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This study was conducted in the field of the College of Agriculture and Forestry/ University of
Mosul during the spring agricultural season of 2023 to examine the effect of three irrigation systems
(drip, sprinkler, and surface irrigation) and the use of a subsoil plow at depths of 25-35 cm and 35-
45 cm on the potato crop. The split-plot design was used once in a Randomized Complete Block
Design (RCBD) with three replications. Data were then recorded and statistically analyzed. The
results were as follows: The drip irrigation system significantly outperformed in the leaf area of the
plant and the yield per plant. The sprinkler irrigation system significantly outperformed in irrigation
costs, while the surface irrigation significantly outperformed in pump operating time. The 35-45
cm tillage depth significantly outperformed in plant height, leaf area per plant, yield per plant, and
marketable tuber yield, with an increase of 17.32%, 12.56%, 25.14%, and 12.63% respectively. The
25-35 cm tillage depth recorded the lowest significant values in operating costs and pump operating
time, at 18.02% and 12.88% respectively. The interaction between drip irrigation and 35-45 cm
tillage depth recorded the highest significant values in plant height, leaf area per plant, yield per
plant, and marketable tuber yield, while the interaction between sprinkler irrigation and 25-35 cm
tillage depth recorded the highest values in operating costs and pump operating time.
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1. Introduction

The potato crop is one of the most important vegetable crops worldwide due to its economic
significance in achieving food security for humans. Its tubers contain proteins, carbohydrates,
amino acids, calories, and nutrients (Elsevier et al., 2016). However, climate change and water
scarcity in recent years have led to a reduction in agricultural land globally, posing a significant
threat to human food security (Training et al., 2022). This has led many researchers to focus
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on finding a balance between increasing crop production to meet the growing population and
maintaining crop quality while utilizing water in the most efficient manner. The goal is to
increase productivity per unit area with minimal water consumption.

Selecting the appropriate irrigation system in terms of installation costs and compatibility with
the type of plant, soil, and surrounding climate is crucial. Surface irrigation is one of the oldest
irrigation methods used worldwide due to its ease of use and lower installation costs compared
to other irrigation methods. Many studies have recommended transitioning from surface
irrigation to sprinkler irrigation due to its significant benefits in water use efficiency, reducing
soil erosion, enhancing soil nutrient content, and improving soil physical properties in fields
prone to water erosion and nutrient deposition resulting from surface irrigation (Ippolito et al.,
2017).

Drip irrigation is one of the most recent irrigation systems, demonstrating its ability to save
water and energy used in pump operation and increase crop Yyields. It delivers water directly
to plants in precise amounts, maintaining soil structure and reducing nutrient leaching, as well
as minimizing fertilizer depletion (Narayanamoorthy et al., 2018). Additionally, it
significantly improves moisture distribution around the plant, reducing water use due to
decreased evaporation and direct delivery to the root zone (Reyes et al., 2016). This method is
more efficient in saving water at the top of ridges when planting potatoes compared to sprinkler
irrigation, as it promotes plant growth by providing water directly to the root zone while
preserving soil structure, unlike sprinkler irrigation, which can cause soil compaction due to
water droplets hitting the soil surface, increasing soil bulk density in the topsoil layer and
reducing soil water absorption at the ridge tops.

Drip irrigation has proven highly effective in increasing water use efficiency compared to
surface irrigation by reducing soil water evaporation and providing sufficient water for plant
growth. This results in increased plant height, leaf area, number of tubers per plant, yield per
plant, and marketable yield compared to surface irrigation (Akram et al., 2020). In addition to
selecting the appropriate irrigation method to maintain soil physical properties and provide
suitable moisture for plants, using deep subsurface plowing to break up compacted soil layers
at greater depths improves soil physical properties, enhances soil aeration, increases water
drainage, and maintains optimal soil moisture. This reduces soil compaction, improves root
nutrient absorption, increases root elongation, and enhances soil nutrient availability through
different soil bacterial communities (Costa et al., 2017).

Deep plowing can reduce soil bulk density by 8.88% and increase soil porosity by 13.04% in
the 20-40 cm soil layer, while reducing soil pressure by 56.96% in the 0-40 cm soil layer. Deep
plowing improves moisture movement in deeper soil layers, reducing water consumption and
increasing root depth, leading to better nutrient absorption from the soil and higher crop yields
(Qiang et al., 2022). Soil compaction in the root zone, especially in upper soil layers, hinders
root growth and reduces root density, resulting in lower leaf emergence rates and decreased
vegetative growth, ultimately reducing overall crop yield. Regulating irrigation amounts can
alleviate soil pressure, increasing water and nutrient use efficiency from the soil (Stalham et
al., 2007).

Soil compaction can also cause root accumulation in small cavities in the topsoil layer,
reducing nutrient absorption from the soil (Copas et al., 2009). Deep plowing (30-120 cm) at
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least once is highly beneficial in breaking up deep soil layers, improving soil aeration and
water drainage, facilitating deeper root penetration, and increasing nutrient absorption from
the soil, ultimately enhancing plant productivity (Burger et al., 2024). This research aims to
identify the best irrigation method for potato crops and the optimal plowing depth to improve
vegetative growth traits, increase tuber yield per unit area, and reduce irrigation system
operating costs.

The aim of the current study is to evaluate the yield and production costs of potato crops with
three tillage depths and three irrigation methods.

2. Materials and Methods:

The study on materials and methods was conducted in the spring season of 2023 in the
vegetable field belonging to the College of Agriculture and Forestry at the University of
Mosul, located north of Mosul and 5 km away from the city center. The field soil is
characterized as clayey loam, from which samples were taken from the soil surface and at a
depth of 30 cm. These samples were analyzed in the central laboratory of the College of
Agriculture and Forestry at the University of Mosul, as detailed in Table (1).

Table (1): shows the physical properties of soil and soil contents.
PH 7.1
EC(mS/cm) 1.80
Field Capacity 19.98%
Sand 25.05
Clay 37.95
Silt 37

Planting of potatoes of the local variety Lucinda, grade A, which were purchased from a farmer
and stored in refrigerated warehouses at a temperature of 4-5 °C for six months. The produced
potatoes of the same variety, grade E, were planted using a special planter for potato planting
on January 20, 2023. The distance between rows was 0.75 m, between potatoes was 0.25 m,
and at a depth of 0.15 m, with the furrow depth reaching 0.26 m. Irrigation schedules for the
field were determined by measuring soil moisture using a soil moisture meter at a depth of 30
cm. The ideal moisture level was set at 70% of the soil field capacity (Elzner et al., 2018).

The study included two factors:
1. Irrigation Systems, which consisted of three irrigation systems:

a. Drip Irrigation: Drip irrigation pipes were installed on top of the ridge after planting the
potatoes, with a spacing of 25 cm between drippers. Dripper discharge was calculated by
placing a graduated cylinder of known volume under the dripper, measuring the time required
to fill the cylinder, and calculating the amount of water discharged. The discharge rate was
measured at the beginning and end of the drip line to achieve a 5% difference in dripper
discharge, with a valve installed at the beginning of each line to stop irrigation once the
appropriate moisture level is reached.

b. Sprinkler Irrigation: Sprinklers were installed in two lines with a total of 18 nozzles, 9
per line, to achieve water overlap between the lines. The outer side of the sprinkler lines was
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neglected. Discharge from each sprinkler was measured by calculating the amount of water
discharged from the nozzle over a specified time period using plastic hoses in the nozzle and
a 15-liter basin to measure the discharge rate of the first and last sprinklers to balance the
system.

c. Furrow Irrigation: The field was divided into four sections based on plowing depths, with
each section irrigated directly using water drainage tubes. Pump discharge was measured by
timing the filling of a known-volume container with water discharged from the tube.

2. Plowing Depths: The land was plowed using a subsoiling tillage in two treatments The
distance between the plowing lines was 1 meter

a. Plowing at a depth of 25-35 cm.
b. Plowing at a depth of 35-45 cm.

Then the disc plow is used at a depth of 20 cm to turn the soil, and the land is leveled before
the planting process.

Study treatments: The study comprised 6 treatments (2x3), combining irrigation systems and
plowing depths in a one-time split-plot design within a complete randomized block design
with three replications. Irrigation systems were assigned to main plots and plowing depths to
subplots. The potatoes were harvested at the end of the season on July 1, 2023, and the
following traits were recorded:

1. Plant height (cm.plant?): Measured by taking the lengths of aerial stems from the soil
surface to the tip of the stem, extracting the average plant height from five plants per
experimental unit from the central row.

2. Leaf area per plant (cm2.plant?): Three plants from each treatment were sampled, their
leaves were collected, and leaf weight was measured. Ten leaf discs with a diameter of 1 cm
were then taken from each plant using a cork borer, with 30 discs taken for the three plants.
The discs and leaves were dried in an electric oven at 68-70°C for 72 hours until a constant
weight was achieved. Leaf area per plant was calculated based on the dry weight of the discs
and leaves using a proportionate method.

The paper area of the disks (30 disks) X the dry weight of the leaves (3 plants).
The dry weight of the disks (20 disks).

Leaf area (cm?) =

3. Pump runtime to reach the ideal soil moisture at a depth of 30 cm:
Drip Irrigation System:

1 The number of emitters per hectare was calculated as follows:
2 The distance between emitters in the same line is 0.25 m.

3. The distance between rows is 0.75 m.

4 The number of emitters per hectare is 53,333 emitters.

5 The discharge rate of each emitter is 4.59 L.hr 2.

Emitter discharge per hectare = number of emitters per hectare x discharge rate of each emitter.
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Pump discharge (L/ hr)
Emitter discharge (L/ ha)

Operating hours (hr/ ha) =

Sprinkler Irrigation System:

The distance between each sprinkler is 6 m.

The number of sprinklers per hectare is 277.4 sprinklers.

The flow rate of a single sprinkler is 14.5 liters .minute.

Sprinkler discharge.ha™ = discharge rate of each sprinkler x number of sprinklers.ha.
Pump discharge (L/ hr)

Sprinkler discharge (L/ ha)

Operating hours (hr/ ha) =

Flood Irrigation System:

Based on the pump runtime calculated by determining the area of the experimental unit which
measured 367.5 square meters." and the time required to irrigate the experimental unit as
follows:

Operating hours (hr/ ha)
Area of one hectare

~ Area of the experimental unit
X Time required to irrigate the experimental unit

Operating Costs of Irrigation Systems:

Operating costs of irrigation systems = operating hours/ hectare x fuel purchase price ($) x
fuel consumption (L/ hr) x number of irrigations during the season.

Marketing Yield of Tubers (ton.ha):

Calculated for the same plant, excluding damaged tubers and tubers weighing less than 25 gm
as follows:
Marketing yield / plant X number of plants/ ha

Marketing yield of tubers (Ton/ ha) = 1000.000

Single Plant Yield (grams per plant):
Total weight of five plants from each experimental unit
5

Statistical analysis: After recording the data, it was processed using the SAS program (2000),
and the values calculated were found to be below the 0.05 probability level (Al-Rawi, 2000).

Single plant yield (gm) =

3. Results and Discussion:

The results of Table (2) indicate no significant difference in plant height attribute among the
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irrigation systems, with drip irrigation system significantly outperforming in the leaf area
attribute of the plant, reaching 1439.1 cmz per plant. This differed significantly from the other
two systems, with the lowest leaf area per plant at 1096.6 cm? per plant observed in the furrow
irrigation system. The reason for this is that drip irrigation method delivers water directly and
in controlled amounts to the root zone, ensuring the soil receives the necessary ideal moisture
for root growth by preventing soil saturation and safeguarding plant roots from rotting. This is
achieved by maintaining optimal moisture levels for the plants for longer periods.
Additionally, drip irrigation prevents nutrient leaching from the soil and reduces weed growth
by providing water directly to the root zone, minimizing competition for nutrients. This is in
contrast to flood irrigation and sprinkler irrigation systems, which leach nutrients from the
soil, increase salt accumulation, and raise the soil's apparent density, hindering root penetration
and reducing nutrient supply to the stem, such as phosphorus, nitrogen, and calcium.
Furthermore, it reduces the plant's photosynthesis process. These findings are consistent with
the study by Akram et al. (2020).

Table (2): The effect of irrigation systems on potato vegetative properties

reats Plant Height Leaf Area
Irrigation Sy (cm) (cm?Zplant?)
Drip 96.41a 1439.1a
Furrow 85.16 a 985.1 b
Sprinkler 89.00 a 1096.6 b

Table (3) results indicate a significant difference in the operating costs of irrigation systems,
with the sprinkler irrigation system giving the highest value at 102.00 ($/ha), a significant
difference compared to the other two systems, with the lowest value at 76. ($/ha) in the drip
irrigation system. The results also show a significant decrease in pump runtime to reach the
ideal soil moisture at a depth of 30 cm in the drip irrigation system, reaching 15.03 (hr/ha?).
This can be explained by the evaporation that occurs when using sprinklers due to the high-
water pressure and the water exiting the nozzle in a mist form, leading to evaporation before
the water reaches the soil. Consequently, a larger amount of water is needed to reach the plant's
full saturation stage. Additionally, sprinkler irrigation reduces soil pore size due to the pressure
of water droplets on the soil surface, causing the soil to retain less water. This leads to an
increase in pump runtime and the number of irrigations per season. These findings are in line
with the studies by Reyes et al. (2016),), and Narayanamoorthy et al. (2018).

Table (3): The effect of irrigation systems on mechanical properties
Pump Operation Time to Reach 30 cm

Irrigation System Operating Costs ($/hat) Irrigation Depth (hr/ha™)
Drip 76.50 b 15.30 b
Furrow 83.75b 22.02a
Sprinkler 102.00 a 2041 a

The results in Table (4) indicate that the drip irrigation system outperformed in the yield per
single plant, reaching 912.50 gm significantly differed from the sprinkler irrigation system,
which yielded higher values at 733.25 gm. The reason for this is attributed to the direct and
precise delivery of water to the plant root zone, providing the necessary optimal moisture for
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tuber growth for the longest possible period, unlike surface irrigation and sprinkler irrigation,
which can cause water stress to the plant due to either moisture deficiency or excess, leading
to poor soil aeration, leaching of nutrients, increased soil bulk density hindering shoot growth
on tubers, and restricting the uptake of available nutrients in the soil. It is noted that drip
irrigation yielded the highest significant value in marketable tuber yield, reaching 47.72
(ton.hat), differing significantly from the sprinkler irrigation system, which yielded lower
values at 40.57 tons per hectare. This aligns with the findings of Akram et al. (2020).

Table (4): The effect of irrigation systems on potato crop properties.
Marketable Yield of

Irrigation System Plant Yield (gm Plant?) tubers (ton.hal)
Drip 912.50 a 47.72 a
Furrow 810.40 ab 42.19 ab
Sprinkler 773.25b 40.57 b

The results in Table (5) indicate a significant difference in plant height between plowing
depths, where the depth of 35-45 cm yielded the highest significant value in plant height at
97.38 cm, while the plant height at the depth of 25-35 cm was 83.00 cm. It is observed that
plowing depth of 35-45 cm led to a significant increase in leaf area, reaching 1304.65
cm2.Plant?, differing significantly from the plowing depth of 25-35 c¢cm, which resulted in a
smaller leaf area of 1042.55 cm? for Plant™. The reason for this can be attributed to the breaking
up of compacted soil layers and reducing soil pressure in the root zone extension area, where
soil pressure can restrict root movement, decrease soil water drainage, leading to root rot and
poor nutrient uptake, ultimately reducing plant height due to limited nutrient resources from
the roots and decreased photosynthesis process, resulting in a smaller leaf area. This aligns
with the findings of Burger et al. (2024) and Costa et al. (2017).

Table (5): The effect of plowing depths by subsoil plow on potato vegetative properties.

Treats Plant Height  Leaf Area (cm?
Subsoil Plow De (cm) plant?)
(25 - 35) cm 83.00 b 1042.55 b
(35-45)cm 97.38 a 1304.65 a

The results in Table (6) indicate a significant decrease in irrigation system operation costs and
pump operation time at a plowing depth of 35-45 cm, with values of $80.16 per hectare and
18.08 hours per hectare, respectively, showing a significant difference from the depth of 25-
35 cm, which yielded higher values in these two aspects at $94.66 per hectare and 20.41 hours
per hectare, respectively. The reason for this can be attributed to the increased breakdown of
deep soil layers with greater plowing depth, leading to larger soil pores, increased soil water
absorption rate, faster water penetration to the plant root zone, achieving optimal soil moisture
levels that plants can utilize efficiently without water wastage during irrigation. This can
improve soil structure, create water channels in the soil, and enhance soil water retention
capacity. These findings align with those of Burger et al. (2024) and Stalham et al. (2007).
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Table (6): The effect of plowing depths by subsoil plow on mechanical properties.

. Operating Costs Pump Operation Time to Reach
Sllzedll A e ($/ha) 30 cm Irrigation Depth (hr/ha)
(25 - 35) cm 94.66 a 2041 a
(35 - 45) cm 80.16 b 18.08 b

The results in Table (7) indicate a significant superiority in both the yield per single plant and
the marketable tuber yield at a plowing depth of 35-45 cm, reaching 881.23 grams per plant
and 46.08 tons per hectare, respectively. This is compared to the plowing depth of 25-35 cm,
which yielded lower values in both the yield per single plant and the marketable tuber yield at
782.87 grams per plant and 40.91 tons per hectare, respectively. The reason for this is that
deep plowing works to increase the breakdown of deep soil layers, enlarge soil pores, allowing
roots to explore a larger soil volume, absorb nutrients, improve water and air movement in the
soil, providing optimal moisture for plant growth, increasing shoot growth, the number of
tubers per plant, tuber size, and the quality of potato tubers. These findings align with those of
Qiang et al. (2022) and Burger et al. (2024).

Table (7): The effect of plowing depths by subsoil plow on potato crop properties.

Subsoil Plow Depths Plant Yield (gm) Marketable Yield of tubers
(ton.hat)
(25 - 35) cm 782.87 b 40.91 b
(35-45)cm 881.23 a 46.08 a

The results of Table (8) indicate the interaction between irrigation systems and tillage depths
on the vegetative growth characteristics of potato crops. It is noted that the treatment of the
interaction between drip irrigation system and tillage depth of 35-45 cm excelled in plant
height and leaf area of the plant, reaching 104.16 cm and 1670.00 cm2.plant™ respectively,
showing significant differences with some other treatments. The lowest values in this
interaction were 77.50 cm and 928.50 cm2.plant? in plant height and leaf area respectively.

Table (8) The effect of interaction between irrigation systems and deferent plowing depths
by subsoil plow on potato vegetative properties.

2
Irrigation System Subsoil Plow Depths  Plant Height (cm) ILEif A7) (e

plant?)
Drip (25-35)cm 88.66 bc 1208.25 b
(35-45)cm 104.16 a 1670.00 a

Furrow (25-35)cm 77.50 c 928.50 ¢
(35-45)cm 92.83 ab 1041.70 ¢

Sprinkler (25-35)cm 82.83 hc 990.90 ¢
(35-45)cm 95.16 ab 1202.25b

The results of Table (9) in the interaction between irrigation systems and tillage depths indicate
a significant decrease in the operating costs of irrigation systems and pump operation time
when the drip irrigation system interacts with a tillage depth of 35-45 cm, amounting to 68.000
dollars per hectare and 13.60 hectares per hour respectively, with a significant difference
among all treatments of this interaction. The lowest values were 113.50 dollars per hectare and
22.67 hours per hectare for the operating costs of irrigation systems and pump operation time,
respectively, in the treatment of the interaction of sprinkler irrigation with a tillage depth of
25-35 cm.
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Table (9): The effect of interaction between irrigation systems and deferent plowing depths
by subsoil plow on mechanical properties.

Irrigation System Subsoil Plow Operating Costs Pump Op_erat_ion Time to Reach 30
Depths ($ ha) cm Irrigation Depth (hr.ha%)

Drip (25 - 35) cm 85.00 d 17.01e
(35-45)cm 68.00 f 13.60 f
FurTow (25 - 35) cm 85.50 ¢ 2154 ¢
(35 - 45) cm 82.00 e 2250 b
Sprinkler (25 - 35) cm 113.50 a 22.67 a
(35 - 45) cm 90.50 b 18.14d

The results of Table (10) indicate the interaction between irrigation systems and tillage depths,
showing that the interaction of the drip irrigation system with a tillage depth of 35-45 cm
yielded the highest significant values in single plant yield and marketable tuber yield, reaching
969.00 grams per plant and 50.75 tons per hectare respectively. There was a significant
difference among some treatments, with the lowest values being 732.60 grams and 38.44 tons
per hectare for single plant yield and marketable tuber yield, respectively, in the treatment of
sprinkler irrigation with a tillage depth of 25-35 cm.

Table (10): The effect of interaction between irrigation systems and deferent plowing depths
by subsoil plow on potato Yield.

Marketable Yield of tubers (ton

Irrigation System Subsoil Plow Depths Plant Yield (gm) ha!)
Drip (25-35)cm 856.00 ab 44.69 ab
(35-45) cm 969.00 a 50.75 a
Furrow (25-35)cm 760.00 b 39.60 b
(35-45) cm 860.80 ab 44.78 ab
Sprinkler (25-35)cm 732.60 b 38.44b
(35-45)cm 813.90 ab 42.69 ab

4. Conclusions:

From this study, we conclude that using subsoil plowing at a tillage depth of 35-45 cm along
with drip irrigation system was the most effective in improving vegetative growth, increasing
the marketable yield of potato crops, reducing pump operation time to reach optimal soil
moisture, and decreasing operating costs of the irrigation system compared to irrigation
methods and tillage depth of 25-35 cm used in the experiment.
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