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1. The weather conditions from the middle of May to the beginning

of July in 1978 when the early fruit drop occurred largely from
approximately the 36th day after full bloom (AFB) to the 56th day
AFB.

4
Days after full bloom.
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May to the end of June in 1982 when the early fruit drop

occurred slightly.
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The same as in Fig.

1.

-21-



— 1979

eew-. Mean value from 1968 to 1981

o 30 F
"G ~
= B oU 20
o g 10
o O
=B
0]
o
g
7 60
o
5% a0 -
o =1
.ﬁv
S 20 I
: AL
4 A AN e AW
O O [ ~ F e, \_.--}_\l\_; soitne® Nl 4
[ RO}
%57
P oc 10
© 0 -
W]
a5 o
1 L 1 1 i ] Ly 1 1 1 1 L
May June July
10 15 20 25 30 4 9 14 19 24 29 4 9
= (5% 40 (5 (20 (25 (30) (35 (40) ©45)
=}
0
-~
0 20 |
-~
0
0
Q
o
r 10
s
g
Y-+
o
0
o 0
ﬁ § AN WS WS WA NS SN NN DA AN NN NN SO N NS NS T
M~ June July

1 5 9 13 17 21 25 29 2
(M* @) @5 (9 (3 (@) (3) (39 (38

Fig. 3. The weather conditions from the middle of May to the beginning
of July and the behaviors of early fruit drop during June in

1979 when the early fruit drop occurred largely.
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Fig. 4. Effect of fertilizer applications on the rate of early
fruit drop (1983).
A: C.F., 20kg nitrogen ingredient/10a/year.
B: C.F., 10kg nitrogen ingredient/10a/year.
C: C.F., 5kg nitrogen ingredient/10a/year.
D: F.M., 15.8kg nitrogen ingredient/10a/year.
E: C.F., 10kg nitrogen ingredient/10a/year (Ringing
and scoring were applied in 1979 and in 1981,
respectively.).
The fertilizer applications using compound fertilizer (A,B,C and E)
and farmyard manure (D) have continued since 1979.

C.F.: Compound fertilizer. F.M.: Farmyard manure.
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Fig. 5. Effect of fertilizer applications on elongation of
terminal shoot (1983).
“The same as in Fig. 4.
Y The rate of suspended elongation of terminal shoot on July 2.

Vertical bars indicate S.E..
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Fig. 6. Effect of prunings on early fruit drop and elongation
of terminal shoot (1984).
A: Heavy pruning (50-60%). B: Moderate pruning (30-35%).

(Standard)
C: Light pruning (10-15%).

Parenthesized numbers indicate the rate of decrease of
the terminal bud reduced by each pruning.

Vertical bars indicate S.E..
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Table 2. Effect of fertilizer applications on the mineral element

compositions of leaves (1983).

Treatment N P K Ca Mg
¢9; &9, ¢9) €9 €9

A% 2590 0.19  1.762®  0.67s>  0.322

B 2.372>  0.20° 1.69°  0.78°  0.362

C 2.43> (.18 1.74e®  0.56°  0.32s

D 2.512b  0.222 1.87ab  0.86>  0.3l°

E 2.322  0.228  2.08®  0.772b 0.3l

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

’The same as in Fig. 4.
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Fruit growth (mm)
Elongation of terminal shoots (cm)

Days after the beginning of treatment

4

Fruit growth: O——0 Natural environmental conditions,
L-—~~A High night temperature, m—-—8 Shading. Elongation of

terminal shoots: ] Natural environmental conditions,

High night temperature, [N Shading.

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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Shading period
4 %
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60+

/H-NT period _o-a

40

Rate of fruit abscission (%)

A== —Am ~A=A
A

-

! Al avale

0/;n/l....

June July
13 17 21 25 29 3 7

»——m no-application

Shading
4-—--o AVG application
o——a no-application ] High night
a-~-A AVG application J temperature

Fig. 10. Effects of AVG application under high night temperature

and shading treatments on fruit abscission (1984).
AVG (200ppm solution) was applied on June 13 (18 days AFB).

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 4. Reducing sugar content of fruits collected at various stages

(1983).

Fruit Jun.3 Jun.10 Jun.17 Jun.24

z
(24 days) (31 days) (38 days) (45 days)

A 26.07 33.2 40.3 49.1

( 9.4)° (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

( 5.0) (20.4) (47.3) (112.4)

D 27.2 37.6 40.5 48.9

( 3.7)  (10.7)  (20.1) ( 46.3)
E 26.0 34.0 41.5 48.2

( 2.3)  (8.2) (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 *mg.fruit
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Table 6. Mean night temperature during the night temperature

treatment (1984).

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

June

Treatment 14 15 16 17 18 19 20

(19)% (20) (21) (22) (23) (24) (25)

HNT * 23.4 24.9 26.9 25.4 25.6 24.2 23.0

NEC 16.8 19.2 21.4 20.7 21.0 18.5 15.3

ZY¥The same as in Table 3.

*The same as in Fig. 7.
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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 (500ppm) was applied on June 3.
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Fig. 17. Abscission layer formed at the junction 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 um.
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Table 9. Effect of AVG application on 'Starking Delicious'
fruit qualities and juice contents (1986).

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

Each value represents the mean of 20 fruits.
AVG solution (500ppm) was applied on June 7 (22 days AFB).
Zgignificant at 0.1 % level(***) and 5 % level(*).
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Dry material(2g) mixing with
(NHg )» SO4 aqueous solution

(80% saturation at 4°C, adjusted
to pH 3.5 with tartaric acid) at
4°C for 24 hr

Centrifuged at
3000g for 10 min.

| I
Residue Supernatants

r— Extracted with CH2Clp, 3 times

f 1
Water phase CHpClp phase

r_ Extracted with NaHCO3 solution

(pH 8.0), 3 times

l 1
Wwater phase

Adjusted to pH 3.5 with
tartaric acid

CHpClp phase

Washed with petroleum ether

J 1
Petroleum Water phase

ether phase Extracted with
r- CHpClp, 3 times
I 1
Water phase CHoClp phase

Evapolated to
dryness

Redissolved in
2ml ethanol

Paper chromatography
(C3H70H:NH4qOH:Water=10:1:1)

Fig. 18. Extraction and purification of auxin.



Dry material(2g) mixing with 80%
metanol at 4°C for 24 hr

f- Centrifuged at 3000g for 10min.
f |

Residue Supernatants

Metanol evaporated in vacuo

Extracted with EtOAc
at pH 2.5, 3 times

I i
Water phase EtOAc phase
Extracted with NaHCO3z solution
(pH 8.0), 3 times
[ l
Extracted with EtOAc at
pH 2.5, 3 times
| ]
Water phase EtOAc phase

Evaporated to dryness

Redissolved in 1 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(2g) mixing with 80%
ethanol at 4°C for 24 hr

Centrifuged at
3000g for 10min.

l I
Residue Supernatants
—— Ethanol evaporated in vacuo

Adjusted to pH 3.0 with HC1

Dowex 50W-X8[H*]
29 X 20cm column

— Washed with 300ml water

— Eluted with 300ml 3N NH4OH

Eluted solution
L Evaporated to dryness

— Redissolved with ethanol

Crude extract

Bioassay using Soybean callus test

Fig. 20. Extraction and purification of cytokinin.
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Fig. 21. Histograms showing auxin-like activities of methylene chloride
fraction from 'Starking Delicious' and 'Fuji' apple seeds (1984).
Auxin-like activities were determined by avena straight growth
test following PC in the solvent system, isopropanol/

28% ammonia/ water (10:1:1, v/v/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, v/v/v).

% The same as in Fig. 21.
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Fig. 23. Effects of GAz + GAy4 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 treatment (June 9-16
and June 16-25) was applied using a layer of.cheesecloth
(51% shading).
Arrows indicate the days on which GAz + GA4 or MCPB were

sprayed to the fruits.

zDays after full bloom.
YA solution containing GAz and GAg4 at 50ppm each.

x1Oppm solution.
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Fig. 24. Effect of GAz+ GA4 spray on fruit growth of 'Starking Delicious'

apple (1986).

Arrows indicate the days on which GAz + GA4 was sprayed.
The shading treatment was applied on June 9-16.

“YThe same as in Fig. 23.



MCPB GA3 + GAQ

Control

Fig. 25. 'Starking Delicious' apple fruits at harvesting time
sprayed with MCPB or GAz + GA, (1986).
The shading treatment was applied on June 9-16.

See legend in Fig. 23 for further notes.
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26. 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 a layer of cheesecloth (51% shading).

Arrows indicate the days on which BA was sprayed to the fruits.

ZDays after full bloom.

y100ppm 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.

Z¥ The same as in Fig. 26.
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Table 10. Content of cytokinin-like substances extracted from 'sStarking

Delicious' and 'Fuji' apple seeds (1986).

hg.g-1 dry weight
Kinetin equivalents

(ng.seed)
Cultivar
June July
5 11 17 23 30 7
(19)z (25) (31) (37) (44) (51)
Starking 0.06 2.21 27.3 0.21 0.26 0.17
Delicious (0.02) (2.41) (77.8) (1.05) (1.66) (1.43)
Fuji 0.03 8.25 0.30 1.13 0.12 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. 21.



Table 11. Effect of GA3+GRA, application on 'Starking Delicious'

fruit qualities and juice contents (1986).

Juice
Fruit Firmness Soluble Malic
Treatment yojght solids acid
(g) (1b) (Brix) (g.-100ml1™ ")
GA3+GAy 333.9 14.8 13.1 0.298
Control 272.4 17.0 12.1 0.375
t-test? * % * % % * % * k%

Each value represents the mean of 20 fruits.

GA3+GA4 solution was sprayed on June 6, 19, July 5, 19
and Aug. 6.

ZSignificant at 0.1% level(***) and 1% level(**).
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