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Abstract: Cibotium barometz, a nationally second-class protected plant in China, exhibits significant medicinal and or-
namental value. It is naturally distributed in the southern regions of China and exhibits stringent requirements for its
growth environment. Investigating the physiological response mechanisms of C. barometz to low-temperature stress can
provide a scientific foundation for its artificial cultivation and the comprehensive development and utilization of its
resources. This study utilized artificially cultivated C. barometz as the experimental material and established three tem-
perature levels: 5 C, 15 C and 25 °C. Each temperature level was subjected to treatments lasting 5 days, 10 days, and
15 days, respectively. Following the stress treatment, chlorophyll fluorescence parameters, physiological indicators, and
total flavonoid content in the leaves were measured. The growth and physiological characteristics of C. barometz under
different temperature conditions were analyzed based on the experimental results. The results indicated that following
exposure to 5 'C and 15 C, the photosynthetic capacity of C. barometz leaves significantly decreased, whereas the ac-
tivities of superoxide dismutase (SOD) and peroxidase (POD) markedly increased. In contrast, no significant differences
were observed in the levels of free proline (Pro) and soluble sugars. After 15 days of treatment at 5 ‘C, the malondial-
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dehyde (MDA) content in the leaves of C. barometz significantly increased. Proper low-temperature treatment signifi-
cantly enhanced the accumulation of total flavonoids in the leaves of C. barometz. On the 10th day of treatment at 5 C
and 15 C, the total flavonoid content reached 688.78% and 511.01% of that in the 25 C treatment group, respectively,
representing the highest levels observed. This study demonstrated that low-temperature stress exerts differential effects
on various physiological indicators in C. barometz. The activities of SOD and POD, and the total flavonoid content, can
serve as key indicators for evaluating the cold tolerance of C. barometz seedlings. Temperatures of 15 ‘C and below can
significantly reduce the photosynthetic capacity of C. barometz, leading to abiotic stress and a marked increase in the
total flavonoid content in its leaves. This result could provide an important reference for optimizing temperature control
conditions in the artificial cultivation of. C. barometz.
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C. barometz under different temperature treatments
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Fig. 3 Chlorophyll fluorescence qP in leaves of C. ba-
rometz under different temperature treatments
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Fig. 4 Chlorophyll fluorescence gN in leaves of C. ba-
rometz under different temperature treatments
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Fig. 5 Curve of SOD activity in leaves of C. barometz
under different temperatures
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Fig. 6 Curve of POD activity in leaves of C. barometz
under different temperatures
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Fig. 9 Curve of soluble sugar in leaves of C. barometz
under different temperatures

WE 10 Fros, &M A e SR S e
3 AN TE] B E AR BRI RN 5 °C>15 C>25 C,
1M ELIA — R (R Be ) 3 4l Ab B2 57 B 3% (P<0.05 ).
25 CAbFAY BV 5 i — ELAR TR RS 5.
15 CAb PR ) A TR 5 R AE 10 d B IR B, 40
S 25 CHhEERY 688.78%F1 511.01%, ZJF7E 15d
Af e R EH T R

+5°C +15°C #25°C

117 -
790104- a
Y 919—/‘\
2 78 b .
iz
wg O5pb
= O
ﬂ%ﬁ 52| b
e 391
]
% 26lc c
= ‘\s/-
s 13t
ﬁ 0 1 )
5 10 15

KbFEETE] Treatment time/d
NIR/NG FREFR R AL H ] 24 5 B 3 (P<0.05 ).

Different lowercase letters indicate siginficant difference
among treatments (P<0.05).

E10 AREELEScEAHFEEWNSET WML
Fig. 10 Curve of total flavonoids content in leaves of
C. barometz under different temperatures

3 iTig

hy B B T g AN TR M 38 X 4 B R A VR
REST RS2, AT T R 2OEME . Ol
M 7 FhH 28 2 WAL 4 b %o Y it gk ] 23 £ 114 38 1z ML
Wil BT IERIYOGE A B K HGE I e )
FEP, ETR AU PS I T4 iR, BE Mt
WA SRR B TG RE BRI VR T I RN, 7R
o g e R, 15 CH 5 CALFEAY ETR KT
25 ‘Chb¥E, FBARX 2 NEEEXT & B D &
AT A , MR LR AR SR A AL
AL, TP 2R T CO, Rk Tt
Do K EN BT I EDET T, B AR
FE I 3O R A O OR AP 855 o St s
Y(ID)ROEI&MT PSISEFREE80R, el
0] 2 Sz W2 M vl P AL B TR M, B Y(ID)fE
i 8 Bk [l A ) s ka3 AN A WL RO B R UL, qP %K
BB, R CIERCRET, HARGEE
B Tz RO, DT B B AR A ' A VR
RIS, QN (ETHE, B B FORP ALY ez
P13 , AL [R] Bt B R DA TSGR I - B R AIR



1446 o AE A F AR

% 46 &

Y(II). qN. qP MESSRFEW, 5 CH 15 CHh
EWH T &GRS, H S CRUTF M
il A o o R 3 R T R AT O B A
P A AR, x5 e gt B kg At
(R BIF 9% 25 S — B

HE—25 o3 4 B R i A BN TR
FRAHIC IR 8 B R [F B R . SOD., POD J2
IR IEBR A R EEEESE, HIEE RN
e T R X3 5 1 1 e Y, AE 15 C A 5 C
WANEEE T, 4B SOD 5 POD Wilifs
PRAER ] [B) P S B 3, RO L ORI g RGeS
IR BN+ 20U, 15 °C K DL IR E B ikl
PRid i IH B A 75 ROS RIR#MH &, SOD 5 POD
T4 BT R HLE & FE B ZE/EH MDA & & &
e E A M B gk A i AR AR Y, 25 CAbEER
MDA % 3t Jali /b AT e 2 PR A Ak R A K S 3RO
fb gy BE ;15 CALFET MDA & &=/ n]
fit S5 Mtk B A 55 SOD 5 POD ihithA %, FEXT
B AR NEEZE L0 A A0 P B 2 rp At A )
MDA R A B4, 5 ChB 15 d s,
T PR AR B BN O AT & BB S AL R A
TRyEE S, ANRE I A A Rl 5 380 MDA &
N, Pro BEMEAEIE AR W IR 2R (1 1 S5 A AR
EME, ERAERRPTEMY T, BRI
FEA IR ROS, SR AEY I BUIRIRAE 1T, W]
WP RS T DI SR A B RS e, S S
R ROSU™ S AW 5T R 4 B M 1Y
MDA (5 CAbFE 15 d MFFAE5 KBRS ). Pro. Al
VA T AR A (] — o) ) B AT YR Ak B2 5 %) AR A
RS AN, UL PRI TR . 25
A 5 WiEARGE R, T M EEELEE POD M
SOD i Mok i Hpr e, XF 5 C A& LA EEARE
JEH A& — 2 MmhRaE T .

AW LSRR, GENE 68 B 4 E
Font 7 IR B LR . B BT AR AN A
YIER T AT Y, (AYEREY LK R E R
T W H AR EEAE ], HATAE R ROS 1) %K
[ HAE BR A, 78 515520 T- 0 S B AE 5C i
{55 S MEELH, MiisEse i,
15 °C J LLF I wT LS| 5 4 M ik 5 o S A 4
JE () A RCRTBR SR, R R g R B
il HE S BRI B MR AR,
BRI 45 SR 5 i A ZERE 720 o R E s
SEULAHL; R EE TR B B A R T Ak 3 A ] 1) A

SETHE G AR, eI )b 0 5
SR NE T, XM 5HEHaAEP W5
W7 UV-B 153 J5 ) B i & 5 R MR i o5 45 21
— 3, B, AT A ) R 5 e 4 B R A
WY R BN ERRNEZ —, AR E R R
TAE G 25 4 BITERKR 24 Z2 RAZ 0T 2541 i it
B A

Ji ) AN AR R OB SE R, R S
5 SOD {ifit. MDA & . YRk s A1 i F e
JERESCE . A S A g o) Je A 1) 3 S T R TR
M5 POD Ml SOD EILH PrRIZN . 4 EH
EEZ ARG, AR B E TR, (i
PR B B I [A] B2 = SOD Hil POD 1 Mk
FRA T, e KBREEHAESE T MDA R R
Ah, &EMIETHE LRG3 Pro FIRHHERESES
BEVETTHLE], D ITTA PR AE R AR P 4 3R R 2 1Y) v
BRI o

4 Z5ig

i BT, 15 C R LT MR & M T 4
EMPPDCAIERREST, X H AT A B bR =
TR, BiREKH . SOD F1 POD
T E T, MDA e 5 CA&ME TR R
B, T Pro AIRIAMENE A RS B E . Ak,
TR a8 G 35 T A B T A e R B Y
W, HIL, SOD. POD HlLEHHi & & vl /E i EA
& BT FEME 1 SCHEAE AR . AW N IR & B
X ARG B 38 14 0 25 AR AL B AL T SRR A, A
B P N TR MIROR . SR, AFSE
FEAE—E MR BRE, iR B AL BV R4, ARk
(BT 7 0 — 25 0 AL T R A R, JE K Kb B
6], IF4h G 22 42 A LASRAS B 4 1 A 503 o

2% 3Tk

(1] W, RE, Bt SEME s 5 2 s AT
FEHERET]. SR A AR, 2010, 16(15): 230-234.
YANG H J, WU Q, YANG S H. Advances in research of
chemical constituents and pharmacological activities of Ci-
botium baromatz{J]. Chinese Journal of Experimental Tradi-
tional Medical Formulae, 2010, 16(15): 230-234. (in Chi-
nese)

[2] RICH, #EE. BRI HEY S B BRI
R[I). BHESHEE, 2016(6): 62-64.

WU W H, CHEN J W. Split cultivation techniques for the



%5 6 3]

AR S AR 30 X 6 B S I R 0 35 A R B B % e 1) R

=t

1447

(3]

(4]

(3]

(6]

(7]

(8]

[9]

state protected wild plants Cibotium barometz[J]. Tillage and
Cultivation, 2016(6): 62-64. (in Chinese)

FALE, ERA, BEE, B, WHE ek
g3 IR R B R AR FEHE R [T]. vh 248 24 5 1 IR
2y, 2024, 35(1): 152-157.

GUO Z J, L1 EN, ZHAO Z M, YANG D P, XU X J. Re-
search progress on chemical constituents, pharmacological
effects and quality control of Cibotii Rhizoma[J]. Traditional
Chinese Drug Research and Clinical Pharmacology, 2024,
35(1): 152-157. (in Chinese)

B, Ol BER, S5 SR ey e TRk
Tk KR WOM T EREEZ e, 2005, 11(4):
15-16.

LI E, MA J, YANG C Y, GUAN Z B. Cultivation methods,
harvest and process of Cibotium barometz (L) J. Sm. Dai's
Medi- edible Plant[J]. Journal of Medicine and Pharmacy of
Chinese Minorities, 2005, 11(4): 15-16. (in Chinese)
A, X, Mg, B52, FHm, §1E, SR, B
e STMMBIIERD]. PEBA TS, 2023, 2509):
2020-2026.

YUQL,LIUH, LINY, LIANG Y, WEIG L, HU Y, GUO
H W, WEI K H. Research progress in Cibotium barometz[J].
Modern Chinese Medicine, 2023, 25(9): 2020-2026. (in
Chinese)

SAITO K, NAGAO T, MATOBA M, KOYAMA K,
NATORI S, MURAKAMI T, SAIKI Y. Chemical assay of
ptaguiloside, the carcinogen of Pteridium aquilium, and the
distribution of related compounds in the Pteridaceae[J].
Phytochemistry, 1989, 28(6): 160.

e, WK RALMPRAE 4 BIE I s B T ZE0F
FE[I]. bR, 2011, 50(3): 583-586.

LIN Y R, CAO QY. Study on the purification of flavonoid
from the leaves of Cibotium barometz (L) J. Sm. by macro-
porous resin[J]. Hubei Agricultural Sciences, 2011, 50(3):
583-586. (in Chinese)

KL, REME. 3 AL BAT AR I R M A
RN I 2 (RLCS)HLA 1 LLEL[T]. Amiagk
FAESEAR(H SR RFERT), 2017, 46(6): 659-664.

ZHU H, WEN G S. The comparison of three models of
Phyllostachys edulis in canopy during the fast growth period
fitting with PS Il chlorophyll fluorescence rapid light curves
(RLCS) method[J]. Journal of Fujian Agriculture and For-
estry University (Natural Science Edition), 2017, 46(6):
659-664. (in Chinese)

KOBLIZEK M, KAFTAN D, NEDBAL L. On the relation-
ship between the non-photochemical quenching of the chlo-

rophyll fluorescence and the photosystem Il light harvesting

efficiency. A repetitive fl-ash fluorescence induction study[J].

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

Photosynthesis Research, 2001, 68(2): 141-152.

JARFE, R, BIUE, BN, RER, KRR R, REM.
FATPE AR I B I SR VOB EURIE ). WAk
2F2FEAR, 2018, 35(1): 75-80.

ZHOU Z Y, XU C, HU C, WANG H X, LIANG X E,
ZHANG R M, WEN G S. Chlorophyll fluorescence character-
istics of Phyllostachys edulis during its fast growth period[J].
Journal of Zhejiang A&F University, 2018, 35(1): 75-80. (in
Chinese)

ERECEE. ARHEEAEY MO S RREXT T8 . KRR
IBAYIAR[D]. 22 M: 220K, 2017.

BI M H. Photosynthetic characteristic to dehydration, rehy-
dration and low temperature in different evolutionary spe-
cies[D]. Lanzhou: Lanzhou University, 2017. (in Chinese)
TAREE, Amy, RIEE, XU, R (RIEMROXT 3 Fik
AW A PR AR AR [T]. PG AO 2 4, 2022, 35(12):
2772-2779.

MAOLX,ZHUY Q, WU M L, LIU J, OU Z. Effects of low
temperature stress on physiological indexes of three species
of ferns[J]. Southwest China Journal of Agricultural Sciences,
2022, 35(12): 2772-2779. (in Chinese)

ATTIA M S, OSMAN M S, MOHAMED A S, MAHGOUB
H A, GARADA M O, ABDELMOUTY E S, LATEF A A H
A. Impact of foliar application of chitosan dissolved in dif-
ferent organic acids on isozymes, protein patterns and
physio-biochemical characteristics of tomato grown under
salinity stress[J]. Plants, 2021, 10(2): 388.

SHU P, L1Y J, XIANG L T, SHENG J P, SHEN L. Ethylene
enhances tolerance to chilling stress in tomato fruit partially
through the synergistic regulation between antioxidant en-
zymes and ATP synthases[J]. Postharvest Biology and
Technology, 2022, 193: 112065.

INTE, B, HHUL, EE. SR EE B
BN ARIEFRl K2F24], 2005(6): 49-51.

SUN G Y, LI W, CAI D J, WANG X C. Physiological
adaptability of alfalfa to winter climes in alpine regions[J].
Journal of Northeast Forestry University, 2005(6): 49-51. (in
Chinese)

RETE, XA, B, SRR, S, ZRE, KR,
2o ARIEL I X AN [ 2 22 et AR AR AR R S ).
T, 2019, 38(5): 53-56.

WENRY,LIUJ X, LIS, GUOY D, FAN L S, JIANG Q
G, ZHANG W B, LI W. Effect of low temperature stress on
physiological and biochemical characteristics of different
quinoa seedlings[J]. Seed, 2019, 38(5): 53-56. (in Chinese)
WANG W L, WANG X, LV Z S, KHANZADA A, HUANG
M, CAI J, ZHOU Q, HUO Z Y, JIANG D. Effects of cold

and salicylic acid priming on free proline and sucrose accu-



1448

% 46 &

(18]

[19]

(20]

[21]

mulation in winter wheat under freezing stress[J]. Journal of
Plant Growth Regulation, 2021, 41(6): 1-14.

LINQF, WANGJ Y, GONG J X, ZHANG Z L, WANG S,
SUNJ,LIQ Q, GU X, JIANG J H, QI S L. The Arabidopsis
thaliana trehalose-6-phosphate phosphatase gene AtTPPI
improve chilling tolerance through accumulating soluble
sugar and JA[J]. Environmental and Experimental Botany,
2023, 205: 105117.

B, T, HOR, B, BE. mYISEIT
A5 IS GEAE LRI FERE R ()], B 222740, 2023,
50(1): 209-224.

GE S B, ZHANG X N, HAN W Y, LI Q Y, LI X. Research
progress on plant flavonoids biosynthesis and their
anti-stress mechanism[J]. Acta Horticulturae Sinica, 2023,
50(1): 209-224. (in Chinese)

JA, #RaERE, $5, B, AN, ST, &0
AR A B AR RS I 5 DR ek B IS B 28 5 )L Rl R 2
WAL A AEYHAR AR, 2021, 29(7): 1283-1294.

ZHOU P, LIN ZK, GUO R, YAN S B, ZHANG X D, MA X
Y, JIN G. Effects of low temperature treatment on gene ex-
pression and flavonoids biosynthesis metabolism in peach
(Prunus persica) leaves[J]. Journal of Agricultural Biotech-
nology, 2021, 29(7): 1283-1294. (in Chinese)

TGS, ARIR R O TR S R MR R AL A
BREHLRIBEFE[D]. SFH: SR, 2023.

PU Y T. Study on the biosynthesis mechanism of flavon-

oids/hormones in the fruits of chayote under low-temperature

[22]

(23]

[24]

storage conditions[D]. Guiyang: Guizhou University, 2023.
(in Chinese)

HORTAN, LR, SR, SRR, 3SR UV-B SRR
B 5 w7 IR AT PRI O R [T]. WLAR AR
S (FRBERR), 2006, 37(2): 157-162.

DONG X C, ZHAO S J, GUO S S, MENG Q W. Role of
flavonoids on stress injury and antioxydative enzymes in
Fagopyrum tataricum seedings under enhanced uv-bra-
diation[J]. Journal of Shandong Agricultural University
(Natural Science Edition), 2006, 37(2): 157-162. (in Chinese)
DE)WE, WhEE, IMER, SRS, B, B, £
2P, BT IR TR RIAE A S A 2 e
PRI ERE ] P ERRMEYIF R, 2023, 45(4):
803-809.

LI G H, GUO X, SUN Y B, ZHANG W N, ZHAO H L,
ZHAO H J, WANG X J, FU C, ZHAO C Z. Flavonoid con-
tents and antioxidant enzyme activities of different peanut
cultivars under salt stress[J]. Chinese Journal of Oil Crop
Sciences, 2023, 45(4): 803-809. (in Chinese)

BEE, TR BRSEEN, 2R, XIE . S8 UV-B a5
Fo I A A I R v S BT RN B ARl 2R G R T ]
TR RAER, 2011, 26(2): 229-235.

ZHONG C, WANG Y,CHEN Z Y, LI Z F, LIU Y Z. Influ-
ence of reduced ultraviolet-B radiation on flavonoid and an-
tioxidase system in the process of tobacco growth[J]. Journal
of Yunnan Agricultural University, 2011, 26(2): 229-235. (in
Chinese)



