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(1. College of Horticulture, Xinjiang Agricultural University, Urumqi 830052, China; 2. Horticultural Crop Research Institute of Xinjiang
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Abstract: In response to the problems caused by frequent high temperatures during the development of wine grapefruits in the north-
ern piedmont of the Tianshan Mountains in Xinjiang, this study used three red wine grapes (Vitis vinifera), namely ‘Cabernet
Sauvignon’ ‘Merlot’ and ‘Cabernet Franc’, as test materials. During the fruit-swelling period, the leaves were sprayed with kaolin
(6%), with conventional management as a control (CK). By measuring photosynthetic characteristics, fluorescence characteristics,
and fruit quality indicators, a comprehensive analysis was conducted to systematically explore the effect of Kaolin on wine grapes in
the northern foothills of the Tianshan Mountains in Xinjiang. The results showed that after Kaolin treatment, the leaf temperature of
the three red wine grapes decreased by 8.9%, 8.3%, and 9.3%, respectively, compared with CK, effectively increasing the content of
chlorophyll a. ‘Merlot’ increased by 52% compared to CK. After Kaolin treatment, the net photosynthetic rates of all three varieties
improved. For the JIP-test parameters, V; was significantly reduced compared with CK, and the quantum yields of electron transport
flux (¢g,) and PSTI final electron acceptor reduction per photon (gg,) were significantly increased. The ¢, parameters of the three
varieties increased by 58.1%, 93.0%, and 61.1% compared with CK, and the ¢, parameters increased by 87.5%, 33.3%, and 66.6%,
respectively. The absorption of light energy per unit reaction center (ABS/RC) and unit area (ABS/CSm) of the three varieties was
significantly increased compared with CK, effectively improving the absorption and utilization of light energy per unit reaction cen-
ter and unit area. The dissipated energy per unit reaction center (DIo/RC) and unit area (DI,/CSm) were significantly reduced com-
pared with CK, which relatively avoided the harm caused by high-temperature stress. In terms of fruit quality, the flavonoids,
flavones, and flavanols in the skins of various grape varieties treated with Kaolin significantly increased. Compared with CK, the
flavonoid content in the skins of ‘Cabernet Sauvignon’ ‘Merlot” and ‘Cabernet Franc’ increased by 62.3%, 63.9%, and 54.4%, the
flavone content increased by 79.1%, 69.1%, and 56.7%, and the flavanol content increased by 48.6%, 66.0%, and 27.2%, respectively.
In the seeds, the flavonoid content of ‘Cabernet Franc’ increased by 68.2%, and the flavone content of ‘Cabernet Sauvignon’ in-
creased by 67.1%. This study showed that spraying Kaolin on the leaves of Xinjiang wine grapes can effectively reduce the leaf tem-
perature of three red wine grapes, ‘Cabernet Sauvignon’ ‘Merlot’ and ‘Cabernet Franc’ in the northern piedmont of the Tianshan
Mountains. This treatment reduces the heat dissipation per unit area of leaves, increases the photosynthetic rate, enhances the absorp-
tion and utilization of light energy per unit reaction center and unit area of leaves, and effectively mitigates the damage caused by
high-temperature stress in summer. Spraying Kaolin on the leaves also effectively increased the total acid and some phenolic sub-
stances in the fruits of these three wine grapes, improving their fruit quality.

Keywords: wine grapes; Kaolin; photosynthetic characteristics; fluorescence characteristics; fruit quality
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Table 1 The effect of Kaolin on the temperature of wine grape leaves C
FF Variety ALFE Treatment At Leaf temperature

FRER 7K XFHE Clear water control 37.120.23a
Cabernet Sauvignon 6% 1 6% Kaolin processing 33.8+0.25b
M e 1 7K XF B Clear water control 36.3+0.22a
Merlot 6% 1 6% Kaolin processing 33.3+0.21b

N TRE T 7KXF R Clear water control 36.5+0.17a
Cabernet Franc 6%l 1 6% Kaolin processing 33.2+0.19b

AIRNG FA:F /R4 Duncan’s 5625 5 2.3 (P<0.05), Different lowercase letters in the table indicate significant differences by Duncan’s test

(P<0.05).
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Fig. 2 Eeffect of Kaolin on the photosynthesis and light response curves of leaves of different varieties of wine grape
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Bk 3 i 2 25 R KF- (P<0.05).

23 BREIXMEIREGEFHFHEZREE . KASH
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o) 5 3 A 20.8% (P<0.05); i 3 & A i) ETR 43
)i 2 30.6% . 23.0% Fil 24.5% (P<0.05).

R2 BIRTAAETAREEREREE MM RG-SR #h 2S5
Table 2 Influence of Kaolin on the parameters of photosynthetic light response characteristic curves of leaves of different varieties
of wine grape

i pise] REE AR DGR JCRME £ 5 IR TR
Variety Treatment P, nax /(pmol-miz-s") I /(umol-mis’l) 1, /(pmol-m’z-s") Ry /(umol-m’;s’l) AQY /%
REEER b @ oyl
K . A 20.11+1.21b 1153.27+9.22b 15.87+1.28a 1.30+0.12a 0.96+0.03a
Cabernet Sauvignon Clear water control
6% 1
. 22.92+1.41a 1288.16£11.36a 14.18+1.12b 1.47+0.13a 0.98+0.02a
6% Kaolin treatment
[ TE KK R
s el A 13.70£1.36b 1234.29+13.41b 20.43+1.03a 1.50+0.12a 0.96:+0.02a
Merlot Clear water control
6% 1
. 20.70+1.75a 1368.71+10.18a 13.06£1.05b 1.45+0.13a 0.97+0.01a
6% Kaolin treatment
TRITEZS T KK R
AR ok 15.20+1.23b 1 136.84+12.32b 9.96+1.11b 0.73+0.03b 0.96+0.04a
Cabernet Franc Clear water control
6%eilie 1
18.25+1.11a 1294.63+£9.75a 13.90+1.02a 1.30+0.12a 0.96:+0.02a

6% Kaolin treatment

RA/NG F /R 2 Duncan’s P56 I 40 P 7] 22 57 i) 3 (P<0.05), Different lowercase letters indicate significant differences between two treatments by

Duncan’s test (P<0.05). P, ,.,: maximum net photosynthetic rate; I, light saturation point; : light compensation point; R,: dark breathing rate; AQY: quantum
efficiency.

®3 BRILEBETARREFGHMHHERRE
Table 3  Effect of Kaolin on the leaf chlorophyll contents of different varieties of wine grape

F s 4% %a R iH4k 2 ath -2k Kab
Variety Treatment Chla/(mgg") Chl b /(mg-g™) Chl a+b /(mg-g™) Chl a/b
FRETR T 7K XS B Clear water control 2.38+0.22b 1.21£0.14b 3.59£0.30b 1.97+0.12a

Cabernet Sauvignon 6% 1+ 6% Kaolin treatment 3.1540.12a 2.1940.11a 5.34+0.28a 1.44+0.13b
H RET 157K %} 18 Clear water control 2.50+0.11b 1.30+0.23b 3.80+0.14b 1.92:0.09a
Merlot 6% + 6% Kaolin treatment 3.81+0.14a 2.160.11a 5.97+0.11a 1.76£0.11a
b B 17K XF I8 Clear water control 2.52+0.13b 1.35+0.20b 3.87+0.12b 1.87+0.11a

Cabernet Franc 6%l 1 6% Kaolin treatment 2.96+0.11a 2.27+0.21a 5.24+0.16a 1.30+0.14b

ARI/ING FhEFR R Z: Duncan’s 56 9 b # [7] 22 57 1.3 (P<0.05) ., Different lowercase letters indicate significant differences between two treatments by
Duncan’s test (P<0.05).

F4 BRIAEBTARREAERMMHFHMEREALSH

Table 4 Effect of Kaolin on chlorophyll fluorescence parameters of leaves of different varieties of wine grape

1

V‘;uri*:;y Trf:tln%ent FJF, opsli ap NPQ ETR
TRERR 17K 4T BR Clear water control 0.81+0.02a 0.13+0.03a 0.42+0.02a 2.59+0.01b 1.57+0.04b
Cabernet Sauvignon 6%=0% + 6% Kaolin treatment 0.83+0.01a 0.18+0.02a 0.44+0.01a 2.90+0.01a 2.05+0.02a
HaRERL 157K 3 B8 Clear water control 0.830.01a 0.11+0.02a 0.34+0.01a 2.70+0.03b 1.52+0.02b
Merlot 6%04 1 6% Kaolin treatment 0.85+0.01a 0.12+0.01a 0.36+0.01a 2.99+0.02a 1.87+0.03a
RoNTTREN 7K X B Clear water control 0.82+0.02a 0.12+0.01a 0.35+0.03a 3.08+0.03a 1.59+0.01b
Cabernet Franc 6%l 1= 6% Kaolin treatment 0.83+0.01a 0.11+0.03a 0.35+0.02a 2.44+0.04b 1.984+0.01a

ANF/NEFEEFRIRE: Duncan’s 5 PIAEHLIR] 22 57 835 (P<0.05) . F/F, JER B B SOUMERER; OPS 1L : SEBRIGALZAROR; gP: Skl KR AL
NPQ: AV b 2A A K R 80 ETR: B 1583 %K . Different lowercase letters indicate significant differences between two treatments by Duncan’s test (P<0.05).
F,/F,: maximum photochemical efficiency of optical coefficient Il ; ®PS II : actual photochemical efficiency; qP: photochemical quenching coefficient; NPQ:
non photochemical quenching coefficient; ETR: electron transfer rate.
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%33 %

2.3.3 MEREWHE S HEL JIP-test S

PR 2 R O F 8 T 2 i 26 v] LU WA )
PS 11 4 A1 A2 2 7 FOG A MM H AR 25 25 5
FEIARAL . 5 3 3R WY, AREE R Mg A0 A T 2R
255t E A - A0 RS OJIP £k & AE B B AR I .

MR 5 T DA, TR A A 20t = 0 b B
BR @po dv/dto Ak, £5 i Bl iy b 2 5000 b 34 ] 35 25
SWE. 5 CK A, AREEER MR AT R
MR V4 B R AR 35.5% . 34.4% M1 37.7%
(P<0.05), V; 43 ) b 35 %A1k 25.3% . 24.4% Fil 25.3%
(P<0.05), ¢, 77 ) 5 3 2 75 58.1%. 93.0% Hl 61.1%
(P<0.05), gy, 530 3 25 £ 55 87.5%. 33.3% Fl1 66.6%
(P<0.05); ‘IREZER Wb ER’S,, 77 ) i Tt 13.6%.
11.7% (P<0.05).
234 PSIBANREFEEROEESEMBMEE

REENhE
M 6 AT LA, 2 mni AN PR IS 3 TRV 7 4
5000, 6oty + 6% Kaolin r
e 7K Clear water P
4000 I -
J L

3000

2000 -

4 4

EIEHEE Fluorescence intensity

mn A DR ERBR M EE 0 AN < 5 T 2R ABS/RC X [ CK
Oy RS 26.6% . 24.7% F124.7% (P<0.05), DI,/RC
A3 B E R 54.4% . 47.4% F1 51.1% (P<0.05), ABS/
CSm 3 7 i Z 4 5 13.3% . 23.4% F119.3% (P<0.05),
DI,/CSm 73 5l i 25 P& A% 20.1%. 18.1% H1 17.5% (P<
0.05), TRy/CSm 43| it 2 55 12.0%.. 7.1% F1 14.1%
(P<0.05), ETo/CSm 43 Il & % 2 55 49.6% . 35.9% #ll
24.5% (P<0.05).
24 BIREXERETERIHRRIII

M 7T LA, SR, s A B
TRERER M R LN T R A A R 43 S 3
27.8%. 36.2% Fl 23.3% (P<0.05); % B ¥ 47 T #2 It
EAS “Hg B35 0. 7K F (P<0.05); BR AR ek b, H
T AR B SR AR 2, < HERERID $2FF 68.2% (P<0.05),
i T B AR 35.6% (P<0.05); S TR o & 43 ) i 35 4
5 34.8%. 48.0% il 43.1% (P<0.05); MM 4 91 i 3%
A 14.3% . 14.7% F1 13.6% (P<0.05).

1000 -+ e °
JREZER Cabernet Sauvignon [ HEREHL Merlot T fHAHER Cabernet Franc
0 | | | | J | | | | J 1 1 1 1 J
0.01 0.1 1 10 100 1000 0.01 0.1 1 10 100 1000 0.01 0.1 1 10 100 1000
FsF 18] Time /ms
O: 4R A5 T 03] BT o5 T ) T A5 P & A5 . O: starting point; J: initial upward trend; I: mid term upward trend; P: peak point.
B3 SWIABETAREREEERMHFOHRIRENFHLE
Fig. 3 Chlorophyll fluorescence kinetics curves of leaves of different varieties of wine grape treated with Kaolin
x5 BIRTAETAEREREZ G JIP-test S3
Table 5  JIP-test parameters of leaves of different varieties of wine grape treated with Kaolin
Al Variety AbEE Treatment v, v, S Pro Oro Opo dv/dto
TR VKX ,H‘ﬁ
IREER . ks 0.59+0.12a 0.87+0.16a 20.10+0.17b 0.31+0.21b 0.08+0.01b 0.78+0.12a 1.214+0.14a
Cabernet Sauvignon Clear water control
6%t -
o . 0.38+0.24b 0.65+0.19b 22.83+0.22a 0.49+0.17a 0.1540.03a 0.80+0.20a 1.1940.12a
6% Kaolin treatment
T
T e A 0.61+0.21a 0.82+0.23a 21.16+0.14a 0.30+0.15b 0.09+0.02b 0.67+0.21a 1.2440.10a
Merlot Clear water control
6%l £
o . 0.40+0.18b 0.62+0.18b 21.39+0.26a 0.58+0.24a 0.12+0.04a 0.69+0.19a 1.214+0.12a
6% Kaolin treatment
TnE TE KX R
AR KRS 0.69+0.13a 0.79+0.15a 18.81+0.37b 0.36+0.26b 0.09+0.02b 0.58+0.13a 1.18+0.18a
Cabernet Franc Clear water control
6% U4 1
o . 0.43+£0.21b 0.59+0.23b 21.0240.41a 0.58+0.32a 0.15+0.03a 0.61+0.22a 1.384+0.22a
6% Kaolin treatment
AR/ NE FRERIRE: Duncan’s 155 P AL R 22 5 25 (P<0.05) Vi it AHXT AT ABDEG; Ve XS W] A9 S, T2 TR AR 15 0o AOLFI O,

AR A T R T 75 gt PS TR i o T 52 ARIE JRUIR 12803 pr WIZRPS DAL IR A RE 77 3 ; dv/dto: Q3853 Different
lowercase letters indicate significant differences between two treatments by Duncan’s test (P<0.05). V: relatively variable fluorescence at point #; V}: relatively
variable fluorescence at point j; S,,: electron acceptor reduction energy; ¢g,: quantum yield of electron transfer flux from Q, to Qg; ¢g,: quantum efficiency of
PSTI receptor side terminal electron acceptor reduction; ¢p,: maximum quantum yield of primary PS Il photochemistry; dv/dto: O, reduction rate.
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®6 BIWIABTAREBEAZGMIA PSI WA REEEROEENEMAMEERESHE
Table 6 Energy allocation of single reactive center and unit cross-sectional area for PS Il of leaves of different varieties of wine
grape treated with Kaolin

A L]
Variety Treatment ABS/RC DI,/RC TR,/RC ETy/RC ABS/CSm DI,/CSm TR,/CSm ET,/CSm
S Y T KRR
jﬁ:?;*4 FACKE 2.18+0.31b 0.7940.12a 2.01+0.14a 0.80+0.11a 3 419.1+29.21b 887.9+13.21a 3 020+41.27b 1 069+41.83b
Cabernet Sauvignon Clear water control
6% il 1
o . 2.76+0.28a 0.36+0.15b 2.21+0.19a 0.914+0.22a 3 872.2+36.33a 705.2£17.26b 3 383+69.82a 1 599+49.83a
6% Kaolin treatment
[ 7K R
iy el WA 2.31£0.41b 0.76+0.13a 3.22+0.12a 0.76+0.13a 3 222.6+45.62b 851.3£11.28a 2 998+59.94b 1 217+36.45b
Merlot Clear water control
6% 04+
. 2.88+0.33a 0.40+0.18b 3.28+0.22a 0.81+0.18a 3 977.3+37.97a 697.5£14.74b 3 211+57.15a 1 654+37.71a
6% Kaolin treatment
i B T K R
2.23+0.29b 0.88+0.24a 2.76+0.36a 0.66+0.22a 3 319.1+35.88b 877.249.41a 3 152+42.81b 1 287+34.98b
Cabernet Franc Clear water control
6%l 1
2.78+0.48a 0.434+0.19b 2.88+0.26a 0.714+0.13a 3 959.8+39.73a 723.9+£10.01b 3 598+64.12a 1 602+28.81a

6% Kaolin treatment
ARG F 1R 7R 2 Duncan’s M4 AR BEIR] 22 5 i 3 (P<0.05) ABS/RC TRo/RC: HfiL
SR O R PSE RO, BB fE; ETo/RC: B 52 oy HhoCo L T3 R it ; ABS/CSm: S IR S BE; DIo/CSm: BAAL I FMEALEE BE; TR/CSm: B
P AR (PR e i, ETo/CSm: S AL T4l i . Different lowercase letters indicate significant differences between two treatments by Duncan’s

test (P<0.05). ABS/RC: absorption of light energy per unit reaction center; DI,/RC: dissipated energy per unit reaction center; TR,/RC: maximum capture and

PNTN=N

AL B RSO RE; DIY/RC: Sz BN OB HIAE

reduction energy of O, per unit reaction center; ET,/RC: electron transfer energy per unit reaction center; ABS/CSm: absorbed light energy per unit area;
DI,/CSm: heat dissipation energy per unit area; TR,/CSm: absorbed and captured energy per unit area; ET,/CSm: electron transfer flux per unit area.

£7 BIRLAETARERERZ @M RILEMARIER

Table 7 Influence of Kaolin on the basic quality of fruits of different varieties of wine grape
o fbg BT b ACER TR BRI 75 RS SR sy
Vzli'iet Treatment Ear weight ~ Grain weight Ratio of seeds Ratio of skinto Number of Compactness of Total acid  Total sugar
Y /g /g to flesh flesh seeds fruit ear /% 1%
HEEE T KR AR
103.2+7.24b 1.09+0.07a  0.10+0.01a 0.36+0.01a 1.98+0.08a 6.89+0.79a  0.66+0.06b 27.73+0.45a
Cabernet  Clear water control
1o 6% 'é-'m/‘\j:
Sauvignon . 131.96.52a  1.17+0.02a  0.10£0.0la  036£0.02a  2.01+0.06a  7.07+0.88a  0.89+0.06a 23.77£0.37b
6% Kaolin treatment
# T AT B
fipest Rk 107.0+8.11b 1.24+0.06a  0.08+0.01a  0.22+0.01b 1.93£0.08a  4.81£0.95a  0.77+0.05b 25.34+0.96a
Merlot Clear water control
6% 1+
. 145.7+10.73a  1.44+0.03b  0.09+0.01a 0.37+0.02a 1.99+0.11a 4.68+0.62a  1.14+0.08a 21.62+0.68b
6% Kaolin treatment
SRR e @ apis
GLRES A 109.7+9.16b 1.14+0.02a  0.09+0.01a 0.45+0.01a 1.82+0.08a 4.33+0.36a  0.65+0.03b 28.18+0.91a
Cabernet  Clear water control
Franc 6% +
135.2+10.25a  1.21+0.06a  0.09+£0.01a  0.29+0.02b 1.87£0.10a  4.64+0.82a  0.93+0.04a 24.36+0.26b

6% Kaolin treatment
ARRVING FHEFRIRZ: Duncan’s PGS PHALEE ] 22 57 [ 3% (P<0.05). Different lowercase letters indicate significant differences between two treatments by
Duncan’s test (P<0.05).

25 BWIXERBEHSZHRLEBMEYRNIIN 5 62.3%. 63.9% 1 54.4%, &5 i & 80 9 0 R

251 MRESRIBASBESEHIZN
MNE T LIFEH, &t mit LA 5, IR
K R AL RT < TN R SR B 2B S i ) AR

Tt 79.1%. 69.1% Fll 56.7% (P<0.05), Bkl & &t 23 71
L HRT) 48.6% . 66.0% Fl 27.2% (P<0.05); ‘A FEHL°
R it TN R B SR AE T R S i 0 ) 3 R AR 42.5% A

#*8 BRIAETARREFTRMREGTBREYENEE
able ect of Kaolin on phenolic substances in peel of different varieties of wine grape mg'g
Table 8 Effect of Kaol phenolic subst peel of different ties of grap gg’
i Ab PR PIAGRE JEHT JaN U] HhEmE JFAEE R e
Variety Treatment Anthocyanin Flavonoid Flavone Flavanol Procyanidine Tannin

IREEER 157K XF B8 Clear water control 38.24+3.8la  0.85+0.11b  0.48+0.13b  5.42+0.10b 2.41+0.10a 10.27+0.18a
Cabernet Sauvignon  6%04 + 6% Kaolin treatment  38.95+4.15a  1.3840.08a  0.86+0.11a  8.05:0.12a  2.39+0.14a 10.8640.11a
g e 157K XF B8 Clear water control 37.80+£5.66a  0.83+0.12b  0.55+0.12b  3.88+0.09b 4.09+0.16a 7.12+0.14b
Merlot 6%E508 + 6% Kaolin treatment  37.41+3.23a  1.3640.09a  0.93+0.15a  6.44+0.17a 2.35+0.11b 8.48+0.13a
SR 157K % & Clear water control 39.0143.08a  1.03£0.13b  0.60+0.10b  5.69+0.12b  3.65+0.10a 9.47+0.12a
Cabernet Franc 6% U2 1 6% Kaolin treatment  38.88+4.15a 1.59+0.14a  0.94+£0.12a  7.24+0.15a 1.62+0.12b 9.24+0.11a

ANF/NG FBERIRZ: Duncan’s 56795 b 3 5] 22 57 11 3 (P<0.05) . Differ
Duncan’s test (P<0.05).

http://www.e

ent lowercase letters indicate significant differences between two treatments by
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% 33%

55.6% (P<0.05).
252 XWHMFHREBIEBMESESHEM

FE 9 AT LUE H, BRI ) 4 28 0 e 08 - A PR
Foft =7 v 0 o RN B 5 B H CK 22 S AN 5 < #g

JEEBL 0 it T B SIS B 40301 . T 50.6% F168.2%
(P<0.05); “ A B Bk F1 A R o0 B ] 45 2t 40 1) i 3 4
Tt 67.1% F1 21.6% (P<0.05); * 7 FE Bk 1 g R4 1) J5
TET R0 3 5 FEAIK 7.6% 1 11.8% (P<0.05).

®9 BRILMETARREIGSHFHFHIHENENSE

Table 9 Effect of Kaolin on phenolic substances in seeds of different varieties of wine grape mg- gf1
vl Vsl JSEE TR ST e FALE R ey

Variety Treatment Flavonoid Flavone Flavanol Procyanidine Tannin
UIN-CBN TE/KXTHE Clear water control 1.03+0.02a 0.73+0.04b 9.02+1.06a 6.59+1.14a 19.20+0.72a
Cabernet Sauvignon 6% 1. 6% Kaolin treatment 0.89+0.25a 1.22+0.02a 8.97+1.34a 6.09+1.15b 18.15+0.82a
g I 7K X} B Clear water control 0.89+0.02b 1.25+0.03b 10.47+1.13a 7.10+1.60a 24.62+0.60a
Merlot 6%l 1= 6% Kaolin treatment 1.34+0.01a 1.52+0.02a 10.61£1.19a 6.26£1.11b 24.5242.69a
SRR 7K} HE Clear water control 0.85+0.04b 1.13+0.03a 9.69+1.08a 5.96+1.01b 20.46+0.38a
Cabernet Franc 6%=504 £ 6% Kaolin treatment 1.43+0.04a 1.19£0.01a 9.66+1.09a 7.09+1.27a 20.41+0.59a

REING FHE /R4 Duncan’ syl g6 W gb#1a] 22 5 2. 3% (P<0.05), Different lowercase letters indicate significant differences between two treatments by

Duncan’s test (P<0.05).

3 it
3.1 BiEEW EXEREREM LSS

) O & AR T RE B0 3 B AR ) 1 A A O,
3% Z2 PP ER B DR 225 0, G v it R R A S AR
Z o RZBOM WA A B o 2 3 BRI
e BDGA A AL TR LM CO, W EE R
i, K FL 32 2[R @1 Brillante £ ™, Glenn™ 1
Lobos %™ fF 5% & B i 14 4 A n] Aok 38 4k 1145
A HEREFIZK 3 F AR, i8] LAAESROE . il AT
BAMTRIBDEEORMMRA. TR LEAA
B SO, R AT USR5 7K 43 R R, 2L
LMD EERE . REBOCT Ml Ll H B w5
T E e R AERRARIR . SR SRR ROR .
M2k R, DLRBGEOL A RE ) . I RE B AR R
17, #A AU AR FE Y Jifon ZECORF ST R, Lt i
U4 = Kb LS AR R I R AT A I ASAL S EE R CO, (]
AR, BN T RS AR OE 2 N A I RCR, A3
P TR LG R T . AR RERY, &
U = b 3 3 ARG i 4 i L 3 A, S AT A
IR 2 R — 8 AR g AR, R W — il it
R e AL TAY 3 BRI A A Y P B
T CK, 7, W . F B, WUE ., G, ¥ g rt, 5
WA A,
32 BESWEIMNREHEMHERSEML LY

5

E e L AEG N S RS D RS =, UGE
4 165 BE ) MM i 2 e AR HOT AR R T
RO A ™ AR 9 4 SRR W, 3 /S T A 2
Sl LA AR a, AR b, HEE (ath)

AR, X T BRI e PR A T A L,
T R, TR T SR R A A, B T
Mok 3R o i, ETR S 77 A 1Y IR R 0 41 = i R
(ATP) Flifs 5 B 4t T (NADPH) #% 22, AR 3E T
R AN B 4 A R AR 435 SR 2R B, Wit
WA+ 5, BRI A AT R ETR B4R TE, R Bk MR
M NPQ W 4R T, 76 R A T it s e 1, i
SRR WG RE TR A MR R A8 4 3G, L2
A BOL R R, A BORIG N, 4R 5Ok
V58 1 i £ s e PS TG4 L 71438 19 2, OJTP
il 2 T 4 Sy ARG R 27 ol 26 R B I 8 AR 7 BRI
WA FIF O 1] Qp L FALIE™, oy, TR BRI
JRE IR BB R BTG A A L T IR AR S AL 3 I RICR
P9, AHF T 25 200, 3 1S Im 4 49 & AP iy oTp
i 28 7E 08 1 A S R AR B AR Ak TV, B R
I, 2 W Wit 2 4 + B A R T AT A O, 1) O
L T ROR, #2081 RE R AL UK, X Har A
MRS 25 AL . A9 LA T4 0 PS T B
J5 7 3 M s B 43 A A7 A T AR R 0 i AR Ak,
F 5% 25 S W, w5 0% + /5 ABS/RC. ABS/CSm
B E 5, DIJRC, DI/CSm &3 T, 301 2 +
A B /D T A R b XY B YRR L, B4
T B AR T PS TSN H 0 TR I, BT A
AR K LT 3o A R, D/ T RE B RE AR, M4
THTEREFI =
33 B WNEREREREAROTME

13 285 W Jo AN A T 4 255 VG 1 B o IO, 3 %
2510 P AR 22 A R M TR e MEAE L, A
R FE i, B2 AT LA SR DA A A T 2K ) S5
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B, 3 /> EEP A 2 t F 7 Z2aed ve e R AR TS SR B rh
PO L BB . BbelE A R T, RSP R
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25 LRIk, AW R, X IR E R Mg R A
by P BRI 3 A £ 00 TR T R A i A R 0
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