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Introduction

Wheat (Triticum aestivum L.) has become very important as a valuable strategic product with high energy
level. The importance of investigating environmental stresses and their role in predicting and evaluating the growth
and crops yield is essential. A wide range of plant response to stress is extended to morphological, physiological
and biochemical responses. Considering the rapid advancement in computer model development, plant growth
models have emerged as a valuable tool to predict changes in production yield. These growth simulation models
effectively incorporate the intricate influences of various factors, such as climate, soil characteristics, and
management practices on crop yield. By doing so, they offer a cost-effective and time-efficient alternative to
traditional field research methods.

Material and Methods

This research was conducted in the research farm of Varamin province, which has a silty loam soil texture. The
latitude and longitude of the region are 35° 32" N and 51° 64’ E, respectively. Its height above sea level is 21 meters.
According to Demarten classification, Varamin has a temperate humid climate. The long-term mean temperature
of Varamin is 11.18 ° C and the total long-term rainfall is 780 mm. In this study, in order to simulate irrigated
wheat cv. Mehregan growth under drought stress, an experimental based on completely randomized blocks
(CRBD) including: non-stress as control (NS), water stress at booting stage (WSB), water stress at flowering stage
(WSF), water stress at milking stage (WSM) and water stress at doughing stage (WSD) with three replications
during growth season 2019-2020 was carried out in VVaramin, Iran. Crop growth simulation was done using SSM-
wheat model. This model simulates growth and yield on a daily basis as a function of weather conditions, soil
characteristics and crop management (cultivar, planting date, plant density, irrigation regime).

Results and Discussion

Based on the results, the simulation of the phenological stages of irrigated wheat cv. Mehregan under water
stress condition using SSM-wheat model showed that there was no difference between observed and simulated
values. Summary, the values of day to termination of seed growth (TSG) were observed under non- stress, stress
in the booting stage, flowering, milking and doughing of the grains, 222, 219, 219, 221, 221 days, respectively
andsimulation values with 224, 221, 220, 221, respectively. However, with their simulation values, there were
slight differences with 224, 221, 220, 221, respectively. Acceptable values of RMSE (11.7 g.m2) and CV (3.5)
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indexes showed the high ability of the SSM model in simulating the grain yield of irrigated wheat cv. Mehregan
under water stress conditions. Grain yield values were observed in non-stress conditions of 5783, water stress in
booting, flowering, milking and doughing of the grain stages in 5423, 5160, 5006 and 5100 kg. h*, respectively.
While the simulated values were 5630, 5220, 4920, 4680 and 4880 kg. h™, respectively. Based on the findings,
observed and simulated values of leaf area index (LAI) were observed under water stress condition in the booting,
flowering, milking and doughing of the grain stages (4.3 and 4.47), (4.33) and 4.46), (4.4 and 4.57) and (4.4 and
4.58) cm, respectively. Evaluation of the 1000-grain weight of irrigated wheat cv. Mehregan under the water
stress showed that the SSM model was highly accurate. RMSE (4.6 g.m2) and CV (1.8) values indicate the ability
of the SSM model to simulate the 1000-grain weight of irrigated wheat cv. Mehregan. Also, the simulated values
of the harvest index were 34.7 % in non-stress conditions, which decreased by 6 % compared to the observed
value. Harvest index values were observed under water stress conditions in the in the booting, flowering, milking
and doughing of the grain stages in 30.2, 29.3, 29.9 and 29.5 %, respectively. Compared to its observed values, it
was reduced by 3, 3.5, 5, and 5.5 %, respectively.

Conclusion

Based on the findings, the slight difference between the observed and simulated values demonstrates the SSM
model's capability to accurately capture water stress impacts on the phenological stages, grain yield, and yield
components of irrigated wheat cv. Mehregan during critical growth stages, including booting, flowering, milking,
and doughing. The results indicate that the SSM model is effective in simulating wheat growth under water stress
conditions, showcasing its potential as a valuable tool for modeling irrigated wheat growth. The model's ability to
account for water stress and its effects on various growth parameters makes it a reliable and efficient tool for
predicting crop performance in water-limited environments.

Keywords: Crop model, Flowering, Grain yield, Simulation, Wheat
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4- Water stress on Milking stage



VEeY 91 e — 01 yo oY o locs IV ler (S g OF 4,25 YOA

(Y Jgio) codlissgmg (S95lsd Jolpe 51 G 2 539 U ) 0
2 G5 gy Ol SSM (8l gei g ) Jo daaiil wl;
dod (295 Yo B3 g S ) P (SKfeleid il Jol e
D905 (5 jl

e ple (S Ao ye ) ol GBS Gop 3 (Jle psbay
FB Gz (Gl (2T gy ol 0ad (gl 5 Slalie
Shalie yolie (35 (i Ll )3 4S5 5bods Al osaliie (4295
s BME] &S 0 joy VAT 9 VAV i sy o (gjlwdusds o
slie Ol (32l sl BB oa (35 9 kalpd > amily
Jor lalyd )3 &S (g g i oaalie 0ad (giluand 5 Slaalie
ab s bl 5 o8 g e el U gy ol > 1
olaisl & g (YVY 5 VYY) 5 (V48 5 VAF) (150 5 V5F) iy
o,le] 5 (RMSE = 4.4 day) s clayyo 5Solio iy gled 5p3lie
RMSE =) 5 IS b o) &lio 55 (CV 22.4) &lyis oy
55 sl ga > 505 bl B 59 13 (CV =L5) (L4 day
Y JS) 391 gl gl 3 SSM Juo (Ul 51 o3y LB
oY g il

aslas 1 5al g 9 Slas

0390 Jgbo )3 5 xe 0) (of piS 5 Slos (gloand L)
ol Sl SSM e jloslinl b (ol (55 59y bl )3 g g 0
U155 (Seisleid Jslye Job BB (gilwand yrogde Jas o5 55
bl 3 1y o8 e o) (o IS il 5 Sl (gl (sl Y
RMSE=) s wlupe (1:ke adyy wled Job JB j3lie
2Ulg5 51 ol 56 (CV=3.5) @l s o s oyl 4 (11.7g.m?
25 (S e 3y o P 3,Slas Lot 5 SSM S (5L
{1 JS5) el (o G5 59y Ll

Al 5 Slas ol (6 5lwdud g odd odnlive ydlie daaidl 4l p
Dy Sa > p SIS AFYL/Y 5 OVAY/E 55 g balis jo
ol > @l A5 jap lid )3 oud eamliie jpolie (pimen
5 Al (D (G yed g (0D Sped o 28 ] (So3glsd
Ot 5 smlie JiSa )3 p,SelS Ve 5 B -5/D DIF+ AFYY/Y
DY+ b e il o Slos obd (gilwansd polie 39 Jbb o
Ol |y (Sl g IS lSa 5 5,5 oLS FAA. 5 FEA. FAY-
(¥ JsKs) sl

3- Coefficient Variation (CV)

Fols cans py (S lS (gabanyd I ekl b I8 e lae
S b Sy b Colue e b bide Slagas 4 pladl
oS a8l Ve gyl (65050501 L olS el duslre Sy g0l p
o 3l olS Jsb (6,:803l0l b esis peas’ g bl Solas jgbods
5 &l 52 59 6 pSoilul sly el Cundas Al sl b S
5 bl (Yox Vo) clpleS” 5l alouw Ve olisd cdliw ) &by dlass
ol 0395 o (65031 (gl Bl (B)lod g (08 iy
S S5 s 1 bl 5 Ol &8 o 550 5] e e )
o3> )13 el FA e 4 wgendis 450 YO (glod b gl g 00
Cales )3 b dplore 0395 Canj 3)Sdos digad (pjgi Sl g NS
G ) 0395 Gy o 4l 3,8 3lie ol jI il ya8 L

WA dwlrs (o)

SSM AL s 3 sl jleuccansh Jus
SSM- o 31 5 540 o8 (2l puS goig 1) (gjloaend sy
A5y Jde opl (Soltani and Sinclair, 2011) . eslazwl Wheat
gl bl 5l b plsie @ wlig) g0 a1y 0,Slas 5 90
D S5,k e g glod (gl szolyly 5 olizl L) lsm
dlS g b)) =i Cope g SB Claogad (gand )
aed U5 Jao a8 e (il ()bl 23y s oS
dop (St 36 Sy g g UBRSSgs Jole il
Glod 13U (s oolo mjg7 « i 03le Mg CO2 5 (550
ilge 53,8 kas LS5 oS o 52 (0l 9 YL sLolod) il
L Liagi opl , (Soltani and Sinclair, 2012) 5> I, S |
Tl Cops g s Gluye (ke adyy wlod 5l (S0
ol (gilwand (glaodly 5 ond sdalin slaodly gl Lbj)l
LSS O)go
2(0i —S)? ()
n—1
N g ol (§jlwdnd 5 00 sdalie pdlie iy Si g Of &S

RMSE =

Sl o cilimline dluss

()
Aad o i |y drely pSlee g )lre Blyil Lol gas L g0 oS

CV =

=1Qa

sl PS5 (Sa3elsd e g8y il jlosel Cuny b
oy s SSM a5l eolitwl b LSJ oS bl cod 5 pe
Gilwdnd g odd sdalie polie opo slalasMe LB lus colds

1- Set scale
2- Root Mean Squared Error (RMSE)



YO o G bl ol puiS god g oy (g5bwand 50 SSM Juao (o T)5 (551 eyl )So g il guo (5 guid
ol DA o (S5glgd Jolpo i (65 lwdnend 9 sualio 3o dwlie —Y Jgu
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Figure 2- Comparison of the observed and simulated values of days to flowering (a) and the termination of seed growth (b)
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Figure 3- Comparison of the observed and simulated values of grain yield under water stress during the growth season using

SSM model
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Figure 4- Comparison of the observed and simulated values of grain yield under water stress at the phonological
stages of irrigated wheat cv. Mehregan
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Figure 5- Comparison of the observed and simulated values of total dry matter under water stress during the growth season using
SSM model
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Figure 6- Comparison of the observed and simulated values of total dry matter under water stress at the
phonological stages of irrigated wheat cv. Mehregan
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Figure 10- Comparison of the observed and simulated values of 1000-grain weight under water stress at the
phonological stages of irrigated wheat cv. Mehregan
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Figure 12- Comparison of the observed and simulated values of harvest index under water stress at the
phonological stages of irrigated wheat cv. Mehregan
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Introduction

Development of reservoirs helps to meet food and energy needs by supplying water for agriculture and
hydropower plants. Efficient management of water resources is important and vital to overcome the problems of
water leakage and meet agricultural, industrial and drinking needs. Each of these requirements creates limitations
in the way the reservoir is operated, which requires accurate information on the changes in the reservoir storage
and other influential components during the operation period. In order to manage and plan water resources at
country scale, using reservoir simulation models as a suitable tool in simulating processes related to dams, such as
the operation of water reservoirs, will be very effective. Reservoir simulation models such as the HEC-ResSim
model provide the opportunity to simulate the natural and hydrological processes related to the water resources
system and the relationships between the supply and demand sectors by implementing a schematic structure of a
real reservoir. Two scenarios of water savings of 20 and 30 percent were used in the current investigation.
Additionally, using this method, the objectives of water resource management can be assessed.

Materials and Methods

In the present study, the use of the Latian reservoir in real conditions was simulated using the HEC-ResSim
model. The simulation was carried out according to the river's inflow from 1968 to 2018, downstream water needs,
energy production capacity by turbines, physical characteristics and reservoir building. The implementation of the
HEC-ResSim model is summarized in three steps. The Watershed Setup module is used to introduce the general
outline of the watershed. In this module, the shape and geographical location of the basin and related elements
such as rivers, reservoirs, hydrometric stations and other projects in it should be specified. The Reservoir Network
module is used to introduce the desired reservoir network and to enter the physical characteristics and how to use
them. The Simulation module is designed to introduce the simulation period and display the model outputs. In
this module, the simulation time and period and the operation pattern should be determined.

Results and Discussion

According to the results obtained from the reservoir simulation model, the average storage capacity of Latian
dam for the simulation period was estimated to be 41 million cubic meters, which shows a significant drop of 49%
compared to the normal level (83 million cubic meters). Additionally, for the same period, it was estimated that
the average discharge was equivalent to 5.4 cubic meters per second and the average inflow to the reservoir of the
Latian dam was equal to 5.7 cubic meters per second. This is in contrast to the period's average demand, which for
the area downstream of the Latian Dam is 12.1 cubic meters. The findings indicate that the reservoir of the dam
frequently, and particularly at the conclusion of the simulation period, is unable to satisfy the needs of the
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downstream. Additionally, according to the findings of the current study, the Latian dam power plant's (Kalan)
average annual hydro-electric energy production was projected to be 68,000 MWh, and the results show that in
accordance with the policy of operating the Latian dam in the majority ofthe years, the Kalan power plant is able
to supply the electricity required in the study area. According to the results, the average reservoir volume of Latian
dam for the entire period in the first and second scenario was estimated to be 49 and 63 million cubic meters,
respectively. Also, by applying the first and second water saving scenarios, the Latian dam reservoir will be able
to generate 66,000 and 63,000 MWh of energy annually.

Conclusion

In this study, the functioning and operation of the Latian dam reservoir was used by applying the Hec-ResSim
reservoir simulation model. After entering data such as the elevation and length of the dam, surface-volume-
elevation curve, evaporation from the surface of the reservoir, elevation and uncontrolled outlet coefficient, dam
storage areas, rule curve, were simulated by the model. In the present study, the values of inactive volume and
conservation volume of Latian Dam were estimated as 28 and 83 million cubic meters, respectively. The average
water release of Latian dam for the first and second 25 years of operation was equal to 6.1 and 3.7 cubic meters
per second, respectively, which met 50 and 32% of the downstream demand on average. The results indicate that
the success rate of Latian dam in supplying drinking, industry and downstream environment for the period of
operation is 42%. Also, 16 years out of 50 years of operation, Kalan hydropower plant has fully met 100% of the
needs. On average, the large power plant is able to provide 80% of the energy needs of the study area for the entire
simulation period.

Keywords: Energy production, HEC-ResSim model, Reservoir operation, Reservoir storage changes, Water
saving
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Table 1- Geometrical characteristics of the Latian Dam structure
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Table 2- Characteristics of Reservoir storage Zones
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Figure 9- Percentage of required water supply downstream of Latian dam with HEC-ResSim model
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Figure 13- Chart of water level changes against lake area changes and evaporation from the lake surface
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Introduction

Rill erosion is one of the main factors of soil degradation, especially in rainfed lands in semi-arid regions.
These soils have relatively lower organic matter content with weakly-aggregated units, which increases their
susceptibility to water erosion processes. Conventional tillage systems are adversely affect on soil structure and
surface soil cover in rainfed lands. Raindrop energy and flow shear stress are the main erosive factors in the slope
lands. The raindrop impact destroys soil structure and changes it to erodible unites; micro-aggregates and single
particles, and so makes them to more detachment. A few studies have been done on the role of raindrop impact to
soil erosion by water. Nevertheless, there is no sufficient information on the effect of raindrop impact on soil loss
in therills particularly in semi-arid regions. Therefore, this study was conducted to investigate the role of raindrop
impact on soil loss from rills in various soil textures under different rainfall intensities.

Materials and Methods

A laboratory experiment was performed on two soil textures (clay loam and sandy loam) under four rainfall
intensities (30, 50, 72 and 83 mm.h™?) in two rainfall conditions (under raindrops impact and without raindrops
impact). Soil samples (0-30 cm) were taken from a semi-arid region in Zanjan province in 2020. The experiments
were set up in an erosion flume with 100 cm long and 60 cm width and 15 cm depth which were exposed to
simulated rainfalls for 30 min duration. Runoff and soil loss were measured at three rills under slope gradient 10%
in the two rainfall conditions for each rainfall intensity. Soil loss from rills was determined as the mass of sediment
collected from rill outlet per rill surface area (g.m). Under raindrop impact, the soil was exposed directly to
raindrop impact and under without raindrop impact, a metal mesh sheet was used to eliminate raindrops impact to
soil surface. The role of raindrops impact to runoff and soil loss was computed from the difference of runoff and
soil loss under raindrops impact and without raindrops impacts. A t-test was used to assess the role of raindrops
impact between the two rainfall conditions for the soils and rainfall intensities.

Results and Discussion

Results indicated that runoff production and soil loss were significantly affected by the soil texture and rainfall
intensity. Runoff and soil loss under raindrops impact increased in the soils with increasing rainfall intensity. Clay
loam showed more runoff production and soil loss than sandy loam which was associated to lower aggregate
stability and hydraulic conductivity. Runoff and soil loss in the two soils and four rainfall intensities were
significantly affected by raindrops impact. Runoff production and soil loss except to 72 mm.h* rainfall intensity
were very higher under raindrop impact than without raindrop impact. It seems under 72 mm.h* rainfall intensity,
raindrops impact varied the rill’s morphology and prevent more runoff production. Runoff production in clay loam
and sandy loam under raindrop impact were increased by 44 and 36 percent, respectively (p< 0.01). Soil loss
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resulted by raindrop impact in clay loam and sandy loam increased by 53 and 62 percent, respectively (p< 0.01).
Raindrops impact had more importance in soil loss rather than runoff production. This result is related to the role
of raindrops impact in destroying aggregates and producing more erodible soil particles and closing soil
macrospores and declining water infiltration. The role of raindrop impact in runoff production and soil loss varied
among the rainfall intensities. A slight reduction in the role of raindrop impact in runoff and soil loss was occurred
with increasing rainfall intensity, especially in sandy loam.

Conclusion

The role of raindrop impact in runoff production and soil loss was significantly affected by soil type and
rainfall intensity. Raindrops impact has more important in runoff and soil loss in the soils having higher aggregate
stability and more hydraulic conductivity. The role of raindrop impact in runoff and soil loss in these soils declines
with increasing rainfall intensity. In general, maintain soil surface cover is essential to control raindrops impact
and decrease runoff and soil loss in semi-arid areas. The importance of soil surface cover is most obvious under
different rainfallsin weakly-aggregated soils which are dominantin many slope lands. Also, soil surface cover has
important role in controlling runoff and soil loss under heavy rainfalls in soils with more water -stable aggregates.
Prevention from intensive tillage and using conservation tillage systems such as minimum tillage are effective
strategies in controlling raindrop impact in rainfed lands in semi-arid regions.

Keywords: Aggregate resistance, Rainfall intensity, Semi-arid region, Soil texture, Surface cover
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Figure 1- Experimental flume in two conditions: with raindrop impact (a) and without raindrop impact (b)
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Table 1- Physicochemical properties of the study soils

SL b S
Soil properties
Sk g o s o) S ee el (Sdgyden colun b Jss laalss (gl
Soil type Sand Silt Clay oM Ks BD MWDwet
(%) ) ) ) emh?) (g.cm?) (mm)
wopd) 26.88 35.60 37.52 0.44 5.34 1.17 0.52
(Clay loam)
ey 67.17 25.32 7.51 0.81 13.86 1.40 0.92
(Sandy loam)
WS oo iy ohb @llad I 86 e 55 plp 0 ) Ll Clue Cou g W
4 pwypd SB (gl K (Akbari and Vaezi, 2015) Lsls <t
a . . o . 1ale . 2 . - a . .
yoS ey SB 4 Cans ol gy Lo I g)lay95 5 g 5y 8L . o ,;.34 ¢ ) ‘.’Sﬁj
cde a (WAS cmh 1) ipsd SB (g pisdsis o b ol b Lloas BLIV Jgio 53 (w0390 S lo Shy (S0
(a/\»\ccmh -1) (_f‘")t”}j Sl & Cu . w).) Bl .)L:) @19‘)5 (M).) \ )‘ )I.«.{) Syl ) .))90 dl.hkjb )2 LS” odlo dl}«?ﬂo
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Table 2- Comparison of the effect of rainfall impact on runoff production and soil loss at different rainfall intensities using
paired t-test

25e S6 gy o S
Variable . Rainfall Intensity (mm/h)
Soil texture
50 72 83
¢ 3.656™ 7.915™ 1.636"° 1.870"s
Ulg, (Clay loam)
Runoff (mm) Hord 3.265™ 3.828™ 2217 2.370°
(Sandy loam)
‘ s 1.810"s 3.045™ 3.346™ 3.586™
Sy ,un (Clay loam)
i -2 e
Soil Loss (g.m) g 3.059™ 4.283™ 1.3370s 5.179™
(Sandy loam)

Gl Fod S ) St )b sd o lacgls g cunl 48,3 plosl zin T ABlas g0l ()b sy clp’

D Sxe s g Moy AR/AD o3 AR/AA s (D (45 Jxe s 4 ™ g

e ®
¢

1 The t-test was done separately for each rainfall intensity and difference between the two conditions for each rainfall intensity is
dependent of other rainfall intensity.

* *

, ™ and " were significant at the level of 99.99%, 99.95% and non-significant, respectively
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Figure 2- Means comparison for runoff and soil loss as affected by raindrop impact under different rainfall intensities
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Figure 3- Means Comparison for runoff production at two rainfall conditions under different rainfall intensities
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Figure 4- Means Comparison for soil loss at two rainfall conditions under different rainfall intensities
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Introduction

Changing land use may have a major influence on physical, chemical, and biological soil properties with a
consequence for soil functioning and productivity. Abandonment of agricultural lands is actually a kind of
restoration of these lands to their original natural conditions, which is often done through human intervention. Soil
restoration after land abandonment is a complex phenomenon. The pastures of our country are typically cultivated
in rainfed methods, and the use of agricultural inputs such as animal manure, poisons, and chemical fertilizers is
not very common. Therefore the continuous cultivation of a product and the lack of use of agricultural inputs
causes a gradual decrease in fertility and increase erosion. Hence, after years of cultivation, the production potential
decreases, and the land is abandoned.

Materials and Methods

This study was conducted to determine the effects of land abandonment on some physical, chemical, and
biological soil properties in the 0-20 and 20-40 cm depth at three different sites including Lal Abad, Qaleh Kohneh
and Chalab-e Pain, using 2x2 factorial layout arranged in a completely randomized design (CRD) with three
replications. The physical, chemical, and biological characteristics of the soil were measured by conventional
laboratory methods. Electrical conductivity of saturated paste extract (ECe) with electrical conductivity meter
device in saturated paste extract, pH of saturated paste with pH meter device, and bulk density by cylinder method
were determined in the samples. The amount of dispersible clay (DC) was determined by the method of Gee and
Bauder and the Mean Weight Diameter (MWD) was determined by the method of the wet sieve. The amount of
absorbable phosphorus by extraction method and total soil nitrogen by Keldahl method were measured in the
samples. The amount of soil organic carbon (OC) in the samples was determined by the method of Walkley and
Black. Mineralization of organic carbon (soil respiration) (Cmin) and metabolic quotient (qCO2) were obtained
by validated and conventional methods.

Results and Discussion

The results showed that the abandonment of agricultural lands significantly increased the MWD and reduced
the amount of dispersible clay. Bulk density also decreased due to the abandonment of agricultural land in all areas
except the Qaleh Kohneh area. The results of the analysis of the chemical characteristics of the soil indicated a
decrease in soil pH in all areas and depths, except in the Qaleh Kohneh area. The biological results also showed
that the abandonment of agricultural lands caused the change in biological characteristics. Abandonment of
agricultural lands in all three regions led to an increase in microbial biomass carbon and soil microbial respiration.
High microbial respiration in abandoned lands is probably related to more organic carbon in these soils. Loss of
soil organic matter due to cultivation and improper soil management is often the main reason for reducing soil
respiration in agricultural lands compared to abandoned lands.
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Conclusion

Changing land use from agriculture to abandonmentimproved the physical, chemical, and biological indicators
of soil quality, especially the surface layer of the soil, which ultimately led to the improvement of soil quality in
all the studied areas. It can be concluded that the release of agricultural lands has increased soil health by increasing
the carbon input into the soil, improving the soil aggregates, and improving the microbial activity of the soil.

Keywords: Intensive agriculture, Land use change, Soil erosion, Soil health
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Figure 1- Geographical coordinates of the study areas

Figure 2- The studied area in Lal Abad
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Table 1- The analysis of variance of data on chemical and physical properties of soil

pU Sources of variance df

Olayo (ple
Mean square

Name of location

pH P OoC TN C/N BD DC MWD
Sl s 1 16™ 0.27 66.9™ 483" 125 33.8" 757 724"
Land use type
DéA:h 1 1ns 110 80.0™ 711" 40.1™ 1.80™ 0.85" 7.78"
4 Jd e
Bos X gl gy o s x x x o o o
Lal Abad 1 16 53.7 36.9 313 10.2 16.2 27 333
Depthx Land use type
w:r)rofb 24 0.8 0.95 0.96 0.95 0.96 0.87 0.93 0.93
CV% - 0.8 115 9.76 9.04 1.41 1.59 9.38 9.69
$nl &5 1 001 223" 207" 186 719" 363" 127" 97.9"
Land use type
DéA:h 1 001 37.8" 728" 433" 100" 051" 229" 3.10™
S o s
Bos X G gy s . " o x
Qaleh Kohneh 1 119 282 5.03" 0.04" 1.12 110 124 72.0
Depthx Land use type
‘-’“b";"rlo‘:u“& 24 0.13 0.92 0.97 0.74  0.90 0.95 0.97 0.96
CV% - 3.27 11.8 314 720 2.10 1.78 6.75 6.78
$nl &5 1 5.33" 357" 748" 286 4147 116" 90.2" 363"
Land use type
oo 1 5.33" 53.1™ 2117 13.8™ 0.48™ 0.06™ 0.01™ 33.0”
Depth
oxl YV xS e
Chalab-e Pain CEHENT & 1 0.0001"™ 21.3™ 0.49 0.03® 0.25" 24.6™ 370" 852"
Depthx Land use type
“’”a’";jrlo‘:u“} 24 057 0.91 0.99 0.97 0.84 095 0.98 0.98
CV% - 0.70 951  4.06 5.58 2.83 2.30 6.47 5.60

* k%

s I3 gmo GBI NS 5 )l imo doyd iy 9 S o Jd i 44 ¥ g
**and * significant at 1% and 5% and ns, not significant respectively
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Table 2- Comparison of the average chemical and physical properties of soil in all 3 areas

ailaio pU S28 &9 Depth pH oC TN CIN BD DC MWD
Name of location  Land use type cm - (mg/kg) (g/kg)  (g/kg) - (Mg/m®) (%)  (mm)
odilny ddlio 020 7.06b 133b 357a 32la 1l1la 153c 594d 1.83a

A o Abandoned area  20-40  7.23a  10.8b 174b 1.69b 103b 1.61b 9.24c 1.23b

Lal Abad s adhaie 0-20 7.33a 187a 184b 185b 990c 168a 134a 0.84c

Agricultural area  20-40  7.23a 431c 147b 154b 960c 164ab 11.1b 1.04bc

odila, dilaio 0-20 7.36a 245a 350a 323a 10.8a 144d 7.95c 1.85a

agS 4l Abandoned area  20-40  7.20a  12.2b 31.6b 3.0l1ab 10.9a 1.63b 11.0b 1.32b
Qaleh Kohneh =ly; dilaie 0-20 720a 13.7b 285c 274bc 986b 1.71a 186a 0.89c
Agricu]tura] area 20-40 7.33a 12.8b 22.7d 247¢c 9.73b 1.55¢ 11.0b 1.24b

odilay adlaio 020 7.00b 149b 37.9a 35la 108a 142d 6.15d 1.79a

oub oYl Abandoned area 20-40 7.06ab 12.7bc 345b 3.18b 10.8a 1.53¢c 156b 1.60b
Chalab-e Pain =y aihaie 0-20 7.06ab 20.l1a 19.9c 206c 963b 175a 204a 0.60d
20-40 7.13a 105¢ 174d 176d 9.83b 1.65b 108c 1.19c

Agricultural area

L5505 0oy el aws 3 ()l gime BMB] 5SSl glatels six g0l i 5l alie gy (gl (glapSilo g o 4

In each column, means with similar letters don’t have significantly different in probability level of 5%, from the view point of

Duncan's multiple range tests.
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Table 3- The analysis of variance of data on biological properties of soil

ailaio @b _ ©la o (a5l
. Sources of variance df Mean square
Name of location Cmin MBC 4C0,
s &5 1 261" 101™ 141"
Land use type
D&“: ) 1 208™ 122" 29"
sbl o f o P K so
Lal Abad T & 1 1.04s 49.8™ 2,631
Depthx Land use type
eilejl sl 24 0.98 0.97 0.85
error
CV% ; 4.14 133 17.2
$nl &5 1 137" 129" 42"
Land use type
Dé”’: ) 1 503" 23.4™ 2.90
ags asld ) ep K ss
Qaleh Kohneh OEH R & 1 5.78" 1.32m 1.09%
Depthx Land use type
eilejl sl 24 0.99 0.95 0.85
error
CV% ; 247 10.4 17
Sl &5 1 968" 1218 40™
Land use type
Dé“: ) 1 306™ 114™ 4,347
omb Y e x o K ss
Chalab-e Pain O T ST & 1 6.08" 221 0.01™
Depthx Land use type
ceiilejl st 24 0.99 0.99 0.85
error
CV% ; 1.89 5.20 13

G 5 gizo BMBINS 5 )l dxe dio)d iy 9 S o JD i i 4 * o *F
**and * significant at 1% and 5% and ns, not significant respectively.
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Table 4- Comparison of the average biological properties of soil in all 3 areas

adlvo oU S5 &9 Depth Cmin MBC qCO,
Name of location Land use type cm (mg/kg) (mg/kg) ngC/gMBC.day

odila aghaio 0-20 1063 a 0.8a 69.9¢

Jb’l JsJ Abandoned area 20-40 778D 0.26 bc 174 ab

Lal Abad =y dilate 0-20 746 b 0.29b 150 b

Agricu|tura| area 20-40 499 ¢ 0.17c 206 a

odila, adlaio 0-20 1243 a 0.74a 82.8b

agS 4l Abandoned area 20-40 893 ¢ 0.56 b 91.0b

Qaleh Kohneh &ly; dilaie 0-20 1044 b 0.37c 150 a

Agricultural area 20-40 672 d 0.26d 185a

ol aghaio 0-20 1250 a 0.97a 85.8b

ol oYl Abandoned area 20-40 1036 b 0.72b 104 b

Chalab-e Pain =y dilate 0-20 891 ¢ 0.31c 144 a

Agricultural area 20-40 730d 0.21d 165a

5505 0o y3 sl o y3 (61 gime BB 4SSl (claiels six 9051 i 5l lie gy (gl (elapSibo gt o 4
In each column, means with similar letters don’t have significantly different in probability level of 5%, from the view point of
Duncan's multiple range tests.
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Introduction

Changes in soil properties depend on factors such as climate, topography, landscape features, altitude, parent
material, and vegetation. The quantity and quality of soils obtained from different rocks (igneous, sedimentary and
metamorphic rocks) depend on the minerals that make up the rock, as well as weather and other factors. Soil parent
material is one of the primary and important issues in soil classification in terms of physical quality and also one
of the most important effective factors in soil erodibility. The topographical factor of each region is one of the
important and influential features on the soil quality of that region. The present research was conducted with the
aim of understanding the spatial changes of soil properties in different slopes and different types of rocks.

Material and Methods

The studied area is located in Razavi Khorasan province in the cities of Mashhad, Chenaran, Sarakhs and
Torbat-Haidarieh. The geographic location of the region ranges from 58 degrees and 52 minutes to 60 degrees and
40 minutes east longitude and 35 degrees and 38 minutes to 36 degrees and 25 minutes north latitude. Thisresearch
was carried out on seven types of rocks: granite, Sarakhs paleogene limestone, Chenaran jurassic limestone, marl,
shale, sandstone and ophiolite from relatively pure rocks of Razavi Khorasan province. In the present study, two
factors of rock type and slope were investigated as effective factors of soil properties. Soil samples were taken
from the surface layer (0-20 cm) and from three slope classes ie., less than 10%, 10-25% and more than 25%, as
well as all soil samples from the southern slopes. Tree soil samples were taken from each slope and a total of 63
samples were taken and the samples were transfered to the laboratory for physical and chemical tests. In this study,
the soil particle size distribution (texture) was measured by hydrometer method, organic carbon and calcium
carbonate were determined by wet oxidation and titration with HCI 6 M, the mean weight diameter of soil
aggregates and surface crust factor were calculated by related equations. To measure soil cohesion and penetration
resistance were used pocket vane test and pocket penetrometer, respectively. Comparison of means was done
through Duncan test in spss software.

Results and Discussion

The results showed that all the studied variables in different types of stones had a significant difference at the
level of 1%. There was no significant difference in the variable of surface level in different slopes. Also, the
variables of calcium carbonate percentage and saturated conductivity at 5% level had significant differences in
different slopes. Other characteristics of soil, including percentage of organic matter, the mean weight diameter of
soil aggregates, the number of drops impact, and soil cohesion and penetration resistance in different slopes had a
significant difference at the level of 1%. Althoug the soil texture class was not significantly different in different
slopes, the percentage changes of clay, silt and sand had a lot of difference along the slope. The highest and lowest
parameters of organic matter percentage, Soil cohesion and penetration resistance were observed in granite and
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shale, respectively. The highest percentage of calcium carbonate was observed in Chenaran limestone (40.41%)
and the lowest in granite (14.72 %). The mean weight diameter of soil aggregates was the highest in ophiolite
(1.005 mm) and the lowest in marl (0.403 mm). The mean weight diameter of soil aggregates in the medium slope
was significantly higher than the other two slopes. The parameter of the number of drops impact was the highest
in granite (47.14 number) and the lowest in marl (27.70 number). The highest value of saturated conductivity

variable was observed in marl rock and the lowest value was observed in Chenaran limestone.

Conclusion

The results showed that all the investigated variables had significant differences in different types of stones.
Also, some of the investigated variables such as percentage of organic matter, percentage of equivalent calcium
carbonate and the mean weight diameter of soil aggregates had significant changes along the hillside. As a general
conclusion, given that the physical and chemical properties of the soil are partly under the influence of the parent
materialand the slope, and also with the presence of good geological information in the country, it can be suggested
to provide suitable management solutions to prevent soil erosion and degradation by comprehensive examination
of soil properties under different slope and types of stones.

Keywords: Petrology, Slope hill, Soil properties
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Table 1-The minimum, maximum, mean, Coefficient of variation, standard deviation and variance values of the measured
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Parameter S Variance Std. Deviation Mean Minimum Maximum
variation
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36.4 81.59 9.03 22.17 11.00 50.00
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Table 2- ANOVA (mean square) for the investigated variables
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Parameter Sig. Mean Square Df Source
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Introduction

The contamination of agricultural soils with heavy metals is considered as a fundamental problem of industrial
and non-industrial societies all over the world, which is increasing significantly with technological advances and
is considered a serious threat to the environment, soil and human health. One of these heavy metals is cadmium,
which has entered the environmental cycle due to various industrial activities such as metal smelting, battery
manufacturing, paints, and plastic production. One of the suitable methods for cleaning the soil contaminated with
heavy metals is to stabilize the elements by adding a modifier to the soil, which leads to a decrease in their mobility
and bioavailability during the processes of absorption, oxidation and reduction, complexation or deposition. The
use of iron nanoparticles is a new generation of environmental cleaning technology that can be an economic
solution to some problems caused by pollutants, unlike traditional methods. Considering the importance of soil as
a plant food holder and its special role in the food chain and the harmful effects of pollutants such as heavy metals
in the soil, this research seeks to explore the potential of magnetic iron nanoparticles in remediating cadmium-
contaminated soil. The study aims to investigate the effectiveness of these nanoparticles in reducing cadmium
levels and their impact on the distribution of cadmium in different soil components.

Materials and Methods

The experiments were carried out in the chemical and biological research laboratory of the Department of Soil
Science and Engineering of Maragheh University. To conduct the experiment, a soil sample from Ajabshir city
with a geographic location of 54 degrees 46 minutes 51.7 seconds east longitude and 37 degrees 24 minutes 34
seconds north latitude located in East Azarbaijan province with an altitude of 1451 meters above sea level, with
this The target of extractable cadmium less than 1.16 mg/kg of dry and textured soil (loam) was selected. This
experiment is factorial based on random design with two factors of heavy metal cadmium from cadmium sulfate
source including cadmium concentrations at three levels of zero, 6 and 12 mg/kg of soil and the factor of magnetic
iron nanoparticles at three levels of zero, 1 and 2% in The time was four weeks after the addition of cadmium
treatments and it was implemented in three repetitions. After measuring some physical and chemical properties of
soil, cadmium concentrations in different species and ionic fractions were measured according to the method
provided by Tisser. Finally, the obtained data were analyzed using SPSS and MSTATC software and the means
were compared with Duncan's multiple range test at the level of five and one percent probability and the results
were interpreted.
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Discussion and Conclusion

By increasing the amount of cadmium treatment levels from 6 to 12 mg/kg, the amount of cadmium absorption
in the exchange phase decreased. Therefore, the increase in the amount of cadmium levels in different levels of
iron nanoparticles reduced the absorption of cadmium in the exchange phase, which in turn reduced the ability of
the plant to absorb cadmium and removed cadmium from the plant. By increasing the amount of cadmium in the
soil by 1%, nanoparticles increased the amount of cadmium extracted from the carbonate phase. Increasing the
amount of cadmium added to the soil at different levels of nanoparticles, the amount of cadmium absorption
extracted from the carbonate phase increased, and at the level of 12 mg cadmium/kg, the amount of cadmium
extracted from the carbonate phase increased compared to the level of 6 mg cadmium/kg. In cadmium treatments
at the level of 12 mg/kg, the amount of cadmium extracted from the phase of iron and manganese oxides were
increased compared to cadmium at the level of 6 mg/kg, and in the same treatments at the level of 12 mg/kg, the
amount of cadmium extracted was increased with the increase in the amount of nanoparticles. The results showed
an increase in the phase of iron and manganese oxides, which may reduce the amount of cadmium available to the
plant. In cadmium treatments at the level of 6 mg/kg at the level of 1% of nanoparticles, compared to the other
two treatments, an increase in the amount of cadmium extracted from the oxide phase was observed. In the
treatment of cadmium at the level of 12 mg/kg, the amount of cadmium extracted from the phase of organic matter
increased compared to the treatment of cadmium at the level of 6 mg/kg. Indeed, the research findings reveal an
interesting trend in the impact of increasing iron nanoparticles at both cadmium levels of 6 and 12 mg/kg.
Specifically, the changes in the amount of cadmium extracted from the organic phase of the soil follow a consistent
pattern. Initially, as the iron nanoparticles were introduced, the cadmium extraction from the organic materials
decreased. However, at higher levels of nanoparticles, the cadmium extraction started to increase again.Thistrend
suggests that the presence of a higher concentration of nanoparticles may play a role in stabilizing cadmium in the
organic matter of the soil. As a result, it may reduce the accessibility of cadmium to plants. In the treatment of
cadmium at the level of 12 mg/kg, the amount of cadmium extracted from the residual phase increased compared
to cadmium at the level of 6 mg/kg. In the examination of cadmium extracted from the residual phase, it was found
that, unlike other phases, the difference between treatments at zero cadmium level and other treatment levels of
cadmium in the remaining phase was less compared to other phases, so that the amount of cadmium absorbed in
the remaining phase 6 and 12 mg of cadmium per kilograms of soil have the lowest values among different
absorption phases. Also, another noteworthy point about this examination was the trend of changes in extracted
cadmium according to the levels of nanoparticles in all three levels of cadmium, so that with the increase of
nanoparticles from zero to 1% in all levels of cadmium, there was a decreasing trend and with the increase of non-
particles to two percent, an increasing trend was observed.

Conclusion

The results showed that in general, with increasing the level of iron nanoparticles, treatment of 12 kg of
cadmium, the amounts of residual cadmium, carbonate, organic and oxide phases increased. Increasing the level
of cadmium in different levels of iron nanoparticles reduced the absorption of cadmium in the exchange phase,
which reduces the ability of the plant to absorb cadmium and removes cadmium from the plant, so that in the
treatment with cadmium at the level of 12 mg/kg, the amount of cadmium extracted from the exchange phase
reduced. Also, in the cadmium treatment at the level of 6 mg/kg with increasing the amount of nanoparticles, the
amount of cadmium extracted from the exchange phase first increased and then a slight decrease in the amount of
absorbed cadmium was observed, while at the level of 12 mg of cadmium, the amount of cadmium increased,
absorption reduced, and thus removing cadmium from the plant.

Keywords: Contaminated treatment, Exchange phase, Heavy metals, Magnetic iron nanoparticles
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Table 1- Chemical and physical properties of the studied soil

SB cdl o e o
T sand  sit oy o TNV cEC H EC K - Zn o Cd o Fe
Soil N N . y oC YA (cmol/kg) P dS/m mg/kg mg/kg mg/kg mg/kg
Texture YA YA YA .
o9 44 37 19 0.8 5.9 8.2 8.69 38.40 0.29 0.01 0.93
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Table 2- ANOVA of the effects of cadmium, iron nanoparticles on the quantities of cadmium extracted from five different
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Mean squares
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Oyt 2o PR o JB 4 Juato 3 9 oo s 3o 4 i 52 o
Sources of 2 rdy 3l 252 oS Jeeen ] ouilondly £ 5
Degree of Freedom Interchangeable Residual
Changes g The Component A Component A Component
Component Attached to the Connected to Iron  Bound to Organic Component
(mg/kg) Carbonate Phase and Manganese Matter (mg/kg)
(mg/kg) Oxides (mg/kg)
(mg/kg)
P&é’;g 2 46.589"" 175.814"" 31.218"" 2.726™" 0.003""
el 2 4577 7.648" 1.303" 0.007** 0.000**
Nano Partical
pn gk
3 % pgeasls 4 10.994™ 12.302" 0.737" 0.008** 0.000**
Cd*Nano Partical
“-_’L’). 1 16.046™" 5.489"" 4.816% 1.392"" 0.001*"
Time
s . . . . .
36 0.077 2.105 0.018 0.003 0.000
Error
Al oy 4,07 9.77 2.35 3.02 10.76

Coefficient of variation
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**Significance at statistical level 1%, *Significance at statistical level 5% and, ns non-statistically significant
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Figure 3- Comparison of the average interactions of cadmium, nanoparticles on the amount of cadmium extracted from the
exchange phase
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Figure 4- Comparison of the average interactions of cadmium, nanoparticles on the amount of cadmium extracted from the
carbonate phase
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Figure 5- Comparison of the average interactions of cadmium and nanoparticles on the amounts of cadmium extracted from
the oxides of iron and manganese phase
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Figure 6- Comparison of the average interactions of cadmium, nanoparticles on the amount of cadmium extracted from
phase to organic matter
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Figure 7- Comparison of the average interactions of cadmium, nanoparticles on the amount of cadmium extracted from the
residual phase
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Introduction

Soil erosion is considered as one of the critical threats to the conservation of water and soil resources. However,
until now, its various components, including its spatial changes, have yet to be given due attention. In order to
implement soil erosion control and conservation programsin the watershed, it is essential to have basic information
leading to know and accurately identify the factors affecting the degradation of soil and water resources.
Meanwhile, the CORINE model has been considered as one of the practical models for estimating soil erosion and
displaying the spatial distribution of soil erosion with easy and accessible inputs. The CORINE model developed
based on the Universal Soil Loss Equation (USLE) was therefore employed in the present study in the GIS
environment to determine the potential and actual erosion risks of the Brimvand Watershed in Kermanshah
Province, Iran.

Materials and Methods

The main associated factors of soil erosion, viz. soil erodibility and erosivity, such as slope, vegetation, depth,
texture, and percentage of gravel, were collected, compiled, and ultimately classified in the ArcGIS software. The
Fournier index (FI) and FAO-UNEP drought index (DI) were used to prepare the input maps. The Fournier index
reflects the performance of the soil erosive agent. In other words, it shows the role of rainfall on soil erosion. The
FAO-UNEP drought index shows the simultaneous performance of evaporation and precipitation on soil erosion
of a region. The potential soil erosion risk was obtained by combining slope, erodibility, and erosivity layers. In
addition, the actual soil erosion risk map was determined by combining the vegetation map and potential soil
erosion risk.

Results and Discussion

Based on the results of the vegetation distribution in the region, the use of rainfed and abandoned lands had the
largest area in the watershed, with an occupation percentage of 65.48%. Furthermore, the rangeland and forest
areas, with respective coverage of 29.65 and 4.87%, stood in the second and third priority from the viewpoint of
the area. The region has varying slopes, but more importantly, it has a low slope. Soil texture, depth, and gravel
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content significantly affect the area's erosion. The soil depth in a large part of the watershed, especiallywith a slope
of less than 4% is more than 65 cm where it is mainly covered by abandoned and rainfed lands. In the studied area,
the depth of the soil decreases with heightincrease, which indicates that the high slopes of the area are dominantly
outcrops. Most of the area has gravel contents between 10 and 40%. The erosion potential of the region is not that
much high because of the desired features of the affecting factors. According to the potential soil erosion risk, it
was determined that about 65.57, 23.62, and 10.81% of the area were classified as intermediate, low, and high
erosion potential, respectively. Further, the actual soil erosion risk was categorized as low, intermediate, and high
with respective areal coverage of 53.83, 15.53, and 30.64%. It is therefore implied that the amount of erosion and
sediment transfer will increase if the land cover in the watershed is declined. This indicates that the erosion rate
was highest in hilly areas due to lack of vegetation and soil with loamy texture. Accordingly, to curb soil erosion
and prevent its associated adverse effects in the Brimvand watershed, it is strongly suggested to use lands based
on their capability and potential, maintain the present cover status, and carry out management plans to restore
vegetation.

Conclusion

Soil erosion remains one of the most critical challenges in watersheds, and its neglect can lead to various
problems for the beneficiaries. In light of this, the present study aimed to address this issue by employing the
CORINE model to assess potential and actual soil erosion in the Brimvand Watershed of Kermanshah Province,
Iran. The research findings reveal the pivotal role of vegetation in mitigating soil erosion. Notably, areas with
gentle slopes, which are inherently susceptible to erosion, benefit significantly from vegetation cover, leadingto a
noticeable reduction in erosion. However, the loss of this protective cover can trigger a rapid increase in soil
erosion and subsequent loss of valuable soil resources. By shedding light on the spatial distribution of soil erosion,
this study emphasizes the importance of preserving and promoting vegetation in the watershed to ensure its long-
term sustainability and safeguard the well-being of those who depend on it. Therefore, land utilization should be
planned based on capacity and potential of the land to curb erosion and avoid its detrimental impacts in the
Brimvand Watershed. In addition, not only the current cover situation has to be maintained but also the vegetation
conditions have to be improved through the implementation of managerial and reclamation plans leading to
managing soil erosion.

Keywords: Erosion models, Land capability, Land degradation, Soil erosion map, Vegetation management
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Figure 3- Slope (right) and land/cover (left) map of the Brimvand Watershed in Kermanshah Province, Iran
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Introduction

In recent years, soil contamination with potentially toxic elements (PTESs) has become a major problem in most
parts of the world. PTEs are naturally generated from the pedogenesis in the soil and are formed mainly by rock
weathering. Nevertheless, the natural content of metals, i.e., Cr, Zn, Ni, Pb, Cd, used to be low in the soil, but due
to anthropogenic activities such as industrial emissions, atmospheric transportation, sewage irrigation, and
application of pesticides and fertilizers, there is an increase in the content of PTEs. PTEs in soil are one of the
most important environmental pollutants due to their toxicity, durability, easy absorption by plants and long half-
life. Therefore, the assessment of soil health is very important for the sustainable development of agriculture and
the rehabilitation of soils contaminated with PTEs. The present study was conducted to quantify PTEs pollution
for soil environmental assessment using a flexible approach based on multivariate analysis and using pollution
indicators in a part of the central lands of Khuzestan province.

Materials and Methods

For this purpose, in February 2021, 200 surface soil samples (0-10 cm) were taken using stratified random
sampling. The collected soil samples were cleaned by removing plant materials and other pebbles, and air dried,
powdered, and sieved by using a 2 mm sieve size. The interest in soil's physical and chemical properties i.e., pH
was determined with a digital pH meter. Soil textural particles were measured by the hydrometer method, soil
organic carbon (SOC) content was estimated by following Walkley and Black method, bulk density (BD) was
measured by the Clod method, and total metal content was determined using the aqua-regia solution digestion
method and analyzed using Inductively Coupled Plasma-Optical Emission spectrometry (ICP-OEC). The level of
Pb, Ni, Zn, Cr pollution was estimated based on environmental indicators including contamination factor (CF),
enrichment factor (EF), geo-accumulation index (Igeo), pollution index of individual metals (PI), and modified
pollution index of individual metals (MPI). Multivariate statistical methods including correlation analysis, cluster
analysis (CA), and principal component analysis (PCA) were used to find the source of metals in the soil. All
statistical methods were performed using SPSS (26 version) software.

Results and Discussion

Measurement of soil pH showed that the soil of the studied area tends to alkalinity. Also, the soil texture in this
area is loam. The results showed that the SOC in these soil samples is 0.71%, and the range of EC (between 0.18
and 60.5 dS/m) indicates the distribution of saline and non-saline soils in the studied area. The total average
concentration of Zn, Ni, Cr, and Pb were 60.26, 50.96, 50.38, and 12.67 mg/kg, respectively. The order of average
for heavy metals was Zn> Ni> Cr> Pb. The highest amount of standard deviation and concentration changes were
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observed in Zn and Pb elements. These two elements also showed a high degree of variation coefficient in the
studied area, which can indicate the high impact of human activities on the content of these elements. The results
obtained from the application of multivariate statistics showed that there is a positive correlation between the
elements such as Zn, Ni, and Pb in the study area, indicating that these metals probably have the same source.
Whereas the absence of correlation of Cr with these elements indicates a separate source for this element compared
to Pb, Zn, and Ni. There was also a strong relationship among these elements based on the PCA and CA
classification. Based on the multivariate statistical analysis the source of pollution for the metals studied was
mainly from both anthropogenic and geogenic activities. The results showed that the soil samples taken from the
study area are in the low pollution category based on the individual element indices of CF and Igeo, but in the
moderate pollution class based on the EF index. In addition, the evaluation based on the cumulative and multi-
element indices of Pl and MPI showed that 100% of samples have high pollution.

Conclusion

The present study concludes that the average values of Zn, Ni, Cr, and Pb were found to be below the guidelines
set by the IEPA (Iran Environmental Protection Agency) as well as the Earth's crust values. The results indicate
existing relationships among the studied variables, revealing that the heavy metals Zn, Ni, and Zn share the same
source in the study area. Additionally, it was observed that the source of Cr is primarily geogenic in nature. These
findings highlight the significance of utilizing multivariate statistical methods and pollution indicators in tandem,
as they prove to be valuable tools for evaluating and quantitatively determining the potential pollution risk.

Keywords: Cr, Enrichment factor, Multivariate statistics, Ni, Pb, Zn
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(Y<EF<0) buwgio (5ol oMS EFY (S Sogll [oMS 5,8
i e (gl U (OSEFST-) sy (Sgl a3l
Bhuiyan et) EF>¥+ sl j coasay Syl (oM 4 (Y-<EF<¥-)

(al., 2010

SSEEL (0 e L
Jpese 51035509, 31 3505 (5o (1080) (S5 e sl
SV Jeily (s il bwg S (Sogll plise (b1
oy el 005 @yl Jge B bawgs VAP Sl > & sl e
ol ¥ ooy b gllae o sl
Igeo = log2 (;gn) ¥ alal,
Cn. Sk » Sl i b g zes (5L 190 (V) alaly 5o
Oloa cale (500 BN 5 S Lg05 )3 5o 3)90 paic clilé i
T o pd WD o ps Adloe (i) @2y bame )3 paic
Sogl s asls cpl il oo atee; cdile e Sijsnd b
oolie ol oMY B 45 1y Suip YT sl (elyls l3lé 4
-<1geos) fodgll yut Igeo< .ules o (b))l 0l 03yl (oS
03¢)l oS Y<Igeo<Y fo3¢)] oS V<Igeo<Y o3¢l oS B odgll e
b odgll L3 a<Igeos¥ foagl L5 ¥ <Igeo<¥ oyl L3 b
[(Loska et al., 2004) o3¢l casas 1g€0>0 4 o3¢l i
ouddi Mol (Sugll yodld g 9,43 (Sogll pola (adld
& 6yl pho S cutS (605 ojlul gl Pl a3l
(>l C).’.‘ &S col C).’J 5, )ig..) sl ot lis 4 Cons ad i L'):{l
1y 5,5 0 )8 aalllao 350 dilais )3 oS S5 plas (Sogll S,
Do o duwlmo ¥ odlaly millas gy00 asld ad o lis

CFav2+CFmax >
Pl nemerow = ’f ¥ dal,

Sl 5 wSShe iy 4 CFMax g CRav (f) dal, jo &
il S Sogll e (a3 ls ol ol aisuwns CF lade
b 5 sl 1 S e ) Sandl Jeily )l
PIY oY <PI<Y ) <PI<Y O <PI< /Y Pl<e/Y 3905 sy
bausgio joboay @35l (oS ( S35l pus onimo Ll iy 4 45>
Keshavarzi and ) asb e was (Sogl g odgll Jlws 3l
(Kumar, 2019
s x asls %5 (MPI) oni oMol Sogll asls
Ohar g buwg & cwl (Sab e e85l g o Cwl
dlire O dlas I a3l ol 43,5 slosiy, (Brady et al., 2015)

Pyse

plonl @il clale ol)s Glatio Ol b Sloyeos & 5l g 9 e
.(Black and Hartge, 1986) .

o 9990 I3 (Sall s aaad i)

alls 4 S L§>9ﬂ aw o Ay gl Gl ol o
s {EF) (S33 st 155515 (CF) (S35 556 5] 3350
5L 5 (P1) 5y (5ol ol s (1080) (a5l o
33,5 oslazwl (MPI) s M 6?39]]

(CF) (Sa9T 553518

sl ol S5 g o3l sl S, (CFmetal) (Sagll 55
S sty s @l a4 SB (ST s jlateds oS
& Cand rdiges ;0 I3l Hlade juS18 cpl olwl 26 o o3laiwl
o O SB (SanVl (i 9398 0 0donin () (b jl0de

Do o dmloee V dlayly Sl oolatwl b yeiS18 sl 00, §
_ Cmetal ) dla,
Cbackground
s S mow » ,ae clale Cmetal (V) aal, j»
o opl 0 bl e dle) 3 paie clale Chackground
laiwe; e plgicdy (uoj diwgy > pate ya clale (:S0Le
a3 i Sl S B asls ool (bl a4y jlas ) ((onebo)
108 (539l 1M Yo a4y (ST il el I3 4y (S
59l 9 YSCF<# 03b;  Sogll A<CFLY thuwgia  Sa¢l CF>)

.(Hakanson, 1980) w4 o0 (gaieg,S CF25 035 L5

CFmetal =

(EF) oSosi it siso

, S alils Sogdl waw (EF) Sub ge 556
Sl slacld 136 e byl sl padls g ams o L
oS s g SuoY Jewily oyl olils bwg S Syl
2 (BF) Sabiie jg8h .l oo 0lils oyl Sl g (b plie
W3,5 Al ¥ odlayly olul

_ (Cx/R)sample .

EF = (Cx/R)Refrence 2l 4]‘»")

Gl 8 clale R g dbgye 18 cdale CX (V) alal,y
Syle 935350 sl yuiio 5l S S polie Sample o jle
odis 03l (oS5 )5 b pito oyl Jblie polie 4 j5Reference
cdale 4 an g b adllas 590 l3ls clale ¢ gudsg ol .l 0Ll
S canl opl bue yaie lgicas opl Obsl cde aind oy o]
U CEWICH S I SN IR VIR I | PO [ PSS
@ EF<V/0 095 0 <ty yo5 o ¥ 3 (gl il a8 ol
VO oS Jboys o)l o)lil ek (Sdjlen b diwg Gies Lite
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FS o 390 yolis &S gl (aw S sbadiges 3 il
polie g ) Cungjlasme cblis lojle ol gt 03500 |
oy Ngy ol clale . Ske (Mirsal, 2008) dgy (ypo; gy
Glol eyt 35 U5 1y oy < poyS < IS < g9y
A0 odalie Ly g g9y solis jn clle Ol g b
b lils el co s s ol (Yongming et al., 2006)
o 53 ool sl o5 Lo b b 1 e Fais¥T sty
TR R D1 TSCIN S PCRRNC ONCH TSRSV DLW
1) 95 9 oy polie Vb (gl o pd i )
rolis ol lgme p Slil slacdld 5Ly b saa s g
B /A oy 0dd wyp sladiges ;3 oy clale cudly ddlais )
copd VU Sl e g e p)SokS S oo Ver/00
B8 3 o Kenb @i S (CV>V+) oy 8 (sl e
bl (Zhang et al., 2015) Wil o ddlio calisee (lo
s ol aas 5l S (gy0b dlge Sy 4 bgype SB 3 G
poragll 9 ool (slonSg)am 5 5K slasnsT (I Slge i)
e Jold Gy Sl mlie Bies oS canl Jbs jo pl cun]
5 Sl oy Al b o8 oSS wdgu b slas il il
4ol 4 45 L (Salminen et al., 2005) wsb o S
Clad (S35 )3 g adlaie Jlad 03500 53 oy (SO
03l yowo ) (ned 9 Gliwjgd SV b wlio dlex I gaio o
3,5 ol Olgi e 30,5 sdmliie dalaie Y pblo 235 o & b
S > o i GRS (et B Sl lacld
Dged ) 59y ale ¥ Joio gls olel p bl [ adlate
Lo pSokS  pSihe YAYY U YYD G (oojn 3y90 b
5 g adllas adbaio Jlod )3 g9y (S STy g0 £+ /YE 1 Silio
Iyt coliwjed Vg plio pogad 4 (Jaio Bblie ©jslxe
89y Oliwe & il ol (Salminen et al., 2005) .54 bls Lo
S a4l o J ool (S il qgpole Kiw capple L SB
o el Jols g9y ] lis pizmed wusl bLS)I
clile Sk sl S K 5 3Ys3 B «g) ine il
Cupd 9 PSS 2 eSS e 0485 oy 3y90 dilaie ) S
b 69y 5 L a4 Cand S5 D9 dopd ¥V 3Bl iy
» JS8 clale op i g og adlate > (638 clale Gl

WA odyd gmino (bl (o055

3- Principal Component Analysis
4- Varimax

MPI = EFav2+meax 2 2 ala,
S EF iSTas g bawgio polie EFMax 5 EFav )l ,» o
wad e ol 1, Sl WM b esls oyl
<V ¥ <MPI<a ¥ <MPI<Y N <MPI<Y (MPI <\
ufagﬂ ‘Lsf;?ﬂ pis odizd (lis iy 4 &S MPI <Y . OMPI <
5 35 (So3l 5by (gl b Laugie (Sogl dagie (Sog1 oS
[(Keshavarzi and Kumar, 2019) cul 105 34l

OSies &l 38 aulie
opite Az (5 el sl by I SB s Sl pte (8l (ol
5 5 (CA) "slaigs o gy (Stasan U1 sl
5l ool b (glases Julos b edliw] (PCA) ¥ Lol sladdye
Sl oolizl b Lol (clodilge 43355 pizman b &) ]S 5,05 L
Sl 1y 5 5S35 050 palie 8,5y b o TS ley g 25 2
Lo 4 Lg)LoT sl igy adS ui plodl Lol slaadlie olulis

Kumar et al., ) sad wyp Y8 o)l dswus SPSS 58l 5
(2016

sobel Sro g

015 SV Jgir 0 S sla Sy (B o ol a0
L addllas 590 ddbaio (oS ool Comsts ol b slae .ol
o3l oo 51 148 (clacS1s aye) 13 VY L 130y eSile e
S pH Slyus aialy (505 (gow 253,50 Lgwme I
Colaa aiely o (V) Conl GUWB oS U 25 03550 4 adleio
2 ooes; o YeEIO B /PN ) dikie Sy (S S
A8l oo adlate ) )9 uf g j9b SSE @i e LS (e
ool il pg) oy dy9e dibaie S el
oy e dalllan 3y00 dilato > (Wilding, 1985) (srdib
oM SB (Sl colin g T oS s 08 Sl
2 P Vb Gy o W35 (o0 (b YU (60 juS
5 2l (o2l Gl e 5l (U Wl e Sy cnl
Jeloe 5 by (ilis olles wlo placadlé isley
(Amuno et al., 2013) ail SB Loyl yb odind puss

2 SV Jouiliy b Sl iogs )Ll aod ¥ Jgaz 5
el Gl Sibo polasd ) 52 ol 05 03] adllas g0 allaie

1- Pearson’s correlation coefficient
2- Cluster analysis
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Table 1- Descriptive statistics of the soil properties (0-10 cm soil depth) (N = 200)

3 . . _ Sl ool 5 .. o
SB gl S Bl Sl ol sﬁsjﬁ RIS
Soil properties Min Max Mean )d»d e\évnes Kurtosis =
Std.dev CV(%)
o 22y 9.00 98.00 34.17 13.32 1,59 419 38.98
Sand (%)
;
R 1.00 75.00 45.00 12.80 017 0.18 28.40
Silt (%)
) 23 1.00 51.00 20.82 10.80 0.27 0.64 52.00
Clay (%)
'| .
_“J o e 0.24 170 071 0.37 7.59 85.41 52.00
Soil Organic C (%)
" .
SZ pogaze P> 0.98 1.76 124 0.11 1.06 3.48 8.62
Bulk Density (gr/cmd)
Sl gl 0.41 306.00 1353 32.86 6.90 51.51 242.86
Eelectrical Conductivity (dS/m)
e :‘“5 ! 7.10 9.00 7.84 0.32 0.57 0.55 408
p

S slaS539 9 (aSies Ol H8 ( (Shues
)50 polis 9 SB b Shy O Oy Shwer @b
3ls 5 SB la Shy o bl sl oad ST Jga2 )3
P gl sl s g polie ) mlio 0yl oge SleMbl (S >
Cawddy ols .(Dragovic et al., 2008) 1z o &) G jlare

10 ool s 3 PH g oy L pg)S ke (Stuan Sy o]
5 b S b e (Sten S5 51 uomen Wl oo ol
Suresh et ) .cusls «/+V (gylel oy clow b Cuto | Siusen
i by S st Stamads e o cladlio s (al., 2012
SB 5> il lade 9 0)> ul w53 39290 slaceslS g5 )

Al

SE S (Sl mese ol e lagiagy
Clsd 5l (B gy b (6559l (liond Slga I (8L (IS )5l
oy HMde pyieS (Maas et al, 2010) cul gxo sla
* o 3 351 (303 AIVA) 29y 13 & b po it )3 Sl
Dl adlas 3)90 dilaio ) (Ken @ig pe)S B Sy
o il S gq; p slaslllas 4> (Baltas et al., 2020)
aalain G 0 paie SO 0L Glyus dgng pae Lo 5155 Ay
(o ddlate )3 6 cpl clals o )3 i3> Jelge (992 39850 Sl
e b oo iy 16 ol clale & 58 ple g g A8k
S Shs il Br SV Sl cope Grtmen ol Slicye;
J> Olgie g 1) adate SB )3 b S cnl ol Slyss  SB-
Sl it 3 SV Jowily b Ui 555 51 pte 1503
.(Cerqueira et al., 2012 Arenas-Lago et al., 2014;)

(p SIS 52 05 o cones ) (FWlae 3,50 dilain ;3 polis (ogi o =Y Jgoa
Table 2- Descriptive statistics of studied elements (mg/kg)

) ) ’ N Byl ) N oy sy Sl
o Jilos Pl V¥ ) (eSS TS & disS i s
Element ~ Minimum  Maximum Mean Standard Skewness  Kurtosis ’*:” Earth's crust
deviation CV (%) average
(Zn) 9, 345 294.3 60/26 25.43 5.97 44.40 42.00 75
(Cr)pss 25 86.40 50.38 4.48 231 10.50 8.79 100
(Ni) JSs 40.60 75.00 50.96 12.67 0.17 0.60 31.00 80
(PD) e 0.80 100.50 7.08 15.85 4.40 23.45 182.45 14

CV: Coefficient of variability
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Table 3- Pearson’s correlation analysis of soil properties and heavy metal concentration
e It . ‘G)e
. oSty (ol . oS .
$9) ©955 WSS b . .. o~ > o) " B e
@ e ) e o S ) ) ) O
n r i an ilt Clay W
(H)  (EC) (soc) ¥*
(BD)
(Zn) 95 1
(Cr) po)s 0.07 1
(Ni) Jss 0.242**  0.059 1
(PB) & poo 0.394** 0193  0.395** 1
(PH) SB &8ly 0007 0.151*  -0.069  -0.022 1
I b
K el h006 0085 o048 0031 0477+ 1
(EC)
(Sand) oy 0.045 0091 0267** -0.011  -0.261** -0.080 1
(Silt) cdous 0.019 0058  0267** 0108  -0.364**  0345%*  0.595%* 1
(Clay) ) 0.068  -0.156*  0.006  -0.127 0.072 0.052  -0.466**  -0.375** 1
(SOC) JI cp)s 0127 0015 0.058  -0.113 -0.159 0.047 -0.043 0.189 -0.131 1
CPFEEERT 0075 0421 0449% 0045 0031 0053 0051 0040 0071  0.174* 1
(BD) (snlls

4

Aoyd B g ) sl daw 3 (gl dme i 4 g "
*and ** indicates significant at P < 0.05 and at P < 0.01, respectively. SOC: Soil Organic C; EC: Electrical Conductivity

S b Lo ()35, 5 s b YU oo (635l 315 polass]
599 9,5 9 (b B9y 32 St HISHL g pogw adlge b i
WYL oo adlio g0l sy 1y IS Luiblg 5l o pd VE/5YF
weyae py> 59y SIS Sl Gl (JS ubly I e
wag bl) ISy oy sy polie Jald Jol adge 09 (50l
2 e gble (S5 5 ol ol @Y ekl )
b cov ailie leis 4 lei e D9 oo 0333 bli plu b dwslis
ohlKen g 355,05, &5 cuwl Jb o cpl iy Sl 5 Sles
il 3 5 oyole dlge wisly Lo (Rodriguez et al., 2008)
i SB )3 p9)S 9 S8 @39 9 Oliwe > kel Jelgs S59n
23 bwgio g Cute (6)IS)L s S 3B Sl 4 a2 5 b gyl
S (6 SISy Clal @ jg5 g Cutly pgd adle g Jsl adlze 93 2
Bl o 55 Bl o 313 Ladl g 3o Jole 93y 3, Slos 53T
asllas )> 35 (Hormozi Nejad et al., 2017) |)\Sen g (g30,0
Dol 555 lusies oY es mlio Blbl S ) wline
(Sl g b Jole 95 o 5, Shas Wl cov S5 g opal oljls
w2 poyS JB g Aokl Jale 8l cod 35 5 0 pw (g9, 3l
3ol Caws a1 gl ol ddlate ol )3 b Lie )y Yoo
ol claailye 455 s wslon (CA) ladss uloo o 45
1y ol aisss 63 gl oyl (¥ US3) 5 o sl |y o 4 552 (PCA)

9y rolis Om S ne (Stuen [4) (g)lol daws

(Sso pg)S 18 Lol b osmlie JS5 —0pw 9 JSm59) o
adlles wlel p ol Gl polie o b (g)bbxe Cute
Sl s Cutte  Siuod o po (Thollkappian et al., 2018)
G55 )3 5 S o gite oA S el (e ST )3 S
Oemen Al ploj (b y> alde olendsif (slaodyly (5 yme )
Glld o e s S il ol (Damian et al., 2012)
b e SLE o5jle Slge 4 bgyye sty ¢ San YT Lewsly ol

S slaSag 0 ppite Lia (slel Jalal g 41323
oy 23 Sl slaty ) (PCA) Lol slalie 4325
Sl zie ool g aljls Sogl e objyl glp &S conl
(¥ Jgiz) 8,5 )15 oolial 5590 (imagy cl 53 (g 3590 310
2 Jh o ke B Jg) adie &5 0 ol s ol gl
oSbouly i3 2 53 im0 pelaid g ]y Sl it 09
e g angs BB VYl 5ot (Sig )e8 L ladele olie
(Yinxianetal., 2011) L4 0 48,5 ,la )3 Cawnds + /T I S
Jole (elyls JS by 51 o3 YYIEA L Ul adlga ¢ polus (a1
bugle (Stusan 9w i$9) polie b Vb (Stunon g Cute (S
39 4 ]y olbly JS 5l 8eps VeIVE gy adie cuily JS L
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b sl 0ads 001y inles :80ko g yiSTis ( JBlas jgody (4 puaic
basges ded )3 (CF) (59l ,S1 Slo clmodls pl & dng5
ks CF Lasls 4o 5l asb o o8 (3¢l 03900 15 ¢V 1 yieS
Luwgio 53¢l clyls o3 Ve g mas  Sagll ladiges 5l aoyd /0
200,55 oanlie  S3g)l ladiged pluo jd 5 Mg (59 paic 4
ool 53 oy pais a5 ) S ladiged 2 ¥ o
ol il 4 ds g Loy bawgie L§>9ﬂ shbaspAgnas
PS589 g polie Jlai I SB ladiges 2oy Ve adls
(V10+) oy (VIFN) UK VAY) @ o l318 g1y (EF) (S e
390 dibaio )d a8 amd o Ui opl ol cawd @ (V/4V) pg)S 4
> 925 > o iy (sl (528 1556 s (ke allas
S e (ol o) S & a2 b bl sy > S
o5 ey 3l sl g bwgie JS5 g po)S wgg) sl (sl (S

W

wosase o oy o o S PH gy 316 &S amd oo i
bt Clow 9 JS5 co w9 polis g 4l S P EC 560l
Bias o5 ol oo Sig Lol gl dgs i oo St |y 50
o x5 5 Al (S3lecS anlp g 5le dlge 3l ke
5 Mo djemej Lite sl adlain 13 pg, S 518 38 oo oy
Soglme )3 Gl g (S 0920 4 dagi b Cpe g () I3
A Cos iy wibais > JBg e sloodl 5 it 3blis
Stasad Sl b s ol ol o nsl e sl Jle

Ly callas g e

xS &l 518 (Sa 1l (s
EF CF g paic S5 lanssh sl pas s jl adllan oyl o

S5 loasls Yo & Jgie > 05 odlitl dibis clacss

Dendrogram using Ward Linkage
Rescaled Distance Cluster Combine

[ul o 10 13 20 23
soe 5 | | L 1 1
ED 9 J
pH T
cr 10
sand 4
> clay [ —
Ec 11
Mi 2
silt 5
Pk 1
Zn 3

anllao 3,90 dilain jd S Ciliseo s S 59 lawss Jalod - Y S
Figure 2- Cluster analysis of different soil properties in the study area
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Table 4- Principal component analysis of the surface soil properties (0—10 cm soil depth)

. . b, . 7 .
So eSS e Al s S vy S0 e
(zn)  (Cr) (Ni) (Pb)  (pH) (IéC) (Sand)  (Silt) (Clay) (SOC) (BD) st
Jsl adlye
PC1 0.714 0.134 0.604 0.836 0.034 0.035 -0.097 0.119 -0.031 -0.175 0.019
4&;
HI;CZ% -0.101 0.145 0.343 0.081 -0.641 0.051 -0.626 0.877 -0.225 0.391 0.044
Py 4dlgo
PC3 -0.080 0.402 -0.161 0.160 0.023 0.315 0.724 0.028 -0.966 0.281 0.170
Pl 4dse
pC4 -0.093 -0.599 0.251 -0.133 0.188 0.117 -0.033 0.029 0.073 0.311 0.792
Results of principal components analysis in the soils studied
it 2990 SBSB 3 Lol sadlge 4 o0 gl
ol slaadge Jol adlsa Py 4z Py 4ille Pl s
(Principal components) PC1 PC2 PC3 PC4
>N o%g 3
oy o potee 2.580 2.131 1.637 1.230
(Eigen value >1)
by 23.484 20.760 16.639 11.247
(\Variance)
e )2 23.484 44.246 11.247 72.132

(Cumulative variance)

S5 0 35 (Sl e lise cppide NAS 02l ausuis
Abodd luwjes DYl mlio joand & g xio S i
>89 PS> ey Ngy (Sl (o) padld (xSSlepsboay
P 3550  (Sidlil oy (adli (1Sl duslie b L 1) S5
(1031 4 o et S8 3 0 o5 o s0r4hb D Sy
sl 039yt IS adllas 3,0

5 (PI) S5 0l g0 olal pr S il (Sogl L)
b (o33 HJlde wlul ol ol &1yl 5 Jaas > (MPI)
dibaio glaSE o1y u§>9ﬂ oM (MPI) 4 (PI) sla s L
LBl e ddlaie jd &lild oyl

djg0 polis 4l (Sabas Sk (1Sl jlade Jlo cnl b

b ke o3 LS yal ) 4S540 1/ 3l iy ddlate )> ddlles
¢ -(Rashed, 2010) cul Jawxe (Sogl p3 Slusl clacules
Ay (rhaw SB ladigel (S 53 (w0 2y90 Sl (S5
JBgJes caihaio 3 nio gedld dles I Sl glacylld 4
drolomo  Candld bgypo 008 5 365 (Bl 183 pgans 3,8 9 Sdl 5
bodigel judn o b ol (Sl o) padld oy
45 5 25,15 )8 039l] o (IS )3 Jlai 350 adlaie Sl s (6 )lgex
o35l (oS (US55 g5y pais Sl SB sladisal Sl ao) ¥
6 bawgio  Suilsl S sladiged 5l ooy Vo jd picmed oy
ST il b yolie S0l 160 i gad dsds 5.5 0133 o

anlllae 3,90 dilate > (i G131 (S3gl GBS (B 1 (Siwog ol -0 Jga
Table 5- Descriptive statistics of some indices of heavy metal pollution in the study area

Sl sl M pad L Sl oo pad L
pais (CF) (EF) (1geo)
Jslas PSlas oSle JEIRTS Sl obe Jalas PSSl oebe
Minimum  Maximum Mean Minimum  Maximum Mean Minimum  Maximum Mean
(Zn) s, 0.49 421 0.86 1.81 18.90 3.50 -1.11 141 -0.76
(Cr) poys 0.02 0.86 0.50 0.10 4.16 2.07 -5.75 -0.64 -151
(Ni) Js 0.50 0.94 0.64 1.86 4.64 2.61 -0.74 0.14 -0.42
(Pb) o s 0.02 7.18 0.50 0.09 21.87 1.93 -6.05 2.33 -2.48
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Table 6- The values of Nemerow Comprehensive Pollution Index (P1) and Modified Pollution Index (MPI)

(P1) 9505 (5391 ol padLd

(ZM) 5 (Cr)pss (i) gy

(PD) s (PI) gyoi (59l ol 23l

2.99 0.71 0.77

5.09 9.59

(MP1) 05 Mol (S3gll yadli

@) s, (Cr)ess  (Ni)Jss

(Pb) oy (MPly s oMl ([Sogll IS asls

12.91 3.29 3.77

22.86 42.83

cdile bugio @bt (plul » .85 pbsl liwjd Gl (535 50
alllas 550 dilaio S SK 359y 9 S pg)S oy polic JS
0Sbe g lpl Canjlaze cblis lojle Jedlljgs I oS
cupd il @l oeimen 3)S odalde (o) diwg bawgle
Sl glgme b IS5 56 clale fioen g atdh [S00S0 b e
45 1 yatedio PCA § CA ol jl s iste (Stased S5
3590 Sl Clale @i ) (VL prew Sl g (b Jolo 93 o
;)9” dLmua.'>L» ) ...\5)].) ddleio u.’x‘a.w Lghb;{b FERPISY
S5 slo sl ool aalllas 350 dilato slacSls &S 3l lis
P EF asli Lolul 1 g p8 (Sd9l oS 531080 4 CF (5 puaic
5 4 Casl Jbo 5 cpl DS oy Lawgie Sab_id oS
b i wls opl we sl yole 4 dibi SB i
Sl slaasls g oite iz (5)lel (sl by, 3l lojen oalizl

il e (5390 Juuly (s 5 o5 ) o 5

S 5 Swlow

9 Sl gy Ciglae lawgi Himod cnl lpl sladn e
olad wlagh) Sloal lrer el oKl amle L blg)
<ol 005 <313, (SCU.AS1401.50

Zheng et ) 4 (Jiang et al., 2014) lagss Luly cyead 5o
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Introduction

Drought is a costly natural hazard with wide-ranging consequences for agriculture, ecosystems, and water
resources. The purpose of this research is to determine the characteristics of drought and its types in Iran during
the last four decades. Drought turns into different types in the water cycle and imposes many negative
consequences on natural ecosystems and different socio-economic sectors. According to International Disaster
Database (EM-DAT), drought accounts for 59% of the economic losses caused by climate change. Many parts of
the world have experienced extensive and severe droughts in recent decades. In Iran, droughts have occurred

frequently during the last four decades and have become more severe in the last decade.
Materials and Methods

In this research, we used precipitation, temperature, wind speed, and sunshine hours of 49 synoptic
meteorological stations during 1981-2020. Drought has been investigated with The Standardized Precipitation-
Evapotranspiration Index (SPEI) in four scales of 3, 6, 12, and 24 months, which represent meteorological,
agricultural, hydrological, and socio-economic droughts. To calculate the SPEI, the precipitation variable (P) is
analyzed with the cumulative difference between P and potential evapotranspiration (PET). In other words,
surplus/deficit climate water balance (CWB) is considered. The FAO Penman-Monteith method was used to
calculate PET. Then, using the RUN theory, the characteristics of drought, including its magnitude, duration,
intensity, and frequency, were determined for all four investigated scales.

Results and Discussion

The results showed that the frequency of drought events fluctuates from a minimum of 12.13% to a maximum
of 18.13% in different regions of the country during 1981-2020. The climatological study of drought characteristics
shows that the most frequent drought events occurred in the west, southwest, and southern coasts of the Persian
Gulf and northwest of Iran compare to other regions of the country. This is while the duration of the drought period
is longer in the eastern and interior regions of Iran. Examining the types of droughts shows that more than 60% of
the droughts occurring in Iran are moderate droughts. Moderate and severe droughts are mostly seen in the west,
southwest, and northwest of Iran. The duration of Iran's drought varies from at least 3 months in meteorological
drought to more than 8 months in socio-economic drought. Therefore, droughts are more frequent in the western
regions and longer in the eastern regions. The intensity of drought is also higher in the eastern and interior regions
than in the western and northwestern regions of Iran. The decadal changes of drought show that the duration and
magnitude of drought in Iran have increased and the severity of the drought has decreased during recent decades.

Conclusion
The intensity, magnitude, and duration of the drought period in Iran increased with the increase of the
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investigated scales from 3 months to 24 months. Examining the average frequency of drought showed that as we
move from meteorological drought to socio-economic drought, the frequency of droughtincreases, which confirms
the previous findings. The eastern and southeastern parts of Iran have experienced a longer duration and larger
magnitude of drought than the western and northwestern Iran, which can be caused by the climate conditions of
this region, i.e., high temperature and evapotranspiration and less precipitation, and seasonality.

The maximum magnitude of drought in Iran is related to socio-economic drought (SPEI-24) followed by
hydrological drought (SPEI-12). This characteristic has increased especially in the last two decades (2001-2020)
compared to the previous decades (1981-2000). This is while the magnitude of meteorological (SPEI-3) and
agricultural (SPEI-12) droughts do not increase much in the last two decades compared to the previous decades.

Anthropogenic activities play a more prominent role in increasing the magnitude of socio-economic (SPEI-24)
and hydrological (SPEI-12) droughts than natural forcing. With the construction of many dams and the digging of
countless deep wells, as well as changing the direction of rivers, the water cycle has been completely affected by
human activities during the last four decades in Iran. Obviously, anthropogenic activities play an importantrole in
increasing the magnitude of hydrological and socio-economic droughts. In contrast, meteorological and
agricultural droughts have not shown many changes in Iran.

The results of the decadal average of drought intensity showed that this characteristic of drought in the last
decade (2011-2020) has decreased compared to previous decades (1981-2010). On the other hand, as mentioned
earlier, the magnitude and duration of drought, especially for hydrological and socio-economic droughts, have
increased in the last two decades (2001-2020). Therefore, the reason for the decrease in the severity of the drought
has a statistical explanation before it has a climatic reason because the severity of the drought is calculated by
dividing the magnitude of the drought by its duration.

Keywords: Characteristics of drought, Drought, Iran, RUN theory, Types of droughts
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Figure 1- The location of the study area with the synoptic stations
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Figure 2- The percentage of occurrence of droughts in the area-averaged of Iran; moderate drought (MD); severe drought
(SD), and extreme drought (ED)
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Figure 4- Spatial distribution of drought characteristics in Iran; The first row is the duration of the drought, the second row
is the severity of the drought, the third row is the frequency of the drought, and the fourth row is the intensity of the drought
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Introduction

Achieving food security in the future with sustainable use of water resources will be a big challenge for the
currentand future generations. Population increase, economic growth and climate change intensifythe pressure on
existing resources. Agricultureis a key consumer of water, and it is necessary to closely monitor water productivity
for it and explore opportunities to increase its productivity. Systematic monitoring of water productivity through
the use of remote sensing techniques can help identifying the gaps in water productivity and evaluate appropriate
solutions to address these gaps.

Materials and Methods

Qazvin plain is known as a hub of modern agriculture by providing about 5% of the country's agricultural
products. Therefore, estimating water demand and water productivity in agricultural management in the region is
considered important and necessary .In order to monitor water productivity through access to various data across

Africaandthe Middle East, the WaPOR database provides the possibility to examine the rate of evapotranspiration,
biomass and gross and net biomass volume productivity based on the land use map in the period of years 2009 to
2021. In this database, it is possible to check the mentioned items at three levels with different spatial resolution,
which according to the scope of the study, it is possible to check values with a spatial resolution of 250(m). In
order to determine the efficiency and accuracy of the land cover classification map of the WaPOR database, the
results obtained are examined and compared with the Dynamic World model, which represents a global model
with high accuracy. For this purpose, the latest land use map related to 2021 Using the WaPOR database and
Dynamic World in the GEE system, it was prepared and based on the classification of the region in order to check
the accuracy of the user map of the WaPOR database and to determine the percentage of each class compared to
each other. Finally, all estimable indicators were calculated and checked by the WaPOR database during the years
2009 to 2022.

Results and Discussion

The amount of evapotranspiration of the plants covered by the irrigation network in the period of 2009 to 2016
has been associated with a relatively stable trend, but this trend has decreased in 2017 onwards, which is one of
the reasons for the decrease in the amount of evapotranspiration in this the period of time and can refer to the lack
of water available to the plant due to the limited water resources in recent years. The investigation of the total
amount of biomass in different lands shows that during the years 2009 to 2022, this index has been accompanied
by a gradual increase in all uses, so that the amount of TBP index in 2020 was 17% more than in 2009. It shows
the amount of biomass in different lands. The amount of biomass in the lands covered by the water network is 5
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to 6 times higher than that of the rainfed lands. Among the influential parameters in estimating the TBP index, we
can mention the amount of evaporation, transpiration, and transpiration, the increase or decrease of each of these
parameterswill have a significantimpact on the estimated amount of biomass. The results showed that the amount
of biomass production in the areas covered by the irrigation network largely depends on the high transpiration rate
in these areas. From the beginning of 2009 to 2016, the gross amount of biomass water in the lands covered by the
irrigation network has been accompanied by an increase, but in 2017, drastic changes in the process of underground
changes will decrease the area of the lands covered by the network and many of these lands. It has been turned
into fallow and rainfed lands. The analysis of NBWP index also showed that the amount of net productivity in
rainfed lands is strongly dependent on the annual increase rate, and much of the crop yield in rainfed lands is
dependent on the amount received. Among the influential parameters in estimating the total amount of biomass,
we can mention the amount of evaporation, transpiration and transpiration, the increase or decrease of each of
these parameters will have a significant impact on the amount of estimated biomass.

Conclusion

WaPOR database data can play an importantrole in estimating the rate of delayed transpiration and parameters
related to water productivity in the region due to its ten-day spatial resolution and the absence of data gaps. In
general, the WaPOR database can be used as a guide in the reliable determination of evapotranspiration values and
planning related to water resources in the agricultural sector.

Keywords: Agricultural water consumption, Biomass, GEE, Remote sensing, Water management
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