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Abstract Temperature siress is a key factor limiting the distribution and growth of Cinnamomum camphora,
with fundamentally distinct response mechanisms to high and low temperatures. This review systematically
compared the core strategies employed by C. camphora under the two stresses. Under high-temperature stress,
the photosynthetic system undergoes metabolic dissipation via enhanced photorespiration; redox regulation is
driven by a monoterpene-mediated WRKY-HSF signaling network ; and proline exhibits the most rapid response
in osmotic adjustment. In contrast, under low-temperature stress, the photosynthetic system depends on non-
photochemical quenching and cyclic electron flow for physical protection; molecular regulation is centered on
the Ca*>*-ethylene-ERF/CBF cascade; and soluble sugar accumulation dominates osmotic adjustment. Based on
these mechanisms, this review evaluated the effectiveness of current regulatory strategies from three dimensions
(physical, chemical, and biotechnological approaches) and identified existing bottlenecks in elucidating
monoterpene signaling pathways, deciphering combined stress mechanisms, and development of precise
regulation technologies. Future research should focus on integration of multi-omics data to resolve molecular
networks, construction of predictive models for combined stresses, breakthroughs in genetic transformation
systems, and assessment of the ecological and economic feasibility of regulatory strategies. These advances will
facilitate the shift of stress-resilient cultivation of C. camphora from passive protection to active, mechanism-
driven precise regulation.

Key words Cinnamomum camphora; temperature stress; photosynthesis; antioxidant system; CBF/DREBI ;
monoterpenes
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7 F5 (Cinnamomum camphora) 1E J #5 B
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B 5 26 258 1T (photosystem 11 ,PSTL ),
R ) 2 AL A ) 14 5% 4R A AR (oxygen-evolving
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Zi E Pk B RDGE R G0 iR SRR pE
FIRT W 17, A R 3 AT AR X O A6 o e il
LRI PS I -OEC FTRCA 48 5CHEYY s8R 1, o0 1Y
SR O IR AT A PR AE S e I AR 3 e
AR 3 R (A it 5l g 2 ke BR | R R A1 el A
PSR G~ T IR IR 2 - i A T 4 B A
FERLC S RERE I
1.2 |HRFEFE
1.2.1 RAZEREFTHHRAL T

PP R ROSf 5 i £ . R
XF GG L 51 b B IR T B R OR , B R
S R 5 2R th ROS Y8 & 1 77 A=, =X R ROS
TR W IR RS 5 A O A 22 350
PEEE FAE (MAPK) 22 A O 155 iX 41 8 ROS 9
T, Horh 22 24 5 5 A6 2R 1 6 (mitogen-activated
protein kinase 6, MPK6) A JH: B {2 [ 78 #4361 i
7 R R DG BRI o RS R BT o A
MAPK i i 25 5 BUR Y 0 S A 0 52 80 ek
B, fEEmED, BiRpEESHYMRESS
MAPK {5538 % 4 A= i 2572 46, ROS i Jif 7 MAPK
W0 28 W T AE DR T B B A <ALz B b e
J7 1 A M A8 T A o AR R AR RS TR . e
A, ver il T B S ek R AL 2 M A B ] RO
JT BB SEE 51k Ca>* N i . Ca R EE (R 10,
— J7 TH A] 300 5 NADPH %A fk B (respiratory
burst oxidase homologs, RBOHs) fi£ #f ROS f= 4, 73
— 7 TH 38 Ao 5 A 2R VO (caleium-dependent
protein kinases, CDPKs) [1] Fi#f& 1615 57, &
R Y AR B AR 01 (AR i ) 78 1 199 2% v
Py E A A . X 2R T IR BT R
ROS, M2 AE A 55 43 73 o 45 T i Bk PR 5k
o 5T A AL B A 5 06 A PR, LA B B AR
FRAEOMAJE 4 h &R .35 ) |, Z2 B AT B AR AR
TR R IR PR

RERE T A5 5 2 RS- L -ROS 5%
BARAE . A RELE IR0 A (2 h) & AR ES 15
5 CIEAR T B PR G B s A
7R L5 B 3 LK (U0 CNGC L GLR) V85 IR 1
LA, 558 ZE (calmodulin, CaM ) ZEE5 I8 E H H
(calmodulin-like proteins , CML) } 545 & 25 FH 4 it
FE G CPK Fik ¥l = [WEE, M)

B OGN 1-Z PR N Be-1-R IR 15 1 ( 1-amino-
cyclopropane-1-carboxylic acid synthase, ACS) %
e 224 LA W S K ¥ (ERF1/3/141517) 75 5714 b7
ARG X S R SR AT B SE 1 B0 RBOHS
i Tt £ 3 555 8 ROS {55, £ CDPK 5
MAPK [ Blp [ 75 1, AR Y Ca™ 3035 CDPKs, Ja &
A B o R TR BT T i MAPK 2356 (bl e ot
(Arabidopsis thaliana) % 1) MKK2-MPK4/6 i i ) ,
O 5 5 A5 38 2 % S D7 (U1 CAMTA) . ERF
Il SR PRI 11 DAy 4 i 7+ 2 S5 3 0k B g Y. 3 P i
K, il AR T 4630 CBF 58 i, 8 o Pk
M 7 ¥ RRS Sl I B 4 3 0 AR, e g
PR RE N R IK . R &1 T ROSTE 55
5T LI5S MBI (abscisic acid, ABA) &
SEAEAEAE) T IZ A SO I 2R [FAS iU R 1R S
W0 265, BIp ] 3 2 1 B0 S8 A e 7 AR AR S L R 9 3R
K, ARSI S | & 1 ROS LR
1.2.2 #|EFBGMEEBERRARE

e A T B P BRI
FEUR PR IR B S A B S R AT
&, HKZ O SRR IR AR SE B R, A
] A Al AR I KU . BB T (heat shock
proteins, HSPs ) , Ju & i {67 T -4 K Y HSP21 , i
5 PS I AL EJE D1 AT D2 8 IR A5, 75
TRARPE T 445 PS 1 D RERG E 1 , H 3R A 52 I %
SR (HSF) R4 e UL 8 1 (thioredox-
in, TRX) 54 414 # H (glutaredoxin, GRX) &4t 5
B AR B ORI 5 T, ey i TG A e AL kL
SSIRT A RGMIE ) 7] 44K TRX R G At
%o TRX ZRGE 10 57 i JEOIF 0 R 7K SCIR 20 0K
it , W0 Rubisco 15 P A , I3 P 52 FROKE 3E— 25 il
BRI AR BIFSE 0 S, Bl T A b B m] e
e DG A A OCEE R R I, AT BEIRIE S TRX
RGUEJFUIRAS SN UFRETEVE . AN, SR T,
T AR 1 U0 MAPK BRI K e i IR 745, L)
AE P SR D 2 R ke Bk 1) A I JrUIR A B 5
BTG SR TS, DA A RIEOIR S o

RIS HEAH A 52 i B 4G 45 2 1 (AN
Bl O ) A G S T AR R 2 S
AT S A 1 DA IR PR AR S
ROS {55 ] 3 o 480 P T8 W X 0 A Tl 1% 7
AP Y, 491 a0 ik 4 Ak E(H (catalase , CAT) FlT
IR LR 1 48 fk W) B (ascorbate peroxidase , APX) i



588 Uik

L7/ 46 4

o 1 A 2 IR R 1) T AR b S T 1
PA S T S AR TR 30 5 5 Y SR A SR B 1 A
TE S 2 22 5« AP 30 T A ) 5| AT A
W Y RS A B KA, DS BRI E S
{5 55 S 0 R 0E VR, R SR N R UL R
FIBRAN AT AR PR R AN A A5 0 (g o 5
DIFRE) ZEAR IR b8 T B S A il 6 P AR R Ay 2
5, AT RE R T A S A JFUR A B G B 9 B
16 i 3% B AN TR, 22 1 5% 0 X ROS A5 5 B9 1R R
REJ1
1.2.3 RACHG 51452654

M4 ROS {555 1 56 6 H A0 BT o S5 1 2 ik
b, A AL BE 2 KA . Ao iR S AR
(AT 22 I 3, AR B b i s 518 2 Z [ i sh 24
AT UE

PGB . mRA T, FE A A EH
Xof S TPl DT A7 (24 R 43 CUY L iR R R
X — I A, e R B3 N BRI R =
LR R FE m AE AL R . WA AL A 4y
BT, 385 556 T ROS 77 A ORI BT AL R 4
THBRAE S (PS5 &k 4l 4y e A= A Al 3 SR AL 8 4
I SRR . R AT B R4 AR X
T 3K 50% B o B8R R BE (LT,) h -5 C &
~10 °C, %R JE SRR R 50 K AE ™ H A AR 508 T 4
b RS 58 B P 2 R I A 05 o R R R 18] LT,
[ 25 5 R e T RS AN AN R R e S A KT 1
Fhpy A

PSI & M. PSI M H D1 H R IRE
A4 1 ) 5 240 4, PS T8 B 16 38 (#5145 D1 EE A
() R 55 0T 26 D1 AR A B2 288 ) g i A 1 7
oL . AR AEE AT T JH HSPs (41 HSP21)
FaxE PS I A4, 4l Bh g &= it #2 . AR
ity VR iy ) 308 35047 55 3 4 1 DG A VR R AR DG R
Pk, [ L FHE T 1 R A A S e
ZEUO . A TOREAF T A e A T A0 A A% R R Y
D1 & A RUOSGE AR, 25 1S 0 1 AR W) ) i A
PE7R8 D1 AR 1Y A BLRE T 28 &2 0 B 1) G B
Y ARSI U R R 21
SO PS T A& E AR A BOREARIR T
B VRGE . A T R e B e A 2E T K LLFE
OGS FDLRE , I8 BYAS- 215 -ERF 15 S5 AT 5 3h
Prdrop 5 PR 3k, DT 19 B sl s e bt 4957

BE I SRR . A XHE & i AR A

TERSC AT o Tl B L5 B o v 5 L hli g
AU SRR S TR e . X T &R e
HAOCEAVE IR =, A 2 PS I Y
B A R OCEZ, R RN LS. AN
S CEi O 3R W ot i RS A SR T8 S
R i T REOL ST B BB R E IR R &,
DLAERF AL ML 540 > AR A PE T AT REAL G
Bis 1 5 i A 72 5 UK A B 80, LA PR3 I e v
R AN [] A= 25 28 1)l 23 G SR (A i s A R
T RSB g , RN IR LLE Ry S ) L T RE
e T HAEMIE ST s a8 S IR T I S
ORIy ) 2 5, 3 T S R AR S2 v

R BE A 5 B 32 1 B R, e A Ok TR
W25 1) J B S RO SR S B R RGN A
i, LUK RE R 5 R A = F R P o Sl 5 A
T CHEE T VR 5 5 ROS-MAPK ¥ 4% 1) B
B AP T AF S A 1Y 42 Jag i
W, DL E A I SRR S IR HAE R iR S IR
TP P A7 SAE RE T
1.3 SEETS5EMWEN

B AT 5 SR TE 14 P [ A ) 3 3
G HE ARG o — 7 T, 8 i 8 A A T ) o Y b 2
P 45 FR 22 3 25 5 A 40 A1 Ak 52 30 A 3R TR
W 7 5 53— 3 T, 8 ok i 1) 2 A 1) 22 J2 Y00 I P A
T 5 IG5 AR J2 T A S, T U ) A B o R 1 3
PR Z .
L.3.1 S&ERTH AL N E R

R AR IR i T AR BB & o
A 45 AT 4B (soluble sugar, SS) il Z 2 (proline,
Pro) #11] %5 V£ 25 1 (soluble protein, SP) , {H H:FH &
PG DR i 2 B0 T S IR A T SS 2 A% L
BBV AR AR T, RS S A (su-
crose synthase ) AN AEFRAR AN e K e, LT
JEE NG A 1 B SR, By AR 5 R B K S
PR ISR R e 15 "Cinf i
S SS & AR IR A 245 DL o Pro EARIR S
W GRFAIRT 0 CO s B E R R HR R S5 ihia
FREEIEAH G, A & Y 1 1 48008 bk S e o
TESFZEIIRE . IREEN S ERE FIHE
P H AP ] BE AL & PR B M (antifreeze proteins,
AFPs) SR SR A mRIE T, Pro (Y
Ml 157 B Ay M 2 i il O R, Pro
PR 0T REAR Al AR 2 1 B 4, LA B2 40
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P ia PR . SS YA R AN V2%, EEE ) RE
YRR B AR AR AR TR R
HAR S 2%, W00 AT e D B R 1 B an 3 L (H
FREL il 2 R BOE TR, TR

BBy A BT I S s A . B
B8] b, AR A R SS A SP Ay AL B B vk X, Bl iR
JEE 3 AR B8 B ] 2B 4 1117 35 0 5 Pro T 7E Jiip 368 /5 10
(g BEAR 75 °CO I A = K il s
T Pro AR TR, B AR B/ INEF IR 2 [
b XY BOF AR A1 50 A . SRR o R
ZLCANTIRZE P B2 ) F PR T m Wk B (8 & Y
JT, MRS S AR i sl o FERE b R
ZHZUY) SS i Pro & % o TG AR 4L, HH T 5
P4 A I A R 2 T U P R AT O IR R
PE R BN R A AR e, B Sy
Py 5t 1 20 A AR A AT AT T L R 3] R
S AR,
1.3.2 MIALEHEERGERHER

SR R I B 8, TR I 7 2R T A A 4
¥ b R B2 2 R P G . AR 2 R
P20 SE 3G R AR TR S R AL R
Jo B DA RS AR AR AL ZE 1 1 55 4 59 03 35 1 HEAR
o IR DR A s T AR R R
HEINARIE T 3K 3G PR RRAE™ o AL ZR I
TR 1Y %5 B S IR A VR B SR, ZE /D is Yy itk A
{14 ] B 2 45 AR A 4 3k 38 LT P 32 I % R o
PR DA R R NI 2K AR R B L A P 2
UKo RIS AR 21 20 JRE K R 2 4 5 i
AR SR LU R B T B a5, A BT
FFOCREF 5 Ak % T 205, Y R P €
PE S FEZET R (RS AR BTG R, DALk
K G332 i B s MU S A5 5 170 A IS R S AR ek
A, P REIE S A U R S 5B E R
AL B S v R A A E AR IR B 45K AR Rk g S 5%
O3 A A5 R G2 s i a3 A Can s U R IR
F R L)) R I SRR TR

20 % 1) A0 4 S R S 3 R S 2 e
I 22 46 5 W S (R R B R s B AR, A i
HLAH A M . 5 2R 0 % I 3 A8 A A Ay 0% - IR
U 300 BT TR DV 285 ) B I A A A
TSN SR %, BRI B, 7 R O, L PR iR Ah
P05 v T D A R R O B i ) R A AR
b, TR AT BRI  nhRik

YE R CAVEFIAZ O A Mg, AR T i 24 i ik A
o, S SRR HE S 2 AL 7 24 S A, S ok
PRI Ak SS Tk /b, g Ak Uk FRER 5 =il Rt
SRR B RIRE I I H 2 SR AR T ) R A il mls
WAk, OB €0 3 I A D€ K DRl K A o Ja i
A

B 2 i3 R 2, SR A 5 40 A% AH 4k 2 A
Pio SORLRAES IAIE T 35 2 B 0 25 A A
RS A (S R VS I+ 07 N [ PR A9 7 N2 R N4
NI R SR o A, DURI T ATP 3 BF 2 it
s v B LA B i Tt IR IR B AZ A5, ROS 48
RPN HMMIAZAE R st AR AR B R LA B A i aE
T PR A N R R R R, AR S
A et RS e SR TE B 2
1.3.3 SEATELMER YR

ZH D RPLRAIAE 3A D . O, BB
RO ) DA P ek (S I 57> IR VE Y/ D e i B Uk
2SS Pro % B AR A Ma K $, By 1k v il 2 7K S5 AR
UK AR | 2 R 20 B A R RS- B 2 fh 5[] B 1 Sy
oy TR AR E B S 254, I i T BR ROS
R AR L AL RBRE R SE R M . LR, A5 e A
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Fig.1 Mechanism and regulation strategy of temperature stress in Cinnamomum camphora
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Table 1 Anthropogenic regulatory strategies for Cinnamomum camphora trees under low- and high-temperature stresses
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Note: A support level of “high” indicated that the measure had clear, systematic experimental data support, along with well-elucidated mecha-

nisms; “medium” indicated that there was some theoretical basis or indirect evidence, but direct research on Cinnamomum camphora remained

insufficient; “low” indicated that the measure was mostly based on general empirical summaries and lacked specific data support.
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