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Fig. 1- Location of the study regions in Khuzestan Province and Iran
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Table 1. Interactive effect of slope aspect and precipitation intensity on permeability of Gachsaran formation during distilled
water precipitation
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Table 2. Interactive effect of slope aspect and precipitation intensity on permeability of Gachsaran formation during pH=5

precipitation

Gl s  lamlo F oo lay yo uSilbee

Ola yo & oo

Ol i 20 SWllae o

Significant Calculated F Mean squares Sum squares Source of variations Study variable
0.002 7.41 32093.6 64187.2 el Sz
Slope aspect
£ L & £
0.000 0 0 0.000 o
Precipitation intensity C e 1.
Srdydeki Olyee
4L e dals Permeability
0.000 0 0 0.000 AT
Slope aspect and precipitation intensity
s
- - 4329.61 190503.2
Error

Ve Gl oF o lads (o335 0,90 « anme pole dnlilad

VYO



el 50 (b Gad g als cya i i

Fagamwl b (ol 50 olyluas wWjlw 50 (6 043398 ¢yl ime 30 ()b a9 dols cga bl 51-F Joua

Table 3. Interactive effect of slope aspect and precipitation intensity on permeability of Gachsaran formation during pH=4 precipitation
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Table 4. Interactive effect of slope aspect and precipitation intensity on permeability of Aghajari formation during distilled
water precipitation

Goldgmo phw gl F jladie Olaye (nlke Slupo g 9o Ol il 2o & Wlao pito
Significant Calculated F Mean squares  Sum squares Source of variations Study variable
0.110 231 5416.7 10833.54 el
Slope aspect
0.000 0 0 0.000 Sonbess
Precipitation intensity aedi -
L B s Asels S RNS9 Ol
OUR S 9 > ili
Permeabilit
0.000 0 0 0.000 Slope aspect and precipitation Y
intensity
- - 1335.5 102762.2 o>
Error

B asyagml b (55, 50 5l LT wijle 50 (52355885 ()l jw0 30 byl Wb g aild Cuar Jilio 10 Jgus

Table 5. Interactive effect of slope aspect and precipitation intensity on permeability of Aghajari formation during pH=5 precipitation
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Table 6. Interactive effect of slope aspect and precipitation intensity on permeability of Aghajari formation during pH=4 precipitation
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Fig. 2- The average infiltration in 1 mm per minute intensity in precipitation with distilled water
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Fig. 3- The average infiltration in 1.25 mm per minute intensity in precipitation with distilled water
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Fig. 4- The average of infiltration in 1 mm per minute intensity in precipitation with pH=5

VE o liey oF o)lads (o055 059 o lansme pole aslilad
YWY




el 0 b Do 5 anels cg ilae S

700
600
® The average of infiltration in
B 500 rainfall intensity 1/25 mm in
= min acidic water with pH=5
g 400 - in Aghajari formation
= . g . .
= 300 - H The average of infiltration in
E rainfall intensity 1/25 mm in
= 200 - min acidic water with pH=5
- in Gachsaran formation
100 -
0 - T T
North South East West
O a ol b 0,0 50 aido jo yo (o VT Wuh j0 3945 bawgio — & JSCi
Fig. 5- The average of infiltration in 1.25 mm per minute intensity in precipitation with pH=5
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Fig 6. The average of infiltration in 1 mm per minute intensity in precipitation with pH=4
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Fig. 7- The average of infiltration in 1.25 mm per minute intensity in precipitation with pH=4

Ve Gln; oF o)lads 03355 0,93 « hazna pole aalilad
YA



63l g pbowaw

bl Solds (in YL a sl o Josle g )
o 9 kz Ul abannl sga j0 g widl o site
Omb @l sl Sga> 5l g oad (S (ogu> b
oole stie Hb ;0 Dl ol Wed oo Cdie L sl
Olsee 5o sbizre DY 5o &y pmis Wlgios ) 5 ]
Ole Saled o 9 Sl (> g wile awgm,
O (o974 oS (nl ;0 a5 398 S (6 ndideis
51yl as Lado et al. (2004) g0 zuls b g o ools
SISy Slie Gl L S sy acnils
Dol g aels gz Jlae Sl o)l callas (il oo
Somlaz G iy lls )b ud izmen 5 51
Gridsds ;o Comlas (0065 Gl anels Cuz g
—aael 0 il Ll ol CedsS 4 cans S
1y anaedd @ analy )b (JTesle lade (b slo
(Duquette  and S o Jyu5 LS s
asdewl Gl bowisle op) o (Hendershat, 1993
g ameld Sy ole aw o ez @ oad oyl b
5B b as g anls g blise Sy 5k sas
395 51 S (g 4 Coms (55l o ine s 3
Srdy 5B g Jlosle 5 ) 2925 4 a5 sl L
Bl 50 00,5 o ol Gl oyl A Ca Loy
Ok o g anels cga e T L 55k 0 ol s
e S shls (il wald g aels Cgz Jlie Sl
N5l 5o il oo S (5533585 liae 4 5kl b
Sl g anely gz @y abawl b o)L e glilas
Sl 5 G0k Dol g aals cgr bl ST B0
Wil oo S (603085 e o s b! S giae Sl
aols Sz lez Aol b (5L 5o plileas wijle o
SE spddsis ey skl a1l
Cudgaze sl (6,348 o slas SlaS il
50 g oolo dgai 0g3 yo |y LL 5l (6 meS i s
@B b 45w oo 35 (7t g 9 DUy, A
Sad Jg o,ls callae Mandal et al. (2007) 5.8

el 0als ploxil Lis g ol o Sgamme & sody (]
S &S Sloduzmy slaan] b 4 gidod onl o cnlple
S8 > 59 Gk SaieS eiaren § Bk Db g Akl
093 Ay A4S Cuwl ool aSlo,y Wb S e Ol
lanl B ol plodl adl a5 il o plas o5 Adod
Slalep 5l &S )2l g s slawile o)
Gl Bl )9aST 3 S9zee el (i ndy
2 LT W5l 10 05 o yiage Slie ar | Gudss
Solel o cme S1 slyls asals cga e OTL 5L
)Io‘_;;.u Slahls (o)l cul g aals cpe flan
Sl 5o il S g plds e 5o )bl
Slhls aals cam iy anowl b 5,b 0 6 lxlel
Sl Gk ol g asals g bl il g (5L ol
asls Cgz lez ananl b )b o g el wisle o
ol Sab g anels Se blie STy AL oad
- S S rddgi u‘)""’ 5 (_g)Lo—‘ )bk;’bu ).»‘ 6‘)“3
Shaie OTL )b o aels cg (g, lale T assle o il
S rdadodi (e o (05 (e sla il gy aaeal
Ol CahS Cou jo a5 Col ol o Jds ol S
il S| S 5 Joo5 9,8 S o ol 3l g )b
g Wl Sl padz e pa wdlioe Fimb 4
Ot POl 9 0z el S 4y )b g 00,5 e
ol CoiS 4 S (S5 g olend slaiiSTy 09
S el S ;3 GBS ol )0 45 09 o0 yiien ik
oy S92 audl ol lis H95 a l) 0e sla il S
a5 oS asﬂ oole pwizmen g (g el wisle o oL
6L°’¢;‘-Q-'.> 137 ald calise ‘_gl.m;;‘.g‘_? 9 .\;’J’L..: Q—.’.‘
el o (G50 4 0500 g2y (Bl g ek
aSi! JuJoas (Saeediyan et al., 2014) o55 oo oyl o1

Ve Gl oF o lads (o335 0,90 « anme pole dnlilad

AR



el 50 (b Gad g als cya i i

sl o el w3le y0 g oy ol B asals glal )
S5t 4 . (Morady and saidian, 2010) sei
5 Ve el iy ol lagi)l 4 S dgks
s ol glocaz ;o iz JTolge 0925 (rizpan
Condy Sl a (B0 g Jed glaaneds o o
aS WS e NEH ‘Si;)&.ll Gb Sl oy (g eaumy
el ol 59,5 Syo Gl i slagdes 4 5l

A.»SGA GA‘)J‘ ‘) o..\...?b.:

(S 15 Aol
ook o g el cg blie Sl el aisle o
Ot bl alllaz job 4y 5, Dol iomen
S shls g als Cex e 5 ol
Gl b & s S i 5 el
S Egamo0 )0 ‘QBL....??S &.;)L..: t5‘5 Mb‘so S
oL 395 5| S8 Sy S sl sl )L &
il eoad ol o b cdale aw 0 oleS 4 0l
5 al8lax plas o (o)L Dol g dls Sy o S
S9> 5l Gk Dad g asls Cuar flie S piaren
5 Sl a0 e il L ST jgboay ols lis
e s S slo s w98 olej Sate il
S Shs @ Olee St (nl dex ) a5 oud
Ol ol 30 a5 0,5 0 il S (gL e )b g Soglie
ST 0lge g oy ol cyiils Jdoas 55 asals cgs
e 58 ol ()b it (68 b Cge gline
GFodZ Comdy ilie 4y 5 058 o0 S (6335
&5(54 s)L?U‘ oY) 9 ‘Sﬂ ools é’)&‘ )Lg U‘).»..a..!.: ).) ‘)
O35 S sle FS s el by oS
oY) 9 t.?l—‘ oéLc ‘;4)..5)‘ )Lv u‘).u.:u o.\.».?u.v ‘_;‘I.Q)LJ)

WSS 0 Sogre |y ol ol cod

1 Cenozoic

SIS 58 0k Dol g asals Cg hlie STy 5L
50 il oo S (633585 liae 10 ()] o e il
Galo b ey e il oSl Jdoay ol luas il
aals Lol slacgs 10 as 0 YY/FY UV YV/PY ol s
Olyass dials b o5 L3 T osle (e cpizmad 4
il o azals Lol clacgz 4o asys V) b /04
Sl @ Cud ggeme ;0 GhleaS Wile (nlply
rleS 5 318 las 093 Sl clio (6220 i (Sl
A o e Oyl oads ool (oL cdalé an e
Sods g diald Cpz blie Slg b ol g aiels Cye
Sls gl Jly) germe 55 (Jg ols plas g3 51 3L
S Gles 4y a8 olad Las 095 51 gwguusre Oy g
2ol e b 0 o5 Gl 5 ooko 5 o) e
@ L as 005 oo p 095 o0 obml e (slaatopnl
o33l b wisls Las a5 Zeng Cui et al. (2019) s.axs
S 3985 il oS a8l LS5 5 S T s
Pidwirny zuls b criores 5 5 )ls callas 99 oo yiion
22 b e 3 ol 3o Sy 1 9
oole g oy, (e Sb Ol (59, (6 i sl Gado U
(At §5:88 § 0,8 Ojg0 il GlaS o I
Sl Oliee 50 dilfige Dlyd (al ojluil 4z a5 05l
A S G ndidois e Zoles 5o 5 Slly, 5 g
g Gl az 0 e iol8l L LS jeboay ol ails
Sl s S lo Ty dedi ley Do il
STy @ Ol Dl Gl abex 5l a5 eal
b oeizmen 0,5 o)Ll S o)l cd)b 5 (Saglie
ol slgll 4 S pas asél e Gl
ol s 4yl ) o By A S 55
Gpiinnds 5 ST oaims LS5 Lol olge 5 Sogll g5
Al oy 50 aals cpa aldl el S glaaigy
Seie Gl slls phluas 5 6l aile 50 50 5o

&S Salie (ogdind (i g Glalw,d Jdoa oy,

VEe e Gl oF o los

CEBO)5 0,9 s shane pole aolilad

V¥



63l g pbowaw

Ahmadi, H., 1999. Applied Geomorphology,
Tehran University Press, Tehran, Iran.

Appan A., 1999. A dual-mode system for roof
water for non-potable Affordabble
Roofwater Harvesting in the humid Tropics. In
Proceedings of the 9™ Intranational Rainwater
Catchment Systems Association Conference, 6%-
9" July, Petrolina, Brazil. pp. 317-321.

uses.

Bai J., Xiao R., Zhang K., Gao H., Cui B. and Liu
X., 2013. Soil organic carbon as affected by land
use in young and old reclaimed regions of a coastal
estuary wetland. China. Soil Use and Management.
29(1), 57-64.

Baybourdi, M., 1983. Principles of Irrigation
Engineering. Tehran University Press, Tehran, Iran.

Beiderwieden, E., Wrzesinsky, T. and Klemm, O.,
2005. Chemical characterization of fog and
rainwater collected at the eastern Andes cordillera.
Hydrology and Earth  System  Sciences
Discussions. 863-885.

Botkin, D.B. and Keller, A., 2003. Environmental
Science. 4th Ed. John Wiley and Sons. USA.

Chaoliang, K., Liang, C. and Ming, W., 2004.
Feasibility of Collecting Rainwater at NTU.
Nayang Technological. 4, 12-13.

Duquette, M. and Hendershat.,, W., 1993. Soil
surface charge evaluation by back-titration 1.
Theory and method development. Soil Science
Society of America Journal. 57, 1222-1228.

Fathizadeh, H, Karimi, H. and Tavakoli, M., 2016.
The Role of Sensitivity to Erosion of Geological
Formations in Erosion and Sediment Yield (Case
study: Sub-Basins of Doiraj river in ilam
province). Journal of Watershed Management. 7,
13. (In Persian with English Abstract).

&be
Gerke, H.H. and Van Genuchten, M.Th., 1993. A
dual-porosity model for simulating the preferential
movement of water and solutes in structured
porous media. Water Resource Research. 29 (2),
305-319.

Gupta, P. K., 2009. Laboratory Analysis Methods
in Environmental Studies. Islamic Azad University
Press, Tehran, Iran.

Jarvis, N.J., 1998. Modeling the Impact of
Preferential Flow on Non-point Source Pollution.
Ann Arbor Press, Chelsea, Mich.

Kamphorst, A., 1987. A small rainfall simulator for
the determination of soil erodibility. Netherland’s
journal of Agricultural Science. 35, 407-415.

Kanazu, T., Matsumura, T., Nishiuchi, T. and
Yamamoto, T., 2001. Effect of simulated acid rain
on deterioration of concrete. Water, Air and Soil
Pollution. 130, 1481-1486.

Machiwa, D., Mandan, K. and Mal, B.C., 2006.
Modeling infiltration and quantifying spatial soil
variability in a watershed of kharagpur. India
Biosystems Engineering. 95, 4, 569 — 582.

Manahan, A., 1992. Environmental Chemistry.
Scientific Publication of Islamic Azad University,
Tehran, Iran.

Mandal, U.K., Bhardwaj, A.K., Warrington, D.N.,
Goldstein, D., Bartal, A. and Levy, G.J., 2007.
Changes in soil hydraulic conductivity, runoff, and
soil loss due to irrigation with different types of
saline-sodic water. Geoderma. 144, 509-516.

Morady, H.R. and Saidian, H., 2010. Comparing
the most important factors in the erosion and
sediment production in different land uses. Journal
of Environmental Science and Engineering. 11, 1-
11.

Ve Gl oF o lads (o335 0,90 « anme pole dnlilad

gl



el 50 (b Gad g als cya i i

Pell, E. J., Arny C.l. and Pearson, N.S., 1987.
Impact of simulated acid precipitation on quantity
and quality of a field grown potato crop.
Environmental and Experimental Botany. 27, 6-14.

Pidwirny, M., 2006. Infiltration and soil water
storage, Fundamentals of physical geography.
Cengage Learning Press, Canada.

Rehg, K.R., Packman, A.l. and Ren, J., 2005.
Effect of suspended sediment transport on
streambed clogging. Hydrological Processes. 19,
413-427.

Saeediyan, H., Moradi, H.R., Feiznia, S. and
Bahramifar, N., 2014. The role of main slope aspects
on some soil physical and chemical properties (case
study: Gachsaran and Aghajari formations of Kuhe
Gagh and Margha watersheds of lIzeh township).
Journal of Watershed Management. 5, 9. (In Persian
with English abstract).

Siriwardene, N.R., Deletic, T.D. and Fletcher,

T.D., 2007. Clogging of stormwater gravel
infiltration system and filters: insight from a
laboratory study. Water Research. 41, 1433-1440.

Tomlinson, G.H., 2003. Acidic deposition, nutrient
leaching and forest growth. Biogeochemistry. 65,
51-81.

Zhang, M. and Mcsaveney, M.J., 2018. Is air
pollution causing landslides in China?. Earth and
Planetary Science Letters. 481, 284-289.

Zeng, Cui., Gao-Lin, Wu., Huang, Ze. and Liu, Yu.,
2019. Fine roots determine soil infiltration potential
than soil water content in semi-arid grassland soils.
Journal of Hydrology. 578, 124023.

A

W

A% §
-
N

VEe e Gl oF o )lads « 20595 0,90 ¢ s pyle aolilad

VFY


https://www.sciencedirect.com/science/article/pii/S0022169419307504#!
https://www.sciencedirect.com/science/article/pii/S0022169419307504#!
https://www.sciencedirect.com/science/article/pii/S0022169419307504#!
https://www.sciencedirect.com/science/journal/00221694
https://www.sciencedirect.com/science/journal/00221694/578/supp/C

Environmental Sciences Vol.19 / No.4 / Winter 2022

131-144
Original Article

Interactive effect of slope aspect and rainfall intensity on soil
permeability compared to acidic rainfalls

Hamzeh Saeediyan!” and Hamid Reza Moradi?

! Department of Soil Conservation and Watershed Management Research, Kerman Agricultural and
Natural Resource Research Center, Agricultural Research, Education and Extension Organization,
Kerman, Iran
2 Department of Watershed Management Engineering, Faculty of Natural Resource, Tarbiat Modares
University, Noor, Iran

Received: 2020.12.02  Accepted: 2021.08.30

Saeediyan, H. and Moradi, H.R., 2022. Interactive effect of slope aspect and rainfall intensity on soil
permeability compared to acidic rainfalls. Environmental Sciences. 19(4): 131-144

Introduction: The amount of soil permeability depends on the size of the holes, concentration of liquid, and
surface tensile force. In fact, factors affecting the initial porosity are also effective in permeability. The results
of different research show that soil permeability has been prioritized in different researches. In Iran, various
research has been conducted on soil physical and chemical properties and their relationship with permeability.
This study was conducted based on infiltration field measurements under simulated rainfall conditions in order
to determine the penetration rate and interaction effect between slope aspect and intensity of precipitation
relative to acidic precipitation on Aghajari and Gachsaran formations.

Material and methods: In this study, in order to determine the interactive effect between slope aspect and
rainfall intensity in soil permeability compared to acidic precipitation in the deposits of Gachsaran and Aghajari
formations due to the existence of petroleum pollutants and air pollution, a part of Gypsum and Margha
watersheds of Izeh city with an area of 1202 and 1609 hectares, respectively, were selected. Then, soil
permeability was sampled at 16 points with three replicates in rangeland land use in the northern, southern,
eastern, and western aspects of Gachsaran and Aghajari formations at different rainfall intensities of 1 and 1.25
mm/min and in precipitation of distilled water, as well as the acidity of 4 and 5 were performed using
Kamphorst rain simulator.

Results and discussion: The results showed that in Aghajari formation, the interaction effect of slope aspect
and rain intensity, as well as rainfall intensity had the highest sensitivity and slope aspect had the lowest

* Corresponding Author: Email Address: H.saeediyan@areeo.ac.ir


mailto:H.saeediyan@areeo.ac.ir

el 50 (b Gad g als cya i i

sensitivity to soil permeability compared to acid rains. However, the Gachsaran formation showed uniformity
changes compared to acidic precipitation and showed positive effects on slope aspect and rain intensity and
interactive effect of slope aspect and rain intensity in almost all three concentrations. In addition, by increasing
the amount of soil permeated with acid rains, the amount of soil porosity increased, this case was due to this
type of contamination on the main ingredients of soil and washing soil bonds. Of course, slope aspect different
amounts of clays in both Aghajari and Gachsaran formations, is more influenced by soil permeability than
acidic precipitations. The existence of different organic matter in the main aspects of the slopes, especially in
the northern and eastern slope aspects, creates a more complex situation in electrical charge changes, which
necessitates further research to understand this complex mechanism.

Conclusion: In general, by increasing the acidic degree and increasing the penetration time, soil properties
were changed, including the resistance characteristics and bearing capacity of the soil, which in turn, due to
the amount of clay and different organic matter, caused more influence of acidic precipitation on soil
permeability.

Keywords: Slope aspect, Aghajari and Gachsaran formation, Soil infiltration, Acidic rain.
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