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Fig. 1. Hunter a/b ratio as a degree of maturity.
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Fig. 2. Measurement apparatus for specific
weight of tomato fruit.
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Table 1. Length, two portions diameter, weight, volume, and specific

gravity of fruit in 12 varieties of processing tomato.

OitET&&EIX Chico,

San Marzano, Super Roma

Length Diameter (mm) Weight| Volume | Specific S.I V. F, KG-127, @1 Kur-
Variety |My|(hEY ; Weight | F.S .
Di | Do Dm (g) | (cm3) {(g/cm3) (:103) ikoma, VF-145, AT70/24,
o im | 51.5 | 35.6 | 32.6 | 34.1 i 29.3 50.0 | 0.578 | 0.662 1.47  Kagome 70, TE-30, Z LT
1CO |
ma| 54.0 | 34.7 | 34.0 | 34.4 | 36.8 56.3 | 0.647 | 0637 | 2,07 @ik ES-58, H-1409 13
ogg ™| 89 [ @2 | s | 56 |89 | w66 | 083 | 1255 | 9% T3
-5
ma| 48.3 | 64.2 | 61.4 | 62.8 |113.4 | 131.2 | 0.8%8 | 1.3 14.88 BHEOEEA3 L, BEE
Kasikoma ™ | 67 | 406 | 478 | 4.7 | 576 73| 024 | 103 | 485 perm EaERSRL,
ma| 48.3 | 40.7 | 47.7 | 4.7 | 63.6 83.1 | 0.763 | 1.008 52 po kxS EER
vps ™| ®0 [ w4 | 51| s |67 | e | 067 | 1150 592 4z, WMEMICIXS2E
ma| 48.7 | 59.3 | 55.1 | 57.2 | 82.2 | 112.0 | 0.71 | 1.175 921 rmae s ¢ iR A S
S = 2 R
im | 527 | 506 | 47.0 | 48.8 | 69.6 9.3 | o0.7%61 | 0.9% 6.28 - .
TE% | 55.6 | 58.8 | 56.2 | 57.5 |101.1 | 121.9 | 0.82%6 | 1.034 3 BDEIE. LIchioTRE
ma | 55. . : ) . ) . } 12.32 .
~- B, AEOBIE[EDSREED
im | 45.2 | 56.2 | 51.8 | 54.0 | 74.8 07.7 | 0162 | 1.195 7.3 _
H-1409 REIEH S D »EHL
ma| 50.8 | 63.3 | 53.4 | 60.9 |110.0 | 128.0 | 0.852 | 1.199 | 14.08 i . v
im | 65.3 | 4 3.2 | 37.7 | 41 73.8 | 0.50 THTEABLHR 2 T L
San im | 65. 2 . ) ) . 5 0.577 T
Z. S IXFERITBNT
Marzano | | 633 | 307 | 33.9 | 36.8 | 43.5 | 67.3 | 0.638 | 0.581 2.93 e
- e { 0.64~0.86g/cm3 D
Super |m | 57.9 | 4.2 | 3.1 | 2.7 | 425 68.8 | 0613 | 0.703 2.92 HEmEL
Roma V.F | ot 615 | 44.2 | 30.4 | 418 | 513 744 | 0687 | 068 | 3.82 LI
==
AT o | 78| 305 | w4 ] 30| 223 | 760 | 0683 | o0.488 3.97 COHLEDEREREDOK
ma| 78.5 | 417 | 3.5 | 40.6 | 643 | 855 | o751 | 057 | 55 2SS EOBRCIENTA B
oy ™| 463 [ 30 [ w2 [ se [ w1 | sea | oes |08k | 1 & TTIRKERDoTIEHL
mal 47.0 | 41.3 | 39.2 | 40.3 | 40.7 58.1 | 0.694 | 0.857 237 ED/NIWV{ERRLTZ San
« ofm| 29 [ s | 807 | 523 625 [ a6 | orm | 120 | 520 Marzano, Chico, Super Ro-
agome s
ma| 46.3 | 59.9 | 56.6 | 53.3 | 88.4 | 107.5 | 0.819 | 1.259 9.5 ma V. F, KG-127 7z &H10

My : Maturity

diameter

Diameter (mean)
Length

index=Weight ¥ Volume

F. S: Fruit shape =
S. I: Size

0.5~0.72RL, HEID tHEOENVERZEL,
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Marzano 1T W TIIHERD RO 2 EREH H, Ha
LVBIE WS XD 3 UARBIEE I NEhE Lha,

ZDMOMBEIZZAEMTERRZEL T WV % 43, ES-
58, VF-145, H-1409, Kagome 70j% F. S {# 1.2 git%
2L, WHEOSV—-TEEZ 5.

% 5z Kurikoma, TE-30 13 F. S 1.0 §jf& s, 4
B, BEEIIZEAEEIIR L, ThHIZHE S ITHE
iEICES. 721 KG-127 13 F. S 0.8 s%/RL, ®
PEEOHRZET S OO, ABEEIL TS Lo
AIRNEDEEZS.

REEEOFREERD b HEAMEIL, @502 LT, @
50~100g, ®100gll @D 32D v —FicHEEh 3.

im : immature fruits ma : mature fruits
D; : Long diameter Dg: Short diameter Dp : Mean of two portions

Fh 18 50g LFONED
EICEL Oz, F1R
& 100g DI F &1~ 5 H-1409,
ES-58 13 tkEDE & K &L,
TROLDLREFEOA SV WE
FEEHESREDEWS A
MBEH 5Nz,

DEITHFEE DRERICBWT § BESOMEME & @i
REFBEORESVAEEIECHEI ATV EVWIEELE
Utz. COEEREE, FHELOMIIE2EDTE
S BOHEB 2 BBED b hiz.

Table 2. Correlations of each tow characters.

~ Weight | Weight | Volume .

S (W) W) W | FS®
\ Volume | Spe. We- | Spe. We- | Spe. We-
(V) ight (ps) | ight (ps) | ight (ps)
Coefficient b ok o d

(r) 0.992 0.962 0.935 0.826

. V=22.21 10s=0.537 |0s=0.457 |ps=0.543

Regression +0.982W|  +0.003W|  +0.003V{ +0.226S
1

#xx, %% : Significant at 0.1% and 1%
level, respectively.
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Table 3. Correlations between Hunter a/b 5 T J I |
ratio and specific weight in each variety. m Hut
Variety Coefficient | d.f \ Regression 4 x’ / Q
Chico 0.55 wEx 50 Y =0.574+40.041X LA
LA
ES-58 0.705 *** 50 Y =0.788+0.049X = 3 /
Kurikoma 0.38 * | 50 | Y=0.726+0.021X <
/| / s\
VF-145 0.68¢ * | 50 | Y=0.661+0.057X 2 A ¥
5 /Plunger dia.: Smm\ /
TE-30 0.625 *** 50 Y =0.757+0.035X 24 /
/ Compression.wm/ . /
H-1409 0.436 ** 50 Y =0.769+0.043X 1 speed + min
. mm, .
San Marzano 0.338 * 5 | Y=0.59 +0.037X /| | crort speed 100 min
Super A V.F | 0476 ®* | 50 | Y=0.617+0.041X o I | l I | ] ,
AT 70/24 0.808 **+ | 49 | v=0.67%6+0.05 X 0 0 but m% ;2 200
etormation mm
KG-127 0.26 n.s | 50 | Y=0.646+0.04 X . . .
K o 0.764 0 0.72440.05 Fig. 3. Recording examples of penetration
agome ' ¥=0. ’ test on each portion of processing tomato
Note : fruits.

#, *%, *k : Significant at 5%, 1% and
0.19, level, respectively.
n. s : not significant,
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5%, Chid b~ MREOEEE»SEL, RA (FR
B) DES, BXO¥5 7 BWETHI-sh 3 TFER
BORERENHELTNEEDEELS. Tbbit
¥ b b v bOEHEEETH 5 ERREFHEOHENER
EUTOEBO NI EBDIFL TS, Fiz, —
fRICEE s UBIBIBENICOEROD RN GEELSS L,
REIERBEZ N, Ulehi-> THERUBEEICKI) 3 FE
HMBOTERILS bDLEERIN S,

DEICHE L LEDRBR P EREINCAIZODVEIE
Tdhs.

R EER Tz 77—> KG-127 1288\, a/b(H,
HEMICERE X EZBRD bhizh o7z, UL LT OO
FREITH - T, 5.0~0.1%KEITBNTHESHEE %
R2RDIZ.

DT EDSE, —HREREREIXHS EOD, —HRH
I HEDETICONTHE $ ENT 3 LR SN 3.

2. BEOHHNMEE

TI5oU B bv NEERICUEETRUAS, DM
LA ZBEHE, BX BT S 2 v v 1Thb B 1% EEER
ICEER LTz, 2k, T OBIEREROEREH% 8 3 KicR
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Table 4. Result of penetration test on
Samples classified by Variety and Maturity.

Deformation
Stress (kg/cm?)
Variety My (mm)
apex| bellyjmean|apex | belly [mean

im 7.65 7.28 7.47| 11.0] 11.8] 11.4
Chico

ma | 3.54 4.2 3.87| 11.5 12.4] 12.0

im 9.54) 8.33| 8.94 5.7 7.4 6.6
ES-58

ma 4.21) 4.83 4.52| 5.6/ 8.1 6.9

im 9.88| 8.55 9.22| 6.5 8.5 7.5
Kurikoma .

ma 3.91 3.48 3.7 7.8, 8.7 8.3

im |11.07] 9.23 10.15 7.2 9.6 8.4
VF-145

ma 5.13| 4.67] 4.9 8.5/ 9.5 9.0

im | 13.76| 11.38] 12.57] 7.0 8.1 7.6
TE-30

ma 4.86| 4.83] 4.85| 7.5 8.1 7.8

im 8.36| 7.65 8.01 5.4 7.3 6.4
H-1409

ma 3.55 3.84 3.7 6.1 8.3 7.2

im 8.71 6.87] 7.79, 8.7 11.0{ 9.9
San Marzano

ma 3.87| 3.47) 3.67| 12.7] 12.1] 12.4

im 9.07) 7.07| 8.07 9.6 11.2( 10.4
Super Roma V.F

ma 3.16| 3.29] 3.23 11.6] 12.5/ 12.1

im | 12.38] 10.63| 11.51] 7.6/ 8.2 7.9
AT 70/24

ma | 4.48/ 5.59 5.04/ 8.3 8.2 8.3

im 9.5 7.47 8.49] 8.8 9.2 9.0
KG-127

ma 3.89| 3.55 3.72| 9.8 9.3 9.6

im |[10.7|10.1|10.4| 7.5 9.5, 8.5
Kagome 70

ma |{5.28| 5.02 5.15 7.9 10.2] 9.1
L. S. D[ Stress : Variety*¥*, Maturity**

Notes : My : Maturity

Defformation : Variety**, Maturity**

ma : mature fruits.
# % : Significant at 1% level.

im : immature fruits
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HASERICB T 2REOGEAER 245 L,
Kagome 70, AT 70/24, VF 145, TE-30 »35.0kg/cm2
BIBOERZRL, BVERESED Shiz. TUT Su-
per Roma V. F 3 3.23kg/cm? ¢ #t3RGFEHTIIH



RIRREEL - FHEEER - BIEFELE : MIA b= FREOYEAIEHICEI T 5 Bi5E

ENER D RRUIL. (1 %KETEE)

REOERG LA S L, —R, WA, ABEOER
NN SICE L 5h 3, UL UEREODZEHITEEN
HHEeRT AT 70/24 Ok 5z FEIHEETS. T
Thb ZOENEFE REORITONWTIZE 5 Ei
T CE AL EMBRED bhT, REORRD 5 HEH
NOEIEIIEIE T E 2200,

DEICHRDOREE L EAESME L OBREA S L,
EWERMERL. REOREEIX, ThTh Kago-
me 70, 88.4g, AT 70/24 64.3g, VF 145 82.2g, TE-
30 101.1g Th -1z, T ORERED b REH65~1002f2E
DOFBIXEABRESE L, ThIh AR TS, /ha
CTCHERMIET T2 L0 HABE LNz, Ll
CORERICHBERLMKUIEEDORE X S. D
LDOBRICBNTASE, BERITRTCE LHEBELER
3B bz oTz.
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», BREOEIR, K&E3IRELOBERIIBNT—EDHE
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Table 5. Correlations of each two charactors.

~ Stress Stress D;i?é;n' D:ft?é?“
| Fs S F's s
Coefficient 0.358 0.459 —0.696 —0.805
d.f 11 11 1 1
Probability 0.3 0.2 0.02 0.01
(n.s) (n.s) (*) G+ %)
. I= =
Regression |F.5=0.2% S " SSF.S'=11' & S oo

Table 6. Relationships between penetrating-
point and specific weight in each variety.

Variety Stress ng%rm_ Variety Stress ;)t?ggrm‘
Chico | —0.41% | 0.057n.8[>3%, . [-0.444% | 0.02n.s
ES-5  |-0.832% 0.15lns|RoPC o o |-0.304¢ |-0.025n.8
Kurikoma|—0.409** | 0.04n.s | AT 70/24 [~0.189n.s| 0.03n.s
VF-145 [-0.336* | 0.118ns| KG-127 |—0.613*+ 0.202n.s
TE-30  |-0.635%*—0.102n.s| Kagome70(—0.654+ 0.244n.s
H-1409 |-0.427+ | 0.182n.s

Notes : %, %%, s+ ; Significant at 5%, 19 and
0.19; level, respectivery.
n. s : not significant,
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HEREGOEE R 2 E 4 RITRUI.

BB DNEHE 1T San Marzano, Super Roma V.

F, Chico k%<, 12mm 3&DEHRL, ES-58 3
6.9mm ¢ HFILFREO/NIVWRETH -1z, 28, T
DEEMAERICIE 1 %KETEERERRDI.
Penetrating
point
I i 3
A ~

Z A o

o A1

° ] Apparent a

© penetrating encrgy e

© (kg—cem / enf) )

4

Deformation e (ecm) ——>

Fig. 5. Force (Stress)—Deformation curve and
Apparent penetrating energy.
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Table 7. Apparent penetrating-energy of penetration

test on samples classified by variety

(kg—cm/cm?)

AT 70/24, ES-58iC i3 BBEMBD LI, &
et U COfER & IEEVER.

p — FNEORICERTCTLLAEEEE HLEDH
i i t t
Variety immature fruits mature fruits iKid, SEOEBCEEEIESHDETh -
I I g mean v v mean 2
% | 4.938] 3.523| 3.046 | 3.83 | 2.643| 2.038| 2.341 o
Chico s | 0.643| 0.609| 0.871 0.35 | 0.38 3) BAT R & —
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c.v |14.48 | 24.92| 25.71 23.71 | 25.52 X
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c.v |12.97 |38.7 | 21.43 26.94 | 28.61 %, FRbLRBIIEREOUBREDEAT
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H-1409 s | 0.515| 0.568 | 0.817 0.598 | 0.27 », BAEHOREFOEAZRT. FLTC
v [17.35 | 23.68 |41.97 44,39 | 19.34
”; — s DEFNETFOEAIRETLEREM (RECE -
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RomaV.F| | oaas | 5342 |228 34.73 | 25.77 HARENIC RREOPEA L AV F ~ 25
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AT 70/24| s | 1.15 | 0.924| 0.799 0.317 | 0.42 rzano 75 &5, 2.9~2.4 & HEHIEIE R
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X : mean s : standard deviation
c. v : coefficient of variation (%)
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Summary

Penetration experiments with a plunger (6mmg) were carried out on processing
tomato in order to serch for appropriate indicators of fruit hardness which is an
important character in the breeding of a variety adapted to mechanical harvesting.
The observations were summarized as follows :

1) The resisting force of fruit to penetration was large in the varieties of Kagome
70, AT 70/24, VF 145, and TE-30, and the smallest in Super Roma VF among
the varieties examined.

2) The resisting force tended to be large in such varieties whose average fruit
weight was from 65 to 100g. However, no definite relation was found between the
other morphological characters and the resisting force.

3) The resisting force of fruit decreased with the progress of maturity in each
variety.

4) The degree of deformation accompanied by the penetration was high in San
Marzano, Super Roma VF, and Chico, and the lowest in ES-58.

5) The degree of deformation tended to become higher in varieties bearing
pear-shaped fruits than in those bearing round-shaped fruits. However, there was
an exceptional variety, AT 70/24 in which the degree of deformation was not so
high regardless of its the smallest F. S value. The degree of deformation in a
variety tended to be reciprocal to its fruit size.

6) The penetrating energy was relatively high in Kagome 70, Chico, VF 145,
and San Marzano and the lowest in H-1409. The penetrating energy was influenced
not only by the resisting force but also by the degree of deformation.

7) The penetrating energy decreased with the progress of maturity in each
variety.

The energy in a mature fruit was approximately half as compared to that in an
immature fruit,



