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Abstract 

A field experiment was conducted during the autumn of 2021 at the Agricultural 

Research Department station / Abu Ghraib to evaluate the soil moisture, water po-

tential distribution, and growth factors of maize crops under alternating and con-

stant partial drip irrigation methods. In the experiment, two irrigation systems were 

used, surface drip irrigation (DI) and subsurface irrigation (SD); under each irriga-

tion system, five irrigation methods were: conventional irrigation (CI), and 75 and 

50% of the amount of water of CI of each of the alternating partial irrigation 

APRI75 and APRI50 and the constant partial irrigation FPRI75 and FPRI50 re-

spectively. The results showed that the water depth for conventional irrigation (C1) 

was 658.3 and 579.4 mm for the DI and SD irrigation systems, respectively, and 

the irrigation depth was reduced to 18% when applied APRI75 and FPRI75 and 

37% when applied APRI50 and FPRI50 respectively. The moisture distribution 

differed according to the irrigation method, and the SD provided a higher moisture 

content and lower water potential due to the lower evaporation rate from the soil 

surface. Also, the growth traits of maize varied according to the irrigation system 

and its methods. The SD system was significantly superior in the grain yield of 

maize with an increase of 5.4% compared with DI, and the alternating partial irri-

gation treatments were significantly superior to the constant partial irrigation. 
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Introduction 

Climate change is one of the most essential reasons threatening global food secu-
rity, especially in arid and semi-arid areas. One of the adverse effects of climate 
change is the scarcity of rain, as it does not meet water needs, especially in the 
agricultural sector, which is the largest consumer of water1; which prompted those 
interested in irrigation to pay attention to the provision of water and the optimal 
use of this resource by knowing and determining the water needs of crops, deter-
mining the amount of water to be added and reducing the losses2,3 In addition to 
the use of irrigation methods and strategies to reduce water wastage in the agricul-
tural sector as well as maintaining production. Thus, partial root-zone irrigation 
was introduced4,5, a type of incomplete irrigation aimed at water conservation, im-
proving the efficiency of its use and reducing water consumption, especially evap-
oration from the soil surface6,7,8 without causing a large amount of production9.  
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This method is based on alternating or constantly wetting half of the root system 
and keeping the other half exposed to drought, conserving 50% of irrigation wa-
ter10.To raise the water use efficiency, it was necessary to use efficient irrigation 
systems that reduce water wastage, and these systems include modern irrigation 
technologies such as drip irrigation systems, as it is one of the latest irrigation 
methods that have been used and spread in many regions of the world, predomi-
nantly arid and semi-arid areas that suffer from water scarcity and salinity prob-
lems, as loss rates by evaporation, deep permeation and runoff are reduced to the 
lowest possible. Hence, drip irrigation efficiency is higher than other irrigation 
methods11. In recent years, surface drip irrigation systems (DI) and subsurface drip 
irrigation (SSDI) have been used in some dry areas. Subsurface drip irrigation has 
been defined as a system for adding water and nutrients below the soil's surface 
near the plants' roots. It is direct irrigation in the root zone for better water conser-
vation and reduced water consumption, especially the evaporation rate of the sur-
face layer12,6.  
This system is affected by the soil texture, the type of plant, the unsaturated water 
conductivity, and the extent of groundwater's contribution to the root zone's wet-
ting, as these factors determine the position of the drips under the soil surface. The 
study aims to know the moisture distribution as a function of irrigation time, the 
water potential distribution during the soil profile, and its effect on the growth traits 
of maize. 
 
Materials and Methods 
A field experiment was conducted during the autumn of 2021 at the Agricultural 
Research Department station / Abu Ghraib in sedimentary soil to evaluate the 
moisture distribution, water potential, and growth factors of maize crops under al-
ternating and constant partial drip irrigation methods. Selected soil physical and 
chemical properties are shown in Table 1. 

 

Soil Property Value  

 Sand(g kg-1) 349 

  Silt(g kg-1) 474 

  Clay (g kg-1) 177 

Soil texture Loam 

 Bulk density (Mg m-3) 1.37 

 Field capacity(cm3cm-3) 0.36 

 Permanent wilting point(cm3cm-3) 0.12 

 Available water (cm3cm-3) 0.24 

EC1:1 3.3 

Soil pH 7.5 

Table 1: Some physical properties of soil. 

 

The experiment included the use of two irrigation systems and five irrigation meth-
ods: 
1. Irrigation Systems: Surface drip irrigation system (DI) and subsurface drip irri-
gation system (SD). 
2. Irrigation methods, including CI = conventional irrigation, APRI75 =alternating 
partial irrigation of the root zone by adding 75% of the amount of water of CI and 
alternately on both sides of the plant, APRI50 =alternating partial irrigation of the 
root zone by adding 50% of the amount of water of CI and alternately on both sides 
of the plant, FPRI75 = constant partial irrigation of the root zone by adding 75% 
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of the amount of water of CI and steadily to one side of the root system and FPRI50 
= constant partial irrigation of the root zone by adding 50% of the amount of water 
of CI and steadily to one side of the root system. 
Chemical fertilizers were added before planting according to fertilizer recommen-
dation13 (250 Kg N ha-1, 88 Kg P ha-1, and 125 Kg K ha-1). Maize seeds were 
planted in experimental units. The area of the experimental unit was 40 m2 (5 m × 
8 m) on 03 Aug. 2021. The experiment was conducted according to the design of 
the split-plot. The main plots included two irrigation systems, while the subplots 
included five irrigation methods at three replications. The soil water content was 
measured using the gravimetric method before and after irrigation throughout the 
growing season according to the depth of the added water (d mm) from the follow-
ing equation14: 
  

Dd iFC )(  −=    (1) 

 
As:  
fcθ= Field capacity (cm3 cm-3) 
iθ= moisture content before irrigation (cm3 cm-3) 
D = depth of the root system (mm) 
The moisture content was estimated at each of the stress used, and the Van Genuch-
ten (1980) equation was used to describe the volumetric moisture content relation-
ship (θ) as a function of the potential stress (ψ): 
 

( )

( ) mn

rs
r

h




+

−
+=

1
  

(2) 

 

Water potential was estimated in the different experimental treatments after irriga-
tion and before the subsequent irrigation by estimating the moisture content and 
the corresponding water potential according to Van Genuchten's (1980) equation 

to describe the relationship between water potential (h) and water content () to 
correspondent the data of the moisture description curve and obtaining correspond-
ent functional factors. 
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Leaf area (cm2) was estimated according to Solaimalai et al., (2020) equation: 
 

75.0)( = WLLA
          (4) 

As:  
LA = Leaf area 
L = leaf length 
W = leaf width 
0.75 = Constant 
Crop growth rate (g m-2 day-1) was calculated using following equation15:  
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As:  
CGR = Crop growth rate 
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GA = area occupied by the plant (m2) 
W1 and W2 = Dry weight (g) in the first and second stages, respectively 
T1 and T2 = Measurement date of the first and second stages, respectively. 

 

Results  

Depth irrigation 

The results in Table (2) show that the amount of added water to the maize in the 
DI irrigation system treatment was CI685.28 mm season-1, while the amounts of 
added water in the APRI and FPRI irrigation treatments which received 75% and 
50% of the total added water were CI559.5 and 433.6 mm season-1respectively. 
The amount of water for these treatments at the 75% and 50% irrigation levels 
decreased compared with CI irrigation treatment at 18.4 and 36.7%, respectively. 
Regarding the SD irrigation system, the amount of added water was 579.3 mm 
season-1 and 475.9 and 372.5 mm season-1 for APRI and FPRI, respectively, which 
decreased at 17.9 and 35.7%, compared with CI treatment. 

 

Tr. SD DI 

V (m3ha-1) I (mm) V(m3ha-1) I(mm) 

CI 5794 579.4 6853 685.3 

APRI75 4759 475.9 5595 559.5 

APRI50 3725 372.5 4336 433.6 

FPRI75 4759 475.9 5595 559.5 

FPRI50 3725 372.5 4336 433.6 

Table 2. Depth of water added for irrigation treatments. 

Moisture distribution during the growth stages of maize  

Figures 1 and 2 show the volumetric moisture distribution of the surface and sub-
surface drip irrigation system, as irrigation was on both sides of the plant during 
the growing season (CI treatment) at a depth of 0-40 cm for three sites (plant line, 
right side and left side). All treatments in the emergence stage took the same 
amount of irrigation water to ensure germination for all experimental units. The 
average volumetric moisture content for the three sites at 0-40 cm depth before 
irrigation ranged from 0.21-0.18 cm3 cm-3, while the volumetric moisture content 
after irrigation ranged between 0.38-0.32 cm3 cm-3. Also, the figures show the 
standard deviation, which could be due to the moisture content difference between 
the soil's upper and lower depths. 
. 
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Figure 1. The moisture distribution rate of soil depth, right R, and left Land plant line P as a function of time and experi-
ment parameters under the surface drip system. 

 

  

  

 

 

Figure 2. The moisture distribution rate of soil depth, right R and left Land plant line P as a function of time and experiment 

parameters under the sub-surface drip system. 

 

Also, the SD system provided the appropriate moisture between irrigations, which 
made the plant less affected by water potential than the DI system due to the low 
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evaporation rate from the soil surface. Thus, the soil retains moisture for the plant 
to meet its complete needs and on both sides of the plant in an optimal method. 
The moisture in the SD system was better than the DI system and more intense. 
There were differences in the SD system regarding lateral and vertical movement 
and up and down drips. This is consistent22.  
 

Potential distribution in the soil profile 

The water potential (Fig. 3 and 4) shows the availability of moisture content in the 
soil profile, as the water potential decreases with an increase in the soil moisture 
content as a result of adding irrigation water23, and with the progression of the plant 
growth stages, the depth of the added water increases depending on the growth of 
the roots and increase the adequate depth of the root. However, it was found that 
the potential decreases under the drips, while the potential increases horizontally 
and vertically when moving away from the water source. 
In the surface drip irrigation system (DI) of the CI treatment, Figure 3 shows the 
potential was decreased in the upper layers after the irrigation, as the lowest poten-
tial was 151.3 cm of water under the water source. In contrast, the highest potential 
held by the water was 786.9 cm water in the middle of the distance (between the 
drip lines). This may be due to the absorption of water by the plant and evaporation 
from the soil surface. Water spreads in the soil trough on both sides towards the 
plant line at a potential rate of 364.5 cm water, which is almost the limits of the 
field capacity, while before the subsequent irrigation, the potential increased at a 
surface layer (10-0 cm) as It reached 7682.6 cm of water. In contrast, the average 
potential between the drip lines was 4191.6 cm of water, approximately 55% of the 
available water.  
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Figure 3. The distribution of water potential in the soil after irrigation (a) and before (b) subsequent irrigation of the surface 

drip irrigation system (DI). 
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Figure 4. The distribution of water potential in the soil after irrigation (a) and before (b) subsequent irrigation of the sub-

surface drip irrigation (SD). 

 

The effect of partial irrigation of the root zone on growth traits 

The results in Figure (5) show the effect of drip irrigation systems on the leaf area 
during the growth stages of maize. The results showed non-significant differences 
in the leaf area at the emergence stage. This could be due to traditional irrigation 
for all treatments at this stage. As for vegetative, flowering, and reproductive 
stages, the subsurface drip irrigation system was significantly superior, with an 
increase of 13.3, 9.4, and 3.9%, respectively, compared with the surface drip irri-
gation system. 

 

Figure 5. The effect of irrigation system on the leaf area (cm plant-1(of maize crop. 

 

Figure 6 shows the effect of partial irrigation methods of the root zone on the leaf 
area. The results showed that there were non-significant differences during the 
emergence stage. The CI treatment at the vegetative growth stage was significantly 
superior, with an increase of 11.1, 23.8, and 39.7% compared with APRD50, 
FPRD75 and FPRD50, respectively.  
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Figure 6. The effect of irrigation treatments on the leaf area (cm plant-1  ( of maize crop. 

 

Figure 7 reveals the effect of drip irrigation systems on the crop growth rate during 
the growth stages. The results showed non-significant differences between the 
treatments in this trait. 
 

 

Figure 7. The effect of irrigation system on growth rate (gm m-2 day-1  (of maize crop. 

 
 

Figure 8 shows the effect of alternating partial irrigation of the root zone on the 
crop growth rate. The results showed non-significant differences between CI and 
other treatments in this trait during the emergence stage. The CI treatment at the 
vegetative growth stage was significantly superior, with an increase of 24.3, 72.8, 
171.3 and 284.4% compared with APRD75, APRD50, FPRD75 and FPRD50, respec-
tively. Regarding the flowering stage, CI treatment was significantly superior, with 
an increase of 25.6, 24.3 and 45.4% compared with APRD50, FPRD75 and FPRD50, 
respectively. However, there are non-significant differences between CI and 
APRD75 treatments in this trait at the flowering stage. As for the reproductive stage, 
CI treatment was significantly superior in this trait area, with an increase of 33.7 
and 30.1% compared with FPRD75 and FPRD50 treatments, respectively. However, 
there are non-significant differences between CI APRD75 and APRD50 treatments 
in this trait at the reproductive stage. 

 

Figure 8. The effect of irrigation treatments on the growth rate (gm m-2day-1  (of maize crops. 
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Table 3 shows the effect of partial irrigation of the root zone on the grain yield of 
maize. The results showed significant differences between irrigation systems in 
grain yield; the SD irrigation system was significantly superior, with an increase 
of 5.4%, compared with DI irrigation system. Also, the results showed that the CI 
treatment was significantly superior to other treatments in this trait. Also, alternat-
ing partial irrigation was significantly superior to constant partial irrigation in this 
trait. In addition, the CI treatment under the SD irrigation system was significantly 
superior in the grain yield, with an increase of 11.4%, compared with APRI75. CI. 

 

Mean FPRI50 FPRI75 APRI50 APRI75 CI Treatment 

9154 6603 8607 9554 9686 11322 DI 

9652 6839 9090 9718 10698 11916 SD 

121 252.6 LSD0.05 

 6721 8849 9638 10192 11619 Mean 

195.5  LSD0.05 

Table 3. The effect of partial root-zone irrigation on maize crop's grain yield (kg h-1). 
 

Table 4 shows the effect of partial irrigation of the root zone on the biological yield 
of maize. The results indicated non-significant differences between irrigation sys-
tems in this trait. Also, the results showed that the values of CI treatment decreased 
at 8.7, 16.1, 22.2 and 38.7%, respectively, compared with APRD75, APRD50, 
FPRD75 and FPRD50 in the interaction between irrigation treatments and irrigation 
systems, and the values of APRD50, FPRD50 and FPRD75 decreased at 16.0, 24.0 
and 40.3% respectively when using DIirrigation systems compared with CI treat-
ment. 

 

Mean FPRI50 FPRI75 APRI50 APRI75 CI Treatment 

16415 11967 15233 16838 18001 20035 DI 

18109 13585 17172 18115 20049 21626 SD 

2755.5 2549.6 LSD0.05 

 12776 16203 17476 19025 20831 Mean 

1802.8  LSD0.05 

Table 4. The effect of partial root-zone irrigation on the maize crop's biological yield(kg h-1). 

 

Discussion 

The variation in the added water values depends on the irrigation volume, wetting 
area of the soil surface during irrigation, and percentage of the active root system, 
in addition to the climatic factors during the study, the traits of the studying soil, 
and the percentage of depletion of available water. The basis of the difference is 
the irrigation system used in the field5,16. The reason for the decrease in the amount 
of added water when applying constant and alternating partial irrigation compared 
with CI may be due to the decrease in the amount of water added in the partial 
irrigation treatments, i.e., due to the difference the addition between the right and 
left of the plant line, which affected the evaporation rate17 because the evaporation 
- transpiration rate is reduced by the plant with a decrease the level of available 
water in the soil, which affects the stomata and leads to its partial closure. 
The pattern of irrigation differs when applying APRI. The moisture content 
changes due to alternating between drying and wetting cycles on both sides of the 
plant. However, when applying FPRI, the water received was less than 
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conventional irrigation. It retained a higher water content in the side that was con-
stantly irrigated. In contrast, the other side had a low moisture content throughout 
the experiment, as the plant faced a water deficit at half of the root system due to 
the stability of irrigation on one side only and the dependence of the plant line and 
the other side non-irrigated on the lateral movement of water and redistribution of 
moisture in the root zone in addition to the presence of evaporation from the soil 
surface, so the plant suffers during the stages of crop growth. As a result of acute 
stress in this treatment, the aging stage is reached early due to matric suction. The 
volumetric moisture distribution of irrigation treatments varies according to the 
irrigation pattern, environmental factors, growth conditions, stress rate, water po-
tential level, and the length of time using these methods 18,19 . Generally, partial 
irrigation, with its two types, alternating and constant, and with different irrigation 
methods, reduces the values of evaporation -transpiration of the crop compared 
with traditional irrigation20. When using the surface drip irrigation system, evapo-
ration is significant compared to subsurface drip irrigation due to evaporation from 
the soil surface or water depletion by plant roots21, in addition to the growth stages 
of maize, as each stage has a specific water need that depends on stage length and 
stage sensitivity. 
Figure 4 reveals that the lowest potential of 212.9 cm of water in the subsurface 
drip irrigation SD of the CI treatment was found in the 40-30 cm soil layers because 
the drip tubes are placed at a depth of 20 cm. In comparison, the highest water 
potential (910 cm water) was found near the surface layer  
due to a decrease in the moisture content when approaching the upper layers as 
well as the location of the subsurface drip tubes24 as the water is distributed almost 
evenly and efficiently for the plant, as the potential reaches 430.8 cm water near 
the root zone. The reason could be due to a decrease in water loss by evaporation 
and transpiration, and the soil’s water stock increases with the progression of 
growth stages due to an increase in the depth of practical roots, thus increasing the 
depth of irrigation. When drought and before the subsequent irrigation of the same 
treatment of the SD irrigation system, the potential applied to the water increases, 
and its retention is 16317.9 cm of water. This area is located near the surface layer 
and at a depth of 20-30 cm and the middle of the distance between the drip lines 
(plant line). The spread of practical plant roots characterizes this area and the po-
tential increases due to water consumption by the plant and deep permeation. The 
SD irrigation system will retain more moisture content than the surface drip by 
22.41% at the depths before the subsequent irrigation, and the continuing stress on 
plants can affect growth and productivity. When applying the partial irrigation 
treatments in the field, it was found that the water potential of the treatments 
changed compared with CI. This may be due to the different irrigation patterns and 
the difference in the amount of irrigation.  
Figure 3 shows the distribution of the water potential after irrigation of the alter-
nating partial irrigation treatment APRI75 and APRI50 for the DI irrigation system 
after 24 hours. The potential decreased on the irrigated side of the plant to a depth 
of 0-40 cm, and the transfer of moisture to the other side of the plant as a result of 
lateral permeation of the soil layers, while the non-irrigated side at a depth of 40 
cm suffered from a high potential because this depth is far from the source of the 
drip, while the water was spreading in the soil profile from the irrigated side, pass-
ing through the plant line to the non-irrigated side. Regarding the alternating partial 
irrigation treatment APRI75 and APRI50 for the SD irrigation system, Figure 4 
shows that the potential on the irrigated side decreased after 24 hours of irrigation. 
The reason may be attributed to the depth of the drip tubes (20 cm). It was found 
that the irrigated side of the surface layer contains a low water potential due to the 
rise of water by the capillary property. 
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In contrast, the plant line's surface layer and the previously irrigated dry side suf-
fered from high matric suction. As for the horizontal spread of moisture, it is in-
creased after the depth of 20 cm. This may be due to the lateral permeation of water 
into the soil profile. The potential increase in the three locations (right, left and 
plant line) of the upper layer of the soil profile (0-20 cm) before the subsequent 
irrigation of the SD irrigation system due to water retention at a high potential 
(12489.9 cm water) in the soil, especially in the previously un-irrigated side. This 
may be due to the irrigation method and the depth of irrigation. When applying the 
alternating partial irrigation treatment of the root zone, the advantage of alternating 
is to reduce the water potential conditions due to the roots continuing to grow and 
obtaining water from the depths so that production is not significantly affected and 
maintaining the fresh water25 .In addition, partial irrigation is considered one of the 
promising strategies for providing fresh water despite its limitations5. When apply-
ing the constant partial irrigation method of the root zone throughout the growing 
season, the plant suffers from stress due to the limited irrigation water, as the sur-
face layer and the un-irrigated side retain the water at a high potential (12489.8 cm 
water) as a result of drought to a depth of 0-40 cm, which is a point close to a 
permanent wilting point, which exposes the plant to severe stress in this side, which 
makes the roots extend and grow on the irrigated side only in order to compensate 
and absorb water and nutrients due to providing moisture to half of the root system. 
However, there are non-significant differences between CI and APRD75 treat-
ments. This may be due to the increase in the amount of added water by more than 
half, as well as the role of alternating partial irrigation in the secretion of abscisic 
acid by root cells (when exposed to drought), as it works to reduce water loss from 
the plant through partial closure of the stomata and to maintain the water content 
of the cells, so the growth and expansion of the leaves continues26. Also, CI treat-
ment at the flowering stage was significantly superior, with an increase of 11.5, 
22.6, 36.8 and 48.7% compared with APRD75, APRD50, FPRD75 and FPRD50, re-
spectively. Regarding the reproductive stage, CI treatment was significantly supe-
rior in leaf area with an increase of 13.3, 18.6, 24.3 and 30.7% compared to the 
above treatment, respectively. It is clear that applying partial irrigation of the root 
area, especially the constant, led to a decrease in the leaf area. The reason for this 
may be due to a decrease in the amount of added water, which led to weak cell 
division and lack of normal expansion, as it caused a decrease in turgor pressure 
as a result of the effect of water potential on the plant, which led to decrease the 
level of growth regulators (gibberellins and auxins), which stimulates cell elonga-
tion, as well as decrease cytokines that stimulate cell division. Accordingly, in un-
derwater potential conditions, the leaf expansion rate decreases, reducing the leaf 
area27. 
The increase of water potential causes a decrease in the biochemical processes, as 
the water potential reduces the amount of dry matter and grain filling and decreases 
the weight and size of the grain when applying constant partial irrigation28 . These 
results agreed with 25 regarding that the productivity, which does not exceed 12%, 
for APRI75 treatment was not significantly affected by water potential compared 
with 29. 
 
Conclusion 
The SD system was distinguished from the DI system by maintaining a higher 
moisture content for all treatments due to reducing evaporation from the soil sur-
face. This result led to the retention of less water effort, especially in the subsurface 
layers. In contrast, the water effort was higher in the surface layers for subsurface 
irrigation. Decreased leaf area compared to reciprocal irrigation. No significant 
differences existed between the alternating and conventional partial irrigation in 
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the crop growth rate. However, there was a significant decrease in the grain yield 
with reciprocal and constant irrigation. 
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