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Influence of GA; and TDZ on fruit quality of ‘Hongyan Wuhe’ grape

CHENG Dawei, HE Shasha, GU Shichao, LI Ming, GUO Xizhi, GU Hong, CHEN Jinyong’
(Zhengzhou Fruit Research Institute, Chinese Academy of Agricultural Sciences/The Key Laboratory of Fruit Growth Development and
Quality Control, Zhengzhou 450009, Henan, China)

Abstract: [Objective] ‘Hongyan Wuhe’ grape (‘Red Globe’ x ‘Centennial Seedless’) selected by
Zhengzhou Fruit Research Institute, Chinese Academy of Agricultural Sciences is an early-season seed-
less Eurasian variety with high quality. This grape variety has beautiful clusters and is nutritious. In ad-
dition, it has good storability and promising application prospects. However, ‘Hongyan Wuhe’ produc-
es small berries, with an average berry weight of 4.0 g. The color of the berries is uneven, and the clus-
ters are compact. In rainy seasons, the inner berries of the clusters are prone to cracking, which causes
the whole cluster to rot. Therefore, it is of great significance to apply plant growth regulators and other
cultivation techniques to increase fruit size, improve coloration, reduce cracking incidence, and im-
prove the comprehensive quality of ‘Hongyan Wuhe’. Gibberellic acid (GA;) and thidiazuron (TDZ)
are widely used in viticulture to improve fruit set, increase fruit size and improve fruit quality. Howev-
er, the suitable stage for application and concentrations and ratio of plant growth regulators vary greatly
depending on the variety. Improper use may cause problems such as hollow fruit, insufficient bunch
firmness, and reduced fruit quality. The aim of this study is to investigate the effects of gibberellin acid
(GA;) and thidiazuron (TDZ) on the fruit quality of ‘Hongyan Wuhe’ grape, and screen the composi-
tion and concentrations of the plant growth regulators suitable for improving the quality of the berries.
[Methods] Four- year-old ‘Hongyan Wuhe’ grapevines were used in this study as the test material.
Grape clusters were evenly dipped with different concentrations of TDZ (A: 1 mg-L"' TDZ; B: 2.5 mg-L"
TDZ; C: 5mg-L"' TDZ; D: 7.5 mg-L"' TDZ; E: 10 mg-L"' TDZ), GA;(F: 10 mg-L"' GA;; G: 25 mg-L"
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GAs; H: 50 mg- L' GAs; I: 75 mg- L' GA;; J: 100 mg - L' GA;), or their combinations (K: 1 mg- L'
TDZ+10 mg- L' GAs; L: 2.5 mg- L' TDZ+25 mg- L' GA;; M: 5 mg- L' TDZ+50 mg- L' GA;) during
the early stage of the fruit enlargement. At the maturity stage, the growth indicators, quality indicators,
color parameters and disease incidence of the fruit under different treatments were collected. SPSS soft-
ware was used to carry out principal component analysis for comprehensive evaluation of the treat-
ments. [Results]1The results showed that the indexes such as bunch weight, single berry weight, and sol-
id to acid ratio in the berries treated with GA; and/or TDZ were significantly increased. The values in
GA; treatments and combined treatments were relatively higher. The fruit bunch weights in GA; treat-
ment and the combined treatment were 857.01 g and 835.40 g, respectively, and the single- berry
weights were 7.08 g and 7.71 g, respectively. The longitudinal and transverse diameters were also signif-
icantly higher than those in the control and TDZ treatments. After treated with GA; and TDZ, the solu-
ble solid content in the fruit decreased significantly at different degrees compared with the control
(19.20%). At the same time, titratable acid content also decreased compared with the control. Therefore,
the ratio of soluble solids to acids in each treatment was significantly higher than the control. Except for
the TDZ treatment, the vitamin C content in regulator treatments increased to varying degrees, and the
tannin content also increased. In addition, the coloring effect of GA; treatment was better, with an aver-
age a value of 10.27 and a coloring index of 3.91, which was significantly higher than the other treat-
ments. The coloring uniformity in GA; treatment was also significantly better than the other treatments.
Diseased fruit rate was relatively low (6.67%) in GA; treatment. Principal component analysis revealed
the berry quality among different treatments in the order of GA; treatment>combined treatment > TDZ
treatment > control. The results indicate that the overall effect of GA; treatment was the best followed
by combined treatment. [Conclusion] It was found that GA; treatment in the early stage of the fruit en-
largement had the best effect in improving the overall quality of ‘Hongyan Wuhe’ grapes. Among the
different concentrations of GA; tested, 25 mg- L™ had the best effect.
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Table 1 Plant growth regulator treatment method of
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Table 2 Standards for the coloration level of the cluster
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‘Hongyan Wuhe’ grape Class The percentage of colored area against the whole cluster
AL FEL A AR o 1 F (< 30% Colored area< 30%
Treatment Plant growth regulator concentration 5 30% < E A TIA< 50% 30% < Colored area< 50%
RH CK 7K Water 3 50% < F i< 70% 50% <Colored area< 70%
A I'mg-L"TDZ 4 70% <7 1 TFI< 90% 70%<Colored arca< 90%
B 2.5mg-L"TDZ 5 AT >90% Colored area>>90%
C 5mg-L'TDZ N N
D 7.5mg L' TDZ L4 RS
E 10 mg-L"' TDZ {5 1 Excel 2010 #£47 1056 245 # 3 , {8 FH SPSS
F 10mg L' GA, 22.0 AT AT 72 7 B VR A AT R R A
G 25 mg-L"' GA;
H 50 mg L' GA, 2 G55
I 75 mg L' GA;
J 100 mg-L" GA, 21 AREXM itz EE R KU MR
K 1 mg-L' TDZ+10 mg-L"' GA; 2
N Zomet Tbzi2Imet OA I 5 40 SRR AL L P 1 TR,
M 5mg- L' TDZ+50 mg L' GA;

1.3 MNERHRRFE

13.1 #EHERESMSREHRNE HETF RS
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Treatment A-M same Table 1. The same below.
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Fig. 1 Morphology of mature ‘Hongyan Wuhe’ grape clusters under different treatments
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Table 3 Effects of different treatments on the appearance quality of ‘Hongyan Wuhe’ grape

e K R g PRAE O RERE
Treatment Bunch length/cm  Bunch mass/g Berry mass/g L.O ngitudinal T.ransverse Shape index
diameter/cm diameter/cm
W CK 17.68 cde 46235d 371h 209¢g 177 ¢g 1.18 def
1 mg-L"' TDZ 18.70 ¢ 55191 cd 504 g 240 f 1.99 f 1.20 ab
2.5mg L' TDZ 14.90 ¢ 469.45d 5.73 ef 241f 2.02 ef 1.19 bed
5mg-L"' TDZ 1552 ¢ 486.13d 531 fg 242f 2.05¢ 1.18 def
7.5mg L' TDZ 18.02 cd 631.08 ¢ 5.55fg 243 f 2.02 ef 1.20 ab
10 mg-L' TDZ 19.77 be 668.42 be 6.06 ¢ 250¢ 2.11d 1.18 cde
10 mg-L" GA, 19.35 be 861.42a 6.71d 2.55d 2.12d 1.20 abc
25 mg-L"' GA; 19.17 ¢ 839.05 a 6.85d 2.56d 2.16 ¢ 1.19 bed
50 mg-L"' GA; 19.09 ¢ 930.42 a 7.53 be 2.65¢ 225b 1.18 cde
75 mg-L"' GA; 19.52 be 802.69 ab 7.07 cd 263¢ 226D 116 f
100 mg-L" GA, 18.78 ¢ 851.50 a 7.24 bed 2.56d 2.19¢ 1.16 ef
1 mg L' TDZ+10 mg-L"' GA, 18.98 ¢ 776.26 ab 7.06 cd 271b 2.23b 121a
2.5 mg-L" TDZ+25 mg-L"' GA; 22.25 ab 829.05 a 7.74b 2.69b 225b 1.20 bed
5mg-L"' TDZ+50 mg-L"' GA, 22.75a 900.91 a 83l a 273 a 239a l.l14¢g
“F44{H Mean 18.89 718.62 6.42 2.52 2.13 1.18
bRt SD 2.10 169.39 1.25 0.17 0.15 0.02
BRAE Max 22.75 930.42 8.31 2.73 2.39 121
He/MA Min 14.90 462.35 3.71 2.09 1.77 1.14
NG GEEE IRl TDZ 17.38 561.40 5.54 2.43 2.04 1.19
Means of different treatment types GA, 19.18 857.01 7.08 259 2.20 1.18
T+G 21.33 835.40 7.71 271 2.29 1.18

W [ S P A E NG P RN ER B (p < 0.05). T,

Note: Different small letters in the same column indicate significant difference (p < 0.05). The same below.
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Table 4 Effects of different treatments on the intrinsic quality of ‘Hongyan Wuhe’ grape

AbF wCal P TEY) wCERR) [i] 2 Lt wHEER O wHLT)
Treatment Soluble solid content/% Total acid/% Ratio of SSC to TA V¢ content/(mg- 100 g') Tannin content/(mg-g")
Xt CK 19.20 a 073 a 2631 g 3.88b 0.84d
1 mg-L"' TDZ 16.77h 0.65b 25.66 g 3.40 ¢ 0.73d
2.5mg L' TDZ 17.07 g 0.61 ¢ 27.84 f 3.12d 0.83d
5mg-L"' TDZ 18.07b 0.59d 30.80 ¢ 3.88b 0.68d
7.5mg L' TDZ 17.87 ¢ 0.59d 30.46 ¢ 441a 0.76 d
10 mg-L"' TDZ 15.73 0.56 ¢ 27.93 f 4.02b 0.80d
10 mg-L"' GA, 17.20 f 050 g 34.49 cd 3.93b 1.08 ¢
25 mg-L"' GA, 17.87 ¢ 0.44 i 4030 a 3.98b 1.26b
50 mg-L"' GA; 17.07 g 0451 37.96 b 446a 1.38 ab
75 mg-L"' GA; 17.00 g 0.48 h 3571¢ 3.93b 1.42 ab
100 mg-L" GA, 16.00 i 0451 35.58 ¢ 3.98b 1.41 ab
1 mg-L' TDZ+10 mg-L' GA;  17.67d 0.52f 33.76d 4.02b 1.50a
25mg L' TDZ+25 mg L' GA, 1747 ¢ 0.49 gh 35.65¢ 4.07b 1.36 ab
5mg-L' TDZ+50 mg-L* GA; 15931 0.45 i 35.15¢ 3.93b 1.46a
“FHI{H Mean 17.21 0.54 32.69 3.93 1.11
brifEZ SD 0.94 0.09 4.53 0.34 0.32

£ K AE Max 19.20 0.73 40.30 4.46 1.50
ix/ME Min 15.73 0.44 25.66 3.12 0.68
NRLFHEREME  TDZ 17.10 0.60 28.54 3.77 0.76
Means of different G, 17.03 0.46 36.81 4.06 1.31
treatment types T+G  17.02 0.49 34.85 401 1.44
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(33.51) ; TDZ 4t 3 (1) °F 15 L 18 (32.95) & T X [
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T B, A VR A AL BT Y LB R (31.29)
F AP a (I RIS, RN R N, 10 mg- L
GA BRI a fE 5K, U6 B Z AR PRI 5 R 20 8 oy
i ,5 mg- L' TDZ+50 mg- L' GA; AL B o 1 &%
/N3P AL FR P38 a B 35 TR R (7.33), Horb GA
S TRV 35 a {6 (10.27) 50K, 2 25 1y T HAth AR B, 33
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Table 5 Effects of different treatments on the fruit color of ‘Hongyan Wuhe’ grape

AbFE Treatment L a b C h CIRG
Xt CK 32.03¢ 7.33 cd 6.39 cde 9.86 f 42.02 bed 329b
1 mg-L"' TDZ 32.54 be 7.52 ¢d 7.25b 10.57 cde 44.42 be 3.15b
2.5mg-L"' TDZ 32.62 be 8.63 be 6.79 bed 11.03 cd 38.45 cde 3.24b
5mg-L' TDZ 33.11 ab 8.72 be 6.93 be 1127¢ 39.14 cde 3.17b
7.5mg-L' TDZ 32.96 ab 9.49b 6.93 be 12.02 b 37.65 cde 3.16 b
10 mg-L"' TDZ 3351a 7.36 cd 8.03a 11.05¢ 47.81 ab 297c¢
10 mg-L" GA, 32.60 be 1249 a 6.70 bed 14254 28.64 g 3.23b
25 mg-L" GA; 32.13¢ 11.76 a 6.74 bed 13.72a 30.61 fg 3.26b
50 mg-L' GA; 30.73 de 8.96b 595e 10.84 cde 34.07 efg 351a
75 mg- L' GA; 31.13d 8.91b 6.03 ¢ 10.81 cde 34.42 efg 347a
100 mg-L"' GA, 3045 9.25b 584¢ 10.98 cde 32.52 efg 3.56a
1 mg-L' TDZ+10 mg-L" GA, 30.40 ¢ 8.53 be 574¢ 10.32 def 34.23 efg 3.58a
2.5 mg-L" TDZ+25 mg-L" GA, 30.83 de 8.17 be 6.14 de 10.27 ef 37.28 def 347a
5mg-L' TDZ+50 mg-L" GA; 32.65 be 6.50 d 8.13a 11.18 ¢ 52.62a 292¢
F34{4 Mean 31.98 8.83 6.69 11.30 38.13 3.29
b2 SD 1.06 1.63 0.75 125 6.70 0.21
K Max 33.51 12.49 8.13 14.25 52.62 3.58
fi/ME Min 30.40 6.50 5.74 9.86 28.64 2.92
ENGIL SHESICE T TDZ  32.95 8.34 7.19 11.19 41.49 3.14
Means of different treatment types GA, 31.41 1027 6.25 12.12 32.05 341
T+G  31.29 7.73 6.67 10.59 41.38 3.32

PR K, 1 mg- L' TDZ+10 mg-L* GA, AL FE () b 8 5
/IN(5.74) s GA AL FE 1) ~F- 35 b AEAR T %5 HE (6.39) , T
TDZ R FEFIVR A AL 35 b (H 3 s T X B
CE N R EA R, (K, S Al &%
AR CE 8 = T 51 IR (9.86) , H b GAL A HE )T
) CHE AR (12.12) , B B AN [ b 2R 3 72 GAL Ab B2
AT DA BH 238 0 ¢ T HE O A A R i — B

B MBI B AR N 28.64~52.62 , h [ G BR R T 40 £
10 mg- L' GA; &b B[] h fH 5 IK, 5 mg - L' TDZ+
50 mg- L' GA KPR A% =1 3 P AL BRI~ P35 h E 5K T
XT R (42.02) , o GA, 4b B P 3 h {8 AR
(32.05). CIRGAH ML A& BT E% 1 mg- L' TDZ+
10 mg-L "' GA, &b # ) CIRG {8 (3.58) it K, 5 mg - L'
TDZ+50 mg - L' GA, &b B i /s s TDZ &b B (1) ¥ 3
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Table 6 Effects of different treatments on fruit coloration and diseased fruit rate of ‘Hongyan Wuhe’ grape

sl IR & — 3k R
Treatment Coloring index Coloring consistency Diseased fruit rate/%
X CK 3.79 ab B AR —3% Almost the same 23.08d
1 mg-L'TDZ 243 e AN—F Inconformity 9333 a
2.5mg-L"' TDZ 3.00 c AN—Z Inconformity 86.67 a
5mg L' TDZ 2.83 cd N—%F{ Inconformity 7333 b
7.5mg L' TDZ 243 ¢ AN—F Inconformity 46.67 ¢
10 mg-L"' TDZ 2.29 ef A—F Inconformity 26.67d
10 mg-L" GA, 3.93a —% Consistency 6.67 ¢
25mg-L" GA, 3.93a —%{ Consistency 6.67 ¢
50 mg-L' GA; 4.00 a —%{ Consistency 6.67 ¢
75 mg-L' GA, 4.00 a —% Consistency 6.67 ¢
100 mg-L" GA; 343b —3{ Consistency 6.67 ¢
1 mg-L"' TDZ+10 mg-L"' GA, 3.71 ab N—Z{ Inconformity 26.67d
2.5mg-L"' TDZ+25 mg-L"' GA, 2.57 de N—%F{ Inconformity 6.67 ¢
5mg L' TDZ+50 mg-L"' GA, 2.00 f AN—%F{ Inconformity 6.67 ¢
ENGEGEEE Nl TDZ 2.68 AS—%} Inconformity 65.33
Means of different treatment types GA, 3.91 —%)[ Consistency 6.67

T+G 2.90 AN—%] Inconformity 13.33

2.5 LRk BEARLENEEITFM

LT o A RAC R SE I 2R S fR AR AT
By o B s FREL T3 RS, RE TR R A
86.923% , HEMY S Wk ZLH1 o A% " 6 %1 R A [R] Ak
PIRCR (R T o 31 F s TR Z N 52.745%, 7%
R E AR E. AR SRV ER EERCE
BARTEEX 6 MERIEGBE S 52 E
PR N 21.840% , (B FTIEPE B TR & & o (HANE
OFREOX 3 MR EAGME B 58 3 R sTRE
12.339%, X3 CHX 1 MR R HE S .

PCA V£ 18 It K -4 HHf 72 2 VF & 3 F8 A 32
SR FNVRRAE F) 2, R4S 32 5o BT DTk 3, k%
KEEERSY  THE S ER155, BAHLSERT A
R A A B TR AR SR A O E (Z D, Z (R,
RO\LEA WTBRGT | [ 2 L5 6 RS s R 6 VI 46
B N G>F>H>]>I>M>L>K>D>E>C>B>A>CK ( #*
8),25 mg L' GAALHEA5 77 f% &1 W] 25 mg - L'GA;s

x7  ‘U4wTR AERKIGEITNETFERS SR
Table 7 Principal component analysis of the quality of
‘Hongyan Wuhe’ grape

fekrmk 5% T B4} Principal component
Index or parameter PC1 PC2 PC3
FFEMY Eigen value 5.274 2.184 1.234
BTk # Contribution ratio/% 52.745 21.840 12.339
Z i+ 51#kZ Cumulative contribution-

ratio/% 52.745 74.584 86.923
S 7 & Bunch mass 0.962* -0.171 -0.007
L B Berry mass 0.880* -0.411 0.076
A VER A2 & SSC -0.316 0.706* -0.517
K4 B Content 0.968* -0.155 0.076
[& % £ Ratio of SSC to TA 0.957* 0.111 -0.083
4k Z C ¥ & Ve content 0.532% 0.083 -0.402
B 5 B Tannin content -0.867* 0.182  0.300
afl a value 0.477 0.792* 0.340
Cfii C value 0.411 0.595 0.649%
F {384 Coloring index 0.434 0.655*-0.399

TE ¥R EARARAE & B8 T AR R

Note: * means the bigger absolute value of each index in all factors.
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*8 ATRAEARNYRMEGEETM
Table 8 The comprehensive evaluation of the effect of

different treatments

b3 Z1fH Her
Treatment Zvalue  Rank
X CK -2.188 14
A 1mg-L'TDZ -2.082 13
B 2.5mg-L' TDZ —-1.455 12
C 5mg-L'TDZ -1.169 11
D 7.5mg L' TDZ -0.432 9
E 10mg-L'TDZ -1.116 10
F 10mg-L' GA, 1989 2
G 25mg-L' GA, 2337 1
H 50 mg-L"' GA; 1.406 3
I 75mg-L"' GA; 0.762 5
J 100 mg-L"' GA, 1.027 4
K 1mg-L' TDZ+10 mg-L" GA, 0278 8
L 2.5mg-L' TDZ+25 mg L' GA, 0313 7
M 5mg-L"' TDZ+50 mg-L" GA; 0.329 6
ENGIE G SOl TDZ -1251 3
Means of different treatment types GA, 1.504 1
T+G 0.307 2

AR FREEA AR Bl . S IRAR B, FE A 3 oAb B 2K
E3HEF N GAS AL BE>TR & AL BE>TDZ Ak

HE> X AR, P00 GAL LRSS LT T RE " 6 4 45 A i TR

HIEETHBOR e i

30

GA; 1 TDZ J& % % A= 7= v i FH I (i 338 7 %) 12
R SRS v AR A K T, A A X
2 T A R VR 7 RN S A A K FR bR A L
ER . ABger, @ik H GA M TDZ LK — 3518
G AL T HTOAZ A R R R R
DA K SRR A% 350 AS [R) P2 1 386 o, SR iz o it
HIN , 31X 5 2% W By S5 COLE ¢ BH G BUER A A B R AT
10 E B TS 3.

AT PRI T 2 52 VP 8 25 R S PN 7E SR )
HIEJRbR 2 —, O R, SRR s TR E IR A
e G A R AR IR T FE SR 25 A 1R FH IS5 R
% P55 Bk vy i TR ZECY . A AR B, GAS I TDZ LA
J VR RO B R PR T ALHE TR A RS
(AT PE R TP & &, 1K 5 R IR IR G IR B 3B A
8RR SE R— 8. GA, M TDZ b P b A
TR R AR S R RS T R E R
bl , AT e FL N TE SR IX 5 PR AR ¢ BH G ECER
(IRIE 70 45 S — 350, (0 SRR IR IR 250V < i e N de 7 1

UCRPRE

7485 A — B, JR R FT gt — A7 A A S Fh 5
XIS 2 57

b3 C R — M EE M PUAMT, BA YR 42
I NR G D RI RN Re S AR R AR
HR BT R D 1) B EE IR Y AR R I, K
FE 1) TDZ Ab 3 DL K GA, Kb B AR A i Ak B 85 4 2
Pem T REgEARCEE, WY GAMTDZ H I T
PETF LLHETORL " 81 %] 1 P LE o

SRS S EERJE T R R B, TDZ
Ak B 1) S S L AR T O R T GAS KB B RTR A
AL B A T IR, BB TDZ A R T B&
I A HE oA SRS B i, AT ARG SR Sz ke, T
GA AL FE AN 35 YR A A BN F SR SV ke () PR ARG
X5 ARSI B A R H S R
VRSN EECBE | BT S B A X
& BRI L HLER T A TSN GALE R T B 3
SR W TDZ ASF T B AR SR SR R 1 25 AN ], 3K
AJ e BN A A R S R A8 7 v R S 2,
LA IR B2 IS A TG b R 5 P P A [T SR S
S22 AN

SRS €0 35 2 SR ORI B R ) — S B R
FRCY, AT TR B, < CLHETOA% A8 GAL Ab B 1) SR S
BRI E ORI EC S EYEERT
TDZ.GA; 5 TDZ I8 & AL 3 A IE , 3% 5 45 T 2 40
W7 R GA KRR AT AT R R e R o & LA
et SRS I 45 A — 8. GABEEA{URZE T
COTHATOAZ R A RS, FLR SRR A A, PR
BEE TR

4 4 @

AL A K TR 7] L o e ) SR 1 A
5 SRS FH A2 5 5 1A 24 5 S ) TR P9 7
B R B A B, TR L 0 S A [ 7 265 o 0 TR
TP AR ATFRTY IRFE AR A SR, 2
HN GAFI TDZ AL ¢ 41 #a o %" 7 % 5% W48 b
AT R B, S B R RSB 0 HEF N
GA K >R A AL FE>TDZ A FE>5F 8 , 5 B GAL X
CULHATO AL R 45 i T PR T R B b, A
FH25 mg L' GA R A, 2 &R E A, 7T A %
P 1R ST A BN A2
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