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Background and Obijectives: Soil erosion is one of the main phenomena
related to soil degradation that threatens environmental sustainability and
soil productivity. It has always been a major environmental challenge
worldwide. Soil erosion and its harmful consequences are a serious
obstacle to the development and progress of countries and have adverse
effects on agricultural production, water quality, and ecosystem health. Soil
erosion control intends to promote innovative land management
approaches. Soil conservation methods reduce soil erosion, improve soil
structure and water uptake, and maintain soil moisture. Therefore, it is
necessary to study soil erosion factors and provide management strategies
to mitigate it. This study identifies and prioritizes soil erosion factors and
strategies to prevent soil erosion in Fars, Iran.

Materials and Methods: This research is applied in terms of purpose, with
a descriptive-survey nature. This study presents a combined approach
based on Grey SWARA and Grey ARAS methods to identify soil erosion
factors and prioritize methods to prevent soil erosion. After literature
review and interviewing an expert panel, the soil erosion factors in Fars
were identified and classified into technical, chemical, social,
environmental, and climatic. The weight of the criteria was calculated by
the Grey SWARA method. Then, the suggested methods and strategies
were identified and provided to the panel to evaluate based on the criteria
by completing a questionnaire. Then, they were finally prioritized using the
Grey ARAS approach. In order to consider the uncertainty and
indeterminacy of opinions, grey numbers were used in the calculations.

Results: The results indicated the following as the most important factors
affecting soil erosion, respectively: "soil erodibility," "low aggregate
stability," "deforestation and ecosystem degradation,” "cultivation on slopes
and plowing of sloping lands," "loss of vegetation," and "reduced organic
matter." The most important preventative measures were prioritized as
follows: "ratifying and implementing regulations to preserve soil and natural
resources and the developing training and promoting workshops, promoting
conservation tillage and smart agriculture, adding organic matter to the soil,
mulching the soil with organic or artificial material, and adopting
bioengineering methods, such as soil stabilizing bacteria” and "rangeland
enclosure and fencing and promotion of industrial livestock.




Conclusion: As unfortunately, in Iran, soil erosion is several times the
global average, and a large volume of good soil becomes out of reach per
year, it requires serious management measures. More specifically, an
extensive management plan should address soil erosion in Fars. It can be
expected that findings in this research will help water, soil, and agriculture
decision-makers make the most appropriate decisions and solutions to
solve soil erosion problems.
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Figure 1. Geographical map of Fars province and Mamasani and Rostam country.
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Figure 2. Soil erosion map of Iran (13).
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Table 1. Criteria affecting soil erosion.

lecial
Reference

E ) @) @ @ @ @ © @) ® e
Experts

Slas

Symbol

Slss

Criterion

o=
Field

v

C

C,

Cs

Cs

Cs

Cs

Slasl ol ot
Low soil stability
Sk oml g A
Low soil permeability
S (,5 s
Shallow soil
S Gl iale
Soil erodibility
et J5B) S 5 Jal
(s g 5 a0

Topographic conditions (slope
length, slope degree and direction)

Sl (8o 08 5 0815
Soil compaction

)
Technical

C;

Co

b sla s g5 5 e
Amount and type of active clay
Sk Jslse jials
Reduction of soil organic matter
Sk Sl 5 )58 SRl
Increasing soil salinity and
alkalinity

L
Chemical

(&)

Cu

Cis

Cis

3 g da ISl 5 2 B e

Sl 28 Gl 4 gt glas S
Excessive use of herbicides,
poisons and chemical fertilizers
instead of animal manure
S ey R

Excessive grazing of livestock in
traditional livestock farming

(S L) S ble oy e
LS S oy bl Bl
(g o2y S 0l ool oS
Improper soil management
(several tillage, removal of crop
residues, low vegetation cover,
excessive plowing, row
cultivation)
sl el g8 ks
Improper land use change
5 M larals 55 oS

DM S el
Cultivation on steep slopes
and plowing of steep lands

e s % sl

Traditional irrigation
O o i 3l sy 0 oils
[T 35 8)
Indiscriminate extraction of
underground water tables
S Sbli Jsal 05 S Syle
Failure to observe the principles
of agricultural protection

sl Y
Social

"
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Continue Table 1.

&
Reference slas Obre DT
HE Symbol Criterion Field
ST @30) (29 (28 (11) 9) @k ® @1 (6, (26
Experts
v v v v Cus u’“’l.j gy R e
Loss of vegetation
N
v v Cio (S
Deforestation and
ecosystem destruction
e T Ol sl
Y Y Cao Creation of surface
water runoff enss £
ot s aaal o i Environmental
v Ca Digging water channels
in the slope
v Cx e S
Weak drainage
slaanl T ol
v Co et 31 B il
Lack of diversion
waterways
SUL Rl s Jlslas
v v v v v v Cas Drought and reduced
rainfall
v v Cas S35
Fire
v Cas LEb A s olgk
Storm and strong wind 0
o Climatic
Y o 8l Sasi
Climate dispersion
v Cx et ‘_r:’\)
Landslide
v Coo L b
Heavy rain
G - T - [, 5 o ‘.
e DS B F Ay 5 e Q—,’f\f-:"-”‘ps Dlsw P b bjlrs 035 acale sske «
Z . o - . .. - N
22 S 45,8 asls bjlre olg oS 035 Sulg Sar Dope 4 Saenl 5 S50 bl 1 el
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Table 2. Calculating the weight of criteria affecting soil erosion.

Dbme a adsh 03

Sl e el s Kj e s T el dl 055
e Determine the relative Determin_in_g the 'I;l;ee;rllélz:i\t/\éﬂgzt Final normal weight
Criterion impo_rtan_ce of each K,- coefficient 41 Wj= =Y
criterion (S;) Kj=S$; +[1,1] q; = T} Tjeiq)

1 Cs [0,0] [1,1] [1.1] [0.4069, 0.4773]
2 C, [0.7667, 0.9667] [1.7667, 1.9667] [0.5085, 0.5660] [0.2069, 0.2702]
3 Cio [0.6667, 0.8667] [1.6667, 1.8667] [0.2724, 0.3396] [0.1109, 0.1621]
4 Cia [0.7667,0.9667] [1.7667, 1.9667] [0.1385, 0.1922] [0.0564, 0.0918]
5 Cis [0.75,0.95] [1.75,1.95] [0.0710, 0.1098 ] [0.0289, 0.0524]
6 Cs [0.4333,0.7] [1.4333,1.7] [0.0418, 0.0766 ] [0.0170, 0.0366 ]
7 Cs [0.4083, 0.6583] [1.4083, 1.6583] [0.02519, 0.05442] [0.0103, 0.0259 ]
8 Ca [0.275, 0.525] [1.275, 1.525] [0.0165, 0.0427] [0.0067, 0.0204 ]
9 Cao [0.4917,0.7417] [1.4917,1.7417] [0.0095, 0.02861] [0.0039, 0.01366]
10 Cir [0.7667, 0.9667] [1.7667,1.9667 ] [0.0048, 0.0162] [0.0019, 0.0077]
11 Ca [0.225,0.475] [1.225,1.475] [0.0033, 0.0132] [0.0013, 0.0063]
12 Ci2 [0.7667,0.9667] [1.7667,1.9667 ] [0.0017, 0.0075] [0.0007, 0.0035]
13 Cas [0.75, 0.95] [1.75,1.95] [0.0008, 0.0043] [0.0004, 0.0020]
14 C [0.7667, 0.9667] [1.7667, 1.9667] [0.0004, 0.0024] [0.0002, 0.0012]
15 Cs [0.7333, 0.9333] [1.7333, 1.9333] [0.0002, 0.0014] [0.000091, 0.00067]
16 Cxo [0.7667, 0.9667] [1.7667, 1.9667] [0.0001, 0.0008] [0.000046, 0.00038]
17 Cu [0.75, 0.95] [1.75,1.95] [0.00006, 0.00045] [0.000024, 0.00022]
18 Cs [0.7667, 0.9667] [0.7667, 0.9667] [0.000029, 0.00025] [0.000012, 0.00012 ]
19 Cau [0.7667, 0.9667] [0.7667, 0.9667 ] [0.000015, 0.00014] [0.0000062, 0.000069]
20 Ca [0.1333, 0.3333] [1.1333,1.3333] [0.000011, 0.00013] [0.0000046, 0.000061]
21 Cis [0.75,0.95] [1.75,1.95] [0.000006, 0.000073] [0.0000024, 0.000035]
22 Cio [0.4333,0.7] [1.4333,1.7] [0.000003, 0.000051] [0.0000014, 0.000024]
23 Cs [0.475,0.725] [1.475, 1.725] [0.0000019, 0.000035] [0.00000081, 0.000016]
24 Cis [0.6667, 0.8667] [1.6667, 1.8667] [0.0000011, 0.000021] [0.00000043, 0.0000099]
25 Cis [0.2583, 0.5083] [1.2583, 1.5083] [0.00000070, 0.000016] [0.00000029, 0.0000079]
26 Co [0.75,0.95] [1.75,1.95] [0.00000036, 0.0000094]  [0.00000015, 0.0000045]
27 Ca [0.7667, 0.9667] [1.7667, 1.9667] [0.00000018, 0.0000053] [0.000000075, 0.0000025]
28 Cus [0.3,0.5667] [1.3,1.5667] [0.00000012, 0.0000041] [0.000000048, 0.0000019]
29 Cyr [0.7667, 0.9667] [1.7667, 1.9667] [0.000000059, 0.0000023] [0.000000024, 0.0000011]

A
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Table 3. Methods of preventing soil erosion.

el
Reference S Gl b3l S o sla i sl
O, Methods of preventing soil erosion Symbol
B2 (9 @ (28 1) @ @) (@6
Experts

ri;g_;bu}rsszla;u;ﬂl‘rsh:‘uj@;,;sw
%;i.\:nb:rxijd;)l?)fla.ﬁ
Cultivation system without plowing, using
protective plowing, surface plowing and avoiding
plowing along the slope
(sls 358 wl) S A.o‘;ﬂ Slse ooy
v v v v (Jl};}:{)“ﬂ}&ﬂ~t¢~ﬂ}f&5}}5 A,
Injecting organic matter into the soil (such as
animal manure, compost, using biochar)
s 5 S 3 epian b S 5Lall
Slas U il g g Sla B, SIS
v v St suS e As

Organic or artificial mulching on the soil surface
and also using biological engineering methods
such as soil stabilizing bacteria

e b b sl St 5 esland
v b e I 1S 6 A
Using natural or artificial windbreaks to control
wind speed
iy OLS &l 5l bl 5 Sl 5 L
Revival and improvement and protection of
pastures and cover plants
Soltl w3 5 OLL O (51 oo sle wlils
v v v Glo b Sl (o 5me SOLL o As

Rainwater collection systems and changing the irrigation
system such as artificial rainand drip imigation

v S sl

A7
Crop rotation
5 bwg 055 5T 5 S sl 5 LS sl his
v v 5357 Slaans s 5 e S As
Preserving plant remains and preventing burning
bushes and shrubs
5 S Ko U Sacsd i eslinad

Sl slaaal )T sl cpman 5 by 5 0l (oS
The use of slope breakers, fire-break channels,
terracing and scaffolding, gabions and dams, as

well as the creation of diverted waterways

4
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Continue Table 3.
&

Reference

Rligwes
Experts

32) (29

Sk ol b 5l g S e e i,
Methods of preventing soil erosion

@ @8

sl
Symbol

(1 ey @ (@6

Sas08 $5u3WS 5 S)lp SiS 5 (5,588 iS

Counter cultivation and strip cultivation and Awo
vertical agriculture
Ladigh 5SS s Bl $sSE s S
Promotion of conservation tillage and promotion
of smart agriculture

b e 5 Sb Sl Bl 15 Gl s

s s il slelS,8 IS S [EYLeERgY
v Approving and implementing the laws for the
protection of soil and natural resources such as
forests and the promotion of educational and
extension workshops

B el (5l S pte

Az
Non change of lands inappropriate use

g3 G ye gl g 2S5 GladUES ann s
v Development of drainage canals and
rehabilitation and restoration of canals

e SNl s S s S e s B0 B
Grazing pastures and hedges and promotion of

Ars
industrial animal husbandry

(Y8) g ymS s slael b blme SU5 sla e —§ g

Table 4. Linguistic variables corresponding to grey numbers (24).

Sl sl iz Al S sae
Linguistic variables The corresponding grey number
s 0-0.2
Very Low
d 0.1-0.3
Low
. L' .b.w -
b A B 0.2-0.4
Medium Low
h.w -
7 0.35-0.65
Medium
L o g
i Sa 0.6-0.8
Medium High
L
o 0.7-0.9
High
L .
e 0.8-1
Very High

Y.



oo 1525 9 (sl (G s | e (S3C 99l g (Ll b SB- Co ke (g5l

Loslael cpl anglie jsbie a4 ool (5 2uSls
slael IS5 w0 1 Lol YU dlaly 51 eslizad L S0
YV ddaly SaS L oo3yslp ek 5 g 2uSbE L8
53 5 0355l sy | (K) €35 a Cgllas 4o
Corlae axs Jlis gl p ) b S ool
ol e Sy O S K e bl

) el eals OLES 0 J)Jo- BL) u.iL@.:

L dlesl 4 S IA aaly 4 4 55 L A o5 s

L L 26 SoSmear dodr 5 eaps] s w
055 e 03303 S3ldla g VY 5 Vo Ll SaS
Osie 55 T8 alaly 5l eslil U1y bjbee ol
e Al Boessed pb Sl a L bl
A S Calle e Al Gty 05550 Jbo g
Lol oo cos &0 Y0 dasly Sl eslizad U (5)) 4o S

slel &) g odal Cowsay plie sSepl 44 g

S-S Pl Sy 2l @l -0 Joi
Table 5. Final results of Grey ARAS method.

o ) 25 o JS o sl S 55k s KD 28 2 Coplas s
Alternatives TOIaLfttélrﬁZt?JeeaCh Deterministic S; Ut'“t}&ﬂg?;ztei\?: each Rank
o S [0.0698, 0.0905] 0.0801 1
Optimal Value (A0)

A [0.0434, 0.0675] 0.0555 0.6920 9
A [0.0501, 0.0727] 0.0614 0.7664 3
As [0.0488, 0.0709] 0.0598 0.7466 4
A, [0.0264, 0.0513] 0.0389 0.4849 14
As [0.0351, 0.0603] 0.0477 0.5953 12
Ag [0.0433, 0.0691] 0.0562 0.7014 8
A, [0.0322, 0.0596] 0.0459 0.5727 13
Ag [0.0465, 0.0716] 0.0591 0.7369 6
Ao [0.0438, 0.0695] 0.0567 0.7070 7
Ay [0.0401, 0.0676] 0.0538 0.6713 11
Ay [0.0598, 0.0813] 0.0705 0.8801 2
A, [0.0630, 0.0848] 0.0739 0.9222 1
A [0.0410, 0.0693] 0.0551 0.6880 10
A [0.0256, 0.0462] 0.0359 0.4475 15
Ags [0.0481, 0.0710] 0.0596 0.7435 5
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