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ZIZFE L THh o 72hs, 5 3 AL NS 2 M 2 7R
U770 §9R1EE 4 R FE CIIRELELHE RS Lh o7z
A3, 5 5 WAL & A I 2 R L. L7zhio
THRBEMEFMAROFEE LD IckE o7 (K2,
F7oAROY A, JEREEIE CILA 5 A LIRE I EI
B3 N KEL o loh’, BHEMECITEMEZRL
720 ZTORERGE 10 AL TIEHEAR DS 3.75 £ 0.46kg, §9-%
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120 ~
100 +
80 A

40

JEMHIEZEF (um/kg)

# K

K2 JBRICHESIERR () RUBR (O) KB 3IHRE
FDHRE,
BRIHABOFHEEZ, EHEREZOREREZERT

4.5 -
4.0 ~
35 +

3.0

B IR TR (kg)

25 1

2.0 A

1.5

# K

H3. ERICHESRR () RUHER (O) KB 2HRRE
DS,
BRI RBOFHEEZ, ZHRIEZOREREEZERT

x 2. FFBHRE & L ORREE O A5 OREEREZE

A
G, G, G, Gy Gs G, G Gy Gy
IR T
AT ] 75 O fie /N e s A1t
555 —50R (um/kg) 4.83 5.78 7.55 18.06 2226 2522 2897 4046  48.69
%ﬁﬁf’ﬂ%@ﬁ%lé Kk *% Fk K% *k E23 *k *% *k
Tt
S I 72 D fe /e e (E
iR = 55% (kg) 0.18 0.22 0.32 0.84 0.98 1.15 1.15 1.46 1.59
%‘\ﬁ.ﬁ [:lﬂlj }—‘Jn’—‘z ) ﬁ J‘Ej':‘li *% ** *% *% *% *% *%x *% *%

** 1 P<0.01 HFEKRIEL B THEED Y

H2.17 = 0.34kg & ko 7z. L720So TIRMIRAT & 48
FRE LB L o C, JRREDOUEDN TR TH S
EHRENT

FERFIRATT & Wi DEHF 5

RIS F D ABEGA IO, HADOKEIZ
HOHEREZH AR L7z, BADEE, 1A T
40 ~ 100 ym/kg OHFFAIZ 545 L T 7258, AT
2O, IFFIRETE D/N S I Ai O E D,
GRRORY) DEL o 7ze FORERE 10 D5 1E
40 ~ 70 um/kg OHPAIZ 72 5 720 —HIGRDLGAEL, &
T AR CUEEER & A U < 40 ~ 100 um/kg O #iFHIZ 554
LCW7eas, RANET 2D T, 54 R A IR
TEOREWHFIZERE L, 5540 S 5 10 #ATIE 70 ~
140 pm/kg (ZJAH3> C, GO E — 7 ML o 72

AR 3D R AT I DT, R OREEIHE

IR A5 IR L7, A0S, 6 1HATIE2 ~
dkg OHFIZ 545 L CTva7z28, RS iz T, %
HREOREWHIZHADBE L7z, ZOMEHE 10 1
fTIE 3 ~Skg DFFHIZHA L, TORIETH T Y ZAL
LZerolze —HISROYEL, B 1A TIERR LM
U< 2~ 4kg OFPAIZ M L Cw7ess, A5 12
ONT, GAEERDPBEEREO/NS WHICHE L, H5
DOIEHEE 10 A TIX 1.6 ~ 3.0kg & R E - 720

IREER DORBEEE
FEMIIA T O P & RS % K 3 1R L7z iR
OBEFZEFMROZA L & LITNEL R DHEIERL
2o THUTK L THRIEZLVOLEHEH L O OD, T
BT LZVICKE o7 ZTOMEE 101K F
TOREGRIE LT RDHBROR 16 L o720
IR E O FEHBIEFE O EMIE, BRI I
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4. BRRUGHRICH T BIFRRERICE D B HOH

& PR R b EAE
N =73
SR 59 R
40 40
30 30
G1 20 20
10 10 1
0 II Ill wil g II II- \\\\\
30 50 70 90 110 130 30 50 70 90 110 130
40 40
30 30
G4 20 20
10 1 10 1 »
0 b oL 11| T
30 50 70 90 110 130 30 50 70 90 110 130
40 40
30 30
G7 20 20
10 ] 10 3 M
SN || PR ot OO |11 Py
30 50 70 90 110 130 30 50 70 90 110 130
40 40
30 30
G610 20 20
10 Hf 10 3
0 I I TP A A ' I llIIIlll
30 50 70 90 110 130 30 50 70 90 110 130

RS

IEWHEZS (um/ke)

JENHEZY (um/ke)

®3. FFEREROEFMAICH T 5 BH=E ERRRIT

FrffFeERe 26 10

i
*

W
|
J&

%

X 5.

EPZE (umikg)

FHOS (pmikg)

o It Py R Bt L

5 R
G, 961 721 841 841 4.98 4.98
G, 9.43 654 798 16.39 —6.30 -1.32
G; 821 6.83 752 2391 6.08 4.76
G, 6.61 492 576 29.67 0.67 5.43
G; 762 538 650 36.17 0.21 5.63
G 509 417 463 40.80 4.30 9.93
G, 6.18 429 524 46.04 —3.46 6.47
Gg 723 562 643 5247 3.78 10.25
Gy 6.34 242 438 56.85 —2.30 7.95

FEHLE (R 0.16

§5:%
G, 956 921 939 9.39 —4.02 —4.02
G, 1328 586 9.57 18.96 8.07 4.04
G; 1022 9.89 10.05 29.01 0.32 4.36
G, 1211 591 9.01 38.02 3.44 7.80
Gs 1293 7.06 9.99 48.01 3.99 11.79
Ge 898 851 874 56.76 -1.33 10.46
G, 12.30 10.03 11.17 67.92 6.74 17.20
Gg 13.11 10.66 11.89 79.81 8.18 25.38
Gy 13.63 11.82 12.73 92.54 10.53 35.91

FEHRER 0.38

FERREEZE T (um/ke)

5 (2010)
i 55 A
25 25
20 20
15 15
Gl 10 10
5 . 5 .
o Lo, . [N, .. ..
1 2 3 4 5 1 2 3 4 5
25 25
20 20
G4 15 15
10 | 10
5 5 M
o L. 111111 o Lo L.
1 2 3 4 5 1 2 3 4 5
25 25
20 20
G7 15 15
10 | 10
| 1 1
o 11111 P 111111
1 2 3 4 5 1 2 3 4 5
25 25
20 20
G-Io 15 15
10 10
5 1 | 5
0 H‘HH-II Ill 0 ) - i
1 2 3 4 5 1 2 3 4 5
250 FE (ke) Tl 320 A (ke )
BMBRRUTERICE T IEEE CE D CEEFIROHK
i3
110 -
100 -

90

80

70

b=0. 38+0. 04

60 b=0. 16+0. 04

50

40 T T T r )
0 20 40 60 80

100

REEEZE (un/kg)

e BERICHEIER () LUVHR (O) ICHTBIFHE
EROEEEERIE & REEEEICHT 2EF

T 5 ERUS OGS Ko, 1R TIE0.16, §5RTiE

0.38

"C%’)f: <6>o

1.5 &%
AR OBIRERRT, IFBRER DR/ 2 T~ #Eik




AEVE - IEBPRARZ T 2 B K 2 N R IE OB R A R IZ B % fiff 72

IZ& 0, BSOS 2 @KU bz, IR O
I RIZDOWTIX, TIFE TE L OFgEHE HHENER
i, FFIRATE 2 PO B I o T2 HE b H 5,

Van Tijen' (%, JEMIRZT & N & E D S 7 5 1
PETR RO RIIREL E LC, INREIRTE % A U7
ANO 4 WAGEP AT, FEBIEETIT NS o lz L #R
# L 7 Pevzner ¥ 13, Bl 7 R— 22 RIS
DWT, FEREEATE L IR & SRR, AT
A&, BEIIERIEE < % BT 3 R A 1T 5 72

2, FRWHIRE WA L 2 AR D Y, IO
bUYHESPRON LD o7z L L nd EmEETE

*EUHBILEOERTH %720, IEHIEETIN T
LB O F A IEMEIIT B L TV 72 vy, HE1C Pevzner
5% OEARENELOMBAHES LTV bDL%E
ZHNb, THITK L, SRIOEKERIIIEFIRETL O
AR E LIHE—TREORIKTH V), LT H5
RICE > TELTARETH LI LA RTIENTE
720

Comb & ™ |IHEEBARE % 54512 L CHAGH 2 H 1~ 2
AR 2 AT\, BI85 5 A58 % T 3.45kg, 595 T 3.04kg
27 o/ & i L7z ARFEBRTIENR 2 iAo BEmE 1L
iR 2.96kg, §9RAT2.74kg TH Y, REE0EITR
PREVHHEETHY, ToBRIROREL &b IRKE
HZEZIRAS o Tz L7228 TINRGREE OB OIRIE L L
TIIEAS T A TE D EZ NI, 7272 L8
2RI BT 2 AFM DA Comb 5 1FEKRE L %
Mo 728, TAUTIERLER & BEEROEVIZL 5D
Lz 5Nz, 72 Voisey b PV IZIEMHELSTE & BT
JE L OMIZIERTEOBRD S V), B 2 2 518

37

e L CIEMEE R Vv 28481%, kb L <idxtik
e H 2 EIZ X VHEEREDS AL L LT,

12022208 AN S e BB B I NP 27 A NP IE| S O I A
WA SN0 TOZ EIGEEPESICONT, A
Ml & 0 IR DM DAL CE/zZ &
R LTWAEEZ LML, FEFRZ EIKUS O K KA
D128 LT, FHELEEOLEL L COMFELrH S L
# 2 bN7ze £¥, Falconer™ 254545 L 72 R EE#) 5 (Scale
effects) DEENH D, Thbh, SHIOEKERTIE
IEWHIEETE O TFIGMEDK & < 7 BTN TIEERZE S K
ol T2 10 A TOIEMIELTLOE BRI
E58RDY 12.0%, §92A513.3% & & F V) Do 72 (F
4) KIZHROEBGEE &I, FRARIICBIT D594 OIEA
Bl e o 72, EBIEE CTlE 40 pm/kg £ 0 /N S Wil
ERTMEIEA R, Z0d e ) IIEIEATIE O Ml E S
ELTCOTRDEH 2 #2572 Van Tijen™ 0k
FERIZBWT D, IEBIEETROMEFGIR L L 00,
FIRRDHERAE STV 5o

REBROFER > S, FBIRE 2 et & L 72# kI
LoT, RGREEZUETE 2 2 EAVRENT, Ll
IWIELETE 2w EBEO =7 M) OBEEE~NCH T 5720
121E, BRI E CH LINEREINEL &L oM B
SPICTBLEND B, FoIEHIEER AR L%
WHBIB DB L) BT 200, WHIZT 540
BHH 5o

1.6 /&
IEWIRIET % INRE DRI L L7238 DIl EH Ot
HOTREME 25§ 2 72012, IR 3 5 K (55

x4, FHRBFTROEHADOTEYE, ZERZECTHER

o iR SR 55 %
I 2 ff 7 LERE P R 7 ZEEFRE
um/kg pum/kg % um/kg pum/kg %
G, 59.86 a 10.41 17.39 64.69 b 11.79 18.22
G, 5488 a 9.49 17.29 60.67 b 10.86 17.90
G, 6118 a 8.35 13.64 68.73 b 9.93 14.45
G, 55.10 a 7.29 13.24 69.05 b 9.99 14.47
Gs 5443 a 7.01 12.88 7249 b 11.23 15.49
Gs 5422 a 7.22 13.31 7648 b 11.15 14.58
G, 4993 a 5.59 11.19 7515 b 10.63 14.15
G, 5339 a 7.07 13.25 8189 b 11.89 14.52
G, 4961 a 6.69 13.49 90.07 b 12.01 13.33
Gy 5191 a 6.24 12.01 100.60 b 13.39 13.31

ab: F—ATRFSHICHEED D (P<0.01)



33 T PE S BT T B R

) KOVN (B85%) A0 2 @R FEE % 10 1AL
(2720 TITV, JEBEEETE OB US & BEREE~D
HEBIZOWTHINT, BYIEE CTH 2 IEHIRALTL, il
F, §5RE B ITHAAOREE IRV BB 2570 H i,
55 10 AL TIE5RR 27519 * 6.2 pm/kg, §55% %% 100.6
+ 134 ym/kg & % o 72, L LBIEUS IR O H A
NS, TREG 2 AR TR IR BUG &R L 720 Wi
FEIZDWTIE, FEBIEZE TR 3 2 BB AN S 200
THGRIZB VT, ZELZHEMERL, FORES
10 A% TR AT 3.75 * 0.46kg, 59575 2.17*0.34kg
Lol TOTEPSHIFMIEETL 28R L L 728U
Lo T, IFEREOLEATHETH D 2 LIRS NI,
F - IEBHEA T O EH R, WA T 016, R T
13 0.38 & HEsE S A, BiES 2 /A H CIE R R A R L7z

F2E FWEEHICHT 2K/ 2 HERKEER
IZH T 2 EERK R

2.1 %
»HLHEMEIKN L CGRIEETT) &, ZOREDS O
B4 OBl NL, 2O L) HREFREZIHSH
1295 2 8lE, EROBRKEED FTIIEETH 5,
BREBRICB U AREROBRIZOWTIE, =7 MY
TIEEIN L INE &L oM TROMBBRDH 5 Z & A3
SENTW 5 Y FRoMETh, EINEIET 5%
WEAT) &, INERLIHHLESRT T2 2 LB s
NTWw5 P, F7IBE 2 AR & L 2@k EEBR T,
JHECREIIEE S 2 W ILEIE - DA ORI - BT 5
RS BUG 25 & s B BHOBEBBLD 2 gy £ ¢ 98,
PO G DAL O IR BN 7 ) BB SUS AR B
72 EEWME LWL, ZUIx LINEREINFIC BT
LHBISEH E ) @ 2L, FMEICLHEND
IS N7 FEBIELSIZIZ OV T b Pevzner 5 %Y % Van
Tijen & " 25 % OE & OMBYSUS % #i LT
75, FHEEERO A LR E L —TRE OREIEFR T
E 72\ FO7OIEWIEATA T 58Ik L 588 %
EREICBE L TV D S 3V 2 v, L7zt CIEREZ
Frnge LE—TREOBRKERZTH) 2Lk
T 2 DB L OMBENIE AL T20EDNH 5.
GRS DRI, BRI IR % 5 < L ChESD
OHMAWMS T LD, RELHWTHS, L7zAoT
IR MR 2 8RS, EIHEROBCR 25T 2 2 &
BEETHL, LELEDS, ZHhETVAWVA LRI
TR AR T T X 72 INRGRE OBEIFERRTIX, 2

il

#1095 (2010)

DD S DOFDNTE A LR ENT W, ERRRD
WIOMBFE LM L2b0L LT, Y 3Iab—%—
W2 & B B0 O 56 A S A R IRIE & L 72 Garwood
5% ZHNCT 5 &, JILE A EILIEIE & L 72 McPhee
5% O, 3ODIHRIBLEIZOVTH—IZED 2
75 10 F2 8% % 47 - 72 Hartmann 5 ™ OHE DD 5.
[DERR NI TLIPN NG 7 §y/E SINZNCY (WARaE: 3 P
Wb,

B0 o HBLEE & R ERE & O — I 72 BARIC DV T
2, B OWED D Ho Tyler 5 19 1%, H AL Y
7o) OYNE L HEIN O MBLERIC, AR E RO
BB X 2 R R % ko T 2. Bowman 5 ¥
E, IIREE L ORI - 0.84 DEVE OB & s L
720 Wells™” (350 05 %0 B T 24 72 V) o0 7 EE % 97k
BREEDIRE L LCHY B, wFhd il s
=073 ~= 077 OEVEOHMRERICH 5 L L7z,
Holder & * dPBILEIIHIBO 2 ) LT S 0fRiEL LT
BTV D LA L7, Strong'™ (&, JIHE & IIAEIN
HEILIIBINOHHE L — 085 ~— 0.88 L BV E OB
FALRIZ & % 7%, BEEETRIE 1L — 0.16 LKA o 72 & s L 720
Thompson 5 'V %> Grunder & " &, BIEHE R HHH &,
GO E b & IR o0 I BEERIZId + 0.3 ~ 0.5 D IEDAHBY
%, F72IERE I L IR o HEIER 12 1: - 0.31 ~— 0.35
DEDHMEEZ#E L7ze O XD BN MEBR & ik
BEOIRIE L L TELNLIE L oI, HEOKE
SEENYDH L 00, MEMEIZROONL, €2
T, SEOIFEBIELT & FHOLE & L7z 10 #Ab7z
BR/N 2 AN DBIRFEERIZOWT, JIFESRIE 3T 5
YRR E GBI BB A I T2 2 LIdEET
Hbo

DEDZ Mo 28TIE, § 1 ECTBRZIEmEZE
Fzxt 3 % 10 AR D72 B Ko 2 KA~ EIRFEERD
7= R T, JEREEETE & IR ) O
- T 5 INESCEEINEES & O FEIEHIBEME I DV TR
Y50 FRFEBROWERRIIOVTHINO ML 1R
FEIHRES S % 0

2.2 DIRETE LEWRENICH T ZEERRRT
I 2 BRI & L7z, 10 RIS h 2B RN 2
TN ORIEERD 7 — 5 % F\C, #IKIZ & % I07%64
TEE N ONIRE R FEINRE I A & 7= AR Bt & B 5 2212
L, FEBHEATE L ORI E IO W THRE T %,



AEVE  IEBPRATZ T 2 B K 2 N 5RIE OB R A R IZ B % fiff 72

MR ERE
HEAEY & RINER

IEMIEZ TN § B K/ 2 TR FEBR OO
TIEE1FETRREBYTH L, ThbEEWKES
Ml FEZ A (RS SR v & — i) Hkor
LT AR—VHEDOG 2RHEO="7 M) & T, JERE
IR L TR 2 FIa~ER 217w, K71 % 552,
INFZGRRE Lz BT RHREZ L2 MR FE I O i
T320 W& L7zo MESMARRSRICED B L 72 HE
£E 1) RO PHMEOEITIEH S DI, EHAD
& L72 IR W TR L 720 EPCHIEUZM AR L b
ME 103K, W80 T & L7ze kI 10 HARAT VS, Z DR
DIHE, IR EOZEALIOWTHAE L, 727201
1 H ORI BT, FEREEATE OB 58 21 A ARSE
WCTdh o727z, BUIEMRE L B L L CGERET-
72

SRS & EDRRE N DBIE

JURE & LCHUY) RT3, SR, IR, Inet
W, OJNRRINE L, INRARECTH B EINTEL L CIER)E
Hi, #EI=EZ& LY BiF7e,

P OMEL, IO Y — 27 %8 X7 36 ~ 38 Ml
WELZ, Bl & IERHEATE OWIE & FIKECAT - 720
B RERR S N7z 3 OINZ DV THIE 247V, Z D
BE % MR D 7 — & & L 7ze BIGE IS FEIN 4 24 BRI DL
MWIZAT 2 720

IR ARE T OIE DI & BT, ) =T 7 —
Y UNEFRIZRE) & CHE L 7ze PRREE I FIINEIK
L, 100C T 1 BERMIEZHE L 22212858 L 72 INIAREL

39

FEEFRICHT 2HUEDIELZHGETELIZDDOT, HI
g (BT LER) CHIELZIORE L EED
fEA 5RO 720 JIRINEILIZINE (233 2 IR E O =R
THDETELEZLDOTH S,

F 2SRRI oW T, RO EIIRCER E b & 12,
HRE F i, EHARESR=E (181 ~ 270 Hil), RIAFEINHE (181
~ 370 Hifm) Zif L7

F— 2D
T — & O4HTIZIE Harvey Ot/ oot 7 a o
Z 2 LSML76"™ % w72,

LS
IR E RO EINRESIC BT 2 BRI

MAROFEEIAE D IR E ORI 7 ~ 14 1R L7z,
720855 2 REH O KT EIZ B 5 RfEH 2= OHER % %
51m L7z
1. gpEE (B 7)

PUEILEGR, §5RE IS A MR ERE, HAO/KR
WPV B 2R L, §9ROTTNZ OMAE L
Polze FRMMOZEIEIHRPSHETH 57275,
I L - TEEDA SN, —ZOBEHIIER SN
726
2. PmRE (148)

PRRRIEE, TR TR 2 AL, A ORE Iz
W 2@ R Sz, —H5RTIESE L #HATeR
WAL THhOEAMRETIED T VEILL b o728,
5 A AL IEA T 2 Em AR L, BRI 7 AL
EEBINZIEAD LTz Z ORERIEBIRETZN R 2 #Eik

x5 ERICHTZFMAOMRELE LENRNDORGEE (BN _RETEME)

AL IR IRERA T TIRR L Ui d 7 FUIARE IR E WIE H i e FHIERE

g um/kg kg pm g % % H % %
G, 1.03 ** 4.83 ** 0.18 ** 11.7 ** 0.21 ** 040 * 0.23 ** 15 * 0.21 0.22
G, 1.79 ** 5.78 ** 0.22 ** 13.7 ** 0.31 ** 046 * 0.27 ** 14 1.78 * 1.18
G, 2.32 ** 7.55 ** 0.32 ** 16.2 ** 0.42 ** 049 * 0.42 ** 2.3 ** 346 * 3.95 *
G, 1.81 ** 13.95 ** 0.61 ** 32.2 ** 0.63 ** 0.54 ** 0.83 ** 3.6 ** 5.07 ** 6.18 **
Gs 211 ** 18.06 ** 0.84 ** 41.0 ** 0.80 ** 0.77 ** 1.11 ** 3.5 ** 9.06 ** 10.51 **
Gs 1.85 ** 22.26 ** 0.98 ** 49.4 ** 0.90 ** 0.16 1.35 ** 7.8 ** 10.70 ** 10.81 **
G, 1.70 ** 2522 ** 1.15 ** 60.9 ** 1.06 ** 0.06 1.66 ** 13.3 ** 12.74 ** 13.64 **
Gg 1.57 ** 28.97 ** 1.15 ** 59.1 ** 1.03 ** 0.19 1.68 ** 14.8 ** 1291 ** 14.29 **
Gg 3.59 ** 40.46 ** 1.46 ** 88.7 ** 1.57 ** 0.28 2.36 ** 19.4 ** 13.26 ** 15.29 **
Gy 2.55 ** 48.69 ** 159 ** 99.5 ** 1.63 ** 0.30 2.72 ** 19.1 ** 15.02 ** 15.47 **

> FERIEL % THEAED D
*HEKES % THEEDD



40 T PE S BT T B R

2& o T, BRI HIE <, 59RIIIRRATHE < %= o 7o
TR OEIE I AP SFETH Y, HAOKE
Vo TEDILD LM ZR L7z,

3. Rk (14 9)

PR E I, AR TS IMA T TIHITLE A (LY
3, 4SRRI L CUREZIZ T — 2 Ol THER
L7zo —H55R M 4 R Z KRS, HRAOREBRIZHEVE
BRI T 2 EIN AR L7ze ZOFGR, R 2358
1R SHETHY, HADORBIHE > TEDPILDS

27w L 72.
4. JRORELL (4 10)
PURRBNE LI, 5RARTIEEE 8 #HAUZ By S A DRE®IZ

Mo THINT @A AR L7 — iR TIEE 1 AT
LA L, LS A AT TIE—EDETHE L
72h3, A MDA T 2 2R L, R 7
FLABE XS L7z TER N E O HERS 1 X IFRE
BT BHERE L IBTWz, TR 0235 1
RO HFETHD, HRORBIPE S THEANLA S A
R L7,

5. UNIEARE (B 11)

JIARE L, BRSR, 555 & DA 1 TN L 72 A8,
ZNPRIZITIE—EOHETHR L7z, KMz 11
2S5 MR ETIEIFELESREOON, DI PTO
T D 2 D EDIL D B E % A 7258, 5 6 ALK
EDVRO NG hotze LIS > THAFE ITIZMH
CHER %R L7z,

6. WFEHE (X12)
R, & 3T TR, BREDRELE

65.0 -
625 T
60.0
57.5

55.0 4

RE(g)

525 4

50.0 4

47.5

45.0

7. BHRICHESIBRR () 8LUVHER (O) KHTHMED
5.
BREHRIENFHEE, SHRIIEEREOKRE L
ERY.

%105 (2010)

LERAER D572 L LiRIEE 4 A0 D8 2 D
fEmaxrL, 87 WAUBRIE—ZOKRETHER L,
725 4 R 8 7R F TEAEB) L7278, &
7THALIEIL R R HA AR L7z, R OZEILE 3
A DB E L EDRO S, RO & R4 12
RS BAEMAZ R L, 59 HALIRIZ S 51K E (RD o
720
7. JEEAREDRER (181 ~ 270 Hih) (X113)
IR, §9RTIEE 4 A TI—E DT
BL, E5MRTHLEL 2o TURIZIZIZ—EDAKIE
THRE L 720 —HlATIEE L2520 0EHIEdH
%5 ODOEMINART L7ze RMEZIEE 2 5
B EDPRO LN, RO &> TR 5 [ % 7R
L7
8. EMgpEsN= (181 ~ 370 Him) (X 14)
BHIEIN=E, IR e L MR Z R L7,
TabHERTIE, 5 AT %N HE TEEL T
R L, AR TIEE 1D o ORI - Tl
HIARTN L7ze SRR ZEILEE 3 A B F B 2 ED RO
i, HAOREIE - TENED - 72,

HRBICH T 5 EIRRK

PR DFBIZAE ) SUBRDOBEIN E A5 72012, FEL:
TEREIZO VTR T & ORI 3 5 HRRE L Ko
72 (%6), HELLEEDY B, WELIEAZEOY
BRI, HRREROF TS REE TR Y, JEpE
BN T B FRO TN & > TRISHER 5 Z & 2R
L7z 209 BILRINEIL O FRREUE, A /5

BRI (um)

225

X8 BEEICHEIER () LVEHER (O) ICHTZMRE
DTS
BEREHRIEDOFHEEZ, BHRIIBEEREOKE L
KT,
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6.0 -

55

5.0

45 7

I E(g)

4.0

3.5 A

3.0

# K

Xo. BIRICHESER () BLUVEHER (O) IKHITZMRE
DTS
FERIIMRIEDTFHEE, SMRIIEEREOKRE L

ERY,

80 -

75 A

70

BRTZ 1% 20(%)

65

60

# K

11 BRICHESBR (D) EUHER (O) BT 3MHE
BOHS.
FERIIERIEDFHEE, EMRIIEEREOKRE S
ERY,

100 -
920
80

70

THAEDRE(%)

60 -

50

13. BBKRICHSER (D) HLUHR (O) (CHT35EH
FEDPERDHERS.
ERIIMAIEDFHEE, BHRIEEREZEOKRZ S
ERY.

11.0

10.5

10.0

o
n

9.0

8.5

DR ENE L (%)

8.0

7.5

7.0

6.5 ]
10

o
N
w
ES
o -
=
~
©
©

10 BIRICHESER () HLUHR (O) (ICH T 2 I
ELIEDOHR.
BFERIIERIEDOFHEE, SMRRIEEREOKREE
ERT,

170
160 -
150

140

PMEBEA)

130

120

o
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DTHY, BRR LR E TE 60 pm/kg 3T % 5212545
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TR D ZREINE 37.5 ~ 62.5 nm/kg 12554 L7z RAL
1 40 ~ 55 pm/kg Tlx 85% L E D@ W ETHERS L 72
2%, 57.5 nm/kg DL CIEIEBIEATEA KR E L 2 512D
NWCRABIIRNT L7z —HIEBIELIE R b /NS 2 37.5
mm/kg DX T, BALR 2% 1K T Lize Z07-03F
WIEEIE L LR OB —E D@ R\ 7247 h o
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L7z BRI EL T2 3, 4,5 6, 8 12K»D7
Raill7ze ftHe LTy F U7 e LK EiET,
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THRELENTE L WITREMED D 5 6

Davis & * 1E[ U < RZHIIO pH £y 2=y b2
DOWTHMEL, pHIZOW T ILEX TlZ 2 H T
BOMB 90 EATLIDICHL, 79441y 7 &ffio
T AEE 6B TTS NS 81 FTLALAYT, /-
Ny MIEALELE & TR R WAMRAE & & B ISR
FTHMEABAS NI EHRE L TWD, TOZ LT TA
TNy 7 e ffioftpt, TR OZEBIZIH S b
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g SEIN B %1 PRAFIIIE ()
(H) 2 3 4 5 6 8 12
18 1 (] 1 18 (]

1~7 5 2 1 32 38 49 61
APE Y 8~ 12 0 1 3 5 4 1 0
AL X 13 ~ 18 0 0 0 0 1 0 0
FEEED D 7 6 3 3 2 0 0
e Ak 40 41 34 19 5 0 0

1~7 0 5 20 29 43

X HE X 8~ 12 0 0 3 4 3

13~ 18 0 1 0 1 0

EED D 1 11 7 11 3

i AL 54 37 22 8 2
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x19. REFEHAEICEH LS BEAEBROHERE
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5 40 4 34 19 5 0 0
21 33 1 5
xif HE X 22 21 24 16 7 1
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&t 54 37 22 8 2
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T TRz 720 S HITIMEERIIZIET v 72 B
& RbVIZTIAFv 7y —LahREl,

Jii 2

FiEl EFERIZ LT, EINERZRO Y X T ZHEIONE
Wa, =7 P)IRICR Lz SIZE 5128 Iml
=7 MUK R L 728, Ty STRE L7,
ZOHEITHEL LR UFETERL .

i3

Perry®” $ X U Naito 5 ™ ®© =7 1) ZAEII D K5 3%
FEOVATF LN ZIGH LT, "X T ZHRINEREL 72,
FoREESRE LTHWD =7 UGS, =7 MY IKER
TEIIE % %9 30ml A7z RICEINEZO 7 X7 %K1
DRI % 70% 7 V3 — )V CiH#ER, HEEH-> TIHZ
WY BrE, P22 =7 NI Lz, S612=

F20. 3BHEOEBEBLEICHT IEFEOHS

#®1 ®2 %3
—— Hit Tt Tt

(N=51)  (N=52)  (N=44)
% % %
1 96.1 100.0 100.0
2 94.1 96.2 100.0
3 922 88.5 100.0
4 922 86.5 955
5 90.2 80.8 86.4
6 84.3 75.0 86.4
7 84.3 73.1 86.4
8 78.4 71.2 841
9 78.4 71.2 841
10 76.5 712 841
1 765 712 818
12 765 69.2 818
13 765 67.3 818
14 706 635 818
15 64.7 615 818
16 54.8 50.0 818
17 39.2 25.0 50.0
18 19.6 135 15.9
19 17.6 135 114
Sefese 17.6 135 114
(9FIL) (7ML (539b)
HRMERL 1 1 .
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x21. SEHEOBEHZCLUPMEL OB (FHiE + BERE)

Ky WL EFE Begrul  WMEEME ESHEE MLEMAEES Y
9) (9) (g) (mm) (%)
Jik 9 105 =02 502 +10 63 +08 132 =11 60.3 = 3.3
ik 2 7 106 = 02 512 +17 69+04 130 =11 64.4 = 7.2
i 3 5 111 02 511+22 66+10 128 =08 59.2 = 9.8
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176% TdHh - 7=,
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x23 EF16 HELURORCTHEOHELEIUR (FiHE + FERE)

iNRZIAWES ]
gk T’ 16HH 17HH 18HH
ikl JEARE (g) 374 =056 (3) 429 * 139 (10) 553 * 0.79 (10)
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Jiik 2 NN o)) 3.64 = 056 (6) 455+ 095 (15) 6.63 = 1.43 (4)
2 38EE (mm) 94+ 13 10.8 = 1.2 125 = 0.9
J:3 Ik E () 6.87 £ 1.69 (14)  7.20 + 1.44(15)
% 3 (mm) 11.9 + 1.2 121+ 1.4
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Studies on Genetic Improvement of Eggshell Strength

by Selection for Nondestructive Deformation

Keijiro NIRASAWA

Animal Breeding and Reproduction Research Team

Summary

Broken and cracked eggshells cause major economic losses for egg producers. Genetic improvement of eggshell
strength for egg laying hens is thus needed. A nondestructive deformation is an indicator of egg shell quality, and can
be measured without breaking the eggs. This study aimed to clarify the usefulness of nondestructive deformation as a
selection criterion for the genetic improvement of eggshell strength.

1. AWhite Leghorn population was used for two-way selection to increase (weakline) or decrease (strongline) nondestructive
deformation over 10 generations. The differences in nondestructive deformation between both lines became larger due to
selection. Nondestructive deformation from the first to the 10th generation was changed from 64.7 +11.8 to 100.6 =13.4
um/Kkg in the weak line and from 59.9 + 10.4 to 51.9 £6.2 ym/kg in the strong line. The selection response in the strong
line was smaller than in the weak line. An asymmetrical response between the two lines was observed. Breaking strength
was thought to be the most reliable indicator of eggshell strength. Breaking strength was changed from 2.77 =0.45 to
2.17 £0.34kg in the weak line and from 2.95+ 0.45 to 3.75 = (0.46kg in the strong line. This indicated that the selection to
decrease nondestructive deformation improved eggshell strength. Realized heritabilities for nondestructive deformation
were asymmetrical with respect to the direction of selection, and were 0.16 in the strong line and 0.38 in the weak line.

2. Egg weight declined in both lines as the selection proceeded, and was smaller in the weak line than in the strong one.
Shell thickness in the strong line became thick but declined in the weak line due to selection. Shell weight in the strong
line generally continued to be flat, and to decrease linearly in the weak line as the selection proceeded. Percentage shell
increased in the strong line and decreased in the weak line due to selection, and indicated a similar tendency to shell
thickness. Age at first egg in the strong line tended to be later and in the weak line to be earlier as the selection proceeded.
The rate of lay over the short term in the weak line generally continued to be flat and to decline in a linear fashion in the
strong line as the selection proceeded. The rate of lay over the long term indicated a similar tendency to the rate of lay
over the short term. These results demonstrated that the selection to decrease nondestructive deformation increased egg
thickness and percentage shell but reduced egg weight and the rate of lay. In the weak line, the percentages of broken
eggs and soft shell eggs increased. This indicated that eggshell strength in the weak line declined.

3. Heritability estimates for eggshell traits were 0.22~0.48, and those for nondestructive deformation, breaking strength and
percentage shell were somewhat higher in the weak line than in the strong one. Heritability estimates for egg productivity
traits were 0.19~0.41, and were higher in the strong line than in the weak line. Heritability estimates for egg weight and
shape index were high (0.5~0.6) in both lines. Genetic correlations between nondestructive deformation and the other egg
shell traits were negative and large, and those of nondestructive deformation with percentage shell and shell thickness
were especially larger. This showed that nondestructive deformation had a genetic relationship with percentage shell and
shell thickness. The genetic correlation between nondestructive deformation and rate of lay was positive and higher in the
strong line than in the weak one. The genetic correlations between the other eggshell traits and rate of lay were negative
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and larger in the weak line than in the strong line. However, the genetic correlations of egg weight with nondestructive
deformation and breaking strength showed a different tendency between lines. When breaking strength was improved
without decline of egg weight and rate of lay by the selection index method using an eggshell trait, percentage shell was
estimated to be the most efficient eggshell trait, followed by nondestructive deformation and shell thickness. However,
those traits were inefficient compared to breaking strength.

4. Hatchability for fertile eggs in the strong line became increasingly higher as the selection for nondestructive deformation
proceeded, but remained at the 70% level in the weak line. The difference in hatchability between the strong and weak
lines became gradually larger as the selection proceeded. This suggested that the selection to decrease nondestructive
deformation had a good effect on hatchability. In the strong line, the percentages of early and late embryo mortality
decreased with selection. Selection to decrease nondestructive deformation was effective in improving the hatchability
of fertile eggs stored for more than two weeks. However, there was no definite relationship between the magnitude
of nondestructive deformation and hatchability. The effect of plastic packaging on the hatchability of fertile eggs was
investigated in order to clarify the relationship between nondestructive deformation and the hatchability of fertile eggs
stored for more than two weeks. The hatchabilities of fertile eggs stored for 3~5weeks were improved. There were chicks
hatched from fertile eggs stored for 6 weeks. The eggs in plastic bags did not lose weight. Therefore, it was suggested that
the reduction in egg weight loss improved hatchability and was thought to contribute to the increasing hatchability in the
strong line. Since strong eggshells are thought to be good culture vessels, an experiment was carried out to culture early
embryos of Japanese quail to hatch in eggshells of the strong line. The culture was conducted using three methods. All
methods had some hatching success. The rates of hatching of the cultured embryos were 11.4~17.6%. This showed that it
was possible to culture early embryos of Japanese quail to hatch using chicken eggshells as the culture vessels.

5. An experiment was carried out to investigate the effect of selection for nondestructive deformation on egg formation.
The interval from oviposition to entry of the next ovum into the uterus in the strong line was slightly shorter than in the
weak line. Time spent by the ovum in the uterus in the strong line was longer than in the weak line. This suggests an
association between eggshell strength and time spent by the ovum in the uterus. Oviduct length in the weak line was
longer than in the strong line. But the proportion of the uterus in which the eggshell was formed to oviduct length in
the strong line was larger than in the weak line. The results suggested that the selection for nondestructive deformation
affected the time spent by the ovum in the uterus and the proportion of uterus to oviduct length, and that there was a
strong relation between the eggshell formations in the uterus and eggshell strength.

The results are summarized as follows. Large (weak line) and small (strong line) nondestructive deformation lines
were founded to increase or decrease nondestructive deformation by the two-way selection, and it showed the efficacy
of selection. Breaking strength was increased by the selection to decrease nondestructive deformation. This showed
that selection to decrease nondestructive deformation exhibited the effect of genetic improvement on eggshell strength.
Selection to decrease nondestructive deformation reduced egg weight and the rate of lay. Nondestructive deformation was
as effective as the other eggshell traits for genetic improvement of eggshell strength, but that it was inefficient compared
to breaking strength. Selection to decrease nondestructive deformation was effective in improving the hatchability of
fertile eggs stored for more than two weeks. Selection for nondestructive deformation affected the time spent by the ovum
in the uterus and the proportion of uterus to oviduct length.

The above findings clarified that nondestructive deformation as a selection trait was useful for genetic improvement of
eggshell strength.

Key words : nondestructive deformation, eggshell strength, selection, hatchability, broken egg



