 2016). 

The highest content of soluble solids was found in spring-summer 
cultivation, possibly due to higher irradiance and ambient tempera
ture. Solar radiation and temperature have a great influence on the 
accumulation of sugar in fruits, with an increase in the content of soluble 
solids in periods with higher temperatures and greater irradiance, and it 

Table 5 
Total yield (TYIELD) and number of total fruits (NFT) of tomato crop grown 
under different soil mulch in the fall-winter and spring-summer growing 
seasons.  

Mulch material TYIELD (t ha− 1) NFT (number plant− 1) 

Fall-winter season   
Brown plastic 49.22 a 35 a 
Green plastic 52.60 a 36 a 
Black plastic 46.17 a 33 a 
Silver plastic 53.18 a 36 a 
White plastic 42.71 a 30 ab 
Yellow plastic 51.41 a 36 a 
Rice straw 41.16 ab 29 ab 
Without mulches/herbicide1 43.47 a 30 ab 
Without mulches/hoeing2 47.23 a 32 a 
Without mulches/without control3 27.98 b 22 b 
Pr > F <0.0001 <0.0001 
Spring-summer season   
Brown plastic 46.75NS 38NS 

Green plastic 41.88 36 
Black plastic 45.88 37 
Silver plastic 44.67 37 
White plastic 48.93 40 
Yellow plastic 46.35 38 
Rice straw 43.66 39 
Without mulches/herbicide1 47.69 38 
Without mulches/hoeing2 53.07 42 
Without mulches/without control3 40.14 33 
Pr > F 0.1644 0.2487 
CV (%) 13.01 11.32 

Values followed by similar letters under the same column are not significantly 
different at p ≤ 0.05 according to Tukey test. NS Not significant difference (F, 
p ≤ 0.05). 

1 Without mulches and with herbicide application. 
2 Without mulches and with weed hoeing. 
3 Without mulches and without weed control. 
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is unlikely that the sugar production of winter fruits will be the same as 
that produced in the summer (Beckles, 2012). The soil cover did not 
alter the titratable acidity of tomato fruits, similar to that found by 
Compagnol et al. (2014). 

5. Conclusions 

Plastic film mulches affect soil temperature in both growing seasons, 
with higher temperatures using dark-colored mulches films, which may 
have compromised plant growth during the spring-summer growing 
season. In the fall-winter growing season, yellow and silver plastic film 
mulches improved tomato plant growth, while green and silver plastic 
film mulches resulted in a 33 % and 34 % increase in fruit yield and the 
total number of fruits, respectively. Therefore, soil mulches materials 
have distinct effects on plant development and tomato yield, which is 
dependent on the growing season. 
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Díaz-Pérez, J.C., Batal, K.D., 2002. Colored plastic film mulches affect tomato growth 
and yield via changes in root-zone temperature. J. Am. Soc. Hortic. Sci. 127, 
127–135. https://doi.org/10.21273/JASHS.127.1.127. 

FAOSTAT Database Results, 2020. Crop Statistics. Disponível em: http://www.fao. 
org/faostat/en/#data/QC. Acesso em 13 de agosto de 2020. 
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