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Introduction

Today, the crisis of water resources is one of the biggest challenges of human societies. Population growth and
industrialization have increased the demand for water consumption. The agricultural sector is facing many
problems to supply the required water resources. Irrigation management and the use of plastic mulches play a
crucial role in raised-bed cultivation of horticultural and medicinal plants, serving various purposes such as
enhancing quality and increasing yield. Moreover, given the current water scarcity conditions, improving the
quantitative and qualitative yield of medicinal plants relies heavily on effective irrigation management and
efficient cultivation practices.

Material and Methods

In this research, a split-plot experiment was conducted using a randomized complete block design (RCBD).
The experimental treatments included: the main factor of irrigation management (IM) with four levels (IM100,
IM80, IM60 and 1M40) and the sub-factor of plastic mulch (PM) with two levels (black plastic mulch (PM1) and
no mulch (PMO0)) with 3 replications during the growth season 2022-2023 and was conducted at Sari Agricultural
Sciences and Natural Resources University (SANRU), Iran. The dimensions of the experimental plot was arranged
as 1.80 x 1.20 meters (length and width). Lemon balm was planted in rows with a spacing of 30 cm between plants
and 40 cm between rows. Soil moisture was measured by weight method and irrigation was done manually with a
sprinkler. In the end, the data obtained from measuring water productivity (WP), relative water content (RWC),
essential oil content, morphological and biochemical characteristics of lemon balm were analyzed using ANOVA
of SAS software. The Duncan multiple range post hoc test was employed to compare treatment means.

Result
Based on the findings, the interaction effect of irrigation management and plastic mulch on water productivity
was significant. So, the IM100 conditions and PML1, the highest water productivity was observed with
38.5 kg.m and the lowest amount was related to IM40 and PMO 25 kg m . The results showed that the simple
effect of IM on the RWC in IM100 was very noticeable and obvious compared to other IMs. The highest (74.3%)
RWC was observed in IM100, while the lowest RWC was related to 1M40 (40.1%). In PM1, the highest amount

©2024 The author(s). This is an open access article distributed under Creative
B Commons Attribution 4.0 International License (CC BY 4.0).
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of RWC (62.1%) was observed and the lowest amount was related to the PMO (51.8%). The results showed that
vegetative wet and dry weight, leaf area index (LAI) and the number of lateral branches of lemon balm increased
under the IMs and PML1 affect compared to the control (PMO0). The comparison of averages indicated that the
highest wet and dry root weights were 217 kg ha™ and 140.8 kg ha'%, respectively, observed in the IM100 treatment.
Additionally, the highest wet and dry root weights under the plastic mulch treatment (PM1) were 151.1 kg ha*
and 108.5 kg ha’l, respectively. The results also showed that the highest vegetative wet and dry weights were
recorded at 647.2 kg ha and 231 kg ha%, respectively, in the IM100 treatment. Furthermore, the interaction effect
of irrigation management (IM) and plastic mulch (PM) on the leaf area index revealed that the highest LAI value
(2.8) was observed in the IM100 and PM1 combination. This was while the lowest value of the LAI was related
to IM40 and PMO. The interaction effect of IM and PM on the number of lateral branches indicated that IM100
and PM1, the highest number of lateral branches (12) was generated. Based on the obtained results, the highest
amount of phenol and flavonoids content were related to IM40 and PMO with 13.4 mg.GA g and 14.6 mg.QU g
!, respectively. While their lowest amount was observed under IM100 and PM1 with 10.2 mg.GA g* and 11.8
mg.QU g%, respectively. Also, the results showed that the highest essential oil content was related to IM100 and
IM80 conditions with 1.14% and 1.13 %, respectively, and the lowest was observed in IM40 condition with 0.53%.

Conclusion
The evaluation of the irrigation management and plastic mulch effects on water productivity and quantitative
and qualitative yield of lemon balm showed that the use of plastic mulch by maintaining soil moisture and
improving cultivation conditions, increased the vegetative growth and some qualitative characteristics. In general,
due to the crisis of lack of water resources and the challenge of water scarcity, irrigation under IM80 conditions
and the use of black plastic mulch in the rise-bed of lemon balm are suggested.

Keywords: Essential oil, Leaf area index, Medicinal, Phenol content, Water deficit
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Table 2- Results of variance analysis of irrigation management and plastic mulch on the morphological
characteristics of the Lemon Balm during the growing season
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Table 3- The results of the comparison of the mean effects of simple irrigation management and plastic mulch on the
morphological characteristics of Lemon Balm
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Figure 1- Evaluation of the interaction effect of irrigation management and plastic mulch on the foliage wet and dry weight
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Figure 2- Evaluation of the interaction effect of irrigation management and plastic mulch on the leaf area index
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Figure 3- Evaluation of the interaction effect of irrigation management and plastic mulch on the number of lateral branches
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Table 4- The results of variance analysis of the effect of irrigation management and plastic mulch on biochemical
characteristics, water productivity, relative water content and essential oil
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Figure 4- Evaluation of the simple effects of irrigation management and plastic mulch on antioxidant activity, phenol and
flavonoid contents
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Figure 5- Evaluation of the interaction effect of irrigation management and plastic mulch on essential oil percentage
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Figure 6- Evaluation of the interaction effect of irrigation management and plastic mulch on water productivity
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Introduction

Agriculture plays a dual role in the energy sector meaning that it acts both as a source of raw material for
bioenergy production and as a major consumer of energy, particularly in the processes of planting, cultivation and
harvesting, transportation, processing, and storage of agricultural products. Among the numerous challenges facing
the agricultural sector, optimizing energy or input consumption is of paramount importance. These key inputs play
a crucial role in ensuring food security and economic stability for the country. One of the most important
agricultural development programs in the country should be to increase efficiency of energy consumption in the
agricultural sector. In Iran, approximately 9.2 million hectares have been equipped with modern irrigation systems
(pressure system) which has increased the water productivity index from 0.87 kg m in 2014 to 0.32 kg m= in
2014. Accordingly, it is predicted to reach 0.60 kg m™ hectares until 2025. The Dehgolan Plain, located in the east
of Sanandaj city, has an area of 84,982 square kilometers. Groundwater is the only source of water for agriculture
in the region. Due to the annual decrease in the groundwater level, energy consumption for water extraction has
increased. Common irrigation systems in the region's farms include fixed-mobile sprinkler classic rain irrigation
systems, center pivot, and lateral roll. Thus, it seems necessary to evaluate the energy productivity and efficiency
indexes in the mentioned plain. The main objective of this study is to evaluate the energy consumption indexes of
wheat in farms under fixed-mobile sprinkler classic and Willet rain irrigation systems.

Materials and Methods

This study was conducted in the farms of Dehgolan plains where the energy consumption trend of input factors
in two irrigation systems was investigated. All information related to input factors and working hours of
machinery, agricultural equipment, and manpower was recorded at the end of the cropping season 1400-1401
through filling out questionnaires. The studied farms in this research were all under dry wheat cultivation and
equipped with two rain irrigation systems, system 1 (fixed-mobile sprinkler classic) and system 2 (Wheel move
irrigation). The required input factors for wheat production in each hectare were determined. The amount of
different input factors for conversion to energy standard was calculated using energy coefficients and equivalents.
As a result, energy productivity, energy use efficiency, specific energy, and net energy indexes were used to

©2024 The author(s). This is an open access article distributed under Creative Commons
EY Attribution 4.0 International License (CC BY 4.0).
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investigate the energy consumption trend of wheat in the two mentioned irrigation systems.

Results and Discussion

The results of this study showed that the total input energy for wheat production in systems (1) and (2) was
85943.97 and 69189.04 MJ ha’l, respectively and energy consumption in the Willet rain irrigation system was
higher than in the fixed-mobile sprinkler classic rain irrigation system due to the high consumption of electricity
and irrigation water. The electricity consumption in both systems accounted for the highest energy consumption.
Moreover, the energy productivity and efficiency of the two systems were almost equal as well as the net energy
of irrigation system (1) and irrigation system (2) was 41510.96 and 64156.03 MJ ha, respectively.

Conclusion

In conclusion, this study focuses on evaluating the energy trends in rain irrigation systems used in dry wheat
farms in the Dehgolan plains, Kurdistan province, Iran. In this study, the energy indexes of wheat in smallholder
farmers' farms in Dehgolan plain, Kurdistan province, were evaluated. The studied farms were categorized into
two groups, system (1) (fixed-mobile sprinkler classic rain irrigation system) and irrigation system (2) (Willet rain
irrigation system), the energy source of which was electricity for both systems. At the end of the cropping season,
the total amount of input and output factors were collected by filling out questionnaires in person, and to validate
the amount of electricity consumption, its amount was obtained from the Dehgolan Electricity Company. The
results of the research showed that the energy consumption per unit of wheat production in the Willet irrigation
system was higher than in the fixed-mobile sprinkler classic irrigation system. This difference was due to the
higher consumption of electricity and irrigation water in the Willet irrigation system. The energy productivity and
efficiency indexes were almost equal in both systems. Eventually, the net energy of the fixed-mobile sprinkler
classic irrigation system was higher than that of the Willet irrigation system.

Keywords: Consumed electricity, Input energy, Irrigation system, Performance, Wheel move
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Table 1- Energy equivalence for input and output entities

oaili b odld 5551 el &3 Jolre &
Entities energy Unit  Megajoule per unit References
83929 036 551 (S
A) Input entities energy
e s hr 1.96 Singh et al., 2002; Yilmaz et al., 2005
Human labor
951y kg 138 Kitani, 1999
Tractor
[P N
“"_”u kg 62.70 Kitani, 1999
Machinery
ol kg 116 Kitani, 1999
Combine
S8 o9 lt 56.31 Singh et al., 2002
Diesel fuel
ey b’f_ ) kg 66.14 Esengun et al., 2007; Yilmaz et al., 2005
Nitrogen fertilizer
wlins 395_ . kg 12.44 Esengun et al., 2007; Yilmaz et al., 2005
Phosphate fertilizer
by >’_§_ kg 11.15 Esengun et al., 2007; Yilmaz et al., 2005
Potash fertilizer
il
o kg 0.30 Asgharipour et al., 2012
Animal manure
S 7,
o @ kg 92 Asgharipour et al., 2012
Fungicide
"“Sdk kg 238 Asgharipour et al., 2012
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“"“§°)“> kg 199 Asgharipour et al., 2012
Insecticide
(] .
) d)_LH i m3 1.02 Asgharipour et al., 2012
Irrigation water
Electricity consumption  Kwh 11.93 Burhan et al., 2004
_ o 5 kg 14.70 BeheshtiTabar et al., 2010
Irrigated wheat seeds
w295 ol 5l (@
B) Output entities energy
T sus
s kg 14.70 Burhan et al., 2004
Irrigated wheat
SHS 5o kg 1250 Burhan et al., 2004; Singh & Mittal, 1992
Wheat straw and stubble
L s MhaTh s Mhah
op9 iyl = (¥) Sopl s = ———————

e 3,Slos (Kg ha™ )

oAb 55 = 2ap 5IMJ ha™h) = 9,5 5551 (Mj ha™?) (¥)
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Table 2- Energy Consumption of Inputs for Irrigated Wheat Production (MJ ha*)

o pE
Wodls (555! Irrigated wheat
Energy inputs ) ablw Y ablw
System 1  System 2
53959
Inputs
e s 35868 7859
Human labor
osdle 173740 1895
Machinery
S5 9009.60  11543.55
Fuel
Rkl 16535 13228
Nitrogen fertilizer
S 1866 1866
Phosphorus fertilizer
i 0 0
Potassium fertilizer
S35 35 0 0
Sulfur fertilizer
9550 (5dgS 0 0
Micronutrient fertilizers
e 6000 9000
Manure
"Sdl; 357 238
Herbicide
Sk 92 92
Fungicide
oo 20850 29850
Insecticide
sk 4851 4851
Seed used
et 5 23518.90 3481253
Electricity
d)tr.-.’" 9"
L 4564.95 6056.60
Irrigation water
<3929 S3A 69189.04 85943.97
Total input energy
b >g 5
Outputs
(PR PY
o pas e 88200 117600
Irrigated wheat grain
g o8 22500 32500
Straw and stubble
ot i 110700 150100

Total output energy
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Figure 1- Contribution of each input to irrigated wheat production in system (1) and system (2)
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Table 3- Relationships between Input and Output Energies in Irrigated Wheat Production
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Table 4- Relationships between Input and Output Energies in Irrigated Wheat Production
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Introduction

Selenium (Se) is one of the beneficial elements for plants, which is usually not supplied in the nutrient solutions
used in soilless cultures. It is an essential element for both humans and animals. Application of Se at low
concentrations has a positive effect on the growth and quality indices of plants. Nitrate accumulation in leafy
vegetables poses threaten to human health. Leafy vegetables such as lettuce (Lactuca sativa L.) contain high levels
of nitrate. According to the results of some researches, application of Se in the nutrient solutions can decrease
nitrate accumulation in vegetables. However, the optimum concentration of Se in the nutrient solution for lettuce
production in hydroponic culture is still not clear. This experiment was conducted to elucidate the effect of
different levels of Se in the nutrient solution on the growth indices, yield, and nitrate accumulation of red French
lettuce (cv. Lolla Rossa) in soilless culture.

Materials and Methods

A perlite culture experiment, using completely randomized design, was carried out with seven levels of Se in
the nutrient solution (0, 0.1, 0.5, 1, 5, 10 and 20 pmol L) with four replications in the research greenhouse of
Shahrekord University. Lettuce seedlings were grown in 1.7 L plastic pots (one plant per pot) containing perlite
with size of 0.5-5 mm and were manually fertigated with the nutrient solutions on a daily basis. Different
concentrations of Se were applied as sodium selenate (Na2SeO..2H,0) in the nutrient solution (Domingues et al.,
pH= 5.4+0.1, EC=1.36-1.41dS m™). After four weeks, lettuce plants were harvested and the fresh weights of
shoots and roots were measured. Plant growth indices consisting of leaf number, leaf length, leaf width, plant
height, plant diameter, leaf chlorophyll index, and leaf total soluble solids were determined. In one bush in each
treatment, the leaves were separated as 1% to 10" outer leaves and other inner leaves. The leaves were dried in an
oven at 70 °C and were ground. Nitrate concentrations in outer and inner leaves were measured calorimetrically
using a spectrophotometer at a wavelength of 410 nm. Shoots Se concentration was determined with ICP-MS after
wet digestion of samples with HNO3 and H.O,. Analysis of variance was done using SAS software and means
comparison was conducted using the least significant difference test at 0.05 probability level.

Results and Discussion

The results indicated that application of Se in the nutrient solution had not significant effect on the lettuce
growth indices including of leaf length, leaf width and leaf number. Application of 10 umol L2 of Se in the nutrient
solution led to significant decrease of plant height in comparison with control, but plant diameter increased with
application of Se in the nutrient solution. The highest plant diameter was observed in 10 umol L of Se treatment.
The highest and the lowest shoot fresh weight were obtained under 0 and 1 umol L of Se in the nutrient solution,
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respectively. Application of 1 pmol L Se increased shoots fresh weight by 22% comparing to the control. Shoot
Se concentration was increased with application of Se in the nutrient solution. The highest concentration of Se in
shoots (15 mg kg* dry matter) was observed at the rate of 20 pmol L of Se in the nutrient solution. The amount
of Se accumulated in the plant tissue is important in biofortification programs. The results showed that application
of Se in the nutrient solution (with the exception of 1 pmol L of Se) led to significant decrease in the nitrate
concentration of roots, outer leaves, inner leaves and all leaves of lettuce. The lowest nitrate concentration in all
leaves of lettuce (2095 mg kg? fresh weight) was obtained in plants nourished with 0.5 pmol L™ of Se in the
nutrient solution. Compared with control (0 umol Lt of Se), nitrate concentration in all leaves for 0.5 umol L™ of
Se treatment was decreased 28%. Selenium has a positive function on decreasing nitrate accumulation in plants
via regulating the transport of nitrate and enhancing activities of nitrogen metabolism enzymes.

Conclusion

According to our results, application of Se decreased nitrate concentration in lettuce plants. Therefore,
application of Se in the nutrient solution at the rate of 0.5 umol L is suggested for red French lettuce production
in hydroponic culture under the conditions of the present study.

Keywords: Beneficial elements, Hydroponic, Leafy vegetables, Methemoglobinemia
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Table 1- Variance analysis (mean square) for the effect of selenium concentration in the nutrient solution on height and
diameter of the plant, length and width of the leaf and leaf number of lettuce

%5 gl @Mjlaryy  olS el oS yhd Spdsb  Spope Spolw
S.0.V. df Plant height Plant diameter  Leaf length  Leafwidth  Leaf number
pelockle 6 174" 5.86" 0.32° 0.50" 6.75"
Selenium concentration
e 21 0.47 2.02 0.58 0.87 4.79
Error
ot 6.2 6.2 56 6.6 107

Coefficient of variation (%)

20D O aw j3 joline ” yloline yue M
"s Non significant, * significant at 5%

9Bl Sy 0laxi 9 Sy 12,5 9 Job obS Jhad g g5l o 1S Jolome puibw Cililé j5 T uSile dmnlie —F Jgao
Table 2- Mean comparisons of the effect of selenium concentration in the nutrient solution on height and diameter of the
plant, length and width of the leaf and leaf number of lettuce

il il S e, W Spddk Spos

. . . . . ‘f).g oy
Selenium conce-lntratlon Plant height  Plant diameter Leaf length  Leaf width Leaf number
(umol LY (cm)

0 11.3%¢ 20.9¢ 13.7 135 18.7
0.1 12.1° 22.6% 135 14.2 20.8
0.5 10.8° 22.5% 13.7 14.2 20.3

1 11.4% 24.8° 14.3 14.7 22.8

5 10,90 23.5%® 13.6 14.4 20.8

10 10.2¢ 22.2% 134 14.3 19.3

20 10.3% 23.3® 13.6 14.1 21.0

s Luoyd O g ;3 LSD 9051 51 ooliusl b lolize M3 g doliio gy by gt s 50 by Sl
Data in each column with the same letter are not statistically different at 0.05 probability level based on LSD Test.
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Table 3- Variance analysis (mean square) for the effect of selenium concentration in the nutrient solution on leaf chlorophyll
index, leaf total soluble solids, root and shoot fresh weights of lettuce

goves gy 91 db‘}ie\@,b S 1 (S L S 5 Jaloco ol 3lge JS iy 030 (39 o,lws L 830 (359
S.0.V. df Leaf chlorophyll index  Leaf total soluble solids  Root fresh weigh  Shoot fresh weigh
el 6 114" 061" 1.00™ 236.5"
Selenium concentration
s 21 0.22 0.22 4.04 86.0
Error
et e 137 13.0 15.8 8.0

Coefficient of variation (%)

20y3 Y g )3 Joline ™ o3 O prdaw > jloline o jbline e M
" Non significant, * significant at 5%, ™ significant at 1%
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Table 4- Mean comparisons of the effect of selenium concentration in the nutrient solution on leaf chlorophyll index, leaf total
soluble solids, root and shoot fresh weights of lettuce

ol ke Syt (Siagew pasld Jglore sels Slge S w036 339 o b L 235 9
Selenium concentration Leaf chlorophyll Sy Root fresh weigh Shoot fresh weigh
(Hmol L) index Leaf total soluble lant?
solids (g plant™)
0 3.2 3.20° 125 104.5¢
0.1 2.58¢ 3.33™ 12.3 115.9%¢
0.5 2.88% 3.80%° 13.2 111.3%
1 3.95% 3.43> 124 127.22
5 3.92% 4232 13.6 117.5%¢
10 3.85% 3.30™ 13.0 114.4%¢
20 3.53%¢ 3.95% 124 124.5®

At Loyd O g ;3 LSD 9051 51 okl b jlolize <dMi3 g doliio gy by gt s 50 by Sl
Data in each column with the same letter are not statistically different at 0.05 probability level based on LSD Test.
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Table 5- Variance analysis (mean square) for the effect of selenium concentration in the nutrient solution on root and shoot
selenium concentrations and nitrate concentration in root, outer leaves, inner leaves and all leaves of lettuce
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oS glio ; J FELR e ; 9,3 * il
&35l Root ) =) i 9 Nitrate of all
S.0.V. df selenium Shoot Root Outer leaves Inner leaves leaves
selenium nitrate nitrate nitrate
W:‘;lw w telz
Selenium 6 697.8™ 125.4™ 199454" 603128™ 194112™ 447676™
concentration
El]b 21 3.55 0.29 33058 54033 14006 25504
rror
Olyuss o o
Coefficient of variation 204 13.9 8.6 76 6.7 6.4
(%)

20y3 ) ey ylsbline T o )> O prdaw 4> jlalins T
* Significant at 5%, * significant at 1%
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Table 6- Mean comparisons of the effect of selenium concentration in the nutrient solution on root and shoot selenium
concentrations (mg kg dry weight) and nitrate concentration (mg kg fresh weight) in root, outer leaves, inner leaves and all

leaves of lettuce

LS Ol i

S Ol i

; y e o ldll el Ay, O i . WS 2 JS Ol i

Seler;lurtn Root Shoot Root I 97> Nitrate of all

gohcentration selenium selenium nitrate Outer leaves Inner leaves leaves
(kmol L) nitrate nitrate

0 0¢ 0¢ 2243® 35712 20322 2918*
0.1 0.27¢ 0.26¢ 2098° 3112° 1731° 2527°
0.5 0.87¢ 0.42¢ 2162%® 2478° 1697°¢ 2095¢
1 1.63¢ 0.62¢ 2427 35472 1999® 2934%
5 9.36¢ 3.42¢ 1688° 3055° 1678° 2363
10 16.99° 7.44° 2103° 2889° 1384¢ 2170%
20 35.56° 15.04° 2132° 2867° 1844 2365

At Moyd O g ;3 LSD 9051 51 olitsl b jlolize <dMi3 g dolie gy b oy yo 5 o Sk

Data in each column with the same letter are not statistically different at 0.05 probability level based on LSD Test.
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Introduction
Tillage is an important component of soil management that affects the production of crops. Maintaining and
improving the quality of the soil is a basic requirement to ensure the sustainability of the ecosystem. This
experiment was conducted in order to investigate the effect of different tillage methods and the use of plant residues
on the yield, protein and nitrogen percentage of triticale plant and physical and chemical indicators of the soil.

Materials and Methods

The experiment was carried out as split plots based on a randomized complete block design with three
replications at Shahid Chamran University of Ahvaz during 2023-2024. The main factor including different
methods of tillage at three levels (conventional tillage, reduced tillage and no tillage) and the sub factor also
including 5 levels of plant residue application (without residues (control), wheat residues, mung bean, sesame and
half of wheat residues + half of residues Mung bean) were considered. The amount of residues used for each plot
was approximately 30% of the biological yield of the product, which was considered to be 3, 1.5 and 1 ton.ha™ for
wheat, sesame and mung bean, respectively. At the end of the experiment yield and yield components, seed
nitrogen and protein of triticale plant and physical characteristics (bulk density, percentage of porosity) and
chemical (pH, EC, organic carbon content, nitrogen) soil properties were measured. All statistical calculations
were made using SAS 9.3 statistical software and for the LSD test was used to compare the means at a probability
level of 5%.

Results and Discussion
The interaction of tillage treatments and the use of plant residues showed that the highest grain yield was equal
to 8.6 ton.ha from the treatment of reduced tillage and the use of Mung bean residues, and the lowest value
obtained was related to the effect of the treatment conventional tillage and no residues (control) with 3.5 ton.ha™.
The grain yield in the reduced tillage method was 12.5% and 7.6% higher than the conventional tillage and no
tillage methods. The reduced tillage method resulted in a 32.2% increase in seed protein and a 32% increase in
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seed nitrogen compared to conventional tillage. The results also indicated a significant interaction effect between
tillage treatments and residue application on grain yield (p < 0.01). Additionally, the interaction between tillage
and residue application had a significant effect on soil bulk density (p < 0.01). The lowest bulk density (1.3 g.cm’
%) was observed in the conventional tillage treatment combined with wheat and mung bean residues, with this
combination falling within the same statistical group. The highest bulk density (1.75 g.cm®) was obtained from
the no-tillage treatment and the use of NO residues (Control). Based on the obtained results, the interaction effect
of tillage treatments and the use of residues on soil organic matter, soil organic carbon and nitrogen soil (p<0.05).
The interaction between the effects of tillage and the use of residues showed that the highest soil organic matter
(1.53%) was from the treatment of reduced and the use of wheat residues.

Conclusion

The results showed that tillage methods and the use of plant residues, in addition to affecting the percentage of
nitrogen and protein of triticale seeds, also affected the physical and chemical indicators of the soil. The changes
related to the physical and chemical indicators of the soil in the method No tillage are more than the two methods
of reduced tillage and conventional tillage, and the improvement of these characteristics has been limited even at
this time. Overall, from the point of view of soil protection, the results of this experiment clearly show the
superiority of conservation tillage methods compared to conventional tillage methods. Sustainable agriculture aims
to achieve optimal yields while preserving environmental structure and minimizing the adverse impacts of
agricultural activities. One of the key challenges in sustainable agriculture is the lack of organic matter and its
associated consequences. Implementing conservation tillage and managing plant residues-critical elements of
agricultural production-can help address this issue. By improving soil quality, these practices contribute to
increased productivity in farming.
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Figure 1- Comparison of the average interaction between the effects of tillage and residue spreading on grain yield
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Table 2- Mean square of the effects of tillage and residue spreading on yield, protein and nitrogen percentage of triticale
plant seeds and soil physical and chemical indicators
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carbon density density percent matter
Rep,l,ss 2 0.001™ 2.3 0.09 0.12" 8.8™ 0.003"
Tillage ¢;j,s5 2 0.09™ 0.31" 0.54™ 0.26™ 312.7" 0.3"
Ea Lol slas 4 0.0002 0.3 0.005 0.01 18.5 0.0006
Residues i, 4 0.08™ 7.9" 0.007™ 0.03™ 66.2" 0.24™
L& x 65y9 S5
e X559 i 8 0.0012" 0.05"™ 0.001™ 0.005™ 4.57™ 0.004"
Tillage x Residues
Eb <5 sls 24 0.0005 0.08 0.0001 0.003 3.6 0.001
CVL(L) &lyusis cp 34 3.86 0.75 25 5.43 35

b (o i |y dre et g o )d SO o yd gy Jlein] zolaw )0 45 bze i 4 NS g ok
=% ,% and ns indicate significance at five percent, one percent and no significance levels, respectivel.
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g bi> 43wy oo 00 3 () SBeS og—aday) blis
lod S8 cjlaze g SOl ol adg e 5l cilo

.(Ghazinejad et al., 2022)
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Table 3- Comparison of the average effects of tillage and spreading of residues on yield, protein and nitrogen percentage of
triticale plant seeds and physical and chemical indicators of soil

o Lo WaSlos gl gy Wl sk Gl B S8 gy
* Seedyield  seed protein Seed pH S Sl Soil
Treatments 1 . - .
(ton.ha't) (%) nitrogen (%) EC(dS.m?)  nitrogen(%)
&5y9S6 Tillage
o yo CONventional 6.04° 11.21° 2.1° 7.45° 1.53° 0.081°
595 &
33 .f"f 6.86° 15.54? 2.9° 7.46° 1.58° 0.012
Reduced tillage
<59 o tillage 6.27% 13.71° 2.6 7.43% 1.72* 0.089°
residuestz,
sls Control 5.44° 12.6° 2.38° 747 1.45¢ 0.07°
pu5 bl Wheat residue 6.74° 13.4° 2.56° 7.45° 1.712 0.09°
b i byl Ll Mung 7.31° 14.4° 2.74° 7.42¢ 161 0.8
bean residue
28 <L, sesame
g d 5.82° 13.2° 2.5 747 1.67%® 0.08¢
residue
=5y combination 6.63" 13.7 2,59 7.43° 1.59° 0.09°
s ey SB 595 o2 pPpaTe Py . s L
la o3 Sﬁilwg ol » L G mga S S ek
Treatm:ents organic carbon/nitroge B |f/: i Apparent density Porosity Soil organic
ulk densi - y
carbon(%) n (%) mamy Mo percent ) matter ()
&S Tillage
pow o CONventional 0.60° 7.58° 1.34¢ 2.28 39.22 1.03°
39S B
09 _"’5 0.75° 7.49° 1,526 2.4 35,28 1.3
Reduced tillage
<595 no tillage 0.63° 7.29° 1.72 2.5¢ 30.2° 1.1°
L residues
Jls Control 0.54¢ 7.28° 1578 2.25°¢ 30.21¢ 0.93°
a45 L, Wheat residue 0.78* 8.83? 1.494 2.33° 36.12@ 1.35¢
> Lao) Ll Mun
ot o L) sl Mung 0.65° 6.19° 1.52¢ 2.42 36.9° 112¢
bean residue
208 <L, sesame
=< o 0.62¢ 7.55p 1.53° 2.35% 34.91° 1.06
residue
=5 » combination 0.72° 7.41° 1.52¢ 2.38% 36.28% 1.25

5,05 LSD C)?")"‘ Gl 2oy iy e ) (g)b gixe d)L"" MR gt o > S ydio Bgy> gy oo 1, Sle
Averages with common letters in each column do not have a statistically significant difference at the five percent level based on
LSD's test
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Table 4- Comparison of the average interaction between the effects of tillage and residue spreading on yield, percentage of
protein and nitrogen of triticale plant seeds and physical and chemical indicators of soil

S L 5o S WlhaSles aily ouiign al ojg s Cabe bl sl g
Lfl')i)llsa e A Iice;ti(;ni;f)residues Seed yield Seed Seed PH Rt Sail nitrogen
g PP (ton/ha't) protein(%) nitrogen(%) EC (dS.m-Y) (%)
1l Control 5.39 9.69¢ 1.83" 7.49° 1.34" 0.07¢
puS gLl Wheat residue 6.1°f 11.36% 2.15% 7.45% 1.65% 0.08f
Pare s> L) Ll Mung b
Conventional <™ o T Re 6.9 12.1° 2.29f 7.43" 154 0.00%
resiaue
1S’ 5Ll sesame residue 551 10.92f 2.079 7.47%4 1.58%f 0.07¢
xS 5 combination 6.4% 11.97° 2.27° 7.43 1.52% 0.09°
aals Control 5.44% 14.8> 2,790 7.48% 1.459 0.08f
e85 Lla Wheat residue 7.17% 15.23° 2.93b 7.46%¢ 1.7b¢ 0.1°
s> Loy Ll Mung b
G5 oS GHe i by o ung bean 8.6° 16.9° 3.22° 7.44°0 1,64 0.12°
Reduced tillage resiaue
258 <Lli, sesame residue 5.8%9 15.21° 2.88b¢ 7.48%¢ 1.62¢¢ 0.09<
5 »» combination 7.320 15.52° 2.89° 7.45% 1.52 0.11°
1l Control 5.% 13.32¢ 2.52¢ 7.46" 1.56% 0.079
a5 cLla; Wheat residue 6.9 13.72¢ 2.6° 7.44¢ 1.8 0.09°
(5)’)9““‘> [ s Lo L M b
No tillage Gtk i beg) s Mung bean 6.4°¢ 14,29 2,759 7.41" 17" 0.1°
residue
28 <L, sesame residue 6.2¢f 13.53¢ 2.56° 7.45%f 1.8 0.08f
S  combination 6.2¢f 13.77¢ 2.61% 7.419 1.75% 0.09%

35,5 LSD (9051 (slise y duop> iy gedaw p3 (I3 ime (g lel MBI gt ya )3 S jndie gy (gl (slo puSilio
Averages with common letters in each column do not have a statistically significant difference at the five percent level based on
LSD's test
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Ll o YR puS 6blas 5,5 glajloss 4y Cuis 4 Dy
Ao WYY (i) Ll 5,)8 pas o ¥/AA 0S5 9 MY 2o
(¥ Jpi) s ol il
13,8 55 (Armecin et al., 2015) o, Kan ¢y
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Aty Gl el g ) ) 65 ame 5 LS e
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olily 4o @l e e olS (g LRl sl S ey
OeSign 2 Wa 3 ,lS 5 (55,55 (slaslos lize 51 oS ol Lt
2 2o @l glas cal Jb s ol sl e Jly e il
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S Slej S0 bS58 5 el 5 (135 5 Gomen (=
Amd o yialS 1) S EC wul obj (suejp; O 3os

S g5

2 e )8 5 (5,986 (iSpmy o el Sl @l
ol 990 3 Lli 3 )8 g g5y ISl S em p oV Jgiz)
et 43 bgrye S ()98 (pyiidn 45 3b gl cdo
5 (o> +/NY) (il o Logd (SLla: 500 Jloi b (6595 S
5 po—wyo Sip9S B sbajlos )3 35 (Amo)d +[0V) Jlade (pyyieS
b 5509l o g (1almd) Lli 5l pac g 23S (SLld 518
F Joiz) 2285 )15 09,5 Sy 53 a8 A lie LlE 58 g
Ot « 8595 B ey o 3 3 gLt gl (Y S8
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(fao33 +/V) SB a8 oyt 15 LS @lis Ll 5)7 slos
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2P S3den 5 lerd ((Sojd Gla Sy 558 BS i
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Figure 2- Comparison of the average interaction between the effects of tillage and residue spreading on soil nitrogen
percentage
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Figure 3- Comparison of the average interaction between the effects of tillage and residue spreading on soil organic carbon
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Figure 4- Comparison of the average interaction between the effects of tillage and residue spreading on Bulk density
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Table 5- Comparison of the average interaction between the effects of tillage and residue spreading on yield, percentage of
protein and nitrogen of triticale plant seeds and physical and chemical indicators of soil
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Averages with common letters in each column do not have a statistically significant difference at the five percent level based on
LSD's test.
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Figure 5- Comparison of the average interaction between the effects of tillage and residue spreading on soil organic matter
percentage
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Table 2- Average concentration of evaluated nutrients in leaves of the studied Raton sugarcane fields

P o 595 ool o245 oS’ oy o Oj9r
Manganese Copper Zinc Iron Magnesium Calcium Potassium Phosphorus Nitrogen
mg kg mg kg'* mg kg'* mg kg'* YA A VA yA VA
58.95 4.25 113.96 202.36 0.34 0.23 0.63 0.13 1.67
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Table 3- Estimation of intermediate performance (turning point) based on cumulative functions method of logarithmic
variance ratio of food elements
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s y =0.0012x3 - 0.2956x2 + 20.46x - 243.71 0.96 82.11
Phosphorus
“’“L’ y =0.0018x3 - 0.4662x2 + 34.277x - 588.23  0.93 86.33
Potassium
- y =-0.007x3 + 2.2525x2 - 239.57x + 8466.7  0.86 107.26
Calcium
’””M y =0.0021x3 - 0.5832x2 + 49.371x - 1196.3  0.97 92.57
Magnesium
IOMI y =-0.0022x3 + 0.7722x2 - 90.552x + 3545.1  0.89 117.00
ron
Z“_” y =-0.0002x3 + 0.1392x2 - 25.526x + 1344.3  0.98 232.00
inc
o y =-0.0074x3 + 2.3684x2 - 251.97x + 8899.2  0.87 106.68
Copper
e y =0.0007x3 - 0.164x2 + 8.0432x + 141.9 0.97 78.10
Manganese
odile b bS5 _
R y =-0.0052x3 + 1.7082x2 - 185.45x + 6698.4  0.95 109.50
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Table 4- Calculation of CND reference numbers

&Cl;l‘;lbD‘”‘ V*R  V*Mn V*Zn V*Fe V*Mg V*Ca V*K V*P V*N
R’A&hﬂ 4,13 -3.53 -4.72 -1.75 1.29 1.95 264 1.04 287
ean

S Bl

L 0.07 0.04 0.04
Standard deviation

0.02 0.08 0.05 0.08 0.07 0.08
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Figure 4- 1, 2 & 3 Cumulative function diagram of the logarithmic variance ratio of food elements and remaining compounds
against sugarcane yield
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Table 5- Table 5- Comparison of nutrient concentrations evaluated in Ratoon sugarcane fields (F) in two performance
groups: favorable (A) and unfavorable (B)

s Shos e o 89 o i oS ety Hd 039
F . Manganese Copper  Zinc lron Magnesium  Calcium  Potassium  Phosphorus  Nitrogen
Yeild mg kg'* VA
A 109.28 27.169 8.238 18.538 160.550 0.336 0.655 1.297 0.264 1.648
B 8735 23.667 5908  14.025 133.500 0.280 0.593 1.238 0.257 1.675
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Figure 5- The average CND indices of nutrients of Ratoon sugarcane fields with unfavorable yield
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Table 6- Index of CND nutrients in Raton sugarcane fields with unfavorable yield

3 Slos CND CND CND CND CND CND CND CND CND 2
Yeild IndexMn IndexCu IndexZn IndexFe IndexMg IndexCa IndexK IndexP IndexN
98.64 -0.87 -2.32 -1.25 1.97 -1.35 -1.68 2.75 1.47 0.00 27.60
95.85 -1.52 -4.07 -1.22 0.55 0.85 -0.22 -0.22 0.01 2.34 29.18
95.31 -0.61 -1.63 -0.70 -2.81 -2.18 -0.49 0.31 0.23 2.20 30.17
91.09 -0.75 -2.02 -0.85 0.43 0.06 -0.91 -1.68 0.82 0.48 23.63
91.04 -2.05 -1.56 -1.91 -6.59 214 -0.85 111 0.98 1.20 64.12
90.46 -0.93 -2.38 -1.55 -4.40 -2.83 -2.89 2.89 5.14 1.62 82.56
89.93 -0.09 -2.77 -0.61 -3.94 -2.04 0.61 0.96 -0.66 2.82 42.07
89.28 -0.12 -5.49 -1.59 -7.26 0.85 0.93 0.51 2.29 1.56 97.27
81.33 0.11 -7.05 -1.27 -0.96 -3.29 1.85 1.70 3.14 0.82 89.05
76.46 0.73 -10.63 -1.74 -2.91 -0.26 3.66 1.77 -1.14 2.74 160.57
75.69 1.00 -11.38 -2.47 -2.13 1.69 3.31 0.00 0.41 2.64 169.26
73.08 2.21 -10.15 -3.00 -5.59 -2.69 3.78 2.07 3.32 3.07 199.95
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Figure 6- The average CND indices of nutrients of Raton sugarcane fields with unfavorable yield
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Introduction

The study of soil mean weight diameter (MWD) of wet aggregates that is important for sustainable soil
management, has recently received much attention. As the prediction of MWD is challenging, laborious, and time-
consuming, there is a crucial need to develop a predictive estimation method to generate helpful information
required for the soil health assessment to save time and cost involved in soil analysis. Therefore, it is useful to use
different models such as multiple linear regression (MLR) and intelligent models including artificial neural
network (ANN) and gene expression programming (GEP) to estimate MWD of wet aggregates through easily
accessible and low-cost soil properties. The objectives of this study were (1) to creating MLR, ANN and GEP
models for predicting MWD from the easily measurable soil variables in forest, range and cultivated lands of the
Fandoghloo region of Ardabil province, (2) to compare the precision of the mentioned models in the prediction of
MWD of wet aggregates using the coefficient of determination (R?), root mean square error (RMSE), mean error
(ME) and Nash-Sutcliffe coefficient (NS) criteria.

Materials and Methods

Disturbed and undisturbed soil samples (h= 80) were nearly systematically taken from 0-10 cm depth with
nearly 50 m distance in forest (n= 20), range (n= 23) and cultivated (n= 37) lands of the Fandoghloo region of
Ardabil province, Iran (lat. 38° 24' 10" to 38° 24' 25" N, long. 48° 32' 45" to 48° 33' 5" E) in summer 2023. The
contents of sand, silt, clay, CaCOs, pH, EC, bulk (BD) and particle (PD) density, organic carbon (OC), geometric
mean diameter (GMD) of dry aggregates were determined in the laboratory using standard methods. Total porosity
(n) was calculated using BD and PD data (n= 1-BD/PD). The mean geometric diameter (dq) and geometric standard
deviation (og) of soil particles were computed by sand, silt and clay percentages. The mean weight diameter
(MWD) of wet aggregates was measured in the aggregates smaller than 4.75 mm by wet sieving equipment using
sieves with 2, 1, 0.5, 0.25 and 0.106 mm pore diameter. All data were randomly divided into two series as 60 data
for training and 20 data for testing of models. The SPSS 22 software with the stepwise method, MATLAB and
Gene Xpro Tools 4.0 software were used to derive multiple linear regression (MLR), artificial neural network
(ANN) and gene expression programming (GEP) models, respectively. A feed forward three-layer (9, 8, 6 and 6
neurons in the hidden layer) perceptron network and the tangent sigmoid transfer function were used for the ANN
modeling. A set of optimal parameters were chosen before developing the best GEP model. The number of
chromosomes and genes, head size and linking function were selected by the trial and error method, and they are
30, 3, 8, and +, respectively. The rates of genetic operators were chosen according to literature studies. The
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precision of MLR, ANN and GEP models in predicting MWD of wet aggregates were evaluated by the coefficient
of determination (R?), root mean square error (RMSE), mean error (ME) and Nash-Sutcliffe coefficient (NS)
statistics.

Results and Discussion

The values of sand (13.14 to 64.79 %), silt (21.11 to 74.96 %), clay (3 to 42.18 %), OC (1.01 to 7.17 %), PD
(2.00 to 2.67 g cm™®), n (0.39 to 0.87 cm® cm®), GMD of dry aggregates (0.8 to 1.33 mm) and MWD of wet
aggregates (0.35 to 2.65 mm) showed good variations in the soils of the studied region. The studied soils had clay
loam (n=11), sandy clay loam (n= 6), sandy loam (n=12), loam (n= 13), silty clay loam (n= 14), silty clay (n= 1)
and silt loam (n= 23) textural classes. There were found significant correlations between MWD with OC (r=
0.67™), sand (r=0.70""), GMD (r= 0.30™) and PD (r=-0.46"). Also, significant and positive correlation was found
between OC and sand (r= 0.59™). Due to the multicollinearity of sand with dq (r= 0.87""), we did not use the d as
an input variable to estimate MWD of wet aggregates. Generally, four MLR, ANN and GEP models were
constructed to predict MWD of wet aggregates from measured readily available soil variables. The results of MLR,
ANN and GEP models indicated that the most suitable variables to estimate MWD of wet aggregates were sand,
OC and GMD of dry aggregates. The values of R?2, RMSE, ME and NS criteria were obtained equal 0.52, 0.48
mm, 0.13 mm and 0.48, and 0.85, 0.30 mm, 0.03 mm and 0.78, 0.79, 0.35 mm, -0.10 mm, 0.95 for the best MLR,
ANN and GEP models in the testing data set, respectively. Many researchers also reported that there is a positive
and significant correlation between MWD of wet aggregates and OC.

Conclusion
The results showed that sand, OC and GMD of dry aggregates were the most important and readily available
soil variables to predict the mean weight diameter (MWD) of wet aggregates in the Fandoghloo region of Ardabil
province. According to the lowest values of RMSE and the highest values of R? and NS, the precision of ANN
models to predict MWD of wet aggregates was more than MLR and GEP models in this study. Because ANN is
more flexible and effectively captures non-linear relationships, it performed better than the other models in
predicting MWD.

Keywords: Aggregate stability, Artificial neural network, Gene expression programming, Sloped lands, Soil
pedotransfer functions
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aly slass)yd g, jl SB ) (0g) (wlin 5kl Gl ol
Lo )3t 5 (&5l pps Laaogs 0 81yl Ll 5 ooliil |y o SIs
9 (PH) ana—wl .005)5 4wl (Shirazi & Boersma, 1984)
@ Sal g ol 4 SB YD 4 oylac » (EC) Sl colun
o5 (Page, 1985) 1 (5 xSeilnl 35 5 2ol b s5sl 25 )
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2 02,956 dged g 4 (BD) 6,0l ogasie pra 35

1- Root mean square error
2- Mean error
3- Nash-Sutcliffe coefficient
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Figure 1- Geographic position and distribution map of sampled points in satellite image of the studied area
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Table 1- The values of GEP model parameters

3l S5 Jalgs P so9os Ologlils

Values Genetic factors Values General adjustment

0.044 Mutation rate ie> ¢ 30 Number of chromosome lag jges,S slass
0.1 Inversion rate ¢jle syl &5 8 Head size ,. o)l
0.3 one point recombination rate glaes G S 5 ¢ 3 Number of genes l; sl
0.3 two point recombination rate clakais g5 oS5 5 (+) x> Linking function w4 &b

0.1 Gene recombination rate ,j .S 5 ¢

RMSE  Fitness function error type xb (llas jlas
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1- Multicolinearity
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Table 2- Descriptive statistics of soil variables in the studied area

09!

. 039!
Vef:i::ﬂe Training Testing
Min. Max. Mean Sd. Min. Max. Mean Sd.

n (cm3 cm®) 0.39 0.62 0.53 0.05 0.43 0.87 0.54 0.09
PD (g cm®) 2.01 2.67 2.43 0.15 2.03 2.68 2.41 0.16
Clay (%) 3.00 42.18 20.59 9.73 3.94 38.40 23.86 1041
Silt (%) 21.12 65.20 45.33 13.10 23.38 74.97 45.32 11.91
Sand (%) 13.14 64.80 34.07 15.82 15.31 56.35 30.81 13.63
dg (mm) 0.01 0.21 0.06 0.05 0.02 0.15 0.05 0.04
og (-) 6.94 20.43 11.39 3.21 5.61 17.05 11.92 3.07
MWD (mm) 0.35 2.65 1.30 0.61 0.60 2.50 1.35 0.69
GMD (mm) 0.8 1.33 1.03 0.11 0.89 1.20 1.04 0.09
OC (%) 1.01 7.17 2.78 1.71 1.15 6.55 2.80 1.85
CaCOz (%) 3.12 15.60 7.16 2.00 2.10 10.24 6.82 2.12
pHz1:2.5 5.45 7.34 6.28 0.39 5.68 7.09 6.38 0.41
EC1:25 (dS m?) 0.02 1.08 0.15 0.17 0.04 0.80 0.13 0.16

Jl il :og (geometric mean diameter) <) s i 1Sk (g ¢ SANA wedos Silt ¢y, :Clay (particle density) iis jogase sy PD
b8 i .Ske :GMD (mean weight diameter) 5 slaaliss Jaé 555 S5ke :MWD (geometric standard deviation) cl,d s 3,lakuwl
(:Sike (MEAN 315kl Bl ol :SA . Jlre wads” 0Ly 8 :CaCOs (0rganic carbon) i .8 :0C (geometric mean diameter) i3 slaahss
.Jshs :Min sSlis :Max

(n=80) axlllae 3,50 (gl uiio (o () (ygmw ot (ol iz oo —Y' Jgo
Table 3- Pearson correlation coefficient (r) between studied variables (n=80)

Variable MWD GMD Clay Sand Silt ocC pH EC CaCOs Gy dg PD
GMD 0.30™  1.00

Clay -0.48™ 0.18™  1.00

Sand 0.70™ 0.11™ -0.55™  1.00

Silt -0.46™ -0.27" -0.10 -0.76™  1.00

ocC 0.67" 0.14™ -059™ 059" -0.24" 1.00

pH 0.52" 0.06™ -0.24 059" -0.52™ 0.33" 1.00

EC 0.06"™ -0.07" -0.05"™ 0.15"™ -0.14™ 0.08™ 0.40" 1.00

CaCo3 0.37" 0.02™ -0.28" 041" -0.27° 039" 045" 0.14™ 1.00

Og 0.33" 0.36™ 042 041™ -0.83™ 0.02™ 0377 0.02"™  0.04™ 1.00

dg 057 -0.30™ -0.71™ 0.87" -0.49™ 0557 0477 018" 0447 001"  1.00

PD -0.46™ -0.08™ 0.41™ -0.32™ 0.06™ -0.58" -0.22" -0.11™ -0.28" 0.08™ -0.36™ 1.00
n -0.23" -0.02" 0.08™ -0.22° 0.20™ -0.06™ -0.30™ 0.005™ -0.09™ -0.16™ -0.13"™ 0.19"

el 01 03,91 Y Jgdor 5 5 yukie pS)e Ciog o )3 B g V Jlain] gl 53 5 dime s iy e gt

255 > Jaa Jl 1l &g

¢l (MLR) dalSuin (lod ¢y ga—sa 85 sLadus gl
P sLlsa (MWD) jlad (K59 (aSiles 390 53
5l 5 cbalsSs MWD 5,505 ol MLR Jas g5 ,Las
GMD 1 505 s Jal S iy sl it c53)
P Uiy il (PD) (> oyt p 2 9 St claasliss

* Kk

Variable symbols description is available under Table 2. ™

: Significant at P < 0.05 and P < 0.01, respectively.

pets sla by s | (VIF) ) il g oy Jle

St (63y9) g (sl yuiio 45T > & i > 4 b 00,9y
Judoo (Yazdani et al., 2014) cwl abl jil58l 5l as
¥ Jsi> 2 MLR Jue ez (VIF) uib)ly g ySlas (Jasen
ol e oyt g diswd O 51 y2eS VIF polie 48 aad o LS
&l VIF o5lel 31 IS joboas il o Y/+8 4 sl jimngh 5
opl s 33,5 o 3)ly e yd puiie oy ail O ) ieS it S

1- Variance inflation factor (VIF)
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Sl Jse ) e cade L PD e w53, 5155 &8 a5l e
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MWD 5,50, sly MLR (sla Joe mlujyl slmo,ll
oo Jolis o lal ol sl 0 0351 & Jgds 3 5 slaasliss
s :Sle (RMSE) s &y Silso 4y (R) e
s ol 4l w39 (NS) Sl — 425 <y 5 (ME)
5L 045558 L b Jae (b)) (slp R? (68,4 Lasid ¢ L
6359l plie b (g So5lnl polie JolS cisllas > YL R? 1Y
o 5o 1Y (Kozak et al., 1996) il o s 040 o5 ¢ MWD
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3 st sl Sole 9ol 9 (sl sosls sl ME e
(gdm Al ) Al o ¥ oojlad Jao bwg MWD 581y luds
GMD 5 JT 1158 e 53539 Slopeito b ¥ )los MLR Juo
(B Jgiz) )l )13
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S 255 o Camme (g5lwdilaS1E Ciysre Jolge I b S0 Ly
S (Sted & g 48 |y yobs Gimghy p3 (aBlie 4idly (]
4 Jgir) ol o (1= <108%%) 0 5 JT )8 o Josine 9
SB I8 o Gl b adlllae 390 ddlate ) K05 @)le
22,5 (MWD) (5L wtbiSls. al3dl g 5 iy il 50
MWD (o b bxe g bie sla S wwed picrod .o wl
5 (1= = [EA™) Loy s (1= —/55%) i b 55 slaalasls
S5 b potin (5550 b MWD 5 ine 5 e ( Stsad
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Sio ety Yl  6lS &) 6l gy g5 ol
Sedso 0mlio 505 ol MLR (gla o ,5 MWD b Giues
L 5 3939 i Slpiean MLR laJus 13 JI S 9 o5
o oyt L I S s all 605 el Cute cdle
P ob Sl e aeg b Sl agh )3 (F Joia) ol 555
JES 31 Jole (o otn (ol ol o 48,5 S ey e o o
s GMD ¢ JT 11,8 5 cl 03 5 (caailaSE MWD 3,41, 5
D)l Gor—)Sy S 13 )15 )18 Coonl (g an > » PD
9 ((Asghari et al., 2021) 4,Ken 5 (5ol ooy o0
oS 9 o= o (Amirabedi et al., 2016) )Ken 5 (sule il
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Table 4- MLR models of mean weight diameter of wet aggregates (MWD)

5 ylow Jowe VIF gSlas
Number Model Max VIF
1 MWD = 0.028 Sand + 0.346 1.00
2 MWD = 0.018 Sand + 0.148 OC + 0.244 1.55
3 MWD =0.017 Sand + 0.137 OC + 1.444 GMD - 1.148 1.58
4 MWD = 0.016 Sand + 0.099 OC + 1.519 GMD - 0.746 PD + 0.721 2.06

Ll 005 02,91 ¥ Jgda 5 3 b puiie Gy
Variables description is available under Table 2.
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Table 5- Evaluation criteria for MLR models of mean weight diameter of wet aggregates (MWD)

o9l o399
Testing Training
5 ylowd 82939 5 pario R? RMSE ME NS R? RMSE ME NS
Number  Input variables (mm) (mm) (mm) (mm)
1 Sand 0.47 0.51 0.14 0.41 0.52 0.42 -0.001 0.52
2 Sand, OC 0.52 0.48 0.13 0.48 0.63 0.37 0.02 0.63
3 Sand, OC, GMD 0.48 0.49 0.08 0.45 0.69 0.34 -0.02 0.69
4 Sand, O GMP: 043 0.51 0.07 041 071 0.32 0004 071
03ysl Y Ui 35 53 b yuii o -l oy tRZ s uSike ME st layyo 355k ydoe RMSE sl 25 o s (NS
W P W
R2: coefficient of determination; RMSE: root mean square error; ME: mean error; NS: Nash-Sutcliff
coefficient. Variables description is available under Table 2.
el iy Sia omesd o) L @9"}1 9 u—»ﬁjyj slrosly .{,31,.3 &) 22 (ANN) o srms ae asuds glaus galis
3F o)la—ii o ¥ oyla—i Mol pds ¢ g Sl g 3 . . .
T M{N SRR et plaa L (ANN) egns s 453 Jie g
QLY els. ANN«J“ d - 02 }i; PS8 kSl MWD 50 sl (0 Jsis) MLR csla e (5395
c2ge ) oled ANN Jae o I 08 ite gad dldlamdee 0 ANN ola Jse objy) cslaol & i 53 oo S oolizal 5
ool 2 8ol @ 2,5 o €85 QLI g Jue sl il ANN el s s ) sl 015 <61l MWD 3.1,
ANN Jao @ cous ¥ oyles ANN Jio RMSE ¢ Jgsjl (slaosl 9 el bl 2 (0 Usis) MLR csla Je sislen 35 MWD

ANN Juo NS oy 5 idlS 0oy VY D90 e 40 ) o jlos
Lo)d VY 29d> i 4 Y 0)les ANN Jio &y Cu s ¥ ojlo s

o 90jl slaodh 3 NS e 34 YU 9 RMSE s
J.Lo MWD 3)91).3 dl).g ANN J.\n ) cu»l_w‘ ‘J)‘ » .b.))f

2 o (Asghari et al., 2021) I, ISen o L;,s_.?l cal il o 93 GMD 5 T 50,5 s (5395 cslpuiz L Y 0 o5 ANN
45 e S demg)l axly Sl S Sl Sl claSLE NG ME L RMSE R2 pyslie 550 ANN (gL Jie pls
mm 5 R </AY) ol sld 5 Ve ey 5 (slaalisls MWD MM /Y5 MM < /AY 5l e it 5590l slaosly sl Joo
Sloytie 9 EPan (o 4 I““’?’_(RMSE: ak MM /YN MM /A plp Sgojl sLaodls (gly g +/AY g /oY

2,5 259l pres gl Ced 5 I 08 0 5299 &y ME cuto Sl polie (F Jods) dal cwday </VA g +/-Y
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Table 6- Evaluation criteria for ANN models of mean weight diameter of wet aggregates (MWD)

o903 90!
Testing Training
N:)rr::r Input variables (g39,9 (g saxin R? R(mr?wl)z ('r\1/|1rl151) NS R? Filr\n/lr?]I)E (I\rﬂrli) NS
1 Sand 0.59 0.43 -0.049 056 0.61 0.38 0.03 0.61
2 Sand, OC 0.74 0.34 -0.002 0.74 0.75 0.30 -0.03 0.75
3 Sand, OC, GMD 0.85 0.31 0.030 0.78 0.82 0.26 0.03 0.81
4 Sand, OC, GMD, PD 0.72 0.38 -0.127 0.68 0.78 0.29 0.02 0.77

ool 813 03551 ¥ Jsbe 1) 53 b peiie Crosi -l oy tRZ it :Sike ME bt clayye (3:55ke yoiome :RMSE (oS5l 25 o 55 :NS
R2: coefficient of determination; RMSE: root mean square error; ME: mean error; NS: Nash-Sutcliff coefficient. Variables
description is available under Table 2.
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Table 7- Evaluation criteria for GEP models of mean weight diameter of wet aggregates (MWD)

o9l 990!
Testing Training
0 ylowd 82939 5 pario R? RMSE ME NS R? RMSE ME NS
Number Input variables (mm) (mm) (mm) (mm)
1 Sand 0.49 0.50 -0.14 0.89 0.60 0.38 0.00 0.60
2 Sand, OC 0.69 0.37 -0.04 0.94 0.75 0.30 -0.03 0.75
3 Sand, OC, GMD 0.79 0.35 -0.10 0.95 0.80 0.27 0.00 0.80
4 Sand, OC, GMD, PD 0.71 0.40 -0.10 0.93 0.80 0.27 0.01 0.80

Ll 045 03)51 Y Jodo 35 0 b yukio Chnogs -y oy R? s oSSke :ME s Ola o 1:5ke jdome :RMSE cadSSlo— i o b :NS
R?: coefficient of determination; RMSE: root mean square error; ME: mean error; NS: Nash-Sutcliff coefficient. Variables
description is available under Table 2.
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Figure 2- Comparison of estimated and measured values of mean weight diameter of wet aggregates (MWD) using the best

MLR model based on testing data (n=20); F: forest land use, R: range land use and C: cultivated land use

Table 5 provides detailed information about model and input variables.
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Figure 3- Comparison of estimated and measured values of mean weight diameter of wet aggregates (MWD) using the best

ANN model based on testing data (n=20); F: forest land use, R: range land use and C: cultivated land use
Table 6 provides detailed information about each model and input variables.
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Figure 4- Comparison of estimated and measured values of mean weight diameter of wet aggregates (MWD) using the best
GEP model based on testing data (n=20); F: forest land use, R: range land use and C: cultivated land use
Table 7 provides detailed information about each model and input variables.
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Introduction

The 21st century is witnessing the increase of climate change as an important challenge due to its destructive
environmental and socio-economic effects. Extreme climatic conditions have become frequent and more intense
in recent decades as a result of human activities. Iran, as one of the countries in the Middle East with a different
climate in each region of the country, has suffered significant adverse effects of climate change. Considering the
importance of the climate change, it is important to investigate the changes in climate variables to know the
future conditions and make management decisions. In the field of climate research, global climate models are
useful tools that are often used to investigate the global climate system, including historical and projected
periods. Since the use of the CMIP6 dataset provides improved clarity and accuracy for predicting future climate
forecasts, the main objective of the present study is to predict the temperature and precipitation changes in the
near, mid, and far future in Sistan-va-Baluchestan province.

Materials and Methods

The minimum temperature, maximum temperature, and precipitation data of 10 general circulation models
(GCMs) of the 6th IPCC report for the baseline (1990-2014) were downloaded from the Global Climate
Research Program database (https://esgf-node.lInl.gov). Then GCMs were including ACCESS-CM2, CMCC-
ESM2, CNRM-CM6-1-HR, CNRM-ESM2-1, EC-Earth3-CC, EC-Earth3-Veg-LR, INM-CM4-8, INM-CM5-0,
MIROCS, and NorESM2-MM. Four statistical indicators including correlation coefficient (R%), RMSE, Nash-
Sutcliffe efficiency (NSE), and mean absolute error (MAE) were used to evaluate the performance of 10 GCMs.
Based on the results obtained from the these indicators, the models that had higher performance in predicting the
temperature and precipitation data were selected as the best models for forecasting in the future. The ensemble of
these models under two SSP2-4.5 and SSP5-8.5 scenarios for the near, middle, and far future (2026-2050, 2051-
2075, and 2076-2100) were extracted from the World Climate Research Program database.

CMhyd (Climate Model data for hydrologic modeling) tool was used to bias correction climate data of the
selected models. In order to choose the best bias correction method, the R?, RMSE, NSE, and MAE were
estimated.

After bias correction, the climate data of selected models were ensembled and then the changes in
precipitation and maximum and minimum temperature in three future periods compared to the baseline was
estimated.

©2024 The author(s). This is an open access article distributed under Creative Commons Attribution
B 4.0 International License (CC BY 4.0).
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Results and Discussion

The results showed that out of 10 GCMs, seven models had good performance (R? > 0.40, 4.23 < RMSE <
12.02°C, 0.12 < NSE < 0.74, and 3.36 < MAE < 9.59°C) in simulating daily minimum and maximum
temperature. However, the performance of all models in simulated daily precipitation was poor (R? > 0.19, 1.24
<RMSE < 3.70 mm, -7.41 < NSE < -0.57, and 0.23 < MAE < 0.85 mm).

Among the different bias correction methods of temperature and precipitation available in CMhyd, the
distribution mapping method had the best performance.

In all three regions, compared to the baseline, the average annual minimum and maximum temperature under
two scenarios will increase in the future periods and precipitation will decrease in most periods and scenarios.
These changes will be mainly in the SSP5-8.5 scenario compared to SSP2-4.5 and also in the far future period
compared to the middle and near future. Averaged across all locations, annual maximum temperature showed
increases in near, middle, and far projected periods of 1.3, 2.1, and 2.8°C under SSP2-4.5 and 1.6, 3.1, and 5.1°C
under SSP5-8.5, respectively (Fig. 2), while for minimum temperature, the increases will be of 1.6, 2.6, and
3.4°C for SSP2-4.5 and 1.9, 3.9, and 6.3°C for SSP5-8.5. The range of annual precipitation among all sites was
from —58.22 to 49.33% under SSP5-8.5 in the near and far future periods in Zabol and Iranshahr, respectively.

The annual increase in the average maximum and minimum temperature will be mainly due to the increase in
air temperature in the months of January, February, August, September, October, November and December. The
annual decrease in precipitation will mainly result from the decrease in precipitation in January, February,
March, November, and December, and the annual increase in precipitation will result from the significant
increase in precipitation in May and October compared to the baseline.

Conclusion

The results showed that under different scenarios of climate change, the maximum and minimum
temperatures in the near, middle, and far future periods will face an increase compared to the baseline. However,
the precipitation changes in the future time periods are not the same as compared to the baseline, and in some
periods the precipitation will decrease and in others it will increase. But in general, the decrease in precipitation
will be more than its increase. Therefore, it is very important to formulate and implement appropriate
management programs for the needs of each region, in order to properly manage water resources and adapt to
extreme temperatures and their consequences.

Keywords: Bias correction, Climate change, CMhyd, Maximum temperature, Minimum temperature
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Figure 1- Geographical location of the study area and stations
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Table 1- Characteristics of the studied synoptic stations
bl e 2 e bl Job
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S . . . Latitude Longitude .
ynoptic station  Elevation (m) (decimal degrees)  (decimal degrees) Weather data period
el 591.1 27.23 60.72 1990-2014
Iranshahr
H 489.2 31.00 61.54 1990-2014
Zabol
ol 13700 29.47 60.90 1990-2014
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Table 2- The used GCMs and their spatial resolution

SR SSET L yud
J b g8 Horizontal resolution (in degrees)
Model name Country il Job  aldlas e
Longitude Latitude

ACCESS-CM2 Australia 1.88 1.25

CMCC-ESM2 Italy 1.25 0.94

CNRM-CM6-1 France 1.41 141

CNRM-ESM2-1 France 141 141

EC-Earth3-CC Europe 0.70 0.70

EC-Earth3-Veg-LR Europe 1.13 1.13

INM-CM4-8 Russia 2.00 1.50

INM-CM5-0 Russia 2.00 1.50

KACE-1-0-G South Korea 1.88 1.25

MIROC6 Japan 141 1.41

NorESM2-MM Norway 1.25 0.94
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4- Climate Model data for hydrologic modeling
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1- Root mean square error
2- Nash-Sutcliffe efficiency
3- Mean absolute error
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1- Linear scaling

2- Delta-change correction

3- Precipitation local intensity scaling
4- Power transformation of precipitation
5- Distribution mapping of precipitation
6- Variance scaling of temperature

7- Distribution mapping of temperature
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Table 3- Indicators of statistical performance in evaluating maximum and minimum temperature data from climate models

RESW Joe PSlas glod Jilos glod
Tmax Tmin

Station Model R? RMSE (C) NSE MAE (°C) R? RMSE ('C) NSE MAE (°C)
gra-ipe) ACCESS-CM2 0.52 6.09 0.48 4.84 0.58 5.43 0.56 4.46
Iranshahr CMCC-ESM2 0.63 5.36 0.63 4,12 0.75 4.23 0.73 3.36
CNRM-CM6-1-HR  0.01 8.80 -0.01 7.35 0.16 7.72 0.06 8.71
CNRM-ESM2-1 0.46 6.06 0.14 5.66 0.46 7.22 0.27 6.20
EC-Earth3-CC 0.62 5.45 0.60 411 0.41 591 0.12 6.78
EC-Earth3-Veg-LR  0.42 6.24 0.31 4.91 0.44 6.99 0.14 7.91
INM-CM4-8 0.68 4.94 0.63 3.87 0.48 7.13 0.18 7.98
INM-CM5-0 0.71 4.70 0.70 3.71 0.50 6.82 0.15 7.74
MIROC6 -0.75 11.63 -0.73 9.80 0.70 4.61 0.67 3.74
NorESM2-MM 0.58 5.69 0.56 4.70 0.69 4.67 0.63 3.78
Jls ACCESS-CM2 0.59 6.62 0.53 5.14 0.75 4,97 0.73 3.93
Zabol CMCC-ESM2 0.68 5.85 0.62 4.56 0.78 4.63 0.46 3.68
CNRM-CM6-1-HR  0.54 6.94 0.54 5.36 0.72 5.19 0.70 4.12
CNRM-ESM2-1 0.62 6.33 0.61 4.92 0.74 5.08 0.73 4.00
EC-Earth3-CC 0.65 6.08 0.63 4.77 0.73 5.13 0.74 4.03
EC-Earth3-Veg-LR  0.61 6.60 0.59 4.73 0.47 12.02 0.49 9.59
INM-CM4-8 0.68 5.79 0.63 4,54 0.49 9.76 0.46 8.54
INM-CM5-0 0.71 5.54 0.70 4.37 0.42 9.33 0.41 8.10
MIROC6 0.04 10.10 0.04 8.41 0.61 6.16 0.60 5.04
NorESM2-MM 0.66 6.03 0.64 4,77 0.76 4.84 0.73 3.84
Ohal; ACCESS-CM2 0.55 5.81 0.52 4.60 0.48 6.91 0.38 5.73
Zahedan CMCC-ESM2 0.45 6.42 0.43 5.33 0.45 8.77 0.15 7.62
CNRM-CM6-1-HR  0.42 6.62 0.41 5.11 0.40 6.33 0.32 5.17
CNRM-ESM2-1 0.48 6.24 0.47 4.81 0.49 6.36 0.37 5.18
EC-Earth3-CC 0.58 5.63 0.56 4.31 0.43 6.14 0.41 4.87
EC-Earth3-Veg-LR  0.58 5.65 0.59 4.47 0.44 6.08 0.40 4.87
INM-CM4-8 0.50 6.14 0.47 5.05 0.43 6.17 0.43 5.00
INM-CM5-0 0.53 5.95 0.52 4.88 0.44 6.10 0.45 4.95
MIROC6 -1.38 13.39 -1.42 11.45 -0.58 10.26 -0.58 8.82
NorESM2-MM 0.61 5.40 0.62 4.23 0.48 6.43 0.39 5.32

R?, RMSE, NSE, and MAE are correlation coefficient, root mean square error, Nash-Sutcliffe efficiency, and

mean absolute error, respectively.
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Table 4- Indicators of statistical performance in evaluating precipitation data from climate models

2 K|

Jw

- R?> RMSE (mm) NSE MAE (mm)

Station Model

| ACCESS-CM2 0.19 2.28 -1.15 0.38

Iranshahr CMCC-ESM2 0.14 2.09 -0.78 0.46

CNRM-CM6-1-HR  0.05 3.70 -4.72 0.71

CNRM-ESM2-1  0.06 3.34 -3.64 0.64

EC-Earth3-CC 0.13 2.14 -0.91 0.37

EC-Earth3-Veg-LR  0.16 2.06 -0.78 0.42

INM-CM4-8 0.17 2.00 -0.66 0.64

INM-CM5-0 0.15 2.03 -0.71 0.65

MIROC6 0.05 3.49 -4.08 0.85

NorESM2-MM 0.09 2.35 -1.31 0.47

S ACCESS-CM2 0.19 1.39 -0.57 0.27

Zabol CMCC-ESM2 0.10 1.63 -1.14 0.37

CNRM-CM6-1-HR  0.06 1.91 -3.38 0.38

CNRM-ESM2-1  0.07 1.60 -2.07 0.30

EC-Earth3-CC 0.11 1.30 -1.01 0.23

EC-Earth3-Veg-LR  0.08 1.45 -1.50 0.25

INM-CM4-8 0.12 1.58 -1.02 0.54

INM-CM5-0 0.08 1.78 -1.56 0.43

MIROC6 0.05 2.65 -7.41 0.67

NorESM2-MM 0.12 1.60 -2.07 0.35

ol ACCESS-CM2 0.14 1.24 -0.86 0.24

Zahedan CMCC-ESM2 0.08 1.44 -1.50 0.31

CNRM-CM6-1-HR  0.03 3.05 -6.52 0.66

CNRM-ESM2-1  0.05 2.65 -4.67 0.56

EC-Earth3-CC 0.09 1.66 -1.22 0.36

EC-Earth3-Veg-LR  0.16 1.49 -0.80 0.33

INM-CM4-8 0.10 1.30 -1.04 0.33

INM-CM5-0 0.08 1.49 -1.67 0.40

MIROC6 0.02 2.45 -3.84 0.65

NorESM2-MM 0.13 1.55 -0.95 0.35

il 3l gl Sbe 5 SOl 25 S s e (Sile jedone o cups S5k w4 MAE 3 NSE RMSE (R
R?, RMSE, NSE, and MAE are correlation coefficient, root mean square error, Nash-Sutcliffe efficiency, and
mean absolute error, respectively.
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Table 5- Indicators of statistical performance for bias-corrected maximum and minimum temperature data using the

distribution mapping of temperature

8w Jxe Tmax yxSlas sled Tmin J3las slod
Station Model R’ RMSE (‘C) NSE MAE (°O) R’ RMSE (‘C) NSE MAE (°O)
ey ACCESS-CM2 0.84 3.84 0.83 293 0.79 3.81 0.72 2.98
Iranshahr CMCC-ESM2 0.82 3.88 0.8 2.93 0.78 3.95 0.64 3.05
EC-Earth3-CC 0.81 3.83 0.78 291 0.8 3.77 0.79 29
EC-Earth3-Veg-LR  0.83 3.87 0.81 2.98 0.79 3.85 0.76 301
INM-CM4-8 0.8 3.96 0.79 3.00 0.78 3.97 071 3.05
INM-CM5-0 0.8 3.94 0.81 3.05 0.79 3.89 0.73 2.99
NorESM2-MM 0.75 4.37 0.75 3.34 0.73 4.36 0.75 3.42
BY ACCESS-CM2 0.68 4.95 0.68 3.79 0.79 3.55 0.81 2,57
Zabol CMCC-ESM2 0.82 4.92 0.68 3.8 0.78 4.6 0.76 361
EC-Earth3-CC 0.7 4.33 0.95 3.69 0.79 4.49 0.78 353
EC-Earth3-Veg-LR  0.77 4.85 0.69 3.74 0.8 4.45 0.81 3.49
INM-CM4-8 0.8 5.02 0.67 3.83 0.78 4.66 0.77 3.62
INM-CM5-0 0.82 4.95 0.68 3.83 0.78 461 0.61 3.62
NorESM2-MM 0.73 5.28 0.63 4.06 0.74 5.01 0.63 3.95
ol ACCESS-CM2 0.71 5.56 0.67 4.32 0.51 571 0.5 4.43
Zahedan CMCC-ESM2 0.71 5.53 0.7 431 0.49 5.79 0.43 4.49
EC-Earth3-CC 0.73 5.38 0.72 4.00 0.53 5.59 0.52 4.43
EC-Earth3-Veg-LR  0.72 5.43 0.69 4.24 0.51 573 0.48 4.42
INM-CM4-8 0.69 5.68 0.70 441 0.48 5.89 0.44 4.53
INM-CM5-0 0.68 5.77 0.67 4.49 0.51 572 0.39 4.38
NorESM2-MM 0.65 6.10 0.63 4.04 0.43 6.11 0.71 4.78

sl e llae glad 5uSils 5 SOl 35 bl dbad e 1Sk y9dons s o Sk wud 54 MAE s NSE RMSE (R
R?, RMSE, NSE, and MAE are correlation coefficient, root mean square error, Nash-Sutcliffe efficiency, and

mean absolute error, respectively.
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Table 6- Indicators of statistical performance for bias-corrected precipitation data using the

distribution mapping of precipitation

ol | Jse

R?> RMSE (mm) NSE MAE (mm)

Station Model
el ACCESS-CM2 0.58 1.04 0.62 0.26
Iranshahr CMCC-ESM2 0.53 1.24 0.48 0.34
EC-Earth3-CC 0.62 1.69 0.61 0.25
EC-Earth3-Veg-LR  0.66 1.88 0.63 0.31
INM-CM4-8 0.66 1.21 0.69 0.5
INM-CM5-0 0.35 1.50 0.34 0.46
NorESM2-MM 0.52 1.46 0.50 0.39
s ACCESS-CM2 0.49 1.03 0.43 0.15
Zabol CMCC-ESM2 0.44 1.21 0.29 0.27
EC-Earth3-CC 0.44 1.02 0.21 0.16
EC-Earth3-Veg-LR  0.69 1.23 0.55 0.18
INM-CM4-8 0.46 13 0.42 0.21
INM-CM5-0 0.47 1.11 0.4 0.35
NorESM2-MM 0.76 1.31 0.37 0.19
ol ACCESS-CM2 0.54 1.13 0.27 0.18
Zahedan CMCC-ESM2 0.51 1.2 0.23 0.29
EC-Earth3-CC 0.46 1.21 0.34 0.24
EC-Earth3-Veg-LR  0.63 1.14 0.6 0.21
INM-CM4-8 0.43 1.11 0.38 0.43
INM-CM5-0 0.54 1.03 0.31 0.51
NorESM2-MM 0.43 1.24 0.42 0.22

R?, RMSE, NSE, and MAE are correlation coefficient, root mean square error, Nash-Sutcliffe efficiency, and
mean absolute error, respectively.
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Figure 2- Projected changes of monthly and annual maximum temperature in the 2026-2050, 2051-2075, and 2076-2100
relative to the baseline period (1990-2014) under SSP2-4.5 and SSP5-8.5 emission scenarios
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Figure 3- Projected changes of monthly and annual minimum temperature in the 2026—-2050, 2051-2075, and 2076-2100
relative to the baseline period (1990-2014) under SSP2-4.5 and SSP5-8.5 emission scenarios



VP ¥ Wil cage oF oylec YA wl> (S g T 4,5 VYA

(o) Sk

Precipitation (%)

—100.0 —10.83 78.33 167.5 2567 3458 4350 5242 6133 7025 791.7 880.8 970.0
SSP2-4.5 SSP5-8.5

Iranshahr

QL\A]}

Zabol

-
Zahedan

2026-2050

Iranshahr

olal;

Zabol
=
Zahedan
Transhahr

olal;

Zabol

J
Zahedan

2076-2100

2051-2075

S0 F F A QD LR Q& %D S 0 Fd & > Y. R~.Q P
WP W KON W~ W o)X O Q;\g@‘b WEL o8 & NN o o~ Y Q; é\&“
olo
Month

SYVE) Al 093 4 Cand Yo VT-F Yo e g ¥o0)1-Yo¥0 Yo ¥T-Tr00 5,95 dur 5 ai¥lu 5 dlile (5o )by 00l s iy Oy —€ JSUS
SSP5-8.5 5 SSP2-4.5 glags sl (51 (Y44 +

Figure 4- Projected changes of monthly and annual maximum precipitation in the 2026-2050, 2051-2075, and 2076-2100
relative to the baseline period (1990-2014) under SSP2—4.5 and SSP5-8.5 emission scenarios
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