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Introduction

The rapid growth and development of urban communities, coupled with the increased industrial and economic
activities in recent years, have led to the production and release of various pollutants into the environment. These
pollutants have adverse effects on human health, living organisms, and the overall environment. With limitations in
water resources, insufficient rainfall, the looming risk of water crises in many countries, and the escalating pollution
of surface and underground water, there is a pressing need for environmental solutions to mitigate these issues. It is
important to acknowledge that wastewater often contains pollutants that may render it unsuitable for certain
applications. The utilization of biochar derived from cost-effective materials and innovative technologies such as
ultrasonics is one avenue that warrants exploration for enhancing water quality. In this approach, a nitrate solution is
exposed to both an adsorbent and ultrasonic waves. This dual treatment induces changes in the physical and chemical
properties of water, thereby offering potential improvements in water quality.

Materials and Methods

This study aimed to explore the impact of utilizing biochar derived from rice straw, which was coated with
iron(111) and zinc cations, and subjected to ultrasonication, on the nitrate adsorption process from aqueous solutions.
In order to produce biochar, cheap materials of rice straw were used. The chopped straw was placed in the electric
furnace and heated for one hour to reach the desired temperature. Then it was kept at that temperature for 2 hours.
After that, the obtained biochar was washed three times with distilled water at a ratio of 1:20 and dried in an oven at
70°C for 24 hours. In this study, two temperature levels, 350 °C and 650 °C, were used for biochar production. Based
on the results from pre-tests, it was found that biochars produced at 650 °C exhibited higher nitrate removal
efficiency. These biochars were then used for the continuation of the experiments. To optimize the adsorbent dose,
pre-tests were conducted using doses of 0.1, 0.3, 0.5, 0.8, and 1 gram of the adsorbent with 40 ml of nitrate solution.
The concentrations of nitrate solution tested were 20, 45, 80, 100, 150, and 200 mg L% The research involved
conducting experiments to determine the optimal parameters for each treatment, with three repetitions conducted in
the water quality laboratory of Sari agricultural sciences and Natural Resources University during the years 2021 and
2022. The treatments comprised biochar (B), biochar and ultrasonic (BU), biochar with iron(I11) coating (BF), biochar
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with iron(l1l) coating and ultrasonic (BFU), biochar with zinc coating (BZ), and biochar with zinc coating and
ultrasonic (BZU). In this investigation, Langmuir and Freundlich adsorption isotherms were examined.

Results and Discussion

The results indicated that the BF and BFU treatments exhibited a higher maximum adsorption capacity. The
Freundlich isotherm demonstrated higher correlation coefficients for BF, BFU, BZ, and B, suggesting a superior fit
of the Freundlich model in these treatments. The better fit of the Freundlich adsorption isotherm indicates the
heterogeneity of biochar surface adsorption sites, which means that the adsorption process is not confined to a single
constituent layer. Nitrate adsorption on biochar surface is probably influenced by electrostatic adsorption and ion
exchange. Conversely, the BZU and BU treatments showed a better fit with the Langmuir model. In the analysis of
the Freundlich isotherm, ns values revealed that BF, BFU, and BZ treatments exhibited a favorable adsorption state
with a desirable curve shape. The B treatment displayed a normal adsorption state with a linear curve shape, while
BU and BZU treatments showed a weak adsorption state with an unfavorable curve shape. The elevated values of
adsorption capacity (Kg) obtained for BF, BFU, and BZ, namely 1909.414, 1484.22, and 386.63 ((mg g*)(L mg)'"),
respectively, underscore the high nitrate adsorption capacity of these treatments. Also, biochars coated with iron(l11)
and with iron solution concentration of 10000 mg L had a very good performance in removing nitrate from aqueous
solutions. The new ultrasonic technology was able to improve the performance of the tested adsorbents in a period
of 5 minutes without the need to stir the mixture of biochar and nitrate solution in the obtained equilibrium times,
which were between 60 and 120 minutes. Application of this technology can be effective and useful in increasing the
economic benefits of using limited water resources and increasing the efficiency of water consumption.

Conclusion
The utilization of cost-effective biochars derived from rice straw, along with the application of ultrasonic
technology, can substantially decrease nitrate levels in aqueous solutions. In the case of biochar with iron(I11) coating,
biochar with iron(l111) coating combined with ultrasonic treatment, and biochar combined with ultrasonic treatment,
there is a notable affinity for nitrate to be adsorbed onto the surface of the adsorbent.

Keywords: Adsorbent, Adsorption capacity, Freundlich, Linear isotherm
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1- Thomas model
2- Dose-Response model
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Table 1- Optimal conditions obtained in pre-tests for different treatments

Aolik BZU BZ BFU BF BU B
Parameter
b5 oylo;
el 50 1200 50 600 50 60.0
Equilibrium time (min)
pH 10.0 2.0 7.0 4.0 20 20
=3k g2 75 250 250 250 75 250
Adsorbent dose (g I'%)
Ol ole cid)bb
Nitrate adsorption capacity 5.8 1.0 31 3.0 41 09
(mg g?)
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B; Biochar, BU; Ultrasonic and biochar, BZ; Biochar (650 °C) coated with zinc with a concentration of 40,000 mg L™,

BZU; Ultrasonic and biochar (650 °C) coated with zinc with a concentration of 40,000 mg L,
BF, biochar (650 °C) coated with trivalent iron at a concentration of 10,000 mg L,
BFU, ultrasonic and biochar (650°C) coated with trivalent iron at a concentration of 10,000 mg L™,
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Table 2- Different values of Ri
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Undesirable
.ub) RL=1
Linear
oslee 0<RL<1
Desirable
ARES 5 RL=0
Reversible
gl slosar

P aaY d p» (aw Ol Gy ulp gl Je |l
&S Gl 0dih 5,8 55500 Jdo 10 2gub oo o3laiiwl Keal Folaus
ot Ao (GBI @i I 551 5
2 o s &)1 (£) 9 (0) Yoleo ) gduigyd sdbbleo Jod o
b o3litl glaig )b gablee s )b 5l Singl ol

qe = kf Ce% (a)
log g, =logk; + ni (logC,) ?)

(3 o920) N5 (Mg gL Mg Ke (599 Lalg) 5
bije Cla Gud g Cla )b b &S i placul cul ja
Kr s cud )b (Yazdani Sheldarreh et al., 2018) si_wa
P OlFe 900)S Cuog o> 4 Jas b o) Cls cbodly
oo i 350 sor ¥V (gl ) odle Gl bbb o ol
PYL oy il Wil 35S, Kr da yo a8 &ygo opl 4 0900
Sy a8l e oy bods godle (sl Ol Cls cud)ls oy
ga—w arodigSoda dlse OIS @i gops goAS Gl N &S
1l G5 o & ol e de a5 4l e O3l sodle
2oVl Gl bl conima Lt g adly (il pdaws Kenl
A el LS Y Jedz o N yelly olie (o5l il Ll o
) b @die,d Jo —w,y > .(Jaafarzadeh et al., 2012)
9> 2) 109(Ce) s 2 (3905 53900 yoxe 59y 1) S99
5 08se g b 3l 4S sl Canddy cowime b3 (jdges (88 Heoxe
dgdn Jols 10g(KF) 5 1N ey ] e

2- Separation factor
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Table 3- Different values of n

e S ) n walie
Curved Shape Adsorption Status The Values of n
V’H_MB e n<1
Undesirable Weak
‘:Ja& ‘:J?w y<n<y
Linear Normal
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4 28 o Sl (o widh g9 Slodod (oo o 5]
Gla_w «“9) l) Lam\.x\j Plf “ PL? t.:.L> FLY 039 uol.’> d)y90 ;i.x
9 JS=8 595 o)l ol Luogiad (Jodsia i 5 clgisy
5 lod Olie & o dls o o (655 e md o (LS plad s
.(Farrokhpey et al., 2019) 5,ls St O daws (090 ek

3 o lone 31 il (sl ot bt ol i jlaie
Cwlodsosly L ¥ JSs ) edelcwsa ol glacdale
i oS w3 e s BU 4 BFU BF el JSeis L clodon
W e Ll 395 5l Ll e (g9 o (sl (VL s e
calls (Wang et al., 2007) ) )\Sea 5 Kily sloazsly L as
3y
aS" 15,8 oyl 35 (Crini & Badot, 2008) gl 5 1,8
Soy p e 4 Ol b bl ol S L godie

b an g bbb e LhalS some a0l e (59,
P a0 Jol gy phutiSp slasen ool BF jlog )3 (oie
bgiye g Cusl pasuie (g luie w0lighoia e g0 (o )Li3
L ilhae BFU Lo ailiso 059,500 Sl 0dr slodon &
b g St it Slge (sl Jgome jobots &5 Cusl pod g5 (Sloton
slaas¥ | (g350 5l dlass (gols 4S 0,855 Le lacdls
S g gomie JS b glds pl Bl e el 0dg Wbl
A8l e cnl )3 p9d g5 Slodor 41 Jol £ slodan
9 BZ lajloys oo bl o 0l s Gla a] 8 5 Sigul 5l
bl o Shgl (cobpuedl pid 95 (sloden b alin 45 BU
Ta—w 9y 1) aa¥ plS a4 plS Cla aS 0391 (ol 390 S
9 JS=b 69,5 )l golaw Luogad ¢ Jodsito g colpsy

J(Farrokhpey et al., 2019) sas o olis dod e

»Sl:l‘g:ti W9y @ wia slalosed (uisascds
JLs ,3 (Brunauer et al., 1938) (so3 yind Olalllas polinl
b3S (oMo dlwd Lid 4 |y Gl slaloden ShgT VAAD
aS 039y Jol 95 p oSy loden Jol aoxio V S 4y an g
sl oo ] s ((L8) (31,5 a2 03l o Jloges
043D 0,855,500 dge idn (slodon ( Sid Cla 1 Gldgel 95 oyl
sba)luid 3 Vb o Cales )3 9 oy Sio (108 395
s Y Ls L dedod g5 opl )0 5 00 sdalidie b o
Jsexe jobods a5 0dgy pgd £ (slodad pgd oo A8l o 5las]
& g gdai ASb o i oXgbods A 0400l
(_'ﬂ 2 S Gl glalads z8ly )3 el aged p2i5 Cps ok galads
E9=b gdx oY Qlo g oad oS sxigdode caY oyl
o905 9 0392 Py £9 RS g Sloded po (Jxie 35
4 .L..:L:L;c e Uyguody (aumd )L.»B o> DA.;?.JB u.\> )l.\io
9 u.)l.)- O I YOS l_u_aw) W).s L5°'L"°">ul—’*" 63‘5 5
UM.O.: o.\lMy:\;—o.\ﬁMy:&; O w&@)) 9 009 DJJSJL.):\?
bol s pgao yo (s Lo g5 ol ilad oo (55L 1) (oteo Sl
Ao 59y ol o Qi b g ol )y e i
2 ke £5 cloder i bodad g9 oyl 5l sladiges o 13l,S
) Ghat ey yiats 9 A bl o 0,950 dlge du L alayl,
u..\> Ll Lbb)b ul;l:wo 4 L:y)/:: FLga| u9] BL)
3gud oo bodod (il e 4 youie YU o (ol ylid > dguee
Ledad pl Jgl Coond .l oy folS 090y (godimd i aS
P 9 (550 503 ey Cuil p9d £95 (Slodod ) 4
o yis llae )3 55 vy g9 (Slodon 45 0395 Sigs] (g punnds
Pl 9 lodor B do 51595 o 0amlilio oo jylanst

MLL;O o.‘\.:}_.wub 9 ubl> O Lo W).’ db..\.uh.)u‘..w



In) i U.ET b ouls oolo gy (g ) s JLE ) lawgi Wl pid i sblosad (cwy oyl )on g (& ST

I "
B
3 N\
2| :
E'om n
.3 P
g
-
2 8
43
3%
-
° 2 \ Vil
-
g s -
o 5l

Relative Pressure

o SLid o g ddigiria godbo Jladle (wlwlp ol slesoa gl -Y JSS
Figure 1- Types of adsorption isotherms based on the amount of adsorbed material in terms of relative pressure
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Figure 2- The amount of nitrate adsorbed by the test treatments from solutions at Equilibrium concentrations obtained
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Table 4- Nitrate adsorption efficiency at equilibrium time, optimum pH and adsorbent dosage for different concentrations of
nitrate solutions

Ol pd Cda o yd
Percentage of nitrate adsorption

Ol i adgl il

BF BFU BZ BzU B BU
Initial nitrate concentration
20 99.81 99.04 77.55 30.90 37.58 33.76
45 97.40 96.95 53.01 21.59 19.02 46.03
80 91.90 93.41 32.66 32.23 24.06 50.01
100 91.42 85.26 25.99 35.81 22.79 50.32
150 84.14 75.45 25.29 56.85 28.16 41.67
200 76.92 75.01 24.24 35.48 38.60 47.05
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B; Biochar, BU; Ultrasonic and biochar, BZ; Biochar (650 °C) coated with zinc with a concentration of 40,000 mg L™,

BZU; Ultrasonic and biochar (650 °C) coated with zinc with a concentration of 40,000 mg L™,
BF, biochar (650 °C) coated with trivalent iron at a concentration of 10,000 mg L™,
BFU, ultrasonic and biochar (650°C) coated with trivalent iron at a concentration of 10,000 mg L.
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Table 5- The values of Langmuir and Freundlich isotherms parameters and R? and RMSE
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Parameters of isothermal models of nitrate adsorption

295N &gy
Langmuir Freundlich
s Qm(mglg) Ko (Lmg?h) r RMSE K ((mg g™*)(L mgHym) n r RMSE
BF 3.345 8.491 0.894 0.122 1909.41 3.641 0.985 0.036
BFU 3.664 1.405 0.950 0.083 1484.22 2942 0.981 0.039
BZ 1.341 0.184 0.806 0.152 386.63 3.562 0.856 0.059
BzU - - 0.886  4.469 26.24 0.795 0.799 0.187
B 1.632 0.016 0.713 0.606 18.49 1.047 0.806 0.157
BU - - 0.946 0.082 56.48 0.852 0.944 0.087
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BZ; Biochar (650 °C) coated with zinc with a concentration of 40,000 mg L,,B; Biochar, BU; Ultrasonic and biochar

BZU; Ultrasonic and biochar (650 °C) coated with zinc with a concentration of 40,000 mg L,
BF, biochar (650 °C) coated with trivalent iron at a concentration of 10,000 mg L,
BFU, ultrasonic and biochar (650°C) coated with trivalent iron at a concentration of 10,000 mg L.
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Introduction

Reservoirs are crucial for water supply to human societies, making their proper and planned management
essential. Dams serve multiple purposes, including urban water supply, agricultural irrigation, flood control, and
hydroelectric power generation. In order to properly manage and monitor the consumption of these important
reserves, it is inevitable to know their capacities. Using water stage and the reservoir's initial volume-area-elevation
curve, which is prepared with the hydrographic operations, is a common method for estimating the storage capacity
of reservoirs at different water levels. Over time, the occurrence of numerous sedimentations, often due to factors
such as floods, can alter the initial volume-area-elevation curve of a reservoir, requiring it to be updated.
Hydrographic operations, using tools like eco-sounders, are conventional methods for updating this curve; however,
these methods are both expensive and time-consuming. In recent years, various studies have focused on remote
sensing techniques aimed at estimating the volume of water stored in reservoirs, using water levels to establish the
surface area-elevation curve. The basis of these studies is the separation of water-land masks using spectral indices,
the calculation of water levels, and the development of reservoir surface area-elevation curves through linear or
polynomial relationships. However, the main limitation of these methods is the inaccuracy of linear or polynomial
relationships in fitting the surface area-elevation curves at the beginning and end points of the water stage change
interval, which correspond to the empty or full states of the reservoir. This inaccuracy arises due to factors such as
drought or flood events. In this research, the limitation of linear and polynomial relationships in accurately predicting
the points of the reservoir surface area-elevation curves, where observational data are unavailable due to non-
occurrence, was addressed by using the Modified Strahler method to draw the hypsometric curve. This method allows
for the calculation of the storage capacity of the reservoir between successive water levels and the determination of
the final volume of water stored in the reservoir. By comparing the volumes of water stored at the present and initial
reservoir capacities, the sedimentation rate and the useful life of the Negarestan Dam reservoir were estimated.

Material and Methods

Negarestan Dam (Kabudval) is located on the Qarasu (Zarin Gol) river, 45 km east of Gorgan in the Golestan
Province. This dam is used for purposes such as supplying urban water to Aliabad city and supplying water needed
for the agricultural irrigation network of Qarasu. In this study, landsat8 satellite images were used to estimate the
useful life of the Negarestan reservoir. The required images of the ROl were downloaded through the USGS database
and pre-processed in Envi5.3 software. Using visible and infrared spectral bands, water indices NDWIMCFeeters,
NDWIGao, MNDWI, AWEISh and TCWet were calculated to separate land-water masks. After evaluating the
accuracy of the obtained water level results by comparing it with the initial volume-area-elevation curve of
Negarestan reservoir, the MNDW!I index was used as the most accurate index to calculate water levels. In this study,
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the modified Strahler method was used to obtain the hypsometric curve of the surface area-elevation of the reservoir,
which has high accuracy in extrapolating the beginning and end points of the curve. By using the hypsometric curve,
water levels were extracted for arbitrary water levels, and with the help of the prismoidal method, the volume between
consecutive water levels was calculated. The sum of these volumes equaled the current storage capacity of the
reservoir. To estimate the sedimentation rate of the Negarestan Dam reservoir, the current storage capacity was
compared with the initial storage capacity in 2015. Based on this comparison, the useful life of the reservoir was
accurately predicted.

Results and Discussion

Validation results for calculating water surface areas using NDWIMCFeeters, NDWIGao, MNDWI, AWEISh
and TCWet water indices showed that the MNDWI index with an average water surface areas calculation error equal
to 5% is more accurate than other indices. Therefore, the MNDWI index was used in this study. Additionally, the
comparison of the volume of water stored in the Negarestan reservoir with its initial storage capacity at the time of
operation revealed that, over a period of 9 years, the storage capacity of the reservoir (at a water level of
approximately 189.5 meters), which is close to the overflow crest level, had significantly decreased. It has decreased
from about 24 to 20 million cubic meters, based on which the average annual sedimentation rate of the reservoir was
estimated, to about 1.6%. The results showed that in a period of 9 years, the average level of the bathymetry of
Negarestan reservoir has increased by 10 meters due to the accumulation of sediments, and the minimum level of the
batymetry has reached from 160 to about 170 meters. According to the statistics of the International Commission on
Large Reservoirs (ICOLD), the average annual sedimentation rate of the world's reservoirs is reported to be about
0.95%, and the results show that this amount in the Nagaristan Dam reservoir is almost 2 times the average rate. It is
universal. According to the results obtained from this research and assuming constant climatic conditions, the useful
life of the Nagarestan dam reservoir was estimated to be about 53 years from the beginning of 2024.

Conclusion
Considering the increasing importance of water resources management, including dam reservoirs, this study
employed a fast and cost-effective method based on remote sensing to calculate the volume of water stored in dam
reservoirs and estimate their useful life. In addition to providing appropriate accuracy, this method was able to
overcome the limitations of previous approaches in estimating the volume of accumulated sediment in the deeper
parts of the reservoir. As a result, it offers a reliable tool for the effective management of water resources.

Keywords: Dam reservoir, Landsat8, Remote sensing, Sedimentation rate, Storage capacity
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Figure 4- Original Elevation-area-volume curve of negarestan reservoir dam at start time, 2015
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Figure 5- Chart comparing the average annual sedimentation rate of reservoirs in different countries
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Figure 6. Separation Land-water masks in region of Negarestan reservoir using spectral water indices.
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Table 1- Water surface areas and calculating errors of Negarestan reservoir using spectral indices, 2015/01/11

TCwet AWEIsh MNDWI NDWIlGao NDW ImcFeeters
ot Juse 770 782 758 903 772
Final threshold pixel
o
<l ghe 1.22 121 1.23 1.10 1.22
Water surface area (km?)
i gl 0.69 0.70 0.68 0.81 0.69
Land area (km?)
() s ol st 8 9 7 9 8
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Figure 7- Hypsometric curve using original Strahler approach
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Figure 8- Flowchart of applied processing steps of estimating sedimentation rate of reservoir
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Table 2- The results of computed water surface areas using MNDWI index of Negarestan reservoir.
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Date Water level (m)  Computed Surface area (Km?)  Original surface area (Km?)
2018.06.11 188.00 1.40 1.60
2020.01.28 171.62 0.51 0.56
2020.10.14 173.22 0.70 0.75
2021.09.23 171.29 0.33 0.56
2022.03.30 182.03 117 1.30
2022.07.17 178.47 1.06 1.10
2022.08.25 174.41 0.79 0.81
2022.10.05 171.69 0.64 0.57
2023.04.30 185.69 1.32 1.77
2024.02.15 175.60 0.89 0.94
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Figure 9- Hypsometric curves of Negarestan reservoir for different exponent z
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Figure 10- Final hypsometric curve of Negarestan reservoir in z= 0.65
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Figure 11- Comparing of original and computed hypsometric method water
level-volume curves of Negarestan reservoir, at 9 years’ time range

JL») oy Sl ). dJa.vb )I odla_ul l) u)m RV o L)Jl))l,u
A e odal Cwndds gl pillae wlwl oyl g el Cnday



VPe¥ 50— 33T b oslods FA al> (S g T 4,85 OV

ol Sy ol 3 (g )bju] Cllas & abbanng sla )9S
Niykadzino et ) sl o duoyd VB +/0 (o &Yl dgud o0 plool
Sy 5 a8 oIS gy gt £ el ojle 53 -(al., 2021
Cowlodds il Al do)d /YO L + /00 39d5 (y g duoyd
2w s oLyl g —w,yp L .(IMmanshoar et al., 2009)
&5 5 ) b5 s (5% &S 990 paiie bty
wlisie bIE )3 b 81 lawgio jl Gl 6yl )18 g
PGl e yeiie wlp ¥V VD o sladecpl 9 3)l olas
&5 3l e )lplass (oo muuw i (sl 43S o iag3y
e B9y Lk (il 3 clord odlil (dlalordiz b 3
sl g ol bla Klgs e a8 S pogaud  doxie S 2yl
bl eljl 4y 5 255 oass |y o s 15 i 9 (508 0 05l
S o 5 (350 (Sl (S ploguand (G5ke (e Col (ygpl yellS
b o5 e g)lgda (oo gt b o (pl dumlie L U
O e gaw o e VY S 3 i 1)) 5,8 Gl
i o s 4lajl 5 ol s 5 sdliull ol )5
Ayl omie L alie (gl (g )9—itin alaily g Sytog—uge

ol o o3l Lss (¥ JSK3) lelS cladlaro ]

£y Syg—e > g MK iy i ou] )3 (el Lyl
d).g)lf 0650 1D s L 9 Lmqu_m&_Mo cLbuM.»_w J...a u.»l!bo.\.».b
O35 Mdoyes (6,550 o pde 0956 ¢ 35 CandYl 3 5]
D S b @ an gl bl jieS ea b o e Jlde I Wlgr e
5 —nat &5 (ICOLD) S5 oilsee (Mollie (ygsaS
WIMIJ)J uLQ} ).w‘).w 2 u)m FYooo D9 OleMb| (5)916"?
ol Ol S ogu) 5 bawwgie VO Jlo 3 (815 3k
opl (Madadi, 2022) e wlos,S 5yl o n)d +/A5 3ga> |,

(B JS5) Caslod,S Sl 2o <A
e 5 (oadg Mol Myl Ol e duslone) (ooloiitiy 29,
baisgio a8 2l (Lt (gygiie alayl) L (500 0,035 Cad b (059
Al o duo )3 VE dgas )l )5S 350 YL (6)188 gy &y
b 4S5 g oz glaysitS LS )15 ol illae sl St
Al oo w55 s 4y s (il (6518 gy basogie £
2 0B IS o) 5 a3 Ol GBS Grizen

chw coluw

Surface Area (Km?)

1.20

1.00

0.80 0.60 0.40 0.20 0.00

193 r

190

187

184

181

178

<l mhaw 315
Water level (m)

175

172

EW, - o>
Water level-volume

Waétg‘}l'e_vﬁea

169 1 1 1 L 1 1 1 1 1 1 1 1 1 J
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Volume (Mm?)
>

(5Ol 9y 31 3Ll i ;15 e (5500 LT )12 (ke — VY JSCS

Figure 12- Water level-area-volume of Negarestan reservoir using suggested method
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Introduction

Watermelon (Citrullus lanatus) is a widely recognized product with high demand, nutritional value, and export
potential worldwide. Since the ultimate goal of agricultural production systems is to maximize plant yield,
providing sufficient water to the plant is one of the most critical factors influencing yield. Therefore, investigating
the effects of water limitation is an essential and undeniable necessity. On the other hand, deficit irrigation has
been introduced as an approach to increase water productivity. Therefore, it is essential to consider the effects of
this water-saving method on plant production, which highlights the need for further research. Deficit irrigation
involves supplying only a portion of the plant's water requirements, while regulated deficit irrigation is a specific
type of deficitirrigation that can be applied in various ways, such as irrigation based on growth stages, or allocating
water to stages that are more sensitive to drought. It is important to recognize that plant response to water deficit
depends on several factors, including climatic conditions, plant type, the intensity and method of deficit irrigation
application, soil condition, and management practices.

Materials and Methods

In order to determine the effect of deficit irrigation and regulated deficit irrigation on yield and water
productivity of the watermelon, an experiment in the form of randomized complete blocks with 8 treatments
including three irrigation levels of 100, 70 and 50 % of the plant's water requirement (evapotranspiration estimated
by the FAO-Penman-Monteith method) and 5 regulated deficit irrigation levels including 50% of the water
requirement in the stages of seedling, vine, flowering, fruit expansion and fruit maturity were carried out with
three replications under black plastic mulch, during 2020-2022, in the Research and Education Center of
Agriculture and Natural Resources in the south of Kerman province. Irrigation as the main plot at three levels of
100, 70 and 50% of water requirement and mulching at three levels of crushed date palm leaf, black plastic and no
mulch, as the sub-plot, were considered. Crimson B 34 watermelon seeds produced by Seminis company, were
planted on January 2021, in plots with the size of 13.5 x 7 m, on furrows and ridges planting system (the width of
furrows and ridges were 0.5 and 4 meters, respectively). After planting, bow-shaped wires were put on the planting
rows and a transparent plastic was placed as a tunnel on them. In the first year, the total depth of the irrigations in
aforesaid treatments were respectively 444, 321, 237, 413, 389, 435, 345 and 425, and in the second year 427, 303,
223, 395, 373, 416, 331 and 405 mm.

Results and Discussion

©2024 The author(s). This is an open access article distributed under Creative Commons
B Attribution 4.0 International License (CC BY 4.0).
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The results showed that the highest and lowest yield were observed in full irrigation and irrigation 50 % (60.1
and 16.3 t ha! respectively). Among the regulated deficit irrigation treatments, irrigation 50% at the seedling stage
was the closest to full irrigation, and the irrigation 50 % at the fruit expansion stage had the lowest yield. The
highest water productivity belonged to the irrigation 50 % in the seedling and vine stages (15.9 and 1.15 kg m-3
respectively). Irrigation 50% at fruit maturity stage despite half irrigation, improved Qualitative characteristics
such as soluble solids, vitamin C, dry matter, lycopene and fruit taste.

Conclusion

Applying deficit irrigation led to a significant decrease in watermelon yield compared to full irrigation
(control). Water productivity remained nearly constant, and there was no significant improvement in the quality
of the edible part. However, treatments involving regulated deficit irrigation, such as irrigation during the seedling
stage, showed similar yield to full irrigation, while the 50% irrigation during the vine stage resulted in higher water
productivity. Additionally, 50% irrigation during the fruit maturity stage produced superior fruit quality compared
to the control. Overall, regulated deficit irrigation yielded better results than deficit irrigation due to less yield
reduction, increased water productivity, and improved fruit quality, especially under water-restricted conditions.
Finally, it is recommended that milder intensities of deficit irrigation that seem to have more favorable results in
this plant should be investigated in the next studies.

Keywords: Growth stages, Lycopene, Vitamin C, Water requirement
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Table 1- Some soil physical and chemical properties of the experiment location
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Bulk density (g/cm3)
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Table 2- Analysis of variance of year, deficit irrigation and regulated deficit irrigation effect on yield, fruit mean weight, fruit
number, water productivity, relative water content and membrane stability

Olay o (uibo
Mean squares
Ol @le @3l5lan,y 5,Slhes das0 (359 bawgio dgso Sl Closere S Ol sy L syl
. . . . Water Relative water Membrane
S.0vV df Yield Fruit mean weigh Fruit number g -
productivity content stability
L“) ok
J 1 2.90 0.80 0.02 0.05 453 7.67
Year
Lo X )1,S5) s
(> 159) 4 35.2 0.72 0.06 10.5 10.7 3.03
Error
Lj akok ok ok *ok *ok *ok
SO 7 1139 7.42 0.22 41.4 159 92.7
Irrigation
(W] L
el X J 7 0.46 0.01 0.01 0.09 1.70 5.10
Yx |
s
28 28.8 0.37 0.01 0.96 2.18 2.75
Error
s 0 >
*‘g v i - 12.03 16.8 10.2 7.40 2.00 2.20

oy N Jleis] e (3 (g)lo gme **
** significancy at 1 percent probability level
B0l g o O (glgione ¢ 0T (5590 42 3 os sl 0 Slos 1 00w walild (5, llnS 9 (55 kleS 51 Jaad 93 (e dmilile —Y Jgoa

Table 3- Mean comparisons of deficit irrigation and regulated deficit irrigation effect on yield, fruit mean weight, , leaf, fruit
number, water productivity, relative water content and membrane stability

. . ol (ggie lasby
5 Sdos 039 Lo dgme 3laxi Ol (590 42 i . d:”& ’
Sowd (tha) ogse Fruit Water il
Treatment Yield Fruitmean Number  productivity (59'3““‘ Metml;)'Ir'atm
X -3 water e stability
(kg) weigh (No) (kg m~) ( c‘;)ntent %)
T 5k Veo) JolS gl
(el ao ) S ks 60.1a 480a 1.50a 15.01 ab 79.4a 80.7a
Full irrigation (100% water requirement)
15k v-
e hep 42.0cd 4.00b 1.30b 15.1ab 72.5b 72.8cd
70% water requirement
T 5ks o-
ot J7 e 16.3e 1.86¢ 1.00¢ 8.10d 64.5d 70.6 d
50% water requirement
LS alspo 5L o-
S o0l S ReR 56.2 ab 450 ab 1.35ab 15.1ab 76.5 ab 80.0a
50 water requirement of the seedling stage
3l doge ol i nop b 53.8b 448 ab 1.30b 159a 76.3ab 75.7be
50% of the water requirement of the stemming stage
0 3 T 3o o
s0gsn 5 25 e 1Sl 20y 49 e 4752 1.05¢ 11.7bc 73.3b 75.5bc
50% water requirement of flowering
o Y} 15l .
g dnogi doyn 20> ol 30 346d 201c 1.10 be 10.4 cd 67.5¢ 72.9cd
50 % water requirement of fruit development stage
o - " RS
0 Eolt Aoy 20 ol S 49.3 be 3.75b 150a 121b 74.5b 75.5bc

50 % water requirement of fruit maturity stage

S5 g3 e BB Mo y> B lans j3 (SOl (gleialy w903l ool oS yiie B S JBlis b slapSile gt pa y
In each column, means with at least one common letter are not significantly different at 5% probability level based on Duncan
multiple range test.
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Figure 1- Mean comparison of year effect on the relative water content of the watermelon in two seasons
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Table 4- Analysis of variance of year, deficit irrigation and regulated deficit irrigation effect on chlorophyll index, total
chlorophyll, chlorophyll a, chlorophyll b, carotenoid, proline, total phenol and superoxide dismutase
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Table 5- Mean comparisons of deficit irrigation and regulated deficit irrigation effect on chlorophyll index (SPAD), total
chlorophyll, chlorophyll a, chlorophyll b, carotenoid, proline, total phenol and superoxide dismutase
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In each column, means with at least one common letter are not significantly different at 5% probability level based on Duncan
multiple range test.
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Table 6- Analysis of variance of deficit irrigation and regulated deficit irrigation effect on soluble solids (TSS), titratable acid
(TA), pH, taste (Tss/Ta), vitamin C, drymatter, lycopene, length, width and fruit shape (Fle/Fwi)
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Table 7- Analysis of variance of irrigation effect of irrigation and on, soluble solids (TSS), titratable acid (TA), pH, taste
(Tss/Ta), vitamin C, dry matter, lycopene, fruit width
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In each column, means with at least one common letter are not significantly different at 5% probability level based on Duncan
multiple range test.
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Figure 2- Mean comparison of interaction effect of year and irrigation on watermelon fruit length; A: Full irrigation, B: 70%
water requirement, C: 50% water requirement, D: 50% water requirement of seedling stage, E: 50% of water requirement

of vine stage, F: 50% of water requirement of flowering stage, G: 50% water requirement of fruit development stage, H: 50%
water requirement fruit maturity stage
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Figure 3- Mean comparison of interaction effect of year and irrigation on watermelon fruit shape; A: Full irrigation, B: 70%
water requirement, C: 50% water requirement, D: 50% water requirement of seedling stage, E: 50% of water requirement
of vine stage, F: 50% of water requirement of flowering stage, G: 50% water requirement of fruit development stage, H: 50%
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Introduction

High-resolution satellite imagery data is widely utilized for Land Use/Land Cover (LULC) mapping.
Analyzing the patterns of LULC and the data derived from changes in land use caters to the increasing societal
demands, improving convenience, and fostering a deeper comprehension of the interaction between human
activities and environmental factors. Although numerous studies have focused on remote sensing for LULC
mapping, there is a pressing need to improve the quality of LULC maps to achieve sustainable land management,
especially in light of recent advancements made. This study was carried out in an area covering approximately
8000 hectares, characterized by diverse conditions in LULC, geomorphology and pedology. The objective was to
investigate the potential for achieving maximum differentiation and accurate mapping of land features related to
LULC. Additionally, the study assessed the impact of various spectral indices on enhancing the results from the
classification of Landsat 8 imagery, while also evaluating the efficacy of support vector machine (SVM) and
maximum likelihood algorithms in producing maps with satisfactory accuracy and precision.

Materials and Methods

As an initial step, LULC features were identified through fieldwork, and their geographic coordinates were
recorded using GPS. These features included various types of LULC, soil surface characteristics, and landform
types. Following the fieldwork, 12 types of LULC units were identified. Subsequently, the LULC pattern in the
study area was classified using the RGB+NIR+SWIR1 bands of Landsat 8, employing both SVM and maximum
likelihood classifiers. To assess the impact of various spectral indices on improving the accuracy of the LULC
maps, a set of vegetation indices (NDVI, SAVI, LAI, EVI, and EVI2), bare soil indices (BSI, BSI3, MNDSI,
NBLI, DBSI, and MBI), and integrated indices (TLIVI, ATLIVI, and LST), and digital elevation model of study
area were successively incorporated into the classification algorithms. Finally, the outcomes from the two
classification algorithms were compared, taking into account the influence of the applied indexes. The
classification process continued with the selected classifier and indices until reaching the maximum overall
accuracy and kappa coefficient.

Results and Discussion

Field observations revealed that the study area could be categorized into 12 primary LULC units, including
irrigated farms, flow farming, dry farming, traditional gardens (with no evident order observed among planted
trees), modern gardens (featuring regular rows where soil reflectance is visible between tree rows), grasslands,
degraded grasslands, highland pastures (covered by Astragalus spp., dominantly), lowland pastures (covered by
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halophyte plants), salt domes (with no or very poor vegetation), outwash areas (River channel with many
waterways), and resistant areas. The results of image classification indicated that the performance of the SVM

algorithm across different band combinations is superior to that of the maximum likelihood method. Using SVM
resulted in an increase in overall accuracy and Kappa coefficient by 3-8% and 0.03-0.08, respectively. For the map
generated using RGB+NIR+SWIR1 bands and employing SVM, overall accuracy and Kappa coefficient were
determined to be 76.6% and 0.72, respectively. Among the vegetation indices used in the SVM algorithm, LAI

had the most significant impact, increasing the classification accuracy by 2.64%. Among the soil indices, BSI and
MBI indices demonstrated the best performance; with BSI increasing the classification accuracy by 1.95% and
MBI by 1.64%. Among the integrated indices, LST and ALTIVI enhanced the classification accuracy by 2.75%
and 2.35%, respectively. It should be noted that the inclusion of the digital elevation model did not significantly

improve the classification accuracy when using the support vector machine algorithm; in fact, it led to a decrease
in accuracy when applied to the maximum likelihood classification. The probable reason for this issue is the
different nature of DEM data compared to the other input data, as well as the limitations of parametric statistical
approaches to effectively integrating data from diverse sources. Finally, the classification process was executed
using the three visible bands, NIR, and SWIR1, in conjunction with selected indices (LAI, BSI, MBI, LST, and
ALTIVI). Results indicated that using these spectral indices significantly improved classification accuracy,
particularly for the DF, DGL, MG, O, and IF land cover/use classes. The calculated accuracies for these classes
increased by 11.62%, 18.57%, 20.06%, 29.39%, and 33.19% respectively. Consequently, the accuracy of the
classification and the Kappa coefficient (using support vector machine algorithm) increased to 85.24% and 0.82,
respectively.

Conclusion

In this research, we aimed to accurately map various land use/land covers by utilizing Landsat 8 imagery and
incorporating three group of spectral indexes. Despite spectral interferences and overlaps among various
phenomena related to LULC, the utilization of different spectral indices resulted in significant differentiation
among LULC classes. Finally, considering the limitations of modelling in ENVI software, it is recommended to
investigate the effectiveness of other models for classification in more specialized software, such as R.

Keywords: Land sustainable management, Maximum likelihood, Support vector machine
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Figure 1- A) Location of study area in East Azerbaijan province and Sarab county, B) Standard false color composite of
study area
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Figure 3- Flowchart of the generation of land use/land cover (LULC) maps
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Table 1- Identified LULC classes in study area through field survey

Slais !

3y ) 5,8 gy oS Abbrevia T iy £ Sy ) ()
Num. LULC classes te Kind of surface cover landform
High land pastures Iran- Turanian pastures with a canopy Mountain and higher
percentage of 26-50% and the dominant part of mantle
species is Astragalus pediment
) Jloske j) & (SB (ds ez b by ol slacids g GlnsS
2 Njeile &y GL (1o oo Jlo Lol Cawd (b
Grasslands Natural grasslands, with soil rich of organic ~ Mountain and lower
matter (have mollisols criteria) part of alluvial plain
. 35 0] clacasd o oyl
9085 o5 slaylidle g )l5ee @l s Yl BLS Lide b onSis bl yon o ‘5" 1" i
3 asl J3s DGL Dried and degraded grasslands with very " t“f” Uﬁdvl
oor vegetation cover ountain and fower
Degraded grasslands p g part of alluvial plain
9 ) oo Bdos (1) SV game glil o s T T
u_"‘;.&])) s &M)w)ggﬁﬁ Cawdd
4 Irri afed farmin IF . _ F . Alluvial plain and
g g Irrlgated_ cultivation of various crops, pediment
mainly potatoes and wheat
. . Jlaials b g byl cudd
5 e ey DF puis s 2 285 “ Alvial ploiand
Dry farming Dry farming, mainly wheat cultivation P
pediment
I ‘4..» Wh) I Wh)
2] sl oy S1E ol de cuds 5 Bl el
6 o FL SEres Alluvial plain and
Fallow lands Bare soil .
pediment
5 plke bl g lad gladildg, Jums 5 2laely cusd o bses
Outwash and flood affected River channel with many waterways Mainly on pediment
areas and fluvial plain
s ossh £ Bl 5 plai g o g5y 18l6 5 S )3 gl s s
8 IS TG Lots of trees with no pattern and order in C
Traditional garden ) Pediment
planting
odnline fplaio CullS glo (2 g dlold b ol )
9 ool > 00 EL MG C’F';')'\ 3y om ‘_SB oAbk _ oy cass
Modern garden Trees with regl_JIar spacing _and planting Pediment
rows; the reflection of the soil between the
rows of trees is observable
Salt domes With no vegetation and gravel Low lands
5,99 SB (Alhagi) 3,5 5 sty ysd LS
1 Cuny (221 By LLP st S ol sl o) Ghlis (B0 S (22
Low land pastures Halophyte vegetation {ind Alhagi species, Low lands
salt-affected soils, and in some areas, black
spots of alkaline color are observable
25 ] lacaly cubd
12 celis) oo Goli RA calins; oo ol PeLcjiarﬁe;tLan alluvial
Residential areas Rural residential areas plain
el Uygn 9 Slel o 5l &jpm o8 colus b 5] 5 e b
I sloo Sy o b3 L 9 s
13 il -~ wB TR Pediment and alluvial

Water bodies

Areas of small irrigation and fish breeding
ponds; reflections of water are detectable

plain
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Table 2- The used vegetation, soil and integrated indexes to generating LULC map

oas W 09,5 oW &o
Index group Index References
NDVI= (NIR-R)/(NIR+R) Rouse et al., 1974
S ol asls SAVI=(NIR-R)/(NIR+R+L)(1+L) Huete, 1988

Vegetation Indexes

LAI=2.3689*SAVI+0.7877
EVI=G*(NIR-R)/(NIR+C1R+C2B+L)
EVI2=2.5%(NIR-R)/(NIR+2.4*R+1)

Beg and Reddy, 2010
Huete et al., 1997
Gitelson et al., 2001

BSI=((SWIR2+R)-(NIR+B))/((SWIR2+R)+(NIR+B))
BSI3=((SWIR2+R)-(NIR+B))/((SWIR2+R)+(NIR+B))*100+100

Diek et al., 2017
Jamalabad and Abkar, 2004

SK ol il MNDSI=(SWIR2+PAN)/(SWIR2-PAN) Piyoosh and Ghosh, 2018
Soil Indexes NBLI=(R-TIR)/(R+TIR) Lietal., 2017
DBSI=((SWIR1-G)/(SWIR1+G)-(NIR-R)/(NIR+R)) Rasoul et al., 2018
MBI=((SWIR1-SWIR2-NIR)/(SWIR1+SWIR2+NIR))+0.5 Nguyen et al., 2021
L5 oo pnsLs LST = (BT /(1 + (0.00115 * BT / 1.4388) * Ln(s))) Sinha et al., 2015

Integrated Indexes

TLIVI=(DN L8 (BAND10))-NDVI-LAl/~(DN L8 (BAND10))+NDVI+LAI
ATLIVI=(DN L8 (BAND10))-NDVI-LAI-EVI2/-(DN L8 (BAND10))+NDVI+LAI+EVI2

Al-doski et al., 2013
Al-doski et al., 2013
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1- Jeffries-Matusita
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Table 3- The results of the separability of training classes by the Jeffries-Matusita method

ok S S TG WB SD RA o MG LLP IF HLP GL FL DGL DF
Training classes

TG 0

WB 1.26 0

SD 1.99 1.99 0

RA 198 171 199 0

0 196 146 199 1.72 0

MG 090 104 199 196 1.89 0

LLP 199 181 199 194 178 199 0

IF 123 105 199 196 192 0.88 1.99 0

HLP 198 161 199 193 180 18 199 184 0

GL 154 086 199 198 191 135 199 103 192 0

FL 172 126 199 191 173 145 198 118 184 1.03 0

DGL 193 136 199 195 196 165 199 165 162 169 1.68 0

DF 159 121 199 192 185 124 198 113 191 118 054 163 0
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Table 4- Overall accuracy and Kappa coefficient for different band compositions using Maximum likelihood and Support
Vector Machine (SVM)

o oo LS s N oo L oo
b S 5 (Jlois! 2STas) (Jboxs! pS1as) (SVM) (SVM) W e Wi 09,5
iti Overall accurac Kappa coefficient Overall Kappa
Band composition (meaximunm y p(Fr)naximum accuracy coefficient Index group
likelihood) likelihood) (SVvM) SVM)
OLI osizmiw 8L 0 (g 8b oS
RGB+NIR+SWIR 7036 0.66 76.60 0.72 Band composition using 5
OLI bands
RGB+NIR+SWIR + EVI 70.72 0.68 77.76 0.73
RGB+N'R+EW'R EVI2 72.12 0.66 7754 0.73
RGB+NIR+SWIR + LAI 73.61 0.70 79.24* 0.75* 2lS b sl
RGB+NIR+SWIR SAVI 71.80 067 77.54 0.73 Vegetation indexes
; ) : . )
RGB+NIR+§_WIR NDVI 71.69 0.67 78.10 0.74
RGB+NIR+SWIR + BSI3 73.90 0.69 77.52 0.73
RGB+NIR+SWIR + BSI 74.66 0.69 78.55* 0.75*
RGB+N|R+§WIR NBLI 7253 0.68 7756 073
arypy SB oo 3l
RGB+NIR+SWIR DBSI 7B RO
+ 7200 069 7754 073 Bare Soil indexes
RGB+NIR+SWIR + MBI 74.55 0.71 78.24* 0.74*
MNSDI
RGB+NIR+SWIR + 73.61 0.69 77.58 0.73
RGB+NIR+SWIR + LST 76.40 0.74 79.35* 0.75*
ALTIVI . .
RGB+NIR+SWIR+ 73.91 0.69 78.95 0.74 dls (claasls
REBNIR+SWIR TLIVI 70.15 0.65 78.00 0.74 Integrated indexes
+
RGB+NIR+SWIR + TIR 72.21 0.70 77.57 0.74
TS
RGB+NIR+§WIR DEM 68.70 0.64 26,73 072 s ooy Jo

Digital elevation model
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Table 5- Correlation coefficient matrix related to five spectral bands of OLI sensor and indices that had the most efficiency in
increasing overall accuracy and kappa coefficient

R? Blue Green Red NIR SWIRL LST ATLIVI BSI LAl MBI

Blue 1.00

Green 0.95 1.00

Red 091 090 1.00

NIR  -040 -020 -051 ! 1.00

SWIRL 008 024 014 050 1.00

LST 0.8 013 023 -030 -009 | 1.00

ATLIVI 053 040 062 -077 -027 | 074 1.00

BSI 049 035 066 -090 -0.12 | 0.31 0.76 1.00

LAl 057 -040 -0.70 097 036 {-032 -08L -094 1.00

MBI 039 028 057 -077 012 | 0.26 0.64 093 -0.80 1.00
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Figure 4- Selected indices for improving classification accuracy A) MBI, B) LST, C) LAI, D) BSI, E) ATLIVI
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Figure 5- Comparing the amount of enhancing in classification accuracy (user accuracy) for each LULC classes
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Figure 6- Final classification map of LULC classes in study area
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Introduction

Soil contamination with heavy metals significantly threatens both environmental and human health.
Anthropogenic activities, including chemical fertilizers and pesticides, industrial processes, wastewater disposal,
and mining, contribute to the accumulation of heavy metals in soil. Plants can then taken up these contaminants
and enter the food chain, causing various health problems. Soil amendments such as biochar and activated carbon
offer a promising strategy for reducing the mobility and bioavailability of heavy metals in soil. This study
investigated the effectiveness of biochar and activated carbon derived from organic waste materials (wheat straw,
walnut shells, and almond shells) in immobilizing lead (Pb), zinc (Zn), and cadmium (Cd) and promoting corn
(Zea mays. L.) growth in a greenhouse setting using contaminated soil.

Materials and Methods

Three types of organic waste wheat straw, walnut shells and almond shells were pyrolyzed at two temperatures
(300 °C and 500 °C) under oxygen-free conditions for two hours to produce six types of biochar. The resulting
biochars were then activated with phosphoric acid at their respective production temperatures, yielding six types
of activated carbon. These organic waste materials, biochar, and activated carbons were added to soil contaminated
with lead, zinc and cadmium at four application rates (0, 2.5, 5, and 10% by weight) in triplicate, 4.5 Kg Pot™. The
pots were incubated for one month under controlled temperature and humidity to achieve a relative equilibrium.
Following incubation, the concentration of available heavy metals in the treated and control soils was measured.
Corn was then planted in the pots, and at the end of the growth period, plant growth parameters (dry weight of
shoots and roots) and heavy metal concentrations in plant tissues were determined. The data were analyzed using
a completely randomized factorial design, and treatment means were compared to each other and the control.

Results and Discussion

Increasing pyrolysis temperature resulted in increased biochar pH, electrical conductivity (EC), and ash
content, while the percentage of organic carbon, C/N ratio, and cation exchange capacity (CEC) decreased.
Activation with phosphoric acid lowered the pH, ash content, EC, and organic carbon content of the biochars,
while increasing their CEC. Amending the soil with biochar significantly increased soil pH and EC, whereas
activated carbon amendments decreased these parameters. All amendments (organic waste, biochar, and activated
carbon) significantly reduced the concentration of available heavy metals in the soil. Activated carbon had the

©2024 The author(s). This is an open access article distributed under Creative Commons
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greatest effect on immobilization, while organic waste had the least. The lowest concentrations of lead, cadmium,
and zinc extractable with DTPA were observed with the 500°C activated carbon derived from wheat straw at a
10% application rate, with values of 1.6, 4.5, and 464 mg kg™ soil, respectively, representing reductions of 99.46%,
83.67%, and 63.96% compared to the control treatment. This treatment also resulted in the lowest heavy metal
concentrations in both the aerial parts and roots of the corn plants. Specifically, the lowest concentrations of lead,
zinc, and cadmium in the aerial parts were 71.67, 490.67, and 1.67 mg kg* dry weight, respectively, while in the
roots, they were 206, 1095, and 20 mg kg™ dry weight, respectively. The highest dry weights of the aerial parts
and roots were also observed with this treatment and a 5% application rate, with values of 5.76 and 1.84 grams per
pot, respectively. The lowest concentration of heavy metals in corn tissues was observed in treatments with
activated carbon produced at 500 °C and applied at a rate of 10%.

Conclusion

This study demonstrates that activated carbon derived from organic waste materials can be an effective and
sustainable method for remediating soil contaminated with heavy metals and promoting plant growth. However,
the presence of detectable heavy metals in corn tissues following activated carbon application suggests that this
approach may be best suited for soils with low to moderate contamination levels.

Keywords: Absorption, Availability, Biochar, Phosphoric acid, Surface functional groups



SB g ol @i

https://jsw.um.ac.ir e
A

SAVZFYY NFY o0 = 4318 oylaid VA uls

s NP 055 S peia gy M Sl 5 Jol b S 5 Sla s U

eb‘}ﬂ &Sujb CJ).'D OL; MJ}(?}:&)‘S}‘S") cb.—’fﬂ)

Y > ls/ \ f ) ,’g/’ #4.“.4
VBT O/YY 1dl 55

CRVCLS

g wile S 0uiS Mol dlge 1 ookl 55105 o as 4y 1y sl § Conjlase CaoMas 4 siiwd S b claor VT 1K oI5l
S 5 5) J1 lails 5 s ] 3 ol 43,5 )5 25 3,50 S 35 i s S 5 28 (sl 5o sy Ol Jb 8 5
oS A, 5 p3eedlS 5 (g9 oy i Sl (38 S it ol Sl o g Jlab ()8 5 lagm (AL B g 93,5 s Camgy pAS
oyl g Jled S0 paud daol b o 9 055 ogmuddin a3 00w g ¥oo (clod 93 10 banjlog b (o) p (IS Lol s )5 039l S 3 )3
SlayyS gyl g o T lolis sl Lt zols .5us adlsl oxgll S8 S5 & )55 s )3 9 (359 opd Vo 90 /0 o) oo Hloa )3 (ivlejl
S olwls g cp iy Jb clacp,S il jials )l dxe jobas o )3 0 Jlaas! oo )3 1) S5 55 o yiand bl opSiow lil cdale (s
Jobs b 423 000 Jlb ()3 jlad & boaye DTPAL (5550 ks LB g9y 5 pouadls e p Sl el o a8 iy |y 51 o 28
S 25y S )5S 3 2,5 den TF 5 F1D VP yslin b oty A3 N oynn g gl 2y O+ 5 GEIS 5 lS o
U5y ) i Ol3ls cdale oy S ol rals el jles 4 cuns |y Gda BB K clils clale as ) SYAS 5 AYIFY AV/FE Cu e
9 FUIEV IVEY iy lon (50 )3 pguadlS’ 5 (g9 o pao Sl (90208 090 Bpaas s g jlos (e 0 bgaye )3 0l a5 (2lgn
lyp 5 S g ot g S S asle SO 55 oS ke Ve 5 V100 Y5 it ey i3 5 SS9 )5 e VIEY
005 xS b s Gimghy (wl guls b oanlie IS )3 p)S VAT 9 BV alie b cad s 3u0)3 B e o g jlas (e 3 4y
Sy 45 a5 5 (aLS 8; Gl 5 (S Sl & a3l SIS (Sl (sl il 5 24D g, S e Mg

Gl g oo Ol cpl ] oaid o jlasre 4 Siiun)] g 0ge> PR
oty 2E 0y Bl jl g il gezs Ol g SB > e,
Timofeev et ) kil o jlas a1y gl CoodMw g Bgd oo oyl
Cuoid Jdods jlagm .l (559005 (Mol dlge I ookl S jo

sl o blcwl sl olfiwj g Hlls als i S
b5 polie 3959 4 yoxie Mg yuljdl g xino Syl 3
oo ‘rc}«,oblf (89 ¢y Jole u.:io_w c)l).ls d5l> dl.m.\.;Lo_mu

Ol el (o oSl (65,5l 205l (S iz g pole 095 il g 48] ol S Az gal (il i =Y )
(Email: mohamadmc71@gmail.com : Jstus ssiu g %)
https://doi.org/10.22067/jsw.2024.89325.1426


https://jsw.um.ac.ir/
mailto:mohamadmc71@gmail.com
https://doi.org/10.22067/jsw.2024.89325.1426
https://orcid.org/0009-0004-9026-2641
https://orcid.org/0000-0002-7193-6821

VPe¥ 0331 b oslods FA al> (S g T a,i5 Ve

St (piomen ol oy a9 (Sr SO Sl )l 3]
il il el P=OOH §P=0 wiile 5laud Llole (slaog,S
i i b s s slo eSS S5 &
Al g i Sl3lé (A S S et 4 pxie ol (pl 295
Wang & Wang 2019; Tang et ) 345 oo o jlame Sl
Ao 5| o Jolse 2y (JUb 58) S i sl b ot U
sl e ¢ gilus Jlb oo bl s cadgl s slo Sy 5 €5
Zeng etal., ) 5l (S gubiand 0956 5 oiub odlaiu] K o
(Shao et al., 2024) l,ISen 4 $Ls .(2022; Cha et al., 2016
S yhand Aol aS" 20 L (Han et al., 2024) ,)Sen 4 oo o
S 3y Jole (slaog,S LSS 5 05ag aw il 4 oeia
00 Mo Jlages 48 15,8 )5S o] sl 00 > g pedas
alils 3,8 S pioge 3 oYL Sl ool w Hlage drcu i
Ll (sling S aliasgty JUb g 5 slosm il S )3 S
cely (o5 ol g lo)S gy 9 0900 SlopusheS JuS—i
Shao et al., 2024; ) 595 0 SB ;5 S Oljld S oo ials
.(Boostani et al., 2022; Janu et al., 2021; Yang et al. 2019
O Sl (3,8 Syt it 3 largn (92 b 45
S D90 30 (Jg Gl a0y LS (gaumie Cildllas o S
5 I Oluls oUlg sgMeds s cans 3 (o3b; cleMbl b
Il 2,8 S ot 3 o] Joa s 4 Jlsb 0 5 s
d9bse 022 GiBgR (53 Sl 485 15 dwglie 3)90 (i
S o] J) Jols b 8 5 s 5 I Slalis 3,08 &8
ool sy cslacme b 550 5 Ll (bg) S lgiea
9 )l>9AJ 9 .)).35 )])5 ol .))}a u.«.i.s._w u])lﬁ L D.)}ﬂ Lglm;fb
Slils 3,8 Symape 1 JOluls b awlie 3 Jd o)
o oRei ol Baa U ready i 350 S (S
2 gl ) Juols Jlb 28 5 s 9 J Slals il alie
il e 5 oS A5 5 SB S lilh 13,8 S ocie i

W95 9 319

MelS o ol )3 JupgS1 ialofl jp—ots aslllne

(535 233V 5D D ) s o > Al £ VD L ol

oy (5,9liS 0aSisly WS jd SIS G yguody 5SS A 3 g
S plol WD ey oybg;

OF 32 9 (S ol 318 @ 00 91T SIS i gas Sy ngs
3l as oxgll S5 aiges S lanl SIS ilojl plasl (ol

Ol S lyteds Camjlasme b )55k g Lol (o s ol
Zhang et al., ) cwl 48,5 )3 as 55 5y90 S cl3ld 548
5 sixo 5l Slalid gz wiile (et gl dlge (2021
Liang et al., ) wiws odlaiwl LB oo Wi (gl S >
Slogyl sl b g Jsdsito gl ool S lage (2021
dd Qe BV e glod podgce ) Iyl 4z 5l &S el
M5 OieST o b o8 DT bl co8 puge il
(Wang et al., 2017; Demirbas & Arin, 2002) >5 5 o
o g paie OS5 PH dlex g 5,8 et slo Sy
G915 ol by cdblio o)Ll o8 032 ol VL o
2l S ]y gl eplld gt (ale (slaog S j9ud> 5 VL
Akhil et ) el 03,8 Jais gae ¢ JI loosVT (¢l S5e
[al., 2021; Yaashikaa et al., 2020; Ahmad et al., 2014
Laly g 4yl o35 £ b Cov oAby o sl Shg
S N5 (ilesS cosy s () Saile glej das) Ly
(Tomczyk et al., 2020; Ahmad et al., 2014)

)b Gl powmb slod 53 0aid Agi lajlrge (IS psboas
$logusleS” JSi5 L ilgi e & i 6 5VL 958 ol
dg b b oyl Siou il el S ol b 48
ceb adg slod ioli8l S (g5 3l (Bandara et al., 2020)
e Cudyls s )3 g 0d Jlgn JIST g 0y e il
$aossl cnlpegdle a3 G 1) oS 38 (S5
38 L aslgice i g Sl oo lage o )3 Sg290
gy HEt oo )b 1 T g ool 28Ty (S
L (Inyang et al., 2016; Janu et al., 2021) 165 S oo e
lod (38 Dol gy sk Sl jlgn sl Sy e
oYl glgl Gls el 1y o Gla cud )b g o (SS5elem g
e slocbsy 3 Ko 90 Gl e M pboas STt 5 ]
Olseds Sl Cpl el S paud dpwl 5l edlatwl olesds M
a5 Sl o (gl (SN ol b g oy (i)l 0ole S
ol Jodss g 00,8 cablone |y jlage () cdSl plojan
(Peng etal., 2017) 2> 558l

O o Dol b K pa b s wl a8 wledly i cildllas
St 4y i gjlnJleb wlp o 1 i g 08 slags]
Sajjadi et al., ) 35— o slogu o319 pdaw yiul38l 5 Ma> 8l
e 5 03,5 Jae el S, lyieds deu ol oMy (2019
sl STy azes )3 a3 o0 ) (g5l b sl 56 3590
bole sloog )3 5 lilus g 0ad gy )15 3lge Bl g oI5
Liang et al., 2021; Sajjadi et al., 2019; ) uiiS o 055 )l>ge
b ilwled 5l o jlge Clogas d00 .(Cha et al., 2016

hole eloog,S sluas ¢ Jsdsg )33 Jol s Saph b syl



PNV i 03 (48,8 Syt T 0l 31 ol JUd (255 3 slzgms pil crnzelS 3 (S o Wllo

Ll

ol )l yu suldivul v, g0 lacils dags
oS g ol s JTolsl s 5l JT claodls as ¢lp
A ealatiwl (388 Pl Couw Cwgy g 93,5 Cotw Cuwgy (pAS

139 5 2% 4 ol and e

Jasm

S 03y jgue yio oo o Sl 90,5 I lals Ll
it bg odlo yl8 t 0jg,8 Bl 3 00 58 S Sl s
1 539 T Laslyd 5 15 05 0niligy MalS ] o3 pasines)]
s gw Mg Al jslaiod)) (gl a3 Bee 5o (glod 43
(ATRA-AFE1200L- 18DH) Juo (S5 isdl0)8 o el
Slaoguad (w9 s Jlagn £ Glud 4 b 6 (J)l > w20
.(Malehmir Chegini et al., 20208) 15,5 (¢ ,So;lxl )]

Jdasd G s
Bre yTer clSLeS (slas o 45 o lrgm piiasl sl
b oy oas wgi celw 90 (6 80b lo; b g (pwged w4y
Ol 3 o 2532 e (939 =3 ) Y+ Sy dpl Jglomo
Pobow S sl fled ;0 SO b el b odd Hla slaylagn
L (ogsmdaw dyd 0+ LYo il )5 (glod) 2 0dd Aoy o
0)95 33 Celw 93 () B0le loj b g AdBI T (Sl 0 £
Oleoguad upso 9 b JUd ()8 g5 b 4 9 JIb (Sl
Jos> (Malehmir Chegini et al., 2020b) 15,5 (¢ xSojlul o
xS0l o o LSuid Ologad | Sy okimd L Y
28l ialejl nl o edlisiol 350 Jlib (gl g o)l g o

Sy oo S b BLbljl g e o Vo b jao Bes 5l (oS
02rE 9 By TAT YO YVIVA" LLél s Job cliaises b ylos;
3 o 9 A5 S o ygods Jlos YET YA YN Ldl s
S aigad (3908 (e jl day S 02 j5ie (g i lie 9> SU
b ol o 5 (So3d Dlogad (Lol jsboay od b 4
ek SB il a5 g Soilul el il @y sl s,
(OC) sSLs I )5 (Gee & Bauder, 1986) (¢ iag)iud
cbls (Nelson & Sommers., 1996) 5 il ST hg,dan
5o EC L S gl il o)l ne 3 (EC) Sl colin
Thomas, ) s pH L glil |5 ;5 pH (Rhoades, 1996)
S gl 55 gt (S2) Joleo S S (1996
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Table 1- The results of physical and chemical analysis of the soil used in the experiment

oy Sk o SBEL o o ond N ek Fe Mn ocu
Clay Silt Sand Soil texture Organic carbon Lime

% - aSmt - % mg kg
392 153 455 Sandy Clay 250 7.44 0.25 0.05 2250 25 250 2 3 2

Chalojl 43 83likl 3)90 ST& 43 (i I JS g w2l 8 S Y Jgua
Table 2- Available and total concentration of heavy metals in the soil used in the experiment

Bl pui mg kg*
&y o N
. 0t S99 P90
Concentration type Pb 7n cd
(o peble 300 1500 27
Available concentration
£ 1500 5500 45

Total concentration
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Table 3- Some physical and chemical characteristics of the adsorbents used in the experiment

A P
Soluls go Cils gy pH EC CEC Ash ‘é"‘:k Organic C/N
i T u carbon
Typex;;ntzganlc Adsorbent type density
- dSm?  Cmol kgt % gcm % -
adol 0395 Cuamn
. . 6.05 3.20 38.02 14.13 0.21 45.43 87.79
Primary biomass
¥or °C logy
. i 8.15 4.46 66.00 27.71 0.18 47.01 43.83
Biochar 300 °C
0++ °C g 10.3
. . 6.15 36.95 36.61 0.17 8.47 9.33
paS S g o Biochar 500 °C 5
Wheat straw Yoo °C Jlb op)S
Active carbon 300 291 0.28 88.15 - - 28.16 27.64
°C
8+ °C Jlb )8
Active carbon 500 3.06 0.54 58.04 - - 4.60 5.81
°C
. . 5.26 0.54 39.56 2.11 0.44 43.37 54.74
Primary biomass
¥or °C lagy
. i 7.58 0.38 62.44 4.73 0.40 30.86 28.36
Biochar 300 °C
.. B °C s 100 474 43.72 7.43 0.31 10.14 11.92
9555 Sy Biochar 500 °C 4
Walnut shell ¥or °C Jld op)S
Active carbon 300 2.93 0.34 75.78 - - 13.84 14.12
°C
8+ °C Jlb )8
Active carbon 500 3.63 0.64 52.74 - - 4,75 5.39
°C
4ol 0355 o
. . 5.54 0.70 24.76 2.80 0.66 41.77 91.51
Primary biomass
¥or °C logy
. i 9.34 1.31 64.57 9.49 0.45 26.22 33.39
Biochar 300 °C
8-+ °C g
b e . . 9.93 1.93 43.05 10.81 0.42 5.53 8.56
pIOL Cuvgy Biochar 500 °C
Almond shell Yoo °C Jbd op)S
Active carbon 300  3.57 0.14 82.01 - - 11.50 17.72
°C
8+ °C Jldb )8
Active carbon 500 4.05 0.15 52.50 - - 4.00 6.13
°C
.(.\3)9—3 &94 A i edle uﬁ u.)l> &9: VO )l uwl.aj U" 9
fl.)l.: 9 53; Coew Cowgy ‘P.A.lf wlf 9 ol§ JOLW) uﬂ 0395 Cuamy
IS habe 5 9 2 & Jlodgican gy aw Jold) slogm g9 i (326

o Jlaz 0 phS o g ) puy dilise JT ol
@ 03l SB sladiges 4 1,55 dw )3 g (o> Vo O X/ i)

£55 Lind (W32 005 COSLo,S ogeilis 433 B o ¥er slod
°MJL5&MM‘LAS)‘>9”E9‘QMJ&L»)JL5J;
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A s > gpSojlac pais clale =B jlos )3 odd (6 pS0)lac pais clale

A= XYoo

A s 3 pSojlas s clile

sobel slady 323

dulio s SAS 9.2 )l38le 5 il oolatwl b Wodls il ylg 4y 350
0 Jlois! pda o )3 5SSl (glasely din g0l S s o, Slio
A5 plsl (P < 0.05) suoyd
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Table 4- Comparison of the average interaction effects of type and levels of adsorbent on the amount of dry weight of different parts of

the corn plant

S 439
Dry weight (g pot?)
Adsorbent type b oo mhaw 2led sy Ay y S
(%) Consumption level Shoot Root
0 0.34r 0.15t
pAS IS 4 0l8 adgl 0395 Cnsj 25 0.47 rq 0.256 rst
Wheat straw Primary biomass 5 0.61rq 0.3 rstqp
10 0.52rq 0.17t
0 0.34r 0.15t
Yoo °C Jlogw 2.5 1.603 mkl 0.52 monlk
Biochar 300 °C 5 2.376 ij 0.56 mjnik
pAS logm 10 0.39r 0.16t
Wheat biochar 0 0.34r 0.15t
d++ °C gy 25 2.88 hg 0.676 hjigk
Biochar 500 °C 5 2.79ihg 0.72 hjig
10 1.02 nop 0.44 mongp
0 0.34r 0.15t
Yoo °C Jub op)S 25 3.863¢ 1.016 de
Active carbon 300 °C 5 4.436 cd 114d
paS b oS 10 2.61ihj 1.06d
Wheat active carbon 0 0.34r 0.15t
e+ °C b o8 25 5.126 b 1.546 b
Active carbon 500 °C 5 5.763a 184a
10 46¢C 1.48b
0 0.34r 0.15t
93,5 Cawrgy adol 0395 25 1.03 nop 0.223 st
Walnut shell Primary biomass 5 1.21 mno 0.58 mjnlk
10 0.67 rgp 0.456 monlp
0 0.34r 0.15t
Yoo °C Jlogw 25 2.653 ihj 0.58 mjnlk
Biochar 300 °C 5 2.79 ihg 0.756 hfig
93,5 slagm 10 0.46 rq 0.206 st
Walnut biochar 0 0.34r 0.15t
A+ °C g 25 1.226 mno 0.57 mjnlk
Biochar 500 °C 5 33f 0.79 hfg
10 1.423 mnl 0.456 monlp
0 0.34r 0.15t
Yoo °C Jlb o) 25 1.226 mno 0.356 rogp
Active carbon 300 °C 5 40le 0.82 fg
92,5 Jub ()8 10 2.49 ihj 0.42 ongp
Walnut active carbon 0 0.34r 0.15t
8-+ °C Jld o) 2.5 2.36) 0.446 mongp
Active carbon 500 °C 5 4led 0.896 fe
10 2.573ihj 0.8 fg
0 0.34r 0.15t
bl oy Al 0355 Canns 25 0.803 gp 0.286 rstq
Almond shell Primary biomass 5 1.01 0p 0.386 rogp
10 0.473rq 0.32 rstap
0 0.34r 0.15t
¥eo °C logu 25 1.886 k 0.566 mjnlk
Biochar 300 °C 5 2.656 ihj 0.63 hjik
ol o gm 10 1.37 mnol 0.56 mjnlk
Almond biochar 0 0.34r 0.15t
d++ °C logu 25 2.6 ihj 0.716 hjig
Biochar 500 °C 5 3.15fg 0.896 fe
10 2.316 0.6 mmijilk
0 0.34r 0.15t
Yoo °C Jub opsS 25 2.636 ihj 0.62 jilk
Active carbon 300 °C 5 3.31f 0.906 fe
ol Jud S 10 2.696 ihj 0.726 hjig
Almond active carbon 0 0.34r 0.15t
de+ °C Jub opsS 25 3.446 f 0.71 hjig
Active carbon 500 °C 5 4.21 ed 13c
10 1.686 ki 0.726 hjig

ol 5SSl (glasels sin ygeil il o 7 D s )3 o cime oglis odimd U5 g b y> Coglite By

Different letters in each column indicate a significant difference at the 5% level based on Duncan's multiple range test.
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Table 5- Comparison of the average interaction effects of type and levels of adsorbent on the concentration of heavy metals in the shoot
part of the corn plant

. mg kg*
o> g ;
Adsorbent type S e b S E9) e
(%) Consumption level Pb Zn Cd
0 288a 3006.67 a 29a
pAS IS 5 o8 gl 0395 Cunj 25 220 e 1914 ¢ 225b
Wheat straw Primary biomass 5 181 1799.33 e 20.11bc
10 166.55 mn 1206 p 18 dbecf
0 288a 3006.67 a 29a
Yoo °C Jlogw 25 206.66 f 1864 d 17.5 dgecf
Biochar 300 °C 5 168,51 1659.33 hi 15 hdgeif
Rt g 10 1255t 1282 0 11.66 hkjnImi
Wheat biochar 0 288a 3006.67 a 29a
04+ °C jlogn 25 183.33 ij 1632.67 i 15 hdgeif
Biochar 500 °C 5 153..3¢q 1171.33rq 11 kjnlmio
10 122,22 u 975u 9.16 gkrnimpo
0 288 a 3006.67 a 29a
Yoo °C Jb cpyS 25 196.67 g 1194.67 pqg 13.33 hkjglif
Active carbon 300 °C 5 163.330 963.33 u 7.50grnpo
S b oS 10 113.83vm 754.5 x 5.55 grsp
Wheat active carbon 0 288a 3006.67 a 29a
0++ °C Jlb )8 25 163.33 0 964.67 u 7 qrnpo
Active carbon 500 °C 5 125t 68544y 4.17rs
10 71.67 X 490.67 z 1.67 s
0 288 a 3006.67 a 29a
9205 Cuwgy gl 0395 Cannj 25 246.67 b 1753.33 f 19 dbe
Walnut shell Primary biomass 5 209 f 1665.33 h 17 dgecf
10 186 i 1438 k 14 hkjgeif
0 288 a 3006.67 a 29a
Yoo °C gy 25 232¢ 1560 11.67 hkjnimi
Biochar 300 °C 5 194.5 gh 1365 m 9.44 gknlmpo
93,5 sl>on 10 153.33¢q 1158 r 5.55 grsp
Walnut biochar 0 288a 3006.67 a 29a
0++ °C jlogn 25 209 f 1355 m 8.33 grnmpo
Biochar 500 °C 5 1721 1148 r 6.67 grpo
10 1457 852.5 vm 5qrsp
0 288 a 3006.67 a 29a
Yoo °C Jbb oS 25 194.11 gh 1375.33Im 8.33 grnmpo
Active carbon 300 °C 5 168.33 m 1157.5r 6.67 qrpo
93,5 Jbd )8 10 136.23 s 875.5v 5qrsp
Walnut active carbon 0 288a 3006.67 a 29a
0++ °C Jlb )8 25 181j 1150 r 6.11 grspo
Active carbon 500 °C 5 14411 r 838w 5qrsp
10 112w 745 x 4.5 qrs
0 288 a 3006.67 a 29a
phl Cussy gl 0358 Cannj 25 245b 2460.67 b 26.67a
Almond shell Primary biomass 5 230 cd 1815¢e 22.22b
10 1925h 1716.67 g 18.47 dbec
0 288 a 3006.67 a 29a
Yoo °C Jlogw 25 229.11 cd 1712g 16.11 hdgecf
Biochar 300 °C 5 186 i 1438 k 13.88 hkjgleif
pbl Jlgn 10 164 on 1165 rq 9 grnlmio
Almond biochar 0 288a 3006.67 a 29a
04+ °C jlogn 25 227.22d 1320.66 n 13 hkjglmi
Biochar 500 °C 5 177 k 1058 t 10 kjnlmio
10 144 r 865 vm 5qrsp
0 288 a 3006.67 a 29a
Yoo °C Jib oS 25 196.67 g 1397.331 14.67 hdjgeif
Active carbon 300 °C 5 157 p 12720 13.55 hkjglif
pholy Jld )8 10 127t 868 vm 5.83 qrsp
Almond active carbon 0 288a 3006.67 a 29a
0-+ °C Jlb op)S 25 177k 1102 s 11 kjnlmio
Active carbon 500 °C 5 134s 858 vm 8.33 grnmpo
10 116 v 748 X 5qrsp

ol 5S35 (glasaly s ygejl bl o 7 B s )3 I e gl odimd Ui gty 43 Coglite by >

Different letters in each column indicate a significant difference at the 5% level based on Duncan's multiple range test.
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Table 6- Comparison of the average interaction effects of type and levels of adsorbent on the concentration of heavy metals in the root

part of the corn plant

. mg kg™
> gg .
Adsorbent type < oo g & &9 el
(%) Consumption level Pb Zn Cd
0 4775a 4038.5a 155a
pAiS LS g olS gl 0395 25 440.52 b 2612.67b 93 be
Wheat straw Primary biomass 5 3%e 2002 j 65.83 hgif
10 350.21 g 1568 st 55 Ikij
0 4775a 4038.5a 155a
Yoo °C Hlgw 25 370.28 f 2159 h 70 hgf
Biochar 300 °C 5 291.67 kml 1745.33n 46.67 lomn
pAS o 10 268.43 op 1466 u 35 posrq
Wheat biochar 0 4775a 4038.5 a 155 a
0++ °C ogm 25 289.17 nml 1855 | 68.33 hgf
Biochar 500 °C 5 245,55 qr 1648 qr 46.22 lomn
10 216 vtu 1352.5 x 27.91 tsr
0 4775a 4038.5a 155a
Yoo °C Jubd )8 25 327.66 hi 1925.33 k 62.62 hgij
Active carbon 300 °C 5 271.66 onp 1707.33 0 42.16 pomn
paiS b oS 10 232 bstr 1458.66 u 32.22 psrq
Wheat active carbon 0 477.5a 4038.5a 155a
0++ °C Jlb (8 25 282.5 onml 1700 0 50.88 Ikmn
Active carbon 500 °C 5 230.62 str 1388 w 35 posrq
10 206 v 1065 z 20t
0 4775a 4038.5a 155 a
93,5 Cawgy adgl 0395 o 25 4345b 2555 ¢ 83.33 edc
Walnut shell Primary biomass 5 402 de 2145 hi 62.5 hgij
10 359 fg 1589.33 s 46.66 lomn
0 4775a 4038.5a 155a
Yoo °C Jlogw 25 414.27 dc 2389.33d 85dc
Biochar 300 °C 5 371f 1863.33 1 63.75 hgij
93,5 5250 10 296.66 jkml 1583 s 46.67 lomn
Walnut biochar 0 4775a 4038.5 a 155a
0+ °C Jlogn 25 346.11¢ 2153.33 hi 82.5edc
Biochar 500 °C 5 328.33 h 1856.33 | 52.5 Ikmj
10 280 onm 1468.66 u 30 tsrq
0 4775a 4038.5a 155 a
Yoo °C Jlb )8 25 299.27 jkI 2194.33 g 68.33 hgf
Active carbon 300 °C 5 268 op 1863.66 | 59.99 hklj
53,5 b ()8 10 226.97 stu 1568.33 st 41.67 pomng
Walnut active carbon 0 4775a 4038.5a 155a
Be °C Jlb oS 2.5 270.42 onp 1914.67 k 55 Ikij
Active carbon 500 °C 5 245 sqr 1635.44 ¢ 36 porq
10 209.37 vu 1227.67y 23.88 ts
0 4775a 4038.5a 155a
bl Casgy gl 035 Canj 25 4775a 2614 b 9 b
Almond shell Primary biomass 5 429 be 2315¢ 75.83 edf
10 390 e 2128 65 hgif
0 4775a 4038.5a 155a
Yoo °C Jlogw 25 364.17 fg 2233.33f 90.83 bc
Biochar 300 °C 5 327.71 hi 1912 k 73.33 egf
gl jlagm 10 281.46 onml 1665 gp 40 ponq
Almond biochar 0 4775a 4038.5 a 155a
0+« °C bgu 25 348.33¢g 1935.33 k 66 hgif
Biochar 500 °C 5 311 jhi 1680 op 42.5 pomn
10 240 sqr 1428 v 30.55 ptsrq
0 4775a 4038.5a 155 a
Yoo °C Jud o8 25 350.49¢ 2128 66 hgif
Active carbon 300 °C 5 309.44 jki 18721 46 lomn
el Jlb oS 10 258 gp 1553 t 36 porg
Almond active carbon 0 4775a 4038.5 a 155a
0++ °C Jlb op)S 25 314 jhi 1802 m 56 Ikij
Active carbon 500 °C 5 246.67 qr 1458 u 35 posrq
10 220 vtu 1240y 25 tsr

ol 5S35 (glasals s g0l bl o 7 0 s )3 I e gl odimd LS gty 40 Coglite by >

Different letters in each column indicate a significant difference at the 5% level based on Duncan's multiple range test.
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Table 7- Comparison of the average interaction effects of type and levels of adsorbent on the concentration of heavy metals extracted with
DTPA in the soil at the end of the plant cultivation period

. mg kg™
o> g ;
Adsorbent type S e b Pl S E9
(%) Consumption level Cd Pb Zn
0 27.55a 297.16 a 1287.33 a
pAS LS 5 olS adgl 0355 Can 2.5 18.3d 180 ¢ 1024.64 d
Wheat straw Primary biomass 5 15.65 gh 1384 f 914.48 gh
10 13 mlk 88.33 ij 812.32 jk
0 27.55a 297.16 a 1287.33 a
Yoo °C Jlogw 25 16.6 ef 158.5d 914.48 gh
Biochar 300 °C 5 11.8 pon 84.4] 835.2
pAS jlgm 10 9.4 vut 32 pq 712.72 nm
Wheat biochar 0 27.55a 297.16 a 1287.33 a
8++ °C jloge 25 1351k 13757 f 869.28 i
Biochar 500 °C 5 10 sut 84.4] 705.44 nm
10 8.5 vw 26.33p 628.64 p
0 27.55a 297.16 a 1287.33a
Yoo °C JWb op)S 25 16.9 ef 133.2f 832.32j
Active carbon 300 °C 5 10.7 srq 61.21m 725 nlm
S Jlb o8 10 74X 16.4r1 628.64 p
Wheat active carbon 0 27.55a 297.16 a 1287.33 a
8-+ °C Jld o) 25 12.5mn 57.4 nlm 814.24 jk
Active carbon 500 °C 5 8.5 vw 30.8p 712.72 nm
10 45y 16s 464 r
0 27.55a 297.16 a 1287.33a
93)5 Covgy adgl 0395 25 20.2¢ 179.4 ¢ 1052.08 d
Walnut shell Primary biomass 5 17e 136.4 f 958.32 ef
10 15 hi 110.8 gh 835.20
0 27.55a 297.16 a 1287.33a
Yoo °C Jbgw 25 14.6 ji 150 e 954.8 f
Biochar 300 °C 5 12.6 min 92.93i 878
55,5 oo 10 8.1 wx 34.2p 726.88 nlm
Walnut biochar 0 27.55a 297.16 a 1287.33 a
8++ °C jloge 25 13.3 mlk 116.26 g 895.6 ih
Biochar 500 °C 5 9.2vu 745k 750.24 1
10 75X 33.05p 709.2 nm
0 27.55a 297.16 a 1287.33a
Yoo °C Jlb oS 25 145 ji 64.531 934.4 gf
Active carbon 300 °C 5 10.8 srq 52n 825.6 ]
93,5 Jlad o)S 10 7.5X 19.95 rq 634.96 p
Walnut active carbon 0 27.55a 297.16 a 1287.33 a
B+ °C Jkb )8 2.5 12.4 mon 4340 872.72i
Active carbon 500 °C 5 9.4 vut 27.5pq 750.241
10 43y 445 565 q
0 27.55a 297.16 a 1287.33a
ol g adgl 0395w 25 21.3b 190.2 b 1160 b
Almond shell Primary biomass 5 19d 130.93 f 1098 ¢
10 16 gf 107 h 983.84 ¢
0 27.55a 297.16 a 1287.33a
Yoo °C logu 25 18.86 d 175¢ 944.96 f
Biochar 300 °C 5 15.5gh 111 gh 895.6 ih
ol o gm 10 11.1 prq 33.66 pq 735.44 Im
Almond biochar 0 27.55a 297.16 a 1287.33 a
8e+ °C jloses 25 16 gf 147e 891.68 ih
Biochar 500 °C 5 11.5 poq 87.51j 751.841
10 10.2 srt 26.33p 696.88 n
0 27.55a 297.16 a 1287.33a
Yoo °C Jub op)S 25 16.4 gef 84.2j 869.28 i
Active carbon 300 °C 5 12 pon 55.4nm 705.44 nm
ol Jud S 10 9.5 ut 16r 6650
Almond active carbon 0 27.55a 297.16 a 1287.33 a
0e+ °C JUb op)S 25 13.8 Jk 53.9nm 812.08 Jk
Active carbon 500 °C 5 9.1vu 16t 785.44 k
10 43y 3.2s 578.8q

ol 5S35 (glasaly s ygejl bl o 7 B s )3 I e gl odimd Ui gty 43 Coglite by >
Different letters in each column indicate a significant difference at the 5% level based on Duncan's multiple range test.



VPt 50531 b oslods FA al> (S g T 4 ,i5 Y

SB Do Ve Bpan mhw )3 Odla 193l 50,18 51 40 (8w I8 43,5 S oo e duoyd —A Jga
Table 8- The percentage of immobilization of heavy metals due to the application of adsorbents at the consumption level of 10% in the soil

%
dus o g OO £45
Adsorbent“t : e{nd’cfr: arison e o v
P P cd Pb zn
T C e i Ve TC 8 21.28 4875 1180
Activated carbon 300 °C compared to biochar 300 °C
D C e i 00 TC 8 47.06 9400 2619
Activated carbon 500 °C compared to biochar 500 °C
D C e i Ve TC 8 12.94 37.72 0
Activated carbon 300 °C compared to biochar 500 °C
o T O U S it TC e 0 39.19 9024 2619
Activated carbon 500 °C compared to activated carbon 300 °C
. oo C oo & Cund b0 _C o 9.60 17.71 11.80
puS LS g olS Biochar 500 °C compared to biochar 500 °C
Wheat straw _ sl & G ¥ C Jlub 008 73.14 94.48 51.17
Activated carbon at 300°C compared to the control
el aeed TC 8 S 83.67 9946 6396
Activated carbon at 500°C compared to the control
|l T ks 65.88 8023  44.63
Biochar 300 °C compared to the control
| eliece0n T ks 69.14 9113 5116
Biochar 500 °C compared to the control
b o ey 52.81 7027 36.90
Primary biomass compared to the control
T C e i Ve TC 8 7.41 3064  12.64
Activated carbon 300 °C compared to biochar 300 °C
D TC e e i 00 TC b 8 4267 87.13 2033
Activated carbon 500 °C compared to biochar 500 °C
D TC e i Ve TC 8 0 4166 1046
Activated carbon 300 °C compared to biochar 500 °C
_ Voo PO S i 00 TC LS 8 42,67 7794 1101
Activated carbon 500 °C compared to activated carbon 300 °C
Ve C kg i 000 °C g 7.40 3.36 2.43
90,5 Cuvgy Biochar 500 °C compared to biochar 500 °C
Walnut shell _ sl 4 s ¥ C Jlab 008 72.78 9329 5067
Activated carbon at 300°C compared to the control
_ 28l & Cui0-2 °C Jlb 08 84.39 9852  56.11
Activated carbon at 500°C compared to the control
o eld e ¥er °C gy 70.60 88.50 43.53
Biochar 300 °C compared to the control
o eliacenidee °C gy 72.77 88.87 44.90
Biochar 500 °C compared to the control
el e adi g 45.55 62.71 35.12
Primary biomass compared to the control
o T e e ¥ °C b )8 14.41 52.47 9.58
Activated carbon 300 °C compared to biochar 300 °C
o0 C ok & i 000 °C b )8 57.84 87.85 16.94
Activated carbon 500 °C compared to biochar 500 °C
BT ks & i Ve TC L 0 6.86 39.23 457
Activated carbon 300 °C compared to biochar 500 °C
_ Yoo PO Jlb oS 4 i 0- °C JUb 8 54.73 80.00 12.96
Activated carbon 500 °C compared to activated carbon 300 °C
ST Clogm & Cuud b0 _C o 8.10 21.77 5.24
Ny Biochar 500 °C compared to biochar 500 °C
Almond shell . sl 4 o Yoo °C b o) 65.63 94.62 18.34
Activated carbon at 300°C compared to the control
_ b & Coui B:- °C Jlb ()3 84.39 98.92 55.04
Activated carbon at 500°C compared to the control
_ b 4 Coud Yo v °C g 59.70 88.67 42.87
Biochar 300 °C compared to the control
_ 1l 4 Cond 00+ °C g 62.97 91.13 45.86
Biochar 500 °C compared to the control
205 & S &yl 0357 o 41.92 64.00 27.07

Primary biomass compared to the control

bl e S p3 13)8 Syt saimd i CwdMe oy
no sign indicates immobilization in the soil.
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Table 9- Mean comparison of adsorbent type and surface interaction effects on soil pH and EC

X pH EC
P> g4 .
Adsorbent type ke - (dsm™)
(%) Consumption level
7.44 mnpo 2.50 vwu
pAS LS 5 0lS adgl 0355w 25 7.41 gnpo 4.66 hg
Wheat straw Primary biomass 5 7.30 gsrp 5.72e
10 7.20 gsrt 6.75d
0 7.44 mnpo 2.50 vwu
Yoo °C Jlgw 25 7.85 fge 5.80e
Biochar 300 °C 5 8.01d 6.67d
a5 Jlagus 10 8.50 b 7.77h
Wheat biochar 0 7.44 mnpo 2.50 vwu
0++ °C lagu 25 7.95 de 6.42d
Biochar 500 °C 5 8.23¢ 7.22¢
10 8.80a 1352a
0 7.44 mnpo 2.50 vwu
Yoo °C Jld o) 25 7.24 usrt 2.57 vwuts
Active carbon 300 °C 5 7.02vw 2.72 vwuts
puS Jld o) 10 6.94 W 2.84 vrwuts
Wheat active carbon 0 7.44 mnpo 2.50 vwu
0++ °C Jld o)S 25 7.14 uvt 2.92 vrquts
Active carbon 500 °C 5 6.96 w 2.96 vrquts
10 6.65y 3.10 rgpts
0 7.44 mnpo 2.50 vwu
93,5 Cawrgy adgl 0395 Cansy 25 7.50 mnkl 3.23 rqpos
Walnut shell Primary biomass 5 7.46 mnlo 3.43 gpon
10 7.25 usrt 4.26 ihkj
0 7.44 mnpo 2.50 vwu
Yoo °C gy 25 7.68 ijh 3.39 rgpon
Biochar 300 °C 5 7.76 fgh 3.82mlkjn
5355 o 10 7.90 fde 4.2 ihkj
Walnut biochar 0 7.44 mnpo 2.50 vwu
d++ °C Jlogy 25 7.74igh 3.45 mgpon
Biochar 500 °C 5 7.90 fde 3.98 mlkj
10 8.02d 4.85fg
0 7.44 mnpo 2.50 vwu
Yoo °C Jld oS 25 7.42 gnpo 3.10 rgpts
Active carbon 300 °C 5 7.29 gsrp 233w
93,5 Jld )8 10 6.88 xw 3.74 mlkon
Walnut active carbon 0 7.44 mnpo 2.50 vwu
Qe+ °C Jlb () 25 7.35 gnrpo 3.46 mgpon
Active carbon 500 °C 5 7.26 usrt 3.02 vrquts
10 6.74y 3.79 mlkn
0 7.44 mnpo 2.50 vwu
bl oy adgl 0395w 25 7.49 mnkl 3.34 rgpon
Almond shell Primary biomass 5 7.50 mnkl 3.65 mlon
10 7.48 mnklo 4,50 ihg
0 7.44 mnpo 2.50 vwu
¥eo °C logu 25 7.59 mjkl 3.61 mlkjn
Biochar 300 °C 5 7.61 ijkl 4.06 ihj
ol g 10 8.02d 4.95 fg
Almond biochar 0 7.44 mnpo 2.50 vwu
d++ °C logu 25 7.62 ljkh 3.86 mlpon
Biochar 500 °C 5 7.90 fde 4.33 ilkj
10 8.20¢c 5.25f
0 7.44 mnpo 2.50 vwu
Yoo °C Jld o) 25 7.33 gsrpo 2.84 vrwuts
Active carbon 300 °C 5 7.12uv 2.85 vrwuts
el Jlb oS 10 6.78 xy 2.46 vw
Almond active carbon 0 7.44 mnpo 2.50 vwu
Qe+ °C Jlb () 25 7.44 mnpo 3.23 rgpos
Active carbon 500 °C 5 7.19 ust 3.03 rquts
10 6.89 xw 2.84 vrwuts

ol 583D (glasals sim yg0j] il o 7 B o 33 o ime oglis odimd U5 5w by Coglite gy
Different letters in each column indicate a significant difference at the 5% level based on Duncan's multiple range test.
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Introduction

The most important effect of global warming is the increase in extreme weather events. According to AR5
reports, between 1951 and 2010, the number of warm days and nights increased and the number of cold days and
nights has declined globally. In addition, the duration and frequency of hot periods, including thermal waves, have
increased since the middle of the twentieth century. The trend analysis of temperature extreme indices is important
in estimating the trend of global warming. Temperature Changes are affected by many complex factors. A
significant part of these changes is due to the elements of the general circulation of the atmosphere and the sea
surface temperature. Given that extreme weather events are one of the most devastating natural hazards and have
harmful effects on different parts of society, therefore, many researchers have studied the changes in the past and
future of extreme events and the mechanisms that trigger these changes. This research attempts to study the trend
of changes in extreme temperature indices in North-West of Iran, and also their relation with general circulation
of atmosphere.

Materials and Methods

At first, diurnal data of minimum and maximum temperature of 20 synoptic stations of the Northwest of Iran,
which have long-term and reliable statistics, extracted for the period of 1986-2010 and quality control and data
homogeneity of them were investigated. afterwards, 16 Extreme temperature indices introduced by ETCCDMI
were applied. In general, these indices are categorized into five categories of absolute indices, based on percentiles,
based on thresholds, periodic, and amplitudes that measure the frequency, severity and duration of the temperature.
These indices are estimated by RClimDex software and the trend rate of the changes in indices was shown through
maps. To measure the changes in the general circulation of atmosphere the annual mean circulation composites
extracted for the periods of 1961-1985 and 1986 -2016 based on the reanalysis data of the NCEP / NCAR. Then
the difference maps plotted using grads software.

Results

The regional trend of extreme indices and the percentage of stations with a positive and negative trend were
identified and the spatial distribution of the gradient of each of the indices was mapped. The results show that all
absolute temperature indices have an increasing trend. On average, the maximum temperature (TXx and TXn) has
increased by about 0.04 degrees over the decade. The increase rate of TNx is about 0.03 degrees, while the TNn
increased by about 0.1 degrees Celsius per decade during the study period. Therefore, in the north-west of Iran,
temperature increase has mainly occurred at night. The values of cold days (TX10) and cold nights (TN10)
decreased with a gradient of -0.46 and -0.42 days in the decade. The warm days (TX90) and warm nights (TN90)
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have an increasing trend in 95% of the stations in the area. Frost days (FD) and icing days (IDs) have a decreasing
trend, whereas, summer days (SU25) and tropical nights (TR20) have an increasing trend. The number of frost
days with a gradient of -0.95 and the number of icing days with a gradient of -0.63 days in decade are decreasing.
While, the number of summer days with a gradient of 0.81 and the number of tropical nights with gradient of 0.31
days in decade are increasing. In the northwest of Iran, all stations have been experiencing the increasing trend in
Warm Spell Duration Index (WSDI), but the Cold Spell Duration Index (CSDI) in 70% of the stations in the region
has decreased. Growing season length, as an effective index especially in agriculture, is increasing by an average
of 1.1 days per decade. Based on the results of research carried out globally and at Iran, the trend of Daily
Temperature Range (DTR) is negative, while this index has a positive and increasing trend in 65% of North-West
stations in Iran. Except TNx and TNn indices that have positive trend in most stations in the region, Comparison
of warm and cold extreme indices indicates that warm indices have a positive and incremental trend, while cold
indicators show a decreasing trend. The positive gradient of these indices also corresponds to the decreasing trend
of cold day and night indices, which indicates an increase in temperature and a decrease in cold days and nights.
The study of large-scale changes in atmospheric circulation shows that the study area has got warmer in the spring
and summer and colder in autumn and winter.

Conclusion

In this study, the trend of temperature extreme indices in North-West of Iran and its relation with the large-
scale general circulation of the atmosphere have been investigated. The results show that all absolute temperature
indices (TXx, TXn, TNx and TNn) are incremental. The indices of cold days (TX10) and nights (TN10) decreased
with a gradient of -0.46 and -0.42 days in the decade and the indices of warm days (TX90) and warm nights (TN90)
are increasing in 95% of the stations in the area. Frost days and icing days (IDs) show declining trend and summer
days (SU25) and tropical nights (TR20) have an increasing trend. In the north-west of Iran, all stations have
experienced an increasing trend in warm spell duration index (WSDI), but the cold spell duration index (CSDI)
has been decreasing in 70% of the stations in the area. Growing season length (GSL) is increasing by an average
of 1.1 days in every decade. Daily temperature range (DTR) has a positive and increasing trend in 65% of stations
in north-west Iran. Comparison of warm and cold extreme indices indicates that warming indices have a positive
and incremental trend, while cold indices show a decreasing trend. Study of the general circulation of atmosphere
of the region by drawing and analyzing difference maps indicates that the study area has been warmer in spring
and summer and colder in autumn and winter.

Keywords: Atmosphere circulation, Climate change, Northwest of Iran, Temperature indices
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Figure 1- Geographical location of the study area and the studied synoptic stations in the northwest of Iran
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Table 1- List and definitions of temperature extreme indices
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Table 2- Regional trend of temperature extreme indices and the percentage of stations with positive and negative trends in
the northwest of Iran
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Figure 2- Spatial distribution of slope of absolute temperature indices in northwest Iran
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Figure 3- Spatial distribution of slope of percentiles temperature indices in northwest Iran
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Figure 4- Spatial distribution of slope of threshold temperature indices in northwest Iran
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Figure 5- Spatial distribution of slope of periodic and range temperature indices in northwest Iran
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Figure 6- Difference map of Geopotential height at the level of 500 hPa and omega of the earth's surface (a), difference of the
relative rotation at the level of 500 hpa and the atmosphere thickness (b) and the difference in surface air temperature (c) for
Winter between 1986-2016 and 1961-1985
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Figure 8- Difference map of Geopotential height at the level of 500 hPa and omega of the earth’s surface (a), difference of the

relative rotation at the level of 500 hpa and the atmosphere thickness (b) and the difference in surface air temperature (C) for
Summer between 1986-2016 and 1961-1985
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relative rotation at the level of 500 hpa and the atmosphere thickness (b) and the difference in surface air temperature (C) for
Autumn between 1986-2016 and 1961-1985

slod ials g dilaio Lgin saolKiuw! jo Led L]l b Jlo 3y
4 Wlodd g3y dalaie Jlois slaolKiws] jo (oles] L) Sl
el 9 5 5o ol 5 g 55 calllas 3,50 ailai J5 S ol

Gl 0330)5 150 w0 (S8l dalais Jlas jd liws g

& 5 Ao

2 o> (g Sl jadls Gl W9y () 4 GigR (nl )

sl 32 oo 53 IS 52,5 b ol Bl 5 ol ot Jlas
Bl ooy sla sl plos s o i 3uiod ol .l 0
o> i3l ol pl oy Jlacds )0 cplplo s dolj8l Wg,y (o]l
ol lade .ol 03y £y aieS” (glod g Al slod Guaes
TNO0 § TX90 s lis jlade .ol adly ials TN10 4 TX10
gy g ID g FD slayaslis i —iulj8l Wgy (oIl
A (ol 38l gy gl)ls TR20 § SU25 sl yaslis o (il

¥ o adllas 5)90 ddlate (gl 58 g2 Calis JSE Gl
dzul 4D g o> Caalze S Liulel 5l Sl af o wl pate o Sl
P g Cals (il g adllas 350 ddale Cgix )3 Jldin 5yluL
(IS gl ) (2 ol i) aslllas 590 dilate Jlods
SagFonk > 4 Jre 9 ol 20l (Sb 5 adale suly o
e Jlomd dnb s> 4 Slalllas ddlais jl glodas isy jd ol
s Sy slod Jol5 i g2 UK (o JS) sl o
5l b ey VAPVYAAD 5 VAT NS ela S oy |y (05
oRlPI L GWls dilain o9 degd (JSS Bollao Do Ll
ol ol s ol o0 dnlge lad LialS b o Jlors da g Lo
i |y olgn g O w45 Cl dilaie (s Cugby ialS
Caol 03505
) m slos b5 (cladiiids oy > Capat] Sl 5
g g ol poles 15 lod Ligl3él b Lo pS g o8



YO

92 U5 90,5 b 0T Bl g (8 oo wll p oyl 058 Jloud slod Wigy Julons (5596 9 09>

s—oan =Sl (Olrl )2 Jlori) adllas 3590 dilaio Alis;
Cogt a8 ol s e s )0 el sds sla sl
23 soeldl Sy il g5 £85)) 38l g SolSmo T o5
(Zongxing et al., 2012) couwl 03505 a5 1y Cp> g
9 Cwelud g Jruslys] )] (ialBl 89 o) e oloy Juad 5
slod Lioliel el o il daled o 0 1) g i (g)lul a8
il oo VAEN=VAAD 090 4y Cou ddlaio (gl o ¥V & o5
VY Gl 8l donis 53 9 o)l i JLtdy Cagll 5 Ll Joad
Ol 5 ol o Lt aidiS 4 s Ty laa (glod (glasy
2l 4 e 5588 g9y 35> adlllas > 35 (Yan et al., 2014)
Iy Glis olas oS b ol )by plaw  0gMe a8l s poliie
slod Jool Al () dimd cod Gl Jgad 4 Comad
—VAAD VA=Y NS cla Sl (sl b Jaad e paw (clgn
Lol G dled 55 4 9t digg JS & cenl o) (SB35
Loy ials )8 ol bl b .ol sais aslge Lod iul38l
P asS e oo i 1) Al B35 @y o dnyd /¥ 5o 4
Jguad o Col ol (b slod Jol5 slaeidi (o) 5> ol
s 9y L IS b Jlo 3 Jgutd 5 Lod I3 b o 5
k3 9 siesS Ol g )l 3 caddllan 3)90 ddlate ;o3 o 4

sl 04935 133y (e 9

References

2,55 |y WSDI g3l b5y oK) golos el ysl o Jlosd 5
gy slyb dalaie ol sl 4oy Y+ 1> CSDI Jg cilod S
ool il Gl s 0 GSL (el 5 cawl 03gy ialS
N3 0935 a5 Sleer e 3 03 plosl Clidos ol
o B0 pesl s ol as I sl e i DTR
o aldio > (oljil g cute gy ol pl @8 Jled (slaolSiny
Alijani & Farajzadeh, ) odl; 7,8 5 Jlowde Gladss » 568
Sy g oS (o> la asls dulie .l odel Canday 13 (2015
il Pl g Cute gy sl p)S Slaasld oS s ol
ol |y (ials L9y yiin 3y Sl padls & Jls s s
i glod S 9 oS lod aneS sl jadls > 4 fiad o
o Cad Aitun adlale sloolSiun] il ) Cute L9y ghl> &5
Sy slacud g lajg) glagadld (hals Xg) b j padli oyl
S Sl g lajg) (ials g Lo GiuljEl Sby 4 51> Slgseen
Ahmadi Darand, 2015) _alisce Slalllas o gl ol a8l o
Nassaji Zavareh ¢Azizzadeh & Javan, 2018 <t al., 2017
Cawl 0l 4155 (& Ghermezcheshmeh, 2023
el 5 oy 3] 03l s adlaio g IS 53,5 asllao
Cagi | (Sl ol S)i lo el sl Jsli slbaids
lon glo> (ials’ fizmen g ol col s (i3l r )l

1.

Aguilar, E., Aziz Barry, A., Brunet, M., Ekang, L., Fernandes, A., Massoukina, M., & Thamba Umba, O. (2009).
Changes in temperature and precipitation extremes in western central Africa, Guinea Conakry, and Zimbabwe, 1955—
2006. Journal of Geophysical Research: Atmospheres, 114(D2). https://doi.org/10.1029/ 2008JD011010

2. Ahmadi, M., Dadashi, A., & Ebrahimi, R. (2017). Prospects of Iran's warm climates based on the regional mesoscale
model output REGCM4. Geography, 15(52), 67-81. (In Persian)

3. Ahmadi, M., Lashkari, H., Keykhosravi, G., & Azadi, M. (2015). Analysis of extreme temperature indicators in the
detection of climate change in Greater Khorasan. Geography, 13(45), 53-75. (In Persian)

4. Alexander, L.V., Zhang, X., Peterson, T.C., Caesar, J., Gleason, B., Klein Tank, A.M.G., & Tagipour, A. (2006).
Global observed changes in daily climate extremes of temperature and precipitation. Journal of Geophysical
Research: Atmospheres, 111(D5). https://doi.org/10.1029/2005JD006290

5. Alijani, B. (2011). Spatial analysis of daily temperatures and precipitation extremes in Iran. Applied Research in
Geographical Sciences, 20, 9-30. (In Persian)

6. Alijani, B., & Farajzadeh, H. (2015). Trend analysis of extreme temperature indices in the North West of Iran,
Geography and Planning, 19(52), 229-256. (In Persian)

7. Alijani, B., Roshani, A., Parak, F., & Heidari, R. (2012). Trends in extreme daily temperature using climate change
indices in Iran, Geography and Environmental Hazards, 1(2), 17-28. (In Persian)

8. Azizzadeh, M.R., & Javan, Kh. (2018). Trends of extreme temperature over the Lake Urmia basin, Iran, during 1987—
2014. Journal of the Earth and Space Physics, 43(4), 55-72. https://doi.org/10.22059/jesphys.2017. 233762.1006898

9. Balling, R.C., Kiany, M.S.K., & Roy, S.S. (2016). Anthropogenic signals in Iranian extreme temperature indices.
Atmospheric Research, 169, 96-101. https://doi.org/10.1016/j.atmosres.2015.09.030

10. Cao, Q., Yu, D., Georgescu, M., Han, Z., & Wu, J. (2015). Impacts of land use and land cover change on regional
climate: a case study in the agro-pastoral transitional zone of China. Environmental Research Letters, 10(12),
124025. https://doi.org/10.1088/1748-9326/10/12/124025

11. Darand, M. (2015). Assessment and detection of climate change in Iran during recent decades. Iranian Journal of
Watershed Management Science and Engineering, 9(30), 1-14. (In Persian)

12.

Dashkhuu, D., Kim, J.P., Chun, J.A., & Lee, W.S. (2015). Long-term trends in daily temperature extremes over
Mongolia. Weather and Climate Extremes, 8, 26-33. https://doi.org/10.1016/j.wace.2014.11.003


https://doi.org/10.1029/%202008JD011010
https://doi.org/10.1029/2005JD006290
https://doi.org/10.22059/jesphys.2017.%20233762.1006898
https://doi.org/10.1016/j.atmosres.2015.09.030
https://doi.org/10.1088/1748-9326/10/12/124025
https://doi.org/10.1016/j.wace.2014.11.003

VPe¥ 0,31 b oslods YA o> (S g ol 0,5 FYF

13

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

. Dong, S., Yan, X., & Xiong, Z. (2013). Varying responses in mean surface air temperature from land use/cover
change in different seasons over northern China. Acta Ecologica Sinica, 33(3), 167-171. https://doi.org/10.1016/
j.chnaes.2013.03.007

Fathian, F., Ghadami, M., Haghighi, P., Amini, M., Naderi, S., & Ghaedi, Z. (2020). Assessment of changes in
climate extremes of temperature and precipitation over Iran. Theoretical and Applied Climatology, 141, 1119-1133.
https://doi.org/10.1007/s00704-020-03269-2

Gohari, A., Eslamian, S., Abedi-Koupaei, J., Bavani, A.M., Wang, D., & Madani, K. (2013). Climate change impacts
on crop production in Iran's Zayandeh-Rud River Basin. Science of the Total Environment, 442, 405-419.
https://doi.org/10.1016/j.scitotenv.2012.10.029

Guan, Y., Zhang, X., Zheng, F., & Wang, B. (2015). Trends and variability of daily temperature extremes during
1960-2012 in the Yangtze River Basin, China. Global and Planetary Change, 124, 79-94. https://doi.org/
10.1016/j.gloplacha.2014.11.008

Hamed, K.H., & Rao, A.R. (1998). A modified Mann-Kendall trend test for autocorrelated data. Journal of
hydrology, 204(1-4), 182-196. https://doi.org/10.1016/S0022-1694(97)00125-X

IPCC. (2013). Climate Change 2013: The Physical Science Basis. Contribution of Working Group | to the Fifth
Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge, United Kingdom and New Y ork,
NY, USA: Cambridge University Press.

Igbal, M.A., Penas, A., Cano-Ortiz, A., Kersebaum, K.C., Herrero, L., & Del Rio, S. (2016). Analysis of recent
changes in maximum and minimum temperatures in Pakistan. Atmospheric Research, 168, 234-249.
https://doi.org/10.1016/j.atmosres.2015.09.016

Jiang, C., Mu, X., Wang, F., & Zhao, G. (2016). Analysis of extreme temperature events in the Qinling Mountains
and surrounding area during 1960-2012. Quaternary International, 392, 155-167. https://doi.org/
10.1016/j.quaint.2015.04.018

Keggenhoff, 1., Elizbarashvili, M., Amiri-Farahani, A., & King, L. (2014). Trends in daily temperature and
precipitation extremes over Georgia, 1971-2010. Weather and Climate Extremes, 4, 75-85. https://doi.org/
10.1016/j.wace.2014.05.001

Klein Tank, A.M.G., Peterson, T.C., Quadir, D.A., Doriji, S., Zou, X., Tang, H., & Sikder, A.B. (2006). Changes in
daily temperature and precipitation extremes in central and south Asia. Journal of Geophysical Research:
Atmospheres, 111(D16). https://doi.org/10.1029/2005JD006316

Kouzegaran, S., & Mousavi Baygi, M. (2015). Investigation of meteorological extreme events in the north-east of
Iran. Journal of Water and Soil, 29(3), 750-764. (In Persian)

Marengo, J.A., Jones, R., Alves, L.M., & Valverde, M.C. (2009). Future change of temperature and precipitation
extremes in South America as derived from the PRECIS regional climate modeling system. International Journal of
Climatology, 29(15), 2241-2255. https://doi.org/10.1002/joc.1863

Marofi, S., Sohrabi, M.M., Mohammadi, K., Sabziparvar, A.A., & Abyaneh, H.Z. (2011). Investigation of
meteorological extreme events over coastal regions of Iran. Theoretical and applied climatology, 103(3-4), 401-412.
https://doi.org/10.1007/s00704-010-0298-3

Mubhire, 1., & Ahmed, F. (2016). Spatiotemporal trends in mean temperatures and aridity index over Rwanda.
Theoretical and Applied Climatology, 123(1-2), 399-414. https://doi.org/10.1007/s00704-014-1353-2

Nassaji Zavareh, M., & Ghermezcheshmeh, B. (2023). Assessment of spatial and temporal variability of extreme
temperature by ETCCDI indices (North and West of Iran). Journal of Environment and Water Engineering, 9(1), 95-
108. (In Persian)

Peng, X., She, Q., Long, L., Liu, M., Xu, Q., Zhang, J., & Xiang, W. (2017). Long-term trend in ground-based air
temperature and its responses to atmospheric circulation and anthropogenic activity in the Yangtze River Delta,
China. Atmospheric Research, 195, 20-30. https://doi.org/10.1016/j.atmosres.2017.05.013

Pourasghar, F., Eslahi, M., & Akbarzadeh, U. (2022). Studying of the extreme temperature events in East Azerbaijan
for 2009-2049. Journal of Climate Research, 12(48), 143-156. (In Persian)

Rahimzadeh, F., Asgari, A., & Fattahi, E. (2009). Variability of extreme temperature and precipitation in Iran during
recent decades. International Journal of Climatology, 29(3), 329-343. https://doi.org/10.1002/joc.1739
Rahimzadeh, F., Hedayati Dezfouli, A., & Pourasgharian, A. (2011). Assessment of the process and extremes indices
of temperature and precipitation in Hormozgan Province, Geography and Development, 9(21), 97-116. (In Persian)
Ruml, M., Gregori¢, E., Vujadinovi¢, M., Radovanovié, S., Matovi¢, G., Vukovi¢, A., & Stoji¢i¢, D. (2017).
Observed changes of temperature extremes in Serbia over the period 1961— 2010. Atmospheric Research, 183, 26-
41. https://doi.org/10.1016/j.atmosres.2016.08.013

Sohrabi, M.M., Ryu, J.H., & Alijani, B. (2013). Spatial and temporal analysis of climatic extremes in the
mountainous regions of Iran. International Journal of Climate Change: Impacts & Responses, 4(4).
https://doi.org/10.18848/1835-7156/CGP/v04i04/37183

Soltani, M., Laux, P., Kunstmann, H., Stan, K., Sohrabi, M.M., Molanejad, M., & Zawar-Reza, P. (2016).
Assessment of climate variations in temperature and precipitation extreme events over Iran. Theoretical and Applied


https://doi.org/10.1016/%20j.chnaes.2013.03.007
https://doi.org/10.1016/%20j.chnaes.2013.03.007
https://doi.org/10.1007/s00704-020-03269-2
https://doi.org/10.1016/j.scitotenv.2012.10.029
https://doi.org/%2010.1016/j.gloplacha.2014.11.008
https://doi.org/%2010.1016/j.gloplacha.2014.11.008
https://doi.org/10.1016/S0022-1694(97)00125-X
https://doi.org/10.1016/j.atmosres.2015.09.016
https://doi.org/%2010.1016/j.quaint.2015.04.018
https://doi.org/%2010.1016/j.quaint.2015.04.018
https://doi.org/%2010.1016/j.wace.2014.05.001
https://doi.org/%2010.1016/j.wace.2014.05.001
https://doi.org/10.1029/2005JD006316
https://doi.org/10.1002/joc.1863
https://doi.org/10.1007/s00704-010-0298-3
https://doi.org/10.1007/s00704-014-1353-2
https://doi.org/10.1016/j.atmosres.2017.05.013
https://doi.org/10.1002/joc.1739
https://doi.org/10.1016/j.atmosres.2016.08.013
https://doi.org/10.18848/1835-7156/CGP/v04i04/37183

YV

92 U5 90,5 b 0T Bl g (8 oo wll p oyl 058 Jloud slod Wigy Julons (5596 9 09>

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

Climatology, 126(3-4), 775-795. https://doi.org/10.1007/s00704-015-1609-5

Stone, B., Hess, JJ., & Frumkin, H. (2010). Urban form and extreme heat events: are sprawling cities more
vulnerable to climate change than compact cities? Environmental Health Perspectives, 118(10), 1425.
https://doi.org/10.1289/ehp.0901879

Sun, W., Mu, X., Song, X., Wu, D., Cheng, A., & Qiu, B. (2016). Changes in extreme temperature and precipitation
events in the Loess Plateau (China) during 1960—2013 under global warming. Atmospheric Research, 168, 33-48.
https://doi.org/10.1016/j.atmosres.2015.09.001

Tabari, H., & Talaee, P.H. (2011). Temporal variability of precipitation over Iran: 1966—2005. Journal of Hydrology,
396(3-4), 313-320. https://doi.org/10.1016/j.jhydrol.2010.11.034

Taghavi, F., & Mohamadi, H. (2007). Investigation of return period of extreme climate events to identify the
environmental consequences. Journal of Environmental Studies. 33(43), 11-20. (In Persian)

Tingley, M.P., & Huybers, P. (2013). Recent temperature extremes at high northern latitudes unprecedented in the
past 600 years. Nature, 496(7444), 201-205. https://doi.org/10.1038/nature11969

Tong, S., Li, X., Zhang, J., Bao, Y., Bao, Y., Na, L., & Si, A. (2019). Spatial and temporal variability in extreme
temperature and precipitation events in Inner Mongolia (China) during 1960-2017. Science of the Total Environment,
649, 75-89. https://doi.org/10.1016/j.scitotenv.2018.08.262

Vincent, L.A., Aguilar, E., Saindou, M., Hassane, A.F., Jumaux, G., Roy, D., & Amelie, V. (2011). Observed trends
in indices of daily and extreme temperature and precipitation for the countries of the western Indian Ocean, 1961—
2008. Journal of Geophysical Research: Atmospheres, 116(D10). https://doi.org/10.1029/2010JD015303

Vincent, L.A., & Mekis, E. (2019). Changes in daily and extreme temperature and precipitation indices for Canada
over the twentieth century. In Data, Models and Analysis (pp. 61-77). Routledge.

Walsh, J.E., Ballinger, T.J., Euskirchen, E.S., Hanna, E., Mard, J., Overland, J.E., & Vihma, T. (2020). Extreme
weather and climate events in northern areas: A review. Earth-Science Reviews, 209, 103324.
https://doi.org/10.1016/j.earscirev.2020.103324

Wang, S., Zhang, M., Wang, B., Sun, M., & Li, X. (2013). Recent changes in daily extremes of temperature and
precipitation over the western Tibetan Plateau, 1973-2011. Quaternary International, 313, 110-117.
https://doi.org/10.1016/j.quaint.2013.03.037

World Meteorological Organization (WMO) (1986). "Report of the International Conference on the assessment of
the role of carbon dioxide and of other greenhouse gases in climate variations and associated impacts". Villach,
Austria. Archived from the original on 21 November 2013. Retrieved 28 June 2009.

World Meteorological Organization (2009). Guidelines on analysis of extremes in a changing climate in support of
informed decisions for adaptation. Climate Data and Monitoring, WCDMP-No. 72.

Yan, G., Qi, F., Wei, L., Aigang, L., Yu, W., Jing, Y., & Qiangian, M. (2015). Changes of daily climate extremes in
Loess Plateau during 1960-2013. Quaternary International, 371, 5-21. https://doi.org/10.1016/ j.quaint.2014.08.052
Zhang, X.B., Aguilar, E., & Wallis, T. (2005). Trends in Middle East climate extreme indices from 1950 to 2003.
Journal of Geophysical Research, 110. https://doi.org/10.1029/2005JD006181

Zhang, Y., Gao, Z., Pan, Z., Li, D., & Huang, X. (2017). Spatiotemporal variability of extreme temperature frequency
and amplitude in China. Atmospheric Research, 185, 131-141. https://doi.org/10.1016/j.atmosres. 2016.10.018
Zhong, K., Zheng, F., Wu, H., Qin, C., & Xu, X. (2017). Dynamic changes in temperature extremes and their
association with atmospheric circulation patterns in the Songhua River Basin, China. Atmospheric Research, 190,
77-88. https://doi.org/10.1016/j.atmosres.2017.02.012

Zongxing, L., He, Y., Wang, P., Theakstone, W. H., An, W., Wang, X., & Cao, W. (2012). Changes of daily climate
extremes in southwestern China during 1961-2008. Global and Planetary Change, 80, 255-272.
https://doi.org/10.1016/j.gloplacha.2011.06.008


https://doi.org/10.1007/s00704-015-1609-5
https://doi.org/10.1289/ehp.0901879
https://doi.org/10.1016/j.atmosres.2015.09.001
https://doi.org/10.1016/j.jhydrol.2010.11.034
https://doi.org/10.1038/nature11969
https://doi.org/10.1016/j.scitotenv.2018.08.262
https://doi.org/10.1029/2010JD015303
https://doi.org/10.1016/j.earscirev.2020.103324
https://doi.org/10.1016/j.quaint.2013.03.037
https://web.archive.org/web/20131121040937/http:/www.scopenvironment.org/downloadpubs/scope29/statement.html
https://web.archive.org/web/20131121040937/http:/www.scopenvironment.org/downloadpubs/scope29/statement.html
http://www.scopenvironment.org/downloadpubs/scope29/statement.html
https://doi.org/10.1016/%20j.quaint.2014.08.052
https://doi.org/10.1029/2005JD006181
https://doi.org/10.1016/j.atmosres.%202016.10.018
https://doi.org/10.1016/j.atmosres.2017.02.012
https://doi.org/10.1016/j.gloplacha.2011.06.008

Journal of Water and Soil
https://jsw.um.ac.ir R

Research Article
Vol. 38, No. 5, Dec.-Jan. 2024, p. 649-667

The Effects of the Arabia Anticyclone (AA) on the Extreme and Widespread
Precipitation of the Cold Season in Iran

H. Fahimi'= A, Faraji'*?", B. Alijani"=?

1 and 2- Ph.D. in Climatology and Assistant Professor, Department of Geography, Faculty of Humanities,
University of Zanjan, Zanjan, Iran, respectively.

(*- Corresponding Author Email: abfaraji@znu.ac.ir)

3- Professor, Department of Geography, Kharazmi University, Tehran, Iran

Received: 08-03-2024 How to cite this article:
Revised: 02-11-2024 Fahimi, H., Faraji, A., & Alijani, B. (2024). The effects of the Arabia Anticyclone
Accepted: 19-11-2024 (AA) on the extreme and widespread precipitation of the cold season in Iran.
Available Online: 19-11-2024 Journal of Water and Soil, 38(5), 649-667. (In Persian with English abstract).
https://doi.org/10.22067/jsw.2024.87969.1408

Introduction

A subtropical high system that significantly impacts the Iranian climate is the Arabia Anticyclone (Raziei,
2012). This high-pressure system is located southeast of the Red Sea, over the Arabian Peninsula and the
Arabian Sea. It is one of the semi-permanent centers in the lower levels of the atmosphere, and its influence
leads to notable climate changes and characteristics in the region (Karimi, 2016). This system is a component of
atmospheric circulation affecting cold-period precipitation in Iran (Karimi et al., 2021); due to its dynamic
structure, it has a great ability to provide humid air, especially in the lower layers (Mohammadi & Lashkari,
2018). So far, some studies have been conducted on subtropic high's effect on the Iranian climate, but its impact
on the occurrence of precipitation in Iran, especially during the cold period of the year, has received less
attention. Therefore, in this study, we aimed to examine the role of the Arabia Anticyclone (AA) subtropical
high in the pervasive extreme precipitation during the cold season in Iran. By analyzing its influence at different
atmospheric levels, we sought to gain a clearer understanding of how this system affects precipitation patterns in
Iran. The study also explores the changes in the AA at various atmospheric levels and its relationship with other
atmospheric circulation systems, as well as how these factors contribute to the occurrence of extreme
precipitation events in the region.

Materials and Methods

Daily precipitation data of Iranian synoptic stations from 1989 to the end of 2020 were extracted from the
Meteorological Organization of Iran. Based on the relative index method, the 95th percentile index of extreme
precipitation for all days and all the stations were calculated and extracted by MATLAB software. The criterion
was as follows: If at least 20% of the synoptic stations in Iran have extreme precipitation (in case of spatial
homogeneity), the days with pervasive/extreme precipitation were obtained, which amounted to 450 days in the
entire period. The isohyetal map of 450 days of extreme/pervasive precipitation was drawn in Surfer software to
identify the spatial homogeneity of days with extreme/pervasive precipitation because days with this kind of
precipitation did not necessarily have spatial homogeneity. The 450 days with extreme/pervasive precipitation
were arranged in ascending order, and 7 patterns with the highest extreme precipitation and the highest spatial
homogeneity during the cold period of the year (October-March) were selected. Upper atmospheric data of the
selected days were then specified to plot and analyze the synoptic maps. The required atmospheric data were
geopotential altitude (meter), wind speed (m/s), wind direction, specific humidity (g/km), and average sea-level
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pressure. The data used were ERA5 data extracted from https://www.ecmwf.int. The data were extracted at three
levels: lower, middle, and upper. To synoptically analyze the selected patterns using the selected upper
atmosphere data, the following maps were plotted in Grads software:

A) Combined map of geopotential altitude and winds was plotted at the selected levels to determine the
geographical location of the subtropical high, its displacement at different levels of the troposphere, its
penetration, and its impact on Iran.

B) Combined maps of specific humidity, geopotential altitude, and wind were plotted in order to identify
the role of the subtropical high in the transfer of humidity and its transfer to Iran at different levels.

Conclusion

In selected patterns, the AA with its anticyclonic current and passing through tropical warm waters, leads to
the transfer of tropical humidity to subtropical and extratropical regions. At different atmospheric levels, the
location and establishment of the Anticyclone central nucleus and its degree of expansion towards the north and
west are determined by the tropical penetration of the cut off lows and the western trough. The AA has the most
dominance over Iran in the lower level. In fact, in the lower level, Iran is dominated by two patterns of cut off
low in the western and northern regions and the AA in the southern and eastern regions.

Due to the greater penetration of the southern branch of the westerlies and the orbitalization of the western
currents in the middle level, the AA is displaced eastward and southward. The interaction and accompaniment of
the AA and the mid-latitude cut off low form an atmospheric river with a tropical origin. The AA plays an
important role in transferring the atmospheric river to Iran and its humidity feeding. On the maps, the southerly
and easterly displacement of the AA Arabia is an important factor in the lack of formation of an atmospheric
river in East Central Africa. By transferring tropical humidity to Iran, the humidity of the extreme pervasive
precipitation is supplied. Another major role played by the AA is to strengthen the ITCZ humidity in East
Central Africa, where tropical humidity ascends through the cut off low, West trough, and jet streams. The AA
takes the Indian Ocean humidity to eastern Central Africa with its anticyclonic movement. At the ground level,
the AA diverts humidity from the Arabian Sea and the Persian Gulf to the western and northwestern regions,
preventing Turkey low from entering the western and southwestern regions of Iran. Furthermore, by entering the
South Red sea, prevents the entry of the Sudan low into the Middle East and prevents the entry of precipitation
systems into Iran. However, in supplying humidity to the extreme pervasive precipitation of Iran, it plays a very
important role both by creating an atmospheric river in interaction with the mid-Ilatitude cut off low and by
transferring humidity through its anticyclonic flow.

Keywords: Arabia anticyclone, Atmospheric river, Extreme and widespread rainfall, Iran
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Figure 1- the location of the studied Area
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1- Geopotential

2- V-component of wind
3- U-component of wind
4- Specific humidity

5- Mean sea level pressure
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Figure 5- Daily average maps of specific humidity (colored Areas), geopotential height (black curves), wind flow (black
Arrows) at the bottom level (800 and 850 hPa) on March 26, 2003. The broken black Arrow shows the path of atmospheric
rivers in East Central Africa, the white broken Arrow shows the path of moisture transfer from the Indian Ocean to
Central Africa by the high altitude of Arabia, the red oval shows the geographical location of Iran. The numbers show the
moisture springs feeding the Atmospheric River and Iran by the high altitude of Arabia. Tropical moisture springs: 1
Arabian Sea. 2 South Red Sea, 3 Persian Gulf, 4 Sea of Oman.
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branch of the western winds on M gss 43834 ,(AR)ch 26, 2003 at the middle level (700, 600, 500 hectopascals) and the yellow

rectangle show the country of Iran.
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Figure 7- Daily average maps of specific humidity (colored areas), geopotential height (black curves), wind flow (black
Arrows) in the middle level (700, 600, 500 hectopascals) on March 26, 2003. The dashed black Arrow shows the course of the
Atmospheric River in West North Africa, the black Arrow in maps A, B shows the Atmospheric River in East Central Africa

and the red oval shows the geographical location of Iran. The numbers show the moisture springs feedin% the Atmospheric
River and Iran by the high altitude of Arabia. Tropical moisture springs: 1 Arabian Sea, 3 Persian Gulf, 4 Oman Sea.
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Figure 8- Map A is the average sea level pressure map. Sea level pressure (black curves), 1000 hPa level vector wind
(purple Arrows), high pressure red circle in Saudi Arabia, white circle (low pressure in Sudan), black circle (low pressure
in Turkey), red line Discontinuity of the convergence of two high-pressure currents of Arabia and extratropical currents
on March 26, 2003. The yellow rectangle is the geographic location of Iran.

Map B, specific humidity at 1000 hectopascals (white curves) and vector wind flow at 1000 hectopascals (black Arrows) -
hectopascals in the black arrow is the convergence of the two patterns of high pressure in Arabia and low pressure in Turkey. The

red oval is the geographical location of Iran. The number of humid springs in the tropical region at the level of 1000 hectopascal.
Tropical moisture spring: 1 Arabian Sea. 2 Southern Red Sea. 3 Persian Gulf. 4 Sea of Oman.
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