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Summary

Fruit turgor pressure, fruit sizes and distributions of cracking density, skin stress and factor of
stress concentration of several apple cultivars were investigated in relation to several indices of suscep-
tibility to fruit cracking, e.g., cracking index, cumulative ratio of cracked fruits and mean cracking
densities.

1. Cumulative ratio of cracked fruits (CRC) were determined by immersing the fruits in a dilute
nonionic surfactant (0.1% Triton X-100) water solution for 72 hours in 1990. Cracking index (CI) and
the CRC were determined in 1991 by counting and eliminating the cracked fruits every 8 hours during
the immersing for 40 hours with the same solution. Further, the cracked fruits after the immersing treat-
ments were observed to calculate the cracking densities (number of fractures per cm,CD) at each region
separating the fracture pattern and the mean cracking densities, e.g., the mean cracking densities of ring
fracture (MDR), that of lengthwise fracture (MDL) and that of the both fractures (MDR+MDL). Posi-
tively significant correlations were found between these indices of the susceptibility. It may be recog-
nized based on these indices that ‘Akane’, ‘Nero 26’, ‘Ohrei’ and ‘Ralls’ were highly susceptible to fruit
cracking and ‘S.D.’, ‘R.D.’, and ‘Redspur’ highly resistant.

2. The susceptibilities to fruit cracking by the continuous immersing treatment for the 72 hours
were significantly and positively correlated to the fruit pressure (P). The susceptibilities to fruit crack-
ing by the cracking index method were negatively correlated to the fruit cross diameter (¢) and the
fruit length (fruit transverse diameter, b) and positively correlated to the shape index of fruit (a/b).

3. Distributions of the relative value of skin stress acting in the direction of longitudinal arc

(o..t), that of latitudinal arc (d,.t), the factor of stress concentration in the direction of longitudinal
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arc (FSC,) and that of latitudinal arc (FSC,) were analyzed by a computer-digitizer system® . The
skin stress acting in the direction of longitudinal arc were concentrated extremely around the stalk cavi-
ties and to some extent around the calyx ends all over the cultivars. In contrast, the skin stress acting
in the direction of latitudinal arc were concentrated to some extent around the equators and diminished
toward the both ends all over the cultivars. The mean values of 0., ¢,.t, FSC, and FSCy were sepa-
rated by Duncan’s multiple range test among many cultivars at several regions on fruit surface.

4. The cracking densities (CD) by the immersing the fruits for the longer time in 1990 had higher
levels than that for the shorter time in 1991. The rises in CDs at most representative regions on fruit
surface in the 2 years corresponded to the increase in skin stresses at the same regions in many culti-
vars. However, this correspondence was not found by the abundant secondary fractures in the some cul-
tivars. ‘Fuji’ and ‘Senshuh’ had high cracking densities (CD) around the stalk cavities (i and j points)
which cultivars frequently suffer from some natural and special crackings, e.g., “Tsuruware” or the sur-
face crackings around the stalk.

5. The susceptibilities to fruit cracking were correlated positively and significantly to the crack-
ing densities of several regions, e.g., the densities of the ring fractures around the calyx end and at the
side, and that of lengthwise fractures at the region from the terminal shoulder to the side. However, the

susceptibilities to fruit cracking were not correlated to the values of the skin stress or the factor of

stress concentration except special regions.
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Fig. 1.

Natural fruit cracking in ‘Ralls’. Upper :
. stalk

calyx end, middle : side, lower

cavity.

AL BHEEBICLAREDOEMTH A H A, BIKERD
RO, W 2ZHB ARG ShTniv, B
”%ﬁﬁﬁ@mmﬁﬁukmﬂﬂkiégmﬁwﬂﬁ
= (EHEEE) OB R U23GfEsr B PEBERED
ﬁi_t"'%'?—‘@ﬁg%kt?iw EEFoTwnsn, T/, H
BEZ O mERZRORICE T AR IEEERED

% L > ‘Stayman Winesap’ & 23 L2 W 5 fHfED R
EMBOBERBYRUBREREDE LV Cox’s
Orange Pippin’ ¥ & 4 SO ERHAGZOBERES 12
LT, TEYRAY YOI OHHEHORERE LI
NBEHER, WKL LIA R IV )OHEH

A

63

Wi a (B0O) O & BEIC X A REERWERE D5
POT A OHEE R DEHHELORAED £+ 1k X,
%'%%{@@F‘ﬁkﬂa?‘%ﬁﬁniﬁ-’:tiﬁéfC)&b\ RE
U)Hl’_’,ki%f%&"'%“i&:”)?“]@ﬂﬁ%&ﬁﬁ{%?)‘ ‘Stayman
Winesap' *®, ‘Cox’s Orange Pippin’ *V, T8k’ J 0" ‘B
B ONBERLVTHESR TV S, [KELMFLERER
H & ORI OWTIE, ‘Stayman Winesap' *®, ‘Cox’s
Orange Pippin™”, ‘T, 5 U RO BEE opRHHz
237, iﬁ%%ﬁ&(ﬁitﬁﬂ(ﬁ&’”%ﬂ&tmﬂa%t‘
DWW CId ‘Stayman Winesap™®, ‘Cox’s Orange Pippin™!
BT TREShTWwWaE, HEEHEDH L, A
DEBIIOVTE FH VR S 7T, EfFEL
DOREMEIC DT FH VTV ROCRER VT, FREN
L DOEBIZDOWT TR 31500, HROPBIIOWV
T T8 ¥ R0 ‘Stayman' ' C, FEHIFHER OREIZD
VT ‘Stayman’ FEES RO TRk 467891018 6 g
W OBEIZOWT Tk 3O RO R RN
PRV T, ARFADHAEA OBEBIIOVWT Fi Y,
‘Stayman Red'?”, ‘Neipling Stayman’ * & 7" ‘Stayman’ '®
THESINALTVS., ERRoOHmETRONE LI, SE
Tt ‘Stayman’ & O ‘Cox's Orange Pippin' , FX2ATETIZ
FELTFK LWIHIFEDMMEICHEE L-HERSE
DBHLTHY, e LTHRERDERL V2. 4LE
) THEMTHECETAMEN D Leh -2 BHHE L
T, KEWEE, KEFIE, WeaiitE, mk, = KT
BB O ORERENH T VEEICIL L2V
&, RO, BREEDHEZ 20K CRIIMTHCEEHD7:
OOEENRETHLIEDNEZLNA. LML, EVA—
YHFDIORERENE L, D, HEPELBED
E T NICRE - 2R R BLETH A ).
FFFED CEEAEOLERIRORBICEF L
T, SHICE B REEIMRERELZHONICTRET
HHH, BIRERT OREBEFIIERLEHITKE )
AT, B O R RS ¥ — & B BT it O F R,
g D B N - T, BB 2 Bt ik % R EE
IZLTWA, A#EIRZORZFHO s e Tk
LaAs, Lkt B ORsomfdE 2R %5
LML, EHICRREOEEN A RERMEDIC
RWE, BERT YTy, REERZLEL/-LDOT
5. B, KEEi1Z1989~19914E0D 3 N4EICHA-D#A
HEL-bD%2TLD-bDTHA.

729



64

MERERUH &

1. #RaE
INTERFE R IERBS RO ) » T 6 o, [6R¥
W ERGHEMOILGEE vz, ZOMICEREY A
TREG L DS L2/ 7 SO R EOHERTTH
BEWGEx AV, Ukl OFARREB DN O A
WA L7-. $1RICRHEORE, AAROHE, T
FRCRERR 2R L. b, FERREY O
#Et, WTAKAMIZH 0.9m, HEESOLWIIEES,
WTFAKNMIZIO~2m THho7o. B, KamXHTHV
-4 o ‘GD’, 'SD’, RD’, ‘MR, ‘ASP’ KU
‘P.G." I ZNZ 1 ‘Golden Delicious’, ‘Starking Delicious’,
‘Richard Delicious’, ‘Mclntosh Red’,
Pearmain’ U ‘Prime Gold’ D5 T - 7.
R O 4% i MRS, ASP.,

‘American Summer
¥/, K
‘Jonathan’ K OF

IR (RF) H11E H45

Ralls’ IZZ NN W, B, FLE RO ENR AV
2. HEBRZMRUBNEEDATESHE

FRROTEL, B ERERIZE ZEPRIUOIEHE
WIS TH D, 4+ by RETIIERICGE * —EinE
FUHTORGEKICREL, BHIREIELHEFHVSL
nTBY, BiZ, COHFEOYRETHHREBE
(cracking index, CI) 12 & 2 LB mS: M o Wi 5 11719
FERIICHEL L TnS. L, VY IREDHEIC
EAKICRELTDHIZEAELREL V. i Byers &
(1990) 13JEA 4 v RAmEEA 2 FAZKIZY) Y TR
EEXREREM (3HEIIIL) RETHLRRTAZ LA
HLEY. 22C, A RREEEH O Triton
X-100 @ 0.1% K (20C) & A \C, 19904Ei2) » o1l
SRAE D & 4 F)SOME I 72 B BLIR AL ER 2 f L, SRcAR
B (B cumulative ratio of cracked fruit,

CRC) FAK L7z, &5, 19914EICF UigEAK % Hw

Table 1. Origins, rootstocks, trainings and date of measurements of apple cultivars used.

Cultivars Origin Rootstock Training Date of measurement
Akane Jonathan X Worecester Pearmain M 26 Central leader Aug. 26~28
A.S.P. Found in USA M. prunifolia Open center Aug. 9~11
M.R. Found in Canada M. prunifolia Open center Sep. 17~19
Ohrei Golden Delicious X Delicious M. prunifolia Open center Oct. 23~25
Ohrin Golden Delicious XIndo M. prunifolia Open center Oct. 16~18
Jonathan Esopus SpitzenbergX? M. prunifolia Open center Sep. 28~30
Ralls Found in USA M. prunifolia Open center Nov. 6~9
G.D. Chance Seedling in USA M 26 Central leader  Oct. 3~6

S. D Bud sport of Delicious M. prunifolia Open center Sep. 26~28
R.D. Whole tree sport of Delicious M. prunifolia Open center Sep. 28~30
Redspur Whole tree sport of S.D. M. prunifolia Open center Sep. 28~30
Jonagold Golden Delicious XJonathan M. prunifolia Open center Oct. 11~13
Senshuh Tohkoh X Fuji M 26 Central leader  Sep. 17~19
Tsugaru Golden Delicious X ? M. prunifolia Open center Sep. 9~11
Nero 26 (Jonathan X Goal) X Richard Delicious M 26 Central leader  Sep. 9~11

Fuji Ralls X Delicious M 26 Central leader  Nov. 11~14
Hokutoh Fuji X Mutsu MM 106 Central leader Oct. 31~Nov. 1
Mutsu Golden Delicious XIndo MM 106 Central leader  Oct. 10~12
Yohkoh Seedling from Golden Delicious MM 106 Central leader  Oct. 3~5

4-23 FujiXMahe 7 (Not recorded)” Harvesting time
Tsurunotamago (Not studied)” (Not recorded) Harvesting time
Kohgetsu (Not studied) (Not recorded) Harvesting time
Tohkoh Golden Delicious XIndo (Not recorded) Harvesting time
P.G. (Not studied) (Not recorded) Harvesting time
Hanaiwai (Not studied) (Not recorded) Harvesting time
Gara Kid Orange Red X Golden Delicious (Not recorded) Harvesting time

“ Author et al. can’t find Y Not recorded at the sampling.
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Fig. 2. A diagram showing radius of curvature in the direction of longitudinal arc (r;), that of lati-

tudinal arc (r;) at an arbitary point on a outline of a vertical section of a fruit, several inde-
pendent variables (a, 7, and ) used in the analysis of distribution of surface stress based on
“Theory of Shells” and representative regions (b, ¢, d, e, f, g, h, i and j).
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Fig. 3. Time courses of cumulative ratio of cracked
fruits (CRC) by the cracking index method
for 40 hours in several cultivars of apples
in 1991.
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Table 2. Cumulative ratio of cracked fruits (CRC), mean
density of ring fracture (MDR), mean density of
lengthwise fracture (MDL) and MDR + MDL by
the continuous immersing treatment for 72
hours in several cultivars of apples in 1990
and that of natural crackings of ‘Ralls’.

) E11% $45

Table 3. Mean cracking index (CI), cumulative ratio of
cracked fruits (CRC), mean density of ring
fracture (MDR), mean density of lengthwise
fracture (MDL) and the MDR + MDL by the
cracking index method for 40 hours in several
cultivars of apples in 1991.

Cultivars CRC  MDR* MDL? MDR+MDL? Cultivars ClI CRC MDR* MDL* MDR+MDL?
(%) (%)
M. R. 94.1 0.354 0.041 0.345 Akane 88.89 100 0.0637 0.0095 0.0732
Ohrei 100.0 0.842 0.048 0.890 Kagayaki 13.33 24 0.0036 0.0032 0.0068
Ohrin 98.0 0.568 0.047 0.615 M.R. 8.67 26 0.0076 0.0025 0.0101
Jonathan 100.0  0.501 0.029 0.530 A.S.P. 31.56 44 0.0685 0.0122 0.0807
Ralls 100.0 0.823 0.065 0.888 Ohrin 12.44 36 0.0130 0.0051 0.0181
S.D. 59.1 0.142 0.006 0.148 Jonathan 21.11 30 0.0164 0.0036 0.0200
Jonagold 68.0 0.155 0.008 0.163 Ralls 45.56 70 0.0144 0.0056 0.0200
Senshuh 77.2 0.238 0.011 0.249 G.D. 20.89 44 0.0150 0.0082 0.0232
Fuji 95.8 1.073 0.011 1.084 S.D. 2.22 8 0.0032 0 0.0032
Mutsu 87.7 0.217 0.059 0.276 R.D. 1.11 2 0.0005 0.0005 0.0010
Yohkoh 98.2 0.488 0.043 0.531 Red Spur 0.67 2 0.0006 0 0.0006
Ralls® 0.239  0.019 0.258 Senshuh 4.44 8 0.0014 0.0033 0.0047
> Unit: No. of fractures weighted per cm Nero 26 68.89 100 0.0424 0.0143 9.0567
il s ol Fuji 11.78 22 0.0223 0.0002 0.0225
¥ Cracked fruits on a tree naturally from the biginnin,

of October to the middle of Novem}t,)er in 1990. ¢ ¢ Mutsu 21.56 34 0.0029 0.0028 0.0057
Yohkoh 9.56 22 0.0068 0.0016 0.0084

NTW 5. 19904 & 19914E D BRI IR ERER 0
KEECOZENBN, GIEDEPIKED 7. B,
1914E D AEHREFOBMNEL (3N 2Rb LR
EFLGT 8 ~ 24RO RO B ENRI Y T nI &
bhr oz,

19904 X B2, 19914 BROFEICL Y, MET
o 2l DD 5 72h%, WEICIE L SEICow
TOLIBREMOAHBBEFRE S 4 ERE 4 RUTR L.
19904 D R REMBIZ & 5 KB Tl CRC &
MDR+MDL & DETOAFELZMBEAMBRIRE S
(AR, r;5,1). LoL, 199140 KIGHEER CIIAAEIC

? Unit : No. of fractures weighted per cm

AELZHEBEFRIZED LN, FTH CI & CRC BDH
Bamb@Emh o7 (BAN). MEOKIKEMICHEER
FWIEOMHEIBELRATRED Sz b DIF19904E D CRC &
19914E @ CI & A\ i3 MDL & D, 19904 & MDR &
19914E @ CRC, & B\ & MDR+MDL & O, 19904
@ MDR+MDL & 19914E ® MDR & % \» 1% MDR + MDL
EDOETHY (B 4K, ro N Nays Lays sy
r5y5), #6 U CHEHRERBEEE (MDL) & O O
KD o 72, AT FEEERIRBRERE (MDR) (ZH# L

Table 4. Coefficients of correlation (r) between several cracking susceptibilities by the continuous immersing
treatment for 72 hours in 1990 (CRC : z2, MDR : z3, MDL : z4 and MDR +MDL : z5).and by the crack-
ing index method in 1991 (CI:y1, CRC: y2, MDR : y3, MDL : y4 and MDR+MDL : y5) in several cul-

tivars of apples.

2.4 0.951%* 3.4 0.388 Ty 0.642* I,5.41 0.676*
2.2 0.624 r,3.y2 0.643* T4.y2 0.504 Iu5.y2 0.718*
2.3 0.485 I13.y3 0.910™* Iaa.y3 0.104 r.5.43 0.882%*
Iy2.94 0.819™* r,3.94 0.022 Tutpa 0.671* r,5.y4 0.295

I,2.45 0.536 I,3.45 0.900™* rays  ~0.151 rs5,  0.893%*
;2.3 0.414 I;3,24 0.108 I,4.,5 0.437 ;5,21 0708*

“¥ and * indicate P<<0.001, P<0.05 and P<0.01 (t—test), respectively.
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Fig. 4. The correlations between the cracking index (CI), cumulative ratios of cracked fruits (CRC)
and mean cracking density (MDR+MDL) by the cracking index method for 40 hours in 16 cul-
tivars of apples in 1991.
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T O ERAERECKD 9 WBFE%E H V72 Byers 5 D%
ORI ThHo7 F2, )T TORBERBEORE
BARIANDTORATH 5722 &b, hikdEY
BEEPICOWTIHER T ET 525, HEBEET PO
L DFAZ & vk L THREBIZEHE§ L, RBEBZ D
BOWREE LT, ‘Hhd, AU26%5, £ ROCHE
¥ A%, v EfEE LT, SD),'RD B ‘L y A=
PhiFohs (2, 3K). L7EL, SEOEBRTIE
TR IWE & DBREMIRSEL ko 2, F
AIBED T ) HFMICBRE L TEAE LR TV & p
b, BELY) OBAEFEEIIEMEL R YTV, Nz T
B ORI IR BERPERD L eh 722k,
RORGEOREIZEMIC L ) BEREIHLREL S
(FRHE R A EBGo EHIK, f15) 2L 2ZE L TH
Wra 7z, 512, ‘AU 1219914 DR EEE (¢
13 2 o 72h, 19904E D MDR+MDL 13 & fitiC
Holz(82,3K). IhSOEEZEOMEROFYIAE
BEMTREZSZERE LT, BEAICBREI T IE
LICHET B, EOREICORET LM (72 21E,
‘EDE, RAA) Tk CHizkE L, BREFEEIREL 25
728, SNSRI OREIIRET LA, 5
ELZHAEIRENIFEET LA (2L 21E, 5L,

1 1 oL Y 1 1 L
50 75 100 0 0.02 0.04 0.06 0.08
CRC(%) MDR +MDL{No. of cracks/cm)

BRD) TRRBRFEIFHILTIELRY, CAEE
NEERELLHRVIDEEZOLNS.

Byers &0 3 0 [ EHIEEMEIC &L 5 & BERERI
‘FLE A%80%, ‘Stayman’ A%52%, ‘G.D. H%40%, K UF
York' %532%, fh 5 BHEIX 0% TH V'S, KEBRKE
B EE2E) LYERIEWERDLHICBRbNRS. &
DA E LT, KEN-T =7 EERSEE OB DAL,
BREEMEDBENIEZONLAY, ThUSIBZLL
Byers 5 OFES CTidfll o T AR AN S /- hE
b B, PIBZREOM FZREF L FBOJN $%64.9%,
‘P.G.’ H23.2%, ‘BEBL $523.2%, ‘OH B H10%, ‘T3
FIT—=)V K H7.2%, F) 35 H6.7%, ‘=a—H~<v—
7 933.3%, RDH1.8%THhY, MolsHfEIE
0 %"C“&)otsn.

2. BEOKE, REOAE S RUREKIEHORER

ERCNERFZM & ORBF

ELRICEEOKRT I x ) (¢) LBEE P), R
HOBERT V¥ v (), FEMHE ), REE
(b) BRORAREK (a/b) OFHEER L. BEOEHY
WAL LT ST, B RUVCESH A, KVRfEE L
T'AU26%5, ‘TVaFIT—)V K RO deb s, 7,
BEMEOKREVRHEE LT 5L, FER, b},
T BT aF TR A, NSV LT 'H
i, B, LS, TR, RE RUCENR A5, RE
ROREVWRIEE LT R, el RO EHK A5, /A
BWREE LT hhrt, B, W, HE, BEE K
O A2 25, REBEFIKEVREL LT HH
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Plate. Fruit crackings by the immersing treatment for 72 hours in several cultivars of apples in 1990.
A ‘Ralls’, B : ‘Yohkoh’, C : ‘Mutsu’, D : ‘Fuji’, E : ‘Ohrei’, F : ‘Ohrin’.
The upper, the middle and the lower part of the individual cultivar indicates the calyx end, the

side and the stalk cavity, respectively.
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Table 5. Means of water potential of fruit (¢ ), osmotic potential of the juice (¢,), turgor pressure of
fruit (P), fruit cross diameter (a), transverse diameter (b) and shape index of fruit (a/b) in
several cultivars of apples in 1991.

Cultivars ¢ (MPa) ¢, (MPa) P (MPa) a (cm) b (cm) a/b
Akane —0.31 a* —1.45 be 1.14 d 7.46 g 6.05 h 1.233 a
M. R. —0.28 a —1.38 ¢ 1.10 d 8.62 bed 7.00 fg 1.230 a
A.S.P. —0.28 a —1.46 be 1.18 cd 7.33 g 6.67 g 1.105 cde
Ohrei —0.28 a —1.62 a 1.34 ab 7.55 fg 7.85 cd 0.962 g
Ohrin —0.28 a —1.54 ab 1.26 be 8.95 be 8.58 ab 1.042 ef
Jonathan —0.24 a —1.48 be 1.24 ¢ 8.03 def 6.74 g 1.192 ab
Ralls —0.24 a —1.60 a 1.36 ab 8.12 cdef 6.75 g 1.186 ab
G.D. —0.32 a —1.41 ¢ 1.09 d 8.59 bed 7.78 cd 1.104 cde
S.D. —0.28 a —1.50 be 1.22 ¢ 8.69 bc 7.76 cd 1.119 cd
Jonagold —0.24 a —1.29 cd 1.05 de 9.03 b 7.88 cd 1.142 be
Senshuh —0.32 a —1.43 ¢ 1.11 d 8.02 ef 7.27 ef 1.099 cd
Tsugaru —0.20 a —1.28 d 1.08 d 8.53 bed 7.64 de 1.116 cd
Nero 26 —0.27 a —1.22 ¢ 0.95 e 8.16 fg 6.82 fg 1.192 ab
Fuji —0.21 a —1.65 a 1.44 a 9.01 b 8.08 bed 1.114 cd
Hokutoh —0.21 a —1.27 d 1.06 de 9.89 a 8.71 ab 1.091 cdef
Mutsu —0.24 a —1.52 ab 1.28 be 9.61 a 9.07 a 1.058 ef
Yohkoh —0.21 a —1.47 be 1.26 be 8.97 b 8.29 be 1.081 cdef

* by Duncan’s multiple range test (5% level)

Table 6. Coefficients of correlation (r) between several susceptibilities by the continuous immersing treatment for
72 hours in 1990 (CRC:z2, MDR : z3, MDL : z4 and MDR + MDL : z5), by the cracking index—method in
1991 (CI:yl, CRC:y2, MDR :y3, MDL : y4 and MDR + MDL :y5) and several factors (P:x1, a:x2, b:x3
and a/b : x4) in several cultivars of apples in 1991.

2.1 0.558 .. 0.827%* 1, a 0.373  rp.aa 0.847*
rpe  —0.228 o rgs,  —0.308 fa.e  —0.025 5.  —0.301
I,2.x3 —0.085 r;3,x3 —0.101 I,4 %3 0.115 r,5,x3 —0.075
I;2,x4 —0.079 I;3,x4 —0.177 r,a x4 —0.161 I;5,x4 —0.207
raa —0.33  rpa  —0.370  raa 0 —0.265  ru.a  —0.619% rs5,  —0.335
raxe  —0.556% rp..  —0.466 ra,.e  —0.728%  ru,.  —0.629% rs.. 0 —0.73¢4™
Fy1,x3 _0618* Iy2 x3 —0544* Iy3 x3 _0625* Iya x3 —0534* Iy5 x3 _0629*
Fyl.x4 0. 577* ry2, x4 0. 536* I'y3 x4 0.356 Ty4 x4 0.276 I'ys5 x4 0.353

* and ¥ indicate P<0.01 and P<

267 B, ANSwinfEE LT R
RO LI (5 EK).

DHFARR T H 6 KITR L7,
IZE BEBELEBE (P) L OB OMBEIEE D - 720° (5

6 £, ra. ),

AELZMHBEIRE IR o7 (B6K).

RIEBFTEICL B HIRELBIE

.05 (t—test), respectively.
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(P) L DB DAL
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Fig. 5. The correlation between cracking index
(CI) and shape index of fruit (a/b) in 13
cultivars of apples in 1991.
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Points on fruit surface
Fig. 6. The representative output of the distribution of factor of stress concentration (FSC) and the
shape of outline of vertical section in fruits of several cultivars. FSC; . FSC in the direction
of longitudinal arc, FSCy; - FSC in the direction of latiudinal arc. Straight lines within the out-
line indicate 1 cm.
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cracking density of ring fracture (CDR, open bar)

and that of léngthwise fracture (CDL, closed bar) on the representative regions on the fruit
surface by the immersing treatment for 72 hours in several cultivars of apples in 1990.
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Fig. 8. Distributions of surface stress (6, * t, and 0 - t) and cracking density
(CDR, and CDL) by the cracking index method for 40 hours in several
cultivars of apples in 1991. Explanations of the figure refer to Fig. 7.
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(1987) 1¥, FEZBOHVPERLAZRIEIC L bR EHEER
FEHED ZHWCTT RO R HE L EE L&
ZA, ) OEOREEEEHIE L TKRE L, FKEEhd®

) #11% %45

BRONEDP 72 M5, WEBTRED o7 ot 128
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Table 7. Coefficients of correlation (r) between several susceptibilities by the immersing method for 40 hours in
1991 (CI:y1, CRC:y2, MDR :y3, MDL : y4 and MDR + MDL : y5) and cracking densities at representative
points on fruit surface (w: CDR, v:CDL and u:CDR+CDL) in several cultivars of apples. Subscript of 1,
2,3,4,5,6,7 8 and 9 of w, v and u indicate the point of b, ¢, d, e, f, g, h, i and j, respectively.
ryw  0.565% ryzw  0.437 ry3w 0.886™  ry . 0.523 rys.1  0.857%
Iyl w2 0.232 ry2, w2 0.157 Iy3 w2 0761**x Fy4 w2 0.487 Iys5,.w2 0.739#
Fyl.w3 0.686** Iy2, w3 0.544* Iy3,.w3 0843**': Ty4, w3 0.489 Iy5.w3 0810“
Tyl wa 0.795*'* Ty2 wa 0791*.“'= Iy3, wa 0801“ Ty4,wa ()862*.“= Iy5.wd 0838“
ryws  0.694%  rp o 0.782%F  rj;.s 0.551% ryaws  0.849%*  ro s 0.620*
Iyl wé 0.616* l"yg_w(; 0.728** I‘y3‘w6 0557* l‘y4_w6 08255.*.K l‘y5‘w6 0.621*
Iyl w7 0797**'= Iy2 w7 0.8651** ry3. w7 0.376 Ty4, w7 0550* Iy5, w7 0.420
Fyl.w8 0.156 ry2 w8 0.079 Iy3. w8 0.146 Iy4,w8 —0.193 Iys5.w8 0.093
Iyl w9 —0.257 Iy2 w9 —0.303 ry3.w9 —0.072 Fy4, w9 —0.445 y5.w9 —0.139
raas 0.853%*  rp s 0.773% rps 08107 s 0.721% 0 rg . 0.822%
rya 0.614% ryzv  0.662%  rg.. 0.693% rya 0.869%  ris.4  0.745%
ry1.v5 —0.018 Iy2.v5 —0.112 ry3.v5 0.375 Ty4.v5 —0.148 ry5.v5 0.293
Fyl,v6 0.433 Iy2 v6 0.459 Iy3.v6 0.672“ Iya.v6 0645* Iy5.v6 0688**
y1.v7 0.500 Iy2 v7 0.518 Iy3.v7 0.466 Ty4,v7 0540* Fy5.v7 0.498
Iy1.v8 —0.045 ry2.v8 —0.060 Iy3.v8 —0.257 Iya v8 —0.040 rys.v8 —0.231
Iy1.v9 —0.255 ry2.v9 —0.333 ry3.vo —0.266 Tya v9 —0.138 rys5.v9 —0.250
raa  0.579% rew  0.448 ry3a 0.885™  r,.,  0.518 rys,  0.851°%
ryl_uz 0232 y2 42 0157 y3.u2 0761** Ty4,u2 0.487 rys_uz 0.739#
rw  0.707%  rp.s 0.568* ra.  0.83"  ry.s  0.515 rys.  0.822%%
rpw 0.750%  rp4 0.762% rpp,. 0779 ryaw  0.875 rys..  0.821%%
Fyl.u5 07075.5‘= Iy2.u5 0.797*** ry3,u5 0588* Iy4,u5 0.877**.‘ Iy5.u5 0.657*
Tyl.u6 0.600* ry2w  0.691%  rps 6 0.637* ryawe  0.825%*  rs .6 0.690%
Iyl,u7 0790*’* Fy2 w7 0850“‘* ry3 w7 0.440 Fy4 .47 0.606}Ir Iy5,u7 0.483
Fyl,u8 0.125 Iy2.u8 0.053 Iy3.u8 0.059 Ty4. u8 —0.179 Iy5.u8 0.020
Ty1l,u9 —0.303 Iy2 w9 —0.363 Iy3.u9 —0.119 Iy4,u9 —0.472 Iy5.49 —0.184

* indicate P<0.05, P<0.001 and P<0.01 (t-test), respectively.
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Table 8.

Coefficients of correlation (r) between several susceptibilities by the cracking-index

method in 1991 (CI:yl, CRC:y2, MDR : y3, MDL : y4 and MDR + MDL : y5) and factor
of stress concentration (FSCy:t, FSC, : s and FSCy+ FSC, : q) at representative points
in several cultivars of apples. Negative or non-significant coefficients of correlation
were ommitted in the table. Subscript of 1, 2, 3,4, 5,6, 7, 8 and 9 of t, s and q indicate
the point of b, ¢, d, e, f, g, h, i and j, respectively.

Iy1,¢7 0% 799***Z ry2 17 0. 707**y I'y3.q8
Iyl,s1 0595* Iy2 51 0651*
Iy1.q7 0.728** Iy2 s2 0551*
Iy1.q8 0. 703” Iy2 q7 0. 608“=
Ty2 q8 0745"

0.579™ 1y 0.675  rys.e  0.614%

%, ¥ and * P<0.001, P<0.01 ad P<0.05 (t-test), respectively.

bhied otz $72, FEALDENESD FSC, BT
FSCy i2DoW T bR TH -7, 72751, 191EDHE
DERIeH (CI) & FSCpy, FSCun, FSCiy+FSCyy MO
FSCpi + FSCyy & DB IZ (8 8 £ D ryiq, Ty Tyign
rygs), e HE 2R (CRC) & FSCu, FSCp, FSCyp,
FSCpp+ FSCyn, S US FSCi+FSCpyy & DIC (5 8 ED
Ty2st, Ty2s2 Ty2ure Ty2qns Ty2qs), P WIKBREE
(MDR) & FSCp,+FSCyy, & DRI (ry508), #EIKTFHE
HEE (MDL) & FSCp,+ FSCpp, & DRNC (ryaq8) BT
1R2Y ) B OFH@EERE (MDR+MDL) & FSC,+
FSCyp, & DR (rys48) WCIEOFELMBEMFEIZO LN
2 (E8E), LEnZ thd, BEBRZHOGMERE
RLEREOZRKRADILN DA RO G A/ &L D
B IIAFE DT A R A R LBEREFEL 2D o720
DEEZOLND. B, REOREHAEROZELVWTF
%7 Tld FSCy DZEINR & RFRZ L OMICHELRIED
HEMRIGZD O OD, £ REHDFSC,
FSCy, 0t RO 0yt & OMICHHBIBIRAED b7
Mo F7z, 4 by 8 D20 E B AL
BICL2BHBRREFRLODRATiEZAD o -t R HED
oyt EDBICABELHBBENZD MDY, wiTh
IZLTH, VorTCBVTRERDTRERAISEERT
WZ EITMA T, REMBOBBIBEDER (2045
fibat) PRERIHITREDDEEZ LR, 2
RBRELIENSAEOMBRIESITEFEETIILEVLDE
Eibhb.

ARAEIZL Y ) ¥ TORREZYEO SR 2R 05
BROE i IC B A RERMOICTI 50 & BT E 5
LDOBDOHLBEEDEHEELBRTHONICTED, 2
RRZFHOMRERZERE Y LS TERIIOVWTIZERE
BB ERMORKRBREDOECLSICHS IC kL

Molz. WHIFTTHRL, VY TOREREEEIZIZS
AL L-RHEOREE N ICET A EROMIC, R
DOEWEEE S RERKFEOERNIKEL BN L
Zz 65, REOMBFWFED HE CIIEFE DM
IZIRE SN TV b OOFMABIETThI TV A,
COHT, ST RAGOMI ORI, Mk
R4 MR O AR —E' O 1 X B T A
BUHOBETERERELDPERETHLILAREINT
Wh DT LAY FySORYT Py g
HLBREHRBLTEY, —RICRERZTHOLERER
DRELEREEZZ ONED, SRIOFETIEELIF-
Twiw, BREHOMEBERERL LDICGBEOKREL
AERETHALEZ TV A,
E | 3

A% FITTHICYU T, HHRELY A THERY O
TR 5 BB b IR 3 R B D 2 3 o0 B 5 720 i il % it
AT TREW, FHREY A THESSGEO L
LA (YR, TUREIABRT R OV Y RGeS
BhL, WIBKREF R E B3 R B M O B ik MG Bh 3
%2, ABBEGERKEERCUERSGBERESMMICLL VHE
*ELIT.

] =

REBRZHOMHERAROERAF* BE LT, Y
YIWSEOREDOWIE, REOKE LS, RREK R
RIEZHOIREL L TORBRIEIC X 2R RIEH, Bt
HERG NI FYRAERE, BRBEOH AR ORERE
OS] E IR KO A2 HlE L, ZhdOMERER
TR L7,

1. REEMHF Triron X-100 ©0.1% KBE®EE AV
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bOLYEh o7 WMHEEDREERALDOIENS/HED
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