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BIVE  JLiREIC BT 51 FIENTRIEOZELL

Jb¥EE I 1T A ST — =R 0 S EOETTE
BIIBEAMERIC B B 28, 4 F IETEED 60~70%
Thd (IR - FIE, 2003)., L»L, EEDOAFILE
BEVY, WUZERL Y MEA F TR THE K S RS
EEOE AT, ETREAE LI ELL TV S,
£, BEEEN I 3~4 ETEABRHICEAINTE
TRY, BAOA FIEERLIEREICETVND L
Z2bid,

AZECIE, dtHREOZERHAIT—FH D A F IR
OfERTEIMES LI, SECHE, BREFEOEAR
RITOWTHBT A L & biT, | —ZE Y A
FAERIE T ATD D O FARBIC OV TIRE LT,

B A FIOEMTEMN

BADA FIEET EXEAE EPLLLTELS
~6 AT TW\We, UL, Baf, EinE3ReE
FEROT LT BRI OE T, MRS CMEERR Y
HEEAAWEERKEVEEREA SN TEL. EDIT,
IS OEBOEAITHEY, EEREEEAIRYD ANSEIE
RRLNLTWS, ZIZ T, BEAOAFIOEMITENIR
L ERBEOEARIIC OVWTHE L,

1. FAEFE

2004 £ 8 BIEADEL k¥ —~REZEEL
fro AEEAHRZLER V¥ —ENOYENHEDA F
EREFR L EEB LUOEREEEE b, BB, Z
NOOTERBEL)IE - /TIE (2003) AFEHE LT 1999
f£L 2002 FOREBRE R LT,

2. RAERFR

2004 EOFFFHMWEMITEEE 2002 4F & HHRT D &,
BEICBTAWONRKE P07, MO T TIEETY
M BRREIMER Th o T (3K 48), #FiT, 1999 Fr b
2002 FEIC DT THA DK & b5 722850 C 10ha 3 < #E0
L7, 2004 OB OEMTERZ, 2002 £ & hiks
%L shalZCHEMLI-A, 1999 FE L ¥ 5 & 2ha IF
E OB & o, T, 2004 FEOXTRIEEFE T,
TR L ZeET 2002 £ & bl UC 20 FLLBHEAN L 723,
BETKELLBAOL, 2T 45 F, W 5% 0B L 72
D, 1999 4E L DI TIL 150 F, 4% DR L rolz
(3% 49).

FEA AT — R Y R RBIT A RFEROENT

X, 2002 25 2004 HEIZHNT T 75.6ha 25 70.9ha
& 6% DA T, 1999 ££Hx 5 2002 FiF KR & piEd T
iZixinots (5 50), —F, WRTERS I RERE
FA S FEIL 2002 4RITIE 1999 £ 2.5 (L4 £ 9.6ha & 72
S7EHs, FOHRO 2 LRI 3.6ha OMIMICE EE oz,
F7, HEERYEAFIREOEEIL, 2002 F25 1999
£ 10 5ha 2 E#MN L 35ha & VT, 2004 FiZiZEHIT
6.5ha ¥ L 42.1ha & 72 o7,

2004 EDOLHEDOERFIL TR IL 25.83ha T, 2002 £

Table 48. Changes in the cultivation area of

strawberry in Hokkaido.
Year

District

1999 2002 2004
Ishikari 9.0z 12.4 14.2
Oshima 7.8 8.3 10.7
Hiyama 3.2 3.2 4.6
Shiribeshi 26.5 26.3 16.7
Sorachi 14.7 9.5 18.8
Kamikawa 20.9 24.5 22.8
Rumoi 3.4 3.5 3.7
Abashiri 6.1 7.3 7.1
Tburi 16.6 13.9 16.0
Hidaka 7.5 5.8 7.2
Tokachi 10.0 3.4 3.1
Others 2.3 4.8 1.2
Total 128.1 123.0 126.3
zha.

Table 49. Changes in the number of strawberry
farmers in Hokkaido.

.. Year

District

1999 2002 2004
Ishikari 65 60 84
Oshima 91 72 71
Hiyama 35 38 41
Shiribeshi 234 248 185
Sorachi 169 120 140
Kamikawa 195 182 192
Rumoi 43 42 39
Abashiri 60 42 37
Iburi 117 111 108
Hidaka 34 26 29
Tokachi 19 13 " 15
Others 5 10 11
Total 1067 962 917
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Table 50. Changes in the cultivation area # of strawberry classified
according to the types of cultivar in Hokkaido.

Type Cultivar 1999 2002 2004
Short-day

For cold regions Hokowase 572 48.7 26.8

Kitaekubo 24.9 19.7 13.9

Kentaro — 2.1 26.8

Others 6.4 5.1 3.4

For forcing culture Toyonoka
Akihime
Sachinoka
Tochiotome
Others

Everbearing Pechka
Kareinya
Kiminohitomi
Others

2.1 2.7 2.6
0.4 0.9 1.5
02 09 1.1
0.1 3.4 6.6
2.0 1.7 1.4

27.6 10.0 10.7
- 19.1 10.8
— - 8.3

3.0 6.5 12.3

zha,

LD 8ha RVEML, 1 FIHEEEEIZ D S EHEE

B 14%IEEN D 20%ITHM L7 (R 51),
ol ‘TATEAD OYERIRE

HFRORBEIEAREN ‘LXo ° hiE
EboThbix, WMERIETORELECEEENER S

NAL3Chot, FOD, MEEICEIT 5 —FEKY
HREEICBVWTHL, BRbEDS D EXEE »bHA

BHHORVW ‘E-2<1E R ALY ~LEL
LTECWA, KE T, 2000 FEIZBHR L TALS

5 OERRRERELE,
1. AEFE

%1 HiLREERIZ, 2004 £ 8 AICERNOSE R
J—~FRAEFEREL, HFNEOoRENEHEEL 2005
EFEOE 2T RIARITOWTHRET D & L biT,
HRERZ)I R -7 (2003) 252566 L 7= 1999 £ & 2002
EL LT,

ERHIT B ERBEOFRTIE, ‘FAEAD’
DYEFTOHBEMLTEY, 2002 FiCit 2.1ha T
Holohd, 2004 £EIZ1L 26.8ha &40, ‘EARAE’
CRE LIRS (K18), —F, ‘EXRAE’ OFEMT
EREIIED 2T TR Y, 1999 Fi2iX 57.2ha TH-
7o 2004 FIT1% 26.8ha 720, YURED 40%LLT &
potr,

Hi)

Area(ha)

Table 51. Changes in the cultivation area # of
strawberry classified according to the
type of culture (soil or substrate) in

Hokkaido.
Culture 2002 2004 2004/2002
(%)
Soil culture 106.0 101.0 95.3
Substrate culture? 17.0 25.1 148.4
% of substrate culture 13.9 20.0
zha
¥ Strawberries are planted in substrate on raised
shelves.
140
120
100
80
60
40
20
0
1999 2002 2004
Year

Fig. 18. Changes of the composition of
strawberry cultivars grown in
Hokkaido.
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2005 (EDIERHT RIAHEEORAEN D TALS D’
1% 5~10ha FEE OHMMFR S, TBEHMIT—FKLY

MRTED 50% U EOEREE 25 LHREN TS, —7F,

TFATEARY b CEXRRAE WKRSEHTERREORE
LLTH, ‘&7%x<iE 2313.9ha THY, MERY M
RO ‘HLA =% (EEL:ER) & RFH R
10ha £ Y T o 72, 2004 £ T MEREA K E ViRl
M) ERED ‘EHOVER Tholz, FLIRPR
EFETTE O X EALIRAERKREH T 4~7 BicB V-
RBEORFE 3 EHOEERD L, EXRE PK
ESWY, FAEAHY BEMLE (K19), £, T
AeAHT I CERBRE LVEMAEL, BE BR
TERLEFTIREMEENEELTNDS ‘LhiLd’
Y DEMTH-T (K20).

I EBE

FRFERMEM T EE CIRBREOBOBRENo72R, T
g ESES T — =Y SRS T RIS RS
<, ZOEFTEEOBRVERREN EITLDEEX
bhd, —F, BIFCOTBEOBMIMITLR TOBE
EEARNMERICEDZ EICX B EHEINS,

EEOERTEIR E LT, BhthmiT—3= 0 EafE
OYERHT OB & TR 0 SRR L ORGSR A aE
OEERTOEMARED b, ZORREE LT, B
TR 7= 0 OULE & INAEDS, TRk D M SFERIRACEEE
ARECHBEVWI LBbIT b5, NERDERET 6
~T7BH5 11 BEET5~6 A OINHEHHR Ta Bz b
300 kelF FOWERETH A, L 1 ke7= v 1500
fJ~2000 HFEE & &<, BRIz &> Tik 3000 M
DEMME D Lbbb, O, MERD EHE
Tika7=v 50 FAUEORIRARRIAD D, EHI,
RN b DN E FiAK, KEMEICMZER
DA FTRIER RO HERIR AL, T EREZE
B0t SEOBEMICKEZ T TV 5,

7, REREEALETIE 11 ALLEFD 6 AHE
<67 A L LIRS H Y, BEMix 1000 HELE, a
Wi Y IR EIT 400 keBBENRRAD DT, a Hizh 40
FHU EORINENRIAD S, REENEAMETIE, BE
GAEENENEZIEY 2ha BEOEM AR T D61 b &
b, EMOMMORRSEEEZLND,

—3, ERME T —EFR Y AT, R 4~7
BoD3b0 1 MARET, a %0 iIXErX 200 ke, I
%1T 20~30 FH /a ThdH, &bic, BAMMmIT—F
B0 MR ITEREIC S OINEE LAY, IS
BRERLTNWE, 2070, EARYOEFTIEA

Gultivar
400 p--cmmmmmmmmmmm e B Kentao
[JHokowase
350 F--| @ hFe--mmmomemm---o Kitaekubo
= & Tochiotome
\_; 300 F--1 oo . """" Others
2D 250 F-- by oo Do -
N . B
<
8 150 f-- \ —————— % ----- ---
3 AR R N
$ 100 ool T S
s = 5SS
0 % 1 / L / g
2002 2003 2004
Year

Fig. 19. Changes in the distributed amount of
strawberry fruits by a wholesaler,
Maruka-sapporoseika Co. Ltd., at
Sapporo central wholesale market
between April and July.

Cultiva
[1Hokowase
1800 p---------------— Kitaekubo
= 3 Tochiotome
W Kentaro
/h\o [
<1000 [-- o - i -
c
o
z
o
2 500 | -
nL-
0 : B :
2002 2003 2004
Year

Fig. 20. Changes in the price of strawberry fruits
by a wholesaler, Maruka-sapporoseika
Co. Litd., at Sapporo central wholesale
market.

EHBEVIZ K, BALIZKWEEITH D LHEESH
B, THBOI LM, EEHMIT RV EREOEMS
TEBLSETWAIERLE X LIS,

R LI b o T AS,  ZHRUREARMETE
A F IEIEICI D MBI E RIS ZEAL TS D
iz kB, BREEIVHMFEEENREND, FHS
ABLERPEEZ T TEATIEEREL, BFEOAT
THEFEEPEATSOIFEE LY, BE, BRimiT—3F
BB CEREEFEAL TV AEERT, —FK
D SRR IR, FUEEICEERY ELREZHEE
ZTHELTOIHEERE, 4% bEAHMIT —ZK
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DHERETERBREEFEAT A I, BEERPVAT A
HTOLRBULETH D,

BB T4 FIOREHRERD L, T2 55
BMTRELEMLIZZ RGNS, ZhE i
BERETHo7 "EXEAE’ 1L, AFLEHEENY
BIEDPBRELEAL, ZHIZHEN TFAEAS R
K&, BITHEBRBITE LY, ZhiE, FArs
7 EBERFDESPHBEERRVET TR, ‘Tzl
1E THONDABEBEEOEARNBEATT, BELL
TWZEILLBLEELEND, 2O, BXEECH
el AR BEREETCRVWEAERKRE, REEARE
BRI b LHEESND, £, B%bREFTHE
BELRWZD, AEHICLHEBREFCLZITANLR,
B bR Sz & Bbhs,

T, —HCAg=—XIcE o REEFHHATE R
& L (2008a), RFEHLICE - TREORVF EHR<TWH

% (2008b), T DT, EEMIAHIC>WTIE, HH &
BRRDNTG UV APRRL P a——R b O~EFRED -
TETWBE, 6 ALUEOEREITERE, £8L LT A
VAEPFLE LEZBMARTHLALTWS LERHLTWA,
70, &I (2003) b, TR 6 AoEAEHOA F T
LTS LR TWD, BILESHHIR T 2005 £
D 4~6 BIZEBRLE LT TFARSD’ BFE~HE
THFETHD, TARLDLI 1L, ZhboHF+45
RABZENTERAREEELLND, 4%, dtiEE
RIE T O TR, 6 ALUBOEN~DFRYBIH
ERET DI LT, BRI TR EREOEMT
DEMBIPEEND, i, BAETIHEES~OBE IS
JETERVA, HRNTTEEE 2o BA iRk &~
DM TIER bEIFE S, 4 AUEOIMFR~DREML
HMOFLRBTEE L 725,
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BVE BT —FR ERETRICBITS
3 =0y NREHH O RetE

—BEEE, p HER UV REmEE OFA—

ETAKE R TARAEY oFRIICEY, dhiE
EBIZRBITA—FTH 0 MATED B # B et o m L3
Moo, ZBEHFT—FL 0 AR, IUERE R
4~6 A LHARED EF LT 2 Y s, £E
DHELERCHEEEFM LS L ZLITEETHS, £
7o, RERIIFEESCHERBLERBEVZEFTMAE VN END
2% (Alavoine - Crochon, 1989 ; B4R &, 2000), iEED
BVME EREBR LMK 22 L OBERD B (FHT A%,
1991), EHIZ, NY ZADTIRPMENF BRI E <,
BRPBEFTHD LORELHD (ZFE, 1969), L
U, ZEEHIAIT—ZRL Y A T RO R EM G DI
BEENCBIT DB ERFT LEERERIT LA YR,

— 7%, JL¥EE TIX 2001 fEEHE» S Pyhtophthora
cactorum X5 B aEFRNBERL, MBELR-
TWa, I—ayNTRIOERICXTEAZ Y —=r
T TEY (Bell 5, 1997 ; van Rijbroek 5,
1997), MHAEERELFRIN TV S (Simpson 5,
2002), 41, MHEECTEREEZED S LT, LMK
HREEZRATIZLEEDEBbILEE, TOE4A,
REBESRBEL S, Iy RREETXEALEL
D WEEE, pH, FEBRLEAMEV & STV AR (T, 1994),
BEOI—ay BT/ FTOREHMEERE L
BIIEE A E72,

AETE, I—v v RBOELHEIT—FREY A F
TRFEORERN L ESHFORE 0T ERITS
e, AFXVRAD6 AIZBITH—F[HY EREOREN,
BIZoWTHELE, £k, SHBIIESHET—F/RY
HEHREFRO LT, REMEOXBOENHMER Y
WFER day-neutral (MZFERE V) SBBEZHERHEL LT
FIATA2ZLbBBL N0, NEKRYIELEL ST
REKFEOHEARTEAICOVWTHREF L, U Lo
nh, A FYRIRBITEAZATFITORESEER L 52, db
BRI A2EEREM & L CORMENREZEE L,

B RERM L NEHRTOREOEL

JbHEE A XV 2 LIEERNIZERICTHY, 41X
VRCBITAATFIOREREEZL LD 1T, ES

HE T —FE ) EREOFERM & LTRIET 5 ETE
BETHB,

EMET —SR ) HERE T, IUERS 4~6 A
EHTIEB LR LT ARHICYS 25720, KHHDA
FALEBRLTREERMETTHFEERH B, £z, £
EREIREFZNE TSI LT, EELREROUVLESTH
D, B, BEFIIRERELST VWD —EUEDOR
EMERERIND, AT, A XV RAZFBI—n
v AR GEOAHEE COFEANA~DOFTEHIZ OV T,
FEE (Brix) BLUBE (pH) »bLRETH & &b,
HELHCHMEE L BERLI REFEE (HTH,
1997 ; 2A 5, 2001) #EMLE,

1. MEROJE

1997 FEINFE CRER % 1T o 7o, BBRBETIZA ¥V A1
o4 v PMIicH B, Hrticulture Research
International, East Malling ( 31 East Malling
Research, U, HRDNDIFE T, TBHEE T1To 7=,
WEEXFROBITEES (77 24, pH HFEEbR pH
FA—4#— (pHBOY-P2, Camlab &) THlEL%*, BE
TEEE L Stevens CR Analyser (C.Stevens & Son #)
&Y, 4 mBEOTF Iy —EAVTHELE, v—
FAE—Rid 50 m 45y, BAKEMISme Lz, Fv
— h b a—#— (PM8251, Philips ) OF v — h A Y
— R 30 m/ & L, 28, XY A CIIEMEE 2
ERINET 5720, 1FENEOLO% 1EH, 24HF
WHEOLOE 2EKRE LT, THLENREE L, 4
#HE, 18T 8 i, 53 %, 2 8T 8 LTE, 29
RHT, RREKHEZY 5 REEFAVE, RIEFHMEOERE
WAL HRI OB HBERTH, BEBIKEWVIEERFL L
Teo AL, 1EHTCII6HSANDLTHI4BET, 2
FHRCTE6AS ANLTH 21 BET, HRREICE Y 1~
11 BT o7z, Fiz, DEHREPICRT28E, pH, £
EWEOENMIZHONWT, LEKHTIE ‘=AYz, R
HPR, *maR’, NREAT D4 RHE, 22EKRTIR
‘AP F REFR, ‘e’ O3 RETHEE
L7z,

2. TR
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BEEOFEHNT 1 E5T 8.45%,2 ¥ T 8.00% Th - EiEL7- (K22),

Too T2, 1 FEEROD 64% D HFE - BFHER 7.5~9.0%, 2 REMEOEENL, 14 T99.7g, 2FEHKTIT74g T
FEBRD T1%R 7.0~8.5%DFHEICH-7- (K 21), Hot, 1D 62%1E 60~100g, 2 EERD T4%1% 60
pH OFEHL, 1 ERRD 3.39, 2 FEH T 3.28 ThoTo, ~120g DEEIZA -7 (K 23),
i, 1EHRD 59%, 2 ERRD T1%25 3.2 5 3.5 DOff - R B2ITIINEE, pH, REEE, AKOMEBEEFRER
16
14 —
.g 12 . O First year trial
% 10 L Z B Second year trial
g ol %
= 7 |
5 6 f |
s 4| /
2 4 ,é 2
2 | 10| H

<7 7.0-75 75-80 8.0-85 85-90 9.0-95 9.5-10.0 10.5=<
SSC(%)
Fig. 21. Distribution of soluble solids content (SSC) in strawberry fruits.

16
14 r ] 1 First year trial
w12 | — @ Second year trial
a
£ 10 |
8
g o
£ g Z
Y
(6]
g 4f %
g /
. A2 A\ 0.1 4.1 lm. il .0,
<3.1 3.2 33 3.4 35 36 37 3.8 3.9
pH

Fig. 22. Distribution of pH in strawberry fruits.

25 r
g 20 | ] O First year trial
% Second year trial
15 F
g
5 10 |
. /% 7
2 .l n
5 % ?
Nl 010 ln. 9.~ [l

<40 40-60 60-80 80-100 100-120 120-140 140-160 160-180 180=<

Flesh Firmness(g)

Fig. 23. Distribution of fruit firmness in strawberry fruits. Fruit firmness was measured by using the Stevens CR

Analyser (C.Stevens & Son Ltd., UK) with a 4 mm flat head plunger tip.
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L7z, 14E8K, 26FREE bEE & pH, FEEE L BRIZFHWV fo, "IAPUE L AR AA IFERKROELER
EOMHEBERRED LN, £k, BEEELAEWRTE, & Lizhs, WO TIE ‘AFRAAT B =gy’ &
ERHEEBRIET R, o, REWEER 150g LTI VEREETH T, —F, ‘Tu X’ ZINFEHRF Ol
BRI 5 LLT, 200g LA ETITAIREEES 4 &IED BDRENoT, 2EKTIE, WTFNOAEDL 7 AICkE
Thol (X 24),

INFEHE D 1 FERECBITAHEEOELEALDL L, 10

INRTYA IEEIVEDICHEELE (K 25), & o 8F o
g °
Table 52. Correlation coefficients of fruit E 61 ._-: :,. .
characteristics. E 4 r an@san o e oo i
SSC  pH  FF= oy L *
First year trial
pH 0.3929* 0 1 1 L ! i 1
FF 0092 0036 0 50 100 150 200 250 300
Flavor 0.305™ 0.199 -0.146 Fruit firmness (g)
Second year trial . . . o
pH 0.288" Fig. 24. Relationship between fruit firmness and
flavor score. Flavor score of 1 to 9, where
FF  -0.246 0.021 1, very poor; 3, wunpleasant; 5,
Flavor 0.593" 0.050 -0.198 acceptable; 7, good; 9,excellent.
¢ FF = fruit firmness. Fruit firmness was measured by using
* ** gignificant at 5% and 1% levels, respectively. the Stevens CR Analyser (C.Stevens &
Son Ltd., UK) with a 4 mm flat head
plunger tip.
1 1 _ Cultivar
First year plants e Pegasus
—a&—— Fros
10 — - ¢ - - Honeoya

9-Jun 12-dun  16-Jun  19-dun  23-Jun  26-Jun " 30-Jun 3-Jul

Date
11 r Cultivar
Second year plants ---®-.. Pegasus
— -8- — Hsanta
10 F —a&— Eros P
X
O
wn 8
(7p]
7
6
9-Jun  12-Jun 16-Jun  19-Jun 23-Jun 26-Jun 30-Jun  3-Jul 7-Jul

" Date

Fig. 25. Seasonal changes of the soluble solids content (SSC) in strawberry fruits.
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BEF LR, TR OEEREL, ‘mardry’
HEEEDICHER Lk,

pH OF{bEH DB &, 1EKRTIE [HFYFR’ L ‘%
FA7 ISR L VIERDICHER LR, BEEL ok

(0 26), £72, 2HFHK TS UV R’ o pH I3%¥
RRLEF LI, —F, ‘=uR’ ©pH X 1 FEROERE
FARICEEI LA KEL, 6 A 12 R & 6 H 26 Hicix
14E8R, 260k pH BMET Lz, ‘=¥ &’ 131
FERRTIIRNEO pH BB Tho7=28, 2 FEkiIFE
HEIFEZEL Tz,

1EHROREFETIE, ‘TAHLE ¢ ‘zox’ B
FIERBROEERL, 6 A 28 BIZEBEWVEELRLE
@27 28, 2EHKTIE ‘=uer’ B ‘AL E &
DEIZHE P, i, SRUVRT L ERR, 26K
biSEL DL PWEMIZH D, NIRRT BB
VMERIZ B o T,

4.0 First year plants

3.8

3.6 &«

pH

34 t+.
32 F

30 F

2.8 1 4

F2Hi MEERARE

BRICOWTIIREERCEE L BET 5 Z L3 HEHsh
T# Y (Alavoine * Crochon, 1989), Shaw & (1987)
K Shaw (1990) AV 74 NV=F ABTEGHEH
BLTWD, ¥/, REBEZ OV TINHERTHRORE
B & (Barritt, 1980 Olcott-Reid - Moore, 1995),
REOESIIEFLELBERAEESSZ SN TE /)

(% « k4, 1985), ZOBEHNI—n v REE
LT AV AIRETHEINLTHS,

—2, HREICB T2 —FERIEREOELIL, 5 6
Al EN 2D, SAKREREET O, &k
EELSTICRERELERT2Z BRE LT Ch
D HE, R E I —Fm Yy EREOMIT, XFh,

‘TyFrA-138 (FEL EHE), ‘HrA=x (P
%4 EIR), '¥LHOUVLR REORBEROMERY

Cultivar
---0--- Pegasus
— - — Hsanta
~—a&—— Eros
— - & - — Honeoye

9-Jun 12-Jun 16-Jun

4.0 I Second year plants
38 p

36 F
534 k

32 F

3.0 | IR

19-Jun
Date

23-Jun  26-Jun  30-Jun 3-Jul

Cultivar
---®--- Pegasus
— -8 — Hsanta
—aA—— Fros

2.8 : : -

9-Jun  12-Jun 16-Jun 19-Jun 23-Jun 26-Jun 30-Jun 3-Jul 7-Jul

Date

Fig. 26. Seasonal changes of the pH of strawberry fruits.
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Cultivar
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. — 8- — Hsanta
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0 r
L . AP IN .
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| \"\ ~ N, e e
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[ S T
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40 1 '] 1 '] '] L ']
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e
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Fig. 27. Seasonal changes of the fruit firmness in strawberry fruits.

HRESMEMT SN TWD, 5%, ZHEHMT—FED
HREETERO LT, MEESPREFEOHBEDOHEMD
MR Y M ATER day-neutral (TR Y M) SEZH
FmeELTRIAT A EbEZ OGNS, L, MERK
DEREE ST REMREOHESTEAICOVTIEHEY
Rt STz,

AH T, HRI BRO—FR Y HERFEL A XY 20N
ER DRI, BRLESOEND 77 ADMER
DIERE ‘=7 - F - RT EHVTHFNAL=TO
day-neutral &fE ‘A AL EMZTHRAEAT L
NRELEATVS, FEEE, pH, REMERUCREBEEIZOWV
T—HEREEN C FEMESERIOMEE B Z 2072,
1. HRRUFE

—ER Y BHIFIKRED ‘EM321° & ‘EM707 H

W, A XV RAOAFRYHELEE LTRRIMENARFD
BORBWHRIFRO Rl a’ &5 &Aoo ‘=
v—%’ 2RV, 61, RRBRLEIICERS Y
FGUAD =T o F - RT L, SEBBRWAY T
AN =T O day-neutral SHFED ‘A ANg L BHRL
7. RHCIY 1996 £DFIC HRI THIF A T LAl kb
15 MERTCIThhi, Bon/-ET % 19964 4 A2
BL, LAWYV 25 EA%E 1996 4 8 B ILELEE
HALIE TR LA, 1997 7TASEAH10A 14 B E
TIERBE L7z, ‘EMR321° ZB< AR, 1996 4
8 Bit ‘EMR707’, ‘=5 -7 - A7 HEXERL, ‘F
vat, CmE—F, ALY E 2 RIETHESIC
Wz fHiF7=, ‘EMR707 iX6 H 19, 30 Bz, MZERKY
MR 7T A 31 B 108 27 BECIUBE L7, INHE
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IFENCIToN, FEEE, pH, RAEE, REEEOHET
ZOHOWIZITY H, —2COABETESE LT, B
LREDOFET, BRToT.

B, RFAOEER, RUDICREEE2ET 28
THEL, FORBEZHWTERABEEZHELL, =
DESDREBEERIEACEELFLIAATNS LD
(MEL, 1977), RROWEMLOLRAOESE2ELFI
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Table 53. Parental means for soluble solids content (SSC), pH, flesh
firmness(FF) and skin firmness (SF).

Parent Type SSC(%) pH FF(g= SF(g)
EM707 S 8.94 3.71 83.0%
Irvine D 7.48 3.16 110.4 64.5
Mara des Bois E 10.06 3.23 65.4 57.9
Bolero E 8.44 3.23 70.0 52.6
Evita E 8.18 3.21 67.2 44,9

EM321 was not planted in the field.

S: Short-day strawberry, D: Day-neutral, E: Everbearer.
Fruit firmness was measured by using the Stevens CR Analyser
(C.Stevens & Son Litd., UK) with a 4 mm flat head plunger tip.

wThis value is fruit firmness=FF+SF.

Table 54. Progeny means for soluble solids content (SSC) and pH.

Cross ® Number of SSC(%) pH
seedlings Mean SE Mean SE

EM321 x Mara des Bois 7 9.191 0.321 3.336 0.041
EM321 x Evita 11 8.874 0.335 3.297 0.053
EM707 x Mara des Bois 8 9.630 0.534 3.314 0.034
EM707 x Bolero 14 9.299 0.271 3.347 0.037
Irvine x Mara des Bois 15 8.735 0.290 3.175 0.026
Irvine x EM321 10 7.983 0.411 3.220 0.027
Mara des Bois x Evita 18 8.616 0.201 3.091 0.022
Mara des Bois x Bolero 15 8.247 0.262 3.123 0.027
EM321 x Bolero 11 9.235 0.398 3.266 0.048
EM321 x EM707 3 8.980 1.073 3.343 0.179
EM707 x Evita 12 9.036 0.299 3.348 0.041
Bolero x Evita 15 8.238 0.215 3.200 0.020
Irvine x Bolero ' 19 7.868 0.202 3.228 0.029
Irvine x EM707 5 9.698 0.605 3.394 0.039
Irvine x Evita 18 7.809 0.196 3.241 0.032

2 EM321 and EM707 are short-day strawberries, Irvine is day-neutral, and

others are everbearers.
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Table 55. Progeny means for flesh firmness (FF) and skin firmness (SF).

Cross 2 Number of FF(g)y SF(g)y
seedlings Mean SE Mean SE

EM321 x Mara des Bois 7 76.1 5.5 74.1 7.2
EM321 x Evita 11 81.9 4.0 73.6 3.8
EM707 x Mara des Bois 8 84.6 2.2 83.6 6.2
EM'707 x Bolero 14 104.2 6.5 83.0 5.7
Irvine x Mara des Bois 15 101.8 5.0 94.2 7.1
Irvine x EM321 10 97.2 5.5 77.8 4.9
Mara des Bois x Evita 18 79.3 3.5 63.2 4.0
Mara des Bois x Bolero 15 97.0 4.0 48.4 4.5
EM321 x Bolero 11 91.7 4.1 72.3 3.6
EM321 x EM707 2 71.5 0.4 56.3 1.0
EMT707 x Evita 12 92.3 5.2 73.4 5.7
Bolero x Evita 15 90.1 4.5 65.3 4.7
Irvine x Bolero 19 113.0 5.8 78.8 5.3
Irvine x EM707 5 92.8 6.3 81.1 6.6
Irvine x Evita 18 116.2 6.4 72.4 4.4

zEM321 and EM707 are short-day strawberries, Irvine is day-neutral, and

others are everbearers.

¥ Fruit firmness was measured by using the Stevens CR Analyser (C.Stevens
& Son Litd., UK) with a 4 mm flat head plunger tip.

Table 56. Mean squares from combining ability
analyses for soluble solids content (SSC)

Table 57. Mean squares from combining ability
analyses for flesh firmness (FF) and

and pH. skin firmness (SF).
Source df Mean square Source df Mean square
SSC pH FF SF
General combining ability 5 59.24** (.21%* General combining ability 5 44.67** 16.15%
Specific combining ability 9 1.66 0.03 Specific combining ability 9 57.09 4.97
Error 166 1.11 0.02 Error 165 3.69 3.67

* **Significant at P=0.05 and 0.01, respectively.

* **Significant at P=0.05 and 0.01, respectively.
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Table 58. Estimated values for parental general combining ability 7, obtained by using
least squares analysis (Gilbert 1967), for soluble solids content (SSC), pH,
flesh firmness (FF) and skin firmness (SF).

Parent? SSC(%) pH FF(g) * SF(g) *
Estimate SE Estimate SE Estimate SE Estimate SE
EM321 4.640 0.169 1.676  0.020 36.3 3.1 36.0 3.1
EM707 5.132 0.171 1.752  0.020 45.7 3.2 427 3.2
Irvine 3.858 0.139 1.624 0.016 62.9 2.5 447 2.5
Mara des Bois  4.528  0.142 1.543 0.017 39.0 2.6 41.0 26
Bolero 4.103 0.134 1.596 0.016 53.2 2.4 36.8 24
Evita 4.0566 0.133 1.595 0.016 44.6 2.4 2856 2.4

zThe relative contribution of each parent to the expected progeny mean.
y EM321 and EM707 are short-day strawberries, Irvine is day-neutral, and

others are everbearers.

* Fruit firmness was measured by using the Stevens CR Analyser (C.Stevens & Son Ltd.,

UK) with a 4 mm flat head plunger tip.
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Fig. 28. Seasonal changes of air temperature, amount of rainfall, and hours of sunshine during
harvesting season of short-day type strawberries in1997.
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Central Hokkaido (Dohoh area)

-

Ganting Time and Size of Nursery Plant.

Southern Hokkaido (Dohnan area)
------- Medium-sized plants in mid or late August.

------- Medium plants in mid August or medium to large in late August.
Northern Hokkaido (Dohoku area)

------- Medium or large plants in mid or late August.

* Medium nursery plant : 4 5 leaves, Large plant: 6 leaves and more.

™~ Aigging time. \

For medium-size plants in
mid August.

l
Dig runner plants with
three leaves in mid July.

For medium-sized plants
in late August.
1
Dig runner plants with
j two leaves in mid July or
with three leaves in late

July. j

In case of late planting or late root development.

Rowcover and plastic-tunnel.

l

For one or two months from the end of September.

4 L

After winter.
@asures against white Q
fruits.

~ Don’t hasten the starting
of warming by using
covering materials and
advancing harvest.

Aim for the beginning off
harvest to be

Southern Hokkaido

----- Early or mid May.

Central Hokkaido
----- Late May or Early June.

Northern Hokkaido
""" Mid or late June.

~ Use transparent covering
materials with good

@easures against unevg

coloring of the fruit skin.

~ DPlace ‘bubble wrap
sheet’ on the mulch for
coloring of the shaded
surface.

~ Position trusses out
from the canopy for
coloring of the sun-facing
surface.

@etration from sunlight/

N

/Measures against\

production of small fruit.

~ Thin out the flowers
and trusses when there
are too many per plant.

Aim of the thinning.

Reduce seven or more
trusses per plant.

Eighty or more flowers
per plant.
!

Five or six trusses.

\About seventy flowers J

4 L

High quality
strawberry

Fig. 29. Flow chart of the recommended cultivation of ‘Kitaekubo’ strawberry.
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Fig. 30. Annual changes of the commercially distributed amount and price of
strawberry fruits at Tokyo metropolitan central wholesale market and
Sapporo central wholesale market.
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Cultivation techniques and development on short day
strawberry cultivars for cold regions.

Koji Kawagishi
Summary

The aims of this study were a combination of evaluation of cultivation techniques, development of a new cultivar
for semi-forcing culture and verification of the uptake, and to clarify suitability of European cultivars for
strawberry breeding for cold regions. The following subjects were investigated to achieve the aims: 1)
Establishment of cultural techniques and measures against a physiological disorder “white tip fruit” in a short day
strawberry cultivar for the cold region, ‘Kitaekubo'. 2) Development of a short day strawberry cultivar for cold
regions, ‘Kentaro’, which was harvested earlier than ‘Kitaekubo and did not have white tip fruit, and evaluation of
the characteristics. 3) Surveys of planting conditions of short day strawberry cultivars for cold regions and the
uptake of ‘Kentaro’ strawberry. 4) Evaluation of fruit characteristics in European short day strawberry cultivars

and suitability for strawberry breeding in Hokkaido.

1 Establishment of a cultivation technique for ‘Kitaekubo’ strawberry
(1) Planting time and size of nursery plant
The relationship between planting time and yields, and number of fruit trusses, was that the yields decreased
when strawberries were planted in early September in southern Hokkaido, Dohnan region. On the other hand, in
central Hokkaido, Dohoh region, strawberries planted in late August performed consistently well for both yield and
number of fruit trusses. In Northern Hokkaido, Dohoku region, the number of fruit trusses decreased by more than
one per plant in the case of early September planting.

In the relationship between sizé of nursery plant and yields, the largest yields were obtained by medium nursery
plants which had 4 5 leaves in Dohoh region, and by large nursery plants which had 6 or more leaves in the other
regions.

In the relationship between yields and number of fruit trusses, the greater the number of fruit trusses, the more
the yields increased. But when the number of fruit trusses increased, the class 1 fruits tended to be smaller.

As the results, the optimum planting times and size of nursery plants in each regions are as follows:

Dohnan region: Medium nursery plants in mid or late August.

Dohoh region: Medium nursery plants in mid August, or medium or large nursery planfs in late August.

Dohoku region: Medium or large nursery plants in mid or late August.

As mentioned above, the optimum planting times and sizes of nursery plants were newly established for each of

the regions.

(2) Digging time and size of runner plant

Three-leaves runner plants dug on 16th of July became medium nursery plants and four-leaves runner plants dug
on 16th of July became medium or large nursery plants on 17th of August. Three-leaves runner plants dug on 25th
of July and two-leaves runner plants dug on 16th of July became more than four-leaves nursery plants on 28th of
August. A

The results showed that medium nursery plants in mid-August were obtained by the digging of about three-leaves

runner plants in mid-July, and medium nursery plants in late August were obtained by the digging of about
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two-leaves runner plants in mid-July or about three leaves runner plants on late July. The best digging times
suitable for the different planting times and the required sizes of nursery plant were determined.
(3) Rowcover and plastic-tunnel protection in autumn for ensuring a suitable number of fruit trusses
Strawberry production decreased due to late planting time but the number of fruit trusses and yields were
increased by using rowcover and plastic-tunnel protection in autumn. Therefore, rowcover and plastic-tunnel
protection in autumn were clearly effective for ensuring that there was a suitable number of flower trusses when

the planting was late.

(4) Measures against small fruit production by shading and thinning of flowers or flower trusses
Strawberry harvesting time was later, the yields decreased and the percentage of white tip fruits was increased by
shading. The results showed that shading was not effective to increase fruit weight and the quality of fruits

deteriorated.

An effect on average fruit weight from flower thinning was investigated because average fruit weight decreased in
the case of over-flowering. The yields were decreased and the percentage of white tip fruits a little increased by the
thinning. From the results, it is suggested that the aim of the thinning be that the trusses and flowers are reduced
to five or six trusses and about seventy flowers respectively when a strawberry plant originally had seven or more
trusses or eighty or more flowers. A yield of 200 kg/a and increases in average fruit weight and soluble solids

content are expected from this treatment.

(5) Methods for coloring of the fruit skin ‘

There was no different effect on the coloring of fruit skin between using black mulch and white-black double
mulch. On the other hand, the color difference between the sun facing surface and the shaded surface of the fruits
became smaller with the use of ‘air-cap sheet’, a transparent packing material, which was placed on the mulches.
By the treatment of displacing trusses out from the canopy, the color difference between the sun-facing surface and
the shaded surface of the fruits became larger, because of an increase of coloring in the sun-facing surface, and the
white tip fruits decreased. These results show that the treatments of ‘air-cap sheet’ and displacing trusses out from

the canopy were effective for promotion of coloring in ‘Kitaekubo’ strawberry, which had light colored fruit skin.

(6) Appearance, conditions and causes of white tip fruits

Numbers of white tip fruits increased when the days from starting of warming by covering materials to harvest
time were increased. Also, white tip fruits occurred little in black volcanic soil but tended to increase from using
more than 1.5 kg/a of nitrogen fertilizer. White tip fruits were also increased by shading from flowering onwards.

From the results, measures against white tip fruit occurrence were determined as follows:

The starting of warming by covering materials should not be hastened.

The amount of nitrogen fertilizer should be less than 1.5 kg/a.

The transparent covering materials should be renewed every year.

2 Development of ‘Kentaro’ strawberry and characteristics

(1) Aims of the development and the origin

‘Kentaro’ was developed with the aim of good fruit quality equivalent to ‘Kitaekubo’; no appearance of white tip
fruit; early fruiting season equivalent to ‘Hokowase’. ‘Kentaro’ was a strawberry seedling from a cross of ‘Kitaekubo’
x ‘Toyonoka’ made in 1993 at Hokkaido prefectural Dohnan agricultural experiment station. Seedlings from this
cross were transplanted in autumn 1993 to a field and ‘Kentaro’ was selected in 1994 as 5kou42 because it had good

fruit quality and excellent taste. ‘Kentaro’ (as 5kou42) was evaluated in the 1995 preliminary line selection test and
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the 1996 preliminary performance test, and showed good performance. Next ‘Kentaro' was evaluated as Dohnan 26
in performance tests and local adaptability trials from 1996 to 1998, and in specific character tests from 1997 to
1998. As a result, ‘Kentaro’ was released as a recommended cultivar for Hokkaido in February 2002 and was
registered for the grant of a breeder's right by the Ministry of Agriculture, Forestry and Fisheries of Japan in June
2004.

(2) Cultivar characteristics

‘Kentaro’ plants are weaker than ‘Kitaekubo’ but more vigorous than ‘Hokowase’, with a medium growth habit.
They produce an adequate number of runners a Jittle earlier than ‘Kitaekubo'. The first harvest date of ‘Kentaro’ is
almost the same as or two days later than that of ‘Hokowase’. The required low temperature period at less than 5C
for breaking dormancy is about 1,000 hours and longer than the time required for ‘Hokowase'. ‘Kentaro’ shows good
resistance to fusarium wilt (Fusarium oxysporum f. sp. fragariae) and powdery mildew (Sphaerotheca macularis),
and moderate resistance to verticillium wilt (Verticillium dahliae) . Also, ‘Kentaro’ appears to be less susceptible
than ‘Kitaekubo’ to botrytis rot (Botrytis cinerea). Average fruit size is slightly larger than that of ‘Kitaekubo’, and
the class 1 yield is equivalent to ‘Kitaekubo’ and higher than ‘Hokowase'. Fruit are conical in shape with very glossy
bright-red skin and light-orange flesh. The hollow core of ‘Kentaro’ fruit is smaller than that of Kitaekubo’. The
soluble solids content (SSC) of ‘Kentaro’ fruit is almost the same as that of Kitaekubo’ but the titratable acidity
(TA) is a little lower and thus the ratio of SSC to TA is higher than in the case of ‘Kitaekubo'. The vitamin C content
of Kentaro’ fruit is similar to that of ‘Kitackubo’. ‘Kentaro’ has firmer fruit than ‘Kitaekubo’ and the shelf life of

‘Kentaro’ fruit appears to be as long as that of Kitaekubo’.

(3) Adapted area and technical attributes
‘Kentaro’ was evaluated in no-heating and semi-forcing culture at Hokkaido prefectural ornamental plants and
vegetables center in Takikawa, and in local fields in Pippu, Memanbetsu and Asahikawa. ‘Kentaro’ were harvested
earlier and had the same or greater average fruit weight compared to ‘Kitaekubo’. On the other hand, yields of
‘Kentaro were a little lower than those of ‘Kitackubo’. The fruit had high SSC and firmness equivalent to
‘Kitaekubo'. The shelf life and appearance were good. The taste was also excellent.

From the results, it was clear that ‘Kentaro’ had high- fruit quality and resistance to some diseases. ‘Kentaro’
also fruited earlier and tasted better than ‘Kitaekubo’. ‘Kentaro’ was the first strawberry that was adapted to
semi-forcing culture in Hokkaido and had the same high quality as the present cultivars used for forcing culture.
Overall therefore, ‘Kentaro’ showed high promise and was expected to replace ‘Hokowase’. ‘Kentaro’ could have
decreased yield if it did not produce enough fruit trusses because ‘Kentaro’ had fewer fruits per truss. Therefore, it

was recommended that ‘Kentaro’ was planted at a suitable time and developed a good growth in autumn.

3 Changes in strawberry production in Hokkaido

(1) Trends of planted area of strawberry in Hokkaido

The total planted area of strawberry in Hokkaido was 126.3 ha in 2004 and had been almost unchanged since
1999. However, the area of short-day cultivars had decreased and was 70.9 ha. On the other hand, the area of
cultivars for forcing culture was 13.2 ha, while that of everbearing cultivars was 42.1 ha and they had both
increased. The area of substrate culture, in which strawberries were planted in substrate on raised shelves, was
95.3 ha and this was 20% of the strawberry area in Hokkaido. This had increased by over 8 ha compared to 2002.

(2) Planting situation of ‘Kentaro’ strawberry
The planted area of ‘Kentaro’ in Hokkaido had been 2.1 ha in 2002 but increased to 26.8 ha in 2004, which was the

same area as ‘Hokowase’. The area of ‘Kentaro’ in 2005 harvest was expected to be an increase of 5 or 10 ha and
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would be more than 50% of short-day cultivars for the cold region. Unit price of ‘Kentaro’ was higher than

‘Hokowase’, which would contribute a rise in income to strawberry farmers.

4 Suitability of European strawberry cultivars for breeding of short day strawberry cultivars for cold regions
—Evaluations of soluble solids content, pH and fruit firmness—

(1) Fruit characteristics and changes in fruit quality during the harvest period

71 cultivars and lines in a first year trial and 25 in a second year trial, were tested. The averages for SSC were
8.5% in the first year trial and 8.0% in the second year trial, which were the same as those of Japanese cultivars.
The averages for pH were 3.4 in the first year trial and 3.3 in the second year trial, and the averages for flesh
firmness were 99.7 g in the first year trial and 97.4 g in the second year trial respectively.

SSC was positively correlated with pH and flavor both in the first year trial and the second year trial, although
not highly. In cases where the flesh firmness was more than 150g, the flavor scores were relatively low.

There were changes in soluble solids contents, pH and fruit firmness with cultivars during the harvest period in
the first year trial. As a result, it was necessary to take multiple samples considering the weather and

environmental conditions for evaluation of short day strawberry cultivars for cold regions.

(2) Combining ability test

Two British short-day lines, three European everbearing and one US day-neutral cultivars were used in a crossing
programme appropriate for diallel analysis. General combining ability (GCA) and specific combining ability (SCA)
were estimated for soluble solids content (SSC), pH, flesh firmness (FF) and skin firmness (SF).

GCA was significant in SSC, pH, FF and SF, but SCA was not significant for all traits. The highest general
combining ability parental values for SSC and pH were found for short-day lines. On the other hand, a US
day-neutral cultivar had the highest parental values for FF and SF, but had the lowest for SSC. European
everbearing cultivars had high parental value for FF and comparatively low for SF.

These results show that European cultivars could be used with Japanese cultivars in a breeding programme for

short-day strawberry because SSC and FF of European cultivars are almost equivalent to Japanese cultivars.





