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Table 1. Physical characteristics of the studied rangelands (Motamedi et al., 2021)

Average
Region Site Geographical Altitude Dominant slope Dominant annuz?l Average annual Climate (Domarten
g location range (m) (%) direction . temperature (°C) Climate Classification)
rainfall (mm)
Arshad Chaman 46°20' 2"
Kandovan 2800-3200 30-60 Western 380 9.8 Cold semi-dry
of Sahand 37044' 27"
. . 440 48' 28"
Marghavar-e-Urmia Shiveh Sour 37017 34" 1800-3050 30-60 Eastern 459 5.6 Wet cold
500 26' 36"

Gholestankoh Dosh Kharat 370 7' 54 2450-3500 10-30 Eastern 324 9.4 Very wet and cold
. 50°13' 13" .
Feridan Darakhtak 2310-2952 10-30 Western 410 9.2 Cold semi-dry

32056' 24"
. , 51°21' 46"
Khohrang Ali Abad Mousiri 3195' 16" 2340-3100 10-30 Northern 678 9.4 Very wet and cold
. . 58°56' 53" .
Binalood Ertefaat-e-Frizi 1850-2300 30-60 Northern 350 115 Semi-arid
36°28' 14"
59°53' 35" .
Khorkalat Khour Kalat 1300-1900 10-30 Western 296 16.1 Semi-arid
36° 36' 48"
50032' 18"
Alamout Joladak 360 21" 7" 1900-3300 > 60 Northern 388 8.1 Semi-arid
Sar Aliabad-e- Kamar Bon-e- 540 32' 47" Cold and Mediterranean
. 2200-3200 30-60 Western 348 6.5 .
Ghorgan Gholam Hossein 36° 38' 20" heights
.. . 5207 42" .
Larijan Rineh 2400-2700 30-60 Northern 540 11 Semi-wet ultra-cold
35°52'41"
. 52°8'31" .
Larijan Otagh Sara 3606 28" 2050-2350 30-60 Northern 350 14 Cold semi-dry
Pole Sefid-e-Savad 520 55' 54"
Kabood Cheshme 2100-2900 10-30 Western 391 7.7 Cold wet

koh

35°49' 49"
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Table 2. Suitability classes of habitat canopy cover percentage (Arzani et al., 2008; Pezeshki et al., 2020;
Motamedi et al., 2021)

Suitability class Canopy cover percentage of habitat
Si Canopy cover percentage of habitat is more than 50%.
S, Canopy cover percentage of habitat is 25-50%.
S3 Canopy cover percentage of habitat is 10-25%.
N Canopy cover percentage of habitat is less than 10%.

Pezeshki et al., 2020 :Arzani et al., 2008) s&ty 5, A S 5 53 2aJls LU o Sols Uil ¥ Sy

(Motamedi et al., 2021

Table 3. Suitability classes of medicinal plants share in habitat plant composition (Arzani et al., 2008; Pezeshki et
al., 2020; Motamedi et al., 2021)

Suitability class Contribution of medicinal species in plant composition of habitat
S: More than 60% of plant composition allocates to medicinal plants.
S, About 30-60% of plant composition allocates to medicinal plants.
S3 About 15-30% of plant composition allocates to medicinal plants.
N less than 15% of plant composition allocates to medicinal plants.

Motamedi «Pezeshki et al., 2020 Arzani et al., 2008) ols ¢l 2 5 (sl GBS Sipde oS 5 Kl Olid —F Joux

(etal., 2021

Table 4. Suitability classes of common combination of medicinal plants and livestock grazing (Arzani et al., 2008;
Pezeshki et al., 2020; Motamedi et al., 2021)

Sui;;t;islity Common combination of medicinal plants and livestock grazing
S: Less than 25% of medicinal plants can be grazed and are in classes | and Il in terms of livestock grazing.
S Between 25-50% of medicinal plants can be grazed and are in classes I and 1l in terms of livestock grazing.
S3 Between 50-75% of medicinal plants can be grazed and are in classes | and Il in terms of livestock grazing.

N More than 75% of medicinal plants can be grazed and are in classes I and Il in terms of livestock grazing.
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Table 5. Suitability classes of medicinal plants production (Arzani et al., 2008; Pezeshki et al., 2020; Motamedi et

al., 2021)
Suitability class Medicinal plants production
S1 Production of medicinal plants should be more than 30% of the total forage production.
S, Production of medicinal plants should be more than 20-30% of the total forage production.
S3 Production of medicinal plants should be more than 15-20% of the total forage production.
N Production of medicinal plants should be more than 15% of the total forage production.

(FAO, 1991) s 5,15 oWlS 51 oo o e ol il Kawls olid —5 Joax

Table 6. Suitability classes of exploitation of medicinal plants economic rent (FAO, 1991)

Suitability class Economic rent for exploitation of medicinal plants
N Economic rent for exploitation of medicinal plants is less than 25 $.ha™.year.
Ss Economic rent for exploitation of medicinal plants is between 25-50 $.ha™.year™.
S, Economic rent for exploitation of medicinal plants is between 50-100 $.ha™.year™.
S: Economic rent for exploitation of medicinal plants is more than 100 $.ha™.year™.

(FAO, 1991) o5 ls ol 51 sols o S5l 5,50 (350 (Sawels Slid -V Jsus

Table 7. Suitability classes of expected value from exploitation of medicinal plants (FAO, 1991)

Suitability class Expected value from exploitation of medicinal plants
N Expected value from exploitation of medicinal plants is less than 10 $.ha™.
S Expected value from exploitation of medicinal plants is between 10-15 $.ha™.
S, Expected value from exploitation of medicinal plants is between 15-30 $.ha™.

S: Expected value from exploitation of medicinal plants is more than 30 $.ha™.
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Table 8. Medicinal plants exploited in each habitat

Region

Site

Medicinal plants

Kandovan

Marghavar-e-

Urmia

Gholestankoh
Feridan

Khohrang

Binalood

Khorkalat

Alamout

Sar Aliabad-e-
Ghorgan

Larijan

Larijan

Pole Sefid-e-
Savad koh

Arshad Chaman of

Sahand

Shiveh Sour

Dosh Kharat

Darakhtak

Ali Abad Mousiri

Ertefaat-e-Frizi

Khour Kalat

Joladak

Kamar Bon-e-

Gholam Hossein

Rineh

Otagh Sara

Kabood Cheshme

Anthemis hyalina, Galium verum, Gnaphalium supinum, Lamium album, Onosma
microcarpum, Papaver oreintale, Plantago lanceolata, Plantago maritima, Polygonum
alpestre, Stachys lavandufolia, Tanacetum chiliophyllum, Taraxacum azerbaiijanicum,

Thymus kotschyanus, Tragopogon marginatus

Achillea millefolium, Achillea tenuifolia, Achillea wilhelmsii, Allium ampeloprasu,

Allium hirtifolium, Alyssum bracteatum, Anthemis atropatana, Anthemis tinctoria,
Hypericum perforatum, Marrubium vulgare, Mentha longifolia, Nepeta cataria, Salvia

sclarea, Satureja atropatana, Stachys inflata, Stachys lavandufolia, Tanacetum
chiliophyllum, Teucrium polium, Thymus kotschyanus, Tragopogon gramimifolius,
Ziziphora tenuior and Tuber spp.

Achillea millefolium, Eremurus persicus, Eryngium billardieri, Marrubium vulgare,
Stachys lavandufolia, Tragopogon gramimifolius, Verbascum songaricum
Achilea talagonica, Stachys acerusa, Stachys pilifera, Teucrium polium
Allium hirtifolium, Allium Jesdianum, Allium Ampeloprasu, Mentha longifolia, Thymus
daenensis
Achillea millefolium, Alysum compester, Bunium persicum, Hypericum scabrum,
Proveskia abortanoides, Salvia sclarea, Verbascum sinathum, Ziziphora clinopodioides
Achillea millefolium, Allium jesdianum, Alyssum homolocarpum, Althea officinalis,
Bonium persicum, Erenjium bungei, Eremurus olgae, Gundelia tournefortii,
Hyoscyamus niger, Hymenocrater incanus, Lallemantia royleana, Scrophularia striata,
Stachys lavandufolia, Teucrium polium, Verbascum songaricum
Achillea wilhelmsii, Eryngium billardieri, Geranium tuberosum, Stachys lavandufolia,

Tanacetum polycephalum, Thymus kotschyanus
Allium stipitatum, Allium schoenoprasum, Stachys lavandulifolia, Thymus kotschyanus

Achillea aucheri, Achillea millefolium, Galium verum, Malva sylvestris, Nepeta
crassifolia, Papaver bracteatum, Salvia hypoleuca, Stachys lavandufolia, Taraxacum
syriacum, Teucrium polium, Thymus pubescens, Verbascum agrimonifolia
Achillea millefolium, Malva sylvestris, Marrubium astracanicum, Nepeta crassifolia,
Papaver bracteatum, Tanasetum polycephallum, Taraxacum syriacum, Thymus

pubescens, Verbascum agrimonifolia

Achillea millefolium, Stachys lavandofolia, Thymus kotschyanus
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Table 9. Information related to vegetation characteristics and production of medicinal plants

Range condition class Range condition c Total forage production Forage
ano
Site (Based on the four- trend (Based on (F:j) for grazing livestock available
cover (%
factor method) trend scales) (kg.ha®) (kg.ha®)
Arshad Chaman ]
Excellent Fixed trend 78 1451 580
of Sahand
Shiveh Sour Excellent Positive trend 52 660 264
Dosh Kharat Moderate Positive trend 45 492 197
Darakhtak Moderate Negative trend 40 285 114
Ali Abad
. Moderate Positive trend 61 244 98
Mousiri
Ertefaat-e-Frizi Moderate Negative trend 48 225 90
Khour Kalat Moderate Fixed trend 39 350 140
Joladak Excellent Positive trend 76 1477 591
Kamar Bon-e- .
. Moderate Negative trend 48 396 142
Gholam Hossein
Rineh Excellent Fixed trend 63 895 358
Otagh Sara Excellent Fixed trend 62 1054 422
Kabood .
Good Negative trend 63 827 460

Cheshme
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Continued Table 9. ...

Total Harvestable
production of production of

Common

Medicinal plants combination of

Canopy cover share in habitat

Site medicinal plants medicinal plants (%) plant composition medicir\al plants

(kg.ha‘l) (kg.ha‘l) (%) and | _|vestock

grazing (%)
prshad Chaman of 212 85 29 37 24
Shiveh Sour 383 153 32 62 25
Dosh Kharat 118 47 10 22 53
Darakhtak 27 11 5 13 80
Ali Abad Mousiri 486 194 17 28 21
Ertefaat-e-Frizi 47 19 9 19 78
Khour Kalat 180 72 14 36 48
Joladak 94 38 8 11 75
Ghotam Hossein 68 28 9 19 70
Rineh 242 97 39 62 21
Otagh Sara 339 136 35 56 24
Kabood Cheshme 44 18 9 14 79
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Table 10. Economic rent and expected value from exploitation of medicinal plants in each habitat

Economic rent

Expected value

Region Site
(Rials.ha .year™) ($.ha™.year™) (Rials.ha™) ($.ha™
Kandovan Arshad Chaman of 22932500 92 4246760 17
Sahand
Marghavar-e- Shiveh Sour 53435000 214 9895370 40
Urmia
Gholestankoh Dosh Kharat 17067500 68 3160650 13
Feridan Darakhtak 4615000 18 854630 3
Khohrang Ali Abad Mousiri 55287500 221 10238430 41
Binalood Ertefaat-e-Frizi 7212500 29 1335650 5
Khorkalat Khour Kalat 19117500 76 3540280 14
Alamout Joladak 6122500 24 1133800 5
Sar Aliabad-e- Kamar Bon-e-Gholam
Ghorgan Hossein 14262500 57 2641200 11
Larijan Rineh 45317500 181 8392130 34
Larijan Otagh Sara 52500000 210 9722220 39
Pole Sefid-e- Kabood Cheshme 10442500 42 1933800 8
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Table 11. Economic rent and expected value from exploitation of grazed forage in each habitat

Economic rent

Expected value

Region Site
(Rials.ha'.year™) ($.hat.year?) (Rials.ha™) ($.ha™
Kandovan Arshad - Chaman - of 15972610 67 2957890 12
Sahand

Marghavar-e-Urmia  Shiveh Sour 6081920 29 1126280 5
Gholestankoh Dosh Kharat 5415940 22 1002950 4
Feridan Darakhtak 3137280 13 580980 2
Khohrang Ali Abad Mousiri 2685950 11 497400 2
Binalood Ertefaat-e-Frizi 2476800 10 458670 2
Khorkalat Khour Kalat 3852800 15 714380 3
Alamout Joladak 16258820 65 3010890 12
Sar Aliabad-e- Kamar Bon-e-

Ghorgan Gholam Hossein 3918850 15 723670 3
Larijan Rineh 9852160 39 1824470 7
Larijan Otagh Sara 11602430 46 2148600 9
ESLE Sefid-e-Savad 100 Cheshme 12659200 36 2344300 7

ool A aa b (r e asle 51 ol e g s Lail
=l slmesysl 3 an ke Lo ) Jols ey 53l
Person et al., ) —J lass,sl b 5 oo sS aban
035731 (235) Gid s o) 5o 48 252 a5 (2020
3 als Gyl b an assle has 5l Jols
Y e s s a Bl gslas] ol
5 g 3l itz o) o gam Sl s el
Dad asls

SLlS ol e b Lo oolasl (b arle L
TO/Y o5 ol e slion el s) 51 6 53 sl
AT S PRGN 9N | 1§ SN PEVTR P g
00 b Sl sl e 4l S0 Sl &S Cn
5 50t Ao ikt sl

slapasls polbe aSl plas (lay sy s

5 ool oS 51 gsls e e ol 5 (S548)
Sl iy 3 sl oKty 53 wsle W)y
03 eolasl gla pasls ol G 0l
5V ol e g A Camas b gle Bl Ll e g 35
dam g pa st cal o S sl LS
Saale b o s ooty oS 51 6ol e e
a5 il L ) e asls oS ls e e
e absle sl us ‘Cs‘f 5l sl sl eslanad 4
ar olola g e tme Saaaly 5 pls law B )
GBS pls LIS Gl p e ke 51 ) e eslinal
LY 5l S (Shylajan & Mythili, 2003) .L ..
wsle 5l ols pe e solasl gl pasle a8 ol
sl s 15 0L (15 e 4 S



13 OBLE 51 ol o sl Lol 5, (Sagls —VY Jsax
Table 12. Suitability of habitats for exploitation of medicinal plants

Vegetation criteria (ecological) Economic criteria The final class
Production Common The expected — ©f fADILEE for
ucti ; u
. of medicinal The contribution  combination of Competence in Economic value of each medicinal
Site ‘s < - rent of hectare of
plants (kg Canopy of medicinal medicinal the production exploitation habitat from the  Plants based
/ha) cover (%) plants in plant plants and of medicinal fp dicinal | f on the
composition livestock plants ot medicina place o restrictive
razin plants exploitation of
grazing medicinal plants symbol
Arshad Chaman of Sahand 212 S, S, S; S S, S, S,
Shiveh Sour 383 Si S: Si Si Si S; S;
Dosh Kharat 118 S, S;3 S;3 S, S S3 S3
Darakhtak 27 S, N N N N N N
Ali Abad Mousiri 486 S; Sy S, Sy S: S; S;
Ertefaat-e-Frizi 47 S, S; N S, N N N
Khour Kalat 180 S, S, S, S; Sz S3 S3
Joladak 94 Si N S3 N N N N
Kamar Bon-e-Gholam
Hossein 69 S, S3 S3 Ss Ss S3 S3
Rineh 242 S, S; S S, S: Si S,
Otagh Sara 339 S; S; S; S; S; S S

Kabood Cheshme 44 S; N N N Sz S3 N
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Abstract

The knowledge of rangelands suitability is a requirement for the exploitation of medicinal
plants of those rangelands. Accordingly, the present study was conducted to evaluate the
exploitability of MPs in 12 representative habitats of semi-steppe regions based on the
ecological and economic (E&E) indices. For this purpose, after measuring the vegetation and
estimating the production of MPs, the E&E indices related to the exploitation of MPs in each
habitat were calculated. Finally, based on the indices, the suitability class of each habitat was
determined according to the FAO guidelines by the limiting factor method. The results showed
that the forage available of habitats varied from 90 to 591 kg.ha™. Also, the share of MPs
production in habitats was obtained between 5 and 58%. In other words, the production of MPs
in the habitats varied from 27 to more than 383 kg.ha™. Accordingly, the expected value of each
hectare of habitats from the exploitation of MPs, taking into account the discount rate of 5.4% in
September 2020, varied from 3 to 41 $.ha™. Overall, the suitability of the habitats varied
between good to unsuitable (25% good, 17% moderate, 25% low, and 33% unsuitable) in terms
of production and exploitation of MPs, but all the habitats had good suitability in terms of
forage production for grazing. Therefore, the exploitation of all the habitats cannot play an
important and equal role in improving the livelihood of pastoralists and with the approach of
preserving the plant genetic resources, the exploitation of MPs in all the rangeland habitats
could not be recommended. In addition, the permitted exploitation limit in each habitat varies
according to the conditions and trend of the rangeland and the sensitivity of the soil to erosion.
This issue should be considered in the policy of paying attention to MPs, and it should be
emphasized in the multi-purpose rangeland management plans.

Keywords: Multi-purpose use, ecological and economic indices, medicinal plants, rangeland
suitability.



