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ABSTRACT

Water use efficiency in agriculture can be enhareseveral strategies mainly by reducing evapmnetiom
the soil surface. The mulching techniques wereghaged widely in irrigated crop production worldeid he
mulching techniques can be also implemented in semvegetables production under rain-fed conditidihg
current study aimed at evaluating the effect of/gtblylene black plastic mulch on growth and yieldkra,
Abemoschus esculentus and summer squasBuicurbita pepo L. under rain-fed conditions of Jordan. Two field
experiments were conducted during summer growirggae at Al-Rabbah Agricultural Research Station,
Mu'tah University, Jordan. Soil cover treatmentgavpolyethylene black plastic mulch and no mulcaréb
soil). The results indicated that the mulched phatd higher soil moisture content than bare soiispiwhich
has positively reflected on vegetative and yielchpgters. Using polyethylene plastic mulch had puoced
positive effect on yield of okra and squash as @megbto bare soil. Early, middle, late and totald/iof both
vegetable crops were significantly increased insptovered with plastic mulch. In addition, fruitmber and
weight had also an increasing trend as fruit yiEldts covered with black plastic mulch were prelubigher
fresh and dry weights of both vegetable cropsalt be concluded that using black plastic mulch asila
cover increased okra and squash vegetative grawtlyiald under rain-fed conditions.
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1. INTRODUCTION unsustainable crop vyields. Rain falls occur mainly
during the winter season, so that summer vegetables
Water deficit is one of the most environmental should usually rely on stored soil moisture.

stresses that affecting agricultural productivitymiuch Water use efficiency of dry matter production can b
of the world and may result in considerable groestid increased in different ways but chiefly by decregsi
yield reductions. However, Jordan ranks as thedi®rl evaporation from the soil surface. In Jordan, tke af
fourth poorest country in terms of water resources.polyethylene mulch is a common and popular cultural
Rain-fed lands make up 75% of the arable landslewhi practice in vegetables’ production under irrigated
the remaining 25% is partially or entirely irrigdtand  conditions; while it is uncommon under rain-fed
lies mostly in the Jordan Valley and highlands lé t  conditions. This techniqgue may also be introducethe
country. In the rain-fed areas of Jordan, the meanproduction of summer vegetables under rain-fed
annual precipitation ranges between 250 and 350 mmconditions.  Squash, Cucurbita pepo and okra,
In these areas, soil moisture is generally limitaul Abelmoschus  esculentus are  common  summer
crop growth is stressed by drought during summervegetables’ crops that mainly planted in rural oegi of
growing season, resulting in decreased andsemi-arid areas under rain-fed conditions. Black
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polyethylene plastic mulch is the standard plastidch 2.2. Experimental Design and Treatments
used in vegetable production in Jordan. Worldwitie, . ) . .
increase usage of polyethylene mulch is due to its  |N€ experiments were laid out in a Randomized
benefits when applied in the field, i.e. increased ~ Complete Block Design (RCBD) with in triplicates.
temperature, especially in early spring, reducegdwe TWO treatments; Black Polyethylene plastic mulch
problems, enhances moisture conservation, increase€BP Mulch) and non-mulched were used. Each plot
crop yields and leads to more efficient use of soil consisted of 6 rows, each of 2.4 m long. The ingerd
nutrients (Kwabiah, 2004; Baet al., 2009; Mamkagh, intra-row spacing was 1.0 m and 0.4 m, respectively
2009; Berihun, 2011; Bhatt al., 2011; Hatamet al., The measurements were taken from the middle 4 rows.
2012; Kumar and Lal, 2012). The land was ploughed using a disc-harrowed twegim
The use of polyethylene mulch has been reported toon December and early April. Then, the beds were
conserve soil moisture (Bhagat and Acharya, 1987;manually prepared with traditional hoes. The black
Anikwe et al., 2007; Kumar and Lal, 2012). Hence, under plastic-film (100 cm in width and 125 p thick) wased
prevailing drought and water scarcity conditionsims to cover the experimental beds before planting (Mid
semi-arid regions of Jordan, conservation of sailstare April) and two sides of the film were held down it
and ensuring its availability to agricultural cropse of soil. Squash (Anita Hybrid) and okra (Clemson
vital importance. In addition to the positive raéblack Spineless) seeds were sown on April 15, 2010.
olyethylene mulch in soil moisture conservation, i .
ir:1hz\bitsyweeds growth as an extra benefits (Anikira., 2.3. Data Collection
2007; Mamkagh, 2009; Hatarei al., 2012; Kumar and Soil moisture content was measured three times at
Lal, 2012; Singh and Kamal, 2012). 30-day-interval (30, 60 and 90 days after plantinp)
Unfortunately, according to our knowledge, there is to 30 cm soil depth by a gravimetric method (Black,
inadequate research work published on black plasticl965). The soil from 0-30 cm depth was taken by a
mulch under rain-fed conditions, which might help manual coring. Gravimetric moisture content {Q) ®f
growers to resolve water deficit problems in send-a the soil samples was calculated on oven dry weight
regions. Generally, researchers using black plasticbasis, then converted into volumetric moisture eant
instead of bare soil have recorded higher yieldnahy (cm® cm®) and hereafter expressed as profile water

crops (lbarraet al., 2001; Kwabiah, 2004; Bast al., content in 0-30 cm soil depth. The seedling emergen
2009; Igbalet al., 2009; Mamkagh, 2009; Morembal ., was recorded from the date of planting until 50%
2009; Rashidit al., 2010; Berihun, 2011; Bhatt al., cotyledons emergence above the soil surface.

2011; Hatamiet al., 2012; Kumar and Lal, 2012). Flowering time was recorded when 50% of the plant
Nevertheless, the current study aimed to invesiga started flowering. For fresh and dry weights, 4npda
effect of black polyethylene plastic mulch on olaad were randomly selected, tagged and sampled. Lesfgth

squash growth and yield under rain-fed conditions. okra plant and number of branches were taken from 4
sampled plants. Fruits of each crop were harvesated

2. MATERIALSAND METHODS the immature stage, counted and weighed. Fruidyiel

) ) was separated into: Early, middle and late yields a

2.1. Experimental Site well as fruit number was recorded. Squash was

Two field experiments were conducted at Al- harvested from 31st May to 19th July, 2010 and okra
Rabbah Agricultural Research Station, Faculty of Was harvested from 21st July to 20th September0.201

Agriculture, Mutah University, Jordan during the 24 gatigtical Analysis

2010 summer growing season. The region has a

Mediterranean climate characterized by semi-arid, a Analysis of data was performed using the statitica
cold rainy winter and a hot dry summer. The region package MSTAT-C (Michigan State University). One-
has an annual mean rainfall of 350 mm, where thefactor-Analysis of Variance (ANOVA) was conducted t
most of rains occur from December to February. Thefind the significant differences among the means
soil of the experimental field is loamy sand withl p  (Wilkinson, 1990). The level of significant was
7.9, EC 1.59 dS m, organic matter 1.69%, CaGO calculated at p&05 using the Least Significant
30%, total N of 0.061% and available P of 22 ppm. Differences (LSD) test (Clewer and Scarisbrick, 200
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3.RESULTS 3.3.Yidd and its Distribution

The effect of polyethylene mulch on okra and
squash yields and their distribution (early, mideled

The results of the present study indicated that Soilate as well as total yield) are presentedTiable 3.
Moisture Content (SMC) is greatly retained undez th Early, middle and late yields of both vegetablepsro
polyethylene plastic mulchT@ble 1). The non-mulched  were significantly higher when soil was coveredhwit
plots had lower soil moisture content than polykthg black plastic mulch as compared to bare soil. Tdmaes
black plastic mulched plots. Higher soil moistuomtent trend was also observed for early, middle, late taital
was observed at 30, 60 and 90 days after plantipgpts ~ fruit number Table 4). The increased percentage in
covered with black plastic mulch as compared to nontotal yield of okra and squash was about 140% and
mulched plots (bare soil). But, soil moisture comtat 61%, respectively as compared to control (bare).soil
90 days after planting was not affected by bladstt Generally, using black plastic mulch induced easdm
mulch treatment in case of squash crop. This mé@ats  of productivity of both vegetable crops; for instan
black plastic mulch reduced soil water evaporaaod the early okra yield (2.85 toff) in mulched plots was
thus, helps retain soil water. equal to total yield (2.82 to%) in non-mulched plots.
Average fruit weight of okra was not significantly
affected by using polyethylene mulchlable 5),

Seedlings emergence of both summer vegetable crophowever, average fruit weight tended to increase by
tested (okra and squash) was significantly eairlier using plastic mulch. On the other hand, squashaaeer
mulched plots as compared to bare soile 2). The fruit weight of early, meddle and late yield was
earliness in germination time was about 4 and 3day  significantly increased by using black plastic nfulc
okra and squash, respectively. In addition, flongtime

of both vegetable crops was affected by using iatic 15561 Effects of polyethylene black plastic mulch onlsoi

3.1. Soil Moisture Content

3.2. Vegetative Growth Parameters

mulch (Table 2). Okra and squash plants reached 50% moisture content grown with okra and squash under
flowering about 4 and 6 days earlier as comparethédo rain-fed conditions

non-mulched plots. Vegetative growth parameterskod Soil Moisture Content (SMC)

and squash were significantly increased by usirgkol

plastic mulch as compared to bare sdialfle 2). Fresh Treatment (30 days) (60 days) (90 days)
and dry weights of both crops at the end of thevarg Okra

season were significantly higher when the soilssw@fwas  gp Mulch 27.0a* 18.1a 14.6a
covered with black plastic mulciTé&ble 2). The percent  No mulch 22.9p 15.5b 12.4b
increased in fresh and dry weights was 68% and 869, squash

okra as well as 76 and 63% for squash, respectivelygp mulch 25 7a 16.3a 12.6a
Length of okra plants and number of branches pentpl No mulch 20.2b 13.0b 11.8a
were significantly higher when black plastic mulebed  *Means having different letters within each colunmd &rop
as compared to non-mulched treatmdriat(e 2). are significantly different at 5% level

Table 2. Effects of polyethylene black plastic mulch on e&dgive growth, seedling emergence and flowerintgesi 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 colunma @rop are significantly different at 5% level mobability ** n.d: Not
determine
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Table 3. Effect of polyethylene black plastic mulch on dielf okra and squash grown under rain-fed condition

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 columa significantly different at 5% level of probabjli
Table 4. Effects of polyethylene black plastic mulch onitfnumber of okra and squash grown under rain-fatitions

Fruit number (1000 h3)
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 columd arop are significantly different at 5% levelpzbbability

Table 5. Effects of polyethylene black plastic mulch onrage fruit weight of okra and squash grown undir-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 columd arop are significantly different at 5% levelpgbbability

4. DISCUSSION

Vegetative growth improvement might be explained
in view that plastic mulches improve moisture

The use of plastic mulch helps conserving water byconservation and availability, which ultimately disato

reducing evaporation from soil surface, controllimged
growth and reducing soil compaction. According to
Ramakrishnaet al. (2006) evaporation from the soil
accounts for 25-50% of the total quantity of waised.
The results of this study were in line with thediimys of
Abu-Goukh and El-Balla(2003); Ramakrishnat al.
(2006); Baret al. (2009); Wanget al. (2009) and Kumar
and Lal (2012), in which they indicated that theimma
advantage of using plastic mulch is to retain soil
moisture. Ramakrishnaet al. (2006) reported that the
important practice for rain-fed agriculture is tectease
evaporation of soil water. Mulch prevents soil wate
evaporation and thus helps retaining soil moisture.
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improve plant growth. This could be explained iewi

of soil temperature and moisture as previously rgpglo

by Abu-Goukh and EI-Ball§2003); Baret al. (2009 and
Mamkagh (2009). Earlier researchers indicated that
improvement in growth characters as a result ofigisi
mulches might be due to the enhancement
photosynthesis and other metabolic activities (Bétadl.,
2011; Parmaet al., 2013). Higher soil moisture content
and soil temperature under plastic mulch improve th
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 Igitadl. (2009) in
hot pepper, Singh and Kamal (2012) in tomato and

in
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Parmaret al. (2013) in watermelon. Parmer al. (2013) and higher yield as compared to non-mulched trestme
reported that the increase in growth parameters ofunder rain-fed conditions of semi-arid regions,ist
watermelon is attributed to sufficient soil moigtunear root  recommended to use polyethylene black plastic match
zone and minimized the evaporation loss due tolimdgc ~ soil mulching to enhance growth and yield of summer
The extended retention of moisture and availabitify  vegetables. Further studies are being needed to
moisture also lead to higher uptake of nutrientspfants’ investigate the effect of different mulching typasd
proper growth and development, resulted in highewth colors under rain-fed conditions.
of plant as compared to bare soil.
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