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Extended Abstract

Introduction

Soil erosion is one of the significant environmental challenges in Iran. Unsustainable exploitation of natural resources and
agriculture is increasing due to the country’s specific arid and semi-arid climatic conditions. Soil erosion has led to decreased
soil fertility, a decline in water resources, and a threat to biodiversity, negatively impacting economic and social conditions.
Various biological, bioengineering, and engineering methods have been proposed for soil erosion. Among the available methods,
biological methods can directly and indirectly reduce soil erosion. In addition, biological management methods, by following
natural laws, have the least diverse impact on the environmental conditions of a region and are also economically viable. Biological
management considers the role of all living things, including humans, plants, and animals, and their impact on controlling soil
erosion. In this regard, the broader use of biological methods in the early stages of soil erosion can be significantly more
effective. However, the lack of an appropriate implementation model by experts has led to neglecting the impact of biological
soil erosion management. Therefore, the present study investigated the effect of biological management on soil erosion in the

Dehno Watershed, located in Sarvestan Township, Fars Province, Iran.

Materials and Methods

First, existing statistics, information, and studies were collected to apply the biological management approach to soil erosion.
Then, a map of working units was extracted from information layers, including elevation based on a 30-meter digital elevation
map, slope, and geology prepared from the information of the General Office of Natural Resources and Watershed Management
of Fars Province. After preparing the aforementioned information layers, a preliminary map of the working units of the region

was obtained by combining them. The soil erosion status in each work unit was mapped based on the BLM seven-factor scoring
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table and the opinions of professors, experts, and students of specialized disciplines during a multi-day field visit and satellite
image processing. A leaf area index map was prepared using Sentinel-2 satellite data from 2024 to verify the existing erosion
feature map. Next, to analyse temperature and rainfall changes to select plants compatible with the region’s conditions, the
Ombrothermic and Hythergraph diagrams were developed for 2017 to 2024. The climatic-ecological map of the watershed was
divided into seven classes by combining topographic layers and vegetation types and considering environmental information,
including precipitation, temperature, climate, hydrological groups, and soil depth. Finally, native and adapted species were

proposed for uses with a predominance of sheet erosion and maximum preliminary stages of rill erosion.

Results

According to the BLM framework, out of the 12 work units in the study area, five work units with an area of 6901.38 ha
(i.e., 26.62%) are in a very low erosion state, three work units with an area of 9422.75 ha (i.e., 36.34%) are in a stable state,
two work units with an area of 6451.70 ha (i.e., 24.88%) are in an intermediate erosion state, and two work units with an area
of 2150.63 ha (i.e., 12.15%) are in a severe erosion state. The overall soil erosion status in the study watershed is in the table
category with a score of 16.37, which indicates that most (i.e., 87.85%) of the study watershed area is in the initial stages of
erosion and its erosion status can be improved by considering biological methods. The results of the Ombrothermic diagram in
the study watershed showed that the region has dry conditions in most months of the year, and the elongation of the Hythergraph
curve was in both directions of the vertical and horizontal axes, which indicates the range of ample precipitation and temperature
changes in the region. Finally, after preparing the agroecological map, species including Amygduluse orintalis, Artemisia siberi,
Achillea millefolium L., Astragalus gossypinus, Alhagi maurorum, and Peganum harmala were selected, and associated areas

were determined.

Discussion and Conclusion

The study’s findings underscore the significance and necessity of effective soil erosion management in the Dehno Watershed.
These results demonstrate the feasibility and effectiveness of a change in the approach to soil erosion management, particularly
through applying native species, and reiterate the importance of the study’s findings. Utilizing the restoration potential of the
ecosystem can create the conditions and opportunities needed to restore and rehabilitate various parts of the region. A biological
management approach can significantly reduce soil erosion in the study area and other watersheds with similar conditions,
especially when combined with other efficient and practical strategies. Unlike detailed executive studies, priority should be
given to biological projects that have a greater impact on resources at a lower cost. Mechanical projects should be limited to
areas with critical flood conditions, with the condition of implementing biological operations upstream. In addition to the points
mentioned, managing the use of rangelands and agricultural lands in the study area with a conservation approach, inhibiting soil
degradation, preventing the conversion of rangelands to agricultural lands, and preserving ecological privacy are fundamental
issues in controlling and managing soil erosion in the watershed. Special attention should also be paid to these principles by

implementing appropriate conservation and reclamation measures.
Keywords: Adaptive Plant Species, Biological Methods, BLM Visual Model, Climatic-Ecological map.
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A view of the presence of Pistacia atlantica and Salix sp. trees in the riverbed (a), Artemisia and Alhagi maurorum (outlet of the Deno
Watershed) (b), Peganum harmala (c), deconstruction of participatory check dams (d), stone quarry site on the slope of Chang Choq

Mountain (e), and a view of the crescent water harvesting ponds on a slope of less than 20% (f).
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Cols &8 a1y Colos 68 A=l Cls &8 A=l ICH Wi o8 a=ly
Area Work units Area Work units Area Work units Area Work units
1409.00 4 2411.66 3 1741.63 2 4040.04 1
1473.00 8 980.15 7 2136.89 6 976.53 5
790.99 12 2126.24 11 6316.36 10 1523.97 9
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Table 2. Soil erosion scoring in work units of the Dehno Watershed, Fars Province
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. Z. Jl;- LSJLS J:-b
Erosion Total Gully  pattern  Rill  Pedestals Srr I Pl.a nt Soil Work units
status . . . . Rock status residue
points  erosion  status erosion  erosion movement
(High) s 67 8 8 11 5 12 12 11 2
(Moderate) bu e 53 6 6 11 8 8 5 9 3
(High) s 64 6 8 11 2 12 12 13 4
(Very low) 5> 19 2 3 2 1 4 2 5 5
(Very low) iy 18 3 3 4 1 2 2 3 6
(Low) o5 35 2 3 4 7 7 5 7 7
(Very low) 5> 17 3 2 2 2 2 3 3 8
(Very low) i 18 2 3 2 1 3 3 4 9
(Low) o5 40 1 4 8 5 6 9 7 10
(Low) oS 37 5 4 4 7 7 4 6 11
(Very low) = 2 4 4 2 1 2 3 4 12
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Area (%) Intensity Symbol Erosion State
1 25 1 Very Low A Very Low
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3 50-75 3 Moderate C Moderate
4 10075 4 High D High
5 VeryHigh E Very High
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Fig 4. Erosion landscape map of the Dehno Watershed in Fars Province
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Fig 6. Ombrothermic diagram for the Dehno Watershed in Fars Province
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Fig 7. Hythergraph drought diagram for the Dehno Watershed in Fars Province
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Table 3. Guide to the Climatic-Ecological map of the Dehno Watershed in Fars province

el Al s . ¢ . L ook e )
ol Plant type/ Sfill}D?.:h ?Js . Cl?niﬁa\lte Temperature Precipitation __.l.s .5 Slope Elevation °30
Area (ha)  Agriculture pth - S5l (-0) (mm) Geology (%) (m)
(cm) CN
ErmeSls oS S Sisaas
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Fig 8. Map of Climatic-Ecological of the Dehno Watershed in Fars Province

sl S8 S5 9o gl e b mislt 5 2dsan s
d‘:.i:«.u:);ﬁ: e bl el 3 xS s S el
Lalsl aasBlby e sbhaig Gy cwle a3
s oy alex Gl badlbtog, s 5 S s iy

Dy g

= ol glresy s il 4,8 Ll sl A3 (algiy ek S
3550 linkie oS dn o3, Jlod Gblie ogsa 5 55 by
Wy w3l aese b (AS s 5 a8 S 15 s gl x
Sl ssd 0 slely sble nl s B DS e (el
Sl S Sle ble abex 5l g 2ol 3 Sy b bl

oo Okl (gas pul o) I sk F Slasia —f gl

Table 4. Characteristics of dominant species of the Dehno Watershed, Fars Province

ailaie s 5 Sop s S e gl PRI
Physical and biological characteristics of the area Scientific name Persian name
(Arid and semi-arid) Kixaas 5 Kot (Climate) .3l
800-1800 (=) gl
Height (m)
2.5 (:lJfJ:JL.., a3) Les
Temperature (°C)
>300 (rx}ﬂ ok
Precipitation (mm) Ephedra sinica o
"&;'l“VSLéJI lases s [P @
el P POy Sl 5 SR ek
Bushy and shrub-like with a height of less than 1 m (Phenology) s o5
.[Y]Ju&u});;,uﬁfof\ﬁﬁcﬂjoguw}Jw)gﬁé\u{)‘uuu ol
A highly active root system with extensive branches around it, Conservation role in
effective in soil protection [2]. reducing
erosion
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Table 4 continued. Characteristics of dominant species of the Dehno Watershed, Fars Province

s fs 5 Sozb s S s e gl B
Physical and biological characteristics of the area Scientific name Persian name
(Arid and semi-arid) Sisaas 5 Ko (Climate) ,.Js|
1850-2700 () g6
Height (m)

a0 . (aljfv;;}b a>,3) Loy

30-40 Temperature (-C)
300-400 Crogden) 0L Amygduluse orintalis EYTRE

Precipitation (mm)
Ol Slo s 51 3 5 53 S35 Olej 5 2o Zda s gLl L as o
The shrub has a height of about 7 m and should be planted in the ~ (Phenology) _z..;s,s»
fall before the winter frost
IY] S cblis 3 350 03,208 505l glaady s 28 5 05l laaxls Dl b rals s bl 2

Dense and widespread branches, along with extensive and robust Conservation role in
roots, are effective in soil protection [32]. reducing
(Arid and semi-arid) Sixans 5 Ko (Climate) ,.Js|
() gl
600-1700 Height (m)

(18 sl az53) Lo

10-19 Temperature (°C)
(o) ook
100-250 Precipitation (mm)
Bl o mla Yr—0r lil by IS8 slai g 5 0812 5 oled p Sllalil 1l Artemisia siberi  :zse. s
el (S 4 pslae LS 552 5 s e 2
It has numerous dense branches and a bushy shape, with a height of ~ (Phenology) .z ;s>
30-50 cm, it features a thick underground stem and is classified as a
.drought-resistant plant
Sl sl ol bl cailas (SUly, a8 s e 5 osllae il 26 e S
DT el Sls,55 5 (6 el o S o 3 53 YL OIS Ol b als s bl A
It has an optimal canopy cover that effectively reduces runoff, Conservation role in
prevents surface soil erosion, and possesses a high capacity for reducing
carbon sequestration [36].
(Cold and semi-arid) Kixtaas 53, (Climate) ,.Js|
900-2500 () gl
Height (m)
10-22 (:lﬁJ:JLN a=3) Les
Temperature (°C)
350 o) 2o
Precipitation (mm)
S o A Ol S g 5 Slds g5 (Gl s 5 Gl S so dladr aLS Achillea
Sl 5 OLL B sl =l e IS millefolium L Closles
A perennial plant that grows in bushy and semi-bushy forms, it (Phenology) _zu;e,ss
thrives in plains and mountainous areas. Its flowering period is from
late May to the end of July.
g b o3l ol Lol jobe 51 YL Hlade 5 sl LS o il s, gl Rl b als s Bl B
IA] Ao o 531 15 S (g pbool oS 550 5525 6lS 53 nlt Conservation role in
It does not require a specific climate for growth and contains high reducing
amounts of essential elements, including nitrogen, phosphorus, and erosion
potassium, which enhance soil fertility [8].
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Table 4 continued. Characteristics of dominant species of the Dehno Watershed, Fars Province

s fs 5 Sozb s S s e gl B
Physical and biological characteristics of the area Scientific name Persian name
(Arid and semi-arid) Sixaas 5 Ko (Climate) ,.Js|
2000-35000 () &)
Height (m)
9-13 (18 sl az50) Lo
Temperature (-C)
223-362 Croden) 204
Precipitation (mm)
Loyl b oo sl 5hadsl ) Gre sl Vo B e plal b sl s AL Astragalus
g (Phenology) i o,ss gossypinus S0 58

A bushy plant with a height of 10 to 15 cm, its initial growth occurs
.from mid-April to mid-May
b St baim Sl (St s e cota B L 358 Gas b sy o (slade, slals

Clz.«ﬁ;;;,—yébb&ﬁd&g;.;T‘_;Ylfé)l.x@fd;ﬁ:éjbu;&ﬁcbch“ﬂlﬂ\c

DIYT sl O 55 31 Cnilos 5 S ol ials s bl i
It has a very complex root system with a penetration depth of six to ~ Conservation role in
8 m in the soil, capable of retaining soil up to 15 times the area of reducing

the canopy cover. It also has a high water retention capacity due to
the hairs on the leaf surface and helps prevent flooding [12].

(Arid and semi-arid) Sisans 5 Ko (Climate) ,.Js|
(j:A) 8—&3)‘
>1800 Height (m)

(:\Jf‘;ﬂb a=3) Les

13-19 Temperature (°C)
. . Echinops
ragden) S5k P Jls s
>100 Precipitation (mm) robustus i
1S 5 s Gl S pslin 5 e Bl 00 Ja g gl Ll Lile aLS
A perennial herbaceous plant with an average height of 50 cm, itis  (Phenology) ;.32
resistant to extreme heat and drought.
_ il s & Ll 55
D] sbs o Gl 5 058 gl Gl b A g Bl 28
A strong root system with high water absorption capacit [2] Conservation role in
J Y £ P pacity 12]. reducing
(Cold and semi-arid) Kisaes 53,0 '
1900-2500 () 1]
Height (m)
9-15 (:ljfd:'.l.w a=y3) Les
Temperature (°C)
300-500 Grode) 0L
Precipitation (mm) S
T oSt 5 sl 53 (AS 0l e Blu Ay b0 plisyl L Lile s i alS Salvia officinalis s, .
Slo o laaals s o
A perennial herbaceous plant with a height of 50 to 80 cm, its (Phenology) s e
flowering occurs in spring, and it grows on rocky slopes.
ol hals s pBle L8
LYOT S w 0L s 3555 2 31 Cmilas 5 3L Olsl 3 Sblatil Conservation role in
Abundant stem branches that prevent direct rain impact on the soil reducing
[25]. erosion
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Table 4 continued. Characteristics of dominant species of the Dehno Watershed, Fars Province

e s 5 (b S Shs e ol PSERE
Physical and biological characteristics of the area Scientific name Persian name
(Arid and semi-arid) Sisaas 5 Ko (Climate) ,.Js|
400 () gl
Height (m)
27 (18 sl az53) Lo
Temperature (-C)
150-110> (o) 2o Alhagi maurorum
Precipitation (mm) .
& S sbas O 05 5 odd e OF glaastls oS ol Jlsyl 5 S S st 3 G
213 Gopt 5 bt Cd VL e plie ) 0 20 S
. . . . Ph 1 . y o)
It is a small, spiny shrub with branched stems, generally reaching a (Phenology) s e
..height of 1 m. It has high resistance to cold and salinity
I b Gl b bl S 053,55 S A 2 2 AR
. . . e e . . Conservation role in
Nitrogen fixation, soil stabilization, and combating wind erosion [26] .
reducing
Gl dem SLLs Juzes (Climate) sl
1500-2100 Height (m)
(18 sl a50) Lo
16-18 Temperature (°C)
i Graden) 20k
Precipitation (mm) Peganum harmala S
S S S s S Sl B S il dlady ile oS S 4 '
VL il e olS ol e, Sb St Oy s e Sl N ST b 4
S 38 S s e (Phenology) _zu;e,ss
A perennial herbaceous plant with an average height of 50 cm, it is
resistant to extreme heat and drought.
IVl o Gl s 65 sl slula b AR 03 Bl B
A strong root system with high water absorption capacit [2] Conservation role in
J Y £ P pactty L2]. reducing
(Cold and semi-arid) isans 55, '
1900-2500 () gl
Height (m)
9-15 (:lﬁJﬁLu a3) Les
Temperature (°C)
300-500 Grade) 200
Precipitation (mm)
Ol ol s) 5 ol 0> A8 Ol ia Blu A B or Lol ile 5 ki alS Salvia officinalis IS
Slo o slawals s
It is a herbaceous perennial plant with a maximum height of 60 cm,  (Phenology) . s,5ss
hairless, and with pointed leaves up to 6 cm long, in cases of soil
dryness, the roots of this plant can penetrate up to 6 m in the soil.
Al e . A . Ce o ol el s Bl
e 5 Bl S b b Sl bbby 25 e 0 8 Sl S el T o ervation role in
AV o3 i 1y i reducing
Peganum harmala is a species that proliferates rapidly in overgrazed erosion
degraded Rangelands, altering the grassland community [31].
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Table 4 continued. Characteristics of dominant species of the Dehno Watershed, Fars Province

adlae gy 5 Supd LS ho e gl PUREC
Physical and biological characteristics of the area Scientific name Persian name
St s S (Climate) .55
600-1700 <’f‘> )
Height (m)
18-29 (1S Sl az53) Lo

Temperature (°C)

400-500 (ahen) 200
Precipitation (mm)

Er Lo,5 5 e ks VY=V b & baanS e Slis Vot CLAJ)H_“«JL,;Q IRy
b 5o b el sy S s ) &51}?‘,; aly S Gl S B jea e e
el 2Bin U a0 g0 (laadl s O (JSKE de Lae 5 ‘chu
A one-year-old plant with a height of 10-40 cm, leaflets measuring
7-12 mm in length and 40 mm in width, oval to wedge-shaped.
The inflorescence stalk is longer than the petioles, often with 2 to
5 flowers. The fruits are lens-shaped, without spines, and the fruit
..clusters consist of 3 to 7 units
Loy GO sl gl 5 A5 L o (Sia 5 Ol o s s s 05 sl
Gl sl 5 anb 651315 Cr g L e 5 delasl Bl ol Ll s
S Gasb Sl S g sl 358 0 (A (s Il d o ablis
Db S s 5 ol o alss 6 Wpms Sl el b 5l s
IV ol S 0 S kS YN =800 ol il i sle a5 Ol
It has high resistance to cold, frost, and drought, producing abundan
seeds. The seed coat's resilience against adverse climatic conditions
and seed hardness facilitates natural regeneration and creates a
protective system under permanent grazing conditions. It is highly
palatable. Through biological nitrogen fixation using rhizobia on its
roots, it improves and enhances soil quality. The forage production of

(Phenology) _zusje,ss

¢ il s el s bl i
Conservation role in
reducing

Medicago
orbicularis

Slopls 4

this plant ranges from 2211 to 900 kg/ha [16].
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Table 5. Suggested plant species for nature-based management of soil erosion in the Dehno Watershed, Fars Province

sl 655 gla S sobs ol ol b

Selected species characteristics.

Scientific name Persian name

Semi-deep to deep fixation

2-10

(Pit- seeding) (¢,l545
bl O s el 5l S celu 48wl s,
b s Saslasds gl
Seeds should be soaked in water for 48

(Role in soil stabilization) St s 5 i

() S e Ol gl r)'\J Ol sde
Time required for soil stabilization (year)
(Type of cultivation) c.:s £

3 s gslweslal Slalusl
Preparation actions for planting

hours before planting and empty and Amygduluse
inferior seeds should be separated. orintalis ekl
5 Seed (kg/ha) GESs ¢, )
3-4 (e Bla) s SIS e Gas
Optimal seed planting depth (cm)
A o mde &5 9 (Sl o e Slads slad 5 Olejode
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