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Abstract: Mulching process can help to improve some soil properties and yield of vegetables crops. Field
studies were conducted over two seasons 2006/2007 under Nile Delta conditions in Egypt to evaluate the
effect of different mulching materials and micro-nutrients on soil temperature, soil moisture content, water
efficiencies, growth and yield of cowpea. All treatments plots were irrigated using furrow irrigation
system. Soil temperatures were measured at different depths and throughout the experiment at work. The
results showed that there was more increases in soil temperature under blue polyethylene than under others
treatments. The recorded soil surface temperature was lowest under rice straw. The soil moisture content
increased under colorless polyethylene more than others treatments. Spraying cowpea with high
concentration of Fe, Zn and Mn (600 ppm) improved growth and yield. The highest value of cowpea seed
yield was 2.83 Mg/ha under both colorless polyethylene and rice straw treatments. Using mulching with
rice straw or colorless polyethylene suggested for enhancing soil structure, water management, growth and
cowpea yield components as indicated in this work. Fortunately, the rice straw is available and very cheap.
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INTRODUCTION

Beds are covered with plastic mulch which
providing the cultural benefits such as weed and
disease control. Soil mulches used to modify
environmental conditions in agriculture. Soil moisture
content and the soil temperature considered as very
important factors that plays a major role in agricultural
crops production, whereas the soil temperature is
related to the microbial activity.

Clark and Maynard [3] evaluated the effect of
production bed width on yield and quality of drip
irrigated vegetables cultivars with fertilization. They
indicated that yield and quality of drip irrigated
vegetables would not be compromised by reduced bed
widths on sandy soil production systems.

Opara-Nadi [10] studied the effect of elephant grass
and plastic mulches on soil properties and grain yield
of cowpea. He concluded that, soil chemical and
physical properties were generally more favorable in
elephant grass treatments than in the control and plastic
mulch treatments. Also, soil temperature and soil
suction were lower under elephant grass mulch than
under both control and plastic mulch. In addition,
cowpea yield and forage were significantly affected by
mulching.

On the other hand, temperature affects all physical,
chemical, and biological reactions in the soil-plant
system [2].

Ghali, [4] investigated the effect of field diurnal
variations of soil temperature at eight depths and
different hourly periods, as well as their response to
different initial soil moisture contents. He indicated that
soil temperatures for all soil depths and both dates,
gradually increased from minimum values at 6 am till
they reached maximum values at 5 pm.

Veenstra et al., [13] studied the effect of
conservation tillage with and without cover crops on
soil quality. They indicated that bulk density decreased
and available concentrations of nitrate and phosphorus
increased. Also, they found that cover cropping
increased soil organic matter regardless of the tillage
treatment and increased potassium concentrations.

Micro-nutrients like Fe, Zn and Mn are known as
essential minor-elements for plant growth and
productivity by playing an important functional role in
the physiological process. Their deficiency is
considered to be the main factors for limiting yield in
many areas. The main role of Zn in plant metabolism
is to activate a series of enzymes. Its deficiency
restricts RNA synthesis which in turn inhibits protein
synthesis  causing  poor content of protein [7]. Zinc is 
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also is essential for the synthesis of tryptophan and
IAA. Mn is closely correlated with chlorophyll
formation, since it stimulates its formation [12].
Mulching studies under furrow surface irrigation are
limited. Therefore, these experiments were conducted
to study the effect of different mulching materials and
fertilizers rates on soil temperature, soil moisture
content, seed yield and cowpea vegetable crop quality
under furrow irrigation system on clay soils.

Materials and Methods

- Experiment procedure: The experimental site was
located at Tanta University, faculty of agriculture farm,
Gharbia Governorate, latitude 30< 49״30 ׳, longitude  
.and the soil analysis is present in Table 1 ״39 ׳59 >30
Seeds of cowpea (vigna unguiculata) cv. "Kaha 1"
were sown on 2nd and 3rd of May in 2006 and 2007,
respectively. The experimental design was a complete
randomized block with three replicates. Each plot
including three rows, each of them was 10 m length
and 0.75 m width and two plants per hill with 0.25 m
apart. The total experimental area was 540 m2 and the
culture practices were done according to the general
program of cowpea cultivation in the region. Two to
three seeds of cowpea were planted per hill and
seedling were thinned to one plant per hill at one week
after planting. The wide bed for all treatments was full
covered by the mulching materials. Mulching
treatments were colorless polyethylene (CP) 100 μm,
blue polyethylene (BP) 100 μm, rice straw (RS) and
bare soil (BS) as control unit. Mulching was done one
week before planting to the end of the growing season.
In case of rice straw, the rice straw mulch was applied
at the rate of 2 t.ha-1 at one week after planting.
Cowpea plants were sprayed with a mixture of Fe, Zn
and Mn (300 and 600 ppm), two times at 30 and 45
days after sowing. In this study, all treatments received
the same irrigation management schedules which were
based upon the recommended. The soil samples were
collected using a soil auger and these samples were
taken at each treatment. The soil moisture content of
samples from 0 to 0.30 m depth were determined using
the gravimetric procedure directly before and 24 h after
irrigation three times. The soil mechanical analysis and
physical properties of the experimental place indicated
in Table 1.

- Soil temperature: The soil temperatures were
measured at 0 - 0.05, 0.05 - 0.10 and 0.10-0.15 m
depth at 8 am, 11 am, 2 pm, 5 pm and 8 pm directly
beside the plant using thermometer one degree
accuracy. Also, soil temperatures were measured before
irrigation directly and 24 h after irrigation three times.

- Soil Water Distribution and Efficiencies: The water
application efficiency (Ea), the water distribution
efficiency (Ed) and the water use efficiency (WUE)
were determined for each treatment according to [6] as
follows:

- Application Efficiency:
Ea = (ws/wf) * 100          [1]
where:
Ea = water application efficiency in %, 
ws = stored water within irrigation in mm and 
wf = depth of added water to the irrigated area in mm.

- Water Distribution Efficiency:
Ed = [1 – s/d] * 100          [2]

where:
Ed = water distribution efficiency in %, 
s  = average numerical deviation from d, in mm and
d = average of soil water depth stored along the furrow
during the irrigation in mm.

- Water Use Efficiency:
WUE = (Yi/wa)          [3]

where:
Yi  = total grain yield in kg/fed., and
wa = total applied water in m3/fed.

- Growth and Cowpea Yield: For studying traits, five
plants were uprooted from each plot at the full
blooming stage [9,8] and data on plant height, leaf area;
seed index (100-seed weight) and seed yield were
recorded. In addition, total protein percentage in dry
seed was determined using micro-kjeldhl method
according to the procedure described in [1] and the total
protein percentage was calculated by the multiplication
of nitrogen values by 6.25%. Leaf area per plant was
determined using the fresh weight method. The leaves
were cleaned from dust and then weighted. Certain
known disks were taken from the leaves. Leaves with
a cork puncher and weighted. The leaf area “La” was
calculated according to following formula:

                    Lfw . Ad

              La = )))))))))                      [4]
                      Dfw

where:
Lfw – leaves fresh weight,
Ad – area of discs and
Dfw – discs fresh weight.
All data were subjected to analysis of variance using
MSTATC program.
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RESULTS AND DISCUSSION

- Effect of Different Mulching Materials on Soil
Moisture Content: The mulched furrows with colorless
polyethylene CP gave higher soil moisture content than
that of mulched with other materials. On the other
hand, the unmulched furrows BS gave lowest soil
moisture content in all irrigations as shown in Fig. 1a.
The soil moisture of bare soil was almost 22% before
irrigation and increased quickly to 32% after irrigation
as shown in Fig. 1b. However, the soil moisture
content after irrigation was high. It was between 33%
and 38% under CP, between 31% and 34% under BP
and between 30% and 37% under RS. Similar
responses were reported by Opara-Nadi, 1993.

- Effect of Different Mulching Materials on Soil
Temperature: The soil temperature mulched furrows
with BP and BS had a higher soil temperature than
that of mulched furrows with CP and RS. The highest
recorded temperature was at the soil surface for all
treatments. However, the soil temperature decreased
from the soil surface till a depth of 10 cm then it
declined smoothly at the next soil depths as indicated
in Table 2.

Before irrigation and at 5 cm soil depth, the soil
temperature increased with time and reached the
highest recorded values at 5 pm under BP as shown in
Fig. 2a. After irrigation, the minimum temperature is
usually recorded at the time of sun rise, around 8 am,
while the maximum one was that measured around 2
and 5 pm except for RS as shown in Fig. 2b. The
evaporation increased under high level of soil
temperature and caused the moisture values to be more
stretched upward and their values became less than
those at low level of soil temperature.

At 15 cm soil depth and before irrigation, the soil
temperature mulched furrows with RS had lower soil
temperature than that of others treatments. The soil
temperature increased with time and reached the
highest recorded values at 5 pm for all treatments
except for CP. The highest recorded soil temperature
was 30 at 5 pm under BS. The lowest recorded soil
temperature was 25 at 8 am under RS as shown in Fig.
4a. On the other hand, after irrigation the soil
temperature increased with time and reached the
highest recorded values at 5 pm for all treatments
except for CP as shown in Fig. 4b. The highest
recorded soil temperature was 30 at 5 pm under BS.
The lowest recorded soil temperature was 25 at 8 am
under RS.

- Water Application and Distribution Efficiency: The
highest value of water application efficiency was
obtained in case of colorless polyethylene (71.46%) and

rice straw (70.59%). It was lowest value under blue
polyethylene treatment (64.96%). On the other hand,
the water distribution efficiency was highest value
under CP (94.02%). But the lowest value of it was
under BP treatment (89.61%) as illustrated in Fig. 5.
These results are reflex the effect of mulching
treatments. Whereas, the CP had lower soil temperature
then it catch the water in the soil long time. By
contrast, in case of BP whereas it had highest soil
temperature. However, the water distribution efficiency
under it was lower.

The Water Use Efficiency: The highest value of water
use efficiency was obtiened in case of colorless
polyethylene and 600 ppm micro-nutrients level (0.567
kg/m3).

The same value of WUE was obtained under rice
straw and 600 ppm micro-nutrients level  as shown in
Table (3).

- Effect of Mulching Materials and Some Micro-
nutrients on Growth, Yield and Quality of Cowpea
Plants: Results indicated that leaf area per plant,
number of days till flowering, seed index and seeds
yield were significantly (p= 5% level) affected by
spraying of micro-nutrients in both seasons (Table 4).
The best values of all characters were obtained from
spraying of cowpea plants with 600 ppm (seeds yield
was 2.80 and 2.83 Mg/ha in the first and second
seasons, respectively). The effect of all spraying
treatments on seed protein percentage in cowpea plants
was insignificant in both seasons.

In regard to mulching treatments, significant
increase in leaf area per plant, number of days till
flowering, seed index and seeds yield compared to the
bare soil treatments were observed (Table 4 and 5).
Cowpea plants grown on rice straw gave the best
values in both seasons. But seed protein percent in
cowpea plants was insignificant in both seasons (seeds
yield was 2.955 and 2.851 Mg/ha in the first and
second seasons, respectively).

Similar responses were reported by Opara-Nadi,
1993 and Polthanee, 2000 on cowpea.

The interactions between micro-nutrient sprays and
mulching significantly affected leaf area per plant,
number of days till flowering, seed index and seeds
yield in both seasons. Cowpea plants grown on rice
straw and sprayed with a mixture of micro-nutrients at
600 ppm were very tall and had the best values in both
seasons. Generally, all treatments values were higher
than the control. But, seed protein percent in cowpea
plants was insignificant in both seasons. Addition
observations during these experiments indicated also
that, mulched furrows had longer roots than that roots
of unmulched furrows and these results agree with [5].
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Fig. 1a: Soil moisture content before irrigation at three irrigations

Fig. 1b: Soil moisture content after irrigation at three irrigations

Fig. 2a: Soil temperature at 5 cm depth before irrigation
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Fig. 2b: Soil temperature at 5 cm depth after irrigation

Fig. 3a: Soil temperature at 10 cm depth before irrigation

Fig. 3b: Soil temperature at 10 cm depth after irrigation

Table 1: Soil mechanical analysis and physical properties of the experimental soil
Particle size distribution, % Texture Bulk density, g.cm-3 Field capacity, % pH EC,ds.m-1 OM, %
------------------------------------
clay silt sand
44 40 16 clay 1.44 31 7.14 4.02 1.50
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Table 2: Soil temperature after irrigation at different soil depths with different mulching materials
Mulching treatments Soil depth, cm Day time, h

---------------------------------------------------------------------------------------------------------
8 am 11 am 2 pm 5 pm 8 pm

Colorless polyethylene (CP) 0-5 21 28 34 32 31
----------------------------------------------------------------------------------------------------------------------------------------
5-10 22 24 27 27 30
----------------------------------------------------------------------------------------------------------------------------------------
10-15 23 23 24 25 25

Blue polyethylene (BP) 0-5 27 30 37 35 32
----------------------------------------------------------------------------------------------------------------------------------------
5-10 27 29 32 32 3 1
----------------------------------------------------------------------------------------------------------------------------------------
10-15 28 28 29 30 30

Rice straw (RS) 0-5 23 26 28 28 27
----------------------------------------------------------------------------------------------------------------------------------------
5-10 24 25 26 25 25
----------------------------------------------------------------------------------------------------------------------------------------
10-15 24 25 25 25 24

Bare soil (BS) 0-5 26 29 36 34 32
----------------------------------------------------------------------------------------------------------------------------------------
5-10 27 28 32 31 30
----------------------------------------------------------------------------------------------------------------------------------------
10-15 27 28 28 30 29

Table 3: The mean values of water use efficiency in two seasons under different mulching and micro-nutrients treatments
Mulching treatments Micro-nutrients (ppm) Yield (kg/fed.) Water use efficiency (kg/m3)
Colorless Polyethylene (CP) 0 1150 0.548

----------------------------------------------------------------------------------------------------------------------------------------
300 1170 0.557
----------------------------------------------------------------------------------------------------------------------------------------
600 1190 0.567

Blue Polyethylene (BP) 0 1150 0.548
----------------------------------------------------------------------------------------------------------------------------------------
300 1170 0.557
----------------------------------------------------------------------------------------------------------------------------------------
600 1180 0.562

Rice Straw (RS) 0 1150 0.548
----------------------------------------------------------------------------------------------------------------------------------------
300 1170 0.557
----------------------------------------------------------------------------------------------------------------------------------------
600 1190 0.567

Bare Soil (BS) 0 1120 0.533
----------------------------------------------------------------------------------------------------------------------------------------
300 1120 0.533
----------------------------------------------------------------------------------------------------------------------------------------
600 1140 0.543

Fig. 4a: Soil temperature at 15 cm depth before irrigation
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Fig. 4b: Soil temperature at 15 cm depth after irrigation

Fig. 5: The water application (Ea) and water distribution (Ed) efficiencies 

Table 4: Response of cowpea plants to foliar spray with micro-nutrients (Fe, Zn and Mn) and mulching treatments on yield and quality of
seeds during 2006 and 2007 seasons

Treatments First season 2006 Second season 2007
-------------------------------------------------------------------------- -------------------------------------------------------------------------
Seed index Seed yield Mg/ha)) Seed protein%)) Seed index Seed yield Mg/ha)) Seed protein(%)

Fe, Zn and Mn
0 ppm 13.72 2.716 19.86 13.79 2.747 19.86
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
300 ppm 13.99 2.756 19.87 13.98 2.79 19.87
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 600
ppm 14.42 2.798 19.88 14.33 2.829 19.87
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L.S.D. at 5% 0.127 0.035 N.S 0.086 0.038 N.S
Mulching
Colorless 13.78 2.78 19.87 14.14 2.814 19.88
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Blue 14 2.773 19.87 14.09 2.816 19.86
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Rice straw 13.88 2.955 19.88 14.19 2.851 19.88
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Bare soil 13.45 2.683 19.86 13.68 2.752 19.84
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L.S.D. at 5% 0.15 1.278 N.S 0.131 0.071 N.S
Interactions
Colorless* 0 13.54 2.735 19.87 13.9 2.771 19.87
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Colorless* 300 13.73 2.783 19.88 14.07 2.814 19.88
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Colorless* 600 14.06 2.826 19.88 14.45 2.857 19.88
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Table 4: Continue
Blue* 0 14 2.733 19.86 13.88 2.764 19.86
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Blue * 300 13.77 2.776 19.87 13.92 2.821 19.87
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Blue* 600 14.05 2.814 19.87 14.48 2.866 19.86
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Rice straw* 0 13.59 2.735 19.87 13.85 2.797 19.88
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Rice straw * 300 13.85 2.792 19.87 14.19 2.876 19.88
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Rice straw* 600 14.19 3.339 19.88 14.54 2.884 19.89
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Bare soil* 0 13.17 2.657 19.87 13.51 2.721 19.85
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Bare soil*300 13.45 2.671 19.84 13.69 2.75 19.84
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Bare soil* 600 13.63 2.719 19.87 13.85 2.783 19.84
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L.S.D. at 5% 0.26 0.357 N.S 0.227 0.197 N.S

Table 5: Response of cowpea plants to foliar spray with micro-nutrients (Fe, Zn and Mn) and mulching treatments on growth during 2006
and 2007 seasons

Treatments First season 2006 Second season 2007
---------------------------------------------------------------------- -------------------------------------------------------------------------
leaf area/ plant, cm2 No. of days till flowering leaf area/ plant, cm2 No. of days till flowering

Fe, Zn and Mn
0 ppm 127.5 45.95 138.6 47.79
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
300 ppm 134.7 43.66 144.4 45.61
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
600 ppm 143.8 41.59 153.2 43.44
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L.S.D. at 5% 1.903 0.537 2.337 0.528
Mulching 
Colorless 138.1 42.56 150.2 44.44
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Blue 136.7 42.76 151.8 44.67
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Rice straw 138.1 42.53 152.8 44.53
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Bare soil 128.3 48.51 143.4 50.4
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L.S.D. at 5% 2.172 0.821 5.321 0.806
Interactions
Colorless* 0 130.6 44.8 141.3 46.83
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Colorless* 300 136.6 42.76 149.7 44.56
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Colorless* 600 147 40.13 159.7 41.93
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Blue* 0 129 45.13 149 47.26
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Blue* 300 136.6 42.76 152.7 44.6
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Blue* 600 144.6 40.4 153.7 42.16
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Rice straw* 0 128 45.56 144.3 47.43
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Rice straw* 300 138 42.53 154 44.7
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Rice straw* 600 148.3 39.5 160 41.46
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Bare soil* 0 122.3 50.06 135.7 51.6
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Bare soil*300 127.3 48.06 145.7 50.4
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Bare soil* 600 135.3 47.4 149 49.2
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L.S.D. at 5% 5.034 1.422 6.183 1.396
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Conclusion: The results indicate that mulching for
cowpea with a mixture of some micro-nutrients (600
ppm) under clay soils lead to increased soil moisture
content, soil temperature, root length, root dry weight,
growth and yield measurements. From previous
discussion, using mulch with both colorless and rice
straw suggested to enhance both soil and water
measurements and yield components. n the other hand,
mulched furrows with rice straw under Nile Delta soils
with surface irrigation provides a good indicators under
study and fortunately the rice straw is very available
and very cheap. The  mulches using rice straw
provides a good indicator for soil, water and plant on
clay soils with furrow surface irrigation.
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