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Identification and Evaluation of Pulling Force of Fruit Stalk for 600
Grape Germplasm Resources
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Abstract: Grape ( Vitis L. )is one of the most important economical fruit trees in China. However, a
shattering rachis-like phenotype in some varieties is un-desirable, particularly during long-distance transport and
storage. Breeding for storage-resistant varieties is one of the most effective measures to prevent this problem. In
this study, six hundreds of accessions from Zhengzhou National Grape Germplasm Repository were evaluated
for the pulling force of fruit stalk with a digital tension machine. Whether pulling force of fruit stalk correlated to
fruit handle, fruit pedicle and fruit brush lengths were analyzed as well. The results showed that the pulling force
of six grape varieties showed a decreasing trend during fruit ripening. The pulling force of fruit stalk of hard flesh
is stronger than that of soft flesh varieties. The pulling force of 600 grape accessions ranged from 0.72 to 9.16N,
showing a continuous distribution consistent with positive skewness distribution. The pulling force was distributed
into weak ( P<3N ) , medium ( 3N<P<6N ) and strong ( P>6N ) 3 classes, with respective proportion of 73.7%,
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23.8% and 2.5%. It showed that most grape accessions tested in the germplasm resources have weak pulling
forces. Several grape varieties showed strong pulling force of fruit stalk, including Red Globe, MuDanhong,

Mathias Aromatic and so on. The pulling force of fruit stalk in different varietiesshowed a significantly positive
correlation with the single grain weight, fruit stalk lengths, fruit brush lengths, unit cross-section area of fruit
pedicle and unit- cross-section area of fruit brush.Besides, the pulling force of fruit stalk in different varieties
showed a significant positive correlation with unit- cross-section area of fruit stalk as well as. Moreover, the

pulling force was significantly negatively correlated with the ratio of unit cross-section area of fruit brush versus
berry weight. Taken together, this research provided valuable information on characterizing the pulling force of
grape germplasm resources in future breeding for new grape varieties.

Key words: grape germplasm; pulling force of fruit stalk; identification and evaluation; grading
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Table 1 600 experimental materials
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Species

il 44 Bk

Germplasm

Tl

Eurasian

ARMEFIRE

East Asian

WKl
V. vinifera L.

ARG V. piasezkii Maxim.

#5285 V. davidii

( Rom. Caill. ) Foéx

1475 V. pseudoreticu lata W. T.Wang
HEF4 7% V. betulifolia Diels et Gilg.
EHi4) V. quinquangularis Rehder
FkAE7 V. romaneti

Rom. Caill.

90-1, Bianca( B9 ), Conlora, Gold, Gold star, Jade seedless, Kamea, Millardet De
Grosset 106-8, Waltham cross, Netanel, Queen, SG, Shacharit, Sivan, i s B B2, bif
LN, BT BT ey P B s AT AK BTz R G e L v i, B e e, ok
FINE, AR ELRE, b Bt Je , SCAAR, B B, 223 SC, RIS A, B i IF, B
TR, SRS IEHT, BRI S, SR EOI, AR B, [URE A, CUORAE, i, i
PR, VSRR , SV, FXG0, FESE , B RIK, 25 PERET , AT,
FEUR, SR, H RO, H RS R, B, R R O -9 SRR,
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Population Species Germplasm
Z I 7] %5 V. heyneana Roem. et Schult. {ZPHZ 33,153 1301, 1% T3 18, 9% T°% 26, A 3 02, AU 5E 1 5, LW
subsp. ficifolia ( Bunge ) C. L. Li. 45,3943, FREF HEINZR  AlRAER, TRl R IEHEAE R
111745 V. amurensis Rupr. AT 15, AT 2 5, L (S48-3), 144 (N43-3)
ik #5%4 V. adenoclada Hand.-Mazz XUZNR 01, BEITXUZ R 03
e LLI#574 V. yanshanensis J. X. Chen. eI (48-1), e 1113745 ( N40-2)
BHBE V.bryoniifolia Bunge AUE -8, AU -7, AUE -14, MRS BRI A3
JeEFRE %2 B IGA4 V. doaniana Munson Salt Creek
North 1724 V. tiliifolia Olmo ( U69-11)
American Humb. & Bonpl. ex Schult
Tl 7% V. riparia Svewiernvi, BT /R T2 A% 15, Ripariab43-15M44
Michx. (V. vulpina L. )
SN %5 V. californica Benth. Californica#1hybird
BH- 7549 V. acerifolia. Raf. Acerifolia
V3% V. rupestris Scheele Wichita Refuge
H A% V. aestivalis Michx. Aaestivalis Olmo ( U69-50 ), Rogers640
KRG V. shuttleworthii House Shuttleworthii Olmo ( U69-50 )
FEkE 2% V. champini Planch. F R e 4] 1148
EI45%4] V. palmata Vahl. Palmata
EYNF V. labrusca L. BT,
[F 14575 V. rotundifolia Michx A
Fopla] e Fib [ERE4%Fh V. vinifera L. x V. labrusca L. Gf.67-198-3, Gf.B2-11, gF.c41-44, Gf.ga48-12, Gf.ga52-42, GFga97-45, Golden

Interspecific
hybrid

A= V. berlandieri Planch x
V. riparia Michx. (V. vulpaina L. )
SETAZ%Fh Vilabrusca L. x

V. riparia Michx. ( V. vulpaina L. )

RX 1L Z Vvinifera L. x V.amurensis Rupr.
111ERZFH V. amurensis Rupr. x V. vinifera L.
1Y 4 V. amurensis Rupr. x V. riparia

Michx. (V. vulpaina L. )

1119EZ4Fh Vamurensis Rupr. x Vlabrusca L.

A1 Unknown

Muscat, NY14528, 9081, Reliance, $.6059, $.9110, S.V.12-308, S.V.12-328, S.V.12-413,
YIRS, 2225 B, B B, TR, BB R W, 1 B, B, 1 22
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¥k 528, Russia Concord
iA#% §L 2%, Cynthiana, Edna x Male Simpsoni, Couder 1613 clone 59
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—e— BUREMills
—s— ZE4%£Red Baradeau
— 0 — JKIi#Pinot Gris

— A — [ filing ke jing
— < — P52 5 Hupei No.2

de de e e e
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e I N
d d d d
—— ==
d d ‘
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LG REL (d) Days after flowering
ANF/ING S RE RS AR 7 7E P=0.05 /K- 35 22 5, R 1]
Different letters indicates significant in pulling force of fruit stalk at the P=0.05 level, the same as below
B 1 ARMMREIRERAMHIELER
Fig.1 Variations in pulling force of fruit stalk during
development of different varieties
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Fig.2 Variations in total soluble solids during development of different varieties
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Table 2 Correlation of pulling force of fruit stalk and total soluble solid content during development of different grape

cultivars
AP E ) & Total soluble solid content
LS 0]
Pulling force of fruit stalk EEAN HIRE FANRETE~ JE LT HOAT k25
Cardinal Mills Red Baradeau Pinot Gris Jing ke jing Hupei No.2
441 Cardinal -0.947" — — _ _ .
IR Mills — -0.930" — — _ _

#1472 Red Baradeau

K i Pinot Gris — —
LAl Jing ke jing — —

V3% 2 % Hupei No. 2 — —

— — -0.933" —

-0.885"

BIRBA MR R AR R AL r, r>0 FR WS REIEAR G, r<0 F/R TR, |r<1, 0.8<|r|<l Fom AR i AFFERIRAR G s ™ R 7E 0.01 KT L

XU ) e AR . — SR AL R T A SCAE T . R IR

Pearson correlation indicates the correlation coefficient r, r>0 means that the two variables are positively correlated, r<0 means negative correlation,

[r|<1, 0.8<|r|<1 means that there is a strong correlation between the two variables, “indicates extremely significant correlation at the 0.01 level ( both

sides ). - indicates that no correlation analysis has been performed.The same as below

¥ 600 173 55 (1) AW T 7 77 4% MR E]/ NHES -
P IFEIR 3, T RGE RIS K- BHRI, 55
SRARTR 1 AN [ o BT iR 22 R SRR 45 R
(F4), HHFARTT LI HIEA 0 53 285007 41 53
RN ARG, Bl A Sy BN, 1825 pRETE AN Tk
INEZEFRNEZE A RAE 0.05 [F KN 25510

AT A T i R AR N4 G E N Ak
T SRR B M S TR A St 0 A A R R
IR AR L ) 43 o TP A 55 3 9k, r AL ALk
2.81 N, AR 47 7 43 20 15 5 DU 2 0 430 X6 1o
P>6 N,3N<P<6N,P<3N,
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B3 AREBEEMERRAEH 52 E
Fig.3 Distribution plot of the pulling force of fruit stalk in different grape resources
3 600 MREMMH I RES
Table 3  Pulling force of fruit stalk and numbering for 600 Germplasm
WEART L T SRR T AR
H S F (N)Pulling || 4% B2 (N)Pulling || 45 2 (N)Pulling
No. Name force of fruit|| No. Name force of fruit|| No. Name force of fruit
stalk stalk stalk
1 LT HER 9.157 25 [Eans 5.390 49 VERL2% 4.648
2 Hprer 9.140 26 90-1 5.280 50 R ToR% 4.602
3 b 8.590 27 LT x WEbE RS 5.279 51 14 245 @ 4560
4 R 8.362 28 RIS 5.277 52 W25 4543
5 JiEF] 8.087 29 Wi 14 5.226 53 A F 4537
6 ATREAE| 7.737 30 ZAAm 5.220 54 i 4.396
7 FIRIR 7.463 31 445 5.163 55 EAN=IEZ 2t 4.391
8 BRK 7.291 32 N 1S 5.160 56 v NE: 4.363
9 H41(2014) 6.897 33 FH B 5.117 57 Rekderil 4.333
10 Bz 6.878 34 e 5.080 58 T 4.326
11 FRIRIMIR 6.633 35 TRFEN 5.004 59 Lenoir 4.322
12 4 M4 6.510 36 I PARG Ko 4,989 60 IR PR 4.318
13 Br] 435 Bl T 6.498 37 W FER 4.852 61 7 4.305
14 R A AT 44 6.388 38 e 4.833 62 TRA AT 4.297
15 R 6.218 39 HIHe 4.830 63 ZRIA AR 4.295
16 SENECE S 5.957 40 ik 4.800 64 (SIS AN 4,284
17 FAEil 5.907 41 FUREE 4.763 65 £k 4.260
18 WL 2 5.810 42 Eill s 4762 66 [ ShAN 4.228
19 ANRETES 5.783 43 wE 4.740 67 EEEE 4.225
20 Nalthamcross 5.610 44 FrEHE 4.737 68 BEIRZ B 4.186
21 EIN 5.597 45 kL 4.736 69 I e B 4.168
22 ¥ 5.519 46 BEJe 4.670 70 FHEE 4.160
23 KH G 5.424 47 B 4.669 71 HHAE 4,077
24 ik 5.400 48 Hkar 4.663 72 Mm% 4.060




1204 GERNE 7/ B G L G = 20 4%
F3(%)
B gl AR ) SARTL
s B (N)Pulling || %% S (N)Pulling || 4% E2 (N)Pulling
No. Name force of fruit|| No. Name force of fruit|| No. Name force of fruit
stalk stalk stalk
73 Kamea 4,033 113 INAR K% 3.397 152 FAZ 02 3.047
74 Wefpi 4,032 114 i -4 3.388 153 79-05-6 3.046
75 Fl (i1) 3.989 115 BEN 3.386 (AFHE x 57 W)
76 #ob 3.940 116 R 8 3.384 154 £ ERZEAR 3.046
77 HE 15 3.920 117 FHOCER 3.382 155 AL 3.043
78 SHCBL 3.889 118 T 3.378 156 5O 3.033
79 Figt 3.880 119 TRRR 3.377 157 LR 3.033
80 BEHE 3.865 120 Jekg 3.347 158 ARt 15 3.007
81 BE 3.862 121 mm LEE 323 3.337 159 JemE 2.985
82 BB 3.836 122 PV IR 3.324 160 e 2.975
83 JUVEE 3.834 123 ot 3.320 161 I 2.969
84 2K 3.825 124 dear 3.315 162 B BB AC 2.962
85 RS 3.775 125 i 3.315 163 FRIR 2.961
86 PRBRIIR 3.772 126 BEMK 3.304 164 WAL 2.955
87 T 3.708 127 RS x K 3.282 165 T 3 5 2.952
88 VJ5 3.700 128 it 3.279 166 1L ( S48-3) 2.921
89 B EAE 3.684 129 Rk 3.254 167 BRI B 2.918
90 MR 3.680 130 RETYS 3.243 168 S 2.907
91 AR v w3 3.653 131 PR 3.234 169 TR TR 2.902
92 Hh 3.648 132 HE TN 3.233 170 (R 2.901
93 AN 3.647 133 SRTEA 3.231 171 117 (N43-3) 2.888
94 2145 3.639 134 E ¥ 3.226 172 [EEcEs) 2.887
95 EARYU/S 3.620 135 Sivan 3.219 173 SRTH 2.884
96 e s 3.563 136 B 3.202 174 fEuear 2.874
97 LIET 3.549 137 GREES 3.199 175 17T 01 2.860
98 I EE 3.538 138 AR 3.194 176 RRAE 2.840
99 eI 3.533 139 ESiiPwA 3.187 177 2131 2.830
100 qEG 3.532 140 TR E e (£04 ) 3.184 178 Golden Muscat 2.821
101 deiker 3.531 141 ZIHIER x B 3.183 179 HTTIh 2.820
102 Pk 8 3.525 (N47-5) 180 Flg 2 2.817
103 Tk 345 3.520 142 9081 3.170 181 Wk eI 2.801
104 B e 3513 143 TR EIR 3.154 182 £1 fir b 2.787
105 FH 3.477 144 [mprEE] 3.144 183 Vil wAN 2.784
106 Gold star 3.475 145 7823 3.141 184 AR 155 2.779
107 E e 3.470 146 I 3.139 185 Pkl 55 2.753
108 KU 51 3.466 147 HE 3.112 186 ESOSi 2.753
109 JeEfE 3.440 148 W B SCHCER 3.072 187 Ty 2.749
110 XHHE 3.439 149 ALy 3.071 188 KIETCH 2.741
1 il 3.436 150 GIES 3.068 189 mn bE e 324 2.741
112 LIRIA 3.421 151 TR 5 3.061 190 Jemhi 2.738
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SARTH ) AR T FART L T

i HAFR (N)Pulling || %% HFK (N)Pulling || %% K (N ) Pulling

No Name force of fruit|| No. Name force of fruit|| No. Name force of fruit
stalk stalk stalk
191 W TRE 2.737 231 e Y 2505 271 Roeer 2.295
192 WiEs 2.712 232 L3 2.500 272 FF 2.292
193 i A I 2.710 233 B QX 2.500 273 G 2.290
194 #H 2.701 234 RkE 2.492 274 0T 2.288
195 KUK 2.698 235 ot 2.481 275 L 2.284
196 AT 2.695 236 ey 2.472 276 R 2.281
197 HE 1LY 2.693 237 R R 2.458 277 TR sk 2.278
198 by Sl 2.685 238 W= 2.441 278 LI RHIAR 2.275
199 Fik 1 2.684 239 H1 55 2.438 279 ey ikl 2.275
200 Fig 2.684 240 HARE R 2.436 280 S 2.274
201 250 2.680 241 BRT 2.429 281 B R 2.269
202 HEE 2.677 242 KR 2.427 282 KT 2.266
203 e 2.669 243 Il 666 2.416 283 WARTET 2.266
204 FE 2.657 244 JH)1 1014 2.414 284 A 2.259
205 RIDFH 2.643 245 FEH B 2413 285 RERK 25 2.255
206 piiliiEaR 2.640 246 FH 3 2 2.406 286 XM 01 2.244
207 Tot% 15 2.633 247 FAREENS) 2.404 287 B 2.241
208 LS 2.630 248 JREREJCA% 2.402 288 KT 18 2.235
209 Bl | e 38 JE 2.624 249 R IERRHE 2.400 289 HEVT XU MR 03 2233
210 PISIIEA 2.623 250 HEINE 2.399 290 LR 2.233
211 FA 00N 2.623 251 LTI B 2.384 291 BrRRAL 2221
212 BERIEE 2.610 252 [/5Ea8 2.371 292 SG 2.218
213 FAREY S 2.589 253 Shacharit 2371 293 5 A 2.216
214 EREET 2.584 254 A BALL 2.364 294 g 2215
215 Jade seedless 2.583 255 VY EE 2.359 295 UL EUN 2.211
216 F N ER 2.578 256 AR B 2.356 296 ESVE SN 2.210
217 FIEE 2.577 257 A5 % 957G 2.352 297 1k 2.206
218 ANt 2.571 258 Gold 2.352 298 T -8 2.203
219 TR 2.561 259 HEHEIR 2.351 299 BTN 2.194
220 M 1169 2.559 260 Flame 2.342 300 KA BORA 2.190
221 LU IR 2 2.548 261 =R 2.334 301 I 46 5 2.189
222 55 3% 2.543 262 SERE A | 2.332 302 W IR s 2.184
223 JeH 2 A% 2.529 263 ElE= 2.332 303 L -7 2.180
224 53] 2.529 264 Fielli S 2.322 304 BDUR 2.176
225 FREF 2.528 265 Hazr 2.316 305 FHTH R 2.173
226 RS 2521 266 RE6S 2.314 306 K 73 2172
227 [ U 2.519 267 NY14528 2.312 307 P 2172
228 B 2,513 268 HY R T 2.310 308 BHETF 2.170
229 W (87-1) 2.511 269 7% 33 2.309 309 JB A A 7 2.163
230 FRF 2.506 270 i 2.308 310 IR Eit 2.160
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SARTH ) AR T TR

9 K (N)Pulling || 4% Eq N (N)Pulling || %5 RN (N)Pulling

No. Name force of fruit|| No. Name force of fruit|| No. Name force of fruit
stalk stalk stalk
311 I 2.150 351 Shuttleworthii Olmo 1.986 389 kTR 1.837
312 CRIE S 2.149 (U69-50) 390 Bl 1.836
313 BRARA A 2.143 352 AT Ry H R 1.977 391 [Hp AKEER 1.823
314 R4 2.139 353 A 4 1.977 392 Y413 1.823
315 . 528 2.138 354 B RLITHOR 1.977 393 Baf oty 7 1.821
316 a5 2.133 355 Aestivalis Olmo 1.975 394 (/A7 1.818
317 A 2121 (U69-50) 395 FEWIE 1402 1.806
318 LI 2.120 356 HlgE 95 1.973 396 B DY 1.804
319 [CIETVAg 828 2.116 357 HH 1.972 397 L igt AN 1.797
320 BT 2.115 358 Netanel 1.968 398 o3k 1.795
321 FEIRAT 2.113 359 EpiNi 1.968 399 TUREIETCH 1.792
322 5 6t 2.097 360 2T 1.966 400 A 1.787
323 BRI 2.091 361 L5 sE BOR 1.956 401 FHg 1.787
324 g By IRIA 2.088 362 TR 1.953 402 LR 1.786
325 A R i 2.083 363 Svewiernvi 1.952 403 ARG 15 1.784
326 SEES 2.076 364 s} 1.950 404 AT el 5L f5 1.782
327 NG 2.074 365 A 1.949 405 R s 1.782
328 J £ Hip 2.073 366 E 7378 1.946 406 A B JER% 1.775
329 FAR i/ 3 2.073 367 P25 1.946 407 x [H 1.773
330 HE®R 2.072 368 AIEQBUE: 1.942 408 SEe; S 1.763
331 E LN 2.070 369 Olmo ( U69-11) 1.939 409 S.V.12-328 1.763
332 oS 2 5 Q 2.062 370 LTI RRAR 1.936 410 AN 1.762
333 ARG RS 2.058 371 % ik 1.935 411 Lo 1.762
334 R 2.053 372 I 1.928 412 I3k 1.761
335 g 2.048 373 T 1.923 413 FEHL 1.758
336 Queen 2.048 374 Tk g 1.920 414 &1 1.730
337 SLTIN 2.047 375 X 1.898 415 KT 1.729
338 KA 2.043 376 FARDIIES 1.897 416 Rogers640 1.719
339 Cynthiana 2.039 377 Bianca(B9) 1.890 417 Californica#1hybird 1.719
340 HYoL 2.034 378 ey 1.881 418 PUSRES 1.717
341 i 2.030 379 5BB 1.857 419 40-1( EIf x Z 155 ) 1.716
342 = 2.024 380 LTk 1.854 420 ROESS 1.710
343 Tk e % 1148 2.021 381 GiEvRSEEs 1.851 421 [[EAREH 1.707
344 AR 2.013 382 BE 1.850 422 E:RVAL 1.705
345 BT 1.997 383 NNV 1.850 423 Salt Creek 1.704
346 FERIR 1.995 384 FANnS YN 1.844 424 A7 By B /K 1.699
347 Acerifolia 1.994 385 T 1.843 425 TEIH 1.697
348 Gf.67-198-3 1.994 386 FE 1.840 426 215 1.696
349 LI TR 1.991 387 15 1.839 427 BT 1.691
350 PAR =S 1.988 388 IR 1.837 428 Puhili 6 5 1.686
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S LTLETA] LS e LS vl
s £FR (N)Pulling || 4% TR (N)Pulling || %5 FFR (N ) Pulling
No. Name force of fruit|| No. Name force of fruit|| No. Name force of fruit
stalk stalk stalk
429 % 943 1.684 469 B T 1.527 509 KB 1.397
430 sAT AT 1.682 470 S.6059 1.527 510 PR 1.397
431 RS 1.681 471 HE 1.526 511 WL TR R 1.392
432 Tz BRI 1.681 472 RIRE Ay 1.526 512 gl 1.392
433 A8'E" 1.672 473 ESUS| 1.524 513 B4 1 A4 1.376
434 M=ZF 1.669 474 LTI 1.511 514 T -14 1.372
435 B 1.665 475 iz 1.509 515 £t 1.359
436 5 BHZ 13 1.663 476 £ 1.507 516 IR 1.359
437 HE 1.656 477 A2 15 1.504 517 A 1.359
438 k=4 1.655 478 SRR R 1.501 518 Gf.ga48-12 1.358
439 KICH % 1.652 479 1 I T 1.500 519 KT 326 1.357
440 M 1.650 480 BRI 1.499 520 JUE—% 1.349
441 P I 1.646 481 B 1.499 521 EEFLVN 1.347
442 S ilva 1.645 482 HLFE P 1.496 522 HREFFILRT 1.345
443 AR 1.642 483 Jha 1.494 523 Millardet De Grosset 1.341
444 EREPAN 15 1638 || 484 J)11 169 1.487 106-8
445 7% PEAE T 1.625 485 i £ 1.486 524 LIEH 1.338
446 ES VN 1.624 486 DU A B AT 1.484 525 e 4 @ 1148 1.335
447 Mg 22 i 1, 37 1.612 487 BES Nih e 1.481 526 [N 1.334
448 LT 1.607 488 BT 1.474 527 L% (48-1) 1.331
449 5BB 1.606 489 M IH b 1.466 528 BIR 1.330
450 KB 48202 1.604 490 TREER 1.461 529 2852 A 1.328
451 TR 1.595 491 EES WA 1.451 530 IR 424 1.328
452 ZRPER 1.589 492 3P 1.449 531 BRI 1.327
453 215 1.586 493 LR 45 1.446 532 R HLHER 1.318
454 RNETCE 1.579 494 Conlora 1.445 533 S.V.12-413 1.317
455 FRIR S 1.577 495 Wt 1.444 534 (BN 1.314
456 Chambourcin 1.573 496 W LI K 1.438 535 Reliance 1.306
457 B e 1.570 497 Btk 1.435 536 e ol S 1.296
458 PP 1.567 498 EAl (%) 1.425 537 BB 1.289
459 ALy 1.563 499 By 25 4 EU 1.423 538 ) A 1.287
460 I 1.563 500 SRBFR 5 1.420 539 HRFTIR 1.287
461 W 1.558 501 BRI SC 1.417 540 T EE 22 1.285
462 Yl 1.554 502 AT 1.414 541 Jeiiis 15 1.279
463 A B 1.553 503 R 1.407 542 JRBTFEIR 1.278
464 S04 1.552 504 B5 1.403 543 BEZN 1.274
465 iy L 5 37 1.539 505 A 1.402 544 Ry 1.270
466 Tk 1.533 506 JIH 1.402 545 FEm ToA% 1.266
467 Bl 1.530 507 £E 1.400 546 FE 1.262
468 5 1.530 508 gF.c41-44 1.398 547 FIZEMIR 1.261
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PR eVl FARHLS HA i
e HFx (N)Pulling || %% H R (N)Pulling || %% E4 (N)Pulling
No. Name force of fruit|| No. Name force of fruit|| No. Name force of fruit

stalk stalk stalk
548 BHe A 1.249 566 2 ] 1.171 584 WRIR 1.063
549 SEEEDA 1.246 567 W Z 3 1.164 585 iGN 1.019
550 RUFELR 1.246 568 Tt 1.164 586 BB - R A3 1.014
551 R 1.249 569 Ripariab43-15M44 1.152 587 HH 1.006
552 Bt e 1.238 570 R 1.151 588 Couder 1613 clone 59 0.977
553 KL =H 1.234 571 Edna x Male Simpsoni 1.148 589 T REELL 0.961
554 BB 1.227 572 o 1.138 590 A FANL e 0.923
555 g 2 1.225 573 HRFE L 1.129 591 PHEHHR 0.909
556 Palmata 1.224 574 YLH 1% 1.113 592 JegEs 0.891
557 HE 1.220 575 eI 4 (N40-2) 1.091 593 BTN 0.860
558 Florilush 1.218 576 HLLMAR I 1.090 594 F5e 0.854
559 % 530 1.212 577 $.9110 1.077 595 Gf.B2-11 0.837
560 AN EDs] 1.208 578 EA LA 1.077 596 L8215 0.801
561 ElEES 1.202 579 S.V.12-308 1.076 597 IR 0.796
562 ARULN (T4 ) 04 1.188 580 M s 1.075 598 gFga97-45 0.779
563 of.ga52-42 1.181 581 PN ] 1.072 599 Wichita Refuge 0.725
564 HA 55 1.176 582 PGk 1.070 600 BT 0.722
565 S U 1.173 583 WP S 1.069
x4 AEFEHTRETWANHNREER
Table 4 Distribution of the pulling force of fruit stalk in different clusters

P R SRR (ND RALER
Cluster number Error function Grouping distance Clustering results
2 0.65a 4.22 1~5, 6~600
3 0.35b 2.81 1~15, 16~103, 104~600
4 0.21c 2.11 1~5, 6~19, 20~99, 100~600
5 0.18¢c 1.69 1~7, 8~20, 21~73, 74~274, 275~600
6 0.17¢ 1.41 1~6, 7~14, 15~35, 36~112, 113~352, 353~600
7 0.16¢ 1.22 1~5, 6~10, 11~21, 22~63, 64~155, 156~402, 403~600

600 13 J5 5 8 Ff 0 s SRARR 7 758 L P52
585 BYBR S %000 0 15 D7y | 143 B | 442 By , A,
AR ) B ARS8 o RADTR 37 7 3 ) o B 24
RO Ap - 1Bk AP 557 R AL A D
WH IR R AR L (2014) PRIRIUR (4
SIEANNICETTC T IREANGE VA AN L S S < o= A B S
AP AR S SR ATR BT . 25 Rh e AR SAAR
TP AFAE 22 5, AT IR (1 4 ). BRI,
DRIV Ffr Aol 8] 24 Aol R SE AR AR 3 I e A SRARR
PN ZERA R (AR 2w TALSERE, R EOE.

PRSP S 4, T ) 2 b R AS S A RR v 2, b
LT/ (F 5 ).
23 AEmHRM. RE.RINERERESEWR
ML 1 B #E 2% 1

8 A i Fh A AR T Fr J1 L T 5R (2L HbER Y
Fr JERD) R (20 #R % ) RS (B2 08 73 K
Bty AT ) 3 ARG, Hoh 21 ek i Sk R
e BT SR AT o A T A AT SR R R v R
LA R R T T R0 B AT Y 13 £ L5 A
24 % 17 A% RN 12 A, SR A 4K T T AR SR AR K 32 1Y
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St 73 (N ) Pulling force of frui stalk

R A £ Eurasian population
Fila) 4 FpInterspecific hybrid
RV AP HEEast Asian population

JbSEFPHEAmerican population

% Amount

4 AEFHERWIE DA HIER
Fig.4 Distribution of the pulling force of fruit stalk into Eurasian, Interspecific hybrids,
East Asian and North American populations

B F A B R I T R AR R AZ ) B B E R
AL e A TR TR AR R AR 32 1 B B E AR 2 AT
fm 9 1/2 . 7/10.,2/7 (2 6 ), Z1 M BR SR 58 50 1]
# AR Z A B EENRE KT a ] i, R

®5 BMBPIREZRMMHLNMANHEER

Wi 75 AR A2 B RN T AT R R AR
HRZE B, R W HR AN IR 3 e i K528 8
AR it b SRR 4 2 25 0 SR 7 R P A R 25
B

Table 5 Quantitative difference of the pulling force of fruit stalk of different grades in each groups

AR N 4 N S ARA i
N . - SRR R AR hL R N
i 1 (N) K . P A
. . Number of strong Number of middle
Population Average pulling Number . . Number of weak
. pulling force pulling force .
force of fruit stalk pulling force
FXSVFpE Eurasian population 2.61a 334 15 73 242
Fpla] 24 Fh Interspecific hybrid 2.48a 201 0 52 149
AR FRFE East Asian population 2.43ab 48 0 13 35
JLSEFIHE North American population 1.82b 17 0 1 16
B4 Total 2.53 600 15 143 442

8 A At Rl ) SRAP RS2 77 5 HE B RADT B 7 I T
PR B TEAR DG, 5 ORI SR S
SR 85 TR T TR P SR A A T v AR S AR S I
FHOR , 5 A7 R AR i T BRR R AR A2 /Y 1 B e
WEE AR (R 7)o ULWIRARIR £ 7 98 9 f By,
SRR SR I RS, SR | SR A A0 SR Rl A 48 v i R
R, B R A T ARURAR AR A BB R 2 A B il
BOR, i B AR A TR AR 7 2234 By i FE R

B/, DHICHRAR S5 2R SRR 24k A TR
TiRH37. 73 553 ) it o S DR 2 ], Al BN 5 v b o
3 it

SRR 7 P47 58 53 L 2 U ) 4 2R A 4 D R
TE0 iz i S, A [ 4 2 vt A ) SR 37 7 22 5245
K8 S sk O e A 3L 4 A O % 7
W AR I i PG A 2 A A B R S e
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Table 6 Differences in the fruit structure of varities with different pulling force of fruit stalk
AT CRAEERT RRT mA SRfmAl AR
o &2 I URE VAR £ AT EQRE L 1 S 1SS =i} A W CRERZ CREREZ REDREZ
Name J1(N) (g) (mm)  (mm) TR [ TR H&ER ASERE [ HER
P SwW SL BL (mm?)  (mm?)  (mm?)  (g/mm®)  (g/mm*)  (g/mm?*)
CS CP CB SWICS SWI/CP Swi/CB
£THiER Red Globe 9.2a 19.6a 10.0a 11.3a 7.7a 27.4a 4.6a 2.6b 0.7ab 4.3c
757 Mathias Aromatic 8.6a 11.1b 8.6a 9.9a 2.4b 18.5b 3.6a 4.6a 0.6b 3.1cd
JEF Victory 8.1a 12.7b 9.1a 9.1a 2.6b 16.6b 3.3a 4.9a 0.8a 3.9cd
LT AR % Yatami Rose 5.8b 7.4¢ 8.4a 83ab  2.6b 15.5b 2.4ab 2.9b 0.5b 3.2cd
B Gui Bao 2.4c 4.5¢c 7.5ab 5.5b 1.3bc 6.5¢c 1.1b 3.4b 0.7ab 4.2c
K 73 Yan73 2.2c 2.d 6.8b 5.2b 0.9c 6.0c 0.4c 2.9b 0.5b 6.4b
B Pinot Gris 1.3c 1.8d 6.3b 2.5¢ 0.8¢c 6.0c 0.7c 2.3b 0.3b 2.4d
LAl Jing ke jing 0.6¢ 1.6d 6.4b 2.2¢ 0.3c 1.6d 0.4c 5.1a 1.0a 15.1a

P Pulling force of fruit stalk, SW: Single fruit grain weight, SL: Fruit stalk length, BL : Fruit brush length, CS: Cross-sectional area of per unit fruit
stalk, CP: Cross-sectional area of per unit fruit pedicle, CB: Cross-sectional area of the per unit fruit brush. The same as below

$
4

we |
Fruit brush J

P g

t

]
Longitudinal
section

ES T

Fruit grain

a: AT by REEHS; ¢ JH 735 d: BRSE s e 0 MRLL W AREE s £ JEA; g 5575 h: Z0HER
a:Jing ke jing, b: Pinot Gris, c: Yan73, d: Gui Bao, e: Yatami Rose, f: Victory, g: Mathias Aromatic, h: Red Globe
5 ENEERMRMSRIAIEREE
Fig.5 Fruit brush of different grape varieties and fruit longitudinal section diagram

K7 FEMEMRAETH N5 REE KB XM

Table 7 Correlation between the pulling force and various characters of fruits for the different varieties

‘ o SE SRR R CRPRE  RLEEUE AR

?jwers it § fN fz’i fE”L REE REE REE WRZHE  BRZHE  RURZHY
hpP 1 CS Mcp ACcB  EH SW/CS HEfE SW/CP i SW/CB

SRARTRL S P 1 0.94" 0.96" 0.97" 0.77 0.95" 0.98™ 0.15 0.08 -0.69"

e Al LA W) AN W BT SRAWI 7 AN B
THEEBTRE, S8 M AT R s e
RGP AN R B A
w3 AR PA) i o ) SRR TR D 5 T 3 NP R A
g G SO AR L S [ S 2 SR

H R B /IR I PA it o, i PR 8 25 1) 56 P b R G
FARSSRPIER , 2T I R AR IS5

) 2 R TR DA IS S o A ) SRR RS 37 ) A7 A 22
5o WO RRAE Aof E] 23 AR AR AR AL SERR A TH]
BEVR ISR R U L 5 Ze 5 152 0913
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