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%X A OA B B

ZARVFVOKRBEEELHDENLEDILTR. BROBAELEEDIT. &
BN AR EPY BN RE S EOMRARTRCTH S, —h Vv F Y OFAT
HEXGHOKRVEELBBETHA LD, BHEEBN. HEHCED TS
B, REEREOEBNTMFEORL L BERROBRNSLETS 5.

SHVFVORRSEARETIROEEUERTHENKR. RAEE L.
HAERESULOGHRBEER L -TRIAEYN. RRBEROSNLVEET
BEIENFENTUS, NEKKVWCEEAERRHKEBKRTH D . HkE
RHOBHHFRERE- T, BUBEHOp HETERT S EHNTED, =k VT
VORKIBFEAKZUL . MEKShBI LRIV ED, BREBELLS S
PREGH . RPHER. RHOBRHTE. BHp HOZD0ERR &-TH
B, RENIKRT S EHNTETH 3.,

SHYFVORKEEIHET SR EOBERRI OO THIE - MG (1976
KdoT. REE. RAFE. RHOBRHHRE. RHpHOBEENA~S N
TED. ZOHCRABEOBEEIAROE I LA REAT VS, LKL, B
XEROBEEIBEENHRORTSAMERR UL BALRABE S EATRS
Mok, BEEBRLTVL2XBREEBARLSYIERBLODOTRED THEE
TELEN DS, RESHLELL ABEERLEEUNE CHIRLORBYO
BERRACDLTHFT A URKFFLPHLTLEIERVALZLL, EHOREBO
BEHBIESOTORFTLEEAETDATHE L,

DL UBRELELLT. ARRCR-F Vv F VRECH Y 3 NBBHO
- mﬁﬁiiﬁébk\%%mgkwﬁié I ROBERRENSDITL &
Elf. S0t XUBHIL LI SHOTRBRI S 5 BEOF M £ HH L
T.ARO= KV F YRBEADOFARIKODOT WS LE I & Lk,

E1E. RROSEE MR |
REONHPREA3YFyT JALA~ATFTH. Fav T2+ TIAF
A~FR. =hv>vT IBTA~NARATH -k, REWORREW ¥ A 3
UFYTEL, Fav T/ FYTEL, Sk VS YCRBLERLELRAN S
2. REOTARASRERABRER A3V F Y TELIR/S, =k v F ¥
EFavTsFYTHhED . BHOBFFRER, €439 F Y CREVS
EBOEEASHD, Fav T/ FVTRHPDPEL, kv YTHERUED -
7o B DHUE. E412 9+ Y TEL. =KV F VTR, FavI2+Y TR
BOFMTH-7% (Table 1) » RHOBHERI . B B hrbSF. 27
O—-Z, SNV =-R, FNI F-—R, YLEFMN-LTHoto 243+ THt
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TN P-RERBFRBBEL. ROTYNEMN-NVERBEBD ke Fa2avT7
FUTRIAY b - RGBSR LE ROTYLE R LER, 73 - 22
BAED->Te 2KV FPYTHRID-ZABRETNI P -ZRBRIFBEL > K.
SHEERELTHREAIVF VY TREVRBEERVRENSD, Fav T+
TS, =k F Y THED - 2 (Table 2) o

UED#HR. %;v:7%x%%u%ﬁoéﬁﬁ§#¢meb@® REOD
BRRHEX=ZF TV EHAULTEHY REEHNES. RARKSH . B%R
HBEWDP U > DT RERKRBOBRFLAFav I/ F v EEBR_F VTV R
CORBRHBMAXBOBELTHERATHSEEZAONS,

$o%. REAUCHETIRAOBEHR
SHEEBE (FF) CXRBRE - FHORKORBME . 19884 ~ 19904
KB IRMBEAE ZHOMNEOFHTHS AUBALGZTAEh QMBSO
BEFRBETOERELTELT. RANOXAFHERTHH o HFEM.
BIHMAERDLLEIA. OTFNLEDLBTHVERMAS S Ak (Table 3)
RBHIETIAMANTORE. RBRNOZRBC S LT RFK (Fanily) . K%
M (Sib/ F) OMBERK I 2P B EEHLABD O, £KR (Year) . &K
BXERTERA (FXY) CEBMBREEREED S hid -7 (Table 4),
REE. PABEE. REHOBAHRE. BHpHOBERR., £h T hH0.57~
0.82¢ 0.14~0.56. 0.37~0.50. 0.58~0.69 &#E & (Table 5) .
UtoHE, PEGHOBERIRBMAROE . REELEHp HAZ N
KROWTHES . ENBEETHES. RHORFHRECHTBTH S UK
o R RANBARZROUBNAS VEETHE EER b0k, Lo
T.ABHMRLARHE  FHELICRMBEEBETIBMICHRERORBBIEOLT
BEEBENOILENHBbOEHRENL,

B3%. RESHECHNETSHEMOEERBE o
REORBY. RXEOBERE. B2 HIT B 5HE (Table 3, 5) &Fi
ABOREENBON. RRAMTEHDTHL . BRECOLEBROBA » o K
AMEREELOMOXRRDHAMAEN. BEANFARORETBRELLHL -
(Table 6)e RBMEBANEE. RHOBHAFE. Rt p Ho M OB I8 M 5%
MERELAEC S, RBAMERHpHEORM THHOBMAB ORI, W
NbEM>% (Table 1) BEELEABELOMORERMERIE RO E
EFRLE. —F. RREEEHOBKHAE. RHpHE O MO B0 EHRR
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EHITMEH - & (Table 8).
LEK-T, BRMORLREOEREEAME L TREBREBXBACH
BRHEE b RREEZERTILENS B EBRENL,

B4E. BEREHOHBEE
BEHORMMLEBRERTOREMEE (RBRMA 1BUTTH5EK) O U
REEEOMERPOHALAOHMMBEENBED SN, BEHH 120U TFToHEHR
BETXTOEGKFBETH O FLT. HFHORBYA MU LOBH A
HEEBAKOMBEENE L Eh 7% (Fig. 1) o COMBHE. RBMWOEZ
MAGAENEESE L (DERATTHHERELABLAORTEMEL—HLT
Wi (Fig. 1) . BTHORBMEBRRZCOHR - KEBH (REEHN 200 ¢
UEOBH) OHBEEEOMKRYSABEOHBERARD SN, BEB O
RBHUAENFEES - KEEAOHRERBED - 72 (Fig. 2)o S OBFKIR. &
BER LA EEZORRBEORFNAHTEBEBEZ) ROERAIBTTH S EREL
RIBAOREMERBH L — KL TR (Fig.2) . REAMNOBFH» 5 KB
MOFAFTHERELTOXRATHERET 40, RANOBFABEEHE 1.
RBRHERETOMGHAMAERE IELRBLT. BREZLSHIBETHO
Mok BEA (RBMAN 12UTFTTHD. hOoOREEN 200 gl LOEK) OB
REEEREL. BEEAOHBBEORMMERB UL E A, RHMEREE
BEDLHEBOBANE, WOHDKFOLNBRBERMAEST Y LE > T L
72 (Fig. ) o« BPHORBMA II5HEOL S RMUEBROB LD BT
BMORBYMAEL BB FEAMICET LA (Fig. 3) .

UEDHR. BBRHOBOEGEROPBICEBTELDICR. REORR
MABALFE (RBRMAX SERE) OSH - FHEXHEBETHoENDE
LuboeEzshi, o

B5%. BREAOBEENLEXAMOKR .
EXRBMOREE. RPHEE. EHOBFHRE. RHp HOZROWH R
HRBEOERDOWBE RN TAED >k (Fig. 4) . EXSHOFHME BRF K
OFHUEEUBT 5L, RET. RAFEETRBRAKFCRSHED LY b1
“<\ RBHpPHTHEL . BHOBFRIFRETCRBERALUTH » 7 (Fig. 4) o &
WEE. RAOERHRE. BHpHIED W T, IWE - M (1976) AER LK
XM EELE (K1) CAZBTRRUARMELSEE (£H2) tolT.
RUEE (RMBALBEETFHEORE. S) . BEEAE (XH1 LHKD2 0%
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BFEeMox, 46G)  BEAFY () KHTIBEHBBO.E (4G/ 1)
ERWREIAH, BABEORKELBEEEBENKRE Mok (Table 9) . &
KEFHIRT I BEHBROULELRNEETRED - DT, KA2ZORN
BEAELICETLAGO UM AN, KA 20ERKCRT 35 KAH O
R, RAEE. RAEE. EHAODHHFE. FHpHIEH W TEAM (Fanily)
ERFNBEB (Sib/ D CHEXENBHONBI L&, FRBHp HEHL
TOBERME (Year) THEUENADSHL LI EER LT A (Table 10) o
ERRESDCTOAKAIROBRELER . KBFOL2A%K (0.) KHTEE
FMAM (o) . ERAK (0,2 . REERAK(o )  RENBGAK
(0.°). BEASK (o) OUBEHEA Ll LEBM2oMTHhBLEEZ A, &
FEAME (0.2 0.°) BREEELEEHPHTAESHMULTSY., RWEE
f§u<ﬁyurwt<wMen>°@ﬁEusw5¢mﬁ&m(oﬁ/aﬁ>
REZFHMABUEFOBEREAR L. RABMARLEEXZRNBHAME O 43
(0:) DEBBINTHRE (0,%/ 0.) 2BHLALEI S, PAEE. £
HOBHHRE. RHpHTR., $A 1K ~xTEA2TRHLILTH . Bt L
MEEERHPHTHF LD > % (Table 11) ,

bthﬁﬁﬁb\ﬂ¢® AVF VYRR EEBOBE T, %Wﬁ&hﬁbf%
WEEATOATELEEER SR, ZOHRELTHAEBRTHR UK BREL
A0 REREE @ﬁhﬁ&#i%(ﬁ&bfhtt%xbnf

B E~BSEOKBASHUTOL ENERESNS,

ﬁ&wiﬁmﬁwm%MHBHTﬁbb93L*@®@k%*bfwémﬁs
BRRMOBLEAMNESAENBNOBORANEHO TR ARBTHD . RBWM
DEVHAEL LT 'Hik' HFERSNTHY. RBN. BEE. AKIE LB
NTWBIEDS. BRMOBLEANGELERT 5 DOXBBRELTED
DTHAEEAONE, RETR, "Rk EXEBRETIHRAEEBHRD 5K
RMOBR N ERRENREESN D5 B, ~F. RANOBNHEBEE LT '8
B KERIATOS, 80 UERAMABOREORMEL~TRLO A%
RENXBERTHD . FAURBEROLDORKBLELTERNTH B, SOOI,
BRSO BEDFAUTIFURHORANMNEL . BESBRALBROEETH
B, ﬁﬁmmﬁhimmmﬁéﬁﬁiafwmx%ﬁ&bfﬁmfﬁéio
RAE. BR OURELEBHE-HLF o RBEORBELBERD S . RAM
KB REREABEURKFF L RRIATED . 4% b Fav T+ &
 HEP LR RMAREBET AL ETH LLERR MO ERAM B SN S,
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Table 1. Fruit:quality.of European, Chinese and Japanese: pear cultivars in 1988.

‘ 7 Ilafvest Fruit Starch  Flesh Brix pli of_'
Spec_ies“‘ Cultivar v weight content firmness fruit
[ ‘ date (@ - (mg/g*F¥) (lbs) value - juice °
European pear Bartlett  Sep. 6 283 513 169 9.8  3.78
(Pyrus communis L.) Winter Nelis Oct.25 352 1.03. 14.8 126  3.78
Chinese pear ' ' laiyangeili Oct.27 478 0.20 53 1.6  4.73
(P. bretschneideri Rehder) Qiubaili Oct. 17 408 0. 08 6.1 11.9 4.46
Hongli Oct. 31 387 0.19 5.3 1.3 " 4.38
Jépanese pear Yakumo 'Aug. 31 253 0. 05 4.4 11.4 4.92
(P. pyrifolia Nakai Kousui hug. 30 269 0.08 40 1.4 543
var. culta Nakai)’ Choujuurou  Sep. 13 360 0.20 6.4 12.5 4.38°
' ’ Housui Sep.14 415 7 0.08 - 3.3 13.0 414
Nijtaka Oct. 11 637 0. 26 4.3 12.2 4.34

Tabrlev2. lndivi’dual sugars in the harvested fruits of European, Chinese and Japanese

pear cultivars in 1988.

Species Cultivar Sucrose

Sorbitol

Glucose Fructose Total sugars
(mg/g*F¥) (mg/g-F¥) (mg/g-F¥) (mg/gF¥) (mg/gF¥)
European pear  Bartlett 2.4 27 39.4 11.0 555
Pyrus communis L. Winter Nelis - 14.8 6.2 39.8 14.3 75.1
Chinese pearj Laiyangcili 1.3 7.4 1.6 - 111 68. 0
P. bretschneideri Qiubaili 1.4 5.9 41.9 18.2 67.4
Rehder I[ongli{ 1.7 I.1 29.4 15.8 58.0
Japanese pear ~ Yakumo 38.1 3.8 25. 8 7.7 75.4 -
P.pyrifolia Nakai - Kousui 28.2 1.1 37.6 1.7 88.6
var. culta Nakai Choujuurou 41.0 4.6 22.17 10.4 187
Housui 22.6 1.1 33.6 11.6 75.5
Niitaka 14.7 9.7 - 35. 8 10. 7 70. 9
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Table 3.

Of fspring .mid-parent regression(b) and correlation(r)

coefficients ‘of ripening time,:1988~1990.

Year .
1988 1989 - 1990
b 0.969°* 0. &67" , 1. 045**
r 0.916* 0.985'*  0.962°°
** Significant at 1% level.
Table 4. Analysis of variance on ripening time, 1989~1990.
Source DF* S5*  MS* F value ENS*

Family (F). .14 44350 3168~ 133.74'* 0%*t20.* t60y%t120;

Year
F xY
Sib/F

Error

w1 211 21 9.17 v®i6o , 4900 ,’

14 555 40 1.74 o160 (y?
75 55812 - 744 32.35""  o*t20.°
B 1Ty 23 o?

2

** Significant at 1% level.

* DF:Degree of freedom, 'SS:Sum of squares, MS:Mean squares.

EMS:Expected mean squares.

Table 5. Heritability(h®) estimates for fruit characters, 1989~1991.

Character 1989 1990 1991 Ave.  Range

Fruit weight 0.82+0.29% 0.57%0.30 0.81%0.28 . 0.73 0.25
Flesh firmness  0.17+0.13  0.14%0.12  0.56%0.15 0.29 0.42
Brix value - 0.50£0.13  0.37+0.17  0.39£0.23 0.42 0.13
p K 0.69+0.27  0.58+0.21  0.64%0.25 - :0.64 0.11

* h**SE.
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Table 6. Heritability(h?) estimates for ripening time (X) and fruit
weight (Y) , phenotypic correlation coefficient (re) and

genetic correlation coefficient (ra) between both characters.

Year hx? hy? ‘re ra
1989 0.865  0.744 0.773"  0.823

1990 1.028 0. 584 0.774** 0.795

** Significant at 1% level.

Table 7. Genetic correlation coefficients:between fruit characters.

Character Flesh firmness = Brix value pll of fruit juice
Ripening time -0. 178* -0.070°® -0.517*
Flesh firmness : -0. 250* ©0.055°

Brix value 0.041°

* Average for three years.

Table 8. Genetic correlation coefficients between fruit characters.

Character Flesh firmness Brix value pH of fruit juice
Fruit weight ~0. 764°* -0.206° . -0. 221*
Flesh firmness -0. 250* 0. 055*
Brix value : 0. 041"

* Average for three years.
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Frequency of progeny whose phenotypic

value are below 125 for ripening time

in each family (%)

100f

80f

Yl

0 el

100 110 120 130 140 150 160 170
Mid-parental valve of ripening time

- Fig. 1. Relationship between mid-parental values of

ripening time and the frequency of progeny

whose phenotypic values are below 125 for

the ripening time.

Solid line indigétes the estimated frequen-

cy when within-family standard deviation of

ripening time is assumed to be 9.0.

., O, A:Observed values in 1988, 1389, 1990,
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Frequency of progeny whose fruit weights

are over 200 g in each family (%)

100['

(-3
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¥

T e 1o 120 B0 Mo 10 T 10
Nid-parental value of ripening tine
Fig. 2. Relationship between mid-parental values of

’ ripening time and the frequency of progeny
whose fruit weights are over 200 g.
Solid line {ndicates the estimated frequen-
cy when within-family standard deviation of
logarithmically transformed values of fruit
weight are assumed to be 0.12.
0,0, A:Observed values in 1988,1989, 1990,

— 398 —



Frequency of progeny whose phenotypic-values

of ripening time are below 125 and fruit

weights are over 200 g in each family (%)

5or 0

- A
; A ,
40F R R
A
30t s

20

10

PR Tie 1 G 140 80 q6b 170
Kid-parental Qalue of ripening time
Fig. 3. Relationship between mid-parental values of
ripening iime and the frequency of prbgeny
whose phenotypic values of ripening time are
below 125 and fruit weights are over 200 g
Solid line indicates the estimated frequency
when within-family standard deviation of
ripening time and that of logarithmically
transformed values of fruit weight are
assumed to be 9.0 and 0.12, respectively
0,0, A:0Observed values in 1988, 1989, 1990.

—399—



Mean-S
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z S| Max. -S
E Min. -8
-
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Breeding program - Yax, -LC
‘ Hin. -LC
2 16
=
g% 10
=8
[23) E 5
a0

Brix
value(deg. )

Breeding program

juice

pH of fruit

Breeding program

Fig. 4. Maximum, minimum, and mean values of fruit characters
in the Japanese pear of local cultivars and the selections
in each breeding program.
Mean-S:Mean of the selections, Max.-S:Maximum of the selections,
Min. -S:Minimum of the selections, Mean-LC:Mean of local
“cultivars, Max.-LC:Maximum of local cultivars, Min. -LC:Minimum
of local cultivars.
Breeding program 1~§ : The first~sixth hibridization program
to develop new Japanese pear cultivars in Fruit Tree Res. Stn.
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Table 10. Analysis of variance for fruit characters in population 2.

Character Source DF* S§* MS*  F value EMs*®
Fruit weight  PFamily (F) 11 988778 89889 24.18** o0 *+20.* + b0 ,*+120,*
Year (Y) 1 36322 36322 9.71** 0%t60,*+720,°
FxY 11 33181 3016 <1 060 (,?
Sib/F 60° 1664826 27747  T.46** o %+)0.,?
Error 60 223062 3718 o’
Flesh firmness Family (F) 11 14.44 .31 5.04** 0%20.% + 60,120
Year (V) 1 2.61 2.61  10.04** o %+60(y%+720,°
FxY 11 5. 64 0.51 1. 96* o460 ,°
Sib/F 60 54.34 0.91 3.50** o*+lo.?
Error 60 15. 46 0. 26 o?
Brix value Family (F) 11 24. 56 2.23  4.05* 0 %M20.% + 60,4120 "
Year (Y) 1 15.08 15.08 27.42** o %*+60(,%+720,°
FxY 11 2.01 0.18 <1 0460 ¢,°
Sib/F 60  86.27 144  2.62** o’l0.?
Error 60 33.19 0. 55 o?
p H Family (F) 11 3.1739  0.2885 10.42** o*+2o,® + bo [,’+‘_12U .
Year () 1 0.0011 0.0011 <1 0 %460 (4120,
FxY 11. 0.36 0.0327 1.18 02460 ,?
Sib/F 60 7.3473  0.1224 4.42* oot
Error 60  1.6633 0.0277 o?

Population 2 was the hybrid population used in this study.

by Signi_ficant at 1% and 5% level respectively.

I

* DF:Degree of freedom, SS:Sum of squares, MS:Mean squares, EMS:Expected mean squares.
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Table 9. Selection differential(S), genetic gainCAG) and ratio of AG
to the mean( 1) of population | for fruit characters in population 2.

Character S AG - AG/u
Flesh firmness 1.6'°* 120 0.20
Brix value 0.1%% | 0.6 . 0.05
p Il : 0.28 0.4 0.07

Population 1 was the hybrid population used by Machida and Kozaki (1976) .
and population 2 was the hybrid population used in this study.

Table 1]. Comparison of the ratio of each variance component between population 1
and population 2.

Character Population® Family(F) Year(Y)  FxY "+ §ib/F  Error o%/04?
01%/0.* 040 oy} ok 0.*/o oo’

Fruit 1 0.078 0.274 0. 005 0. 446 0.197 0.524
weight 2 - 0. 246 0. 022 0. 005 0. 564 0..163 0.810
Flesh 1 0. 265 0. 004 0. 009 0. 400 0. 322 0. 665
firmness 2 0.019 - 0.043 0. 063 0. 486 0. 389 0. 505
Brix 1 0. 046 0. 229 0.017 0.429 0. 278 0.475
value 2 0.078 0. 167 0. 050 0. 360 0. 345 0.438
pl 1 0.066 0.023  0.009 = 0.743  0.159 0. 809

2 0. 151 0. 004 0. 009 -0.533  0.303 0. 684

0% 0,% 0yt 0.2 and o?:Between-family variance, between-year variance,

the family Xyear interaction variance, within-family variance, and error variance.
o l=0 2+ 0, oyt o ol

o¥o.t=1-(0* /0 +0, /0 +o /o +0.2 0P, oi=0 1o

* Population | was the hybrid population used by Machida and Kozaki (1976) , and

“population 2 was the hybrid population used in this study.
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AFRTE= ARV F VY RECBT 2RBEEOE - REBMERL LI, RELBCHEETS
PEOEGEHK, REEE, EREGOHFBEEXZHLILLS &L, bR, THTEIC
XA ABOERBRICHT 2 BE DL AULFN LT, §RO =+ v+ THBFEOHAKID
WTHREBMZLI S & L,

REONERIZ A 2 v F TR, F29T27FVTEL, =R vF v TREBVRELEL
RELR Do, REBR LA IV F VTR, #2927 FVTEL, =hVvF vy TRBRVWHE
CECRERD o, RAEERCS 2y F v TE LIS, Fa v 22 F Y THENES, =
*vaﬁgb<ﬁ#oto%ﬁ@pHmt4a¢}vfﬁ<,%;viafw?¢@@,:my
FYTED T,

BEMBOREHERELRFNTAZEYENLE LT, REMCSWCEFERGBRE RO L =
5, ELOTHEVEEEI B LI, REE, RATE, RITORFHRE, £ rHORERD
F#Nz, £hFh0.73, 0.29, 0.42, 0.64X HEEZhix,

REOHMN, REE, RAEE, RHORFHRE, R pH OMOREBFECR 5 Lic
RR, BB REEL OMKEVWEORGHBEAKIEOh, REELREAEE L OBEW
ADREGEHEGRIE R,

BRFHORE L BRFERTOREMBGBOHEEE L OMICIZADHEBEBEARRD bh, BT
BOEI L BRERTOS - KEEEOHBEE L ORI EOBREKIED bk, BT
BOBRBHINLIED & ZIBLETH DR - REBESOHAHERR EI 1,

EXRBEOTIHE L BERKOTHEL BT L, REE, RAEE CRBEAMBVERS
BEM LD HES, RIFpHTREL, RHOEHFHTETRRER UTH e, BER L AZR
THR L AZMELEET L OFTEKE, EEEEE, BREMVHCHT I EEEESEOLEY
RDdicEZhH, ROBEDOBRKE L REEB/ENIKE S, BEMATHCHT 2 REESGEO LK
LRATE TAE Mol ,

DEORR, #2022 7y RREEAE, REORMEMAS =5 v EFPLTVBE
b, =RvFVEOBERMORL LTEETHD LELLN D, REORBINLEEREH
LBV, TREBRDOREOBIBFCEE LI LEND D, REORBIMEREE L DMK
REDMHBIBIRSRD LN DD, FEREHFRORCIIBHIL L SRRELERT HLE
B5h, REEBEYRLHDRIKEST LD, REORBIINS A LAORELTHE &
THRZEBNHEE LW LY RS, '

BED X3, XFRZ=FvF VBT IREFEERHRETRICL - THRTEEEDOHE
REBALLLOTHS, LoT, FEE—FR, Bt (BF) ORM2BETHORTHM
B DD LHE LI,
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