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Wind erosion is one of the destructive processes affecting soil in arid and semi-
arid regions of the world and poses a serious threat to soil resource sustainability.
This study aimed to analyze the impact of physicochemical properties of soil and
surface gravel cover on wind erosion intensity across different geomorphological
units in eastern Isfahan. A total of 27 soil samples were collected from nine
different geomorphological units. The physical properties (soil texture, gravel
percentage, bulk density, saturation moisture) and chemical characteristics (EC,
pH, calcium, magnesium, potassium, calcium carbonate) of the samples were
determined. Wind erosion simulation experiments were conducted using a wind
tunnel device at three levels of gravel cover (control, 15%, and 30%) and at three
wind speed levels (threshold, twice the threshold, and four times the threshold).
Data were analyzed using three-way ANOVA and multivariate regression. The
results showed that increasing gravel cover percentage significantly reduced
wind erosion intensity across all geomorphological units. Higher wind erosion
was observed in soils with high clay content and salinity. Multivariate regression
analysis indicated that calcium, magnesium, and calcium carbonate had the most
significant positive impact on increasing soil resistance to erosion. Additionally,
increasing wind speed exponentially raised soil loss, especially in sensitive
landforms such as playas and mining areas. The combination of favorable
physicochemical properties and surface gravel cover can significantly reduce
wind erosion intensity. The findings highlight the necessity of conservation
planning based on regional soil characteristics and wind speed for effective
desert land management.
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Extended Abstract

Introduction

Wind erosion is one of the destructive
processes affecting soil in arid and semi-arid
regions of the world and poses a serious threat
to soil resource sustainability. This study
aimed to analyze the impact of
physicochemical properties of soil and surface
gravel cover on wind erosion intensity across
different geomorphological units in eastern
Isfahan. A total of 27 soil samples were
collected from nine different
geomorphological units. The physical
properties (soil texture, gravel percentage,
bulk density, saturation moisture) and
chemical characteristics (EC, pH, calcium,
magnesium, potassium, calcium carbonate) of
the samples were determined. Wind erosion
simulation experiments were conducted using
a wind tunnel device at three levels of gravel
cover (control, 15%, and 30%) and at three
wind speed levels (threshold, twice the
threshold, and four times the threshold). Data
were analyzed using three-way ANOVA and
multivariate regression. The results showed
that increasing gravel cover percentage
significantly reduced wind erosion intensity
across all geomorphological units. Higher
wind erosion was observed in soils with high
clay content and salinity. Multivariate
regression analysis indicated that calcium,
magnesium, and calcium carbonate had the
most significant positive impact on increasing
soil resistance to erosion. Additionally,
increasing wind speed exponentially raised
soil loss, especially in sensitive landforms
such as playas and mining areas. The
combination of favorable physicochemical
properties and surface gravel cover can
significantly reduce wind erosion intensity.
The findings highlight the necessity of
conservation planning based on regional soil
characteristics and wind speed for effective
desert land management.

Methodology
Data were analyzed using three-way analysis
of variance and multivariate regression.

Results and discussion

The results showed that changes in soil
properties and gravel cover can significantly
reduce wind erosion. One of the most
important findings was that soils with a high

percentage of clay and silt, such as
agricultural lands and hillside plains, are more
susceptible to wind erosion than sandy soils.
This effect is especially noticeable in soils
with higher salinity. These results are
consistent with previous studies that have
shown that finer-grained and more saline soils
are more susceptible to wind erosion.
Therefore, in areas with fine-grained and
high-salinity soils, the use of soil amendment
techniques such as increasing calcium and
magnesium in the soil can significantly reduce
wind erosion. The results also showed that the
percentage of surface gravel plays a key role
in reducing the intensity of wind erosion.
Gravel cover of the soil surface, by creating an
obstacle in the wind path and increasing the
surface roughness, reduces wind speed near
the soil surface and prevents the detachment
of soil particles. This effect was especially
pronounced at higher wind speeds, indicating
that gravel cover plays a vital role in reducing
erosion during severe storm conditions. In this
study, increasing the percentage of gravel
from 15% to 30% significantly reduced soil
loss, especially in sensitive geomorphological
units such as playas. Comparison of different
geomorphological units showed that lands
with suitable physical characteristics (such as
alluvial plains and developed alluvial fans)
showed greater resistance to wind erosion
than more vulnerable lands (such as mines and
playas). In particular, at higher wind speeds,
units such as mines and playas that lacked
vegetation and sufficient gravel cover
experienced a sharp increase in erosion rates.
This result is consistent with previous studies
that have shown that lands with poor or no
gravel surface cover are more susceptible to
erosion. In particular, these units are most
affected by dust storms and strong winds. In
this study, the interaction effect of wind speed
and gravel cover on wind erosion rates was
clearly observed. In all geomorphological
units, increasing wind speed caused a
significant increase in soil loss rates, but this
increase was much more severe in more
sensitive units such as mines and playas. At
higher speeds (2 and 4 times the threshold
speed), differences between
geomorphological units became more
pronounced. At these rates, more resistant
units such as alluvial plains remained stable
against wind erosion, while other units
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suffered a sharp decline in soil quality. This
observation emphasizes the importance of
considering climatic conditions and regional
characteristics in designing strategies to
combat wind erosion. The results of statistical
analyses of this study (such as three-way
analysis of variance) also showed that soil and
surface cover characteristics interact to play
an effective role in controlling wind erosion.
Also, regression analysis showed that factors
such as calcium, magnesium, and calcium
carbonate have the greatest effect in
predicting soil resistance to wind erosion.

Conclusion

Combined management of soil
physicochemical properties and application of
surface coverings can effectively reduce wind
erosion and increase the resilience of desert
soils to dust storms. Based on these findings,
several management  suggestions  are
presented to reduce wind erosion in arid and
semi-arid areas. First, in areas with fine-
grained and saline soils, the use of soil
amendment techniques such as adding
calcium and magnesium or other minerals can
increase soil resilience. Secondly, the creation
of surface gravel covers in desert and
vulnerable lands, especially in areas with
strong winds, can have a great impact on
reducing wind erosion. Thirdly, in areas
facing high wind speeds, the use of multiple
protection methods such as mulching, creating

References
Argentina. Journal of Arid
Environments 69: 29-39.

4. Colazo, J.C. & Buschiazzo, D.E. 2010.
Soil dry aggregate stability and wind
erodible fraction in a semiarid
environment of
Argentina. Geoderma 159(2): 228-236.

5. Erpul, G.; Gabriels, D. & Janssens, D.
1998. Assessing the drop size
distribution of simulated rainfall in a
wind tunnel. Soil and Tillage research
45(4): 455-463

6. Fryrear, D.W.; Sutherland, P.L.; Davis,
G.; Hardee, G. & Dollar, M. 1999.
Wind erosion estimates with RWEQ
and WEQ. In Proceedings of
Conference Sustaining the Global
Farm, 10" International  Soil

drought-resistant vegetation, and regulating
soil structure is essential to prevent soil
particle loss. This research emphasizes that to
effectively combat wind erosion in arid and
semi-arid areas, soil management programs
should be designed regionally and in
accordance with the specific characteristics of
each landform and climatic characteristics.
Finally, this study can be the basis for future
research in the field of wind erosion modeling
and assessing the effects of climate change on
soil dynamics.

Keywords: Wind erosion, gravel cover, soil
properties, wind tunnel, geomorphology of
eastern Isfahan

Funding
There is no funding support.

Authors’ Contribution

Authors contributed equally to the
conceptualization and writing of the article. All of
the authors approved thecontent of the manuscript
and agreed on all aspects of the work declaration
of competing interest none.

Conflict of Interest
Authors declared no conflict of interest.

Acknowledgments
We are grateful to all the scientific consultants of
this paper.

1. Armbrust, D.V. 1987. Principles of soil
erosion: detachment, movement, and
deposition. Reprints-US Department of
Agriculture, Agricultural Research
Service, USA.

2. Bottomley, P.2014. Methods of Soil
Analaysis.  2nd  Edition, Acsess,
Orgegan.1094 p.

3. Buschiazzo, D.E.; Zobeck, T.M. &
Abascal, S.A. 2007. Wind erosion
quantity and quality of an Entic
Haplustoll of the semi-arid pampas of

Conservation Organization Meeting,
11-12 May, Purdue University. pp.
760-765.

7. Gomes, L.; Arrue, J.L.; Lopez, M.V,
Sterk, G.; Richard, D.; Gracia, R;
Sabre, M.; Gaudichet, A. & Frangi, J.P.



Geography(Regional Planning), Vol 15, Issue 59, Summer 2025

398

10.

11.

12.

13.

14.

2003. Wind erosion in a semiarid
agricultural area of Spain: the
WELSONS project. Catena 52(3-4):
235-256.

Li, F.; Zhang, H.; Zhang, TH. &
Shirato, Y. 2003. Variation of sand
transportation rates in sandy grasslands
a long a desertification gradient in
northern China. Catena 56(3): 255-275.
Liu, M.X.; Wang, J.A.; Yan, p.; Liu,
L.Y.; Ge, Y.Q.; Li, X.Y.; Hu, X.; Song,
Y. & Wang, L. 2006. Wind tunnel
simulation of ridge tillage effects on
soil erosion from cropland. Soil and
Tillage Research 90(3-4): 242-251.
Lopez Sanchez, M.V. 1998. Wind
erosion in agricultural soils: an
example of limited supply of particles
available for erosion. Catena 33(1):
17-28.

Nordstorm, K.F & Hotta, S.H. 2004.
Wind erosion from cropland in the
USA: a reviw of problems, solutions
and prospects. Geoderma 121(3): 157-
169.

Page, A.L.; Miller, R.H. & Jeeney,
D.R. 1992. Methods of Soil analysis.
In:  Chemical and Mineralogical
Properties. Soil Science Society of
America, Madison, Wisconsin. pp. 56-
71.

Skidmore, E.L. 2000. Air, soil, and
water quality as influenced by wind
erosion and strategies for mitigation. In
Second international symposium of
new technologies for environmental
monitoring and  agro-applications
proceedings, 4-5 October, Tekirdag,
Turkey. pp. 216-221.

Sterk, G. 2000. Flattened residue
effects on wind speed and sediment

15.

16.

17.

18.

19.

20.

transport. Soil Science Society of
America Journal 64(3): 852-858.

Van Donk, S.J.; Liao, C. & Skidmore,
E.L. 2008. Using temporally limited
wind data in the Wind Erosion
Prediction System. Transactions of the
ASABE 51(5): 1585-1590.

Yang, S.; Lianyou, L. & Ping, C. 2005.
Areview of soil erodibility in water and
wind erosion research. Journal of
Geographical Science 15(3): 167-179.
Zhang, Z.; Wieland, R.; Reiche, M.;
Funk, R.; Hoffmann, C.; Li, Y. &
Sommer, M. 2012. Identifying
sensitive areas to wind erosion in the
Xilingele grassland by computational
fluid dynamic modeling. Ecological
Informatics 8(3): 37-49.

Zhao, H.L.; Yi, X.Y.; Zhou, R.L;
Zhao, X.Y.; Zhang, T.H. & Drake, S.
2006. Wind erosion and sand
accumulation effects on soil properties
in Horgin Sandy Farmland, Inner
Mongolia. Catena 65(1): 71-79.

Zhao, Y. & Pei, Y. 2010. A study on
distributed simulation of soil wind
erosion and its application to the
Tuhaimajia River Basin. Procedia
Environmental Sciences 2(1): 1555-
1569.

Zobeck, T.M.; Baddock, M.; Van Pelt,
R.S.; Tatarko, J. & Acosta-Martinez,
V. 2013. Soil property effects on wind
erosion of organic soils. Aeolian
Research 10: 43-51.



I AN 7 2
» * 0 .
V€& Ll 09 o lod Y0 0,93
YYAY= YOV oIl LS YYYA —5¥SY : ols LLs
Journal Homepage: https://www.jgeogeshm.ir/

iy 3 allds

51 00l b oylacuo (350 )3 (93l (rialw B ol 1 031 Siaw iy § S Oluogad 5l Julos

b Bigi sl yiv bl

ulfl ‘ULE(Q"" ‘ULQ(&.o‘ (S0 olKuiily L;a:...‘o c.:Luc (ewdigeo )Ly.ub —%b.ﬁ‘} M)S Lb)-\-:&é
ul).sl ;u‘.Q(m.ol (S0 o Kisls “_;v...Jo C;Luo (WA oasishy Tye (gwARe g (>9.Lc L;)ISJ d}MID - w J.SLC L
ul);l ‘uL@(mol W olKiisly ‘G:Mjo éJLA u_w.h.@(o 0dSisly ;d)l.} )4.701 9 e)n uw.h.e(o ML.M:)K ‘_597:4.».)].) - ".MM'; JDLG wlé

LXVCCY

Al wledb!

o s g lee Siddag 5 Sts 3bls 0 SB e o] 51 S s 4 ool Gl B
Oibsy 5 S lerdgSosd o Shy b Jibs Bua b simgh ol g et 4 SB glie (sl
ol g3 e el (lediol (58 ilisee (Sofgledygeg) ladnly ) (o ialed GAS p (rdaw 05K
sy S k) (Susd sla Sy b cuily diliie Suiglshyeess doly 5 S wiga YV caslllas
ol D)8 oty cuajiie uandS PH CEC pliond 5 (bl gl (5,0l ogaso p o5y S
Dby gdaw dw 2 Pigi olKued ool b ool Gioluyd (gilwands o yiolojl (S i badiges
A5 bl (Wbl s il s g il 93 clin] 4n) 3b sy prbas dus 53 5 (Vo7 5 107 chals) (glojy S
o) Gluljalas ol i bt 8 )5 Lo 0 pstiedin yaewySy g (oledw (il lg Judoo 5l eolaul b sl
S 55 0l ials (S55lsd)9e85) gabaw den )3 1) (o3h ol G (5)bliae yob & 03 Ko by
0,8 Ao ool (g Sy S5 g ey (93b lale B Glie Vb (5598 5 o) VL 2o i
Oie B Sl gl p> S Cuoglie IR 2 1y e b iy rnlS Sl S g e ondS
cole 5 L e ol (slap 0 ) 09 il SB )0 e led Gl cerge ol o pus 58]
©ab (g JB gk 4 Slgie shoj Siw (rdaw hdg dbul 5 cuslie plendgSuid la Shy S 5
ldbaie s Shy 2 s Bl Ghyaeln ©p9ps Gimgh cnl Glasl ey Gials | o3b sialeyd

88 o 1S 1) Sbly ool Cupte y3 0b sy 9 S

FeA-TA0 1 lxduo 0 lows

9 oSl (gly 263 ol 3
Ol
o3zl T g0 4 Al
S

Ok=A0]

[=]x
fgals glaojly
Sy b il
SE glo Sy o sloj K
G Sisshsess Wb Sy

oleds!

» o}g;i).w wy 9 Sk Ulﬁa&,ﬁk& ).y;t; Sl LFF) caobld s oo g (gige s Jole ¢ Ls jaues 03l o35S !
YAD(D)D (] adlaio (53, 40l ) Ll i daliind 3L Jigi (g yiislol 51 o3t U yledus! (i 13 (630 (yiis luw 8 il

DOI: 10.22034/jge0q.2025.526593.4280

-

karimzadeh@iut.ac.ir: Suig s8Il Com 03l 02y Lo yhses 1) giwmno Bkianngs



VEF il D% o)l V0 093 o g1 dblaio (5305 40l 1) Ll pie dolibnd Fou

LYRYT
S92 (S 9 29y sleddy lor Sudddess g St blie 1> SB o5 glaanl b iee (S o3k ol 2
GBS Oldgy o5 a3 oy cal (VAT ((218)) 3950 guime (Sl GlaolKigSw 5 (55)5liS sl @lie (52
b eo SB D Couw)y g Joo (b 1 cage g bl o (gl DS )d 3525 1ud gladl g Sl (SN b
g o xBly Sl dow 5 S oul8l )5 49ulS Carwg jl pow 93 &S ol > Zhao & Pei, (2010<Gomez et al., 2003)
o 5 SB 035 Jolse ibol S (o ol tabop i e S5 bbby |y (o3 51 S gelus ¥ 305
(B ol llps g oldlie Cundse Jdda plodeol 355 adate (WA (8o g )3 (o )S) 39550 lod 4 (b
et ul &YLo (S5k (5lee 3550 ogmne Sl 550 50 s Lite 5 ool Ginlp ol (slagglS dlos i
509w Wilo Sl slacdlid ()l ogMe sl sguome by () (b (BUS Jidg g 039 yie( e B 5l S
ogSutie) o ailate oyl )3 (93l Ll it Carge ol qlie o5 g cwle g (1b 9 &5 (oo 5l gy o bl
aiwd ¢ 4 ol ad &S ol Jeledis g ol Wnld K (ool Liole B (WWAY () Kan g (caen] AYAY () Ken 4
('Yang ¢ Skidmore, 1974) ¢ Sl yd <)08) o slo S g (s pdinle B) SB b Cluogad )l (S Jolgs
5wl e o T 03le cusby lzse 0K dioyd (STl las SB lard 5 Sojud Sluogaset al., 2005
;I (Colazo & Buschiazzo, 2007 ¢ Liu et al., 2007)5,ls SB 503 yisloyd e 50 (s sl (i ¢o0 juio
ole o diten SB @l ol g bl an18 eaiS IS (g Jelse plsied ol Caz g Ce g (S5 (sg
e plos a1 L Wlg5 oo (slofs K by )13 (lofug Cononl (oo (glaofy Siw 3929 (S (raw Sluoguas
LS ol lolyd Al (RS )3 (65350 A e pdaw (505 a1 g 0ad Jlasl (G (g9 Oliee S (SB L SL
SB cdyyun yials )0 0 S sy Mo yd (B w4 (oo Sladllas  wlal e p(Fryrear et al., 1999).
Sl 1y (ool Gialwyd ud lgi e (6ylolime yob s o3, Kiw iy il 48 canl odly lis Wl gols ¢ wlaslyy
5 b sl p She slaanld 58 calis (o) et I (LOpez Sanchez, 1998.<Armbrust, 1987).as
soasly slply (Bhb 3 Slge b G Shy 9 SB olerdsS b Cluogad 0h)Kiw g2 by )5 ]
5 rrt Sl conlio 3] b 5 s K] (slasloannd 31 oolitel A8k 5o taluyd S 5 Syt
L b be olKuwss( Erpul et al., 1998 ¢ Zhang et al., 2012) cuol )15 LB ¢ onds S balys jo SB ks, oo
Ol g ot bl b o p i gla )l Giom Sl (SB ladiges g9 0l Gl (glacs o slx]
(SligyS ol e S oS gmen SB I3 Jelge Coenl 5 by Slalllas 13.0,9] 0 oal3 1) S ) pam
Zhao et (al., ¢ Prasuhin, 2012)cul sas 18T (ool Gialuyd a4 S cawlus i 1> I opyS g (S0l colin
(S phoiebeyd el g SB LY (Sugy 392 3 mjsie 9 meels Wl (185155 (slo (19l A (ol 55b4:2006
o8l ol 4 455 L Van Donk et al., (2008¢ Gomez et al., 2003) cuwl 48,5 5,8 d>g5 350 diaie Ol jd
oS30 8L (lojan yoboay o8 Slidios ol (ol Sl B iy 3 dilato ol (VL gyl 5 ladiol (58 2 oS
stiwly )3 pol gl sl Jl3)05 0 oy Cumal S (awyp |y 0 S by wiile (raw Jelge g SB (S
ilate S (o3 Galop ©aD )3 032Kt (s 9 S alesdsSejed Olusgas S oo Gan b sciygpd oyl
Sl & Wy simgi ol mlicusl ous plsl sl Bg o ilejl J) Jols claosls j) oslitul b g ¢ lodol 5y
5 SB glio jl cblis 5 (b palwp (als sbasly (b (bl o] dure Copde clp )8 cla)lSal,
Sl (sl olis i adllas o) Sloatily pizan, &5 Ko 5088 Kidan 5 Sis Gblio > alS (g

23l SB alsy 1 edld] Sl SIS L5 5 o0k Gl (ildie a5 0aiyl eSS

W g, 9 dlge


https://journalyab.com/listings/agriculture-and-natural-resources/
https://journalyab.com/listings/agriculture-and-natural-resources/
https://journalyab.com/listing/%D9%BE%DA%98%D9%88%D9%87%D8%B4-%D9%87%D8%A7%DB%8C-%D8%AA%D9%88%D9%84%DB%8C%D8%AF-%DA%AF%DB%8C%D8%A7%D9%87%DB%8C/
https://journalyab.com/listing/%D9%85%D8%AF%DB%8C%D8%B1%DB%8C%D8%AA-%D8%AE%D8%A7%DA%A9-%D9%88-%D8%AA%D9%88%D9%84%DB%8C%D8%AF-%D9%BE%D8%A7%DB%8C%D8%AF%D8%A7%D8%B1/

Fa w3l il b s 03K b § SB Slasgas il oo« od g 0315 02,5

5 el ool (58 adlato )3 (3l ol yd ©AD 0y Gidg 9 S sy Sy Sl oy p polateds Glagl
B Oleduol s 3550 5l jragh Yol j2eS alols 1 g 39,0405 jusul 03 )3 clpl (555 p0 M )3 adlllas 3)50 allaie
Slod Glelar)] o o Lo YO+ U g bacudd (o o doo B+ 29 AVl (o)l ko b Sis o8l gl ddlate opl )l
Jols )5 ly A ol bl g s dibaie (GGelsdigerss add bl (glopisel Caa (VAT ¢ 2)) cul
bl (o8 pl ey g U ¢(g5yoliS paej e gldiold Cubd cdulo g pid g @S (dlro Bl JolST g e (ladiSélbg e
diges 43,5 dpd diged TV gaeme )0 &5 Wb Cudldy o Blu Y U+ Gos | odaw SB dges dw sols 2 10005
Jito oSiylojl 4 (olordsSosd sl Shy o Caa g Bab 03l yoe (syte e ¥ Sl ad Sts gl ey
9 il glS gy b ogatte p (Seg)d (hg) ¢ S Bl w0 S oy Jold (58 b Sh Bad
oo jo couanalS” 500 ¢ (PH) S 4yl ¢ (EC) (S oSl colan Jolis 50 obowd (sl Shg . (605 05l) gludl Cughs
ol Ll (gilodend (sl 200)8 o £ 0l (slo gy Gillao T 258 g S el oS’ SlipsS ool s
VALY (ool slace po 590 0B Jig5 ol b odlitol bl  sxio oSy ol s olisloj] sl g5 olKiws I ¢ ool
s dw j3 g (A¥+ 5 700 cnli) o3 Kiw g g dw o bdigas. 1S sl ¢yt lo Yo g5l )3 1y agl b e
pbol lole aw g u_eal@)'iplf b B o ool ais 5 51,8 (bl do ply Jles g ply g0 bl do s ) Cas o

00,8 o o pxiedin yamw)Sy 9 eyl Julod 5l edlanl b baosly 5 aiuds

ile B g9 ol sl o3gy (), Ringy g5 3590 050 o)y 35 Glrody (ke | e Ol 4 o3k el B
Dby, o Siddess 5 S Gblio 3 g0 2k (59,5 b s S S Cgu) g Jil (gjlolir alp el o
> a0 opl wy 0 Cuonl Fryrear etal., (1999 S\YAY  als)) o)y (s i il «Canl 057 (S8,b 9 cans 2LS
Sliagd g JkegnS claglish sbnl (gjpsliS ol gilols (ials SB ple o g ol 03y
el (Zhao & Pei, 2010.¢ Armbrust, 1987)cusl oas ;83 calisee clilllas )5 Iy & (eoladl 5 layxocuns
Uil a5 33,8 wSTFryrear etal. (1999) wiges (sly laisls ool Liaboyd p 530 sopmdlSo o)y 4 (sd2xk0
oklopez Sanchez (1998) « pired g6 yuin SB 15y Cooglio 5oL by (g9, 4 Jad o ) (Jaslyd > (0L
e 0y s BB SIS 5 (o Slyests 5 305 3 Joo T3 )58 )3 (gl 5 ok g g St oS 35
L (WWAY) 2l .cusl ai8)S &yao (0L islwyd diej pd (glodyind Cladss 55 olpl j2.055 o dlu] (ool ol s
ol a3l dit p | Gl JymS 53 SB olend 5 (S3d la Sy CAlS Conal oy ol (LS Sl (o)
Luoly cpl )3 g st (63 ol yd dxtue ol pl SB pow 43 5 i 4 20 L 35 (WAA) LS g 4l o )S
Disboyp 5 5 5 lle 1 53 2 llle b (WWVA) (oolaisl g (gasl cizgon 35 (Gl 958 Sk o e
Glidos ) f5e sb3)Sg) 5l (S x2S Sl Gialuyd oliee (B8l 3 (daw by e B 9 (o) SIS
Erpul et al. 5. Zhang et al. (2012) cul 3L by ol le 2alKislojl (clajloduss 5l odlitwl (ool yiolw 3
oS oyl 53,5 LB yme S @l dilias] s by s g Ll gjlodnnd gl cuslio gyl 1) 3L L53(1998)
Sl ity (o8 (slmosls 5 45 oo wl,3 |y SB35 5 0K liwe 3k sy 13be RS kol S8 IS
o yiehl 58 4 e Gldlas (ool isleyd 5 S Slaosas 13l aiej ,» (Van Donk et al., 2008).ax5
Gomez et al. (2003) clasios .iled S 0,lsl S5 (ol y9lS 5 (I 03lo cpmundS 5l )S 033,50 duopd «SB- il ylis
5 melS L) asVlsd (elo sl 3530 5 (Lo 8 Sl (55 S ) S il a5 Wlesls Lis Yang et al. (2005)
O R0 (g Iy il s SB Coplas (s 53 (045 (38 S o S O (08 dgSgld s oS (w500
oil38l as” ausl yo. Fryrear et al. (1999) cuwl a8 )3 j18 Ly 0590 o)l (o3b Giolwyd ials o odaw slae ) ,Siw
(Sl ialS 4ol 53 g (e aw 53 3k Cas s BN (a6 ) Sl cage S e (glojy Siuw by, Ao


https://journalyab.com/%D8%A7%D8%B3%D8%AA%D8%AE%D8%AF%D8%A7%D9%85-%D9%BE%DA%98%D9%88%D9%87%D8%B4%DA%AF%D8%B1-%D8%AF%D9%88%D8%B1%DA%A9%D8%A7%D8%B1/
https://journalyab.com/%D9%85%D8%AC%D9%84%D8%A7%D8%AA-%D8%B9%D9%84%D9%85%DB%8C-%D9%BE%DA%98%D9%88%D9%87%D8%B4%DB%8C-%D9%85%D8%AD%DB%8C%D8%B7-%D8%B2%DB%8C%D8%B3%D8%AA/
https://journalyab.com/listing/%D9%BE%DA%98%D9%88%D9%87%D8%B4-%D9%87%D8%A7%DB%8C-%D9%81%D8%B1%D8%B3%D8%A7%DB%8C%D8%B4-%D9%85%D8%AD%DB%8C%D8%B7%DB%8C/
https://journalyab.com/listing/%D9%BE%DA%98%D9%88%D9%87%D8%B4-%D9%87%D8%A7%DB%8C-%D9%81%D8%B1%D8%B3%D8%A7%DB%8C%D8%B4-%D9%85%D8%AD%DB%8C%D8%B7%DB%8C/

VEF il D% o)l V0 093 o g1 dblaio (5305 40l 1) Ll pie dolibnd Foy

O97ed 08 daw cla yiiey wisly ASTT a5 i «0l,) Armbrust (1987) Lawes 1o  aolive gl 09 0 S o)
iSon 5 g8 ¢ J315 Sl ;5.558L by 3bbs 53 Gisboyd b S35 3 Jols g Alion ooy S
g 45,8 oaabie (o3 ialwp (liee 5 (BLS g )BT ©AS ( 5)bline daily )y )] B (g b (VWAY)
oo 5 (glon] pizad D)l Sl jad g (2LS ey j28 b eaiiee byl (il cond il asm ol olis
o9 soolSiunj CubsS sl 81 5 lolis |y (ool Ginluyd (lj3l 2 e Jalse luls by dilaie ;> (VYAY)
2 ogdle (Buod cul 3l W8S iy 3 |y rele 305 95 bl 4 ISTL pols iegly 08 (yp )
i)l S Cdypan e 3 2k cilize Gt pu g 02K Gy (R SE olendso i o Sk s pSojll
Gud g hline job ) (AY+ o 400) oddaw o3 S ide dopd ial3al 4 waly L dddllas ) slaodly awl ol
2 &S Cawl g Slalllas b gunons a8l ol Page et al., 1992). ¢ (Bottomley, 2014105 o yials 1) (g3l yislo )
Mo pwimen( LOpez Sanchez, 1998.: Gomez et al., 2003)us,b aSt S pdaw 1 cblis )3 o5 Kiw i
1 25 Gty el SlipsS 5 ks ot dS (sl el 45 Sy (L5 o5l 3 00 plol o peitaniz s S)
Zhao et al. (2006) 4 Pei & Zhao (2010) slaasl b gols opl .6l (o3b Lisleyd ply 3 SB Cowglio iljél 5
For olSiwd jl ookl ccules 13,0, JolS cdsllas (15,8 0Ll S plSoxianl il 381 1> saiiS s (gl el i 4y a8
03,8 wald (3 ol sl 38> Jod 3 Miadsyl ()l (SB dypam lie g bl do ey s (sl 3L
9y aBislejl 5 anb byl o gl i olacodgize s> ya (Zobeck et al., 2013). ¢ (Sterk, 2000)c.w!
Cd b1y Ll yd Gld g oo Lide « S Slaogas e e blg, Jubo el ol Bss j Lol ool Lol s
S g Cupis & €85 wn lie ioihs il Job @l 5 ety SlaES Ng) 4 dog LS eal VL
S Shs b cslite 30,aab0 5 50 (s (sla s o3Mital (S 5 sla Sy & 5 pikiues S5 3blio
glie bt (53l inlsd 51 36 Jasmatens Shlas A )3 s s & 13155 sl (il el dilais (ol

S ol bl Slaptensss] (sl GBIy SB

Waisly iy

SO Srisphile B g B obomdsSjud B S g U Jdov
Ol Wlge WSSy ool 4 3yl 8 olesd 5 (SKjd sla Sy 5l Slegeme 1L cov S (pl il
0305w 2> ez 5l (e300 (6l Shrg gt cnl > (WAY () S i ]y b (52 69585 2l 5> SB Cuaglie
Sl yS oy smaes it uaenlS PH  (EC) (S sl culin celidl cugl) (e «s 2 ogasce p 2 S5
o 1o 2l oy it 53,05 sl 53k s @15 L b Bl 9 6,5 15 it 3,50 T 08 5 el
(Gomez )as ls ol b v s e 4y ¢y Camlus (08) pasd > Slyd dy Camd () 5 Sdaw) 30, @l a5l
@ Comd (b oo dleld Cubd judis) YL () oy il sladiges a5 ob L baiged Juloo glotet al., 2003
Lopez Sanchez slaaidl b gued gols cpl 35l syt spdyiolwyd (dwle g opb (dlee Lile) 5 b (sladiges
ladiges 0 S Lo ate jlag 03,5 By (o3b alud plp 3 ppdical |) @i, eSS oS 55,(1998)
2 obo i Jole pl a8 Wdgr (ddaw 03, 31 oYL dod gyl dwle g o dlee g Al oSS slaaiséllbg e
s 0,50 oS (£jysliS eloiye) 5 LML oS Llis ,> (Bottomley, 2014). 55 ] (ool Lisloyd ialS
e (slo iy S a5 15,5 5155 35, Fryrear et al. (1999) wisly ol 1, S céyyin lie oy izl (o5
st B b &1y il > S5 Canglia o515 gl 3l et oo 0lS 5 (o) el (55 I3l b
6ol (cs5yslaS” 28 ] s wiilo) 5L bl gy 20y L albdiged 48 oo (Lt gl sl (s - i3 0 ]38
SB Cugby e il 5 00,8 by a5 cusly callas Armbrust (1987) zol b abl ol .ol ob ply j> (s puin


https://journalyab.com/listing/%D9%85%D8%AF%DB%8C%D8%B1%DB%8C%D8%AA-%D8%A8%DB%8C%D8%A7%D8%A8%D8%A7%D9%86/
https://journalyab.com/%DA%86%D8%A7%D9%BE-%D9%85%D9%82%D8%A7%D9%84%D9%87-%D8%B9%D9%84%D9%85%DB%8C-%D9%BE%DA%98%D9%88%D9%87%D8%B4%DB%8C-%D8%AF%D8%B1-%DA%A9%D9%85%D8%AA%D8%B1%DB%8C%D9%86-%D8%B2%D9%85%D8%A7%D9%86/

F.o¥ w3l il b s 03K b § SB Slasgas il oo« od g 0315 02,5

sbge gled G ems oy gn Jl ges ol cel
(388 sy b LDy i) SYLEC L cocSs o8 555 ] J (ST (EC) auSls (080 clin oy el i 53
SB oYU (g9 2zl ol a5 5 b 1,8 Zhao & Pei (2010) (slaaidl sliwly )3 ggdge opl \Ldgr o )50 dxius il
ol SB Lol (olayeslS Jdow pomen.and Gials 1) ob gy plp 0 ol Cuglie § camas |, SB ksl xlg5 o
Cawl 0 (gl ol ialS Coge (Aiwa SB Glyd oY 65618 Dbyl Jole aS) o1 a0 5 paanlS” SYL y0lds 4" ol
Cuoglie dadiges plo b duslio > (4Bl JolSS sladiSélby e dile) muudS YL polie sl sladiged «auios cpl 5o
ol 5 4 S Ol )S 5 paaolly o e omundS” (gl pusiio aS B> LS laodly (g9 y1 0 purionin yamw,S ). A0 LiS 6 5YL
2 SB oasS el dlge (9938 Cusdl ggd50 pl ) (0L Lisluyd wly D LEB Cwglie dwyiw 1y Bl o yde
asdllas Couenl 505 5 gk 5l Lisu cpl jl Jols ol sl e diwa g |y Sble b SB cous g ol bl copae
Crined XS o 2l (63 Ginloyd S8 5 b glie Copte (iyaalp (lp 1y SB obondso3d sla Sy 3>
b 29 dog jo S S sla Sty Mol 4 b cglog S Livdes dile oxaw lolidl JLS )3 a8 3¢5 0 15T

2l a8l g Gialoyd ply o bl ceglie

U Clises s pw G (60U inlwd Gawds Wl 10 (Sdaw 03, Kw gy Widi ol
8o S by d9)c0 Yoy (631 ol B Gl (S 53 5 (sla by I (So SB aw )5 (lojy Siuw (udgy 3929
SB ol s las 5lgealy Lials ) SB adaw 0 ob ey b by (g9 plp 0 (S5 @lo S dbul b Wlyy o
(Lals) e et Jold pdaw dw )d (glos S yiubgy (i ¢ ig}s ol 3( LOpez Sanchez, 1998). (s’ (5,5 sl>
Oidg e ialdl a8 ol L b yioles] 5l ols zuls.cé,S 413 gy 390 (slojo,Siw ikbey Moy Yo g doyd VO
Glp S cdyan e ob al] b clace w p» as SB cdyun e Giall Coge ghbline Hobas (gloj Kiw
ol b ool Lisle,d s ials” oS Fryrear et al. (1999) 4 Armbrust (1987) (slaadl b zbs opl .ol olis
P SE oy e @liol s 3l s bl s )3 diged (lgis dCanl guan MolS 33,5 3,55 1, 05K duoyd
SeblS 9IM2Z EY e« dgus &y ylade ol 05 S JAZE" Dgod lon ;0 a8 o )3 oy QM2 AV« + & (033,500 o) LW
b e o Lisl38l boamd o i Sblo SB couss o 1) xdaw slaoj S Caodl pSedde ials ol opl.cdl
I me ialS el 03K doyd il 8l s pr solod 53 b osliie  oliie g, (&bl d> s g plp ¥ g ply Y)
FFQ 05,50 o cdls (0 cdyan e bl s plp ¥ ey 3 lgn 4S8l by oo o Jlio (gl b sl yd e
S G la Sy dius ciliste glapoj 50 o] ad 4x )51 sanliie adlllas 590 ddlaie  So5998 90655 (slaisl
8 jobglen 2> (3b; Cumnl 15 3k ciliee slacae o )3 (o3b aloyd S8 53 sl Kiw by yb0g e
e e L3l sl Ygane ol cas s ial3ol eiilosls Lis Zhao et al. (2006) 4 Lopez Sanchez (1998) il
by losT 51 odel Cawdas (glmodld aiS" oo (63L5 do B 1y dgy ol lo5 oo edaw (glo o ,Suw youis Lol 395 g0 iy
blis (i (K00 Ojle 4 el gae g YU clbce w pd clop Siw e ohalS 18b 4 s e ol
bl b odaw slaojs S (sl o805 jhah oo (st Sl Mo gladl 4 Cans b slasl 5> Loy i
a8 Cdl el g ool yialS o) pdaw 4 S5 oY (0 1) ol (655 e (g5 ]380 5 0L b e Blo
M3ye3 0 slodyginenl 5wl 0l Ll gladly sy oS Jbly 3ble 3 039 4 adge (pl Mgl o SB @l (glulis
031051 dlano 3o i w595 (g dr aSh ¢ yiudgr Mo yd 4y il &5 03w gy w48 ol )] o5 dn g BB 4SSl
ot b g yio b 1.0 3gan Jlad b olio iy S 5| s oyl 50 3,15 (S S o gl il (S5 g @l
Aol 1y 05y ey jhline 1 5 gl (o)l awyp33,8 Lais 5 bl _aiylejl Lyl b s oolazl wl@w


https://journalyab.com/listing/%D9%85%D8%AF%DB%8C%D8%B1%DB%8C%D8%AA-%D8%A8%DB%8C%D8%A7%D8%A8%D8%A7%D9%86/

VEF il D% o)l V0 093 o g1 dblaio (5305 40l 1) Ll pie dolibnd LR

B g Gl atdles  SloSas 03, S Jole a8 ol )l (033,80 X Ce o X p,800) loledw [uibjly Jdoo )8
(Gomez ) L3 sl s)l55 b adl I n2=0.42). ¢ (p < 0.001005 pdgs |y SB cdyyin lise )0 Slyuss | aoy
oobol ol oyl cilles (o0l Giolwyd JyuS (5 xdew sla jibe (i85 Cuedl p we( Sterk, 2000) et al., 2003
@ daw glao g Siw 3l edlaiwl 4y 0319 dogi « Sis 3ble (3 (o0l Giolwyd S gladeliy o &S €8)5 asd oS o
Ol 358 wile (iblio )3 059 41yl (pl 255 )13 Coglyl 3 b SB Cas )3 Jhe g (b (5] B39y o lge
@ alyl8 s (o pde dpnly O lgie 4 Bl ol dgme  BLS e (glp wlie g Cal W o0l il yd o
3k by e S50 5k & Bl e (Sloge S Sibgy o5 A8 o A0b a5 (il (slaaidly cpgazee )220 48,5 IS

Lol

SP90)90855 Tolw 3 S GOy (i 03 S Hlwigr 9 3L G Glojed T w2

Lo
st (plond Sluogiad o (xaw (hdgy (S il (pyAul) Couyime) £ Jobd () (Seiodshigedts S Shg
Olojon oy e simo ol > Zhao & Pei, 2010). ¢ (Gomez etal., 20035138 o b (6oL il 3 i 1 puiins
b (g oaisBlbg see Jolid (0559890055 dlg &5 )0 SB- 8y 0fa S Jidy Glise 90k o 25
Obts gl ad plosl (Bl cuds g LI «slaiels s «65)5laS” (slaiyej cusle 9 (0 9 &5 (polae il JolSS 5 JolSie
Db (e balpd 5> Cunl Sglite 05 )i Jibgy 9 3L Sy Jalge S 5 4 (SUSoldy0eg) Soly pa Gl &5 0
PS5 VY [ialoyd il s e )3 4 390 b gy b LI 4 bgyje S8 )3 e oy (10L3) 02 St
Ol |y Gtaliod lie o a8 capnyio 1 p )5 WWAA ) (lien b (65,08 (28] sl )3 0b i po o
A Giolwyd ply ) Cwglie 0 SB olewdsSoid b Shg g py80d g5 Sl Lids sdmd il badly ol b
oo a5 ol ials (So5lgdigagss slassly alos 53 Cdpyan liee Y0 g TND @ 05 gy LI L
2P OYOD & S5 cdyan im0 )Siu A¥+ gy b L ) iges sl g Sgliste p5d 5 4 At y2alS
56 S5pgltS (Bl s o el ol il (gySady (lS o) S o Cundy 4 s oS CEL Sl g0yt
(6wl s> plp ¥ g plp V) o cae o Gial33l,8 1y jialS myeyio p e, APV a4 S cd) um S (¢ )gbds b osnlie
g dwlo g 4 9 &5 (ol Ak el sy iYL ot yw 45 b b bad den ) Gisleyd e il coge
Dby gt g kil s i ¥ co g 13 @ pane 53 (Jlie (gl 0ol (L5 ) lie )3 g il L
30 I ol (oo 2 p)5 AFFF 90 Joles) Sy (5ol Tox¥e o )3 23S ADe &y S 28,08 0y S
oy (lunlia oy .08l (ialS @payia S FVer 29 0 Jlaie ol o Siu AYe gy Sl oslial L oS
o dlax jlag (ols (5 sla Shy o 4 bl oS5 (slaaisillog s o (] (slacs o 0 jasule wilise
QUi 395 5l o3l alioB pl 53 (6 i Cungliie i gledl Cugby 2> 5 VL pogaso oy b 02 S (VL
siblS g saiby, SB s 4 ople g 55,0l o)) ¢ blde 4> LOpez Sanchez, 1998). « (Bottomley, 2014551
£5 O Jeliie a8 3 i ige cpl @ls Gloledw (uilly Jelos aimndly (ol 8 4 65V Coles ((rlaw iy,
Ol 93k e (g blie ST izman 12=0.19). £ (D < 0.01 sl 0351 55 dixe (sl b Gline 2 2k s s g p 8]
2 ol g (v G Shy @ 4295 el p sl (pl 25 1?=0.42) £ (P < 0.001 )lobne s ji5 02 K00 iy
25Le) ol (S239I58 590555 (sl Shg b o0l & aim o it gl (ol et oo Jlate 50 4T S Ll g e
o b Wlgie cuolie o515 L (gloj )i slo by (605)8 & s (glojy (bl Slolidl aiejls (olee o b
gl s (Bli> sla by 5l ookl «(65)oliS slaime; y3 Cizmod aG Bble cpl 3 (o3b labwyd i Sl oL


https://journalyab.com/%D8%A8%D8%AD%D8%AB-%D9%88-%D9%86%D8%AA%DB%8C%D8%AC%D9%87-%DA%AF%DB%8C%D8%B1%DB%8C-%D9%85%D9%82%D8%A7%D9%84%D9%87-%D8%B9%D9%84%D9%85%DB%8C/
https://journalyab.com/listings/agriculture-and-natural-resources/

Feo w3l il b s 03K b § SB Slasgas il oo« od g 0315 02,5

9,k 51 Zobeck et al., 2013).¢ (Sterk, 2000545 o dlgisius o s ,Soww 3l odlaiwl US> oL e Lioli8l b sl
3 k53,5 b ablis (clacolsyy S 55 Hlyice (So3l5y5055 chlises s > Gl d Sloj S (slosS) 5l
€999 5 (4l p 1o ¥) ool 5y ;0 L& gl Ce oo baylyd 0 a8 0y LS pols wyp il S50 SB cus bass
(Zhao & Pei, 3> (s3bj cumal plycamsl slocsy,me; STy ) & g Glég S S slag s

Ca ppdo aSy s (S LS gy 35 ped LS ¢ Sble 3ble Cu pie > oS QT)'I S asl oyl 4ixen2010).
(Gomez wisb awsly yislwys s ;3 oYL ol Sl e pylie slagdle Jlos! b (glo s S cus )b 5l S adaw
ad sly olie Mg o (55598)50555 (slodids 5 eull slaodly b dalllas oyl s Sy colys 06t al., 2003).
Sblis Copie Coglel b (Sl 1506 laadds opl il glddlaie 5 (oo wlde > (0L Lisleyd 4 Cuwlus gladiss
g &l 50 5l 93)S 5 (b CalS saofon (sl @lie parass )3 g 03,8 pastide |y YL,

Jalod g Cony

&L a3 plp 53 S (gl 55 052 K0 (dr 9 (lernisS 3 S Sy U Jdod
bl G35 rlaw 032K iy (50 olyen 4« SB pliond 5 (So3d S Sy o5 o ol Giaggy ol sbeaidl
Cla (lie (6570 4 S 2 qmjsie 9 eedS Sbos Gl 5 (PH) sl (S8l calin gludl Cugb) o550l
Blooly ylis &S ol gunod Cpesdiy Slalllas b 4l cpl aalS o (0L Gislwyd cnd 5l aaed BB i 4 (odaw 0 K
oals SB L olod j0 1) ol cus o o o (505 inl38l g S o (So38 @ilo o] > 4y (glo s S (sl jidie
LY ‘.)9.3 )Jduuw\}).’ ).,Yl.: )L’ L.,&).w ja.»‘).w )2 ).»I L)J] ( Lépez SénCheZ, 1998) ¢ .\.«.‘SUA W5 ‘) ).5;9,0 LS"“")" 69)...’ 9 oold
3 S (S o Shao s (Sizsd Cusal 105 laglbsb 5l o3b Lislod S 53 052K Lidgy A83 e ol
sldialy s (65)5liS gl pmej dilo s 5wy YL dop b oS g HlIS 80 ool Gl e 50
cusly cisllas Zhao & Pei (2010) 5 Gomez et al. (2003) wls )55 L zols opl aidly il yd & (g i Comolues
YL Gl oland sla Shg sai jlaing 03,8 Byme b plp o @l il (gly gasiee |y diby, S oS
Pei & Zhao, 15 S )lul ilidl a5 ¢ SB alyd ol deSels (ilibl & e SE )5 s juie 5 pundS
Oiee s a5 8] clacuss g 4Bl JolSS (claasSBlbg s 5l sladiges «3uis opl ) (Bottomley, 2014 2010)
bdiges > opg 4 EC) (g YL (S (gye iolidlbuis ol Spglie jislw,d blie ;5 widg punds @lu,S (YL
&S cuol Zhao et al. (2006) cldlas sbusly po adly cpl 00,8 Giolwyd olise (il o SB Cuoglio jials el L
b mimman s il ]y i il g oad S ks le 4w 4 yoxie Wl o SB YL (6)08 1dgs 03,8 45T
Sops) cabyd Slyd 5l oYb as s jads 3 oo (o gl Dg dapuio LS slawd 9 (S50 sla Shg oo Jolite
Caonl saalin pl . Slo oo 0L limed (3L Lioluyd e g 00 s puundS 35008 b YU (650 Jubd & S L
Coron] 35 () @l o e o503 35 o ST (50l by el 3]y S sl Ss (5 5 sl iz adllas
e laide 635 @ 5 (N8 9 (bed Sluogad 90 G2k ) SB (B o Shy Mol 4 (lojor a2y
swge ok ]y (ol Glalwd S slaaely (oL g (il 4 polie CudlS slagSUl ()b g sl S b
A i3l

P (iigy (9 pre O,51 g 0L Cas g i 581 4y AliBie (S0 B (WiSTy (Sl w0


https://mee-conf.ir/
https://journalyab.com/%D8%B3%D8%A7%D8%AE%D8%AA%D8%A7%D8%B1-%D9%85%D9%82%D8%A7%D9%84%D9%87-%DA%A9%D9%84%D8%A7%D8%B3%DB%8C/

VEF il D% o)l V0 093 o g1 dblaio (5305 40l 1) Ll pie dolibnd ¥

OBBgR Sl 0l (LS 0 S dgy (50 9 3b C p S & (Folisle slagiuly Cilisee (0591989093 (s>l
o (428l JolSG (glaaiSBlbog 5o g ] (slocds Wilo) caslio (S5 (sla Shg Gl slogye; 45 o oLt ol
PN (0ol Sl )3 (gt Cuglio (Ltbgy 131 SlabMy g ()b § &5 (oo Wile) Jpdyal lapne; 4
e i <69 (Yl g 030,50 i (%S b L (gla e ciliol s s s )3 5 053 S gy gy Ll
2 daw b Shg g Couy e g9 Cuenl sad lis a5 Van Donk et al., (2008) ¢ Sterk,( 2000) L3 <llas
By |y C0y05 95 b calite (lis slacupie (b Coonl baidl ol e ok B Spglis clacme;
y SB cdyyin e bapydad dan 53 (5)blns yob dy (A¥+ 5 7100 pxdaws 93 53) oocdaws 033 5 yibgy I 03wl 1S o
AR ol g W b o5 wlas gl e g0l SB S sla Sho 4 (Siws SialS cpl e bl ol ials
ile yipglie slacye y bl S (6 pSsl> ol (VL slacs o ) (ol 3 (Vb s I ol psbocy Cunslys 5 052,50
&S amd o L sl opl ¢ os 0B jlamy ials b 4]y, S e, yun calys 0, K lade Cped o 28] cudd
PS5 doples (3] sl 898 (b a3 o (ol sla Sy b quolite 1l Globe)d 558 (o pde o pal,
dpogs e b (ogtne sloglle Jlasl 5 0l 5 (S & polle slotisS CullS oy, Si ot Jol Sty Lol
Jhasl (B (alS by Copde b og S ludgy (Bl ol Bl Cunl (Sas < Fpglie oo sl (il )3 9
S5 S a3 Wl o (Dladial 38 53 ()8 Jlod) dilaie LIE L ©Ad  Cap B 4 42 K03 (9
sob ]y Blix oS Wlg o AE b Caa bl )3 (sloja S g Sbrl Ail S5 Jhuw (Sgian b (anb &lge
1l legs,S Jials g abjoble slaasly shb o a8 S o aST iy ol ol woles ;am Ll aze LB
Gblio dan S50 5 s Wlgicas on 5 oy slod S5, 355 phlep 30 sla Sy 1 i 5 Shlate ©p900 4

S5 4o
g SB mlie gly gluad gl jeb 4 & cunl Siddes g S gble (o sdes ML I (S5 (o0l Lisloyd
alax 5las 5l )13 oo Jole s ).ul) ot (60 Giolwyd aS ol Ll Liaed cpl bt e o Gt Jateci
).:JL dalllas cpl 53 0,8 0Ll oo 3 \Siw dilo (odaw e cpwomed g SB slowd 9 (S8 sld Sho 4 oles oo LQ(J
S SRy » Sl & 0l Gl gl § €85 518 () )50 (ol 38 (K2Jolo8y509) Cilisee sblie 5 elge (]
S &S by pl ail oy Sere jl (Soamd ials ]y ool Lisle 3 glblie jobo d Wileh o 03, K by ¢ S
uub)edad)w W"L"‘o)"u‘““’ LS 4 Cons ¢ glals &uﬁb9d})9mdlﬁw} 35ke &;.1.:..»90») sYbao b
Wloals L5 oS LE lalllas b zuls ol ol 5 ogucne wiyls (6 5VL ()0 a5 S 5 ahgds p3l ol )l ool
Sy9b g by S L 3ble )3 ¢9) cul 5l Mblin g it (93h sl b &) Jasiane 5)90 9 i) oSk
@b Gisloyd 3 4oy BB el coge Bl o S50 b juie 5 pundS il 58l Ale S Mol o SSS 1 enlaul YL
Oiigy S ol (ool il cud Rals p ulST S e 03, Jopd &S 0b LS pols piore.dgd
Sk GL:.M: ‘é).)).: 2 b Cas g u,u.lblf co>g0 céLz.m 3! u;.ul).‘?‘ 9 b JYV IS u.sul.o .)l.’>u| b S C.bw dlb):)im)
W3 e LS &S g iy 2k SYL sace o 53 ofagd Sl l S 0 (xS sl SB IS ud b g 2900
D j1 05,5 do > Oil38l e Baiod cpl 0 o)l Lioleyd (ials ) Sle id uad g gl Lol b 45 65 S b
auolio LM wile s So3ld 50055 sladnly 1 ojuads ls Lials | SK cdyun e gboline job 4y AT+ 4



Fov w3l il b s 03K b § SB Slasgas il oo« od g 0315 02,5

5 Byl sl wib) cuslie (S5 slaShy b clagwe; o5 ol plii (Sidsiiseds cilie slaisly
b il sl > s ol (WL 5 (les 15Le) 5yl (Slasens & s (48l JolS5 (slaaiSEllg
WLdgy (A 05, K g (2LS i 281 oS LM g olee dile pladsly b YL sl juw )0 (ol jabay sl Hlis
aw Gide b (Sl Wlealy lis a5 ] guen S8 Slalllas b ases cpl Sad ol e 40w ioljel ey
Wb sl g )Legd S oo lisb Lyl yl > laasly ol wigds ciun (iole s yidey 03, Nww 8B L (oo
sdnlio zog 4 (3l (lalwyd (lje 2 052)Kius (idyy 90k e puo Blite ST imgly ol 0 ikiaie ) ] it
ORIBl ol Jg b SB2dy)an (liee 53 da g BB aljal el ol e p (RIS T5l5 90955 Slaanly den 3
Lngu9lm ‘(4)1.».»)" Ao S ﬁ‘ﬁ ¥ 9 Y) )JYL leim.,&).w FRRRIY );.b.&w )L.m) llhl;% 9 u.)l:.o Jole )Ju»‘wo dl!b»b 5
ol il 5o lizmen (Bl (glaciss il Spglie glaioly dacie juo cpl )3 0 5,181 (S5lsh 50955 (slaioly ol
Caonl 3l 1S sanlie ol al SBcaas o il Gials )b busly (s &8 Jb o waile 8L Il g0l
ol bl sl el gl ool by b ablie (slasiliial (Ll 0 (shilate sla Sy 5 orldl s 4 w2y
B S5 5 S0 b ol > e iy 5 ST (sln S 329 45 ol (s 55 (lelesr il ly o 151) ellns
el SS9 e cuanndS” (192 lelge o531 (LS (gm0 )S) oS 9 425 (Cpime S (o Wl (03L halo p S
5 5 Capde &5 Ao (Ui gadg 4 gl cnl )l (ol sl S plp 3 SB Cwglie ot 1) BT on e
Sl g md (ials ] (oob (halo)d (% pobo 4 Bl (raw lapidy Jlel g S olendsS b o Shg
ol il sl (o pde dleidey i ol cpl bl pams (Rl HLEed)S Slapligbs pln 3 1) bl s
s 03, K sla b o] Lok e Ol 1y S Cuglio Llg5 o Sdre dlgo 1500 b v suie g pueedS 1)3938] A5Lo
@b Gislu,d ials s ool ,;is D15 oo cditndy b sladly (glyls &S g 3 059 4 cphicanl o Sbly 2l )
Mool o (Sb gl julas sasie bles sla o) 5l edlaiwl s axlae b (YU slace jo b &S dbls jo ‘ULML 4sls
5 o 25 318 ) ol 3518 S b ) J S5l sl S L s o S5 4 gl BLS iy
culize 5 (gldilate O g0 & S Copte sladslp Bl (SitSdos g Sid 3blio 1> (63b ialw)d b 5 ablie ¢l oS
93 o] Sliiog (glioo Wl oo alllas nl auleg 0 Wisd (Sb el slo Sy 5 Couy0me; o 2B o Shg b

Al SB ol g (ol Sl Sl L5 g 3L Gl sile e die)

&l

Olpl eols o&aily aly Ll u/"j/,‘f} b il 8 AYAY 7 (28, )
)Loi Oe) Lngbuf:s) u,'&)" u"l"))‘ AYAA T ‘ULN.L» Eye 9-& ‘«_55‘“:.’]) f.u» ¢Luuad < cb).ﬁ}.:.é f.fo c).‘a)uo.:)f Y
X-0-F\V 5Y d)b}téuj 9 &y Ao .yl <l (0L Giulo,d w3kl sy 3)9Tﬁ 5
3. Armbrust, D.V. 1987. Principles of soil erosion: detachment, movement, and deposition.
Reprints-US Department of Agriculture, Agricultural Research Service, USA.
Bottomley, P.2014. Methods of Soil Analaysis. 2nd Edition, Acsess, Orgegan.1094 p.
Buschiazzo, D.E.; Zobeck, T.M. & Abascal, S.A. 2007. Wind erosion quantity and quality of
an Entic Haplustoll of the semi-arid pampas of Argentina. Journal of Arid Environments 69:
29-39.
6. Colazo, J.C. & Buschiazzo, D.E. 2010. Soil dry aggregate stability and wind erodible fraction
in a semiarid environment of Argentina. Geoderma 159(2): 228-236.
7. Erpul, G.; Gabriels, D. & Janssens, D. 1998. Assessing the drop size distribution of simulated
rainfall in a wind tunnel. Soil and Tillage research 45(4): 455-463.
8. Fryrear, D.W.; Sutherland, P.L.; Davis, G.; Hardee, G. & Dollar, M. 1999. Wind erosion
estimates with RWEQ and WEQ. In Proceedings of Conference Sustaining the Global Farm,

o s



VEF il D% o)l V0 093 o g1 dblaio (5305 40l 1) Ll pie dolibnd FeoA

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

10" International Soil Conservation Organization Meeting, 11-12 May, Purdue University.
pp. 760-765.

Gomes, L.; Arrue, J.L.; Lopez, M.V.; Sterk, G.; Richard, D.; Gracia, R.; Sabre, M.; Gaudichet,
A. & Frangi, J.P. 2003. Wind erosion in a semiarid agricultural area of Spain: the WELSONS
project. Catena 52(3-4): 235-256.

Li, F.; Zhang, H.; Zhang, T.H. & Shirato, Y. 2003. Variation of sand transportation rates in
sandy grasslands a long a desertification gradient in northern China. Catena 56(3): 255-275.
Liu, M.X.; Wang, J.A.; Yan, p.; Liu, L.Y.; Ge, Y.Q.; Li, X.Y.; Hu, X.; Song, Y. & Wang, L.
2006. Wind tunnel simulation of ridge tillage effects on soil erosion from cropland. Soil and
Tillage Research 90(3-4): 242-251.

Lopez Sanchez, M.V. 1998. Wind erosion in agricultural soils: an example of limited supply of
particles available for erosion. Catena 33(1): 17-28.

Nordstorm, K.F & Hotta, S.H. 2004. Wind erosion from cropland in the USA: a reviw of
problems, solutions and prospects. Geoderma 121(3): 157-1609.

Page, A.L.; Miller, R.H. & Jeeney, D.R. 1992. Methods of Soil analysis. In: Chemical and
Mineralogical Properties. Soil Science Society of America, Madison, Wisconsin. pp. 56-71.
Skidmore, E.L. 2000. Air, soil, and water quality as influenced by wind erosion and strategies
for mitigation. In Second international symposium of new technologies for environmental
monitoring and agro-applications proceedings, 4-5 October, Tekirdag, Turkey. pp. 216-221.
Sterk, G. 2000. Flattened residue effects on wind speed and sediment transport. Soil Science
Society of America Journal 64(3): 852-858.

Van Donk, S.J.; Liao, C. & Skidmore, E.L. 2008. Using temporally limited wind data in the
Wind Erosion Prediction System. Transactions of the ASABE 51(5): 1585-1590.

Yang, S.; Lianyou, L. & Ping, C. 2005. Areview of soil erodibility in water and wind erosion
research. Journal of Geographical Science 15(3): 167-179.

Zhang, Z.; Wieland, R.; Reiche, M.; Funk, R.; Hoffmann, C.; Li, Y. & Sommer, M. 2012.
Identifying sensitive areas to wind erosion in the Xilingele grassland by computational fluid
dynamic modeling. Ecological Informatics 8(3): 37-49.

Zhao, H.L.; Yi, X.Y.; Zhou, R.L.; Zhao, X.Y.; Zhang, T.H. & Drake, S. 2006. Wind erosion
and sand accumulation effects on soil properties in Horgin Sandy Farmland, Inner Mongolia.
Catena 65(1): 71-79.

Zhao, Y. & Pei, Y. 2010. A study on distributed simulation of soil wind erosion and its
application to the Tuhaimajia River Basin. Procedia Environmental Sciences 2(1): 1555-15609.
Zobeck, T.M.; Baddock, M.; Van Pelt, R.S.; Tatarko, J. & Acosta-Martinez, V. 2013. Soil
property effects on wind erosion of organic soils. Aeolian Research 10: 43-51.



