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Studies on the Colouration of Apple Fruit

II.

Relation between effect of growth regulators on

anthocyanin formation and growth stage of fruit
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®

7 v T e VERCRIETAEFSEYWE OB
WL, L OBERHD, HBELELIBEDH DA
B X - TREDERVETHZ EBMSR TS, T
Tedob, Vv ADERY, )V v TREAAALRD, Y v
=20,21) 7 v K5 5 LA Y — 7B B Ui
—F ok ST, TR, Y BB A LA
) — T DRERDD LTS A= vk T, F
fo, U v TlRI617.20) ) 5 L OH b ) B
75 & Tt CEPA ((2-chloroethyl) phosphonic acid) i
YToTT7 v 7= vAERMEEIRS,

) v T CoBOWmE DS Ik, ERHEEo%
FLRBR DR TH Y, REOREEEOET L24R
RHEWEDT v+ o7 = VEREHT B RISICE L
HLHEIBD v, T CEELR, ) v
FoFOET HEBYMRO-BELT, Ty T
= VAR OWTRETR B IO Li-—BkoRE
FRAGEEAEOERFEOR G EAERATIHEOFE
OCHAERE L, SHI, F1HY THE LD &
F—olE CTREDRERBFREXIDBLIENS, 7V b
7 = v RIETERFABYEOME L REORER
B & DBIRIC DWW TR R A D T i1 5,

il

MHEEBIUHE
BEERBRH, LB RS R A AT R B

115

X ORI EEET B RRBEO A 2 —F v 75
Yy ARBICHEO2RECHB, WThREREOEKEY
By <tedd, B UhBME L » ) kR PTE DR
CHIR LERfE L, ok, Bl hckids 2, 4, 5-TP
FLIO GA MBORKR T, EBHORRCME LI,

O REMREROERR: BFEdhikFicdk-
o, A s E—S5—EReH V) CEHER I mm, B
X1 mm ORFYR DM LI, YR - B RA
13, 03M A7 g — AWK T2EEE-H, IHIEEK
T 1RSSR Lice ki, ER9cm D+ — LT AHE
X 03M A7 r—RABKI0me 2+ AN, “hici
YR 20 % Aht, 2D+ — 1% 20°C, 4,000 I1x
(BXBHLT) OTFwEE, 7 b7 = vEaREe
foo ERBEYEITEOBE LB L5, DAY
R — AW L, £RBKILy v — v 5 @0 L
Lic, 7v b7 =vomll BB vy — 11
EEO e 1B L LT, 1% 5B 2 —A 50mé
T, 0°C BEAT B\ T 24 REf IR, 02 v
535 nm i 81 BRI & fI5E Lic,

@) ERUL—BEROREEMO/-RB: £EAH
BEONEL, REEHEFL LT Tween 20 % 0.05%
HMMUAERREWEDO Bz 20~30 LA LLE
B, BB U 20°C, 4,000 Ix (BEAHENIT) L ETTH
BB Ui, &8t 1K 15 @kE L, 7 v b
7= votl - BIER, FA0REORL IEELE
opbanrs7 -3 —THEHRIl mm o BEYHRE 4@



116 LB RFRERBRE K 12% H2F

Table 1.

Treatment date of 2, 4, 5-TP and GA on the tree (McIntosh)

Growth stage of fruit

Treatment date

1976 1977
1. Before the peak of phase 1 July. 19 July. 20
2, At the peak of phase 1 Aug. 8 Aug. 9
3. Immediately following the peak of phase 1 18 19
4. In the stage between the peak of phase 1 and the peak 28 29
of phase 2
5. After the peak of phase 2 Sept. 13 Sept. 16
R L, Thxidofdchl, HE L, fEC/R L%,
B WLCHIBIRELCHTINERER: 2,45-TP
EPRDT 13— MCBR U E TR B A TERL, GA "R
WHBIREK CEMR UTER L, T oOBR, AmEmiGHH RB 1 7Y 7o VEBRCRBTEERHYED
& LT Tween 20 % 0.05% ¥ Lice BRI, #X 2
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Table 2. Effect of growth regulators on anthocyanin formation in the
peel disk (Starking Delicious). Samples were picked at Aug. 3
. Anthocyanin (Aszs)
concentration
NAA* 2, 4, 5-TP* GA** BA** ABA** CEPA**
0 ppm 0.216 0.216 0.063 0.050 0.053 0.053
0.01 0.226 0.267 0.076 0.059 0.053 0.045
0.1 0.295 0.315 0.078 0.076 0.056 0.036
1.0 0.466 0.494 0.075 0.089 0.077 0.038
10.0 0.578 0.483 0.076 0.102 0.065 0.042
100.0 0.746 o 0.077 0.116 0.038 0.033
*, **  Anthocyanin formation was determined after 120 hr (*) and 60 hr (**) irradiation.

***  Peel disks were injured.



Anthocyanin (As3s)

BEEH 4« HAT

Y v S BT AR 17

02— —
—
0.1 — —
Ll ool
Control GA BA ABA NAA  CEPA
Fig. 1. Effect of growth regulators on anthocyanin

formation in detached whole fruit (Stark-
ing Delicious). Fruit were irradiated for
7 days at 20°C, 4,0001x. Samples were
picked at Sept 12. All growth regulators
at 10—4 M.
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for 7 days at 20°C, 4,000 Ix.

Relation between growth regulators and growth stage on anthocyanin
formation in detached whole fruit (McIntosh).

Fruit were irradiated

Control, B: GA, C: BA, D: ABA, E: NAA, F: CEPA.

All growth regulators at 10—4M. A:
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Fig. 3. Effect of 2, 4, 5-TP on anthocyanin formation on the tree (MclIntosh). 2, 4, 5-TP at 10-4M.
Open circles : anthocyanin, Closed circles : coloured area of fruit surface, Chain line: control
of anthocyanin, Broken line: control of coloured area of fruit surface.
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Fig. 4. Effect of GA on anthocyanin formation on the tree (McIntosh). GA at 10—3M.

Open circles: anthocyanin ; Closed circles: coloured area of fruit surface, Chain
line: control of anthocyanin, Broken line: control of coloured area of fruit surface.
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Fruit volume {ml)
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Fig. 5. Growth of McIntosh apple fruit during the growing season
on the tree (1975). Closed circles: fruit volume, Open
circles : increment of fruit volume for 10 days.

Table 3. Effect of 2, 4, 5-TP on fruit property

R Flesh® Soluble® ‘1
Treatment date No. (if Weight firmness solids Acidity®
sample
(2) (kg) (%) (mé)
A 15 195 10.3 11.5 5.80
Control
B 15 214 9.7 11.1 6.60
A 15 166 9.3 11.8 6.01
July, 20
B 15 238 8.2 104 6.30
A 15 212 10.4 12.0 7.07
Aug. 9
B 15 206 10.0 11.0 6.80
19 A 15 200 9.4 10.8 491
B 15 226 9.1 10.9 5.05
29 A 15 190 89 115 521
B 15 182 8.2 109 5.06
A 15 198 10.1 10.9 5.00
Sept. 16 B

(1) Flesh firmness: mesured with a Magness-taylor pressure tester (11.0 mm head).
(2) Soluble solids: mesured with a hand refractometer.

(3) Acidity: titrated values by 0.1 N NaOH for fruit juice of 5mé.

Harvest date: Sept 30, 1977. Mesurement date: after stored at 0°C for 40 days.
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Table 4. Effect of GA on fruit property
. Flesh® Soluble® .
Treatment date NO' of Weight firmness solids Acidity®
sample
(8 (kg) (%) (mf)
A 15 195 10.3 11.5 5.80
Control
B 15 214 9.7 111 6.60
A 15 236 10.5 11.0 7.31
July. 20
B 15 222 9.2 11.8 7.00
A 15 212 10.7 111 6.99
Aug. 9
B 15 232 9.9 11.3 7.01
19 A 15 221 9.6 10.5 6.56
B 15 210 8.8 11.7 7.71
29 A 15 204 10.1 11.1 7.19
B 15 221 94 11.8 7.83
A 15 254 9.8 11.6 7.29
Sept. 16 B

See footnote in Table 3.

=3 2

1) ZFybro7ovERICREBTERRABORE
RETR Aoy, LA RAEoH Tk
NAA, 2,4, 5-TP BXOBART v o7 = vAERY
REL, Lo ERAL Wi ot —J, R LK
—EEDORELH G E ., BRI EAVEE &
Ry, R LIAERFEHHEOF TR NAA XU
CEPA 7 v o7 =vAERPREL ZOMD L D1
PHER L LN ol BREVIFEREI VG 0T
L ESTELV=F v VAR 5 Z EHHMLAD,
COXIBECEL IR R Y, —#& i wounding
effect LA TV B, ¥, =FLVVYBT VYT =V
HERERETHZER, YT KL 75 v
=010 DRI, Ly A ORED Tn X CHE SR TV B,
TOX5IeZ Ent, REGN E—BEHEORKERA G
BECERREYEOMEFRIL 12 £, T oBE
CEh=F Vv o alolE8rsbobtErbR5,
2 ZUboT7ZUERICREBYEERGVEORE
ERRORE R

BB Ufe— Bk Bk x v e E oL RFERE O
T NUT = VR RIETEEY, AZ—F VST
Vo A E TR 2 e o e IS, BRIV

TREORERBLOBEGY 25 L, NAA LI U
CEPA k> T7 v o7 = vERPEEIRAEL
i3, REOAROE IMOBEENSLE LHOC -7 L
2D e — 7o cofiElichtic - T b,

¥, B bkl s 2,4, 5-TP MBIt X > C7 v b v
7 = VAR S BRI i3, 1976 4 & 1977 S TH
FRip T, T, 1976 F Tk 8 J 18 At
HF LR SR, RNT8 B 28 HTCh - fend, 1977 4%
T8 H 29 ARZRLELIEE S, KT8H19H
Thote, Thit, REOKEERENCWFEE TRIg- 2
foib, 2, 4, 5-TP OBFEOH LI DO ThicbDLHE
bbb, 2,4,5-TP Itk o T7 v 7 = VHERME
X B, T E S REQLROE L HOER
DHHHE 2O~ 7B E COMMICH i - Tib,
DT, FLRMCBCTHELRO 6 GfELH, B
LeBFBREDT v b T = ERARIN LR 5 B
i, WTho@Ed REOERC BT HE Lo —
7 OBIE—FTH L WELLY, Tk, TES
(1975) 1, vV v=EYXoMEckiz+ CEPA oAl
e X p oW CEET L, BTER 110 B DU a3x
L LS REOBRARIEL, R T 130 HOAEHIRE R
PRAET S ERREL TV, THELIR, REEoL
EOIBEXHIEEO AR T - T 5D THEE /5



WH 4B

Vv SREOEFEICHT SR 121

2, EHELOEN BT HRER T, BREDERDEL
MBIOFE 2o ©— 7 oz, 8 A23AFHE XU
9R22H~10H2H (1976) THHMH, TELDES
BATERR 110 A % L 0V 130 B oWy, 4535 5 23508 Lis
BRI L ThREBLORS, ChbDTEnb, U
VAREDT v T = vERCEWT, RECHER

Lo - 7EENSE 2O ©— 7 EFTE CoRMEA
BEAERYHE-ThB LD EEL b5,

F, REOERPARN LR S PHELYRT 7
v, 4F27, TERECRENT, BEORBCRIFT
A RFAFYE O QBT X A HE VTV 050
BB B, T, COOMBE & (1973) 12, 7 KN
ORI KIZTT CEPA oMBRic >\ TR L, B
EoOLEROE 11 Mk D A LB a R S 74
L, I oK Db (\Wid 5 veraison DER) e
LI E R REORB R (R T 5 & L2 HE LT 59
MAREIL &5 (1971) 43, 4 2 72 AT, =F L v H A%
FEoH oY LB a e, REOHRINE
LARE IS EEWELTVA®, F7, LOONEY
B (1974), ix= =% T, CEPA #BEn4 R0 Il
B LB T REORBRE SN D - L2 HE
LTCw3Y, znksr, Fv¥y, AF27, 22id
TEWT, CEPA 30 =F L vic X » TREORH
PREIND A, Wb F OB, REDEE
OE NP ThHD, -7, ZH S FHELRTREC
BT, REOEOD D VIRFORTEREDER L
RS TEELBERE DB LD EE LB,

T MUT a2 vAERE, SNV ) vic ko THIdEh
BT EM, v s, Ry v h OfREN 7o & THYG
ThTwb, T, VEVBIB®Z Y VR VER—-TF R
VYOS OBEZRT, SNV VAERE X o TES
LOBENBEINDZ LML R T Wb, CDEdk
TERBLT, YV vEREOEE (7 b T = vER)
it GA o8> THR L, L L, GA 4L
B X5EEaavbhinh o7,

] E:3

Yy aBEDT v v T = R o TERT A
HOEBRHEOE (—EEORRYHGIEER LU
BEGRE 2 RACcE) &ERREWEOBBICOWT
ol Uteo R, 7V 0¥ 7 = vERCRIETHERE
WHEEREORBEM L ORI OV TR LKD &5
TR A2 B,

V) BERORFEZRVCEE, NAA 2, 45-TP 31U

BA R7 vk o7 = vEERE R L, 0~100 mg/f Off
Henwhd BRERRE L, LiL, GA, ABA
¥ LU CEPA @33REMREHLRIed 5 72,

(2) —EHROERLYBCLHET, BRIYAFYEAV:
BaE LR, NAA X0 CEPA 2\ 7 v ko7 =V
AFE IR LA, BA, GA B LU ABA 35hRa2
bhich -t

(3) BBt sAs L —MHTE, 2, 4, 5-TP 43
P BEDQT v o7 = AEREE UL LS, GA
WP IEE R G % Tohs o1,

(@) —EkoRELRVHBE0 NAA 5L 0°CEPA
CEoT7 v o7 = VAERIMEEIh B, B L0,
BllEesnT 2 4,5-TP nlsCT7 Vo7 = vl
PMEE I N BN, WThIREOA B KT HE 1
Hoe—27E#»LE2HO C— 7B ToOMB &—
T3,

HBEDZ &bb, VvaBED7 v o7 = vERIL,
RR KT BNEERREHEC X - THEZIR TV
TEREZLRB, B, BE0EEOE LD
K- 7EENLE 2O ©— 7EF X CORRI B E
BEhBRE L > TWBEEXBRD,

a5t 3

FRERETI D dico T, JLUBEAS BT RS
LR RBEEE, SHRERCIME 2 OEIE bV
R O IR Y > TR Ve ik, ¥,
PR O — LR, PGS ARSI & b R
LThkeint, T2, MECELRHOBEREL
7,

51 A X ®

1. ARNOLD, A. W. and ALBERT, L. S.: Chemical
factors affecting anthocyanin formation and
morphogenesis in cultured hypocotyl segments
of Impatiens Balsamina, L, Plant Physiol., 39 :
307-312. 1964

2. CHALMERS, D. J. and FARAGHER, J. D.: Reg-
ulation of anthocyanin synthesis in apple skin.
II. Involvement of ethylene, Aust. J. Plant
Physiol., 4: 123-131. 1977

3. TH#HEME - ARHE=: v vEXoRERTC
Ki¥3 2-chloroethylphosphonic acid o L3 1
DORE, BEZKBEFNERHRET : 88-89. 1975

4. COOMBE, B. G. and HALE, C.R.: The hormone
content of ripening grape berries and the effect
of growth substance treatments, Plant Physiol.,



122

JEE A AR CEE #12%E B2E

10.

11.

12.

13.

14.

15.

16.

17.

51: 629-634. 1973
CRAIN, J. C.: Futher responses of the appricot
to 2, 4, 5-Trichlorophenoxyacetic acid applica-
tion, Proc. Amer., Soc. Hort. Sci., 61: 163-174.
1953

CRAKER, L. E.:
in cranberry with ethylene, FortScience., 6:
137-139. 1971

CRAKER, L. E,, STANDLEY, L. A. and STA-
RBUCK, M. J.: Ethylene control of anthocyanin
synthesis in sorghum, Plant Physiol., 48 : 349-
352. 1971

CRAKER, L. E. and WETHERBEE, P. J.: Eth-
ylene, light and anthocyanin synthesis, ibid.,
51: 436-438. 1973

CRAKER, L. E. and WETERBEE, P. ]J.: Eth-
ylene, carbon dioxide and anthocyanin synthe-
sis, 1ibid., 52: 177-179, 1973

Eck, P.: Cranberry yield and anthocyanin
content as influenced by ethylene, SADH, and
Malathion, J. Amer. Soc.Hort. Sci., 97 : 213-214.
1972

FurUYA, M. and THIMANN, K. V.: The bio-
XI. Effect of gib-
berellic acid in two species of Spirodela, Arch.
Biochem. Biophys., 108: 109-116, 1964
GREENE, D. W,, LoAaD W. J. and BRAMLAGE,
W., J.: Midsummer applications of ethephon
and daminozide on apples. I. Effect on Mcln-
tosh, J. Amer. Soc. Hort. Sci. 102 : 491-494. 1977
IR : Vv 2 RAANV AL KT BTV YT
= VERCET AT, MO E LR
FIAEFERT

KLEIN, A. W. and HANGER, C. W. Jr.: An-
thocyanin production in detached petals of
Impatiens Balsamina, L, Plant Physiol., 36: 1-
9. 1961

LooNEY, N. E, McGLAsSSON, W. G. and Co-
OMBE, B. G.:
peach, Prunus persica, action of succinic acid-2,
2-dimethylhydrazide and (2-chloroethyl) phos-
phonic acid, Aust. J. Plant Physiol., 1: 77-86.
1974

LOONEY, N. E.:
Intosh apples. I. Some growth regulator effects
on preharvest drop and fruit quality at four
harvest dates, J. Amer. Soc. Hort. Sci., 100:
330-332. 1975
LOONEY, N. E.:

Postharvest colour promotion

genesis of anthocyanins.

Control of fruit ripening in

Control of ripening in Mc-

Control of ripening in Mec-

Intosh apples. II. Effect of growth regulators
and CO; on fruit ripening, storage behaviour
and shelf life, ibid., 100: 332-336. 1975

18. MAREI, N. and CRANE, J. C.: Growth and
respiratory response of fig fruit to ethylene,
Plant Physiol., 48 : 249-254. 1971

19. WEEHH - 40 K-BEF f: vy TRE0H
LT MR, H1H, GERGBECET 57 v
P 7 os AR E REORE BN L OB, Jukk
Hie (FF+H)

20. POLLARD, J. E.: Effect of SADH, ethephon
and 2,4,5-TP on colour and storage quality of
MclIntosh apples, J. Amer. Soc. Hort. Sci., 99 :
341-343. 1974

2l REEFH - B f - FHER - FHBERB: v v =
BLUOMREREORMN O B HF B T2,
4, 5-TP o, %M, 29 253-263. 1960

22. SHULMAN, Y. and LAVEE, S.: The effect of
kinetin on anthocyanin formation in green
harvest olive fruits, J. Amer. Soc. Hort. Sci.,
96 : 808-810. 1971

23. SHULMAN, Y. and LAVEE, S.: The effect of
cytokinin and auxin on anthocyanin accumula-

tion in green Manzanillo olives, J. Exp. Botany.,
24 : 655-661. 1973

24, THIMANN, K. V. and RADNER, B. S.: The
VII. The require-
ment for both purines and pyrimidines, Arch.
Biochem. Biophys, 96: 270-279. 1962

biogenesis of anthocyanins.

Summary

In the present paper, we examined the relation
between several kinds of experimental methods,
in the peeled disks or detached whole fruit, and
the effect of growth regulators on anthocyanin
formation. Secondly, we investigated the relation
between the effect of growth regulators on an-
thocyanin formation and growth of fruit. The
results were summarized as follows:

1. 1In the peeled disks, applications of BA, NAA
or 2, 4, 5-TP at higher concentrations in a range
of 0~100ppm BA, NAA or 2, 4, 5-TP showed
large effect. But, applications of GA, ABA or
CEPA showed no effect.

2. Unlike anthocyanin formation in the peeled
disks, applications of NAA or CEPA promoted but
applications of BA, GA or ABA had no effect in
the detached whole fruit.

3. On the tree, application of 2, 4, 5-TP by
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spraying promoted anthocyanin formation of fruit,
but spraying of GA was not effective.

4, The stage in which application of NAA or
CEPA in detached whole fruit and spraying of
2, 4, 5-TP on the tree promoted anthocyanin for-
mation coincided with the period between im-
mediately following the peak of phase 1 and before

the peak of phase 2.

Thus, it is suggested that anthocyanin formation
was controlled by the endogenous growth regu-
lators of fruit, and that the period between the
peak of phase 1 and the peak of phase 2 in the
growth stage of fruit was significant.



