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ABSTRACT
Water use efficiency in agriculture can be enhanced by several strategies mainly by reducing evaporation from
the soil surface. The mulching techniques were being used widely in irrigated crop production worldwide. The
mulching techniques can be also implemented in summer vegetables production under rain-fed conditions. The
current study aimed at evaluating the effect of polyethylene black plastic mulch on growth and yield of okra,
Abelmoschus esculentus and summer squash, Cucurbita pepo L. under rain-fed conditions of Jordan. Two field
experiments were conducted during summer growing season at Al-Rabbah Agricultural Research Station,
Mu’tah University, Jordan. Soil cover treatments were polyethylene black plastic mulch and no mulch (bare
soil). The results indicated that the mulched plots had higher soil moisture content than bare soil plots, which
has positively reflected on vegetative and yield parameters. Using polyethylene plastic mulch had pronounced
positive effect on yield of okra and squash as compared to bare soil. Early, middle, late and total yield of both
vegetable crops were significantly increased in plots covered with plastic mulch. In addition, fruit number and
weight had also an increasing trend as fruit yield. Plots covered with black plastic mulch were produced higher
fresh and dry weights of both vegetable crops. It ban be concluded that using black plastic mulch as a soil
cover increased okra and squash vegetative growth and yield under rain-fed conditions.
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unsustainable crop yields. Rain falls occur mainly
during the winter season, so that summer vegetables
should usually rely on stored soil moisture.
Water use efficiency of dry matter production can be
increased in different ways but chiefly by decreasing
evaporation from the soil surface. In Jordan, the use of
polyethylene mulch is a common and popular cultural
practice in vegetables’ production under irrigated
conditions; while it is uncommon under rain-fed
conditions. This technique may also be introduced in the
production of summer vegetables under rain-fed
conditions. Squash, Cucurbita pepo and okra,
Abelmoschus esculentus are common summer
vegetables’ crops that mainly planted in rural regions of
semi-arid areas under rain-fed conditions. Black

1. INTRODUCTION
Water deficit is one of the most environmental
stresses that affecting agricultural productivity in much
of the world and may result in considerable growth and
yield reductions. However, Jordan ranks as the world’s
fourth poorest country in terms of water resources.
Rain-fed lands make up 75% of the arable lands, while
the remaining 25% is partially or entirely irrigated and
lies mostly in the Jordan Valley and highlands of the
country. In the rain-fed areas of Jordan, the mean
annual precipitation ranges between 250 and 350 mm.
In these areas, soil moisture is generally limited and
crop growth is stressed by drought during summer
growing season, resulting in decreased and
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polyethylene plastic mulch is the standard plastic mulch
used in vegetable production in Jordan. Worldwide, the
increase usage of polyethylene mulch is due to its
benefits when applied in the field, i.e. increases soil
temperature, especially in early spring, reduces weed
problems, enhances moisture conservation, increases
crop yields and leads to more efficient use of soil
nutrients (Kwabiah, 2004; Ban et al., 2009; Mamkagh,
2009; Berihun, 2011; Bhatt et al., 2011; Hatami et al.,
2012; Kumar and Lal, 2012).
The use of polyethylene mulch has been reported to
conserve soil moisture (Bhagat and Acharya, 1987;
Anikwe et al., 2007; Kumar and Lal, 2012). Hence, under
prevailing drought and water scarcity conditions as in
semi-arid regions of Jordan, conservation of soil moisture
and ensuring its availability to agricultural crops are of
vital importance. In addition to the positive role of black
polyethylene mulch in soil moisture conservation, it
inhabits weeds growth as an extra benefits (Anikwe et al.,
2007; Mamkagh, 2009; Hatami et al., 2012; Kumar and
Lal, 2012; Singh and Kamal, 2012).
Unfortunately, according to our knowledge, there is
inadequate research work published on black plastic
mulch under rain-fed conditions, which might help
growers to resolve water deficit problems in semi-arid
regions. Generally, researchers using black plastic
instead of bare soil have recorded higher yield of many
crops (Ibarra et al., 2001; Kwabiah, 2004; Ban et al.,
2009; Igbal et al., 2009; Mamkagh, 2009; Moreno et al.,
2009; Rashidi et al., 2010; Berihun, 2011; Bhatt et al.,
2011; Hatami et al., 2012; Kumar and Lal, 2012).
Nevertheless, the current study aimed to investigate the
effect of black polyethylene plastic mulch on okra and
squash growth and yield under rain-fed conditions.

2.2. Experimental Design and Treatments
The experiments were laid out in a Randomized
Complete Block Design (RCBD) with in triplicates.
Two treatments; Black Polyethylene plastic mulch
(BP Mulch) and non-mulched were used. Each plot
consisted of 6 rows, each of 2.4 m long. The inter- and
intra-row spacing was 1.0 m and 0.4 m, respectively.
The measurements were taken from the middle 4 rows.
The land was ploughed using a disc-harrowed two times
on December and early April. Then, the beds were
manually prepared with traditional hoes. The black
plastic-film (100 cm in width and 125 µ thick) was used
to cover the experimental beds before planting (Mid
April) and two sides of the film were held down with
soil. Squash (Anita Hybrid) and okra (Clemson
Spineless) seeds were sown on April 15, 2010.

2.3. Data Collection
Soil moisture content was measured three times at
30-day-interval (30, 60 and 90 days after planting) up
to 30 cm soil depth by a gravimetric method (Black,
1965). The soil from 0-30 cm depth was taken by a
manual coring. Gravimetric moisture content (g g−1) of
the soil samples was calculated on oven dry weight
basis, then converted into volumetric moisture content
(cm3 cm−3) and hereafter expressed as profile water
content in 0-30 cm soil depth. The seedling emergence
was recorded from the date of planting until 50%
cotyledons emergence above the soil surface.
Flowering time was recorded when 50% of the plant
started flowering. For fresh and dry weights, 4 plants
were randomly selected, tagged and sampled. Length of
okra plant and number of branches were taken from 4
sampled plants. Fruits of each crop were harvested at
the immature stage, counted and weighed. Fruit yield
was separated into: Early, middle and late yields as
well as fruit number was recorded. Squash was
harvested from 31st May to 19th July, 2010 and okra
was harvested from 21st July to 20th September, 2010.

2. MATERIALS AND METHODS
2.1. Experimental Site
Two field experiments were conducted at AlRabbah Agricultural Research Station, Faculty of
Agriculture, Mutah University, Jordan during the
2010 summer growing season. The region has a
Mediterranean climate characterized by semi-arid, a
cold rainy winter and a hot dry summer. The region
has an annual mean rainfall of 350 mm, where the
most of rains occur from December to February. The
soil of the experimental field is loamy sand with pH
7.9, EC 1.59 dS m−1, organic matter 1.69%, CaCO3
30%, total N of 0.061% and available P of 22 ppm.
Science Publications

2.4. Statistical Analysis
Analysis of data was performed using the statistical
package MSTAT-C (Michigan State University). Onefactor-Analysis of Variance (ANOVA) was conducted to
find the significant differences among the means
(Wilkinson, 1990). The level of significant was
calculated at p<0.05 using the Least Significant
Differences (LSD) test (Clewer and Scarisbrick, 2001).
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3.3. Yield and its Distribution

3. RESULTS

The effect of polyethylene mulch on okra and
squash yields and their distribution (early, middle and
late as well as total yield) are presented in Table 3.
Early, middle and late yields of both vegetable crops
were significantly higher when soil was covered with
black plastic mulch as compared to bare soil. The same
trend was also observed for early, middle, late and total
fruit number (Table 4). The increased percentage in
total yield of okra and squash was about 140% and
61%, respectively as compared to control (bare soil).
Generally, using black plastic mulch induced earliness
of productivity of both vegetable crops; for instance,
the early okra yield (2.85 ton−ha) in mulched plots was
equal to total yield (2.82 ton−ha) in non-mulched plots.
Average fruit weight of okra was not significantly
affected by using polyethylene mulch (Table 5),
however, average fruit weight tended to increase by
using plastic mulch. On the other hand, squash average
fruit weight of early, meddle and late yield was
significantly increased by using black plastic mulch.

3.1. Soil Moisture Content
The results of the present study indicated that Soil
Moisture Content (SMC) is greatly retained under the
polyethylene plastic mulch (Table 1). The non-mulched
plots had lower soil moisture content than polyethylene
black plastic mulched plots. Higher soil moisture content
was observed at 30, 60 and 90 days after planting in plots
covered with black plastic mulch as compared to non
mulched plots (bare soil). But, soil moisture content at
90 days after planting was not affected by black plastic
mulch treatment in case of squash crop. This means that
black plastic mulch reduced soil water evaporation and
thus, helps retain soil water.

3.2. Vegetative Growth Parameters
Seedlings emergence of both summer vegetable crops
tested (okra and squash) was significantly earlier in
mulched plots as compared to bare soil (Table 2). The
earliness in germination time was about 4 and 3 days for
okra and squash, respectively. In addition, flowering time
of both vegetable crops was affected by using black plastic
mulch (Table 2). Okra and squash plants reached 50%
flowering about 4 and 6 days earlier as compared to the
non-mulched plots. Vegetative growth parameters of okra
and squash were significantly increased by using black
plastic mulch as compared to bare soil (Table 2). Fresh
and dry weights of both crops at the end of the growing
season were significantly higher when the soil surface was
covered with black plastic mulch (Table 2). The percent
increased in fresh and dry weights was 68% and 65%, for
okra as well as 76 and 63% for squash, respectively.
Length of okra plants and number of branches per plant
were significantly higher when black plastic mulch used
as compared to non-mulched treatment (Table 2).

Table 1. Effects of polyethylene black plastic mulch on soil
moisture content grown with okra and squash under
rain-fed conditions
Soil Moisture Content (SMC)
----------------------------------------------------Treatment
(30 days)
(60 days)
(90 days)
Okra
BP Mulch
27.0a*
18.1a
14.6a
No mulch
22.9b
15.5b
12.4b
Squash
BP mulch
25.7a
16.3a
12.6a
No mulch
20.2b
13.0b
11.8a
*Means having different letters within each column and crop
are significantly different at 5% level

Table 2. Effects of polyethylene black plastic mulch on vegetative growth, seedling emergence and flowering times of okra and
squash grown under rain-fed conditions
Seedling
Flowering
Plant
Branch
Fresh wt
Dry wt
Treatment
emergence (days)
time (days)
length (cm)
no.
(g/plant)
(g/plant)
Okra
BP Mulch
15.44a*
44.4a
87.9a
14.9a
255.6a
58.6a
No mulch
19.00b
48.0b
68.4b
11.4b
152.1b
35.6b
Squash
BP Mulch
11.00a
35.0a
n.d**
n.d
626.2a
96.7a
No mulch
13.90b
38.4b
n.d
n.d
356.3b
59.0b
*Means having different letters within each column and crop are significantly different at 5% level of probability ** n.d: Not
determine
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Table 3. Effect of polyethylene black plastic mulch on yield of okra and squash grown under rain-fed conditions
Yield distribution (ton/ha)
-------------------------------------------------------------------------------------------------------------------------Treatment
Early
Med
Late
Total
Okra
BP Mulch
2.846a*
2.945a
0.968a
6.759a
No mulch
0.956b
1.421b
0.445b
2.822b
Squash
BP Mulch
9.620a
10.500a
5.550a
25.670a
No mulch
5.880b
7.320b
2.700b
15.900b
*Means having different letters within each column are significantly different at 5% level of probability
Table 4. Effects of polyethylene black plastic mulch on fruit number of okra and squash grown under rain-fed conditions
Fruit number (1000 ha−1)
-------------------------------------------------------------------------------------------------------------------------Treatment
Early
Med
Late
Total
Okra
BP mulch
427.8a*
472.4a
171.3a
1071.5a
No Mulch
146.6b
236.3b
88.6b
471.5b
Squash
BP Mulch
72.9a
111.7a
65.6a
250.2a
No mulch
50.9b
101.6b
38.7b
191.2b
*Means having different letters within each column and crop are significantly different at 5% level of probability
Table 5. Effects of polyethylene black plastic mulch on average fruit weight of okra and squash grown under rain-fed conditions
Average fruit weight (g)
------------------------------------------------------------------------------------------------------------------------Treatment
Early
Med
Late
Total
Okra
BP mulch
6.652a*
6.234a
5.652a
6.307a
No Mulch
6.521a
6.012a
5.021a
5.985a
Squash
BP Mulch
132.200a
93.900a
84.600a
102.600a
No mulch
115.500b
72.000b
69.700b
83.120b
*Means having different letters within each column and crop are significantly different at 5% level of probability

Vegetative growth improvement might be explained
in view that plastic mulches improve moisture
conservation and availability, which ultimately leads to
improve plant growth. This could be explained in view
of soil temperature and moisture as previously reported
by Abu-Goukh and El-Balla (2003); Ban et al. (2009 and
Mamkagh (2009). Earlier researchers indicated that
improvement in growth characters as a result of using
mulches might be due to the enhancement in
photosynthesis and other metabolic activities (Bhatt et al.,
2011; Parmar et al., 2013). Higher soil moisture content
and soil temperature under plastic mulch improve the
plant microclimate leading to early growth and
development, which advances the flowering. Similar
kind of observations with respect to plant growth
parameters were also reported by Igbal et al. (2009) in
hot pepper, Singh and Kamal (2012) in tomato and

4. DISCUSSION
The use of plastic mulch helps conserving water by
reducing evaporation from soil surface, controlling weed
growth and reducing soil compaction. According to
Ramakrishna et al. (2006) evaporation from the soil
accounts for 25-50% of the total quantity of water used.
The results of this study were in line with the findings of
Abu-Goukh and El-Balla (2003); Ramakrishna et al.
(2006); Ban et al. (2009); Wang et al. (2009) and Kumar
and Lal (2012), in which they indicated that the main
advantage of using plastic mulch is to retain soil
moisture. Ramakrishna et al. (2006) reported that the
important practice for rain-fed agriculture is to decrease
evaporation of soil water. Mulch prevents soil water
evaporation and thus helps retaining soil moisture.
Science Publications

205

AJABS

Atif Y. Mahadeen / American Journal of Agricultural and Biological Sciences 9 (2): 202-207, 2014

and higher yield as compared to non-mulched treatment.
Under rain-fed conditions of semi-arid regions, it is
recommended to use polyethylene black plastic mulch as
soil mulching to enhance growth and yield of summer
vegetables. Further studies are being needed to
investigate the effect of different mulching types and
colors under rain-fed conditions.

Parmar et al. (2013) in watermelon. Parmar et al. (2013)
reported that the increase in growth parameters of
watermelon is attributed to sufficient soil moisture near root
zone and minimized the evaporation loss due to mulching.
The extended retention of moisture and availability of
moisture also lead to higher uptake of nutrients for plants’
proper growth and development, resulted in higher growth
of plant as compared to bare soil.
Higher yield production of both investigated
vegetable crops resulted from the application of
polyethylene plastic mulch might be due to sufficient soil
moisture near the root zone that ensures better plant
growth as expressed in vigorous plant growth during
early and mid season. Also, this might be due to earlier
seedling emergence and earlier flowering that induced
enhancement of early and med yields of both vegetable
crops. The results of the present study agreed with the
finding of Abdul-Baki and Spence (1992); Igbal et al.
(2009); Wang et al. (2009); Rashidi et al. (2010) and
Parmar et al. (2013). These researchers indicated that
plants under polyethylene mulch produce larger fruit and
have higher fruit yield per plant because of the better plant
growth that due to favorable hydro-thermal regime of soil
and complete weed free environment. Furthermore, they
mentioned that the extended retention of moisture and
availability of moisture also lead to a higher uptake of
nutrient for proper growth and development of plants,
resulted in higher growth of plant as compared to control.
Higher soil moisture content increases root
proliferation and thus enhances availability of nutrients
to crop roots (Sharma et al., 1990; Ogban et al., 2008;
Mamkagh, 2009). These figures also imply that greater
moisture availability due to mulched crop during the
growing season helps to cope better with drought in mid
and late season drought. Mulching the soil surface
favorably influences the soil moisture regime by
controlling evaporation from the soil surface (Pawar et al.,
2004; Mamkagh, 2009; Wang et al., 2009) and facilitates
condensation of soil water at night due to temperature
reversals (Tisdall et al., 1991).
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