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Exb—:F=747 Sp Inefovppt — 0.0 00 174 174 174
v -RFa-k74 L Sp JnesuLpy! — 0.0 00 105 105 105
all Sp Inesupy - 0.0 0.0 100 100 100
Fouu Sp e ILEE — 0.0 00 00 125 125

I s — 00 00 292 699 731
SR C 4fen 142 00 00 77 130 147
i s < Jue i — 0.0 00 386 61.1 686
PEE=74>  C  JHI6A 109 00 00 238 302 320
Ty a—%— C ey . 0.0 00 53 263 316

: CpldAh ), SidA3Ind, Spid# v~ Fw, ClEMm,
YDA Y LI R
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£ B

74 v VHGBEOMKRIZ, ZESTFHREHOCTEARL, BBICERESERTAE M, EAMENT S
BIHEICHURBIEALRATIEMHIR S Eh, RENBO/NMEDIEK EFT L TRESEAT
5, E510, HRLEFHHEBERL 3 KRR —ESZHREHOTEAT S (Crane, 1948 ; FH,
1966), AEERTE, £7 4 v 7ARHOERI_ESZROA R A=, ATV 7 1 9 76085
DERIEMNMOBREBAVED Mo, ATV T 4 o FRRETIIRENZRO KIS A % Wi
Thdoh, TORZIWIER, REMEAETHICIEREARBATENICENL T - L BERENE LT
ERERTS (Gaw, 1977), LA L, bHETRIIEMEN BESGEE L L2 B WIEDIEA 2 IH X 2,
ZFDZENREMWPRICHEBL TS LERXNS,

HTN T 4o SRREO/NESHETVRRET, RAWEOHHERLL D BEERLREVE XA TS
(fE7%, 1953 ; Brck + Lorn, 1988a ; 1988b), 4 F ¥ 2 DI, RA WD THEH TRE L - M0IERis R
WA, EITEIODIZRENBAN BRI, RFICHETZ L THRAMENS (Gan, 1977), ZD1BIC
12, BREARAWELDBRROAVFRAETH S, KERD 27TV 74926085 DEHRE, HAWER
4 A ERICHHEENER L, ZORBIERTEETTh-o7=DIcx L, HIEIZ6 A E@Ichk->Tk IR
NEEEDTERBED SNz, H 7)) 7 4 v VRBHEOERIRAL-ER,rSBRME N7, TEHEL
LR 3mBIc O VTR, ZOERDEXRRIECHEMAZITIRL T BDERD 3,

ATV T 4y FRRHEOREG, REMAE THIZRIOIEICIERENRERSENL 2 VRS, HARKR
THEDLRANCEHERTEIEDED_O>DE A 1% 5 (Srorey, 1975), RFEERICHERAL: BTV
749276085 &, SHLADREMWERBENM»SEHMERSERL, HWBOBDRENERLEZ LIS,
BEDLATIBTELELION S, £/2, AINFRGHEOERIIS A LA, SAEBBERBEED, ¥V
NP KURBYSTETE 5 Ah@» 6 —BORENERER LI L5, 1 FU/DERIZWPSME
EIHIMBIGRIZ, BEOLDIEH IS REMAE TICEHERSRET S LELIONS,

AFVIVDAINFTRBHMOMRE, A—F2 7, ¥4 b A4V BLUORVY v Ofiihr %, TR
B TREMEKSE [HAOLHRIZEAN £ 3B AT 5 L BAKRET S (Crane + Bronorau, 1949 ; Crane, 1965),
5z, BEY ERH LU BHEF-71Y OHBRI, 4 ATHOREMZEIZ~15mDIRIZGAs
KIEWE5~10ppm & BT 5 Z L THAEERVHIETE R Z LA RE XA TS (EHS, 1987), &E
BRD ATV 7492608 DERTIK, 4 ARAOREMENIZmDDRICH LT, GAsKAKE10ppm%
AT 5 L AEBMERGIEIRBE P o7z, LizdioT, 27 74 v /NS BOEROABERMBIEICZE Y
NVY VEAEHTH D, NIEHILT 1 o VRIS L TR TS 3L EAbNS, ZOZ LT, B
BEREDENATY 7 4 9 FVBRIRES, DXV ) VBIZ L D RBEEOEREE LTRBETE5 2L %
N

wmo B

MEMMERBTH 24 F P o ORMEELTEIZT 5720, IEKBEETIH TSV 74 o /BIRH ‘» T
74 v 26085 DOEROEFRMLIEMREMHS LCEBEROBRERELHAO ML, UL ) VL
BIZ X 2 AEBBERPFIERIRIZOWTHRE L 7=,

1. A7V 74926085 OHRIL, 48255 HLMCHTTRICIKTBA, 20HKIZFLALE

KUAgnEE 6 A TAICRRL, 74 v/ UREHOTROL RN E 3B L -7,

2. ATV 749276085 OEHROWNEMOMEIZONTIE, BEBROKHAAERLOE (iEo—E) o
HHHIEE OB R, T VERMETHIEEL O, 1B 6 ATADRML - REH, SR N,
3. ATV T 4926085 DERIESA LA SEMEERMSEED 6 AhEE TISW8OBNERL =, 4
HERZ, 4 AhmoREREN12m0RIZGAKEIK10ppm & BARAE$ 3 Z LTI T % 7=,
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B28 MHESBREFAL ZATERIC L STEMORFRDOIRE

#

il

AFVIDEMBRTIE, BIENEETSEH 7Y 74 v /RIREETENHRL LU TREETH . XEORHE
2 ETB7-0123, BHOBVEREHEATIZERBETHY, Mid > TALKEH Eicis i 5TERORHF
BEREL TBSILHEZ LY, LALAFVITR, ERNOEGFLEEFDATAMCK>THAL
Beck * Loro (1988b) DML IZALNZ DD, AL LIk 3EMORFRLAEL-TF—2i3A 60k
W, FHERIETIS, BaoCICBRRIOEHLRELEL CEEOATLEMEERD, ATV T 19
MREOERREFIIOVTHELIT > TELY, IERORF B2 Aohir -/, 22T, FEUNEFED
METEDMESR T WA & P L = AL A B L C, TERORFLNTREL,E S p &L 2L, Bl ke
I X OTERBER RIS DL TRET L 72,

MBS LUVHE

EREBEEARRBEH MBI REDDM F2 0 FB L URELHL, XD 1 ~3DEEREITH- 7,
1. RGN ORIRF RO TRMEHIR & 3153504
19924E4C, BNTER LA TV 7 4 9 FBIRH VC180 (CAV—-F—T A4V XATVT 492
6085 : 4 fF4E) OHROHEIEH, S, BREMO 7 A LAICiER &R L 7=, £/, 7H LAOKLTEH
BIE L - REMIZB5~30mD BHF—7 1" (544) OFKE (BN - IEH, 1991) » 6, REE
EREILI=, 254 FZIALIC, ¥ aiaFmL 72 1%EXE (mlem?, B X1m) 2ED, #H
HE—=71Y »oRMUAMEEZESRIIRLALSIICHEL -, XIZ, ZPKE+23IZES LS
ME v —LVHICEZ, ABLAEZXIA P72 Z0LICHNR, FEL#%, ¥y — L E2ERSBAIC
—ERBANT, MIEDORTEZ WK % BRIEANIZ 2 IE S &7, —ERZE% ISR Lot
TExHDERE, VC-180 DIEMEBRL =, ZO®%ERENICI—ERBEVTIERERETV, XF
SRS T CRIRLIEHBEREREL
ZZTik, OHD Y 2 BRE (0~30%DHB T5%%A), OFICERT 3ER (1~44/
cm?) , OQHFEZ MR DOIAERE (1~70R) & @IEERE (5~25°C) D4 RUIIOVWTEZDRFEEA
AR DEENORETEMA -, X512, EHOKBEBELEMIIO>VWTERELE, &k, WTh
DM | EERIZ IRETIT, 2OFEHETEELERLE,

B —
(7 el
ERd P A4 KT A
/ e ?a@aetgtﬂa
I/ — — =

#8 BREH LD 1 ~ 4K/ DA F 2V 2 MIEOBKR
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2. MAERBUADKRD Y 4 X L FEMORIF R .

19934EM 7 A LA, ‘B F—7 4 (654E) OFR LOTEL DK E X OKFR, b MIEERAL
€. BB OFEIC LD RRIEHAERL, &3 RET VC180 (544) OHER» ofR1Eh %
BEL, RERERD !,
3. ATN T4y SOBRROME LIEMAEFE

199340 7 A 8 Hiz 'VC-180 k0 Fi4 DM@ DHF20RAHFML T, O (H) KOtk HRN
L., EE1, 20R4SZICERLAEREBICENRL R+ BKRL, IRETRFROREL
Fotm. &k, EHFRACAV-EROFRESORNEE %, HET/164 Y FOT 7YV v — & RHE
Lizw s 3 AT — 5 —BIEEHCHIE L, EROWE LIEHRIFRLOBBREREL =,

® X

1. TR AORTEF RO TRIMZIR & 8538 50

FRIEHISIRNT 5 & a BB L LT, 10%28RE TIERORFRL 6 ITERERII R B o7
(H10%) .

R FOMEAED BIREE WERORFRICKITTRRIE, MR SROWANRME & I3EBIR T, 2~
3&/cm?TE <, MRS WNEO LB I3 RBEE THa L Yl h (B11K). /-, TDRAEDH
BB L LTIZ5~15CAEY ThH - 7= (8B12%).

TERMDIERBE L, 25~30CHRETRIENEL , EREREE» o7z, BERERIZEDbLLT, T
RILEDORERIZZNETULICEL B A5 Ehh -7 (B13K). &k, B IR LOBEERS M4
AbEIBEDIERRFDOREELRL 7=,

2. MAEEREEAOKEDY 1 X LMD RER

HEE20mn L FOFKR A & ERELL 7= MG & F VO TIERL L 22 B R IgH CRIERORFERMME L, 35mBl Lk
DR & DIEIE TR L - TIZE RBEL kA o7, LAL, HEH20~32mOBEHRDOREHL S
B L =B TR L 2238t Tid, 1ERORERIZT0%LEIZELZ 1 0D,

3. ATV 7 1 9 SOEHRORE LIEHRIRE

BRLUZ-BERORPAEEIX14~77b LA IZRE > T 2h, FERORFRITVTRET0BU L&
D, REOBMAA T —VOBVICKIEREZAOh -7 (B1 1K),

B1O0FE POV I FERENA F U ERORITE
BLUIEBREHRRICRITTRE

v BERE (%) RHE (%) e R (mm)”

0 0.0c” -

5 423b 021b
10 743a 0.30a
15 44.1b 0.12¢
20 375b 013c
25 34c 0.06d
30 00c -

z 19 FERRIC BHF—7 1" OMEE434E,cm?
TR U, 10°C THNFRIAETR 7 il % PAf & 0 2= 8531,

y 75&);;?%5 & UMERYE 1325°C T20RF IS 3E L 22
%I,

X PRI ey MIF Y H Y DEEILEER (5%KHE)
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BL1ER B o4 7V s BIEOBREE b & RIS WD
LBEEESTERORFE - RITTHE

HETE R R PR (hr.)
(F/em?) 1 3 5 7
% % % %
1 359b* 405b 40.7b 396b
2 66.1a 81.0a 80.0a 79.7a
3 71.8a 80.0a 743a 783a
4 3050 20.5b 299b 356b

* 1%EK+10% Y a BEORARIN T, BIES e Ht
LIz x v 3EEIz1I0cE L,

Y IEROREHHI25°C TOMHIRETE L 2 1 395,

X TRIZ 7Ry MIFYHVOER|ILEERER (5%KHE) |

B12Fk B LD F O/ MIEOBKREE b & UHETES gD
AR ORI I RIT+ B

BCRE HEAEEREE (A/cm?)

(’C) 1 2 3 4

C % % % %
5 383ab* 745a 785a 54.7a

10 405a 810a  80.0a  295b

15 229b 780a  846a  260b

20 27¢c 245b  332b 243D

25 0.0c 127b 16.6b 114b

t 1%ER+10% > 3 FEORAIEI T, HEFHSY MG % Kb
Lzl X ¢ 2RISR & L 2,

v {ER O R H325°C T0MFHIRLIE L 7= 1 /A,

X TRTrRy MIFY Ay DEEIAGER (5%KHE)

Bl 3K B LOA FYIIEROEEEBE B XU
RF¥RE LUTEREHRRIIRITTRE
TR WHIERE (C)
(hr.) 15 20 25 30 35 40 45

% % % % % % %
0.0 0.0 0.0 144 124 0.0 0.0
0.0 0.0 21 298 196 0.0 0.0
0.0 00 232 721 231 3.7 0.0
0.0 95 579 1759 326 54 0.0
. 205 710 825 314 5.5 0.0
00 367 780 831 310 102 0.0
00 390 785 840 321 113 0.0
00 375 790 833 339 125 0.0

Dowouvs~wn
=3
=

1EBEE (mm)’ — 013 030 025 022 0.10 -

2 1%TERF10% > a PORARIIZ BER—7 40" OMEES
3A/cmEIR U, AESHOT A % 10°C TR X 1 2 K53,
v BT B3 240 R 3R L 2 S,
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o

HFEROE

(R)

N O =

(R)

& g ”
) @ o oa
@ T “dP: |

A

HOR A F 2o KIS AR & RN U 2= JER S 2B B 4 72 2 IR DS

100 —
o e % © i
80 — ° .
®
60 —
40
®g

20 -
O HHt—e e L o—o—do-o ‘

10 20 30 40 50

oS MO (mm)

10K Kb BEEF—7 4 7 OME{EA IR L 7 Bz
DRGEEE , FORMWTD A 2 2 fERORER L ORR

100 —
90 -
®
80 | o« %o
®
'.. . 'o..o.. ° .
70 - o
60 [~
0—[__ 1 1 1 1 1 1 1 I

1.0 20 30 40 50 60 70 80
oA B R (Ib)

LI #7074 9o MR VC—18 0" OBEDR L2 EHD

R &, 2 DRFED BRI E M AER O FEHH & O RIR
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Z B

—HRIZHET VS, EPOREICX > TZOHERERAR S RL D, % ATRRT 5 ICRNWED
HEPHBELZZIALDIZIRLEVEBWLWRIFREF AL, VD (BEE, 1972), 7 FY (R, 1971),
v, #F (MR, 1967), ¥R (FME, 1968), 7V (KK - 158, 1968), £ 4 70—y (Il - EiF,
1989) D RBTIZ, 5~20%D ¥ a BEFRMU =B THOWRFERB O TR, BFD-DIZHML
SUEETE D55, BIAIE, 7HH F CRIEBICRFLNECZ L BRI 202 GFLS, 1987),
HAKHIZB, K, Ca, MgH 24 ICMAADE THEML TE ZORFRZED TEY FL - &8, 1991).
Fr, vy I ALKEMICE G 3TERORFEMELS (UTSH, 1992), FZ17.5CLUTFR35°CLL LD i3
BE TRIRIEFEIBRIET 5 (KRE, 1994), EENRINE TIT - ER TR F 9 7 {ERIZ AR
LR RFE LA o720, THIZBEEERS X3 Z L Ao EISEES{LEMAREEN Tar 5721
HeEIOoh3,

HETODKTE WKL, TERONBELEBERICTEL L IR RLEMB L2 EATERORFHEL{RT
(HUE, 1980) NF o =7 OHRFESWIEPIZREMEDO7 I V@BAEENTED (Konar * Linskens, 1966) , 7>
v ¥ CIRGERTAICBRAMORIERTE 2 BMHT 2 2 L TARAHAMAITHE X (Yavasurma, 1987), 7 v
B2 TIIEES W E RN U -5 TIERORFR AR E D (=K, 1972), &4 3V TIIEIRPIEH
AWML -8 TIERMORIEN BN (BE - =K, 1992) £0n), FERICHEWT, ME4 BRI
—ERFEIER L 7218, T4 BKR T 2 L RFIFER1B O N0, KPR L 2 ES RS T 7
ZERALAEZEICEB8DEEIONS, A F P IVOHBERBRTIZED LS BILFEMEHNEETh TS
PERATH D, TE7 I/VBEPLCSERGZEDILENSH S, ki, MIELHIR (HEIED
ThEL, THRAETBRLED T A ZLRBELWAY, ZITRAELEDTHIEL L), THEBXUMEHD 3
BT CTEERICHRA L - 2 5, TERMPBRFEL -DEHREROATH 7=, 2OZ L&D, FER
fEHD S B3 AWESRILLE WD, RICH-72 L LTEEMBF AW EWREIEZEEZTh Tk eEX
5h3,

HERBOMIEE RT3 PH -7 1 BROH AL XL LTI, #HiE20~32mAlER T, Z
DY 4 DIZREOIEKAE I A» B NHINOEBAIZYS -0 (FH5, 1966), Z¥MEHORELHEREEZ NS,
Lizdio T, ZOH 4 XOKRABOMIEL, HIELICTERRF 2 BELE B EFTWLTELELS
N3, AFCIBRMICEVREORZINAEDRLS (Connir, 1955) DT, ‘WH -7 42 LD
REOMIEEFIHATIHAICE, M- TEDEEOKRE XDORENFY,» ERET L BERIZHWS X
THb, ik, EHEROREEEIZ25~30CT, Zhi3Eltsds6 ATa»5 7 A LAOFHKE
E—HL T, '

BRBHAD A F 2/ REOBEIXEHIET TS (RIS, 1982) 23, KEERDOH ) 7 4 v FBRM VC-
180 DEEDIBE , WAEAEE LIRS EE & & 2 DI RABENSbOMATH »7-, THHIZ—K
L 720RODEROBE XTI E8LUT T, BRKERY» O EREAOML DM T —I2dH - 7248,
EHRORFRIZOTRET0%LL L %R L7, Beck - Loro (1988b) i2&khid, 41 # U 7 e BB TR L =
BE, 30H#EDFDAT A I TH0%DERSBD SN THD, ZORMILBEHNRNELS>THS, FDA
FRAMIOWTEE 29 HFVIZOOTORESEH (LT - LA, 1992) 45054, A FV 71250 T
& FDASANLIERRBRIFIZIOVTSHHBEIZL T BB D 3,

m =B
AT ETAF O o OIERERF &€ 50, MIEORIRF RO TRIMRHRIZ DOV TRET L 7=,
1. 10% Y s A FRMUZBREHIZ B F—74 2 OMEEXBERL (2~3K/cm?), HERDWIRES

~15°C CIRFMBLB X B8, # 7V 74 v VRRM VC180 DL %#BER L T, 25~30°C T 7z
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ST

BRELIL A, T0%LLLOBFORIERLRL, EHEHRLIERETH - 72,

2. HZER T3 W r—T7 4 OEEEE LT, BIE20~32mOMKEL» S L - DBRET
Ho7z,

3. VC180 DEHROHMEAN LD RE > TOTE, EMORERIZIZEL ERALRE, 5T,

FI3H BTHOSMREREOHE

&

il

1 F YV DATLREN, MTFROMBIZIFETREMT T, EHBROERY GIREIL =16k & ZK4 b T
ERE L QI THORENBIEAT B HETIT OIS (Srorey, 1975), ZhE & ML £ TERT 5 7
DICRRBEHOREIZIALRZMT 2L NEET, FiHLOBALEFTR T — D OKBRO hH & SHEMN
REEHHNT 20ESRH D, ThETREHEMIRE, 20O E,»SHW xh, REFEASI»6 14
DHRIRIAD (Baskava + Crane, 1950) , HKAFE TR T L WIIDH 3 (Srorv, 1975), BEHEF18~24miTE
DAREEDRE (Crane et al, 1959 ; Brck - Loro, 1988b) & RT3, LA L, FHSHOKBROEE X 7
— Ve {HRICINE TS I LIEBEH TEL, XHICRBLTE REBED20~30mFEEIZ LA S50 kL
AN OEIEREEHEIENS, REMEA Y -V PHETSHESEHET 518, KRBT L2
ET50E»H 5,

ZIT, W OrDOREERRAL THMLEORA L KX XOMBIZALIZHRL, 20RE,» B EE
TORFLEELWEL, ERBEITLOZMEHREDOKZ X EWEMIILE, /72, ALSBIFCH T 5HE%
@%%@ﬁﬁ&ﬂ%@%ﬁ@ﬁé&@ﬁ?ﬁ%%%é%ﬁb,meﬁéﬁﬁﬁﬁ%%¥ﬂﬁﬂﬁﬁkbf
MATEZNE S »RREL 7=,

M#E s LVHE

19904 I 1B R R A MBIB ST MR ISP DA TV 7 4 v 4/ BRFE ‘AT 7 4 v 56085 DIER
2, AINTH ‘24 T53—F, $UYRFuRl ‘CrL—- F—74 Y, BB HHEFr—T742 O
MRS, 19045 I2H T ) 7 4 v S RIRME VC-180° DIERI A X IAF A ‘Gok Lop', ‘Zidi', ‘Umur Bey ,
YPryRFol RS BN, Yo RFT AT M, BER CofYL-EVY—F, RLX L,
A FE ORBIZALIRB L7, S&HEEE 6 ATA»6 7 LAHFN LEHOEFTRAF - CDRE S
RABREZOKRISHUALZB L, SHFICIZEALOREOMKELS KONROMIENE X (K, 6 T
FETHORE) #WEL 7=, ATR¥HISrorsy (1975) DHEEIZL W0 To (B1 2H), £REE LK
FLULREN SR TFERML, KEBRAKEICIEEL, RELABTIOLNALHEL., kb, EWEE
DT ETRTHEL, 2 INFBEUY VR F oM TSRS BIFIC A bh SIoRBaT B R L =R
MTORFE %L Lz, ZLT, ERETLIIRPFOREREL ZOREL LB ONLHETORERLD
RRD o RIMEMREDORIRAME L 2, 510, RO REHE L MIEDOE X L ORITCEB I 4 1T0,
RMEHREOMIED B X IZ DWW THEE L 7=,

w &
BREL L RMHORERIFZIL > T, ZORENISBONIMFORFRLRAD , WiEOBIFRIL B
BiZEwamasRd@lmsrsd -7 $13—-1, —2, —3H),
TNTORMHZINFOREMIE L Z OREANFEOMIEN R X L ORI TEDHBEAE» >7= (1 4%K),
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BehaMTO80%L E (UL, SEMIZEEROMIKY P F—74 Y BXY ‘oYL - Erv—
F'O370% & U7) AR B R A i & Ak UC, Rl REMBORIIAHET S L, Sl b
15~30mOFWHEMNIZH 7=, L L, WFICE - THEEMASELD, ‘A4 71— F, EFb—- F—
T4V RSB F—7 4y BEY ‘A EVY—F i RIEEE20m Bl EAVE B DI
WL, “BLZ N id20m BT ASE U7, S2RhE SRS E SO M ED B & T U 7243 mBERZE AV &
&, FARTORMMR 2 ~ 3 mOFEHEIE L (1 5%), |

12 AF22 WIHF—74v OALZHUZFE

26




# ¥ S &

(R)

#EHRONE

(R)

(X)) $ BSOS

AR IT7x—F

100 160 7
90 90
80 4 80
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60 60
50 1 50
40 i 40
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20 20
DL S A 10 1
] 0 8+—=o
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Zidi Umur Bey
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90 4 son A g |- IO go+ ....................... §9 ap!
80 B L L LT TP P Py P T 80 o 5 =
70 1 (U [ttt Sy M
60 B E R T
[ [LESTITITOTON SOUptunTOUNOS SOOI SOUSORIRIUN S0on
40 1
BO i b
DO A
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0 - T T
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ZBIFOREMNE (mm)
W13 -1 EHEORIMEL, TORE,SHONAMMTORIRLEOBMG (X I LT

Edb—- ¥—-7 40

10 20 ' 30 40

$v - NFE-kT4 b

ZREORKEME (mm)
$13 -2 ZRIEFORIMEL, 2ORELSBSNAMTORBYHREDOBK (X Fofl)

WIFF—71 v gi4¥L--Ery—F
T 100 -

40 .~ - ......

‘LAt

o 20 30 40
ZHEORKME (mm)
133K RENFOREIEL, TORE,LSB{BSNAMTORFELOBFR (WBEEY)
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Fla4k 47V BRMEOZRGOREMELMIEORE X L OHBMRK

& M & B* BRI (XE{Emm, YHEERmm)  SHBIERE
A8V Tx—F S Y=0.121X—0.295 0.982**
Gok Lop S Y=0.123X—1.022 0.998**
Zidi S Y=0.109X—0.005 0.989**
Umur Bey S Y=0.081X-0.812 0.996**
vhr— F—74 Sp Y=0.127X—0.128 0.972**
*v Sp Y=0.083X+0.862 0.999**
A Sp Y=0.104X+0.127 0.946**
#v-R¥ k74 b+ Sp Y=0.098X+0.359 0.972**
B =71 C Y=0.092X+0.055 0.960* *
O4YrL-Ery—F C Y=0.133X—0.158 0.979**
YL A b C Y=0.158X+0.109 0.988**
HFH C Y=0.133X—0.159 0.953**

wl SZINT, SpidHryFw, ClRitH.
1%KHETHE,

BLo&R AFV/BRBEOIHBEHREOMIE L MEDR & OfH

& M & #y* RIA4E (mm) 7 HEfER (mm)*
A8V T+—F S 25.8~29.8 (4.0)" 2.83~3.31 (0.48)
Gok Lop S 16.6~27.9 (11.3) 1.03~2.41 (1.38)
Zidi S 15.1~25.0 (9.9 1.64~2.72 (1.08)
Umur Bey S 18.7~259 (7.2) 2.32~2.90 (0.58)
Edr—: F=74> Sp 20.0~26.2 (6.2) 2.41~3.20 (0.79)
E Y, Sp 19.3~254 (6.1) 2.46~2.96 (0.50)
a0 Sp 18.7~26.8 (8.1) 2.07~2.91 (0.84)
$v-RFg - RkULF Sp 15.2~25.2 (10.0) 1.85~2.84 (0.98)
i C 251~282 (4.7) 2.36~2.65 (0.29)
o4YL-Eryv—F C 19.7~234 (3.7) 2.47~2.96 (0.49)
L2 b C 13.3~19.6 (6.3) 2.21~3.21 (1.00)
HER C 15.1~229 (7.8) 1.85~2.89 (1.04)

* SIFRA I, Spldyr ko, Cidigil,
Y BRIREh=MTORFEIS0%L L E & - 72 REDZHBEO KD T/ME
~RKHAETRY, HL, 2AMCREEBEI 7 PEF-742 &
‘TAXN - EVY—F ZDO0TRI0BE L& & - 7= RETER.
* 81 4 ROBYFRD & KD 2= RIFHRIZ BT BHEED & & DMt~
K RT,
v () MBI — M,

£ ¥

AFVIRBBIERE AL, RELMEDORBKIVFTLCITbRS (FH, 1966), XERTEIMEOLETF
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A Fundamental Study on Cross Breeding of Fig (Ficus carica L)
by
Awamura Mitsuo

Among Common-type fig cultivars in the world, ‘Masui Dauphine’ and ‘Houraishi’ are the only ones being
cultivated commercially in Japan. Even though new cultivars of high fruit qualities are demanded recently, cross
breeding of gynodioecious figs producing first (Summer) and second (Fall) crops by pollination or partheno-
carpy has not been initiated. To fulfill the present lack, a fundamental study on cross breeding of fig (Ficus carica
L.) was conducted with the following objectives:(1) to elucidate the effects of pollination on syconium
characteristics of fig-type (female) cultivars, and to study correlations between their first and second crops based
on the syconium characteristics as a basis for cultivar differentiation, (2) to develop an objective method for a
cultivar classification based on skin color, (3) to elucidate the growth characteristics and pollen dispersal period
of the first crop of caprifig-type (male) cultivars, (4) to develop a medium for a pollen germination test and to find
an indicator of syconium receptivity, (5) to study the parthenocarpy occurrence, syconium weight, soluble solid
content (SSC) and skin color of the F1 progenies. The result are as follows.

1. Effects of pollination on syconium qualities and maturation.

The syconia of the second crop of 10 cultivars were investigated. In all cultivars investigated, the seeded
syconia had heavy syconium weight, large syconium-shape index (a syconium diameter-to-length ratio), long
drupelet and thin syconium receptacle in comparison with the parthenocarpic ones. In the Common-type
cultivars, the seeded syconia matured earlier than the parthenocarpic ones. There was no difference in SSC in
the juice of most cultivars investigated. The results suggested that the seeded and parthenocarpic syconia
differed from each syconium characteristics in a fig cultivar.

2. Correlations between syconium characteristics and maturation of first and second crops.

Several syconium characteristics of the first and second crops of 14 cultivars were investigated. In all cultivars
investigated, the first crops had heavy syconium weight, long drupelet and large eye diameter in comparison with
the second crops. The maturation period, syconium weight, drupelet length and eye size of the first crops were
highly positively correlated with those of the second crops. The 14 cultivars were classified into two types by the
SSC in the juice, one was high SSC type in both of the first and second crops and the other was low SSC type in

ones.

3. Classification of fig skin color with a color difference meter.

The skin colors of 29 cultivars were classified into nine scales by the conventional classification of skin color,
and measured the L*,a* and b values with a color difference meter. The correlations between the nine scales
and the L*, a* and b* values were obtained from the results. Therefore, the values might be used as color
indices for a classification of skin color. The b* value especially became the most suitable index, because it was
most closely correlated with the nine scales among three values. The 29 cultivars were classified into four scales
by the b* values of skin color, and this four scales based on b* values simplified the classification of fig skin color
in comparison with the conventional nine scales.
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" There were no significant differences in the L* , a* and b* values of the first and second crops. Therefore,
cultivar differentiation based on skin color can be done by determining the skin color of syconium of either first
or second crop.

4. Characteristics of syconium growth in the first crop of caprifig-type cultivars.

The syconium of the first crop of caprifig-type cv. ‘Caprifig6085 enlarged rapidly from April to early May,
and then remained plateau until maturation in late June. This growth curve was different from that of fig-type
(female) cultivars.

Florets within a syconium of the first crop of ‘Caprifig6085 seemed to be protogynous, because the period of
morphogenesis of gall flowers (short-styled pistillate flowers) was earlier than that of staminate flowers. The
pollen grains were collected from mature syconium in late June.

The physiologocal fruit drop of the first crop of ‘Caprifig6085 started from early May, and reached about
80% by mid June. Spraying young syconia (about 12 mm in diameter) with 10 ppm GA3 was effective for the
fruit drop control.

5. In vitro germination of pollen grains using stigmatic exudate as a promoter.

Long-styled pistillate flowers of ‘Masui Dauphine’ were embedded (2-3 pistils per cm?) into a basal medium
(1% agar + 10% sucrose), and the medium was incubated for 3 hours at 5-15°C. The medium was then used for
germination the pollens of caprifig-type pedigree ‘V C-180° (‘Dauphine Violette’ X ‘Caprifig6085 ). After
culturing for 7 hours at 25-30 °C, more than 70% of the pollen grains germinated and grew vigorously.

Pistils collected from syconia (20-32 mn in diameter) of the second crop of ‘Masui Dauphine’ were considered
to be the most suitable resources of exudate. Moreover, even though the syconia of the first crop of 'V C-180°
differed in maturity, no differences in the percentage of pollen germination were observed.

6. Receptivity of seed parent syconium to pollination.

To determine the most receptive growth stage of syconium to pollination for producing numerous fertile
seeds, pollen grains of caprifig-type cultivars collected from late June to early July were pollinated into various
size of syconia of the second crop of 12 fig-type cultivars.

The syconium diameter which is most receptive to pollination differed according to cultivars. However,
regardless of the cultivars investigated, the growth stage of syconium with pistillate flowers of 2-3 mm in length

was the most receptive. Therefore, this length of pistillate flower can be used to judge the receptivity of
syconium to pollination.

7. Effect of different seed parents on the frequency distribution of parthenocarpy in their F1 progenies.

Several fig-type cultivars with different degrees of parthenocarpy were pollinated with pollen from incomplete
parthenocarpic caprifig-type cv. ‘Caprifig6085 . After separating their progenies into caprifig (male) and fig
(female) types, the occurrence of parthenocarpy in the first and second crops was investigated.

In the first crop of caprifig type, a high frequency of parthenocarpy was found in progenies from San Pedro-
type cultivars, and from the Common-type cultivars of a high degree of parthenocarpic syconia in their first crops.

In the second crop of fig-type, the Common-type cultivars produced progenies with a high frequency of
parthenocarpic syconia.

Almost no parthenocarpic progenies were produced when a non-parthenocarpic Smyrna-type cultivars was
used as a seed parent.
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8. Differences in syconium weight and SSC of F1 progenies of caprifig and fig types, and of first and second
crops.

Syconium weight and SSC in the juice of nine families resulted from different cross combinations were
investigated. The family means of the groups, namely, caprifig-type first crop, fig-type first crop and fig-type
second crop, were calculated, and then the three family means were compared within family in each group. At
the same time, the correlation coefficients between each family mean and mid-parental means were also
calculated.

The syconia of caprifig-type first crop were very light in eight families, but those of fig-type first crop were very
heavy in seven families. The family mean of syconium weight in five families became larger in the order of
caprifig-type first crop, fig-type second crop, and fig-type first crop.

The family mean of SSC in all families became larger in the order of caprifigtype first crop, fig-type first crop,
and fig-type second crop.

The syconium weight means of each three crop types correlated positively with their mid-parental values, as
did the SSC means of each fig-type first and second crops.

The syconium weight means of the caprifig-type or fig-type first crop correlated negatively with the SSC mid-
parental values, as did the SSC mean of fig-type second crop with the syconium weight mid-parental values.

9. Differences in b* value of skin color between caprifig and fig types, and its frequency distribution in their Fi
progenies.

The b* value of seedling’s skin color was used for studying the frequency distribution and the segregation
ratio based on four scales of skin color in the F1 progenies.

After separating the progenies, which resulted from six different cross combinations, into caprifig and fig
types, the frequency distribution of b* value of skin color in the cross combinations of each type was studied.
The results showed that even in the same cross combination, the distribution pattern in caprifig-type was different
from that in fig type. The fig-type skin colors in the crosses of all green cultivars were all green, and that in the
crosses of red and green cultivars were classified into green, brown, red and black, those segregation ratio were
satisfactorily fitted with a ratio of 1:1:1:1.
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