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Efficiency and mechanism of seedless berrying induced by streptomycin
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Abstract:[Objective]JComprehensive study was designed to understand the mechanism and the feasibil-
ity of applying streptomycin (SM) and gibberellin (GA;) to induce seedless grape berries (Vitis vinif-
era). [Methods]1The SM and GA, were applied on 8-year-old of ‘Muscat Hamburg’ grapevines at a dif-
ferent period with various concentrations. Starting from 11 days before flowering until 4 days after flow-
ering, ‘Muscat Hamburg’ inflorescences were dipped in SM (200 mg - L") and GA, (40 mg- L") solu-
tions. Furthermore, to promote berry size, they were treated with GA, (25 mg - L") after two weeks of
flowering. Besides, to evaluate the best application treatment, the inflorescences were treated with GA;
(25 and 50 mg- L"), GA, (25, 40 and 50 mg- L"), SM (50, 100 and 200 mg-L™"), SM 200 mg- L'+ GA,
25 mg-L", and SM 200 mg-L" + GA,50 mg-L" at full bloom stage. Afterward, within 2-weeks of flow-
ering, they were treated with GA, (25 mg-L"). For all treatments, the number of spikes in the ear was in-

vestigated during the hard-core period and the berry set rate was calculated. The following parameters,
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including the weight of single seed, grains with or without seeds, seed numbers of seeded berry, the
content of anthocyanin in the peel, total soluble solid and titrated acid in the juice were immediately
measured after harvesting at the physiological mature degree. Thirty tiny flowers were harvested at
full bloom stage with respect to all treatments. The paraffin method was used to cut the flower longitu-
dinally and then the development of ovule and embryo sac was observed. As well as, the 30 small ber-
ries were collected at 3rd day after the full bloom from all treatments to calculate the number of pollen
tube that had reached to the ovary of the respected flower. [Results]SM 200 mg - L alone or with the
combination of GA, induced 100% seedlessness from 11 days before flowering to until 4 days after
flowering. The only GA;, application was less effective in the same period as mentioned above. The
rate of seedlessness regarding SM (50, 100 and 200 mg - L' at the full bloom stage was 100%. The
same rate was also observed with the treatment of SM 200 mg - L' + GAs 25 mg- L' and SM 200
mg - L' + GAs 40 mg - L''. Whereas, the application of GA, and GA; (25 and 50 mg - L") was more
prominent and induced a high rate of seeded berries. Therefore, GA, can lead to the grapevine (Vitis vi-
nifera x V. labrasca) seedlessness but cannot work in the case of the grape (Vitis vinifera L.). The ap-
plication of SM 200 mg- L' and SM 200 mg-L"' + GA, 25 mg- L' can not only lead to the ‘Muscat
Hamburg’ grapevine (Vitis vinifera L.) seedlessness, but also improve the berry quality like total solu-
ble solid. Paraffin sections showed that SM treatment inhibited the germination of stigma pollen grain
and elongation of pollen tube at all parts of the pistil. However, the number of pollen tubes that
reached the micropyle was still 0.8-1.4 (control 3.8). The ovary had 4 ovules, which meant 3.2-6.4 pollen
tubes reached to the micropyle of each ovary. As long as the ovule blastocyst was normal, it was im-
possible to become seedlessness. However, the SM treatment showed the normal ovule and embryo
sac rate on the 11th and 7th days before flowering, which was lower than 16.6% (control 94.17%).
Therefore, the dysplasia of ovule and embryo sac was the main reason for inducing seedlessness by
the application of SM. [Conclusion]The SM 200 mg- L' alone or with GA, 25 mg- L™ effectively in-
duced seedless berrying in the grapevine (Vitis vinifera L.). The abnormal development of pistil
ovules and embryo sacs after SM treatment was the main reason for the induction of seedlessness.
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Table 1 Effects of SM and GA, treatments on the berry quality of ‘Muscat Hamburg’ grapevine

250 R HLJg w4 R T o wCFERR)
Compound & concentration/(mg-L™") Berry mass/g  Soluble solid content/% Anthocyanin (ODsss) Titratable acidity content/%
SM-50 432b 1949 a 0.244 ab 0.387
SM-100 4.65 ab 19.59 a 0.252 ab 0.389
SM-200 430b 19.89 a 0.259 ab 0.395
SM-200+GA.-25 4.58 ab 20.70 a 0.235b 0.368
SM-200+GA.-40 4.61 ab 20.80 a 0.225b 0.358
GAs-25 4.49 ab 17.77b 0.349 a 0.343
GA;-50 486a 16.42 be 0323 a 0.317
GAs-25 480a 15.57 ¢ 0.223 b 0.450
GAs-40 481 a 16.39 be 0.236 ab 0.473
GAs-50 485a 16.72 b 0.240 ab 0.483
XTI CK 478 a 17.13 b 0.196 b 0.372

AR NG FRERRTE p < 0.05 KF LESEZE. TR,

Note: Different small letters indicate significant difference at p << 0.05. The same below.
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Table 2 Effects of SM and GA, treatments on the seedless

rate of ‘Muscat Hamburg’ grapevine at different period

b FE I [ Ttz B % HIZE
Treatment time/d Seedless rate/% Abortive seed rate/% Seeded rate/%
SM 200 mg-L"!

-11 70.0 10.0 20.0

-7 95.0 5.0 0

-2 90.0 10.0 0

0 100.0 0 0

+4 95.0 5.0 0
GAs40 mg-L"

-11 25 0 75

-7 0 5 95

-2 60 5 35

0 30 10 60

+4 80 5 15
X CK 0 5 95

VE AL BRI A) R PRI AR H N E), 0 d RdEH o T
Note: Treatment time indicates days before full bloom, 0 d means
the day just after full bloom. The same below.
#3 AT RERHSMAMGALETH KRE 85
BRI EEE
Table 3 Effect of SM and GA, treatments on seed number of

seeded berry at different period 1%
b FR ) FRE SURL I A 2T No. of seeds per grape berry
Treatment time/d | 2 3 4
SM 200 mg-L"
-11 15 5 0 0
-7 0 0 0 0
2 0 0 0 0
0 0 0 0 0
+4 0 0 0 0
GAs40 mg-L"
-11 30 25 10 10
-7 25 20 35 15
2 25 10 0 0
0 45 15 0 0
+4 5 10 0 0
X HE CK 30 35 30 0

200 mg- L A BR 5 , AU ToA% 26 iy, B A A% SR
Fr & A3 i R . AR 11d 7 d
R 2 40 mg- L ABE, G 1% SRR T & AP 72805
YRR LA 2 5. WACHT 2 d Jdwfe)E 4 d 14k
AR SR AT BRI T R . B 3 KR
A FRLA 0, 17X B ETE 30%.
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Fig. 1 Effect of different concentration of treatments on seedless rate
during full bloom of ‘Muscat Hamburg’ grapevine
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Table 4 Effects of different concentration of SM and GA,
treatments on the seed numbers during full bloom of ‘Muscat

Hamburg’ grapevine (percentage of the observed grape/%)
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me L) I S RIS RO A R EE
o L. O SRS AR N,
SM-200 0 0 0 0 WKL o 1 ) b %R AN KRS E , HAT /N RE AL ™
SM-200+GA.-25 0 0 0 0 H R B TEORLIREL A RIE R 52 1 G
SM-200+GA.-40 0 0 0 0 }Eﬁ .
G2 B ‘ ‘ bt 3 4R TFAE R T8 I TE R 5
o o R A TR, SR 35 4
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Table 5 The observation of inner morphology of pistil during the flowing of ‘Muscat Hamburg’ grapevine
25 B R AbFR (7] HESSC S FES A ThHKE 5 I e
Compound & concentration/(mg-L") Treatment time/d Pistil length/mm  Style length/mm  Ovary length/mm  Ovary diameter/mm
SM-200 -11 2.070+0.06 ab 0.714+0.03 1.356+0.04 ab 1.122+0.02 be
SM-200 -7 1.950+0.04 b 0.678+0.02 1.272+0.04 b 1.152+0.03 b
SM-200 0 1.986+0.03 b 0.720+0.01 1.266+0.03 b 0.948+0.03 ¢
GA;-50 0 2.154+0.06 a 0.732+0.04 1.4224+0.04 a 1.2724+0.02 a
GA.-50 0 2.118+0.07 a 0.702+0.03 1.416+0.04 a 1.056+0.04 ¢
X CK 2.022+0.04 ab 0.762+0.03 1.260+0.03 b 0.924+0.04 ¢

W MESE A BE=HE SR + 7 P K
Note: Pistil length=style length+ovary length.
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Table 6 The observation of inner morphology of ovule during the flowing of ‘Muscat Hamburg’ grapevine

(percentage of the observed ovules of grape/%)

e oy NI EWREAEN  EEREH g Rl

(mg L") Treatment time/d Normal Malformed ovule Malformed embryo sac Empty embryo sac  Without embryo sac
SM-200 -11 16.67 16.67 60.42 6.25 0.00

SM-200 7 7.02 15.79 64.91 3.51 8.77

SM-200 0 1.87  56.07 30.84 6.54 4.67

GA;-50 0 35.00  30.83 25.83 8.33 0.00

GA-50 0 45.76 38.98 11.86 3.39 0.00

X CK 94.17 5.83 0.00 0.00 0.00

®7 FHER3AEHEE BRE AEEERRRICRKR
Table 7 The trend of pollen tubes in the pistil 3 days after full bloom of ‘Muscat Hamburg’ grapevine

27 B BRI ubspe  AERE Style T ki ¥ Ovule B
Compound & concen-  Treatment |- EEple R s Upper of i rp s TR M\icropyle
tration/(mg-L™) time/d Upper Middle Base locule Upper Middle Base
SM-200 -11 32.0+29¢ 22.542.0c 17.8£1.8b 13.2+1.3b 8.4+09b 3.8+0.5b 2.0£0.3b 1.240.2b
(100.0) (70.3) (55.6) (41.4) (26.3) (11.8) (6.4) 3.6)
SM-200 -7 284+2.1¢  19.4+1.6¢ 16.1x1.6b 12.5t1.4b  7.0+0.8b 3.4+050b 1.940.3 b 1.0£0.2 b
(100.0) (68.4) (56.8) (43.9) (24.5) (12.1) (6.8) 3.6)
SM-200 0 28.5+2.1¢c  223+1.7c¢ 16.8+1.5b 12.7£1.3b  8.6l.1b 3.540.5b 1.7£0.3 b 0.8+0.2b
(100.00 (78.2) (59.1 44.7) (30.3) (12.4) (6.0) Q.7
SM-200+GA.-40 0 342+2.6c  24.5+1.7bc 185£1.7b 144+1.6b 89+1.2b 3.9+0.6 b 1.9+0.2b 1.1+0.1 b
(100.0) (71D (54.2) (42.2) (26.0) 113> (5.5) (3.3)
GA;-50 0 47.0£3.0b  29.7+x1.7b 20.8+13b 14.6£1.2D 3.5+09b 1.4£03 b
(100.0) (63.2) (44.3) (31.D (7.4) 3.00
GA-50 0 27.782.0c  20.7+1.6¢c 16.0£14b 11.1+1.1b  6.840.7b 3.1404 b 2.0+0.3b 1.3+0.2 b
(100.00 (74.8) (57.9) (40.2) (24.4) 11.3) (73> (4.8)
R CK 70.0+3.7a 54.6+£33a 45.0+29a 33.6+2.5a 22.0t1.5a 12.9+0.8a 6.7+04a 3.8+0.2a
(100.0) (78.0) (64.3) (48.0) (31.4) (18.4) (9.6) (5.5)

B FHAER B RN BT AR A A AL ) P S B hn v R A L 955 PONAE B B0k O HI T 55 % MR AL AR T 23

Note: Data was represented by average number of pollen tube penetration into pistils of ‘Muscat Hamburg’ grape + Standard error, the data in pa-

rentheses mean percentage of pollen tube penetration into pistils of ‘Muscat Hamburg’ grapevine.
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(TR 03 TN 50% < 40% 35% » GA, Ab BE 45 [H]
FE#a3s . (HEIN GAs & SM W E il InTeA% =R , it

IS GAL IR 40 mg- L' I8 2 25 mg- L, 5¢
TR EIER 100%. £ COHE HREFRLZR
AR, et B A USRI EE N GAs 25 mg- LY,
1M BB ER A S B B A7 217 GAS 100 mg- L' 1)
JR R R 5 AT A R, AT DAHEI, SR GAL A
GA, (17 4b BRI F55 33E — 25 14 n, JH56f BROE i 1 e A% 26
A — DR, (H SRR A AN IR AT B8 B
H,

I RH] A O A% 25 SE IR R AR B AN BE Bk
WRTE IR FE A Te 8 ) s e MR I AL B Y. A&
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(1. 4 SRR R 2, A 3R SM b3 R B A7
JG ARG IR R E & T ISR I E R . At
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