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Abstract: Fluid flow applications to improve water
resource management towards sustainable irrigation are
one of the main targets of engineers nowadays, especially
with global climate change. The performance assessment
of the irrigation system is an important area of research to
improve water resource management. Through drip
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including a drip irrigation system that supplies the inputs
immediately to the crop’s root zone. The process operating
pressure and the drip line length are the two most crucial
aspects that affect the uniformity of the water and nutrient
distribution in fields. Inconsistent or inadequate
applications of fertilizers and water in the fields contribute
to the incorrect supply of useful water and nutrients in the
soil profile along the drip line length resulting in a
significant decrease in crop yields and poor product
quality. The main cause behind the operating pressures in
a “micro-irrigation system” is the inadequate distribution
of fertilizers and water in the fields. Therefore, the effects
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occurs due to excess nutrient leaching from the crop’s root
zone. Data on the distribution and movement of water and
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nutrients in the soil is essential for designing efficient
fertilization systems. Drip irrigation can reduce water
exposure and input costs, making agribusiness more
resilient, profitable, and successful. This paper discusses
the uniformity of the nutrients and water application for
crops grown in various agro-climatic regions. In addition,
an effort was made to compare the findings’ quality of
various commonly used methods of water and nutrient
application under different climatic conditions.
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1. INTRODUCTION

Water is important for maintaining life on earth
and is consumed heavily [1]. Agriculture has
been declining on a day-to-day basis and is
expected to decline further in the future due to
increased population growth and industrial
development. Population growth as well as
industrialization, are the main causes of
agricultural land compression. One advantage
of drip irrigation is that it does not cause
moisture in the leaves of the trees. In addition,
this method can assist in the management of
the concentration of salts in the root zone [2].
The drip irrigation method requires prudent
water to maintain agricultural production,
where using fertilizers is important as it is the
second most important factor in increasing
agricultural production. However, while it is
costly, mixing it with water irrigation increases
production efficiency and can significantly
reduce the cost of using fertilizers. In addition,
it can also provide nutrients precisely and in
uniform amounts to the wet irrigation area
around the tree, where the roots of active
nutrition are concentrated. Appling timely
fertilizer batches of limited amounts of food to
trees during their growing season can also
assist in proper management [3]. One of the
most advanced technologies is the drip
irrigation system, where irrigation techniques
have been developed to provide water and food
at regular and frequent dosages directly to the
crop’s root zone with high water uniformity and

fertilizer  application. The groundwater
contamination and degradation, crop quantity
reduction, and lower production quality are
caused by the erratic use of food and water.
Wheat (Triticum aestivum L.) and corn (Zea
mays L.) need high levels of nitrogen fertilizers
to achieve ideal harvests. The water quality can
be adversely affected by leaching such nutrients
as NOs-N and PO,-P [4]. The standardization
process with water and nutrients is important
for the developer to have a reliable and cost-
effective drip fertilizer system that results in
better feedback for end users, which is very
important for designers to obtain abundant
information on the standardization of nutrients
and water contained by agricultural lands
involving nutrient dynamics and soil water in
the crops root zones. Therefore, useful data on
consistency with nutrients and water is critical
for designers to obtain effective and
inexpensive drops. The fertilization systems
result in better input to achieve maximal crops
at the end of usage. All such factors are
extremely important for designers [5,6]. The
present paper aims to review data on water and
fertilizer uniformity under drip irrigation,
water and nutrient distribution in soil, and
nutrient uniformity effects on yield and product
quality. It must be noted that an increase in the
downward soil water flux is probably due to
irrigation. This behavior may result in an
enhanced loss of nutrients under the root zone.
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In the past, researchers [3, 8-13] have reported
clear findings stating that in drainage waters in
permeable soils, the largest phosphorus (P)
fraction is due to the dissolved reactive
phosphorus (P). A work [14] in phosphate
filtration has shown that phosphate filtration is
a possible problem only at greater rates than
soluble sources and high irrigation.
Nevertheless, effective irrigation may reduce
nutrient washing due to improved water and
the absorption of nitrogen and filter from crops
[15]. Hence, it is important to review the
different ways of adopting innovative
technologies and techniques to ensure
nutrients are uniformly distributed in the crops’
root zones resulting in increased agricultural
production and improved product discharge
qualities.

2. WATER AND NUTRIENTS
UNIFORMITY

Drip irrigation methods are known to be the
best possible approaches around the globe due
to their excellent and high uniformity among
the other irrigation methods. This method is
achieving momentum due to its ability to
supply water (around 62%) and fertilizer
(around 40%). A drip irrigation system is
utilized for supplying nutrients as well as water
in the vicinity of the plant root region to ensure
that much of the plant root zone system has
water and nutrients available [16]. Emitters are
a major component in the drip irrigation
process concerned with water distribution and
water use efficiencies. Emitters' reliability and
reliable performance play a major role in
standardized water distribution to achieve
optimal productivity and yield in water use. To
assess water application uniformity, uniformity
of emitter discharge and process quality must
be evaluated. This study has therefore
highlighted the technical and hydraulic
evaluation of various online and inline emitters
under field conditions.

3. WATER UNIFORMITY APPLICATION
Drip irrigation systems were primarily
conceived based on the uniformity of most
water applications. The average uniformity,
uniformity of distribution, and coefficient of
variation were calculated as 74.1%, 50.7%, and
0.376, respectively, for the subsurface system
[17]. Due to soil particles, the uniformity in the
lower system may be ascribed to the drippers
partial plugging [18-21]. A field study on water
application uniformity of underground drip
irrigation systems was conducted. Pressure, as
well as dripper discharge were calculated every
2 m using traditional and ASAEEP-458
methods along both the used and unused tapes
and uniformity criteria. The maximum unused
and used tapes uniformity coefficient of 34 m
were 96.9% and 91.8%, respectively [21].
Nevertheless, in both unused and wused

recordings, the ASAE test demonstrated
slightly lower uniformity, i.e., 1.6% and 3.65%,
respectively. In irrigation, system uniformity
depends on numerous aspects, including the
irrigation  process,  topographies,  soil
characteristics (infiltration), irrigation system
pressures, and flow rates. Non-uniformity can
be caused by several reasons for a sprinkler
irrigation system: (1) inadequate choice of pipe
diameters (sub-main, multiple, and lateral), (2)
unnecessary or too low operating tension, (3)
inadequate range of sprinkler nozzles and
heads, (4) insufficient sprinkler overlaps, (5)
wind impact on the distribution of water, (6)
wear and tear over time on the system
components, such as pump impellers and
pressure regulators [22]. An experiment area
was investigated to understand and explore the
improvements in trickle (drip) emission
uniformities when lateral ends were
interconnected, and four types of emitters were
used. The research established that the
hydraulic efficiency of the “trickle (drip)
irrigation systems” was enhanced by linking the
lateral ends in a subunit (looped network), as
this looping can enhance the tension.

4.WATER DISTRIBUTION IN SOIL

Saturation regions in the vicinity of the drippers
are linked to both, the soil properties as well as
the discharge of the dripper. Under drip
irrigation, the spatial distribution of soil water
and the form of the soil-wetted volume along
with the potential matrix depend on several
factors. These include root distribution
patterns (above or below the soil surface), plant
water absorption rates, spacing and positioning
irrigation concentrations and frequencies,
dripper discharge levels, and soil hydraulic
properties. The horizontal motion and matrix
potential from the source of the drip at different
locations are dependent on the discharge of the
dripper and the type of soil [23]. Dripper
discharge is one of the main parameters
defining the soil moisture regime in the dripper
vicinity. Therefore, for effective water
management practices for drip irrigation, it is
best to have an improved understanding of the
various parameters that influence irrigation
systems. These parameters include the
application of nutrients, water rates, absorption
patterns, plant root distribution, and soil type
[24]. The discharge rates increase results in a
rise in the horizontal spread of the moisture
front. Earlier works [25] also addressed the
effects of the moisture front movement and its
shapes. Water flows using a linearized moisture
flow formula from a point source under drip
irrigation. In Ref. [26], researchers considered
specific dripper discharge levels (2, 4, and 8
Lph) to study the horizontal and vertical water
movement in sandy soils with active plants.
Increasing the discharge rate ensures more
water movement horizontally, although lower
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rates allow more water movement vertically
[27]. Researchers have also studied the impact
of dripper discharge level on the wetting front
radial length and wetting depth under the point
source of the sandy soil irrigation system [28].
A rise was observed only for the maximum
discharge level at 20-25 cm from the water
source, a saturated area below the drip line
[28]. The vertical soil-wetting front infiltration
distance had a good relationship with the
intersection side infiltration time and the side
below the drip dripper. Moreover, [29,30]
studied the effect on the distribution of water
and nitrate of lateral depth and its location
between soil layers in layered soils. The water
distribution under underground drip irrigation
was greatly affected by the depth of the drip line
and the textured soil. For both uniform and
layered soils, a greater depth of the drip line
produced a greater wetted depth resulting in
more water moving to a greater depth.
Investigators in [31] investigated the dripper
discharge effect on the movement of
spatiotemporal soil moisture at various system
operating pressures. They reported that the
moisture content value significantly varied
(p<0.05) under different operating pressures
(0.5, 1.0, and 1.5kg/cm?) and under and away
from the dripper at different locations. The
highest soil moisture content values were
observed below the drippers as the distance
from the dripper increased horizontally and
vertically. The soil moisture content values
decreased as the distance from the dripper rose
in both directions (horizontal and vertical).
About 9.4% and 14.3% higher soil moisture
values just below the dripper were found with
dripper discharges at the operating pressure of
1.0 and 1.5 kg/cm? compared to the dripper
discharge at the operating pressure of 0.5
kg/cm2 system.

5.DISTRIBUTION OF NUTRIENTS IN
SOIL

Improved knowledge of nutrient dynamics
within the plant root zone in the soil under drip
fertilization is very useful in developing
effective fertilization systems. A properly
designed fertilization system leads to the
reduction of salt leaching and the optimum
amount of available nutrients to plants
throughout the growth stages of the crops.
Under drip irrigation, the distribution and
movement of nutrients in soils depend
primarily on the soil properties and the
drippers’ discharge rates [32-50]. A field
experiment at ion on sandy loam soil was
performed at Solan, and it was found that most
nutrients used in fertilization stayed limited to
the surface layers, while K and N transferred to
the lowest depths below soil fertilization and
irrigation. In the upper soil layers, the NO;-N
content was higher than the traditional soil
fertilization leading to losses due to leaching

[32]. The NOs-N content below the drippers
was low and rose to 15 cm from the dripper with
rising lateral distance and then decreased. The
concentration of NH,-N was greater below the
dripper and reduced laterally and vertically
with increasing distance. To determine a
present theoretical formula for predicting
design emission uniformity, several
experiments were managed in a research work
[51-71]. The design emission uniformity was
estimated in the view of field uniformity. The
assumptions were checked thoroughly at the
time of the formula development and compared
with the outcomes of the two formulas with
field results. In this connection, two types of
experiments were conducted. In the first
experiment, different emitters were tested, and
the results were compared, showing a
relationship between flow rate, coefficient of
variation, and pressure head. In the second
experiment, the actual emission uniformity was
measured in the irrigation system. The results
showed that the discharge distribution at the
same pressure head was abnormal to its mean
in tested emitters. Hence, it seemed better to
experiment with the emitters at recommended
heads. Manufacturing emission uniformity can
be determined by using the results. When the
developed formula and existing formulas were
used for calculating the emission uniformity
values, it was highly appreciable that results
were similar when compared with the obtained
values in the fields. The formula created
required no further action to determine the
hydraulic emission uniformity for the trickle
subunit [33].

6. FERTIGATION WITH NITROGENOUS
FERTILIZER

The nitrate — N has no tendency to react
chemically and its addition to soil water makes
it soluble. However, normally, nitrates do not
adsorb in negative particles of clay [34]. Nitrate
- N is mostly not recommended due to its
solubility and non-adsorbate nature during
fertigation. Further, it is highly likely to be lost
during the process of leaching [34]. Drip
nitrogen management is needed for managing
the availability of N in the soil, for N
requirements in plants, and N dynamics [35].
Compared to other plant nutrients, most crops
require relatively large amounts of nitrogen
[13]. The leaching processes result in losses of
N in the soil and plant system. This usually
happens if a sufficient amount of nitrogen is
already present in the soil. The prevailing
concentration of nitrate shows its important
role in connection to losses of nitrogen from the
roots of plants. The right quantity at the right
time is recommended to reduce the extra
amount of nitrogen. Nitrate and potassium
movement and distribution during drip
fertilisation shows that nitrogen ammonium is
formed and is dominant in the upper layers of
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the soil. Nitrate nitrogen is proved more
powerful in the general procedure, but its
considerable amount is lost through
leaching.[36] studied the effect of nitrate
ammonium nitrate (NH4NO;) fertilisation
approaches on the patterns of wetting and
distribution of nitrogen in the soil. It is
observed that a high amount of ammonium
concentration is found in wetted areas of soil.
The only solution to this issue is fast flushing
time of residue to remove the remaining
fertilizer from roots. The benefit of this strategy
is that it helps save nitrate in the root zone. The
drip irrigation method is the best approach to
developing soil solution patterns in wetted soil
where a large amount of solvent is stored near
the dripper. A little amount of solution is
recommended to apply to minimise deep
percolation losses of water and solutes [37,38].
Many authors tried different methods to
investigate sustainable ways, some used
Computational fluid dynamics and validate it
by experimental work through soil porous
media [71-76], and others worked on the water
treatment before applying it for different uses
or returning it to the river [76-80]. In addition,
recently authors used GIS to validate the
amount of useful water and the water quality in
addition to the pollutant concentrations [81-
85]. Furthermore, freshwater scarcity is a
global concern that is exacerbated by an
increasing global population and climate
change caused by global warming. As a remedy
to this challenge, the largest water-using sector
has employed a variety of drip irrigation
technology [86-91]. The primary aims of drip
irrigation are to reduce water shortages at the
root zone, reduce evaporation, and use less
water [92-95]. The number of research on drip
irrigation is growing dramatically, as is the
range of applications for it [96-98]. Field
research was performed to check the dripper
discharge effect on different system operating
pressures on nitrate movement in the soil. The
results showed that at 1.5 kg/cm?2 pressure,
more NO;—N concentration was obtained in
soil depth; however, at 0.5 kg/cm? pressure, the
concentration was low after one day of
fertilization [38]. Another study was conducted
on the baby corn root system to determine
fertilization use, its effect, and operating system
stress on NOs-N dynamics. The research was
conducted in three seasons, and nine
treatments were performed at three different
pressures and three different rates of
fertigation. At 0-15 cm soil depth, the NO3;-N
content was high in all studied processes. The
nitrogen per fertilization was not fully
consumed by plants in the initial and growth
stages, especially in quarterly fertilization at a 1
kg/cm2 pressure. The NO;-N content increased
at 0-30 cm of soil depth. The NO5-N content
after the soil’s maturity reached a stage of

leaching at a depth of 45 cm, and the rest of the
soil showed no change. NO;-N in lower soil (30-
60 cm depth) was affected in 2 weeks and by
weekly fertilization. At all depths, the NOs-N
content depended on the frequency adopted,
and fortnightly fertilization was common. It
was also observed that fertilization depended
on the yield of baby corn at different operating
pressures. In Ref. [3], the researchers worked
with greenhouse tomatoes between fertilization
and watering processes. The effect of NO;-N in
soil and vertical distribution under drip
fertilization was examined regularly. The rate of
irrigation was W1 (100% ETo), W2 (75% ETo),
W3 (50% ETo), and three grades of fertilizers
were used. The response of NO;-N showed that
the N level reached to wet floor in 43 days, and
the NO;-N content was 1.23 times higher at o-
60 cm. The content of NO;-N depends upon the
nitrogen present in the fertilizer. The crop yield
can be maintained, and N content can be
utilized efficiently by avoiding N leaching
through controlled irrigation and fertilizer
application.

7. FERTIGATION USING POTASSIUM
FERTILIZERS

The wuse of potassium (K)fertilizers in
fertigation has no side effects if applied to
irrigation water. The danger of blockage in
lateral pipes and drippers is also reduced in this
way. However, the addition of insoluble salts
results from the use of potassium with other
fertilizers. The roots of plants obtain nutrients
by diffusion and diffused soil provides K to
roots [37]. The rate of K diffusion depends on
soil water having nutrients near the roots. The
successful method for better K is to use the drip
irrigation method. In Ref. [37], Thompson
worked on seedless grapevines and studied the
effect of K fertilization and drip irrigation. The
lower value of K was obtained with higher
irrigation levels in root plants. The yield was
reduced due to higher K values as competition
increased between chloride and nitrate ions
[39]. The water movement between K and N
was studied in Ref. [40] for vegetables grown in
sandy soil, and the drip irrigation method was
applied. The distribution of K was unexplored
in the field of underground drip irrigation.
Some researchers were involved in the
measurement of K in good drip soil. In Ref.
[26], it was reported that fertilization treatment
provided maximum potassium availability in
radish plant root zone by comparing gout and
furrow irrigation. Also, Kumar et al. [40]
investigated phosphorous fertilizers using pre-
plant soil in drip-irrigated summer squash. It
was concluded that the yield of fruit, number of
fruits, and the uptake of P were all higher with
P-fertilization than pre-sowing the soil. Thus,
the yield was positively correlated to the uptake
of P. The efficiency of fertilizer having P using
(PFUE) was high; however, with higher rates of
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P application, the efficiency decreased. The pH
of the soil in the top oil reduced with an increase
in the rate of P due to the phosphoric acid’s
acidifying effects. Also, it was found that more
P was collected in the top 15 cm, becoming
moderately soluble.

S8.INFLUENCE OF NUTRIENTS
UNIFORMITY ON THE QUALITY AND
THE PRODUCT YIELD

8.1.Fertigation Effects on Crops
Enhanced product quality and layer crop yields
are obtained by the best combination of
nutrients and water. Fertigation means
providing fertilizers to crops and watering by
drip or sprinkler systems so that nutrients are
properly absorbed by the plant. The fertigation
process maintains the correct quantity of water
and nutrients in the roots of plants. In Ref. [41],
it was suggested that preparing fertilizer
solution requires a great amount of time
because a liquid fertilizer was mixed with
different recipes according to the plant
requirements considering the climate and
growing stages. Fertigation provides nutrients
in small doses to satisfy crop demands for
nutrients. In addition, it also ensures savings in
fertilizer usage [42]. Moreover, fertigation is
environmentally friendly as it prevents fertilizer
leaching [43]. The plant’s demand to provide
sufficient water and nutrient in case of the
root’s limited volume can be fulfilled by
matching the supply of water and nutrient
considering the growing stages. Fertigation is a
process that allows supplying the correct
amount of water and nutrients to vegetables,
cotton plants, cereals, or trees. The fertilizer
rate is estimated by the plant demand in its
growing season. The fertilizer quantity is
measured as a milligram of the nutrient and
liters of water supplied per plant every day. In
[23], tomato fertilization analysis was
performed, and it was found that minerals and
nutrients were present in dunes. Drip
fertilization increased the yield by 30 % with
substantial fertilizer and water savings [44].
The fertilization with pure NPK- enhanced the
tomato yield by 58.76t ha-1 over furrow
irrigated controlled. The drip irrigation was
increased by 50 % fertigation (48.18 t ha?) and
75% fertigation (54.16 t ha) [8]. Comparably,
the amounts of fruits and fruit weight per crop
were significantly higher than drip and furrow
irrigation. In Ref. [41], it was noted that the
green cob yield (17.70 t ha-1) was significantly
higher than other irrigation regimes. Amongst
the fertilization rates, a substantially increased
green cob yield of 18.06 t ha-1 was achieved by
100 percent RDF through drip and par with 75
percent RDF with drip irrigation.
8.2.Fertilizer Savings by Fertigation
The use of fertilizers increases crop yield while
minimizing environmental hazards. It is the
most expensive input in the agricultural sector.

The nutrient quantity should be adequate to
ensure that the crop yield per unit area is
enhanced. It all depends upon the fertilizer
quality. The best method is to use good
fertilization techniques and ensure proper
fertilizer distribution in roots at the most
appropriate times. In Ref. [24], the researchers
studied fertilization = performance and
concluded that about 4 tons of additional
tomato yield were obtained compared to former
crops. In Ref. [26], the work investigated the
influence of fertilizer placement on crop
growth. The results showed that 24% more
yield was obtained than the broadcast yield.
Investigators in Ref. [38] planned a three-
season experiment with baby maize crops. Ten
treatments were conducted at three different
pressures and three fertilization frequencies
with one control. They stated that the highest
cob, baby corn, and fodder yields were recorded
on a two-week fertilization schedule at a 1.0
kg/cm?2 device operating pressure. Moreover,
the smallest yields of cob, baby corn, and fodder
(conventional fertilizer application and furrow
irrigation) were recorded in command.
Between April and July, the maximum benefit-
cost ratio (3.63) was observed between Dbi-
weekly fertilization care. Nonetheless, the
lowest benefit-cost ratio value (1.42) was
observed under control care during August-
November. The findings also showed that the
savings of 244.56 kg/ha of urea, 56.25 kg/ha of
potash, and 75.00 liters/ha of phosphoric
fertilizers cost Rs. 4897.37 (Rs. 2613.04 per ha
of N fertilizer, Rs. 1182.42 per ha of P fertilizer
and Rs. 1101.92 per ha of K fertilizer). The
annual government subsidy would be
substantially reduced with baby maize
produced under drip fertilization. In addition to
saving fertilizer and government subsidies,
farmers' net annual income would also
significantly increase from Rs. 2,20,576
through traditional fertilizer application
system, i.e., furrow irritation, to Rs. 5,32,195
under drip fertigation per year.

9.FERTIGATION FREQUENCY EFFECTS
ON THE CROP YIELD AND GROWTH
PARAMETERS FREQUENCY OF
FERTIGATION

Agriculture’s main motive is to save water,
labor, and fertilizer needs while achieving a
maximum yield. Drip irrigation is a successful
method to save water and fertilizer needs. The
increase in the fertilizers cost and the water
crisis has motivated researchers to work further
to reach optimum solutions. Many studies
proved that using water and fertilizers at
minimal values produces the maximum yield of
crops by increasing the leaching degradation. In
this connection, root zones watering and
applying fertilizers must be done at the right
times during different crop growth stages [45-
68]. The most effective results are obtained
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using high-quality nutrients and water (NUE
and WUE) to produce better and more crops.
The fertilization rate positively and negatively
influences the quantity of nutrients and water
percolating under the root zone. In Ref. [45],
researchers studied bell pepper in a greenhouse
and found the effects of P application and
fertilization frequency. The results showed that
increasing fertilizer frequency produced more
manganese and phosphorus in root zones. In
between the above leaf and ground biomass P
concentration in the initial vegetative stages, a
substantial linear regression was achieved. In
daily, alternative day, and weekly fertilization,
the yield of onion was insignificantly affected.
There was a lower monthly fertilization yield
pattern [41]. Daily fertilization (28.74 t ha-1)
recorded the highest yield, followed by
alternative day fertilization (28.4 t haw).
Monthly fertilization frequencies (21.4 t ha?)
recorded the lowest yield. Mirjat et al. [46]
studied the effect of fertilization schedules on
the production capacity of tomatoes in sandy
soil and adopted solid sprinkler irrigation
systems and surface drip irrigation methods.
An increase in the yield of tomatoes was
observed by 25.6, 49.3, and 20.3 percent water
and fertilizer usage efficiencies, respectively,
with surface drip as contrasted to irrigation
systems with solid sprinklers. A positive
relative pattern was found with the quantities of
nutrients added and the residues of NPK in the
fruit under the irrigation systems being
investigated. In another study [45],
investigators researched the effect of hybrid
maize of drip fertilization rates and frequencies
on crop growth and yields. Once in 6 days, the
fertilizer frequency schedule showed higher
grain yields independent of fertilizer rates and
balanced other frequencies. There was an
insignificant difference between different
fertilization frequencies in grain yield. Some
researchers [38] investigated the impact of
fertilization frequency and operating system
pressure on NO;-N dynamics in baby corn's soil
root system. The study consisted of nine
treatments for three consecutive seasons, which
included three different pressures (0.5 kg/cm2,
1 kg/em2, 1.5 kg/cm?) and three fertilization
timings (weeklyand fortnightly). It was also
found that NO;-N contents are lowest at the soil
surface (0-15 cm depth). In addition, the total
nitrogen applied per fertilization was
incompletely used by plants during the initial
and developmental stages, especially in
quarterly fertilization at 1.0 kg/cm? operating
pressure system causing a rise in NO;-N
content at 0—30 cm depth of soil. The NO;-N
available in 0—30 cm depth of soil leached up to
45 cm soil depth at maturity, and the rest of the
soil profile stayed virtually unchanged in terms
of its contents. NOs-N in lower soil profiles
(30—60 cm depth) was slightly altered in the

frequency schedule of two weeks and daily
fertilization. Fertigation was considerably
influenced by the yield attributes of baby corn
at various operating pressures of the process.

10.CONCLUSION

Applying water and nutrients with drip
irrigation is a challenging task toward
sustainability. Determining effective fluid flow
distribution of water and nutrients motivates
researchers to solve the problem of efficient
irrigation timing and system development. The
review of the fertigation literature indicates that
the operating stress and the drop-line length of
the process are the two significant factors
influencing the uniformity of the distribution of
nutrients and water in the fields. Inadequate
water and fertilizer application in the fields can
result in non-uniform distribution of the
nutrients and water in the soil profile along the
drip line distance, causing a significant
decrease in crop yield and exceptional product
quality. Inadequate water and fertilizer
application can also contribute to soil
degradation and groundwater contamination
because of extreme nutrients leaching from the
plant root zone. Data on the distribution and
movement of nutrients in the soil is essential to
the environment and is important for
developing effective, sustainable fertilization
systems.

ACKNOWLEDGMENT

The authors would like to thank Mustansiriyah
University (www.uomustansiriyah.edu.iq)
Baghdad-Iraq for its support in the current
work. The authors also would like to
acknowledge the support of University of
Birmingham and Northern  Technical
University, Mosul-Iraq, for their valuable
support.

REFERENCES

[1] Acar B, Topak R, Mikailsoy F. Effect of
Applied Water and Discharge Rate
on Wetted Soil Volume in Loam or
Clay-Loam Soil from an Irrigated
Trickle Source. African Journal of
Agricultural Research 2009; 4(1): 49- 54.

[2] Arafa YE, Wasif EA, El-Tantawy MT.
Impact of Fertigation Scheduling on
Tomato Yield under Arid Ecosystem
Conditions. Research Journal of
Agriculture and Biological Sciences 2009;
5(3): 280-286.

[3] ASAE. 2003. Design and Installation of
Micro irrigation Systems. EP405. ASAE
The society for engineering in agricultural,
food and biological systems. St. Joseph,
Mich.: ASAE: 901-905.

[4] Ascough GW, Kiker GA. The Effect of
Irrigation Uniformity on Irrigation
Water Requirements. Water SA 2002;
28(2): 235-242.

jTikrit Journal of Engineering Sciences | Volume 30 ! No. 3! 2023

Ty o



mailto:z.t.alsharify@uomustansiriyah.edu.iq
mailto:huda.hamad@uomostansiriyah.edu.iq
mailto:zena.alshrefy@ntu.edu.iq
mailto:salwasarow80s@gmail.com
mailto:thiab2022nail@gmail.com
https://tj-es.com/

j Zainab T. Al-Sharify, Huda T. Hamad, Zinah A. Alshrefy, Salwa Ahmad Sarow, Thiab Hussein Nail / Tikrit Journal of Engineering Sciences 2023; 30(3): 59-70. :‘

[5] Bacon PE, Davey BG. Nutrient
Availability under Trickle
Irrigation: I. Distribution of Water
and Bray No.1 Phosphate. Soil Science
Society of America Journal 1982; 46:

981-987.
[6] Badr MA, Abou El-Yazied A. Effect of
Fertigation Frequency from

Subsurface Drip Irrigation on
Tomato Yield Growth on Sandy Soil.
Australian Journal of Basic and Applied
Sciences 2007; 1(3): 279-285.

[71 Badr MA, Taalab AS. Effect of Drip
Irrigation and Discharge Rate on
Water and Solute Dynamics in
Sandy Soil and Tomato Yield.
Australian Journal of Basic and Applied
Sciences 2007; 1(4): 545-552.

[8] Basra SMA, Igbal S, Afzal 1. Evaluating
the Response of Nitrogen
Application on Growth,
Development and Yield of Quinoa
Genotypes. International Journal of
Agriculture and Biology 2014; 16(5):
886- 892.

[9] Behrouz SM, Reza N, Amir HN. Water
Application Uniformity of a
Subsurface Drip Irrigation System
at Various Operating Pressures and
Tape Lengths. Turkish Journal of
Agriculture and Forestry 2007; 31: 275-
285.

[10] Beuters P, Scherer HW, Spott O.
Vetterlein D. Impact of Potassium on
Plant Uptake of Nonexchangeable
NH4 + -N. Plant and Soil 2014; 387(1-
2):37-47.

[11] Bracy RP, Parish RL, Rosendale RM.
Fertigation Uniformity Affected by
Injector Type. HortTechnology 2003;
13: 103-105.

[12] Camp CR, Lamm FR. Irrigation Systems,
Subsurface Drip. Marcel Dekker, New
York, NY. Encyclopedia of Water Science,

pp. 560-564.
[13] Camp CR, Sadler EJ, Busscher WJ. A
Comparison of Uniformity

Measures for Drip Irrigation
Systems. Transactions of the ASAE 1997;
40(4):1013-1020.

[14] Camp CR. Subsurface Drip
Irrigation: A Review. Transactions of
the ASAE 1998; 41: 1353-1367.

[15] Charlesworth BP, Muirhead AW. Crop
Establishment using Subsurface
Drip Irrigation: A Comparison of
Point Source and Area Sources.
Irrigation Science 2003; 22: 171-176.

[16] Christensen LP, Peacock WL, Bianchi ML.
Potassium Fertilization of
Thompson Seedless Grapevines
Using Fertilizer Sources under Drip
Irrigation. American Journal of

Enology and Viticulture 1991; 42(3): 227-
232.

[17] Souza CF, Marcos V. Distribution and
Storage Characterization of Soil
Solution for Drip Irrigation.
Irrigation Science 2009; 27: 277-288.

[18] Daliparthy J, Barer AV, Modal SS.
Potassium Fractions with Other
Nutrients in Crops: A Review
Focusing on the Tropics. Journal of
Plant Nutrition 1994; 17(11): 1859-1886.

[19] Diez JA, Caballero R, Roman R, Carlini A,
Tarquis C. Vallejo A. Integrated
Fertilizer and Irrigation
Management to Reduce Nitrate
Leaching in Central Spain. Journal of
Environmental Quality 2000; 29: 1539-
1547.

[20]DuanXue-song, Wang, Li-hui MA, Zaho
Ying-na LI, Peng-hong, Zhang Lu-jun.
Study on Characteristics of Wetting
Pattern under Linear Source Drip
Irrigation with Ridge Culture.
Journal of Soil and Water Conservation
2009; 23(6): 195-198.

[21] Goldberg SD, Rinot M, Karu N. Effect of
Trickle Irrigation Intervals on
Distribution and Utilization of Soil
Moisture in Vineyard. Soil Science
Society of America Journal 1971; 35: 127-
130.

[22] Grant CA, Flaten DN, Tamasiewicz DJ,
Sheppard. The Importance of Early
Season Phosphorus Nutrition.
Canadian Journal of Plant Science 2001,
81: 211-224.

[23] Hartz TK. Drip Irrigation Scheduling
for Fresh-Market Tomato
Production. HortScience 1993; 28(1):
35-37.

[24]Haynes RJ. Comparison of
Fertigation with Broadcast
Application of Urea-N On Levels of
Available Soil Nutrients and on
Growth and Yield of Trickle
Irrigated Peppers. Scientia
Horticulturae 1988; 35(3-4): 189-198.

[25]1Heckrath G, Brookes PC, Poulton PR,
Goulding KWT. Phosphorus Leaching
from Soil Containing Different
Phosphorus Concentrations in the
Broadbalk Experiment. Journal of
Environmental Quality 1995; 24: 904-
910.

[26]Higgs B, Johnston AE, Salter JL, Dawson
CJ. Some Aspects of Achieving
Sustainable Phosphorus use in
Agriculture. Journal of Environmental
Quality 2000; 29(1): 80-87.

[27] Hochmuth GJ. 1994. Fertilizer
Management with Drip Irrigation for
Vegetables Using Plasticulture
Technology for the Intensive Production

jTikrit Journal of Engineering Sciences | Volume 30 ! No. 3! 2023

Ty oo



mailto:z.t.alsharify@uomustansiriyah.edu.iq
mailto:huda.hamad@uomostansiriyah.edu.iq
mailto:zena.alshrefy@ntu.edu.iq
mailto:salwasarow80s@gmail.com
mailto:thiab2022nail@gmail.com
https://tj-es.com/

j Zainab T. Al-Sharify, Huda T. Hamad, Zinah A. Alshrefy, Salwa Ahmad Sarow, Thiab Hussein Nail / Tikrit Journal of Engineering Sciences 2023; 30(3): 59-70. :‘

of Vegetable Crops. American Society for
Horticulture Science, Lexington,
Kentucky. 16-22.

[28]Hopmans JW, Bristow KL. Current
Capabilities and Future Needs of
Root Water and Nutrients Uptake
Modelling. Advances in Agronomy
2002; 77: 104-175.

[29]Hoppo SD, Elliot DE, Reuter DJ. Plant
Tests for Diagnosing Phosphorus
Deficiency in Barley (Hordeum
Vulgare L.). Australian J. Experimental
Agriculture 1999; 39: 857-872.

[30]Jiusheng L, Yuchun L. Water and
Nitrate Distributions as Affected by
Layered-Textural Soil and Buried
Drip-Line Depth under Subsurface
Drip Fertigation. Irrigation Science
2011; 29: 469-478.

[31] Irmak S, Odhiambo LO, Kranz WL,
Eisenhauer DE. "Irrigation Efficiency and
Uniformity, and Crop Water Use
Efficiency” (2011). Biological Systems
Engineering. 451

[32]Jiusheng Li, Minjie R. Field Evaluation
of Crop Yield as Affected by
Nonuniformity of Sprinkler Applied
Water and Fertilizers. Agricultural
Water Management 2003; 59: 1-13.

[33]1Jiusheng Li, Yibin M, Bei L. Field
Evaluation of Fertigation
Uniformity as Affected by Injector
Type and Manufacturing Variability
of Emitters. Irrigation Science 2007;
25: 117-125.

[34]1Jahad UA., 2010, Hydraulic Comparison
of The Performance of Irrigation Drippers
in Traditional with Proposed Looped
Network, Unpublished MSc Thesis,
Department of Water Resources, College
of Engineering, University of Baghdad,
Iraq.

[35]Keller JMD. Trickle Irrigation Design
Parameters. Transactions of ASAE
1974; 17(4): 678-684.

[36]Jafar SN, 2011, Hydraulic and Statistical
Analysis of Design Emission Uniformity of
Trickle Irrigation Systems, Unpublished
MSc Thesis, Department of Water
Resources, College of Engineering,
University of Baghdad, Iraq.

[37] Kumar M, Rajput TBS, Kumar R, Patel N.
Water and Nitrate Dynamics in Baby
Corn (Zea Mays L.) Under Different
Fertigation Frequencies and
Operating Pressures in Semi-Arid
Region of India. Agricultural Water
Management 2016b; 163: 263-274.

[38]1Kumar M, Rajput TBS, Patel N.
Spatiotemporal Movement of Water
and Nitrate under Different Dripper
Discharges in Drip Fertigation.

Indian Journal of Agricultural Sciences
2016a; 86(3): 310-314.

[39]Kumar M, Rajput TBS, Patel N. Water
and Nitrogen Distribution
Uniformity for Different
Driplengths under Drip Irrigation
System. Journal of Agricultural
Engineering 2014; 51(1): 37-42.

[40]Kumar M, Rajput TBS, Patel N. Effect of
Dripper Discharge on Spatio-
Temporal Movement of Water in
Soil under Drip Irrigation. Journal of
Soil & Water Conservation 2015a; 14(2):
141-145.

[41] Kumar M, Rajput TBS, Patel N. Drip
Fertigation: A Viable Solution for
Sustainable Baby Corn Cultivation.
Indian Journal of Fertilisers 2015b; 11
(3): 50-56.

[42]Kumar R, Jat MK, Shankar V. Methods
to Estimate Reference Crop
Evapotranspiration—A Review.
Water Science and Technology 2012; 66
(3): 525-535.

[43]1Mahmoud KA, Nkedi-Kizza P, Morgan K.
Movement of Water, N-Form and
Potassium in A Sandy Soil Cropped with
Vegetables Under Drip Irrigation. The
18th World Congress of Soil Science, July
9-15, 2006, Philadelphia, Pennsylvania,
USA.

[44]Mantell A, Frenkel H, Meiri A. Drip
Irrigation of Cotton with Saline-
Sodic Water. [rrigation Science 1985; 6:
95-106.

[45]1Mbagwu JSC, Osuigwe JO. Effect of
Varying Levels and Frequencies of
Irrigation on Growth, Yield,
Nutrients Uptake and Water Use
Efficiency of Peas and Cowpeas on a
Sandy Loam Ultisol. Plant and Soil
1985; 84: 181-192.

[46]Mirjat MS, Mirjat MU, Chandio FA.
Water Distribution Pattern,
Discharge Uniformity and
Application Efficiency of Locally
Made Emitters used in Trickle
Submit. Pakistan Journal of Agriculture,
Agricultural Engineering Veterinary
Sciences 2010; 26(1): 1-15.

[47] Mishra P, Singh DK, BabuRavi R. Impact
of Methods of Irrigation and
Fertilizer Application on
Distribution of Potassium in Soil
under Radish. Journal of Institution of
Engineers 2006; 87: 20-23.

[48]Mortley DG, Smith CB, Demchak KT.
Fertilizer Placement Affects
Growth, Fruit Yield and Elemental
Concentrations and Contents of
Tomato Plant. Journal of the American
Society for Horticultural Science 1991;
116(4): 659-662.

jTikrit Journal of Engineering Sciences | Volume 30 ! No. 3! 2023

Ty o



mailto:z.t.alsharify@uomustansiriyah.edu.iq
mailto:huda.hamad@uomostansiriyah.edu.iq
mailto:zena.alshrefy@ntu.edu.iq
mailto:salwasarow80s@gmail.com
mailto:thiab2022nail@gmail.com
https://tj-es.com/

j Zainab T. Al-Sharify, Huda T. Hamad, Zinah A. Alshrefy, Salwa Ahmad Sarow, Thiab Hussein Nail / Tikrit Journal of Engineering Sciences 2023; 30(3): 59-70. :‘

[49]Nguyen HV, Misra JL, Misra D. 1996.
Mode 527 ling PMP impacts on
groundwater quality. In: Camp CR, Sadler
EJ, Yoder RE. Evapotranspiration and
irrigation scheduling. Proceedings on the
International Conference, San Antonio,
Texas, USA. November 3-6, 1996. ASAE,
St. Joseph, USA pp. 762-768.

[50]0rtega JF, Tarjuelo JM, de-Juan JA.
Evaluation of Irrigation
Performance in Localized Irrigation
System of Semiarid Regions
(Castilla-La Mancha, Spain).
Agricultural Engineering International:
CIGR Journal of Scientific Research and
Development 2002; 4: 1-17.

[51] Patel N, Rajput TBS. Effect of
Fertigation on Growth and Yield of
Onion. Micro  Irrigation,  CBIP
Publication 2000; 282: 45-454.

[52] Prenger JJ, Hansen RC, Glynn C, Herms
DA. (1998). Computer-Controlled
Delivery of Five Levels of Nutrients to
Container-Grown Willow. In 2001 ASAE
Annual Meeting (p. 1). American Society
of Agricultural and Biological Engineers.

[53]1 Quinones-Aguilar EE, Rincon-Enriquez G,
HernidndezCuevas LV, Loépez-Pérez L.
Influence of Arbuscular
Mycorrhizal Fungi and Nitrogen
Concentrations on Carica Papaya
Plant Growth. International Journal of
Agriculture and Biology 2015; 17(1): 119-
126.

[54]Raina JN, Sharma T, Suman S. Effect of
Drip Fertigation with Different
Fertilizers on Nutrients
Distribution in Soil, Leaf Nutrient
Content and Yield of Apricot
(Prunusa remeniaca l.). Journal of
the Indian Society of Soil Science 2011;
59(3): 268-277.

[55] Rajput TBS, Patel N. Water and Nitrate
Movement in Drip-Irrigated Onion
Under Fertigation and Irrigation
Treatments. Agricultural Water
Management 2006; 79: 293-311.

[56]Ritchey EL, Tyler DD, Essington ME,
Mullen MD, Saxton AM. Nitrogen Rate,
Cover Crop, and Tillage Practice
Alter Soil Chemical Properties.
Agronomy Journal 2015; 107(4): 1259—
1268.

[57] Sampathkumar T, Pandian BJ. Effect of
Fertigation Frequencies and Levels
on Growth and Yield of Maize.
Madras Agricultural Journal 2010; 97(7-
9): 245-248.

[58]1Shedeed SI, Zaghloul SM, Yassen AA.
Effect of Method and Rate of
Fertilizer Application under Drip
Irrigation on Yield and Nutrient

Uptake by Tomato. Ozean Journal of
Applied Sciences 2009; 2(2): 139-147.
[59] Shuman LM. 2001. Leaching of Phosphate
and Nitrate from Simulated Golf Green.
Proceedings of the 2001 Georgia Water
Resources Conference. March 26-27,

2001. pp. 194-197. Athens, GA.

[60]Sigua GC, Hubbard R, Coleman SW.
Nitrogen in Soils, Plants and
Shallow Groundwater Beneath a
Bahiagrass-Based Pasture with
Cow-Calf Operations. Nutrient Cycling
in Agroecosystems Journal 2010; 86:
175—187.

[61] Sigua GC, Williams MJ, Coleman SW,
Starks R. Nitrogen and Phosphorus
Status of Soils and Trophic State of
Lakes Associated with Forage-Based
Beef Cattle Operations in Florida.
Journal of Environmental Quality 2005;
35(1): 240-252.

[62]Silber A, Bruner M, Kenig E, et al. High
Fertigation Frequency and
Phosphorus Level: Effects on
Summer-Grown Bell Pepper Growth
and Blossom-End Rot Incidence.
Plant and Soil 2005; 270: 135-146.

[63]Singh AK, Chakraborty D, Mishra P, Singh
DK. 2002, August. Nitrogen and
Potassium Dynamics in Fertigation
Systems. In 17th World Congress of Soil
Science, Bangkok, pp. 14-21.

[64]Solomon, K. Manufacturing Variation
of Trickle Emitters. Transactions of the
ASAE 1979; 22:1034-1038.

[65] Sumanasena HA, Horns DJ, Scotter DR,
Kemp PD. The Effects of Irrigation
Scheduling on Nitrogen and
Phosphorus Leaching under
Pasture. Tropical Agricultural Research
2004; 16: 193-203.

[66]Vazquez N, Pardo A, Suso ML, Quemada
M. A Methodology for Measuring
Drainage and Nitrate Leaching in
Unevenly Irrigated Vegetable Crops.
Plant and Soil 2005; 269: 297-308.

[67] Veeranna HK, Abdul K, Farooqui AM,
Sujith GM. Effect of Fertigation with
Normal and Water Soluble
Fertilizers Compared to Drip and
Furrow Methods on Yield, Fertilizer
and Irrigation Water use Efficiency
in Chilli. Micro Irrigation 2001; 2: 461-
466.

[68]Wang X, Xing Y. Effects of Irrigation
and Nitrogen Fertilizer Input Levels
on Soil NO;-N Content and Vertical
Distribution in Greenhouse Tomato
(Lycopersicum esculentum Mill.).
Scientifica (Cairo) 2016; 2016: 5710915,
(1-13).

[69]Alnsrawy N, Muhsun SS, Al-Sharify ZT. A
Laboratory Model for the

jTikrit Journal of Engineering Sciences | Volume 30 ! No. 3! 2023

Ty o



mailto:z.t.alsharify@uomustansiriyah.edu.iq
mailto:huda.hamad@uomostansiriyah.edu.iq
mailto:zena.alshrefy@ntu.edu.iq
mailto:salwasarow80s@gmail.com
mailto:thiab2022nail@gmail.com
https://tj-es.com/

j Zainab T. Al-Sharify, Huda T. Hamad, Zinah A. Alshrefy, Salwa Ahmad Sarow, Thiab Hussein Nail / Tikrit Journal of Engineering Sciences 2023; 30(3): 59-70. :‘

Adsorption and Loss of the Sulfate
Transport in Multi Porous Media of
Soil. Journal of Engineering and
Sustainable Development (JEASD) 2021;
25(Special Issue): 114-122.

[70]Hamad  AM, Jassam MG. A
Comparative Study for the Effect of
Some Petroleum Products on the
Engineering Properties of Gypseous
Soils. Tikrit Journal of Engineering
Sciences 2022; 29(3): 69-69.

[71] Hussein NQ, Muhsun SS, Al-Sharify ZT,
Hamed HT. Experimental and CFD-
Simulation of Pollutant Transportin
Porous Media. Journal of Engineering
and Sustainable Development (JEASD)
2021; 25(4): 23-39.

[72] Hamad HT, Al-Sharify ZT, Al-Najjar SZ,
Gadooa ZA. A Review on
Nanotechnology and its
Applications on Fluid Flow in
Agriculture and Water Recourses.
IOP Conference Series: Materials Science
and Engineering 2020; 870 (1): 012038,
(1-14).

[73]1 Al-Sharify ZT, Al-Sharify TA, Al-Obaidy
BW, Al-Azawi AM. Investigative Study
on the Interaction and Applications
of Plasma Activated Water (PAW).
IOP Conference Series: Materials Science
and Engineering 2020; 870(1):012042,
(1-13).

[74] Ugwa C, Nnaji ND, Miri T, Onyeaka H, Al-
Sharify ZT. Advances in Groundwater
Pollution by Heavy Metal. AIP
Conference Proceedings 2022; 2660(1):
020117, (1-10).

[75] Rzaij DR, Al-Jaaf HJ, Al-Najjar SZ, Al-
Sharify ZT, Al-Moameri HH, Mohammed
NA. Studying the Concentrations of
Nitrite and Nitrate of Tigris River
Water in Baghdad and their
Suitability to the Conditions
Permitted Internationally. I[OP
Conference Series: Materials Science and
Engineering 2020; 870 (1):012025,(1-11).

[76] Hussein NQ, Muhsun SS, Al-Sharify ZT,
Hamad HT. Unsteady State
Contaminants Transport in Sandy
Mediums using CFD Model. IOP
Conference Series: Earth and
Environmental Science 2021; 779
(1):012069, (1-13).

[77]1 Al-Sharify ZT, Jaaf HJMA, Naser ZAR,
Alshrefy ZAI, Al-Sharify NT, Al-Sharify
TA, Miri T. Validating Sustainable
Water Resources and Fluid Flow by
Studying Phosphorus
Concentration of Tigris River Water
in Baghdad. AIP Conference
Proceedings 2022; 2660(1):020127,(1-7).

[78] Onyeaka H, Miri T, Obileke K, Hart A,
Anumudu C, Al-Sharify ZT. Minimizing

Carbon Footprint via Microalgae as
a Biological Capture. Carbon Capture
Science & Technology 2021; 1: 100007, (1-
15).

[79] Obileke K, Onyeaka H, Miri T, Nwabor OF,
Hart A, Al-Sharify ZT, Al-Najjar S,
Anumudu C. Recent Advances in
Radio Frequency, Pulsed Light, and
Cold Plasma Technologies for Food
Safety. Journal of Food Process
Engineering 2022; 45(10): €14138, (1-25).

[80] Ghosh S, et al. Recent Progress on the

Remediation of Metronidazole
Antibiotic as Emerging
Contaminant from Water

Environments using Sustainable
Adsorbents: A Review. Journal of
Water Process Engineering 2023; 51:
103405.

[81] Hadi AM, et al. GIS-Based Rainfall
Analysis using Remotely Sensed
Data in Kirkuk Province, Iraq:
Rainfall Analysis. Tikrit Journal of
Engineering Sciences 2022; 29(4): 48—

55.

[82]Simsek C, Gunduz O. IWQ Index: A
GIS-Integrated Technique to Assess
Irrigation Water Quality.
Environmental Monitoring and
Assessment 2007; 128(1): 277-300.

[83]Zhong Q, Tong D, Crosson C, Zhang YA
GIS-Based Approach to Assessing
the Capacity of Rainwater
Harvesting for Addressing Outdoor
Irrigation. Landscape and Urban
Planning 2022; 223: 104416.

[84]Alshrefy ZA, Alahmady KK, Sedeeq LJ, Al-
Sharify ZT, Moualli N. Physic-Chemical
Survey of Bottled and Tap Water in
Iraq. Journal of Green Engineering,
2021; 11 (1): 349-365.

[85]Sener E, Sener S, Varol S. Evaluation of
Irrigation Water Quality Using GIS-
Based Analytic Hierarchy Process
(AHP) in Kizilirmak Delta (Turkey).
Arabian Journal of Geosciences 2022;
15(8): 1-19.

[86]Yang P, et al. Review on Drip
Irrigation: Impact on Crop Yield,
Quality, and Water Productivity in
China. Water 2023; 15(9): 1733, (1-18).

[87]1 Mohammed HN, Ahmed SH, Abdulkarim
AA. Purification of Biodiesel via
Nanofluid wusing Liquid-Liquid
Extraction in a Membrane
Contactor: Purification of Biodiesel.
Tikrit Journal of Engineering Sciences
2023; 30(1): 54-65.

[88]Zaid H, Al-sharify Z, Hamzah MH, Rushdi
S. Optimization of Different
Chemical Processes using Response
Surface Methodology-A Review:
Response Surface Methodology.

jTikrit Journal of Engineering Sciences | Volume 30 ! No. 3! 2023

Ty oo



mailto:z.t.alsharify@uomustansiriyah.edu.iq
mailto:huda.hamad@uomostansiriyah.edu.iq
mailto:zena.alshrefy@ntu.edu.iq
mailto:salwasarow80s@gmail.com
mailto:thiab2022nail@gmail.com
https://tj-es.com/

j Zainab T. Al-Sharify, Huda T. Hamad, Zinah A. Alshrefy, Salwa Ahmad Sarow, Thiab Hussein Nail / Tikrit Journal of Engineering Sciences 2023; 30(3): 59-70. :‘

Journal of Engineering and Sustainable
Development 2022; 26(6): 1-12.

[89]Rashed M, Hasan WM, Al-Btoush MAK.
Effect of Hydrophobic Water
Repellent Admixture on the
Compressive Strength of Concrete
in Highly Aggressive Water (Dead
Sea Water as a Case Study). Journal of
Advanced Sciences and Engineering
Technologies 2023; 5(2): 10-23.

[90]Abdulhussein Z, Al-sharify Z, Alzuraiji, M,
Onyeaka H. Environmental
Significance of Fouling on the Crude
Qil Flow. A Comprehensive Review:
Fouling on the Crude Oil Flow.
Journal of Engineering and Sustainable
Development 2023; 27(3), 317-338.

[91] Almhana NM, Ali SAK, Al-Najjar SZ, Al-
Sharify ZT. Assessment of Cobalt Ions
Removal in Synthetic Wastewater
Using Broad Bean Peels. Journal of
Green Engineering 2020; 10 (11): 10157-
10173.

[92]Hasan AA. The Behaviour of
Aluminium Ion in Treatment of
Dairy Wastewater. Journal of
Engineering and Sustainable
Development 2022; 26(4): 92-101.

[93]1Razak ZA, Rushdi S, Gadhban MY, Al-
Najjar SZ, Al-Sharify ZT. Possibility Of
Utilizing the Lemon Peels in
Removing of Red Reactive (RR) Dye
from Simulated Aqueous Solution.
Journal of Green Engineering 2020; 10

(10):7343-7359.

[94]Onyeaka H, Passaretti P, Miri T, Al-
Sharify  ZT. The Safety of
Nanomaterials in Food Production
and Packaging. Current Research in
Food Science 2022; 5: 763-774.

[95]Al Jaaf HJM, Al-Ubaidy MIB, Al-Sharify
ZT. Removal of Cd(1l) from Polluted
Water by Filtration using Iron Oxide
Coated Sand Media. IOP Conference
Series: Materials Science and
Engineering 2020; 870 (1):012077, (1-9).

[96]Morianou G, Kourgialas NN, Karatzas GP.
A Review of HYDRUS 2D/3D
Applications for Simulations of
Water Dynamics, Root Uptake and
Solute Transport in Tree Crops
under Drip Irrigation. Water 2023;
15(4): 741, (1-23).

[97] Djalilov A, Berdiyev U, Tasheva U,
Allenova I, Abdunabiyev D.
Determination of Water Flow and
Energy Efficiency of Drop Irrigation
System. AIP Conference Proceedings
2023; 2612(1): 050015, (1-6).

[98]Alawi OA, Kamar HM, Abdelrazek AH,
Mallah AR, Mohammed HA, Abdulla AI,
Gatea HA, Khiadani M, Kazi SN, Yaseen
ZM . Hydrothermal and Energy
Analysis of Flat Plate Solar Collector
Using Copper Oxide Nanomaterials
with Different Morphologies:
Economic Performance. Sustainable
Energy Technologies and Assessments
2022; 49: 101772.

jTikrit Journal of Engineering Sciences | Volume 30 ! No. 3! 2023

rase A1



mailto:z.t.alsharify@uomustansiriyah.edu.iq
mailto:huda.hamad@uomostansiriyah.edu.iq
mailto:zena.alshrefy@ntu.edu.iq
mailto:salwasarow80s@gmail.com
mailto:thiab2022nail@gmail.com
https://tj-es.com/

