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 E: Ll JREEK’ (Cabernet Sauvignon) %5 FIAR 1 AL 7 BRI AL A 386, SR FH 7Bk
KL, WFREFEO IR A K RO E e AR R AEFIRAR G W, R WA T SR VR . &
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Physiological Responses of Waterlogging on Different Rootstock Combinations
of Cabernet Sauvignon Grape

LI Yan, DU Yuan-peng, FU Yan-dong, and ZHAI Heng"

(College of Horticultural Science and Engineering, Shandong Agricultural University, Tai’an, Shandong 271018, China)

Abstract: Seven rootstock graftings and Cabernet Sauvignon grape own-root seedlings were treated
with pot waterlogging to study the effects of waterlogging stress on the growth, leaf photosynthetic
characteristics and root physiological indexes. Based on the principle component analysis and cluster
analysis, the waterlogging-tolerance of these varieties were comprehensively evaluated. The results
showed that, compared with control, the plant growth and photosynthetic capacity obviously declined
under waterlogging stress. The root was more seriously affected than leaf, expressed by root dry weight,
root/shoot and root activity were decreased, while relative membrane permeability (RMP) in roots was
increased, CS/SO4, CS/101-14M and CS/5BB were less influenced by waterlogging stress, while own-root
seedlings was mostly influenced; Besides, the photosynthetic capacity, fluorescence parameters and
chlorophyll contents of scion were influnced by rootstocks. Among all the treaments, Cabernet Sauvignon
grape own-root seedling was the weakest in waterlogging stress, the order of resistance ability of different
rootstock combinations from best to bad was CS/SO4 > CS/101-14M > CS/5BB > CS/3309C > CS/Beta >
CS/140Ru > CS/1103P.

Key words: grape; rootstock; waterlogging stress; physiological response; principle component analysis
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AR b A RSN, B RIS A, Jorp sy i . K M
KA 1R DA K HERE 2R Ge AN S SR IR R S R 3R RUK, 38 A R R el A R A, T AR B I AR
B, MMM AR R G REE. HEERRAZ (FAO) KEEr HEMAME, A LK
SRt EIEANE 12% (FEE 55, 1998). AT A KA B, SR A AN i 2R 4 i
LTS N R AR, YRE) ATP R NAD(P)+II i, A& A8 AN R ) AR A R AR A% O CESCR
FFRAREL, 2001, BFEUEOL TR NP2 230 24T O AR, L. FLIRSE A R R
M2, Refsh =, AR Y TR, ORI A P 7K1, AR 5L (Geigenberger, 2003;
Kaelke & Dawson, 2003).

AN TR Ao 7 1R e AR AEAN (], RIS (] — 0 e AN [) e DR 2R () A A d 8 2 e DG T /K5 i
[IRF9¢ 2 SE R #E 2K (Abiko etal., 2012). 7KA% (Nishiuchi etal., 2012). /N# (Yavas etal., 2012).
Wit (Caoetal., 2012) MBI CHHZS 45, 2012) 2 A b WO Rh R P 4 26 18 1 10 A KR
BRI ARl i b g U, B U B b DG 24 w5 50 58 PR e o g i Ao . T
JE T RBE TR AR, HIA AR KT B 2 W S8R R W S SRR T 5 S A e 7 el 4
RAERE N ¥, HEK G RO 82 A5 E— AR AL 8. ARk PR S5 R S S A T
By, RVA R BTEr R AR, B LA e [ P O T A K il R AN 2

FERTITE RS TR ARPTEr S e AL b, DL IRERERT A8 AR It 7 PO ARG AR 416 ik
s B E T, WFFCET O A RS AL SRR AR KR TE . R AR MR R A B AR IR R
W, 5 ARG AN G AR K G E N HLEE, 33— LR AN A A A (TR B3P, Ry 5 5 i X 3k
B A ARSI AR .

1 ARSI

11w

WMEH 1A IRERR A AR (CS AHE 7 Ffil AR SO4. 5BB (Vitis berlandieri x Vitis
riparia). 101-14M. 3309C (Vitis riparia x Vitis rupestris) D& (Vitis riparia x Vitis labrusca). 1103P.
140Ru (Vitis berlandieri = Vitis rupestris) (5, 40 nlidh CS/SO4. CS/5BB. CS/101-14M.
CS/3309C. CS/Beta. CS/1103P F11 CS/140Ru.

12 &b

WK AL BET 2011—2012 FE7E 1L A A Mk K27l ZAR B0 i Az Coon s [ 3547 . K 3 m. 56 2 m.
W 0.5 m 7K. kA N FOA 24 em. FHAA 7 ems 3 22 cm BRI, Bi9R3EmohE 1.
HFZRRAM S 1S BREm a9, 84 15, EWEH, 590 KE 8 R IFH i, KRl K
W, CRFFAHEE RN 2 em 24 . SR8 % B AR K I, IER . 2011 45 7 Al e & &
WS EET/ b, AT E I 2012 SRR WAL, M S IFRIR. DU AR,
FREES A 1 IRER, BIH BRI E 3 K.
1.3 MEREREFZE

Oy T KALEE 0. 20 4. 6 110 d R CIRAS-2 {40641 (PPSystens, #:[E), 7E 4
8: 00—11: 00 XY & FRbrE Tl e, R ESR ¢ 61 (Handy PEA, Hansatech, i[E) &
Pt o R 61 T 2k .

TWEKALEE 10 d B, BENLEIAS R AL FE 4 3 BRUEAT 40 T FaAnill 22
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A ROEF AT, T2 — RSP RRE AT SR A s A T-RE i .

KAVHEROTEN 2 2 5 i, AR BOENE (RMP) Kl vef & & GRHIEA 45, 2002).
RGN IR ARINER (Pro) (FLEFER S I, 2008),

(SR AW N /D5 T == b M w7/ 15 8

BAERE (%) = (JPpE RS - 6 AR o6 & < 100.

4 FH Excel 1 SPSS17.0 4K {14k 3, Duncan’s {E3HT 2 B LWL, 40 i 27 J8) 246 (2003)
7%

2 &GRS0
21 KM FBERAERRRAEE SN

ANTEFASA S K B SOAS TR o Gl 1, A s, EARTE (CS) BEE M KB ] ZE K P, W 2 N B%,
AR A CS/101-14M A1 CS/3309C EHE/K 2 d IF P, 20l 0 d ETF 3.34%. 0.87%, K55 FE
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Fig. 1 Effect of waterlogging on photosynthesis characteristics in Cabernet Sauvignon grape grafted on different rootstocks

Different small letters meant significant among the same treatments in difference varieties at 0.05 level.
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P, MR S PG AL G S4Bl A S K I ) R A TR B, (RAERESI E I ) N R B SN T
FR P, 25K 10 d I LA CS/SO4 iy, CS/140Ru Fe /by, A RIBEAR A A0 d I BFE T 69.10% ~ 78.15%
M A LT 85.64%, RTEARLHA CS/1103P. CS/140Ru 5 AR 2 R AN B E 4N, H AR AL
A5 AR ISR B2 R (P <0.05).

WK 1, B FR, MARA CS/1103P F1 CS/140Ru K E AR 11 i 28 B 8 — 1 L PR e s,
ERIARA AR 2 d NIARKE, ZJER FRER; 2K 10 d B, fARLIE 7R DL
CS/SO4 % K, CS/140Ru 8/, AFRIGAHLGE 0 d KT 28.77% ~ 75.00%, i FAR M FEAK T
77.01%, fii K414 CS/SO4. CS/Beta, CS/1103P 5 HAR A F B3 2 7 /K F (P <0.05).

AR FEF, CS/1103P Ko FAR I 1 1R AL 5 Bt 5 W K I T ) R 8 B s T I B A
w6 MR BRI ARE BRI R SAL S BT R G R iE S (Bl 1, ©); ¥k 2d i, CS/5BB
CS/3309C /LS FEMIMRHA, CS/101-14M Al CS/140Ru BAMEAL /N, FWEK 10 d I, B Atk
BYILS I 0d KIEE R, FEIELE 50.95% ~ 71.67%, LL CS/1103P [&ilEA K, CS/SO4 i
/N, T AR B BRI Sk 85.78%,  BR CS/1103P 1 MR i AL B 2 3 2 e, R4 G AR
HIAE B Z=RKT (P <0.05),

ME 1, D ATLLEH, #KEREH, AMRE AR A CS/SO4. CS/3309C. CS/Beta [fI)ifl[H] CO,
ST B A TH B PR AR %, CS/5BBLCS/101-14M . CS/1103P & T} im— Ak —TH s a3y, CS/140Ru
BT KRR 2HEK 10 d B, P Atakh 45 CS/1103P Bl CO, W AER 0 d
9N 16.88%, H& 6 BN AL A LA AR B IIEAC, b AR CS/3309C HIFFIRER (40.65%
44.34%), CS/101-14M 1 CS/SO4 IHIBF IR/ (17.86%- 24.34%), hiALlA CS/SO4. CS/101-14M.
CS/Beta. CS/1103P 5 AR EA R 23 2 /KT (P <0.05).

22 BAKMAEBHREBARMAAERASEBIZ G

MR R IOCSEOT RWOC GNP — RYVEZ A SR, mE 2, A nJLURH, BEHE#IK
AN ZE K, B3 CS/SBB. CS/101-14M Fll CS/3309C {EWE/K 4 d I} PIABS [t 2 d I T, HZERA
SEAN, TR R BB BHEK 10 d I, RO A PEREIEEL Plags B 0 d 15 2 FAAK

(P <0.05), LAEMMFFER K, 15 83.07%, i R4LA FEIRAE 68.03% ~ 78.86%, LA CS/SO4 [ i
/o Tt BV K BN A A e DG S AU 3G et A, DL E AR v B ™ L, IR RE S SR AR B0
T A WL R4 A

ET,/ABS WL G AU A5 38 (1) &1 7= . [ CS/SBB F CS/101-14M {E#E/K 4 d B} ET,/ABS
WA T, e BIEEIE (& 2, B), #/K 10 d 5 0 d 25 2 FBHE (P <0.05), HAR /D 50.38%,
1M CS/SO4 X Jk/b> 34.61%.

Fo/Fm EI5E N R PSR RO 2308 (K 2, C)o BEBRKINAIZE K, B fhalhl Rl ik
Fo/Fm 5 N %, Hoh CS/SO4. CS/5BB. CS/101-14M. CS/3309C 1 CS/1103P 7EE/K 4 d INFI&H
Fhim, HZE AN B2, 2K 10 d B, Fr A T 288 0 d 3 535 T (P < 0.05), B R k> 11.05%,
MASARH A 6.21% ~ 7.56%, LL CS/SO4 /b B f /o

DI/CS, & FL A T AL R HFE L. CS/SBB. CS/3309C 1 CS/140Ru 7E#E/K 4 d 1) D1,/CS, W& [
i, HAWBEEW KR KT (B2, D), £k 10dE, Frafhtiimg od R Tr
(P <0.05), BLEHH#K NAREH T6A A 1 ) s LR TE ARE L, S 300 R
Ben, Horb AR B IR AR (82.94%), Bl AL A IIELE 35.36% ~ 62.90%.
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Fig. 2 Effect of waterlogging on fluorescence parameters in Cabernet Sauvignon grape grafted on different rootstocks

Different small letters meant significant difference among treatments in the same rootstock at 0.05 level.

23 BAMAEHBBEARMAAEHEEZSENEMN

AKMNE 10 d B, WA EARE, R, WA R e 2 BN R AR (R D,
A R A R R a4 25U Chl.(a+ b). Chla F1 ChLb 23 545 0 d KRG 55.22%. 52.88%
F1 63.33%; ANFEHEALL A Chl (a + b) FEIELE 29.03% ~ 52.05%2 [, Chl.b [£IFLE 39.08% ~ 64.98%
2], ¥JLL CS/140Ru FEAIKIE SR, CS/SO4 Pl /N; M Chla FEIETE 25.77% ~ 50.28%Z [a], LA
CS/1103P B%rl]%?dt CS/3309C [&MEH/N. JbHh, K 10d I, CS/3309C F1 CS/5BB FEAd4E &5
R, HORE Chl (a+b) 20 H E AR & H 35.00%. 28.33%. WE/K R Chla/Chlb B ZHn, i
B 7K A A A 24 1 R S 28 32 30 TR, I LS 3 A TR E AR (R 1 BB R AR g
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®1 BKWNFEHRIETRABAESHERSENMMR

Table 1 Effect of waterlogging on chlorophyll contents in Cabernet Sauvignon grape grafted on different rootstocks

TR 4425 a/ (mg- g 42 b/ (mg-g™h M4t 25 (atb) (mg-g ') ESS FIIESS
Rootstock Chl.a Chlb Chl.(atb) Chl.a/Chl.b
combinations b K bagic) K Xt K Xt VN
Control Waterlogging Control ~ Waterlogging Control ~ Waterlogging Control Waterlogging
CS/S0O4 0.72¢ 0.54 be 023 ¢ 0.14 be 095¢ 0.67 be 320¢ 3.90 de
CS/5BB 0.98 ab 0.61 ab 031a 0.17a 1.29ab  0.77 ab 321c¢ 374 ¢
CS/101-14M 0.88 b 0.52 be 0.28ab  0.13 bed 1.16 b 0.65¢ 3.15¢ 3.92d
CS/3309C 0.89b 0.66 a 0.29ab  0.15ab 1.19ab  08la 3.07¢ 4.51b
CS/ Beta 0.99 ab 0.53 be 031a 0.12 de 1.29ab  0.65bc 322¢ 431c
CS/1103P 0.93 ab 0.46 ¢ 0.25bc  0.12de 1.18ab  0.59¢ 380a 3.94d
CS/140Ru 0.93 ab 048 ¢ 0.28ab  0.10e 1.21ab  0.58¢ 3.31 be 490 a
CS 1.04 a 049 ¢ 0.30a 0.1le 1.34a 0.60 ¢ 3.49b 4.63 b

e FARNG F RS A TR A AT 0.05 K B ZERBEE. TH.

Note: Different small letters in the same column show significant difference among different rootstock at 0.05 level. The same bellow.

24 BKMFERAFRMAESERKEZETHREM

7K I A0 TR A AR AE K AT AR R (K 2), #EK 10d, 5 od rEAIEL, DLER
AT R R, B AR BT R D 12.90%F1 32.54%; HiRgAE KR L CS/SO4 i
55 /N(11.27%), CS/1103P [ K (45.80% ) FEAK S T4 it B CS/5BB [ i /)M (4.36% ), CS/1103P
FEIEER (31.59%).

KO R e v T S, RIS T SR AR AR S v T R, SR DL AAR
RS2 s R R B, R LU 2 3 PRI, AR P AR LSO U B 16.08%, TR A2 G AR
56 LU R FRIE BE AR 2.52% ~ 11.82%2 18], LL CS/SO4 K F%IE /N, CS/ Beta FMEE R K. HLEA
[FAM 2B KRR, #E7K 10 d 1) CS/SO4 [MHAAE KAZ e AR B e/, BiRZAE K=, #h BT
Ui ST R, PR K ) AR 1 200 5 75.00% 87.98%. 84.82%.

R2 BANFEHAETRAWALEEKZENZNE

Table 2 Effect of waterlogging on growth and development in Cabernet Sauvignon grape grafted on different rootstocks

s K e BN BT e

Shoot growth Total dry matter Root/shoot
Rootstock matter matter
combinations i i§ 57K X e eIk X HEIK X eIk X K

Control Waterlogging  Control Waterlogging Control Waterlogging Control ~ Waterlogging Control Waterlogging
CS/S0O4 14.20 ab 12.60 a 2585a 25.02a 30.71a 2893 a 56.56a 5395a 1.19d 1l.16¢
CS/5BB 1587 a 10.47 ab 16.82cd  16.50 cde 31.17a 2940 a 47.99bc 4590b 1.86a 1.79a
CS/101-14M  13.13 be 9.67 ab 14.94d 14.31 de 18.36 ¢ 16.73 ¢ 3330d 31.04d 1.23d 1.17¢
CS/3309C 11.80 ¢ 9.20 ab 23.68 a 21.03b 2934 a 25.03b 53.02ab 46.06b 1.24d 1.19¢
CS/Beta 16.20 a 9.10 ab 22.99ab  19.85bc 2520b 19.24 ¢ 48.19bc  39.09 be 1.10e  097d
CS/1103P 13.90abc  7.53b 2245ab  16.04 de 2835ab 18.71¢ 50.80 ab 34.75 cd 1.27d  1.17c¢
CS/140Ru 8.87d 7.27b 20.07bc 1728 cd 3140 a 24.15b 5147 ab 41.43 be 1.57b  1.40b
CS 8.27d 7.20b 17.83cd 1331e 2544 b 15.88 ¢ 4327¢c 29.19d 143 ¢ 1.20 ¢

25 BKMABRAETEMAELESRAERFHEZN

AKWNE 10 d J5, FIRAMRRTE DRI RR (R 3D, HBEREFRIIEE (51.20%) &
TR A A (12.80% ~ 48.39%), CS/1103P FFiEHK, HkZE CS/SO4 Al CS/101-14M, LL CS/5BB
Bl 5/ s iR SO4. SBB. 101-14M FlI Beta HR &3 /) w25 s 1 AR, 20 7 HE AR 1 = Y 38.86%
35.53%- 33.41%M135.79%, UiWHE/KPriE T2 5 RAQUE ) 8 iR ko, K A ARG T
AR FRIE ST B3



11 4] O AR AR R B BRI E K 1 A B Y 2111

HEKWNE AN, AR B A FBEIZ 0] RO I 7 IA 63.90%, BH 2 s TR AR AL A (16.35% ~
60.06%), fiiARZL5LL CS/SO4 ¥ RMP M4 ndpe b, I ARG ELE AR T /K Ph B HR 3R B R BIR
R T 2 FHRE

#IK 10d, CS/SO4 1 CS/5BB AR F 1 I il 2 R 7 f 1500 B4 3 n 7 78.60%FH 70.66%,
M AR AN T 13.81%, U W54 1 RE % A 1k 19 Inv2as 1 15 4 o 408 35 i 40 5

HE/KWME T, CS/140Ru H1 CS/1103P BA A F AR B AR 58 R Rl P & B O TR 3 0l oD 1 1.66%
10.77%81 3.31%, HARMARL S IE RS BN, ¥INEEA 6.44% ~ 47.78%, HHLL CS/SO4
BN s, CS/101-14M BN % .

£3 BAWNFEREEFRMAASRAERFENLM

Table 3 Effect of waterlogging on root physiological characteristics in Cabernet Sauvignon grape grafted on different rootstocks

*té?wﬁji/ 1 AH 32 1/ % A/ (ng - g'FW) AR (mg - gD

AR (pg -h' - g'FW)
o RMP Pro Soluble sugar

Rootstock Root vitality
combinations o 1 HK X K o 1 HK X K

Control Waterlogging Control Waterlogging Control Waterlogging Control ~ Waterlogging
CS/S04 218.58 be 18147 a 44.85a 52.18 be 7.55 abe 1348 a 1.97 ¢ 2.09 cd
CS/5BB 203.13 ¢ 177.13 a 30.73bc  43.71d 7.44 be 1270 a 1.88cd 220cd
CS/101-14M 218.02 be 17436 a 3320bc  44.44d 9.11a 12.50 ab 2.03¢ 3.00a
CS/3309C 221.80 be 150.13 ab 4395a 62.36a 7.75 abe 11.61 abc 2.17bc  2.42bc
CS/Beta 235.91 abe 17747 a 29.10¢ 47.06 cd 8.69 abc 10.15 be 1.55d 1.79 de
CS/1103P 24891 ab 128.47b 4197 a 60.64 a 7.49 abc 1281 a 1.86cd 1.66¢
CS/140Ru 273.80 a 148.69 ab 3493bc 5591 ab 713 ¢ 10.05 ¢ 241b 2.37 be
CS 267.80 a 130.69 b 35.16b 57.63 ab 9.06 ab 10.31 be 2.82a 2.73 ab

26 FEERARMAELEESHFEIWERS S

F RIS S TR RAE AR BUR D BUR SR (5 B AT T, 4 2 A1 ELAR AR DG IR bm 4 e e
AN > BAR PR (M 28 B4R As . 1R 4 T, 1T 3 AN 10 B3 5Tk E 298 90.30%, BUE &
A 5104 1.86+ 1.17, ZEALRE T 9 AN 35 AH IR A5 B o s 1 Tk % IA 56.65%,
VL Ry 1 R BfE B, s, WotaE. PIABS. ARG WRRETLY 1 L
AT . H4EEE . RMP. AV MEREAE R0 2 BT sy, B AR K B 3 BB
fifo ERMA 20 F 3 FEA ML T A A K S HHaEE. RMP. ml ¥ PERE 3 AN FR1E B

F4 ERSEHIE. ARERRITRRE

Table 4 Characteristics value, contribution ratio and accumulated variance of principal components

B Se A FHIEAE TR /% R TTEk A%

Principal component numbers Eigenvalue Contribution ratio Accumulative contribution ratio
1 5.10 56.65 56.65

2 1.86 20.61 717.26

3 1.17 13.04 90.30

AR 2 8 7 A R AT U RS H T 3 A B3 AORP AR [P e KA B8 O A v AR AL
FPBE AR, 3 s 1 g 20 R 3 MRIAR:

F1=0.01X1 + 0.40X2 + 0.40X3 + 0.26X4 - 0.42X5 + 0.37X6 - 0.39X7 + 0.33X8 + 0.21X9;

F2=-0.03X1 +0.25X2 + 0.04X3 - 0.49X4 + 0.10X5 + 0.32X6 + 0.10X7 - 0.46X8 + 0.60X9;

F3 =0.92X1 +0.14X2 - 0.28X3 - 0.04X4 - 0.08X5 - 0.09X6 - 0.20X7 - 0.08X8 + 0X9.
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DAAREAS 2 1800 BTG I PRI AL AL v BT 2 1l 20 6 TR AR E AL 2 R ) B A Ry B T 2 1l 20 25
AR F=0.13X1+ 0.33X2 + 0.22X3 + 0.05X4 - 0.25X5 + 0.29X6 - 0.25X7 + 0.09X8 + 0.27X9.

X1 FonFEAEKRE, X2 KR, X3 ZonidtadE, X4 LR PIABS, X5 KR4,
X6 KRR ARIG J1, X7 KRN BIEN:, X8 KIRIHZIR, X9 RonnlH MM

FRE o S AR B v VS S5 B M (K 5). AR W, AR A i a5 LR B ER
MR RIS, A RIBEARE A A 55 P o 20 55 074 : CS/SO4. CS/101-14M. CS/5BB. CS/3309C.
CS/Beta. CS/140Ru. CS/1103P.

#5 ZREHSME
Table 5 Comprehensive principal component values

AR 1 4 2 4 3 4 F 4
Rootstock combinations Ranking Ranking Ranking Ranking
CS/S0O4 3.00 1 - 1.05 6 1.20 2 1.81 1
CS/5BB 2.19 2 0.08 5 -0.68 6 1.30 3
CS/101-14M 1.44 3 2.02 1 0.27 4 1.40 2
CS/3309C 0.66 4 0.36 3 0.23 5 0.52 4
CS/Beta -1.34 7 1.45 2 - 145 7 -0.72 5
CS/1103P -0.75 5 -2.08 8 -1.46 8 - 115 7
CS/140Ru -1.23 6 - 1.06 7 0.61 3 -0.92 6
CS -3.96 8 0.29 4 1.27 1 -2.24 8
N N
3 Wi

31 EEMAKIRE I SRIERMRS R 200

IR ZR )2 W57 il e FH A T o ABFFURIL, KA R /R ER R AR 1 52 1 AR A
TR G, R AR ETR R A IS sk &, MR LN RRIREER, Bk K E D
T A AR AL A AERE K a1 AR R AR K2R /N, AW E R D, Rl B A w5
Zj (Vitis riparia) SRR R, MRV RN 5.68% ~ 14.69%, AHI () F 5 A
AR A, DRIHAR ek e AR A A5 o

AR R 143 35 32 B A 40 M S () Th RE S BB 45 M 52 R, AT ILE MR, S B IsNS
B INARR ARG R, HEm SR Q. ARG s K S B AR TR RS ) S R N
SR ZR TG ) (1 S0 2 AR, T 7 Pk Al RS2 405 T PR A, HAT R S AR R ¥G )y, WikkiAR SO4. 5BB.
101-14M Al Beta 8 235 /7 Eb BRI i 33.41% ~ 38.86%, HE— oy KBRS AR R HFLE T K&
INEIET DRI IR, XY I A K ot b 2 7 2E/EM (Yoshiba et al., 1997), 4k
FET UM, ORFER AT IE W (AR BE s [RI,  EIRRARAR ZR rh bl & s, PR
THMBIES (CEX 5, 2005), M4 & FPTEi e, AR 140Ru. 1103P DL FAR ]
PR R TR, UL R

A2 55 i IR 9T 26 B AE K ST G AR TS SO4. 101-14M. 3309C A1 DUIATb A TH B SE MRS, Tt
1103P. 140Ru. 110R AR HREMBN (ZFH 55, 2013). AR HE— 20 K F X Ll A (1) 4 2 1
HHATWETL, A3 T 5RO — 80 4s B . BRakiEgE (20000 E0FFH R BIREA S AP SO4. SBB.
3309C F Beta FRIHTHFAE 119 TAREE A AP ELI%; Lee 1 Lee (1989) WA NESA S SO4 fiif w5 1t 45
5, ARGER O IUE T RTINS AE R, Sy Ui e CUHG BRI B R ) s N
X%, BN A LG R AMRA, 11 S04, 5BB. 101-14M. 3309C 2%, Huuitkiism, ik Avbib
#7445 (Vitis rupestris Scheele) SEZXCRMALIA, W 110R. 140Ru. 1103P Ehriithicz, (HARH
B TR A AR . B ET L, AERTER ARSI R 2 T 3 SR
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3.2 BEBAWH XM _EABEETEA R

AR R AR AR R MR T WA 3B e o w2 2 2 A A T 6 S 1 T ) 2 22
025, WE/KIME S8BT kg, KM% (Kozlowski, 1997), HFFERIMALAEZWM L. Isiam fl
Macdonald (2004) Ak k& IS 5 240 S BRI BUAME A 6 . ASIRES sk 10 d I 3309C
F1 SBB WA 4 R Chl. (a+b) 20 Bl EL E R T & 34.12%A1 33.53%, it BH i il 4542 m] 2%
il 7O FEAR S R R I e B A R S

WK 10 d B, SRR E R S TR AL TR JeA MR RZES A, 3 5& BT 1.35 ~
241 1%, 1.50 ~2.04 fi5F1 1.15 ~ 2.58 fi5. FrLAUE, HARMKPMERAS T Mm% foGa e, (HE
WA A —E R LR T WK R 5 ), SRS AR W] DAFE — 2 FE b i s 5 0T b
ER R, LAREA SO4 R IR AT

N 32 205 FH (K B w) i A 5 PS I % 4% (Havaux & Tardy, 1996). PIABS & 2 LAY
HELGRENERRI—ANSH, KN Plaps 23 FF, UiHMZ M R OGENMZ 2080 . AEPra &4
I Fo/Fn 2EATE 0.83 Zif7, EMMASAE FiZS50H 2~ (Demming & Bjorkman, 1987), ANAL:
rhE KRG TS B2 RO RN T 0.73 ~ 0.77 18], WIS KO B 25 i F (10 PS Tt i — 5 11
RO o[RS e I AR, A4 PS T SERR G 22 ORI AR A B & 3, 1 s v T
FARIARFERL DI/CS, 900, U6 (=B e b AHGFE R e b 1 0, Jdiad PSTT ) P4 I 2
ZFH)H] (Hulsebosch et al., 1996). #E7K 10 d i, FHiARLIA ) Plagss Fo/Fus ETJ/ABS # T H
FRET, 1M DI/CS, M T MR T, 150 W45 T DA A AK R e A LA R 2473

WA B ] LIAR 5 20 3, Bz M e S AR F R B P & — 280 B 4%, 2007).,
ARIG I AR UF B AR T 85 T b e A et . MRS E AR R E g R A, HEW T
Ae i T AN AR RAEHE K SRR T35 W T S 2 R 92 7 B miie, RIH AR EAEH R
AR ARG ), AEREAR R W PR B K 3 TR AR, AE— e R AR UE T X A S Bl K o3 SR 53 (1)
BER, HEFE T LS IERAE KR A . R, SNk, FEZ W 55 R R KA 55 e e
XA AR T TR P B S A R SO4. 101-14M. 5BB. 3309C BEATI5 AR KS, Aetg (e — Efs FARIE
PRSP I KR .

gr b, WORTEAEARASE A KA R B T R SE M, AR BRAS RIS A AL PR 7 14 eh o 21 55 11
i CS/SO4. CS/101-14M. CS/5BB. CS/3309C. CS/Beta. CS/140Ru. CS/1103P, LL7RiEEE
ERFES=TER
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