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Abstract

This research is fulfilled in Al-Raed Research Station, that is situated on the main road of Baghdad-
Anbar through conducting an experiment which was conducted during the winter season of 2022-2023 so as
to determining the influence of the kind of solar panels, watering systems (irrigation), and distances between
planting lines on the yield of beans (Vicia Faba... L). Three replications of a randomised complete block
design (RCBD) were employed. There are three components to the experiment. The solar panel type—mono-
crystalline and poly-crystalline—was the first factor. The drip and sprinkler irrigation system, which has two
levels, was the second component. The distances (40, 60, and 80 cm) between the sub-lines with three levels
constituted the third factor. The subsequent metrices were examined: solar panel efficiency (%), Amount of
irrigation water used (m?3. season-1), Consistency coefficient (homogeneity) (%), Germination percentage
(%), The outcomes indicate that monocrystalline solar panels fulfilled the best of these signs: efficiency of
solar panel, consistency coefficient (homogeneity), and germination rate with the least amount of irrigation
water used during the season (24.74%) (93.42%) (90.40%) (3.927 m3. season-1), respectively. Additionally,
the drip watering technique produced the best results for solar panel efficiency, consistency coefficient, and
germination percentage, with the lowest amount of water for irrigation (22.23%) (92.93%) (95.90%) (3.00
m3. season-1), to arrange. Furthermore, the distance (40 cm) achieved the ultimate values of coefficient of
uniformity and the germination percentage with the least amount of irrigation water used during the season
(92.05%) (95.10%) (3.05 m®. season-1), respectively. Further research should explore the long-term impacts
of integrating mono-crystalline solar panels with drip irrigation across various crops and environmental

conditions.
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1. Introduction

The transformation of the energy system from the traditional one based on fossil fuels to
renewable energy has become a necessary matter that all countries of the world are seeking, with
the increasing costs of traditional sources and their monopoly by certain countries. With the
growing phenomenon of global warming that has struck all countries of the world, affecting its
water resources, and with the increase in population, we have begun to see that the changes have
become a challenge to the sustainability of life on the surface of the Earth. Therefore, the
importance of creating projects that integrate clean energy with modern irrigation systems that
regulate water comes with a focus on exploiting a unit of area for agriculture (Al-Jumaili &
Zeinaldeen, 2023). Vegetation cover is one of the most important factors in the rise in temperature
of the city of Baghdad, with a difference of 6 degrees Celsius for the period from 2001 to 2020 as a
result of urban encroachment on its vegetation cover, which clearly contributed to the growing
phenomenon of global warming (Mahal ,et ,al., 2022) . The availability of two public kinds of solar
panels available in the market, namely monocrystalline and polycrystalline types, causes confusion
in choice to the point that many solar panel users wonder about the differences between solar panels
through a study that showed the superiority of monocrystalline panels in production capacity
(9.18%) over polycrystalline panels(Pratama & Watiasih, 2020). Using the right type of solar panels
can create advantages through a study that showed that using monocrystalline solar panels was
more efficient than polycrystalline solar panels(Jassim & Zeinaldeen, 2023). The quantity of solar
radiation affects the functioning of solar panels and the sum of energy emitted that they collect per
square meter (Zeinaldeen, 2020). Weather is among the elements influencing the effectiveness of a
solar panel(Sugianto, 2020). Water-saving techniques such as drip and sprinkler irrigation will not
individually lower the additional requirement for irrigation water, but will assist increase
groundwater levels, but they require a regular energy supply(Dhiman, 2022). In recent years, the
problem of water scarcity has gradually become a threat in many agricultural areas so it requires a
well-planned irrigation system such as drip or sprinkler irrigation system which will be more
beneficial to farmers (Yadahalli ,et ,al., 2020). With increasing concerns about the decline of water
resources, it has become necessary to implement modern irrigation systems to conserve water, in
line with sustainable agricultural practices (Masri ,et ,al., 2015).The sustainable agricultural
development strategy depends on improving the use of water used for field irrigation with

contemporary irrigation systems that are compatible with the goal of reducing water waste and
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improving the effective use of water (Awwad ,et, al., 2023). One may think of broad beans as a
plant protein source. Beans can be used in many different culinary recipes and provide important
micronutrients. Novel applications in the food companies involve plant-based meat replaces and
fortified gluten free- fortified items, and food sources of ordinary colour, protein, and fibre.
(Salvador-Reyes, et ,al., 2023). The food industry has become more concerned with the consumer in
terms of health and the advantages of local beans in terms of low cost and their high nutritional
content of protein and fiber, in addition to their benefits to the soil in which they are grown. We
have begun to see a focus on them in recent years (Badjona ,et ,al., 2023). There is a slow shift from
animal to vegetarian diet among consumers due to growing health concerns regarding animal food
consumption, adverse health effects due to saturated fats coupled with proteins and worrying
sustainability of the environmental obstacles. Acknowledging plant proteins, potential health
advantages, Vicia faba, could be a suitable source of proteins for the human diet. Compared to other
legumes, beans are nutritionally beneficial due to their high proportion of protein to carbohydrates
and superior amino acid content, approximately 85% (Dangi ,et ,al., 2022). The impact of various
kinds of nearby produced risers and various operating pressures on soil characteristics and maize
production was explored in research conducted at Al-Raed Research Station. The study, led by
(Abbas & Jasim, 2022) found that automatic risers significantly outperformed traditional risers in
water usage efficiency, moisture distribution, and maize yield. Notably, the automatic external tube
riser achieved a grain yield of 6.89 tons per hectare and exhibited the ultimate moisture uniformity
at 85.35%. This underscores the benefits of using locally designed automatic risers in fixed
sprinkler irrigation systems to enhance water use and crop productivity. Research conducted by
(Ebranim et ,al., 2023) at Al-Raed Research Station assessed quinoa productivity using various
water sources. They found that fresh water irrigation led to the ultimate yield (935 kg/ha), while
saline water produced the lowest yield (595 kg/ha). Their statistical analysis confirmed significant
differences between the treatments. In an experiment led by (Luay et al., 2023) at Al-Raid Research
Station, barley growth was tested using dairy wastewater, groundwater, and river water. The results
showed that groundwater irrigation yielded the ultimate output (1920 kg/ha), while river water
irrigation yielded the lowest (1310.7 kg/ha). The study also noted an increase in soil EC levels by
the end of the season for all treatments. The aim of the study are the comparison the performance of
two types of solar panels, comparison of modern irrigation systems (drip, spray) and comparison of

the effect of the variation of distances among the sub-lines on the yield of the crop. Thus, finding
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the best combination among the kind of solar panel and the mechanism of irrigation and the best
distance between the sab-lines on the productivity of the Faba bean crop.
1.1 Research problem

Due to the challenges faced by most parts of the world, including our dear country, from the
threat to food security as a result of population increase and problems related to providing the
necessary water for irrigation, in addition to the obstacles to providing the energy sources necessary
for the operation of various irrigation systems, and what the world in general and our country Iraq
in particular is experiencing from the greenhouse effect caused by the continuous and increasing use

of fossil fuel derivatives as an energy source, the subject of research came up.

2. MATERIAIS AND METHODS:

At Al-Raed Research Station, an investigation (experiment) was conducted. It was conducted
throughout 2022-2023 winter season so as to identify the impact of different solar panel and the
type of watering mechanism (irrigation), and distances between planting lines on the yield of beans
(Vicia Faba... L). Three replications of a randomized complete block design (RCBD) were
employed. There are three components of the experiment were adopted; the type of solar panel with
couple of levels mono-crystalline and poly-crystalline. The mechanism of irrigation which had a
two-level watering mechanism (i.e. drip and sprinkler irrigation) was the second component. The
spaces among the sublines which had three levels (40, 60 and 80 cm) were the third component.
The following traits were investigated: the solar panel efficiency (%), Amount of irrigation water
used (m?. season), Consistency coefficient of (homogeneity) (%), percentage of Germination (%).
The experimental field work was prepared by a series of agricultural operations then it was
inundated with water and let to dry entirely over the sequence of 20 days. Because of the density of
the Jungles that the Experimental field suffers from. Once the ploughing procedure is finished, the
ploughed soil was smoothed with a rotary plough before being employed with a levelling and
adjustment machine. On May 9", 2022, a number of samples were collected from the field and
delivered to the “National Center for Water Resources Management’s” laboratories for analyzing
the soil and to ascertain the field’s chemical and physical properties and indicated in Table (1). The
bean crop was by hand sown with two seeds in each hole at a depth of 3-5 cm and a spacing of 25
cm between each hole was considered. Weeds were then pulled out both manually and chemically

on October, 151 2022.
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Table (1): Physical, chemical and hydraulic properties of the soil before planting

2.1 Characters Studied
2.1.1 Efficiency of Solar Panel %

Using a clap meter to measure the voltage and direct current at the same moment (impthe solar
radiation falling on a square metre (W/m2), the active area of solar panel's (Active Space), and the
panel's efficiency values for each trial unit were calculated.

during the irrigation process adopting the proposed equation from (Halim ,et ,al., 2023)

_ Vmp X Imp

= 1
L Sr x A €Y

Where,
Vmp = “is the voltage of the electricity produced.

Imp = “is the electrical current produced by the solar PV panel®.
Sr = “is the power of the incident solar radiation (W/m2) “.

A = "“is the Active Space of the solar cell®.
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2.1.2 The amount of water used for irrigation (m3, season-1).

A flow meter was installed on the main line of each experimental unit to determine the entire
quantity of irrigation water used for the experiment and based on the volumetric moisture content of
the soil when 50% (Al-Mehamdy & Maloki, 2017) of the device’s water run out, which is at the field
capacity (46.53). The wilting point is (26), that is, at point (36.26) of the field capacity for each
experimental unit.

46.53

/‘ 36.26
Available water

e
o

Figure (1): The field capacity chart shows the irrigation level of 50%.

Water is ready

2.1.3. Homogeneity Coefficient of (consistency).

The equation suggested by Analytics was applied to calculate the coefficient of homogeneity
(Christiansen, 1942).

CU =100 (1 — MZ—XSN) (2)

Where,
Cu = “homogeneity coefficient %.
S = “The amount of deviation in the values of individual observations from the average depths of
the water obtained®.
M = “mean of the observations*.

N = “number of observations*.
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2.1.4. Germination percentage m?.
Following fourteen days from the planting date, the percentage of germination was calculated

using Walden’s Equation (Al-Sahoki & Jiyad, 2023).

4P = (ES) x 100 (3)

TS

Since: -

&P = “germination rate m>.

Es = “the number of seeds sprouting*.
Ts = “total number of seeds sown*.

3. Results and Discussion.

3.1. Solar Panel Efficiency %.

Table (2) displays the impact of solar panel type, the irrigation system, and the distances
between the branch lines on the solar panel efficiency (%). The results of the effect of the type of
solar panel indicate that the solar panel used with monocrystalline is superior to the solar panel
used with polycrystalline in documenting the ultimate rate of efficiency (24.74). Whilst the second
multi-crystalline type recorded an average efficiency of (19.05), which shows that there is a
notable variation in the solar panel’s efficiency depending on the type utilised, and these results
are consistent with what was found by (Baghel & Chander, 2022). The reason may be that the
manufacturing specifications for monocrystalline solar panels are higher than the manufacturing
specifications for polycrystalline panels, which gives an advantage in giving greater capacity and
thus higher efficiency to the monocrystalline panel.

The outcomes of the impact of the chosen irrigation system type demonstrated that the ultimate
efficiency of the solar panel was recorded with the system of drip irrigation, reaching an average
of (22.32), while the sprinkler irrigation system recorded the least average efficiency of (21.47).
The results demonstrates the impact of changing distances between the branch lines, as it was
found that the ultimate average efficiency recorded for the solar panel was (22.37) at the distance
(60 cm), while the least average efficiency recorded at the distance (40 cm) was (21.4).

The efficiency of the solar panel is a result of the reciprocal relationship between the type of

panel and the irrigation system in use, as the monocrystalline solar panel with the drip irrigation
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system recorded the ultimate average efficiency of (25.40), while the polycrystalline solar panel
with the sprinkler irrigation system recorded the least average efficiency of (18.84).

The results if the two-way relationship between the kind of solar panel and the distances
between the sub-lines exhibited the efficiency of the solar panel, where the monocrystalline solar
panel with a distance of (60 cm) obtained the optimal efficiency rate of (25.08), while the least
efficiency rate was recorded with the polycrystalline solar panel at a distance of (40). cm) reached
(as the results of the impact of the bilateral interaction among the type of irrigation system used
and the distances between branch lines on the solar panel’s efficiency indicated that the drip
irrigation system documented at the distance (40 cm) the maximum rate of efficiency of (22.5),
while the sprinkler irrigation system documented at the distance (40 cm). The least average
efficiency was (20.3).

Table (2): The impact of the kind of solar panel, irrigation system, and distances between branch

lines on the efficiency of the solar panel (%).

Irrigatiol Distances between

I'ype solar panel (C) system | sub-lines (D) C*l
m 40 60 80
sprinkler 17.87 [19.83 [18.83 18.84
Polycrystalline Drip | 19.31 1047 18.9¢ 19.25
Monocrystalline Sprinklt?r 22.73 25.00 24.55 24.09
Drip | 25.69 25.17 25.33 25.40
LSD c*p 2.941N-5 LSD c~i 1.735
C*D
Type solar panel (C) 40 60 80 | Average type solar panel
Polycrystalline 18.91 19.65 18.59 19.05
Monocrystalline 24.21 25.04 24.94 24.74
LSDC*D 1.956 M-S LSD c 1.409 NS
1*D
Type of irrigation system (1) 40 60 80 Average type Irrigation
system
Sprinkler 20.30 22.41 21.6¢ 21.47
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Figure (2): The impact of the kind of solar panel, irrigation system, and distances between branch
lines on the solar panel’s efficiency (%).
3.2. The amount of water used in irrigation is (m3. Season)

Table (3) illustrates the impact of the kind of solar panel, irrigation system, and the distances
between branch lines on the quantity of irrigation water utilized throughout the season (m?,
season™). It shows a noteworthy effect of the kind of solar panel on the character of the quantity of
irrigation water used (m?®, season). The polycrystalline solar panel documented the ultimate
average values for the amount of irrigation water (m?, season™), amounting to (4.29 m?, season®),
whereas the average values for the monocrystalline solar panel were the least for the amount of
irrigation water (m?, season-1). was (3.927 m3. Season?). The reason may be that the single-
crystalline plate gives the water a higher compressive strength and greater stability in terms of
weather variables, which allows for a good level of humidity that reduces the amount of water
given between irrigation of the season, which is a positive characteristic and is one of the most

important goals of the experiment.
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The outcomes of the consequence of the form of irrigation system adopted on the quantity of
irrigation water used (m?, season™) showed us that there is a notable distinction in the sort of
irrigation system applied on the quantity of irrigation water used (m3, season™), as irrigation
system with sprinklers documented the ultimate quantitative average values. Irrigation water (m?2,
season®) in record (5,215 m3, season™), whilst the irrigation system (drip) documented the low
average values for the amount of irrigation water (m?, season™), which was (3,001 m?, season).

The results show the impact of the distances between branch lines on the amount of irrigation
water used (m?, season™). There was a significant effect of the distances between branch lines on
the amount of irrigation water applied within the period of the season (m?, season™), as achieving
the distance (80 cm) showed the ultimate average values for the amount of irrigation water used,
which was (5.004 m3, season™), while it was recorded Distance (40 cm). The least rates of
irrigation water used amounted to (3.057 m®. Season). The reason may be due to the irrigation
lines overlapping each other for a distance (40 cm), affecting a good moisture content, which
reduces the amount of irrigation water given during the season.

The results of the binary interaction among the sort of solar panel used and the sort of the system
specified for irrigation that is applied on the amount of irrigation water applied within the season
(md. season™) show that there is a significant impact of the solar panel type used and the adopted
type of irrigation system on the amount of irrigation water used (m?. season™). Through the multi-
crystalline solar panel with the sprinkler irrigation system achieving the ultimate average values of
the amount of irrigation applied throughout the season (m2. Season™) amounting to (5.503 m?.
Season®), while the mono-crystalline solar panel with the irrigation system recorded drip is the
least rate of water given during the season, as it was (2.925 m®. Season™).

The results of the binary interaction between the type of solar panel used and the spaces among
sub-lines on the quantity of irrigation water applied throughout the season (m®. Season™) also
indicate that there is no noteworthy impact of the binary interaction between the type of solar
panel used and the distances between sub-lines on the amount of irrigation water ( m3, season-1),
as the polycrystalline solar panel with a distance of (80 cm) achieved the ultimate rates of
irrigation water given during the season (m?, season), which was (5,203 m?, season), while we
note that the solar panel achieved Single-crystalline with a distance of (40 cm), the least rates of

water quantities given during the season were (2,870 m2. Season™).
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The two-sided relationship among the type of irrigation system used and the distances between
branch lines also had a important effect on the quantity of irrigation water used during the season
(m3. Season), through the sprinkler irrigation system at a distance of (80 cm) recording the
ultimate rates of irrigation water quantity during the season amounting to (6,029 m?®. Season™),
while the drip irrigation system at a distance of (40 cm) achieved the least value for averages of
water quantity. Irrigation during the season amounted to (1,876 m?, season™).

The results of the triple interaction between the type of solar panel used, the type of irrigation
system used, and the distances between the branch lines on the amount of irrigation water used
during the season (m®. Season), showed that there was a significant effect of the triple interaction
between the solar panel type, the type of watering system (irrigation) being applied, and the
distances between the lines. The sub-category on the quality of irrigation water used during the
season, as the polycrystalline solar panel with the sprinkler irrigation system at a distance of (80
cm) achieved the ultimate average values for the amount of irrigation water during the season
amounting to (6.251 m®. Season™*), while the mono solar panel recorded with the drip irrigation
system at a distance of (40 cm), the lowest average amount of irrigation water given during the
season reached (1,800 m3, season™).

Table (3): Effect of the solar panel type, watering system, and distances between branch lines on

the amount of irrigation water applied within the season (m?®. Season™)

IrrigationDistances between sub-
Type solar panel (C) system lines (D) c*l
Q) 40 60 80
Sprinkler 4535 |5.722 |6.251 5.503
Polycrystalline -
Drip 1952 3.127] 4.154 3.078
) Sprinkler 3.940, 5.037| 5.807 4.928
Monocrystalline i
Drip 1.800, 3.170] 3.806 2.925
LSD c+i*p 0.1747 LSD cxi 0.15
C*D
Type solar panel (C) 40 60 80 Average type solar panel
Polycrystalline 3.243| 4424 5.203 4.290
Monocrystalline 2.870 4.103] 4.806 3.927
LSD C*D 0.1456 NS LSD c 0.1893
1*D
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Figure (3): The Impact of solar panel applied, watering system, and spaces between branch lines
on the amount of irrigation water applied throughout the season (m>. Season™)
3.3. Coefficient of Consistency (Homogeneity).

Table (4) presents the impact of the solar panel type, the watering system, and the distances
between the sub-lines on the homogeneity coefficient %. The results of the effect of the sort of
solar panel adopted on the homogeneity coefficient (consistency) show the researchers that the
monocrystalline solar panel had an important impact on the value of the coefficient Homogeneity
(consistency): The monocrystalline panel showed the ultimate value for the average homogeneity
coefficient, amounting to (93.42), whilst the polycrystalline solar panel recorded the lowest value
for the average homogeneity coefficient, amounting to (87.72.The reason may be due to the
stability of the power generated by the monocrystalline plate, leading to stability in the pump

pressure and discharge, which has a positive effect on the studied characteristic.
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The outcomes of the effect of the type of watering system used on the homogeneity coefficient
(consistency) indicate that the drip watering system had an important impact on the value of the
homogeneity coefficient (consistency), as the averages of the drip watering system recorded the
ultimate value of the homogeneity coefficient averages, amounting to (92.42), while the averages
of the sprinkler watering system recorded The lowest average value of the homogeneity
coefficient is (88.20). The reason may be that the sprinkler watering system is affected by several
factors, such as pressure fluctuations resulting from the power source being affected by the
amount of solar radiation and the weather conditions surrounding the experiment.

The results of the effect of the distances between the sub-lines on the homogeneity coefficient
(consistency) appear to us, as it is noted that the distances between the sub-lines had an important
weight on the value of the homogeneity coefficient (consistency), as the average distances
documented the ultimate value for the homogeneity coefficient (consistency) when the distance
(40 cm) reached (92.05), while the average distances between the sub-lines recorded the lowest
value for the homogeneity coefficient (consistency), reaching (89.26) with the distance (80 cm).

The results of the bilateral interaction among the solar panel type and the type of watering
system adopted in terms of the homogeneity coefficient indicate to us that the bilateral interaction
had an important weight on the value of the average homogeneity coefficient, as the
monocrystalline solar panel with the drip watering system achieved the ultimate value for the
average homogeneity coefficient (consistency). It reached (93.72), while the polycrystalline board
with the sprinkler watering system documented the lowest average value of the homogeneity
coefficient (consistency) which was (83.29). The reason may be that the efficiency of the
monocrystalline plate is higher than that of the polycrystalline plate, which affects the power
supply data.

The results of the bilateral interaction among solar panel type and the inter-distances between
the sub-lines on the homogeneity coefficient (consistency) show that the dual interaction between
the type of solar panel and the distances between the sub-lines did not have an important effect on
the studied characteristic, as the mono-crystalline solar panel with the distance (40 cm) recorded
the ultimate The average value of the homogeneity coefficient was (94.54), while the
polycrystalline solar panel with a distance of (80 cm) recorded the lowest average value of the

homogeneity coefficient (consistency), which was (86.58).
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The results of the bilateral interaction between the type of watering system used and the
distances between the branch lines on the coefficient of homogeneity (consistency) also indicate to
us that the bilateral interaction between the watering system used and the distances between the
branch lines has a significant effect on the character of the coefficient of homogeneity
(consistency), as it is noted that the drip watering system registers with the distance (40 cm) The
ultimate value of the average homogeneity coefficient (consistency) was (96.14), while the lowest
value recorded for the average homogeneity coefficient (consistency) with the sprinkler watering
system at the distance (80 cm) was (87.30). The reason may be that the drip watering system is a
low-pressure system, so it is less affected by pressure variables.

The results of the triple interaction between the adopted solar panel type, the type of watering
system used, and the distances between the branch lines on the character of the homogeneity
coefficient show that there is meaningless effect. The triple interaction between the type of panel
used, the type of watering system used, and the distances between the branch lines has a
significant effect on the investigated characteristic, and it becomes clear that the solar panel used
has achieved The monocrystalline solar panel with a drip watering system at a distance of (40cm)
achieved the ultimate average value of the homogeneity coefficient, which was (96.72), while the
polycrystalline solar panel with a sprinkler watering system at a distance of (80cm) achieved the

lowest average value of the homogeneity coefficient, which was ( 82.44).

Table (4): The impact of solar panel type, watering system, and distances between branch lines on

the homogeneity coefficient (consistency) %

IrrigationDistances between sub-

Type solar panel (C) system lines (D) C*l
M 40 60 80
Sprinkler (83.55 |83.88 [82.44 83.29
Polycrystalline -
Drip 95.55| 90.15 90.73 92.14
) Sprinkler 92.36| 94.83 9215 93.11
Monocrystalline
Drip 96.72| 92.71 91.74 93.72
LSD c+i*p 2.845N-S LSD cxi 2.186
C*D
Type solar panel (C) 40 60 80 Average type solar panel
Polycrystalline 89.55| 87.02] 86.58 87.72
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Monocrystalline 94,54 93.77] 91.94 93.42

LSD C*D 2.224N-5 LSD c 2.738

1*D
Type of irrigation system (1) 40 60 80 |Average type irrigation system
Sprinkler 87.95| 89.36] 87.30 88.20
Drip 96.14) 91.43 91.23 92.93
LSD rp 1.950 LSD 1.493
D
Distances between sub-lines (D) 40 60 80
Average distances 92.05| 90.39] 89.26
LSD o 1.388

040 60 =80 Spacing between Sub-Lines

. qﬂlﬂlﬂl

Spray

Homogeneity Coificient
(Consistency)%
8

Drip Spray Drip

Poly crystalline Mono crystalline

Solar Panel Type

Irrigation System

Figure (4): The impact of solar panel type, watering system, and distances between branch lines
on the homogeneity coefficient (consistency) %
3.4. Germination Percentage
Table (5) presents the impact of solar panel type, watering system, and distances between branch
lines on the germination rate (%). The results of the effect of the type of solar panel on the
germination rate (%) show that there is no significant effect of the type of solar panel used in

Germination rate (%). The monocrystalline solar panel recorded the ultimate average value of
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germination percentage, which was (90.40), while the polycrystalline solar panel recorded the
lowest value of average germination percentage, which was (89.50).

The results of the impact of the watering system adopted on the germination rate (%) indicate
that there is an important impact on the watering system adopted on the character of the
germination rate (%), as the drip watering system showed the ultimate average value for the
germination rate reaching (95.90), while the sprinkler watering system achieved the lowest. The
average value of germination percentage was (84.00). The reason may be that dripper irrigation is
close to the planted seeds, which contributes to achieving a stable moisture content of the seed,
unlike sprinklers, which are affected by weather factors such as wind and temperature, thereby
affecting the stability of the seed’s moisture.

The results of the impact of the spaces among the branch lines on the germination rate (%) imply
that there is no significant effect of the distances between the branch lines on the germination rate
(%), as the distance (40 cm) outperformed in achieving the ultimate average values of the
germination rate, reaching (95.10), while the distance achieved (80 cm) The lowest value for the
average germination percentage was (85.50). The reason may be due to the convergence of
irrigation lines, which leads to increased interference in the moisture and stability of agricultural
lines.

The results of the impact of the two-sided interaction between the type of solar panel and the
type of watering irrigation system adopted on the germination rate (%) show that the two-sided
interaction between the kind of solar panel applied and the type of watering system did not have
an important effect on the germination rate, as the monocrystalline solar panel with the drip
watering system achieved the ultimate value. The average germination percentage reached
(96.20), while the polycrystalline solar panel with the sprinkler watering system recorded the
lowest value for the average germination percentage at (83.30).

The results of the effect of the double interference between the type of solar panel and the
distances between the sub-lines on the germination rate (%) showed that the double interference
did not have a significant effect on the germination rate (%), as the single-crystalline solar panel
recorded at the distance (40 cm) the ultimate value for the average percentage. Germination
reached (95.80), while the polycrystalline solar panel with a distance of (80 cm) recorded the

lowest value for the average germination percentage, reaching (82.60).
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The results of the effect of the bilateral interaction between the type of watering system and the
distances between the branch lines on the germination rate (%) show that the bilateral interaction
did not have a significant effect on the studied trait, as the drip irrigation system at the distance
(40 cm) achieved the ultimate average germination percentage, reaching (98.60). While the
sprinkler watering system at a distance of (80 cm) recorded the lowest germination rates (77.10).

The results showed the effect of the three-way interaction between the type of solar panel, the
type of watering system used, and the distances between the sub-lines on the germination rate. The
three-way interaction between the type of panel, the type of watering system, and the distances
between the sub-lines did not have a significant effect on the germination rate. The
monocrystalline solar panel recorded with... The drip watering system at a distance of (40 cm)
recorded the ultimate average value of germination percentage (%), which was (100.0), while the
polycrystalline solar panel with a sprinkler watering system at a distance of (80 cm) recorded the
lowest value of average germination percentage of (70.80). The reason may be due to the stability
of the watering system of the monocrystalline plate, in addition to the fact that the drip watering
system prepares water for the seed near it, which gives the seed a higher advantage in absorbing

the water it needs, with the advantage of overlapping humidity at a distance (40 cm).

Table (5): The impact of the solar panel type, watering system, and distances between branch
lines on the germination Percentage (%)

IrrigationDistances between sub-
Type solar panel (C) system lines (D) c*l1
Q) 40 60 80
Sprinkler |91.70 |87.50 |70.80 83.30
Polycrystalline -
Drip 97.20 95.30] 94.40 95.60
) Sprinkler 91.70 79.20, 83.30 84.70
Monocrystalline
Drip 100.0, 95.10] 93.40 96.20
LSD c+*p N. S LSD cxi N.S
C*D
Type solar panel (C) 40 60 80 Average type solar panel
Polycrystalline 9440 91.40; 82.60 89.50
Monocrystalline 95.80| 87.10] 88.40 90.40
LSD C*D N.S LSD c N.S
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1*D
Type of irrigation system (I) 40 60 80 |Average type irrigation system
Sprinkler 91.70f 83.30] 77.10 84.00
Drip 98.60 95.20] 93.90 95.90
LSD +p N. S LSD 10.26
D
Distances between sub-lines (D) 40 60 80
Average distances 95.10| 89.30] 85.50
LSD o N. S

040 60 m80 Spacing between sublines

[

% germination percentage

0
Spray Drip Spray Drip
Irrigation system Poly crystalline Morno crystallme
Solar Panel Type

Figure (5): impact of the type of solar panel, watering system, and distances between

branch lines on the germination Percentage (%)

4. Conclusion and Recommendations

Based on the results presented earlier, the followings were concluded:
Mono-crystalline solar panels achieved the ultimate average efficiency of (24.21%). The drip
watering system is considered more efficient than the sprinkler watering system, as it achieves the
ultimate irrigation uniformity with the least amount of irrigation water used during a consecutive
season (96.72%) (1,800 m3. season). The Mono-crystalline solar panel with the drip watering
system achieved the ultimate germination Percentage is (100%). Based on the findings of this study,
it is recommended to utilize mono-crystalline solar panels in agricultural projects due to their
superior efficiency and performance. Additionally, adopting drip watering systems is advised as

they demonstrate better water use efficiency and uniformity compared to sprinkler systems. For
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optimal results in cultivating crops like faba beans, maintaining a planting line distance of 40 cm is
suggested as it ensures higher uniformity and germination rates while minimizing water usage.
Further research should explore the long-term impacts of integrating mono-crystalline solar panels
with drip irrigation across various crops and environmental conditions. Policymakers are
encouraged to support farmers through incentives for the adoption of these advanced irrigation and
energy technologies, promoting sustainable agricultural practices and enhancing crop yields.
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