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Effects of Shading on Vitamin C and Sugar Contents and Related

Enzymes Activities in Fruits and Leaves of Rosa roxburghii
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Abstract: To explore the effects of reduced light intensity on vitamin C content and enzymatic activities and
sugar content in Rosa roxburghii Tratt. fruits and leaves. In this study, ‘Guinong 5’ R. roxburghii cut-
tings was taken as materials. The shading net was used to set three shading treatments with light intensity
reduced by 20% ., 40% and 60% , with natural light intensity as control. The changes of vitamin C content

and related enzyme activities and sugar content in fruits and leaves of R. roxburghii under different light
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intensity were analyzed. The results showed that: (1) the content of vitamin C in fruits and leaves of R.
roxburghii at different development stages were significantly decreased after the light intensity was weak-
ened. The difference of vitamin C content in fruits of the control and the three treatments reached a signifi-
cant level at the rapid expansion stage. (2) With the decrease of light intensity, the activities of L-galac-
tose-1, 4-lactone dehydrogenase ( GalLDH ), monodehydroascorbate reductase ( MDHAR ) and de-
hydroascorbate reductase(DHAR) decreased, while the activities of ascorbate oxidase(AAQO)and ascorbate
peroxidase(APX)increased in fruits and leaves of R. roxburghii, especially the activity of MDHAR in-
creased rapidly and greatly in the rapid expansion stage. (3) The contents of soluble sugar, sucrose, glu-
cose and fructose in the fruits and leaves of R. roxburghii decreased with the decrease of light intensity,
while the contents of glucose increased rapidly during the rapid expansion stage. (4) The content of vita-
min C in fruits was significantly positively correlated with sucrose and glucose contents in leaves at differ-
ent development stages. At the rapid expansion stage, the activities of GalLDH and MDHAR in fruits
were significantly positively correlated with vitamin C content in fruits, the APX activity was significantly
negatively correlated with the vitamin C content in fruits, and their correlation coefficients are all at the
maximum. The studied showed that light intensity effects the accumulation of vitamin C in R. roxburghii
fruits by regulating the activities of key enzymes of vitamin C synthesis and related metabolism and the
content of photosynthetic products in leaves; Weak light environment is not conducive to the accumulation
of vitamin C and sugar in fruits and leaves of R. roxburghii , which is especially significant during the rap-
id fruit expansion stage; Good light was the basic condition to ensure the excellent quality of R. rox-
burghii fruits.
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P P A 0 R D R L gk RERE L
(R N R = @ T R LS
(HPLOW™ K 28 hy 5 RID-10A 718 22 K6 I 4%
3%+ 5 YMC-Pack Polyamine 11(250 mm X 4. 6
mm,5 pm), FEIAN CHE ¢ K752 25,V V)., @4
REAE IR BE A 30 C, R b R BE A 35 C L iERE R
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Table 1 Photo-synthetically active radiation under natural light and different shading treatments at different

fruit developmental stages of R. roxburghii

G B8R B Photo-synthetically active radiation/(pmol « m Zesh

r\ oz hES, 7. Ve )
L 414 G I ek B K A

¢ Young fruit stage Slow growing stage Rapid expansion stage Maturity stage

5/15(month/day) 6/15(month/day) 7/15(month/day) 8/15(month/day)

CK 1498 1527 1782 1 664

Ry, 1190 1251 1458 1322

Ry, 879 905 1092 971

R 581 622 722 659

H:CKL Ry Ry Ry, 28 BT A 28 6580 G 18O BRI S 20 %6 .40%.60% , T[]
Note: CK. R,, . R,, and Ry, represent natural light intensity(CK) » light intensity reduced by 20% . 40% and 60% respectively. The same

as below



2084

(LA <7/ B

40 %

I AE TS0 PR R R R e B R L A R, s )
FRCHSRIEID S 3 AN B R L i B R C
ool bk g2 g R KO B I T 267, 88%.
327.03%.249. 61 % F1 215. 71 % (F 2), [FHf, A
KB WIR R RIS 4 A R C A 6 IR U
55 J5 B3R B W R AR ke e B AR DR AL B 5
[ B 25 5 3 (36 2>, o fE QSR 0L 3 i
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P2 AR O BRI ES 20 AR H(R,,) .

2.1.2 MREERCEE SICMAIRA M
YRR C & BB A A A R A O A R R
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3 AN IE G AL BRI A A AR 2R C B e 4l SR 40 R
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e 4 ) B I T 28, 23%. 59, 72% . 71. 90% Al
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PR S SR R S I AR A A K e I
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TR AR S e A R C AR B, B IR S
0 o) e 7 E L LRS00 S Y ) RO LY i R R
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2.2.1 GalLDH &M A[F & & 1 A9 | AL 5 52 A
Wb GalLDH 1 4 347 Bl 25 % RE A sl 55 1 32 ¥ ook
55, 4% 3 S b B 5 [R) 09 ) B Y 22 S0 3 K
(P <C0.05) (% 3), H, & A3 R 5 GalLDH
TGP F W AR T I AR A a2 TS B L 0T B A PR
i R 313k ) B R A s RS2 GalLDH 3% 1 T 40 S8 W9 1
3 AN AL B E) 22 BN W T B8 A K ) R Rl
W RIA R, R, ALFEAHIE A8 EINT R,
b B 5 FEREE B R W, SR S GalLDH Y IE M 7
Ry, Ry, Hl Ry ARFET 43 1] ) HE G 2 FEAIC 9. 7094
34. 75 Y0 45. 01 % , H 45 3 5 Ab P 1] 2 5 Al 34 3K %)
7K (P <0, 05) s 456 3% 2 A1 A1, 76 [\ 6 5
JERMT AR & &I RS GalLDH i 4 5 4
AR CERBGRREEEE -, Fif, k358
/MR GalLDH 3 P T 4 - 0 & s 7 3 1ok
HEAb B[] 35 25 50K B 25, T8 48 A K 0 R P i R
WITE Ry, Al Ry, AbSEAH (A3 B FL T R, &0
B, AU R TE] B AR SE At o Galll-
DH ¥ P4 24 52 31 55 56 19 2 10 i, T 5 SO b

R2 EAREBERBFHTARNZEHNANRRIMMHAHEEERCAE

Table 2 The vitamin C content in fruits and leaves of R. roxburghii reduced light intensity at different development stages

7 2 C & & vitamin C content(mg * 100 gleW)

W it 5w - -
Organ Treatment AP G218 A K ) PRH Y ) g:81]
Young fruit stage Slow growing stage Rapid expansion stage Maturity stage
CK 181.52=+11. 35a 562.90+13. 64a 2 070.78426.93a 2 691.384+92. 38a
s R,, 101.34=44.77b 413.57+19.55b 1 766.0548.07b 2 416.26497.37b
e
Fruit R, 98.42+6.51b 409. 65+10. 32b 1432.16+26.07¢ 2 087.40-+73.02¢
R 90.78+4.76b 323.13422. 94c¢ 1 020.14438. 84d 2 069.554+91. 15¢
CK 201.74+8.93a 102. 544 2. 46a 125.0342.59a 70.6140. 63a
R Ry, 190.424+7. 94ab 83.7344.76b 123.5345.61a 60.75+1.15b
Leal Ry, 182.9745.23b 81.3340.74b 104.5144. 86b 52.2944. 74c
Ry, 144.79=+6.08c 41.30+3. 06¢ 35.13+2. 56¢ 30. 0442, 4d

T« [ 5 A R 5 B e 7R 22 53R B i 25 K P (P<C0.05) . T I

Note: Different letters in a column indicated significant differences at 0. 05 level. The same as below
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KW, £ EF M R, AR, BRI
MDHAR #i 5 CK K& R,, AbH¥ 2 7 8 % (&

=3

4, [A]I, 2% 4k PR AL S b DHAR 6 PR 4 i % A&
O TR AR R R . H AR Ak iR R E L
MDHAR /M3 %R, F1 Ry, Zb3 529 DHAR %
PEAH I 76 4 SR 0 R BB B AR T R, AR B M
TEGME B K AP RIS R, A0 P22 55 0K
FR,, PRSIt DHAR WG NIEEE A KM S
A3 BE 22 57 3 (3% 5) . HOK L R TR & & 309 A% )
Zi B ef MDHAR . DHAR 3 P 76 5% B 55 5 0 59 )5
B A . Hob R, A Ry, AL FE I - MDHAR 3%
PEAE A RS2 k& B 3 25K T [ CK # R,
A HR TP EAEL R L g A KN 2 R AR,
e PR K K il I 22 5 W S P A A AE 4 2R
19 Je B8 A A I 22 S W L A DR R ) B i A A
ERARNEFHGE R, Ry, ABEM F DHAR 757
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Table 3 The GalLLDH activity in f{ruits and leaves of R. roxburghii reduced light intensity at different development stages

1 |0 P I %0 M GalLDH activity(U = g~ 1)

wE s
Organ Treatment 4 G218 A K ) PRE g8 ]
Young fruit stage Slow growing stage Rapid expansion stage Maturity stage
CK 1.4740.07a 2.50+0. 16a 3.12+0.11a 0.88+0. 16a
R Ry, 1.3140.08b 1.9340.18b 2.81+0.20b 0.55+0.11b
Fruit R, 1.26+0.09b 1. 4840, 05¢ 2.0340. 05¢ 0.35-0.02¢
Ry 1.2840.05b 1.3440. 11c¢ 1.7140.08d 0.31+0.02c
CK 1.5640. 12a 1.3640. 10a 1.65+0. 06a 1.5740.05a
e R,, 1.30+0.05b 0.8540.08b 1.3540. 10b 1.3240.05b
Leaf Ry, 1.18+0. 10b 0.68=40. 05¢ 0.9240. 08¢ 1.214+0.09b
Ry, 1.1740.09b 0.65240.05¢ 0.80-£0.01c 1.2640.10b
4 ABRBRERBRETARNLEHANRER M RRS IR ERTEREEEENTL
Table 4 The MDHAR activity in {ruits and leaves of R. roxburghii with reduced light intensity
at different development stages
SLIBE IR AR S M MDHAR activity (U » g 1)
wE b 3
Organ Treatment 4 10 G218 A M) PRE %81
Young fruit stage Slow growing stage Rapid expansion stage Maturity stage
CK 0.2640.01a 0.394+0.02a 5.49+0. 44a 0.774+0. 04a
L R, 0.257+0.01a 0.337+0.02b 4.44-+0.09b 0.58=+0.03b
Fruit R, 0.20-0.02b 0.30=£0.03b 1.3740. 09c¢ 0.42-0.00¢
Ry 0.184+0.02b 0.32740.02b 1.2240.07c 0.347+0.03d
CK 0.85%+0.03a 3.97+0. 22a 3.30£0. 26a 3.0340. 19a
- Ry, 0.72£0.02b 3.71£0.11b 3.07+£0. 22a 2.95+0. 28a
Leaf Ry, 0.4240. 02¢ 1.1340. 08¢ 2.23-40.07b 1.64+0.05b
Ry, 0.40-40. 03¢ 0.94-+0. 08¢ 0.36-0. 03¢ 0.30-0. 03¢
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EARFRL LB LR 2R A RKL B EMK
TR CK Al Ry, A, 1 Ry, Ab BEALAE P B K
1 R i B AR T CK(GR 5) .,

2.2.3 AAO TN APX &M AL E B0 AR
SEAI R AAO F APX 3% 1 ) Bl 25 O BB B 6 55
7 72 T 4 5 L SR Ry, ARBE S R 22 R k£
HE R EKF(P<<0.05), B A RELH AAO
PR B % A B R S T ) R TR R AR R
R R 0 55 LK 22 O S AR A 5 78 4 SR 01 B A
P IR SR AAO TE M 3 AN 3t Ak B (R Y
2 R EEF KT (P<<0.05)(F£6), [FAIBF, EHR
B AR R h APX 3G HEAE Ry, Ry ALELAT CK
IR Ry, ALFRFEAR 19. 919,26, 37 % 1 31. 03 %
(£ 7 HWRGHFL o AAO 35 bl 25 AR & 0k

FRME e 5 T TR ) SR 3K B e i L 78 PR i K
SRR X PRI %308 ' Ak B i) 25 57 243 3 B K
F(P<C0.05) (£ 6)3 R, Ml Ry, 4bFEIF H APX 3% 1
FE RGN Y B R TR CK Ml R, 40BE, H 2 F5k
) i /K- (P<0. 05) L XiF HA Fi1 453 Y AL B |- APX
EHAEERRLEENPH TR EESGE D,
2.3 ABREERSMNARLZEHAMNREARIMMN
HiE S =N

2.3.1 FIRMEEE R SA 5 oha]
Wl B REAE [R)— A 7 0T34 I 2 O IR iR 52 Dl 559 17 348 T
%, T 7E W] — 6 BEAL 31T B & A & 30 R 4 3 1T B
Wi R 1. o AEL R MO g A K
R, MIR,, MbHRLAFEHHE T REEFARE A
CK il Ry, AbFAH HE 22 5 34935 3] B 27K F (P<<0. 05) 5

x5 AEBRERBEGTARELZEHORERILMM SR 0ERITEREEEENTL
Table 5 The DHAR activity in fruits and leaves of R. roxburghii with reduced light intensity

at different development stages

5 LB ER 1M R A R M DHAR activity(U « g 1)

W b B
Organ Treatment FaIE ] et R PR ) A
Young fruit stage Slow growing stage Rapid expansion stage Maturity stage
CK 16.65+0. 39a 18.75+0. 28a 24.06=%1. 32a 30.64=40. 26a
Ees R, 16.58+1.02a 16.79+0. 95b 22.1841.49a 30.2942. 80a
Fruit R, 14.30+1. 31b 17.59-0. 24ab 22.7740. 31a 24.1040. 77b
Ry, 13.38-£0. 21b 17.31-0. 80b 22. 4340, 76a 22.194+1. 11b
CK 19.18+1.43a 14. 38+ 1. 20a 14.68+0. 62a 18.19+1.03a
i R, 18.38+1.12a 13.69+0.49a 12.56+0. 45b 16.60+0. 78b
Leaf R, 15.63=+1.21b 12.91+1.01a 12.17+0.93b 11.41+0. 53¢
R, 15.124+0.43b 12.75+0. 19a 11.40+0.92b 11.07+£0.67c

6 ABEERBEGTABEZEHNRNARIMH R FRANBERLBEIENTH
Table 6 The AAOQO activity in fruits and leaves of R. roxburghii with reduced light intensity

at different development stages

PR AR AL BEE TE AAO activity(U » g~ 1)

wE Ab g
Organ Treatment 41 G218 A KM PRH ) T
Young fruit stage Slow growing stage Rapid expansion stage Maturity stage
CK 0. 0080, 001d 0.01220.001c 0.00720.001c 0.02440.001d
A Ry, 0.01140.001c 0.01540.001c 0.01240.002b 0.02940.002¢
Fruit Ry, 0.01870. 002b 0.02020. 002b 0.01540.001a 0.04574-0. 003b
Ryo 0.02140.001a 0. 03940, 003a 0.01640.002a 0.05020. 003a
CK 0.03740.002¢ 0.01540.001b 0.02340.002d 0.02440.001d
- Ry 0.05140.002b 0.01720. 001ab 0.02840.001c 0.03240.003¢
Leaf Ry, 0.057-0.003a 0.01840.001a 0.035240.003b 0.056--0.002b
Ry 0.06040. 002a 0.018+0.001a 0.04840. 002a 0.06440.001a
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Table 7 The APX activity in fruits and leaves of R. roxburghii with reduced light intensity
at different development stages
P I M AR i R AL PRI A APX activity(U g 1)
W b H
Organ Treatment JaIE ] i8R LY N FU
Young fruit stage Slow growing stage Rapid expansion stage Maturity stage
CK 0.524+0.01b 0.65+0.02a 0.5040. 05¢ 0.48=+0.02¢
Fe R,, 0.58+0.04b 0.65240. 06a 0.53=£0.03bc 0.54-£0.02¢
Fruit R, 0.5940. 05b 0.7140. 04a 0.58+0.03b 0.6440.05b
Ry, 0.67-0.05a 0.7140.02a 0.72-+0. 0da 1.13+0.07a
CK 0.69+0.02b 0.67+0.05b 0.56+0.00b 0.54+0.01c
i R, 0.7440.01ab 0.69+0.02b 0.62%+0.05ab 0.57%0.02¢
Leaf Ry, 0.734+0.06ab 0.74+0.02ab 0.64+0.05ab 0.63+0.02b
R, 0.7840.01a 0.80+0.07a 0.6640. 04a 0.6940.02a
OCK B R 20% B R 40% H R 60%
a 557 s 557r1
B :
& o daa b
M = QU o
;“ 57 SE‘ 57 =
:: eg o : = o0 33 ::
@2 o WS 5 =
T HE T §E 22 =
B 7 =
%2 =2 11 -
£ E 3
(=} —_ .
v 1%
% & ] Development stage % & I Development stage
T LIV 43 AR 2 40 000 L G248 A A ) RS % 0 R 8 ) s SR P B R il — R B W22 57 3 (P<<0.05) . T
1 6 IRaR BE D58 45 14 R R [R) & 8 400 0 R B 2R SR i e el s i S s i R 4k
I, I, Il and IV represent young fruit stage, slow growing stage, rapid expansion stage and maturity stage, respectively;
Different letters mean significant differences at 0. 05 level in the same development period. The same as below
Fig. 1 The soluble sugar content in fruits and leaves of R. roxburghii
with reduced light intensity at different development stages
OCK H R 20% B R 40% H R 60%
20 457
2] a 3 a
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2 167 b g 36f 2 ik
ﬂ“‘ﬂ.s e © 1 el a a - -y
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g 5 09t N N
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Fig. 2 The sucrose content in fruits and leaves of R. roxburghii with reduced

light intensity at different development stages



2088

(LA <7/ B

40 %

TR R, TN Ry, Ab B SR ST MRS A B I
T CK Al Ry, ZbBE. R, ZE 4R, Ry W Ry W Ry
SIS S CK 2R 8%, H 3 4>
G AL B ) 22 5 R W 2 s AR RS2k A B AT
SRS B AR Ry S CKLR,, (R, b B A AEAE
2 22 5 BT =3 ) 7 PR R N A T T
BEES,
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FER I 5 2 B E LB, H Ry W Ry ARy, 6
AbFE Y 5 R IR 22 s B B E K (P <
0. 05) , JuHJ& I 7 2 I A5 51 2 B 1 5 45 Ak 24 0] AL 2R
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TR A 0 T 32 R (L 2) . Horp, 7R A B R
SEOEE AR R, RS A AR Ry VR R Ry, A0
BN Al R CK W3 B AIK 21, 8226 ~53. 37%
J 19, 74 % ~50. 18 %, H 453 ot b 34 1] 22 5 B ¥4 3K
F i 2 7K (P<<0. 05) s 7E LU . CK Al Ry WRyg o
Ry, Ab P SRERE & i3k 2 5 K ME L Ry, Ry Ry, &0
PR CK 43 AR 16, 41%.27. 47 % F1 29. 53 %,
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901
T 75t
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=601
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WA, Hogx B I PN GO Ak 38 R 3 2% S B 3 (P <<
0.05) s TES RN (G248 A A | P st i R 00 L i i
Ry, A3 Fr FEBE & & 43 0l LLAH B CK I 25 B AR
57.81%.59. 18% .63.77% 11 63. 37% ., LI L &45%
Ut B3 ' e iR P U 553 P S AT S R R R R AR S v
B B AR B2, T R 55 o i k™

2.3.3 HEBEMRESE AFRLFHHRRR
S v o 2 0 A RO B B K 22 B G O IR U85
MRS, B Ry, (R AL PRI 2 1% T [5) 400 %5 BEL; il 25
A2 B TR R A S T R O X A R I R 3k 3]
KAECE 3> Hop FE PR3 K I, Ry Ry W Rye 20
AL S 4G B 4 B e CK R AIK 2. 349,13, 00%
M 14.69% . H R, Ry, 2B 5 [FH CK .\ R,, &b B[]
Sk F] g E KOS (P <0, 05); 76 L], CK Al
Roo WRyo WRe, A 3R IR S 70 B8 5 B L PR 3 K400 %
fik 37.18% ~45. 63 %0 5 45 3 S Ab B il J7 v 28 45 M
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Fig.3 The glucose and fructose contents in fruits and leaves of R. roxburghii with reduced

light intensity at different development stages
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Table 8 Relationship between vitamin C content in fruits and sugar content in fruits and leaves of R. roxburghii

at different development stages

AT Fruit - F Leaf
RE W S o e bt
T 2 - s . } A v A s . !
Development stage I‘{ﬁ' b B T A ikcki P J‘{ﬁ P B i kR b
Soluble 8 | Soluble 3
Sucrose Glucose Fructose Sucrose Glucose Fructose
sugar sugar
HARW Young fruit stage 0.92"" 0.86" " 0.77" 0.70" " 0.82"" 0.96" " 0.84"" 0.71°"
1 ) x . ) . . L - .
Slow growing stage 0.95 0.94 0.95 0. 87 0. 88 0.98 0.69 0.57
Rapid expansion stage 0. 84 0.90 0. 83 0.36 0.83 0.98 0. 84 0. 82
AW Maturity stage 0.87"" 0.90"" 0.82" 0.66" 0.5 0.86"" 0.77"" —0.28

TE e Fll e = J35I3RARAE 0,05 M 0. 01 K FEFEH. TR

Note: * and * * indicate significant differences at 0. 05 and 0. 01 levels, respectively. The same as below

K9 FRAREHHARRIAMFHEERCAEERREXEHMEUENEXXER

Table 9 Relationship between vitamin C content and the activities of key enzymes of accumulation in fruits and leaves

of R. roxburghii at different development stages

g RHE W "‘?Li‘)‘:ﬁ Afﬂﬂﬁ‘gﬁ ) HE"{&:}‘?E ‘ \TILWWHAW&A‘ ﬁfzﬂffﬂﬁ’ﬁ
Organ Development W@EHH%L NNy IR il 2 340 D5 it i A ALY AL
stage GalLDH MDHAR DHAR APX AAO

45 Young fruit stage 0.827° 0.65" 0.55* —0.65" —0.77°"

Ers 2218 1 K Slow growing stage 0.90" " 0.71" 0.59" —0.5 —0.74""

Fruit R % K Rapid expansion stage 0.97"" 0.93"" 0.42 —0.89"" —0.88""

B Maturity stage 0.90" " 0.91°° 0.78" " —0.63" —0.89""

R Young fruit stage 0.64" —0.59"" 0.70" " —0.74"" —0.74""

i g 2248 1 K Slow growing stage 0.75"" 0.76"" 0.58" —0.78"" —0.66""

Leal 4ot 1 1 Rapid expansion stage 0.78" " 0.98" " 0.62" —0.51 —0.98""

R B Maturity stage 0.65 0.96" 0.847" —0.93"" —0.91""

HATE RIS A K 2 5 X 22 5 8 3%, 7
PR i K0T R B A B O B AR AR Ry Ry, DG
WhFEN R RS RS RIAEFTE S M ER
3R, AbFE 5 X BEAH iR 2400 B ARk

24 AEAABEHRNERIMHAEPELEEZECEE
ERSEREXBEENXER

241 HEZCEZESRSENXERE xS
LRI B S Y A R C i T R B R D
2 WH S B AE AN [A) R S A 7 08 A 3 IE R G (P
<0.0D), USRS g R C R 50 & &
UG BRI Ah RS R C St 5t A
AP TERE S AR LR R E W R B E A OGP
<0. 01 s YRR C S5 E F EpE AR Y
SETEAN A 2R S0 AR B M B W O A G (P <
0.01) s FEPR B R, RL AR C HESmH ik
B AR RN S R MR R R T T
TR KA, A0 3K F] 0,987 ,0.847 " F10.82° ",

Vi W g i S0Y o mpoRl S B R S gEAE R C R

FRATEN
2,42 HEZCELEEENRXEHETENXER

9 WoR L RIRLR T 4E A R C & i 5 GalLDH
T PETE AN [ 92 % B W1 2 0k 3 1E A O (P <
0.01),5 MDHAR i ¥ 75 &) F 10 52 & 3% 1 A O 78
A ) S A B 3 IE A D& (P <<0. 01) . 5 DHAR
PERIEA G, 5 AAO WG PE7E A [R5 % B it 11y
L R DG (P <0, 01) 5 7EBRe 3 g5 A 0, o) B4 5
S R C 5 H P GalLDH, MDHAR, APX
TR 1 A OC 2R 85038 B e KM 43 Bk 8 0. 977 7
0.93" " A1 —0.89" ", Tk B 7F HI B 5 5Pk B K
#],GalLDH.MDHAR APX Xf 544 £ C fH &
BT CHEIEM . WA, iR GalLDH & #5244 %
C EmAANR R LT WL B E SR B E EH,
4l AN, it i MDHAR.DHAR 1% ¥ 5 42 %
C & i 52 B 3 SO I 2 TF R OG5 Bk Rk i KA 0,
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F APX AAO EMES 44 R C S ugE M B E R
M (P<<0.01),

31 ®

3.1 AREERBAETRRRIMMH Fh4E
ZCEERENIERILE

PR ' B 5 85 00 55 )5 o R B SR SR i Ry v 4R A
R C RS A R C BRI R o s iy £l
706 P T 0 P T8 B Btk /K A ) v/ R R Y
SRR BRAEBED S AN SE G B A 6 5 LR s A
h ™ GalLDH Fiki i & TR, R 4E4AR C &
AR I R LR GalLDH FikZ G
B B (Solanum lycopersicum ) 18 B H
DHAR ik it B G PETE 5906 5500 T 1o 2 BEAL, 3L
e R C Y& ik B2 AR 9 &b MDHAR
T VR A K PR BE Y O IR I R R . R AR
B o ' RE iR B2 0 55 . AS B 5T b S [ A A o 2 R
SEA R iR R C F L GalLDH . DHAR Al
MDHAR ¥ £ 245 B 5 JE 58 52 6k 55 10 9 o AR, X 5
HABEZE 45 AL . APX 3% P 78 25 855 56 18 ok A48 LA
J5 W R AT Th A S AR R i 2R S APX
% i 2 ' R iR B U 58 1T R AR L Bk (Prunus per-
sica) P APX IS PR AR RSB I B S B0 . Rt
ALEL SR A APX I 1 X Ol BB B AR Ak 1Y AS TR
S AT e SR Al A T O RE R O B R B Al BE
[ e 1Y . A B 58 p il BLR SR i AAOLAPX
T 1 12 Bt 2 ' RECSR B A 55 1T 38 5 . AAO L APX i
HHHEER C B2 FRN B FENML, 755
JCIE TR AT A 3 P A AR R L Y0 M AR
Ryt I, APX T P 23 1 9 R T BR 38 7 2R 19 3%
PEE S T A R C R R R A S
HAER C B E AR, SRR B O R i 4
ARCHREXHBEE GEEmMAEELER CH
o,

[, 4 2R R C 6 BT 2 A R & it 4 (Rl
PEF= 81 N A LR 4T L ol BRI B B 59 4% 1
o) SRS g 3K 1O A T Wb R S A AR R R
C 1 5 >k 5 sk 20, S J 3 sk o 4 R Ak 4 B o ) 422
AR L AR CHEM AR, FEAMF T, ff
O IR R Y UR s o R B R SR M ep R AR Y
I EREAL R AR C S SR
AV RS RS AR RS B R B EAEOC,
Gautier H 27 % 7 i 8 bk L e Fn SR 52 43 501 k47
ARG L A BERE bR K RO A5 R R i 2R S

FEWE R AGHE RO I BN 4B R C H R
HAROCI R T R W, R R4 R C 1Y
B S HE R B DD B OGEK R iYL A VR RIS
R R C R EE WA B

TIAh HEL I R R R C S i AR A AT e X R
Scrp 4R C R AR RN . 78 R4t
PR T 0 b A 28 C & i, Bem 70k i
PUEALRE ST A T 0 R AR R 1Y i R R A8 G L
WG Y Itk B R R C W
B R AL SR SE R AR R e A R C A
3% BT, A AT 58RI ) AL 28 7 3 3 BRADL v O A
i P EAE 2 C NI Fr 22 3k 9 e 8 1l 25 AR FIAR 2
AT R BE B IS H T2 B SR B v A 2
2 C e AR I B i i ik 75 Bk — P oe
3.2 ABREERBEGTEMARERIREELER
CRERXERE

TEAN[R) A 2R 52 % 8 I 301 O IR 55 o) i A4 2 S
ek R C R MAFTE 2 5. AEF &I 7R
BURSCHeBU I I RS rp e 4R 3% C Pl HOR 3 AR
B2, [ A o 24 2RS0T D' B iR BE 114 B e Ry UK HL U
RF 30 56 HR U538 5 ) 2R S kA2 R C AR R Y 52 e 2 L
FoAl R . RS A R OR S 2218 A KL D4 W)
ARy S 10 22 8% 43 BC » AN AR T 5 552 o 4 1Y 3
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K R B R W], i S b R e 4 e
VYRR C I R K BRI LA 53 e 55 % 2R 5
MR R C S AN W, RESEH AP
T RIS S B A A5 1 AR G SR SR B P el 2, g
RERDCE M ELism 2RI PHTHAER C
S AR A A R L I 30 5 R DR L i
Joe G i A o = RS P Rk K AR
G A TR R g E R C IR A
WY EskZ R CHREREREW D, [
IF B AP W S L SR 92 GalLDH i 1
Heok  MDHAR I Vi s 8 o, 2246 -+ 53 Jl 210, 1t W)
MDHAR FlRefE4EAE R C FA S B TR A EE N
YERT 3% 5 % %8 (Vaccinium spp. ) fE4E4E % C 7
Az tEt MDHAR (5 2 S 07 A9 45 R A ] o
3.3 RERRARITmRENEBEGHNEXK

Bl D M 45 00 B TR R AR 18 AN W R, e T
Z N BT ORI R S AR AR BT 2 o 2 T 2
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