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W OE. NIRFAEIREEN ‘2% HSF (Paeonia x lemoinei “Yellow Crown’) & 1
BABE . AARRR K ILAEEALH], iZF U E 16 20, 24, 28 °CUUANR AL EE, R IS
75 40 d JEINE S FE TR, PG — I NAEMRBE TIPS AR R I, R IR R A K R
(IAA). BB (ABA). EKE (ZR) FIKER (GA) MEE, HEAY B
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SR (1) 24°CHEH MR FRIEE, REWHERLIOE 212, FRERR
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Effect of subculture temperature on the in vitro shoot

multiplication and subsequent rooting of tree peony

LI Aimin, WANG Fan, QI Zhaofeng, YANG Yujie, ZHANG Wenke , WEN Shusheng”

( College of Landscape Architecture, Nanjing Forestry University, Nanjing 210037, China )

Abstract: This study aimed to investigate the effects of subculture temperature on shoot
multiplication and subsequent rooting of Paeonia x lemoinei "Yellow Crown' plantlets in vitro,
and to explore the underlying physiological mechanisms. Four temperature treatments (16, 20, 24,
and 28 °C) were applied during the subculture stage. After 40 days, proliferation parameters were
measured, and plantlets were subsequently transferred to a rooting medium to evaluate rooting
performance. Physiological analyses included endogenous hormones (IAA, ABA, ZR, GAs),
antioxidant enzyme activities (SOD, POD, CAT), total phenolic content, and leaf microstructure.
The results showed that: (1) 24 °C was the optimal temperature, yielding the highest proliferation
coefficient (2.12), excellent shoot quality (+++), and a subsequent rooting rate of 39.05% with
well-developed roots. (2) Correlation analysis revealed highly significant positive correlations of
IAA content and IAA/ABA ratio with rooting rate (» = 0.82, 0.91), while ABA content and SOD
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activity were highly significantly negatively correlated with rooting rate (» = -0.83, -0.83). Total
phenols content in stems and leaves was significantly positively correlated with root length (r =
0.71), and stomatal long-axis length was significantly negatively correlated with rooting rate (» = -
0.68). These findings indicate that subculture temperature comprehensively influences
proliferation and rooting in tree peony by modulating endogenous hormone balance, antioxidant
enzyme activity, and stomatal morphology. The 24 °C treatment simultaneously optimized both
multiplication and subsequent rooting, providing a theoretical basis for efficient micropropagation
of tree peony.
Key words: Paeonia % lemoinei ‘Yellow Crown’, subculture temperature, adventitious root,
physiological indexes, correlation analysis
$ 7} (Paeonia sect. Moutan) 7EAjZj%} (Paeoniaceae) AjZjJ& (Paeonia) V&MHEA,
JErE T, RREEG T KA — M EZERZ Y (Cheng, 2007). ITLEEER, 4
FHEE M7 0 U BB ETZ A, PR S s AR R C - T RR IR, 2
&M AVE RN A EEH A IR (Lietal, 2015) o Hik, $EFHSCN T —FERH .
M AR T — R B LG, BA RIFMTIHA . 4P a5 B T7 AL R
Fs BRI T, ER SRR I, Joiki 2 2N T i i A AL A
WAL K o BT BOR AT AE R A R B SRR, R RFRRE Lorab 1A 5 5805
R . A PRI BRI T 1984 4 (B E 4, 1984) , 245 CEWIPESL T 40
ZNMP M EHEE AN R, ‘2w 4P (Paeonia x lemoinei  ‘Yellow Crown” ) T 20 it
70 FAHHARBMEKIER, LONEG, HRETAERLORMA, HWHMES. &M
Phog, (R, ZAESUVET AT MBS ET R GERYE, 2021 .« BACEY P @ T
CEGRT HSHRMEREBARK R ERE, 2021; 2L, 2024) , (HLESG A A AR SC
SIS A A7 AR 1 B 28 RN A AR R A A i) A
U A 1 e AR B DA R I AR R A P B TR UM S8 . H TS T
S MR IR AN QAT R 7 KRBT, 4 PRS0 T R BOS A A ROR B 38 &=
WHBEARSE IR, EWEKEN M WA B DL 5 5% 155 R & % V) AE O%
(Bouza et al., 1994; Wen et al., 2016a; X445, 2016; LHi%E, 2016) o HA R IR S 4 4F
A U ™ FE R e A A P HCE T RO . A P AR AR TRIR R AE 26 °CTF, WUEH
ARORIL R IF, TCHISILG L, 7T 26 °CRE RN, RE WIS, b
BRI RS BT, BB RS BT (A MR T, 1992) o JUAME PG Ak
BIE 24~26 °CHAF T, MHRIREE. . A KB, I 26 °CIF i FFEa B0 HA K
Ze0e (HREETESE, 2001) o “VEPFHAL 4EFF (P suffruticosa ‘Luo Yang Hong’ ) R & 1 /&
20~25 °CHAF T, HIETEAAFAE R Z T, (HAE 30 °CE IR FHIRVE WA KE M Z . #
Bo T WL L3 AN [RI AL PH ot Ao 0 4R A IR U B 2 1) 22 R, REAR R AR AE 20~26 °CZ
(), LA ot i 44 Q% IR T W AR I AH SRR IE
HPFRE B AR R BONE A, BT B FT 3 B AR AR B B ) A B 7R 2
R AT AR E DL B IR 5 07 16 55 77 R A R AR AR B BOAEAE B ) e, 02D My 1 4
FPHEAE M AR AR K R (Bouza et al., 1994; Beruto et al., 2004; O &#F, 2010; F H %,
2016; CAAEAE, 2021) o (HZ, EIROFSE LR R BUVE R AR B, WP 1A PR
EHAERBARKE R, (HEFERBEC, FEAE 30%~80%, £ 24 Wil i ARG AR R
B TR, AR AR i R A SR R — P R PR e AR AR R
7, Bl CIEF 4EFF (P ox lemoinei ‘High Noon’) iR 11 1E A AR 55 77 B 347 B AL B; 97
20d, REWEKEHAEMRFH S4.0%REE 77.2% CCHASE, 2016) 5 KEAT2 541 FFAL IR 4 Fh
(P. “‘Bartzella’) X% F R IR 10d, AEHG LR 63.49%R M 2 75.51% (ZEXI5E



K, 2016) 5 4 FHRE M IGE Y B H FAE Y AE KT 6-BA X Ja S AR MGIER, 78
WIARE TR BC UL mT ARE 6-BA LA ZEHHEM, g B M R M (P ostii
‘Feng Dan’) {0 AN RIIE & 13% /A4 (F#, 2016; Wen et al., 2016b) . 25 b, ZEHR
BSR40 (MR FR . A KA A XS AR B A E g, Al
BT B (R AR AR A RO AR, H E AT GE B B B 77 I R A PR R AR AR AR S e v
RILAHCHRIE . o, WE W AR &I S54RI N TER L. BRI, W
T IAA FLR . TAA/ABA 5 T1AA/ZR HLE SHPHAE B AR E UM (BEFHEE, 2011 3
555, 2021) o [FIR, PUAMEE RGIEEREESA (ROS). 4ERF4H AL R e s e Ok
BRAEH, R AR S R 0] B 77 PRI 8 ) 52 M B AR TR Sy s UIAR O, T S e A AR
HE (Mittler et al,, 2022). b4k, LAY & 2 AL Rl 25 TAA AU
MR (Shang etal., 2017) o 4EPFF R LB REERHE CAIRFLIES . MR RED H#
PR R R R AR BER S TR B30 B 1 1) BB R A, RS K A R LA RBEJIAEAE
KBt (Garcia-Cervigon et al., 2021; KA $H55, 2024), Kk, R FTRARKE 710 B Q)@ i 52
M) 3 e SC 4 AE F AR bR R A PR T (38 T S AR AR R I, XTI ES R AR R R IR
PRAR A BN 2R OC B

AREFLLL B AP ECOMR, SRR (16 20, 24, 28 °C) #kfR:3%
5k, did BN E S fE S AR e bR . e NRBER S 2. PUAERETE. SMaER
Mg S LG, RIS ARG, VRS RUR R (1) 40ACRE 78 155 dn e 52 e ik
B IG P ROR K S AR AR T (20 dRARRE FRUR FE W AT v 42 bk PR i AR AR 1 AR BE AL
il R NIRRT . PR R G K R I e e B (3D I S SLEE MR 4R AR
BRI E ()38 B AR 2 T 5 AR AR R AR AE ORI o AN 9T LA At i 1 110 38 B R A AR
FARE R IRACTRAEER SR, FERPIA B R AL I SR LB 2%
1 MelE 7%
1.1 REAE

2022 E R, FINRA TN R, KRR, THRBREN ‘25 4
Pt BYEUH A MRS O OB, R R BCEEE AAMER, IR IRER A (20100 H R JTVEXT
SMEAR AT B e R, JE AR AR WPM (3 % Ca(NO3), » 4H,0) +6-BA 0.5
mg-L"'+GA3 0.1 mg-L'+ 5% 30.0 g L'+3fi§ 6.5 gL', pH5.9. WAEaT AW (CHAEZE,
2024) , HFHAEHEEAREEFZEWN 40d, BATFFR T 8 IKkREEFE 40 d I, V)
HZE FEE s 2E (2K = 1.0 em) {E AR L.
1.2 R
1.2.1 IR

B PR ZE DI BRI B S BRI R AL, B WPM (3 £i% Ca(NOs), * 4H,0) +6-BA
0.5 mg-L'+GA3 0.1 mg L'+ 30.0 g L'+35 /5 6.5 g'L', pH 5.9. T AN TAMEFERAT4EAK
WgR, BIRRES M E N 164 204 24, 28°C, JGMEIREE 32.4 pmol'm?2 s (AT,
M 14 hd!. IR R 40d J5, WEICFKAFAE I R4 e 2K A
MZEpE, HPFRESEAX o T +, Zxg. ZH<02com, HHEHFE<
40%; ++, ZFLE, 02em < ZER < 03cm, 40% < MFHEHE < 80%; +++, =
Wek. 22 = 03 cem, HMHEFE = 80%.
1.2.2 MR

YAREETE40d J5, K 1.2.1 BRASFIGEARES 7RI 5 A BERAT (1) AR 28 23 i AT 4R AKX BT
P, UIBCEM EZEK = 1.0 om BUESHE B2 (IREF 2~3 MO D, 88— R A Wb B AR 2k
ITAER U4, 20160 « (1D MRTES, A FR A E B B 20 R TR 5 S 3 97
% 1/2 MS+IBA 0.5 mg- L +J& % 1.0 mg L'+ 8% 35.0 g- L'+350fIF 7.0 gL', pH 5.95, SR



B BT 4 CA MM 7d, HET (20+1) °CHIN T SMEMBTEE 23 d; (2) WIERK,
B W N RS 32 3L 172 MS+HIE R 2.0 g L'+ 35.0 g-L'+Ei/l§ 7.0 g'L!, pH
6.2, T (24+1) CIN LAMEMFEFE 30 d DAME AR M AR, Bl FE /0 F A 35 772 2% 1
[FIIGHE G 75 . AR RGN G, WEIDRAEMRE . WA MEKMEIL @G HR SR, H
HALER X b T +, BAGHSN D ++, EHMBEK, G058 EmHs H
+, TR, RAEGHLSUR .
1.2.3 AEELFRAR I E

AKTFE40d 5, M 1.2.1 LIRASFEREEE AN EE R BEALER 12 #RRE T, &4 BRAIEN 1A
SPATHRE, EE 3R, CBZEBAIM A B S RS, WA 2 JE B T80 °CUKFE IR A7 &
M-

(1D WESE. WHL0.6 g FEM, KRR SRE 7 0 WUR R TAA. ABA. ZR
A GAs & . MN—80 CCEKIR VKA ECHFE S, TP 2R AR, &R S HEFRFR
H0.6g, NI 2mL FEFEIZE MR E 4 °)CUKFEF 7 FEH 4 h; 4°C, 4000 r-min! B0 15
min, WHCEIEWR, MIRARVIEIMA 1 mL #EBCH G EE BRI, HEREIGEN 2 R B
Wz e ZJEBIRIGHE T Cis B HUG H/ME h AR BRI, K3
BT OIRFENHATIRGE, BN 0.9 mL ¥R FRBREAT €%, Z )58 H ELISA {5 &
K FH B S 2 V5 5 RIS & &

(2) BEFETE. FREX 1.0 g #E4h, 2273305 POD. SOD fl CAT i%tt, M POD jE 2

P2 22 05 AR A EN e (220558, 2011) &

(3) MEyEE. FREL6.0 g FEdh, 60 °C NHTEHIBEEL 0.1 g, K AAEY A A &
(G H M BHE ARG IR AT Ml S &,
1.2.4 5 A EE I 52

AR IR 40 d J5, M 1.2.1 RIS R P A B A RE Hh B UERCAS (7] T A B ) e i
A& 10 M, 3k 40 M, A R BT B o SR I KAL) 0.5 em x 0.5 em /B, FBRERE
SEW FAA (70% LBF @ Ki/R AR D UKZR = 90 051 5) [5E. @ik mgirt ;T
R EERFI A A, B, BN 2.5% % VP T E E 3 d (4 °Cfik
), SARFERE N ZEEHK, X 10 min, I5F S THE, BHEACEB4S 10 min, 7£
RS N T WA, W R ESILIIES, RIS ULI0 - 28 T 1) &5 44
fiE .
L3 BRGS0

W8 3 KES, HPME S5 ARG AR ESR 28 ilEm. W50 5E KA SPSS
22.0 1 one-way ANOVA #4775 72 73BT S Duncan VAR I 72 5 W 5 M R R R @b o it
AEARAERR S AEEL MR ARRRIAR DG FIA Origin FAFHIE .
2 RS0
2.1 kAR BN I A AR AR I B e

WEFERY BB IR IR A AL T ¢ R HRAE I AR E R (R D, WA
Kbt 5 A AREE TR E T 220 BTHE PRI, TERTIRIRIE 24 °CH 1Y IE R H0E 3 i
B, HEZFEET 16 °CHI 20 °CAbEE, HIEF A% 2.12, M A% 6.07 A, R #AAE K (g
e CGERESY ). HiREIAT] 28 °Cl, RS W A5 24 CEEE Z R
BRI ZRK IO T oAb 22, (HZIR B A N E BB CGFRESRH, Ak
BUNGEK . ZEiRGE. gsafmm ik %EE (-1 A-D).

AR AREE 75 AR WK A [R5 AR B AR AR AR 7 20 e NAEARBE %, W A0 R AN IR 4R AR %
FREXMFTRBRAEHWESAERERNEGEEER (K2, B 1: E-HD. AREHEH



AEEFHREW T = 258 TR MRS, ARG FRIR A 24 °CI AR R Z0A 3 i KME
39.05%, 2% T AR AL B, HAEM PR S, PR 146 %, CFEIRK 2.12
em, WEHEBEGALD GETE RIS,

ik, 24°CREH SRt HPHE ARG E SRR FRIR AL, B R
HTH R HUE ) 212, JRSAEMREILE] 39.05%.

R 1 HKREFEEN 28 AFREEEENE RN
Table 1 Effect of subculture temperature on the in vitro shoot multiplication and growth of
Paeonia x lemoinei ‘Yellow Crown’

ZRAER IR N . .
i . Pim =K . ISR
Subculture HAGE 2 ) AR )
o Plant height Stem length Quality of
temperature Multiplication rate Leaf number
(em) (cm) shoots
°C)
16 1.2340.08¢c 1.91+0.14d 0.54+0.06¢ 2.42+0.15¢ +
20 1.67+0.14b 3.21+0.29¢ 0.72+0.03b 4.83+0.56b ++
24 2.1240.17a 3.74+0.25b 0.89+0.06a 6.07+0.31a +++
28 1.83+0.2ab 4.34+0.28a 0.93+0.08a 5.32+0.57ab +

TE: ] one-way ANOVA BEAT 75 22 )M, R P A MEEARHE S ANFR/NE FREROR{E P < 0.05 KF
Z W% (Duncan’s f38). +, 24k, 2 <02 cem, MARIFE<40%; ++, ZF%, 02com < 2
Ml < 03cm, 40% < MRRIFE < 80%; +++, Zik%Zk. Ml = 03cem, HHEITE = 80%.
Note: One-way ANOVA is employed to analyze the data. Data represent means + standard error; different letters
indicate significant differences at P < 0.05 (Duncan’s test). +, stem light green, stem diameter < 0.2 cm, leaf
expansion < 40%; ++, stem medium green, 0.2 cm < stem diameter < 0.3 cm, 40% < leaf expansion < 80%;
+++, stem dark green, stem diameter = 0.3 cm, leaf expansion = 80%.

x2 HREFEEN 28 FREEERKESLRAER N
Table 2 Carryover effects of subculture temperature during the multiplication stage on the in
vitro rooting of Paeonia x lemoinei ‘Yellow Crown’

A TR E !
R % Ik N
Subculture ) FETR A R E R
Rooting rate Number of roots Root length
temperature Basal callus grade
(%) (em)
°C)
16 11.234+2.83¢ 1.67+0.34a 1.26+0.41¢c +
20 26.67+4.36b 1.65+0.22a 2.26+0.8ab ++
24 39.05+3.3a 1.46+0.2a 2.12+0.16ab ++
28 31.43+2.86b 240.32a 2.53+0.39a ++

I A one-way ANOVA AT 7 2704, Kb Bl MIEARHEE: AFR/NSFREIRTE P<0.05 KF%
A% (Duncan’s f30). +, EAFHLNRD: ++, EHER, HOHEGHARIN; +++, B E 85
1, WRMEHELR

Note: One-way ANOVA is employed to analyze the data. Data represent means + standard error; different letters
indicate significant differences at P < 0.05 (Duncan’s test). +, Callus is rare; ++, The base was enlarged with a few
callus. +++, Severe callus at the base.



HAGEAR M. In vitro shoot multiplication and growth of Paeonia * lemoinei *Yellow Crown’
JEAEMR R I: Subsequent rooting performance of Paeonia x lemoinei ‘Yellow Crown’
1 S#REFEEN ‘28 HFHRE R EM AR N
Fig. 1 Effect of subculture temperature on the in vitro shoot multiplication and rooting of
Paeonia x lemoinei ‘Yellow Crown’
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ik B B =8 200 3.59. 517 ng'g'e ABA H R TREE EFHI#S, JTE 16 °CHA
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Fig.2 The content and ratio of endogenous hormones on the in vitro Paeonia *lemoinei ‘Yellow
Crown’ under different subculture temperatures

2.2.2 P

AEEFRIRBERT B A PHAE R A R (B 3), FEE AR
FEH 7t =, POD Fil SOD (175 ¥ 35 1% 8 ~ % . POD i PE7E 16 °CHF F i, N 250.00 U-g!
min”', 24~28 °CHf 2RI TR, 40REEFRIEE R 28 °CHf &%, 4 1.59 U-g! min'. SOD i& %
£ 16 °CIN ffmi, N 46.59 U-gl, 1 28 °CHI AR, A 17.23 U-gl. CAT iE 1R & 4k 77



BT E R LT PR, 7E 24 °CH A EIF mi{E 6.82 U-g' min'!, 7F 20 °CH} &
P ME 4.31 U-g! min.
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Fig. 3 Changes in enzyme activity on the in vitro Paeonia % lemoinei ‘Yellow Crown’ at
different subculture temperatures
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Fig.4 Changes in the total phenols content of different parts under different subculture
temperatures on the in vitro Paeonia x lemoinei ‘Yellow Crown’

2.3 SREFRR XM SR IR

FEARF AR TREEL T, 26 AP E s S e R E2n (R3, K
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x3 ARAZMAFFEET ‘2 HFHREEH i
Table 3 Indexes of leaves under different subculture temperatures on the in vitro Paeonia x
lemoinei ‘Yellow Crown’

LR R TREEE

ARACIE TR L
o T L R Upper Lower
Subculture AALKHICE AL . . .
Leaf thickness epidermis epidermis
temperature SL (um) SW (pum) ] )
) (um) thickness thickness
(um) (um)
16 45.87+0.45a 10.03+0.67a 116.46+12.67a 25.6+3.38ab 11.2+1.44b
20 41.2942.24b 10.25+1.07a 121.914+7.86a 27.05+4ab 14.64+0.95ab
24 30.13+0.53¢ 9.42+1.21a 133.1243.39a 22.23+£3.12b 13.05+1.97ab
28 19.48+1.31d 6.31+£0.54b 136.6£14.35a 31.19+1.79a 15.94+2.62a

T SL. ASLKHINKEE; SW. SALBAIKL.
Note: SL. Length of the long axis of the stomatus; SW. Stomatal minor axis length.

A.16 CAEFIR B ﬁﬁ)#?%%&éﬁ’]ﬁ;/u ; B. 20 CCAERGUE B MRS RS C. 24 CARBEE
MR N REE I D. 28 CCAER s f it i R R B AT B. 16 CCARFLBUE 1 I R B A 435 K T
A: F.20 CCAFRE W BB S5 G. 24 cCREE 1 A BB 2545 HL 28 °CAbFEit
AR S5 TR

A. Structural morphology of the lower epidermis of leaf in 16 °C proliferation treatment; B. Structural morphology
of the lower epidermis of leaf in 20 °C proliferation treatment; C. Structural morphology of the lower epidermis of
leaf in 24 °C proliferation treatment; D. Structural morphology of the lower epidermis of leaf in 28 °C proliferation
treatment; E. Cross-sectional structural morphology of leaf in 16 °C proliferation treatment; F. Cross-sectional
structural morphology of leaf in 20 °C proliferation treatment; G. Cross-sectional structural morphology of leaf in
24 °C proliferation treatment; H. Cross-sectional structural morphology of leaf in 28 °C proliferation treatment.

Bs5 ‘2 AR IFFEETHFEMESH
Fig. 5 Leaf structure at different subculture temperatures on the in vitro Paeonia * lemoinei
“Yellow Crown’

2.4 B, iﬁ\ M F fabn S AR AR B AR S i

¥OCEE HPHE R AR W RS AR AT A OO T SR
N iﬁﬁ\ iii\ R R bR S AEARAH OGRS (ERRZE . REL WK HAAFERE R AH K
(B 6, BRI N, (1) MM B ARBEREHNEER, ke, KA 50
SEUIWEZ EMHEKXR (r=0.85, 0.82, 0.83, 0.90); FHWRK G{E W MkE. ZKM
HHEHERZEEHXER (r=0.70, 0.66, 0.61). (2) EFIElR: FEWKRGNIFEBER IAA
HE. IAA/ABA B EFEEMHEKR (r=082, 091), 5IAA/ZR. TAA/GA; 223 1IEAH
KRR (r=0.69, 059), 5 ABA & &. SOD G EWEHENMHILKLR (r=-0.83,
—0.83); PR E GA; FREREAMHKLKR (r=-0.60); FRES IAA F=. 20t



MM EEEEEZEFEMIEELERE (r=060, 071), 5SOD FEELENMMHERXR (r=
—-0.60). (3) MHgks: ARBSHFSAKMEKEREDEMMHILR (r=-0.68), T
MEEHFFERBEEEREEFHLELR (r=077), EHFEEEREZFFHEIRR (r
=0.60).
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3.1 ARG FREEXHAE B EA AR R

ARAREE FR IR R R PR W A A K B R B, AR FURIL 24 °C ol B
FEPHE B ARG IR, S RE R R (2.12) BE ST 16 °CHI 20 °CALbHE,
BEEFES (). 6 EOX—25 B 5 50 AT R DA [F) SR 1 PHR T 108 B 77 1R
EAERKES, flwHtFSA CBEE © ‘B4 SRENHREREEE
(25+1)  °CHAK RLF GREEFESE, 2001) 5 YEFHLL 4 PHAE 1 B IE B 4k R IR 2
H20~25°C (E#EEESE, 2008) o MhAh, ARWHFUILKINLE 28 CCHEFLM T, ‘B 4T
WREE (5, M EEME. X5 TMEES (2008) £ ISHL HPHR MR ®—
B, WS EERA R (1992) EHFHAE W M R AR A — 5, KRG HER
Frim R 26 °CHY, SRRSO — S — DR SE TR RGP A T



TR IR 22 S Ve SO, P A R S (1 18 B o B 5 AR o P 7 0B 0 L () 5 SRR R . (RS
fih b, FRATHE — A FHREE AL BT RS R A — R NERRE TR, DR A SRR
FEXRT T A AR I RE SR PERZ 0 o AFF 70 AN [ 4k AR S 5 FE A 22 X6) 5 252 0 AR AR 7= A I 35 () I 48
PRS2, ARAR 2 5 1A I B I G R A MR SRR R 0E AR 3 1 IE AR DG,
FE 24 cCHRANE FRIRZ T, W B RS AERE (39.05%) & 3F m T H A i 22 4L 21
(11.23%~31.43%) , BE AR EEBEHHANERED () G T RERBRBIE. ¥)
W E 24 °CONIE B Ik TR IRE o

3.2 SRR RS E A TR W

KA R, 97 1% IE B 40K 7R IR VT e S R A PHAE B S AR R 1A R
Bo AT HE— PRI TR 2 5 S AR LR, FRATTIN 2 T AS RS FE AL 2 R 4 Y
R NIRRT B LSSy & AR AR BRI o b H 5 U AR ARR L R A
Kk
3.2.1 WIREEKT SWUEEERK KR

IAA G2 SR G HILER —M B, enl DOREEIIR RN AK KT DL K
Rf#IE (Krajne et al., 2013) o ABFFRI, ‘2w’ FPHAE T IAA S EMARIE R
FER Tz b, HIAA S ESAERBAEREEEHXKR (r=0.82), RYHNIKE
IAA 4 PHAE AR EERIER T X500 ARG RMHAL, SRR (Pinus
massoniana )~ %L (Pyrus betulaefolia) 1 ‘F#E1l4° P& ( Castanea mollissima cv. ‘Yan
Shan Hong’) R Wl E L4 RIEFRE, IAA SEHEMRBEEMI KR, Hi H
2L’ SR TAA & B S AR R EF EMARME (Hou et al,, 2010, AL A Bk 52, 2020;
PR, 20200 o Rk, @R KGR TRIRE N AR TAA & B 5 AR G A AR AR b 2 IEAH 5%
P, HEI AT RE S KT TAA FEANEARTE VAR i 20 A A 2R Al 26 r A R 7 22 15 AR R
34 5¢ (Taramino et al., 2007) .

ZHW TN ABA & — PRSI R, WRIEEE I ABA & B2 REFEEMLK
B, TEABLRIURRIR (Chukrasia tabularis) SEAEPIH AR 2] TUESE (EIMEE, 2019; EH 5,
20200 o AWFFLIR S LR 8, AR ABA S BEERET & 2L TR LTt
HIEad, 15 24 °CHI & ERAK, ST AR, H A T riaeE e 2:m A
WRERZE G T HMREATE, ABA SESEREEREZMMELKR (r=-0.83), XAl
AEA2 H TR B ABA & 20 0 T @A R s e g, 2 — B2 iR i
%S (Takatsuka & Umeda, 2019) .

GA; g (R AR AE K, (H T A EMR K A A E Y MR 22 57 . A BHFE KL GAs
FREERMWAEY (Rhododendron scabrifolium) K EAEY (R. stamineum) FGFEA 2 L)
TR IEA M GR =255, 2013) o HWMAHITEINN GAs M AR A AAF LM HIEH]
HARRDUNMEIR EHE 4 ARBOEA> . #EIRAEMRSE (Hou et al, 20105 ¥F4F4155, 2019;
T4, 20200 o AHIFUKIL, GA: S EBEHIRERN BT 256 ETHE FRERES, RERY
AEMFBRRZALE, HEPORBMBEEZENHKCKLR (r=-0.60), XMLHELE (2024)
PR —E, BT P GAs RS PR E B AR Fitk, 4L
EHMPNIE GAs S ES A ER K AR, FHER B TGN BOR SR E GAs 24
PRI A M o R, T AN RIS E R BT (RBP4, 2004) o

EEP ARG RS, MU B —HEREF FEMH, T2 2N BER L AAH BLH 2,
HFEIREERH, AFEERESE ARSI B R EY AR ) CROGES, 2016)
IAA TE NS AR ARZOBER, HAME S A SRR AE RS IAA G WK Sk
P (Gallavotti, 2013) . AHF 7 & Il IAA/ABA HU{H S AR R EMEE FHAKKXR (r=
0.91), HILETE 24 °Ch f iy B35 & T HAWR AR . X 5H7 AL CRPL 4151 (P



suffruticosa  ‘Tai Ping Hong’ ) (BUFFEE, 2011) FIRRAR (EHSE, 20200 SEAEY) (16 50 45
R—3, XK IAA/ABA AR F R EEZGIR. A FIL K IAA/ZR 5HMRFE LR
FEIEMHX (r=0.69), X5HTAEAZ BB PR LS R —3 (EIEE, 2019, EF %%,
2020) o AT H IAA/GA; 5AEM KRB ZH IEMK (r=0.59), X5 F Lok
(20200 7EH s BB —3. 25, MR IAA 5 GAs. ABA. ZR [a] (1)~ i 5 5 4
FFREMACHWET, EHMEN IAA/ABA. TIAA/ZR F IAA/GA: A F T HFHRE A E R
IR A
3.2.2 BEE S RE B AERKCR

SOD #UEL SR A K EH VMG, HHETKT SOD 3 M X T A2 HK (1) 52 1l £7 78 PR P ow
A, Wang %5 (2021) RIEXS RPHAT PR RATEE S, 4HPF40H 1) SOD it 7E
RIFIEE SR 3 RARIEE, £ m SOD IHMET MRS AR B4, MRS %
(2013) RIAL T 1B ELRAS I RS A RS AEAR T BB B, SOD T 1B W B A, 1t B AR 1Y
SOD JE AR A EMRE . A TGRS G — MW S B 8 —8, KIE I SOD i
HAERBEREWEEFMHAILRKR (r=-0.83), HiEMEREE QAR F5 B 1T+ = i E i A .
AHEFLH, 24 °CFiE K SOD WG MERER (AHE TR 16 °CHI 20 °C) W] B o VR 4EFE(E AR
MR ROS BIMH (W1 HOo AR FEPE BAFD, WidEE L. thsh, A5 POD iE 1 &
ARACHE FRURE T =Tz B A, EIE TR DG 23 A R I POD V& M 5 4 PHAE B AN e iR
RAETLEZEMME, 5XHAESE (2024) £ EF HIFEHMLSE 08, RHENAQE
FRIT ¥ POD 3 PR AR A G PR B AEARSZ AN K o CAT vV 5 A2 MR AH O HB A5 T B 35 A %
P, VLR AR AR oS B . 25 b, SOD IiE T2 B M PR T AN E B R AR I ok
K7, HERREEA R T A E R AR, 171 POD i& AT CAT 3P S5 4L PHAE A E R
PIRAETCRZEHL KR,
3.2.3 M EEHREHARK KR

Y ARS8 KV B VG (FF HBR %%, 2016; Shang et al., 2017; & 4k 41 5%,
2019) o HETA HPHE Ty W 5 KA AL AR08 32 SR R AR 98 5 e AL 1R D6 R DL K
Ty W i 76 TAA AR R 1 /E . (Shang et al., 2017; Ghimire et al., 2022) . 4L JFH A%
. BETHRPEE. FER. KPR, -7 KRR SHPHUE AR EVIHEG, A
A I B T AE AR PR Ve A ANA (FFEBREE, 2016) o AHIT T it PHAE B 25t S &5
BEEXNFFRELZOA TGN, LEHEEEEOE O NE, Ztahtess ‘2
o HPHAE PR K R R IEAGK R (r=0.71), HEMIL R R AT 58 A2 By IR 250 5
T TAA AR, (R MK 42K (Shang etal., 2017). BEAk, AHFFTIE KB ZEH
W& SRR WA bR C A O, FE IR PR T 00 AR AR I AR A AN R 1
W R I FRAE A, A8 29 AR AR R Y AR S AR B0 A I I A AR = A TR
T B B AR 1 AN A
3.3 ARG HREFEXRE W T B W

R A& e R M A AR BRI AN AR (A 2, JE kA HE - B Shae MR RO AN [F A2 58, 2 AEY)
&N ISR —Fh A A7 5 HE  (Garcia-Cervigén et al., 2021) o AT H, HFHAE HEE
PR FEERZD T E, ALK ELREEN, BRI Z 7 8%, i
M RIS R C R E M E . BET A ORIE T T LUK I i RALK R S AR R 2 B
FEHAHKKR (r=-0.68). MAEREREPIEL T, N T EHAEABCMABRSE, 2
KRR, R RERRALIEE RN, PO EEE, (R KIS TRV NS
(IRAH5E,2024) o HRUCHEN, 3& B B A B0 A LURRE W] e I S5 R R K 2 A R
AEFRIRAS, NI J5 SR A AR P~ A R 520



gibRTiR, ARKEFREERE R 2 A PHE I & S SRR, 24 °)CNIEH
AARKTFRIRE, MR IEEE R AR (2.12), FREMR, FEENRRIA 39.05%HR R K
BRI, EHEVLHISNTRH, IAA. ABA &2 IAA/ABA ELAE AT SOD Jif 14 25 2 ffif s A AR
P E B bR . 3R IIR I R NIRRT . DR AGERTE YE e S s AR A, gt
FHE R R B R T B RIE SRR S % .
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