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ABSTRACT

A field experiment was conducted to determine the role of moisture depletion percentages, two tillage depths,
and two types of emitters and their interactions on some soil physical properties and water productivity of yellow
maize crop during the fall season of 2024 at the Agricultural Research and Experiment Station - University of
Kirkuk. The experiment included three main factors: moisture depletion percentage 45% and moisture depletion
65%, the second factor was two tillage depths (20 and 30) cm, and the third factor was two types of emitters (GR
and T-Tape). A split-split plot design with a randomized complete block arrangement (RCBD) was used. The
results of the experiment showed that the 45% moisture depletion led to an improvement in the physical properties
and showed significant differences in both the total porosity and the weighted average diameter, as the total
porosity values reached 48.74% for the 45% moisture depletion, while they reached 38.99% for the 65% moisture
depletion. The weighted average diameter values were 1.63 mm for the 45% moisture depletion and 0.85 mm for
the 65% moisture depletion. Significant differences were found when using 30cm tillage depth in growth
characteristics, crop yield and water productivity. It was found that depth 30 gave the highest values for (leaf area,
biological yield and crop water use efficiency) which reached (5088.57cm2, 28.863Mg ha-1 and 3.16kg m-3)
respectively, compared to depth 20cm which reached (5930.62cm2, 24.530Mg ha-1 and 2.65kg m-3) respectively.
It was also found from the evaluation of the drip irrigation system before and after planting that the values of
hydraulic characteristics which include two characteristics, namely the difference in discharge qvar% and the
absolute field emission uniformity FEUa% were significantly better before planting compared to the values after
planting.
Keywords: moisture depletion, crop water use efficiency, biological yield, tillage depths, emitters GR and T-Ta.
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INTRODUCTION

Moisture depletion is an essential factor, as it directly affects the Crop yield and quality by providing adequate
water and indirectly by improving the physical properties of the soil. This is evident in the growth and productivity of
maize. Lower moisture depletion helps provide the soil and plant with adequate moisture before the plant reaches
water stress due to a lack of necessary moisture. A study showed that soil physical properties, such as porosity,
increased at lower moisture depletion rates, reaching 51.71% compared to higher moisture depletion percentage,
reaching 49.24%. Increased porosity means more spaces between soil particles, which improves soil aepercentagen
and water permeability and promotes root growth, thus increasing leaf area and biological yield of maize. This is
consistent with [1, 2].
When measuring the weighted diameter percentage (WDR) at two depletion rates (50 and 75%), the WDR values
increased significantly. This is noticeable at lower moisture depletion (50%) compared to higher moisture depletion
(75%), leading to increased aggregate stability and improved soil structure, thus enhancing plant growth and
productivity. This is consistent with [3, 4].
Phenological observations of maize plant growth and grain quality were studied, statistical analysis results showed

76


https://kujas.uokirkuk.edu.iq/
0009-0001-6312-2713
0000-0001-7180-9470
0000-0002-4936-4230

Kirkuk University Journal for Agricultural Sciences, Vol.17, No. 1, 2026 Online ISSN: 2958-6585

that tilling the soil to a depth of 30 cm resulted in the highest maize yield, reaching 91.6 megagrams ha, while tilling
to a depth of 15 cm produced the lowest yield, reaching 80.6 megagrams ha-*. The study confirmed that tillage method
affects grain quality indicators, particularly the content of crude fiber, starch, protein, and crude fat. When tilling to a
depth of 30 cm, the starch content of the grain was 70.9%, and the crude fiber was 2.12%. Protein: 10.2%, and crude
fat: 4.225% [5].

Emitter types (such as GR and T-Tape) and their hydraulic properties play an important role in determining soil
physical properties and water productivity efficiency of maize crops when using drip irrigation. Choosing the
appropriate emitter type directly affects moisture distribution, bulk density, total porosity, soil structural stability, and
water use efficiency. This is consistent with [6]. In a study on emitter types, the GR emitter outperformed the Turbo
emitter in terms of manufacturing coefficient of variation (Cv%), water application efficiency (Eu%), field emission
uniformity (F.EU%), and absolute field emission uniformity (F.EUa%), at water stress levels of 100% and 75%. This
increases water use efficiency and thus enhances plant height and overall yield [7].

Yellow Maize is an important crop in providing many nutrients, essential minerals, proteins, carbohydrates, and fats.
It is also used in many industries. Maize is also used as an animal feed crop, such as raw feed rich in nutrients and
vitamins [8, 9]. Based on the above, this study aims to investigate the effect of moisture depletion rate and plowing
depth on some soil physical properties, growth, and water productivity of yellow maize using two types of emitters.

Materials And Methods
A field experiment was conducted to determine the role of moisture depletion rates, two tillage depths, and two

types of emitters and their impact on the productivity of yellow maize during the fall season of 2024 at the Agricultural
Research and Experiment Station, University of Kirkuk. The experiment was implemented according to a split-plot
design with a randomized complete block arrangement (RCBD) and three replicates, as shown in Figure (1). The
experiment included the following factors as studied treatments, as shown in Table (1):
1- The first factor: Moisture depletion percentage (M), which includes two percentages:

a) Depletion of 45% of the available water (M1)

b) Depletion of 65% of the available water (M2)
2- The second factor: Plowing depth (D), which includes two depths:

a) Plowing to a depth of 20 cm (D1)

b) Plowing to a depth of 30 cm (D2)
3- The third factor: Drip irrigation emitter type (T), which includes two types:

c) T-type drip irrigation emitter (T1)

d) GR-type drip irrigation emitter (T2)
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Figure (1) shows a diagram of the distribution of experimental parameters across three replicates.
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*M: Moisture depletion
*D: Plowing depth
*T: Emitter type

Table (1) Experimental transaction codes and details

Treatment The symbol the details
moisture depletion to a plowing depth of %45 Irrigation at

T M1D1T1 cm with a 20T -tape emitter.
moisture depletion to a plowing depth of %45 Irrigation at
T2 MiD1T2 cm with a 20GR emitter.
30cm tillage moisture depletion to a %45 Irrigation at
T3 M1D2T1 depth with aT -tape emitter.
moisture depletion to a ploughing depth %45 Irrigation at
T4 MiD2T2 cm with a 30 ofGR emitter.
. . . o o
TS M2D1T1 moisture depletion tg a plowing depth (_)f %65 Irrigation at
cm with a 20T -tape emitter.
20cm tillage moisture depletion to a %65 Irrigation at
6 M2D1T2 depth with aGR emitter.
30cm tillage moisture depletion to a %65 Irrigation at
T M2D2T1 depth with aT -tape emitter.
. . ) o L
T8 M2D2T2 30cm tillage moisture depletion to a %65 Irrigation at

depth with aGR emitter.

A soil auger was used to randomly collect soil samples in the experimental field at a depth ranging between 0 and
0.3 meters. The samples were then mixed together and air-dried, then passed through a sieve with 2 mm diameter
holes, and the necessary analyses and measurements were carried out. Table (2) shows some of the physical and
chemical properties of the study soil before planting.

Table 2. Some physical and chemical properties of the study soil before planting at a depth of 0-0.30 m.

The adjective value Unity
EC 1.02 dsm-!
PH 7.71
Organic matter 4.7
CaCOs 135 gkg?
CaSo4 0
Sand 371
Silt 240 gkg?
Clay 389
Soil Texture clay loam
Bulk density 17 3
Particle density 2.65 Mg.m
Porosity 35.84 %
Saturated water conductivity 0.17 cm.hrt
Mean weighted diameter 0.80 mm

For any experiment that uses a drip irrigation system, it is crucial to assess the system's performance prior to starting
cultivation in order to guarantee its effectiveness. An essential part of evaluating the system is figuring out the average
discharge rates under various operating pressures. It is especially important to measure the emitters' actual discharge
because this information is used to calculate how long irrigation should run for best results. Before cultivation began,
a thorough assessment of the drip irrigation system was conducted in order to determine the ideal operating pressure
to use during the growing season. Numerous hydraulic parameters of the two drip irrigation systems were measured
and examined throughout this procedure. [10].
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1. Measurement of some hydraulic properties:

1.1 Variation of emitter flow (gvar)

A calculation was performed to measure the variability of emitter flow along the irrigation line using the author's
equation [11].

gmax. —qmin

quar(%) = ( ) X 100 e s (1)

gmax
Where:

gvar = emitter discharge variance (%)

gmax = maximum emitter discharge (liters per hour)
gmin = minimum emitter discharge (liters per hour)

1.2 Absolute Field Emission Uniformity
The absolute field emission uniformity value was calculated based on the equation mentioned in [12].

qn gqm
0fy = | —— i
F.EUa% = (q ) + (qx) X 50 s s e eee e e (2)

Where:

F. EUa = absolute field emission uniformity (%)

gx = average emitter discharge for the upper eighth of the emitters (liters per hour)
gn = average emitter discharge for the lower quarter (liters per hour).

Yellow maize seeds (Zea mays L., American variety DKC6777) were planted on July 26, 2020. The planting was
done in rows, each row 10 m long, with a distance of 0.2 m between plants and a distance of 0.75 m between rows.
Two seeds were placed in each hole at a depth of 0.04-0.05 m. The thinning was done after one week, then thinned to
one plant two weeks after germination to obtain 50 plants in each row, equivalent to 66.665 plants/ha-1. Crop
maintenance, including weeding and manual weed removal, continued throughout the experiment. The plants were
harvested on November 20, 2020 (growing season 120 days). Based on the initial moisture content, all study treatments
received their first irrigation. After 50% of the water supply had been used, germination was complete, and three to
four leaves appeared on each plant, the second and third irrigations were carried out. Treatments for moisture
utilisation (45 and 65 percent) of the available water were used. Utilising the evapopercentagen basin as a preliminary
indicator to guide the collection of soil samples from the field and the actual estimation of the remaining soil moisture
using the weight method, irrigation scheduling was implemented in accordance with the crop growth stages. Until half
of the plant's water supply was depleted, the procedure was repeated. When irrigating, the soil's moisture content was
then measured. The depth of water that should be added to the soil (d) was calculated by applying the mathematical
equation mentioned by [13].

d=(6fc— 6pw)D ........einial. 3)

d = depth of water to be applied (cm), equivalent to actual water consumption (ETa).
0fc = soil moisture at field capacity (cm3/cm?3).

Opw = soil moisture before irrigation (cm®/cm?3).

D = root zone depth (mm).

The total irrigation depth was calculated according to the following equation:

GDI=(d)/(E_a) ..o, ())]

Where:

GDI = Total Irrigation Depth (mm)

E_a = Drip Irrigation Efficiency

Irrigation time was calculated based on the equation mentioned in (Al-Hadith et al., 2010) [14] and the following:-

Where:
V: Volume of water to be added, in liters.

T: Irrigation time, in hours.

Q: Emitter discharge, in liters per hour.

N: Number of emitters operating simultaneously for a total of 72 lines.
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2 Measurement of Some Physical Properties

2.1 Mean Weight Diameter:

The soil was sifted through two 4- and 9-mm sieves after samples were collected from a depth of 0 to 0.3 m. 50 g of
the leftover dirt from the 4-mm sieve was spread out on filter paper, put in a Petri dish, and physically moistened for
six minutes. According to the procedure, the sieves were set up on a Yoder apparatus with opening diameters of 0.3,
0.6, 1, 2, and 4 mm [16]. The proposed equation [17] was used to calculate the mean weight diameter (M.W.D.).

MW.D.= 0 X X Wi, (6)

Where:

MWD = Mean weighted diameter (mm)

X _i™ = Average volume range of separated soil aggregates (mm)

Wi = Percentage of soil aggregate mass at any volume range to total dry soil mass (%)

2.2 Porosity:
The soil porosity was calculated based on its apparent and true densities, using the following equation:

F=1-25 100 7
Ps @

2.3 Measuring some growth and yield characteristics:

Growth characteristics were measured at the onset of male inflorescence emergence by randomly selecting five plants
from the midribs of each experimental unit at the flowering stage. The following measurements were then taken

2.4 Leaf area (cm?):

The leaf area of the leaf under the main ear was measured for all treatments at the end of the growing season, by
randomly selecting five plants from each replicate according to the following equation ([18]:

LSA=0.75LW .eoovieooeeeeeeeeeeeee, (8)

Where:

LS = leaf area (cm?)

L = leaf length (cm)

W = maximum leaf width (cm)

2.5 Biological yield (megagrams/ha):

After full maturity, five plants were randomly selected and then oven-dried for 72 hours at 75°C. Each plant and ear
were then weighed, and the average was calculated for each experimental unit. Crop water use efficiency (WUEc).
The crop water use efficiency was calculated according to the following equation [19].

Yield
WUEC =~
a

..(9)

Where:

WUECc = crop water use efficiency (kg m-3).

ETa = seasonal actual evapotranspipercentagen per unit area (m? hat).

Actual water consumption of maize was estimated using the following water balance equation [20]:

ET, =1 4P # AS oo cee e e e e . (10)

Where:

ET_a = Actual evapotranspipercentagen (mm).

| = Depth of applied irrigation water (mm).

P = Depth of rainwater (mm).

C = 0 Capillary water height (mm). Based on groundwater monitoring, it was found to be deep.
AS = Change in soil moisture storage over a specified period of time (mm).

R =0, assuming the ground is flat and there is no surface runoff.
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Results And Discussions
1. Hydraulic characteristics of the drip irrigation system:

in the comparison between the GR and T-Tape emitters when evaluating the system before planting, in the
characteristic of difference in discharge qvar, that there are significant differences before planting, and the values for
the GR emitter were lower than the T-Tape emitter Table (3). In general, the values before planting were lower than
the values after planting for both systems. The values for the two emitters (GR and T-Tape) were (0.0463, 0.0616)%,
respectively. This was observed when evaluating the system after planting, as both systems were affected by
environmental conditions and saline and organic sediments. The values for both emitters (GR and T-Tape) increased,
reaching (0.1314 and 0.1333), respectively. This is consistent with [21]. Table (3) also shows the absolute field
emission regularity characteristic when evaluating the two systems, comparing the GR and T-Tape emitters. There
were significant differences in this characteristic before planting, in favor of the GR emitter. However, the values fell
within the excellent range for the GR and T-Tape emitters, reaching (97.675 and 96.874), respectively, according to
Table (4).
Table (3) also showed that there was no significant difference in the absolute field emission regularity characteristic
after planting, but the values of the GR and T-Tape emitters decreased after planting to what they were before planting
for both GR and T-Tape emitters, reaching (93.232, 93.121) respectively. However, the values fall within the excellent
range for the emitters according to Table (4). The reason may be due to the environmental conditions and the salt and
organic sediments to which the emitters were exposed throughout the planting period.
Comparison between two types )3( Tableof GR emitter s T- Tape in some characteristics related to the drip irrigation
system before and after planting

Before planting After planting
T Measurable attributes Type ofemitter Vilue Type ofemitter T value The
¢ calculated
GR T-Tape calculated GR T-Tape
p  Difference ininflection g 0465 g0g16  26.43% 0.1314 0.1333 0.33
(%)q var
Absolute field emission g 575 96,874 13.88 * 93,232 93,121 1.93

uniformity (%)FEUa

* indicates the presence of significant differences between the two means.
Tabled value of the t-test corresponding to a degree of freedom of 4 and a probability of 0.05 = 2.77
P Significant differences in the t-test analysis at a probability of 0.05

Table (4) Estimates of broadcast regularity values F.Eua & F.EU (Standard) according to the standard
recommendations according to the American Society (1996), ASAE EP405.1 FEBO3 for Agricultural Engineers

Appreciation F.EU values F.Eua values
excellent %90 greater than 94-100%
very good 80-90% 81-87%
good 70-80% 68-75%
acceptable %70 Less than 56-62%

2. Some physical properties of the studied soil
2.1 Average weighted diameter (mm):

The effect of the study parameters on the average weighted diameter values is shown in Table (5). The data show
that moisture depletion has a significant impact on these values. The highest value of 1.63mm was recorded at 45%
moisture depletion, while the lowest value of 0.85 mm obtained at 65% moisture depletion. This may be attributed to
the fact that the 45% moisture depletion leads to a higher moisture content that helps reduce the forces of expansion
and contraction within the soil, which maintains the cohesion of the aggregates and reduces their disintegpercentagen,
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thus increasing the values of the weighted diameter rate. At the highest depletion, i.e. 65%, it leads to a decrease in
soil moisture, which increases the forces of expansion and contraction within the soil, which increases the fragility of
the aggregates and makes them more susceptible to disintegpercentagen due to external factors such as rain or
irrigation, as indicated by both [22, 23].

As shown in Table (5), there was no significant effect of tillage depth on the weighted diameter values, with depths
of 20 cm and 30 cm yielding weighted diameter values of 1.27 mm and 1.21 mm, respectively. Table (5) also shows
significant differences in the emitter type in the weighted diameter values, with the GR drip irrigation emitter
achieving the highest value of 1.54 mm, compared to the T-tape drip irrigation emitter, which had a lower weighted
diameter value of 0.94 mm. The reason may be due to the coefficient of variation (CV), as Table (3) shows the presence
of significant differences in the coefficient of variation of the manufacturing between the GR and T-tape emitters, as
the T-tape emitter recorded a higher value for the coefficient of variation (CV), and this leads to a difference in the
moisture content in the soil between the emitter locations or between the depths and their imbalance, which leads to a
variation, difference, or disturbance in the stability of the aggregates, as moisture affects the cohesion of the particles
and thus the average weighted diameter, and this is what was indicated by [24, 25].

Table (5) Effect of the moisture depletion percentage of the two plowing depths and the type of emitter on the
weighted diameter rate (mm)

: : : Type ofemitters (T )
M01st})1re depletion Plowing depth Exhaustion * Plowing depth
% (M) (D) T1 T2
ML D1 1.32b 1.96 a 164a
D2 1.29 bc 1.95a 1.62a
M2 D1 0.61d 1.21bc 091b
D2 0.57d 1.03¢ 0.80b
Average drip type( T) ] .
M *T Averag emoisture depletion (M)
T1 T2
Exhausti ‘ M1 1.30b 195a 1.63a
xhaustion rate M2 0.59¢ 1.12b 0.85b
Average driptype (T) 0.94b 154 a
T femitter
Plowing Depth * Dripper Type T Ipe o T2 Average tillage depth (D)
. D1 0.96b 159 a 127a
Plowing depth D2 0.93b 149a 121a

The results showed that there is a significant effect of the two-way interaction between moisture depletion and
tillage depth on the weighted diameter values, as the highest value of the weighted diameter reached 1.64 mm for the
two-way interaction between (45% depletion and 20 cm depth), while the lowest value of the weighted diameter
reached 0.80 mm for the two-way interaction between (65% depletion and 30 cm depth). The results of the same table
showed a significant effect of the two-way interaction between moisture depletion and emitter type on the weighted
diameter values. The highest weighted diameter value was 1.95 mm for the two-way interaction between (45%
depletion and a GR emitter), while the lowest weighted diameter value was 0.59 mm for the two-way interaction
between (65% depletion and a T-tape emitter).

The results of the same table showed that the two-way interaction between plowing depth and emitter type had a
significant effect on the weighted diameter values. The highest weighted diameter value was 1.59 mm for the two-
way interaction between (20 cm depth and a GR emitter), while the lowest weighted diameter value was 0.93 mm for
the two-way interaction between (30 cm depth and a T-tape emitter).

Also indicated significant differences in the three-way interaction between depletion and Moisture, tillage depth and
emitter type affected the weighted diameter values. The highest weighted diameter value was 1.96 mm for the triple
overlap treatment (45% depletion, 20 cm depth and GR emitter). While the lowest weighted diameter value was 0.57
mm for the triple overlap treatment (65% depletion, 30 cm depth and T-tape emitter).
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2.2 Total porosity (%):

Table (6) illustrates the effect of the study parameters on the total porosity of the soil. It shows a significant effect
of moisture depletion on the total porosity values, the highest value was recorded at 45% moisture depletion, reaching
48.74%. In contrast, the lowest total porosity value was 38.99% at 65% moisture depletion. This may be due to the
fact that a low depletion level positively affects the maintenance of soil porosity and structure. When using low
depletion levels, such as 45%, the soil bulk density remains low and the weighted diameter percentage values are
higher, i.e. good stability, which helps maintain a high level of total porosity. This contributes to maintaining good
soil structure and the continuity of pore distribution within it. In contrast, when the depletion level rises to 65%, the
bulk density increases due to soil compaction and lower values of weighted diameter percentage are obtained, which
leads to a decrease in the total porosity due to the loss of a portion of the air pores [26].

As shown in Table (6), there was non significant effect of plowing depth on total porosity values. Depths of 20
cm and 30 cm that achieved values of 45.25 and 42.48%, respectively.

Table (6) also shows significant differences in total porosity based on the type of emitter. The GR drip irrigation
emitter achieved the highest value of 45.37%, compared to the T-tape irrigation emitter, where the total porosity value
decreased to 42.35%. This may be due to the GR emitter's ability to produce a homogeneous wettability front due to
its stable hydraulic properties over time, such as a lower coefficient of variation, higher water uniformity efficiency,
and higher field emission uniformity, as shown in Table (3). This contributes to maintaining soil structure and stability
in aggregates and a lower apparent density. This leads to higher soil porosity, as indicated by [27].

Table (6) Effect of the moisture depletion percentage for the two plowing depths and the type of emitter on the
total porosity (%)

. : . Type ofemitter (T)
Moisture depletion ~ Plowing depth Exhaustion * Plowing depth

percentage ( M) (D) T1 T
M1 D1 49.18 ab 51.70 a 50.44 a
D2 46.29 b 47.79b 47.04 b
M2 D1 39.12¢ 41.00c 40.06 ¢
D2 34.84d 41.00 c 37.92¢
M *T (Average drip typeT ) Average moisture depletion
T1 T2 M)
) M1 47.73 a 49.74 a 48.74 a
Exhaustion rate
M2 36.98 ¢ 41.00b 38.99b
( Average drip typeT ) 42.35b 45.37 a
T femitter
Plowing Depth * Dripper Type T Ipe o T2 ( Average tillage depthD )
Plowing depth D1 4415 a 46.35 a 45.25a
D2 40.56 b 44.40 a 42.48 a

The results extracted from the same table showed a significant effect of the two-way interaction between moisture
depletion and tillage depth on total porosity values. The highest value, 50.44%, was recorded in the two-way
interaction treatment (45% depletion and 20 cm depth), while the lowest porosity value, 37.92%, was recorded in the
two-way interaction treatment (65% depletion and 30 cm depth). The results of the same table showed a significant
effect of the two-way interaction between moisture depletion and emitter type on total porosity values. The highest
total porosity value was 49.74% for the dual interlocking treatment (45% depletion and GR-type emitter), while the
lowest total porosity value was 36.98% for the dual interlocking treatment (65% depletion and T-tape emitter). The
results in the same table also showed that there was a significant effect of the dual interlocking between tillage depth
and emitter type. The highest porosity value was 46.35% for the dual interlocking treatment (20 cm depth and GR-
type emitter), while the lowest porosity value was 40.56% for the dual interlocking treatment (30 cm depth and T-tape
emitter). The results in the same table also indicate significant differences for the triple interlocking treatment between
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moisture depletion, tillage depth, and emitter type. The highest total porosity value was 51.70% for the triple
interlocking treatment (45% depletion and 20 cm depth). The emitter was of the GR type. While the lowest value of
total porosity was 34.84% for the triple overlap treatment (65% depletion, 30 cm depth and T-tape emitter).

3. Some plant growth characteristics
3.1 Leaf area (cm2/plant™?):

Table (7) shows the effect of the study treatments on the leaf area values of the yellow maize crop. It is noted that
there is a significant effect of moisture depletion on leaf area values. The highest value was at 45% moisture depletion,
which was 6310.25 cm? plant, while the lowest value was 4708.94 cm?/plant™* at 65% moisture depletion. The reason
for the decrease in leaf area per plant when 65% of the available water is depleted may be attributed to the effect of
the plant's biological activity, as the amount of water absorbed decreases, negatively impacting the ability of
photosynthesis. Although complex physiological and chemical changes occur to adapt to harsh environmental
conditions, such as long-term evolutionary adaptations such as changing leaf orientation, or short-term acclimatization
mechanisms such as vasoconstriction, growth is affected, leading to a decrease in the leaf area values of the plant, as
indicated by [28]. The reason for the increase in leaf area for the 45% moisture depletion treatments may be attributed
to the fact that providing moisture in the root zone of the plant increased leaf elongation and expansion as a result of
the increased turgor pressure on the cell walls, which resulted in increased leaf cell growth and elongation and
increased leaf area of the crop, as indicated by [29].

As shown in Table (7), there is a significant effect of the tillage depth coefficients on the leaf area values, as the
depth of 30 cm gave the highest value of leaf area, which amounted to 5930.62 cm2 plant-1, compared to the depth of
20 cm, which gave a lower value of leaf area, which amounted to 5088.57 cm2 plant-1. The reason may be attributed
to the fact that tillage at a depth of 30 cm enhances the growth of roots in the deep layers, which increases the plant’s
ability to absorb water and nutrients, which leads to better plant growth and thus a larger leaf area, and leads to an
increase in the total length and density of the roots compared to less deep tillage [30]. Table (7) shows significant
differences in the leaf area values for the emitter type, as the GR drip irrigation emitter gave the highest value of
5717.14 cm2 plant-1 compared to the T-tape drip irrigation emitter, in which the leaf area value decreased, reaching
5302.05 cm2 plant-1. The reason may be that the GR emitters are characterized by better water addition efficiency
(EU), which helps in better distribution of water in the soil in general and around the root zone, which helps in
providing adequate water to the plant and thus a larger leaf area for the plant. Also, improving water distribution
around the roots contributes to the continuous availability of water to the plant, which supports root growth and leaf
area, and this is consistent with [31].

Table (7) Effect of the moisture depletion rate of the two plowing depths and the type of emitter on the average leaf area

(cm? plant?)

Moisture depletionpercentage ( M Plow1rE)g)depth Type ofemitter( T) Exhaustion * Plowing depth
( T1 T2
M1 D1 5734.48d 6052.06 c 5893.27 b
D2 6492.37 b 6962.08 a 6727.23 a
M2 D1 4058.70 h 4509.03 g 4283.87 d
D2 4922.63 f 5345.39 e 5134.01c
M *T (Average drip typeT) Average moisture depletion
T1 T2 (M)
Exhausti ; M1 6113.43 b 6507.07 a 6310.25 a
xhaustion rate M2 4490.67 d 4927.21¢ 4708.94 b
) Average drip typeT ( 5302.05 b 5717.14 a

T femitter
Plowing Depth * Dripper Type ypeo

T1 T2
Plowing depth D1 4896.59 d 5280.55¢ 5088.57 b
D2 5707.50 b 6153.74 a 5930.62 a

) Average tillage depthD (

84



Kirkuk University Journal for Agricultural Sciences, Vol.17, No. 1, 2026 Online ISSN: 2958-6585

The data from the table(7) demonstrated a notable impact of the interaction between moisture depletion and tillage
depth on leaf area measurements. The largest leaf area recorded was 6727.23 cm? per plant under the combined
conditions of 45% moisture depletion and a tillage depth of 30 cm. Conversely, the smallest leaf area measured was
4283.87 cm? per plant, observed under the conditions of 65% moisture depletion and a tillage depth of 20 cm.
Furthermore, the table highlighted a significant effect of the interaction between moisture depletion and emitter type
on leaf area values. The highest leaf area under these conditions was 6507.07 cm? per plant for the treatment involving
45% moisture depletion paired with a GR emitter, while the lowest was 4490.67 cm? per plant for the interaction
between 65% moisture depletion and a T-tape emitter.

The results showed that the two-way interaction between tillage depth and emitter type had a significant effect, as
the highest value of leaf area was recorded at 6153.74 cm? plant for the two-way interaction treatment (30 cm depth
and GR emitter), while the lowest value of leaf area was recorded at 4896.59 cm? plant™ for the two-way interaction
treatment (20 cm depth and T-tape emitter). and also indicates the presence of significant differences in the triple
interaction between moisture depletion, tillage depth and emitter type in the leaf area values. The highest value of leaf
area reached 6962.08 cm? plant™ for the triple interaction treatment (45% depletion, 30 cm depth and GR emitter
type). While the lowest value of leaf area reached 4058.70 cm? plant? for the triple interaction treatment (65%
depletion, 20 cm depth and T-tape emitter type).

3.2 Biological Yield (megagrams ha?):

Table (8) shows the effect of the study treatments on the biological yield values of maize. A significant effect of
moisture depletion was observed, with the highest biological yield value recorded at 45% moisture depletion, reaching
31.269 megagrams ha-1, while the lowest value was recorded at 65% moisture depletion, reaching 22.125 megagrams
ha'Table (8) . This may be due to the low soil moisture at 65% depletion, which led to a significant decline in grain
production and biomass of maize. This decrease reduces leaf area and chlorophyll content, leading to a decrease in
photosynthetic efficiency and a decrease in grain number and weight. Low moisture also accelerates leaf aging and
reduces the plant's ability to produce the nutrients necessary for grain growth. Water stress during the flowering and
pollination periods leads to a decrease in yield, which negatively impacts overall production. Maize is highly sensitive
to water shortages, especially during critical growth stages. Maintaining soil moisture at appropriate levels is essential
to achieve high productivity and good photosynthetic efficiency [32,33].

Table (8) also shows a significant effect of the tillage depth coefficients on the biological yield values, as the depth
of 30 cm gave the highest value of 28.863 megagrams ha*, compared to the depth of 20 cm, which recorded a lower
value of 24.530 megagrams ha-1. The reason may be attributed to the fact that tilling the soil at a depth of 30 cm led
to an increase in the soil’s ability to retain moisture, and also improved the movement of water and nutrients in the
root zone, and reduced the presence of impediment layers that hinder root growth, which allows for better root spread
in the lower layers of the soil, which supports plant growth and increases the biological yield. This is consistent with
[34].

Table (8) shows that the type of emitter led to significant differences in the biological yield, as the GR drip irrigation
emitter recorded the highest value of 27.753 megagrams hat, compared to the lowest value of 25.640 megagrams ha-
1 when using a T-tape emitter. The reason may be attributed to the difference in the hydraulic properties of the drip
irrigation system, as the GR emitter recorded better values in the coefficient of variation (CV) of 0.065, water addition
efficiency of 98.02, and field emission regularity of 95.73,Table (3). This led to the availability of equal water
distribution along the emitter lines, which ensures that water reaches all plants in a balanced manner, reduces areas of
drought or over-satupercentagen, reduces clogging problems, and ensures the continuity of water flow, which
maintains regular irrigation throughout the season. It also leads to an improvement in soil structure, increases the
values of the weighted diameter rate and total porosity, and reduces the apparent density (Table 3), which facilitates
root growth and absorption of nutrients, which improves It increases the growth of yellow maize and significantly
increases the biological yield, which is what was reached by [36,35].

Table (8) Effect of the moisture depletion rate of the two plowing depths and the type of emitter on the biological
yield rate (megagram ha?)

. . Plowing ;
T femitter ) T
Moisture depletion depth ype ofemitter ) T ( Exhaustion * Plowing depth
percentage ) M ( )D ( T1 T
M1 D1 28.163d 30.156 ¢ 29.160 b
D2 32.083 b 34.673 a 33.378 a
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M2 D1 19.176 h 20.626 g 19.901d
D2 23.140 f 25.556 e 24.348 ¢
M *T ) Average drip typeT ( Average moils\;tlure depletion
Tl T2 M
Exhaustion rate M1 30.123 b 32.415a 31.269 a
M2 21.158 d 23.091c 22.125Db
) Average drip typeT ( 25.640 b 27.753 a
T femitt
Plowing depth * Dripper type T ype oteml erT2 ) Average tillage depthD (
Plowing denth D1 23.670d 25.391c 24530 b
owing dept D2 27611 b 30.115 a 28.863 a

The data in the same table indicate a significant effect of the two-way interaction between moisture depletion and
tillage depth on the biological yield values. The highest biological yield value was 33.378 megagrams ha1 for the
two-way interaction treatment (45% depletion and 30 cm depth), while the lowest value was 19.901 megagrams ha*
for the two-way interaction treatment (65% depletion and 20 cm depth). The results of the same table showed a
significant effect of the two-way interaction between moisture depletion and emitter type on the biological yield
values. The highest value, 32.415 mg hal, was recorded for the two-way interaction treatment (45% depletion and
GR emitter), compared to the lowest value, 21.158 mg ha!, for the two-way interaction treatment (65% depletion and
T-tape emitter). The results of the table also showed that the two-way interaction between tillage depth and emitter
type also had a significant effect. The highest value for biological yield was 30.115 mg ha-1 for the two-way
interaction treatment (30 cm depth and GR emitter), while the lowest value, 23.670 mg ha™t, was recorded for the two-
way interaction treatment (20 cm depth and T-tape emitter). Finally, the results of the same table indicate significant
differences as a result of the three-way interaction between Moisture depletion, tillage depth and emitter type, the
highest value of hiological yield was recorded at 34.673 Mg ha™* for the triple overlap treatment (45% depletion, 30
cm depth, and GR emitter), while the lowest value was 19.176 Mg ha-1 for the triple overlap treatment (65% depletion,
20 cm depth, and T-tape emitter).

3.3 Crop Water Use Efficiency (kg m):

Table (9) shows a significant effect of the study parameters on crop water use efficiency values. It is noted that
moisture depletion significantly affected crop water use efficiency values. The highest value was at 45% moisture
depletion, reaching 3.43 kg m-3, while the lowest value was 2.38 kg m at 65% moisture depletion. The reason for
the low crop water use efficiency values at 65% depletion may be attributed to the dryness of the soil around the roots,
which causes water stress in the plant, leading to a decrease in crop water efficiency and consequently a reduction in
growth and productivity. This is consistent with [37, 38].

As shown in Table (9), there is a significant effect of the tillage depth coefficients on the crop water use efficiency
values, as the depth of 30 cm gave the highest value of crop water use efficiency, amounting to 3.16 kg m™, compared
to the depth of 20 cm, which gave the lowest value of crop water use efficiency, amounting to 2.65 kg m3. The reason
may be attributed to the choice of a 30 cm tillage depth, which leads to breaking and preparing the appropriate depth
for vertical root growth, thus the roots benefit from moisture in depth and reduce water losses lost by
evapopercentagen, which increases the efficiency of crop water use and increases productivity, as shown by [40, 39]
.Table (9) shows significant differences in the crop water use efficiency values for the emitter type, as the GR emitter
gave the highest value of 3.35 kg m™ compared to the T-tape emitter, in which the crop water use efficiency value
decreased to 2.46 kg m-3. This may be due to the high coefficient of variation in the T-tape emitter, as shown in Table
(3), as the increase in leakage from some emitters often leads to irregular distribution in the field, which results in
disparities in irrigation between plants and consequently a decrease in crop water use efficiency. In contrast, the low
coefficient of variation, as in the GR emitter, as shown in Table (3), ensures equal access to water to all plants, which
reduces water stress and increases the efficiency of water and nutrient absorption. This is reflected in an increase in
crop water use efficiency, which is consistent with [41, 42].
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Table (9) Effect of the moisture depletion rate of the two plowing depths and the type of emitter on the crop
water use efficiency rate (kg m)

Moisture depletion ~ Plowing depth Type ofemitter (T) - :
percentage ) M ( )D ( T T2 Exhaustion * Plowing depth
M1 D1 2.64¢ 3.57b 3.10b
D2 3.17¢c 435a 3.76a
M2 D1 1.904¢ 250e 2.20d
D2 2.15f 2.98d 256¢
) Average drip typeT ( Average moisture depletion
M *T
T1 T2 M (
Exhausti ¢ M1 2.90b 3.96a 3.43a
xhaustion ra
Hston Tt M2 2.02d 2.74¢ 2.38b
) Average drip typeT ( 246 b 3.35a
T femitter
Plowing depth * Dripper type m ypeo T2 ) Average tillage depthD (
. D1 2.27d 3.03b 2.65b
Plowing depth
D2 2.66 c 3.67a 3.16a

The results obtained from the same table showed a significant effect of the two-way interaction between moisture
depletion and tillage depth on the crop water use efficiency values, as the highest value of crop water use efficiency
reached 3.76 kg m= for the two-way interaction treatment (45% depletion and 30 cm depth), while the lowest value
of crop water use efficiency reached 2.20 kg m= for the two-way interaction treatment (65% depletion and 20 cm
depth). The results of the same table showed a significant effect of the two-way interaction between moisture depletion
and emitter type on crop water use efficiency values. The highest value of crop water use efficiency was 3.96 kg m
for the two-way interaction treatment (45% depletion and a GR emitter), while the lowest value of crop water use
efficiency was 2.02 kg m for the two-way interaction treatment (65% depletion and a T-tape emitter).

The results of the same table also showed that the two-way interaction between plowing depth and emitter type
had a significant effect. The highest value of crop water use efficiency was recorded at 3.67 kg m-3 for the two-way
interaction treatment (30 cm depth and a GR emitter), while the lowest value of crop water use efficiency was recorded
at 2.27 kg m for the two-way interaction treatment (20 cm depth and a T-tape emitter). The same table indicates
significant differences in the three-way interaction between moisture depletion, tillage depth, and emitter type in crop
water use efficiency values. The highest crop water use efficiency value reached 4.35 kg m™ for the three-way
interaction treatment (45% depletion, 30 cm depth, and a GR emitter). The lowest crop water use efficiency value
reached 1.90 kg m™ for the three-way interaction treatment (65% depletion, 20 cm depth, and a T-tape emitter).

Conclusion

1. The values of the deviation in the discharge rate increased and the values of the absolute field emission uniformity
decreased after planting compared to their pre-planting values for both types of emitters (GR and T-tape) used in the
study.

2. The 45% moisture depletion rate yielded the best values for weighted diameter, total porosity, leaf area, biological
yield, and crop water use efficiency compared to the values when applying a 65% moisture depletion rate.

3. The values of weighted diameter, total soil porosity, leaf area, biological yield, and water use efficiency increased
when using GR emitters, compared to the lowest values when using T-tape emitters.

4. The 30 cm plowing depth yielded the best values for leaf area, biological yield, and crop water use efficiency
compared to the values when applying a 20 cm plowing depth. While the ploughing depth of 20 cm improved the
weighted diameter and total porosity of the soil compared to their values at a depth of 30 cm.

5- The triple interaction of treatments (45% moisture depletion, 30 cm plowing depth and GR emitter) gave the highest
values for each leaf area, biological yield and crop water use efficiency compared to their values in the triple interaction
treatments (65% moisture depletion, 20 cm plowing depth and T-tape emitters).

87



Kirkuk University Journal for Agricultural Sciences, Vol.17, No. 1, 2026 Online ISSN: 2958-6585

References

[1].Al-Mehmdy, S., Aldulaimy, S., & Aljanabi, M. (2018). “Impact of surface drip irrigation manners and allowed
moisture depletion percent on potato growth and yield”. International Journal of Vegetable Science, 25, 503 -
510. https://doi.org/10.1080/19315260.2018.1547344

[2].Aziz, K. S., Alshamary, W. F., & Tahir, H. T. (2025). “The Effect of Subsurface Drip Irrigation, the Addition of
Compost and Moisture Depletion on some Physical Characteristics and Potato Productivity”. IOP Conference
Series: Earth and Environmental Science,

[3].AbdulKarem, B., & Dheyab, A. (2024). “The Influence Of Operating Pressure In Solid Sprinkler Irrigation
System, Moisture Depletion And Soil Pulverization At Mean Weight Diameter Of Clay Soil”. *International
Journal of Biological Engineering and Agriculture *. https://doi.org/10.51699/ijbea.v3i3.61

[4].AlShamary, W. F., & Sharif, Y. O. N. A. (2025). “Effect of Moisture Depletion Rate and Irrigation Water Depth
on the Productivity and Water Use Efficiency of Soybean Crop (Glycine max L.) Merr”. under Drip Irrigation
and Fixed Sprinkler Irrigation Systems. Science Digest, 1, 6.

[5].Drobitko, A., Kachanova, T., Markova, N., & Malkina, V. (2024). “Modern cultivation technologies in
improvement of maize quality”. @ UKRAINIAN BLACK SEA REGION AGRARIAN
SCIENCE.https://doi.org/10.56407/bs.agrarian/1.2024.19.

[6].Alobaidy, A. S., Tahir, H. T., & Alshamary, W. F. (2025). “Evaluation of Some Hydraulic Parameters, Moisture
Distribution, Growth and Yield of Aubergine Grown in Greenhouses Under the Influence of Conditioners and
Subsurface Drip Irrigation Emitter Type”. IOP Conference Series: Earth and Environmental Science,

[7].Sabah, S. H., Tahir, H. T., & Karim, T. H. (2023, December). “Interactive effects of emitter type, water salinity,
and deficit irrigation on of red cabbage (Brassica oleracea L) with evaluating drip irrigation system”. In IOP
Conference Series: Earth and Environmental Science (Vol. 1252, No. 1, p. 012064). IOP Publishing.

[8].Rahim, T., & Abdulgader, R. (2024). “Index on Primary Metabolites and Maize Yield Producutivity”. Kirkuk
University Journal For Agricultural Sciences, 15(3), 264-271.

[9].Ahmed, A. A., Al-Abassi, K., Wael, F., Ali, K. K., & Monnem, S. K. A. (2022). “Effect of plant density and
foliar spray of zinc on vegetative growth of maize (Zea mays L.)”. Research on Crops, 23(4), 776-780.

[10]. Tahir, H. T., Wahab, A.-S. A., & Ameen, N. H. (2020). “Performance study of emitter materials types on
cucumber cultivers under drip irrigation system”. AIP Conference Proceedings,

[11]. Christiansen, J. E. (1942). Irrigation by sprinkling (Vol. 4). University of California Berkeley.

[12]. Hassan, K. M., Thaher, H. T., & Almuhamade, O. H. (2017). “Effect of Water pressure in drip irrigation and
potato cultivars” (Solanum tuberosum L.) in growth, yield and qulity under fall season conditions in Kirkuk
Governovate. Krkuk University Journal For Agricultural Sciences (KUJAS), 8(5) Appendix .

[13]. Alshamary, W. F. A., & Noori, N. E. (2024). “The study explores the scheduling methods for irrigation water
and its role in percentagenalizing water use in response to climate change”. Kirkuk University Journal for
Agricultural Sciences, 15(1), 156-164. https://doi.org/10.58928/ku24.15123

[14]. Al-Hadithi, Essam Khudhair, Ahmed Al-Kubaisi and Yas Khudhair Al-Hadithi .2010. “Modern irrigation
technologies and other topics in the water issue”. Ministry of Higher Education and Scientific Research.
University of Anbar. College of Agriculture.

[15]. Hajim, Ahmed Yusuf and Haqi Ismail Yassin, 1992. “Engineering of Field Irrigation systems, Bookshop for
printingand publishing”. Mosul University.

[16]. Kemper, W.D.; and W.S. Chipil. 1965. Size distribution of Soil analysis. Agron. mono No. 9(1) Am. Soc. Agr,
Madison, Wisconsin.U.S.A.:499-510

[17]. Youker, R.E. and S.L. McGuines. (1958). “A short method of obtaining mean weight diameter values of
aggregate analysis of soil”. Soil Sci. 83; 291-294.

[18]. Al-Sahouki, Madhat Majeed 1990. “Yellow Maize - Its Production and Improvement”, University of Baghdad

[19]. Howell. T.A. 2003. “Irrigation efficiency. Encyclopedia of Water Science”, published by Marcel Dekker, New
York. USA. 10:467-472.

[20]. Zhang, T., Zou, Y., Kisekka, I., Biswas, A., & Cai, H. (2021). “Comparison of different irrigation methods to
synergistically improve maize’s yield, water productivity and economic benefits in an arid irrigation area”.
Agricultural Water Management, 243, 106497.

[21]. Mohamed Ali Khalaf, & Adel Ahmed Abdel. (2021). “Performance of dripper types and operating pressure
levels on the response of two cucumber cultivars (Cucumis melo var. flexuosus) under drip irrigation system”.
Journal of Kirkuk University for Agricultural Sciences, 12(3).

[22]. Wang, Y., Lei, L., Zhang, Y., Wang, S., & Wu, T. (2023). “Factors affecting the stability of soil aggregates of
plinthosols in the middle reaches of the Yangtze River”. CATENA.
https://doi.org/10.1016/j.catena.2023.107159

88



Kirkuk University Journal for Agricultural Sciences, Vol.17, No. 1, 2026 Online ISSN: 2958-6585

[23]. Liu, C., Zou, H., Liu, G., Xia, X., Zhang, Q., Dan, C., Li, H., Guo, Z., Zhang, Y., & Wu, J. (2024). “Response
of soil aggregate disintegpercentagen to antecedent moisture during splash erosion”. CATENA.
https://doi.org/10.1016/j.catena.2023.107633

[24]. Zhou, P., Zhang, X., Liu, X., Guo, M., Chen, Z., Qi, J., Wang, L., Zhang, S., Wan, Z., & Xu, J. (2024).
“Quantifying the contributions of factors influencing the spatial heterogeneity of soil aggregate stability and
erodibility in a Mollisol watershed”. CATENA. https://doi.org/10.1016/j.catena.2024.107941.

[25]. Wang, Y., Zhang, P., Zhou, J., Xu, L., Li, R., & Sun, H. (2021). “Factors controlling spatial variation in soil
aggregate stability in a semi-humid watershed”. Soil and Tillage Research.
https://doi.org/10.1016/j.still.2021.105187.

[26]. Oudah, B. M., & Abd Al-Kellabi, H. G. (2023). “The Effect of some Irrigation Methods and Moisture Depletion
percent in the Growth and Productivity of Maize”. Kufa Journal for Agricultural Sciences, 15(1), 124-134

[27]. Hillel, D. (2003). “Introduction to environmental soil physics. Elsevier”.

[28]. Osakabe, Y., Osakabe, K., Shinozaki, K. and Tran, L.S.P., 2014. “Response of plants to water stress”. Frontiers
in plant science, 5, p.86

[29]. Xi, Y., & Schubert, E. F. (2004). “Junction—temperature measurement in GaN ultraviolet light-emitting diodes
using diode forward voltage method”. Applied Physics Letters, 85(12), 2163-2165.

[30]. Hongguang, C., , W., Zhang, X., Ping, J., Xiaogong, Y., Jianzhao, L., Jingchao, Y., Lichun, W., & Jun, R.
(2014). “Effect of subsoil tillage depth on nutrient accumulation, root distribution, and grain yield in spring
maize”. Crop Journal, 2, 297-307. https://doi.org/10.1016/J.CJ.2014.04.006

[31]. EI-Mesery, A., Abdrabou, F., Sultan, W., & Zabady, F. (2022). “Hydraulic performance analysis of subsurface
drip irrigation for turf grass within different types of driplines”. Al-Azhar Journal of Agricultural Engineering.
https://doi.org/10.21608/azeng.2022.278936

[32]. Haghjoo, M., & Bahrani, A. (2015). “Grain yield, dry matter remobilization and chlorophyll content in maize
(Zea mays L.) as influenced by nitrogen and water deficit”. Bangladesh Journal of Botany, 44(3), 359-356.

[33]. Oudah, B., & Al-Kellabi, H. (2023). The Effect of some Irrigation Methods and Moisture Depletion percent in
the  Growth and  Productivity of Maize. Kufa Journal for  Agricultural  Sciences.
https://doi.org/10.36077/Kjas/2023/v15i1.3703

[34]. Amer, K. Z. (2019). “The Effect of Tillage Systems on Some Machinary Unit Performance Indicatars and Oil
Maize Yield”. Diyala Agricultural Sciences Journal, 11(1), 126-135.

[35]. Al-Yasiri, Q. B., Ndewi, D. R., & Dheyab, A. H. (2019). “Effect of some Drip Irrigation System Design
Parameters and some Soil Properties Relation to System Performance Evaluation, Growth and Productivity of
Maize (Zea mays L.) Saturated Hydraulic Conductivity”. Basrah Journal of Agricultural Sciences, 32, 360-372.

[36]. Sharu, E. (2021). “Hydraulic Performance Analysis of Drip Irrigation System Using Pressure Compensated
Dripper at Low Operating Pressure”. Advances in Agricultural and Food Research Journal.
https://doi.org/10.36877/aafrj.a0000225

[37]. Prajapat, A., Choudhary, R., Kumhar, M., & Saxena, R. (2020). “Consumptive Use, Water Use Efficiency”,
Moisture Depletion Pattern of Wheat under Semi-arid Eastern Plain Zone of Rajasthan. Agricultural Science
Digest - A Research Journal. https://doi.org/10.18805/ag.d-5092

[38]. Ahmed, S. (2023). “Effect of different irrigation water regimes on water productivity of wheat crop”. Pure and
Applied Biology. https://doi.org/10.19045/bspab.2023.120149

[39]. Wang, L., Guo, H., Cheng, D., & Wang, L. (2022). “Suitable Tillage Depth Promotes Maize Yields by
Changing Soil Physical and Chemical Properties in A 3-Year Experiment in the North China Plain”.
Sustainability. https://doi.org/10.3390/su142215134

[40]. Sun, J., Bao, H., Wang, Z., Gao, J., Zhang, F., Hu, S., & Fan, Y. (2018). “Maize Canopy Photosynthetic
Efficiency,  Plant  Growth, and  Yield Responses to  Tillage  Depth”. Agronomy.
https://doi.org/10.3390/AGRONOMY9010003

[41]. Alwana, H. H. (2022). “Evaluating the Performance of Locally Used and Produced Drip Irrigation Systems”.
Kerbala Journal for Engineering Sciences, 2(1), 31-43.

89



Kirkuk University Journal for Agricultural Sciences, Vol.17, No. 1, 2026 Online ISSN: 2958-6585

A il Ay 5al) Gaibadl) (any B cillabiall g gig &30 jal) Land o gha )l SETLY) 0
&1 kual) 3,A I ganal sluall Aualil) g
Topaa e agd Jily 1 Ahas daaa Adhaa
2 s Al Caa

Gl $S S Tl e N ZlS ilall 3l sl 5 oy o sle !
Glll 5SS dnals cde 1S el I YV GiLSall i ?
LAl
olall Al 5 Ay yill 450 5l ailiadll ey 8 s il cildaiial) (g e 5is B jall G Giiae 5 sl SEEY) A ) 5 A8 jaal Al 4y yad 0
Lol (o 5 A ) Jal sl EOG 4 il el S S Aaalas — Bl 3l el g & gad) Aasa 132024 plal i) AN ans sall DA 6] il 3,01 J grasal
s T-Tape) 5 (GR <ildaiiall (o (e 58 I Jalall g ans (30 5 20) Zadl o Giee S Jalall ¢ %65 (o2 sl A5 %045 sk Alasiny)
oaiiadll et ) (53 %45 (o U ALY () & jaill &3 Ciy (RCBD) . ALl 430 giiad) cileUadl) i iy da8aal) — 488l adadl) paanald aladin
%38.99 <ils Lains %45 2 sha )l Maiind 9448.74 LIS Ayabisall o8 Cialy 3 (55 sal ylad Jana 5 2SN dpalisal) (g0 JSV A, gima (59 0 o yedal 5 Ay Sl
e Ay gina (358 Cpel L %65 (o2shall MO ae 0.85 Cialis %45 (sl A 261,63 (s )sall Sl Jaes a il %65 25kl Alatiudd
3 e ssbll Jualalle 4 ) 5l Aabuaall) (g JST o el ae) 30 Ganll ¢ i 3 ) il g J guanall Juals 5 saill a3 430 2 Gas plasiad
200 5930.62) ials 3 a2 () (Beaalls 3l ¢ gl (3-p 228 3,16 51-,USa o) 2180 28.863 ¢ 2am 5088.57) sy 3 (I suanall slall Jlaniaal 361
Ot Gl Al A sl cliiall ad () de )l x5 S Jaially (5 )l A shaie i (e (8 LS | il (3 43S 2,65 51- S8 ol 21800 24,530 «
Aol 3l day ol 4 jlie Ja sale (S Jumil de )y 30 8 clS 38 FEUA %% dallad) i) Cila i) a1l 5 ¢ var % iy el o CDUAY) Lo

GR. 5 T-tape cisiia ¢ o sl sl Jealal ¢ Y gemnall slall Jlasisl 35S ¢ g sha 1 Saiieal) ¢ 20 jall Gae Aabiiall Lol

90



