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Abstract  
   
The aim of the present investigation was to evaluate the effect of regulated deficit irrigation (RDI) strategies with soil 
surface mulching (SSM) on maize grain yield, water use efficiency (WUE) and some soil physical properties. The field 
experiment was conducted at Soil and Water Resources Research Station in Baghdad with the latitude of 33°14′ N, 
Longitude of 44°04′ E under the autumn growth of 2015. A randomized complete block design (RCBD) was used with 
three replications. The irrigation treatments included full crop water requirements (I₁) and deficit irrigation (30% below 
the full water requirements, I₂), both with and without mulching (M₀ and M₁, respectively). Volumetric soil moisture 
measurements were taken with a capacitance probe (Diviner-2000) to schedule irrigation and water amounts. Water 
applications were measured for each irrigation season; actual evapotranspiration (ETₐ) was determined as differences of 
soil water storage between consecutive irrigations. The measured response variables were grain yield, water use 
efficiency (WUE), actual water requirement, saturated hydraulic conductivity (Kₛₐₕ), mean weight diameter of water-
stable aggregates (MWD), soil organic carbon (SOC) and bulk density (ρb). The results showed that the total seasonal 
water application reduced by 1,600 m³ ha⁻¹ (26%) under the deficit irrigation (I₂) compared to the full irrigation (I₁; 6,200  
m³ ha⁻¹) and no statistically significant decrease in grain yield (≈14% numerical decrease). (ii) Full irrigation (I₁) resulted 
in 14.1% greater yield of grain compared to deficit irrigation (I₂). (iii) The mulched plots (M₁) gave better results than 
bare soil plots (M₀) and increased grain yield by 22.5% and WUE by 21.8% respectively. The maximum grain production 
(7,710 kg ha⁻¹) was achieved in I₁M₁ while the minimum (5,420 kg ha⁻¹) was obtained in I₂M₀. Compared with deficit 
irrigation, the full irrigation treatments resulted in increased Kₛₐₕ, aggregate stability, and SOC of 24.1%, 19.4% and 
9.5%, respectively. The mulching resulted in the increase of the SOC (30.3%), aggregate stability (57.1%) and Kₛₐₕ 
(61.5%) when compared to non-mulched treatments. On the other hand mulching reduced bulk density by 7.8% as 
compared with bare soil (vii). (viii) Peak values for Kₛₐₜ (27.6 mm h⁻¹), aggregate stability (28.7%), and SOC (2.75 g kg⁻¹) 
were observed under I₁M₁, while minimum values (13.2 mm h⁻¹, 14.9%, and 1.91 g kg⁻¹, respectively) were recorded 
under I₂M₀. (ix) The maximum bulk density (1.42 Mg m⁻³) was measured under I₂M₀, and the minimum (1.27 Mg m⁻³) 
under I₁M₁. 
 
Keywords: Irrigation, Mulches, Diviner 2000, Soil physical properties. 
 
 
Introduction 
 
Irrigation water is a major limiting factor for crop 
production in the arid and semi-arid agro-ecological 
regions. The agriculture sector has the highest water 
consumption accounting for about 90% of water 
resources used in Arab countries. The amount and quality 
of freshwater available for agricultural irrigation are 
intimately related to sustainable agriculture 
intensification. Deficit irrigation – applied water volumes 
that are intentionally less than the full crop 
evapotranspirative water demand – is a critical strategy 
that can improve water productivity and optimize water 
use, particularly in water-scarce areas.  
 

*Corresponding author’s ORCID ID: 0000-0000-0000-0000  
DOI: https://doi.org/10.14741/ijmcr/v.5.5.5 

The overall objective of irrigation scheduling is to match 

water applied to the crop with crop phenological 

requirements and keep soil moisture near field capacity. 

Precise scheduling of water inputs with temporal and 

volumetric adjustment to maximize economic return, 

which will enhance application efficiency and reduce non-

beneficial losses, is the goal of good scheduling 

procedures. Seasonal water inputs of 600-700 mm are 

generally required for optimum production of maize 

under various meteorological conditions (Reddy, 2006). 

However, the use of deficit irrigation regimes alone 
often has unfavourable effects on crop yield formation 
and/or soil quality maintenance. In such water-limited 
situations, soil surface mulching proves to be an effective 
adaptive measure to modify soil hydrothermal regime, 
reduce evaporative water losses and improve water use 
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efficiency, which eventually leads to better grain yield 
(Chakraborty et al., 2008). Wheat straw is a rich 
agricultural by-product, rarely used or wasted by farmers, 
which can be a low-cost, local mulching material. Based 
on empirical evidence, a straw mulch provides substantial 
increase in soil water storage in the root zone and 
reduced weed competition for water and nutrients (Liu et 
al., 2014). As Zhang et al. (2005) and Vial et al. (2015) 
have already proved, the use of straw mulching can 
reduce the soil evaporative fluxes. Moreover, this practice 
increases infiltration capacity and hydraulic conductivity 
(Faber et al., 2001; Ji and Unger, 2001; Laila and Ali, 
2011). Comparative studies have shown that straw 
mulching not only saves water but also enhances water 
use efficiency (WUE) (Liu et al., 2009; Pandey et al., 2013; 
Saikia et al., 2014) with up to 30% reduction in irrigation 
water requirement as compared to the conventional 
method (Chaudhry et al., 2004). Concerning this, the 
present investigation was planned to assess the 
interaction effect of deficit irrigation and mulching with 
wheat straw on soil physical properties and crop 
performance parameters. 
 
Material and Methods 
 
To understand the interaction between wheat straw 
mulching and SRI, a field experiment was conducted in 
summer 2015 to evaluate the interaction of SRI with 
wheat straw mulching on maize grain yield, water 
productivity and soil physical properties. The 
experimental site was the Soil and Water Resources 
Research Station in the center of Iraq (33°14′ N, 44°04′ E 
and 34 m asl). The experimental soil was classified as fine-
loamy, mixed, hyperthermic, Typic Torrifluvents and had 
a silty clay loam texture. The various soil physicochemical 
characteristics were quantified using standard analytical 
procedures (Black, 1965; Page et al., 1982; Richards, 
1954) and the detailed characteristics are presented in 
Table (1). The experimental design was randomized 
complete block design (RCBD) replicated thrice. The field 
was divided into three similar blocks with 3-m buffer 
zones between them. The experimental plots were 
established in the middle of each block, which was 
subdivided into 4 experimental plots (6m x 6m) with 2 m 
alleyway between the experimental plots to reduce inter 
plot interference. Within each block, the 4 treatments 
were assigned to each test plant at random: 
 
1. Irrigation with no mulching (I₁M₀) 
2. Full irrigation, with mulching (I₁M₁). 
3. Deficit irrigation (30% below full crop water 

requirement) without mulching (I₂M₀) 
4. Deficit irrigation (30% less than full crop water 

requirement) plus mulching (I₂M₁) 
 
Where: I₁, full irrigation, and I₂, deficit irrigation (30% 
water reduction); M₀, bare soil (without mulch); M₁, 
wheat straw mulch application. 

1. Full irrigation without mulches (I1M0). 
2. Full irrigation with mulches (I1M1). 
3. Deficit irrigation (reduction 30% from irrigation 
requirement) without mulches (I2M0). 
4. Deficit irrigation (reduction 30% from irrigation 
requirement) with mulches (I2M1). 
 
Where  
 
I1 = Full irrigation 
I2 =Deficit irrigation (reduction 30% from irrigation 
requirement). 
M0 = Without mulches. 
M1 = With mulches (wheat straw). 
 
Table 1: Relevant physical and chemical properties to the 

soil studied 
 

Properties Unit Value 

Sand g·Kg⁻¹ 257 

Silt g·Kg⁻¹ 408 

Clay g·Kg⁻¹ 335 

Texture — Silty Clay Loam 

Bulk density µg·m⁻³ 1.36 

Percent of soil stable aggregates % 9.2 

Organic carbon G Kg⁻¹ 1.8 

Volumetric moisture content at 
33 Kpa 

cm³·cm⁻³ 0.34 

Volumetric moisture content at 
1500 Kpa 

cm³·cm⁻³ 0.14 

Available water cm³·cm⁻³ 0.20 

ECe dS·m⁻¹ 3.4 

 
The nitrogen was provided as urea (46% N) in a total of 
400 kg ha⁻¹ split into two equal applications. The first 
application of nitrogen was made before sowing and the 
triple superphosphate (TSP) was applied at 260 kg ha⁻¹. 
The additional dose of nitrogen was provided five weeks 
after emergence. The potassium treatment was in the 
form of potassium sulfate (K₂SO₄) applied at 200 kg ha⁻¹. 
Maize seeds were planted on 18 July 2015 at an inter-row 
spacing of 0.75 m and inter-row spacing of 0.25 m. 

 
 

Figure 1: Diviner-2000 calibration equation for (Si.C.L.)  
Soil 

 

Good linear correlation was found between scaled 
frequency (SF) readings from the capacitance probe and 
volumetric soil water content (θᵥ) (r = 0.966) and 

y = 1.4427x + 0.6112
R² = 0.9664
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validated the site-specific calibration equation used for 
irrigation scheduling (Fig. 1). A capacitance sensor system 
(Diviner 2000) was used for continuous monitoring of soil 
water dynamics during the growing season and for 
volume estimates for irrigation in the 0–0.8 m soil profile 
 
Linear correlation with r =0.966 was found between 
Volumetric water content (Ө) and scaled frequency (S.F.). 
 
SF = 1.443Ө+0.611                         (1) 

SF =
FA−Fs

FA−Fw
                    (2) 

 
Where:  
 
FA =Diviner count in air. 
Fs = Diviner count in soil. 
Fw = Diviner count in water. 
to moistening the 0-0.3m during growing season after 
irrigated and before next irrigation using equation (Kovda, 
et.al, 1973)  
 
d = (θfc - θbi) * D                (3)  
 
Where: 
 
d= depth of water applied (m) 
θfc=Volumetric moisture content at field capacity (m3.m-3) 
θbi=Volumetric moisture content before irrigation (m3.m-

3) 
D= soil depth (m). 
 
Results and Discussion 

 
The results were presented as seasonal water application 
(in m³ ha⁻¹) in Figure 2, which showed that deficit 
irrigation (30% less than the full crop water requirement 
(I₂)) reduced water application by 1,600 m³ ha⁻¹ (26%) in 
comparison to full irrigation (I₁; 6,200 m³ ha⁻¹). The 
application of water stress at certain growth stages had 
no significant effect on grain production (around 14% 
decrease was numerical).  

 

 
 

Figure 2: Actual Water Requirement and number of 
irrigation at Season (mm) 

This not only allows water resources to be saved for other 
agricultural uses or areas to be irrigated, but also offers a 
wider range of choices for farmers. The results are in line 
with the results of Falih et al. (2017). Deficit irrigation is 
one of the most important technologies in improving 
irrigation water use efficiency and optimizing water 
resource use (Smith and Kivumbi, 2014). 

It is evident in figure 3 that the irrigation system and 
mulching treatments had highly significant effects on 
grain yield of maize. Concerning the effects of irrigation, 
the full irrigation (I₁) recorded the highest mean grain 
yield of 6,975 kg ha−1 while the lowest mean grain yield 
of 5,995 kg ha−1 was recorded under deficit irrigation (I₂). 
Performance of mulching application (M₁) gave the 
highest mean grain yield of 7,140 kg ha⁻¹ where as the 
lowest mean grain yield of 5,830 kg ha⁻¹ was obtained in 
the non-mulched treatment (M₀) for mulching effect. 
Irrigation x mulching was statistically significant. The 
treatment combination I₁M₁ produced the highest grain 
yield of 7,710 kg ha⁻¹, followed by I₂M₁ (6,570 kg ha⁻¹), 
I₁M₀ (6,240 kg ha⁻¹), and I₂M₀ (5,420 kg ha⁻¹). 

 
 
Figure 3: Effect of irrigation and mulch on grain yield (Kg 

ha-1) of corn 
 
Mulching reduced evaporative losses, which resulted in 
better moisture status of soils and higher germination 
and yields. Grain yield was increased due to sufficient 
moisture availability, which increased the availability of 
nutrients to plant root systems. This was also observed by 
Wajid (1990) who reported the effect of irrigation and 
mulching on water use efficiency. 
Water Use Efficiency 

The results of irrigation and mulching treatments on 
water use efficiency are shown in Figure 4. Both these 
factors affected water use efficiency of the maize crop 
significantly. As far as irrigation regimes are concerned, 
the highest water use efficiency, 1.31 kg m⁻³, was 
obtained for deficit irrigation (I₂) while the lowest was 
obtained for full irrigation (I₁) 1.13 kg m⁻³. These results 
are consistent with the ones obtained by Falih et al (2017) 
and Tawfeeq et al (2017). The mulched treatment (M₁) 
recorded the highest mean value of 1.34 kg m⁻³ for 
mulching effects, as compared to the lowest mean value 
of 1.10 kg m⁻³ for the non-mulched treatment (M₀). 
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Similar results have been reported by Khurshid et al. 
(2006) who recorded appreciable grain yields responses 
to irrigation and mulching treatments. Likewise, Liu et al. 
(2002) found that mulching had a significant effect on 
increasing soil water holding capacity and decreasing 
surface runoff. The interaction between irrigation and 
mulching also was significant; the highest water use 
efficiency (WUE) measured 1.43 kg m⁻³ for the 
combination of irrigation at level 1 (I₁) and mulching at 
level 1 (M₁), while the lowest WUE (1.01 kg m⁻³) was 
obtained under irrigation at level 2 (I₂) and mulching at 
level 0 (M₀) 

 
 

Figure 4: Effect of irrigation and mulch on water use 
efficiency (kg m-3) in corn 

 
Application of mulch on the soil surface acts as a 
protective cover, it acts as a physical barrier which 
prevents moisture loss from soil profile. Limiting the 
amount of irrigation input coupled with surface mulching 
reduced evaporative losses which improved water use 
efficiency. These results are consistent with those of 
Oweis et al. (1998) and Khurshid et al. (2006) who found 
that mulching reduced the rate of evaporation from soil 
in maize systems and enhanced water use efficiency. The 
present findings also confirm that water use efficiency 
shows positive correlation with the lessening of irrigation 
depths. 
 
The Water Holding Capacity of the soil. 
 

 
 

Figure 5: Effect of mulching on soil volumetric water 
content (cm3 cm-3) 

Mulching improved soil water holding capacity, and also 
reduced soil surface evaporative water loss, as shown in 
Figure 5. Increments of 6.3% to 40% were recorded in the 
0–10 cm soil layer while 18.2% to 31.3% were recorded in 
the 10–20 cm soil layer throughout the 0–15-day period 
after irrigation. The results are consistent with those of 
Vial et al. (2015) and Liu et al. (2014) who reported that 
mulching reduces soil water evaporation and improves 
retention of water in the upper soil layer. 
 
Effect of irrigation and mulch on saturated hydraulic 
conductivity (mm hr-1) 
 
Irrigation regime and mulching treatment had a highly 
significant effect on saturated hydraulic conductivity 
(SHC) as shown in Figure 6. Soil hydraulic conductivity 
significantly changed due to deficit irrigation (30% deficit 
from full crop water requirement, I₂) which reduced it by 
24% from I₁. In contrast, application of mulching (M₁) 
significantly improved the saturated hydraulic 
conductivity, which increased by 61% as compared to the 
non-mulched control (M₀). Irrigation and Mulching were 
seen to be statistically significant for this parameter. The 
minimum value of 13.2 mm h-1 was found in I₂M₀ (deficit 
irrigation without mulching) followed by 16.4 mm h-1 in 
I₁M₀ (full irrigation without mulching). Incorporating 
mulching was sufficient to increase these values to 20.1 
mm h⁻¹ and 27.6 mm h⁻¹, respectively. 

 
 

Figure 6: Effect of irrigation and mulch on field saturated 
hydraulic conductivity (mm hr-1) 

 
The water-stable aggregates had significantly lower 
values under deficit irrigation (I₂) compared to full 
irrigation (I₁) with a reduction of 19.4%. On the contrary, 
mulching application (M₁) caused an appreciable rise in 
the aggregate stability with 57.1% over non-mulched 
treatment (M₀). The effect of irrigation and mulching was 
highly significant on this parameter. Under I₂M₀ (deficit 
irrigation without mulching), the minimum value of 
14.89% was found, and under I₁M₀ (full irrigation without 
mulching), 17.62% was found. When mulching was added 
into the same irrigation systems, the values increased to 
22.46% and 28.72%, respectively. Maximum value 2.75 g 
kg-1 was found in I M treatment Figure 8: Effect of 
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irrigation and mulch on percent of while I2M1 2.48 g kg as 
secondbest treatment. Minimum value of soil organic 
carbon concentration of 1.91 g kg-1 was observed in I2 
Mo treatment. Saroa and Lal (2003) studied the role of 
soil aggregation in increasing soil organic carbon contents 
as affected by different mulches and mulch rates. The 
results showed that mulch treatments increased the soil 
organic C significantly, however, only in the top 0–5 cm 
soil layer. Likewise, Pervaiz et al. (2009) found that 
mulching increased soil moisture content and organic 
matter content and decreased soil strength and bulk 
density compared to the no mulch control. 

 
Figure 7: Effect of irrigation and mulch on soil organic 

carbon g kg-1 

 

 
Figure 8: Effect of irrigation and mulch on percent of 

sable aggregate (%) 
 

Effect of irrigation and mulch on soil percent of stable 
aggregate (%) 
 
Effect irrigation and mulch on percent of sable aggregate 
of soil is given in Fig.8. Percent of sable aggregate sable 
aggregate (%) Wang et al. (2016) and Gurpeet et al. 
(2007) reported that the aggregate stability was improved 
with the increase in soil C due to mulching. Poloma et al. 
(2016) reported that the water-stable aggregate 
percentage had slight gains in all treatments compared to 
the control, with differences being greatest in the macro-
aggregate size fraction. The highest levels of increase 
were obtained with straw mulching, pine needle mulch 
and sludge application. 
 
Soil Bulk Density 
 
The results shown in figure 9 revealed that the bulk 
density of the soils did not significantly differ from one 

irrigation regime to another, but the mulching treatment 
significantly decreased bulk density. The highest value 
(1.41 Mg m⁻³) was obtained under M₀ (without mulching) 
and the lowest (1.30 Mg m⁻³) was obtained under M₁ 
(with mulching) which was 7.8% lower than the non-
mulched control. Irrigation x mulching interaction was 
significant for this parameter. 

 
 

Figure 9 Effect of irrigation and mulch on soil bulk density 
(µg m-3) 

 
The highest soil bulk density of 1.42 Mg m-3 was obtained 
under I₂M₀ (deficit irrigation without mulching) followed 
by 1.33 Mg m-3 with the mulching application under the 
same irrigation regime (I₂M₁). The minimum bulk density 
of 1.27 Mg m⁻³ was attained under I₁M₁ (full irrigation 
with mulching). Ghuman and Sur (2001) said that surface 
mulching causes decrease in soil bulk density. In a similar 
study, Pervaiz et al. (2009) found that mulching increased 
soil moisture content, soil organic matter, and decreased 
soil strength and bulk density in comparison to 
unmulched soil. 
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