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Analysis of Principal Components and Subordinate Function on Heat
Tolerance of Two Seedlings of Rhododendron Subgenus Hymenanthes
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(1. Lushan Botanical Garden, Jiangxi Province and Chinese A cademy of Sciences, Jivjiang 332900, China; 2. Manggement Office of Lushan Nature Reserve,
Jiangxi Province, Jivjiang 332900, China)

Abstract: In order to explore the indices and evaluation method of heat tolerance of Rhododendron subgenus
Hymenanthes, 4-year-old seedlings of R. jinggangshanicum Tam and R. simiarum Hance were planted in artificial
climate chamber under different high temperatures (30°C, 38°C, and with 22°C as control). The contents of
malondialdehyde (MDA), hydrogen peroxide (H,0,), proline (Pro), soluble protein, ascorbic acid (AsA) and the
activities of superoxide dismutase (SOD), catalase (CAT), peroxidase (POD), ascorbate peroxidase (APX) were
determined after treated for 6 days. The heat tolerance of two species was comprehensively evaluated by principal
components analysis and fuzzy subordinate function based on the measurement values of tested parameters. The
results showed that MDA, H,O,, SOD, CAT, POD, APX were the most important physiological and biochemical
indexes for heat tolerance of Rhododendron seedlings. A very significant correlation (r=0987 ") was found between
the subordinate function values (U value) of 6 main indices and U value of whole indices. The U value and increased
range of U value in R. simiarum were larger than those in R. jinggangshanicum at 30°C and 38°C, the evaluation
results accorded with their behavior in the field. It is suggested that the method can give an objective evaluation on
the comprehensive heat tolerance between different species of Rhododendron subgenus Hy menanthes seedlings.
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1.1 B R sbE

HXIILALES(R. jinggangshanicum Tam) Ji3k #15Y
(R. simiarum Hance)YHX 3 119448\ ERL = BE ) 1L
FEIbE , R Wl — LR R 4 454 9E T

4 FRIHE RN A I T AR B T 5
9 cm, [LO#2 115 em T 142 8.5 em Q¥R 4, 4

F5 1 BR ARIEIL A I LR T R 2R (e EE
PR A HLE 10.87% , BEFH IR 6.63% , BB HEAK
B RSN 266.20.22.17.83.65 mg kg, pH i
R 4.79), FEH IR IR B B, R AR IR R A
KIGBAEE RN 22°C 47 HXT R A 75% ~80%
TR AL B SHIE R 14 d, SR HEF L Ab B,

SH TN LA 1T, R A 22°C (0 ).
30°C (R B B i )38 °C (R BRI G 3 AN
BEEEAL B, 3% R 50 45 KM B R 80% G K
12 b/12 hCEME)JEHEZ) 120 wmol ms™ . RIER
R &K a0, R R EEM KR
1.0 ~1.5 cm)4b FEHE TR K 53 I8 RAMKAR W . 44k
PUYE 3 IR, BN RE6 Hho AiISCRA M, Bkt
JihiE 6 d B FEES I F iR 2 BRA: AL FR AR AR AL BER VTR
KRN BUERRRE , HAFRHRZS IR (R T etk 45 2
FHOE, R OE, ZEALBE 6 d I IBCSARAE i BRI A3
FHORAE BUAE LR AR

1.2 3%

FBMDASEMNE  SHRIASE" 1
IR, BRI A 0.5 g, AR 10% =&
ZIR(TCA)FI 0.25% A EL L Z R (TBA) WA W
5 mL SV ST AT, Bl K 4430 min,
VKHHEYS ,10000 x g B0y 10 min, B FIW 40606
B B4R E 450 nm.532 nm FI600 nm4th (K% 56
i, RIEAR[6 45 X (ODs;— OD gy ) —0.56 X OD,,, 13
% MDA £, SN pmol g FW,

HELEMH,0,)&E R/ Velikova &
775, F 390 nm Ak ¥ WK R OGAE . A S bR v
i 22R15 H,0, f5 &, PN wmol g7 FW,

BEB®RPo)SE S MM =W,
AT . BUTF 0.5 g, BIAAT SErb & 3% 5L
KGR 5 mL WS, B /KU 10 min, BHIJ5 765 x g
BS010 min, B EIEW 1 mL H A 1 mL YKES R
1 mLZ& B K A1 2 mL PR P 8 = W A Bk K b &
60 min, %41, A 4 mL HIZK, 52 30 s, S &0,
B LR 520 nm KA OGAE ODy, , M diE AR
e AR A =, A pg g FWo

ARMEZEAREE R/ Bradford 4 ¥
jﬂ% ’ :f‘ 595 nm &J:u“ﬂ%%i‘ﬁfﬁ OD595 ’ ﬁﬁ‘*ﬁ‘@ﬂﬂ
ST S, YA mg g FW,
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10% TCA WFE, 5% T 10000 x g B> 5 min, B
W2 mL, A 4 mL 1 mol/L #RMR A 2 mL
5 mol/LE BRI HF WK, }E A 2 25 mL, S H 30 min
Ji , #2350 nmALII L GAE OD,s, , MRS FRYE 1 225K
PR ILIR S &, A mg g FW,

MELHEE SOD i 1 #i% [l Spychalla
28U 5 p B RE , DA S0 DU BB (NB T G AL 18 Ji
50% A4 1 ARG AN, F U g7 FW 283 CAT 1
P4 I Turkan 25087 ) 07 il &2, LA 435l OD,,
fEA4 0.1 24 1 MRS 190, il U g ' FW min™ 3%
7% ; POD THPEM R FH Wu 2200 iy g, BLAG 4040
OD,,fHASAK 001 iy 1 AMEERG 1 847, JHU g' FW min”
TR s APX 15 ¥ 5 R JTl Nakano 251 i3k , DU
B4l OD 454K 0.01 24 1 ANEETG M #h7 , R K
Ug'FWmin™,
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WS 2R, AR BRI S I I R AR RURRAE 1) et
R TS I TTER A R T TTHR AR s o IR
T s s T

RIE & B E 2 0 o g A0 Rl 3 o

®1 SHEMET 2 AR AR ARG

AT Ry TR I R P A TS B A R B A2 43
Pritthr. SR RERBGTI B AKX R UX,) =
(Xij_Ximin)/(Ximwr_Ximin) ’ IT'—E':P U(Xy)ﬁunﬂﬁfﬁﬁﬂﬁm
PSR R, X, 25 AR BS H8 AR T 2 AL, X i
B AT I R B B S50/ ML, X e 925 BB U 2
IR, b H,0, MDA S # kR S
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M1 TRAFE Y, SR ENE T 2 Rickk RS A
KL BUE AR K T — RN, BR AsA
B Yo B TR 200 3R 3 O - 0 T R AR % 3k ALY SOD
FEHEAE 38°C I ISR T 30°C 4b, Hiez $ AR B Bl 5 i
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Table 1 Physiological and biochemical indexes in two Rhododendron species under high temperature stresses

FH M 1LH:-BS R. jinggamgshanicum

Wk H-BS R. simiarum

1845 Indexes
22°C 30°C

38C 22°C 30C 38C

MDA (umol g! FW)

H, 0, (umol g™ FW)
If% MR Proline (ug g FW)
M T Soluble
protein (mg g FW)

AsA (mg g FW)

SOD (U g' FW)

CAT (U g! FW min™)
POD (U g! FW min!)
APX (U g! FW min!)

00304 £0.0014cC  0.0420 £0.0076bB  0.0619 +0.0032aA
02917 £0.0198¢C 03909 £0.0018bB  0.7780 +0.0031aA

0.0807 £0.0063cC  0.1347 £0.0187bB 02498 +0.0244aA

06011 £0.0101aA 04347 £0.0103bB  0.1294 £0.0145¢C
3565070 £2.6214bB 3699626 £23541aA 3747197 £26738aA  304.8590 £2.6143bB 3775739 +3.1846aA 3714577 £34077aA
2127802 £13.4949¢C 4394404 +£204866bB 614.1700 +51.7236aA 3486111 £579411cC 543.0556 £312953bB 896.6667 +54.8293aA

900000 £88192cC  130.000 £152753bB 2044444 £138778aA 988889 £69389cC 2555556 +23 4126bB 4444444 +49.1408aA
3126670 +64289cC 4162220 £233.198bB 7171.110 £87580aA  2416.667 £241.937cC 3513333 +345302bB 8580.000 +245561aA

0.0283 £0.0008cC  0.0370 £0.0026bB  0.0666 +0.0019aA
0.0411 £0.0056bB  0.0460 £0.0039bB  0.1019 £0.0015aA

447713 £1.7512¢C 555571 £12219bB 652991 £0.8756aA  69.7063 £3.1570cB 76.6649 +12219bB 123.0555 £3.1378aA

00652 £0.0052bB 01013 +00063aAB  0.1251 £0.0196aA

03687 £0.0111aA 02978 £0.0085bB 02363 +0.0096cC

[ — R R AN IR S AN PR RIR R 2 R P <0.0D)FIZE R B3P <0.05).
Data followed different capital and small letters in the same species indicate significant difference at 0.01 and 0.05 levels, respectively.
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2.2 ERHHHT 100% , FeHPi 3 AN AR SRR 4301 462 .845%

EIGI A I AR R A D BOLA S
IR — R GET 3T 7tk o BRI RE4E AL B
AR ATFEAR AR A5 BT 3 K SOk 8
B2 HAR DU K I 45 A 46 Do (691~ e 4> HLA
HASLINEE IR X REIR B TR R AR I 4R
RO E OGS T BT, ik 2B b
(K ™ o 9 AN PAIIHRAR I T TSR (3% 2)
WIS A S G B AR I R BT A

25307%8.275% , RBUBTHR 61596 427% ; K WX 3
ANLEHRRR B T JEHR bR I 4 A B, W AR
BRIFOR 9 AP bRXT AL AL SN TR S A 4y
WA, BALA TR R BN EAHES, M
BLA TR IOBRUEAL R ) B G 2) B A5 M AR
RARHEARAE , PTAE 3 AN A5 I 9 Wi hRI gt
HAETTRE

CK1l) = 0410X, +0.126X, +0311X, +0283X,-0346X +0255X, +0400X, +0.362X, +0404X,
CIQ2) = 0.080X, +0.624X,-0441X, +0478X,-0.050X, +0204X,-0.191X,-0316X, +0.030X,
CI3) = -0.020X,-0.082X,-0.103X,~0.165X, +0.507X, +0.813X,~0.024X, +0.190X, +0.015X,

PR TR B2 2 VI, 58 1 RS RAAE 1)
BRMA X, (MDA), X, (APX). X, (CAT) fl X,
(POD), H: 5 R % 3% 62.845% ; APX.CAT.POD &
FE YA N B H,0, IR ZALD Y, fE A sk
A BLE 1 MDA S BENS 1 A A FH 1 e &
Y, WA R R G HE AR W AR, SR
i F APX.CAT.POD i ¥i:ilRal , A Tk KN
TS S BRI AR R oL A 5, RS 1 &
By EE W T R T RN H,0, I HERAE

®2 IRHSWER
Table 2 Results of principal component analysis

J1 R ORGP T BRI T 25 2 EBUMHE
[ﬁjﬁﬁj‘mﬁ Xz (Hzoz)’ ﬁﬁﬁ%ﬁ 25.307% H
H, O, JERWN ™A X I IR R g4 47 A I TG
PR 2 ERAEERW T MEBET
H,0, WBIR, 3 FESME i B KR X,
(SOD), H: 5k %K 8.275% ; SOD &AWy A AL i
PRI —HEBILR , IR BR OF MSRHE , %%
RN A AT TR, N SR 3 Bt
SCA MR IR BRI T

T U I Ft Eigenvector TRk BB ﬁ$

o FHEME . Accumulative
Principal Contribution .

. Eigenvalue contribution
1 0410 0.126 0311 0283 -0346 0255 0400 0362 0404 5656 62.845 62.845
2 0080 0624 -0441 0478 -0.050 0204 -0.191 -0316 0.030 2278 25307 88.152
3 -0.020 -0.082 -0.103 -0.165 0507 0813 -0.024 0.190 0.015 0.745 8275 96427
4 0327 0248 0.108 -0.130 0640 -0383 -0.074 -0.031 0490 0306 3403 99.830
5 0229 -0073 0033 0033 0212 0033 0710 -0.563 -0294 0.015 0.170 100.000

2.3 RIRBHIHT H, 0, .SOD fF 5 #dih s ARG X i i Hy 1 6 N4

F RS 17 Fet A 4% 1 4 3R R0 1 R iR
A AR AL IR Y R G B, AR TS BRI 2
BRI FIACE, WA SR8 A5 0 4556 48 A 16 TORR
K/No PRI, RRAE 1) B IR G /NS A s Sk B4R 4
PREEFRIN EEMRYE . M ERS LR, 1 =
B BTER AR AR K , e O RRE 1 S 4K W MDA |
APX.CAT.POD #E R 1if #¥E PEAH #8475, 055 2.3
F RS BTERFB, S0 e PR E i J K I

PRkt I8 s , SR B I PP 2 Rkl RS I8
TPk, 23 WL, R E I T, RSk AL RS i S B
PRBAEL(U )3 R4, 78 30°C .38 CIf 3 U i 43
S HEXT (22 °CHYHE T 74 933% (117 251% ; T X 1Ly
FLESI U (38R 5/, 78 30°C \38°C i {43 He Xt
I 14.815% \13.827% » U RE/MER RN
WSk H B 38°C > % Sk A Y 30°C > I (l At BY
30°C > I 1LiALRS 38°C > H: R 1L A#LRY 22°C > k&
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KRS 22°C, B RS ARSI U EH B E KT
FEXIILIAL Y , WISk L B 1) S $ BB 0 9 5 X 1L
KRS

iR G A P 6 PR S AT 0 ) SR ek AR 1
SRl o AR 3 SR S35 AT I 3 TS S A 1) 7T ik
RS E s BA i 9 MERS U T8
iR, I AL BY R A f8 AR U fEAE 22°C
30°C 38 °C {438 0.391.0.439.,0.447  J Sk HL 543

14 0.339.0.539.0.709, J&5 55 WA 5 1K) 6
ANEER U AEAER /NI i 12 230 A 4 1) — 3
P, HBGH S (r =0.9877), IR E] T 4% W 25 /K
F-(P=0.000), KW FEHITHELER 6 DR AR
5 1B AR eG5BT LA DR B Gl
JE AL B4l T 1 ol ) W 644 158 g A % SO A 1) BT
S, AT A0 S b A wp iy o 4t 0 5 X B 38 AR
R 8 T AR

#3 REMAT 2 AHEBEEIEEFRHRE RBERWRESSTH
Table 3 Subordinate function values U(X) of main indexes and comprehensive evaluation of heat tolerance in two Rhododendron species under high

temperature stresses

Y ERE )8 BR¥E Subordinate function values U(X) R B Order

Species Temperature (C) MDA H,0, SOD CAT POD APX Average of heat tolerance
FRLA:ES R. jinggangshanicum 22 0947 0660 0710 0000 0000 0.115 0.405 5
30 0642 0525 0895 0331 0113 0283 0.465 3
38 0122 0000 0961 0587 0323 0771 0461 4
WERALES R. simiarum 22 1000 1000 0000 0.199 0025 0000 0371 6
30 0773 0993 1000 0483 0467 0.178 0.649 2
38 0000 0917 0916 1000 1000 1000  0.806 1

3 e

X P A e — A 2 L B R, i
PR IR BB B — N RE WL A
MBIV o AN IRE T BRI A I o e — R4
P (R TR 8 S AR AS S AH ], 2Re P B — 4 o xfl A 4 Tl
YR b S WA 0 PR i R R 3 . RS SRR R
BOAHEE A 10 Jr 15 DR BB I 98 F5 [0] 16 AR R R
SR PR P AHOC I B AR AR IR PR R A
B, BB B A 48 4 I 46 G 4045 B, AR
LB H AP 5 T SRR A I 2R A8 17 BN
RORV EAETR BTGP AR IR il o ARSCHE
S G R V) A T BRER AR SL AT b, SR B RS
VORISR 9 MBI AH G I FE AR L B i 3 AN HH B
SEIFT AR AR, BT K 96.427% ; HEAR i 445
FR IR 1) B K /Mt &8 MDA L H,0,.SOD. CAT .,
POD . APX A #tRS &)y i it #pE PR I EZE AR
KE WIS R, BT &AW AR 3 2% 4 Fn
H,0, K& =4, Jina 41 M R 8 446 /5 Fl (MDA
KIUGSE ), WA GBI shbt AL S L, 355
PRI A P 1 T H 2R 0y i e S 1 ol 4 i K
TR A A, DT U %R R TR AR Y I8 A A
F AsA MIHES 5 0 VA I I 1 2o o DR 3

FETT R 22 (H R A T Pro. W ¥ PE S 11
BUR 2 30 32 SUAFAE 4 P22 s T iy
IS AT BUA LA 45 5 « iR 28 T MRS A
MDA \H,0, K EHH, CAT.POD X APX [if
TEPER R 5, T BP9 1 A Y I SOD ¥ 1 i
KT HEERY, AsA 5 B b2 W B T 5 s
4 R B LTI RO ARG Tl I R B Pro 394 W -5 7 ) i
PP i 535 Sl R e 8 98 DT R O, 58 TR A e sl
AR PRI S B T A/ , VT R 1 O S AR A A
P B0 S O, L R BT VRS e 3557 1
ol FL P BRI S T A R (G I 5 8 1 ) 4 A
fRAT IR, ANELAE R AL RS A6 T Bk 0 e 4 A e T I
SOD.CAT.POD.APX M MDA .H,0, % BilfsF5
SR B O R B D), T SR AT B 40 T R
PR AR , 5 ASIFTE R 32 0k 07 2 () 8 A A
W4 o

HRATHTIH I FHDIAL Bedfe) BRI 45 S,
M Sk L RS D AR A YT DA RE X IR A il , AU
WFEHR (1000 ~ 1200 m) iRy ) L AR B3 WPk B 4T, I fB
LT HbIE WA YT IR A A b DX AR T SR B8, T 4
PR ; T X] (L FE RS VT PG R FloR — R R
W, e AR H B 5 i h A8 R B
SEPREAEAR , W X O AT P R ) R TR R, TS
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B, AWM AR ,30CHH 6 d i 2
FlF:RSAETEAS AR W] S5 405 5% , L0 S A 8 3
PEFFHXI RS ;38°C e 6 d oI I Ll AR B HY B
MR B A A S S AR, ik A
o BB ROK . e IR
WFFE 0T, 22 30°C AL BRIK 2 Rivk: S 4N 1 By ARk AL 21
1328 38°C Ab B L HE B E AT 90% LA 1 RBIK AL
A, T X LU AL B AR 18, HLRH 3 R bk i
SEFET, W LB Sk A B 1 T Ak i T 3 X0 L A Y o
KR RBITRY, AR 6 MR U
FA 1845 U fELZ [0 5 BEAHOG, w9 & B R 3k - X
L AL B R TR R S R AR/, HL 2 AN R 2 R 2%
SEAK, T RE S R R 3L H,0, \MDA 84 F
YRR RCATRAR U BN K ; 0k Sk 1Y
HARAEXS IEAL B U (eI /N FH: LKL RS, (H R 2
o 2T YL 1 T A R 394 o - Sk 25 e G T e X 1L
Y, 4505 2 Flokk BY 6 v i b — 38, IR, %
VEU 7 B AN AL BERE 244 B 07 35 HS %o A S &l 8 T
A W W MR bR, BRI B e, A
T S 7 7 DR St %A 5 &l PRt ) i b i 45
RBLAIPEMY . R A R A 4 & 7 iS00 L i L
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