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ABSTRACT 
 

This study evaluated the Effects of different irrigation methods and mulching on field 
corn (Zea mays L.) actual evapotranspiration (ETc), yield, water use efficiencies 
(WUE = yield/ETc, and IWUE = yield/irrigation) in Karaj of Iran. The experiment was 
laid out in a split plot design keeping three irrigations methods (i) porous clay 
capsules irrigation (CC), (ii) surface drip irrigation (SD) and (iii) subsurface drip 
irrigation(SDI) as the main factor and two kind of mulch (i) with and (ii) without 
Aluminium foil mulch as sub-factor. Each treatment was replicated three times in a 
randomized complete block design. Actual evapotranspiration (ETc) was calculated 
by water balance method. Coefficients values for kc, were derived from measured 
ETc and ETo calculated from weather data. Results showed that ETc of corn for Karaj 
was 380, 377 and 372 mm for porous clay capsules, surface and subsurface drip 
irrigation, respectively. However for the same period, ETc was estimated 374.22 mm 
using FAO Penman–Monteith model. Statistical analysis of evapotranspiration data 
indicated that the effects of irrigation methods were significant on evapotranspiration 
of corn (P≤ 0.01).The results showed that the Kc of porous clay capsules irrigation 
method in initial, crop development and middle stages of the growing season were 
0.52, 0.78 and 1.19 respectively. The highest value of Kc was for porous clay 
capsules irrigation method. The effect of irrigation methods on biological yield, WUE 
and IWUE were significant (P<0.05). The highest yield (30 ton ha-1), WUE (7.89 kg 
m-3) and IWUE (7.89 kg m-3) was obtained for porous clay capsules irrigation 
method. The effect of mulch were significant on biological yield (P≤ 0.05), WUE 
(P<0.05) and IWUE (P≤ 0.05). But interaction of irrigation methods and mulch had no 
significant effect on biological yield, WUE and IWUE. Dry and wet biological yield 
increased from 25 to 28 (ton ha-1) and 63 to 97 (ton ha-1) for irrigation treatments 
respectively, and from 25 to 28 (ton ha-1) and 73 to 84 (ton ha-1) for mulching 
treatments, respectively. Mulch increased the biological yield, WUE and IWUE 
compared with the no mulch treatment. According to the results of this study, it can be 
concluded that using buried porous clay capsules leads to higher biological yield, 
WUE and IWUE compared to surface and subsurface drip irrigation. Accordingly it is 
a useful technique for maximizing water use efficiency in growing corn plant in semi-
arid regions. 
 
Keywords: Clay capsules irrigation, Surface and subsurface drip irrigation, 
Evapotranspiration, Biological Yield, Mulch. 
 

1. INTRODUCTION 
 
Water is the most limiting resource in semi-arid and arid lands. Given current 
demographic trends and future growth projections, as much as 60% of the global 
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population may suffer water scarcity by the year 2025 (Qadir et al., 2007). Various 
strategies have been proposed to reduce the agricultural water use (Tejero et al., 
2011), including to minimization of evaporation (E) to reduce evaporation and 
transpiration (ET), improving irrigation methods and optimizing irrigation schedule 
(Geerts and Raes, 2009; Sun et al., 2012). Improvements in water use efficiency 
(WUE) of crops are essential under all water scarcity scenarios. The application of 
mulch is known to be effective in reducing soil evaporation and saving water (Zhang 
et al., 2014; Li, 2003). In many countries, irrigation was introduced to increase 
product yield (Escalona et al., 2003). Mulching can increase water-use efficiency 
(WUE). Mulch is mentioned to as any material spread onto the surface of soil for 
protection against solar radiation or evaporation. Mulches can include wheat straw, 
rice straw, plastic film, grass, wood, or sand (Yaghi et al., 2013). However, evaluation 
of the efficacy of irrigation methods, it is necessary to study it infield conditions, the 
result of this evaluation leads it will be of increasing water use efficiency. In order to 
facilitate adaptation to lack of water, mulch could provide alternative means for 
monitoring the response to irrigation while maximizing water use efficiency. Because 
Sensitivity of maize to drought, one the problems of farmers in arid and semi-arid 
providing favourable conditions during the growing season, corn is particularly 
adequate water supply. Also in the past few decades, the use of drip irrigation 
methods has been studied for agricultural products and is specified in certain 
conditions, drip irrigation methods compared to conventional methods is able to 
reduce the irrigation water and increase the yield of different crops (Basal et al., 
2009).The efficient irrigation systems may contribute to the purpose of water 
conservation. Subsurface drip irrigation (SDI) has the potential to be a more efficient 
irrigation system compared to center pivots and furrow irrigation. Creation optimum 
moisture and prevent water waste by reducing water losses due to deep percolation 
and evaporation from the soil surface, including issues that have prompted scientists 
to provide the new cost-effective ways irrigation water management (Siyal, and 
Skaggs, 2009).. Results to Comparison the surface and subsurface drip irrigation 
(SDI) application effects on sugar beet crop yield indicated that the subsurface drip 
irrigation leaded to a greater yield and higher sugar content making significant water 
saving in relation to the surface one (Sakellariou-Makrantonaki, et al. 2001). 
Substantial benefits are identified in terms of increased recognition performance, 
improve product quality, reduction water distribution and reduce the cost of crops for 
weed control, fertilization, and plantation improved water management is crucial for a 
sustainable future and sdiI would be a tool that is available to improve water efficiency 
(Ayars et al. 2015 ). The quantity of mulching may have differential effects on water 
use and water use efficiency. Few studies have examined the combined effects of 
irrigation and straw mulch on grain yield and water use efficiency under irrigated 
conditions. The present investigation was carried out with the objectives to evaluate 
different irrigation methods and mulching the seasonal evapotranspiration, yield and 
water use efficiency of corn in the semiarid climate of Iran. 
 

2. METHODS 
 
2.1 Site description 

 
Field experiments were carried out during the 2014 growing seasons. The 
experiments were located at the pilot farm water and soil department o fthe Ministry of 
Agriculture in karaj-iran (latitude of 51°38 ˊN and longitude of 35°21ˊ W, 1312.5 m 
above sea level). The climate at karaj-iran is semiarid, with average annual 
precipitation of approximately 279.3 mm. Daily weather data including daily maximum 
and minimum air temperature, relative humidity, wind speed, rainfall, solar radiation 
and Rainfall data were also collected from an synoptic meteorology stations. 
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2.2  Soil of the experimental site 
 
The soil of the experimental site was loam in texture. The top 0–20 cm layer of the 
soil profile was neutral in pH (7.8), with 1.41 ds m−1 electrical conductivity, The data 
collected on various soil physic-chemical properties like Bulk density (g cm−3) (1.42), 
pH (7.8-8.14), soil moisture at field capacity (22.1-22.5%) and at permanent wilting 
point (9.5-9.8%) are presented in Table 1. 
 

Table 1. Physico–chemical properties of the soil. 
 

Soil depth 
(cm) 

BD    (g 
cm-3) 

FC (%) WP (%) PH EC (ds m-1) SOIL 
Textures 

0-20 1.42 22.5 9.8 7.8 1.41 loam 

20-40 1.42 22.4 9.6 7.9 1,21 loam 

40-60 1.42 22.1 9.5 8.14 2.46 loam 

 
2.3  Experimental Design 

 
The experiment was laid out in a split plot design keeping three irrigations metods as 
the main factor and two kind of mulch as sub-factor. Each treatment was replicated 
three times in a randomized romplete block design. 
 
2.3.1 Irrigation and mulch treatment 
 

(i)  The irrigation methods included: porous clay capsules irrigation (CC), 
surface drip irrigation (SD) and subsurface drip irrigation (SDI) 

(ii)  kind of mulch. Included: a. with Aluminium foil mulch (M1), b. without 
Aluminium foil mulch (M2) 

 

For implementation project was placed 18 volume micro lysimeters in soil. Each 
lysimeter was 72 cm high and had a diameter of 40 cm. Drip lines with inside 
diameter of 1.6 cm pressure-compensating emitters and 40 cm dripper spacing were 
either placed on soil surface or buried at 30 cm soil depth before planting under 
different irrigation methods, porous clay capsules irrigation buried at 30 cm soil 
depth.In this design each porous clay capsules was 30 cm high and had a diameter of 
6.5 cm.  
 
2.4. Cultural practices 

 
Corn was planted in micro lysimeters on August 6 in 2014 in conditions farm. Corn 
was planted at 0.76-m row spacing and 13cmSeeds Spacing from each. Fertigation 
was started In step 3 and 4 leaf after sowing and was stopped 45 days prior to the 
end of the crop period. All treatments received 250 kg Ammonium Phosphate 
fertilizers ha−1 and As well as half of the nitrogen fertilizer (200 kg ha−1). Inside any 
micro lysi meters were planted 3 seeds on a row.  
 
2.5. Irrigation scheduling 
 
Depth irrigation water required based on meteorological data recorded by the 
synoptic meteorology stations was calculated based on a formula Penman-Monteith 
(Allen et al., 1998, 2006): 
 

ET0=
0.408 ∆(𝑅𝑛−𝐺)+ 𝛾[890 (𝑇+273 )]𝑢2  (𝑒𝑎−𝑒𝑎)

∆+ 𝛾( 1+0.34𝑢2  )
                                   (1) 
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where Rn is net radiation (MJ m−2d−1), G is soil heat flux density (MJ m−2d−1), Ta is 
mean hourly air temperature at 2 m height (°C), u2 is mean hourly wind speed at 2-m 
height (m s−1), es and ea are saturation and actual vapor pressure (kPa), 
respectively, Δ is the slope of the saturation vapor pressure curve at air temperature 
Ta (kPa °C−1), γ is the psychrometric constant (kPa °C−1). 
 
 Dg=( ETo* kc)/e                                                                         (2) 

Where Dg is gross depth irrigation(MM), ETo is Reference evapotranspiration 
(MMd−1), kc is Crop coefficient (°C), e is Efficiency. In this project due to the short 
length of laterals and uniformity of water distribution is assumed efficiency of100%, 
and finally the volume of needed water for was calculated using the following formula:  
 
 V=Dg*A                                                                                    (3) 

2.6. Measurements 
 
2.6.1.  Calculation of Actual evapotranspiration 
 
Actual evapotranspiration (ETc) was calculated by applying the water balance 
method. Etc was determined by Eq. (4): 
 
 ETc=P+I-D±ΔW                                                              (4) 
 
Where P is the rainfall (MM); I is the irrigation applied to individual plots (MM); D is 
the deep percolation; and ΔW is the change in water storage of the soil profile (MM). 
Since the amount of irrigation water was only sufficient to bring the water deficit to 
field capacity, deep percolation was ignored. Reference evapotranspiration ETo, was 
calculated with the FAO Penman–Monteith equation for the growing periods of corn, 
also Etc.  under standard conditions calculated from Kc and ET0 as equation (5) (Allen 
et al., 1998): 

 
 (5         )                                                              o× ETc K= cET 

 
ETc under standard conditions is usually determined by the time-averaged Kc 
approach. “Standard conditions” refer to a semi-humid climate with a relative humidity 
of 45%, wind speed of2 m s−1, sufficient water, appropriate management, normal 
growth, and a large area of high-yield crops. In FAO-56, the Kc curve is divided into 
four growth stages: initial, development, midseason, and late season. The initial and 
midseason periods are characterized by horizontal line segments and the 
development and late season periods are characterized by rising and falling line 
segments. TheFAO-56 Kc recommendations for maize during the midseason and at 
the time of harvest are Kc mid(Tab)= 1.2 and Kc end(Tab)= 0.6, respectively (Allen et 
al., 1998). The FAO-56 crop coefficients must be amended for different regions 
according to the moisture and climatic conditions. With full irrigation and in climates 
where RHmin differs from 45% or where u2 is larger or smaller than 2.0 m s−1, the 
values Kc mid and Kc end, adapted to the actual climate conditions can be evaluated 
as equation (6,7): 
 
Kc mid = Kc mid(table) + [0.04(U2 -2)-0.004(RHmin- 45)] [h/3] 0.3                                                    (6) 

Kc end = Kc end(table) + [0.04(U2 -2)-0.004(RHmin- 45)] [h/3] 0.3                                   (7) 

 

where RHmin is the mean daily minimum relative humidity during the mid-season 
growth stage (%) and h is the average plant height during the mid- or end-season 
stage (m). 
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2.6.2 Crop coefficients (Kc) 
 
Coefficients For the corn crop Kc values were estimated by dividing the actual ETc 
values with the corresponding ETo values. The change of Kc over the main 
phonological stages was also calculated using the ETc and ETo at different growing 
stages of the crops. 
 
2.6.3 Water use efficiencies 
 
Water use efficiency (WUE, kgm-3) and irrigation water use efficiency (IWUE, kgm-3) 
were calculated as 

 WUE = 
Yd

ETc
                                                                             (8) 

 

 IWUE = 
Yd

I
                                                                              (9) 

 
where Y is yield (g m-2); ETc = seasonal crop evapotranspiration (mm); I = seasonal 
irrigation (mm). 
 
2.6.4 Plant and yield sampling 
 
Leaf area index (LAI), crop height (CH), crop width (CW), and above-ground dry 
matter (DM) were measured. Also Leaf Area Index (LAI) is defined as the ratio of one-
side green leaf area (m2) to ground surface (m2), and it was measured with the 
electronic leaf area-meter, CI – 202seven times during the growing season. This 
method provides indication of the plant growth. 
 
2.7 Statistical analyses 
 
Analysis of variance (ANOVA) was conducted to evaluate the effects of the 
treatments on the evapotranspiration, yield and water use efficiency of corn using the 
SAS package. LSD (Least significant difference) tests were used to compare and 
rank the treatment means. Differences were declared significant at P ≤ 0.05. 
 

3. RESULTS AND DISCUSSION 
 
3.1  Variation actual evapotranspiration (ETc) during the growing season corn 
 
ETc, as determined by the soil water balance equation, and ET0, calculated with the 
FAO Penman–Monteith equation, for the growing seasonof corn, are presented in 
Table 2. 
 

Table 2. Amounts actual evapotranspiration. And Reference evapotranspiration 

 

stage after 

planting 

ETcCC 

(mm) 

ETcSD 

(mm) 

ETcSDI 

(mm 

ET0( FAO 56) 

(mm) 

 0( FAO 56)ET

(mm)c*k 

Initial 85.98 79 77.83 168.32 50.49 

Development 145.73 142.56 140.15 185.29 152.03 

Middle 148.15 155.53 153.94 128.03 171.7 

sum 379.86 377.09 371.92 481.64 374.22 
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Accordingly, ETc was calculated as an average value for all the different irrigation 
methods and mulching treatments in stage after planting. Daily ETc values varied from 
3.31 to 11.61 mm day−1, 2.50 to 9.44 mm day−1, 2.34 to 9.24 mm day−1, in porous clay 
capsules irrigation (CC), surface drip irrigation (SD) and subsurface drip irrigation 
(SDI), respectively. The highest ETc rate was observed for the porous clay capsules 
irrigation (CC). The lowest ETc values were obtained in in subsurface drip irrigation 
(SDI), treatment in the growing season of corn, because less moist soilis faced with 
the free air surface, and accordingly the rate of evaporation from the soil surface is 
lower compared to other irrigation systems. The mean ETc measured during the 
season was 380 mm for porous clay capsules irrigation (CC), 377mm for surface drip 
irrigation (SD) and 371 mm for subsurface drip irrigation (SDI) system. Using the 
averaged Kc values from in this study, corn ETc during the growing season of corn 
was calculated. The mean ET0 ( FAO 56) *kc (mm) was measured and recorded 374.22 
mm for the growing season of corn, which was estimated lower than ETc, determined 
by the soil water balance equation. Variation evapotranspiration during the growing 
season of corn shown in Figure 1 
 

 
a                                                                                b 

 

 
c 

 
Figure 1.  Variation evapotranspiration in irrigation system: subsurface drip 

irrigation, b- surface drip irrigation and c- porous clay capsules irrigation 
during the growing season of corn. 

 
The total ETc values were 379.86,377 and 371.92 mm for porous clay capsules 
irrigation (CC), surface drip irrigation (SD)and subsurface drip irrigation (SDI) in the 
growing seasons, respectively. Early research reports that seasonal corn ETc ranged 
from 350 to 800 mm for different climatic and environmental conditions (Panigrahi et 
al., 2001; Ferreira and Carr, 2002; Kang et al., 2003; Shock et al., 2003; Onder et al., 
2005; Ati et al., 2010). Seasonal variation of ETc indicated that the evapotranspiration 
rate was very low in the initial growing stage when LAI was small (Figure 2). 
 
ETc increased gradually in during the growing season of corn as LAI became greater. 
In middle stage of growing season, ETc generally peaked, as did plant height and LAI. 
Compare the results with the findings of other researchers show The crop coefficient 
changes indifferent regions or in specific region can be different with different planting 
dates. So kc extraction of regional and the calculated Etc for different climatic 
conditions and different planting times is essential. Statistical analysis of data 
evapotranspiration and crop coefficients (kc) indicated that the effects of irrigation 
methods were significant on evapotranspiration and crop coefficients (kc) of corn (P≤ 
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0.01). There were no significant differences between the mulching and Interaction of 
irrigation methods and mulch (Table 3). 
 

 
a……………………………………………………………………………….b 

 

Figure 2.  Changes crop height and leaf area index (LAI) of corn in irrigation system: 
subsurface drip irrigation, b- surface drip irrigation and c- porous clay 
capsules irrigation in during the growing season of corn 

 
Table 3.  Effects of irrigation methods and potassium mulching on actual 

evapotranspiration (ETc) and crop coefficients (Kc) of corn in season growth 

 

Treatmen Actual evapotranspiration 
(mm) 

KC 

irrigation Methods    

CC 379.9 a 0.82 a 

SD 374.1 b 0.74 b 

SDI 370.2 b 0.73 b 

Prob > F <0.004 <0.0001 

Mulching   

M1 373.1  0.77  

M2 376.1  0.76  

Prob > F ns ns 

Interaction   

CC M1 379.9  0.82 

CC M2 379.9  0.82 

SD M1 370.8  0.74 

SD M2 377.2  0.75 

SDI M1 368.5  0.73 

SDI M2 371.9  0.74 

Prob > F ns ns 

NS: not significant. 
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The results showed that capsules irrigation treatment produced higher ETc and KC in 
comparison to surface and subsurface drip irrigation in all treatments in the growth 
season (P <0.01).The highest evapotranspiration (380 mm) and mean Kc (0.82) was 
obtained for the whole season.  
 
3.2  Crop coefficients of corn (kc) 
 
Kc values were estimated basis by dividing the actual ETc values (I8 treatment) with 
the corresponding ETo values. The mean Kc values were estimated in three irrigation 
system to silage harvested of corn. Average values for crop coefficient for the 
different irrigation metods are presented in Table 4. 
 

Table 4.  Values of Kc at different growing stages of corn during growing season of 

2014. 

 

values cK 
clay capsules 
irrigation (cc) 

surface drip 
irrigation (sd) 

subsurface drip 

 irrigation (sdi) 
FAO 56 

Kc (ini) 0.52 0.39 0.38 0.3 

Kc (adv) 0.78 0.73 0.7 0.9 

Kc (mid) 1.19 1.03 1.03 1.2 

 

The mean Kc was estimated to be 0.83, 0.74 and 0.70 for porous clay capsules 
irrigation (CC), surface drip irrigation (SD) and subsurface drip irrigation (SDI) in the 
growing seasons, respectively. The estimated Kc values were close to the values 
recommended for corn by the FAO. Hou et all (2014) reported that for corn (zea mayz 
l.) in Northwest China, seasonal Kc in the initial, advance and middle stage of growing 
season were approximately 0.34, 0.89 and 1.23, respectively. The mean Kc was 
estimated to be 0.83, which corresponded with the results of this study. In the present 
work in during the growth season, Kc ranged between 0.38–1.19. Maximum values of 
Kc were obtained at the middle season stage. These values were 1.19, 1.03 and 1.03 
for porous clay capsules irrigation (CC), surface drip irrigation (SD) and subsurface 
drip irrigation (SDI) in the growing seasons, respectively. The Kc curves followed a 
similar ascending/descending curve as ETc, i.e., generally constant at the initial stage 
then increased at crop development before reaching maximal values at middle 
season stage. 
 

3.3  Leaf area index (LAI) crop height (H) and book Diameter (D) 
 
Leaf area index (LAI), crop height (H) and bosk diameter (D) during growth season for 
each treatment is listed in Table 5. The irrigation Methods had no effect (P <0.05) on 
leaf area index (LAI), crop height (H) and bosk diameter but affected by mulching 
treatments (P <0.05) on leaf area index (LAI) and bosk diameter (D) for the growth 
season.  
 

Although the highest values of LAI, H and D was belonged to porous clay capsules 
irrigation (cc) treatments and recorded 4.1, 182 and 2.98 (cm), respectively. The leaf 
area index (LAI) and crop height (H) increased with mulching and recorded 4.11 and 
189 (cm), respectively. The highest significant values were obtained when plants 
Using the mulch were compared to without mulch, while the lowest values was 
recorded in the without mulch treatment. In the middle stage (70 days after sowing) of 
corn growth season, LAI, H and D were belonged larger values in during growing 
season of corn (Table 5). Also, Positive effect of mulching on LAI of wheat was 
previously reported by Xie et al. (2005). Interaction of irrigation methods and mulching 
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showed no significant effect on the leaf area index (LAI), crop height (H) and bosk 
diameter (D) in during growing season. 
 
Table 5. Effect irrigation Methods and mulching on leaf area index (LAI), crop 

height (H) and boskDiameter 70 days after sowing (DAS). 
 

Treatment LAI H (cm) D (cm) 

irrigation Methods     

CC 4.1 182 2.98 

SD 3.72 179 2.83 

SDI 3.95 182.5 2.95 

Prob > F Ns Ns Ns 

Mulching    

M1 4.11 a 189 2.91 a 

M2 3.66 b 172.5 2.87 b 

Prob > F 0.015 NS 0.01 

Interaction    

CC M1 4.23 191.66 3.03 

CC M2 3.77 183.5 2.93 

SD M1 3.5 173.1 2.9 

SD M2 4.42 169.24 2.96 

SDI M1 3.73 189.23 2.9 

SDI M2 3.7 179.33 2.76 

Prob > F NS NS NS 

NS: not significant. 

3.4  Impact biological yield 
 
Both irrigation Methods and mulching affected the biological yield (Y), water use 
efficiency (WUE) and irrigation water use efficiency (IWUE) significantly (p<0.05). but, 
Interaction of irrigation methods and mulching showed no significant effect (Table 6). 
the highest biological yield was recorded in the clay capsules irrigation (cc) treatment 
which was 28.41 (ton ha-1). Also, the M1 treatment recorded the highest biological 
yield which was 27.86 (ton ha-1) and was higher than no mulch treatment. 
 
The increase in biological yield due to mulch was possibly due preserving soil 
moisture through reducing evaporation and prevents the weed growth. Balwinder-
Singh et al. (2011) reported that straw mulch reduced the evaporation losses by 47 
mm compared to no mulch in wheat. Stein et al (1995), Mata et al (2002), 
Chakraborty et al. (2010), Balwinder-Singh et al. (2011) and Ram et al (2013) 
recorded an increase in grain yield with mulching In comparison with Without 
mulching. Table 7 also shows that biological yield per plants varied significantly (P ≤ 
0.05) among the treatments. The highest value was obtained in CC M1treatment 
(29.98 ton ha-1) and the lowest value was obtained in SD M2 treatment (23.19 ton ha-

1).Mulching is known for reducing the weed dry matter due to physical hindrance and 
by reducing the amount of solar radiation reaching the weeds on soil surface and thus 
maintaining the optimal yield (Erenstein, 2002) have shown the Multiplier effect of 
mulching on biological yield crop in corn. 
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Table 6. Effect irrigation Methods and mulching on in water use efficiency (WUE) and 

irrigation water use efficiency (IWUE) of corn in season growth. 
 

Treatment 
biological yield 

(ton ha -1) 
IWUE (kg m-3) WUE (kg m-3) 

irrigation Methods  
   

CC 28.41 a 7.47 a 7.47 a 

SD 25.13 b 6.56 b 6.67 b 

SDI 26.67 ab 7.07 ab 7.26 ab 

Prob > F 0.040 0.034 0.042 

    

Mulching 
   

M1 27.86 a 7.33 a 7.46 a 

M2 25.61 b 6.74 b 6.80 b 

Prob > F 0.023 0.031 0.017 

Interaction 
   

CC M1 29.98 7.89 7.89 

CC M2 26.83 7.05 7.05 

SD M1 27.07 7.02 7.19 

SD M2 23.19 6.10 6.14 

SDI M1 26.53 7.09 7.30 

SDI M2 26.80 7.06 7.21 

Prob > F NS NS NS 

 
 
3.5 Water use efficiency 
 
Data on irrigation water use efficiency (IWUE) and water use efficiency (WUE) for all 
treatments are presented in Table 6. IWUE of porous clay capsules irrigation 
treatments were higher and differed from surface and subsurface drip irrigation 
treatments in the growth season (P <0.05). However, Interaction of irrigation methods 
and mulching showed no significant effect on the water use efficiency (IWUE) and 
water use efficiency (WUE) in during growing season. The porous clay capsules 
irrigation treatments produced higher WUE in comparison to surface and subsurface 
drip irrigation in all treatments in the growth season (P <0.05). The water use 
efficiency of all the treatment ranges from 6.14 to 7.89 (kg m-3), while the irrigation 
water uses efficiency ranges from 6.10 to 7.89 kg m-3. Porous clay capsules irrigation 
method yielded higher values of IWUE and WUE, since porous clay capsules 
irrigation evapotranspiration, evaporation and Deep percolation losses than surface 
and subsurface drip irrigation. Uniform mulching on the soil surface reduces 
evaporation, increases soil moisture content, and decreases water consumption, 
saving water without reducing grain yield and leading to a higher WUE (Jin et al, 
2009; Wang et al, 2012; Shen et al, 2012). 
 

4. CONCLUSIONS 
 
This study evaluated effects of different irrigation methods and mulching on the 
seasonal evapotranspiration, yield, water use efficiency in the semiarid climate of 
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iran. Treatments resulted in showed that actual crop evapotranspiration (ETc)of corn, 
for Karj semi- arid region, during growing season was 380, 377.01 and 371.93 mm for 
clay capsules, surface and subsurface drip irrigation, respectively. The mean ET0 ( FAO 

56) *kc (mm) was measured and recorded 374.22 mm for the growing season of corn, 
which was estimated lower than ETc, determined by the soil water balance equation. 
The effects of irrigation methods were significant on evapotranspiration. The mean Kc 
was estimated to be 0.83, 0.74 and 0.70 for porous clay capsules irrigation (CC), 
surface drip irrigation (SD) and subsurface drip irrigation (SDI) in the growing 
seasons, respectively. The irrigation Methods and mulching affected the biological 
yield (Y), water use efficiency (WUE) and irrigation water use efficiency (IWUE) 
significantly (p<0.05). The highest biological yield was recorded in the clay capsules 
irrigation (cc) treatment which was 28.41 (ton ha-1). IWUE of porous clay capsules 
irrigation treatments were higher and differed from surface and subsurface drip 
irrigation treatments in the growth season (P <0.05). Mulching decreased soil 
temperature and reduced the weed dry matter, increased yield attributes and yield in 
corn. More such studies are needed to further establish the beneficial effects of rice 
straw mulch on yield and water use efficiency of corn. 
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