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Article Info ABSTRACT
Article type: Background and Objectives: Soil erosion and its consequences,
Research Full Paper exacerbated by the intensification of human exploitation of nature, has had

a detrimental impact on ecosystems. It is also, considered one of the main

Article history: vulnerable factors of resource stability and sustainable development. Soil

Received: 06.21.2024 erosion poses a threat to approximately 36% of agricultural lands and 60%
Revised: 08.05.2024 of all soils in Iran. The use of biological methods has shown significant
Accepted: 10.05.2024 results and impacts in the initial stages of erosion. The increasing erosion

rate underscores the necessity of utilizing biological methods in
conjunction with bioengineering methods, engineering, and other structural

fgg;:g;d;l'am Species, measures. However, the use of nature-based to management soil erosion
Agro-climatic Zoning, has yet to be widely accepted due to the lack of a suitable implementation
Biological Management, model by project implementation agencies. This study was therefore
Watershed Management conducted to address the urgent need for the nature-based management of

erosion in the Shazand Watershed, located in the Markazi Province, due to
the high prevalence of manageable distributed erosion.

Materials and Methods: To determine the initial land units, the elevation,
slope, and geologic maps of the Shazand Watershed were combined. Then
the soil erosion status was completed based on the scoring table of the
seven factors of the BLM model, in land units based on field visits and
expert opinions, and then the erosion feature map was prepared. In the next
step, in order to ensure the results of the erosion feature map, the leaf area
index map was prepared using the MSI sensor data of the Sentinel-2
satellite. Then, the Ambrothermic diagram, hythergraph, and climate-
biological map were prepared for the entire watershed. In the following,
livestock density in different agro-climatic class was investigated, and




suitable species were ultimately presented from the list of dominant species
in the region.

Results: The assessment of the BLM model revealed that among the 15
land units, one land unit (12%) was in the state of partial erosion, nine land
units (58%) were in the state of low erosion, four land units (25%) were in
the state of moderate erosion, and a land unit (3%) had the highest erosion
rate. The soil erosion situation within the watershed was in the lowest
class, with a score of 36.53. The erosion map analysis and the obtained leaf
surface indices confirmed the accuracy of field measurements against
remote sensing data. The Ambrothermic diagram further showed that the
months from May to October are dry, while June to August are the driest
months of the year in the study area. According to the agroclimatic studies,
zones 5 and 2 have the highest livestock density, with 36% and 19%,
respectively. Finally, Agropyron desertorum, Secale montanum, Bromus
tomentellu, Onobrychis sativa, Artemisia siberi, and Amygduluse orintalis
were selected to be used for reclamation purposes in different zones. These
results hold the potential to be a game-changer in environmental soil
erosion management at early stages using various types of endemic species.

Conclusion: The findings of this study are of significant importance,
emphasizing the pressing need for effective watershed erosion
management. By harnessing the restoration capabilities of the ecosystem,
we can create opportunities and the necessary conditions for rejuvenating
various parts of the watershed. This approach, when combined with
appropriate and straightforward solutions, can make a substantial
contribution to the mitigation of soil erosion in the Shazand Watershed and
beyond.
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2- Sustainable Land Management

3- Splash Erosion

4- Surface Erosion

5- Interrill Erosion

6- Mechanical/ Engineering Measures
7- Environmental Management
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Table 1. Variables used in BLM model for field assessment of soil erosion status (30).

oS S Sl s oy s
Quasnct(l)trz;tlve Description of the Condition of the Soil Surface Variable
03 Sy ged odus Sl b ol b
No noticeable erosion is seen.
45 .)J‘))ﬁ)gkjwé‘yw)ﬁu}
There is very low material erosion and transport.
Sphe el i plE )l 4 S5 S Sl S LS5 g slge o 5 ila b Canad s
6-8 Erosion and transport of materials causes the formation of small ridges with a height of Sl s
several centimeters. ' a
9-11 S s lon Sty 53 SUE e TS 2 S Moggrlllﬂent
After each rain, traces of soil accumulation can be seen behind the barriers. Status
Slawle glaas 125 5 ool hlu b BT 5 sddedalin oy Cla.« 05 S L i lass
12-14 ek
White or gray spots are observed on the surface of the earth, and the effects of wind
erosion and the formation of sand dunes are seen.
03 el Oll 3 egagn [ Knslens o8 Y
Humus, in other words, the formation of humus is significant.
46 Cad odd o b5 sddy 59 S Y 5l (65lds
Some of the humus has been destroyed or transported.
Al o2 EIIS by a8 3 Lnasl ol 215 53 5 Jam oS Ll S (5 5t sl sble
7-8 Most of the plant remains are transported and left inside the waterways next to kY
the obstacles. Plant
Wl 0242318 Ly wilgo SUS 3 355 s 53 5 o O Ol aheses S sY e Remnants
9-11 Most of the humuses is carried by the water flow and left on its way next to
the obstacles.
1214 .gl.ﬁ:_,a-)li)VSJL,«ﬁﬂdfrﬁN
There is very little or no surface humus.
CHES S ot A K b (K (S50 (N 025 Dok ) e
0-2 RIS R IPE V-3
The surface of the earth is uniformly covered in the form of stone masses, stone
protrusions, or in the form of cobblestones.
S e odalin Siw (5E g 05 3 ble J5 ol ol edod gy e plad 53 (S i
3-5 Stone cover is covered on the entire surface, but there are also areas without s
stone cover. -
6.8 Sy ealiae edS|y ) oty (S B2 ’ S:M
Stone cover is seen scattered 03 S
(o ess G35) 355 0 o alive 55 ol b BT aS g shas ol 5y Ko iy SaST, gock
tatus

9-11 The dispersion of stone cover is high, so that the effects of erosion are also observed
(on the plains).

Wi (S35 e Condy ) Sl by oy 5 (K (i 0L il b s o
12-14 Loy o>

Due to high erosion, the stone cover has been lost (this situation is mostly seen
on the plains).
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S Skl
Quantitative
Score

S CE._« GV Y e g e
Description of the Condition of the Soil Surface Variable

0-3

4-6

7-9

10-12

13-14

25 g sdalie QLS aiy; OAs0L e b 5 b 5 045 Jt Sl glabaSe L5 6T
There are no noticeable effects of emptying under the stones or exposing the roots
of plants.
313 355 oS Olss a OalS aiy; 0a30l o 35 s bR 5 53 St Jom 5 a3 JUt oy
There is the phenomenon of emptying and transporting the soil under the stones, as well
as exposing the roots of plants to a small extent.

Wl T 115 53 b s aals (555 OLS alu; 0020k e BT 5 bKaw SIbI Sl ot Jis .
6 Aouneo

)}&& odalis . )
ol

Pedestals
Erosion

The emptying of the soil around the stones and the effects of the bare roots of the plants
can be seen on the slope or inside the waterways.

el 35 T il 3 oy s OWALS alu; 0AB0L 2 e 5 K GBI S s
The carrying of soil around the stones and the exposure of plant roots as a result of the
phenomenon of erosion is relatively high.
ailie 5t 53 ool cpl 5 ed30L e e b asa s OlalS LBl adn ) 50 s K Gl bl S

)}&& oy

The soil around the stones as well as the roots of most of the plants are exposed as a
result of erosion and this phenomenon is seen in most of the region.

0-3

4-6

10-12

13-14

g‘},\;& a.&)_)\:.iw&\_b{\ J;-\JA LLJ )_)\.L'y S99 6)\1.-3 QS.LL-:JJ
There is no rill erosion or the initial stages of furrow formation are seen.
el e a5 5 e bals Aol 5 e Sl /0 s5d lasld Gee o ls s oL Sl b
There is rill erosion, the depth of the rilles is about 1.5 cm and the distance between the
rilles is more than three meters.
sl LS g O 5 o aals e ds 35l alslil e L Y0 B1/0 sl Gas Sl
) o
The depth of the rilles is 1.5 to 15 cm with a distance of about three meters, the area is .
bare and without vegetation. S

O 3l ole 5 s aals 5 e 4w B0y asls Aol Sy e Sle V0 B1/0 syl Gas Rill

_ Erosion
Sl alS
The depth of the rilles is 1.5 to 15 cm, but the distance between the rilles is between 1.5
and 3 meters and the area is bare and devoid of vegetation.
Sl ALS i 5l gole 5 o wls 5 2 1/0 508 alobl e Sl V0 B V/0 Lasld Ges
The depth of the rilles is 7.5 to 15 cm with a shorter distance of 1.5 meters and the slope
is bare and free of vegetation.
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A waterway can be seen on the ground.
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The remaining materials on the bottom of the waterway are visible to some extent.
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The remaining materials are deposited on the bottom of the waterway in order of size. [

.)ﬁ&a%)&ﬁﬁ)\y;oﬁ‘%ﬂQ‘Jiﬂ‘ﬂT;ﬁSJ) had
. . . . Ravine

On the bottom of the waterway, particles of silt, sand, and mountain materials Form

can be seen.
@ a8 sl Cenid Jee oSS Oy Bl 5 >\ij0¢ajckﬂ~)>uljfr5lj:

S
The density of waterways on the surface of the earth is high, and uncultivated lands can
be seen in the place of sedimentation of mountain materials.
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Figure 2. A view of the flowchart of the details and stages of the current research.
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Figure 3. A view of the general condition of vegetation and types of soil erosion in the Shazand Watershed of
Markazi Province, Iran.
The density of livestock in the region (a), the development of the new city of Mohajeran (b), the direction of
plowing in agricultural land (c), mining in the region (d), river bank erosion (e), and the development of
industries in the region (f).
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Table 2. Area of land units (sz) of the Shazand Watershed, Markazi Province, Iran.
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Area Land Unit Area  Land Unit  Area
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Land Unit Area Land Unit Area  Land Unit

81.55 5 110.46 4 94.50
88.00 10 163.36 9 185.36
94.69 15 85.14 14 66.91

3 90.08 2 213.94 1
8 123.44 7 67.74 6
13 76.65 12 172.73 11
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Table 3. Soil erosion scoring in land units of the Shazand Watershed, Markazi Province, Iran.
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Erosion Total Gully Ravine Rill Pedestals Rock Status Plant Soil Movement Land-
Status Scores Erosion Form Erosion Erosion Remnants Status Unit
o 19 2 3 2 1 4 3 4 1
Very low
- 27 3 4 3 2 5 4 6 2
Low
.L,..u -
> 50 4 8 5 6 7 8 12 3
Moderate
- 20 3 5 5 4 4 4 5 4
Low
.L,..u -
> 45 5 6 8 6 8 4 8 5
Moderate
L
67 8 11 9 7 10 10 12 6
High
- 39 2 7 3 4 9 6 8 7
Low
- 30 4 5 4 2 7 4 4 8
Low
- 27 3 4 3 3 5 4 5 9
Low
.L,..u -
> 48 2 9 7 6 11 6 7 10
Moderate
.L,..u -
> Y3 2 3 5 6 10 6 10 11
Moderate
- 32 2 3 3 2 4 7 11 12
Low
- 33 4 4 2 3 4 7 9 13
Low
- 31 3 5 3 2 5 5 8 14
Low
- 28 3 5 3 1 4 5 7 15
Low
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Figure 4. Erosion landscap map of the Shazand Watershed in Markazi Province, Iran.
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Figure 5. Leaf area index map of the Shazand Watershed of Markazi Province, Iran.
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Figure 6. Ambrothermic diagram of the Shazand Watershed of Markazi Province, Iran.
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Figure 7. Hythergraph diagram of the Shazand Watershed of Markazi Province, Iran.
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Figure 8. Agro-climatic map of the Shazand Watershed of Markazi Province, Iran.
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Table 4. The area of different land-uses/covers (sz) in agro-climatic classes of the Shazand Watershed,
Markazi Province, Iran.
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Table 5. Number and density of livestock in agro-climatic class of the Shazand Watershed, Markazi Province, Iran.
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Figure 9. Landuse map and Subwatersheds of the Shazand Watershed of Markazi Province, Iran.
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Table 6. Characteristics of dominant species of the Shazand Watershed, Markazi Province, Iran.
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Physical and biological characteristics of the area

Steppe and semi-steppe pastures
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The biological form is batch, permanent and very

resistant to drought and cold, vegetative growth is from
mid-March to the second half of April, flowering starts
from late May to mid-June, seeding is from mid-June to

mid-July, and seed shedding is from late June to mid-July.
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The depth of the root reaches more than two meters and it
stabilizes the soil and prevents erosion, and tolerance to

drought is one of the desirable traits of the plant (58).
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Physical and biological characteristics of the area Scrllzr;tllelc Persian name
Sirtans 5 Kis e
Dry and semi-dry Climate
() e
2700-1850 e
Elevation (m)
3040 (:bfdﬂb a=53) las
Temperature (°C)
(= ) ool
300-400 7 Jl'“’ SR
Precipitation (mm) Amygduluse Sl
S8 gl s 28 Ol 5 re s 50 Cw_)‘\..vAe;'bL_)é orintalis ==
s (slo e e BASEL
A shrub with a height of about 7 m and planting time in Biological cycle
autumn before the cold of winter
J)j}abﬁj)aﬁ‘éuﬁj‘aéﬁjjaﬁ‘éu&u J)&BU}V;‘L}
(09) St bl il b ials
Massive and wide branches, massive and wide roots Conservation role in
effective in soil conservation (59). reducing erosion
Cirtans 5 Kis e
Dry and semi-dry Climate
() e
600-1700 e
Elevation (m)
10-19 (:bfdﬂb a=53) las
Temperature (°C)
(= ) ool
100-250 Fee) Ak
Precipitation (mm)
Ye-0+ Cujjl LSS Gla g s #She s oled  SLlelil (gl
. c . e s N Artemisia ch
.W‘WA.Zr)LMuuL;)J':{-)WﬂJﬂJMLA‘ﬂfLA L;**lj{))’ Siberi w.-:éw_)é

It has numerous and dense branches and is bush-shaped
with a height of 30-50 cm, a thick underground stem, and it
is one of the drought-resistant plants.

S Clan Uy 2l s e s ooslhe by 2b e
Grmadl 1S o 53 2V Ol 5 S e il
() ol Slay 5 5

It has a favorable and effective canopy surface in reducing
runoff, preventing surface soil erosion, and has a high
capacity in atmospheric carbon sequestration (60).

Biological cycle

o ‘v;".léu} u;'a
e p S

Conservation role in
reducing erosion

AA|



V€Y & b)lo*:} AR 2,90 ch&g ui cblas duuﬂ”sr’

-1 JJJ? aalsl
Continue Table 6.
. . ¢ . [CIY
adae g s Spd s S NEE ;‘“J'f
Physical and biological characteristics of the area Scientific name r?;f::;n
Sist e 530 B
Cold and semi-dry Climate
() ol |
3500-2000 S
Elevation (m)
913 (:bfdﬂb a=53) les
Temperature (°C)
- & L
223-362 (iase) Aok
Precipitation (mm)
Lol 5l adsl Ady e Sl YO BV ijwéwﬁ@gf
Sl sl B o5 ,3 w0 Astragalus ¢
A bushy plant with a height of 10 to 15 ¢m, initial Biological cycle gossypinus =S 058
growth from mid-April to mid-May
53 e i B 38 Gee b ety sl (slads, slala
b b il Cliclaﬂdj.lﬂ Vo U Sk bi- e Ll S
)La;fﬂckwﬁ%a-yéuéﬁwyghgmﬁéﬂ.k@é 03 bl La
V) ol S 55 51 aniles Sl tals
It has a very complex root system with a penetration depth COnseryation rqle in
of six to eight meters in the soil, the ability to maintain soil reducing erosion
up to 15 times the canopy surface, high water retention
capacity due to the hairs on the surface of the leaves and
prevention of flooding (61).
CG:JA 6&{}5 9 S 6@J§~>— ‘;f:"'"w ‘Lf:"“‘ V.:U‘
Steppe, semi-steppe, dry forests and high mountains Climate
() ol |
1100-4000 S
Elevation (m)
10-15 (:bfdﬂb a=53) les
Temperature (°C)
Gredes) 0L
150-500 Precipitati Astragalus e
pitation (mm) S0
adscendes

‘v;&.:JLZ)aU}S LS‘A")" S pod
In the form of a short bush and pillow
Sl bl ids oS Saillp b on S WL sl o 5
(V) &S o sl St bl

The deposition of high amounts of carbon, the cushion
form of the plant creates a suitable cover for soil
conservation (62).
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Physical and biological characteristics of the area clentific  Persian
name name
u<.\i>' B} éjw V.:.Lﬁ‘
Cold and dry Climate
() el
1200-3400 TR
Elevation (m)
2240 ()8 sl a50) Lo
Temperature (°C)
(= ) b
200-300 Fk) Sl
Precipitation (mm)
gu)yl}é.xS&@ujb.&g@J,j sls 2 Jaal gl 3ol 50 Oy 3l e alolinl, Bromus e
P _ ) . tomentellus s
g g ey Sty Oy 3l g Ol sy 5668 olST 55 0yl laphhil y5eb J1 S 033 o
Immediately after the seeds of the plant ripen, it starts sowing from the Biological cycle
middle of June. The time intervals for the appearance of the reproductive
organs in this plant are short and its seeds are spread quickly after ripening.
s hls 2l (3l 53 et glallis 4 5 (S22 5 b 4 pslis L A o bl i
(L) el ¢}U.A ‘a.l: .\i.LL leﬁj."ﬁ 03 KRG ‘S\JYU:"}} QLQL:Sf)rS\jZA) 6}5 u;.:L»,e u,v.alS
A stable plant, resistant to cold and drought and adapts to very cold winters. It .
. . . . Conservation role
has a strong and dense root and is one of the edible plants. It is resistant to . . .
. . in reducing erosion
heavy livestock grazing (64).
S 50 8 3l
Warm and dry Climate
() el
600-1700 TR
Elevation (m)
1829 ()8 sl 4z 53) Les
Temperature (°C)
(= ) b
400-500 Fk) SN
Precipitation (mm)
D25 5 padee WY U Cta Uk 4 banS 5 e il Vet Cu—‘)‘dd_ﬂdl»ﬂ\_;g" S
B o3 b el oy S es 51 3l [Sps ol IS0 (1S B o jous e ke Ve
e
el 5 s s sladl b gy KB s Lo oIS gy i
. . Biological cycle
An annual plant, 10-40 cm high, leaves 7-12 mm long and 10 mm wide, ovate id o
Medicago e

to wedge-shaped. Petioles are longer than petioles, often with 2 to 5 flowers,
fruits are lenticular, without spines, fruit rings are three to seven.

orbicularis o pls
Layds D Zuaslie (Ol 5 L A 5 L (st 5 Ol o o 0 o 0L 5 el

Bl S alaml 5 b (650505 G e sd e 5 Aelasl el Ll 5 Llis o

S ok 5l STyt it Sl 53 0 A8 = @l bl o bl

Jﬂ.a 3}.\‘4& Sk S 8 Cy\‘é‘v?‘jﬁ&u.:)dj) Lh€}:.}ﬂ))‘a>u;w\bu)\d;ﬁ) )J&blﬂ}w@

.('\'\)g,.w!)lssaﬁpfjx;«u—rmegLﬁlo,on:J,: R BN LY
High resistance to cold, frost and drought, with abundant seed production, the  Conservation role
resistance of the seed pods against adverse climatic conditions and the in reducing erosion

hardness of the seed causes natural reproduction and the creation of a
protective system under permanent pasture conditions. It is very tasty.
Through the biological fixation of nitrogen using rhizobiums on the root, it
improves and improves the soil. The fodder production rate of this plant is
900-2212 kg/ha (66).

Yy



V€Y & b)lo*:} AR 2,90 ‘Jl&, ui cblas ‘5‘&0«&9).’

-1 Jij. aalsl
Continue Table 6.
. . ¢ L [ERY
il fs s (S s S ch; f).€
Physical and biological characteristics of the area Scientific ersian
name name
u<.\i>' B} éjw (,.:.Lﬂ
Cold and dry Climate
() el
300-2300 S
Elevation (m)
18-27 ()8 sl 4z 52) Lo
Temperature (°C)
>300 (o) Ak
Precipitation (mm)
Ue%w\tw)\gr:&M)‘jﬁ«]uwéij&PQ)QUL».L}E
ey e S 35> Gl e Onobrychis el
Perennial with long roots up to 3 m, wooden and straight, the height Biological cycle sativa '
of this plant reaches about 1 m.
Laeb g et o el Ol r.:...y.lS oot Sdme 3lge glils (S
Sl 5 Gees laalsy il Che R S e s dss Ol 3l e, b
J;JLgl.a\‘,.,i)aSléézl{j‘j\uiib;jldﬁfjle-&.@zﬂb.)l;&»l 0> Pl 8
Sl s alS
10) ol elizl 5 st o
. . . . . . Conservation role in
Itis palgtab%e, it has a lot of minerals, espemally calcium, so a}mmals reducing erosion
eat it with pleasure. Also, due to having deep roots and high
establishment power, it can be used to prevent water and wind
erosion of soil in steep slopes (65).
3w Slia S (,.:LS!
Cold mountain Climate
() el
1000-2400 s
Elevation (m)
5 ()8 sl az52) Les
Temperature (°C)
(= ) b
300-400 Fk)
Precipitation (mm)
2o polie 5l Ol am s aS Sl il Sl gl glanes s A
- ) ) e . Secale S sl
s Gl L s led e i @ g s b e Rl i VL 4 sie montanum S 22

5}"";5‘ eé}}é‘ ALS .Li'r) a Q)l)}
The biological form, thick bunch, starts to grow in late March when
the temperature increases from below zero to above zero, and the
growth of the plant increases with the increase in temperature.

Q)yﬁ}cﬂwlcﬂjggi@juﬁ b3 0T LA W5 Jgame 5 gl S

A high-yielding species, its seed production is high, its germination is
also fast, and if planted with Medicago sativa and Onobrychis sativa,
it provides a good variety for grazing pastures (63).
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Table 7. Suggested plant species for nature-based management of soil erosion in the Shazand Watershed,
Markazi Province, Iran.
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