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ABSTRACT:

This study was aimed to investigate the effect of surface sprinkler and drip irrigation systems using a model AquaCrop,
irrigation intervals, bio-organic fertilizers and polymers in desert soils. Two field experiments were conducted during the
spring season 2020 at Karbala governorate. The experiment included three factors: 1-Irrigation system surface drip T, and
sprinkler T,, 2- The Irrigation interval: every 2 days |;, 4 days I, and 6 days I;, 3- Addition of soil conditioners: control
without any addition C, bio-organic fertilizers (seek) B, polymer (zeba) P, and polymer+ bio-organic fertilizers P+B. The
experiment was designed according to the nested design with three replicates results of regional climate models and
AquaCrop model. The results showed that there was an increase in the amount of annual precipitation and seasonal during
the periods (2016-2035) and (2046-2065) under RCP4.5 scenario, compared to the base period (1985-2005). With an increase
in the amount of annual precipitation and seasonal during the period at scenario RCP8.5 with a slight decrease during the
period (2046-2065) compared to the base period. Moreover, an increase in the maximum and minimum temperatures
according to scenario RCP4.5 and RCP8.5 scenario during the period (2016-2035) and (2046-2065) compared to the base
period. The expected productivity using the AquaCrop, as R? was 0.85 and 0.81 for twelve years, under surface drip
irrigation systems and sprinkler, respectively. The correlation coefficient (r) was 0.95 and 0.90, the root means square error
(RMSE) 2.43 and 2.19, and the efficiency coefficient 0.66 and 0.42 for the surface drip and sprinkler systems, respectively.
Finally, the increase in water productivity and productivity in the scenario RCP4.5 and RCP8.5 for the treatment of BP and
the irrigation interval l,and treatment C and the irrigation interval I; when comparing the base period with the periods
(2016-2035) and (2046-2065) For surface drip irrigation systems and sprinkler.
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INTRODUCTION

Water resources constitute the basic lifeline for
the environment of arid and semi-arid areas.
Water resources in lIraq have faced many
threats, especially in the second half of the last
century, as large areas dried up and water
resources shrank due to the establishment of
irrigation projects in Syria, Turkey, and Iran.
The current consumption of water for
agricultural purposes is 53.70 billion m*, while
drinking consumption, domestic and industrial
uses are estimated at 5.1 billion m®, in addition
to the requirements for maintaining the
marshes of 6 billion m®. The strategic study of
water and land resources according to the
future expectations of water revenues and their
quality in Iraq indicated that lraq will suffer
from a decrease in water revenues that will
affect meeting water needs. The amount of
expected water revenues in 2035 is estimated
(59.73 billion m*) compared to revenues in
2015 (77.37) billion m?, that is, a decrease of
17.64 billion m®. Besides, by comparing the
revenues available in 2035 with the estimated
water needs (in the absence of implementation
of the basic reforms of the water and
agriculture sector) 70.67 billion m?, there is an
expected deficit of 10.94 billion m® (25).
Combined with, the erratic and uncertain water
supply will exacerbate the situation in areas
that are currently experiencing water stress,
and generate water stress in areas that have
abundant water resources at present. Water
stress is already affecting all continents, where
climate change is likely to cause changes in
seasonal water availability throughout the year
in several places (41). These change forecasts
point to a warmer world over the next 50 years
and the ranges of maximum and minimum
temperatures are expected to increase, leading
to a significant decrease in crop yields with an
increase in temperature of 1-2°C. While
projected rainfall patterns will not have
distinct patterns by 2080 (23). The use of a
drip irrigation system would be one of the
important methods that lead to
rationalization of added water amount
compared to traditional irrigation, drip
irrigation is known as adding water directly to
the soil in small quantities by emitters, The
water added in quantity is equivalent to
evapotranspiration, move from these emitters
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horizontally and vertically insoil profile
without big loss because the water applied less
than the range of infiltration rate in soil
(4).The irrigation methods with high
efficiencies applied to using irrigation water
included drip irrigation, Irrigation efficiency
has reached more than compared with the
traditional method at conditions in the middle
of Irag (31). Many studies have tried to find
different methods in programming irrigation
operations by controlling the quantities of
added irrigation water, and scheduling the
addition using modern irrigation methods,
especially in areas of  limited  water
because of limited water resources and
losing large quantities of them during
conventional irrigation operations (3).
Irrigation scheduling is the process of
determining the irrigation time, amount of
water added, and all the practices for
managing irrigation and water use with high
efficiency and rationing the water added (36).
Irrigation management factors are related to
two basic principles, which include the timing
of irrigation and determining the amount of
water required in each irrigation cycle in a way
that ensures the plant’s need for water in the
root zone for the purpose of economic
production accompanied by a minimum of
water losses (18). Furthermore, (39) showed
that the management of irrigation water
through irrigation scheduling depends on the
foundations of combining soil information
with climate and vegetation, and this is
through direct monitoring of soil water and
forecasts of water balance to estimate
evapotranspiration. The sprinkler system
offers a great application potential as a highly
efficient irrigation system (22) The sprinkler
irrigation systems are characterized by many
features that make them spread. And the most
eminent of these features is its high
efficiency if its design, execution and
operating are done well compared with the
methods of irrigation by immersion, and
the possibility of wusing them in the
undulating lands being without need to the

settlement processes, and it's also
characterized by irrigating the
gypsiferouslands, the lands whose light
sandy textures and the lands that the

groundwater levelmayraises in it and that
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requires special  management  for  the
irrigation processes, plus many features
(2).The Food and Agriculture Organization
(FAO) has developed a program called
AquaCrop (30) that helps in planning
irrigation and optimizing the use of resources
to increase water productivity. Focuses on
simulating achievable crop biomass and
harvestable yield, providing a simulation of
plant physiological processes and crop growth
and development (8). AquCrop is a program
that simulates the interrelationship between the
plant and the soil (Fig.1). The program takes
into account the factors of field management,
such as soil fertility and irrigation
management, and the factors affecting the
interrelationship between the plant and the soil
account the relationship with the atmosphere,

supply of carbon dioxide (CO;), and the
energy required for plant growth is calculated.
The simulation of dry biomass of potato crop
using AquaCrop program with the measured
values for the period 2009-2010 agrees well
with the measured values with a low mean
error, as it gave the correlation coefficient of
0.74 and 0.72. Moreover, it can also
emphasize that the special features that
distinguish AquaCrop from other crop models
are its focus on water, the use of vegetation
coverage of the land instead of the leaf area
index. Along with, the use of water
productivity values that depend on the
evaporation and carbon dioxide concentration,
which gives the model an expansion of the
ability to extrapolate to various locations and
seasons (5).
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Figure 1. Part AquCrop simulates from the real world

That the calibrations for the validity of the
Agquacrop model to simulate the growth and
development of a potato crop with a centre
pivot irrigation system in 2011 (calibration
year) and 2012 (validation year) in a semi-arid
region of Spain, with four irrigation treatments

60, 80, 100 and 120% of the water
requirement. Statistical indicators such as
Willmott's d index and R2 coefficient of

determination showed good values of d and R2
> 0.90 (26). Similarly, (16) test the sensitivity
of potato plants to water stress under semi-arid
conditions in Tunisia for two full and
incomplete irrigation treatments in sandy loam
soils using AquaCrop the model is well
evaluated for predicting soil water content and
vegetation development. Relatively little is
known about climate change in the Arab

255

region and one of the first regional studies on
climate trends focused on extreme indicators
was prepared by, which they investigated the
trends in extreme heat and rain phenomena in
the period 1950-2003, using national data
drawn from 52 stations in 15 countries in the
eastern part of the Arab region. The results
showed statistically significant trends towards
warming based on temperature indicators that
indicate a noticeable increase in the frequency
of warm days. In addition to a gradual
decrease in the number of cold days, on the
other hand, precipitation trends are
characterized by extreme variability. The most
accurate study of extreme climate trends in the
Arab region that has been prepared in recent
times is the one prepared by (9), where the
daily data from more than 100 meteorological
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stations in the Arab region were collected were
analyzed after evaluating their quality and
homogeneity, and they gave evidence of trends
towards warming in the whole region, with the
increase in the frequency of warm days and
nights, and the high temperatures and the
change were in precipitations are less
important and vary from place to another. The
results of regional climate models are used to
highlight how climate change is affected by
using Representative Concentration Pathways
scenarios, including the high emissions
scenario RCP8.5: which assumes that things
remain as they are and that no actions are
taken to mitigate emissions and medium
emissions scenario RCP4.5, which is a
relatively optimistic scenario in terms of gas
emissions reduction, as it assumes a small
future increase in CO, emissions before it
begins to decline by 2040 (20). The IPCC
conducts climate simulations based on two
future time periods or three periods compared
to a past reference period (21,34). The 20
years is used which includes the reference
period (1986-2005), the near future (2035-
2016), the medium future (2046-2056), and the
distant future (2100-2081). The simulations
were based on reduced-scale scenarios on
three global climate models to compare
climate models, which are the Earth system
model based on the EC-Earth model systems
(19). Along with, the CNRM-CM5 fifth
climate model. (43), and the Earth System
Model 1l was developed by the GFDL-
ESM2M  Geophysical ~ Fluid  Dynamics
Laboratory (10). In Iraq, the temporal and
spatial changes in  precipitation and
temperature were evaluated in the period
1980-2011. Trends towards an increase in
minimum and maximum temperatures, and
trends towards a decrease in precipitation
(ranging from 1.3-6.2 mm per year) were
observed. The results showed that there were
no differences between one site and another
(1). Therefore, this research aims to evaluate
the performance of the AquaCrop model to
simulate the productivity of the potato crop
using irrigation systems (drip and sprinkler)
with an irrigation interval (2, 4, and 6 days).
Besides, the use of polymers and bio-organic
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fertilizers in desert soils and to determine the
impact of future climate changes on the potato
crop until the year 2065.

MATERIALS AND METHODS

Two field experiments were carried out during
the spring of 2020 within the Shariah area in
the holy governorate of Karbala, 84 km
southwest of Baghdad, at coordinates N 32°
42" 13.8"and E 43° 54 36.6", at an altitude of
27 m above sea level. The field soils were
classified as sedimentary loamy-sand texture,
classified to the level of Typic Torrifluvent
according to the classification of (37). Soil
samples were taken at a depth of 0-0.30 m,
dried aerobically, then passed through a sieve
with a diameter of 2 mm. Some soil physical
and chemical properties of soil were
determined shown in tables (1 and 2). The
class of irrigation water (C1S;) was determined
according to the FAOQO classification of
irrigation water (30).

The Experimental treatments and statistical
design

1- Irrigation system:

a- Surface Drip Irrigation (T1)

b- Sprinkler Irrigation (T>)

2- Irrigation interval

a- Irrigation every 2 days (Iy).

b- Irrigation every 4 days (I2).

c- Irrigation every 6 days (l3).

3- Soil conditioners

a- Control treatment without any addition (C).
b- Bio-organic fertilizers (B).

c- Water conservation technology (polymer)
(P).

d- Water conservation technology + bio-
organic fertilizers (P+B).

The experiment was designed according to the
nested design, with three replications, the main
plot includes the irrigation system and within
it, the irrigation intervals are distributed, then
the soil conditioner treatments and the
replicates are within the blocks. The data were
analyzed using the Gen Stat Discovery
Filition4 program (2012), where the least
significant difference was tested at the 0.05
level (3). The experiment was designed of
2832 m? area and its dimensions are 59x48 m,
as the land was plowed orthogonally.
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Table 1. Some physical properties of field soil before planting

Property Units Soil Depth (0.00-0.30m)

Sand ko™ soil 790
silt gKg - sol 122
Clay 88
Soil texture Loamy Sand
Bulk density 3 1.40
Particle density Mg m 2.65
Porosity % 0.47
Volumetric moisture content at

. 3 3 0.32
saturation cm’cm
Volumetric moisture content at 10 kPa 0.23
Volumetric moisture content at 1500 kPa 0.07

Table 2. Some chemical properties of field soil before planting

Property Units Soil Depth (0.00-0.30 m)
Electrical conductivity EC;., Dsm? 2.71
pH 7.64
Organic matter ko™ soil 0.7
Carbonate minerals gKg - sol 300
Bicarbonate 2.5
Calcium 23.5
Magnesium Mmol charge L™ 5.4
Sodium 33
Potassium 2.69
Chloride 5.0
Available nitrogen 18.21
Available potassium Mg kg™ soil 72.23
Available phosphorous 8.30
Cation exchange capacity Cmole charge kg™ Soil 13.25
It was divided into two sections with a Zeba polymer that made from natural

distance of 4 m between one section and
another, each section was divided into three
main blocks with dimensions of 59x6m with a
distance of 2m between one block and another.
Each block was divided into 12 experimental
units of dimensions 6x4m, leaving a distance
of 1m between each experimental unit and
another. The number of experimental units
was 36 units for each irrigation system. Bio-
fertilizers, polymers and bio-fertilizers
+polymer were added together to the
treatments at a rate of 1200 kg ha™, 12 kg ha
'and 1200+12 kg ha™, respectively, at a depth
of 0.2 m from the soil surface. The
characteristics of the additives for the
experiment are SEEK bio-organic fertilizer:
granular organic fertilizer composed of
charcoal, bamboo ash, microorganism 100%
certified organic by IMO and USDA. It
improves soil and increases fertility,
effectively dissolves, reduces soil salinity,
insect infestation, pesticides, neutralizes pH,
activates the plant's immune system, prevents
root rot, strengthens them, and enhances
symbiotic nitrogen fixation (15). Besides, the
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cornstarch, as an inorganic compound, where
the molecular structure is modified to be able
to store and release water. Potato tubers class
(Hermosa), rank E, were planted on 10/1/2020
at a distance of 0.25 m between one tuber and
another, at a depth of 0.10 m. The
experimental soil was fertilized with triple
superphosphate  (20%P), urea  (46%N),
Potassium sulfate fertilizer was added in three
batches and according to the fertilizer. The
tubers were uprooted on 12/5/2020, then the
drip irrigation and sprinkler irrigation systems
were calibrated at an operational pressure of
50 and 150 kPa, for the two systems,
respectively, to achieve the best homogeneity
of water distribution.

AquaCrop application for potato crop
simulation

AquaCrop calibration: The study was
conducted during the spring season of 2020 in
the period 2009-2020 (climate data period). To
simulate the AquaCrop program, the model
was calibrated under climate change
conditions, where this step was performed
according to the following sequence (14).
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1- Preparing climate files CLI file.

2- Preparing the soil SOL file.

3- Prepare the crop CRO file.

4- Preparing the irrigation file IRR file

5- Preparing the field management MAN file
6- Create projects PRM files.

Project files were created to include the
previous files for each simulation case,
according to the approved treatments of the
crop, to simulate 12 consecutive years of
reference productivity data. The project
settings were adjusted to start the simulation at
the same planting date for the potato crop.
Statistical analysis of AquaCrop data

1- Root Mean Square Error (RMSE) according
to (24) equation:

N .—S5.)2
RMSE = /Z—m(?\; S (1)

Where: S; = Simulated value, O; = measured
value, N number of observations, 0,=
average value of Oi, S,= average value of S;

2- Nash-Sutcliffe model efficiency coefficient

(E): The efficiency coefficient E was
calculated using the equation of (27).

_ 1 _zi0-s
E=1 N . (0;-0)2 )

3- Correlation coefficient (r)

The Pearson Correlation Coefficient was
determined according to (22).

2 (0= 0)(5i=5))
[EXL -0 S (51502

According to (32), the AquaCrop model
estimates the dry crop value, so the potato
tuber yield values are multiplied by the tuber
dry matter percentage. The percentage of dry
matter in potato tubers represents a quality
standard that is directly proportional to the
percentage of starch (33). Its proportion varies
between 17% and 22% (13).
Regional Climate Model (RCM)
The regional climate model is a climate model
with high spatial accuracy (spacing less than
50 km) that is applied to a specific area and

T =
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uses the outputs of the GCMs (Global Climate
Model or General Circulation Model) as initial
and oceanic conditions. Regional climate
models take into account changes in
topography and land use with better accuracy
than global climate models.

The climate models used

In this study, the RCA4 regional climate
model was run for three cases:

- Regional model RCA4 using oceanic
conditions from the Global Circulation Model
EC-EARTH.

- Regional model RCA4 using oceanic
conditions from the Global Circulation Model
CNRM

- Regional model RCA4 using oceanic
conditions from the Global Circulation Model
GFDL-ESM

Climate modeling results

The results of climate changes were adopted
daily, for future climate models and the
expected change in the average annual
precipitation and the maximum and minimum
temperatures during the two periods:

- The near future (2016-2035).

- The distant future (2046-2065).

The reference period (1986-2005) compared to
the base period. In order to assess the impact
of climatic changes on the productivity of the
potato crop, the AquaCrop model will be run
for the three climate models, Then, the average
of the three results is calculated to estimate
(average productivity, water consumption,
growth period .... etc.) as shown in Fig.2 for
both the medium emissions scenario RCP4.5
and the high emissions scenario RCP8.5 with
144 simulations. The main source of these data
is the bias-corrected data from the Regional
Climate Model (RCM) adapted from the
RICCAR Regional Coordinating Experiment
for Regional Climate Model Downscaling
(CORDEX).
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Figure 2. The scheme of the simulations to study the impact of climate change on the potato
crop (the same cases were applied for each of the three-time periods (1985-2005), (2016-2035)
and (2046-2065) for the climatic data) for two scenario (4.5 and 8.5)

RESULT AND DISCUSSION

Expected future climate changes until the
end of 2065 (simulation period): Table 3
shows the impact of the expected climate
changes for each of the annual and seasonal
precipitation. Besides, the minimum and
maximum temperatures for the two periods
which included (2016-2035) and (2046-2065)
the near future and the medium future,
respectively, compared to the base period
(1985-2005) according to the three climate
models EC-Earth, CNRM-CM5, GFDL-
ESM2M at the RCP4.5 climate change
scenario (medium emissions scenario) for the
potato crop. It is shown from Table (3) that
there is an increase in the amount of rain
precipitation, especially for seasonal rain
during the two periods (2016-2035) and (2046-
2065), amounting to 11.91 and 9.06 mm,
respectively, compared to the base period

(1985-2005). It can be observed an increase in
the amount of annual precipitation during the
two periods (2016-2035) and (2046-2065)
amounted to 17.00 and 9.42 mm, respectively,
compared to the base period (1985-2005).
Table (3) shows that there is an increase in
both the maximum and  minimum
temperatures, according to the climate change
scenario RCP4.5. This increase amounts to
0.81 and 0.75°C (as an average value of
climate models) for the maximum and
minimum temperatures, respectively, during
the period (2016-2035), compared with the
base period (1985-2005) with a clear increase
in temperatures during the period (2046-2065)
compared to the base period (1985-2005)
amounting to 1.65 and 1.55°C (as an average
value of climate models) for maximum and
minimum temperatures, respectively.

Table 3. Expected climatic changes of precipitation, minimum and maximum temperatures for the
periods (2016-2035) and (2046-2065) compared to the base period (1985-2005) for the models EC-
Earth, CNRM-CM5, GFDL-ESM2M according to the scenario RCP4.5 for the potato crop

Parameter 2016-2035 2046-2065
CNRM-CM5
Rain (mm), Annual +17.53 +15.51
Rain (mm), Seasonal +19.19 +32.06
Maximum temperature (°C) +1.00 +1.65
Minimum temperature (°C) +0.93 +1.65
EC-Earth
Rain (mm), Annual -12.56 -3.46
Rain (mm), Seasonal -7.10 -10.52
Maximum temperature (°C) +0.85 +1.86
Minimum temperature (°C) +0.68 +1.65
GFDL-ESM2M
Rain (mm), Annual +46.04 +16.21
Rain (mm), Seasonal +23.65 +5.63
Maximum temperature (°C) +0.59 +1.45
Minimum temperature (°C) +0.63 +1.35
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Table (4) shows the impact of the expected
climate changes for each of the annual and
seasonal precipitation. Along with, minimum
and maximum temperatures for the two
periods (2016-2035) and (2046-2065), the near
future and the medium future, respectively,
compared to the base period (1985-2005)
according to the three climatic models EC-
Earth, CNRM-CM5, GFDL-ESM2M, based
on the RCP8.5 climate change scenario (high
emissions scenario) for the potato crop. It can
be noticed an increase in the amount of
precipitation, especially for seasonal rain,
during the period (2016-2035) amounting to
4.51 mm with a slight decrease for the period
(2046-2065) amounting to -2.57 mm compared
to the base period (1985-2005) for the
agricultural season of the potato crop. It is
evidently an increase in the amount of annual
precipitation during the period (2016-2035)
amounting to 3.97 mm and a decrease during
the period (2046-2065) -3.78 mm compared to
the base period (1985-2005). Furthermore,
Table (4) shows that there is an increase in
both the maximum and minimum temperatures
according to the climate change scenario
RCP8.5. It reached 1.1 and 0.98°C (as the
average values of climate models) for the
maximum and minimum  temperatures,

respectively, during the period (2016-2035)
compared to the base period (1985-2005) with
an increase in temperatures during the period
(2046-2065) compared to the base period
(1985-2005) amounting to 2.33 and 2.14°C (as
the average values of climate models) for the
maximum and minimum  temperatures,
respectively. This is consistent with what was
mentioned in the report of (12), which showed
that the change in average temperatures in the
Euphrates River will record an overall rise that
will follow the same trend as the change in the
Tigris River in terms of height by the end of
the century, with a rise of 1.9°C for the
scenario RCP4.5 in the middle of the century
and 2.3°C. However, there are higher changes
under the scenario RCP8.5, where the
temperature will increase by 2.6°C in the
middle of the century and 4.8°C by the end of
the century. As for precipitation rates, they are
expected to increase under the RCP4.5
scenario, (about 4% in the middle and 3% at
the end of the century). Conversely, no
significant change is expected under the
RCP8.5 scenario, as for the level of extreme
precipitation rates, four out of six projections
show a trend towards their height in the Tigris
River, while all projections show an increase
in the Euphrates River.

Table 4. Expected climatic changes of precipitation, minimum and maximum temperatures

for the periods (2016-2035) and (2046-2065) compared with the base period (1985-2005) for

the models EC-Earth, CNRM-CM5, GFDL-ESM2M according to the scenario RCP8.5 for
potato crop

Parameter 2016-2035  2046-2065
CNRM-CM5
Rain (mm), Annual +14.09 -13.50
Rain (mm), Seasonal +12.37 -6.45
Maximum temperature (°C) +1.03 +2.30
Minimum temperature (°C) +0.94 +2.07
EC-Earth
Rain (mm), Annual -12.02 -19.62
Rain (mm), Seasonal -2.35 -11.18
Maximum temperature (°C) +1.36 +2.58
Minimum temperature (°C) +1.17 +2.36
GFDL-ESM2M
Rain (mm), Annual +9.85 +21.79
Rain (mm), Seasonal +3.50 +9.93
Maximum temperature (°C) +0.91 +2.11
Minimum temperature (°C) +0.83 +1.98

AquaCrop Model Calibration of Potato
Crop: Figures (3 and 4) show the convergence
of the current productivity of potato crops
compared to the expected productivity using
the AquaCrop model. Thus, the two figures
show the presence of small, insignificant
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differences in production for the study area
between the expected data for the productivity
of the model compared to the measured data
(total productivity of the potato crop for the
study area/ Ministry of Planning) for a period
of 11 years (2009-2019). Plus, the base year
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for the study 2020) when comparing the
productivity of the comparison treatment
(without addition) using the surface drip
irrigation  system  with the estimated
productivity of the mathematical model used
as it represents a treatment of the agricultural
situation reality in the region. The farmer in
those areas does not depend on the cultivation
on the addition of conditioners or polymers at
planting, so the comparison treatment was
adopted. The results showed that the yield of
dry potato tubers was well simulated, so the
model efficiency was high, and there was a
good correlation between the yield of the
measured and simulated tubers, as the R gave
0.85,0.81 for the drip and sprinkler irrigation
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systems. This is consistent with (7) who found
that the production of dry potato tubers was
well simulated by the model, by using data of
regional climate models RCMs representing
the region, with a spacing of 50 km, to give
climate simulation results with higher
accuracy than the General Circulation Models
(GCMs). In order to evaluate the accuracy of
these models, it was compared with the period
1/1/2009 to 31/12/2020, for the study site,
which was used to calibrate the AquaCrop
model. The comparison between the data
resulting from the models and the actual data
was conducted using the statistical coefficients
root mean square error (RMSE), correlation
coefficient (r), and efficiency coefficient (EF).

R*=0.8512
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Figure 3. Comparlson between the measured and expected productivity of the potato crop for
the surface drip irrigation system
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Figure 4. Comparlson between the measured and expected productmty of the potato crop for
the sprinkler irrigation system

Statistical standards

Table 5 shows the calibration of productivity
for the potato crop to compare the measured
productivity and the expected productivity
when using the surface drip irrigation system
and sprinkler irrigation using the control
treatment. It gave good agreement for most of
the approved standards, where the correlation
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coefficient between the data reached a very
good agreement of 0.95 and 0.90 for the two
irrigation systems, respectively. The root
means square error (RMSE) gave a good
agreement of 2.43 and 2.19 for the two
irrigation systems, respectively. Similarly, the
value of the statistical efficiency coefficient
for comparing the measured and expected
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productivity showed good agreement at the
surface drip irrigation system and moderately
good agreement at the sprinkler irrigation

system, which amounted to 0.66 and 0.42 for
the two irrigation systems, respectively.

Table 5. Statistical criteria for comparison between the measured and expected productivity
of the potato crop when using the surface drip irrigation system and sprinkler irrigation

Standards Value Interpretation Value Interpretation
r 0.951 very good 0.900 very good
RMSE 2.426 good 2.187 good
EF 0.659 good 0.415 moderate good

The AquaCrop model was able to simulate the
total dry productivity of potatoes and this is
reflected by the good agreement between the
measured and simulated productivity in the
statistical analysis of r, RMSE, and EF. The
productivity simulation gave an efficiency
coefficient that ranged from 0.42 to 0.66, as
the simulation productivity was very close to
the actual crop production according to the
coefficient of r and RMSE when compared the
control treatment with the rest of the
treatments. The discrepancy between the
measured and simulated results could be due
to soil depth and variable moisture retention
and this is consistent with (Patel, N. 2010;
Zhang et al. 2005). AquaCrop's ability to
simulate the moderate water stress that occurs
at different stages in the growth period makes
it very useful for designing and evaluating
deficient irrigation strategies and water
management options, and for studying the
impact of the site, soil type, and irrigation
management on plant  production in
agriculture.

The effect of climate change on the potato
crop: The results of climate changes for
climate scenarios RCP4.5 and RCP8.5 were
applied to only two treatments represented by
the best treatment and the worst treatment.
Each of the bio-fertilizers and polymer
treatment at the irrigation interval 1; and the
control treatment at the irrigation interval I3
for the surface drip irrigation and sprinkler
irrigation systems for comparison and to
identify the effect of future climate changes in
productivity and water productivity of the
potato crop.

The average future total productivity of the
potato crop: Average productivity when
applying RCP4.5 and RCP8.5 scenarios to
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surface drip irrigation system and for I,
irrigation interval of bio-fertilizer and
polymer treatment

Table (6) shows the increase in productivity at
the RCP 4.5 scenario of BP treatment for
surface drip irrigation and at the irrigation
interval 1; when comparing the base period
with the periods (2016-2035) and (2046-2065).
In addition to an increase in the relative
change in productivity with the presence of
non-significant differences between
productivity during the base period and the
simulation period. Thus, the highest value of
the productivity in the period (2016-2035) was
10.96 ton ha™ based on the dry weight of the
potato crop during the simulation period,
where the increase in the production rate
between (2016-2035) and (2046-2065)
compared to the base period amounted to
37.65 and 36.90%. Whereas when applying
the RCP 8.5 scenario for the BP treatment for
surface drip irrigation at the irrigation interval
I, when comparing the base period with the
periods (2016-2035) and (2046-2065), it was
observed that there is an increase in
productivity. In addition to an increase in the
relative  change of productivity with
insignificant differences between productivity
during the base period and the simulation
period. Therefore, the highest productivity
value recorded in the period (2016-2035) was
9.95ton ha' based on the dry weight of the
potato crop during the simulation period. The
increase in the production rate between (2016-
2035) and (2046-2065) compared to the base
period amounted to 37.24 and 36.14%. It can
also be noted that the increase was higher in
the RCP4.5 scenario than in the RCP8.5
scenario for the same simulation period.
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Table 6. Average potato productivity and expected change in productivity at scenario RCP4.5 and
RCP8.5 for bio-fertilizer and polymer treatment at irrigation interval |, for surface drip irrigation

RCP 45
Average change over  Average change over
the period (2035-2016) the period (2065-2046)
Production in the base period (ton ha™) 7.96
Absolute change (ton/ha) +3.00 +2.94
Relative change (%) 37.65 36.90
T-test 2.50 E-5 9.87 E-12
RCP 8.5
Production in the base period (ton ha™) 7.25
Absolute change (ton/ha) +2.70 +2.62
Relative change (%6) 37.24 36.14
T-test 1.73 E-7 2.23 E-12
Average productivity when applying RCP 8.5 of the treatment C for surface drip

RCP4.5 and RCP8.5 scenarios for surface
drip irrigation system and irrigation
interval Isfor control treatment

Table (7) shows the increase in productivity at
the RCP 4.5 scenario of treatment C for
surface drip irrigation and at the irrigation
interval 13 when comparing the base period
with the periods (2016-2035) and (2046-2065).
Besides, an increase in the relative change of
productivity in the presence of non-significant
differences between productivity during the
base period and the simulation period, as the
highest value of productivity in the period
(2016-2035) was 3.49ton ha™ based on the dry
weight of the potato crop during the simulation
period. The increase in the production rate
between (2016-2035) and (2046-2065)
compared to the base period amounted to
21.85 and 20.80%. Applying the scenario

irrigation and at the irrigation interval I3 when
comparing the base period with the periods
(2016-2035) and (2046-2065), it was observed
that there is an increase in productivity and the
relative change in productivity with the
presence of insignificant differences between
productivity during the base period and the
simulation period. In the same role, the highest
value of productivity in the period (2016-
2035) was 3.43ton ha™® based on the dry
weight of the potato crop during the simulation
period. The increase in production rate
between (2016-2035) and (2046-2065)
compared to the base period amounted to
20.89 and 19.13%, it can be noted that the
increase was higher for scenario RCP4.5 than
for scenario RCP8.5 for the same simulation
period.

Table 7. Average potato productivity and the expected change in productivity at the scenario RCP4.5
and RCP8.5 for the control treatment at the irrigation interval I3 for surface drip irrigation

RCP 4.5
Average change over  Average change over
the period (2035-2016)  the period (2065-2046)
Production in the base period (ton ha™) 2.86
Absolute change (ton/ha) +0.63 +0.60
Relative change (%0) 21.85 20.80
T-test 1.69 E-6 3.12 E-15
RCP 8.5
Production in the base period (ton ha™) 2.84
Absolute change (ton/ha) +0.59 +0.54
Relative change (%0) 20.89 19.13
T-test 4.35E-8 7.25 E-19
Average productivity when applying change in productivity with the presence of

RCP4.5 and RCP8.5 scenarios for sprinkler
irrigation system and irrigation interval I;
for bio-fertilizer and polymer treatment

Table 8 shows the increase in productivity at
the RCP 4.5 scenario of BP treatment for
sprinkler irrigation and at the irrigation
interval 1; when comparing the base period
with the periods (2016-2035) and (2046-2065).
In addition to an increase in the relative
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insignificant differences between productivity
during the base period and the simulation
period, as the highest value of productivity
was recorded in the period (2016-2035)
amounted to 10.35ton ha™ based on the dry
weight of the potato crop during the simulation
period. The increase in the production rate
between (2016-2035) and (2046-2065)
compared to the base period amounted to
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37.45 and 35.99%. However, when applying
the scenario RCP 8.5 for the BP treatment of
sprinkler irrigation at the irrigation interval I,
when comparing the base period with the
periods (2016-2035) and (2046-2065). It was
found that there was an increase in
productivity in addition to an increase in the
relative  change of productivity  with
insignificant differences between productivity
during the base period and the simulation
period, as the highest value of productivity

was recorded in the period (2016-2035)
amounted to 9.76ton ha* based on the dry
weight of the potato crop during the simulation
period. The increase in the production
percentage between (2016-2035) and (2046-
2065) compared to the base period amounted
to 36.89 and 34.22%. It can also note that the
increase was higher in the RCP4.5 scenario
than in the RCP8.5 scenario for the same
simulation period.

Table 8. Average potato productivity and expected change in productivity at scenario RCP4.5 and

RCP8.5 for bio-fertilizer and polymer treatment at irrigation interval I, for sprinkler irri

ation

RCP 4.5

Average change over the
period (2035-2016)

Average change over the
period (2065-2046)

Production in the base period (ton ha™) 7.53

Absolute change (ton/ha) +2.82 +2.71

Relative change (%0) 37.45 35.99

T-test 5.94 E-10 2.96 E-19

RCP 8.5

Production in the base period (ton ha™) 7.13

Absolute change (ton/ha) +2.63 +2.44

Relative change (%) 36.89 34.22

T-test 1.34 E-10 2.73 E-21

Average productivity when applying period was 37.45 and 35.99%. It was observed

RCP4.5 and RCP8.5 scenarios for sprinkler
irrigation system and irrigation interval
Isfor control treatment

Table (9) shows the increase in productivity at
the RCP 4.5 scenario of BP treatment for
sprinkler irrigation at the irrigation interval I,
when comparing the base period with the
periods  (2016-2035) and (2046-2065).
Likewise, the relative change in productivity
with the presence of insignificant differences
between productivity during the base period
and the simulation period, as the highest value
of productivity in the period (2016-2035) was
10.35ton ha™ based on the dry weight of
potato crop during the simulation period. The
increase in the production rate between (2016-
2035) and (2046-2065) compared to the base

that there is an increase in productivity and the
relative change of productivity with the
presence of insignificant differences between
productivity during the base period and the
simulation period during the applying the RCP
8.5 scenario for the BP treatment for the same
with the periods (2016-2035) and (2046-2065).
Thus, the highest value of productivity in the
period (2016-2035) was 9.76ton ha™ based on
the dry weight of potato crops during the
simulation period. The increase in the
production percentage between (2016-2035)
and (2046-2065) compared to the base period
amounted to 36.89 and 34.22%. It can also
note that the increase was higher in the
RCP4.5 scenario than in the RCP8.5 scenario
for the same simulation period.=

Table 9. Average potato productivity and the expected change in productivity in the scenario RCP4.5
and RCP8.5 for the control treatment at the irrigation interval I;for sprinkler irrigation

Production in the base period (ton ha™)
Absolute change (ton/ha)

Relative change (%)

T-test

Production in the base period (ton ha™)
Absolute change (ton/ha)

Relative change (%)

T-test

RCP 4.5
Average change over Average change over
the period (2035-2016) the period (2065-2046)
2.62
+0.55 +0.52
20.99 19.85
498 E-8 1.67 E-16
RCP 8.5
247
+0.48 +0.45
19.43 18.22
1.02 E-6 1.99 E-17
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Moreover, it was evident from the previous
results the impact of future climate changes on
the potato productivity in the surface drip
irrigation and sprinkler systems that at the
irrigation interval I3 with the control treatment,
there was no decrease in future productivity.
But rather it increased as a result of the
increase in the amounts of precipitation during
the periods (2016-2035) and (2046-2065)
compared to the base period (1985-2005)
within the study area, especially at the climate
scenario RCP4.5. The increase in seasonal
precipitation amounts helped to fill the water
shortage during the stages of plant growth, and
the average temperature is the main factor
determining the size of the final tuber and the
concentration of dry matter at harvest. Besides,
the optimum temperature threshold for potato
growth coincides with day and night
temperatures ranging from 15-27°C. At higher
temperatures, potato growth decreases due to
increased respiration (34). By applying the
climate change scenarios RCP4.5 and RCP8.5,
there will be a change in the carbon dioxide
concentration and when it coincides with
increasing temperatures for the future periods
(2016-2035) and (2046-2065). These scenarios
will have a direct impact on the length of the
growth cycle and the crop evapotranspiration
value, as the increase in carbon dioxide
concentrations reversed the negative impact of
higher temperatures on crop productivity, the
productivity of the two independent periods
increased. However, there was an increase in
water productivity values for the two future
periods compared to the base period as a result
of the increase in crop productivity. This is
consistent with what studies have indicated
that crop productivity under future climate
forecasts is expected to be affected by future
climate fluctuation (6,17). Maximum and
minimum temperatures and precipitation will
affect the future climate on crop production.
Climate scenarios are alternative images of
how the future will develop and an appropriate
tool for analyzing how driving forces affect
future emissions outcomes and for assessing
the uncertainties associated with them (38). It
was observed that with the temperature
increasing, the metabolic efficiency increases
to a maximum and then decreases, while the
respiration rate continues to increase more or
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less until the point where the plant dies at its
critical limits (42). All plants use atmospheric
carbon dioxide and convert it into sugars and
starches through photosynthesis in various
ways via the Calvin cycle. These interactions
affect the number and type of carbon
molecules a plant produces, where these
molecules are stored, and most importantly for
the study of climate change, and the plant's
ability to tolerate low carbon climates, high
temperatures, and low water and nitrogen
levels. Photosynthesis is directly relevant to
global climate change studies because C3; and
C4 plants respond differently to changes in the
concentration of carbon dioxide in the
atmosphere, changes in temperature and water
availability, and because the potato is a Cs
plant, this leads to improved photosynthesis

performance and increased water use
efficiency and nitrogen (11,28). Climate
change affects the water balance and

photosynthesis of crops directly or indirectly
by directly affecting physiological processes
and indirectly by affecting various crop growth
factors such as relative humidity, wind speed,
soil temperature and evapotranspiration.
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