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Summary

Wind fruit drops in apples and pears occur owing to breakage of the fruit stalk bases where the inertial
forces of the fruits increase by branch movements. In the each cultivar examined, the fruit detachment
resistance force perpendicular to the fruit stalk shaft was remarkably smaller than that parallel. Two
physical treatments were conducted at about 50 days before each harvest time; jamming a fruit stalk, the
shoot and the spur between two convex-adhesive tapes ("+" tape), and wrapping a fruit stalk, the shoot
and a part of the spur in a patch of punch carpet and stapling them (punch carpet). In the fruit vibration
experiments, the reducing effect of bending angle near the fruit stalk was confirmed in the both treatment of
"+" tape and punch carpet. The artificial fruit drop tests using shocks showed significant effects in reducing
of detachment rates at fruit stalk base in the both treatments in one variety of apples or pears.

Key Words : bending angle, constriction at fruit stalk base, inertial force, parallel detachment resistance

force, perpendicular detachment resistance force.

EWHITON, BEITHEL NVIGELL, ATy S
THY) Y TEEBICRE B ENSEL, 28 213,

#®

il

) IRt A ;T oBEERIE, PHER TS

CEESBERICHERS HEBER (PUHERTER) 03I,

B S X B MEERY D S, SREE RO EIL LI

LIS L ~OVICET 5. 19804 IO FHRIEN Y »
THBBEERFEOK X WEIE LT, 15919,000 HH (1985
FIHOEMI3E), 741/87,000 5H (19149 A D&
JA19%5) B L1396 M (20044E9 H D ARE18%) 7

20074E9 H OBEIFI2 L 0, IWIRRAT LT OB X
WIZETT, T 7T A OBFRHEIIHI0EMICY
EL, ¥, Mo TI2H IZIZFRBEOHEITA
L7z, AMEBOEERITEFE L EFEZ VOO0,
BICHREL, Bolkofll LT, 2009410 H OHA 185
I2E %) Y TOFERBEEIH6IRICRT, HEHITEE
61%2,100 77 I L7z, PUEI oS » Tidmis

F-U - F oAt ) AR, REEEIO O, BTy, CPATEERRPT), SREEEBGEBUD.

133



34

[l 275, BEMED 1050 1S JE2§, DUEL LU
DOFHEFIIINTIZ D [\ 2. BOBRSL KB OIEE
)& BT E S IR E ISR S,

B EREOGEPEIZONTIE, I rFyRE
OWAER I HRE SN TVDEH (FRk D, 1999 ; A1
5, 1994 ; /N, 19715 #5455, 1995 5 1A S, 2008),
NP O B RPE R TR R OWRIE D v (UK
1961 ; FEMRIKEE A R BERYs, 1992). REERIE, K
WIOREBFEIUTL Y, BRI EAPHEL, R
THLHDOT, —MHOBMMERERLZING., =k )
TOYE, MO ETE % D7 {355 TR R
FEROMANT 2 EOF LR O MET ST b5, 7
AL THY v TRt A 7 F 2 OmAER I LT,
BARN A BT 5 720 OEARIRZTICE EE 5 Tw
5.

R EE S Hi LU % % 2 AR IR A S ok & B BT
205, ZHUIKIEARTEETH 5. 2 THUEIZ X 58
BENZOLOZREOTHWT, BEA Y M0 E
BLOWHE L THFEREINTE /2. —J7, BEEIZb 5
2O T, &5\ IE, BRI 2 P R
L, RO R E REEO 72D &5
FUHE (LT, REAOWHEMLHE) 7 E2onTidd
FORE ST,

L, EEFOIE, FRWENLIEO -0 O TFEFEER L
LT, TROTAH A v N CREX M LHE0UHE, 55
WiE, B BB L OEREO—EE 2O
BIE T — 7 CHROGLE (=0T — TRE) 2L,
BRI R AR L QLA - B, 2007). LAl
AL CIE A & B D 72 b ALHT L AT % il &
BEMRIL ST ETETH L, BREITH LICE EE -
72 REDO—FRIZ BN TR EAHE L 72 (LA -
g, 2007). 7, REOHEMIGE (L2, 1971) %
DE\T L CHEM L 72 KA IRENC & 2 B RHER T, RE
HEHERAIZ X o TIREPBBATFHL 22 1), IR OTE
W2 WA WEETH - 72 (IUA - FHE, 2007). 22T,
SREERBHRO—EOMRHA & L I, WENLE S
FOBRRBRFTEOLBZ HIEL T3NEITOAY LT
OMERLERZITo72. bbb, JorIdekfavsr
T OK2mEE I, SRR R O R R R S D TR
RIS T L L LB, REOHBIIDAZMELZ. F
7z, SRS EIATLTC, #irz i 2FEEE o Yy B ILE g 1
RERL, BREZEDH IS L XOREMNEOI A

134

WP RAER S (R5E) 168 B3 %

DR AL & B L7z, S 512, KEAREERD
b D IHE 2 7o NTERREZ 1TV, S0
SEJEESRES LR T BRI L7z, B, AT
P MEFE R, BOBRSABITHZ M) 5l a5
HOBOWELZ GO TRV, INLIEHmTHLELD
(2, 4 DRENOYHAUE TIIHULTE 205 T
H5.

HHRBLUHE

1. HEAMH

K R BB B | B TR S e v~ S v
AEAavrro ‘5750 R QUEL L,
20064E1FE, LUFKE) & N—bhL v N (274E4E) %
Z3W, BLOYW AL FoR) y IO FE (G844,
WL Jonathan' ) & ‘AF¥—F 7 - Ty A (58
) 25 1BV Wi AL TTH - 7.
F7z, WINOBHI S ERBIEFNEEA L T eho e

2. BEBROREDEHR
20074E9H7TH2SEAIZHT T, BRI T A HILH
R HERr L7z, IR ENI A O 212138 ) @ X7
EHDIH 8 HDTHI TR~ HT T, "Ry —F 7 -
F)Ux A k5T OlEFVIVET S
#1 A5 (SONY, /N¥ 74 # 4 HDR-SR7) OHHER %
BT Lz, 2oL XOMAKEEMT (R
B & 0 %950 m BEAL 7 5P IR iE) o FIRE T 2E JL U
5~6m s 'THorz Wl AR F BT C R
LTWHRWIEORHTH - /2.

3. BB RERONBHES L CHMEOBRRAE
H RO RARNAE L L7ZIREO R 2L, Z0
WIERE L Mt 2 7Y A Vs A s A a—F (F—T
YA, VH-5910) % FVCBIZE L7 (BIZRERIZ106).
WINOmEE S, SH2H2LPENETCHIZ2MD
FET, ERSREEEL .

4. REIDOBEBAEIR N OBRES E

2008 4F-12, RFETIHHER S 2 & S DI (LT,
HEBLHRH ) ) O 2L 2 (X X DillEL 72, T -
77 A AINHEH (10 320 H) #i#9 100 H, 7x—hL v
N OHER (OH1H) HifI50 H, FLE (3R (10



)Tl A I T OB RIS & Pk

H6H) RifI80HB LY 2y —Fv 7 - F) xR
I H (10 H 10 H) "if 90 H A 5 % % G L 72,
WAE TR B oAy 25 H BNEAY 5 H R8I B2 72 1) 16 R
30, ZNUENI 10 H BB REL 72 ) 8RO %
EAHWz, FREMEEIRFER O o R, HAERTE
%?Lﬁ%%ybfﬁw,MEﬁI#L2,48£i
D'10kg DI 2F (SANKO, F#HbH XA owih
PaEHG, ERFEOT7 v 7% 2 v MIEoHN T TR
G-k Y, FERTHER L 72L& SOmE (LT,
FPATEERRIT ) Z2HE L2 (1), ki, &Y F
BoOFEEZNRIZ, FHEICEEZHICTI-K), R
TR L 72 & E oM E (LUF, EEEERKST))
AHELZ GE1H). wWIh bR FEOFELH
R L 2RO A FE TS 2 2036, 1324
G100k, BEBTRIOME & FLEk L7z, BEL L 72 R
o a@igg L, BERGRAT CREEESS, RABE, RE
ERMEOBT RS L OERAL) AR L, RiEkL 7.

Spring balance

‘1{—

Detachment resistance

force perpendicular

to fruit stalk

Detachment resistance force parallel to
fruit stalk

Fig. 1 The schema of measuring of detachment resistance force

of fruit.

5. REANDYIERLIE
R 7 KN B REOFEZ IS TR, H5HVIE
BB & WEA IR L, SRR A - RAB DI

Fruit stalk

135

— AR - O - ET 35

WHATY 25 TRE, HDVEZOmMEFIND,
2HEHHOWBE 2 EZR L (5 2X), 2008 4F 12k R
X (LX) & & bIThl L7z, PRSI D 7272 A 72 AR
& B K2 7 — 7 (NITOMS #: PROSELF, 1§ (&
5cm) 2 A HWVTC, BB RAEETITFRICE S &
I, FAE, REES L CEREO—IE A LISk
&b (LY, ey — 7K, g2 -hd). F7-
B/ F =Ry b (=21 v FHE]-64, 100%
R TRV UMD T v TR M L TR L R
Y, EEiE2mm) ZMEH5em, B3 4em iZ8IWL,
PO UF2 & 912 UTOREE, gkl X 0RO —H
Buk, BRIZEHSOL0HELR Y FFATEDLL R
hmwt(UT,A/%ﬁ—AybE,%ZIE)
%&ﬁ@ﬂ%%%%ﬁﬁﬁ,ﬁ%ﬁ@%%é%%%ﬂ
A2, MK OREPBNICIZIZEEICHATE LD
L7z, BB, v/ 3y F U Il3dgmRRE Yy ALY
DT/, 6 AHHIZEEHT 2T, oo ABRSE
LChERME 20 L, FERET 2, A TR
L7z )y ITO2 RIS

ZEEENT AT D o 7.

Adhesive Punch carpet

Cont. “+" tape

Punch carpet
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Fig. 5 Photographs of fruit movements and the attitude changes of an apple Starking Delicious” (upper) and a pear "La France” (lower).
The wind blew for the left from the right in the photographs. The wind began to blow (A and D), the attitude of the fruits
changed (B and E), and the pendulum motion of the fruit continued, even if the wind weakened (C and F).
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Fig. 6 Outside views of fruit stalks and shoots of the four varieties in early July (A, E, I and M), that at harvest times (B, F, J and N) and
the cross section views at harvest times (C, G, K and O). Arrows in D, H, L and P indicate gaps at boundaries between the shoots

and the fruit stalks.
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Fig .7 Seasonal changes in fruit detachment resistance force in the four varieties. The vertical bars indicate the standard deviations.
Number of replications (n) from one month before each harvest time was 8 and that in previous period was 4.
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Table 1 The effects of the physical treatments on the bending angles near the fruit stalk during the fruit vibration.LBA and
RBA indicates the mean bending angle where the fruit moved to the left most and to the right most , respectively.

The abbreviations of the treatments refer to Fig. 2.

Fruit number 1 1 2 2 3 3
Varieties Treatments LBA RBA LBA RBA LBA RBA
Cont. 33.0 31.0 18.8 b* 374 252 a 17.2
Jonathan "+" tape 11.4 24.4 263 a 18.2 46 b 16.5
Punch carpet 12.8 11.3 30.9 27.3 134 b 13.9
Cont. 274 a 351 a 484 a 320 a 14.0 27.3
Starking Delicious"+" tape 185 b 269 b 299 b 90 b 9.9 23.1
Punch carpet 12.0 ¢ 93 ¢ 328 b 19.4 ab 9.6 19.6
Cont. 244 a 7.5 222 a 239 a 275 a 21.0
Bartlett "+" tape 214 a 7.7 17.7 a 190 b 18.1 b 21.8
Punch carpet 52 b 3.9 102 b 127 ¢ 7.1 ¢ 17.6
Cont. 39.2 49.7 46.1 a 344 9.3 358 a
La France "+" tape 259 47.3 414 ab  36.0 11.6 126 b
Punch carpet 27.3 37.1 336 b 32.5 4.6 185 b

“ Different letters in the same column in each experiment indicate significance at the 5% level by Tukey's multiple

range test for means (n=4).
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Fig. 8 The effects of the physical treatments on the detachment

rates at the fruit stalk base in the artificial fruit drop
test using the shock equipment. The numerals indicate
numbers of fruits examined. The abbreviations of the
treatments refer to Fig. 2. Different letters in the same
variety indicate significance at the 5% level by Tukey's
multiple range test for ratios.

z =

1. MMECEROELHIE

VY I CEREHOREIERE, REORBIIMNS T,
RAEFEIRIZHERE ST S, REOE ST R 5§
&% (N, 1978). HEROTLEIZ TR )L E > Riilig
B2 35 A BERDBERT 5505, AR 2



)Tl TS OMEERIEEE L PR — A - O - R

W R IEEERDS N F TS (i L (Bangerth,
1978 ; Batjer &, 1946 ; Batjer 5, 1966 : Byers 5, 2005 :
Smock &, 1954), —#IFEHILSINTE 7. BIETIE
Fizvrunray THY v TOERMERYF A
SNTW5, REAFERIIBRNERO—-DLFX DD, M
JATHERT HIERTHR L F—H T &R, AR
X, REVFHLBEREL ZUSEORTLIRET L. F
72, LRCORMFE RS LA 255 E & R OB RIS R
Tholzb wIHIMELIEN. L oT, MEEROREIX
R OSERRCBE B M RBE DR 72 S EEBR L v &
BRDITNRLIES .

HEEGRAE T, RIS 2 HIZEHNZ T 20T, F
THER S % 1) < RFE O HEEASFATHEBARIU) % 8 2 7
VIR HR L2, WSS b, 557 EBRLIM OFAT
HEBIREI I O VT A DL ANV TH Y, EEBHY
T ADOREIEEASGGTTHELAVEEZONL, R
TEER S LA % 1) < By fy, HEFEOMEILFAR IR LTI
EH b 5. 8 A LA T E BRI 134 200g D
LAV THhY (BT, REEEHFINE LRI,
HERRECHERT L EEZBND. L L, Elixm
(T —ABOTENTH L. PIENOREITE 20
FAEE S KIAE 23 A (a) TKIKISELUTTH 5.
SR ek U AN B A A R X
sina [ZFELWOT, To¥s, EEX0.260 IR0
EROGBHRMEIZIZEALENLDEEZ END.

SRR RIS EEOER] (HE, 1965) 2ECED 5.
Thbb, BEEORKIWVREREDEFE L AHGHREICLD
iR 5 L &, BEORE WREIEFRN N0 -
THIETHN, R FEBZHED L. JADRDIEEIRN
35 O 285, EEOR S WIREOREET IXH S
WCIEE SR, ok b s hid—ikicEE) (H2
WIZIEEIRID) L EbNn s, BERRICEAET S ELIREE
O R UL, FFE & R % B C R & R L
CTH|E S IOENES %384 S8 5. B A TEEEER I
Pz Lis e &, ZofbargEn, ERT L. EE
ROZAR, EREENO L) ICKEICEL RV, I
JAETIZ 0 &, HEMZbA, —EHIZFIEEELNS
B, EOEEAVNEWOT, EEIIITAEVWbDLE 2
LN,

SRS R, BTRICR OGNS X512, &I
MM LY 20 AL EmiA S, FATEEBARBT 2, 1
EHEBARPL D 25O TR S W LR ERT 2 b0 &

141

41

EZZoNb. VIRl Iy FUIlBvnT, FATHER
PEHOH, EEFERESTO Ml Z I & E TS
SVOh, FEELIL, REE - RMEOBFREICHE S
U GEGIX) BEDOREEEZEZ L. 2O Ui
RN A SIE L2 0TI R L, Fo—HTH 5
REBOEHBA T REAE AL, COBROMWEE D
JERIZEE, BRI 6 U2 D TH o7z F
7z, L UNOFHHEBIIMD TRGERE A TER L T/ (5
61). HEHENIC LY RERKERE 72Dt L) 2
HiaeE ZoLUNPEEOHFIER, DD OEK
M & 2 L (R .

2. BEFERRALEICEY 3 SMIERIEDRIR

WEGERODIEER B E LT, RERBIZHZAL 2O
VBRI & S e, BRI 1 A b 55V AR HE
BUhaxEPSEL VTP ROEZETH L. 7 AW
DEHITHEAE, REEB X CEREO—E R T —
Ry bO XD BE M TRV RIS TIUL, Piillias
DAEA/RNS Y, REESsEIIIC RS, RE)
DEE, Wads 7 S LI O NMA Y AR L, Sh
LIS E 25857572 bte 2 & T, EBUHE5ET A 2
EHIRETE 5.

F7o, REORE LT, FAEIEEAEERL L < %R
BRI CTRIVLETH L. FETPETH-2), £
T O R E TR T — 7 CHEET 5 2 LI,
REOWMEO—H 27— TIZERD Y &8, Tk
BICIb AR 2D S LMEPIETE L. 12751
SRR TS A B 25 B ST O A T d B A3 IR AE
Wy,

REX Mo 72720 OB (LA - FHE, 2007) 12
(&, SRR OPTIAT Y B kiR Ed F ) R TE 2
7 — TN AY ) B IERD R AR T & 7oAt
FoPWHE T — 7R 2HER T T — 70 (L
A -, 2007) T, REYHINAST — THICTEE Z &
& PINHAY IR RIS T VIR TE RV,

IRBYEBE R O—EIZ, SRXOIILATY) fAEE DL
HX LD EFINSWTr =28 s (1K),
ZORKFE LT, HBRXOERBOE, RNEEOD, [
BB DR L > 72RB 2 52722 e EZbA. 2D
Bitr, IRIEDSKE CCTHMBARIIRB) T 2720, AT
BB EEITNS L, 4mAb P35

B RBEOFEREE BT 5 &, M0 (LA -

Wy,



42

FRRE, 2007) (IERABAEOPAILIATY) % AT % wh R
RSV, B CHERL L CO R RBE A RN LR
sy 5. 72721, SO T35 7708 E ORI EHS
B, Wi T — 7TWEIEI) FHRE R K
(&, RAEIEETHERL L C L B RIEE A RN RIS D
SO T T — TR OYE, Pritkhs Y M E O
MELKEV., +FT — TEOEH B IIME ) TH D
25 (LREY4720 1.841), WO AFITHINIWHTE AW,
N FH =Ry MU O A, BT RE47-00.79
MEfCEET, WY HEEdbErCchorz. 72720, R
I CHERL S 2 &, FRBRERL-ZEHh5, RLEIC
ZERIBG B LT 2R RIS v

FREOFEBRICHC WAL, ) AEbEOEN
RFRALZZCTES, wind, HHREoORHE, I
DA FIEE DA, BEEROT CRROFIA D 5
. Bk, WML Co=RyFYHELT, WOFITO
RN % i 2 72448 ST S RO 20T, ) v TRt
A3y FVSHTE L2 Ltkwv, +XFT7— 7
RSy Fh—_y MU AR EZ T, BERM
WD I RIERTAZEI2EY, X@ET, 7
&y F TR O ERT L LML
Wy,

HB, TNENOMBIEIZONT, 1) ¥ I TIFIFE,
A IS TIHBREIC, REOME LB L2,
LR X IS REMBEOKRKE RECITRRO SN Do 7
(F—F KGR, Tz, LELWHALEIL, SREER S
AN, IUHERTE R OB IR REOR AN OER
BB RSN DT (F— 7 RIBHE), 5%
Mead L7zwe,

wm =

) IRt A Iy oA, R X SRR
oL EOREDEEINC L T, FAEHEE (HERFK
HATL) ATIREEL S 2 20ciRE 5. kAT vF T2
miE (779 A BLO N—=FLyv M) BIOD
Va2 (CHE BXY 2y—Frr - F) Ty
AT) kb, RABLEEHOEAKAERIEY, WEER
WO UNDBHFIZ R Y, 2 OFeumEh i Fasetk 225
ELTHEE TAEVRAATY ., ZDHh, Ffic
L 5[] O R FEEBICH I EPAT R OBERIHT T X b
ZLNE Dol REOWE L REMHEOH LAY

142

Wi REER S () 168 B3 %

A S L7z, RENHEEIF 50 HATZ, T2
FEHEOWBUE 2 56 L 72, T7bb, MR 7272
ATZ2MORE T — 7 TR, REBE L O R % FH
ET LU (TXFT—TIK) BIUOSF =~y b
THAE, REHKBLOEREO—EHrAHhE Yy FFAT
BET M (S FH—~y MNX) L7 &I
o, REARESEEEOETFEGEE T, F
A O AT MEAME L, xR &L 7.
ZOREE, WHEXIZKE RREIRD S, g
EIZ & 2 NLRYERABROM R, MBS 1amiE (77 -
7T YA BXO KE) I2BWT, WAL LR
TERIBOBERL % A3 2 B RATRRD STz,

5| ATk

Bangerth, F. 1978. The effect of a substituted amino
acid on ethylene biosyntheses, respiration, ripening
and preharvest drop of apple fruit. J. Amer. Soc.
Hort. Sci. 103 : 401 — 404.

Batjer, L.P. and A. H. Thompson. 1946. Effects of 2,
4-dichlorophenoxyacetic acid sprays in controlling
the harvest drop of several apple varieties. Proc.
Amer. Soc. Hort. Sci. 47 : 35 — 38.

Batjer, L. P. and M. W. Williams. 1966. Effects of
N-dimethyl amino succinamic acid (Alar) on
watercore and harvest drop of apples. Proc. Amer.
Soc. Hort. Sci. 88 : 76 — 79.

Byers, R. E., D. H. Carbaugh, and L. D. Combs. 2005.
Ethylene inhibitors delay fruit drop, maturity, and
increase fruit size of ‘Arlet’ apples. HortSci. 40 :
2061 — 2065.

BF—HF. 1961, KRB OEEOHZE (3). FAEDTHAH
DIREE L RFEDOEOIPL.  FEERR. 17130 - 32.

B RRERL 1965. 1 1. AR = - &UUFR - RRRETS -
AINEIEHE - SRR . WA WL 1.
FIEE M. AL

BOKFEN - SEEGSy W - EHZE - NI - BEE—
1999, WIAEFIZ X 2T 7 o2y I UM
2B D EEY O - s BCRE T F A

68 : 95— 100.
RS Ho- SERE - EE - adE T - BEEFH
1994. WO 2 WAV ORI X B EEgE



Va3 OMEGERIEEE L PR — A - O - R

BofRORI. EHE. 63 (3) 131 - 37.

IS —. 1978, REIR=YEG. EEE 85

ERMOKES R, 1992, W IERBNI B 2 B
EHOEFME R RHAM OFEM. FR44FE (1992)
R PRI 8k pp. 1 - 55,

ANERERTT. 1971 4 2 F Y OBEGE & Z O HRICHE
T AHWIZE. I RBURERIRIER. 25 1 47 - 63.

MOTES - MR A EE T SRR 1995, 7 v
F Y OERE L ZOEENER. 28 RS
X HAAR B L OB RE O, R 28 ¢
61 — 67.

Smock, R. M., L. J. Edgerton, and M. B. Hoffman. 1954.
Some effects of stop drop auxins and respiratory
inhibitors on the maturity of apples. Proc. Amer.
Soc. Hort. Sci. 63 : 211 — 219.

LRI 1971, REOHMIPHE BT 2078 (55 1 ).
FEFERM MRS, 33 1 173 — 181,

IWARERE - RS, 2007, A I Fd &) rTICB
V% W BRI 7 Y B 1E LB O R AL R OV o A R 5
mnEANORE, BRI LR R A RS
ZEE: 312

IIARRERE - $oAMERT 1 - BAMET - HBEERF - JIILE 0% -
PrikESE. 2008. 8 A LIRED BRI X % 377 F R
OEE (REOHAEBZR), TOROBELET
FEAT A REGEDE L OB bR, B, 64
69 — 79.

143

43





