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Extended Abstract

Background: Soil erosion, a significant form of land degradation, poses severe challenges to
humanity in different ecosystems. It serves as a comprehensive index for evaluating the
development and sustainability of land management programs. Assessing the status and spatial
extent of soil erosion has become crucial in developing countries. Biological management, a
recommended and effective means of controlling soil erosion in the early stages of all processes,
offers a practical solution. Biological methods, such as minimum tillage operations and limited
intervention in nature, prove to be more cost-effective and efficient than structural measures.
Despite these advantages, biological measures have not received adequate attention in soil erosion
control. This research addresses this gap by applying biological management in the Kilanbar
Watershed (Kermanshah Province, Iran), demonstrating its effectiveness and cost-efficiency.
Methods: The layers of elevation from sea level, aspect, and slope steepness were prepared and
combined in the geographic information system (GIS) software to prepare 38 land units. In the
Kilanbar Watershed, 14 land units with the ability to perform biological management measures
were extracted based on the expert and technical opinions of the watershed manager and
considering different bases to improve the performance and decision-making of the units with an
area of less than 300 ha. The Kilanbar Watershed is located in Ravansar City, west of Kermanshah
Province. The study area is approximately 10798 ha. The highest and lowest elevation points of
the watershed are 2183 and 1388 m above mean sea level, respectively. The mean annual
precipitation, temperature, and relative humidity are 533 mm, 11.4 °C, and 45.1%, respectively.
The status of soil erosion in each land unit was completed based on the scoring of the BLM form
based on the visual and expert opinions, and a map of the erosion pattern was prepared in the land
units. Ambrotropic and hyetographs were drawn using the 30-year precipitation and temperature
data of the Ravansar synoptic station to determine the periods of drought and wet conditions and
to identify suitable plants with the characteristics of the region. A climatic—agricultural map was
prepared and integrated into the GIS using meteorological station data (temperature, precipitation,
evaporation, and transpiration), and plant species were selected according to ecological
expectations for watershed biological measures.

Results: According to the BLM form results, one and eight land units are in partial and low
erosion conditions, respectively, and five other land units are in medium erosion conditions.
According to the erosion pattern map, the majority of the studied area, about 70% of the
watershed, is in a low and medium erosion state, which naturally confirms the high ability to use
appropriate biological measures to control soil erosion. According to ambrothermic and
hyetograph measurements, June to September were dry months, and precipitation changes were
more significant than temperature changes from October to May. According to the climatic—
agricultural map, the region is divided into five classes. Class 4 (4819.3 ha) and Class 1 (364.83
ha) had the largest and smallest areas, respectively. Finally, the zoning of suitable rangeland
species in the watershed showed that rangeland species of Asteragalus ascendes, Avena fatua,
Picnomon sp., Achillea millefolium, Bromus tomentellus, and Hordum blubosum dominantly
covered the region. Based on the study results, appropriate plant species were introduced for the
studied watershed. Accordingly, conservation and reclamation measures were recommended to
improve land productivity and ecological conditions and avoid land use changes for the study
area. The essential measures include vegetation in rangeland ecosystems aiming at preventing the
role of the canopy cover from directly impacting raindrops on the soil surface, increasing water
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infiltration in the soil, stabilizing soil aggregates due to roots extension, increasing grazing
capacity and livestock production, and increasing its efficiency and productivity with time.
Conclusion: The findings of this study hold significant potential for the Kilanbar Watershed. The
proposed biological erosion measures, tailored to the ecosystem's unique conditions, are effective,
low-cost, and environmentally compatible. They offer a sustainable solution for managing soil
and water resources in various ecosystems. Implementing these measures can significantly reduce
soil erosion in the watershed, particularly in areas with low to moderate erosion status. This
research is an essential initiative in applying biological erosion measures in the Kilanbar
Watershed, demonstrating that soil erosion can be effectively and practically controlled in
approximately 67% of the watershed through biological methods in the critical land-use areas of
rangelands and agriculture. It is important to note that applying biological erosion measures
requires comprehensive and integrated investigations, considering the different parts of the
ecosystem. With these findings, the proposed approach in this research can be extended to other
watersheds across the country, particularly those with slight to moderate erosion status, while
maintaining the principle of comprehensiveness and respecting the unique conditions of each
watershed.
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Figure 1. Geographical location of the Kilanbar Watershed in Kermanshah Province and Iran
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The earth's surface is uniformly covered with stone masses, outcrops, or pavements.
3.5 D9 g0 0anlie (K Gibey 9k i (iblie (Jg Cowl 0ad oaudisy pdaw plod )d (i Liddgy
The stone covers the entire surface, but there are also areas without stone cover. S Cand
o sl oSl & & . . s 9 hacand’
6-8 PP O xSy &gy (i by 052,50
The stone cover is observed dispersedly. Rock);tatus
0-11 (Lo o> (g9,) 395 50 oanlie 55 iulo 3 Bl &S gyebdy cuwl Db (S gy (SuSTy
The stone cover is highly extended, so erosion effects are also observed on the piedmont.
1214 (29950 0030 Cubd g by pwudd (g9 Py Caumdg () Canl 4By (S Qb 3L Liabeyd > 4

As a result of high erosion, the stone cover has been lost particularly on the plains and piedmonts.

(Nyssen et al., 2007) Sb ok 8 Cursdg ol puo obj)l gl BLM Jas )0 eslaiwldyge (sl psiio =V Jods aolol
Table 1. Continued. Variables used in BLM model for field assessment of soil erosion status (Nyssen et al., 2007)

03 g g 0nlia (LS Aty (150 be b g SKiw pj ad JB I clalas Mo LB BT
There is no noticeable effect of emptying under stones or exposing the roots of plants.
) 3929 65 liee 4 QLS ) padlye 30 5 Siw 5 3 SB Jos g a3 JB ony
4-6 There is a phenomenon of emptying and transporting It_he_?otijl untde; the stones, as well as exposing the roots of plants to a Cundg
imited extent.
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L pbie oaalie baaalpl 51 )3 L g cield gy LS Ay (sl BT 5 lacSie Sl S s JB i -
7-9 The emptying of the soil around the stones, as well as the effect of the bare roots of the plants, can be seen on the slopes or (sl p
i inside the stream. Erosion
10-12 ol b5 L gl B odgy doyd (LS ady)y as by orines 5 LS BlLbl SB o pedestals
As a result of the erosion, the carrying of soil around the stones and exposure of plant roots is relatively high. status
g ge 04 adlaie Byt ) oy cpl g oddbye ioleyd aoesyd LS Clel ddy) 30 g K Bl )bl S
13-14 As a result of erosion, the soil around the stones as well as ﬁhe roots of most of the plants are exposed, which is seen in most of
the region.
D9 se 03 yled S5 il Jolie b g 2)l5 g2y ()led al B
0-3 . ; 2 ; /
There was no rill erosion or the initial stages of rill formation.
46 ] i duo 515 byl alold gy il VO 3gas byl es )3 3939 g5k iolo 8
There is rill erosion, the depth of the rill is approximately 1.5 cm, and the distance between the rills is >3 m. £l b Cn
7.9 ] (2L by (9 g COd diald cyie du gl dlolBly pio Bl VO B VO byl es o § Lj
The depth of the rill ranges from 1.5 to 15 cm at a distance of about 3 m, the area is bare and free of vegetation. dﬁ‘:”
ol (LS g 5 (sle g o dial g e dw B VD (s anylus alols g yie 5l VO V0 o)l Ges erosi('m
10-12 The depth of the rill ranges from 1.5 to 15 cm; however, the distance between the rills ranges from 1.5 to 3 m, and the area is
bare and free of vegetation.
13-14 Cal (2L by jl (gyle g cod aly g yio VO S dlolBly jie Sl VO B Y/ byl es
The depth of the rill ranges from 7.5 to 15 cm with distance <1.5 m and the area are bare and free of vegetation.
0-3 D9 e o3 (o) a3 sl
Stream channels can be seen on the surface.
46 Wi dgdiio (6090 B dalpl (iS55 oilegls 5 lge
The remaining materials on the bottom of the stream are somewhat visible. Cundy
7.9 Dilodds (s 0310l a5 4y dalpl (ST 50 odilecgls yy dlge Yy s
The remaining materials are deposited on the bottom of the stream in order of size. e Flow
10-12 Do 043 (6058 g 9 (b b 3 dnlpl S pattern
At the bottom of the stream, silt, sand, and colluvial can be seen. status
e il 4 (008 dlge Sl Jors )3 CudS (g (2] g Canl 2bj (e) a3 anlpl (S15
13-15 There is a high density of streams on the surface, and uncultivated lands can be seen in places where colluvial have been
deposited.
03 ol 03905 st |y LS gl ylgyd g ST LS (LS by g 039 Jleb et S
Gully erosion is inactive, and the vegetation is stabilized at the bottom of the gully and the side walls.
46 row| n_mmu;f LSSl (glo,S” g ST y> 08Ty ) UmLf Doy 9310 gy Jud wS] (golaws )
A number of active gullies are observed, and vegetation are dispersedly seen on the gully bed and sides. )
79 el 51,31, 55 2oy s 22> Ve g2 5 0357 JUb (oaS kb SIS il b Cundg
Gully erosion is active, covering about 10% of the surface of the land unit. ~ Gully
1012 sl 48,518 1, 45 a5l s 2y Do B Ve gt g 039 Jleb eiST sl b erosian status
B Gully erosion is active and covers approximately 10-50% of the surface of the land unit.
13-15 g ) 6)l8 25l o 103 0 1 St g 0392 Sl il ol B
Gully erosion is active and accounts for >50% of the surface of the land unit.
1- Pedestals
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Figure 2. Flowchart and steps for the current study.
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Figure 3. Overall Location in the Kilanbar Watershed land units, Kermanshah Province.
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Table 2. Area of land units (ha) in the Kilanbar Watershed, Kermanshah Province

Colue &) sly 3, Colue &) sy d, ol &) sy i, Colue &) aly d,
Area Land unit No Area Land unit No Area Land unit No Area Land unit No
638.4 G2 4 491.8 Gl 3 556.3 B 2 436.5 A 1
577 H2 8 1269 H1 7 910.2 G4 6 527.2 G3 5
801.1 J1 12 740.8 H-IN 11 517.6 H4 10 740.1 H3 9
2041.2 (0] 14 550.7 J-IN 13

oliile S il 1> JMS 550l 0395 (o)l Soly ym 1> ST ioluyd  mdjliel =¥ Jous

Table 3. Scoring of soil erosion in each land unit in the Kilanbar Watershed, Kermanshah Province

" SBoes S blsy, 9 S Cny SR Sokd ialeyp g G el ges PRCRC
vl o~ b 5 5 L. Mo P 2 =<
- movement residue Rock Status P:%Es?;ﬂs erosion p e?ouslilc);/n Points Status
e
1 A 7 8 7 6 7 8 4 47 ol
>
2 B 8 7 7 7 6 8 5 48 o
3 Gl 5 3 5 3 1 3 1 21 o
4 G2 5 3 4 3 2 3 1 21 o
5 G3 5 4 5 3 2 3 1 23 o
6 G4 6 8 7 6 7 9 5 48 s
oderate
7 H1 4 3 4 3 3 3 1 21 o
8 H2 4 3 3 2 2 3 1 18 e
Very low
9 H3 3 4 3 3 3 4 2 22 e
10 Ha 4 6 5 5 3 5 3 31 quw
11 H-IN 4 7 7 6 5 7 4 40 quw
12 J 4 5 6 4 4 5 1 29 wa
13 J-IN 8 7 7 7 6 7 4 46 Lo
Moderate
14 o) 9 9 9 9 8 9 7 60 Lo
Moderate
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Figure 4. Erosion map of the Kilanbar Watershed, Kermanshah Province
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Figure 5. A view of the general state of vegetation and soil erosion types in the Kilanbar Watershed, Kermanshah

Province, Iran
(a- land degradation, b- Gully erosion, c- constructed check dam, d- land use change, e- mining, - soil harvesting in the
area, g- improper cultivation pattern)
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Figure 6. Ombrothermic diagram of the Kilanbar Watershed in Kermanshah Province, Iran
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Figure 7. Hythergraph of the Kilanbar Watershed in Kermanshah Province, Iran
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Figure 8. Agro-climatic map in the Kilanbar Watershed, Kermanshah Province, Iran.
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Table 4. Characteristics of dominant plant species in the Kilanbar Watershed, Kermanshah Province, Iran

o adhaie )5 (o b Shg ele b )b el
Physical and biological characteristics of the area Scientific name Persian name
Siiddog 9 3 g Pt
Cold and semi-arid Climate
900-2500 (=) )]
Height (m)
10-22 (51)5 ol 4 p) Lo
Temperature (°C)
350 (ecsdes) 055k
Precipitation (mm)
BIJS NS o Ay i gS (Slg g Cubd ) (sl gdas 5 (Mg Oygod oy alS Achillea millefolium L. Olydlegs
ool 55 (L B Cudgs)l Bl Sided
It is a perennial plant that grows in the form of a bush and a semi-bush in the plains and Phenology

mountain areas. Flowering occurs from late May to the end of July.
4 35 g obS )3 oty g i 3] Jold ool pobie 1 Vb e g 35 L5 ol il 0y (ol R > Bl 8

{(Karimzadeh et al,, 2013) 123 o iulj3l 1, SB- gjdols olled
It does not require a specific climate for growth, and the plant contains a high amount of nitrogen, Conservation role in
phosphorus and potassium, which increases soil fertility (Karimzadeh etal., 2013). reducing
3y S5 8l
Cold arid Climate
1600-1800 (5e) gl
Height (m)
4-30 (51,8 (sl azy0) Lod
Temperature (°C)
>200 (3eske) 3k _
Precipitation (mm) Stachys inflata benth Sgy
ol Hlog Jad j3 olS (235 g (oingy >y Sielsd
The vegetative and flowering stages of the plant are in spring. Phenology
3 e 950 S i ey o g 5 gy Sl b o3 05 il (sl g lis) > Jhels UJoLu O
{Salehi and Kalvandi, 2020) cusYb 9,5 (5, (sladisS oitlep
It grows at different altitudes and climates and protects the soil by creating a cover on the Conservation role in
ground. It is also a species with high medicinal value (Salehi and Kalvandi, 2020). rg?é‘sci:j”ng
S dog el
Cold and semi-arid Climate
800-2600 (2e) i)
Height (m)
-20-38 (51,5 55l 423) Lo
Temperature (°C)
(3oiske) 55k )
>400 Precipitation (mm) Agropyron tauri oS e
b 1916 sl Byl 515, Jo e Sigs
Growth stages from early autumn to late autumn Phenology
XS o S8 S dyyun S g S leislo o)l 4 0gul g Lidl glads, dlolo dgng iR > Bl Jid
(Sadeghi et al., 2015) olled
The spreading and massive root system helps to stabilize the soil structure and reduce soil ConserrgglglgﬂgrOh n
loss (Sadeghi et al., 2015). erosion
Siiddor g SiS el
Arid and semi-arid Climate
600-1700 (%) 155
Height (m)
10-19 (31,5 5l a23) Lo
Temperature (<C)
>100 (odhen) )l
Precipitation (mm)
5 s oy ) Wl cyio Dl Vom0 elisyl b S5 (gl g oS pte g jlodyy blalil (]l Artemisia siberi LS5 dieyd
ol (SiS 4 pglie lalS g3 Siglgd
1t has numerous and dense branches with a height of 30-50 cm, a thick underground stem, Phenology

and is drought-resistant.
I 5 S o ko5 Cadloa cllyy 2l 3 e g llan iy B J frrghyy LR 2 Bl B

(Maerker et al., 2017) sl (& il (S o 3 2V olled
It has a favorable canopy surface, effectively reduces runoff, prevents soil surface erosion and has high Conservation role in
atmospheric carbon sequestration capacity (Maerker et al., 2017). 'S:jéjs‘i:)nng
&ye srogS 9 Sl by S «tulbos ¢ il el
Steppes, semi-steppes, arid forests and high mountains Climate
1100-4000 (o) e )
Height (m)
10-15 (51)5 b 4 p) Lo
Temperature (<C)
- (sracdse) )b
150-500 Precipitation (mm) Astragalus ascendes o9
Szl g oligS (laigr oy Siglgd
In the shape of a short bush and pillow Phenology
5 o ol S8 Bl sl ki iy oS SEl eSSV ol g R B
Vahabi et al., 2007& Uil B
As a result of the deposition of a large amount of carbon, the cushion form of the plant Conservation role in
provides a suitable cover for soil conservation (Vahabi et al., 2007). reducing
erosion
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