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Abstract: To address the dual challenges of conserving and utilizing alpine plant resources in the
context of climate change, this study focuses on alpine bulbous perennial plants in the Hengduan
Mountains through a systematic investigation and evaluation of their diversity and economic value.
A novel ex-situ conservation and research system based on living germplasm was established. The
main results are as follows: (1) Statistical analyses revealed the presence of 479 species of bulbous
perennial plants, representing 164 genera across 47 families in this region. Using the Analytic
Hierarchy Process (AHP) model, the introduction potential was quantitatively assessed by
integrating ecological factors and economic indicators, thereby identifying priority species for
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conservation and utilization. (2) The research elucidates the intrinsic adaptation mechanisms of
bulbous perennial plants to extreme alpine environments, highlighting the role of underground
storage organs in clonal reproduction and environmental resilience, thus overcoming the
traditional propagation bottleneck associated with seed germination. The living germplasm system
enhances the stable supply and utilization efficiency of experimental materials and serves as a
critical platform for ex-situ conservation of endangered species as well as for subsequent
molecular genetics and metabolomic studies. (3) Limitations of the current evaluation model and
living preservation techniques are critically analyzed, and future directions are proposed,
including the integration of multidisciplinary technologies to improve resource assessment
accuracy and broaden the application scope of the living system. This work provides scientific
foundation and technical support for the conservation, development, and sustainable utilization of
alpine bulbous perennial plants resources amid the challenges posed by climate change and human
interference.

Key words: Hengduan Mountains, bulbous perennial plants, resource assessment, analytic

hierarchy process (AHP), ex-situ conservation, living germplasm
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A. Allium prattii; B. A. sikkimense; C. A. nanodes; D. Lilium lophophorum; E. Corydalis hemidicentra;
F. Rodgersia sambucifolia; G. Alpine environment.
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Fig. 1 Representative groups and habitats of alpine bulbous perennial plants
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Table 1 Criteria for classification of habitat types

BRI

Habitat type

SR A

Habitat characteristic

M. BEM. FEHL, EBAKR . WE. HIA.
5%

Forest edge, shrub, grassland, understory,
riverbanks, field margins, village side

T CRl R/ B AR R ZE MR L I
W A FE, AR

Under the forest (broadleaf forest/coniferous
forest/mixed forest), gully, stream side, hillside
shrub, meadow, marsh

Fr I EAE (3000~4 000 m) « AR fKH
i FRFA. Wi, AR

Alpine meadow (3 000~4 000 m ) , rock
crevice, limestone land, dry-hot valley, sandy
land, rock wall

e R, KL KA TZ . )
i R AR, R ERRIX IR
Alpine stream stone beach, glacial relict area,
permafrost layer, extremely arid rock wall,
upper limit area of cloud fir forest

e, LEEREER, 5T AN TR
Sufficient light, moist and fertile soil, easy to
simulate artificially

R S M B 2, (B AIE R N TR
SR

Requires specific shading or humidity
conditions, but can be cultivated through
artificial regulation

i BRI TR AR IR, 51 B X
UGB

Special substrates or microclimate
environments are required, and the introduction
needs targeted habitat modification

MR  SRARAT . PR, HAREBIAE
AN, 5IR G R RAR

Extreme low temperatures, strong radiation,
and barren substrates make it difficult to
artificially simulate natural habitats, resulting in
extremely low survival rates for transplanted
species
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Table 2 Evaluation index system and weight allocation for species introduction and domestication

potential
Hirz 2 WIE FLE PRI AR
Target layer  Criterion layer Plan layer Weight Scoring rule
TR
Average annual 0.2 e™(-0.5x47)
temperature
P RRKE
ARG R Average annual 0.15 e"(-0.005x4P)
Ecological precipitation
adaptability PR 0.15 N(-0.001x4H)
Average elevation
Yk 5] Fad A BEE RS A S5 A/B/C/D KR 5.0/3.5/2/0.5 43
PR TRAL Habitat adaptation 0.20 Habitat levels A/B/C/D correspond to
Adaptability grade 5.0/3.5/2/0.5 points
assessment BE ST ZiFH (2 s g (.5 ;

. ZUT= I /Ay a3
ofspecies gy and e M/ IR TIEGR (1)
introduction : 0.10 Medicinal use (2); edible use (1.5);

function Type of value ..
ornamental/starch-containing/forage
purposes (1)
. (5) ; (3 ;
} YIRS RAF AR
51k - IR/ TR (D
. Domestication 0.05

Reproduction status Successful (5); unknown (3);

and failed/unrecorded (1)
domestication R 0.05 AR (5) 3 ZHRIFET (2

Level of protection

Unprotected (5); Class II protected (2)
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Note: After comparing the list of experimental species with the list of alien invasive species in China, there are no

overlapping species, so ecological risk is not considered.
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Table 3 Collection information for the studied bulbous and perennial plant species

WFh 22 R FUEbRA S SREEH HE%7
Name of species Voucher number Location Altitude (m)
NEE!: VU1l 2 A= 4
Allium prattii MXG23-24 Rendui, Xiangcheng, Sichuan 3438
gtk DLV w2
A. ovalifolium MXG23-47 Huanglong, Songpan, Sichuan 3042
e UPAIPR itz cte s
A. sikkimense MXG23-49 Maoniugu, Danba, Sichuan 3990
R YNNU-19-124 Shangri-La Daxue Mountain, 4354
Lilium lophophorum
Yunnan
" v R A ST L
:‘:ﬁ@)% 4 . SYSZ-084 Baima Snow Mountain, Deqin, 4513
Corydalis hemidicentra
Yunnan
VT AR — yI=== [
V8 AT MS.-065 =R 3200

Rodgersia sambucifolia

Yaping, Fugong, Yunnan
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Table 4 Characteristics of bulbous and perennial plants resources in the Hengduan Mountains

(statistics of major families)

R HE

\ ¥ EEL A R o
4 e I? =0T }iﬁk.‘ Number of @yj A ML AR 3
. Number Main economic Altitude range ) .
Name of family . protected Typical habitat
of species use . (m)
1tems
S Wi W E AR
ST 23]
*ﬂ. 172 ’/Jﬁﬁ. . 17 500~4 800 Hillsides, and evergreen
Orchidaceae Medicinal use
broad-leaved forests
s b, ol
: 24
ERA 99 2 0 1350~5400  Mountain slopes, and
Ranunculaceae Medicinal use
meadows
e ZiH. &H A SRR
Lil;ceae 46 Medicinal use, and 8 90~4 700 Alpine meadows, and
edible use hillside forests
R TH. 4 . Eh, T
AR 29 Edible use, and 0 1 000~5400  Hillsides, meadows,
Amaryllidaceae .
medicinal use and forests
EIEE ZiH g,
. 14 .. ~ o
Lamiaceae Medicinal use 0 500~3 800 Hillsides, and meadows
FR X e L B
1 2 ~4 .
Caryophyllaceae 3 None 0 000~4 750 Alpine meadows
. M. ESTER .
KR 10 Medicinal use, and 0 1 100~3 850 i
Araceae . Forest edges
starch-containing
I}%Hﬁﬂ —é;j)_:ﬁ IEJU—IE‘/@\ EE}K/?\
. 10 . 0 1 800~4 600  Alpine meadows, and
Saxifragaceae Medicinal use . .
alpine rock crevices
HiE R} ZiH . A
Cucurbitaceae 10 Medicinal use 0 400~3 000 Hillsides, and forests

Vi T RERR S, 479 DNYIR SE R4 R R A RAE B EMIESC RS B, AT R AR SR

Note: Due to space limitations, the complete list of 479 species and their distribution information have been

removed from the main text and can be obtained by contacting the corresponding author.
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Table 5 The top 10 species of bulbous and perennial plants in the Hengduan Mountains ranked by
introduction potential

AR o GRS PRIFEEG )
Wik A FR ZTHE 39>
Grade of Domestication Level of
Name of species Economy use Score
habitat status protection
% —é_:‘ ’ ’ BT
BT S, R Lt %
L. .. A Medicinal use, medicinal 2.334
Lilium brownii . Successful Unprotected
use, and starch-containing
MR A B i % ) 188
Salvia yunnanensis Medicinal use Successful Unprotected '
AL T £ N i gs ) 188
Lilium sulphureum Medicinal use Successful Unprotected '
R N RiT % ) 166
Sedum emarginatum Medicinal use Successful Unprotected '
EWRITE A B R gs ) 157
Asparagus filicinus Medicinal use Successful Unprotected '
(il N i £ )16
Aconitum nagarum Medicinal use Successful Unprotected '
t5 2 RiT x 2106
Pinellia ternata Medicinal use Successful Unprotected '
JIH& i R4f 7 2.097




Lilium davidii Edible use Successful Unprotected

ek 25 1] B *
Trzchosantfz.es A Medicinal use Successful Unprotected 2.096
rosthornii
s L A T % 5 088
Spiranthes sinensis Medicinal use Successful Unprotected )

T SRR 0 R TR R VR IR
Note: The complete evaluation score table in this study can be obtained by contacting the corresponding author.
22 EHFR REEER

BT IR VPAS A R, WS TR 0 a2k ) 6 PR T AR A A AR R L T AR BRI b AR S
B E, BAMRESRR = F4 A 12 24, JEHKBEL, w24 s s
. SIS AR, WML S IR, S L BRAE AR A (1 SRR S AR R AT
HA AT

TG SEIR AT RE 8—10 H NS, A Z5H B aAh 2, VIEW . YRR AEKA
o BRI AE KA EVIERR, WA SENE X5, # B i A K s B
R, Wi BRSNS, R AR A SN I . &5, WE LT, Y i
K RLF, YT AR R ARV A TR K 2= AR RS, Ihil sl
Bive 7 EEE d b SeI6 ok SRR RE 1000 £ 2 SRR AE g, A R, B 3
RZJaAF B RUFRREL, K SFfiAET .

A. E. #%&3dE; B, F. XAZE; C. G. I0H-HE; D. H. S,
A. E. Allium sikkimense; B. F. A. prattii; C. G. A. ovalifolium; D. H. Millipede.
B 2 BB TE AR A ROR B B T 2 A i IR B 5 i

Fig. 2 Growth status of living A/lium plants and millipede found while cultivating plants
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A $&E B BIHEE; €K EEE; D, FIR RITE; EEAT RS F. AR A G
A. Allium sikkimense; B. A. ovalifolium; C. A. prattii; D. Rodgersia sambucifolia; E.Corydalis hemidicentra; F.
Lilium lophophorum
& 3 6 FMIREIREWIRRAEE LR PR EATES GFR =5 um)
Fig. 3 Somatic chromosome morphology at metaphase in root tip cells of six perennial herbaceous

species (scale = 5 pum)
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AW TS A BRAE ) 2 FE 1 R SRR X 22— BT T L X v FEBRTE AR M) B2 IR EEAT T R4
PERE R 5IPAE, MR T 3T AR R T AT AR R, Rk T v R AT R AR B
MERRANFR -0 RO, LB T PR AEOE SR RN A NG G ARG RER T X
WA E IERERED 2 FEE R ERWETE T, @i E ko ik (AHP) JNiX e gt
(A DR3P R0 P RE SR AR T R I SR Ak 4
3.1 50T 1Ly X BRAE R B VR R 3& BLATL ) B R I 7

AT LU DX MURE (0 M SR AN SR SR 22 B T £ 8 FIBRTE IR RV, At T 3l sk 2
47 K} 164 J& 479 FhERTEARAEY), X LeW) P B8 U B B IR IT A8 77, e T MR
ARG . FERET, REIRES . KRR AR B e kg iR AR R K&
AR =, XL AR A A S 32 e, 38T RRAE i i Bk R R IA ARG 5 4%
SHEZEANF (Purohit, 2019) , 7R T ALY PR 1) 5 A4 RIALA o R I [ Hb R 58k
A5 R ERE AR A ) 1 S FE VA 2R PR 0 2 ) OB G R, ORI T L 8 5 AR 5 S5 A AR DR
SR A FAE BE IR TCME BV /) (Zhang et al., 2021) , X 5| FOIAL AR AL T E B A At
filie SRTT, 29 23%[F) i SRR TE ARG A WG AR A 78 0 FF A, IR HE S Wi FEAEAE ) P 3 MR
75, BT R A A SMEFAMER SRR . RSB R IX LL) R ) AR 2 ) R A
HUHT, o T B 8 AR S R G0 B S L A AR A i i N B AT BB L (Kelly &
Goulden, 2008; Li & Zhou, 2025) . #id RGEH A B MDA TT, B8 N & ZEBRTE R HE
VIR A0 S HE 7 2 A 3R AR LR AR IR, HEa XRS5 25 iR LR .

3.2 AHP B ZEBRTE ARAE Y 51 09 7 VP48 B BB R X R
KW FLANHTHCR FHE R HTiE: (AHP) ARSI T CInERR. oK. o 545



B YIRS FEZ AR RE S, W TR BRI SI RS v A &R . 2B ik 1
g T2 FIM IR, Sl 7 BRI R 5 B 1 2 48bn EAGHET, B 1R 2T
RN, a2 Ii A S5 ORI 5t IR R AT .

VIRHIPAS 45 SRR, AR A A RHESI B J1HEA h R IR, A710% 55 10%
VIRNAR 53 72 51K83.956%,  Wom Hh REFIOIX 43 B, i L 3k AR S A 47 95 U5 100 O ) FH 4
PR H S . BT AL G R — PR a5, W@ S BALRE 5 Mk S B T4 50
(3 T W A B T Z e bn B RN = HET . AR P s e st TiE . nTEE
(PIHESE o

SRIM, AHPBIEIFER E A EADKIE KEK, RAE 70525 58 Jo i S AL S Fn 4
WAEIBE ZFEIE, WIS S A P R A BR o AR 5T vl Bl S L2822 1 Bk 5 4y 1A
Vs CanZER 200 7 JERIFRAE) |, SR TR B A TR B R N TR BT, S a0

FINEE R IRIE N S 04EH2  (Hebelstrup et al., 2023) o 3XFh 2 228158 XA 7iEAR
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