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Extended Abstract \

Introduction

Climate change is a fundamental environmental challenge with, far-réaching effects on natural systems, particularly
mountain ecosystems in arid and semi-arid regions.“The southern slopes of the Alborz Mountain range in Iran are
among the country's most important mountain ecosystems; hosﬁyﬁa\lwdlverse array of medicinal plant species with
significant economic and ecological value. The Hiv and. Shalamzar*watersheds possess valuable medicinal species,
including Astragalus, Thymus, Achillea, Glycyrrhiza, Cichorium, Hypericum, and Alhagi persarum, which have long
been used in traditional medicine and are increasingly harvested for the pharmaceutical industry. Despite scattered
studies, no comprehensive systematic review; has specifically focused on the ecological capacity of medicinal plants
in this region. This research aimed to'collect, evaluate, and synthesise findings from existing studies on climate change
impacts on the ecologicalieapacity of medieinal plants in the Hiv and Shalamzar watershed.

Materials and Methods

This systematic review was, conducted following PRISMA guidelines. A comprehensive search was performed in
domestic databases' (SID, Magiran, ISC) and international databases (Scopus, Web of Science, ScienceDirect, Wiley
Online Libzary, Springethink) for,Persian articles (2011-2024) and English articles (2015-2026). Keywords included
"climate change," "edi inr:lp\ﬂs," "ecological capacity," and their equivalents. The screening process involved four
stages: initial identiﬁc;&of approximately 850 records, duplicate removal (60 studies), title/abstract screening
(excluding 240 jirrelevant studies), and full-text review (excluding 50 studies with insufficient data or unclear
methodology). Methodological quality was assessed using the CASP checklist; studies scoring below 60% were
excluded. »Einally, 60 studies met all inclusion criteria. Data extraction included bibliographic information,
methodology, wariables, medicinal plant species, and key findings. Qualitative data were analysed using thematic
analysis, while quantitative data were synthesised using narrative synthesis and descriptive statistics.

Results and Discussion

Climate data analysis revealed that the mean annual temperature in the southern Alborz slopes increased by 1.2°C over
three decades, while precipitation during the growing season decreased by 15%. Rainfall patterns shifted toward short-
term torrential rainfall, reducing infiltration rates and increasing surface runoff. Analysis of the seven main medicinal
plant species revealed significant impacts: the density of Astragalus, Thymus, and Achillea declined by up to 25% at
lower elevations (1500—2000 m); alkaloids, flavonoids, and essential oils decreased by up to 30%; Glycyrrhiza shifted
to higher altitudes (2500-3000 m); Cichorium flowering occurred 10—15 days earlier; and Alhagi persarum faces
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severe habitat reduction. Highland areas served as climate refugia, preventing up to 40% of population decline. Future
projections indicate that 20-30% of current distribution areas may be lost by 2031.

Conclusion

This systematic review demonstrates that climate change has significantly reduced the ecological capacity of medicinal
plants in the southern Alborz slopes. The seven main species studied showed reduced density, altitudinal shifts, altered
phenological patterns, and decreased bioactive compound content. Overharvesting by local communities has
accelerated extinction risks. Highland areas play a crucial role as climate refugia, protecting vulnerable species. Key
recommendations include: (1) establishing long-term monitoring networks using remote sensing; (2) protecting climate
refugia at higher elevations; (3) developing gene banks for endangered species, particularlydliagi persarum; (4)
formulating comprehensive climate change adaptation programs; and (5) raising public awareness about sustainable
harvesting practices.
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Table 1. Summary of key findings on the impact of climate change lon the}bQogical capacity of medicinal
plants in the southern slopes of Alborz

Component Finding Change References

Climatic parameters

Roshan et al., 2024; Azad &
Temperature Annual mean +1.2°C Ahmadi, 2024; Motamedi et al.,
2022

Iran Meteorological Organization,

o . co
Precipitation Growing season 15% 2023: Azad & Ahmadi, 2024
Rainfall pattern Shift toward torrential rainfall. - Roshan et al., 2024
Consecutive dry Significant increase B Iran Meteorological Organisation,
days 2023
Changes in species distribution and density
The density of . —25% at 1500— Vaziri, 2017; Noedoost et al.,
vulnerable species Astragalus, Thymus, Achillea 2500 m 2024; Motamedi et al., 2022
o . . Shifted to Ghelichnia, 2024; Zaheri et al.,
Altitudinal shift Glycyrrhiza 2500-3000 m 2024
. . Severe habitat .
Endangered species Alhagi persarum reduction Zaheri et al., 2024

Phenological and physiological changes

Flowerine time Various species 10-15 days Tahan et al., 2024; Alavi Bougar
& (especially Cichorium) earlier etal., 2025
Seed production Decrease -30% Alavi Bougar et al., 2025
Alkaloids Decrease -30% Alavi Bougar et al., 2025

(especially Astragalus and Thymus)



Alavi Bougar et al., 2025

. Decrease o
Flavonoids (especially Astragalus and Thymus) —30%
L Decrease o Alavi Bougar et al., 2025;
Essential oils (especially Thymus and Hypericum) —30% Salmanpour et al., 2025
Phenolic Decrease with elevation 7.85% Alavi Bougar et al., 2025; Roshan
compounds ’ et al., 2024
Antloxgggsz ts;nzyme Increase with elevation - Roshan et al., 2024

Climate refugia and future projections

Prevented 40% Kougioumoutzis et al., 2024;
Climate refugia Highland areas population Ghelichnia, 2024; Motamedi et
decline al., 2022
Distribution loss o o Pau et al., 2025; Wani et al., 2024,
prediction 30% by 2031 —30% Motamedi et al., 2022

Temperature o Azad & Ahmadi, 2024; IPCC,
projection (2100) Iran 2.5 10+4.5°C 2023

Precipitation o Azad & Ahmadi, 2024; IPCC,
projection (2100) fran 15 t0-25% 2023

acity, Medicinal ts, Hiv & Shalamzar watershed, Southern slopes of
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Table 1. Summary of key findings on the impact of climate change on the ecological capacity of medicinal
plants in the southern slopes of Alborz
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Table 2. Synthesis of findings from reviewed studies on the impact of climate change on medicinal plants
in the southern slopes of Alborz and similar regions

&l
References

Sl 5 alie Sllas mbs
Results of similar studies in

Iran

5 alie Slalllae gbs

ok

05 el (laaily
Synthesized
findings

o O30 Jele

Factor investigated




Results of similar

studies
worldwide

Iran Meteorological
Organization, 2023;
Motamedi et al., 2022

Azad & Ahmadi, 2024;
Motamedi et al., 2022

Vaziri, 2017; Motamedi
etal., 2022;
Salmanpour et al., 2025

Tahan et al., 2024;
Alavi Bougar et al.,
2025

Alavi Bougar et al.,
2025; Salmanpour et
al., 2025

Ghelichnia, 2024;
Zaheri et al., 2024;
Motamedi et al., 2022

Kougioumoutzis et al.,
2024; Motamedi et al.,
2022

Paul et al., 2025; Wani
et al., 2024; Motamedi
etal., 2022

Roshan et al., 2024

Paul & Samant, 2024;
Zaheri et al., 2024

550 50+ AIT(C)

+1.3(°C) in Central Alborz

Olnl e y8 )2 2oy -V
-20% in Western Iran

syl o Artemisia (S15 als
Decline in Artemisia density

in Alborz

oS 50 85909 s
Phenological change in
Zagros

3 Leals

alel o +1/0(°C)
+1.5(°C) in Iran

b oo, -YOU-10

Sl e e L
-15 to -25% by
2100 in Iran

Gbls ;o g0 oS
alyiae
Reduction in
diversity in
Mediterranean
regions
Loyl o G599 s
Phenology shift
in Europe
clacdpln pals

alae 4o 4l

Artemisia s Thymus slaaiss Reduction in

Decline in Thymus and secondary
Artemisia species metabolites in the
Mediterranean
spdl o Artemisia ol Lo o olul>
Translocation of Artemisia ~ Movement in the
in Alborz Himalayas
» Lasoli‘bt.& gy
50 5o LaolSalsy i oSl
Role of refuges in Alborz Role of refuges
in the Balkans

M, vy VO

Artemisia oSy jzolS S-S
o/ :
Decline in Artemisia habitat ';25 /o m the
Qinghai-Tibet
Plateau
sl el e aldl el sl
: . Increase in
Increase in Alborz elevation .
altitude
Lles ;o ials

Gyb o Alhagi persarum zals
Decline in the

5yl
o) Himalayas

aals ;o +1/Y(°C)
sl e

+1.2(°C) in the

southern slopes
of Alborz

oz als 5 -107.
ol
-15% in the

southern slopes
of Alborz

olelis,| s Yo,

JEPRV. RN SRR
-25% at altitudes
1500-2000 m

7995 55, V=)0
10-15 days
earlier

KN
-30%

@ obul>
o YO oo
Move to
2500-3000 m
Fol 5l el
Prevent 40%
population
decline

Yere Jl by
-30% by 2030

Cadled iolial
ShasT T
Increase
antioxidant
activity
Gl e el als
Severe decline in
Alborz

AVl slod ulsdl
Increasing annual
temperatures

ok phels
Decreasing
precipitation

sladiss o153 rals
PR
Decreasing density of
vulnerable species

N TR IR goee
Change in flowering
date

0,550 Slge alS
Decreasing active
ingredients

bass el slul>
Altitude shift of
species

ool sloolSalsy i
Role of climate
refuges

Predicting reduction
in distribution

Enzymatic changes

50 g8 oSunj Lals
S By



Decline in Alhagi persarum Reducing habitat of

in Eastern Alborz endangered species
50 Clrs rals

i J o sleysis Selyo Luals .
. Slod plulm 5o ael s als dosad e paler Cuiuxe U

Ramezani o g ¥ Sl o 40 L
etal. 2021 Decline in income in North Decline in ; Impact on livelihoods
N Khorasan livelihoods in Redu;e mneome £ Jocal communities

; of users
developing
countries

@ aVlo slos (1 SSboe Ll L5l pgi atald 5o ellBl Dl ysd a5 s (lis sieplls ey u\Jwb slaail
alls gg)l LS S5elsST lgs 5 sheas u‘).ul; oy Jad jo oL sae el BelSlg ol S Ol ax 0 VYl
I, Slmss 3blis a5 5,08 cillas Sl glaw 45 (IPCC, 2023) wulsl o5 Joallins cinm olas 55 L oy, oyl ol
ol 55 Sl olllas (Allen & Breshears, 2023) coul 00,5 8,20 Sl BiolhS plp 5o bpiacwsST o 5 pdscamw]
i 5 oS o Lyl aLE loaisT Lm0 Sl ik o sy gsd gl olaieas LS bl a5 ol sl
ailate sols HlS Lol 465 can ), (Tietje et al., 2022) @adl 3 15t cov casa 1) g9 ol Wlg oo ool
(Astragalus spp.) 65 slaasss oS ol olas (ol s, § I (ol o ool polegs gl oy68)
soldl Sl 51y ool o yiios (Glyeyrrhiza glabra) oLoGuseés o (Aehillea spp.) ) ,olbg (Thymus spp.) yias)
G55 e STy 5 w8 bl 5o alie Sladllas gl b 3 ombpelelii] 380 SWD B laaiss ol w515 (2als wlonds Jamcie
..\.S‘o.))f (;)M ‘;5)‘3 ULQLS s.,.:.(bs 9 gMAS Mls GL&‘ J.ALC ‘) Loo u,..,b_al 9 LSJ éiLo.A Mls S ol Gamod
Hled g ol iole 5 a8 sl ools ylis il suscblasailaie 48 Slelllas o pizen (Vaziri, 2017; Jafari et al., 2021)
(Salmanpour et al., 2025) el &8 laaiss CuS 5 juss 5 2LS by elS p e B Ol el ol

el 0315 tal3l 1 LT LRI s s o conlB) 55 L oo il 5 clowe pslym Lawgs WoaisS ol drg, e cailoyg
Sl ool 13 ),_,ls coS I ol pe, el W¥game oSles zalS G,k 5l oSl Ols ioen
&5l lgied Sl Lo gk HBLS 51 Il (syl8 e 140 g #5105l 6 gkatesi> eolatwl axwgs (Ramezani et al., 2021)
]:.)Li e L LS Ya olis ely U5 5 sl copiusl (55 sloaisS 1o aoye Y B o ihe dlge colS alS
S A M L s 5300 o (L 1) 0550 S0 CukS 5 el Ll Sz a8l nl il oo e (anll Jalse
Alavi Bougar E&l., 2025; Sefidkon et al., ) 5,138 oo b 35 )0 LS cuiS 5 asl wusS 5 Lo & ool
o580 gl adsl il yoss oS sl eols i 5o Ll yo Stachys inflata) og))s LS (g5, » alie Dlllls (2022
dg ymie aisS ! Csllae ol maw jialS 5 o5 LSS o cxe ialS 4 wilg e (B,L jmelS 5 Lo
3,08 oyl HlE holiendsid ol Sis » oybline yil anldl Lyl,is o Su55)sié U>1pe (Shaban et al., 2023)
Salvia multicaulis) 5,15 LS (55, p» oaisplxil slo sy Liwly ol o (Tahan et al., 2024; Hemmati et al., 2023)
LS 5 5 5 orloanigind kS aSly o0 A8 o 53l asS ol iz ST s s & canldl Ol i 4 Cansl o0l L
(Tavan et al., 2026) sas o )5 156 cos 551, ol o350

Sl iale)T 4 moly 4o baisT a8 wmsoe Hlid (e YO+ ¥ v ) YL Slelis )| Canmts oy s 285, almil>
Silwig 5 coelll GlaolKaly | cbla> &g o assly ) .(Paul et al., 2025) aiS o & y2lie 5YL Slels )| Cuonsay
Gl 5l as,s B B ol slaolSaly lsicas g pe gl ols 05T SlimsS slopiumssT 5 oblis slasil il



5 i Slalllas glaadl b a5 wloo S S slr (Ol 5 Olidles: (rdasl 1055 05298 ndyen] ladisS Conozr
Oyl yo alie sl ey (Kougioumoutzis et al., 2024; Yang et al., 2024) ol guar cos S 5 4l 0w ddlate
sl loolSing ) pSatn LialS 5 ol cloaiss ol Sbulr 4z Wy oo canlil Sl s 45 Col ools HLiS 55
(Khajoeei Nasab et al., 2022) sg Lol

(Artemisia osle 25,0 adls slaaisS a5 ol ools lis 5 5l ogi aiels o I3l slaiagh diwl, ron yo
o, Yo als o i (Motamedi et al., 2022) wiloads Lul> YL lelas )| coonsas o, 201381 4 ks ,o aucheri)
Paul et al., ) o,ls cillas UL gloylinasS g Llled jo alive Sladllas ol LTV Jlo b ogyls LS STy, xlaw
.2025; Wani et al., 2024

ol ;5 waz loazals il poe 5 Jiails> Srals (Alhagi persarum) s; ) yis 5 plhsiGagme s 455 3,50 0
aS aes e lis al cpl (Zaheri et al., 2024) coul sols olulls 465 cpl Cureaf ol lal Lolee loca Sz

a5 e Gl ) iy ladisS (Al e (alS (S5 a5 2 Wsl Jela Gt 8 b ) ol s

ub% D990 s pd g s b
Slallls el sl ailate 1o az LSy il 45 090 ¢ Sedily Shive Sl aBSgnaS Bt ) slo g ol ind
oS ez, nloe sl gl Cizad bl e ciand whlite ;o Solotaalh il 5 wilodd alol saiSTy 5 xbile oo 4
(Wani et al., 2024) cllbgome g ‘% Sloixl g golaidl ( Su5eds8T olul 4y yloj e

(sloslanle yglai J3ls g 190 5l roriw sla s ,glid 5l ool ogl sl o8I v 5l eolaiwl b aeasly il asil -
e Il Co e gl o5 05500 palBgallos 5 mwy Gl 53 1) (LS Jibey Sl 330 5 yetews iy IS
(Kharazmi & Navidi, 2025) ol 5,58 orb

(ot 5 olyolost «rsizs] g cloaisS gl o5 s4) 03,5 cbilim YU Slelis ) o arldl gloolals, -Y

S5 | Sis (Alhagi persarum) oy gas Jas o yme 10 sladisS 5 SGL -

8,5 2505 5o SUBLS (sl smelil Sl b (5 53 ol el ¥

bl ogd plosl (a8l SN Sl 5 g )ls BlBLS Jlal oy 550 50 laling, 5 e glyz 4 Sl 2T -0
ool bl claab Ml o 5 olol A5 plEl s e g0 5 ol cledisS blis e
ol o el B A das o lid diepllas jgye opl sloasil ( IS jsbas (Malekpourzadeh et al., 2025)
slois ot I Lol 65 cin oo 51 sl 08l LaalS | Lig)ls lalS Sa3elsST ols8 ety LalS 5 oo LT3l b 5,1
5 5SS S i | ol 51,5 0I5 55, 005 5 s S inlS e 0l bas sl 205
u,u)‘)ﬁ‘ ‘) LQ‘L:; L)"‘ ua‘).c.a‘ CL sGA_JB‘ u‘).».:.u l) o‘).o.b 5‘51706 éﬂ‘a} h.»s.’ L9, w‘\))_\ louds <L‘>‘9.4> o).:§.o »515.41 w.%ls
&5 50 ble cahdalaie ;o o8l Ol pts g sl 5l 0 550 Slge ialS § YL Clelas )| 4y baassS olbul> .ol ools
Il CeiS anegd dBelSalsy ol blis Sy s ol w5yl a)ls LS Gl o Slo LB enddl cloolSalsy lsieas

References
Abduraimova, N., Akmal, A., & Erdunov, S. (2025). Current state of natural resources of Peganum harmala L. in
Navoi Region, Uzbekistan. American Journal of Plant Sciences, 16, 759-

773. https://doi.org/10.4236/ajps.2025.166053



https://doi.org/10.4236/ajps.2025.166053

Afshari, M., Rahimmalek, M., Sabzalian, M. R., Miroliaei, M., & Szumny, A. (2024). Essential oil profiles,
improvement of enzymatic and non-enzymatic antioxidant systems in different populations
of Salvia subg. Perovskia by irrigation management. Industrial Crops and Products, 208,
117849. https://doi.org/10.1016/j.indcrop.2023.117849

Alavi Bougar, M., Saharkhiz, M. J., Eslami-Farouji, A., & Asadi, M. (2025). Effects of climatic factors on secondary
metabolites in different organs of Daphne mucronata Royle across nine regions in Iran. Biocatalysis and Agricultural
Biotechnology, 69, 103456. https://doi.org/10.1016/j.bcab.2025.103456

Allen, C. D., & Breshears, D. D. (2023). Climate-induced forest mortality: A review of fecent global trends. Global
Change Biology, 29(1), 87-105. https://doi.org/10.1111/gcb.16490

Amrollahi, M., et al. (2025). Modelling the spatial distribution of Ferula assa-foetida L. under current and future
climate scenarios in Kerman Province. Desert, 30(1), 87-110. https://doi.org/10.22127/RJP.2025.483144.2629

Anjam, M., Sepahri, A., Niknahad Garmakher, H., & Jafari Fotoumi,“I. (2013). Investigatingthe effects of
environmental factors caused by elevation changes on vegetation establishment in rangelands of Alborz Mountain
range. Journal of Rangeland, 7(4), 304-315. [In Persian] 8\

Azad, M., & Ahmadi, A. (2024). Assessment of CMIP6 models and multi-model averaging for temperature and
precipitation over Iran. Scientific Reports, 14, 24165. https://doi.org/10. 103R/s898-024-74789-4

Azimi, R., Rezaei, M. B., & Jaimand, K. (2024). Study the effectyof long-term drought stress on the quantity and
quality of essential oil of different species of Thymus spp. Eco-Phytochemistry of Medicinal Plants, 2(3), 4-15. [In

Persian]

Bahrami, M., Sarmadian, F., & Pazira, E. (2024). Integrating Iﬁkd GISnfor precision land use planning and
ecological capacity assessment in Alborz Province, Iran. EQA=International Jowrnal of Environmental Quality, 57, 1-
20. https://doi.org/10.6092/issn.2281-4485/20020

Demir, O., Tekes, A., Karagdz, S. G.,Gilsoy, S., Arslan, M., Ogiit, N., & Oguzoglu, S. (2024). Elevation variations in
volatile components of St. John's Wort W(Hypericum perforatum L.). Turkish Journal of Forestry, 25(4), 494-
505. https://doi.org/10.18182/tjf. 1487768

Eghlima, Gh., Aghamir, E,, Seyed Hajizadeh, H.,\& Zarbakhsh, S. (2025). Role of melatonin in promoting growth
attributes, thymolgresmarinic acid and biochemical properties in Thymus vulgaris L. under water deficiency. BMC
Plant Biology, 25, 603. https://dei.org/10.1186/§12870-025-06667-8

Eghlima, Gh., Sanikhani, M., Kheiry, A., Ahadian, J., & Aeclaei, M. (2020). A survey of genetic diversity of
Iranian Glyeyrrhiza glabra L. seme populations using morphological and phytochemical characteristics. Journal of
Plant  Production (Jou%glv of Agricultural  Sciences and  Natural  Resources), 26(4), 209-
226\ https://sid.ir/papei/455826/en [In Persian]

Ghelichnia; H. (2024). Tlhffect of climate change on the habitat of Artemisia aucheri Boiss. based on the climate
predictionmodelin the rangeland habitats of Alborz, Mazandaran province. Journal of Environmental Science Studies,
9(4), 9719-9728.1ps://doi.org/10.22034/jess.2024.434233.2206

Habibi Nokhandan, M., Abbasi, F., Kouhi, M., Javanshiri, Z., Malbousi, S., Babaeian, 1., & Falamarzi, Y. (2020).
Climate change detection update over Iran during 1958-2017. Journal of Climate Research, 11(42), 137-153. [In
Persian]

Hassanpouraghdam, M. B., Ghorbani, H., Esmaeilpour, M., Alford, M. H., Strzemski, M., & Dresler, S. (2022).
Diversity and distribution patterns of endemic medicinal and aromatic plants of Iran: Implications for conservation
and habitat management. International Journal of Environmental Research and Public Health, 19(3),
1552. https://doi.org/10.3390/ijerph 19031552

Hemmati, N., Mirzaei, M., & Sadeghi, H. (2023). Drought stress effects on essential oil composition of Thymus
vulgaris L.  under climate change scenarios. Journal of Essential QOil Research, 35(3), 245-
258. https://doi.org/10.1080/10412905.2023.2186805



https://doi.org/10.1016/j.indcrop.2023.117849
https://doi.org/10.1016/j.bcab.2025.103456
https://doi.org/10.1111/gcb.16490
https://doi.org/10.22127/RJP.2025.483144.2629
https://doi.org/10.1038/s41598-024-74789-4
https://doi.org/10.6092/issn.2281-4485/20020
https://doi.org/10.18182/tjf.1487768
https://doi.org/10.1186/s12870-025-06667-8
https://sid.ir/paper/155826/en
https://doi.org/10.22034/jess.2024.434233.2206
https://doi.org/10.3390/ijerph19031552
https://doi.org/10.1080/10412905.2023.2186805

Hosseini, M. S., Ebrahimi, M., Samsampour, D., Abadia, J., Khanahmadi, M., Amirian, R., Ghafoori, I. N., Ghaderi-
Zefrehei, M., & Gogorcena, Y. (2021). Association analysis and molecular tagging of phytochemicals in the
endangered medicinal plant liquorice (Glycyrrhiza glabra L.). Phytochemistry, 183,
112629. https://doi.org/10.1016/j.phytochem.2020.112629

Hosseini, M. S., Ebrahimi, M., Abadia, J., Kadkhodaei, S., & Amirian, R. (2022). Growth, phytochemical parameters
and glycyrrhizin production in liquorice (Glycyrrhiza glabraL.) grown in the field with saline water
irrigation. Industrial Crops and Products, 177, 114444,

Hosseini, N., Ghorbanpour, M., & Mostafavi, H. (2024). The influence of climate change 6n the future distribution of
two Thymus species in Iran: MaxEnt model-based  prediction. BMC  Plant  Biology, 24,
269. https://doi.org/10.1186/s12870-024-04965-1

Geneva. https://doi.org/10.59327/IPCC/AR6-9789291691647

IPCC. (2023). Climate Change 2023: Synthesis Report. Intergovernmental Panel en ﬁlimate Change,

Iran Meteorological Organisation. (2023). [ran Climate Change Report. TehranzNational %:te Centre. [In Persian]

Jafari, M., & Zare, S. (2021). Impacts of climate change on distribution\ef Astragalus spp. iscentral Iran. Journal of
Rangeland Science, 11(3), 245-258.

Jaimand, K., & Rezaece, M. B. (2001). Comparative study of the essential oils, of three Achillea species from
Iran. Journal of Essential Oil Research, 13(5), 354-356. https://doflerg/10.1080/10412905.2001.9712231

Jalili, A., & Jamzad, Z. (2019). Red Data Book of Trawi A preliminary survey of endemic, rare and endangered plant
species in Iran. Tehran: Research Institute of Forests.and RangelandsN[In Persian]

Jalilian, N., Rahimi, H., & Amini Rad, M. (2026). Floristié studNalakhani Mountain, W Iran. Iranian Journal of
Botany, 32(1), 51-66.

Khajoeei Nasab, F., Mehrabian, A} Rs, Chakerhosseini, M., & Biglary, N. (2022). Climate change causes the
displacement and shrinking of the optimalthabitats ofinectar-producing species of Nepeta in Iran. Plant Ecology, 225,
1-12.

Kharazmi, R., & Navidi, M. (2025). Monitering changes in vegetation health of agricultural lands using remote sensing
data in Alborz province. [ranian Journal of Soil Research, 39(2), 171-
188. https://doi.org/l0.22092/jsr.2025.37024 35784

KougioumoutzisgK:, Tsakiri, M, Kokkoris, 1. P.; & Trigas, P. (2024). Assessing the vulnerability of medicinal and
aromatic gplants to climate jand “land-use changes in a Mediterranean biodiversity hotspot. Land, 13(2),

133. https:#deiiorg/10.3390Mand 13020133

Liu, E:L., Mambe, W. W\I;iu, ., Zhu, G.-F., Khan, R., Abdullah, et al. (2025). Spatiotemporal range dynamics and
conseryation optimisation for endangered medicinal plants in the Himalaya. Global Ecology and Conservation, 57,
¢03390. https://dot.org/10'1016/j.gecco.2024.e03390

Makhdoum, M. E.(2019). Fundamentals of Land Use Planning (10th ed.). Tehran: University of Tehran Press. [In
Persian]

Malekpourzadeh, \L., Ghahremaninejad, F., Mirtadzadini, S. M., & Shokooh Saljooghi, A. (2025). Evaluation of
biodiversity and conservation status of endemic and rare plant species of an endemism hotspot in Iran. Australian
Journal of Botany, 73, BT24045. https://doi.org/10.1071/BT24045

Masoodian, S. A., & Kaviani, M. (2021). Trend analysis of temperature and precipitation in Alborz region. Physical
Geography Research, 53(2), 123-138.

Mathieu, A. S., Lutts, S., Vandoorne, B., Descamps, C., Périlleux, C., Dielen, V., Van Herck, J. C., & Quinet, M. (2014).
High temperatures limit plant growth but hasten flowering in root chicory (Cichorium intybus L.) independently of
vernalisation. Journal of Plant Physiology, 171(2), 109-118. https://doi.org/10.1016/1.jplph.2013.09.011



https://doi.org/10.1016/j.phytochem.2020.112629
https://doi.org/10.1186/s12870-024-04965-1
https://doi.org/10.59327/IPCC/AR6-9789291691647
https://doi.org/10.1080/10412905.2001.9712231
https://doi.org/10.22092/ijsr.2025.370243.784
https://doi.org/10.3390/land13020133
https://doi.org/10.1016/j.gecco.2024.e03390
https://doi.org/10.1071/BT24045
https://doi.org/10.1016/j.jplph.2013.09.011

Moradi, H., Arzani, H., Jafari, M., Alizadeh, E., & Rahdan, A. (2022). Investigating the Livelihood Improvement
Strategies of Rangeland Users: Application of Multi-Purpose Use of Rangelands (Case Study: Larak Rangeland,
Alborz Province). Journal of Rangeland, 18(2), 202-223. [In Persian]

Motamedi, J., Khodagholi, M., & Khalifezadeh, R. (2022). Predicting the current and future potential range
of Artemisia aucheri under two climate warming models (Rcp4.5 and Rcp8.5) in southern Alborz rangeland habitats,
Qazvin province. Environmental Science Studies, 7(2), 5015-5023.

Mozaffarian, V. (2022). Identification of medicinal and aromatic plants of Iran. Tehran: Farhang Moaser Publishers.
[In Persian]

Mykhailenko, O., Jalil, B., McGaw, L. J., Echeverria, J., Takubessi, M., & Heinrich, M. (2025)5Climate change and
the sustainable use of medicinal plants: A call for "new" research strategies. Frontiers in“Pharmacology, 15,
1496792. https://doi.org/10.3389/fphar.2024.1496792

Nasab, F. K., & Zeraatkar, A. (2025). Assessing the impact of global“warming, ongthe distrlkﬁons of Allium
stipitatum and Kelussia odoratissima in the Central Zagros using a MaxEnt) model. PLOS ONE, 20(4),
€0321167. https://doi.org/10.1371/journal.pone.0321167 “\

Noedoost, F., Behroozian, M., Karami, S., & Joharchi, M. R. (2024). Potentialdmpacts of climate change on the
geographic distribution of Achillea eriophora DC., a medicinal species endemic toMran. Ecology and Evolution, 14(4),
el1241. https://doi.org/10.1002/ece3.11241

Paul, S., & Samant, S. S. (2024). Population ecology and habitat suitability modelling of an endangered and endemic
medicinal plant Meconopsis aculeata Royle under projected climaté change in the Himalaya. Environmental and
Experimental Botany, 225, 105837. https://doi.org/10:1016/j.envexpb \024. 105837

Paul, S., Kanwal, K. S., Kumar, A., Samant, S. S., Bhatt, ..Dz, S yal, RE“Cyp& Lata, S. (2025). Population status
and impact of climate change on the distfibution of vulnerable multipurpose plant Hippophae
rhamnoides ssp. turkestanica for conservation in Trans-Himalaya, India. Frontiers in Forests & Global
Change. https://doi.org/10.3389/ffgc.2025.1551024

Rahnama, F., Naderi, R., Amirahmadi, A., Noroozi, JysMahmoodi, M., & Mirtadzadini, M. (2024). A botanical
expedition in Eastern Alborz (Iran): rare plantspecies and assessing their conservation status. Phytotaxa, 642(1), 1-
20. https://doi.org/10.11646/phytotaxa.642. Il

Ramezani, S., Rezvanfar, A., &Alambeygi, A (2021). Presenting a structural model for identifying entrepreneurial
opportunities amorfigymedicinal‘plant producers|in North Khorasan province. Journal of Agricultural Economics and
Development Research, ST(1))1-15. [In Persian]

Rechinger, K. H. (1984); Flora Iranica (Vol. 157: Astragalus). Graz: Akademische Druck-u. Verlagsanstalt.

Roshan)G., Sarli,R.,/Grab, S: W., Nasiri, V., & Socha, J. (2024). Elevational trends of land surface temperature in the
Alborz Mountainswithin the context of global warming. Stochastic Environmental Research and Risk Assessment, 38,
1721-1739, https://doi.0r2/10.1007/s00477-023-02651-6

Safarian; Vs, & Fatahi Ardakani, A. (2025). A Study of Climate Change in Iran Based on Shared Socioeconomic
Pathways (SSPs) Scenarios Using CMIP6 Models. Geographical Planning of Space, 15(1), 1-20.

Salmanpour, F.,(Shakoori, Z., Keshtkar, M., Kia, M., & Sayahnia, R. (2025). Impact of climate warming on vegetation
cover: positive effects of native artiodactyla vs. grazing pressure in Alborz Protected Area. Frontiers in Conservation
Science, 6, 1534034. https://doi.org/10.3389/fcosc.2025.1534034

Sefidkon, F., Mirza, M., & Assarch, M. H. (2022). Essential oils of Iranian medicinal plants. Tehran: Research Institute
of Forests and Rangelands. [In Persian]

Shaban, M., Ghehsareh Ardestani, E., Ebrahimi, A., & Borhani, M. (2023). Climate change impacts on optimal habitat
of Stachys inflata medicinal plant in central Iran. Scientific Reports, 13, 6580. https://doi.org/10.1038/s41598-023-
33660-8



https://doi.org/10.3389/fphar.2024.1496792
https://doi.org/10.1371/journal.pone.0321167
https://doi.org/10.1002/ece3.11241
https://doi.org/10.1016/j.envexpbot.2024.105837
https://doi.org/10.3389/ffgc.2025.1551024
https://doi.org/10.11646/phytotaxa.642.1.1
https://doi.org/10.1007/s00477-023-02651-6
https://doi.org/10.3389/fcosc.2025.1534034
https://doi.org/10.1038/s41598-023-33660-8
https://doi.org/10.1038/s41598-023-33660-8

Tahan, A., Jafari, M., Razmjoui, D., & Javadi, S. A. (2024). Investigating the effects of some climatic, soil, and
physiographic factors on the phytochemical properties of 4juga chamaecistus Ging. in different phenological stages
in  Fars  province. Iranian  Journal — of  Medicinal  and  Aromatic  Plants, 40(1), 78-
96. https://doi.org/10.22092/ijmapr.2024.129876.1123

Takubessi, M. 1., Jalil, B., & Heinrich, M. (2025). The impact of climate change on medicinal plants and natural
products: A scoping review. Frontiers in Pharmacology, 16, 1697581. https://doi.org/10.3389/fphar.2025.1697581

Tavan, M., Azizi, A., Sarikhani, H., Dastres, E., Rigano, M. M., & Mirjalili, M. H. (2026). Predicting the impact of
climate change on the habitat suitability and phytochemical quality of Salvia multicau‘Vahl. BMC Plant Biology,
26, 61. https://doi.org/10.1186/s12870-025-07756-4

ode habitats of
6(4), 862-

Theodoridis, S., Hickler, T., & Thines, M. (2024). Mountain greening and rising tempera
ironwort  (Sideritis), an important natural medicinal resource. Plants, People,
874. https://doi.org/10.1002/ppp3.10497 ‘

lobal variation in
ademy of Sciences,

Tietje, M., Antonelli, A., Baker, W. J., Govaerts, R., Smith, S. A., & Eiser
diversification rate and species richness are unlinked in plants. Proceeding
119(27), €2120662119. https://doi.org/10.1073/pnas.2120662119

Vaziri, A. (2017). Identification and traditional use of some medicin
province. Journal of Qom University of Medical Sciences, 11(2)51-10. [In

Wani, Z. A., Pant, S., Bhat, J. A., & Shukla, G. (2%

Jafar Abad district of Qom

urvival of medicinal and aromatic plants are
threatened by the anticipated cli Forests and People, 16,

100549. https://doi.org/10.1016/1.tfp.2024.100549

Yang, L., Zhu, X., Song, W., Shi, X., & Huang, X. (20
medicinal plants on the Qinghai-Tibet Plateau, with

i;&ntial distribution of 12 threatened
€11042. https://doi.org/10.1002/ece

model. Ecology and Evolution, 14(2),

Yang, P., Wang, R., Liu, J., Xu, X.,
environmental heterogeneity on ferilisati
15(9), 2142. https://doierg/10.3390

n, Q., Shen, Z., & Li, R. (2025). The influence of
ibution and yield in medicinal plants. Agronomy,

Yousefzadeh, K., etyal. . ] oratum essential oil variation across altitudinal gradient in Alborz
Mountains. Journal of Ess ] ] ,25(4), 789-802. https://doi.org/10.1080/0972060X.2022.2103456

Zaheri, A., Nade*, &

2060 duen i

6929. https i

sible extinction of Eversmannia subspinosa in Eastern Alborz by
study. Theoretical and Applied Climatology, 155(7), 6917-



https://doi.org/10.22092/ijmapr.2024.129876.1123
https://doi.org/10.3389/fphar.2025.1697581
https://doi.org/10.1186/s12870-025-07756-4
https://doi.org/10.1002/ppp3.10497
https://doi.org/10.1073/pnas.2120662119
https://doi.org/10.1016/j.tfp.2024.100549
https://doi.org/10.1002/ece3.11042
https://doi.org/10.3390/agronomy15092142
https://doi.org/10.1080/0972060X.2022.2103456
https://doi.org/10.1007/s00704-024-05047-w

