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Fig.1. Change in ethylene” evolution in the apple fruit’ cv. Starking

Delicious with stopped development.

“ Analyzed by GC using head space method after incubating the
fruit at 30° C.

¥ Picked on June 22 (30 days after full bloom),1979.
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Fig.2. Flow of carrier gas in pyrolyzer and gas chromatograph.
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Fig.3. Gas chromatograms of endogenous ethylene’(A) in the top of the fruit

pedicel in the apple fruit cv.Starking Delicious and standard ethylene

gas(B).

Analytical conditions: column,2m x 3mm IID containing Porapack QS;

temperature, 150C; carrier gas, nitrogen ; detector, FID.

“Samle was obtained from the top the fruit pedicel and heated to 200°C

in nitrogen using pyrolyzer”

for GC.

" The flow of carrier gas is shown in Fig.2.
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I Added polyvinylpyrrolidone insoluble

Washed with water I Evaporated in vacuo
L Adjusted to pH 3.0 with HCI

b Absorbed on mixture of activated charcoal
and celite(1:3)

I Washed with water
I Eluted with water-aceton(1:4) and aceton
- Adjusted to pH 3.0 with HCI

I Partition with dichloromethane
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1
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~ Evaporated in vacuo
- Thin layer chromatography.
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T

GC-MS
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Fig.4. Procedure for extraction and analysis of abscisic acid (ABA) from top of the fruit

pedicel in the apple fruit cv. Starking Delicious.
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Table 1. Equipments and conditions for analysis of abscisic acid methylester.

Equipments

Gas chromatograph—mass spectrometer;Shimadzu, GCMS—6020

Data acquisition system; Shimadzu, SCAP—1123

Conditions

column,2% QF—1 on Chromosorb W (80—100 mesh), 1m x 2mm ID; column temperature,190°C;carrier gas,He,

30ml/min;injection temperature,280°C ;ion source temperature,2707C ;ionizing voltage,20eV;trap electric

current,60 ¢ A;molecular separator temperature,300°7C
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Table 2. Differences in ethylene evolution between developing and non-developing fruits.

Fruits with Fruits Fruits with Fruits
Cultivar? stopped continuing Cultivar stopped continuing
development to develop development to develop
Fuji 18.3Y 7.6 Redgold 96.6 34.9
Golden Delicious 18.8 3.1 Sekaiichi 86.1 2.6
Jonathan 56.4 6.0 Starking Delicious 87.6 26.0
Mutsu 60.3 17.2 Tsugaru 26.1 7.7
Orin 25.1 13.7

ZPiked on June 27 (35 days after full bloom of ‘Starking Delicious’ ),1979.
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Table 3. Differences in endogenous ethylene content between fruitlets without a raised

calyx and fruitlets with a raised calyx in the apple fruit cv. Starking Delicious.

Top of the fruitlet Fruitlet
Fruitlets? . .
pedicel tissue
FruitletsY without a raised calyx 2,410% 1,060
FruitletsY with a raised calyx 15 57

ZPiked central fruitlet of cluster on May 25 (8 days after full bloom),1981.

YThe color is green.
Xnl/g F.W.
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Fig.5. Changes in ethylene evolution and early fruit drop rates in lateral and central fruits of cluster in the

apple fruit cv. Starking Delicious (1980).

B : Relationship between accumulated early fruit drop rates and ethylene evolution.

<A : Relationship between changes in early fruit drop rates and ethylene evolution. >
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g.7. Changes in early fruit drop rate and endogenous
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and the fruit tissue in the apple fruit cv.
Starking Delicious (1981).
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Fig. 8 . Changes in fruit drop rates and ethylene evolution after Ethrel treatments in the apple
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Effects of AVG and its mixtures with GA,,-,BA and GA,,;+BA on early fruit drop
rates in the apple fruit cv. Starking Delicious (1982).

: Changes in accumulated fruit drop rates after treatments of AVG and its

mixtures with growth regulators.

: Changes in the fruit drop rates after the same treatments as A.

! Changes in ethylene evolution after the same treatments as A.
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Fig.10. Effects of AVG and its mixtures with GA4,BA and GAs+BA on early fruit drop rates

in the apple fruit cv. Starking Delicious (1983).

: Changes in accumulated fruit drop rates after treatments of AVG and its

mixtures with growth regulators.

: Changes in the fruit drop rates after the same treatments as A.

: Changes in ethylene evolution after the same treatments as A.
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Fig.11. Mass chromatograms’ of methylester derivative (A) from the top of the fruit pedicel

in the apple fruit cv. Starking Delicious and abscisic acid methylester (B).

<ZTotal ion intensity.

"Mass spectra of peak 1 and abscisic acid methyl ester are shown in Fig.12.>
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Fig.13. Mass fragmentograms of methylester derivative monitoring m/z 190.
A : Extract before hydrolysis from the top of the fruit pedicel of persistently
developing fruit.

B ! Extract after hydrolysis from the top of the fruit pedicel of persistently

developing fruit.
C : Abscisic acid methylester.

Table 4. Difference in abscisic acid in the top of the fruit pedicel between developing

and non-developing fruitsZ.

Abscisic acid (ng/g F.W.)

Fruits
Free BoundY Total
Fruits with
52 60 112
stopped development
Fruits continuing
60 31 91

to develop

Z The apple c¢v. Starking Delicious.

Y Analyzed as methylester derivative by mass fragmentography monitoring m/z 190.
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Relationship between Early Apple Fruit Drop and Ethylene, and
Analysis of Abscisic Acid in Abscission Zone of the Fruit Pedicel
by Gas Chromatograpy—Mass Spectrometry

Shoji Noro, Nobumi Opara, Niro Kupo, Toshihiro Mmamr"’
and Takaharu Kitsuwa?®

Aomori Apple Experiment Station
Kuroishi, Aomori 036—03, JAPAN

» Shimadzu Corporation Tokyo Research and Applications Laboratory
Chofu, Tokyo 182, JapaN

Summary

Early fruit drop and ways to prevent it in the apple cv. Starking Delicious were studied. The
investigation included: 1) the measurement of differences in endogenous ethylene content between
fruitlets with a raised calyx and fruitlets without a raised calyx; 2) change in endogenous
ethylene content in both the fruit tissue and the top of the fruit pedicel, including abscission
zone, during the time of early fruit drop; 3) effects of aminoethoxyvinylglycine (AVG) and its
mixture with regulators on ethylene evolution and early fruit drop; 4) effects of Ethrel
(2—chloroethylphosphonic acid) sprays on ethylene evolution and early fruit drop; 5) relationship
between a 50 % shading of trees, ethylene evolution of the fruit and early fruit drop; and 6) an
analysis of abscisic acid in the top of the fruit pedicel, including the abscission zone, by gas
chromatography —mass spectrometry (GC—MS).

Ethylene evolution was analyzed by gas chromatography (GC) using the head space method after
incubating the fruit at 30° C for 5 hours. Endogenous ethylene content in the tissue was
analyzed by GC after heating the tissue to 200° C in nitrogen using pyrolyzer for GC.

The results are as follows:

1. Endogenous ethylene content in fruitlets without a raised calyx was greater than that in
fruitlets with a raised calyx in both the top of the fruit pedicel and the fruit tissue. The
difference was greater in the top of the fruit pedicel than in the fruit tissue.

2. The highest quantities of ethylene evolution of fruit were detected before the highest
percentage of early fruit drop was observed.

3. The highest quantities of endogenous ethylene content in both the fruit tissue and the top of
the fruit pedicel were detected before the highest percentage of early fruit drop was observed.
At the time when the highest quantities of ethylene content were detected, endogenous ethylene
content in the top of the fruit pedicel was greater than that in the fruit tissue.

4. Ethylene evolution from lateral fruits of cluster was more than that from central fruits of
cluster. Also the accumulated percentage of subsequent early drop of the lateral fruits was
greater than that of the central fruits.

5. When apple trees were shaded at a 50 % rate, ethylene evolution of the fruit in the shaded
trees was more than that in the trees not shaded at the time when the highest quantities of
ethylene were detected. The accumulated percentage of subsequent early fruit drop in the shaded

trees was more than that in the trees not shaded.
Received for publication, July 31, 1987.
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6. Ethrel treatments increased both ethylene evolution of fruit and fruit drop.

7. The fruit treated with AVG reduced ethylene evolution at the time when the highest
quantities of ethylene were detected in the control, and also reduced subsequent early fruit drop.
Applications of mixtures of AVG and growth regulators, such as gibberelling (GA.,s or GA,),
6—benzylamino purine (BA), GA,: (or GA,) + BA, reduced both ethylene evolution and
subsequent early fruit drop more than treatment of only AVG.

8. Bound abscisic acid in the top of the pedicel of fruits with stopped development was more
than that of fruits continuing to develop, whereas there was no difference in free abscisic acid
in the top of the fruit: pedicel between developing and non-developing fruits. Total abscisic acid
in the top of the pedicel of the fruits with stopped development was more than that of the
fruits continuing to develop.

9. These results suggest that ethylene and abscisic acid are related to the process of abscission
in early fruit drop and that mixtures of AVG and growth regulators such as GA (GAs: or
GA,), BA, and GA + BA, remarkably reduce the early fruit drop in the apple cv. Starking

Delicious.
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