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Mulching Effects on Water use Efficiency of Corn

Yield
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FIELD study was conducted in the summer seasons of 2007 and

2008 at the Agricultural Experimental Station of Faculty of
Agriculture, Cairo University, Giza, to evaluate the effect of different
mulch materials on water evapotranspiration (ET) and water use
efficiency of corn yield. The mulching treatments were no-mulch,
plastic mulch and rice straw mulch. Theoretical water
evapotranspiration (ETo) was calculated for each treatment using
Penman-Monteith (P.M) and Modified Penmar (M.P) equations. The
actual crop coefficient (Kc) and water use efficiency (WUE) were
calculated for muilched and un-mulched treatments. The resulls
revealed that corm yield was generally higher under smulched
treatments compared with un-mulched treatments. Plastic and rice
straw mutches signiticantly increased grain yield by 17.0 % and by
10.0 % compared to un-mulched treatment. respectively. The highest
values of water use efficiency were obtained under plastic mulch
treatment followed by rice straw mulch treatment. The increase in
(WUL} was about 24.0 % and 14.0 % under plastic and rice straw
mulches as compared to un-mulched treatment, respectively. Plastic
muich was more effective than rice straw in decreasing water
evapotranspiration, increasing water use efficiency and grain yield of
carn. The theoretical crop coefficient {Kc) values reported by the FAO
were higher than the actual (Ke) values obtained for all treatments.
Mulching resulted in lower (Kc) values compared to up-mulching.
However, the difference between theoretical and actual (Kc) values
was not significant when using Penman-Monteith (P.M) equation. The
{ETa) values were approximately closed 1o the crop evapotranspiration
(ETc) obtained by Penman-Monteith (P.M) equation compared to
those values obtained by Modified Penman {(M.P) equation. The study
confirmed that mulching has a benefit effect on increasing corn yield.

Keywords: Evapotranspiration, Plastic mulch, Rice straw mulch,
Corn, Water use efficiency.

As the demand for irrigation water increases, it becomes essential to use water
more efficiently. Improving water use efficiency requires a development of
satisfactory means to estimate crop water requirements or evapotranspiration
(ETo). In Egypt, great attention has been paid to increase the corn (Zea mays)
production as one of the main cereal crops. This could be achieved by using high
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vielding cultivars and improving the agronomic practices such as mulching.
Mulch management allows using plant residue and employving it in a benefit way
for soil and water conservation. On the other hand, rice straw becomes a big
problem to get rid of, so that the farmers oblige to burn the rice straw and this
lead to environmental pollution. Sien e a/. (2008) stated that although many
experiments have recently been carried out to investigate the effect of plastic
mulch. few studies on ET and Ke of maize with plastic mulch have been done. It
is cssential to understand maize evapotranspiration and crop coefficient.

Many materials have been used as mulch, such as plastic film, crop residue,
straw, gravel, sand, etc. however pldstic film and straw materials were used most
commonly (Unger, 2001 and Berglund er af.. 2006). Mulch is a protective layer
of a materia! that is spread on top of the soil surface. Returning crop residues to
the soil improves soi! quality and productivity through favorable effects on soil
properties (Lal & stewart, 1995).

Muleh management, in general, and straw mulch, in particular, helped in
conservation of soil moisture in the root zone, which influenced gram yield,
higher moisture status, increased root proliferation and thus enhanced availability
of nutrients to crop roots {Sarkar & Rana, 1999 and Sarkar, 2003), It was alse
indicated that surface-applied mulches provide several benefits 1o crop
production through improving water, heat energy, nutrient status in soil,
preventing soil and water loss and contrelling weed (Bu er af., 2002; Ji & Unger,
2001 and Xiving er al., 2005).

Vegetative mulching was effective in reducing the loss of evaporation from
the soil surface by forming a barrier between the soil surface and the atmosphere
and thus reducing the vapour pressure gradient at the soil- atmosphere interface
(Gupta & Acharya, 1993). It was aiso found that an artificial barrier with straw
mulch helped for slow and steady entry of water and thus reduced drainage loss
{(Moitra et al., 1996). Sauer et al. (1996) found that the presence of residue on the
surface reduced soil water evaporation by 34 to 50%.

Rathore er al. (1998) observed that more water was conserved in the soil
profile during the early growth period with straw mulch than without it. They
also added that subsequent uptake of conserved soil moisture moderated plant
water status, soil temperature and soil mechanical resistance, leading to better
root growth and higher grain yields. Unger (1986) and Wicks er al. (1994)
reported that maintain crop residue on the soil surface increased maize yields.
The yield increase was correlated with increase in water content in the soil due to
reduced evaporation.

The objectives of this study were: (a) determine the actual evapotranspiration
for corn under mulch conditions, (b) evaluate the effect of different mulch types
on the vield and water use efficiency, (¢) calculate crop coefficients (Kc) for corn
Egvpt. J. Soil. Sci 48, No.3 (2008}
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using two empirical equations, Penman-Monteith {F.M) and modified penman
(M.P) in order to identify the best empirical equation for predicting actual
evapotranspiration for corn yield.

Material and Methods

This experiment was conducted at the Agricultural Experimental Station,
Faculty of Agricultural, Cairo University, Giza, during summer season {2007 and
2008). The experiment was performed in a complete randomized block design
with four replicates. Fach replicate was 6.0 m length and 4.0 m width. The
mulching treatments were, rice straw muich (RSM), white plastic mulch (WPM)
and no mulching (NM). The experimental units were separated from each other
by a belt (2.0 m width) to avoid lateral movement of {rrigation water. Rice straw
mulch was applied by hand at a rate of 2.1 ton/fed. A 0.3 cm thick plastic sheet
was used to cover the soil area between crop rows. Mulching treatments were
imposed 20 days after sowing (Table 1).

Planting pattern

Comn (variety S.C 10) was planted in | and 4 June, 2007 and 2008,
respectively. Corn was in furrows, at 30 cm distance between hills and 70 ¢m
distance between furrows and was thinned into one plant per hill (recommended
planting method) to get 20.000 plants/fed (Moalr, 2003).

Fertilization regimes
Types, application rates and dates of application for different utilized fertilizers
for comn were applied according to the recommendation of (Moalr, 2005).

Soil water content measurement

Soil water content was monitored each irrigation, before and after 48 hr. Soil
samples were collected from three soil layers (0-20, 20-4¢ and 40-60 cm).
Moisture contents were determined gravimetrically for each soil sample. The
amounts of actual evapotranspiration under each irrigation treatment were
determined according to Israelsen & Hansen {1962) using the following equation:

gv2 -8 vl
100

ETa = ( )y d

Where:

ETa: Actual evapotranspiration mm / interval.

6v2: Soil moisture content after irrigation on volume basis (%).
©vl]: Soil moisture conient before irrigation time on volume basis.
d : Depth of soil layer {mm),

Reference evapotranspiration (ET,)
The (ET,) values were calculated using Penman-Monteith (P.M) equation
according to Allen & Pereira (1998) and Modified Penman (M.P) equation
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according to Doorenbos & Pruitt (1984). The meteorclogical data collected from
the nearest Agrometerogical Station, Dokki were used.

TABLE 1. Meteorelogical data during 2007 and 2008 seasons.

l Growing season 2007

|
Month [MAX-T|MIN-T TEM~AV—.\ MAX-RHMIN-RHRH-AV. WIN-SP illlfgfj
: c® c* C* % % % m / sec hours

June {34.28 22.72 28.50 75.08 26.13 | 50.61 2.09 12.40

July || 3403 | 23.60 2881 79.70 33.14 | 5642 1.98 11.90

Aug || 3422 | 2405 | 2903 | 8271 | 358 | 5894 | 199 | 1110
Sep. || 32.12 21,917 2702 | 7964 | 3460 | 57.12 l.ssl 10.30

Growing scason 2008

T :

Vonth [MAX-T|MIN-TITEM-AV MAX-RHIMIN-RH|RH-AV. [WIN-SP SURoH

e c || ¢ % | % | % |mrse|
| ! ours

June || 363 | 225 ’ 294 | 540 1 343 ‘ 442 | 407 | 124
wly | 359 | 232 | 296 | 627 | 417 | 522 4 37 | 19
aug. | 368 | 236 | 302 | 610 | 390 | 500 | 367 | I1I
| Sep | 357 [ 223 ] 290 | 597 | 383 | 490 | 303 | 103

Crop coefficient (Kc)
Crop coefficient (Kc) was calculated using the following equation:
Ke=ET,/ET,
Where:
ET,= Actual evapotranspiration
ET,= Reference evapotranspiration.
Kc= Crop ceefficient of com,

Soil sampling and methods of analysis

Undisturbed and disturbed sotl samples were collected from three successive
soil depths (0-20, 20-40, and 40-60 cm) to determine some physical and chemical
characteristics of the investigated soil site, according to the methods described by
Page et al. (1982) for chemical soil properties and Klute (1986) for physical soil
properties.

Warer use efficiency (WUE)

Water use efficiency of crop was calculated according to Giriappa (1983)
using the following equation:
Lo S Sedd Sci 48, No3 (2008)
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Yield (Kg/fed)
ETa (m3/fed)

CWUE =

Grain and seed yields
Grain yields of maize were obtained from a central area 1.4 m x 1.5 m. of
each plot to avoid the borders effect and cailculated as kg / fed.

Statisticaf analysis

The treatment means were compared using Duncan’s Multiple Range Test
according to (Snedecor & Cochran, 1980). The (L.S.D) and the student t-test
(paired) were done at .05 level of significance.

Results and Discussion

Data of soil physical and chemical characteristics of the experimental soil site
are presented in Table 2.

TABLE 2. Soil physical and chemical characteristics of the experimental site.

Soil depths (¢cm)
20-40 . 40-60

Soil characteristics

<z

~oA
U=z

Particle size distribution %

C.sand 2.6 0.8 1.8
F.sand 55.2 58.4 56.0

Silt 217 18.1 203
Clay 20.5 227 21.9

Texture class Sandy clay loam | Sandy clay ioam Sandy clay loam

Chemical properties

CaCOy % 4.56 3.22 1.39
Orpanic matter % 1.94 1.71 1.26
pH {so1l paste) 7.95 7.89 7.97
ECe (soil paste extract) 2.53 2,33 [.73
Physical properties
Bulk density (g/cm’) 1.17 1.30 1.37
Field capacity (Bv%) 43.3 45.9 43.4
Wilting point (8v% 19.5 23.5 216
Available water (0v%a} 23.8 224 21.8

The results revealed that the soil of the experimental site is sandy clay loam
throughout the whole profile layers, All layers of the soil profile are non-saiine,
slightly alkaline; contain slight percentages of calcium carbonate and organic
matter.

Reference evapotranspiration (ETo)
The maior parameters required to calculate the (ETo) are the climatological
dara. tength of the growth period of the cultivated crops and surface properties.

Eevpr J Soil Sci. 48, No. 3 {2008)
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Data itlustrated in Table 3 shows the values of reference evapotranspiration
{ETo) calculated according to Penman-Monteith (P.M) and modified penman
(M.P) equations. The (ETo) values calculated by the different equations are
maximum in June and gradually decreased to minimum in September in 2007
season. While, in 2068 season the maximum (ETo} values is found in July and
decreased to minimum in September. This trend is due to the variation in sowing
data and in climate in the two seasons. The (ETo) values calculated by Penman-
Monteith {P.M) method were lower than those values obtained by the modified
penman (M.P) method during the growing months in both seasons.

Actual evapotranspiration (ETa)

The monthly changes in the actual evapotranspiration (ETa) for corn crop as
affected by different mulching treatments during the growing seasons are shown
in Table 3. Data illustrate that the monthly values of (ETa) under the studied
treatments increased from June to August then decreased from August to
September. The (ETa) values under mulching soil are lower than the (ETa)
values under un-mulching soil. Plastic mulch treatments recorded the lowest
values of (ETa) followed by rice straw mulch treatments as compared to the un-
miulched treatments. A significant difference was obtained between un-mulched
soil and mulched soil with plastic and rice straw. Plastic and rice straw mulches
reduce (ETa) by 5.86 % and 3.51 %, in the first season and by 5.93% and 2.86 %
in the second season, respectively as compared with un-mulched soil. These
results may be due to the higher water evaporation under rice straw mulch
compared with plastic mulch.

TABLE 3. Monthly ETo and ETa (mm/month) for corn under different treatments
according to the studied equations.

(ETo) (ETa)
Growing
months PM | MP WPM | RSM |  AM
Season 2007
June 318.00 310.40 104.47 107.72 116.45
July 274.40 29280 233.15 239.71 243.26
Aug. 240.60 264.10 23116 235.46 24547
Sep.(23 days) 153.90 172.50 126.13 129.32 132.93
Total 986.80 1039.70 69491 71221 738.13
L.S.D (0.05) - - 5.82
Season 2008
June.(26days) 246.74 264.16 83.48 86.51 91.46
July 265.36 29512 215.56 219.64 22451
Aug. 261.33 280.55 24385 252.67 257.56
Sep.(27 days) 191.70 240.30 140.27 146.65 152,71
Total 365.13 1080.13 683.16 705.47 72624
L.S.D (0.05) - . 6.08
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Crop coefficient (Kc)

The actual crop coefficient (Kc) calculated for the different types of mulching
and the theoretical (Kc) values given by the FAQO are shown in Table 4. The
maximum FAQ crop coefficient value (1.20) is obtained in August while the
minimum value (J.40) is obtained in June with an average of (0.87 and 0.84)
over the whole first and second seasons. The actual (Kc¢) increased from June to
August then declined in September in both seasons. The actual minimum (Kc)
values are obtained under plastic mulch followed by rice straw mulch as
compared to the un-mulching treatment. The significant differences between the
theoretical (Kc) values given by the FAO and the actual (Kc) values were tested
using t-test, {Table 4). The theoretical (Kc) values given by the FAO is not
significantly different than the actual (Kc) values calculated by Penman-Monteith
equation under both mulched and un-muiched treatments in the two seasons.
However, there is a significant difference between theoretical and (Kc) values
calculated with plastic and rice straw mulches by modified-penman equation in
both seasons. Actual crop coefficient calculated by Penman-Monteith equation
compare well with those reported by FAO.

TABLE 4. Calculated and theoreiicai erop coetficient (&) for corn under muiched
and un-mulched conditions.

; Growing months P.M (Equation M.P (Egquation FAQ

|‘ WPM [RSM [ NM | wPM | RSM | NM | (Ko
| ) Season 2007

| June 033 {034 ] 037 | 033 ] 035 .38 0.40

July 085 [ 087 [ 089 | 075 | 077 | 0.79 0.92

Aug. 096 | 098 | 1.02 092 | 093 | 095 1.20

Sep.(23days 082 T o84 [ 08 | 072 | 075 | 077 0.95

i Growing season 0.74 076 | 0.79 0.68 0.70 0.72 0.87
t-test value | 3.18 2.83 2.33 4.15*% 3.62* 2.99 -

| Season 2008
June 26days) | 034 | 035 [ 037 [ 032 033 1 035 [ 039
July 081 { 083 [ 08 | 0.73 074 | 076 | 086
Aug, 093 | 096 ) 099 | 087 090 | 092 1.20
Sep.(27days) 073 1 076 | 079 | 058 0.6 0.64 0.90

Growing season 0.71 073 | 035 0.63 0.65 0.67 0.84

i-test value 234 [ 229 [ 1eg [ 321 | 318 | 287 -

* Not significantly different.

Crop evapotranspiration (ETc)

Table 5 shows the (ETc) values calculated for the different mulching
treatments in both seasons. Crop coefficient (Kc) values given by the FAO and
{ETo) values calculated by Penman-Monteith and modified-Penman equations
were used to calculate (ETc) values. The calculated (ETc) values are higher than
the actual evapotranspiration (ETa); this may be due to the variation in climate of
the studied region. 1t is also observed that (ETc) values obtained by Modefied-
Penman are higher than those values obtained by Penman-Monteith method. The
Penman-Monteith method is approximateiy ctose 1o the {(ETa) values,

Egypr. J Soil Sci. 48, No. 3 (2008)
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TABLE 5. The ETc (mm/month} calculated by the studied equatiens and FAO (Kc)
during the two seasons.

[ (ETo)
C . th Season 2007 Season 2008
rowing montas PM M.P PM M.P
L
[ June 127.20 124.16 96.23 103.02
July 252.42 269.38 228.31 253.80
Aug. 288.72 316.92 313.59 336.66
Sep.(23days) 146.21 163.88 172.53 21627 |
Total 814.58 §74.38 810.56 909.75 |

Corn grain yield

Data of corn grain yield {(Kg/fed) are presented in Table 6 for all the studied
treatments in both growing seasons. The highest grain yield of corn is obtained
with plastic muich treatments followed by rice straw mulch treatments as
compared with the un-mulch treatments in both seasons. Plastic and rice straw
mulches significantly increased grain yield by 16.65% and 10.38 % in the first
season and by 17.24 % and 10.63 % in the second season over the un-muiched
treatments, respectively. The increase in the yield of corn under mulching may be
rendered to decreasing water evaporation from the soil surface; mulching
increase shading and consequently reduces evaporation from soil surface,
However, plastic mulch was superior to rice straw mulch in reducing soil
evaporation. The superiority of plastic mulch may be due to the higher moisture
content % under plastic than under straw mulches which observed from the low
(ETa) values recorded under the plastic mulch compared to the rice straw mulch.
Plastic mulch resulted in increasing the availability of water to corn plants which
increased the corn yield.

TABLE 6. Grain yield of corn (Kg/fed) as affected by muiching and no-muliching

treatments,
Mulching treat. 1 1I n 13" Mean
Season 2007
Plastic mulch 4383.2 4290.9 45172 4459.5 4412.7
Rice straw mulch 43248 4184.5 40758 41173 4175.6
No-mulch 39241 37979 38304 35792 3782.9
L.S.D (0.05) 191,08
Season 2008
Plastic mulch 4376.7 44184 4369.7 4085.6 43126
Rice straw mulch 39827 3967.2 4143.4 41843 40694
No-mulch 3631.6 3720.5 3678.6 36825 36783
L.S.D (0.05) 177.41
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A significant difference between plastic and rice straw mulches on corn grain
yield of no-mulching is obtained in both growing seasons.

Water use efficiency (WUE)

Water use efficiencies (WUE) calculated for the different studied treatments
are shown in Table 7. In general, the values of water use efficiency (WUE)
increase with the applying of mulch treatments. The highest increase in (WUE) is
obtained under plastic mulch followed by rice straw mulch as compared to un-
mulch treatments in both seasons. This may be due to the increase of corn yield
under mulching treatments as a result of increasing the availability of water,
decreasing of the weed and decreasing of water evapotranspiration. Plastic and
rice straw mulch generally increased (WUE) by 24.0 %, 14.0 % over the un-
mulched treatment, respectively in both seasons. A significant difference in
(WUE) among treatments was obtained.

TABLE 7. Water use efficiency (Kg/m®) of corn yield as affected by mulching and
un-mulching treatments.

Treatments Season 2007 Season 2008
Plastic mulch .51 1.50

| Rice straw mulch 1.39 137

Z No-mulch 122 21

L.S.D (0.05) 0.041 0.039 N

Conclusion

Mulched treatments were more effective in reducing water evaporation,
increasing water use efficiency and corn grain yield compared to un-mulched
treatments. Plastic mulch was more effective in reducing evapotranspiration and
improving water use efficiency as compared to rice straw mulch., Although,
plastic mulch is superior to rice straw mulch, it adds costs to the farmers.
Applying rice siraw mulch would lower these costs and increases the
environment benefit compared to plastic mulch. It is suggested that increasing the
applied rate of rice straw can raise its performance in reducing evaporation. The
results also concluded that the (Kc) values were lower under mulching compared
to un-mulching. It is preferred to use Penman-Monteith (P.M) equation to predict
thic cvapotranspiration of corn under the studied region,
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