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Abstract

Heat, moisture and oxygen are important factors that has controlled seed germination, thus A 2 x4 factorial
greenhouse experiment was conducted to determine the influence of colour and thickness of nylon mulch on soil
temperature, moisture, percent germination and selected growth indicators of cucumber (Cucumis sativus L.)
seedlings in a completely randomized design (CRD), where the treatments; nylon colour (white and black) and
thicknesses (0, 1.5, 3.0, and 4.5 mm) were replicated three times. The analysis of variance showed that the white
nylon thickness had positive significant (P < 0.05) influence on soil temperature, soil moisture, plant height and
number of leaves, while black nylon thickness had positive significant (P < 0.05) influence on soil moisture and
plant height and a negative significant (P < 0.01) influence on percent germination, it was also discovered that 1.5
mm thickness of the white nylon contributed significantly (p < 0.05) to the parameters measured, therefore, white
nylon of 1.5 mm thickness could be recommended as mulch material for cucumber production in a sandy clay soil.
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1. Introduction

Mulching with appropriate materials has a number of effects on the soil temperature, conserves soil moisture,
texture and fertility; and controls weeds, pests and diseases as reported by Hanada (1991). Bonanno and Lamont
(1987), also found that transparent and black plastic films created favourable conditions for increasing temperature
in soil. The added soil temperature was 4.9 °C higher under clear plastic mulch where the air temperature is one
of the most important meteorological elements determining the rate of plant growth and development. The practice
of mulching has been utilised to great advantage in the development of horticultural crops and has been proven to
significantly improve the growing conditions of vegetables (Smolikowski et al., 2001). Mulch technical term
means covering of soil, while natural mulches such as leaves, straw, dried leaves and compost have been used for
centuries and add nutrients to the soil through decomposition, but the advent of synthetic materials has altered the
method and benefit of natural mulches (Bhella, 2000). Plastic mulches have been used commercially on vegetables
since early 1960s to modulate the micro-climate around the plants and decreasing the soil water loss, especially
black and clear plastic films on soil, air temperature, moisture retention and vegetable yields (Liakatas et al., 2003).
Inorganic mulch such as black plastic mulch absorbs most incident solar radiation and it transmits and reflects
very little, while transparent plastic mulch allows light to pass through and aids in weed growth (Lamont, 2007).
The importance of mulching to crops is mainly to prevent loss of water by evaporation, to cut down weed growth,
to reduce temperature fluctuations and to promote soil productivity (Decoteau et al, 2000).

1.1 Justification of This Study

The colour of mulching material largely determines its energy-radiating behaviour and its influence on the
microclimate around a vegetable plant. By using different polymers and additives, it is possible for films to transmit,
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absorb or reflect different wavelengths preferentially. It is possible therefore, to create a wide variety of
microclimates by using different types of film, either as covers over crops or as mulch on the soil surface (Ahmed
et al., 2001). The purpose of assorted colours is to reflect far red: red ratios that result in phytochrome regulation
that may enhance plant growth and yield (Franquera, 2015). Plastic mulching has been developed mainly for
vegetable crops (Ibarra-jamenez et al., 2004; Lamont, 2005; Diaz-Pérez, 2010). This has made some development
in coloured mulch technology which helps in the improvement of vegetable production.

Cucumber (Cucumis sativus L.) is one of the most profitable vegetable crops grown under protected cultivation
systems all over the world, and it belongs to the guard family Cucurbitaceae (Ibeawuchi et al., 2008; EI-Wanis et
al., 2012). It is a sub-tropical vegetable crop that grows successfully under conditions of high light, high humidity,
high soil moisture, temperature and fertilizers in greenhouse (El-Aidy et al., 2007). Cucumber is a typical vegetable
of warm temperate and cool tropical areas.

Seed germination is a complex process and regulated by many factors such as nutrient, temperature, water, light
and substrate (Shinomura et al., 1996; Nikolaeva et al., 2002). Germination of seed could be epigeal or hypogeal
germination and is influenced by various environmental factors, availability of moisture and moderate degree of
temperature also play vital roles in the production and quality of plants (Spears et al. 2005; Bettey and Finch 2000).

The objective of this study was to investigate the influence of colors and thickness of nylon mulch on soil
temperature, moisture, percent germination and some growth parameters of cucumber (Cucumis sativus L.)
seedlings.

2. Materials and Methods

The study was carried out at the greenhouse, Teaching and Research farm of the Soil Science and Agricultural
Technology Department of The Oke-Ogun Polytechnic, Saki, located within Latitude 8.3°N and Longitude 2.4°E
in the derived savannah zone, Oyo State, South Western Nigeria, between 11% and 15™ of September, 2019. The
pattern of rainfall is bimodal with average annual rainfall estimated to be about 1200 mm (The Oke-Ogun
Polytechnic Watch Dog weather station, 2019). The experiment was carried out in bowls filled with 2 kilograms
of sieved soil sample. The materials used for this experiment are; soil, sieve (2 mm), bowl, cucumber seeds (St.
Naktuinbouw 21 var), polythene nylon (white and black color), micrometer caliper to measure the nylon thickness,
water, watering can, paper tape, oven, 4 in 1 digital meter and measuring scale. The soil sample was taken at 15
cm dept from the field and air dried for 48 hours, sieved with 2 mm sieve into bowls weighed 2 kilograms of soil.
The particle size distribution was carried out using the hydrometer method described by Bouyoucos (1962) as
presented by (Gee and Or, 2002) using 0.2 M sodium hydroxide as dispersing agent. The soil pH was determined
using a glass electrode pH meter, that is; soil — water suspension (1:1); organic carbon was determined by the
chromic acid digestion method (Walkley and Black, 1935). The total nitrogen concentration was determined by
macro-Kjeldahl method (Bremner, 1996), and the available P was extracted by Bray -1 method (Kuo, 1996) and
determined using spectrometer. Exchangeable K, Ca, Na, and Mg were extracted with neutral (pH 7) solution of
IN NH4O0Ac, K and Na were determined using the flame photometer and Mg and Ca by the atomic absorption
spectrophotometer.

Completely randomized design (CRD) was used with two colors and four thicknesses and each treatment replicated
three (3) times. The sieved soil area of the bowl measured 10 cm by 12 cm (120 cm?) and was covered with the
mulch materials of varied thicknesses of 0 (control), 1.5, 3 and 4.5 mm without opening to prevent the seedlings
from growing beyond the covered mulch materials, being a germination experiment, but partial openings between
fastened mulch materials and the experimental bowls. Farm yard manure (poultry) was applied to the bowls at
500g /2kg soil/ bowl to serve as basal application. The soil moisture content was determined by the oven dry
method, the soil temperature (the soil temperature measurement was at 5 cm depth from day one to five of the
sown seeds at 06:00 and 18:00 hours) with the use of digital probe 4 — in one meter, the percent germination was
simply counted. Growth parameters of the cucumber seedlings were measured from the bowls/pots; plant height
(cm), number of leaves and leaf area (cm?) at the end of the experiment (5 days of germination). The tallest seedling
(three (3) seeds/bowl was sown) from each bowl was selected for plant height measurement which was measured
from the soil level to tip of the plant with a meter rule. The number of leaves was simply counted. Determination
of leaf area Index (LA1) as described by (Watson et al., 2006).

2.1 Statistical Analysis

Data collected from the field were subjected to Analysis Of Variance (ANOVA) of Minitab 16 software package
and Least Significant Difference (LSD) to separate the means.
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3. Results and Discussions

The soil used for the greenhouse experiment showed that the physical and chemical properties of the soil could be
observed as conducive for seed germination (Table 1). The soil texture was sandy clay and the pH was within
acceptable range of nutrient availability in soil and for plant uptake (Marinari et al., 2006). The soil was expected
to hold enough water and oxygen for the germination of the seeds of cucumber due to the texture of the soil used.
The soil temperature at germination at varied thickness of white nylon mulch indicated that, control (0 mm) and
W4 (4.5 mm) had the same temperature (29 °C) (Table 2), while W2 (1.5 mm) and W3 (3.0 mm) also had the same
soil temperature (31 °C) at germination, however, (Table 2) also showed that the soil temperature at germination
due to the effect of varied black nylon mulch thickness had lesser soil temperature (28 °C - 29 °C) when compared
with white nylon mulch (29 °C - 31 °C), this observation was supported by Katan, 1981 when he reported that black
plastic temperature were lower than the clear/white plastic due to less effectiveness of black colour to transmit
solar radiation, the highest soil temperature at germination (31°C) was achieved at 1.5 mm thickness of white nylon
mulch (Table 2) and (29 °C) at 3 mm thickness for black nylon (Table 2). The table of summary of analysis of
variance of influence of white and black nylon mulch thickness on soil microclimate, germination and some growth
parameters of cucumber seedlings (Table 8) indicated that the thickness of the white nylon much had significant
(P <0.01) effects on the soil temperature at germination of cucumber seeds, while thickness of black nylon mulch
did not have significant (P = 0.05) influence on the soil temperature at germination. The means separation by LSD
(P = 0.05) of the significant influence of varied thickness of white nylon mulch on the soil temperature at
germination of cucumber seeds (Table 2) observed soil temperature of 31°C at both 1.5 mm and 3.0 mm thicknesses
were statistically different from 29 °C at 0 and 4.0 mm thicknesses.

Table 1. Properties of the soil (0-15 cm depth) used for the greenhouse experiment

Properties Values

1. Particle size distribution

(a) Sand (%) 67
(b) Silt (%) 7
() Clay (%) 26
Texture Sandy clay
2. Chemical

(a) Soil pH

Soil pH (1:1 water) 6.7
(b) Soil organic matter (%) 1.3
© Organic carbon (%) 0.8
(d) Nitrogen (%) 0.3
(e) Phosphorous (ppm) 0.4
(1) Exchangeable cations (Cmol(+)/kg)

(1) Na~ 0.3

(i1) K- 0.4

(ii1) Ca?* 0.9

(iv) Mg 0.7
(g2) Exchangeable acidity (Cmol(+)/kg)

@ H* 0.1

(i1) Al 0.2
(h) CEC 2.4
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Table 2. The influence of white (W) and black (B) nylon mulch thickness on average soil temperature (°C) (n =
36)

W1 Bl W2 B2 W3 B3 W4 B4

R1 29 29 30 28 31 29 29 29
R2 28 29 31 28 30 29 30 28
R3 29 29 31 29 31 29 29 28
Total 86 87 92 85 92 87 88 85
Av 29b 29ns 3la 28ns 3la 29ns 29b 28ns

Means that do not share a letter are significantly different at (P=0.05)

The soil moisture increased from control to W4 (0 mm; 5 g/g, — 4.5 mm; 12 g/g) in the white nylon bowls (Table
3), despite the increased in soil temperature, this might be due to the white nylon mulch that prevented the escape
of the soil moisture in vapour form to the atmosphere. The black nylon mulch conservation of soil moisture (Table
3) followed the white nylon mulch, this was in line with the findings of Abdel- Hafeez and Abu-Goukh (1984),
and however, the black nylon mulch increment of soil moisture (5 — 9.3 g/g) at germination was less than white
nylon mulch (5 —12 g/g). The summary of analysis of variance (Table 8) observed a significant (P <0.01) influence
of white and black nylon mulch thickness on the improvement of soil moisture at germination of cucumber seeds,
but the improvement in the soil moisture was more pronounced in white nylon than the black nylon mulch, this
could be because the white nylon allowed more heat and increased in soil temperature (Table 2) and eventually
more water to be converted into vapour and condensed. The LSD (P = 0.05), (Table 3), revealed that the white
nylon thicknesses (0, 1.5, and 3.0 mm) are statistically (P = 0.05) the same and statistically (P = 0.05) different
from 4.5 mm thickness, while in the black nylon mulch, the thickness of 0 and 1.5 mm are statistically (P = 0.05)
the same and statistically (P = 0.05) different from 3.0 mm and 4.5 mm thicknesses.

Table 3. The influence of white (W) and black (B) nylon mulch thickness on average soil moisture content (g/g)
at germination (n = 36)

Wl Bl w2 B2 W3 B3 W4 B4

R1 6 3 6 6 6 8 13 9
R2 5 5 6 6 8 9 12 8
R3 4 7 6 7 8 8 11 11
Total 15 15 18 19 22 25 36 28
Av 5b 5b 6b 6.3b 7.3b 8.3a 12a 9.3a

Means that do not share a letter are significantly different at (P=0.05)

The thickness (1.5 mm) of white nylon mulch had the highest percent germination (85 %) (Table 4) and the least
germination (59 %) of cucumber seeds was achieved at 3.0 and 4.5 mm thickness, this might due to a great
reduction of oxygen diffusion into the soil as a result of greater thickness (3.0 and 4.5 mm) of the white nylon
mulch material. The black nylon mulch reduced the percent germination of cucumber (78 — 33 %) from control (0
- 4.5 mm) thickness (Table 4). The white nylon mulch thickness had no significant (P = 0.05) influence on the
percent germination of cucumber seeds, but significant (P = 0.05) influence of black nylon mulch thickness was
recorded on the percent germination of cucumber seeds (Table 8). The LSD indicated that W4 (4.5 mm) thickness
had significant (P = 0.05) reduced influence on the germination percentage of cucumber seeds (Table 4), while
other thickness were statistically (p = 0.05) the same.
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Table 4. The influence of white (W) and black (B) nylon mulch on average percent (%) germination (n=36).

Wl Bl w2 B2 W3 B3 W4 B4

Rl 67 100 78 89 67 89 33 33
R2 100 100 78 50 55 50 78 33
R3 67 67 100 67 56 67 67 33
Total 234 234 256 206 178 206 178 99
Av 78ns 78a 83ns 69a 59ns 69a 59ns 33b

Means that do not share a letter are significantly different at (p=0.05)

The plant height increased as a consequence of using the white and black nylon mulch materials, but the increased
in height was more pronounced in black nylon (5.7 — 11 cm) than that of white nylon (5.7 — 8.7 cm) and this could
be attributed to the seedlings response to phototropism which was a starvation of light as a result of black nylon
mulch and elongation of the seedlings in search of light (Table 5). The significant (p < 0.01) increased influence
of'black nylon was more pronounced (P <0.05) than the white nylon mulch thickness (Table 8). The LSD influence
of white and black nylon mulch thickness on average plant height of cucumber seedlings indicated that control (0
mm) thickness was statistically (P = 0.05) different from other thicknesses for both nylon colors ( Table 5), this
observation of effects of colors of mulch materials was also observed by Franquera, 2011 on Lettuce (Lactuca
sativa).

The thickness (1.5 mm) of the white nylon mulch (Table 6) had the highest number of leaves (4) even when
compared with all black nylon mulch thicknesses (Table 6), the analysis of variance observed significant (P < 0.05)
influence of white nylon mulch thickness on the number of leaves while significant (P = 0.05) influence of black
nylon thickness was not observed on the number of leaves of cucumber seedlings (Table 8) and the LSD (Table 6)
indicated 1.5 mm thickness of white nylon mulch was statistically (P = 0.05) different from other thicknesses of
the white nylon mulch and had an increased influence on the number of leaves of cucumber seedlings, Mutetwa
and Mtaita, (2014), also recorded a significant (P = 0.05) influence of colours of mulch materials on the number
of leaves on the main branch of cucumber.

Both colours and thicknesses of the nylon mulch materials numerically increased the leaf areas of the cucumber
seedlings, while W2 (1.5 mm) had the highest leaf area (9.3 cm?) for the white nylon; W4 (4.5 mm) had the highest
leaf area (9 cm?) for black nylon (Table 7), however, both the color and thicknesses had no significant (P = 0.05)
influence on the leaf area of cucumber seedlings.

Table 5. The influence of white (W) and black (B) nylon mulch on average plant height (cm), (n=36).

W1 Bl w2 B2 W3 B3 W4 B4

Rl 6 6 8 11 8 11 8 12
R2 5 5 6 9 7 13 8 12
R3 6 6 8 11 7 9 10 9
Total 17 17 22 31 22 33 26 33
Av 5.7b 5.7b 7.3a 10.3a  7.3a 1la 8.7a 1la

Means that do not share a letter are significantly different at (p=0.05)

Table 6. The influence of white (W) and black (B) nylon mulch on average number of leaves (n=36).

Wl Bl w2 B2 W3 B3 W4 B4

RI 2 3 3 2 3 2 4 3
R2 2 3 4 3 3 2 3 3
R3 2 3 2 3 2 3 2
Total 6 9 11 7 9 6 10 8
Av 2b 3ns 4a 2ns 3b 2ns 3b 3ns

Means that do not share a letter are significantly different at (P=0.05)
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Table 7. The influence of white (W) and black (B) nylon mulch on average leaf area (cm?) (n=36).

W1 Bl W2 B2 W3 B3 W4 B4
R1 8 7 9 9 9 7 10 9
R2 7 3 10 8 8 8 8 9
R3 9 8 9 8 8 9 9 9
Total 24 23 28 25 25 24 27 27
Av Sns 7.7ns  9.3ns  83ms 83ns 8ns 9ns Ins

Means that do not share a letter are significantly different at (p=0.05)

Table 8. Summary of analysis of variance of influence of colors and thickness of nylon mulch on soil temperature,
moisture, percent germination and some growth parameters of cucumber (Cucumis sativus L.) seedlings

White nylon Black nylon
ms P-v ms P-v
Soil temp 1.11%* 0.01 0.44ns 0.12
Soil moisture 28.75%* 0.01 11.42% 0.02
Germination % 526ns 0.21 973% 0.05
Plant height 4.53% 0.03 19.89*%* 0.01
Number of leaves 0.97* 0.02 0.56ns 0.08
Leaf area 1.11ns 0.25 0.97ns 0.15
**Significant at P < 0.01
*Significant at P < 0.05

ns = not Significant at P < 0.05
ms = mean square

P-v = probability value

4. Conclusion and Recommendation

The influence of white and black nylon thickness mulch materials was investigated on a sandy clay soil in the
greenhouse, the thicknesses were; 0, 1.5, 3.0 and 4.5 mm. The parameters (soil temperature, soil moisture, percent
germination, plant height, number of leaves and leaf area) were measured and the results indicated the white nylon
thickness 0 — 1.5 mm and 0 — 4.5 mm, increased soil temperature (29 °C — 31°C), soil moisture (5 — 12 g/g),
percent germination (78 — 85 %), plant height (6 — 9 cm), number of leaves (2 - 4), leaf area ( 8 — 9.3 cm?) and the
black nylon thickness 0 — 4.5 mm and 0 — 3.0 mm, increased soil moisture (5 — 9.3 g/g), plant height (5.7 — 11 cm)
number of leaves (2 -3), leaf area ( 7.7 — 9 cm?) while 0 — 1.5 mm and 0 — 4.5 mm of black nylon reduced soil
temperature (29 — 28°C) and percent germination (78 — 33 % ) respectively. Generally, the white nylon used as
mulch materials had positive significant (P < 0.05) influence on the soil temperature, soil moisture, plant height
and number of leaves, the black nylon also had significant (P < 0.05) on soil moisture and plant height, but negative
significant (P < 0.05) influence on the percent germination of cucumber seedlings.

It was therefore concluded, that white nylon was better as mulch material than the black nylon, and 1.5mm
thickness was consistent in all the significant (P < 0.05) influence of the white nylon as mulch on all parameters
(especially soil temperature, soil moisture, plant height and number of leaves) considered, thus the thickness (1.5
mm) was also recommended for white nylon as mulch material.
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