IR S5 2A4R , 2018, 27(4) : 72-80

Journal of Plant Resources and Environment

AN TR] A5 A3 O o e S PR 48 w3 M 2 A VDY

BEx W I, Ba¥, KEx, HELY

(BB P EYRE R T, =/ St 666100)

BE. EATHENEESMT FEERA 012 M3 d UIKKERF 1.2.3d &2 AEARI(EEA 25 C.
Bl 6 °C 4 A MBARRI(BRZ) 25 °C BE 6 C MG 50% ) FEE A FLHAZ A ( Hevea brasiliensis ( Willd.
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3 d BEETEEMOGTK IR E S 3 d RE ZFEEMARTKT R E 855 2 A, 4 ASEFIY Pon Tr F1 Gs
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Comparison on cold tolerance indexes of different cultivars of Hevea brasiliensis and
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Abstract: Under artificial simulated chilling stress condition, leaf cold tolerance indexes ( including
photosynthetic gas exchange parameters and some physiological and biochemical indexes) of cultivar
‘RRIM600° , ‘Yunyan 73-46° , ‘PR107’, and °93-114’ of Hevea brasiliensis ( Willd. ex A. Juss.)
Miill. Arg. in sunny chilling injury ( day temperature of about 25 “C , night temperature of 6 C , and fully
natural light) and cloudy chilling injury ( day temperature of about 25 °C , night temperature of 6 C , and
shading rate of 50%) treatment groups under chilling stress for 0, 1, 2, and 3 d, and recovery culturing
for 1, 2, 3 d, and 2 months were compared. On the basis, principal component analysis on all cold
tolerance indexes was conducted, and cold tolerance of each cultivar was evaluated comprehensively. The
results show that in general, net photosynthetic rate ( Pn), transpiration rate (Tr), and stomatal
conductance ( Gs) of 4 cultivars under chilling stress for 3 d and recovery culturing for 3 d are
significantly lower than the levels before chilling stress ( chilling stress for O d), while intercellular CO,
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concentration ( Ci) under chilling stress for 3 d is significantly higher than the level before chilling stress

and restores to the level before chilling stress under recovery culturing for 3 d. Under recovery culturing

for 2 months, Pn, Tr, and Gs values of 4 cultivars all restore to the levels before chilling stress, while Ci
value is higher or significantly higher than the level before chilling stress. Malondialdehyde ( MDA )
content of 4 cultivars under chilling stress for 3 d is higher than the level before chilling stress; MDA
content of cultivar * RRIM600’ and ¢ Yunyan 73-46’ under recovery culturing for 3 d is significantly
higher than the level before chilling stress, and restores to the level before chilling stress under recovery
culturing for 2 months, but that of cultivar * PR107’ and ‘93-114" under recovery culturing for 3 d and
2 months is significantly lower than the level before chilling stress. Under chilling stress for 3 d and
recovery culturing for 3 d and 2 months, relative permeability of plasma membrane of 4 cultivars is

significantly higher than the level before chilling stress. During the experimental period, contents of

soluble sugar, sucrose, proline, and soluble protein of 4 cultivars show a fluctuation change. Principal

component analysis results show that eigenvalues of the first three principal components are all greater
than 1, and their cumulative contribution rate is 71.30%, indicating that the first three principal
components can reflect most informations of all indexes of H. brasiliensis. According to comprehensive

score, under sunny chilling injury stress condition, cold tolerance of cultivar ‘ RRIM600’ 1is the

strongest, and that of cultivar ‘ PR107’ is the weakest, while it is opposite under cloudy chilling injury

stress condition. It is suggested that suitable planting site should be chosen according to cold tolerance of

each cultivar of H. brasiliensis in actual production.

Key words: Hevea brasiliensis ( Willd. ex A. Juss.) Miill. Arg.; chilling injury; photosynthetic gas
exchange parameter; physiological and biochemical index; cold tolerance; comprehensive evaluation

W ( Hevea brasiliensis ( Willd. ex A. Juss.)
Miill. Arg. ) 3R J& F K& F} ( Euphobiaceae ) 15 it 4 J&
(Hevea Aubl.) , A KITA, I 7™ T 7 26 YH I £ 3 7]
P (b4 Se =4 15° P4 48° % 78°) , £ EFH
(RTINS 13 (= AN A B VA | E R | e R S|
ATE e E LR 17° LAt X R DAk b .

FEF L 2 o EAG B B R ) B RO
2 WA, v AR AR T X AR A Z A 22
T P (BRI TE 3 B AR T 1 B R AR IE W 7%
M RS BE MR T, B EEARIE TS G &
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TR AR 4% it Ao 140 i FE 1 b DAY S o A 2
Kg ARG FEE HA EEE L,

VOB E AR A i R EE M X 22—, fE
e N AR B & R BA A U € it 2644 R, X
FEEA 1 2 A3 d ISIKRESREFE 12 M3 d 24
H G ¥ e B B RRIM600” | = #F 73 - 46
( *Yunyan 73-46 ) . *PR107’ F1¢93-114" M- K ()5
BEMAHSENI oy A B A AR AR AT T A, 5
PEXF AR HEAT T S350, IFX 45 R g o € 14
AT T A VR, H R 55 FL G ¥4 BURIBR A B € E
JBip 3 251 T AR BE AR 45 it o 1 s SR 2 B R 22 9 5 JhpaE
JE WK RE ST, NI RAR IR S s A 57 v G BN A0 o
AL it o B S i 9 it e ok B SR I At TR

1 BB I A B 5T ik

1.1 R

5T HUAE T 75 SR A8 = RS 4 S VE D Rl 22 f
ARG B (b 4h 22°00749" AR £ 100°45'51") | i
K2y 570 m, J& FICHH VG R = XA, A BB 0 T
(1 AZRBH4 H)MWZES A2 10 7)), F35E
21.5 C, ¥ 55 MR E 85%, =10 C F R
8 100.4 °C 4EH# 7€ K & 1 310.6 mm, 4F 2 [ K &
1161.8 mm"’,
1.2 ®TER#FH

T 2012 4 7 H, S #AR B & A © RRIM600” |
CmWF73-46" C PRI07’ H1 93— 114" K /NI A 85
FEW (2011 4F 7 A I R IG4%) , B A F & 50 em , H
%40 em W EBHEN B 1 MR, AREERTA L LT
AP TR & 5T, B A& 18 kg A& £13E 1 500 ¢
HHLE, JF i A 50 ¢ IR, #k2riEh A HL 4
R EHER SN 16,57 (1. 06.,0. 31 F18. 90
g« ke AL R AL IR AR i 78. 00,
14.12 F1113. 00 mg - kg™, pH 4. 26 ; F HLAL A 23500
THRTHET 1%, AR S 7K TEHT 40%; B iR
RERY B T4 & 37% ,m(N) :m(P,0,) :m(K,0) :
m(MgO)=15:10:12:2,
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1.3.1 EEAREWRI A% BN ERE
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ARER o Ve R TEE AL LA O B IR 2925 C K
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FEFELI 3 d, FEF LM, B H 1900 F 45 4b 3
HFEMRIIFER] 6 CRIER T, B H 7,00 F g2 R
FEE R FRA PR 2 4 A OIS B BHA B 98 5
ACFRLAAERRFL BT 1 230 BH 9 4 [ AR EIRETE (G
F50%) , FEFACFRLE N5 EH IR (AR R 5
F2)2 A H RS S ) R H S — K A B
1.3.2 Aam sk Adn g FA LI-6400 XT
SeA VeI E 248 (35 LI-COR 2~ ) 7E 26 E Mha
O(FEEMIARFT) 1.2 M3 dLIRKEREFHE 1.2 13 d
F2AH B 8:30 2 1130, FEREREEE LB 2 58
55 3 I BRI AR RAFA R 3 44, Amic -0 i
MIEIEA R (Pn)  ZE 3R (Tr) \ALF B (Gs)
FIRRE CO, MREE (Ci) , FpAmt r EE AW 3 vk, I
FERS, IR EE 25 °C, = SAHXHBEE 65% ~70% , %5
SPFE 500 wmol - s, CO, W 400 wmol « mol ™", )
EAERS 1500 pmol + m™ - 7',

1.3.3 AR AfIARNE AL BEL AL U
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K HI SPSS 19. 0 Ge it 53 A B4 % Bt #E47 e it
T, R 7 22537 (ANOVA ) B AT i F PR 16
JRH Duncan’ s FrE WM LT L2 EHE (P<
0.05) , FETEAEARAR I L5 R A AT 3 B0, 76
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AR FEPEEA T AR
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2.1 BEHMEEMMFASSEZHRSHRILR
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F1 EEWERREEFHEGKN SRR XEGSEZHRSHMNLR (XSE) Y

Table 1 Comparison on photosynthetic gas exchange parameters of leaf of each cultivar of Hevea brasiliensis ( Willd. ex A. Juss.) Miill. Arg.

during chilling injury stress and recovery culturing periods (X=SE)")

LA R/ (wmol - m=2 - s71)

Net photosynthetic rate

i i) 2)

ZR I HK / (mmol - m2- s'l) Transpiration rate

Time2 = 73-4 A 734

Time?) RRIM600 YT:?L: 73-26 PR107 93-114 RRIM600 quxrﬂz 73-26 PR107 93-114

A8 RIFEE AL HEZ Sunny chilling injury treatment group
Co 5.87+1. 16aA 5. 68+0. 66aA 5.23+0. 70aA 5.34+0. 63aA 1. 71£0. 42aA 1.28+0. 13aA 1. 39+0. 21aA 2. 14+0. 40aA
Cy 1.22+0. 37aB 1. 30+0. 54aBC 0.79+0. 38aCD 1. 57+0. 24aCD 0.33+0. 07aB 0. 41+0. 10aCD 0. 39+0. 04aBC 0. 42+0. 03aCD
C, 1.39+0. 33aB 0. 67+0. 19abC 0. 60+0. 27bCD 1.00+0. 06abDE 0. 34+0. 04aB 0.29+0. 04aD 0. 38+0. 05aBC 0. 41+0. 03aCD
Cy 0. 86+0. 30aB 0. 570. 12abC 0.24+0. 09bD 0.39+0. 11abE 0. 44+0. 06aB 0.44+0. 03aCD 0.27+0. 04bC 0.27+0. 03bD
R, 2. 15+0. 27aB 1. 82+0. 46aBC 1.59+0.25aBCD 2. 37=0. 45aC 0. 59+0. 04aB 0. 60+0. 07aBC 0. 51+0. 08aBC 0. 63+0. 08aCD
R, 1.27+0. 37cB 2.02+0. 26bcB 2.82+0.45bB 4.01+0. 31aB 0.49+0. 07bB 0. 73+0. 08abB 0.72+0. 11abB 0.98+0. 12aBC
Rj 2.21+0. 45aB 2.24+0. 32aB 1. 96+0. 21aBC 2.43+0.29aC 0. 63+0. 10aB 0.75+0. 07aB 0. 65+0. 06aB 0.92+0. 15aBC
R 5.97+0. 17aA 4. 84+0. 10aA 4.68+1. 30aA 4.56+0. 62aAB 1. 90+0. 33aA 1. 32+0. 13aA 1. 11£0. 24aA 1. 37+0. 20aB

BV #IFEE AL HEZ Cloudy chilling injury treatment group
Co 6.41+0. 54aA 5.59+0. 51abA 4.21+£0. 73bA 5.07+1. 18abA 1.52+0. 27aA 1. 71+0. 32aA 1. 28+0. 15aA 1. 44+0. 29aA
Cy 0. 72+0. 29aC 1. 06+0. 30aCDE 0. 66+0. 18aD 1. 12+0. 35aBC 0. 25+0. 04bC 0. 40+0. 06aC 0. 33+0. 04abB 0. 42+0. 04aB
C, 0.39+0. 08aC 0.54+0. 14aE 0. 66+0. 19aD 0. 81+0. 21aBC 0.23+0. 03bC 0.28+0. 02bC 0. 32+0. 03abB 0.41+0. 04aB
Cs 1. 30+0. 12aC 0. 66+0. 28bDE 0. 12+0. 02bD 0.36+0. 18bC 0.41+0. 02aBC 0. 38+0. 05aC 0.23+0.01bB 0.37+0. 05aB
R, 2.70+0. 31aB 1. 89+0. 33abBCD 1. 19+0. 29bCD 1. 56+0. 31bBC 0. 59+0. 04aB 0. 60+0. 08aBC 0. 39+0. 04bB 0. 48+0. 06abB
R, 2.45+0. 47aB 2.25+0. 56aBC 2.33+0. 45aBC 2.23+0.49aB 0. 67+0. 08aB 0. 81+0. 19aBC 0. 54+0. 06aB 0. 67+0. 09aB
R3 2.65+0. 28aB 2.83+0. 47aB 2.53+0. 32aB 2.47+0. 41aB 0. 69+0. 06abB 1. 01+0. 20aB 0. 55+0. 05bB 0. 68+0. 09abB
R 6. 82+0. 95aA 5. 71+0. 46aA 4. 68+0. 65aA 6. 07+0. 82aA 1. 57+0. 30aA 1. 72£0. 22aA 1. 57+0. 63aA 1. 48+0. 24aA
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4iR1 Table 1 ( Continued)

) SALFE/ (pmol - m™2 - s71)  Stomatal conductance MIE] CO, WeE/ (umol + mol~!)  Intercellular CO, concentration

A

Time?)  RRIM600 =W 73-46 PR107 93-114 RRIM600 =B 73-46 PR107 93-114

Yunyan 73-46

Yunyan 73-46

¥4 £UFE AL HEZH Sunny chilling injury treatment group

Co 82.85+26.08aB 115.45+25.69aA  60.43+9.99aB  95.97+20. 73aA
(o 16. 54+2. 58aC 23.72+7.47aB  17.63+2.44aC  19. 82+1. 68aCD
G, 19. 48+2. 71aC 18.14+2.24aB  17.42+2.44aC  18.74+1. 61aCD
C3 19. 01+2. 56aC 17.84+1.85aB  12.93x1.84aC  12.86x1.07aD

R,y 25.91+2.01aC 28.81+4.15aB  23.84+3.51aC  29.85+4. 88BCD
R, 21.12£2.31cC 31.02+2.41beB  37.79+6.93bC  53.70+5. 92aB

R; 27.58+4.79aC 30.94+2.86aB  36.35+5.89aC  47.03+9. 27aBC
R 171.78+34. 18aA  109. 04+10. 58aA  90. 85+26. 47aA 110. 10+18. 70aA

¥ RIFEE LhBEZH Cloudy chilling injury treatment group

Co 102. 51+28. 82aA 103. 68+32. 30aA  44.01+6. 67aB  61. 68+12. 67aB
(o 10.89+1.82aB  17.21%2.44aB  13.67+1.45aB  17.81x1.90aC
G, 12.42+1.59aB  14.32x1.07aB ~ 13.73+1.86aB  17.92x1.98aC
Cs 16.43+1.86aB  14.84x1.92aB  10.28x1.62bB  16. 89+2. 56aC
R,y 26.32+1.61aB  26.50+3.99aB  16.90+1.62bB  24.20+2. 48aC
R, 27.18+3.31aB  34.62+8.73aB  26.56+3.16aB  32.79+4. 67aC
R; 27.81+4.46aB  43.90£9.89aB  26.56+4.56aB  32.83+5. 13aC
R 128.42+33. 10aA 140. 50+20. 74aB  143. 57+64. 61aA 116. 28+22. 30aA

221.49+22. 45bC
242. 48+22.26aBC

273.61x14. 71aABC
273.51+18. 42aABC

255.52+13. 12abABC 293. 04+22. 11aAB

287.05+17. 59bAB
221.01+9.39bC

300. 43+10. 35bA
260. 51+15. 40aABC

263.38+20. 57aABC  247.52+8. 32aBC
249.21+24.24aABC  239. 11£5. 92aC

307.73+8. 81aA

300. 56+9. 64abA

234.82x18.39abBC  253.00+18. 25aBCD

264.78+28. 41aAB
299.71£13. 65aA
228.47+12.36c¢BC
191. 80+13. 18bC
208.37+11. 17bC
200. 63+4. 34bC
277.96+9. 74aAB

257.49+21. 45aBCD
307.91£15. 77aA
291.62x17. 81bABC
239.95+12. 66aD
245.73+2. 85abCD
243.30+5. 88abCD
295.00+9. 51aAB

206. 76+7. 94bD
290. 95+27. 05aB
290. 95+27. 05aB
354.35+6. 37aA
248.96+5. 62abBCD
235. 06+56. 15aCD
234. 65+8. 17aCD
281.59+1. 42beBC

201. 03£9. 79bD
286.94+14. 56aB
286. 94+14. 56aB
360. 43£10. 04aA
249. 08+16. 23aBC
221.45+14. 57abCD
220. 45+14. 15abCD
289.60+11. 76aB

251. 32£10. 60abBC
224.90+11. 95aC
224.90=+11. 95bC
309. 78+12. 18bA
230. 49+8. 29abC
233.41+5.30aC
227.30+6. 38aC
274.22+4. 40cB

222. 84+10. 06abB
266. 71+27. 09aAB
270. 62+26. 99aAB
326. 67£22. 17abA
239.42+17.90aB

264.37+23. 16aAB
260. 12+22. 65aAB
275.24+4. 89aAB

Y EAT R EING TR OR R —F8 AR AE A [R] G b ) 22 R g 3 (P<0.05) Different lowercases in the same row indicate the significant ( P<0.05)
difference of the same index among different cultivars; [6@) 1) Fp A [R) R G bk 265 [R)— 8 AR AE A [8] i [a] %%E%(P<O 05) Different capitals in the
same column indicate the significant ( P<0.05) difference of the same index among different times.

2) Co: FEERH 0 d Chilling stress for 0 d; C, : FEERA 1 d Chilling stress for 1 d; C,: FEFE M0 2 d Chilling stress for 2 d; Cj: FEEWE 3 d
Chilling stress for 3 d; R, : WMEREFR1d Recovery culturing for 1 d; R,: WERFE 2 d Recovery culturing for 2 d; Rj: WE RS 3 d Recovery

culturing for 3 d; R WEREFR2NA Recovery culturing for 2 months.

EE A (Pn) FEE A (Tr) AL T (Gs) B9
FEAASAFEAR —F, Fifi B 360 B[] ZE K, P A1 T B IA
R T RS T Gs () MA RS EE
PR R H W5V BN [ ¥8 RUFEF AL AT 4 A5 A
] CO, ¥ (Ci) A8 b 34 B W R, (H AR |
TFIEEPAFT (FEFEMIA 0 d) KF, FEEMG 3 d,
F Ve RIAN AV BRI JEE AP PR 4 A5 FP A Pn Tr #1 Gs
EHAS |3 (P<0. 05) A% T J€ 5 B 38 i 7K - 5 1
AT FIBH R 750 98 3 Ab B2 < RRIM600” 1 ¢ 2 A
73-46" ) Ci (HIEA A B3 T2 E Whia i K,
FuFRC PRIO7 F1€93-114° 4 Ci {8 2% & T2 E
AR K

HER 1 IEA] 0L ZE VR 52 15 55 011, 0 v B RN BRI v
RIGEEACPRA 4 A5 APAY Pn Tr A1 Gs {HA — 2 1
Tt REEFE 3 d, A TR T 58 =L BRAL 4 A4
A AP P Tr Fl Gs {8 1 2K T 7€ 35 B8 miK-F i
Ci (AR FEFE WA AT KT, WEHEFR 2 M H, E%
RIFNPHE RIFEE L PR ZH 4 S5 FE) P Tr. Gs #1 Ci
LA L 5EFEMRE R 25 A 835,

LA 5, 75 98 5 W ad B Wk 52 15 35 0 1), 2 4t
[a] 4 4SS APEI A Po Tr Gs 1 CiE L B E 25 Wb
Bt R] 25 S BRI P Tr Gs Fl Ci 27 B %, I

H., 2%t ] 5 Fh © RRIM600 Y P Tr Fl Gs {H & T
suRh ¢ PR107’ T Ci {HEMIE T 54 F ¢ PR107°
2.2 BEWE RIS LA NISFRI LR
2.2.1 AZBAFREANERGLE FEER
18 JR S S5 TR AR B 4% Sl Bl 7o 9 % (MDA)
B EFI B AR & P (RP) B Lh R WL 2, ik 2 ]
UL, 7F € 2 By a0 ) (A, G % 7Y 9E 2 Ab B4 8 Fh
“RRIM600° #1“ =B 73-46" 1) MDA 7 & s4k T}
T BV U FEE AL PR N AP PR107” AT 93114 ) BH
R HIGEEALCFRAL 4 -0 FP A MDA Bt DL I v LA
IV BUFEE Lh B2 4 A FAP R RP A ST
JERRAR, FEEMIA3 d, B A BRI BH v AU 98 E A B
4 AP MDA 5 2 B AR b 9 F Jhhan i (9 F
il 0 d) 7K, i RP {H 4 8.2 (P<0.05) & T 3%
FWE TR

FH 2R 2 3R AT DL FENK A2 3% 3% 0T 1), I 02 AU RN B v
HUFE b PRH 5 AP RRIM600” H1 ¢ = HF 73-46" 1)
MDA 7 134 5 T F€ 3 W30 15 K 1 & A PR107°
F1©93-114" () MDA &t BIK T €% a5 K 5 1
YA BRI BH v R FE FE AL FRA 4 ARl RP (E LA 1
fm TEEF MR K, IR FE 3 d, W BRI v
RUFEFE G BEZH A R RRIM600” Hl ¢ = HIF 73-46" 1)
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MDA LA 4 A AR RP (AR I 35 5 T 98
T RE R K - T B ¥4 76 R B 4 0 9 b B L b
‘PRI0O7’ F1°93-114" 1) MDA & 4 g F L T &%
A TR, SRR 2 A H IR T RIF1 S B 98 5
ALEEZH & Bl € RRIM600” il ¢ = BF 73-46° ) MDA &
R RP (HEEA L 598 E AR KT 22 5 A W 2 i
F R  PRIO7 AT 93-114° i) MDA & i i F Ik T %€
F B ATKSE  RP (H A 525 5 T2 E Mha aiKor

*2

LA 7 , 7R 9 3 W an oWk 52 15 97 1 1), 2 45t
] 4 A FPIE Y MDA &5 A1 RP [E22 55 W2, b
“RRIM600° #1“ = 73-46" 1) MDA 7 75 7€ %
RS R W AR T AN PR107 FT©93-1147
T AENK 2 15 5% 30 0] 20 B R b ol i 2 & 1 A b
‘PRI07’ H1°93-114" ; {5 F Wi Sk 52 55 5 3 [A]
fn ¢ RRIM600” 1 ¢ 2 BF 73-46° i RP {8 & T 55 ik

o

2 TR PR107 f1€93-114

EEME R RS I RN & @RI R RS 2 REAEEN LR (X2SE) Y

Table 2 Comparison on malondialdehyde content and relative permeability of plasma membrane of leaf of each cultivar of Hevea brasiliensis
(Willd. ex A. Juss.) Miill. Arg. during chilling injury stress and recovery culturing periods (X+SE)"

NS/ (wmol - g7')  Malondialdehyde content

i)

BBEAR XTI %

Relative permeability of plasma membrane

=i 73-46
Yunyan 73-46

Time?) RRIM600 PR107 93-114

=i 73-46

RRIM600 Yunyan 73-46

PR107 93-114

IV T FEE AL Y] Sunny chilling injury treatment group

Co 8.61+0. 55bcB 7.78+1.65¢A 14.90+0. 23aC 13. 54+2. 54abB 75.19£0. 77aB 53.53+0. 16bF 51.28+0. 39¢D 43.85+0. 34dE
G 9.62+1.60bAB  10.20+1.39bA 17.64+0. 58aAB  16.13+1.23aAB  51.41x0. 34bD 62.21+0. 57aE 47.25+0. 68dD 48. 84+0. 22cDE
C, 8.96+0. 42bB 9. 83+0. 98bA 18. 54+0. 62aA 17.97+0. 90aA 92.79+1.97abA  94.27x1.38aA 85.98+3. 00cA 87.45+0. 96bcA
Cs 11.59+0. 96bAB ~ 11.69=1. 09bA 16.54+0.07aBC ~ 13.73+0. 32bB 76.52+3. 83aB 88.03+0. 99aB 87.95x1. 87aA 77.42+6. 06aB
Ry 10. 61+0. 32aAB 8.31x1.32aA 9. 02+0. 25aD 9. 69+0. 24aC 73.56£0. 35aB 48.83+0.39bG  46.70+0. 36cD 47.28+0. 23¢DE
R, 11.42+0.93aAB 11. 61£0. 46aA 9.75+0. 39abD 8.67+0.56bCD  65.97+1.02bC 74.22+0. 40aC 50. 68+0. 13¢D 51.59+0. 20cD
Rs3 13. 51+0. 62aA 10. 71£0. 12bA 6. 80+0. 09cE 5.69+0. 57¢D 64.44£0.79aC 67.29+1. 49aD 57.03+0. 40bC 60. 15+1. 40bC
R 9.44+2.91aB 10. 49+1. 74aA 9.70+1. 20aD 9.72+0.26bBC  61.46=0. 18aC 53.26+0. 80bF 62.45+2. 69aB 63. 62+0. 44aC
B TFEE AL FRL] Cloudy chilling injury treatment group

Co 5.53+0. 82¢B 5.40=0. 52¢D 16. 69+1. 40aA 10. 44+2.72bAB  49. 16x0. 34aC 49.59+0. 71aD 46. 34x0. 65bD 48. 050. 25abF
Cy 6.89+0. 58dB 8. 86+0. 65¢BC 16. 78+0. 66aA 13. 58+0. 40bA 49. 18+0. 42bC 52. 65+0. 70aD 49.42+0.49bCD  51.93+0. 09aE
C, 7.12+0. 51bB 8.76x1.22bBC 14.47+1.26aAB  13.73x1. 46aA 86.94x1. 26aA 86. 54+0. 98aA 84.99+0. 92aA 85.21x1. 68aA
Cs 6.11x1.04cB 8.04£1.33¢BCD  13.60+0. 89aB 10. 81+0. 50bAB 83.01+2. 24aA 82.80+0. 53aA 84.28+0. 33aA 80.99=+1. 54aB
Ry 6.82+1. 54bB 10. 81+0. 90aB 9. 67+0. 59abC 7. 08+0. 36bBC 47.98+3.03abC  53.16+0. 93aD 46.56x0. 28bD 45.62+0. 11bF
R, 13.53+0. 93aA 14. 48+0. 87aA 6. 05+0. 69bD 7.40+0. 37bBC 56. 64+3. 48bB 68.48x1. 26aC 49.70£0. 16¢cCD  51.02+0. 34bcE
R; 11. 95+0. 85aA 10. 86+0. 41aB 6. 05+0. 69bD 4.28+0. 38bC 62.60£1. 47bB 76.65+3.72aB 56.98+0. 46bB 62.73+0. 22bC
R 5.77+0. 41aB 6. 53+0. 84aCD 6.46x0. 53aD 6. 67+0. 63aCD 59.72+0. 74aB 53.54+0.92bD  51.04+2.89hC 55. 60+1. 28abD

D a5 o R ) /NG R R [ — 48 bR 76 AN ) & B 6] 22 53 5 25 (P<0.05) Different lowercases in the same row indicate the significant ( P<0. 05)
difference of the same index among different cultivars; [F%1 - [ RS 6 K78 [Rl— 48 R 7EAS [F) i 7] 22 5 8 3 ( P<0. 05) Different capitals in the
same column indicate the significant ( P<0.05) difference of the same index among different times.

2>CO: FEE 38 0 d Chilling stress for 0 d; C, ; FEEE 1 d Chilling stress for 1 d; C,: FEE WA 2 d Chilling stress for 2 d; Cy: FEFMiH 3 d
Chilling stress for 3 d; R, : K& }55% 1 d Recovery culturing for 1 d; R,: YK H55% 2 d Recovery culturing for 2 d; Ry: KE K557 3 d Recovery

culturing for 3 d; R: ¥ ¥55% 2 1~ H Recovery culturing for 2 months.

2.2.2 TTiEbtkdEfe mAEAF A bl FEE A KK
S IGFEIA [BAR AR 5 St Pl g T A PR (SS) FIREAE
(Suc) FEAY LI ILFR 3, H13R 3 AT L. B> SL 40 1)
6], 45 b AP Y SS AN Sue 5 ¥ R ARk, FEFEE
Fipatn 3 1), B v LR B A R 9E E AL B 41 4 P
‘RRIM600’ 11 ¢ = HBF 73 -46" 1) SS & & L K i Fb
‘PRI07’ F1°93-114" iy Suc S IEA 5 TIHEEW
WK JEEFEE 3 d BE & TREEPa K
-5 T I 4 28RN B ¥4 7 9E 5 A LA L Rl PR107 A
‘93-114" ) SS 7 it L) Iz i ¥4 74 9% 3 b B4 i A
“RRIM600° 1 =W 73-46" B Suc 7 MK T €%

R E FTAKSE e FEE N 3 d BV LR E KT EE
IISER 1

3R 3 3R AT DL ZEVIK A 5 5% 40 1), I % AU RN B v
HIFEE LI 5 R < RRIM600” 1 =8 73-46 14 SS
B E R T REE W i KOF SRR PR107 A
“93-114" [ SS & A AR T 58 3 it jif K- ; B
Y RUFIBH VA T JE A B 4 A 5L AR Y Sue & MA
R TIEEMA K-, KR 3 d, R AR
A FEE LR FRZH 5 RRIM600” F1¢ =HF 73-46" 1
SS it 3 T 9E E WA T KOF, 1 H Sue 7 5 L
J i ¥ B[ ¥ A 9€ 4L A A Fl  PR107 T A
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HREIKE, IERFE 2 H  IEE ﬂ%“cﬁfiﬁﬂéﬂnuﬁ’ BRR | E T EENA R,
“RRIM600” F1* = HF 73-46" (1) SS & i, 14 I g€ 3 FLET S, 7R FE S han S VR 2 R SR ], 2 5
RbHHZH 4 SRR SS i NG ﬂ%ﬁfifﬁéﬂnuﬁ’ (8] 4 A APE] ) SS Al Sue S HERBE .

‘RRIM600’ 4 Suc 7% i i F Ik T 2EE W gy /K, H
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Table 3 Comparison on soluble sugar and sucrose contents in leaf of each cultivar of Hevea brasiliensis ( Willd. ex A. Juss.) Miill. Arg. during
chilling injury stress and recovery culturing periods (X=SE)!

) AR S/ (mg - g7')  Soluble sugar content HEBES R/ (mg - ¢71)  Sucrose content

Time?  RRIM600 Y‘:ﬁﬁ;}; PR107 93-114 RRIM600 Y‘::Vi e PR107 93-114

i ¥4 RUFEE AL HEZH Sunny chilling injury treatment group
Co 13. 66£0. 59bC 10. 61£0. 17¢cE 15. 08+0. 39abB 15. 18+0. 50aB 30. 41+0. 74aA 17.91£0. 76¢C 22.55+0.78bC 22.87+0. 40bB
G 13.89+0.35bBC  11.93+0. 19¢C 11.90+0. 12¢C 15. 19+0. 45aB 26.07+3.45aAB  22.41x0. 68aB 24.55+0.37aBC  21.74+0.22aBC
Gy 14.82+0.23aAB  13. 64+0. 03bB 10. 00+0. 03dD 11.44+0. 03cD 22.55+0.48bBC  14. 85+0.29¢D 30.43+1. 55aA 28.35+1.07aA
Cs 14.97+0. 36aA 15.20+0. 15aA 8.93+0. 03cE 11.75+0. 16bCD  17. 13+0. 45¢D 18.70+0. 43¢cC 25.99+0. 56bB 28.27+0. 98aA
R,y 12.25+0. 07aD 8.97+0. 16¢G 10. 40+0. 17bD 10. 44+0. 16bE 24.74+0.12aBC  21.57+0. 54bB 17.56+0. 16¢D 20. 57+0. 38bCD
R, 13.30+0. 18aC 9.77+0. 14dF 10. 40+0. 15¢D 12.50+0. 10bC 24.85+0.12aBC  14. 77+0. 27bD 11. 60+0. 16¢cE 15. 15+0. 19bE
R3 14.12+0. 17aABC  11. 12%0. 15¢D 7.35+0. 43dF 12. 40£0. 06bC 20. 160.27aCD  17. 18x0. 49¢C 17.86+0. 10beD  18.56+0. 07bD
R 8.61+0. 08cE 9.02+0. 21cG 16. 12+0. 43bA 17.90+0. 37aA 20. 60+2. 67aCD  25.42+0.38aA 23.42+2.28aBC  26.26=%1. 11aA

¥ RISEE Lb B2 Cloudy chilling injury treatment group
Co 10. 39+0. 30cE 10.47£0.09¢D  13. 17+0. 06aA 11.93+0. 13bB 19. 84+0. 46abB 18. 81£0. 85abC  20.06+0.31aDE  18.02+0. 49bD
G 12.30+0.36bBC  12.41+0.22bB  12.49+0. 05bAB 13.33+0. 20aA 24. 66+2. 02aA 22.68+0. 59aA 22.39+0.81aCD  15.67+0. 54bD
C, 11. 85+0. 06bC 12.99+0. 12aA 9.75+0. 13¢BCD 9.34+0. 06dD 14.72+0. 22¢C 20. 68+0. 86bABC  28. 64+1. 48aB 26. 48+0. 40aB
Cs 13.2920. 09aA 11. 00+0. 05aC 11.58+2.40aABC  11.10+0. 16aC 11. 60+0. 28hC 11. 00£0. 12bE 23.14£1.70aC 20. 81+0. 45aC
Ry 11.79+0. 12aC 9.59+0. 15bE 9.58+0. 14bCD 9.19+0. 07bD 18. 46+0. 69aB 19.70+1. 11aBC  17.51+0. 39aEF 11. 82+0. 12bE
R, 12.45+0. 04aB 9.61£0.17cE  11.13+0. 17bABCD 8. 58+0. 03cE 21. 08+0. 66aB 15.75+0. 28bD 15. 61+0. 12bF 9.49+0. 26cE
R3 11. 07£0. 16aD 11.34+0. 13aC 8.57+0.03¢cD 9.53+0. 07bD 13. 09+£0. 20cC 7.81+0. 12dF 17.18+0. 03bEF  21.03+0. 10aC
R 2.44+0. 11cF 2.74+0. 06cF 4.19+0. 05bE 4. 88+0. 14aF 21.00+1. 62¢cB 21.71+0.86¢cAB  36.91%1.02aA 31.27+2.27bA

D AT A FRNE B 2R R — 5 FRZEAS [R5 ) 22 5 i 2 (P<0.05) Different lowercases in the same row indicate the significant ( P<0.05)
difference of the same index among different cultivars; B NE P NEES S 2 H*?E‘?ETEZ:HHHLW%EE%( P<0.05) Different capitals in the
same column indicate the significant ( P<0.05) difference of the same index among different times.

2) Co: FEERH 0 d Chilling stress for 0 d; C, : FEERA 1 d Chilling stress for 1 d; C,: FEEM 2 d Chilling stress for 2 d; Cj;: FEEWE 3 d
Chilling stress for 3 d; R, : WMEREFR1d Recovery culturing for 1 d; R,: WER:FE2 d Recovery culturing for 2 d; Rj: WE RT3 d Recovery
culturing for 3 d; R: PKEH;3% 2 I~ H Recovery culturing for 2 months.

“RRIM600° 1 =M 73-46" [ Pro & & Ip. 2 5 T %€
R0 R 7K S 5 17 AR VA 5 B VA R S Ab PR S R
“PR107’ F193-114" [] Pro & & 0| g EAX T 72 %

2.2.3 TRAEWRERGRAMARASEME FEEN
10 TR A 15 7 30 (DA e 44 45 &t B ik R Pl 3 1k 2 P
(SP) MIIHE MR (Pro) A LA LR 4, ik 4 1]

UL AEREASSZIG I E] 45 SRR SP AT Pro ST RN G HTZKF,

AR, TEFEFE Phia 1A, BV AU 9 3 Lb 3L2H o A e 4 W] UL IR HE 97 3 d P, B ¥4 711 98 5 4b
“RRIM600’ /) SP % & DL S WG TR FHve RIGEF 4 B4 PR RRIM600” FT =B 73-46" 19 SP & &, [
PRLH SLFRC PRIO7 F1€93-114" ) Pro AR THEE B RIFEELBY A 0 73-46" () SP & &, LI &
J 36 HIT K S T I v Y 9 4 B 4 5 AP € RRIM600 W V2 B FIEH ﬂ%@%ﬁ&iﬂéﬂunﬁ RRIM600’ Fil ¢ =
T W5 & TR BH ¥ zﬂ%%k@?ﬂun’ﬁﬂ ZHE73-46" . BF73-46" 1Y Pro & AR b T REE A AT KOE
‘PR107’ F1°93-114" ) SP & &, LI KA iﬂ%ﬂﬁﬂ{/\ Mg ¥ 760 0 B % 7Y 9€ iéaﬁéﬂunﬁlﬂ PR107 Al

“93-114" [ SP Fl Pro & & W JE A | AIKF %€ 3 Wpia
7K IRERESE 2 1 IR BRIV B SE 3 b3
ZH 4 ARG SP B LR I V4 T BH v4 75 9 S b B
2 5 R PR107° F1°93-114" 11 Pro & & i 35 1 T-98

ﬂ%%ﬁi}izﬁﬁﬁ‘f{mmao =B 73-46" 1Y
Pro % H JE A I & 1 J€ 7 W ad MK °F-, %€ 5 han
3 d, i v 28 0 B v 2 9 3 b BHLAH o A PR10T A
‘93-114" (1) SP % = LA St P ¥4 Y 5€ 3 4b BE 2 5 Fb
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chilling injury stress and recovery culturing periods (X+SE)"

WAL ER - B AT SR PR107 AT 93-114 1
FEPRSZ K37 B A 1) v F 28 W 38 T L FP < PR107
“03-114" ; 5 Fh ¢ RRIM600° 1 ¢ 2= #fF 73-46" 1¥) Pro
o AR JE F A ) A T o A PR107 A
‘93-114" | MEFEE M0 2 A1 3 d MWK E 150 16) &
Ful i 2 5 TRl PR107° A1 93-114

EFEGRMERMMATEEEARTESRSEMNLLE (XLSE) Y

Table 4 Comparison on soluble protein and proline contents in leaf of each cultivar of Hevea brasiliensis ( Willd.

ex A. Juss.) Miill. Arg. during

- AR A AR/ (mg - ¢7')  Soluble protein content JfZ R &5/ (ng - g7!)  Proline content

Time?  RRIM600 anﬁfarﬁ;—ft’) PRI107 93-114 RRIM600 Yfﬁ Z%‘fﬁ PRI107 93-114

AV RIFEE AL HEZ Sunny chilling injury treatment group
Co 9.35+0.21bAB  10.36+0. 19bC 10. 82+0. 15bC 12.86+0.95aB  139.42+22.59bCD  100. 75£8. 02bCD  229. 46+26. 02aA 201. 87+9. 76aB
Cy 9. 69+0. 68bAB 12. 06+0. 15aA 10.92+0. 50abC  10. 53+0. 23hC 65. 15+£3. 20bE 139. 54+30. 17aBCD 112. 32+16. 64abBC 97.67+12. 63abD
G, 9.75+0. 18cAB  10. 34x0. 16¢C 14.79+0. 13bB 15. 60+0. 25aA  177.48+22. 67aC 149. 15+17. 82aBC  78.58+1. 19bCD 65.89+1. 29¢E
Cy 8.90+0. 21¢B 10. 38+0. 19bC 15.59+0. 29aA 14.92+0. 16aA  142. 13+8. 14aCD 109. 86+5. 61bCD 63.92+1.45¢D 125.87+15. 16abC
R, 10. 52+0. 58aA 10. 61+0.27aBC  8.25+0. 13bE 8.31+0.24bDE 190. 78+43. 34aC 200. 64+£19.97aAB  139.54+8. 17aB 127.97+9. 55aC
R, 9.94x0.22aAB  10. 05+0. 22aC 8.17+0. 19bE 8.74+0.16bD  373.21+6. 40aA 232.54+33.07bA  221.08+23. 60bA 137.08+5. 12¢C
R; 10. 35£0. 25aA 11.52+0. 69aAB  10. 02+0. 19aD 10. 81+0. 44aC  311.79+£10.20aB 253.35+13.71bA  259. 14+13. 20bA 247.19+4. 14bA
R 7.56x0. 13aC 7. 74+0. 30aD 7.42+0. 13aF 7.37+0. 07aE 98.53+5. 13aDE 84. 86+5. 56bD 52.34+0. 64cD 56. 65+0. 96¢F

B4 B FEF L HRZH Cloudy chilling injury treatment group
Co 10.43+0. 32bcA 9. 63+0. 30cB 11.88+0.36aB  11.34+0. 56abC 90. 40+1. 69¢D 93. 85+3. 58¢C 220.22+13. 10aA 166. 64+21. 54bB
Cy 10. 03£0. 65bAB  10. 06+0. 22bAB  12.19+0.07aB  11. 65+0. 21aC 113.93+1. 60cCD 80.92+1.72dC 201. 87+6. 77aAB 149.77+5. 29bB
C, 9.07+0.27¢B 10. 10£0. 16bAB  14.86+0. 16aA  14.95+0. 14aB 367.90+10. 40aA 198.91+32. 65bB 70. 69+0. 65¢C 57.52+0.93¢CD
Cs 10. 28+0. 16cA 10. 27+0.26cAB  15.24+0.25bA  16. 17+0. 33aA 167. 87+37. 62bBC  271. 46+22. 76aA 84. 86+0. 98¢C 78.45+1.07¢CD
R, 10. 09+0. 04aAB  10. 44+0. 23aAB 7.89+0. 18bD 8. 11+£0. 09bEF  166.03+17.41aBC  108. 38+5. 46bC 172.80+17. 19aB 94.71+2. 56bC
R, 10. 14£0. 28aAB  10. 66+0. 42aA 7.98+0. 06bD 8. 59+0. 24bE 366.42+22. 64aA  302.49+21.55bA  202.11+20. 08cAB  264.93+0. 54bA
Ry 10. 27+0. 39aA 10. 60+0. 10aA 10. 49+0. 40aC 9.90=+0. 21aD 190. 17+£20. 22bB  201. 50+10. 78bB 181.67+11. 28bB 288.70+26. 33aA
R 7.56+0. 17aC 7.28+0. 15aC 7.33+0.07aD 7.40+0. 06aF 93.36+4. 45aD 75.62+4. 41bC 52.96+0. 54¢C 52.84+0. 69¢D
D [l f 7 o RN ) /NG b R [ —$8 bR 7EAS [R) & Ff 6] 22 53 2 2% (P<0. 05 ) Different lowercases in the same row indicate the significant ( P<0. 05)

difference of the same index among different cultivars; [R]F1) WA R K5 FH:F IR [Fl—F8 bR AN [R] A [] 22 53 . 3 ( P<0. 05) Different capitals in the

same column indicate the significant ( P<0.05) difference of the same index among different times.

2)CO: FEEE 0 d Chilling stress for 0 d; C, : FEEMA 1 d Chilling stress for 1 d; C,: FEEWME 2 d Chilling stress for 2 d; Cj:

Chilling stress for 3 d; R, : MWE K 5% 2 d Recovery culturing for 2 d; R;:

2.3 BERHMH R SERNERS ST
T B V& TR R [ v TR 5 T i B Wk A B 5 0 1)

WER:F 1 d Recovery culturing for 1 d; R,:
culturing for 3 d; R WERER 2 1A Recovery culturing for 2 months.

2.4 BEMESRMHEENSESITEN
HRAE 3R Lo A 4 R RAF IS 1 s

FEEia 3 d

WA K% 3 d Recovery

PRI 25 A e ARSI S BN o0 A H AR
AR PR BRI &5 R AT Tl b SR I 5,
25 UL 3 AT MR R T 1,91 HL AT
3 AT B3 ST 71.30% , Ul ET 3 >
o AT AR R A% HE AR R 5 R F B, 1 &
507 i SR 5 RE B R I 1 1P s B e i D= W IR

L2309 0.93 0. 91 F10. 89,5 2 RS-, BEME &
it L] CO, Y FE RN 2R & fit 2R A 4 e, 430 R

0.76.0. 68 Fl-0. 6655 3 F RSN, TH & &
VEVERE B A0 BB, 5 0. 63 F1 0. 62,

HIA]

PIE RN Z,=-0.34X,-0. 25X,-0. 09X, -0. 22X, +
0. 03X,-0. 30X, +0. 48X, +0. 47X, 0. 11X, +0. 46X , ,
B2 EMA A T Z, = 0.30X, +0.26X, -
0.46X,-0. 12X, +0. 53X, +0. 23X, +0. 08X, +0. 23X, +
0.47X,+0. 14X o, 55 3 EXM A MBE RN Z, =
0. 16X,+0. 56X, +0. 02X, +0. 55X, +0. 18X, —0. 28X, +
0. 19X,+0. 01X, -0. 41X, +0. 19X,,, b, X, Ryl i
PRI A & X, A S B X, MR & i,
X, NV PERE S X N RERE A i, X O SRR X
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Table 5 Principal component analysis on photosynthetic gas exchange parameters and some physiological and biochemical indexes of leaf of Hevea
brasiliensis ( Willd. ex A. Juss.) Miill. Arg. during chilling injury stress and recovery culturing periods

EIY D Load" i TR/ % B EER %
S FHIE(E . .
Principal Ei al Contribution Cumulative
component Pn Tr Gs Ci MDA RP SS Suc Sp Pro 1genvatue rate contribution rate
1 0.93 0.8 0.91 -0.22 -0.49 -0.59 -0.42 0.06 -0.66 -0.18 3.77 37.74 37.74
2 0.11 0.20 0.34 0.68 0.37 0.33 -0.17 0.76 0.44 -0.66 2.10 20.95 58. 69
3 0.21 0.22 0.01 -0.46 0.63 -0.31 0.62 0.20 0.18 0.02 1.26 12. 62 71.30

DPn. HEEH % Net photosynthetic rate; Tr 75 1 R Transpiration rate; Gs: SKFLSE Stomatal conductance; Ci: J[f] Cco, e B Intercellular
CO, concentration; MDA ; N ¥ # Malondialdehyde content; RP; FiRAHXT & Relative permeability of plasma membrane; SS: TJ A PERH & &
Soluble sugar content; Suc: HEFH T # Sucrose content; SP: Al VAEMEH i & Soluble protein content; Pro: %R & # Proline content.

WRE X\ HZEE R, Z, Z, M Zy 535 e 156 2
LR 3 FRATFH4Y

FRIEE 155 2 F5 3 EMAT a5, B %
RUFIEA VR U TEF il ae S5 8 T LR ) 45 i it €
HRZEE5T(Q) RN N 0=(3.77Z,+2. 10Z,+
1.262,)/(3.77+2.10+1.26) &5 B L% 6, HE 6
AL DL B v RS T 0 SR A S AT Y Q B FH = B
MK KN ¢ RRIM600 | “ = HF 73-46° , <93-114" |
‘PRI107’ ; F1¥8 B FEFE it 254 T 4 f AP 19 Q B ih
BRI < PR107 ¢ =BF 73-46" . ©93-114" |
“RRIM600° .
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Table 6 Comprehensive evaluation on cold tolerance of each cultivar
of Hevea brasiliensis ( Willd. ex A. Juss.) Miill. Arg. under sunny and
cloudy chilling injury stress conditions"

o
Catvn A B0 o

A A T IEE 38 4404 F Under sunny chilling injury stress condition
RRIM600 413 1.72 -0.53 2.59 1
b 73-46 Yunyan 73-46  2.64  1.57 -0.23 1.82 3
PR107 1.65 0.88 0.82 1.28 4
93-114 2.16 0.84 2.80 1.88 2

BAA T FEE W38 2575 F Under cloudy chilling injury stress condition
RRIM600 4.21 1.08 -2.01 2.19 4
M 73-46 Yunyan 73-46  4.42  1.45 -1.88 2.43 3
PR107 412 2.76 -1.19 2.78 1
93-114 3.87  1.98 -1.05 2.44 2

D7 7y, Zy: SRS 15 2 FN5 3 E i U154 Scores of the
first, the second, and the third principal components, respectively;
Q: 281584 Comprehensive score.
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