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Introduction

Accurate knowledge of water balance components is necessary to optimize water consumption in agriculture.
On the other hand, measuring water balance components is expensive and difficult. Therefore, the use of models that
can simulate water balance values is important for water management in agriculture and water used by plants. Crop
simulation models have been turned into essential tools for studying plant production systems. In the SSM-iCrop2
models, it is presumed that diseases and weeds are optimally managed and will not affect growth and yield.
Additionally, except in cases where the model accounts for specific nutrients such as nitrogen, it is generally assumed
that nutrient deficiencies are eliminated through fertilization. Therefore, parameterized and evaluated models are
designed to fit these conditions. These factors are present in the field and affect crop growth and yield as well as
water use. However, in several cases it is required to estimate yield and water balance components and irrigation
water volume under grower conditions. Naturally, models parameterized using experiments are unable to simulate
these conditions. Therefore, a model must be prepared so that it can simulate the real conditions of farmers. In this
study, the SSM-iCrop2 model has been calibrated for the real conditions of farmers, and the purpose of this study is
to use the SSM-iCrop2 model in simulating water performance and water balance for farmers.

Materials and Methods

In this study, the SSM-iCrop2 model was calibrated for farmers conditions using variables such as yield and
harvest index, which are available for farmers’fields or are cheap to measure. The effect of factors such as pests
and diseases, weeds and unsuitable nutrients, density and sowing date entered the model along with the calibration
of three parameters of radiation use efficiency, maximum leaf area and maximum harvest index for farmers’ fields.
Calibration was done by comparing the performance of farmers against the performance simulated by the model
and by changing the parameters of radiation use efficiency (IRUE), maximum leaf area (LAIMX) and maximum
harvest index (HIMAX). This calibration was done at Hashem Abad station in Gorgan for irrigated rice (paddy)
and wheat. The simulated actual yield was calibrated with the actual yield. Due to the acceptable simulation of
actual yields after calibration, it was presumed that other estimates made by the model are also reliable.

©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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Results and Discussion

Measurement of water balance and other estimates of the model from growth and yield formation in the grower
fields is expensive, but a calibrated model can estimate them at a low cost. In this study, it was shown that with the
model calibrated for farmers' conditions, not other easily measured information (such as the irrigation water volume)
can be obtained, with the assumption that the model accurately captures this information as well as performance. To
evaluate the simulated real performance model, it was compared with the actual performance of farmers (Agricultural
Jihad Report) after calibration. In addition to phenology, the SSM model simulates traits related to growth and yield,
evapotranspiration values, irrigation water volume, runoff, available soil water during planting and harvesting,
cumulative drainage, etc. The output of the model shows the amount of irrigation water is needed for a certain amount
of performance in a given place (with specified rainfall and transpiration). The irrigation water volume calculated by
the model was compared with the results of field tests from previous studies conducted by researchers at agricultural
research centers. It was found that the model's output and the observed values were in good agreement. The root
mean square error for rice and wheat was 216.6 and 157.6 kg per hectare, respectively, and the coefficient of variation
and correlation coefficient were 4 and 85% for rice and 3 and 94% for wheat, respectively. Then, the irrigation water
volume estimated by the model was evaluated and validated with the measured irrigation water volume in different
crops (in Golestan province for different years). Based on the results of the evaluation, the coefficient of variation
and the correlation coefficient for the simulated irrigation water volume were 8.9 and 98%, respectively, compared
with the observed value. This calibration was done for rice (paddy) and irrigated wheat in the fields of Gorgan town,
and the simulation and running were done using the meteorological statistics recorded in Hashem Abad weather
station, Gorgan. Noting the fact that the actual yield has been simulated with good accuracy after the calibration, it
was assumed that the other estimates of the model are also reliable. Thus, the calibrated model estimates them with
low cost and appropriate accuracy and can complement field experiments.

Conclusion

This study discovered that the SSM_iCrop2 model, when calibrated for the conditions of farmers' fields, can
accurately simulate both growth and yield traits as well as water balance characteristics. Notably, the model
provides reliable estimates of irrigation water volume in farming scenarios, a crucial factor for agricultural
planning and drought adaptation.

Keywords: Evapotranspiration, Index leaf area, Modeling, Water productivity, Water footprint
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Table 1- Required parameters inputs for running the SSM-iCrop2 model

l"“‘)b »‘5
Parameter Unit
33,5 o el ady)y des Ly o] 3 45 00d ojle s sled sl
Fraction of tuHAR for beginning root growth (frBRG)
S o LiBgie Ay es 1By )] ;3 45 oad ojdley led unly
Fraction of tuHAR for termination root growth (frTRG)

Ay oy b sl plUn p ady) adgl Ges Sogke

Initial depth of roots at transplanting or beginning of growth (iDTPORT) mm
SE Ol gzl Sge Gos Sl o e

T Maximum effective depth of water extraction from soil (MEED) mm

N 505 S oy JSuly ol

Water relations L e e ;7

Transpiration efficiency coefficient (TEC) kPa

sy oy FTSW sl
FTSW threshold when biomass production starts to decline (WSSG)
Sy s g0 sl FTSW il
FTSW threshold when leaf area development starts to decline (WSSL)
Sejelsi® 95 oy sl ol 35008 A Pl 0 Jlide
A coefficient that specifies acceleration or retardation in development in response -
to water deficit (WSSD)
&ljgy slod Sl o) ol sy
Maximum temperature (TMAX) °C
&ljey slod Jils o5 ol 4y
°C

coliilgn leMb
Meteorology data

Minimum temperature (TMIN)

aljgy (s yo> S

Py Joi&e
39

Solar radiation (SRAD) MJ m2 g
aljg) SNk Soishe
Daily precipitation (RAIN) mm
sl oye )
Latitude degree
JER R AW {PRRERETFS Joe 2 JsagsSen
S aleMbl Atmosphere CO2 concentration (CO2) pumol mol?
Spatial data 2B )L38 35aS Ao oy 3
Vapor pressure deficit calculation coefficient (VPDF)
PR o) ol 4y
Temperature change (tchng) °C
05 e S yD e
Land slope (SLOPE) m m?
Sy }
Precipitation coefficient of variation (pchng)
S o Fogke
Soil depth (SOLDEP) mm
SK ol
RTRYR Soil albedo (SALB) )
Soil data Sk i8S Jole )
Soil drainage factor (DRAINF)
e (iSaj Jole )
Surface drainage factor (SDRAINF)
ol Ol gt e SB Gl i Fogde )3 so e
Soil water after release of gravitational water (DUL) mm mm-!
Sk ol s Jols Yoo 5 yia o
mm mm-?

Lowest level of soil water (LL)
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Soil water at saturation (SAT) mm mm-!
S oyes JB Ol i Fogde )3 oo
Volumetric soil water content available for extraction by crop roots (EXTR) mm mm-?
Sk (S0 b)LufB
Curve number (CN) i
sl &b 39
Planting date (PDOY) day
SB Ol (il 95 f,6 39
Start of soil water simulation date (SimDoy) day
bl )b (sl o 4 90 )6 39
Start of searching for planting date (FPDoy) day
CllS gl e Code Jobo i
Duration of searching for planting (SearchDur) day
) e S ol k] s
ma”agengiaopera“°”s Irrigation threshold level (IRGLVL) ;
A.quJ )J..\iuti.ﬁl S S dl){ ) d)L“’ o3l I 5L ol Cﬂﬁbﬁ ol,f AJL iy u}'q)\.}' 39,
Termination of plant growth date (StopDoy) day
ol glis)l Sl Foide
Minimum water height (mnWH) mm
o el Jolo Foghe
Maximum water height (mxWH) mm
Siltend 9,5 3 SB o Foide
Initial soil water at start of simulation (ISW) mm
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L35
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Zand et) p.8 (Pourshirazi et al., 2023) ausy ¢(al., 2020
Torabi et al., 2020; Bagheri & Torabi, ) Ma., (al., 2019
Akbari & Soltani, 2017; Rassam & Soltani, ) Lsw (2015
md wis g 959 (2007; Nehbandani et al., 2015;
byl 9 ebelb cpl gas o)lil (Arabameri et al., 2020)
2R L md s ol kb e 65,5l slaghilejl llys (ol
Cygo jyb slacile g o gjlan «ll ( Llie yolie Codgizs pae
Lol 3,03 3929 Jao 53 (gilodend gl (o050 (LS gl el
35Sdee 5 48y 2 Jalge o0l 36 (SGdgn3d g Jho oo & 225 L
Rl cage yal)l w ials )b ) Jalse cpl b (28 lalS
5l ke pehly dw ol Ngd oo (LS 3 Slas g 13,
byl olowd LB Sy maw 23l wShs LAIMX )
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o1 plsl (V JS5) (o)l ol w5 (V JS3) S 5 gy il 2 eie bl sy ] Ol poe (Bly slaosls 135 orlisl
Sl Kiani et al., ) Lgw {(Abbasi et al., 2021) 55,8455 lals

0,8 Jdo b (g5l )l g0 S oo ylis sl p Baghani et ) _i.ejcuww (Abbasi et al., 2020) g0 ; (2022
plosl 5,3 bl pile o] cly l5)9LiS” £5l50 Lasl s 55 o Razzaghi etal., ) z » 5 (Akbari etal., 2021) ol (al., 2019
Ay 9y 43> ) SVY il s 15,3 sblesle oK 9 WA 5 YAV Jlo olen g O Lalys )3 a8 cuily dgn9 (2019
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ol 0 &Y Jaas oo 9 NRMSE oo, lol 51 onlizl Bl slrodls b Jas

OB 55 3T il owlidlgr ol a3gum0 35 )5 liw s JE S S59-Y Jou>
Table 2- The dominant soil characteristics of Gorgan township, Hashemabad meteorological station district, Gorgan

P SK Ges ol o b ylowd SD ) g g PSS o Cudyb o SB O ahi 45 o
i ci;e (mm) s6 sB S hos s oely; W15 535031
SOLDEP  SALB CN DRAINF SAT DUL LL
HC5-Clay
120 1200 0.05 85 0.2 0.458 0.405 0.233
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555 W5 5 0, IS VIV 5108 50 Ll 13 5 510 sl
B L3 oldlas jl Juwils balyd cly b ysal)l )91 a8 canl
Karamat Soltani et al., 2020b; Zahed et al., 2019) sloss
@ jysliS sly Lulyd gl Woygly > Luals (et al., 2021;
Wty Byao pis g w515 cunliol CudlS gl o calisen Y
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Table 3- Parameters used to simulate potential (Yp) and actual (Yact) yield of rice and blue wheat plants.

E» s oS
sl Urice Wheat Irr
Parameter Jamnily =lg Jamiliy 3 Slos Bl 2,Slos
Potential Actual Potential Actual
= s s
» g pabld Sl 35 277 6.5 3.77
LAIMX
cutlyy asls 1
Pr el She 0.38 0.31 05 0.45
Himax
iads ) oolael o4
i o ) 22 187 22 183

IRUE




Yol olslis g0 bl slp O oD 90 Shoe (g5lwannis ;0 SSM-ICIOP2 Juto 53215 ()0 3 0393 y3l>

7000 —~
C?\ Urice Il
2~ 6000 - n=15 ,/, )
ﬁ}; = NRMSE=4.23% L’ .
2 g 5000 1 =0 .85 .- o Urice_g,
o T ,’ P
\) 2 4000 - e L7 OWheat_Irr 1 pus
3 - e //’,
2 & 3000 - s
33 A
\:’:é 2000 - [ etiel Wheat
B %] .7 ,/’ n=15
5 1000 - ,,'/’ NRMSE=3.14%
= . Z7 r=0.94

0 1000 2000 3000 4000 5000 6000 7000
(LS 5o p,56LS) Sl oals (315 (oodly o Slos
Observed seed yield (kg ha'l)

ool Wlosin (uSile) 005 135 28ly 5,5k Jilio 13 SSM Jute b 8.k (5 3ldnss s28ly 3,Shos alls 10 efilie ) JSUS

QLS (ylias! iz (61 liaw poeusd 150 gehanw 53 (US43 0,59kS) (2 008 5 (S5ihad) 532 (51 (L55,9WES 2o sl
Figure 1- Actual yield simulated by SSM model versus the reported actual yield (long-term data based on the Agricultural
Jihad data) for rice (paddy) and irrigated wheat (kg.ha)
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Figure 2- Comparison of system estimates of the volume of irrigation water (m3.ha) in the

conditions of farmers against the measured values related to tomato (Abbasi et al., 2021),

soybean (Kiani et al., 2022), olive (Abbasi et al., 2020), potato (Baghani et al., 2019), peach
(Akbari et al., 2021) and rice (Razzaghi et al., 2019)
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Figure 3- Index of leaf area, dry matter and Evapotranspiration simulated by the model for potential (continuous line) and
actual (dashed line) conditions of water wheat
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Figure 4- Leaf surface index, dry matter and simulated evapotranspiration for potential (continuous line) and actual
(dashed line) conditions of rice (medium and late yield paddy)
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Table 4- Water balance components, productivity and water footprint estimated for actual conditions
and potential for rice plants and water wheat

Ol s sbraile (S55) 036 g ol o8
Rice Wheat irr
Water Balance Components o b =l N m s
Potential Actual Potential Actual
(MM) csls” gloj > S o jiwd JB 180 180 223 226
IPASW
(M) cablss oloj 3 S oytaod L5 O 79 79 113 108
ATSWSL
(MM) x5 (S350 92 92 296 296
CRAIN
(MM) 205 5)le] 942 890 138 85
CIRGW
(MM) (o2 Uy, 0 0 2.38 2.48
CRUNOF
(MM) (o255 yexs 195 214 159 159
CE
(MM) o5 3 569 434 231 164
CTR
(MM) (202 (525”0 195 197 72 74
CDRAIN
(MM) 3y w5 764 648 389 323
ET
-3\ % |
(kg.m) * ol s 000 0.80 0.54 4.76 5.08
WP

sl 015 duuslors (1S )3 CaSo yio a5l Sl e 0 S 13 2 5LS s &l 3 Slae ) lel ST (gpg 050
*Irrigation water productivity (defined as the ratio of grain yield in kilograms per hectare to the volume of irrigation water
in cubic meters per hectare) has been calculated.
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Table 5- Simulated plant traits in actual and potential conditions for rice and blue wheat plants

o Rice (S giad) 23U gy Wheat of o5
Pl Sl il ! il o
Plant traits e & s 9
Potential Actual Potential Actual
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Days to beginning seed growth
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Days to maturity
.2 ar
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dry matter yield
-2\ -
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grain yield
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Harvest index
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Maximum harvest index
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(Kg-ha) »Slos 7630 4833 6580 4318
Yield
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Supplementary figure- Simulated versus observed cumulative irrigation water (CIRGW) and simulated versus observed
grain yield of wheat (a: Zahed et al., 2019). Simulated versus observed evapotranspiration (ET) and simulated versus
observed grain yield of rice (paddy) (b: Keramat et al., 2020). Simulated versus observed net irrigation water (NIW) or
evapotranspiration (ET) and grain yield of grain crops (c: Soltani et al., 2020b).
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Table 1- The parameters used for this study in the SSM-iCrop2 model for irrigated wheat a cultivar similar to
Tajen) and rice (a late-maturing cultivar with medium yield).

Syl cisee &l e (S9dsd) &5
Parameter (Unit) Abv irrigated wheat Rice
SJslsS Pl
Phenology
so3 sly al slod TBD 0 8
Base temperature for development (°C)
79 Sl ST ogllas slod TP1D 25 30
Lower optimum temperature for development (°C)
9 sl ogh oplhe slod TP2D 28 37
Upper optimum temperature for development (°C)
9 Sl e slad TCD 40 45
Ceiling temperature for development (°C)
Temperature unit for emergence (°C day)
(59) 31,5 il “?)J)I‘Qélu“’ dl"’l 45".) O g 5o E9xd ol 3 &8 aled sl tuBSG 1620 1435
Temperature unit for beginning seed growth occurs (°C day)
(395 21,5 sl a2 po) Bl oo il &> ()0 50 (b o 3 &5 e ol tuTSG 2172 2095

Temperature unit for termination seed growth occurs (°C day)
(15 o 2 p0) (St olo oz Y) (Seiglnid Esb gl alod 0y
Temperature unit for physiological maturity (end of dry mass tuPM 2170
accumulation) (°C)
09) Jl)f d"l“" 4-?)‘5) C"‘;l‘))f g; ) Ol"). » Lﬁl"‘l '\>l5 tuHAR 2400 2200
Temperature unit for harvest or leaf fall (°C day)
Sy o
Leaf area
#oad 03lo 5 b (god god dl g Jilie )0 (pod Sy o a3 ls ) dais
Point #1 Relative leaf area index versus relative or normalized (X1, Y1) (0.2, 0.06) (0.01, 0.15)
development stage™

#2005 050l 5 b oo g3 dlinyo bllo 3 o Sy a3l ¥ alais

Point #2 Relative leaf area index versus relative or normalized (X2,Y2) (0.5,0.88) (0.7, 0.95)
development stage**
Sl S L
S S gl 23! LAIMX 6.5 35

Maximum leaf area index
(59 o) olo 4 yd) wbl oo sl Sy A o 45T (Shwy B oled slg tUBLS 1620 1435

Thermal unit from planting to the beginning of leaf aging (°C)

SR OM S pS SRATE 1 1
Leaf senescence rate coefficient
(31,5 sl 453) ool sbod | S Sy (sl slassl il FrzTh 5 8

slosdl &bzl Lol slod pj lod s da > o (glil 4 S s S po

Relative leaf death per each degree below low temperature / FrzLDR 0.01 0.01
freezing threshold

(313 5o 43 p3) S by (slys boyS alin (lod

HeatTH 30 37
Heat threshold temperature for leaf senescence (°C)
Lo)S bl (glod jl Lod yiuljal as p> s (glil 4 S (gym Cspur (mnd (i3
Relative increase in leaf senescence rate per each degree above heat ~ HILDR 01 01
threshold
it odlo

Dry matter
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(51,5 b 4 53) Sid o3lo g5 sl Al slod TBRUE 0 .
Base temperature for dry matter production (°C)
315 Blo aspd) S o3le W5 (gl Slis gllas (glod TP1RUE 15 15
Lower optimum temperature for dry matter production (°C)
(51,5 (Bl dsy0) Sid odlo W5 (4l (SBgd Lollae (slod TP2RUE 29 35
Upper optimum temperature for dry matter production (°C)
(51,5 (slo doy0) Sid odlo os (glyy b (glod TCRUE 35 50
Ceiling temperature for dry matter production (°C)
5y Jib el Sl (bl KPAR 0.65 0.60
Extinction coefficient for photosyntheticaly active radiation
(J?)K" b f’)f) ‘\“") ""9’“4" Ja;l).w » é“"“""’ )l oslél u,»‘)lf RUE 22 2.2
Radiation use efficiency under optimal growth conditions (g MJ-1)
CO2 chlé & RUE gl oy caca 0.8 0.8
Coefficient for response of RUE to CO2 concentration
slos LS5
Yield formation
ety pabld Sl Himax 05 0.38

Maximum harvest index
2 p5) My Jl ) 0gme [yl 4y (pdugy <L 5l plmls BB SUiS 0355 5l (g S
(5 FRTRL 0.2 0.25

Fraction of dry mass remaobilizable from the vegetative tissue to the
developing seeds/fruits (g g%)

Grain conversion coefficient (g g%)
<l by,
Water relations
("I)fgr""““’ d‘.>)J) Ay Ay £gpab LSl)" u‘ul"" '\>l9 tuBRG 132 0.001
Temperature unit for beginning root growth (°C)
(bl)fL;”L"' “?)3) Adyy M) u‘-’b tﬁ‘)’- &L"" “\)'9 tuTRG 1620 0.65
Temperature unit for termination root growth (°C)
Viole] 38 3w 0lof 2 ) o iDEPORT 200 200
Initial depth of roots at emergence or beginning leaf growth (mm)
Linise) 4y byt S 5l ol gl 5l 50 Goe 51> MEED 1000 250
Maximum effective depth of water extraction from soil (mm)
85 G TEC 5.8 5.8
Transpiration efficiency coefficient
S s0 pS St odlo Wi ol 5l 58 p0 &5 S L psd BB Gl s WSSG 0.3 0.6
FTSW threshold when dry matter production starts to decline
FTSW threshold when leaf area development starts to decline
I B 82 5 5 5 900 Sl 0 WSSD 0.4 0

Developmental susceptibility coefficient and aging to drought stress
Bl sl qpm s 3 oS ¥0+) obS 65155 (5 52 53 @y ol W PLAMX) Coglao Lulys 53 paiS Sy s Sl iy
Do ca 03l (Ll
%% used as maximum wheat leaf area under optimal condition (PLAMX: 186 cm? per plant) product by plant density
(350 plant per m? for irrigated conditions)
(el bl (sl oy yio 53 olS Ve olS o815 L (W52 p2 )3 @iye el B+ + PLAMX) cosllas Lalyis 0 @ S s yiShs (lgieas ™
2945 g0 03wl
%% used as maximum Rice leaf area under optimal condition (PLAMX: 500 cm? per plant) product by plant density
(70 plant per m? for irrigated conditions)
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Introduction

Spring frost is considered an important threat to agricultural products in high and middle latitudes. The damage
caused by Late Spring Frosts (LSFs) significantly impacts vulnerable plant organs. This event has caused more
economic losses to agriculture than any other climatic hazard in Asia, North America, and Europe. Also, these
phenomena have contributed to low crop yields in Iran. The latest statistics released by the Food and Agriculture
Organization of the United Nations (FAO) show that Iran is one of the largest producers of agricultural products and
the world’s second-biggest producer of pistachios. Kerman province is one of the significant areas of pistachio
production. This province has a large share of the pistachio word area plantation. Spring frost damage to pistachio
crops has led to low yields in recent years. A key aspect of studying frost is the ability to accurately estimate its
occurrence. In this study, artificial neural network methods have been used to estimate late spring frost in the
pistachio crop of Kerman city.

Materials and Methods

In this study, the efficiency of this method was investigated in the estimation of minimum temperature. For this
purpose, the daily data of the synoptic station of Kerman city were obtained from Iran Meteorological Organization
from 2000 to 2020. Meteorological data including mean, maximum, and minimum temperatures, relative humidity,
wind speed, saturated vapor pressure, and sunshine hours were used. Five different combinations of these variables
was considered as input variables in artificial neural network method for minimum temperatures modeling. After
entering data into network and modeling with each combination, RMSE and R? values were calculated. Finally, the
combination of 8 variables including average and maximum temperature, the minimum temperature the previous
day and two days prior, relative humidity, wind speed, saturated vapor pressure, and sunny hours were selected as
the most suitable combination of variables. Subsequently, a simulation of minimum temperature values was
conducted using 10% of the data. The performance of the methods was evaluated using statistical indices of
coefficient of determination (R?), mean square of error (RMSE), Mean Bias Error (MBE), and Coefficient of Nash—
Sutcliffe (NSE).

Results and Discussion

©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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The accuracy of an analytical method is the degree of agreement between the test results generated by the
method and the true value. Upon examining the models, the M1 model was identified as the best due to its lowest
RMSE and higher R2. ANN model results were evaluated using various performance measure indicators. The
simulated outcome of the model indicated a strong association with actual data, where the correlation coefficient
was above 0.95, and the MBE index was zero. Also, the RMSE value was positive and close to zero, and the Nsg
value was above 0.75. Therefore artificial neural network method had high accuracy. In this study, mean annual
minimum temperature was estimated using artificial neural network models (from March 10 to May 20).
Comparison between the observed and calculated data showed that these data were in good agreement. Also, the
results showed that temperature fluctuations were high between March 10 and March 31. From 2011 to 2017, an
almost uniform temperature trend has been observed between March 10 and March 31. However, the years 2000,
2006, and 2020 showed a noticeable decrease in temperature. From 2018 to 2020, this trend of temperature
reduction continued. In April, the temperature values were between 7 and 10 degrees Celsius. The years 2001, 2005,
2006, 2009, 2016, and 2019 had a noticeable decrease in temperature. In May, the mean minimum temperature was
between 10 and 14 degrees Celsius. Therefore, the probability of frost occurrence in early-flowering cultivars was
higher in late March than in April and May. The years 2000, 2004, 2005, 2012, 2015, 2019 and 2020 had the highest
number of frost days in the last two decades.

Conclusion

The results showed that the artificial neural network method had a high performance in estimating the minimum
temperature. The values of the statistical indicators were R?=0.963, RMSE=0.027°C, MBE= 0 and NSE=0.966
respectively. In addition, the ANN method performed well in estimating the number of critical frost days for
pistachio crops. The results showed that, although reducing the amount of input data in models decreases their
output precision, data-driven methods can still be useful tools for minimum temperature estimation.

Keywords: Abundance of frost, ANN, Critical temperature, Pistachio, Spring frost
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1- Feed —Forward Backpropagation
2- Coefficient of Determination

3- Mean Bias Error

4- Root Mean Square Error

5- Coefficient of Nash - Sutcliffe



VFol yg9 el — 1050 oF 0 loud FA wl> (S g ol 4,55 YYA

s &b ) (il Jde cls i Gl 5 duslie (gl
9 (tan-sig) ssgeSuw calil S o milgy FFBP Jas b (soiae
Sl Syisd (~3i9el wiys- S g (10g-5iG) sgeSis Sy
yaxio Cls o glaygy65 9 Y i s L0 sl (LM)
ads o 93 wwdls y o 3 RMSE 9 R? polio .05 a5 Jlas
e (a8 48 (e Caleg > 35 dlme 05l 5 el
el cpy olosean 390 1 1) R? jlads oy iy o RMSE
S glod (giluwdnd Capa y 0 Ghg) Glesd g b bl
5 g9l dds e 93 43 oyl cla Jie ¥ Jods 0.0 ool
i) )8 oy 3y90 FFBP Juo (qvac a8l (b9, b (905!
O gl Jae (cwyy g ¥ Jods ool Cowddy b ool
s LialS L R? yolie FFBP Jio wac 450 hg) 50 ol
olais laasY 5 La gy oliss RMSE jlude g yialS s yuxie
el il 38

as aSuddi (sl gy b dsas slos a1
oLy sl (sras 4Sud by (oo (nl ) 0dliiuld)ge ()
eS 9 U2 n cRH ‘Tmin(t-z) ‘ Tmin(t-l):Tmax ﬂTm ‘)Al—w Lrwl.u‘ul}h
P e (2ep Olgisa dieS (lod pite 5 aJae (939)9 (lgic
ilisee LS 5 5 Jde i 5o dwnlie gl sl i 48,5 s
SpU Y Jgo pd el oad ad S e > Cglite (6399 (sl e b
2 Sl oad ool L (b st oS ) Calisee sla Jae (618
A0 Jde (298 (gt dieS (slod () 390 glo Jae don
jeel Jnlpe 53 eolil s modly (gai s (Canl oad 48,5
e bodld Juoyd Vo yjgel dls po )3 o3l s Waodld ws)yd
alsye 3 oolaiwl Cpa Joyd Vo rwCous Al ye yd ool

Gl 48,5 31,8 00laioly yg0 (6 5lwdnd Caa Moy Ve g Linlojl

EPaan oaS dSu D 03! D550 s Je (5,15 RL-Y Jgus
Table 2- Nomenclature of the models used in the neural network method

[CHETYS Y Jawe g laisl ol
Combining models Name of the model
es,u2 n RH Tmin(t-2) Tmin(t-1) .Tmax .Tm M1
RH Tmin(t-2) Tmin(t-1).Tmax .Tm M2
es,u2.n RH Ms
Tmax m Ma

Tmin(t-2) .Tmin(t-1)

FFBP gy 5 03liasl U (9031 9 (w3901 Jolge 43 RMSE g R? ydlio duylio Y Jou
Table 3- Comparison of R? and RMSE values in the training and testing phases using the FFBP method

dae iieel i, Gilwdld @l LAY slas Wayg e Sl S wani]
Model Training Activation Number of Number of i 0%
algorithm function layers neurons Training Testing
R? RMSE (°C) R? RMSE (°C)
M1 LM tan-sig 2 0.985 0.029 0.985 0.029
M1 LM log-sig 2 0.982 0.032 0.985 0.029
M2 LM tan-sig 2 0.982 0.032 0.982 0.029
M2 LM log-sig 3 10 0.973 0.030 0.972 0.032
M3 LM tan-sig 2 4 0.963 0.048 0.962 0.047
M3 LM log-sig 5 10 0.957 0.050 0.957 0.050
M4 LM tan-sig 5 10 0.952 0.053 0.953 0.053
M4 LM log-sig 6 10 0.932 0.057 0.932 0.057
M5 LM tan-sig 4 10 0.947 0.065 0.947 0.065
M5 LM log-sig 5 10 0.920 0.083 0.920 0.083

*The number of layers and neurons of each model is selected by trial and error



YYa

ObosS e (65 diany bl 55 03led () 20 Slo g 3550 30 30 (omae AL by y €3 (31 (o od g (tllune

Hidden Layer

Input

4

Output Layer

1

(w293 bawsi) ML Juo b (g5l e (g1 03liw! 3590 FFBP aSud ,Uid L - Y JSW
Figure 2- FFBP network structure used for modeling with M1 model (Sourse: own elaboration)
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Figure 3- Error display of FFBP network in the phases of training, validation and testing (Sourse: own elaboration)
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Table 4- Network performance indicators in the modeling and simulation phases

3l
3 Sdos ad Ll Values
Performance index Sl &3l
Modeling Simulation
R? 0.985 0.963
MBE (OC) 0.000 0.000
RMSE (OC) 0.029 0.027
NSE 0.968 0.966
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The number of frost days
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Figure 6- Calculation of the number of frost days during the years 2000 to 2020 (Sourse: own elaboration)
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Figure 7- Calculation the number of critical days during the years 2000-2020 (Created by the author)
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Introduction

Groundwater is an important resource for domestic, agricultural, and industrial purposes (Andualem and Demeke,
2019). However, the growing population and advanced irrigation technologies have significantly led to increased
groundwater exploitation resulting in aquifer depletion. Exploitation of groundwater from fractured rock aquifers
using wells to supply drinking water is more sustainable than the utilization of springs with low and variable discharge.
In the case of drought and periods of critical condition of water usage, springs of fractured rock aquifers may dry up
or decrease making them unreliable water resources to supply drinking water. Over recent decades, the use of fractured
rock and karstic units as a remarkable water resource is known as a valuable source of freshwater worldwide. However,
these aquifers are extremely vulnerable to contamination due to their unique hydrogeological characteristics and
require more protection (Zarvash & Vaezi, 2014). These resources contribute to providing more than 70% of the rural
population and around 50% of the urban population with drinking and household demand needs. Since the degree of
development of karst landforms varies substantially from region to region, exploring groundwater potential zones in
karstic or fractured rock domains across the world is important, which is mostly achieved using evaluating affecting
factors in creating the groundwater occurrence. This evaluation is done by incorporating weighted factors such as
Weighted Overlay, Weighted Sum, and Fuzzy Overlay and utilizing geographic information systems (GIS) or other
remote sensing techniques, which is addressed frequently in literature summarized by Vaezihir and Tabarmayeh
(2016); Seif and Kargar (2011); and Amiri et al. (2021). Considering the importance of such issue, this research aims
to investigate the potential of karstic or fractured rock resources in West Azerbaijan to gain more insight into this
valuable resource of groundwater.

Materials and Methods

West Azerbaijan province, with an area of 43,660 km? including Lake Urmia, is equivalent to 2.65% of the total
area of Iran and located in the Alborz-Azerbaijan structural zone with a mean annual precipitation of about 370 mm.

The maximum temperature of this province, dominated by a semi-arid and Mediterranean climate, is recorded in
Shahin Dezh and Miandoab, and the minimum is measured in Chaldoran, and Tekab Metrological Stations,
respectively. About 78% of the total area of West Azerbaijan province is formed by karstic units with more spatial
distribution in the southern area. This karstic area encompasses 71% of the total province springs with 59% of the
total discharge. In the current research, lithology unit types, fracture density, elevation, slope, aspect, drainage density,
and vegetation coverage, along with the precipitation, area, and humidity index as the main factors were regarded as
governing factors in the development of karst aquifers, have been considered to evaluate the potential groundwater
resources. After the preparation of all affected layers using various data resources including available geological maps
digital elevation map of West Azerbaijan Province obtained from the Geological Survey and Mineral Exploration of
Iran, Landsat satellite data, the Fuzzy logistic and SUM and Weighted overlay technique has been used to prepared
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groundwater potential zone.

Results and Discussion

The groundwater potential zone were determined through combining 9 affected layers in developing the
groundwater resource. The results obtained based on employing both weighted overlay and SUM were classified into
5 classes including low, very low, medium, high and very high potential zones. The index value in SUM methods
estimated to be 16.24, 26.24, 24.24, 20.95, 12.13%, while it changes to 22.82, 24.13, 22.14, 16.23, and 14.67
respectively. Overlaying the location of springs as an indicators of groundwater resource on hardrock and karstic
domain on generated maps showed that 30.9 and 33.08 percentage of springs fall in area with the high and very high
potential zone, respectively. A significant differences on maps generated based on two mentioned technique,
particularly in area classified as low potential zone with 24.13 and 16.24 percent in weighted overlay and SUM.

Conclusion

Investigation of the groundwater potential zone by integrating the layer provided by Fuzzy logic technique through
two SUM and weighted overlay methods indicated the province of Azerbaijan Arabi has a moderate level of

classification. However, in some areas, there were significantly higher or lower potentials.

Keywords: Fuzzy, Groundwater potential, Karstic and fractured rock aquifer, SUM, Weighted Overlay Method
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Figure 1- Location of West Azerbaijan province
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1- Normalized Difference Vegetation Index
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Introduction

The rapid growth of technology, industry, and development of cities has led to an increase in heavy metal pollution
in freshwater sources and greywater across the world. The use of different adsorbents in order to remove some heavy
metals from aquatic environments is a topic that has been addressed many times in different studies. However, the use
of inexpensive absorbents with high adsorption capacity and high efficiency is the priority of many researchers
especially when they are discussing the removal of heavy metals from the aquatic environment. Nanomaterials by
having exceptional properties such as high efficiency of adsorption, high specific surface area, and fast adsorption can
be used to remove metal pollutants from aquatic environments. Carbon dot (CD), among various nanomaterials
(carbon-based nanomaterials (CNM), including carbon nanotubes (CNTS), graphene) are suitable adsorbents for heavy
metals removal due to their specific surface area and many binding sites. Carbon dots are nanoparticles that lack a
specific dimension and fall under the category of carbon nanomaterials, measuring over 10 nm in size. They possess
various qualities, including being environmentally friendly, simple to create, highly compatible with living organisms,
stable, and capable of switching emission on and off based on the excitation wavelength. Additionally, they can be
customized for specific uses due to their high carbon content, which can reach up to 99.9%. These characteristics have
generated significant interest among researchers in various fields. In this study, the influence of the fungal carbon dots
on the adsorption capacity and kinetics, isotherms, and thermodynamics of lead was investigated.

Materials and Methods

Alternaria alternata provided by the Department of Plant Protection at Ferdowsi university of Mashhad. It was
recultured and fungal exopolysaccharide was extracted and then was converted into carbon dot using the hydrothermal
method. Fungal exopolysaccharide autoclaved in a Teflon container at a temperature of 200 °C. Lead adsorption of
synthesized fungal carbon dots was investigated. Lead adsorption tests by fungal carbon dots were performed in
laboratory conditions. Lead concentrations (100, 200, 300, 400, 500, 750 and 1000 mg L'), contact time (5, 10, 15,
20, 25, 30 and 60 minutes), pH (2, 4, 6, 7, 8, 9, 10 and 11), amount of carbon dots (nanosorbent) (50, 100, 200, 300,
400, 500, 750 and 1000 mg), ionic strength of the solution (0.1, 0.01 and 0.001 M potassium chloride) and solution
temperature (25, 30, 35, 40 and 45 °C) was considered for kinetic tests. The data obtained from the kinetic tests were
fitted using non-linear regression analysis using Statistica 7.0 software with the kinetic models of intraparticle
diffusion, Lagergren (pseudo-first order) and pseudo-second-order. Thermodynamic results were calculated from the
data of lead adsorption isotherms at temperatures of 25, 35 and 45 °C. Thermodynamic parameters to analyze the
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effect of temperature on metal adsorption, such as free energy change, enthalpy change and entropy change, were
estimated using thermodynamic equations.

Results and Discussion

The initial lead concentration had a great effect on the adsorption rate it by carbon dot, and the highest and lowest
percentage of lead adsorption with values of 90.65 and 44.2% were observed in two concentrations of 300 and 1000
mg L of lead, respectively. With the increase of pH up to 8, the amount of lead adsorption by fungal carbon dot
increased significantly. However, with further increase in pH, this trend was reversed and the amount of adsorption
decreased. The results showed that lead adsorption by carbon dot increased with the decrease of potassium chloride
molarity. By increasing the amount of carbon dot in the solution, the amount of lead adsorption increased, and the
highest adsorption was observed at the concentration of 300 mg L of carbon dot. The results of the experiment also
showed that with increase in temperature, the adsorption rate increased at first and then decreased. Based on these
results, as the contact time between the absorbent and lead increased, the amount of adsorption by the carbon dots also
increased. The maximum adsorption was observed at 25 minutes, which was considered the equilibrium time. As
shown in the results, the pseudo-second-order model shows the kinetics of Pb adsorption better than the two pseudo-
first-order models and intraparticle diffusion. In this model, R? values are between 0.9989 and 0.9994, and Qe is
almost equal to the equilibrium value. According to these results, the decrease of values AG° with the increase in
temperature means that the adsorption of lead increases with the increase in temperature, which shows that the
adsorption process is more favorable with the increase in temperature, or in other words, it is a spontaneous reaction.
Also, the positivity of the reaction enthalpy value (AH°) shows the endothermic nature of the adsorption process. The
positivity of the entropy value (AS°) indicates the increase of disorder of the system between the adsorbent material
and the solution during the process of lead adsorption by the carbon dot.

Conclusion

In total, the results showed that the carbon dot is a very good absorbent for removing lead from the water
environment. In the experimental condition when the initial concentration of lead was 300 mg L™, temperature was
25 °C, adsorbent concentration was 0.3 g L™, reaction time was 25 minutes, and pH 8, the amount of lead adsorption
increased significantly. It seems that fungal carbon dot is a safe and relatively cheap adsorbent and suitable for
removing lead metal from the solution environment.

Keywords: Exopolysaccharide, Heavy metal, Nano-absorbent, Surface adsorption
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Figure 5- The effect of pollutant concentration on lead absorption (25°C, contact time 25 minutes, ionic strength of 0.001 M
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Table 2- Parameters of Temkin, Freundlich and Langmuir isotherms at 25°C
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0.39 1.289 0.676  0.268 13.588

0.474 0.874 0.124 2.93 0.22 0.76  0.345
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Table 3- Thermodynamic results of fungal carbon dot adsorbent
Senlidge i (slo yiolly s
Thermodynamic parameters
AS® (Jmol TKY)  AHP (KJ mol?)  AGe (KJ moly)  'emprature (K)

-8.30 298
-9.37 303
-9.82 308
-10.29 313
-9.64 318

70.34 13.32
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Introduction

Soil properties play a crucial role as they determine the soil's suitability for different types of plant growth,
ecosystems, and biota functioning. They have a significant impact on nutrient cycling, carbon sequestration, and soil
management. Digital Soil Mapping (DSM) is a process aimed at delineating soil properties. Soil sampling for DSM
serves as a fundamental step in improving prediction accuracy and is crucial for incorporating variability in terms of
environmental covariates. Conditioned Latin Hypercube (CLH) sampling is a technique utilized to generate a sample
of points from a multivariate distribution conditioned on one or more covariates. Numerous researchers (Ramirez-
Lopez et al., 2014; Adhikari et al., 2017; Zhang et al., 2022) have endorsed this approach in their studies, following
its inception by Minasny and McBratney in 2006. However, there has been limited research to date on the impact of
the Latin hypercube method's random sample selection process on the accuracy of resulting maps. Hence, the central
question remains: Is the Latin hypercube sampling method, which is currently widely adopted, always a dependable
approach in this field?

Materials and Methods

The study area covers longitudes 50°35'47" to 51°29" east and latitudes 31°36"31" to 32°15'48" north in Borujen
city, Chaharmahal, and Bakhtiari Province. The region, with an average elevation of 2338 meters above sea level,
receives an annual rainfall of 250 millimeters and maintains an average temperature of 11.5 degrees centigrade. In
this investigation, inherited data from soil studies were utilized, consisting of 250 samples distributed across the study
area. In this research, the studied characteristics included percentage of equivalent calcium carbonate, clay, and soil
organic carbon at a depth of 0 to 30 cm. Land component variables were extracted using the Alus Palsar digital
elevation model with a spatial resolution of 12.5 meters. In the initial stage, digital maps of equivalent calcium
carbonate, clay, and soil organic carbon were generated using the support vector machine method. The modeling
process proceeded until a highly accurate model was achieved, with the root mean square error percentage (RMSE%)
being less than 40. The Latin hypercube approach was utilized for sample design, with 500 repetitions in this study.
After selecting sampling points for each run using the Latin hypercube method, these points were mapped onto a
detailed map, and the corresponding feature values were retrieved. The final map was created based on the extracted
points. Subsequently, the latin hypercube approach was employed to generate soil property maps for each selected
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dataset. Validation was conducted using criteria such as the coefficient of explanation, root mean square error, and
root mean square error in multiple iterations to ensure the accuracy of the generated maps.

Results and Discussion

The results distinctly illustrates the varied selection of sampling positions with each implementation of the Latin
hypercube method. It is important to note that there may be some overlaps in different implementations. Consequently,
the primary question arises: Is a one-time execution of the Latin hypercube sufficient for selecting study points? The
findings indicate that the support vector machine model achieves satisfactory accuracy for all the examined
characteristics. In the studied area, the environmental factors such as slope and elevation were identified as a
significant predictors for estimating percentage of equivalent calcium carbonate.

Conclusion

In the present study, the accuracy of the latin hypercube method was assessed for selecting sampling location for
digital soil mapping endeavors in Chaharmahal and Bakhtiari Province. Given the impracticality of collecting
numerous field samples to evaluate the soil sampling method, this research aimed to employ simulation methods based
on highly accurate maps for this purpose. The results indicate that the different outputs of the Latin hypercube method
influence the accuracy of modeling, although this effect is also influenced by the specific feature under investigation
and the extent of its variability within the study area. Considering that the Latin hypercube method is based on the
principle that samples are randomly selected in each class of environmental parameters, it is suggested that future
studies using this method should account for this principle. Adequate consideration should be given, and the selection
of sampling locations should rely on multiple implementations of the Bhattacharya distance method to ensure
robustness and reliability.

Keywords: Bhattacharyya distance, Digital soil mapping, Sampling position, Support vector machine
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43 0.19 0.001 0.08 0.54 0.05 0.96 240 0.06 0.79 0.06 0.86 0.04 0.99
56 0.14 0.03 0.08 0.54 0.15 0.01 255 0.12 0.11 0.06 0.86 0.15 0.02
62 0.1 0.22 0.11 0.14 0.08 0.46 272 0.08 0.46 0.07 0.62 01 0.22
74 0.08 0.46 0.21 0.0002 0.09 0.39 288 0.06 0.79 0.07 0.62 0.07 0.7
80 0.11 0.14 0.09 0.39 0.09 0.32 300 0.11 0.17 0.12 011 0.11 0.17
85 0.08 0.46 0.15 0.01 0.07 0.71 313 0.07 0.62 0.11 0.17 01 0.22
91 0.09 0.32 0.21 0.0002 01 0.27 322 0.07 0.62 0.07 0.72 0.05 0.96
99 0.06 0.86 0.11 0.14 0.08 0.46 333 0.09 0.32 0.08 0.54 0.08 0.46
101 0.07 0.71 0.08 0.46 0.07 0.7 357 0.12 0.08 0.06 0.79 0.06 0.79
110 0.08 0.54 0.09 0.39 0.08 0.46 368 0.1 0.22 0.19 0.001 0.04 0.99
115 0.08 0.54 0.11 0.17 0.11 0.17 380 0.13 0.05 0.06 0.86 0.05 0.96
126 0.06 0.86 0.11 0.14 0.1 0.27 387 0.08 0.46 0.05 0.96 01 0.27
135 0.08 0.46 0.11 0.17 0.11 0.17 394 0.13 0.06 0.13 0.06 0.08 0.46
140 0.08 0.54 0.12 0.08 0.06 0.86 405 0.09 0.39 0.11 0.17 01 0.27
150 0.13 0.05 0.08 0.46 0.06 0.86 410 0.1 0.27 0.1 0.27 0.09 0.32
157 0.1 0.27 0.11 0.17 0.1 0.27 425 0.11 0.17 0.1 0.22 0.08 0.46
161 0.08 0.54 0.08 0.46 0.12 0.08 450 0.16 0.008 0.1 0.27 0.08 0.46
177 0.14 0.02 0.11 0.17 0.05 0.92 463 0.09 0.39 0.1 0.27 0.07 0.62
185 0.06 0.79 0.07 0.62 0.05 0.92 477 0.07 0.72 0.16 0.008 0.1 0.22
200 0.17 0.006 0.1 0.27 0.14 0.03 486 0.06 0.79 0.07 0.62 0.06 0.79
209 0.08 0.54 0.09 0.32 0.07 0.7 500 0.15 0.02 0.13 0.05 0.13 0.05
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Introduction

Wheat is considered the most important grain and one of the vital food products in Iran. After nitrogen, phosphorus
is the most important nutrient required by plants and holds a high priority for the growth, yield and quality of plants.
However, due to the introduction of phosphorus in various reactions in the soil, a small amount of consumed
phosphorus fertilizer is removed by the plant and the rest of it is left in a non-absorbable form in the soil. The efficiency
of using phosphorus fertilizers and the availability of this nutrient is considered as a limiting factor for the production
of agricultural products in calcareous soils with alkaline reaction of Iran. Since graphene and its oxidized form, with
large amounts of active oxygen groups and high specific surface area, have been proposed by many studies as non-
toxic and biocompatible materials in the production of compounds with improved efficiency of using nutrient,
therefore to increase the efficiency of phosphorus consumption in soil, in this study, phosphorus was loaded on
graphene oxide (GO-P). The present study aims to assess the influence of this compound as a source of phosphorus
and its mixing with triple superphosphate fertilizer (GO-P-TSP) compared to triple superphosphate soluble fertilizer
(TSP) on the amount of water retention of fertilizers in soil and phosphorus concentration in aerial parts of wheat
plant.

Methods and Materials

Graphene oxide was prepared based on the modified Hamers method. Then graphene oxide was adjusted to certain
pH and iron sulfate as a source of iron ions was added to the graphene oxide suspension with vigorous stirring. The
mixture was stirred for one hour and then centrifuged for 30 minutes. Then the supernatant was removed and the
residue of the compound was dry frozen. In the next step, pH was adjusted with sodium hydroxide (NaOH) solution.
Then a certain weight of potassium dihydrogen phosphate salt (KH,PO4) was added to the above suspension. The
mixture was stirred for one hour and centrifuged for 30 minutes. After centrifugation, the supernatant was removed
and the remains of the phosphorus composition based on graphene oxide were dry frozen. Loading tests were
performed in three replicates. pH, EC, bulk density, total concentration of phosphorus and iron and X-ray diffraction
spectroscopy (EDS) analysis were measured in the sample of phosphorus composition based on graphene oxide. Then
three fertilizer formulations were selected, which included (1) triple superphosphate fertilizer, (2) synthesized
phosphorus fertilizer based on graphene oxide, and (3) mixing graphene oxide-phosphorus compound with triple
superphosphate fertilizer in a ratio of 50:50% phosphorus.

To investigate the water retention behavior of fertilizers in the soil, dried samples of the three studied fertilizer
formulations was added into a sandy soil completely and weighed. At the same time, dried sandy soil without fertilizer

©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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was placed in another beaker as a control. Then each beaker was added distilled water and weighed. The beakers were
weighed once every three days at room temperature until they reached constant mass. The water-retention behavior
of the soil was calculated.

In order to investigate the effect of three fertilizer formulations on phosphorus availability, soil with low amount
of phosphorus was selected and physical and chemical properties of the soil sample were measured at a depth of 0-30
cm. A greenhouse experiment on wheat planting was conducted using a randomized complete design with 3
replications. The treatments included three fertilizer formulations at three fertilization levels (10, 15, and 20 mg kg™?)
with 3 replications. The control treatment was performed without phosphorus fertilizer. Plants were harvested 72 days
after planting, washed with distilled water and dry with tissue paper. The samples were air-dried and then oven dried
at 70°C to a constant weight in a forced air-driven oven. After harvesting, the weight of fresh and dry matter and
phosphorus concentration in the soil and aerial parts of the plant were measured. Statistical data were analysed using
SAS software (9.4) and the mean values were compared using LSD tests (at 1 and 5% level).

Results and Discussion

The composition of phosphorus based on graphene oxide (GO-P) in powder form had 35.5% of total P,Os, 31.1%
of soluble in water P»Os, 19.6 of total iron and 15.28% of total potassium. The result of EDS analysis confirmed the
loading of phosphorus on graphene oxide. The pH of the phosphorus composition based on graphene oxide was 5.8,
approximately 2.5 units higher than triple superphosphate fertilizer. The bulk density of the compound (GO-P) was
significantly lower than triple superphosphate fertilizer. The EC of the compound (GO-P) was similar to the EC of
the triple superphosphate fertilizer. Soil water retention with synthesized phosphorus fertilizer based on graphene
oxide (GO-P) was higher than soil (control) and other compounds added to soil. Experimental results showed that the
addition of prepared fertilizer formulas (GO-P and GO-P-TSP) increased water retention in the soil for a longer period
of time, while in the soil without adding fertilizer and triple superphosphate treatment, respectively, from 10 and 11
days, the absorbed water completely evaporated. Therefore, the combination of soil with GO-P and GO-P-TSP
compared to the soil without fertilizer and the combination of soil with triple super phosphate (TSP) fertilizer had
better water retention behavior. The greenhouse experiment results of wheat planting showed that all treatments were
significant (P<0.01). Among all the treatments and measured levels, the control treatment showed the lowest value.
The highest concentration of phosphorus in aerial parts of wheat (0.31%) and in soil after harvesting (9.5 mg kg),
fresh (10.6 g per pot) and dry weight (2.03 g per pot) of aerial wheat plants were related to the treatment of phosphorus
compounds based on graphene oxide at the level of 20 mg kg™

Conclusion

The highest concentration of phosphorus in aerial parts of wheat was related to the treatment of phosphorus
compound based on graphene oxide at the level of 20 mg kg™*. Therefore, with more research in the future to produce
"nutritious plants" in sustainable, efficient and flexible agricultural systems, we can benefit from technologies based
on carbon materials.

Keywords: Graphene oxide, Phosphorus concentration, Water retention behavior of fertilizers in soil, Wheat
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Table 1- Average pH, EC, bulk density and percentage of elements in the composition of phosphorus based on graphene
oxide (GO-P) and triple superphosphate (TSP)
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Figure 2- Water retention behavior of synthesized phosphorus compound based on graphene oxide (GO-P) and graphene

oxide-phosphorus compound with triple superphosphate fertilizer (GO-P-TSP) compared to triple superphosphate fertilizer
(TSP) and Soil over time

2368 waw o Slind pow Hled 4 Cons &S el Cons
sl 53 )8 VYA (5:50Le b jand pS0bS 0 p )5 (o ¥
Gooyo b 815 1 e OlS 5 ey 1oy WYY L ole
ot i dnws g 05y il oo S 53 398 5 L 5 sl IS
o950 9 J5 Sy caBluv ey 5 (IS (primen IS Sy ) olS
eyl 5 3 Sl b5 25 B 1y o 5 5225 alS
3 e (Chakravarty et al., 2015) w5 gl o33l Liol33)
Slge 91,5 158 B bl ws, p (315 b ey
Lag) ol 45) Cumdg g amd GljEl ) Lug) slaail o (lsie
Wl 5 59 oecmen 81,5 (Anjum et al., 2013) wisy dgu0 |,
5 (Liuetal,, 2015) sl igl5él anss b6 jebas ], p Sy s
L (S aess sl A3 cel Sy dl i @il L
{(Zhang et al., 2015)

2 e Jobs S (Kabiri et al., 2017) ), Sen g (5 S
L olS 5l 3y90 e 5 59y Slrcsdiey 45 3,5 agi |y (dl,S
ol gy 58 blB olS 0, cilises olyo 5 catuan] (gjludl;]
o3litsl plSin p S Lausgh o 5 (53 ol 45 50l L5 peicman
Dgr ey LS 09)S 4y Cud (SIS 0 (Stie ool ]

slalals cuis
plail o3 y59 3 bylows 510l lis ooy il g 4350 pols
sy gz (P<e/4Y) doyy O i o )3 paiS ol slon
boylas 21> L (F Jgio) iyl 42528 gults cwiomen (F Jgi2)
dglio 125l lem A1 S 59 0 (D <+/+)) o)l sine
2 youd 3gS 34y 8 Lol L calises (glajloys Sl sl 1, Siles
s 4 s paS 2lgp el o]l )iy (9395 ol aw o
Lo lsn plul ol (jg Jlade (pyide aSgpoa cdb il
@b p hed ond Jiw oS 5l I QWS 3 a5V /7 (1S0Le
RS ke Ve lie b jiud (23355 waw 3 (GO-P) o8l S uus]
by b oSy BUB] Jlog & Cond &8 ol Cussy p)55LS
2 S Ve IT 5Siko b (GO-P-TSP) 5 lind yysus b 81,5
Lld jlp Sk ppySshen Ve jlado b jdund (23398 rdaws p3 (S
036 (339 ko (a8 (D Jgiz) bl (gl dme BMBI ()Ll
Jsin) 15 ednlio Jlagi )3 SlalS 15 55 000 :Silo b slgn plu
VY ke b paiS 2lg plal SS9 cyidier (oo (0
O3St kb 0dd e oS 5 e Sl IS 3 )8
PSS 2 p S ke Vo sl b jhud (23358 v 3 (GO-P)



VFer o0 s — Ol y0 ¥ o )lod YA b (S g0l 4,25 FAY

PS5 (g (Selal )3 SUls 9 05l (59 9 S 9 8LS 53 yud CBIE 51 (9395 oot ST il ly 42525 LS - Jgu
Table 4- Analysis of variance of the effect of fertilizer treatments on P concentration in plant and soil and fresh and dry
weight of shoots wheat
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weight of shoots wheat
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Introduction

Layered double hydroxides (LDH) have gained considerable attention for their potential application in
agriculture, serving as a slow release sources of essential nutrients for plants. The appraising of LDH as a favorable
fertilizer is in the early development, and more studies on the nutrient release mechanism of LDH are needed to
answer the question of how LDH could replace commercial fertilizers for providing the stable nutrients for plants.
Although several studies on the release of P from LDH exist in the literature, no information regarding ratios of
divalent cation (M?*) to trivalent cation (M%*) in LDHs on phosphate release from LDHs is available. So, it is
important to raise our knowledge about various parameters like pH and time on the solubility of LDHs. This study
aimed to investigate the effects of pH and the ratios of M2*/M3*on the kinetics release of P from Mg-Al-LDH.

Materials and Methods

All the chemicals in this research, such as magnesium nitrate hexahydrate (Mg (NOgz)2.6H20) and aluminum
nitrate nonahydrate AI(NOs)3.9H,0 were of analytical grade and obtained from Merk (USA). The solutions were
made with decarbonated pure water without impurities (electrical resistivity = 18 MQcm). Two nitrate forms of
Mg-Al-LDH were synthesized using the co-precipitation method at constant pH by varying the Mg/Al ratios (2:1
and 3:1) in the precursor solution. Briefly, 50 mL of 1M solution containing nitrate salt of divalent cations
(Mg(NOs)2.6H20) and trivalent cations (Al(NO3)39H20) in the appropriate ratios (2:1 and 3:1) were added
simultaneously for 2h to 400 mL of 0.01M solution of sodium hydroxide while being stirred vigorously in a
nitrogen atmosphere. The pH was kept at 9.5 by adding volumes of 3 M NaOH. Afterward, the material was
ripened in the synthesis mixture for 2 h and centrifuged at 3000 rpm for 20 min. The precipitates were washed by
three washing-centrifugation cycles with Milli-Q water and subsequently dried at 70 °C. In this study, LDH-P was
made by ion exchange. The LDH-N were treated with 0.05 M KHPO, solutions at pH 7.2. The suspensions were
shaken end-over-end for 24h, followed by centrifugation, washing, and drying as described above. After digesting
the dried LDHSs in aqua regia (3:1 HCI/HNQO3), the total P concentration of the LDHs was determined. The
chemical composition of the synthesized LDHs was determined by graphite furnace atomic absorption
spectrophotometry (SavantAA, GBC) after acid digestion (3:1 HCI/HNQO3). Crystallization and morphology of the
LDHs were characterized via scanning electron microscopy (SEM) and X-ray diffraction (XRD). The XRD
patterns were prepared using an x-ray diffractometer (Panalytical x Pert Pro, Netherlands), at scan step time of 1s
from 20=5° to 26=70° (40KV and 30 mA), and with a step size of 0.0260, which were used to identify the mineral
phases. The phase purity was surveyed by comparing these XRD diagrams with those found in the literature. The
SEM photographs were gained on a scanning electron microscope (Sigma VP, Germany). Fourier Transform
Infrared (FTIR) spectrum was done on a Nicolet iS10 FT-IR spectrometer by utilizing KBr pressed disk technique.

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

https://doi.org/10.22067/jsw.2024.87711.1404



https://jsw.um.ac.ir/
mailto:m.hamidpour@vru.ac.ir
https://doi.org/10.22067/jsw.2024.87711.1404
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22067/jsw.2024.87711.1404
https://orcid.org/0000-0002-9118-6255

VFer g0 s — 01850 ¥ o )lod YAl (S gl 4,25 Yoo

A batch study was done to determine the effect of different ratios of M2*/M3* in LDHs at different pH 6.0 and
8.0 on the release of P from LDHs. Briefly, 0.01 g of synthesized LDH were put in a centrifuge tube mixed with
10 ml of 0.03M KNOs at initial pH=6 and 8. Suspensions were shaken at a constant temperature (25+0.5 °C) and
agitation (180 rpm) by using an incubator shaker for 8h. Phosphorus concentration in supernatant solutions was
measured by vanadate yellow method at 470 nm wavelength.

In order to investigate the kinetics of phosphorus release, LDH-P1 (2:1) and LDH-P2 (3:1) were used at two
initial pHs of 6 and 8. First, 0.012 g of LDH sample was placed in 120 ml of KNOj3 electrolyte solution (with ionic
strength of 0.03 M) in an Erlenmeyer flask. The flasks were shaken for 5 to 1175 min by an incubator shaker at
100 rpm. Then the suspensions were centrifuged at a speed of 4000 rpm for 20 minutes and the phosphorus
concentration was determined by the method described previously. All experiments were performed with three
repetitions. Two equations (pseudo-second-order and parabolic diffusion) were used to fit the kinetics data.

Results and Discussion

According to the XRD patterns, the sharpness and reflection of diffraction planes (003) and (006) pertained to
layer structures. The basal spacing as calculated by Bragg’s law (n4 = 2d sin 6) were 7.94 and 8.0 A for Mg-Al-

NO; with M*2/M*3 2:1, 3:1 respectively. The XRD patterns of the LDHs exhibited a distinct characteristic
reflection (003), which indicated that the basal spacing decreased as the Mg/Al ratio decreased (higher AEC). In
addition, the decreased basal spacing is linked with a decrease in the interlayer spacing. The different basal spacing
of LDH were related to the layer charge density, the content of water, and the reorientation of anions in the
interlayer of LDH. The intercalation of phosphate anions into Mg/Al LDH is in adaptation with the change toward
lower 26 angles of the (001) reflections corresponding to the expansion of the basal distance d003 compared to the
host Mg/AI-NOs'.

Two bands of FT-IR spectrums around 3470 and 1655 cm for all synthesized LDH materials designate
stretching vibrations of the O-H group of hydroxide layers and the interlayer water molecules. The band vibration
of phosphate was perceived at 1051 cm™ and 1064 cm™, reflecting the formation of inner-sphere surface complex
(M-O-P) between dihydrogen phosphate ions and MgAI-LDH materials. It indicated that the phosphate exchange
process may be resulted in the formation of bidentate and monodentate surface complexes. According to the SEM
images, the well-crystallized and plate-like morphology were typical for layer double hydroxides. The results of
the X-ray energy dispersive spectroscopy (EDS) analysis showed, the only elements that existed in the LDH-N
were Mg, Al, N, and O, whereas Mg, Al, P, and O were detected in the LDH-P. The results showed that increasing
the pH from 6 to 8 in the presence of 0.03 M potassium nitrate background electrolyte led to an increase in
phosphorus released from both types of LDH. For example, by increasing the initial pH of suspensions from 6 to
8, the amount of cumulative phosphorus released from LDH-P1 increased from 38.59 mg kg to 41.91 mg kg™ at
equilibrium. In all studied pHs, phosphorus release from LDH-P1 in background electrolyte was lower than LDH-
P2. For example, at pH 6 and 8, the amount of cumulative phosphorus released from LDH-P2 was 1.46 and 1.33
times higher than LDH-P1 at equilibrium, respectively. The cumulative phosphorus release kinetics from the
studied LDHSs showed that the amount of phosphorus release accelerated with increasing time. Phosphorus release
from LDH continued at a higher rate from 0 to 400 minutes in the first stage and at a slower rate during 400-1175
minutes. Also, based on the results, among the studied kinetic equations, pseudo-second-order and parabolic
diffusion equations had the best fit on phosphorus release data.

Conclusion

The results of this research showed that the release of phosphorus from LDH is dependent on time, pH and the
type of LDH. Based on the results of fitting the kinetics models to the experimental data, the release rate of
phosphorus from LDH-P2 (3:1) was higher than that of LDH-P1 (2:1). Cumulative phosphorus release from LDH-
P2 compared to LDH-P1 was 46.54, 33.61% higher at pH 6 and 8, respectively.

Keywords: Available phosphorus, Kinetics models, Layered double hydroxide, Slow release fertilizer
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Table 2- The kinetics parameters and coefficients of determination (r2), for the models fitted to the P released data in LDH-
P1 and P2, initial pH =6 and 8

digos Ja! 4 o asl
Sample Pseudo-first-order
qe k2 2
pH (mg ) (g mg* min) R RMSE
6 LDH-P2 57.82 2x103 0.98 4
LDH-P1 38.28 3x10°3 0.94 4.39
8 LDH-P2 57.39 2x108 0.97 4.19
LDH-P1 42.14 3x108 0.95 4.22
£9° Ao A
Pseudo-second-order
Qe k2 h )
PH (mgg?) (@mg?mint) (mgg’min) R® RMSE
6 LDH-P2 70.98 4.35%x10°% 0.21 0.98 2.89
LDH-P1 44,16 1.02x10* 0.19 096 3.25
8 LDH-P2 70.55 4.28x10° 0.21 098 3.12
LDH-P1 49.82 7.64x10°5 0.18 097 3.20
gl Sandsy
Parabolic diffusion
R c R? RMSE
(mg g* min?)
6 LDH-P2 1.66 0.86 0.99 241
LDH-P1 1.08 251 0.98 2.02
8 LDH-P2 1.64 0.86 0.99 2.12
LDH-P1 1.19 1.99 0.99 1.81
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Figure 4- The kinetics of P released A) LDH-P1 and B) LDH-P2 (solid to solution ratio = 1 g LM; electrolyte 0.03 M KNOs;
initial pH = 6; 8; temperature =25 + 2 °C.
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Introduction

Dust emission is considered as one of the environmental hazards in arid and semi-arid regions. Understanding the
effective variables in increasing dust mass density is very important for early warning and reducing its imposing
damages. One of the main and effective variables in the occurrence of dust is the geographical and climate
characteristics of the origin areas and areas affected by this phenomenon. Feeding the great rivers of Mesopotamia, it
has reduced soil moisture. Also, the wind component is one of the reasons for the increase in dust in these areas. This
study examines the relative importance of climatic variables to investigate seasonal and monthly changes in dust
emission in West Asia and parts of South and Central Asia.

Materials and Methods

This study has examined West Asian dust from three perspectives spatial distribution, trends, and their relationship
with climate variables. For this purpose, the Dust Column Mass Density (DUCMASS) variable output of the MERRA-
2 dataset was used to investigate the spatial distribution of the dust mass density trend, and the AQERAS dataset was
used to investigate the seasonal and monthly changes of precipitation, wind speed, and temperature variables from
1981 to 2020. In this study, the modified Mann-Kendall (MMK) trend test method was used to investigate the trend
of dust occurrence in the study area, and the Sen's slope estimator (SSE) test was used to investigate the slope of the
trend and to better display the changes in dust mass density in the western region. the results of the SSE test have been
examined on a decade scale.

Results and Discussion

Investigating the possible climate drivers in the changes of dust mass density for different regions by calculating
the correlation between the time series of dust mass density and the variables of temperature, precipitation, and wind
speed has been investigated. The results showed that there is an inverse correlation between dust mass density and
precipitation and a direct relationship between dust mass density and temperature and wind speed. The highest
correlations between dust mass density and temperature have been calculated, and this value has reached 0.9 in the
warm months of the year. On the other hand, the highest negative correlations have been calculated in the cold period
of the year (winter and autumn seasons) between dust concentration and precipitation with a value of -0.7. The
correlation coefficient between dust mass density and wind speed in the months of January to May and November to
December was mostly above 0.6. This value shows a lower correlation in the summer season.

In most months of the year, dust mass density shows an increasing trend in most regions, from March to July, an
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increasing trend in active dust springs in Mesopotamia, the deserts of Iraq and Syria, the desert of Rub' Al Khali, Ad-
Dahna and Al Nufud Al Kabir were observed in Arabia and Thar desert in Pakistan. This increasing trend started
cyclically from the beginning of spring and reaches its peak in June and July, and the intensity of the trend decreases
from September and reaches its minimum value in December. The important point is that the cycle of changes in the
monthly trend of dust mass density coincides with the cycle of changes in dust mass density. The northern parts of
Iran and Turkey have the highest frequency among different months of the year with a decreasing trend of dust mass
density. The increasing trend of dust mass density in the spring and summer seasons in Mesopotamia, the deserts of
Irag, Syria, and Yemen, the Sistan Plain, and the Thar desert in Pakistan and the southeast of Iran was significant at
the level of 0.05.

Conclusion

The results revealed that the seasonal changes in dust mass density show well the active sources of dust in the
studied area. In the spring and summer seasons, the activity of the dust centers located in the west of the study area,
including the Rub' al Khali, Ad-Dahna and Al Nufud Al Kabir deserts, Mesopotamia, the deserts of Iraq and Syria,
increases and on the arrival of dust to the west and southwest Iran affects. The investigation showed that climate
variables play a key role in the variability of dust mass density in the study area so the areas corresponding to the
summer north wind and the 120-day wind of Sistan have shown the highest dust mass density in annual variability.
The correlation coefficient between dust mass density with temperature and direct wind speed and its correlation with
negative precipitation have been obtained. The results showed that dust mass density has an increasing trend in most
of the regions, so from March to August (spring and summer), the increasing trend of dust mass density is significant
at the level of 0.05. The highest intensity of the increasing trend was observed in the spring and summer seasons in
Mesopotamia, the deserts of Irag, Syria, and Yemen, the Sistan Plain, and the Thar desert in Pakistan and southeast
Iran.

Keywords: Dust mass density, Dust trend, MERRA-2 dataset, West Asia
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Figure 1- Location of the study; A) Képpen-Geiger climate classification and B) digital elevation model (DEM)

AGERAS Julai L sula 4 gano
srosld p pione 3| SO ECMWE Jou5b (slaodls degoe
O | (6l 495 3590 & Wbl oo Sl g 3 o pod 53
03> degasme (pl (gllad jlade i plool Cliiss glles )l 4,8
ool ol ol bl gyl ;o Slalie glaodls b awglis 4o
Sl pusio (gly 03> degezme opl LIy (Bell et al., 2021) ¢l
9 (Asadi Rahim-Begi et al., 2022) i, silod ol calises
ol 43,5 )15 00l 3560 55 ]l (Heydari et al., 2023) L
Oleeds olg oo 03l pl 51 a8 sl 00ld Ui iy Olasis gl
2,85 ool Slhalie ooy laisay ools 286 sble o 4Kl
Fr ke e ol Jpame ooy ERAS o3> ac5ae
ERAVY Jols (L8 slaasis Jlida & cwECMWEF
Hersbach et al., ) cwl oad &) ERA-Interim 5 ERAY-
L) gor oo ol cladygly ool acgee ol (2020
» ERAS (g)ls500ls dilolw .aad 0 )] ool ¥V a8l S
loodly ¢ Jao gy (BBl (gl jlanle calises (glaosly bl
SiwJde olyemay ooy pl S 5wl (sbyd oladse 9 YU o>
s 030> degazme (pl Cunlad pie U Cowl o el a8 iy sl

(Jiao etal., 2021) L3l b

ouldicul v, g0 slaculy
SrosSas) (yizman g gy Sl Gl bl ) ailate
b Jls ol o & oLl yss dasuin 93 opl Cusl Slody 9 S5
Sezg il sl Hlesl ) pwlie (Slaalie ooy ol 5l adlais
sboodls 09,5 93 jl 3ui5 (pl > ) o psle clagingk
Osned 9 SBgd )8 clale wyy sl AQERAS § MERRA-2

ol 04 odlawl S1B-93,5 ol ) 1 a8l ol yuxio i o)y

(O g sasaa culiidi ga (slaolEhul) Jlaaldis slasala
b basye laginghy 3 oad (a8 S8 Shalie laosl
Jdday BuoS nl ) e )58 0 (VL Cueal ) g psle
CoE ) s e $1aygdS (BBl (slaodls 4 (g pie
3ol 515 5 )l ded ol (glopite (i oy (sl Lo
oy s e @3) olpl Glden wlislgs oK can
Sagy (odlll osnle lys e (0548 9 by bl
5l el ous ool Dsa 4 Cfa «Csa BSk BSh BWk BWh
oyl ded pusto dw (gl AVl olido ;5 o] can pl (glaosls
Wl 00 03zl YoV 5 VAAY (glol 0,93 (b o (o5



VFer g0 s — 010 y0 ¥ o )lods YA b (S g ol 4,5 FVP

axlllae 3,90 alliio (152 -0 (oSl abalb - Jgs>
Table 1- Képpen-Geiger climate classification for the study area

B (s gauaib 2B 15 gusalb Olnsyi
Kdppen-Geiger classes Kdppen-Geiger classes Description
BWh P e ekl

Arid, desert, hot

Sy slagbly b Siddas b ciwl o8l
Arid, steppe, cold

Arid, desert, cold

£ 9SS b b Jaize p )5 oalél

BSk

Csa Temperate, dry summer, cold summer
Bsh £S5 slapbly b Sidaos b cl o8l
Arid, steppe, hot

Dsb £ g S clagliwl b () o8l
Cold, dry summer, warm summer

Dsa )5 S 9 St ol b (B oGl

Cold, dry summer, hot summer

Dfb F)§ Ot“&’u L H’?lof L )Y r"“lBl
Cold, no dry season, warm summer

Olisy 9 S5 S bl gbo bl b 8y r‘,.lsl

DSC .)).u.v
Cold, dry summer, cold summer
ET 1)A5 oul8l

Polar, tundra
5 s (it b gy o Jins 5 ol

Cfa
Cold, no dry season, hot summer
Dfc 3y e 5 S5 (el b gbye sl (Bt ol
Cold, no dry season, cold summer
Csh £S5 o Std Gl b Jaixe p 5 ol

Temperate, dry summer, warm summer
Cfb 55 Ol b ogbye sl Jiine £S5 6]
Temperate, no dry season, warm summer
55 S Ol 5SS Glinej b Juine £S5 6]

Cwa .
Temperate, dry winter, hot summer
Dfa P)f v otw.b' L 9910)‘ pLve )Y mm
Cold, no dry season, hot summer
EF olisy o8l
Polar, frost
Dwb PS5 il g SiS lagliune; b (B waldl
Cold, dry winter, warm summer
Dwe S Gl g 2 g SiS glalinej b By il
Cold, dry winter, cold summer
Cub P25 il 5 St Sl by Jsine 5 ol
Cold, dry winter, warm summer
ERAS aJgl sloodly & cowd AGERAS slrodly dsgazs &S Slyuss wyp sl AGERASD oold dcgosmo I dalllas () jo
Yuetal,) cal )0y (yioghs Vo boss) 6 5VL 88l SSas Yo¥e BYAAY Jlo i led 50l (005 ¢ 5L (sl yuiito dilalo §  Juad
DuiSen y dlon 1 aliste Gloroual 0dld asgezte ol 43 (2021 Caus AGERAS (slaoaly dcgommo (55,8 45 Cojo A ool

sl 01 plsl LSl ) 5 BT ans Sloeaat ¢ Suid—ly > casl ) 3 ERAB Jsans d5es g ERAS-LAND (cloosls 4



YAV ol o yiio b o Bl g bl 03 50 S5 90,5 Clilé Wig) 9 (2Ldd (ST (om0 3 (Sily95l8

Ol 3 a3 ee LS Ty K9y Sy o Cwsl Sloj 5y Sy )
oy dibile )0 SBe S clale Wl yips il gl Budod
ol 485 )15 )2 3)90 (glamd liio 53 i (19031 gl Ll
L0 g 53 sl gine aw ol e 4 (F JSG) 5 o @l &S

ol 015 1))

oaslay glaslKicul yo caalSl (la yaia ol Siw e
o2l sladigy

9 43S @il Cundg )3 sl (couldl (Sl puiite (i o>
O o Sly 3 ol 0 el e o o] (rioon
e duw ) Lol )8 ddlate y3 1593, 5l )3 coul8l (olo yuiie
soleilon dslllas 3y50 ddlaie (sl ods oolasiwl iy g b (645 cled
5 ol g il S i 55 1 08 03 bt s oS
Joled (6305 (g5l JiYod ayauiS plo glp Slalie slaodl
Jlao ol 13 9 BBL g)lol 095 Jobo ¢cg S0l o3y olusd
(PR > Caer pslaie (pl (6l Al ed g0 p0d )3 g (ol
A ol atgy cuam AGERAD o3l degasme 1 03 pol kit duw
o] Sy (oonldl algg 3l g 9 (alolids Lol )8 dilalo
Oyl uded wlibler claolSiw] glaodly jl sable laica
LS —SlS oLl aomiaw dw I edlainl b o g pd g sl
sy -4 ol (1) (Stusad a5 (d) B35 s (KGE)
e Staed ol o0 &)1 ¥ Jods ) doiw aw ol o)l
Mia S, gy ) 5 gm oSl et 33 (3 o L)
ot 08l =Y 5] 0 a8 wad o Sl 9 =) o dols
58 Sl g Jo Gt (Sounan osimalis 1) (oIS o
sodly acgeme b Jao L Sbj)l 0wl Jas bl
0L ooulBl ola it (6ly (gloylgmle slmodly > b g Julossl
B8 e aomis ol WS o ) e 513l (d) ©gakis 3815
9 S oo bl ly Slalie slaodly g ond gjlodens (slaodly yu
op 0 asls el (Jo5 slss) V U (3855 pas) « 5 ol awb
b duolio )3 9 3,0 3 )3 1) Slynis o2 9 (1Kle 3 gl
Sl el (i)l S (o 55 po3 (Stran p bl &S oln )
L (KGE) LysS—Suls” oS aswus (Willmott, 1984) aas o
(sl § Ol ((Stned 1l a4 4 Jao QLS 4558
o Sk |y (NSE) cadsSslu— i aislen (sladociw (slacudgioe
ol e a5 Conl ke V U cols o e | KGE st S
9 (Silwdnds (gloodld y yiay (38197 odimd L el S5 Y 4
(Knoben et al., 2019) cuwl Slsalie

5 Jo S5d 50 00 plosl Glououal Jday cuslad pae ases )
(Brown et al., 2023) cusl adly, jials” ool as b a8l S

MERRA-2 suly 4 gase
Oe 9 S1g2)S Clald Glpss () p S GlgR 0l 5
5 adlae )50 adhie > S1BgdS Jud cladcdis (ojlo,Sl
Jyaxe ol a5 o2litl dlale wlia ;> (DUCMASS)' Jgae
SS@5 L MERRA-2 Lsh oaly degoome Y g 1 (S5
S5 MERRA-2 031y ds gooro ol wgd asyd «/FYOX /0 bl
oSy L b YA ol &S cal g ity Julos 5l eals
ookide ) (g5 (slrodly dsgasro ol (4l (GEOS) Jao b asews
Odsl ealy degemmo pl (LU et al., 2022) cowl 03903 WJg5 S5
5 o)lsale Clialie gt Glesds e Jdoosl el L
I b )S5h pegy Jsd 00y degesme sl Jao 2l
MODIS MISR) (glolsnle slaodls yolwl y 45" cusl MERRA
Koster et al., ) cwl osi 0Js5 AERONET 5 (AVHHR 4
SBga,S cdale e 5l 5o opl ;3 Ab 4 oS jekailen (2016
3958 3 ol ods (6 pSojluil pite oS Ll I sl s ool
o ganyd Gl 1V o)l dgng S, clale oyl (ol
ol Sobl jl Jbs ol b oyl 3¢9 DUCMASS Jgae
5 AVHHR 5 MODIS MISR (slaojlsale (slaosly | Jgame
ool suoj (slmolSiww] )3 AERONET o (5,u80jl5l (glaedls

ok ol 5> MERRA-2 63l dcgasns I PM2.5 i o
eH by Glre @lyd 3yglp 53 03ly dcgasme pl a5 ol 03l
.(Dadashi-Roudbari et al., 2020) cusl Jgd LB
JIas o (g 5 ouldiedl b SIA ga S wlad y w9y (o 3
oudds s

dilaio > SB9d)S 33 gy (wyp Sl pl GigR 5
s <o 9 (MMK) 013 gronas JIS (g (b | aalllas 3590
JIS e y903 canol 0 03wl (SSE) ywinw 49051 51 9y o
—0e 093] el gy (g e Soalll o3l S (MK)
Sloj 5y (Stnonsgs x5 J) (535 gl (5l 020 gy JIiS
4 (ESS) 50 wiges ojluil wlul p zuoual cops S odb
sy (Hamed et al.,, 1998) .S o adlsl by luslbxe
A Capss 01 gusnal JINS e 905 (seall (slmodls W5, dnloxe
Daufresne et al., ) ol yslazel 8 SwdS” JInS oo oy905]
S (oBly o (3905 335l g s S g, (2009

1- Dust Column Mass Density



VFer g0 s — 010 y0 ¥ o )lod YA b (S g ol 4,5 YA

T S D (6l PadgT 4D daws 03wl 3,90 d)bi Sbasw -Y Jou
Table 2- Statistical metrics used in the research for evaluation

Statistical measure
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Table 3- Evaluation of AgGERAS dataset in estimating climate variables of precipitation, temperature and wind speed in climate zones

oAb
Precipitation
RETW ol dgg oaiyles o el Gy g SolS a8
Station Representative of the climatic Correlation Coefficient of KGE
zone agreement
Yazd 55 BWh 0.75 0.78 0.69
Mashhad e BWk 0.71 0.76 0.68
Shiraz jl,us BSh 0.91 0.93 0.82
Tabriz 5,5 BSk 0.68 0.54 0.44
Babolsar ,..L Csa 0.75 0.77 0.59
Rasht c.s, Cfa 0.75 0.84 0.65
Shahr e 5,5 ¢ Dsa 0.71 0.64 0.57
Kord
Lo>
Temperature
c . c . . LyeS-Suls” LIl
oK o8l digy oaisles (SN G8ly Gy s KGE o
Station Representative of the climatic zone  Correlation  Coefficient of agreement
Yazd >} BWh 0.97 0.81 0.85
Mashhad g BWk 0.95 0.93 0.94
Shiraz jl,.s BSh 0.92 0.87 0.81
Tabriz j,s BSk 0.93 0.93 0.76
Babolsar ,..Ll Csa 0.92 0.76 0.83
Rasht c., Cfa 0.92 0.73 0.62
Shar e 5 xes Dsa 0.87 0.69 0.65
Kord
3L s
Wind
ali’.‘.w»] u,e,..lsl AR odules M @5]5: oo KGE b;— P ‘_f\)lf
Station Representative of the climatic zone  Correlation  Coefficient of agreement b o
Yazd > BWh 0.48 0.48 0.44
Mashhad .o BWk 0.59 0.43 0.42
Shiraz jl,us Bsh 0.58 0.49 0.48
Tabriz 3,5 BSk 0.72 0.52 0.49
Babolsar ,..LL Csa 0.52 0.49 0.48
Rasht cus, Cfa 0.51 0.42 0.43
Shahr e 5,5 e Dsa 0.62 0.54 0.49

Kord
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Figure 2- Monthly spatial distribution; a) Dust column mass density (unit: g/m?), b) temperature (unit:°c), c) precipitation
(unit: mm), d) wind speed (unit: m/s), during the 1981-2020
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Dust.jan Dust.feb Dust.mar Dust.apr

Dust.may Dust.jun

Dust.jul  Dust.aug Dust.sep Dust.oct Dust.nov Dust.dec

pr-jan

pr-feb

pr-mar

pr-apr

pr-may

pr-jun

pr-jul

pr-aug

pr-sep

pr-oct

pr-nov

pr-dec

Wind-jan 0.56 0.54 0.53 0.53 0.54 0.46 0.37 0.44 0.55 0.58 0.60 0.59
Wind-feb 0.58 0.56 0.55 0.56 0.56 0.48 0.41 0.46 0.57 0.60 0.61 0.60
Wind-mar| 0.58 0.57 0.55 0.56 0.57 0.50 0.42 0.48 0.58 0.60 0.61 0.60
Wind-apr 0.56 0.54 0.54 0.57 0.58 0.49 0.41 0.47 0.57 0.61 0.60 0.58
Wind-may| 0.48 0.48 0.48 0.53 0.54 0.45 0.39 0.43 0.51 0.55 0.52 0.50
Wind-jun 0.44 0.43 0.44 0.51 0.51 0.39 0.33 0.35 0.44 0.53 0.50 0.46
Wind-jul 0.38 0.37 0.36 0.41 0.43 0.35 0.29 0.31 0.39 0.45 0.42 0.40
Wind-aug 0.36 0.35 0.35 0.39 0.41 0.33 0.28 0.30 0.37 0.43 0.41 0.38
Wind-sep 0.39 0.38 0.38 0.43 0.43 0.35 0.30 0.33 0.41 0.47 0.44 0.42
Wind-oct 0.45 0.44 0.43 0.46 0.46 0.38 0.31 0.36 0.48 0.52 0.52 0.49
Wind-nov 0.55 0.53 0.51 0.52 0.53 0.44 0.35 0.42 0.55 0.58 0.61 0.59
Wind-dec 0.56 0.54 0.52 0.52 0.53 0.45 0.37 0.43 0.55 0.58 0.60 0.60
Tas-jan 0.65 0.65 0.63 0.59 0.69 0.64 0.55 0.61
Tas-feb 0.66 0.66 0.65 061 | 071 0.65 0.57 0.62
Tas-mar | 068 0.65 0.68 0.60 0.65
Tas-apr | 072 | o70 0.63 0.67
Tas-may 0.68 0.70
Tas-jun | 0.70 0.70
Tas-jul 0.69 0.68

Tas-aug 0.69 0.68

Tas-sep 7@;@&7 _ 5

Tas-oct 0.70 0 L i 0.65 0.68
Tas-nov 0.67 0.67 0.67 0.64 0.67 0.58 0.64
Tas-dec 0.65 0.64 0.63 0.59 0.69 0.63 0.55 0.61
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Figure 3- Correlation coefficient between monthly dust mass density with climate variables of precipitation (Pr), wind speed
(Wind) and temperature (Tas).
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Figure 4- Monthly dust mass density trends in the 1981-2020 based on the MERRA-2 dataset
Areas with hatches in the map show significant trends at the 0.05 level based on the modified Mann-Kendall test (unit:
g/m?/decade).
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