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Varietal Differences and Heritability of Sugar and Organic Acid Contents
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and Composition in Strawberry Fruit.’
Kazuyoshi SONE, Tatsuya MocHIZUKI and Yuji NOGUCHI

Synopsis

Large variations were observed in the sugar content and composition among 165 strawberry cultivars.
Average value of the sucrose/total sugar content of the Japanese cultivars was higher than that of foreign
cultivars. Japanese cultivars bred after 1981 showed a higher sucrose content than those bred before 1980.

Japanese cultivars showed a lower organic acid content than the foreign cultivars. Average value of the Mal
ratio (malic acid/organic acid content) was not appreciably different between the Japanese and foreign
cultivars.

In the principal component analysis, the 1st principal component was correlated with the sucrose content,
while the 2nd with the glucose and fructose content and the 3rd with the Mal ratio. In the scatter diagram
of the 1st and 2nd principal components, almost all of the Japanese cultivars were distributed in the 1st to 4th
quadrants, and the foreign cultivars in the 2nd to 3rd ones. Distribution areas of the Japanese cultivars bred
before 1980 and after 1981 were somewhat different.

Broad-sense heritability was high in the ratio of the individual components to the total content of sugars
or organic acids. It is estimated that selection for the sugar and organic acid composition is effective even at
the early stage of breeding programs.

Key Words: Strawberry, Sugar, Organic acid, Principal component analysis, Broad-sense heritability
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Table 4 IZ/RF.

Suc &L, HARSMASE N X O GRS - 7.
T/, HAMBED S B 1981 FLIRRICHE K S N i il
Z AL O i AR I J:[:’\’C Suc GRMNBAEITEG, > 72,
Glu B XU Fru &mIZ 20 TIE, AARME &/ E G E
%,itﬁﬂﬁﬁﬁfiﬁ LYY AR AT/

P U 7ol « B D 2SR (Suc + Fru + Glw)
SRR 1g 472D 21.5~96. 6mg OHiPHIZm L, F
BaRld 48.8mg TH - 7o, HAGFE & AV E L FE O 444
FERENZ SUTII R & D223 - 728, HARSEO 4
&R, SAESEESEEFRICEP - BB, HA
aAEICB T, 1981 LN AR S e il « Rt &
TOLREICHE RS N7 Bl « Rl D [T Akl & s 25
MDD SN - T, BFEEREROGEOMEIZIE FHE,
‘Vola’, ‘Donner’, ‘7 o<’ &M, %7z, BEERLLNE
WanfEiZiE ‘Donner’, ‘TA0OH, ‘7To<’ 75 EMTE
wont,

H¥ S (1954) 1330 ffEO & midA L, 3.19~
6.56% DHEIPHIZ/pM L, TDWF 4.66%Th -7 &
WmELT0AE, £, S (1998b) 3R L 7 41
mfE D TR O RIFED 2 pEE RiL 3. 16%~T7. 96% D i
Pl L, “FHEREIE5.86%Th» 7o Ll LT
5, oM S LT, AR 32 a R
DOERIFIIDORILD - 72, THhEFMEHZEET R I Nz
AREEEDE O H ARG & A &K OAE TR
ENBI L, S SIMERPREEEOEOENEIN & F
Zohb.

i - FMOAMEAERITHD 5 Suc &
(Suc W) 13 7. 7~58.8% 12401 Lic. HARMBEIXH
ERfEX D, 71981 SELIRRICHE IR S hicimfd « T
EENLFTO MM « R KL D b AREITHE M -7, Suclb
B EOMEICE B, KRR, v —RY =@
ENdH -7,

B AE - RO PR ITED S Glu RO EIS
(Glu #1317, T~41. 5% 0PIz H v, HARSRFIZ
SEmMEX O, £/ 1981 FLRRICH RS o imfEid 2
DLW O ML O SHEITED > 72, Glu BN EGO M

"OHEE

T, ‘B 16 %57, ‘Regina’, ‘Siletz’ 75 EMidb - 7,
F7, LT - RO ERICEY 5 Fru f i

DOHE (Fru lbR) 13 23. 1~57. 4% O HipHizH b, H
AEFEENESEL D, £ 1981 FURICHERS Nz
A, THRLUEOME LD S EREICEN - 72, Fru
R P ARTRY i ‘Addie’,
mENB T,

¥, ‘Talisman’, ‘America’

HA MM S X 1981 AELRRICHE R S L ic Mz B »
TGluBLFFru OF RN FEITEDL - DI,
GlugR&EFruaRTOHASMEEANESEDOM, F
TEEBRAEROBICER NS SN M- zditxt L, Suc
ARBIOADENNEGEL D &, F7c 1981 FFITHIK
shicifRzhUiicERSnlcmEL D b AEICE
MolclcbEFZZ 6N,

K FEOFERIZ, ‘ELDH THE Sue, Glu B LU
Fru %855, 2hEhfi30% T >GEhs &Lk
=SS (1988) ofERERS—B UL, Fih, #ES
(1998a) DWFFERER & LA REZS 19 MAEIC DWW T, 4
PaERIHEOM TR X~ L, ‘Liod
IZDWTIE, Suc N 6% & LIk S (19982)

DR ERIT 57, PEOER Y — VidmHEd 50
HOEXOENIL->THELD GRE S, 1998b, ¢,

F72 Suc GRUITAEIC X 2L BARE L (FHS, 1992 ;
I S, 1998b) Z &M s, ULHERF O BT @80 ASpi
BB U IcnlgEtE b5 2 on 5, EES (1986) 34
Rt SR (Brix), BEEE R X OWERRI & o o FHEY I
mAEEERN S O, HERWERFENTO KA L DM
R —EOMBMITINE LTS, BRI 0 2 IHE
BIE OB AN B 725121F, BEIT & B BEHI
THEATSTHY, HFS (1985) MR LIcblfEh o558
LA E CORYBERE L MBS S I10RD T, IUG#
RO ICIE T2 Z EFMTH A S, 1k, I
IRED AL DT K B P EROLT AR E O, B
BBk D R IRIEH OB A2 23 Wl REED S
D, TOEBENEFTWT 5 L1, LOEEEOLE
L BOBERIZELDbDEEZLOND.,

2. Cit B&U Mal EED RIEHEER

1995 HAEIC B 1 5 Ml il & & O G REIRALS &
%T%hlﬁi@T%bZL,E$m@tﬂlm@ﬁ@
ZH8% Table 312, HAMFEIZ B 5 HRAAKME D745
% Table 4 IZ/”7.

el Ui « Zfo & a = (Cit+Mal) (3
E1 g7 5.3~18. Tmg OHIPHIZH 0, THEHEE
#0310, Tmg TH > 7o, HHEGFE I H A FEIZ 2%
ERBLIU Mal 8mPFEICED, . —H, HAMS
D5 B 1981 AELLHT & 2 M PR ICE RS M7z i O [
ICRAERBERZED NN T, BBEEROE M
FMilZiE ‘Marie France’, ‘Guardsman’, ‘Holiday’ 7%
EW, ARV @A ‘Aliso’, ‘“THDP
BEMD -7z,

‘Arapahoe’,



244 WAV TR B 1S

Table 1 Mean value of contents and components of sugars and organic acids in Japanese strawberry
cultivars in 1995.

Sugar  Organic acid Sugar-acid Year of

No. Cultivar or strain  Suc” Glu* Fru* Cit* Mal” ) v . )
content” content” ratio release”

1 Hotta Wonder 13.1 12.9 16.0 11.0 1.7 42.0 12.7 3.3 1
2 Harunoka 14.9 13.6 17.3 94 1.9 45.9 11.3 4.1 1
3  Akashi 8.1 19.6 21.6 8.0 1.2 49.3 9.1 5.4 1
4  Fujisaki 15.4 19.8 21.6 9.8 1.6 56.7 11.3 5.0 1
5 Kagayaki 7.7 12.4 14.7 8.0 2.3 34.8 10.3 3.4 1
6 Yamagata No.1 17.2 14.5 18.2 9.7 1.3 49.8 11.0 4.5 1
7  Yamagata No.2 8.0 17.1 19.7 7.2 1.2 44.8 8.4 5.3 1
8 Kurume No.103 25.4 12.3 15.2 10.3 1.9 52.9 12.2 4.3 1
9 Yamato 12.7 26.6 29.2 8.3 1.4 68.5 9.7 7.1 1
10 Yuhime 14.2 13.5 15.7 7.4 1.9 43.5 9.2 4.7 1
11 Kurume No.51 13.8 14.1 17.0 5.1 1.9 44.8 7.0 6.4 1
12 Kouko 6.2 16.0 19.0 6.8 3.0 41.2 9.8 4.2 1
13 Hyougosikinari 15.8 12.6 14.9 6.6 2.0 43.2 13.5 3.2 1
14 Morioka No.26 24.3 12.0 14.3 8.8 1.3 50.6 10.0 5.0 1
15 Meiho 24.9 14.7 17.4 6.2 1.2 57.0 7.4 7.7 1
16 Ohmura aka 27.1 8.4 11.7 10.0 2.5 47.2 12.5 3.8 1
17 Hokowase 18.9 17.9 21.7 6.3 1.8 58.5 8.2 7.2 1
18 Himiko 24.7 12.6 16.6 6.7 2.5 53.9 9.2 5.9 1
19 Himesodachi 17.4 14.1 18.7 7.0 1.5 50.2 8.5 5.9 1
20 New Donner 10.1 17.7 22.5 9.0 0.9 50.4 9.9 5.1 1
21 Koufuku 10.8 17.3 20.9 9.5 3.1 48.9 12.7 3.9 1
22 Terunoka 30.9 15.9 19.8 3.8 3.2 66.6 7.0 9.5 1
23 Haruyoi 26.2 19.5 22.1 6.5 2.5 67.8 9.1 7.5 1
24  Miyazaki 5.0 14.1 18.2 11.3 0.6 37.2 11.8 3.1 1
25 Kogyoku 10.8 14.6 17.0 9.8 1.7 42.4 11.6 3.7 1
26  Kouro 14.6 20.0 23.9 9.1 1.9 58.4 11.0 5.3 1
27 Benifuji 16.7 19.4 23.1 10.9 1.9 59.2 12.8 4.6 1
28 Syuuka 16.8 19.1 22.5 8.1 2.0 58.5 10.1 5.8 1
29 Takane 17.3 12.5 15.0 9.2 1.3 44.7 10.5 4.3 1
30 Hogyoku 29.5 13.6 17.8 6.9 3.0 60.9 9.9 6.1 1
31 Sizubeni 19.5 14.0 17.5 9.7 2.5 51.0 12.2 4.2 1
32 Sokusei No.3 21.2 11.2 15.1 8.8 1.6 475 10.4 4.6 1
33  Okitsu No.6 25.1 12.1 16.4 8.8 1.9 53.7 10.7 5.0 1
34 Okitsu No.16 8.3 25.2 27.2 7.6 1.1 60.8 8.7 7.0 1
35 Tohoku No.18 11.0 21.9 24.7 7.6 1.3 57.6 8.9 6.5 1
36 Kurume No.2 19.7 14.1 16.9 10.5 1.7 50.7 12.2 4.1 1
37 Kurume No.3 10.4 13.1 16.6 6.8 2.8 40.0 9.6 4.2 1
38 Kurume No.8 13.8 20.9 24.1 9.7 1.9 58.7 11.6 5.1 1
39 Kurume No.10 12.6 13.2 16.9 7.7 2.6 42.8 10.3 4.2 1
40 Kurume No.12 15.7 14.2 17.2 8.8 2.8 47.1 11.6 4.1 1
41 Kurume No.16 21.5 22.0 23.1 8.4 1.8 66.6 10.2 6.5 1
42 Kurume No.17 10.6 19.1 20.9 6.8 1.1 50.6 79 6.4 1
43 Kurume No.19 8.4 17.2 19.8 8.2 1.9 45.3 10.1 4.5 1
44 Benizuru 18.9 19.2 21.0 11.1 1.9 59.1 13.1 4.5 1
45 Kurume No.29 15.2 14.5 16.6 11.7 2.2 46.3 13.9 3.3 1
46 Kurume No.34 24.5 16.1 19.1 8.6 3.0 59.7 11.5 5.2 1
47 Kurume No.35 13.3 16.2 19.3 8.0 2.3 48.8 10.3 4.7 1
48 Kurume No.38 10.9 12.6 16.3 6.0 1.6 39.8 7.6 5.2 1
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No. Cultivar or strain  Suc” Glu® Fru® Cit* Mal” Sugar ) Organic a?ld Sugar.-amd Year Of,

content” content” ratio release”
49 Suruga ace 24.9 23.5 24.8 7.9 1.3 73.2 9.2 8.0 1
50 Kouki 5.9 11.4 15.7 10.5 0.9 33.0 11.3 2.9 1
51 Benihime 12.1 20.9 23.8 8.7 1.2 56.9 9.8 5.8 1
92 Benisuzume 194 15.6 17.9 10.9 2.0 52.9 12.9 4.1 1
53 Aroma 39.0 22.4 24.0 5.8 2.7 85.4 8.5 10.0 2
54 Kurume No.48 25.0 23.1 24.8 6.6 1.6 72.9 8.1 9.0 2
59 Sachinoka 18.2 17.8 20.9 8.4 2.1 56.8 10.5 5.4 2
56 Kantoushu 21.0 16.4 18.9 8.4 1.2 56.3 9.6 b.8 2
57 655 22.9 22.6 25.7 10.5 2.4 71.2 12.9 5.5 2
58 Beniyutaka 25.6 11.2 13.4 7.4 3.0 50.3 10.3 4.9 2
59 Kunowase 20.6 20.0 23.3 11.2 2.1 64.0 13.4 4.8 2
60 Akaneko 9.9 10.0 12.1 9.9 3.1 32.0 13.0 2.5 2
61 Kurume No.53 25.8 9.5 11.9 10.1 2.5 47.3 12.6 3.7 2
62 Himaturi 13.6 20.0 22.8 8.6 2.4 56.4 11.1 5.1 2
63  Akashanomitsuko 25.2 14.1 17.1 7.3 1.6 56.4 8.9 6.3 2
64 Red pearl 24.0 27.0 29.5 7.2 1.9 80.6 9.1 8.8 2
65 Reiko 25.2 9.3 12.0 7.4 3.5 46.5 11.0 4.2 2
66 Hatsukuni 13.6 16.6 20.1 7.1 1.3 50.3 8.5 5.9 2
67 Hayazaki 27.2 9.9 12.5 8.8 2.9 49.5 11.7 4.2 2
68 Nagasaki queen  17.6 17.4 21.2 10.3 2.0 56.2 12.3 4.6 2
69 Benihoman 6.6 9.1 12.4 9.3 2.4 28.1 11.7 2.4 2
70 Toyonoka 24.0 24.5 26.6 94 2.2 81.0 11.6 7.0 2
71 Nyoho 21.8 18.6 21.4 7.8 1.5 65.0 9.3 7.0 2
72 Ai-berry 11.5 11.9 16.8 8.2 2.4 40.2 10.6 3.8 2
73 Sizutakara 36.9 11.4 14.5 7.3 2.2 62.7 9.5 6.6 2
74  Oukou 6.3 14.8 18.2 6.0 1.2 39.2 7.2 5.4 2
75 Hinomine 28.3 16.2 18.6 8.0 2.0 63.0 10.0 6.3 2
76 Sanrei 40.3 25.9 30.4 9.1 2.9 96.6 12.0 8.1 2
77 Summer berry 21.3 6.8 10.1 8.0 2.2 38.2 10.2 3.8 2
78 Kurume No.43 24.2 15.0 16.6 5.3 3.5 55.8 8.8 6.3 2
79 Kurume No.45 5.6 11.4 14.4 6.9 1.8 31.4 8.7 3.6 2
80 Kurume No.47 20.1 16.9 19.0 8.0 1.4 55.9 9.4 5.9 2
81 Kurume No.49 12.5 17.9 18.3 7.2 1.9 48.7 9.1 5.3 2
82 Kurume No.50 34.9 14.4 18.0 7.9 1.4 67.4 9.3 7.2 2
83 Belle rouge 45 10.0 14.1 7.7 1.3 28.6 9.0 3.2 2
84 Everberry 34.0 14.7 18.3 9.2 1.5 67.0 10.7 6.2 2

*Content (mg/gFW)

¥ Suc + Glu + Fru (mg/gFW)

*Cit + Mal (mg/gFW)

Y Year of release, 1: before 1980, 2: after 1981.

Mal & RSB EEICED 584 (Mal R 12X
4. 8~45. 8% DILVERNH D, FfHiZ 20. 0% TH -
7z. Mal RO EWHIEIZIE T2 00, ‘Atlas’ %
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D B RO NI 3 AEZZIZRD o hidin - 72,

HIE S (1992) 1% 50 ShFEIZ DWW TH B O LK 51 &
BAERAEL, REEEEIIHEFEE 1 24720 5.8~29.9mg
ORPAIZ/H L, Cit R 47~93%, Mal lRIZ 7~

53% DHIPHIZH i L& LT 5, B (1989) 139 5
HAEFAAEL, ISR 0.51~0.77%, Cit N
T0% T2, Mal lhFIZ 30%RETH - o LHMHFLTH
5. AWETIE, 2EEGROKEKMTEIHES (1992)

BEOHEHE (1989) OFER LT H LI, REET
FHE 57, Cit I3 54.2~95.2% &5 0, FKE S
(1992) D#ER ELIFIF—H L. &5iT, HEB (1989)

OF — 5 LW RER ‘L Xo 2EL T MEON
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Table 2 Mean value of contents and components of sugars and organic acids in foreign
strawberry cultivars in 1995.

Sugar  Organic acid Sugar-acid

No. Cultivar or strain Origin Suc®  Glu*  Fru* Cit* Mal® . .
content’ content ratio
1 Glen Canada 104 105 14.0 104 1.4 34.9 11.8 3.0
2 Micmac Canada 204 215 22.7 8.6 0.6 64.6 9.3 7.0
3 Vebrant Canada 7.8 11.7 146 8.5 3.9 34.0 12.0 2.8
4 Cavalier Canada 79 147 193  10.3 2.5 42.0 12.7 3.3
5 Guardsman Canada 19.3 158 189 118 5.8 54.0 17.6 3.1
6 Zefyr Denmark 19.6 126 16.0 11.1 2.2 48.2 13.3 3.6
7 Dybdahl Denmark 16.1 184  20.8 8.4 1.9 55.3 10.3 5.4
8 Cambridge Favourite  England 11.8 10.8 13.2 8.0 2.0 35.8 10.0 3.6
9 Cambridge Prizewinner ~ England 19.7 288 33.3 10.7 2.6 81.9 13.2 6.2
10 Pegasus England 75 161 185 9.6 2.5 41.1 11.9 3.5
11 Annelie 10X England 7.0 153 203 115 2.2 42.5 13.6 3.1
12 Cacak Early England 10.3 9.9 146 115 2.0 34.8 13.5 2.6
13 Marmion England 22.0 242 294 8.2 4.7 75.6 12.9 5.9
14 Merton Prince England 7.0 7.7 10.7 13.0 1.6 25.4 14.6 1.7
15 Merton Down England 12.2 1056  13.2 108 1.5 35.9 12.3 2.9
16 Auchincruive Climax  England 134 11.8 152 118 2.0 40.3 13.8 2.9
17 Talisman England 2.4 10.8  17.7 9.6 2.5 30.8 12.1 3.7
18 Mamie France 17.8 123 143 9.6 2.5 44.4 8.5 5.2
19 General Chanzy France 6.0 19.3 25.1 7.4 0.9 50.4 8.3 6.1
20 Marie France France 8.2 10.7 14.1 17.6 1.1 33.0 18.7 1.8
21 Regina Germany 6.6 220 248 11.2 1.9 03.4 13.2 4.1
22 Cesena Italy 6.6 13.7 155 6.2 2.1 30.7 8.3 4.3
23 Addie Ttaly 2.1 8.0 115 6.8 2.7 21.5 9.4 2.3
24 Gea Ttaly 44 111 138.7 5.4 3.6 29.2 9.0 3.2
25 Ferrera Ttaly 3.1 10.6  14.0 9.2 2.9 27.7 12.2 2.3
26 Tago Ttaly 7.2 121 149 9.2 0.6 34.1 9.9 3.5
27 Campinus Italy 86 157 19.6 8.1 14 43.9 9.5 4.6
28 Gorella Netherlands 7.8 179 211 7.8 1.9 46.8 9.7 4.8
29 Vola Netherlands ~ 39.1  27.1  29.1 8.5 2.3 95.3 10.7 8.9
30 Russkaya Krasabisha Russia 10.1 216 254 9.6 2.5 57.1 11.5 5.0
31 Finn Sweden 38.1 164 177 6.8 3.4 71.3 10.3 6.9
32 Aliso U.S.A. 55 123 173 4.6 0.7 35.1 5.3 6.6
33 Douglas U.S.A. 4.7 85 138 6.8 1.7 27.0 8.5 3.2
34 Arapahoe U.S.A. 16.1 228  25.3 5.3 1.3 64.2 6.7 9.6
35 Armore U.S.A. 6.7 16.0 19.3 7.6 1.8 42.1 9.4 4.5
36 Benton U.S.A. 5.5 141 173 7.4 1.6 36.9 9.1 4.1
37 Florida Belle U.S.A. 146 128 16.3 7.6 2.9 43.7 10.5 4.1
38 Florida 90 U.S.A. 223 18.0 203 125 3.8 60.6 16.3 3.7
39 Holiday U.S.A. 21.0 195 203 129 4.3 60.8 17.2 3.5
40 Linn U.S.A. 41 109  15.0 8.1 2.4 30.0 10.5 2.9
41 Marlate U.S.A. 21.3 266 28.1 13.0 2.6 74.9 15.6 4.8
42 New York 844 U.S.A. 124 152 17.1 6.8 1.7 44.7 8.5 5.3
43 Phelps U.S.A. 7.0 173 213 8.8 1.2 45.7 10.0 4.6
44 Redmaster U.S.A. 14.0 13.0 156 6.0 2.3 42.6 8.2 5.2
45 New Oregon U.S.A. 75 106 14.0 9.9 1.5 32.0 114 2.8
46  Selva U.S.A. 6.1 6.8 10.1 7.7 2.6 23.0 10.3 2.2
47 Chandler U.S.A. 11.0 109 13.6 6.4 2.7 35.5 9.1 3.9
48 Sequoia U.S.A. 104 13.1  16.0 7.1 1.5 39.5 8.6 4.6
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No. Cultivar or strain Origin Suc®  Glu*  Fru* Cit* Mal* Sugarv Organic ?\?ld Sugar.-amd
content’ content ratio
49 Aptos U.S.A. 123 164 193 7.7 2.3 48.0 10.1 4.8
50 Hecker U.S.A. 145 118 154  10.0 2.0 41.6 12.0 3.5
51 Florida 693 U.S.A. 3.9 74  10.2 7.4 2.4 21.6 9.8 2.2
52 Sparkle U.S.A. 50 12.7 172 9.6 2.5 35.0 11.0 3.2
53 Albritton U.S.A. 10.6 126 15.9 8.8 1.8 39.1 10.5 3.7
54 The Sun U.S.A. 148 226 244 8.9 1.5 61.7 10.4 5.9
59 Shasta U.S.A. 10.0  16.7  19.3 7.4 1.9 46.0 9.2 5.0
56 Tahoe U.S.A. 6.0 12.2 153 9.6 2.5 33.5 11.3 3.0
57 America U.S.A. 2.9 9.0 13.3 94 1.4 25.2 10.8 2.3
58 Robinson U.S.A. 54 148 185 6.7 3.4 38.8 10.2 3.8
59 Donner U.S.A. 189  36.2 40.8 6.7 2.2 95.9 8.9 10.8
60 Cruz U.S.A. 14.0 119 154 6.0 2.1 41.3 8.1 5.1
61 Missionary U.S.A. 19.1 228  26.7 9.2 3.4 68.5 12.5 5.5
62 Comet U.S.A. 8.0 125 156 9.9 5.0 36.1 14.9 2.4
63 Dover U.S.A. 6.5 11.5 151 9.0 2.4 33.1 11.3 2.9
64 Atlas U.S.A. 8.8 9.8  14.0 6.7 5.3 32.6 12.0 2.7
65 Cardinal U.S.A. 9.2 145 179 7.4 4.5 41.5 11.9 3.5
66 Pocahontas U.S.A. 10.3 158  20.2 8.9 1.3 46.4 10.2 4.5
67 Earlimore U.S.A. 13.8 206  23.0 9.6 3.0 57.4 12.6 4.5
68 Empire U.S.A. 11.8 155 18.1 7.5 2.0 45.4 94 4.8
69 Erie U.S.A. 7.2 9.2 113 6.8 3.0 27.7 9.7 2.9
70 Huxley U.S.A. 55 137 169 105 2.1 36.1 12.6 2.9
71 Kanner King U.S.A. 56 145  16.7 7.0 2.9 36.7 9.9 3.7
72 Siletz U.S.A. 11.3 274 29.7 11.7 1.4 68.3 13.1 5.2
73 Derby unknown 50 11.3  156.5 6.7 2.5 31.9 9.2 3.5
74 Star unknown 12.3 4.9 8.4 8.0 1.5 25.7 9.5 2.7
75 Belle Et Bonne unknown 6.2 11.1 13.6 9.6 2.5 30.9 12.1 2.6
76 Monte Aregre unknown 8.7 12.6 16.0 7.5 2.0 374 9.4 4.0
77 Mount Everest unknown 79 13.0 16.9 123 0.9 37.9 13.3 2.9
78 Donnovan unknown 11.3  24.1 26.8 9.1 1.8 62.2 10.9 5.7
79 Chef unknown 73 13.1 17.1 8.9 1.2 37.6 10.1 3.7
80 Everest unknown 101 140 154 117 3.1 39.6 14.8 2.7
81 Royal unknown 195 168 18.4 8.4 2.2 54.8 10.5 5.2

“»*See Table 1
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Table 3 Differences in sugar and organic acid contents and composition between Japanese and foreign strawberry cultivars.

Origin Suct Glu' Fru' Cit’ Mal Sugar Suc ratio'  Glu ratio*  Fru ratio’ O S . M?IX Sugar-gmd
content’ acid content ratio ratio
Total Mean 14.7 15.5 18.6 8.6 2.1 48.8 28.8 32.0 39.1 10.7 20.0 4.7
C.V. 56.9 32.7 26.7 22.2 40.6 30.5 39.4 16.2 17.0 19.5 37.7 36.4
Mean 18.2 16.0 19.0 8.3 2.0 53.2 33.4 30.2 36.2 10.4 19.4 5.3
Japanese cultivars’  C.V. 45.2 27.9 22.7 19.2 32.6 23.7 34.7 18.6 17.2 16.0 34.4 29.9
range  4.5-40.3 6.8-27.0 10.1-30.4  3.8-11.7 0.6-3.5 28.1-96.6 13.5-58.8 17.7-41.5 23.1-49.4 7.0-13.9 4.8-45.8 2.4-10.0
Mean 11.0 14.9 18.2 8.9 2.3 44.1 24.0 33.8 42.2 11.1 20.6 4.1
Foreign cultivars’ C.V. 62.0 374 30.6 24.4 44.7 35.6 37.1 11.7 13.4 21.7 40.5 40.4
range  2.1-39.1 4.9-36.2 8.4-40.8 4.6-17.6 0.6-5.8 21.5-95.9  7.7-53.5 19.1-41.2 24.9-57.4 5.3-18.7 5.2-44.4 1.7-10.8
t test” * ok N.S. N.S. N.S. * * ok * ok * ok * ok * ok N.S. * ok
"Content (mg/gFW) *Suc+Glu+Fru (mg/gFW) ‘Suc/total sugar content (%) “Glu/total sugar content (%) *Fru/total sugar content (%)
v Cit + Mal (mg/gFW) *Mal/ (Cit + Mal) (%)
¥ The mean of several characters among Japanese (n=84) and foreign cultivars (n=81) was compared.
“* % x N.S.: Significant at 5% and 1% level, not Significant at 5% level, respectively.
Table 4 Differences in sugar and organic acid contents and composition among Japanese cultivars bred before 1980 and after 1981.
Year of release Suct Glu Fru Cit’ Mal Sugar . Sucratio® Glu ratio* Fru ratio’ O TEAme Mglx Sugar-laad
content acid content ratio ratio
Total Mean 18.2 16.0 19.0 8.3 2.0 53.2 33.4 30.2 36.2 10.4 19.4 5.3
C.V. 45.2 27.9 22.7 19.1 33.0 23.7 34.7 18.6 17.2 16.0 34.4 29.9
Mean 16.2 16.1 19.1 8.5 1.9 51.4 31.1 31.4 37.5 10.4 18.6 5.1
Before 1980* C.V. 40.5 24.0 18.9 20.0 33.6 17.4 33.7 16.8 14.5 16.5 37.9 27.4
range  5.0-30.9 8.4-26.6 11.7-29.2  3.8-11.7 0.6-3.2 33.0-73.2 13.5-57.3 17.8-41.5 24.9-48.8 7.0-13.9 4.8-45.8 2.9-9.5
Mean 21.5 15.8 18.7 8.1 2.1 56.3 37.3 28.4 34.1 10.3 20.8 0.6
After 1981* C.V. 44.8 34.1 28.4 17.2 31.0 29.6 33.2 20.2 20.3 15.5 28.1 32.7
range  4.5-40.3 6.8-27.0 10.1-30.4 5.4-11.3 1.2-3.6  8.1-96.6 15.7-58.8 17.7-37.7 23.1-49.4 7.2-13.4 12.6-39.5  2.4-10.0
t test” * K N.S. N.S. N.S. N.S. N.S. * K * * N.S. N.S. N.S.
*See Table 3.

vk % N.S. ! indicate significant at 5%, 1% level, not significant at 5% level, respectively.
*Year of release, before 1980 (n=52), and after 1981 (n= 34).

8V¢
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Table 5 Factor loading and contributions of principal
components of fruit in principal component analysis
of 165 strawberry cultivars.

Factor loading

Trait

71 7o 7
Suc 0.964 0.219  —0.007
Glu 0.536  —0.829 0.042
Fru 0.494  —0.856 0.039
Cit —0.042  —0.063  —0.500
Mal 0.109 0.201 0.771
Sugar content’ 0.894  —0.448 0.022
Suc ratio” 0.756 0.648  —0.083
Glu ratio” —0.589 —0.770 0.095
Fru ratio® —0.841 —0.499 0.070
Organic acid content® 0.013 0.031  —0.145
Mal ratio” 0.131 0.264 0.955
Contribution 0.610 0.278 0.090
Cumulative contribution 0.610 0.888 0.977
*See Table 3
| #Jopan ~1080 | ]

& dapan 1881 =~

mLUEA

% Italy

& England i

O Canada

+ Other eountries

-60 —4
IEaly
Cianada
m

ICITAETIE Sue bR A& D 3 HIICHEEMNTHOH TE
7ol EERTEDEEZ SN, HAD ST HRIEA
w < FRITEAEE S N A PR R ) AR T o
BIABRNE LR F (1994) ot & &< —& L7,

B1BXOH 2 BRSRaT7TEHOIHEGKITIE, 1
SHUIEPEE Suc B FE, 5 2 RBUIMRBEE Suc &5
M, 53 ROUIMCRE L BRI SRR, 5 4 RBUIEREEE
Hp SERT EELONE. BEAIT, #4525
e 5 mfEIciE, GEE, Vola', ‘EXDh, ‘Ly kX
—)V’, ‘Donner’ 7X&EMNA LR, ‘XD, ‘Donner’ (I
EHIT, INFEFTICEHNCBOLTREL Y 272 5D T
W TH 5.

7o, ARE (1994 (FAK SRR & W SRR &
MTIRMEREITIZEEAEENBRD SN0 ERE L
T3, KWHFRIZB T 3 EHaGrofER i, #Eall
Y - N ANRY A oV ANEE Y G X OR= 0% N [ OF == S O N
UG IBETILAS, 74 U A SR X OaRBo 4
e MR RICIRENEREG LTV 2 EMTH 5012
U, A4F)REFEEAFFREOLEIFITT AV /1
BEHCAE SN B THIBMBR IR I/ L7c, ADF
FETHOIA Z ) TRBICEEREEALLTAY 740
ZT7EDEALILHHENRZ CHWONTED, 204510
B3 7 A0 A @SOS E I L —B Lk, 2o
91T, HASMITIEHEE LKL TaMaRDd 50
13 Suc R UTHRBENTH S 52 51 5.

Fig1 Scatter diagram in Z:-Z, plane of sugar and organic acid contents and composition in
strawberry fruits arranged by principal component scores.
Zy: 1st principal component Z.: 2nd principal component.



250 WAV TR B 1S

4. 15 - AREROEE - HHREOMERRIR

Suc &%, Glu &=, Frua®, 28R, Suclt
#, Suc-Fru &, Suc-Glu lb*R, #HEELE XU Mal
HREDOMIZIEOMMANED S, Glu lb#E LU Fru
R EOMICIZADHBENED Sz (Table6). Glu
AR Frud®E,, SWEE, fiElkEl X Glu b &
DORIZIEOME DS, Suc-Glu AR & DI & OB M
AW ohtc, i Fru R SMER, HBlts XU
Fru & & OB IEDFHBEAS, Suc-Fru RO I
BOMBEPED Sz, 2HEEREIT Sue ¥, Suc-Glu
A, Suc-Fru B X OHiEE L & O I IED B,
Glu R B LU Fru LR EOMICBEDOHBEDRED 51
7z. F 72, Suc T Suc-Glu &, Suc-Fru lb# &
DENZHROIED FHBAS, KEREI 3 X O Mal B & ]
1255 O IEDOMHBIAY, Glu B X O Fru R & DI
HOBAOMHB AR Shc. Cit ARIEFABREREED
IEDHBMERD S, Bifgk I & U Mal e & oI
AOMHBEBRD Shic, Mal &RIZERE R EOMIC
55VIEDMBIAS, & 72 Mal HA# & O IZiR O IED HBY
nFED oM, —F, EBERIBOMKLRE LT
Mal H & ORI IZAHBI 9389 S s in - 72,

K S (1998a) 13, 4w EHSHO &7 E DM
CEAEEZIEOMBENGED S ions, e R &R
PO RS EIC S 2 EAICEAELBERERDONT
SHERERCTHITE, TOMKEAGRIEE TS
il 2 DREBHED G R AR T2 LENHLEL TS,
70, AWREHERILEOBRIET, ChETHL 2O
& (BREF S, 1982 ; 1Ak S, 1986 ; M S, 1987 ; &F T
5, 1991 ; % F, 1994) M»d b, PEERESEOME -
RO BEERBEN B MRS B ENPSMITShTH
5. #ES (1998a) BFHRFITEEN TV 5 Sue, Fru
BEUGlu BHWENSEL D, ZhoOmMEENE
BHERAKICOEBERIZTEEZONS &N, 4
BISHHRICER LcBEMbHEEL LT3, AHET
i, AFEERNEVEE « BRI Suc AREE LU Suc
HRNENMEARIZH - 7. ZhiZ, HEEHEM & LTk
EREMNEL, BB OE Suc LR AT T 5 1981 4ELLI
CHK SN BRMENHZ C GEN TS 2 ENEA
OD—DEtEZOLNDE, T, HEHTHZ GluagRE
Fru & & ORI 3O EOHM A,  Suc A& & Glu
EEB LT Frufm s OMIZIBEOIEDOHBNED &
Nz, BRNEN L MFEEEIKT 5 720icid, Rz
NENOARERD S I EITX D AHEREE S, R
Suc WRZZH B EMBAETHE LEHEZ LN 5.

ARES (199D (LHEE BRI & ORI HBIBG 2 %
SNBEM-72ELTED, APETHRERICANEGE L
AREE & ORI HEBBBRIRED o il - 1.

F 7o, bEEAREEE QMK ILHRM TIE, Suc lH & Mal
W EDORIZIEDO B A, Glu B XU Fru & &
Mal l# & OBIZ A DO HBNTED Shichs, & &ITH
BIRBUE/NS 0 o o, BIZEEOIIIE, K - Ao
e HRIZ OO TIRILWERNED SN D T Eh b,
MUK « ARSI ZIRLOSEEFKT 5 2 S lhE
2Zohb.

b, ¥ - AEEOSE - HRDEES

Suc BRDJLFEDOEEIIF 0,592 E9PE L, Thid
e, GluaRs LU Fru aR0EEIEP
P& - 7z (Table 7). BEOHSLERIZ & & ITHWIEL
HER U, GBI 2 RHOBIETITOVTIHE,
Cit & i, Mal ®B LOHKILRE PP E L, 2
BREPPENMEER L, INE TITHS X CH B
OEZEHOWEIZE L TRV L 2h oy GiE S
1998d ; M 5, 1991 ; DUEWER 5, 1967) 234 515,
IS (1998d) & Suc &, Glu dEREB LU Fru &
DEEITOOTHRE L, 2B EE LU Suc AR
AN ST & B B KE CBIZT /NS 572D
XL, Glu 8B LU Fru 383HMNEIRICX 3
SHSKEL BIEAHREP - o EREL TS, MBS
(1991) 12 BEES I3 AR MBS & 72 B AE B,
AR AN F e 3 ABeBETHh 5 & Lk,
DUEWER & (1967) (3B S S Bl e Bt S L <
(TEROMEE, PRI AR AN A EPE & U < (3RS
g H oI ERE LTS, Suaws (1987) 1% 28
DRZEHAEE O TR B KO O I LE D@L %
fiE L, Th<h0.35 0.7 Th-7cl EE2MELT
W5, BIZORWTENRI S I hE ToMEE
BT I HE L 0D, ATl aiaROILED
BEE130.312 LKL, ChETOMBEITIT-HKLE
N, EBERIZOOTIE SHaw S (1987) DFiH &8s
D, 0.374 LARNMEE R U, —J, i XUOHEEBED
MR IZ oW TIE, &bz mR Uik,
VIR S, Hik X OAHEOMKILRIT & b
BOBEERT I ENS, HIEMICRE LT WY
ThbrEEZONS., L LENS, 2FEEEMNELT
HIE Suc R & Glu B XU Fru b oMz
OHBEMBE DD EN D, TNZEhOHIEHED G A
DI EICXDBERDN EER > T BERH B,



Table 6 Correlation coefficient between sugar and organic acid contents and compositon in strawberry cultivars.

Traits Suc” Glu Fru’ Cit” Mal” Sugar Suc ratio® Glu ratio” Fru ratio® Suc-Eru Suc-Qlu Organic acid M&.d
content” ratio ratio content’ ratio”

Glu* 0.316""

Fru* 0.273"" 0.981""

Cit* —0.060 0.018 0.022

Mal” 0.137 —0.073 —0.079 —0.015

Sugar content’ 0.764"" 0.850"" 0.8256"" —0.020 0.025

Suc ratio® 0.863"" —0.128 —0.179*  —0.029 0.150 0.383""

Glu ratio” —0.7141"" 0.346"" 0.020 0.026 —0.152 —0.182 —0.951""

Fru ratio” —0.903"" —0.060 0.354"" 0.030 —0.135 —0.525"" —0.969"" 0.848""

Suc-Fru ratio 0.862"* —0.132 —0.263"" —0.056 0.149 0.380"" 0.981"" —0.936"" —0.947""

Suc-Glu ratio  0.792"" —0.232"" —0.181" —0.051 0.139 0.279"" 0.965"" —0.959"" —0.901"" 0.985""

Organic acid content®  0.007 —0.015 —0.014 0.885"" 0.394"" —0.005 0.044 —0.046 —0.037 0.017 0.017

Mal ratio® 0.175*  —0.107 —0.123 —0.469"" 0.819"" 0.020 0.192*  —0.190" —0.177" 0.197" 0.184* —0.095

Sugar-acid ratio 0.634"" 0.712"" 0.691"" —0.463"" —0.187" 0.834"" 0.297"* —0.131 —0.416"" 0.309"" 0.221** —0.512"" 0.069

* % % significantly different at 5%, 1% level, respectively. *See Table 3. 165 cultivars were used for each comparison.

Table 7 Broad-sence heritabilities of sugar and organic acid
content and components in strawberry cultivars.

Traits® Heritability” Vg* Ve"

Suc 0.592 75.5 51.9
Glu 0.360 16.9 30.1
Fru 0.326 15.5 31.9
Cit 0.475 2.5 2.7
Mal 0.539 0.5 0.5
Sugar content 0.312 130.5 287.1
Suc ratio 0.746 143.9 49.1
Glu ratio 0.755 32.4 10.5
Fru ratio 0.722 42.3 16.3
Suc-Glu ratio 0.757 0.5 0.2
Suc-Fru ratio 0.747 0.3 0.1
Organic acid content 0.374 2.4 4.1
Mal ratio 0.703 494 20.8
Sugar-acid ratio 0.342 2.5 4.8

“See Table 3. ¥ Single plot basis. h*=Vg/ (Vg+Ve)
*Variance due to varieties. " Variance due to repeats.
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I50T, FRMICERON EEK S DI, BB XU
AR DAL HE & A E DB EIH S ML, Tho
EEEUICKENBNE LSS, FHT, BEREIIOLTI,
INETOREDPSBREICXZEFNARETVEETH S
LEZONDI ENS, AR XUABERERE X
LKL R O BB B 2 ZE Mk & OBIRIZD N T

bREPDLEEZZ SN S, BIZEFEO IR - A
R & ik L CHUR R O LEMEIT DU TR WA RS
AHONTEL (BIRS, 2000), ZNSDOEEEDE
WA E KT A ERWREEEZ 5N B,

BB K OB EE O ML RIZ & biIcEmuBiz 2R T
IEDS, INSIEEOWRICY - TE, BHEOYM
BREETRIKEAMA 2 2 ST &0, RRE R A HE
EEZoNhA, EIAT, MFE (1972) tkbE, 11
TRESKELBIZNZR > b A Do HIT & 258K
WELSOBRNSAEOEBERK LD &, bAHEDEK
RIRBSEO S EBEShTna, $48bb, HIVE
B Lo XRBAMBEMRIETKE L, HOBIEHENE S~
CINSWIBE Lo RICER Lic, ZO@IZNINE
AU YEE R A O 7o SRR I X 0 HIWEE 0 ik
MRERD B ENHR B AR LTS, AR
BT, BENOEOVIFAREIIOVLTIE, HRIEZ
JIDE W Suc-Fru 8 & O Suc-Glu AR % MBI b
TOBRIRZEITH 2 LXK D, IBRIICTEHDE I ENTES
nERERS D D, SBRBRENDLETH .

H 1 AT, Suc-Fru kFROFHOWMEITIE, FHE,
RAR, ==Y =" 2 ED, Suc-Glu RO FHN
e AEICIE CFRE, R, AWK T BENES
n, ChoRBRARBEERKO-HOBIZERLE LT
FABBEEN S, S51T, B« AHBRO AR « ko
IR OS] 72 5 U 72 &8 T2 B Ao B S8 AL B2 O g B s
LT EiTky, LE LI BRSO L ERLED
ML IRF S 5.

v & =

A F IO HARMLME 84 & EHVE 81 A L, 1995,
1996 £ 0 2 4ERIIZ D 7 O R BKAER & FHMETI TR «
BREoaREZTN S OMKERAL, MERBECICERK
Mk & OHEBRIEUIT L BRI LT Lz, 51T,
B & O BETE O LB A R O MHBIBIR B Ktz h S
DEILIIEW ST Ui,

D fEE U7 165 O &b aE (R/m—2+ 7))
7 b=+ a—2x) iF 21.5~96. 6mg/gFW D #iPH

W2 L, FEE RIS 48. 8mg/gFW Th - 7z,
R AV E SRR I RIS R - 7,

Fva—z2gE (Gluam) O&MaRICED 284
13 17. 7~41. 5% 0PIz, 717 b —2a& (Frud
) OARERICED 2 E AR 23, 1~57. 4% D FEPHIC
L7z, &b, HAMEE AESFICHETEE
KL, FRHAGED S b 18 AELBRICE RS 0
g, ZMLUROmEL 0 S AEITEr 72, —H,
A7 ma—ZAGE (Suca®) OABARICHED2EEIR
7.7~58.8% D#IPHIZ 3 L, ShFERIZEIRAK & h o 72,
HAM®D 5 5 1981 FELIRRICHE R S o iflilid, =h
VIRNICE R E N e il & Il U CHE IS &S D - 72,

2) a7 165 MEo2MAaR (7T v+ Y) v I
%) (% 5.3~18. Tmg/gFW O #ipIZHfi L, FHaH=
12 10. Tmg/gFW TH - 72, U v IEE RS LA RIC
G 2 EE (Mal ) 13 4. 8~45. 8% & shfff] 225273
KEL, P 20.0%TH - 7.

KA RO B AR E R & AR
K<, Mal I3 HAR RS X O E SO MK
XL ERIE Mo T,

3) HE - AR O AR « HUKIS OO TERG T ETT -
TokE B, B 1 ERSM I Sue AR, 2 ERS TR
Glu+Fru &6, %3 HHKS3 Mal kR A2 £ T LEZ
SN, 3G E TORMFGHRITINT%TH - 72,
7, Bl HB2ERSORATHARTIE, HARNE
EHNE R E OB TOMIRICHELELRA SN, AR
RIS 1 FRS I DO THE ML D IEDO NS < A3
AL, SSICHAMMBTE, 1981 FLIRICH KRS
NiomfEizZzhUANcERSI oM E ik LT, £
W2 B OIEMITA L., 202 &, HARMIZ
SLE RIS AT, 2GRS K Suc FROE LM
BNZ L, FETE Suc MREED 2 I EE
PHEATELILERTHDOLEEZEZL SN S.

4) BB X OEHEBOMBILRIE, I bEOILTE
OB ER LI E S, HBHEELLTWEET
brEEZONTI, ThSOBEEOHREIZY K-> T,
BREOIHEHE CTRIRIEAMA 2 2 L2k 0, FRIGEE
WHRETH B EHFZ o,

H A i

51 B X Bk

1) DUEWER, R.G. and C.C. ZycH. 1967. Herita-bility of
soluble solids and acids in progenies of the cultivated
strawberry (Fragaria X ananassa Duch.). Proc. Amer.
Soc. Hort. Sei.. 90: 153 —157.



B e BEH B0 A F TITE T B RED DR X CH RO HUBG & RO MM 2R B L ORIE))

253

2)

3)

4)

5)

6)

)

8)

9
10)

1D

12)

REFAESL » mH . 1987, 1 F IO HEREICE S 2 0
72 CF1HD WSEOWRE L. REEs. 62 #k - 420—
421.

AU AHE « RFIHBER « /NRES T« I F i, 1982, 3
FHORE R O AR E VBB 20198 GE4H) 153«
b= MZDOWT, AREPFER. 40 0 T1-T7.

Mg 72 1972, 2B KAWL LRI X 5 # k0
B BHREFREOMES 142731,

BB, 1989, EAH A F IO SERHME (2) RS
FREIBHLR. BHRES R RS F U LWtk SRR 252,
JL SRR TR. 8 669—677.

SIHREAT » MElAR S « WEOKIASE o A k. 1988, A F I
WREOFE « AL HHRE O, HYEE. W63
Bk 1 414—415

AW, 1995, IV SHEBHROBR EIERESE Rk
R GRE. p. T3—82. SRR TAEFERLE BT E R Ak
A F IDAERE « FEBOBUR &A% OUIIET M. B3E - K3
BN

PRAE = « BEh . 1987, A F TR OREE K OBEE D
s ol ] 26 SN MR R ORI S M D JE T & D BfR. BP3E
AP, B.7:11—19.

MRS« Emmpsth. 1991, 1 F TREORIE B L OB
DL M 59 (4) 1 T19—726.

FEE = - KM 1985, KA F T OB % i
78, BEAMEER. C.8 1 59—69.

HIE =« KDk 1991, « F T 5hHE, 7E8, IR
Ik B REOW M OMIEDLE), BHEAAVER. A4 41—
55.

HFE= 1994, 4 F IO E « IGRICBT 2 BRIV
75, BPEAGAPER. A.8:11-53.

13)

14)

15)

16)

17

18)

19

20)

21)

22)

IRIFBY « FESCEE - RIS » 1992, 1 F T BPAR0 K O3
IS B 2 RENORE KR OGHIE ORI, B, 61 (B
1) : 368—369.

ARIFEEY « P - FH LR « SR EBL 1998a. o F I
WA M ds K OOREEREIC 1) 5 I DG = S HEHLR O FF
e B 67 (3) 1 406—412.

ARIEH « BARTE « PRI « SN « HER - 5
B 1998b. A FIRFENOKEE &= « BEMLK O W FE, I
AR, B R ORI & B AHE, B2 67 (3) ©400—
405.

1998c. 14 F I
L EDH BRT CREAL RFEORRBUTHES EALEE S
DAL, F¥HE 67 (B2) @ 323.

1998d.
BFDREIC & 54 FITRENOREOEIE. FEYHE. 67 (Gl
2) 1 322.

PEIERS < (LI « RZ JkkE 1986, « F 7 RIAAERE
2B 50 MEOMERZER. TFREER. C.9:23-30.
SHaw, D.V. R.S.BrINGHURSsT, and V.VorH. 1987.
Genetic variation for quality traits in an advanced-cycle
breeding popuration of straw-berries. J. Amer. Soc.
Hort. Sci. . 112(4): 699 —702.

B - EHHW - BFOmE]. 2000, A F TREOHE -
FHEIE DGR « kB & U2 QUL %8 U 7o etk &
LURERERTG & OBIR. e 69 (4) 1 736—T743.

M REE « SHUHR S, 1954, #riBEAS F 3V + LER
oo FELEBGARR.  BREEM LB PIESEE. 1 (4) 1 195198
B — « VERALT - PRI - Bk H SRR 1992, 47T
B2 5 RERDER R OREER. EYH 61 (B
2) : 366—361.



254 BFRARZEVIRAUIE Y 1

Varietal Differences and Heritability of Sugar and Organic Acid Contents
and Composition in Strawberry Fruit.

Kazuyoshi SONE, Tatsuya MocHIZUKI and Yuji NOGUCHI

Summary

Varietal differences in the sugar and organic acid contents and composition in strawberry fruit
under forcing and open culture were investigated in 1995-1996.

1. Average total sugar content of each culti-var ranged from 21.5 to 96.6mg/gFW, and the aver-age
value of all the cultivars was 48. 8mg/gFW.

Average values of the sucrose/total sugar content (Suc ratio) of each cultivar ranged from 7.7 to
58.8%, and the values of the Japanese cultivars were higher than those of the foreign cultivars.
Japanese cultivars bred after 1981 showed a higher sucrose content than the Japanese cultivars bred
before 1980. Average values of the glucose/total sugar content and fructose/total sugar content of
the Japanese cultivars bred after 1981 were lower than those of the Japanese cultivars bred before
1980 and foreign cultivars.

2. Average organic acid content of each cultivar ranged from 5.3 to 18.7mg/gFW, and average
content of all the cultivars was 10.7mg/gFW. The Japanese cultivars showed a lower organic acid
content than the foreign cultivars. Average values of the Malic acid/organic acid content (Mal
ratio) of each cultivar ranged from 4.8 to 45.8%, and the average value of all the cultivars was 20.0%.
No appreciable differences in the Mal ratio between the Japanese and foreign cultivars were selected.
3. The sugar and organic acid contents and composition of the 165 cultivars were subjected to
principal component analysis. The 1st principal component was correlated with the sucrose content,
whereas the 2nd with the glucose and fructose content and the 3rd with the Mal ratio. The
cumulative contribution up to the 3rd component was 97.7%. Almost all of the Japanese cultivars
were distributed in the 1st and 4th quadrants, while the foreign cultivars were distributed in the 2nd
to 3rd quadrants in the scatter diagram of the 1st and 2nd principal components. Japanese and
foreign cultivars were mostly distributed in different areas in the scatter diagram. Distribution
areas of the Japanese cultivars bred before 1980 and after 1981 were also somewhat different.

As a result, the Japanese cultivars showed higher total sugar and sucrose contents than the
foreign cultivars, and they were improved toward higher total sugar contents resulting in good
taste.

4. The broad-sense heritability of the ratio of individual components of the sugar and organic acida
was high. It may be comparatively easy to improve these characters. It is estimated that selection for
the sugar and organic acid composition is effective even at the early stage of breeding programs.
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