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Fig. 7. Bffects of high night temperature and shading treatments on fruit abscission

(1983) .
The treatments were applied for 4 days from (A):20 days, (B):27 days and (C):34 days
NEC ! Natural environmental conditions. HNT :

High night temperature. Rate of fruit abscission is expressed as % of fruits treated.
ZDays after full bloom.

after full bloom (AFB), respectively.

Table 3. Mean night temperature during the night temperature treatment (1983) .

Mean night temperature (°C)

(7.00pm to 6.00am)

Treatment A B ¢,
May June June June
30 31 1 2 6 7 8 9 13 14 15 16
HNT? 19.5 21.8 17.3 16.7  20.2 18.7 21,0 201 20.5 18.4 19.1 21.5
(828.3)* (880.0) (874.5)
NECY 16.1 17.6 1.1 9.8 16.2 13.1 158 147 14.1 129 144 164
(600.6) (657.8) (635.8)

ZHNT : High night temperature obtained by heating the pipe—house.
YNEC : Natural environmental conditions (mean night temperature outdoors) .
XThe total night temperature between 7.00 pm and 6.00 am for 4 days.
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Fig. 8. Effects of high night temperature and shading treatments on the daily rate
of fruit growth and elongation of terminal shoots (1983) .
The treatments were applied for 4 days from (A): 20 days, (B):27 days, (C): 34 days
and (D) : 41 days (AFB), respectively. Vertical bars indicate S.E.. Fruit growth indicates

the increased transverse diameter per day.
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Table 4. Reducing sugar content of fruits collected at various stages (1983) .
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RlLt. 7THHOBRBOEERD 7  00pmH» 5 6:00
amE CTOVEEEZ23.0°C~26.9 °CT, FaLD
4.6°C~7.7°CEh-tc (B6H ., BMEHAKT
&, AEEE A HAEE 4 BB T T 28.0 BOERS

Fruit Jun.3 Jun. 10 Jun. 17 Jun. 24
(24 days) ® (31 days) (38 days) (45 days)
A 26.07 33.2 40.3 49.1
Co.4)* (25.7) (46.8) (113.3)
B 26.3 35.1 42.0
(10.1) (28.4) (57.6)
C 28.1 35.1 42,1 48.4
( 50) (20.4) (47.3) (112.4)
D 27.2 37.6 40.5 48.9
(37 (10.7) (20.1) ( 46.3)
E 26.0 34.0 41.5 48.2
(23) ( 82) (14.0) ( 41.7)
A ! Fruit growing normally under natural environmental conditions.
B ! Fruit growing normally under a high night temperature for 4 days.
C ! Fruit growing normally under shading for 4 days.
D ! Fruit with interrupted growth.
E . Fruit with yellow peduncle.
ZDays after full bloom Ymg-:g—1 dry weight X*mg * fruit
Shading period Y
. 8or
8
o
10 % 60}
2
— i Q
7 08 7]
& 25°C S
I 3 20°C = 40t
1,06 = 13°C E
%04 s
= 2 20f
S 02 i @ ) P e
: i pesa- T
L s &
My e June ' July
ébz (RS 1317 21 2 29 3 7
. . . #———® no application i O~ no—application High night
Fig. 9. Cy Hy and COj production from fruit Shading
under various temperature conditions A-=--4 AVG application A==—A AVG application | temperaiure
(1983) . Fig. 10. Effects of AVG application under high

Young fruits were collected every week
from 21 days AFB (May 31) and kept at
25°C, 20°C, and 13°C for 15 hours, respec-

night temperature and shading treat-
ments on fruit abscission (1984).
AVG (200 ppm solution) was applied on

tively. June 13 (18 days AFB) .

ZThe same as in Fig. 7. The high night

temperature treatment

(HNT) was applied on June 14—20.
The shading treatment was applied on

June 13—17.
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Table 5. Effect of AVG application on the C9Hy evolution and COjy production from fruit.

(1984)

CyHy (103nl-g—1-h"1)

COy (103ml-g—1 +h~1)

Treatment June June
15 17 20 23 26 29 15 17 20 23 26 29
AVG 144 5 5 2 19 18 119 89 71 78 86 51
Control 167 29 43 24 22 15 116 86 75 71 79 44

AVG (200 ppm solution) was applied

on June 13 (18 days AFB) .

Table 6. Mean night temperature during the night temperature treatment (1984) .

Mean night temperature (°C)(6.00pm to 6.00am)

June
14 15 16 17 18 19 20
Treatment X
a9 (20) @D 2) @3 4) (25)
HNT? 23.4 24.9 26.9 25.4 25.6 24.2 23.0
NECY 16.8 19.2 21.4 20.7 21.0 18.5 15.3

2, YThe same as in Table 3.
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Fig. 11. Rate of early fruit drop of apple culti-
vars Tsugaru, Starking Delicious and
Fuji in 1983 — 1986.

ZDays after full bloom.
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Fig. 12. Ethylene evolution from young fruits of the apple cultivars Tsugaru, Star—

king Delicious and Fuji (1985).
2The same as in Fig. 11.
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Fig.13. Effect of AVG application on ethylene

evolution from ‘Starking Delicious’

fruit (1985) .

“The same as in Fig. 11.
Vertical bars indicate S.E.
AVG solution (500 ppm) was applied
on June 3.
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Fig. 14. Effect of AVG application on the rate of fruit abscission and cellulase
activity in the abscission zone (‘Starking Delicious’) (1986).

The arrow ({) indicates the day when the AVG (500ppm solution) was sprayed.
The same as in Fig. 11. HNT: High night temperature.

Table 7. Mean temperature during the high night—temperature (HNT) treatment (1986) .

Mean temperature (°C) (6.00pm to 6.00am)

Treatment A B
June 9 10 11 12 June 16 17 18 19 20 21 22
HNT 209 19.8 19.2 19.7 21.8 23.7 22,1 21.3 202 21.4 223
Outdoors 15,56 145 136 14.3 9.2 19.0 17.5 163 14.1 16.0 16.4
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Fig. 15. Effect of ethephon application on the rate of fruit abscission and ethylene
evolution from fruit (‘Starking Delicious’) (1986).
ZThe same as in Fig.ll. Vertical bars indicate S.E..
The arrow () indicates the day when the ethephon solution (A :100ppm, B 300ppm)

was sprayed.
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Fig. 16. Effect of ethephon application on cellu-

lase activity in the abscission zone
(‘Starking Delicious’) (1986) .

ZThe same as in Fig. 1.

Ethephon was sprayed on June 8 (100
ppm) and June 18 (300 ppm), respec-
tively.

Fig. 17. Abscission layer formed at the junc-
tion between the peduncle and bourse
of ‘Starking Delicious’ apple fruit
(June 12 (26 days AFB) , 1986) .
Pe . Peduncle. Bo ! Bourse.

AL Abscission layer. Bar is 100 pm.
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Table 8  Effects of ethephon and AVG application on the rate of seed abortion
(‘Starking Delicious’) (1986) .

Treatment Jun.16 Jun.18 Jun.20 Jun.26 Treatment Jun.19  Jun.23
(8)* ) 2  0® 12  an
Ethephon (A)Y 9.6 25.7 28.9 57.1 AVG ()Y 14.4 —
Control 6.7 9.6  15.2 7.7 Control (8) 3.7 —
SignificanceX NS ** NS *¥ AVG (b) - 6.7
Control (b) — 24.1
Treatment Jun.19 Jun.21 Jun.23 Jun.25 Significance * %k * ¥
(1) (3 (5) (7)
Ethephon(B)¥W 16.2 7.4 6.6 13.6
Control 7.3 4.4 8.0 8.0
Significance NS NS NS NS

®The number in the parenthesis indicates the days after spray.

YEthephon solution (100 ppm) was applied on June 8 (22 days after full bloom (AFB)).
XSignificant at the student’s t—test (** 1%. *** 0.1 %) and not significant (NS) at 5%
level.

WEthephon solution (300 ppm) was applied on June 18 (32 days AFB) .

VAVG solution (500 ppm) was applied on June 7 (22 days AFB) and then HNT treat—
ment (28) was continued from June 9 to 13.

YAVG solution (500 ppm) was applied on June 12 @1 days AFB) and then HNT treatment
(b) was continued from June 16 to 23.
Each value represents the mean of 10 fruits (5 replications) .

Table 9. Effect of AVG application on ‘Starking Delicious’ fruit
qualities and juice contents (1986) .

Juice
Fruit . Soluble Malic
Treatment . Firmness . .
weight solids acid
(g) aw) (Brix) (g - 100m17 1)
AVG 223.8 16.2 11.7 0.315
Control 274.2 15.3 12.1 0.302
t—test ? * * NS NS

Each value represents the mean of 20 fruits.
AVG solution (500 ppm) was applied on June 7 (22 days AFB) .
Significant at 0.1% level (***) and 5% level (*) .
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Extracted with
CHzClz, 3 times

Petroleum
ether phase

Water phase CH;zCl; phase

Evapolated to
dryness
Redissolved in
2 ml ethanol

Paper chromatography
(C3H7OH:NH4OH: Water=10:1:1)

Fig. 18. Extraction and purification of auxin.
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Dry material ( 2 g) mixing with 80%
metanol at 4°C for 24 hr

Centrifuged at 3000 g for 10min.

Residue Supernatants

Metanol evaporated in vacuo
Extracted with EtOAc
at pH2.5, 3 times

Water phase EtOAc phase

Extracted with NaHCO3 solution
(pH8.0), 3 times

I
EtOAc phase Water phase

Extracted with EtOAc at
pH2.5, 3 times
f 1
Water phase EtOAc phase

Evaporated to dryness

Redissolved in ] ml acetone

Thin layer chlomatography
(Ethyl acetate:Chloroform:Acetic acid=15:5:1)

Fig.19. Extraction and purification of gibberellin.
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Dry material ( 2 g) mixing with 80%
ethanol at 4°C for 24 hr

Centrifuged at
3000g for 10min,

Residue Supernatants

I Ethanol evaporated in vacuo

l— Adjusted to pH 3.0 with HCI
| Dowex 50W—X8 (H™)

2 # X 20cm column
— Washed with 300 ml water
— Eluted with 300 m! 3 N NH4OH

Eluted solution
— Evaporated to dryness

— Redissolved with ethanol

Crude extract
Biocassay using Soybean callus test

Fig. 20. Extraction and purification of cytokinin.
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Fig. 21. Histograms showing  auxin—Iike
activities of methylene chloride frac-
tion from ‘Starking Delicious’ and
‘Fuji’ apple seeds (1984) .
Auxin—like activities were determined
by avena straight growth test follow-
ing PC in the solvent system, iso—
propanol/28% ammonia/water (10:1:1,
V) .

ZDays after full bloom.
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Fig. 22. Level of gibberellin—like substances
extracted from ‘Starking Delicious’
and ‘Fuji’ apple seeds (1985) .
Gibberellin—like activities of the ethyl.
acetate fraction were determined by
the method of microdrop application
using a dwarf rice cultivar (Tan —
ginbozu) after TLC in the solvent
system, ethyl acetate/ chloroform/
acetic acid (15: 5 1 1 , v/v/v),

“The same as in Fig.21.
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Table 10. Content of cytokinin—like substances

extracted from

‘Starking Delicious’ and ‘Fuji’ apple seeds (1986) .

Kinetin equivalents

ng- g I dry weight

(ng * seed)
Cultivar
June July
5 11 17 23 30 7
aw? @ @ 1)) (44) (51)
Starking 0.06 2.21 27.3  0.21 0.26 0.17
Delicious (0.02) (241) (77.8) (1.05) (1.66)  (1.43)
Fuji 003 82 030 113 012 1.67
(0.01) (13.0) (1.09) (6.15) (0.80) (14.3)

Cytokinin—like activities were bioassayed with soybean callus
test following PC in the solvent system, isopropanol/ 28 %

ammonia/ water (10:1:1

, v/v/v) after the Dowex 50W (H™*)

fractionation of an n—butanol fraction from seeds (1986) .

“The same as in Fig. 2l
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Fig. 23. Effects of GA3+GA4 and MCPB spray
on the percent of fruit abscission
of ‘Starking Delicious’ apple (1986).
Ten—year—old ‘Starking Delicious’
apple trees grafted on M.26 rootstocks
were used, and each shading treat-
ment (June 9—16 and June 16-—25)
was applied using a layer of cheese-
cloth (51% shading) .

Arrows indicate the days on which
GA3+GAy or MCPB were sprayed
to the fruits.

ZDays after full bloom.
YA solution containing GA3 and
GA4 at 50ppm each.

X10ppm solution.
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Fig.24. Effect of GA3+GA, spray on fruit
growth of ‘Starking Delicious’
apple (1986) .
Arrows indicate the days on which
GAs+GA; was sprayed.
The shading treatment was applied
on June 9—16.

Z, YThe same as in Fig. 23.

Table 11. Effect of GA3+GA,

KR ERRII T30 % &0 o120 —H. GA3+GAY
B TEERSIME S, REROTERRIZI0.0%
KFEhote FCT, TOXIREREZIMHT S
HROB D GA+GA HHR & AR L DR
EHREZ6 A9 L SOEMUBK THELL LTS
(FB2UR) . GA3+GA BRI, GHE, HEE S0
B s S MR BRI HANTRE O INHRRITIZG A,
+GA AR TR 9. 14 om. HES 89 cm, —T7.
AR I MR8 2l em. B 8. 34 em & » 1,

MCPB GA; +GA, Control

Fig.25. ‘Starking Delicious’ apple fruits at
harvesting time sprayed with MCPB
or GA3+GA4 (1986) .
The shading treatment was applied
on June 9 —16.
See legend in Fig. 23 for further
notes.

application on ‘Starking Delicious’

fruit qualities and juice contents (1986) .

Juice
Treatment Fruit Firmness Soluble Malic
weight solids acid
(g) (Brix) (g + 100 ml~h)
GA3+GA, 333.9 14.8 13.1 0.298
Control 272.4 17.0 12.1 0.375
t“testz * * % ok * % * ok ok

Each value represents the mean of 20 fruits.
GA3+GA, solution was sprayed on June 6, 19, July 5, 18

and Aug. 6.

ZSignificant at 0.1% level (***) and 1% level (**) .
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Table 12. Percentage of nomal seeds per fruit of ‘Starking Delicious’

apple (1986) .

June 16—25

Treatment JuSn:asi;;ﬁ Shading Untreated?
A B A B B
GA3+GA, 8.2 28737 2022 6.2 97.9
MCPB 9%.6  26.62 37.8b 0
Controf 89.7  87.5P 72.3¢ 97.4
n.s. n.s. n.s.

2 GA3+GA | was sprayed on June 12, 27, July 11, 28, Aug. 12 under

natural environmental conditions.

A:The seeds were observed immediately after shading treatment.
B:The seeds were observed at harvest time (Oct.8) .

Y Different letters within a column represent significant differences,
according to Duncan’s multiple range test, 5 % level.

X The seeds in the fruit which had grown normally were observed.
See legend in Fig. 23 for further notes.
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Effect of BA spray on the percent of
fruit abscission of ‘Starking Delicious’
apple (1987) .
Eleven-year-old ‘Starking Delicious’
apple trees grafted on M.26 rootstocks
were used. The shading treatment
(June 8-15) was applied using 4 layer
of cheesecloth (51% shading) .
Arrows indicate the days on which BA
was sprayed to the fruits.

“Days after full bloom.
leOppm solution.
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Fig. 27. Effect of BA spray on the fruit growth

of ‘Starking Delicious’ apple (1987) .
Arrows indicate the days on which BA
was sprayed.

The shading treatment was applied on
June 9 -16.

2,YThe same as in Fig. 26.
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Table 13. Effects of GA3+GAy; and BA spray® on ethylene production (nl'g'l «h)
from ‘Starking Delicious’ apple fruit (1987) .

Troatmen, VM8 10 12 14 16 18 21 24 28 July3
reaimen

@Y e @ @ By 6D (35  (38) (42 “n

GA3+GA;  0.908°™ 0407 04802 03342 01052 0.1802 0.1192 0.0812 0.0272  0.0522

BA 1.057° 05250 0.627° 05777 0.234P 02572 01222 00742 00328  0.0752

Control 0.5182 02552 0.3642 03817 0.175° 0.166% 0.173% 0.0022 0.053%  0.0562

Eleven—year—old ‘Starking Delicious’ apple trees grafted on M.26 rootstocks

were used.

GA3+GAy and BA were sprayed on June 7 under natural environmental conditions.
Z,Y:XThe same as in Fig. 23, Fig. 26 and Table 12.
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