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Abstract: Chuanbeimu (Fritillariae Cirrhosae Bulbus) is a representative species of rare and endangered medicinal plants in China. Due
to overharvesting of wild resources and habitat fragmentation and degradation, its wild populations are nearing depletion and are currently
listed as a national second-level protected plant. Artificial propagation has become the core method to alleviate the crisis of wild Fritillariae
Cirrhosae Bulbus resources and ensure the supply of medicinal materials for clinical use. However, challenges remain, including its high
dependence on specific high-altitude habitats, narrow ecological adaptability, mixed seed sources and genetic degradation, long seedling
cycles, frequent pest and disease outbreaks, and high seedling mortality rates. These issues still pose significant challenges to variety
selection and large-scale cultivation of Fritillariae Cirrhosae Bulbus. This paper systematically reviews the current status of key areas such
as genetic resource innovation and high-quality seed breeding, cultivation habitat adaptation optimization, pest and disease green control,
and standardized harvesting and processing. It also outlines the recent research progress and technological breakthroughs in these fields.
Based on this, the paper proposes a development strategy focused on genetic resource innovation and high-quality seed breeding, and the
establishment of a comprehensive technical system for Fritillariae Cirrhosae Bulbus covering resource protection, genetic innovation,
variety selection, quality control, and intelligent processing. This strategy aims to provide a theoretical foundation and technical support
for the sustainable use of Fritillariae Cirrhosae Bulbus resources and promote high-quality industry development.

Key words: Fritillariae Cirrhosae Bulbus; rare and endangered medicinal plant; artificial propagation; germplasm resource

management; cultivation technique optimization; integrated pest and disease control; harvesting and processing
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Fig. 1 Main active ingredients of Fritillariae Cirrhosae Bulbus and their pharmacological effects
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Fig.2 Development and utilization strategies for Fritillariae Cirrhosae Bulbus resources
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Fig. 4 Artificial propagation and sustainable development strategies of Fritillariae Cirrhosae Bulbus



« 1120 -

¢8 B 202628 $£57% B3H  Chinese Traditional and Herbal Drugs 2026 February Vol. 57 No. 3

HEPEAN AR JR R T8 RS BOR SIS, B ek il

WHEROR BRI G, F750 7K 3 s 75 RIGERL SR

PRen SRIEAN ARG s AP A HE T R T, Bk

SR S S TR T I LR R R = 42

PR REFRAAT, bRiEA Ak R 5 i s i L)

WANTERE, LR E P E QT AR R A S T
I FRABN DUREOL 5 i3 25 A 7 BB AR HEZh

P ER R, AR ML T T RS

WFIE: (1D AR BIRANE, s = mE =

MFFEEAR, JFFE )1 DURERE R R PR 4 R 41 [ 1 2 5

DiRe 248, Sathp i RUEESE 501

PRCHIIEFEHOR, Ry m AR B EE 5 R ik

BIRAR: (20 B DURERA AR MY R B e b

KRG RAEKKEHIEFOE, Ko, Fomshs

i SRFEAIT FE, WA PAEE DR 1A 2 g 7 A

Y7 WEAENUER], HEET N T e 5B ER,

WHR Z RS 808 se Il S HER = R G, AEY

T Ao v RO B AR G R I 4 R 4 R S

(3) FETHVRAEDFZIIW, WRERZWMILAm 078

AR, BT SRR RGRETER

WL, U DRSPS (4) H R

A TARAE BREETE . ORI A 4

PRI AR R, S5 XU R R B 2R i

BWF&, SBE XM, LS

77 IR AET RS 5 7 VAR AL IR S

SEP DUREBR IR b R i 5 A 3P (1) Hip R

ik, NG 2 R B IR AT R SRR A R R

25l e T R R AR LB K 5 S B YA
FAAR PHAEEAFPARELEAN AR

Sk

[1] W, HmE, EHE, & IDL/PGEERE &
it s R T DUERE I 55 A% 1 PR B R T 5
[7]. HEE24, 2022, 53(8): 2490-2498.

[21 A, Sapwl, w5, % AEEIE) ML
MZGHAE AW TR (7). WRAESEE 2, 2024, 20(6):
239-243,

[8] BEVRZ, SRk, RN, . )1 DUEEL A oy F 2 3
1B R 7028 e T o B A0 1 T 43 A [ Hh B2,
2021, 52(9): 2768-2784.

[4]1 M, BUEE, EKFL, S BUEZH | DR A AR
bR [J]. P E AR, 2025, 50(16): 4483-448.

[5] B, NI DEHAF RIS [J]. S ZEdR, 1957(4):
164-165.

[6] BRLAk, Bifgan, £386, & NS AT HEE
BT [J]. R EFZZE, 2003, 28(5): 398-402.

[71 THA, &5, EmeR, & IR A F AR

(8]

[°]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

&R 1] EAREAREAR—PEA BN, 2019, 21(4):
775-783.

Gao D, Gao X S, Wang Y, et al. Effects of long-term
continuous cultivation on the structure and function of soil
bacterial and fungal communities of Fritillaria cirrhosa on
the Qinghai-Tibetan Plateau [J]. Sci Rep, 2024, 14(1):
21291.

TN UURE B G G o B 1 o R R AR a8 4% o I 25
MEEFNAF ST [D]. KB KB, 2020.
Cunningham A B, Brinckmann J A, Pei S J, et al. High
altitude species, high profits: Can the trade in wild
harvested Fritillaria cirrhosa (Liliaceae) be sustained? [J].
J Ethnopharmacol, 2018, 223: 142-151.

Wu X B, Duan L Z, Chen Q, et al. Genetic diversity,
population structure, and evolutionary relationships within
a taxonomically complex group revealed by AFLP
markers: A case study on Fritillaria cirrhosa D. Don and
closely related species [J]. Glob Ecol Conserv, 2020, 24:
e01323.

Jiang R P, Zou M, Qin Y, et al. Modeling of the potential
geographical distribution of three Fritillaria species under
climate change [J]. Front Plant Sci, 2022, 12: 749838.
Zhang Z, Xing C Y, Su H Y, et al. In vitro plant
regeneration and bioactive metabolite production of
endangered medicinal plant Fritillaria cirrhosa [J]. Curr
Plant Biol, 2024, 39: 100363.

MR, Folk, BT, S DUEERRR SR R 2
FEVE R SR G VHN (0] 524, 2025, 56(2): 635-646.
SRGE, VG0 ) IR AT SSR AL sAE BT
[J]. R E e 772k &, 2018, 24(18): 30-35.

Yang Z M, Gao D, Wang Y, et al. Physiological and multi-
omics insights into ultraviolet B-induced stress adaptation
in Fritillaria cirrhosa native to the Qinghai-Tibet Plateau
[J]. J Adv Res, 2025: S2090-1232(25)00844-6.

Wang Y, Yang Z M, Gao D, et al. Integrated microbiology
and target metabolomics analysis reveal the interaction of
plant-microbe-soil interactions leading to the phenotypic
plasticity of Fritillaria cirrhosa [J]. Ind Crop Prod, 2024,
219: 118999.

Peng M Y, Liu Z Q, Chen X Y, et al. LED blue light
enhances the accumulation and synthesis of steroidal
alkaloids in Fritillaria unibracteata Hsiao et K. C. Hsia in
vitro [J]. Ind Crops Prod, 2024, 216: 118836.

Wang J J, Wang Z K, Wang H, UDP-
glucosyltransferases from UGT73 family catalyze 3-O-

et al.

glucosylation of isosteroidal and steroidal alkaloids in
Fritillaria unibracteata var. wabuensis [J]. Plant J, 2025,
121(5): €70042.

Zhang Y F, Ma L, Su P, et al. Cytochrome P450s in plant
terpenoid biosynthesis: Discovery, characterization and
metabolic engineering [J]. Crit Rev Biotechnol, 2023,
43(1): 1-21.

Lu Q X, Li R, Liao J Q, ef al. Integrative analysis of the



¢8 B 202628 $£57% B3H  Chinese Traditional and Herbal Drugs 2026 February Vol. 57 No. 3

= 1121

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

(32]

[33]

[34]

[35]

[36]

steroidal alkaloids distribution and biosynthesis of Bulbs

Fritillariae  Cirrhosae  through  metabolome and
transcriptome analyses [J]. BMC Genomics, 2022, 23(1):
S11.

Liao H, Quan H G, Huang B H, et al. Integrated
transcriptomic and metabolomic analysis reveals the
molecular basis of tissue-specific accumulation of
bioactive steroidal alkaloids in Fritillaria unibracteata [J].
Phytochemistry, 2023, 214: 113831.

Xin GZ,LamY C, Maiwulanjiang M, et al. Authentication
of Bulbus Fritillariae Cirrhosae by RAPD-derived DNA
markers [J]. Molecules, 2014, 19(3): 3450-3459.

Chen Q, Hu H S, Zhang D Q. DNA barcoding and
phylogenomic analysis of the genus Fritillaria in China
based on complete chloroplast genomes [J]. Front Plant
Sci, 2022, 13: 764255.

A, Rk, ER S IR AD E N DLEEDY A
FFREYEER A RN [T]. 5 FHEDE Fh, 2023, 21(16):
5265-5272.

Liang Y W, Gao Q, Li F, ef al. The giant genome of lily
provides insights into the hybridization of cultivated lilies
[J]. Nat Commun, 2025, 16(1): 45.

Xu S J, Chen R Z, Zhang X Q, et al. The evolutionary tale
of lilies: Giant genomes derived from transposon
insertions and polyploidization [J]. Innovation, 2024, 5(6):
100726.

FIGA, FAM. FRIE 25 AT Py LA S
[7]. HEHZE445E, 2015, 40(17): 3391-3394,

VL, BRbak. SR e R a2 A LR
(Fritillaria cirrhosa) Y& 1F AR 4 2 W OGRHME [J].
HEZS AR, 2008, 28(7): 3438-3446.

Li X W, Dai Y, Chen S L. Growth and physiological
characteristics of Fritillaria cirrhosa in response to high
irradiance and shade in age-related growth phases [J].
Environ Exp Bot, 2009, 67(1): 77-83.

Li X W, Chen S L. Diurnal changes in gas exchange and
chlorophyll fluorescence parameters of Fritillaria cirrhosa
and F. delavayi under field conditions [J]. Photosynthetica,
2009, 47(2): 191-198.

Hopit. u DR AR 7 2 N TR 7 BORBTFT [D].
BR#: AR 25 K5, 2021.

ThEERT LR Th 2GR FL P AR 29T L 3. IR VIAZS [J]. 1
Yk, 1976(3): 17-18.

Yang Z M, Wang J L, Wang W J, et al. Physiological,
cytological and multi-omics analysis revealed the
molecular response of Fritillaria cirrhosa to Cd toxicity in
Qinghai-Tibet Plateau [J]. J Hazard Mater, 2024, 472:
134611.

¥ A, mB, B, & BBEPRECHEXT )1 DUBE &
At 5T e 5% o M) 2 (0], v [ g 5 IR R
2024(5): 54-62.

EHH, Eolk, Bk, &5 TEHBEAEXS )1 DR B i
R (1], SRR 24, 2022, 17(13): 1789-1796.

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]
[51]
[52]

[53]

. ReBE N UUERE S B S R AP D] R
. AR B2 K5, 2015,

Jiang W J, Wang X Y, Meng L X, et al. Integrated
microbiology and metabolomics analysis reveal patterns
and mechanisms for improving the yield and alkaloid
content of Fritillaria cirrhosa by nitrogen fertilization [J].
Ind Crops Prod, 2024, 218: 119000.

FPETN .  3R TN A A AC R S ER BT R S
(1. FERIEE, 2024, 41(4): 89-91.

WuY H, Yang Z M, Gao D, et al. Integrative microbiomics
and co-occurrence network analyses decipher the
mechanisms underlying organic fertilizer-driven yield and
nucleoside  content enhancement in  Fritillaria
unibracteata [J]. Technol Hortic, 2025, 5(1): e018.

Zhou N, Mu M J, Yang M, et al. The effect of microbial
fertilizer on the growth, rhizospheric environment and
medicinal quality of Fritillaria
Horticulturae, 2021, 7(11): 500.

Ren X Y, Yuan L, Yao H, et al. Effects of phosphorus-
solubilizing fungi on bulb quality and the Fritillaria

taipaiensis  [J].

taipaiensis rhizosphere soil environment [J]. Peer.J, 2025,
13:¢19283.

Yang Z M, Wang Y, Wang J L, et al. Transcriptomics
combined with physiology reveals the effect of different
light qualities on the development of Fritillaria cirrhosa
in the Qinghai Tibet Plateau [J]. Environ Exp Bot, 2024,
224:105814.

LuY, Gao D, Gao X S, et al. Light quality modulates yields
and secondary metabolite accumulation in Fritillaria
cirrhosa: Insights from rhizosphere metabolomics and
microbiomics [J]. Ind Crops Prod, 2025, 229: 120967.
Hhuk, MR, R, & MR R N DUERAE KA
PRSI (1], ZRCRAEERY, 2014, 42(18): 5755-
5757.

ARGRE, XFER, KA, & TEEES RN R P
SR [1]. EPZ4E, 2025, 50(9): 2317-2323.
HITFRE. TS A AT 73 85 % B NS SRR T
PR B A0 RCR VPN [D]. K AR lARRLR
2023.

KEOZ, SR, BOCHR. THilge X K%
JR B 5y B 2 AL [J]. TR AR, 2025,
43(2): 27-33.

R, I BB, . 86.2% F AL LA AT IR A
5 A 22 AR PR LR & B BB Ve RCR VRO [T].
Fp A= B VA 2R, 2024, 40(5): 1149-1159.

INFR, REME, ERM, . ZHEDER IR
H5EHE ] RIEHAR, 2024, 44(22): 17-21.

FRE, B, RRT, 5 ANFEE S ATtk
%5 (1], LU EZ, 2018(11): 85-88.

R, FF. ZMNE AT R AR A KR
HAR [J]. RV EER, 2020(1): 54-57.

E M, BV, BAVH, S AR EH R RN
WEREY (B KATHE [J). Eo R, 2022,



« 1122 -

¢8 B 202628 $£57% B3H  Chinese Traditional and Herbal Drugs 2026 February Vol. 57 No. 3

[54]

[55]

[56]

[57]

(58]

[59]

[60]

(61]

[62]

[63]

[64]

[65]

[66]

[67]

(68]

[69]
[70]

[71]

48(4): 324-335.

Wang S J, Chen K K, Guo J Q, ef al. Identification of
pathogen causing bulb rot in Fritillaria taipaiensis P. Y. Li
and establishment of detection methods [J]. Plants, 2024,
13(16): 2236.

AEH, KiE, AV, F OBRIREAHRDSERNG
TP (7], tARAOLERE, 2022, 54(1): 157-164.
FEG, HERE, ERRAR, & A0S SKSIARE E A
A AFE YRR (0], T E 2R, 2025,
50(7): 1727-1734.

3. TR FEBE T I AEBTE BRBT T [J]. Fh
TRHE, 2025, 43(7): 146-148.

ZH, FEH, FRn, % K LREERR SR
AR FE AR KB B R [J]. 5 ARER
2025, 53(3): 74-84.

FMRAL, 1RIGEE, BN, 5. BT TR MiE 4
Mzt R fiat R 1], bRk B
RIZERR, 2024, 25(4): 442-447.

JT. SRR ICEA R AR 5 2w (A4 SR 1
RO AR A K B FH TR) DR I Rt 24 2 R IR %6 [D]. R
R AR, 2020.

WA BRI —UR R 45% KA [1]. Aok,
2016(28): 22.

T, AR, SRR, & TEA AR R I R R
oL TR 0 B 2 R P KU TR [J]. A OR A R,
2024, 51(4): 852-862.

RN, EEHE, MIESE, & RIOKRPEREIEM R
EECOUR R HI &AM 3] SRR SR,
2025, 41(1): 310-319.

X R, EIEUE, WOATME, S 0 AT R T R S
T F S [ 5 J R A ) RS S 8 E T (00, SRl B2,
2016, 44(6): 67-70.

B, BRTS, BT, S 0B AN R I B VA
- FH 8 T A 1 RO 7 A K FR TRT B R0 [J]. R 2,
2025, 64(3): 219-223.

TeARTE, XUEE, AT, & SR EM PR &
55 25577 0 R [J/OL). Y% B 224), (2025-06-
03] [2025-08-24]. https://doi.org/10.13926/j.cnki.apps.
000975.

ZRR, KA, PRERSE, 5. SRR T
e Sk B R R I U [J]. P EEREE, 2025(2):
123-130.

HIRR, PR, R, & R TSR R E
KB KBRS [J]. EARY R, 2020, 47(6):
1333-1342.

FOPE, TRUE, HEHA, S JURH SR A% B A 257K
HARTERCRITAT [J]. WIHLHER, 2025(2): 54-56.

XIZE, RH, e, 55— DTRRE 25604 71
N : i E, CN118716349A [P]. 2024-10-01.

Gao D, Wu Y H, Lu Y, et al. Fumigation-driven

[72]

[73]

[74]

[78]

[76]

[77]
[78]
[79]

(80]

[81]
[82]

[83]

[84]

(85]
[86]

[87]

(88]

(89]

restructuring of soil microbial ecosystems enhances

endangered  Fritillaria  cirrhosa  productivity and

secondary metabolite biosynthesis: Insights from
metabolomics and microbiome profiling [J]. Ind Crops
Prod, 2025, 236: 121938.

VAL, BB, EH, S5 REMRERPNG
AR S R BOCR 3 [3]. AT R SR &,
2024(12): 172-173.

Ku Y L, Yang N, Pu P, et al. Biocontrol mechanism of
Bacillus subtilis C3 against bulb rot disease in Fritillaria
taipaiensis P. Y. Li [J]. Front Microbiol, 2021, 12: 756329.
Wang S J, Chen K K, Wei M, et al. Biological control and
mechanism characterization of endophytic Bacillus
velezensis SJ22 against bulb rot of Fritillaria taipaiensis P.
Y. Li [J]. Biol Contr, 2025, 206: 105792.

BB A R IR R AR (R AR A 28R S R FE 5 B
RORWEST [D]. #ize: PEALRMEIIRAE, 2023,
BT, PN, BEN. PAMREITEN RS R
W 2 N TR M B E PR B R (]
74, 2018, 49(10): 2221-2229.

B FeFEAE M VR 25 2R RO THE ST [D].
JRCHR: BRI ER 25 K5, 2022.

by, SRR, R, 5 )N DRSS AR i
ERURE [J]. HREZ454, 2019, 17(12): 2145-2148.

e, R, B, & BTG ERE AL BT T
JIEREVHY [J]. PEZYRE, 2020, 55(1): 14-18.
MRE S, TREM, ZEIE, & NERELAIUR K& S
Mokt se it B [7]. & fh 4 BRI 24 4, 2021,
12(23): 9242-9250.
R, W, BT AR 2 S R AR R
#3s (1], REEEIEIR, 2020, 65(12): 1093-1102.
FELT4T. PeMADS41 5 PgMADS44 i A RS
AR THUEIRT AT [D]. 2200 2200 K2, 2023.
TRASE, (TR, R, & REIFEHI| R R
TS ERIELE [J]. P L5 A0E, 2022, 37(1):
67-74.
WHRAS, TEHMS, MEE, & T PR IR
PR IR SR S5k [J]. hELZ, 2022, 53(7):
2150-2163.
MFTR, STORRE, TkIE, 55, )1 DURERG B AR 1) AR B
WE [J]. FEBAHZ, 2025, 27(4): 601-610.
XIFE, FEMTT, Rk, 25 )10 URERISGH IR I 7T
[1]. H25%4, 2009, 32(3): 331-332.
Tolb, BE, B, . )1 TUREAS R % 25 1 A= B
B AR VDB B EL BT (3] b EE 2, 2022,
17(13): 1833-1839.
TR, R, SRERYE, 55 I DUBEBEIR S A P iR
FE [J]. FEIRAHZ, 2025, 27(4): 593-600.
Kia, BEF, mMIE, . DU)IE 25800 T 5T 3
K] R R, 2022(2): 22-25.

[FTHEmE REE]


https://doi.org/10.13926/j.cnki

