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fhz 4 [ERR IR Z RN B E KA RAEE - 4 BRI MRS — I B2 & B
BE > B & BBESCERNRE AT o 4 AR R R B E » R
BTFERTIREBUE - fHEF B4V E 4 BERZELEESBInRT s 28 %
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TR & 5 R RS DN B 5 » MRBITHRRERAEEE SR 2 MEE20% 2 JEiEH:
k&4 (total nonstructual carbohydrates, TNC) BEIXRE 29 » WA SR A HE
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HEBEXRERE 2 FIAEERESEKENEEE ZETERE 22— » HBFCHEREFEEE
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KT EURBED - HESIFURERTEZELERET (RCBD) » 28% o /NE 5T » {7128k > 1T
PREES25 x 25cm o B © IEFHE N-P,05-K:0% 80—40—50 kg/ha o FEfl 2 ~ SR
FEFEMAHR @ o 9 WEALTRANINBLFE—HIFERRIER 2RI mME L

Table 1. Mean values of grain dimensions of brown rice of nine parental cultivars of rice

Parents Graérrln ﬁr)lgth Grezirrrxl IIv;v)ic{th Leng;ilt/ixg'idth vig?gﬁr(gg
Koshihikari (P-1) 5.08 2.75 1.85 17.93
Toyonishiki (P-2) 5.15 266 1.94 10.84
Tainung No. 67 (P-3) B.07 2.90 174 19.00
Taichung No. 65 (P-4) 5.22 2.95 177 21.35
GP 199 (P-5) 6.94 3.21 2.12 28.02
Pegonil (P-6) 7.46 3.24 2.30 35.25
Khaokhaonio (P-7) 8.25 2.91 284 34,09
Pb (P-8) 832 3.03 273 37.04
Nakkhaongo (P-9) 7.31 3.25 2.25 33.37

EERABENEZS PTG % Hayman @' & Jinks @V JERHETT 5 — R RRE & T
t5Griffing 9 z Method 1 {2 ; BERHFPGRE ZEF A Mather and Jinks ® 243K
HEE

& E S

4 (EREPTIC R R » /85 I Griffing 0 R Jinks-Hayman[§ (5™ fiEELE
BH SRR 2B RS HRETRNE 2 « B%E 241 » Griffing k8 Jinks-Hayman K2 W& R
B3 o 4 ABHIERBSE © Griffing K2 —B R EHA S 125778 Jinks-Hayman K Za# R E,
DA 2 TR » B — B A5 a SR 2195 XA B A A BRE & 1 bR 2 155 »
TR A R B A T 2 A I BRBE A A R 4 BRI 2 RS A B R AG s AR
it e S B A S BB L) o Griffing X 2 [E K% #5977 8 Jinks-Hayman [ 2 c B d# R 5
FZEEE 4 EBRERT » BREIEAIRE -3 —RT S > B2 I AT AR I 4 (A
BekZ %5 o B4k > Jinks-Hayman (G5 537 2 6 SE838 1« A E 2 Bk A OB msl (b
EREZ) B BELRTHES 3 RSB HAEN OSEEED) 5 ik4 BRkikE
R RS ER  BE M A o BR (R A TE A B S AR BA M 2 S AT S S HRAT &% (bR
BB 5 ARG » TRBEE by R b 38 R 2 B S » EDEADNYE B ON{: » Dotk SRS B B
STEREARZ TR TREAAZEL 9 X 9 22 Easf e (b BRGEZ) -

B 4 R — A A RSB A NTIRE S « B2 » RHBA (P5—9) 45k
Pk B A S BIEM » K2 » PREA (Pl—4) 4 SRR i &) BB & - efEsT
WEE » KKFA Pegonil (P-5) Z A& NBEMBATZEAL » MAkiH4 Koshihikari
(P-1) Z—Hi & AR A EBIAR 2 R o

BB A TIOTE » R BERTRES 3k U8 © REBE (P1—) MR Kk Bk (P5—
9) WL B A IMEBIER > MRS Fy 86 2 B & 1 BIUERS 2 i » BRRRE R
EHAERBS - BE S4B TR BRAA N2 SREREANL S 3 AEEEREER » 2
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Table 2. Griffing and Hayman analysis of variance of grain dimensions of brown

rice in 9x9 diallel crosses

Griffing Hayman
Traits B
Source df |Mean square Source -df Mean square
Block 1 — Block 1 —
Genotype 80 — Genotype 80 —
GCA 8 9.001 %% a 8 18.001 %%
SCA 36 0.1171%* b 36 0.222%*
by 1 1.091%*
Grain length by 8 0.016%*
bs 27 0.250%*
Reciprocal 36 0.005%* c 8 0.016%*
. d 28 0.009%*
Error 80 — Error - 80 —
Block 1 — Block 1 —
Genotype 80 — Genotype 80 —
GCA 8 0.232%%* a 8 0.463**
SCA 36 0.004%* b 36 Q.008%%*
b; 1 0.002ns
Grina width by 8 0.007%*
b3 27 0.008%*
Reciprocal 36 0.001ns < 8 Q.002%
d 28 0.001ns
Error 80 — Error 80 —
Block 1 - Block 1 N
Genotype 80 — Genotype 80 —
GCA 8 0.628%* a 8 1.255%*
SCA 36 | 0.016%* b 36 0.032%*
_ ll by 1 0.140%*
Length/width | by P 0.010%*
bs 27 0.035%*
Reciprocal 36 0.001%* c 8 0.003%*
d 28 0.002%*
Error 80 — Error 80
Block 1 — Block 1 —
Genotype 80 — Genotype 80 —
GCA 8 225.367%* a 8 450.733%*
SCA 36 1.445%* b 36 2.889%*
by 1 4.83g%*
1000-grain weight by 3 5.5g5%k
bs 21 2.018%*
Reciprocal 36 1.758%+* c 8 5.232%*
4 28 3.025%*
Error 80 — Error 80" = )

*,  ; Statiétically sigﬁificaht at 5 and 19 probablity levels, réspectively.
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Table 3. Estimates of Griffing’s general combing ability and specific combining ability
effects for grain dimensions of brown rice of the nine parental cultivars of rice
GCA SCA
Traits Parents|
effects | 3 4 5 6 7 8 9

Pl — 0.72 0.23 0.32 031] — 013 —024 —029] —028 —0Ql18
P2 — 0.68 0.31 0.20, —0.16] — 021} —o0.21] —024 —015
P3 — 0.82 024 — 029 —010 —03l} —024 —01l6
P4 — 0.66 — 026 —019 —0127 —033 —A0Qall
G‘rain length P5 0.31 0.12 0.29 0.34 0.03
P6 0.45 0.10 Q.10 0.14
P17 0.85 0.21 0.06
P8 0.86 Q.12
P9 0.41 —
Pl — Q18] — 003 —003 —003 —001 —00l 0.04 0.020 —0.01
P2 — Q.16 -~ 003 —005 0.04 —0.02 0.07 0.05| — 001
P3 — Q.05 0.022 — 0.02 0.01 0.04 0.03f — 003
P4 — 0.03 0.07] — Q.01 0.01 0.01 0.01
Grain width PS5 011 0.03f — 006 — 010 — 001
P6 0.13 0.01 0.05f — Q.03
P17 —0.03 —0.04f —001
P8 0.07 0.09
P9 0.12 —
Pl — 0.13 0.08 0.11 011 — 004 -— 0071 —oal1l —o10 —003
P2 — Q12 Q.11 0.100 — 008 — 008 -—0l11 —011] —004
P3 —0.24 0.06] —0.08 —0Q02 —013 —0.09 — 002
. P4 — Q.19 — 011} —005 —008 —0Q1} —002
Length/width | pg 0.03 00l 013 016 — 002
P6 0.06 002 —001} —005
P17 0.31 0.10 0.02
P8 :0.23 0.03

P9 Q.05 —
Pl — 4,52 0.56 0.65 0.03 — 010, — 0.51! — 031 —025; —024
P2 — 4,13 0.46 0.18 — 018/ — 018 — 108 — 068 0.63
P3 — 343 — 008 — 015 0.39] — 007 — 0.25 0.02
. P4 — 234 — 0.19 0.43] — 1.40f — 085 1.68
—rain Ps | 137 L7 047 Q09 —o012
P6 3.77 — 040 — 103 —134
P17 2.317 041, —0Q15
P8 3.61 — 0.47

P9 3.28 —

» FRBAR R KR BA R 2 HRE A ISR ATE Tk B R A R & 2 BB & T
AU TEME o Bt AT B 4 AR IR 2 S AT » Bk - BRELRTREREHEL » MR
PSR BIF R ML 3 AR '

4 EBRMEIRZ W, — V&M HE (homogeneity test) 5 » BTEE » RTERRR 4K
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R Z BERHT & Hayman O RZEEBRE » T~ 4 BRRZEERS (£4) REER
B (£5) MG 4 BRI WARV. MR ZEEE (8 1) » MRS ET A ZEERS

]

Table 4. Estimates of genetic components of variance and their standard deviations for

grain dimensions of brown rice in 9X9 diallel of rice

Genetic component-| -- Grainl ength Grain width Length/width ratio | 1000~-grain weight
D 20362%¢ | 0.0493%* 0.1689%* B1.73%k
4+ (0.0139"" -+ 0.0008 =+ 0.0029 4+ 043
H, 0.2248%* 0.0089%* 0.0352%* 4.91%%
=+ 0.0308 =+ 0.0017 =+ 0.0064 += 094
H, 0.2195%* 0.0065** 0.0316%* 2.718%*
-+ 0.0264 + 00014 -+ 0.0055 % 08l ‘
h? 0.2151%+ 0.0003ns 0.0275%* 0.93ns
4+ (0.0177 -+ 0.0010 =+ (0.0037 + 054
F 0.0417ns 0.0004ns 0.0331%* 13.79%*
-+ 0.0325 4+ 0.0018 4 0.0068 + 1.00
E 0.0010ns 0.0005ns 0.0003ns 0.05ns
=+ (0.0044 =4  0.0002 =4 0.0009 = 014
D-H, 1.8114%* 0.0404%%* 0.1337** 56.82%*
+ 00261 =+ 0.0014 =4 0.0055 + 080

*, **Statistically significant at 5 and 19 probability levels, respectively.
ns . Non-significant.

Table 5. Estimates of genetic systems for grain dimensions of brown rice in 9% 9 diallel of rice

Estimates Grain length Grain width | Length/width ratio| 1000-grain weight
(Hy/D)2
By graphic 10.3342 0.4534 0.4609 0.2862
By variance 0.3323 0.4249 0.4566 0.2812
H,/4H, 0.24 0.18 0.22 0.14
Ky/K: 1.06 1.02 1.85 2.31
h?/H, 0.98 0.04 0.87 034
Heritabilities (%)
Broad-sense 99.9 98.3 99.7 99.8
Narrow-sense 94.7 92.4 89.5 97.1
r of (W;+V,)/Y, 0.97%* —0.12ns Q.87#* 0.68%*
Order of parental 134296578% 718653924 213496578 92164337
dominance :
Order of parental 876954321 596847321 786952143 867954321
performance

*, %k : Statisttcally significant at 5 and 9% probability levels, respectively.

ns . Non-significant.

a : Parents codes : 1-Koshihkari, 2-Toyonishiki, 3-Tainung No. 67, 4-Taichung No. 65, 5-GP 199,
6-Pegonil, 7-Khaokhaonio, 8-Pb, 9-Nakkhaongo,
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# 4 BURKI R 2 D~ Hy » H RS HE R0 HBEE > RARMEAIE (D) SEEL

E H - H.%h?) %ﬁk?’é’l&**ﬂ%Z%ﬁ%ﬁE% D-H fERmEE ZIE(E - ?ﬁﬂ‘i@ﬂ%*hﬁz
B AR 2 e B FE B A AR B  TIRSEAE (B) 2B BRISR N IAES - F 15

BREEZEM » BUREE 9 X 9 2EZRARRERZEERRT » BEF AN 2 HETTERER

B AR 2 o RRIEA R B AR R AN Bz i (Ko/Ke > %5) 51.06 » BEBgA

A1 THER 1 » AIETEEZFRS RER 12 KJ/KdE » TRE » AR AREE KRR ERER

b > BAVERCDRANSUE 5 RS SRR o IHEE B AR RIS T 50T > ISR R 2 PR

EEfE ((Hi/D)'?] #5760.33464 (£5) 5 TRERER WAKV, MEZEEER 9 W, 8RR

b7 (1) » BUEEZERR AR R 2 EROBRERERT e 2R SEf 8k - 42

W, . 8 W
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Fig. 1. W,/V, graph forZgrain dimensions ef brown rice.
Parent codes : 1-Koshihikari, 2-Toyonishiki, 3-Tainung No. 67, 4~Ta1chung No, 65, 5~GP 199
¢-Pegonil, 7- Khaokaonio, 8-Pb, 9—Nakkhaongo .
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B AR H M INE (W HE (v) SRR SREEE 2 Hy/4H, fI1E730.24 (£5) »
2T HATE £ 55 (0 26 I % 2 R (8025 (% uv=1.0, uv=0.5X0.5=0.25) ) » BB
AR A R R 2 F A SRR BB 5 A R S T T o LR B A TR 50
$ESRAME RS 2 bafil » 7 A b R TE SR S5 (B TR AR 7R R AR R 4 A T SR R 2
B3 - RS A BAR RIS (YO RRHEZ W, + VEREHE 2 EAN (r=0.98,
£5) 0 FOREW VARG » Y AHIAATEHE N » ShED Y AR I0ES » IBIESERBUEENE I > ZRED
BRI 2 I8 R IPREIBE SR B 28I o ARARIERY AW, -+ VBB E 2 EANREEEZ b,
fE (k2)  BEEE LA F2ELHEAEAS  ERERESRENL - MHNAGREREZ
FEM KR F5 134206578 » THIA 2 R BT BIAS67954321 o AL ERERRIR 2 RA R
BB » FOREHIRIE M o AR ABEE B R H A/ H, =0.9851.0 » KRR THE
LR AR 7E o Bl E BN S AP B EREE (little or on dominance) B > JLET 5
A 0D T B A A B T AR O SRR RS O Bt nfAFRE i 2 I
TEHRIFR T FBBIERF © o B8 BRIES o N

BRI BN (D) SREMMIE (H R HmEE » FR R S A ek
By EREREE o MEE 2D~ HEREEE 2 IEME » R RS2 AR E0E > R
PR ESE A B HTE © BRI R (B) ZHEBAREE (R4) RS BILRGERE »
H SR BT A FLAR T B RIS 26 2 TE R A S RS R 9 AR 5 7 6 R % 2 A EHL/4H =0.18 (
#5) » RVERE0. 5F MM » MAREREEE 2SR (£2) » i AL E MR
KR 2 TR0 1 SRR TR RS AR AN Z S AR OSREE - F RO TEE (£4) >
FRERRABA R B 2 R R » BN 2 S T RS IR S AR 2 9 » SRR A
KPR B EREM A KoK =1.02:1(%5) » T » SR B AR RN LA SR+
» BEMESE R BIE S MBI R A o FOESBEEITR ) 4 IS AR 2 TR REM ((H,
/DY) s AR TR ZM 5 WAKV. TS 2 B W R B BT » Bk R 2 A
ERZBHRART2ENE - BRETRBERREERZFARBE (V) BEEL W+ Va2 HE 5
WS i > (ATREY > BERATIR GRS B B IR MR R » BRI T A ) - TSRS S5
SVHERTES Zb R (£ 2) Pl a2 BIE 7R BT S o AREE 1 R % 1 ks
T SBUE £ L » RSN IR KR 718653924 » TBIA ZXRAFR
BIGSATI2L o Mk BE 3 R i S MRS o HFURSBHUAUR 2R o TSR MR A st
B ffiEh?/Hy =0.04=0 » BUTOHIE MR MR ORI BARTE o $0 A L IR B AL B B
VEBE » BLIER B4 0 o THERMESS WA SR B RS » LA B BRIEAS @ o

FEILEIFTBAY » SOEMEBHIRAY ©0 o AFEBBERLILERZD « Hy » HoRh45%
ERSEEEEHRNE (k4) - BHBME (D) BB (H, - HRh) R sik s 81
IWREE - D-HAEEEZIEM » RRLREEK R A R 2 R Bk R e
» BT HESR R B L 2 e B I S AR K » TRTBRURU R 3 S I 0 5 0 22 0 A M B PR 3 S I B (4
B - BERS (B) BARNAREEEER (R4) » HERERTHAWE B ELREA Y
@ WIERE o REIRE FROARZ £ EEEE » BREFWEHABARTILER Z B EERH
» BV SRS 2 S FTRE S OB M S (AR 2SR o AR FIEEAR VIR A BB R 2 I (K,
/Ko) BL55» EAR L » frfrIbEEE 2 EFEREAR 12 Ky/K, i » TREFHRENRLL
PR Z R R BN EIEE S B ER TN - Aty Hi RS EURETA (F4
) o (BB A B LR AR 2 IE S S (R 2 R R S RSS2l 0 Ha/4H,
=0.22 (R5) » BPEMEGIRE0.25 » HIES 54 b MR R BEY » Mt EA R IR G H
KRz ERAFMENFTHRERERAARNZI THRTEE - FoBEBERME (H/D)'V ) 4Rk
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FRI1IZHE (R5RE1) » BHNZERETIERZEREBHRTEREME - A ERRT
HRZER 2 MR TR - SRR REEERZBEANE (Y.) BEEZW.+V.ER
BREZEMN (5) » Xn W+ VG INE » YEEEEM > RS AREE AR » Bk
FEE#REE I B2 ERRBE T T RHEE T AR ET A2 BEENDER (£2) » BHE
RIRE 1 » HERAFRREIERENSHEREDEEEE » S53RB AR R 2 BERF 52134
96578 » FILKFFHIT86952143 o FEdlA IR B E Mz N E B i Eh?/H, =0.87=1.0 » AT EA MR FT
AR —~ERUENA T » MEEREERAREARRR 7 SEEHERERR O - &K
nEEEN 2B E R BRIF BT R ) 0 JLE B BEAS o
TRHERERENDEREZ - EARERBKER L~ - R4ABBREREAFBRATRELE
RZRIERIE (D) HEkEE (H > HRhD 9BERE - 81 RA s RE e KT RE
LEEREE - REgERBREAEZ ZRBIEME  ABEEHRNT (F4) » TAREHERK
BHHTRNELSEZEWERES » RIEAEZ LR EERBESE - F RO GEEHANE
s AR IEME » FRBERM N LR TR E 2B SR B SRS RIS SAEE » JEHT
ek R B A AR B J 1 Ko/K.=2.31 > S e TR S 2 BN T » B SREN
MRBEERER 26 - AR ERA B EERIEASMERTHEERE RS2 Hy/4H,=0.14
SEE PRI BEHE(HO. 25 » o TBlA R TR B AT A S A0 R A% (5 R
ﬁéiﬂ<i%57 o MFEREN (B 1) REHSI (R2) EREAERZTHERRE®E ((H/D)' )
s PRFIL 2R - SEHERTREERZAMEREBRRTREEY - BREA L TRHENBA
%EE@%&@ZW&VJ{EE@%ZEW%@ s WM TR BEE 2 bfE (R2) » MEWHEF
FETHEER R ERRA > BT RRBET Ak » MERESERTRES M » W.+V, {E§
pn CEPERERSHEARE RSN » BRRE 1 #RATHERRE WV, MEEEE L2 aEE
s EESEM B TR EREEHE SRR AR - MAERZ BAREERFRE2164387 » RHK
FrRIRS867954321 » At iR B ar BRREHMBEMGH (0/H=0.34) » (BAMERZIRERHEAS 4
BREIRP 2R E o

Table 6. Simple correlation coefficients among grain dimensions of brown rice

Traits Grain length Grain width Len%;}Ei/gvidth log‘?(;iiﬁ:in
Grain length — 0.64%* 0.95%* 0.90%*
Grain width 0.36%* 0.80%*
Length/width ratio 0.77%*
1000-grain weight —

. **% . Statistically significant at 19 probability level.

4 BRI Z HRRRIRTIN TR 6 o lRAN 4 ERAEN 2 BEE 2 EAH - A > TRE
BEEARKER - B > RELK  RZMTRABAREE - RELKA  TRERE - MhAEE
Hof 4 (IR B R 2 K BEBE MM » @R ERZEER  BAEREETBENY (B
B EHEF > WREMHAE BEE (ERELEHR) 2K 3Bk - FRETHBREFEZE
- EITREM R A Z B o
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SRR OB E N REL ) RTNES > B HEAEEERRG » EEM
BEETH R BREI » BBEXRR - BRIRN &8 - BRE - (RIRMR RS R g sn
ERFEEERE2AE B2 A ANHBNERZEFTHFRFEEMZEZR 0 » R BRER
TG —EBRZREEN  EEMERERAZT BEREHE D -

#Chang and Li "" % Chang and Somrith“? &z » ERAEZ SERBEHEER -~ €5
ARZHESEOER » FISERMEEREEE 2 o b5 T 8% Dave ShhrRBY:IEF
ZBE AR ERARBRR PR >R >BERN - MARAZERABERENEHRNSELE, (RS
B EDaver BIZHBRMR ; HEUIRNHRN BT R2EE O SiaB: O 2B EEER Tl
M o Chang and Li *" ~ Chang and smorith *?, Somrith et al. *® ~ FELH @ K IfaE @
BHEES RmikEEESESE > MEEFRUEAREERE W12 » MEEEEEZ&ER
REAE R AR @120 s AR ERIBHETS o NE > REL GBI RNEHRBEERZEH
aL,12,20.26) 5 47 E R E R A MREAKE G RELRNELRE S TREE 2 BEXRATR
YERFLE G EBRABERAHRZE R o MERFRME 4 BRERZEERKFEES
BE (£5) » EER Somrith et ol. ®® FChang and Li“? » fifJennings et al. 2® }
McKenzie and Rutger ?® % #8{l o Jenning et al ¥ $ IR REE B ERE » (AFGFLHE
REEBEE » MREFEBRERIEEGES » MAEF ORI EEIIEA Bk » BkEREET K
» R BYETHE o JREMJennings et al. 0 ZEEBEAT I 4 Bk B B a2 B EERE AR E
2R o

#Mather and Poysa % » B Griffing K 9 B Jinks-Hayman [ 951620 2 2 F 270t %
HHE SR » (B58 L Griffing K2 — &7 (GCA) F%# Jinks-HaymanK:Z £1n
HRSaBEES BT (SCA) RARIERZHE (reciprocal) AR 5G HEDb, » b Kb, %
ZEBEER SRk dE AMRESEREE ° % » Griffing KZ2H5HEREZE (GCA) RETKK
1E (SCA) Z@EEHisiet i » #TGCAR SCALKIE > B 5 G MEZHT 2 » Jinks-Hayman;2 5
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ek {5 Mather and Poysa “® 234 s ¥GriffingCHJinks-Hayman K2 HERXERF 3SR 2
BHRSBRBHTZ (£2) » ERBERES M HEMEESZEENSBES » BRI
Mather and Poysa % K Liu ®® lEGFT#E Griffing B Jinks-Hayman KBS HEEER L
BEBIHE

Haymanf, *® 2EZEFOHAR LB » OERTEER » OE2ERXERIFEMER
BEBIUER (BRI » OERSVER  OMBEABIARO@ERB S HHAHR (EEH
Y EREBERR - BF O ZiFwEE  MBEEZENE » Hayman 2R EHRPZERE LS
FRAR (EHES) RESCERAERER (R SRMETHRTLHESR » Baker W #
BHEERZSNFGERERE LR MR LR » Bk > Baker AR & HR 53 AR IS
SRRz BEEREHOIR A MBS EESREHE » QEAFTSFENE » (2 Mather
and Jinks " RIS LLATR S ER G EEEEIER » A2ERESTREZEEREBAET R
ZiRE (AR HRA S D TE ) A E 5 O B HERZ AR (BIIES AR Z %
ERBEIMEERMZZRERAER) SPE-RESIHEERESNET 2 4H » RRESRE
ER10ALL L » XA B IEREEEGHE  FEBRVEBARTEERZES R » AIAFRGG 2B
EERABHRE - MARERZUFEESHE > BEHAZTE - MEBEERRS 2 M fhkHayman
K99 1954F 2 H A8 & 2 B g T (T » Bin FEBREEIRS, » BEAES 9 @R &:8100H
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DLk s H&MGEEERMG  EER~E (inflated) HR - REFAHEZMBEEABRTEE » W: & V.
T8 2 B B BN 4 BT & Hayman 9 FIRERLE R A R E B LR R 4 B A 2 /i
REFEGABIRECHNEIMERE B 1) > ARLBREE (£2) > WEMBSMIERZ
o3 > B AR R pn i FRAYEE 07 SRRB T » ATREZN Baker 10 T E > RETTHEMEA
o CREMAR MRS © N

Jinks-Hayman %% [ 2 2F 25 Mk » ERERREOTRER D OREERRET 5T

W - @BWAK V.2 IEF RS R @4 R ER S RAHZME o R ES SRR
ARZABEE WS VIS R EA - SRR S FTRE 2 BE  WTR—-B0 ARSI
TRWEL » 11> 4 BRI SR DB RERFE LR B % B REMATE (RS ERZ
YRR » B BALM) > (AW V. IMBEEET » MRRAPEZMH &6 Jinks-Hayman
FCas162h 2 SR (T R R ERER B S BAH 2RSS TR EZAREREE
s WREELZEZ S TEAFRFMAHE » B Bz AEBNTESHEESEZRERE » &k
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Genetic Studies on Larger Kernel Size of Rice

I1. Inheritance of Grain Dimensions of Brown Rice!

Yih—chuan Kuo and Ching Liu?

Summary

The inheritance of grain dimensions of brown rice of larger kernel size of rice
were studied by means of a 9x9 diallel crosses including parents and reciprocal cros-
ses. Data from the F, generation and parents were analyzed using the Griffing and the
Jinks-Hayman methods of diallel analyses. The genetic variations of four grain traits,
grain length, grain width, length/width and 1000-grain weight, were significant among
the parents. Both additive and dominance effects were important for all four graifn
traits. Furthermore additive effects were significantly larger than dominance effects
for these grain traits studied. Highly significant general combining ability (GCA) and
specific combining ability (SCA) effects were observed for these grain traits. The GCA
effects were much more important than SCA effects. Estimated narrow-sense heritia-
bilities for all these grain traits were very high indicating that a major portion of pheno-
typic variabulity was controlled by additive effects. Maternal effects existed in all four
grain traits. Degrees of dominance of four grain traits estimated by graphic and variance
analyses showed partial or incomplete dominance. The average frequency of positive
and negetive allel in parents were about equal for length/width, but not equal for
the others. Number of dominant genes exceeded recessive genes for length/width and
1000/grain weight, however, both dominant genes and recessive genes were equal for
grain length and grain width. Dircetions of dominance evaluated by regression plotting
and the order of parental dominance were unidirection for grain length, length/width
and 1000-grain weight and ambidirection for grain width.

1. Contribution No. 1298 from Taiwan Agricultural Research Institute.
2. Assistant Agronomist and Senior Statistician, respectively, Department of Agronomy, TARI,
Wufeng, Taichung Hsien . Taiwan 41301, ROC,
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FHEREARMBE A HREA
IKAG J ﬁgﬁﬁ F IR Y &’/@

my E B K

HE | RS RS IR B RS B A TR L IR S B A FTAS M » B h R Bl
R—BRIRE0%IE N » DIIBER T D & R B R BT ERIR » AR AR AR
e Pegonil Bieiy A BAGEEROTIR B H1 K » MBS EMREEYE S BRESh » SH ik
B E RIS RO A ( TNC ) BEMNEIY » MRTRERSBIRIABG - E5
HPERYBIBBUAT » 06758 Pegonil MEBEEI0% » SATEERBBS UEE R EEER
AR o PRS0 %%E N » B R Pegonil FIE I S22 » (B ZBOTRMERI32%
BB R MR E S FIME14%5832% 5 RRFHDE AR R o (33
FRERRBRENTZER/  FNEREEBTEB &L  H—FgHA TR TNC
BREKIE TR - BURTTAREDE & R R R M ER A » B AR RS
%o WREHIE (FTRREE 30X TScm) #r— % (1THRBE 30x 15cm) W#EE Pegonil #542%
» ME(R I EERLOTERIKEE20% 5 o fEfh BERRAROR D » (HXIE R nBE R AR » R e
EWMKEROERER > By R BB URE R K RE RS T - SRR B IR R
BT R RREEEE AR EPEHE » TR EERE AGHLE RIS o &
ABR PN TR ER 3B BRRYE » 2EHE TNC /R R ISR E ERE B6TH
» REEFAZER AR (AR TR RS » MAETERY TNC 28—MXlEx 5
EFFEBEHE (yield efficiency) ZREIE o

SERBRABREZHURE » R (source ) IETHRHERMN RERERM » BARKR
(sink) BHRBAREEEEHVIHGE 5 Jones er al. ® QR HS BKEFENEETRERN ESRE
Hyfim > Wei ez al. 9 @ iEHEERIEREIE RO A5 BRI » RBIEEAERAR
FEE-IERBERTERE15—20% AT 48 o Fohk/ Nk RaiE B 1B ) R SRS Bua A IEARRRBR
friF7E 2 IRRI 7 WS TRERIIER » KEEREENRH 5 Wei et al. 97 L) Mira &
REHETRARR » BTN AL B A0 7 BTN ) BE B B » (ELBE RO A T WS BRI A 2R 6T 5%
26—39% > MR RIGIMBR BB UE RN ERERERFES
BREZRBEKBEREERERERET » RS EEENEY - BERE - B3 BEETNS
FIRR RSB EFIEEFERN » R REEHE ARG BEFERREKEERBER » L E
HEANEERGBRT 28D RAERNHIBEE 5 MERRENEELRIM » R AR
B ST T R SRR T ST » RS S B RS TR BE o

LEmERRARAT HRMRSEH1299 5 o RABRATERREZ AGMBIER (1588 —2.2—18—133) »
AP ROR N T A AR SR M I BB B R R D A T - BT -
LAFTRECREEMWELR c ZBYE EPR BWH-
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7 BT R4 8 (B B A T T 90 22 45 SR S A b B K 78 R R 17 AR SR B L » B3 B EL 1 Pegonil B
HEEdg (90—100cm ) ~ FEHES  THES (MR 40—45g) TEE » HERRAEILEIE (
2.33) » BEEME > FHNEEEROTH R isogenic Rt » WA BEEBER GRBERER
; RS X EHE Pegonil EMETT £ IEHRIBHAEWT » DIRMAHFEMEE o RABRABERER
MM ERPHEREDSENE  BAHERRHERERNYE » HSITHEEE B ETEERS ERAL
FEIEAEERL » REEEFRHAMORMEG

TR EE

AR N RBETAER ZHIFEEZ PR BRI AR TR RBETT » DIFH T i K & Pegonil i
ZEEOTHMME » MES— AN GE > TREZ 45g BAB—PRIUHERLE  THENE
25g FoA5 o MREREREEMIE AL » BAHZTHREERS 30X 15em ; B A IR 8 A 2 H » IEKAEN & P.0s
:K;0 £ 100: 60 :50 kg/ha» HEEIREZEERKF » HMWEERBTHEERZ «

HE T BRI 5 BB EERR » RAOKEREIR MR8 > 5 3 RmEKE
AR RSy~ A 4EE  EANAREEERR  mMERE 30X 15cm 1T
PRIE (BEAEN22E 2 TH) & 4— 6 ZEBHERIZI > Pegonil 7 LIB AR {THEE 30x7.5cm

(FEAEMES TH) HERAERE  AHE4EE - BBORBRREHEHET » RATEER
EER ) ZEE » NEEES 4.5%X6m o ‘

£ AR YR FR-ERE-X > BERERBERE B/ PNERELON » REREAR
BEE4RE (2 x2) » BHEEESSER R (B RE=SFE » BAER 100°C BEEE
P2/ o BIBEL 80°C #iR48/ Ny > PIEHMEER > LR 2BAER Wiley mill BI40H &
JEYY > BIERTHRIEREE MRS (TNC) BE » Ri&MREL semi-micro Kjeldahl #: s &¥#&
{5 Smith 0 #4547 o KBBHEE » I H B/ NERES0RIEERR HBRER » HFuES BT
BRT BN R EESH0 » REEREN » RoWERE TNC BE - :

& *

FABETHIRORRERTINE 1 » KBRS A 2 BiEH » KRB Pegonil B F 2k
s A9 F24H hiid > #6752 F18H 5 Pegonil MERHRER 4 BAIEREE » (ByRMER S
Table 1. Mean temperature, sunshine duration, day-length and solar radiation at Wufer}g

(Taichung) area from Jﬁly to December, 1985¢

Item ‘ l July Aug. Sept. }‘ Oct. | Nov. Dec.

1 1 l |

Temperature (°C) I
Mean 28.2 27.8 27.0 i 25.5 | 213 ‘ 16.8
Maximum 335 34.0 32.0 304 28.1 25.9
Minimum 243 237 22.9 212 | 160 8.8
Sunshine Duration (hr) | 61 6.1 8.3 83 19 76
Day-length (hr) 185 | 130 123 o 110 106
Sole(uéaﬁiii}h‘;g , | 405 ‘ 328 348 315 \ 216 274

¢ Data of temperature, sunshine duration and solar radiation are from Central Weather Bureau,

ROC; day/length data are from Taiwan Provincial Food Bureau,
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BN HE > ZEOTHRERE MR H BUEOTH » AR 5 BN - XEATIRARERR » BEER
SETA > BT EMN  (Bh%E 12 HHEERHERN - Pegonil R MFRECT » 0br 705 HIRE
22 BT EEREECTRERE C

HhifEf% Pegonil BAZZROTHE S EMEKE M wERLRRE 2 28R (CK) B » HiEREK
ZER >~ BREETGE . HUEBROTRE » BUREEHRINTE » BRESREZEZROTHRNERE
B ERET) o B ML ERBER RN » ARMKERDOIHRRSEREERE
BRGEEMEE B ERMOHS » BFERIAE TR » BRI KR » 72 Pegonil BHkfEik 1
FE2H ZEOTHE2E3HE  MFTHBNTEMEZERE LA » Pegonil ZEMERE 2 % 3 B/AYHE M
BREPE, L3BNCRIRBEZENESE 22 THRORINETH » ZHRBEERYE1IES
R HAMSIERE o RIERBETIRIGHEE MY » KRR EFERGTERY (filling
period) © : ’

RRERERTSZ—TER » URBEHESMOPETK » BREROTRIEREIER R Mk
RRZEWEN  HAOSAEREREL (R2) o EEFEEONETE Pegonil METZMWER
BHE » RERNFHLENME SBERBEN L A » AR EEERNTYE » MEKEREREER
PRIEAAR o PR EHEROTH KBRS FT LS EENYE  RIBER 5% 18.5g ¥
R 9.1g s BIEE33% (R2) ; XEMERNTCEMEMNIER » £mER 48RS BizE
ETREE N - MR- AEGRT S 2 —E » HEROTHRATER P ERMBRETEEMER » 1558

~ Table 2. Effects of 50% leaf-cutting on the changes in dry weight (g/plant) of different

plant fractions of Pegonil and Tainung 67 rice varieties durinz grain-filling®

i lLeri?zit?ifng, Weeks after Heading
Variety C’ FPlatqg Treatment | —r T T ]
| TACHOR ks aftery| 0 1 2 3 i 4 | s
L ! heading /! | P | {
) CK ISJiQQ 52405 | 3.82:06| 26203 —b 123¢a3
{ Leaf Blade 0 29207 | 23207 | 1501 — 1.0=0.2
l 1 L7202 | L2201| — | 07201
| ‘ - ~
{ CK 108212 | 12.62=07 | 98212 | 9.6:-09 — | 74x0s
Pegoml {  Culm 0 114151 8412 77208 —_ 9.040.7
k 1 8.2:21.0 | 71209 — 8.7204
i CK 2705 | 61209 95¢@51179+19 — 18.12:2.2
* Panicle 0 52206 | 96208 | 14.12:2.2 — 17.92-1.3
1 10123 | 124:£07 — 15.6-=1.0
‘ CK 70203 | 652203 | 54202 | 4.8-=06| 3.12=03 | 242202
Leaf Blade 0 35203 | 3.1%=09 | 27203 | 21201 | 2.0%02
1 2Bta4§ 28403 | 21202 | 17--03
\ D | l -
CK 177403 | 18.72=1.0 | 17.4==08 | 14.9:=1.2 | 14.0==16 | 14.2-=06
Tainung 67 | Culm 0 r 1684218 | 18.12=3.3 | 13.1==1.1 | 13.02=03 | 11.52=08
1 \ 15.6=15 | 15.1433 | 134216 | 11.1=11
T - |
CK ( 5.1==01 | 592206 | 12.9:-19 | 204==18 | 246==17 | 27.6:=18
Panicle 0 | 49208 | 10719 | 152208 | 18.6=0.9 | 18.52=15
1 | | 119531 | 173234 | 19616 | 18,119
\ ! ‘

? Spacing was 30X 15c¢m; transplanting rate was 4 to 6 seedlings per hill.

¢ Samplings were not made at the 4th week after heading for Pegonil variety.
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PEEARBM I E B TR » B TRBRERSMERAFTE ; Pegonil MBRERRMBE—ER
RIEWRE TR » FHREERE 2.5 HRH10% » REZROTHREE -

FRBBEDK B B2 RBERLOPETINE 3 5 EME%R B maEEL R
PR » A 1R2.3—2.6% 21 » (AFEHRZIREETRELL Pegonil B HIE > &5 3 BFER1.3% » BE
EAERE 6757.21.8% 5 BURIRZE 6THRER SRR IERLMEZ1.33% » Pegonil HIE/KZE0.92
% o WRRAREETEARERF » 15751.2% » {1 Pegenil MBABRKTEEMHTRRLERR
B 2 IR w1, 51% » W EEOTIE (1.15%) B o

FREBRHEMEAER RRRER SR REEYE  AHEREEFHE - BRERERE
i LFHOTER > MEL— R EMBRE T BAERE - RRES EFHERREZARVBNPER
RS » SRR E N 2 B OT IR & RIRE BE HE » Ml —EEE » MRAERTSRARE
REMRBTHEE (X3) -

Table 3. Effects of 509 leaf-cutting on the changes in N concentrations (%) of different

plant fractions of Pegonil and Tainung 67 rice varieties during grain—filling®

Time of .
- Leaf-cutting ‘Weeks after Heading
Variety Frace'ggn Treatment
wks after 0 1 2 3 4 5
\ heading
|
CK 2.5740.24| 2.262=0.15 1.65-=0.13| 1.30==0.18 —b 0.92+0.05
Leaf Blade 0 2.25-0.15| 2.06=4=0.20| 1.3824=0.19 — 1.00=+0.06
1 1.894=0.20| 1.504=0.1C — i 1.01==0.06
— o |
|
CK 0.69-+0.15| 0.68=4=0.06| 0.602=0.06] 0.60==0.02 — 0.714=0.04
Pegonil Culm 0 0.78=+=0.12| 0.81=0.00, 0.69+0.05 — 0.722=0.09
1 0.754=0.15 0.63==0.08 — 0.6924=0.06
CK 1.2440.16| 1.64-=0.11; 1.57-0.05} 1.382=0.06 — 1.514:0.18
Panicle 0 1.584=0.05| 1.51=0.07) 1.47+0.14 — 1.44-:0.07
1 1.4740.16| 1,273=0.02 — 1.32-40.00
|
; ,
\’ CK 2.41-=0.12] 2.232=0.10| 1.884=0.07| 1.812=0.10| 1.452=0.06| 1.332=0.02
i Leaf Blade 0 2.192=0.11] 1.88==0.09| 1.82==0.11} 1.48-=0.03| 1.20==0.11
‘ 1 1.884:0.12) 1.62+0.12| 1.472=0.00| 1.20==0.10
i
CK 0.57-=0.06| 0.554=0.02| 0.58=+0.04| 0.64-4=0.06| 0.59+:0.02] 0.53==C.0C3
Tainung 67 Culm 0 0.6240.08| 0.60==0.00| 0.593=0.03| 0.554-0.05| 0.524=0.02
1 0.60==0.07 0.592=0.10| 0.492=0.04| 0.60==0.02
CK 1.23==0.02] 1.20==0.04| 1.06-=0.03 1.22—_*10.03} 1.10==0.02 1.15240.10
Panicle 0 1.22-=0.04| 1.04==0.06| 1,09=4=0.02 1.04=0.06| 0.88-=0.12
1 1.044=0.085 l.lS—':O.OEI\ 1.02+0.07 1.02==0.08
\

¢ Spacing was 30% 15¢m; transplanting rate was 4 to 6 seedlings per hill.

» Samplings were not made at the 4th week after heading for Pegonil variety.

REREERFMR » KM G Pegonil 2R N TNC MREE/EREEE 2 BLIRIIHEL67
SRR » (MBI ZILER P TNC BB RIDIZEZOTHES (£4) - HENERNEGELSEZ
KTErE TNC » T2 IR A R23—25% 2 ] » $ilt% — B i AR R BIEE LAmEE » B
Pegonil Bf » 5% 29% ; Ht TNC BEREEBERMISETE » £ 2 88817—19% &
3EAE 8 %74 » WHER Pegonil (AERIRP TNC I 5 3 % » ZR6THME » (BFTR 7
% o B KRB A LA MR RN » H TNC BE BMBHE RS L7 FRBPREEE
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BERTERN - BERANES TNC 428 HHRE » TNC REBENERZRE > Pegenil
ZHERSTY% » ZROTIRMO2% » UREER (R4) °

FEERECEERESA TNC RENPERREY » BRERTS 255 K81 > 2
$13 38t > Pegonil MERE TNC BES IR 20.6% ~ 10.9% #12.1% » ER#HRER (555
29.0% ~ 19.2%57.7%) 230—70% » KElgiGE o ZMOTH AR EMLUNERIL » HRRPETE
Pegonil (B8 » JEEHK 1% 338H » TNC BREMRDBRIERRENS2—93% ; (HIHERIZE R 67
BHEARA TNC FREHES.4% » WRAKEERBEEZ 4 (F4) - ERMBER-BETRE
siaefe TNC RESSRAPE » RIEMBEYREOBRMER » MERHESEERGTE -

Table 4. Effects of 509 leaf-cutting on the changes in TNC concentrations (%) of different

plant fractions of Pegonil and Tainung 67 rice varieties during grain-filling®

Le’g!_r:it%f ng Weeks after Heading
Variety Fg;?gn Treatment — [
wks after 0 1 2 3 4 l 5

heading N

|
CK 4406 | 53202 | 57403 | 34411 —b | 0903
Leaf Blade 0 - 48-08 | 36204 | 2003 — 1.0-=0.2
1 | 41007 | 20403 | — ‘ 11203

J \

CK 22.7+386 | 20.0-=0.2 | 192233 | 77235 — | 31=+l1
Pegonil Culm 0 206-=3.1 | 109214 | 2101 — | 2104
1 10.220.2 | 2.2-=0.6 | 26035
CK 49:4:04 | 27.125.9 | 37.1==2.0 | 45.3-4=2.4 — 57.4-42.5
Panicle 0 28.12:5.2 — 40923 — 53.04=1.2
1 30441 | 42.6--2.4 — 54.2--0.9
CK 40-=02 | 29204 | 22401 32202 | 2404 | 35306
Leaf Blade 0 20404 | 2.1-=02 | 292021 22-203 | 27+04
1 2203 | 272204 | 21==01| 20203
CK 247421 2612208 172414 | 86-=38| 6.0+38 | 68==L2
Tainung 67 Culm 0 243==37| 12.52=4.8 | 45209 | 2.2:=08 | 34203
1 117404 | 432111 24-=09 | 3.0=07

| I |
CK 624202 | 15.32:2.6 — 37.3-4=0.8 | 48.9--4.6 | 61.9+=1.2
Panicle 0 11.8243 | 33.84=3.4 | 42.04=14 | 471=6.1 | 53.8==1.0
1 36453 | 46.12=2.5 | 46.9:=4.8 | 53.4-=1.4

¢ Spacing was 30X 15cm; transplanting rate was 4 to 6 seedlings per hill.

¢ Samplings were not made at the 4th week after heading for Pegonil variety.

R IR S A - W R ROTHR BN R R R RS » AREE SRR RE -
B3 4 PR TNC BERIEEE 2 » R =ERE—REERES TTRRER » ISR EREHEE
PRAGUREE 80 - HHBHREE » F=BIRART AR » REREER TNC & RLURIEEEZ AR

R B PR 6T o

TTRREERRBRERLL Pegonil &R H » 57330 158 30X 7.5cm FREEE » HHEFT A E B>
BEAR (4—6%H) AER2ME o £FRHEEMBIEKHN Pegonil Bk M LZENPEIIRE
5 ; fTHREERSS 30x15em W » HARMEREREEAEREILE » NI AFERNER » B8
SEE  AERMYEEER o WREBEME (THIER 30x7.5cm) » AIRARREMRE ZEHE
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Table 5. Effects of spacing and transplanting rate on the changes in.dry weight -
and concentrations of total nonstructural carbohydrates (TNC) and N of |
Pegonil rice plants between heading and maturity®
- Plant Seedling Dry Weight(g/plant)| - TNC (%) N (%)
VF a:}t_ Spacing Number- - - [ . ‘ : : T
réc on (em) per Hill Heading | Maturity | Heading | Maturity Heading { Maturity
30x15 4—8 | BIHE09| 2303 | 44=06| 09202 2.‘57to.24l 0.92--0.05
Leaf Blade 30x 15 1 49+06. 2203 41404 2.14+0.8 | 2.98=+0.14; 0.99+=0.14
30X 75 1 34402 L1702 44402 | 21403 2.85—';0.221 0.9940.09
"‘ 30x%x 15 4—56 10.8==1.2 74408 | 22.72=3.6 | 3.1==1.2 O.69t0.15‘ 0.714=0.04
Culm 30x15 1 78209 | 8.0:4=0.6 | 18.62=0.6 | 4.7-=2.1 | 1.072=0.05 0.692=0.06
30X 13 1 5.84=0.7 | 5.6==08 | 17.14:2.3 | 5.8242.2 | 1.03=%=0.15| 0.652=0.08
30x18 4—6 274204 | 18.1::2.2 | 4.94-0.4 | 574==25 | 1.24==0.1€| 1.51-=0.18
Panicle 30%15 1 132403 | 17327 | 64-=05 | 604=+=4.1 | 1.672=0.0€| 1.52==0.07
30%x 175 1 122202 | 125417 | 5.52035 | 63.8-£1.3 | 1.54==0.0%| 1.31-=0.06

¢ Data are means of measurements from 30 plants (10 from each replication).

» B ESE 30X 15cm REMEERE (R5) » DRAWIRG » EREREK 5.6 B30
x15cm {THRBERIE 248k (8.0g) ¥E30% » MEFZ2RAL » HWR28% 5 ANHE BHEERIL » Wil
ROEE NG » RAEEERFRE » M4 RIS Tz 858 30X 15cm pEEHE I45%
s BREEZEIMEERED% (K6) -

Table 6. Yield components and yield of Pegonil and Tainung 67 rice varieties sujected

to different cultural treatments®

! Plant
Variety |Spacing|
| (cm)

Seedling
Number
per Hill

Panicle
Number|
per Hill

Spikelet
Number
per
Hill

|
“ Ripened
Grain

(%)

Panicle Fraction (g/plant)

Filled
Grain

Unfilled
Grain

Panicle
Branch

Total

Grain
Yield
(t/ha)

|30><15[

Pegonil | 3015
‘ 30x 75

4—6
1
1

10.0==0.9
8.8-4=1.7
6.5+=0.6

43.0==3.8
51.942.7
473447

82.0-=8.1
81.54=4.4
82.8==4.4

.3,18.72=2.0

16.42=2.8
11.3==1.7

2.82=0.6
2.0=0.7
1.6-=04

0.640.1
0.6£0.1
| 0.4=2=0.1

|

19.1==18
19.024=2.3
13.3%=15

3.5=04
3.740.6
5.0=0.7

Tainung
67 30%x 15

4—6

12.541.8

114.98.7

83.5-:1.9123.2-20.6

27.84=4.2

1:0==02

1.3:

=#=0.2

30.14=3.6

6.2-=0.8

¢ Data are means of measurements from 90 plants (30 from each replication).

BAM (30x15cm) HEMEBLE L TREMENEL - XREARARKERE » BERAMAER
ER BHEASKEETABERETHRAS (£5)  BRFERENEREURER3) - E£TNC
BEFHE  FEFERSEE SIS ERARPIMINERBSTE » — RS » BAREEE
AT RERE IR TNC BE » ARERAET TNC BEAFH (R56) -

L THERBR S -HEEEENEREECNEREEER HEREROPE » HBERTINEE -
fTREBE 30X 15cm ZAMHEE > FEFEEES 10.0 BHREAREZ 8. 8B 26.5» (BT INE
BO6TH: 2 12.5; % REY Pegonil XBEFMATE - BERATHERSERMEMER » FEIEHEE
FERM SR BRYE o Pegonil RIERFMETEBIERS SOMES » FRELOTH (15H) H—p
» B R R EEHENEROTHREERA o Pegonil W2 TR EEE 45z » HREE 673K
(23.2g) ZMifs e :
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THIEREH T ERE « THRERNELFERENPETING 6 ; BRFHAIEERERL » &
BRABAERTAEBREERRN B MEE » HAeENEES 11.3g> 5 30x15cm EEZ
69% o MFERILEEEE Pegonil TABRNEMEEEZ LA SE 10.5—14.7% » BEE67THE (
3.3%) Z3.2%F 4.56% » B RANEREZ R EUWERRE - MHEEBRERGEEEE » 30x15cm
B AREEEE 3.5t/ha » BANE 3.7t/ha » MEE R » HHRENERES 5.0t/ha s FRE]
EERS0%HPBEMR » (HETRREZEOTHAE (6.2t/ha) FHiE ($6) o

FEEPIETE Pegonil MEBRARTERE TNC BEHAE » BE2REERE » FEESEAZ
ERENRE THHES ; TRREEEEARLEERN TNC 4E#AEPE » A= FAEHROKESEZ4
%LA L SEEREROTHRIT.5% (R 7) » BURAREREER S & BB FI R BERE » 1t
4t > Pegonil [REEE A9 FIR B B FRERALAEE » 76 0.6%5 0.7% 21 » IR PR 0E 5 TNC

REBIE » WK 2.4% » HEBOTIRILE (5.9%) » 2HEZMER (RK7) -

Table 7. Concentrations (%) of N and total nonstructural carbohydrates (TNC) in different

fractions of mature panicles of Pegonil and Tainung 67 rice plants

. Plant Seedling . .
. Chemical . . . Unfilled Panicle
Variety Constituent Sé)carc;)lg pNeL:-mI-I;ielli Filled Grain Grain Branch
30x15 4—6 57.4+2.5 46.9+1.6 1.2=20.2
TNC 30x15 1 60.4==4.1 45.5=2.2 1.8=+0.1
30x 75 1 63.82=1.3 494434 2.34:0.2
Pegonil | e e e e - — s
| 30x 15 4—6 1.5140.18 1.662=0.07 0.66==0.05
N | 30x15 1 1.522=0.07 1.6524=0.01 0.71+0.05
‘ 30x75 1 1.31=+=0.06 1.50+0.11 0.64==0.04
e ‘ — .
TNC ' 30%x15 4—6 61.9+1.2 17.542.9 5.94=0.7
Tainung 67 - —
| N { 30%x 18 4—6 1.1520.10 1.01-=0.02 0.63==0.04

ARATE Y R B L B A B OB K ASHEFT AORABR T » BRI Mira B8 Arborio SR H ¥ » 1

BB RS - ERREHBUEEEEER Y 5 RREIRA Pegonil 7ifE » REH AHK
FREER TR ERMRENSE » BAUEEER67T5 KK isogenic line » fARKIIZI - 3k
#5R Pegonil ZEHEHIFRERRE » HHEABHETNERSER > HMHTREROTHORI (R

6) o RWRELTAFEE— » ZHIFE DAER ERERE R EET B —ER Rk

R

TR AETHIE -

R HEREHEARBAER (Vha) HIIRT » DALHE: > SR BERE R iR

B w0 B K| BEEN ) — @ F| = om i

= B 67 B 30 % 15em 4—6 6.7(100) 5.8(100) £.2(100)
Pegonil 30% 15cm 4—6 5.2( 78) 4.0( 69) 3.5( 57)
Pegonil 30 15cm 1 46( 69) 3.8( 68) 3:7( 60)
‘chonil 30% 7.5¢cm 1 ‘ 7.3(109) 4.9( 84) £.0( 81)
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- i B ERHSAD » Pegonil SAAEBINE R EIEREE » B Arborio i EREIEMMER 1 5 (HEE
Mira FEEEA HERGERE O R BURMERANZER - XHRBERSEEREME » —3
TER iR e E58% » “HER A29—42% » — {2 i S MR EE 20755 » BB AR AR T RERE AR
BN s SEBRUEST RS REEER » REARRMFE S DEREENED -

BEEYNE BT ERRETENIMAER TFHRRTE 1 5 AR 255 ZE6THERE
EHEMERE 5 BmEEE > TELRER » B85S » REEHZN T EPHRE R A S ERE
HBf » Yoshida and Hara “® AlE#iH » 16—22°C Z{EEEEA HEFEEFBELTENMN - BE
2 WERR 6 ~FERCEENAER » KRB RE Pegonil MER GHTENE » HUE—BNE
BT FEEREEREL TRSE A ® 7T ATRNERERESHE > BE R REE
FREBETERE MR 5 Fujita e ol @ h B EFTEHBRERRAEZ AT AE o

KK & Pegonil MMEE B FBENTEREHEENE SN ERE » AAREE=BRZ
BRAERMDEIEIEARET (concurrent photosynthesis ) B 7% F KB MMRITA REEDEY
H (pre-heading storage) ZHE » LIl R BRI AENWTE » HE TR o RRBMRE R
EIETERBET) » (BHER—BRAER TNC BEHR22.7% 2K EAE29% (£4) » ARMEE
BRIz —3Eh » BEEERRA TNC BE TR (¥4) » MABEREERLE » SREARTEERK
AHRER TNC RE L AW » RRTENE D 2 A R EHLTE » v TS LB A TR
BTN 6T « ZEETAREM AL & WFIE T » EREEBLHES 70% ) » AIZE67
SRS TNC B21% 5 i 2 e & iy » SRR RS “ FI3E » Pegonil 8IS 24
% > PhEERFERPAEE —BIT R R » Tk TNC WEBS BI/NE LA 27% 8 29% » B
WA — i » Pegonil {IABEH 2 ATERS EENF » WTEITEYE N FBEE IR AE LT
> FRFREMER RENER - R2 » RERBHFZBOTHMEEERE (F2) » itk TNC #2
M TNC WEENEINEA2% » FRGA A NIRRT 2B AA R o _

AL Pegonil MZEROTHER NRIBEMF » FEtdZ TR AL Pegonil #5518 » Hfl
BEE2 R 3BLIBEMS 1.65%581.30% » SRIENIEZ 6T 1.89%511.81%  Yoshida (1981) %
AR K REER B AKENNREREES 2% > Tanaka "'? migHGAIEIRBEFEKEERL 2
FREE NI L7 » 2 3 %31k 5 HiL Pegonil MEEF RIBEEMMEEAE TR  BEpE
HAERFE Y 5 ME2  LAEHENBESDRESNAERNTE » EUMEREHREYERRE
ERBEET S » FOHEREERNZER67E -

KFH Pegonil FEFEE (1.51%) BEEE 675 (1.15%) Hi (£3) » LEAREK
BmREILE 2R E O7 > MR BB EN ARE S TRAREERRE » Thom e al. 1 A1
B BHPBREOTREERAL » RIENBIERKE 2 EEN » RIS R EE - (B
ABPERI S 2R WAOERBIERFREN R MHRBERFHE TR ~-MEAFZARE
ARBAE ZHRARE (R3) » BAEE THHEB] B0 REM - 7S » EmERK
PERAD PIEEREREARDEOTR » FIREREE LA FIBEHRIIBOHRE § FRRE
REER > REERF AR ETTHE » HHEBE (sink strength) FHRMNMTL » e 8EHBLE
RORILT » MIKEEN TR » MERRBEE ML » ERETREENTE o (ol » RIEREE » 1
R R B FR B A AT K » WREZ R R B AL A W BRI EREf @151 o

FETT IR A TN 8 B RS B T B IRV T8 & » KRR ELRAE Pegonil AYREBIHEIR » (HER
EROTHRER TR » —HEAREAVEBEENRFTERN o Z£RS 30X 15emZTHIET » ZARHER
BRI AR O 12 BB (HETEE0E S » WiEEHER (F6) o %4 (B0x7.5cm) EHIBEE
» (HEM=IAEBBKERASEE, NEEEREEMATIRES  AEEEANSES (E6) -
L LE 30> 15cm B2 30X 7.5cm {THEEEMSIAE R EZ AR & HER » DEHREER 10.4g
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SpiEs (14.0g) 2 T4%% 5 BHEE » AL » BELTRERDFIABRRER ; Mk
HAVER D SERERSET » EEEEAEBRN 2R ENHME 2 e EENSREEZ
70% » W—EEEIEMEYE L B SEEEKREEN 5%  BREREHEEN 8% » BRELEES
S RRBANERT  KEHEEKEEFEB Y E BRI ' o MRARBZHEERT S » &R
SHEESIRE  EMFTEESNFTENEE » AT RERREN TNC B#E (£5) H3FE
0o BiiEEREE AR 2 E B KRS (dry matter harvest index ) 3% 0.63 » FUHERRE
(nitrogen harvest index) 35%50.77» TNC Mciefa# (TNC harvest index) 555 0.96 » R
M4 dme R RSSO WEEMR > BEREHRARBETREENREAXT » £EDHE (yield
efficiency) A » FRENEHERA T LAE Pegonil ShifEHE R IALTE o
$IE B6TEE Pegonil MEEN T HERFA » 2T Pegonil REERFTERE L 2ME210.5
—14.7% » Kol » Ei6T5E3.3% (£6) 5 XN EFHR TNC #&E » 550 Pegonil
3845509 » ZE6THS17.5% » MENEEEEMER (R7) » FRRNERERD B ET
BHBRED » AR IFREIS—ERENEERE » (SR TNC g85 » H8—10%K1E
FLUEE » R MR RN 226758 5 S B AET R AR AR B K ASRIRR; » [BERSEL A -
IEaARBEEE » AAEMEENESRECHEKEME Pegonil EREAREERRA 5 #
M EGR o Sr—TE YR 6T B A BRE RS > ¥ Pegonil RfFAE) » ARANBEBLAEIRILRE
= » Pegonil fflEE % LEBERET] - BHEBETREANEKEZER  BRUSAERETE
BRI AR FIR MR TE BRI 17 o ORI T K RS SR 7o B AR HE 7 » (MMM » UEAH I~k
WA s SRR TNC RYRE » BIRAFSRAYERE o
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Influence of Pzrtial Leaf-Removal znd Planting
Density on the Yield Performances of Rice
Plants Differing in Grain Weight'

M. L. Wei and D. J. Liu?

Summary

Studies were conducted to examine the possibility of enhancing grain yield of a
large-grain variety, Pegonil, through increasing panicle number per unit area by dense
planting(30x7.5cm vs. 30x15cm). Fifty percent leaf-cutting was also executed at either
heading or 1 week after heading to investigate whether photosynthetic production was
high enough to meet the needs of developing grains. Under the environmental conditions
of the 2nd crop season, yield was 40% lower for Pegonil than for Tainung 67, a med-
ium-grain variety, due méinly to fewer spikelet number per panicle and panicle number
per hill. Leaf-removal at heading stage showed no effect on the mature panicle weight
per hill, whereas a 32% reduction was observed in Tainung 67. Leaf-removal at 1 week
after heading decreased panicle weight by 14% and 32%, repectively, for Pegonil and
Tainung 67. Leaf-cutting caused a decrease of N concentration in the panicle, but not
in the leaf blade and culm; indicating retranslocation of N to the panicle was insigni-
ficant. This, along with the low TNC concentration in the culm, suggested that photo-
synthetic production was unable to sustain high root activity, and hence the supply of N
was not in an adequate state for the developing grains. Dense planting increased yield
of Pegonil by 42%, which was still 20 % lower than the yield of Tainung 67. As panicle
number per unit area was increased significantly while the other three yield components
were unaffected, it indicated that grain vield of large-grain rice varieties could be-inc-
reased substantially through cultural improvement. The large-grain variety Pegonil
possessed high accumulation rates of dry matter, N ane TNC in the panicles during
the first 3 weeks after heading. However, shorter effective grain-filling period and less
uniform TNC deposition among spikelets within a panicle resulted in lower yield ef-
ficiency of Pegonil. Improvement should be made before the large-grain rice varieties
were able to be grown commercially.

1. Contribufion No. 1299 from Taiwan Agricultural Research Institute. This study was supported by
the Council of Agriculture, Executive Yuan, ROC,

2. Respectively, research assistant and senior agronomist, Department of Agronomy, TARI, Wufeng,
Taichung Hsien , Taiwan 41301, ROC,
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EX S S EIN LY ES TV & LXN
| HTEEEIHE

2 3L &5 B N

HE  HRERZROEBEERGSIERE TR  BREEANR TEERN ) SHE » Fithas
TERERBRERZERY - ARBME2E @6 BERTUESAHAEERER » RBAREK

- HBSBEAEREET I UL CBHERERERZVE RO 6 a2 HEHRE25%
C WHRHEES  PEERREEZRERENE  HARBEE i AkERERER  #
TREEZHEW  ERE BNETHERERERE » HREETRS ZEEYE » it
MR 2 M -

MYz REERREAN KSR TAARBERATRANS 9 » FEESBEEMERK
REETHE 9  BX2E—-HEaBRRRLOORELaEEEETEE (SH el »
ring of six translocation ® 6 i) K » FHEEKEZ25% @ o (LR&THIHERBHEH K
BOHE s BB NEES  FENEEN - MTEEEFBHHNENER (sink) EHITE » iER
FedE > ATeE T4 HE BBRERNVEEY: - BRERAANOL OB BEREERBRERY
TER > AR RS M EBET R » RN 6 RAaBEEHEHEHEMR 2 YE  FEHE
FIREERFER » BRAEREREZ2% -

HERAE

ARBLUEARZELABHETEESRH (whole set of chromosomal reciprocal transloca-

tion stocks) » BAE GEEARM » HBHEEE X Lo BRENBFRME 1) » #T2TAEs
(9x9) 2% EASIEZ@O6 LalBEfs (RE2) 2 F &T @EREREIIES Bk

AH8LE Fi MABRMREILHEEARRABRES - FEAEE 1T > S710 » BEREEKZ M3
RERPSF » FHIORS ZITHE » KRERIRB304S - HEREHRE BT » SHEFER—THIS5H
ZARERHE » DRIEH LBEEZEMERZHE - KIS BRBER B  FREHARE (N) 50
2 e (K.0) 6048 RBEIE (P05) 454 (ULBEAEAE  REMEERESKRE) »
AICNBERTHE » BRI R RBERI0OR RO0RIENE » HETTIE £ o R » B & S DR
B~ HME > RIETHR R RIEH SRR » Sosnk M B > RIERE LB B
Mo MEFERE - TEER (TER RENE - ANIEREZ THTH - BT8R HTE
BA o DETESER -

HRFR2HZEERS > HARBSERLBHET  HAXRBTEEESEE » LABKET
LB BESURET  TH7UIRESE 1300 4% - AR E—~IFEMLR=TZHG o

2L EEEREAREVEA - EEE ZhK B
S EMABBRERE o &l -
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Table 1. Name, code number and cytological information in whole set of
chromosomal reciprocal translocation stocks.

stock Code No. chromosome Position of break point| Marker gene

1—Cug05 T, 1--9 1L Q19 9S 0.20 wx/wx
2—94 T, 2—9 25 018 9L 022 wx/ WX
39, T, 3—9 3L 009 9L o0l2 wx/wx
40, T, 4—9 48 027 9L 027 wx/wx

3—0, Ts 5—9 5L 069 9SS 017 wx/wx
5—9y T 6—9 6L 010 9S8 037 wx/wx
7—9 Ty 7—9 78 076 9SS 019 wx/wx
8—94 Ts 8—9 8L 009 9S «Ql6 wx/wx
9—10b Ty 10—9 10S 040 95 013 wx/wx
=2 FASANLGEALELGBETEE AREZGERAMIERZHE L1206 Lallf s

Table 2. Totalling 72 (9%x9-9) combinations of ®35 translocation heterozygotes from the

crosses between the whole set (9-pair) reciprocal translocation stocks.

°—10, 10—8—1

\\6 1—9 2—9 39 4—9 5—9 6—9 7—9 8—9 9—10
2 N\
1—9 —9 | 1—0—2 1—9—3 1—-9—4 1—9—5 1—9—6 1—9—7 1—9—8 1—9—1]0
99| 9—9—1| 2-9 2—9—3 2—9—4 2-9—5 2—9—6 2—9—7 2—9—8 2910
39| 391 3—9—2 3—9 I 3—9—4 3—9—5 3—9—6 8—9—7 3—9—8 3—9—10
4—9 | 4—9—1 4—9-2 4—9—3| 4—9 | 4—°—35 4—9—6 4—9-7 4—9-8 4—9-10
5—9 | 5—9—1  5—9—2 5—9;3 5—9—4 5—9 | 5—9—6 5—S—T 5—9—8 5-9-10
6—9 | 6—9—1 6—9—2 6—9—3 6—9—4 6—9—5| 6—9 | 6—9—T7 6-9—8 6910
-9 7—9—1 717—9—2 7—9—3 1—9—4 T—9—5 7196 7—9 | 7—9—8 7—9—10
8—9| 8-9-1 8-9-—2 &—9—3 8-9—4 8-9—5 8—9—6 8-9—7 8—9 l 8—9—10
10—9—2 10—9—3 10—9—4 10—9—5 10—2—6 10—9—7 10—9-8] 10—9

B 1 BP9~ 1095 AREH ZO6 » K

B mIF@oE

BRREZE R A2 R BB ARRERE R
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w2 ERE (1D > M6 S » MEZERS EERNOEEEATR » DUILSREBETHE o
Mg R - RIEFIR TGRS T B A6 E

~9=C3] (ToxT) +3 (TXTV/I6 j=1,2, 8,8, 10 Jcibleb (AL Bl ot -

Wz zet » FIRERASET HEE R O ZCDCATCYBER 825 HE T 5 EBET 4
s PIER R i R I GRRE  BRm) R (BER > aNERREE) HTEES
gz :

FEtEEEAABER AT UEARER » DIERETEARZEZR » RBEARRLTTZHE

JERE o BRRFEAMGERL G » SRINE R R AT Z M0 » SRS T20© 6 B & 2 B HHa it
s DARE—© 6 HE R E I M - Bk BB > AR RMARNESHERA (CEE
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BRI EEH  RERAERRS BN TERH AR ABRARER » BEEY - MEAMEREME
EZF o AIRBSROBHERIESE MBS AT ETEEROMEARER GRS
TR RE > TRERSEZES  ERENEIRGEERE  BRTETEGRS 2 %5 THEM
o ISR R AR BARRE 2 HEES > TR NSRBI R AR > & TELAREY
T AERBBEMEREEES - RLERRFES BLOBEERHNE 2SR PE Fi2
BB AT o

R FIOEZAEREH » M5 RSB » &R B IREET » RILRER BEY
FUERZEREREZOPE - BN HBZ2TIRE6 =ZE2M » T2EERA - METRZ
~ @6 5k YRR T EHE ARREYE RN Z MR » EEE8MN; MEBHNBLELZF,
BREeEFRFEEERZERN  WEEERMEAZHE » AEAFRAZEE » BRRELRZFIRK
BHBRZEEEEE » FRAMG I RZERRY » ENEEREES » FEERD - @684
R REFIRMET TERER LA A MERZ 2R BHRROQBBEUE » Fa I REEEs » Mg
ZRD o LR 6 & 2 FRHR M2 TR fH A » WA T HEEETE 2 T EEREE

FTHREREWM - fe - BER - ENERMESLEEBEREZHEETINE 4 » HhE
BZBERE NG WA OB EN BT K BN ERMAHLARE S  MENGYET
HE > XERERRERAE—Z > NERERTEERZHET2 ERCESRAEYE - a2
PR REN & RO MRS NERE » RIES Rkt hEEkaMERkYETEER
> TERREAECRE 2 BT (R » ok 6 ~ RE B AR BRI 2 B I R — 30 > AEMA B RS EEE

R4 ERMERLORUEYER RN (X, X, Xs, Xo Xs) 28EH R ISEGRES T REE R
Table 4. Multiple regression analysis and significant test of partial regression coefficients of

plant characters (Xj, Xz, X3, X4, X5) on translocation and parental effects in corn.

poe | mmaeps | BB S (X0 KE (X) #SEEKY) BEEX) BE (X | FPEARE
a Translocation Silking . 100-seed Cz;efficient
Effect | chromosome Intercept date height Fertility wt. ear wt. of determin-
a b; by bs bs bs ation R2

1—9 —15.16 0.0424 —0.0951%*%  (.7630% 0.2350 0.7609%* 0.93%*

2—9 —2606  —00174 —0.0398 0.6708  0.2526 Q.7117%* 0.88%*

3—9 — 6.00 0.1348 —0.1638% 02647 04302 * 0.7744%% 0.9

4—9 2330 —0.0369 —01332 —09381 04766 0.9001%* 0.70%*

B 5—9 —16.11 00895  0.0567**F (02293 0.3854%* 0.6948%* 0.95%
Male 6—9 —10.04 0.0069 —0.0250% 03175 0.0057 0.8242%% 0.91%
effect 7—9 —1017 0.0234%* —0,0696%*  0.2568 0.2766 0.8253%* 0.97%%
8—9 —43.69 0.0379  Q.0573%F  (.6919% (.6277%* 0.6872%* 0.92%%

} 10—9 —24.43 0.0888%* (0.0354*% 02031 0.1597 0.7746%* 0.96%+

1—9 —2061  —00171**—00108 *  (0.5020% 02123 0.8271%%* 0.95%*

2—9 174  —0.0675 —0.0664 0.0346  0.2796%* 0.8116%* 0.98%

3—9 — 992 0.2839%% 02129 * —0.0518 0.7563 0.7935%% 0.70%*

[ 4—9 —12.76  —0.0731%F (.0215%% 02440 02766 0.7560%% 0.94%*
5—9 —14.48 0.1115 *—0.0655%* (04453 02710 0.6982#% 0.86%*

Female 6—9 —23.06  —0.1929 * 00587%  06059% 0.3492 0.8080%+* 0.93%*
effect 7—9 —23.65 0.1198%%--0.0195%% 00452 0.5110%* 0.7808%* 0.98%x
8—9 —2285  —0.0237 —0.0141%  06981* 03960 0.7206%% 0.93%k .

10—9 —2867 01078 —0.0342%%  (7700% 03671 * 0.6764%% 0.9k

e F1 Pooled | —18.21 0.0232%% -0.0256%*  (.3775%* (.3773%* 0.7519%+* 0.87#*
B OB il —25.68 02059 —0.0020% 00209 0.1158 0.8797%* 0.99%*
. K. 6 —15.31 0.1077 —0.0450%% —0.0069 0.3460 * 0.8148%* 0.97%*

o i@ﬁﬁ&j—f‘y=a+b1X1+ngz+b3X3+b4X4+b5X5
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Table 5. Stepwise multivariate (5-character ) correlation analysis and significant tests.

T %%%%ﬁﬂ%@%%?‘ 1 # R2 = ‘ s
% i g Y 2 8 ] tep number and number ¢ T
’%iﬁocfio& independent variables included Increase in R? (%)
Effect | chromosome ‘ 1 9 3 4 5 X, X, X, < Xs
|
1—9 ‘ Xs X3 1.31 90.96
2—9 Xs X3 1.88 84.80
: 3—9 X5 88.89
He 4—9 Xs 64.00
. 5—9 X5 X4 139  93.06
‘Male 6—9 Xs 89.85
parent 7—9 Xs X, 0.61 95.72
. 8—9 X5 X X3 1.28 4,03  88.80
10—9 Xs X1 0.64 94.87
1—9 X5 X3 Xy 1.06 082 9263
2—9 X5 Xy X 0.34 049 9739
) 3—9 X5 X4 4776 6348
e 4—9 Xs 93.05
5—9 Xs 82.16
Female 6—9 Xs X3 2.07 . 89.10
parent 7—9 Xs X4 Xy 0.35 142 98.07
8—9 X5 90.75
10—9 Xs 83.27
i F1 Pooled Xs X4 X3 0.54 111 84.80
B OR T I X Xg 0.14 9932
C. K ®3 | Xs Xy 0.52  95.66

Xy X, Xa, X, XsRFE4 FIIHZ SRR REFREEER - SRR HERAN RS o
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%6 TR MR EEEEFETNBEER (X, X, X Xo) ZEEFREEGERES T RERENR
Ta.ble 6. Multiple regression analysis and significant test of partial regression coefficients of

plant characters (Xj, Xz, X3, X4) on translocation and parental effects in corn

b y ey | ik m_ & WEE BHRE 4 Y B
A | EER O ‘ el B iSilki%?g Plant 100-seed ﬁgﬁﬁ%ﬁ%ﬁ
. Intercept . -1 Coefficient of
Translocation date height Fertility wt. determination

Effect | chromosome a by by bs be R2

1—9 — 76.88 0.1381 0.0850 1,7530%%  1,9120%* 0.64%*

2—9 — 18.56 0.0129 — 0.0305 0.7171 1.6816%* 0.55%#

] 3—9 — 2130 —0Q.1569 0.1502%%  (.7334 1.1850%* 0.41%*

. - 4—9 — 246 —03500 0.0305 0.9190 1.6479%* 0.34%*

Male 5—9 — 3779 —0.2828 0.1469%%  1.7181**  1.3688%* 0.62%%

€—9 — 4023 — 01507 0.3494 0.1857 1.1739%* 0.23

parent - 7—9 — 94,55 0.1635 0.1663*%  1.8851%** ] 9672%* 0.66%*

8—9 — 8948 0.1685 0.1912 2.0357%%  1,4076%* 0.73%**

10—9 ‘ — 50.59 0.0594% 0.0549 1.8714 *  1.5507%* 0.63%*

[

1-9 — 6118 0.0056 0.2155 1.4724%  1,2782%% ‘ Q.49

2—9 — 7491 0.1859 0.0244 1.8055%*  2,0231%* } 0.74%%*

M & 3—9 — 862 —04057% 0.1315 0.4210 1,8481%* t Q.51

4—9 — 39.21 0.1388 0.1837*  0.2086 1.4892%* 0.46%%*

Female 5—9 — 42.10 0.1629 0.1383**  0.7523 1,1036%* 0.56%*

6—9 — 5932 — 0.0971 0.2142 0.9422 1.9129%* 0.54%*

parent. 7—9 —105.83 — 0.0187% 0.2856**  2.1607%k  1,9204%* 0.78%*

8—9 — 4834 — 01405 0.1234%k  ]1.6576%k 1.5075%* 0.73%*

10—9 — 6235 0.1318 0.1051 1.7945%  1,1685%* 0.35%

b} i1 Pooled — 4733 — 0.0086 — 0.0909%*  1,2845%* 1.5750%* 0.50%*

¥ R I — 52.83 — (0.5826 0.4958%*%  0.4459 3.9366%* 0.92%*

C. K. @5 ‘— 36.02 — 01657 — 0.0323*%k  0.9510 2.2662% 0.71%*

|

iE SEEHEAY =a+biXi+boXe+baXs+biX,y

BORERE > (HERZI RO 6 AUAETEE » BriAgEE RRRARTRROREMES Y]
HERETREZZHE R NEBRRER ZBE RO H—3 > RERRRRAETRE -

B2 G RE R BRI R ERE RN EEE  AERSAIARETEEEZERRNT »
TRILEC A B S T » M S MAER TR o LLPTRE R RN et M 8 AR R > B R R
fr R — » FEIRBRTEER 2GR > Ritkk&EP ETREENRTRTEBMLRLEERAHE
o W HER T 0 B BB B0 R BARETHARENREARSYETEEENRT
s MHER AN — ~ 557~ B= BRERETHLER -

eEARIA T o HERI 2SR MRS S LA SRR REIE o HRATEE
2B SRR R > Nt R B G le LA R A B T EEEZNT -

W RERBEREE 2 6 — 9 ST EE » RaREESUaRE » NRERZ6—9
REBBEESL > LB S BERRERNECR BT EER ZBRER » RETHENALE
TERAETRH © 1 6 — 9 Rl EE » MiERER EREER BEEKE » HERSEHTEE
EZESTOERTEURETEER » HERTREREAREREREERZECLRER @ > #
EEMEREVERREARN TEBRGERERERRMAMARE R TEEEZIFA -

%%E%%%Eﬁ%Z%i@ﬁ%%ﬁﬂ%%7’&%%‘ﬁ%‘%ﬁﬁﬁﬁﬁiz*uﬁﬁi
HTEERZMEREE > REFRTSHBEEZBLEE Bty R® R HEREtE
WHEBEEZERRRES - ABZETRERKEER » NEHERMLBRE " BIMEZRMELTS
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R o IR W HKE R AR R BB (BER) TR BRI 2 EEEERES
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HEZRT  MNEHISEARER kR EENGVETEER - MBEZ 6 —9 40
REE ARRCROREERFGVEENEZFEN  Hik RUEEERD (13.82%) M ekt
R Bl DA AP 5

W ERLEREREETRBE ST » HERFINE 8 » HERZ B WA REMEREL &S
I RE s 26 AITEE » BrfalBE gl eamy TEER2 RN » HE
HAIRE MR CREEEET R TR © » NEAREREERETEER » T LRIBNE EHAE
R WRFAEEETRPEREEDN  gPVETRER  MAEHAERA ST RERFEE
RREVENTRER - EHEBFUMBSIENE > HEEPERREZBEE TR~ » HHHEER
BT ERIERZEARE » IR 7 R 4 o B & AT 522 o

RT BLEMM (BIER) 59 REEHEER

Table 7. Stepwise multivariate (4~character) analysis and signifiant tests.

5 HE B Y 2E2HXRKF e N
nE S e 5 Step number and number of ‘ g R21 z zﬁ ol
Transloctionl independent variables included Increased in R? (%)
Effect |chromosome 1 5 3 4 J X, X, X, X,
|
-9 Xy X3 10.10 53.51
2—9 Xy 52.51
e 5 3—9 X4 37117
4—9 X4 X3 31.26
Male 5—9 X4 17770 40.17
€—9 X4 13.82
parent 7—9 X4 X3 13.57 49.81
8—9 X4 X3 16.39 53.75
10—9 X4 X3 932 53.08
1—9 Xy X3 X, 6.44 | 713 35.86
| 29 X4 Xs .96 64.06
e - 3—9 X4 X3 : 48.82
4—9 X4 . 42.13
- 5—9 X4 X3 6.65 43.91
Female 6—9 X4 X, 7.40 41.90
parent 7—9 Xy X3 Xy 713 15.31 53.72
. 8—9 X4 X3 : 11.84 52,13
10—9 X4 X3 13.79 20.17
&4 pooled - Xy X3 X, 1.09 6.60 41,97
BOM I X4 X, X, 1.32 7.20 82.95
C: K. ®6 Xy : . 6848 .
i

;J_ 2 X Xay X3, X4 E6

 BREZEER B AR R TERERY - © 6 ENEY » RbkasnT el sk
HEEZWE (ORI S B MRS R - A5 S S R R OR B » BN et
IR G - RGBT R TEERZMG KRR T RTINS SRS fap
IREMHEBR TR NS — » 582~ B~ 5 b SARETHEAE s BB AW RE— F
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%8 ERMERLEEEEPEZBENR (X, X, X)) 2HERRERFRHEGTREZ AR
Table 8. Multiple regression analysis and significant test of partial regression coefficient of

plant characeters (X;, Xz , X3) on translocation and parental effects in cora.

] e 3 R =
w @ MEREEH B Eiling. Plant B & B R
Transloction ntercept date height ertility ?ioefflcxent of
Effect |chromosome| etermination
a b1 bz bg R2
1—9 ! — 6092 0.2449 0.2281 2.0272% 0.18
2—9 2247 0.0623 0.0220 0.4449 0.01
o= 3—9 — 646 — 03158 0.4289%* 0.1076 0.22
4—9 29,05 — 03396 0.1927 0.3945 0.03
5—9 — 10.84 — 0.2530 0.1683* 1.9101%* 0.27%
Male 6—9 19,59 0.0661 0.1826 — 05670 0.06
parent 7—3 — 66.00 0.2796 0.3282 1.3886 0.17
8—9 — 6366 0.0273 0.2717 2.4928 0.32
10—9 — 40.50 0.2033 0.1526 1.8345% 0.23
1—9 — 3748 0.4139 0.1460 1.1077 0.12
2—9 — 35.50 0.2155 0.0751 2.0657% 0.13
Mo 3—9 73.23 — 1.0623* 0.3301 — 01812 0.16
L 4—9 — B.09 0.3187 0.2404 — 07212 0.12
Female 5—9 — 2457 0.0621 0.2788% 0.6897 0.23
6—9 — 38.87 0.3303 0.1834 1.1394 0.14
parent 7—9 — 83.87 — 0.0733 0.4503%* 2.5131%* 0.39%*
8—9 — 5698 — 0.0112 0.2982%+* 2.207T* 0.45%
10—9 — 25.08 0.1183 0.1670 1.1728 0.10
@ &  pooled — 2254 0.0887 0.1902%* 1.1332% 0.10%*
H R I — 356.72 0.5221 1.1778%* 2.7290 * 0.61%+
C. K. ®5 — 6032 0.1341 0.2985 * 1.8763 0.21

= EE ARy =a+bi X1 +bXp+bsX;

T HBE S B BARE T GE -

MMEH R YR T2 SRR REREE » MHRZO 6 AIREE » iR aiER
Wk S RERSERETRUARTRER £ OREERTEAHAZEERIER
B REGERTERFTER -BPERSFERTTHREENE ; T2846 BREERER - W
HREERDT RETRER  MAMEHIRRRREE R ZIEH  ElER25 — I REREE -~ i
Bz7—9 8— I REMEESHAYERERENMERETRESR -

9B - AR BEESWRZBESEHEMS N » BREERRERTRERZREES
S - BARPEEME N RN S HREBEEER » SRR EXFTRE - SBMEEHEHR
TEZHE » BRZEEERRER » RFAHER » BrRECREEGPERSIGEERHTRE
B2 EENE - e BB EERRE  AETEZHTRERSER  BUNETHIRIBE - B
WEREEEST  TEREERREMEN  CHEFR T TRERNREREZVE  FEER
??Ei%g’ﬁ%ﬁ@ﬁ%ﬁ%i%ﬁ%ﬁ°Eﬂﬁﬁﬁmmﬁﬁﬁmﬁ?ﬁ%ﬁﬁﬁﬁ?’%g
BEEE %ETE@%%%%%’ﬁﬁﬁE@m’ﬁ%%ﬁ%%%??@%Z%ng’ﬁﬁﬁ%
REBEEZ BB -

WERMEZE S B » £ EER B EZEERREE %?:ﬁ%%?§§52%%%ﬁﬁ
B BBRBAEES R R RO W AR % R
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Table 9. Stepwise multivariate (3-character) correlation analysis and significant tests.

g | BERSEH ) 4 omom oy omEs B RE % ¥ Rz H S F
Translocation |Step number and number of independent
Effect chromosome variables included Increased in R? (%)
| 1 2 3 Xy Xz X3
1—9 X3 14.81
2—9
He #H 3—9 X, 18.56
4—9
Male 5—9 X3 22.50
6—9
parent | 7—9
| 8—9 X3 25.47
10—9 X3 15.71
1—9 ‘ 1121
2—9 X3 10.91
e B 3—9 X,
4—9
Female 5—9 Xz 18.03
6—9 X2
parent 7—9 X3 X2 19.48 12.59
8—9 X3 11.47 33.25
10—9
# & pooled Xs Xz 4.97 5.22
¥ R ik X2 X3 52.52 7.49
C. K. @6 Xz 13.30

=Xy, X, X35%8
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Table 10. Multiple regression analysis and significant test of partial regression coefficents of

plant characters (X;, X;) on translocation and parental erfects in corn.

@ﬂ:%‘f L R =

B BEER G ﬁlnterce EtE Silking Plant B OB B R E R
Translocation P date height Coefficient of
Effect chromosome a by by determination
1—9 — 30.27 0.3100 0.3005 0.05
2—9 34,11 0.0375 0.0268 0.00
W B 3—9 — 310 — 03194 0.4249%* T 0.22%
4—9 35.70 — 0.3062 0.1919 0.03
Male 5—9 12.05 — 0.2187 0.2844 0.12
6—9 0.93 0.0732 0.2149 0.04
parent 7—9 — 26.03 0.3088 0.2634 0.09
8—9 15.67 — 0.1189 0.1975 0.04
10—9 — 8.59 03110 0.1700 012
1—9 — 178 0.3978 0.0896 0.05
2—9 37.64 0.0582 — 0.0083 0.01
e B 3—9 70.85 — 1.0759% 0.3252 016
4—9 — 1974 0.3148 0.2297 0.09
Female 5—9 — 15.15 0.1518 0.2765% 0.19
6—9 — 12.09 0.2691 0.2092 0.08
parent 7—9 — 55.00 0.3836 0.4058%* 0.20%
8—9 — 25.05 0.0751 0.4452%* 0.31%*
10—9 — 921 0.1655 0.2131 0.04
# f0 pooled 2.16 0.1047 0.1916%** 0.05%k
5 ® T — 8932 — 00182 1.0786%* i 0.53%%
C. K. ®5 — 15.23 0.1311 0.2885% 0.14

= EE SRRy =a+b X1+ bX,

ER U AUERAEHZ RARSREER » BARRBI G2 AR BE T E BT ()
SRR REER > REMW28K) - RIS RS RE AT 2B R » FrE RERSEREK
R ARBIRELEITBINGHT o

SRR SRR TR G Rs Eﬁ&t“ﬁﬁ*%ﬂ%ﬂnkﬁiz_i?%‘fﬁ MR EE
HTREREZSEIEMHR - Bi— iﬂ&fﬂénn%ﬁ?_ﬂﬁﬁﬁ%ﬂﬂ“k s USSR AR
AR — AR o :
o BRZERSE - BREREEZEY  RERES 0 ERAKS  FILER R EN RS EEE
2R @ o ERABRRD TR RS R A E S a2 BRI 2 Al (
RE4L) > TRANKEESE  HEERNERTINE  BRAESEREEZRE  FFEER
R BCELHURIN » UL RS > IFIRERB T Y MkEE &S > FTRERGSME A
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Table 11. Stepwise multivariate (2 character) correlation analysis and significant tests.

BB | Mumemy | B EB L BE 2 W KB | 8 &R 2 745 o®
Translocation | Step number and number of independent | )
Effect | chromosome variables included Increased in R? (%)
1 2 Xy ' X.
1—9
2—9 ‘
L) 3—9 ‘ Xz 18.56
4—9
Male 5—9
6—9
parent 7—9
8—9
) 10—9. -
r _
1—9 '
2—9 /
Wt & 3—9 Xy [ 10.91
4—9 v 18.03
Female 5—9 | X, ‘
6—9 f 16.03
parent 7—9 X | 30.65
8—9 X,
10—9 |
o \
W pooled X2 ' 5.05
|
8O I X l 52.52
C. K. @6 X2 | 13.30
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Effect of Agronomic Characters on the Grain Yield of
Corn Hybrids Derived from Double Chromosomal

Translocations:

Kong-Sheng Liu®? and Cheng Chen®

Summary

Chromosomal translocations in corn usually caused the decrement in seed fertility,
hence alternated the yield components, as a result, the 100-seed weight would be incr-
eased while the total grain yield decreased. In this experiment hybrid combination of
whole set of ®6 translocation heterozygotes were grown in the field to investigate the
effects of chromosomal translocation on the yield components. Ther results showed that:
100-Seed weight as well as ear weight, were the most important factor on grain yield.
Ear fertility was inferior to 100-seed weight and ear weights owing to the low fertility

(259%) of the @6 individuals. Vegetative characters such as silking date and plant hei-
ght, had less influences on yield. The influence of plant height appeared only when the
effects of 100-seed weight and fertility were omitted. However, silking date showed no
effect on grain yield if 100-seed weight and fertility were omitted.

1. Contribution No. 1300 from Taiwan Agricultural Institute. Part of a thesis submitted by the senior
auther in partial fulfillment of the requirement for the Ph. D. degree at National Taiwan University.
2. Agronomist, Department of Agronomy. TARI, Wufeng, Taichung Hsien , Taiwan 41301, ROC.

3. Professor, Department of Agronomy. National Taiwan University, Taipei , Taiwan 107, ROC.
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Effects of N Fertilization on the Growth and
Yield of Two Maize Hybrids'

C. S. Wang, S. H. Tsao and D. J. Liu?

Abstract : A single~cross maize hybrid, Tainung No. 351, and a double-cross hybrid,
Tainan No. 11, were grown in the field at a density of 58,800 plants/ha in the fall of
1983. N rates of 75, 150, 225 and 300 kg/ha were supplied ir the form of ammonium sul—
fate. Samplings were made at a two-week interval starting from mid-silking to maturity.
Leaf area and N and total nonstructural carbohydrate (TNC) concentrations were deter—
mined in plant fractions. The purposes of this study were to compare the physiological
differences between the two hybrids and to clarify the physiological basis of the high yield
potential of Tainung No. 351. Results showed that increased N fertilization delayed the
dates of heading and silking. Grain yield of Tainung No. 351 increased with increasing N
level, due mainly to higher kernel number per ear which could compensate for the loss of
lower 100-kernel weight. N had positive effects on plant N concentration, leaf area and
dry matter accumulation. N use efficiencies (unit grain yield per unit N supplied) of Tai-
nung No. 351 were 905 and 27.3 at N rates of 75 and 300 kg/ha, respectively. Correspond-
ing values for Tainan No. 11 were 68.9 and 18.9. Yield efficiencies (unit grain yield per
unit leaf area) were 3.06 and 2.9 g/dm? for Tainung No. 351 and 3.50 and 3.17 g/dm? for
Tainan No. 11 at N rates of 150 and 300 kg/ha, respectively. Within 2 weeks after silking,
stalk and cob acted as temporary sinks to store N and TNC for the subsequent needs of
grain filling. TNC concentration was above 13% in the stalk of mature Tainung No. 351
plants but was below 3% in Tainan No. 11. This fact indicated that carbohydrate translo-
~ cation of the high-yielding Tainung No. 351 was less efficient. Yield could be further
enhanced through increasing kernel weight. Limiting factors to grain yield of Tainan
No. 11 were presumed to be both source capacity and sink size. Experimental results sug—
gested that nutritional requirements of Tainung No. 351 was high. Appropriate dense plant-
ing might be a good measure under satisfactory conditions to increase leaf area and pho-
tosynthetic ability. Further understanding of the interaction between N and C metabolism
was important in order to increase kernel number and kernel weight simultaneously and

hence the yield of Tainung No. 351.

The overproduction of rice has caused problems to the national economy of this
country in recent years. Maize, with its high yield potential and wide adaptability, is

1. Contibution No. 1301 from Taiwan Agricultural Research Institution.
2. Respectively, assistant agronomist, research assistant and senior agronomist, Department of Agrono-
my, TARI, Wufeng, Taichung Hsien, Tajwan 41301, ROC.
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the most promising crop in substituting for part of the paddy rice. Grain yield of the
commercial, double-cross maize varieties in Taiwan averaged at only 3.5 t/ha. In 1984,
Taiwan Agricultural Research Institute released a single~cross maize variety, Tainung
No. 351, which can yield 6 t/ha of grain on an islandwide basis. The new variety is ex-
pected to dominate the acreage within a few_ years.

As a single-cross hybrid, Tainung No. 351 is uniform in ‘plént development and
possesses very strong growth vigor compared with the double-cross hybrids. Higher
grain yield of maize can be obtained by increasing biological yield and the efficiency
of partitioning dry matter to the economic organ (i.e., high harvest index). However,
it is known that for maize, mode;rn hybrids perform better only when grown under high
levels of fertilizers. As a consequence, the increased productivity is usually associated
with a drop in the efficiency of nutrient utilization %* . Nitrogen plays a very important
role in the grain production of maize. Differences in N utilization among genotypes
have been demostrated, not only in differential response to N fertilizer, but also in
differences in absorption and in utilization of absorbed N %% . Thus Tainung No. 351
may be a superior, N efficient hybrid compared with Tainan No. 11.

This study investigated the responses of Tainung No. 351 and Tainan No. 11 hybrids
to different levels of N fertilization. In addition to yield components, several physiologi-
cal characters were also studied in order to obtain detailed information on maize grown
in Taiwan. Hopefully, the results of this experiment can provide useful suggestion to
the future improvement of varieties and cultural practices.

Materials and Methods

This experiment was conducted at the experimental farm of Taiwan Agricultural
Research Institute. A single-cross maize hybrid, Tainung No. 351 (TA 80-2598 x TA
80-1410), and a double-cross hybrid, Tainan No. 11( (2027-3-5 x LY 22-4) x (PH9-
DMR x AME III)), were selected as experimental materials. Kernels of the maize hy-
brids were overplanted at a spacing of 85x20 cm on Sept. 27, 1983 and thinned to 58,800
plants/ha (one plant per hill) after emergence. Nitrogen rates of 75, 150, 225 and 300 kg
/ha were supplied in the form cf ammoenium sulfate. Forty percent each of N was ap-
plied at planting and 25 days after emergence (DAE) which occurred on Oct. 2, 1983.
The remaining 20% was applied 44 DAE. Rates of P,O; and K,O supplied at planting
were 70 and 90 kg/ha, respectively. Each experimental unit consisted of nine-row plot
containing 41 plants per row. Randomized complete block design was employed with
three replications.

Samplings were made at a two-week interval starting from mid-silking to maturi-
ty. Five plants per plot were harvested for the first five samplings (silking to 8 weeks
after silking) and 15 plants were taken from each plot for the last sampling for yield
determination. The plants were divided into the following parts immediately after har-
vest: tassel, stalk, upper leaves (leaf blades from nodes above the ear position), ear
leaves, husks, cob and grain. Leaf area and N concentration of each plant fraction were
determined. Concentration of total nonstructural carbohydrates (TNC) was analyzed in
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grain and stalk internodes above and below the ear node only. Yield components inve-
stigated included ear length, unfilled ear length, kernel row number, kernel number
per ear, 100-kernel weight and shelling rate. Grain yield was expressed in the unit of
kg/ha. Since all the filled grains were collected, results showed a relatively high kernel
number per ear and low 100-kernel weight. ,

Leaf area was measured with a LI-3000 leaf area meter (LI-COR Co., USA). Plant
parts were dried at 80°C for 48 hrs in an air-drafted oven. Dried samples were then
ground in a Wiley mill by using a 40-mesh screen for chemical analyses. Nitrogen was
analyzed by the Kjeldahl method. TNC was analyzed according to the method of Smith
46 Ground samples were first hydrolyzed with takadiastase (“Clarase” 40,000, courtesy
of Miles-Kyowa Co., Japan) at 40°C for 44 hrs, and reducing sugars were measured by
the Shaeffer-Somogyi copperiodometric titration method. This method of hydrolysis for
the determination of TNC has been demonstrated by Streeter and Jeffers ' an-gl test—
ed by this laboratory as most acceptable for precision, accuracy and recovery of stand-
ard added to the samples. '

Results

Some agronomic and vyield characters of maize hybrids grown under different
levels fo N fertilization were shown in Table 1. There was a tendency that N application
could delay tasseling and silking. The duration between tasseling and mid-silking was
9 days for Tainung No. 351 and 4—5 days for Tainan No. 11. The growth duration (

Table 1. Some agronomic and yield characters of maize hybrids grown under different levels

. .. @
of N fertilization—

] Tainung No. 351 ‘ Tainan No. 11

Character li-N N N N N N , N N
ffffffff [ w s e
Days to Tasseling i 50 51 51 53 43 43 ! 45 47
Days to Silking | 59 59 60 62 48 48 l 50 51
Days to Harvest 1 137 137 139 139 128 128 ' 129 130
Plant Height (cm) I 177 182 182 181 181 185 i 180 181
Ear Length (cm) I 147 18.0 15.6 15.4 14.6 15.3 E 15.3 16.0
Unfilled Ear Length (cm) | 24 2.2 2.3 1.8 | 2.3 2.2 i 2.2 21,
Kernel Row Number { 14.7 14.4 14.9 15.1 12,9 } 12.8 ! 12.7 12.2
Kernel Number per Ear i 621 598 670 791 529 l 599 615 567
100-Kernel Weight (g) ]: 19.0 20.2 185 18.0 [ 179 17.7 ; 16.9 16.9
Shelling Rate (%) i 81.5 798 ; 80.5 79.7 81.2 82.0 ] 80.5 81.8
Grain Yield (t/ha) i 6.79 7.01 1 7.83 8.19 5.17 6.10 E 5.35 5.97
ngvest Index | 0.53 ’ 0.50 ! 0.51 0.49 0.54 | 0.56 ] 0.53 0.55
2N, : 175 kg-N/ha, N; : 150 kg-N/ha, Nj: 225 kg-N/ha, Ny : 300 kg-N/ha, )
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days from emergence to harvest) was 9-10 days longer for Tainung No. 351 than for
Tainan No. 11 but no fertilizer effect was observed. Plant height was almost the same
for the two hybrids and again, n¢ significant difference among N treatments existed.

Ear length was 14.6-15.4 cm and unfilled ear length was 1.8-2.4 cm for the two
varieties. Tainung No. 351 had more kernel rows cn the ear (average 14.8) than Tain-
an No. 11 (average 12.7). Consequently, the former hybrid had mcre kernels per ear
than the latter. Nitregen rate had a positive effects on kernel number per ear for Tai-
nung No. 351 but the relationship was less clear for Tainan No. 11. On the contrary,
heavy N fertilization tended to decreased 100-kernel weight. For example, weight of
20.2 g and 18.0 g were observed for N treatments of 150 and 300 kg/ha, respectively, for
Tainung No. 351. A similar trend was also found in Tainan No. 11.

Table 1 also showed that shelling rate was comparable between the two hybrids.
Tainung No. 351 was more responsive to fertilization in showing increased grain yield
with inéreasing N rate. Grain yield was 6.79 t/ha at 75 kg-N/ha and over 8 t/ha at 300
kg-N/ha. The relationship was less significant for Tainan No. 11 as the highest yield
recorded was 6.10 t/ha for plants supplied with 150 kg-N/ha. Grain yield decreased some-
what at higher N rates. Harvest indices were generally above 0.50 while higher values
were observed for Tainan Nc. 11.

Changes in leaf area per plant during grain development as a result of N fertiliza-
tion were shown in Table 2. In general, N showed positive influences on the leaf area
of both hybrids. Fer Tainung No. 351, leaf area increased from 27.4 to 47.1 dm?/plant

Table 2. Effects of N fertilization on the leaf area (dm?/plant) during grain filling of maize hybrids

Week after N Applied (kg/ha)
*Hybrid | I B | T
| Silking 75 150 225 | 300
| i 0 {
i 2 27.4 38.9 333 471
4 319 38.1 389 42.5
Tainung No. 35! i
6 33.2 38.3 44,7 39.8
8 303 315 34.6 ’ 374
2 2718 29.6 31.9 l 32.0
4 26.3 26.8 315 31.2
Tainan No. 11
6 24.7 28.6 26.9 29.0
8 23.8 26.5 30.6 31.8

as N increased from 75 to 300 kg/ha, when measurement was made at 2 weeks after
silking. However, exceptions were four in that 150 kg-N/ha treatment had higher leaf
areas than 225 kg-N/ha treatment, at least during the first 4 weeks after silking. In
most cases, the decrease. of leaf area with the advance of grain development was -mi-
nor. The most significant reduction was found in Tainung No, 351 supplied with 300 kg-
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N/ha where a 20% decrease occurred between 2 to 8 weeks after silking. Comparison
between the two hybrids indicated that although plan height was similar, Tainung No.
351 had higher leaf area values than Tainan No. 11, especially under the highest N fer-
tilization rate. In addition, maximum leaf area was obtained at 225 kg-N/ha for Tai-
nan No. 11, suggesting that further increase in N fertilization was uneffective for both
leaf development (Table 2) and grain yield (Table 1). On the other hand, the single-
cross Tainung No. 351 performed better when grown under the highest level of N-
fertilizer. )

The influences of N fertilization on the N concentrations in different plant parts of
maize hybrids Tainung No. 351 and Tainan No. 11 were shown in Tables 3 and 4,
respectively. Although there was a general tendency that higher N level could increase

Table 3. N concentrations (%, dry basis) in different plant fractions of maize hybrid

Tainung No. 351 as affected by levels of N fertilization

N Level Weeks after Silking
Plant Fraction 1 i
(kg/ha) o 2 4 | 6 8 11
| !

75 2.49 2.84 2.59 240 1.97 1.23

Upper Leaf Blade® 150 2.61 2.65 2.52 2.35 212 | 1.32
225 2.60 2.97 2.63 2.24 208 | 150

300 2.92 2.61 2.56 231 | 216 1.52

75 2.64 2.54 1.95 230 177 1.29

Ear Leaf Blade 150 2.55 2.39 2.23 2.26 1.92 1.35
225 2.74 249 2.39 2.24 2.03 1.69

300 295 | 248 2.45 241 217 | 183

75 0.56 0.56 0.46 0.43 0.35 0.30

Stalk 150 0.70 0.55 0.55 0.45 0.33 030
225 0.66 0.61 0.47 0.50 0.39 0.28

300 0.69 0.69 0.51 0.54 0.36 0.29

75 1.17 0.83 0.63 0.46 0.38 0.25

Husk 150 1.25 0.98 0.58 0.57 0.50 0.25
225 1.49 0.94 0.63 0.54 0.46 0.25

300 1.26 0.82 0.70 0.67 056 | 024

75 2.28 1.64 1.69 .08 | 08l 0.28

Cob 150 248 15 | 180 1.26 0.93 0.57
225 2.91 1.74 1.90 112 0.94 0.55

300 2.58 183 | 230 1.29 1.02 0.50

75 2.54 | 254 1.93 158 | 135

Grain 150 2.52 2.31 1.91 1.66 1.48
225 261 2.15 2.04 1.63 156

300 | 271 2.79 2.28 1.63 1.58

21 eaf blades from nodes above the ear position,



442 Jour. Agric. Res. China 35 (4)

Table 4. N concentrations (%, dry basis) in different plant fractions of maize hybrid -

Tainan No. 11 as affected by levels of N fertilization

1986

N Level Weeks after Silking’
Plant Fraction |
(kg/ha) 0 2 4 -6 | 8 11
75 2.14 2.55 2.15 2.60 2.11 1.31 .
150 2.39 2.68 3.02 2.56 2.52 1.35 . .
Upper Leaf Blade? -
: 225 3.30 - 2.91 2.74 2.48 - 237 187
300 2.38 2.19 2.83 2.53 2.44 1.34
75 2.83 2.64 2.42 2.20 2.01 125
150 3.39 2.87 2.56 2.31 2.26 1.32
Ear Leaf Blade i
225 3.16 2.86 2.37 2.43 2.33 1.56
300 3.37 2.82 241 2.50 2.52 1.50
75 0.717 0.62 0.62 0.52 0.35 0.29
150 0.88 0.93 0.74 0.59 0.41 0.29
Stalk
225 0.82 0.81 0.69 0.56 0.48 0.44
300 0.88 Q.78 Q.70 0.61 0.66 0.34
75 1.24 0.84 0.60 0.53 0.39 0.20
150 1.38 0.83 0.74 0.53 0.39 0.22
Husk
225 1.66 1.02 Q.70 0.55 0.47 0.28
300 1.48 0.81 0.77 0.65 0.5 0.23
75 2.58 1.60 1.18 1.17 Q.72 0.32
150 2.63 1.88 1.22 0.99 0.93 036
Cob
225 2.94 1.56 1.21 1.08 0.92 0.28
300 2.89 1.57 1.23 1.06 1.19 0.25
o |
75 216 | 2.59 164 | 131 1.16
|
150 217 1 282 172 1.57 135
Grain i
225 216 ! 2.54 1.60 1.76 1.48
300 221 | 25 155 176 149

27 eaf blades from nodes above the ear position.

N concentrations, the results were not consistent when each sampling was taken into

consideration. No significant difference in leaf N concentration was found between ear

leaf and upper leaf blades for Tainung No. 351.

Nitrogen decreased during grain-

filling for both hybrides, particularly during the last 4-5 weeks of sampling (6 to 11
weeks after silking). Leaf N decreased from 2.4-3.4 % at silking to 1.3-1.7 % just be-
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fore harvest. Stalk contained less N than leaf blade. Stalk N concentrations ranged be-
tween 0.5-0.8 % at silking and were about 0.3—0.4 % at maturity.

The husks had about 1.5% of their dry weight as N at the time of silk emergence.
The decrease of husk N concentration was continuous throughout grain development but
the most obvious decline was found in the first 2 weeks after silking. Mature ear con-
tained less than 0.3% N in the husks(Tables 3 and 4). Nitrogen concentration in the cob

(2.5-3.0 %) was comparable to that in the leaf blade at silking. However, the decline
during grain-filling was much more significant. Translocation of N out of the cob was
most prominent during the last 2—3 weeks of sampling. The concentration of cob was
about 0.5% for Tainung No. 351 and only 0.3% for Tainan No. 11 when plant approached
maturity.

Highest grain N concentration of Tainung No. 351 hybrid was recorded when first
sampling was made at 2 weeks after silking. In other words, N concentration of grain
decreased continuously during grain-filling. It declined rapidly between 4 and 8 weeks
after silking which was in accordance with the rapid increase of grain dry weight. Sta-
tistical analysis showed no significant difference in grain N for N rates above 150 kg/
ha. Grain N concentration was lower when only 75 kg-N/ha was applied (Table 3).
Similar pattern was also found in Tainan No. 11 (Table 4). The only differences were
that there was an increase in grain N between 2 to 4 weeks after silking and N concen-
tration in the mature grain of Tainan No. 11 was lower than that of Tainung No.
351,

No significant effect of N fertilization on the concentration of total nonstructural
carbohydrates (TNC) was found among N treatments. However, the changing pattern
of TNC concentration in the stalk was different from that of N and differences existed

Table §. Concentrations (9%, dry basis) of total nonstructural carbohydrates in the stalk

end grain of maize hybrids as affected by levels of N fertilization

Plant | N Level Weeks after Silking

Hybrid ‘ [ T ’ |
| Fraction (kg/ha) 0 2 4 | 8 8 [ 11

- | f r |
75 s1 | 2a | oas | 20 340 | 128
150 239 | 332 | 335 | 347 | 219 | 151
Stalk" 225 249 | 260 | 203 | 327 | 313 | 130
300 247 | 304 | 319 | 324 | 295 | 130
Mean. | (246 | 3L0 | 328 | 322 | 202 | 135
Tainung No. 351 ) - —_—
75 ’ a72° | 37 ; 374 | 688 | 706 | 760
150 | 301 | 203 | 394 | 678 | 19 | 70
Grain 225 | 20 | 214 | 845 { 672 | 715 | 738

|
300 404 | 2722 | 485 | 800 | 662 74.1
| i

Mean 37 | 274 444 | 652 | 706 | 750

‘ ! \
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Table 5. (continued)

Plant N Level Weeks after Silking

Hybrid |

Fraction (kg/ha) 0 2 4 6 8 11
' |

75 23.8 28.7 41.1 18.7 134 3.2
150 2.7 270 | 449 25.4 206 2.6
Stalk® 225 2.1 26.9 394 22.9 29.8 3.2
300 243 24.4 39.1 20.9 25.8 2.7
Mean 284 | 260 | 411 | 220 | 24 | 29

Tainan No. 11 ‘
7 376| 230 | 479 | 682 | 720 | 779
150 373 24.5 488 67.9 73.3 798
Grain 225 404 27.4 435 66.6 67.2 72.9
300 403 2.8 415 4.4 67.3 76.3
Mean E 38.9 25.9 44.7 66.3 70.0 76.7

a
—Including stalk internodes above and below ear node only.

b
~Including cob for sampling at the time of silking.

between the two hybrids (Table 5). For Tainung No. 351, mean TNC concentrations in
the stalk internodes just above and below the ear node across N treatments were 24.6,
31.0, 32.8, 32.2, 29.2 and 13.5% at 0, 2, 4, 6, 8 and 11 weeks after silking, respective-
ly. There was a slight increase in the first two weeks and a marked decrease in the
last two weeks of grain development. For Tainan No. 11, stalk TNC concentration in-
creased from 23.4% to 41.1% within 4 weeks after silk emergence but dropped back to
22.0% in the next 2 weeks. Although the highest stalk TNC concentration of Tainan
No. 11 (41.1%) exceeded that of Tainung No. 351 (32.8%), it was much lower in the
mature plant (2.9%) than that of Tainung No. 351 (13.5%).

Increase of TNC concentration in the grains during the whole filling period was
almost the same for the two hybrids. The cob contained 39% TNC when analyzed at
silking time. TNC concentration of the young grains (two weeks after silking) was
about 27% and the linear increase thereafter lasted for 4 weeks. The incraese levelled
off afterwards and the mature grain contained 75-77% of TNC on a dry weight
basis.

Discussion
According to the Corn Breeding Laboratory of Taiwan Agricultural Research Insti-
tute, Tainung No. 351 is 10-20 days longer in growth duration and 20 cm taller in plant
height than No. 11 when sown in late September. This experiment failed to find any
difference in plant height between the two hybrids. Experiments conducted by this labo-

ratory in the fall crop season of 1983 showed that Tainan No. 11 could grow as tall as
Tainung No. 351 in many locations of Taiwan (unpublished data). Moleba and Hart ‘'"
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also reported no difference in plant height between N rates of 150 and 300 kg/ha. Daynard
and Muldoon ® indicated that taller plants tended to anthese and silk earlier and pro-
duce more grain. Remison and Fajemisin * stated that N application hastened flower-
ing of maize plants. In this aspect, the authors found that the influence of plant height
on flowering and yielding characters must be restricted within variety. In addition, N
application delayed rather than hastened the time of tasseling and silking (Table 1).
The difference between this experiment and Remison and Fajemisin’s result might be
due to genotypic variation.

The interval between tasseling and silking was longer for Tainung No. 351 (9 days
) than for Tainan No. 11 (4-5 days) (Table 1). One weakness of the high yielding
Tainung No. 351 is the high proportion of unfilled ear length and this is suggested by
many agronomists, among other reasons, as a result of the longer interval between tas-
seling and silking which makes the pollens unavailable to the silks. In view of the al-
most equal length of unfilled ear of the two hybrids and the unpublished results showing
unfilled ear length was significant only when very high grain yield was recorded in
Tainung No. 351, it is presumed that factors causing the unfilling of upper grains of
the ear are complex. The balance between source supply and sink demand is a more
reasonable explanation for such a phenomenon.

Grain yield of Tainung No. 351 was higher when more N fertilizer was applied (
Table 1). The yield increase was primarily a result of increasing kernel number, as 100
-kernel weight decreased at high N level. Peaslee '® reported that in corn hybrids, the
relative effects of severe N stress were greater on kernel number than on kernel weight.
Both characters declined at low N fertilization. 100-kernel weight of this experiment

(ca. 20 g) was comparable to that of Badu-Apraku et al. " but was far below the
values (30—40g) reported by Molebu and Hart“? and Peaslee ' . Although a negative
correlation existed between the number and weight of kernels, yield of Tainung No. 351
should be able to be enhanced further by increasing kernel weight to some extent
without a concurrent sacrifice of kernel number.

The double-cross Tainan No. 11 was less responsive to N because grain yield de-
creased with N levels over 150 kg/ha. Both kernel weight and kernel number restricted
grain yield of this variety under high N fertilization. According to Johnson and Tanner
™ and Tollenaar and Daynard ®, final kernel number is established near the time
when linear increase in grain weight begins. It is therefore important to provide the
maize plants with sufficient nutrients during early grain growth to assure yield depres-
sion caused by fewer kernels would not occur.

Moll ez al. ' defined N use efficiency as grain production per unit of N supplied
to the soil. They found that the mean N use efficiencies of 8 hybrids were 95.7
with 56 kg-N/ha and 26.5 with 224 kg-N/ha of fertilization. Results of this experi-
ment showed that for Tainung No. 351, N use efficiencies were 90.5 and 27.3 with N
rates of 75 and 300 kg/ha, respectively. Corresponding values of Tainan No. 11 were
68.9 and 19.9. In other words, the single-cross Tainung No. 351 can use N more effi-
ciently than the double-cross hybrid Tainan No. 11. However, both hybrids showed a
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drastic decrease in N use efficiency as the amount of N fertilizer applied increased.

Remison and Lucas "® reported that leaf area index (LAI) was maximum at mid-
silking and the decrease afterwards was very rapid. They recorded LAI of 2.5 at 2
weeks after silking and yield of 4.0 t/ha for maize grown with 75 kg/ha of N in Nigeria.
Leaf area was also low in this experiment. The highest leaf area recorded (Table 2)
corresponded to LAI less than 3. However, yield of 6-8 t/ha for Tainung No. 351 was
obtained. Possible reasons for the low leaf area may be that only the green portion of
the leaf was measured 2 weeks after silking and the lowermost leaf blades wilted ear-
Jier due to rainfall in early growth season. Yield efficiencies, defined by Moleba and
Hart 9V as grain yield per unit leaf area, were 3.06 and 2.96 g/dm* for Tainung No.
351 supplied with 150 and 300kg-N/ha, respectively. Corresponding values. for Tainan
No. 11 were 3.50 and 3.17 g/dm? The efficiencies were higher than the result (2.78 g/
dm?) obtained by Moleba and Hart"" with similar growth conditions (60,000 plants/ha
‘and 200 kg-N/ha) in Kansas, USA. However, LAI of maize crop should be increased to
4-5 in order to provide sufficient photosynthetic surface for dry matter production and
hence increasing the yield V.

Concentration of leaf N of both hybrids were near the lower sufficiency level of 2.
75% proposed by Jones, Jr.®. The decrease in N concentrations of the leaves, stalk,
husks and cob during grain development was an indication that a large amount of N
was retranslocated to the developing grains. Hay ez al. ® estimated that about 60% of
the final N in maize kernels was present in the vegetative tissues at pollination, the
remaining 40% was obtained from the soil subsequently. The cob had very high N con-
centration (2.5-3.0 %) at the time of silk emergence (Tables 3 and 4). TNC concen-
tration in the cob could also reach 40% on a dry weight basis at silking. These facts
suggested that cob acted as an important temporary sink to store N and carbohydrates
to meet the needs of subsequent development of adjacent grains.

TNC concentration in the stalk continued to increase for several weeks after silk-
ing, indicating that the stalk possessed the function of sink for TNC during this period.
Although the grain-filling of Tainung No. 351 depended more on the contribution of
stalk dry weight under heavy N fertilization (unpublished data), TNC concentration
in the stalk did not show significant decrease until 8 weeks after silking. On the other
hand, stalk TNC of Tainan No. 11 started to decline at 4 weeks after silking. Judged
by the dry weight and TNC concentration data, it was proposed that Tainung No. 351 is
more photosynthetically active than Tainan No. 11. Stalk of mature Tainung No. 351
plant still contained more than 13% of its dry matter as TNC whereas the value was
below 3% for Tainan No. 11 (Table 5). The results showed that a certain amount of TNC
in the stalk of Tainung No. 351, which had 100-kernel weight of only 20 g, was unavail-
able to be transported to the grains. Yield should be increased if the efficiencies of
production and distribution of TNC by the plant could be increased simultaneously.

In conclusion, the results of this experiment suggested that nutritional requirements
for Tainung No. 351 is high. This hybrid is more responsive to N by showing higher
grain yield at higher levels of N fertilization. Grain yield per unit of N supplied to the
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soil was also higher for Tainung No. 351 than for Tainan No. 11. Appropriate dense
planting might be a good measure under fertile soil condition to increase leaf area and
photosynthetic ability. Further understanding of the interaction between N and C was
important in order to increase kernel number and kernel weight simultaneously through
the efficient utilization of photosynthates and hence to increase the yield of Tainung

No. 351.
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Table 1. Classification and healing parts of 24 medicinal plants (1.5.6)

Scientific name Family . ' Medicinal parts
Cassia occidentalis L. Leguminosae | Seeds
Uraria macrostachys Wall Leguminosae ] Whole plant
. Azuléiq angularts (willd. ) Owhi Leguminosae ‘ Seeds
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Scientific name I Famify Medicinal parts

Hibiscus mutabilis L. ’ Malvaceae Leveas
Urena lobata L. var. albiflora Kan. Malvaceae Roots
Abutilon indicum (L.) Sweet Malvanaceae Whole plant
Lycium halimi folium Miller. Solanaceae Whole plant
Solanum aculeatissimum Jacq. Solanaceae Roots and Seeds
Datura stramonium L. | Solanaceae Corolla
Leonurus sibiricus L. var. | Labiatae ‘Whole plant.
albi flors Miqrel
Salvia plebeia R. Br. Labiatae ‘Whole plant
Angelica acutiloba Kitagawa Umbelli ferae Roots
Bupleurum falcatum L. Umbelli ferae ‘Roots
Taraxacum officinale Weber Compositae Whole plant
Xanthium surzmariﬁm L. var. Compositae Whole plant
jiaponica (Widder) Hara. :
Gynostemma pentaphyllum (Thunb) Cucurbitaceae Leaves
Makino
Trichosanthes cucumeroides Maxim. Cucurbitaceae Roots and Seeds
Cleome gynandra L. Capparidaccae Whole plant
Asclepias curassavica L. Asclepiadaceae Whole plant
Coptic japonica (Thunb) Makino Ranunculaceae Roots and Seeds-
Alpinia specisa (Wendl.) K, Schumann Zingiberaceae - Roots ar;di’Seeds
Caxna flaccida Rosc. - Cannaceae ‘Roots e
b»igitdlis purpurea L. Scrophulariacae- - Leaves ©.
S"dp“indus mukorossi Gaerthl. ] Sapindvaceiw Seeds
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Length of the line below the seeds is 1.5cm.
Fig. 1. Seed shape of 24 medicinal plants (The order is as Table 1)
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Table 2. Seed pattern and germination under room temperature of 24 medicinal plants

Scientific name Seed* Days to Germ. * Effect of
pattern germ, type rate scarification

C. occidentalis 2 1 2 + +
U. macrostachys 2 1 2 — +
A. angularts _ 2 1 1 + +
H. mutabilitis 2 3 2 — +
U. lobata 2 2 2 — +
A. indicum 2 7 2 —

L. halimifolium 3 2 2 +

S. aculeatissium 3 3 2 + .

D. stramonium 3 — — — i

L. sibiricus 3 — — —

S. plebeia 2 3 2 +

A. acutiloba ] 3 16 2 —_

B. falcatum 3 19 2 +

T. officinale 2 3 2 —

X. strumarium 2 2 2 +

G. pentaphyllum 2 5 2 -

T. cucumeroides 2 13 2 —

C. gynandra 3 1 2 -

A, curassavica 3 3 2 +

C. japonica 3 — — _

A. speciosa 1 18 1 —

C. flaccida 1 5 1 + —
D. purourea 3 6 2 + +
S. mukorossi 2 14 2 + +

*Seed pattern : “1” Monocotyledon, “2” Dicotyledon with residual endosperm,
“3” Dicotyledon with endosperm.

*Germination type . “1” Hypogeal germination, “2” Epigeal germination.

*Germination rate : “+” Above 50%, “—” Below 50%.
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A : C. Japonica, B : B. falcatum, C: A. curassavica,
D : L. hallmifolium, E : S. aculeatissimume

Yig. 2. Different embryo shape of endospermic seeds of medicinal plants.
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Fig. 3. Distribution of embryo length of Bupleurum falcatum L.
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SRBEFABRT  PERRUSSEETAFEERS (R2) » RABKIIH (scarification
) BE s RAB (A. speciosa) SMIGTTIRMERL o B » Rk (C. occidentalis) ~ JNER @.
macrostachys) ~ KEEZ (H. mutabilis) ~ A{tast (U. lobata) ~ EHE (A. indicum) (LL
EBTR (Leguminosae) R35%ERt (Malvaceae) ZERMY) ~ HIERHE (C. flaccida) RARRE
T R R R A K 5 R T B BB S o IRMTAAE ™« ERERENZETH Y
FHE > SR ERTIERBEZIG » ATIERME - SRSGBSRE 7 5 ME TR IRR
R SEENTE 3P 0 BT AR AEBRIAEE S S EARET N KR4 BEDETERFE
BTe (BHH) REEPENZBENE P REy - MERUERRER 1008 - 5Tea 155
BT BEEEEBBL b KTy EEEATEREZ 1,710 TERE ZmBER RN > A%
WETEURBE RRRETE -

Table 3. Effect of pre-sowing H,SO; treatment on germination of five

medicinal plants with hard seed

C. occidentalis \ U. macrostachys ! H. mutabilis U. lobata A. indicum
Treat'ment\ [
(Mins) | x| B | A | B ] A ( B A | B A | B

0 70.0 177 0 — 47.0 115.0 55.0 132.0 5.0 —
5 30.0 1771 89.3 108.1 0 — 80.0 315 18.0 174.0
10 95.0 14.3 | 9.3 11.0 0 — 90.0 | 258 37.5 156.0
18 — — — — — — 100.0 12.9 60.0 51.2
20 — — — — — - — — 60.0 28.0

*A : Germination rate (%), B : Hours needed to 50% of total germination.

Table 4. TTC test of 9 medicinal plants

Seed vigor (95)**
Medicinal plant Treatment
+ + + -
A. speciosa 1 1* 0 5.0 95.0
A. speciosa | 2% { 83.3 8.3 8.3
C. gynandra 1 | 1.0 3.0 96.0
C. gynandra 2 8.0 ‘ 1.0 1.0
L. sibiricus 1 4.4 44.9 50.7
D. purpurea 1 43 12.7 82.9
G. pentaphyllum 1 16.1 208 58.2
D. stramonium 1 | 0 | 0 100.0
T. officinale 1 : 18.2 R 0 818
T. cucumeroides | 2 500 | 278 2.2
A. acutiloba S 1 13.0 1 14 85.7

*] @ Intact seed, 2 : Cutted seed.

#¥+4 4 @ Strong-vigor, + : little-vigor, — : No-vigor,
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AU1%TTC REMEEEREFRBPEFREEBT 250 o KEEILR IR G B
(O REMBEFREENERENETIENEERENES » Kbt S8R (D. stramonium)
EREE > RENRE (R4) » EEERZPREGHCTRER o IWERET 8 RKRB A E
ZEMERUCERSA » LIRERBETIES) c R AT AMBRBETEE (C. gynandra) 5% T Rty
BTZENRREUENER  BrRETSETIRET » HEER SRR EABTFRIHALE - B
WA ERERERE > BARRAEME T RLEBS —~EB AR ABATIESE » KWiESHR KR
BRREA - §icd (R2) RESHHAMCEEN R ERZGERE » (BERUCELES c BiELE
T RIB B M BBRINE (peripheral embryo) #F » BT 2B F L ER@RAER © »
Koller " JMEB BB T ZAER A FEBERE (high osmotic value) W& » B KRB K S
EARTAE  ETHEMEERES  EARBRBET S —ERETHRERES o N TERSE
BN » IRERKNO SRS R BTN EN - BTEERAERNERZERNE SR £oNERE
(7R REMMEE (0.5~1.578) ZHFNEENT » BBFEEs » [HRHBERH2 55807
ZAVREBET) » BUONBRRBRERZ REAERE o MKNO; 7RFEE EHE NG HEGSE » AS
BRE (1%) 2288 - (HRMBYE (3600lux, 16hrs/day) IS MRS » R A M%)
M4 > 3 B3 TKNOBIIEA o thBaKoller 9 fEAtripley dimorphostegia 2 355 BAER
s RBEFREBBEZRE » (REXBT23HE - HIGA400ppm HAEEK 2 EE LR TE
BUPRABEF (R5) o tLHChen "V 2 REEEFEIEE HA » HISHEHEBHE2ET Nemoplni-
la msignis) AJFl GA; (5X107*M) ZEBEMAELRR TELYE - BRERLTABREET (38) &
FRRBRRREE R PR B ER » ERAMERFNTS » TEBE P2 BFEREGT 4% - L
ERURBITEZME T 2 (R IR IR A AT RE A A8 B K 75 T i B BRI e PR G 6 46 2 gl o

Table 5. Influence of GAj3, KNO; and pre-sowing H,SO; treatments

on germination rate of Cleome gynandra L.

GA KNO; \ H,S0; (Mins)

Germ. condition CK 400 in) ‘

| PP 1% | 02 | os | 10 | 1s | as

|
Dark 9.0d* 2.0f 3L.0bc 28.0c | — — — -
Dark** 26.0¢ — — — 436ab | 508a | 5l4a | 0O0f
Lightes 00 f 00 f 00f | 00f ‘ — — — —
J

*Means with the same letter are not significantly different (p£.05), using Duncan’s New Multiple
Ravge Test.
**Seeds presoaked in water for seven days then dried in air.

**] ight intensity : 3600 lux, 16 hours per day.

MR T ZBFRE R » #RINE 6 Fi » mB8°CE36°C 2 HFRES » 5 @BARE GR)
ERFBEREFHFIER—3 - ERPTHREmM2°CR 16°C ERFAFR2ANLRE GR) #
FZBERIRIEIREE o HEIREE h20°CREZE16°CIRs » 313 Tso AR N2 ARG M » Heh BLUER (
Kung-chi) #jniz 130 /MR B U » b —#RIEH > BEZBFETENMER - 5 BHBRME

GR) W BLEEZERINE » DRIERBEL » HE 16°C~32°C 255 5asE 98.5% » MRIE (
Ping-chi) ZFGRFHRER SANEL » HREFE (Ts) ME » AILFE (Chia—chi) BE o
FEFBRREFH LR, 8°CERTAZAWERE (B BHEZRERE (£6) -
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Table 6. Effect of temperature on germination of Lycium halimifolium M.

goc | 120 | 16°C | 20°C 24°C 26°C | %2°C | 36°C

Varities — '
as|B|alBalB A | B a|B| A B|a]B alB

| |

Kung-chi 0 —{183 —|oao 219 1000 853 993 748 1000 591993 623215 —
Chia-chi 0 —{163 —|o00 108 9.7 747 9.0 595 940 507973 505250 —
Heich-chia~chi| 0 {206 —|820 145 940 834 926 839 973 59693 603165 —
Heieh-i-chi | 0 —|120 — 820 142 853 822 920 6L1] 926 50./88.0 1753126 —
Ping-chi 0 121 {530 222 490 1530 490 1B 600 144570 1700 20 —

. |

*A : Germination rate (%), B : Hours needed to 50% of total germination.

" Table 7. Effect of cold stratification on seed germination under room temperature

of Bupleurunl falcatum L.

Days to |Final germ. Tso* Tos* Germ. rate
Treatment germ. | (days) | (days) | (days) (%)
CK 19 53 33.8 46.3 84.5
Cold stratification (0—4°C) 18 41 35.0 375 86.2
for 13 days

*Ts9, T75 . Times to 50% and 759% of total germination, respectively.

SEMBEEEN  HETEFERBEFS Y- ERLRERRZEEREL — « DARR
EMZHHBTRER T ZRBEEHME 7R BPERENFSET 2 EFREM SVRB/ELN
s MERBEEA AL (198) BERE » BEBIREFETER » WEEERERETE FERTE
o AR (B 3)REMENMET Ly R HEREBEVBFETEE 2R R - AHAZEE LT
%50~ 57 ~ 64~ TIRETRRAE 2 BT REE THTEIEBE » B GRER DSTRZHE
HHERBFHEARSEN » S0REFRZ » 4RTIRZ EBEE ~ BRERZ K/ — P EEYT
BORFE - HABTRNEHRE 2T ERECEEE TN - ERUGIRBEERBRAZETES
FEEAET » KR HAERREERILAZIGDER MG » AR ZEBRVESS B (semi-
permeability) ° © GAs B{EBEE (cold stratification) ZHEIEFHNIEEE >4 » RHERK
BEE (0—4°C) B 2 B » AFNESERBETEFTEENS » HERFINE 7 » L2HIKISKH
ZEREFREENZERTHESE » sJHBREETHRHE » BEHT RIEHRES HHHEREFH - &
P RHED T 2 B EEAE20°CEE 9 o JHiL » BLIZERRE S BB & R0—4°C KRk
2EBZEMETEME » B TCGAR2 ~ 4~ 8EHIZRKREFEERME » 7£16 - 20k 24°C =R
BT 35 RERZERVIMNESRES - MR SHEHEX T2 ER » WHEBRHLRR 2 ENETR
HERFHEETEE  EE ® Bk FMETRERFREBFEARNSESE  BRENETZ
B+ B BLEMES - % 8T » BT R MNABFEEEYMG » EAZET
(BTFEKL.19—1.0mm) EEHEMEFE - RREMS » EHBHEFH16°CE24°CH » S EE
FE ((8) B T Ts (£ 9) FEHMEIBNIS » BRENBEFRIEL 16°C BARE -
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Tab[e 8. Effect of GA; and cold stratification on germination rate of Bupleurunl falcatum L.

Germination rate (%)

S,fe?n ;156 Temp. A, Cold stratification (0—4°C)
CK 1000ppm ‘
| PP 2 weeks l 4 weeks ' 8 weeks
|
1.19—1.0 E 20 ! 45.0ab* 26.3cd 43.4ab 50.0a 37.5abc
1.0—0.84 y 20 | 240cd 25.0cd 36.7abc \ 48.02 28.0cd
1.0—0.84 16 | 350adc 25.0cd — 50.0a ‘ 45.0ab
| ‘ 1
1.0—0.84 | 24 1 133d 21.3cd 26.7cd 3.3 | —
|

*Means with the same letter are not significantly different (p£L.05), using Duncans New Multiple

Range Test.

Table 9. Effect of GAj and cold stratification on speed of germination of Bupleurunl falcatum L.

. Speed.of germination (Tso, days)
Seed size Temp. IS e
06, mm) oC ok GA, Cold stratification (0—4°C) .
1000ppm 2 weeks \ 4 weeks ‘ 8 weeks
1.19—1.0 20 ‘ 17.95bed* 19.58bc 15.70de 12.76ef } 16.20de
1.0—0.84 20 17.65¢cd 17.85¢d 13.31ef 11.24f 12.93ef
1.0—0.84 16 16.33cde 20.30abe — 10.08f 11.84f
1.0—0.84 24 23.97a | 21.88ab 24.33a 18.33bed —

#*Mean with the same letter are not significantly different (p£.05), using Duncan’s New Multiple

Kange Test.

GA;1000ppm 24/ N 2 B 3 »

KininsB9C R a0 » AR E—P P ©

HEREEREE 2 » 4R 8 EYZHRAN (£8K9) » EMRAEEFRR T

R7E24°Cr R BUE IR R /1 » A MTRETRCR -

7hn cyto-

s0 LA 4 B

BAFHESER » MERBEOMEEN METRRES - £ERET 4 2% 1.19-1.0mm¥%
BHBRERAZ%IBE 50% » HEN5 % » (BFEREFKE » T 1.0—0.84mm Fe 35% -
24%713.3% (S{EEELHRE) 8ES0% - 48% ~ 31.3% » BIMGEEEA » HISEBEEKE - 8 8
M2 EREE » BRESRARPREEL  RENEHEBRAR » SEARENHRE  FraE—P 5%

%o

LA iR « 1981 - SERAYER -
- ETRRBRRHEHET - BEARE20 (3—4)

2K ER - 1981

3.BR4EAK « 1973
4. B - 1985 -

5. 5K+ - 1981

6. ZFBIE + 1985 -
DT RER - 1979 - MTOKRBE—E FRTEKY: - BEAR4

Br R R

2EAM
SIS -

o

:81—850

A B - KSEF MR - 2t - P 204~209 0

R FIRRREY -
CEER YN - RER - 2t

BEEREAT

-13(6)

BHEE AT B2 - STREEEHMRTL - ZC -

1691~694 o

1 54~62
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Studies on the Seed Morphology and Germinztion of
24 Medicinal Plants'

H. C. Huang, M. F. Hu and S. Y. Liu?

Summary

This study was conducted with seed observation and germination of 24 species
medicinal plants from 14 families. The results indicated that the seeds of 11 species
such as Lycium halimifolium M. could easily germinate at room temperature. lts
optimum, highest and lowest temperature for germination were 28°C, 32°C and 16°C,
respectively. Hard-seed was a major fator that prohibited seed of Leguminosae and
Malvaceae like Uraria macrostachys W. from germination. The dormancy of Cleome gynan-
dra L. might result from outer coverings and light inhibition. Many methods such as
treatments of soaking in water (7 days) or H,S0,(97—95%, 0.5—1.5 minutes)and KNO;
(0.2—1.0%) could minimize seed dormancy and enhance germination in dark condition.
The seed germination of Bupleurum falcatum L. was not uniformly, and could last for
50 days at room temperature. Stratification at 0—4°C for four weeks could significantly
enhance its germination rate and shorten its germination time. According to the results
of TTC test, there were nine poor germination species, which showed litter or no vigor
of seeds. This result indicated that the storage technique of seeds should be emphasized
to main tain high vigor.

1. Contsibution No. 1302 from Taiwan Agricultural Research Institute.
2. Assistant, Assistant and Agronomist, respectively, Department of Agronomy, TARI, Wufeng,
Talchung Hsien (43101) Ta1wan R. O. C,
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* Variance Component Analysis of Unbalanced

Diallel Crosses’

Ching Liu?

Abstraet : This paper presents an efficient and stable method for estimating
variance components from an unbalanced diallel crosses. The method follows the
general procedure for computing the sums of squares in a random model by
formulating testable hypotheses as if all effects were fixed and then compute
the corresponding sums of squares. Expected sums of squares are derived from
the expectations of quadratic forms of the observations. Estimable functions for
effects in the model are generated by using the Cholesky decomposition of the
reduced X’X matrix on the grounds that the sequential reduction is suitable in
obtaining the sums of squares of general combining abilities, specific combining
abilities, maternal effects and reciprocal effects in an unbalanced diallel crosses.
As far as the sampling properties of the estimated variance components are
concerned, no other method has yet been proved to be more optimal uniformly
than the present one. Same computational method can also be used to handle the
mixed diallel model with a little modification in the expeéted values of the sums
of squares. Computing covariance components can be done virtually the same
way as computing the variance components. Numerical examples are given to

illustrate the computational procedurs.

Introduction

Any set of matings among p individuals, strains or inbred lines which can be a-
rranged into sets of symmetrical two-way classifications by parentage may be called a
diallel crosses. Many and seemingly different diallel analyses have been presented in
the literature. Diallel analyses differ in four main ways -in the sampling assumptions
of the experimental materials, in the postulated underlying genetic mechanism, in the
methods of estimation, and in the parental heterozygosity.

Kempthorne (1956) has discussed these methods of analysis in terms of variances
of inbred parents, crossbred offspring and the covariance between parents and offspring.
Griffing (1956) has classified the four different diallel crossing methods from which
at least a p(p-1)/2 set of crosses can be obtained. He also discussed the analysis of

1. Contribution No. 1303 from Taiwan Agricultural Research Institute.
2. Senior Statistician, Department of Agronomy, TARI, Wufeng, Taichung Hsien, Taiwan 41301, R.O. C,
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each in terms of the variance of general and specific combining abilities under two
alternative assumptions with regard to the sampling nature of the experimental mate-
rial. Theoretically, the important difference among these four methods depends upon
whether not selfings are included. Griffing (1956) suggested that the term “diallel” shou-
1d be used for those methods which include the selfings and the term “modified -diallel” be
used for those methods which do not. It was shown that with the modified diallel me-
thods, unbiased estimates of the population variances can be obtained from mean squares
of the appropriate analysis of variance (Griffing, 1958). Kempthorne (1956) derived
the expectation of mean squares for a complete homozygous diallel. He showed that
these mean squares alone could not yeild unbiased estimates of the desired parameters.
Griffing (1958) also reached the similar conclusion for other diallel methods.

Maternal and recpirocal (sex-linkage ) effects among the progenies of a set of ho-
mozygous diallel crosses has been examined by Wearden(1964). He derived the expected
mean squares for three different analyses under two different models, assuming in
each case either maternal or reciprocal effects. Topham (1966) has examined the impli-
cations of both effects occuring in the same material under the fixed model. Cockerham
and Weir (1977) have given a quadratic analysis of reciprocal crosses of inbred lines
for the balanced factorial and diallel mating designs.

Estimation of variance components in a diallel crosses is a special case of general
problem of estimating variance components. Searle (1971) has given a good review on
the topics in variance component estimation. Hartley’s (1967) method of “synthesis” was
one of the first methods developed for computing the coefficients in the expected va-
lues of mean squares for the mixed model. Gaylor et al. (1970) described the computa-
tion of expected values arising from the set of mean squares of the Forward Doolittle.
Speed and Hocking (1974) developed the most computationally simple techniques to
date and Goodnight and Speed (1980) modified the Speed and Hocking’s technique to
improve the computational efficiency.

Unbalanced data are those in which the numbers of observations in the subclasses
of the model are not all the same, including cases where there are no observations in
some subclasses. In contrast, balanced data are those in which the numbers of obser-
vations in all subclasses of the model are equal. Unequal subclass numbers always
cause the different classes of effects to be non-orthogonal. This means that the diffe-
rent kinds of effects, such as general combining abilities and specific combining abili-
ties, cannot be seperated directly without entanglement. In order to free these effects
from confounding, it is necessary to consider all of the effects simultaneously. With
equal subclass numbers, the effects are all mutually orthogonal and the statistics ob-
tained directly from the class or subclass totals are equivalent to those obtained by the
simultaneous consideration of all effects. '

Diallel analysis with unbalanced data have not been discussed in detail before. In
only one case (Harvey, 1960) have attempts been made to analyze diallel crosses data
in the unbalanced case, without missing subclasses. The method of estimating variance
components from an unbalanced diallel crosses will be discussed in this paper.
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The Model

A diallel crosses with unbalanced data will be considered for estimating the vari-
ance components. There will be n;; (n;;>>0) observations of each cross in a completely
randomized environmental design. More complicated environmental designs can be rea-
dily accomodated.

The model for the phenotypic value may include maternal, reciprocal (or sex-linkage
) and environmental effects as well as the genotypic value which is usually composed
of the general combining and specific combining abilities. The model can therefore be:
written as:

Vig =4+ g+ gi+si+m;+rii e, (lﬂFJ) ...................................................... [1]

where

#=population mean of the crossbreds,

g:(gi) =general combining ability effect for the i** (j**) parent,

sij=specific combining ability effect for the cross between the i** and j* parents
such that s;; =sii,

m;=maternal effect of the i** parent,

rii=reciprocal (sex-linkage) effect involving the reciprocal crosses between the it®
and jt* parents such that rij= -rijj,

e =environmental effect associated with the ijk** individual observation of the
crossbreds.

Under the assumptions of the model (Random Model), all terms (except &) are taken
as being normally distributed with zero means and their respective variances.

Following Searle (1971), [1) can be represented by a general random model as:

Y =41+ gklxiﬁiq_e ....................................................................................... (2)

=XB-+e
where
(1D Y is an n-vector of observations,
(2) 1is an n-vector of l’s, Xi, -+, X, are nxm; known matrices and X=
XX,
(3) # is general mean,
(4) The vectors Bi(i=1, -, k) are assumed independent of each other and

are distributed N (0, ¢ % 1),
(5) e is an n-vector of random error and are assumed N (0, ¢ 21).

On making the above normality assumptions.
E(Y) =21,

Var(Y) = é; XiXy/o2+1o2
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Computing Sums of Squares

The general procedure for computing the sums of squares (SS) in a random mo-
del is to formulate testable hypotheses as if all effects were fixed and then compute the
corresponding SS.

(A
Letting (1) g=|-"1—
‘L*Bk-/
(2) (X’X)~=any generalized inverse of (X’X)
3) b=X'X)"(X'Y)
(4) L=any matrix of full row rank in the row space of X,
then
SS.=8S(H, : LB=0)
=(Lb)’"(L(X'X)"L’")"*(Lb)
SYQUY  creeererrerneete et et r e ee e e e e aeetae it e eeeeeteeraan e eeeeerrtans (3)
where Q.=XX'X)L/(LX’X)"L)'L(X’X)~X".

Expected Values of Sums of Squares

Equation (3] is a quadratic form in Y and any symmetric quadratic form Y’QY
has (Searle, 1971) :

E(Y’QY) = 21'Q1+ ':thr [0:€0); & LR Sy () ¥ RPN 4

Letting X={1] X; | -~ | X¢J, all of the matrices except Q needed in (4] are submatrices
of X’QX. It is easily seen that, from (4], only the elements of X’Q.X are needed to
evaluate the expected value of (3) if (2) is assumed to be the true model.
Since L is in the row space of X, from the theory of estimability
L=L&X'X)X’X
and therefore
X'QuX =L/ (L(X’X)-L")"'L.
Let U=Cholesky decomposition (upper) of L(X’X)7L’,
G.e., LEX’X)L=0'0)
then X’'Q.X=L"(L(X’X)"L")"'L
=L/(U'U)"'L
=C’C , where C=(U")"'L
C/C, CyCy - GGy

C’C, C/Cp - CNGCy

C/C, C/C, - C/C
From (4], we have

E(SS1) = Cy2u? + él tr (C/C) o2+nyo.?
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=Cy2u? + gk; SSQUC)FZANLTE oerererrerrrersrrernnanin i e et ae e (5)

where SSQ (C;) =sum of squares of the elements of the C; submatrix,
and n.=the number of rows in L.

It is seen from (5] that C’C need not bs computed and the matrix C=(U’)"'L
=[Cy | Ci |-+ | CJ of the same dimensions of L is all that is needed for computing
the expected values of SS..

Reducing Dimensionality

Let the model in (2] be written as

Y =Xg+e
— X, | X \%] e
where X; has full column rank and X,=X;M for some matrix M.

Imposing 8;=0, we have

X1’X1 _X{Xz - (XIIXI)_IL
XX, | XX, | XXT= =T

where X,’X; has full row rank , equal to r(X), and (X’X)~ is a g2-inverse of X’'X.

X'X= {

. - X/XD7H 0 Ly’
Since L(X'X)"L/=(L, | L, _'_ﬁ"—l—" [h]
mce ( [ 0 0 J] L2

=Li(X/XDT LY
=U'U, (Cholesky decomposition)
then C=(U")* L=[Cy | C, |+ | C)
Similarly,
SSL=(Lb)"(L(X’X)"L")~*(Lb)
=(L;by)’ (L (X1’ X)Ly )71 (Liby)

( ’ -1 ’ (
where b= (X’X)~(X’Y) = X Xl)o X/'Y) J _ L_%I—J

/

and E(SS)=Cot - 3 SSQ(CH#nyo.?

Thus without affecting anything, imposing restrictions reduces the computational bur-

den significantly.

Generating Estimable Functions

In order for a hypothesis Hy: LB=0 to be testable, LA must first be estimable.
For any L we say that LB is estimable if and only if a linear combination of the Y’s
exists which has an expected value of LB. Since any linear combination of the Y’s,
say KY, has E(KY)=KXg, then for L@ to be estimable, L must be a linear combina-
tion of the rows of the X matrix. In other words, L must be in the row space of X.
This leads to the definition that: LB is estimable if and only if there exists a K such
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that L=KX (Goodnight, 1978).

It is clear from the above definition of estimability that if an L is to be construct-
ed such that L@ is estimable, then only linear combinations of the rows of X need be
considered. In fact any linear combination of the rows of X yields an L such that Lg
is estimable. Thus the X matrix or any matrix (with the same row rank of X) cons-
tructed from row operations on X may be used as a generating set for constructing
any and all L’s. Obviously an infinite number of L’s can be generated. For a given
model, an entire set cf L’s must be generated, one L for each effect in the model.

As far as the estimation of variance components in a diallel crosses is concerned,
the simplest sets of L’s is generated by computing the Cholesky . decomposition matrix
of X’X, and letting the L’s for each effect be the non-zero rows associated with that
effect.. _

Cholesky decomposition matrix of full rank matrix X’;X; is obtained most conveni-
ently by first computing the Forward Doolittle matrix from X,’X;:

Forward Doolittle
X PX g veveerrresresressocosatsavens >A;, (upper triangular matrix).

If each row of A; is divided by the square root of its diagonal element to produce a
matrix Z;, then Z, is the Cholesky decomposition matrix of X,’X; with X" X,=Z,"Z,.
For symmetric positive semi-definite matrix X’X,

XX, | XX,
XXy } XX,
where X,’X; has full rank.

let X'X= [ ] and X1,X1=lezl

If Z= [ L )‘ &)X ) J , then X'X=2Z.

(i.e., Z is the Cholesky decomposition matrix of X’X.)
Therefore (Z, | (Z’,)"'(X’X,;)) can be used to generate the entire set of L’s, one L for
each effect in the model.

L, Lo ‘ Loz
=1 Ll
= 7 y—1 4 = - = : :
If L=(Z, | (Z")7'(X"X,)] L, La|Le
Lo | Toila

i

then (1) L.(X’X)"L/=L.(X,’X;)"'L’;=1I (identity matrix)
(2) Ci=Ly=[Csq | Cst | -+ | Css)
(8) SSL.=SS(H, : L.8=0)=(Lb)"(L.(X’X)"L’)"'(L:b)
=(Laby)’ (La (Xy' X)L/ ) ™ (Lasby)
= (LgiDy) 7 (Lgihy) wveeremennnseemii et (6)

_ | b _ | XY XD)THXNY)
where b= (—O-} = [-___O__..... 1)

(4) E(SSi.) = Chout+ é SSQUC,) T2 ALy G2 +rvversreerernnessnrensinnenisrniee et 7
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The computational burden is further reduced if the Cholesky decomposition matrix of
X’X is used for generating the L's.

Numerical Examples

The data given in Table 1 were used to illustrate the computational procedures
developed in this paper. Suppose the data represent average daily gains of the proge-
nies of a 4x4 diallel crosses in an animal breeding program. Data set 1 is balanced
with 4 progenies for each cross. The other data sets are all unbalanced (unequal num-
bers of progenies for each cross), but with different structures to include some missing-
subclass (cross) cases. Data set 2 has every cross present. Data set 3 has a cross (
2x4) missing. Data set 4 has a cross (2x4) and a corresponding reciprocal cross (42
) missing. Data set 5 has 2 crosses (2x4 and 2x1) of the same female parent missing.

Teble 1. Data usde in numerical examples

Cross Data set
(FxM) 1 2 3 4 5 6 7
114 114 114 114 114 114 114
119 119 119 119 119 119 119
1x2
132 132 132 132 132 132 132
148 148 148 148 148 148 148
126 126 126 126 126 126 126
125 125 125 125 125 125 125
1x3
113 113 . 113 113 113 113 113
119 — — — - — —
{
104 104 104 104 104 104 104
108 108 108 108 108 108 108
1x4
104 104 104 104 104 104 104
100 100 100 100 100 100 100
127 127 127 127 — 127 —
128 128 128 128 — 128 —
2%x1
114 — — — — — —
122 — — — l — — —
| )
137 137 137 137 137 137 137
135 135 135 135 135 135 135
2%3 )
126 126 126 128 126 126 126
131 131 131 . 131 131 131 131
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Table 1. (#&)
Cross Data set
(FxM) 1 2 3 4 5 6 7
115 115 —_ —_ — — —
101 101 — — — — —
2%X4
101 101 — — — — ’ —
112 — — - — — —
112 112 112 112 112} - 112 112
133 133 133 133 133 133 133
3Ix1
113 113 113 113 113 113 113
124 — — — — — —_
134 134 134 134 134 134 134
138 138 138 138 138 138 138
3x2
129 129 129 129 129 129 129
128 128 128 128 128 128 128
' |
112 112 112 112 112 —_ e
111 111 111 111 111 —_ —
3x4
97 —_ — — —_ — —_
107 — — — — —_ —
100 100 100 100 100 100 100
114 114 114 114 114 114 114
4x1
94 Q4 94 94 94 94 94
117 117 117 117 117 117 117
116 116 116 — 116 116 | 116
114 114 114 — 114 114 114
4%x2
106 106 106 — 106 106 106
110 - — — —_ — —
97 97 97 97 97 97 97
98 98 98 98 28 98 98
4x3
103 103 103 103 103 103 103
% 9% 9% % % | 9% 9%
i —
~ |
No. of obs. 48 40 317 34 35 35 ’ 33
|
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Data set 6 has 2 crosses (2x4 and 3x4) of the same male parent missing. Data set
7 has 3 crosses (2x4, 2x1 and 3xX4) missing, of which 2 crosses have the same female
parent and 2 crosses have the same male parent. (Table 1)

For model in (1], the reduced X’X matrix for generating estimable functions and
the estimable functions generated by the Cholesky decomposition of the reduced X’'X
matrix were given in Table 2 and Table 3, respectively, for data set 1 only to save
space. Values for other data sets were obtained in a similar manner. Restrictions on
general combining abilities (gca) and on maternal effects (me) were imposed by the
usual way. Restrictions on specific combining abilities (sca) were applied on the last
effect of every female parent first, then applied the remaining constraint on effect

Table 2. Reduced X’X matrix of data set 1 for generating estimable functions

Source of variation
Effect
mean(g) gea(g) sca(s) l me(m) re(r)
Y 48 24 24 24 8 8 l 12 12 12 0 0 0
g1 24 24 8 8 8 8 12 4 4 0 0 0
g2 24 8 24 8 8 0 4 12 4 0 0 0
g3 24 8 8 24 8 8 4 4 12 0 0 0
g4 24 8 8 8 0 0 4 4 4 0 0 0
S12 8 8 8 0 8 0 4 4 0 0 0 0
S13 8 8 0 8 0 8 4 0 4 0 0 0
S14 8 8 0 0 0 0 4 0 0 0 0 0
S23. 8 0 8 8 0 0 0 4 4 0 0 0
So4 8 0 8 0] 0 0 0 4 0 0 0 0
s34 8 0 0 8| 0o o0 o0 0 41 0 0 0
m; 12 12 4 4 4 4 12 0 0 4 4 0
m; 12 4 12 4 4 0 0 12 0 -4 0 4
m; 12 4 4 12 0 4 0 0 12 0 —4 -4
my 12 4 4 4 0 0 0 0 0 0 0 0
T2 0 0 0 0 0] 0 4 ~4 0 8 0 0
13 0 0 0 0 0 0 4 0 -4 0 8 0
T4 0 0 0 0 0 0 4 0 0 0 0 0
23 O 0 0 0 0 0 0 4 -4 0 0 8
a4 0. 0 0 o 0o 0| 0 4 o] o 0 0
T34 0 0 0 0 0 0 0 0 4 0 0 0
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which have the highest i-+j value (i and j stand for the female and male parent indi-
cgs,'re'spectively). Restrictions on reciprocal effects (re) were applied on the last effect
\o‘f every male parent first, then applied the remaining constraint on effect which have;
the hfghest i+j value . For data with iXj cross missing, an additional constraint must
be -applied on the ixj reciprocal effect, simply because this reciprocal effect is’no longer
estimable. For data with both ixj and jxi crosses missing, two additional constraints
must be employed. One for the ixj specific combining ability and the other for the

ixj reciprocal effect, since both these two effects are no longer estimable.

Table 3. Estimable functions of data set 1 generated by Cholesky decomposition of
reduced X’X matrix ( X1073)

Source of variation

Effect -
mean (z) gea(g) sca(s) me(m) re(r)
@ 6928 0 0 0 0 0 0 0 0 0 0 0
g1 3464 3464 0 0 0 0 0 0 6] 0 0 0
2 3464 | -1155 3266 0 0 0 0 0 0 0 0 0
g3 3464 -1185 -1633 2828 0 0 0 0 0 0 0 0
24 3464 | -1155 -1633 -2828 0 0 0 0 0 0 0 0
? -
S12 1155 1155 1633 0| 1633 0 0 0 0 0 0 0
s13 1155 1155 - 817 1414 | -817 1414 0 0 0 0 0 0
sS4 1155 1155 - 817 -1414 | -817 -1414 0 0 0 0 0 0
S23 1185 | -1155 817 1414 | -817 -1414 0 0 0 0 0 0
Sat 1155 | -1155 817 -1414 | -817 1414 0 0 0 0 0 0
S34 11585 -1155 -1633 0| 1633 0 0 0 0 0 0 0
my 1732 1732 0 0 0 0| 2450 0 0 0 0 0
my 1732 |- 577 1633 0 0 0| -817 2309 0 0 0 0
ms 1732 |- 577 - 817 1414 0 0| -817 -1155 2000 0 0 0
my 1732 | - 577 - 817 -1414 0 0] -817 -1155 --2000 0 0 0
Iiz 0 0 0 0 0 0] 1633 -1155 0| 2000 0 0
I3 0 0 0 0 0 0] 1633 577 -1000 | 1000  .1732 0
i 0 0 0 0 0 0] 1633 577 1000 | 1000  -1732 0
T2 0 0 0 0 0 0 0 1732 -1600 | 1000 - 577 1633
r2 0 0 0 0: 0 0 0 1732 1000 | 1000 577 -1633
T34 0 0 0 0 0 0 0 0 2000 0 1155 1633
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From the estimable functions generated by the Cholesky decomposition of the redu-
ced X’X matrix, sums of squares (SS) and the expected values of SS for general com-
bining abilities, specific combining abilities, maternal effects and reciprocal effects
were easily computed from (6) and (7], respectively, and were listed in Table 4. Esti-
mated values of varianae components were summarized in Table 5. Some estimates
were negative, but this was largely due to the sampling error of the data itself and

Table 4. Sums of squares (SS) and expected values of SS for estimable functions

generated by Cholesky decomposition of reduced X’X matrix

Data Coefficients in Exp(SS)
S. 0. V. DF | SS(Hy:LA=0)
set 2 ag? as? om? a2 R
1 1 644960.33344 48 ‘ 48.00000 8.00000 12.00000 0.00000 1
2 1 542657.02494 40 40.00000 6.80000 10.10000 0.20000 1
3 1 509539.56744 37 37.24324 6.62162 9.70270 0.45946 1
mean () 4 1 472001.05876 34 35.05882 6.94118 8.88235 0.23529 1
5 1 4717244.82846 35 35.37143 6.42857 9.68571 0.82857 1
6 1 484747.45762 35 35.37143 6.42857 9.34286 0.82857 1
7 1 452439.27307 33 33.272713 6.21212 9.30303 1
1 3 5542.37500 0 48.00000 24.00000 12.00000 0.00000 3
2 3 5239.89583 0 40.00000 | 20.00000 10.33333 0.66667 3
3 3 4974,73876 0 36.75675 18.82282 10.18619 1.87387 3
geca(g) 4 3 4889.03939 0 32.94118 20.20168 8.59384 0.71709 3
5 3 4768.53881 0 34.62857 17.90476 10.31429 3.40952 3
6 3 5030.02137 0 34.62857 17.90476 10.65714 3.40952 3
7 3 4851,37311 0 32.72721 16.78788 10.94697 3
1 2 191,29167 0 0.00000 | 16.00000 0.00000 0.00000 2
2 2 134.70417 0 0.00000 | 13.20000 0.23333 0.46667 2
3 2 81.15201 0 0.00000 11.55556 0.77718 2.00000 2
sca(s) 4 1 73.36012 0 0.00000 6.85714 0.19048 0.38095 1
5 2 70.34094 0 0.00000 | 10.66667 1.33333 3.42857 2
6 2 178.81316 0 0.00000 | 10.66667 1.33333 3.42857 2
7 2 153.89583 0 0.00000 10.00000 1.75000 2
1 3 87.18750 0 0.00000 0.00000 24.00000 24.00000 3
2 3 48.58302 0 0.00000 0.00000 19.33333 19.76246 3
3 3 73.56640 0 0.00000 0.00000 16.33333 20.07312 3
me(m) 4 3 73.56640 0 0.00000 0.00000 16.33333 20.07312 3
5 3 86.20833 0 0.00000 0.00000 13.66667 21.07246 3
6 3 16.05978 0 0.00000 0.00000 13.66667 21.07246 3
7 3 16.12500 0 0.00000 0.00000 11.00000 3
1 3 155.81250 0 0.00000 0.00000 0.00000 24,00000 3
2 3 253.79198 0 0.00000 0.00000 0.00000 18.90420 3
3 2 168.64194 0 0.00000 0.00000 0.00000 12.59355 2
re(r) 4 2 168.64194 0 0.00000 0.00000 0.00000 12.59355 2
5 1 155.25000 0 0.00000 0.00000 0.00000 6.26087 1
g 1 0.81522 0 0.00000 0.00000 0.00000 6.26087 1
1 36 2143.00000 0 0.00000 0.00000 0.00000 0.00000 36
2 28 1827.00000 0 0.00000 0.00000 0.00000 0.00000 28
3 26 1698.33333 0 0.00000 0.00000 0.00000 0.00000 26
error(e) 4 24 1640.33333 0 0.00000 0.00000 0.00000 0.00000 24
3 25 1695.83333 0 0.00000 0.00000 0.00000 0.00000 25
6.1 25 1695.83333 0 0.00000 0.00000 0.000C0 0.00000 25
7 24 1695.33333 0 0.00000 0.00000 0.00000 0.00000 24
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had not much to do with the computational method employed. Negative estimates occu-
rred in even the balanced data (Table 5).

Table 5. Estimated values of g2 and variance components

Estimated values of
Data set
u? 052 052 Om? 02 o2
1 13325.19271 110.20312 4.51476 — 2.85938 — 094878 59.52718
2 13438.79583 128.62971 0.39998 —10.75056 3.07032 65.25000
3 13637.45220 134.76743 —3.51535 —11.20286 3.02971 65.24359
4 13734.09118 144.49875 0.90032 —11.16717 2.53681 68.34722
5 13498.40773 142.96354 —6.84836 —30.11073 13.96238 6'?:83333
6 13708.86010 135.88499 7.13694 2.78966 —10.70428 67.83333
1 13565.85548 145.27819 4.37667 —17.79924 70.63889

Although data used in this paper vary considerably in degree of unbalancedness,
the estimated values of variance components for each effect are fairly consistent amo-
ng 7 data sets. This demonstrates the stable nature of the computing algorithm develo-
ped in this paper.

Discussion

Estimating variance components from unbalanced data is not as straightforward as
from balanced data. Several methods of estimation are available. Most of these methods
reduced to the analysis of variance method for balanced data. Only a few compara-
tive studies have been made on the relative merits of the different methods (Bush and
Anderson, 1963; Anderson and Crump, 1967 and Kussmaul and Anderson, 1967). None
of the methods has yet been clearly established as superior to the others. All of the
methods involve relative cumbersome algebra. Discussion of unbalanced data can there-
fore easily deteriorate into a “welter of symbols” (Searle, 1971).

Methods 1 and 3 of Henderson (1953) and complete least-squares analysis are fre~
quently used for estimating variance components from unbalanced data under the ran-
dom model. All of these methods use, in one way or another, quadratic forms of the
observations. The general methodology is to obtain expected values of quadratic forms
and to equate them to their observed values. This is exactly what is done with sums of
squares, which are quadratic forms of the observations, in the analysis of variance
method for balance data. Whereas with balanced data their is obviously only one set
of quadratic forms, they lead to estimators that are unbiased and have minimum vari-
ance properties. There are many sets of quadratic forms that can be used for unbalan-
ced data. The simplest way to evaluate these estimators would be to compare their
sampling variances , but to compare the sampling variances of different estimators is
difficult becauss the variances themselves involve the trus variance components even if
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normality is assumed. It should be noted that although the change from balanced data
to unbalanced data might appear relatively small on the surface, it causes enormous
change in the tractability of methods and the properties of estimators. Comparative
studies of different estimators arising from different quadratic forms, analytically or
numerically, are therefore not simple because of the algebric complexity of unbalanced
data involved. No particular set of quadratic forms has yet been established as more
optimal than any other set. The only universal outcome of these different methods is
that they all provide unbiased estimators. Unlike testing fixed effects where appropriate
F-statistic is a problem, unbiased variance components can always be estimated by equa-
ting the expected values of quadratic forms to their observed values. Therefore an
efficient and stable method for computing the observed values of quadratic forms and
their expected values is most desirable.

Variance component estimators derived by the method presented in this paper are
linear combinations of quadratic forms of the observations. Each quadratic form can be
expressed in the form Y’QY for an appropriate Q-matrix and hence its sampling vari-
ance can be derived from application of Var (Y'QY)=2 tr(QV)+44*1’QVQ1, where

k
V=Var(Y)= gl XiXi’0;%+1I0.%, and the sampling covariance between any two quadratic

forms can be derived from Cov(Y’QY, Y'RY)=2 tr(QVRV)+441’QVR1. In this way
the sampling variance of linear combinations of these quadratic forms can be obtained,
although the details are somewhat lengthy, involving considerable matrix manipulation.

The use of the Cholesky decomposition matrix of X’X in generating the estimable
functions for effects in an unbalanced diallel crosses, as used in this paper, is proven
to be both efficient and stable as well as appropriate. Methods 1 and 3 of Henderson
and complete least-squares analysis, unreparametrized or reparametrized, should not be
used in design matrix structure as unbalanced diallel. This is because in an unbalanced
diallel, general combining abilities should not be adjusted for specific combining abili-
ties and maternal effects should not be adjusted for reciprocal effects. Therefore sequen-
tial reductions, which is the outcome of the use of the Cholesky decomposition matrix
of X’X, is proper in obtaining the sums of squares of general combining abilities, spe-
cific combining abilities, maternal effects and reciprocal effects in an unbalanced diallel
crosses. :
Although the diallel crosses model used in this paper is assumed random, same
computational method can also be used to handle the mixed model with a little modifi-
cation in the expected values of the sums of squares. Besides, computing sums of cross-—
products from an unbalanced data is analogus to computing sums of squares, therefore
computing covariance components can be done virtually the same way as computing
variance components. As far as the sampling properties of the estimated variance
components are concerned, no other method has yet been proved to be more optimal
uniformly than the present one,
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Component Analysis of Heterozygous Dizllel Crosses'

Ching Liu?

Abstract ;: By constructing separate models for selfings and crossbreds based on
their genotypic values, the genetic components analysis of Hayman and the com-
bining ability analysis of Griffing for a diallel crosses were proved to be essenti-
ally equivalent and were combined to provide estimates of various genetic para-
meters of the sampled population from a heterozygous diallel. Difference in esti—
mation of genetic paramesters betwean homozygous diallel and heterozynous diallel

were indicated.

Introduction

Any set of matings among p individuals, strains or inbred lines which can be a-
rranged into sets of symmetrical two-way classifications by parentage may be called a
diallel crosses. Many and seemingly different diallel analyses have been presented in
the literature. Diallel analyses differ in four main ways-in the sampling assumptions of
the experimental materials, in the postulated underlying genetic mechanism, in the me-
thods of estimation, and in the parental heterozygosity.

Yates (1947) has given a statistical analysis by using the principles of analysis of
variance for the factorial experiment; this has been modified and stated in terms of
biometrical genetic parameters by Jinks and Hayman (1953) and further by Hayman

(1954a, b, 1958, 1960) and Jinks (1954). Hayman (1954a) has defined five components

(h, D, Hy, H;, and F) of genetic variance in a homozygous diallel crossing system ex-
hibiting additive and dominance, but no epistatic variance. The method of Jinks and
Hayman (1953) emphasizes the analysis of genetic variances for a diallel crosses of in-
bred lines. They used diagrammatic methods to estimate the ratio of additive genetic
variance to non-additive genetic variance in order to determine the mean level of do-
minance for a quantitati\:e character. Dickinson and Jinks (1956) have extended the me-
thod of Jinks and Hayman to diallel crosses involving parental heterozygosity but the
use of their method requires information about the parents which is not generally avai-
lable.

Kempthorne (1956) has discussed these methods of analysis in terms of variances
of inbred parents, crossbred offspring and the covariance between parents and off-

1. Contribution No. 1304 from Taiwan Agricultural Research Institute.
2. Senior Statistician, D2partmznt of Agronomy, TARI, Wufeng, Taichung Hsien, Taiwan 41301, ROC,
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spring. Griffing (1956) has classified the four different diallel crossing methods from wh-
ich at least a p(p-1)/2 set of crosses can be obtained. He also discussed the analysis of
each in terms of the variance of genral and specific combining ability under two alter-
native assumptions with regard to the sampling nature of the experimental material.
Theoretically, the important difference among these four methods depends upon whether
or not sefings are included. Griffing (1956) suggested that the term “diallel]” should
be used for those methods which include the sefings and the term “modified diallel” be
used for those methods which do not. It was shown that with the modified diallel me-
thods, unbiased estimates of the population variances can be obtained from mean squares
of the appropriate analysis of variance (Griffing, 1958). Kempthorne (1956) derived the
expectation of mean squares for a complete homozygous diallel. He showed that these
mean squares alone could not yield unbiased estimates of the desired parameters. Gri-
ffing (1958) also reached the similar conclusion for other diallel methods.

As far as the random model (Eisenhart’s Model II) is concerned, the five genetic
components of variation defined by Hayman (1954a) are a set of linear transformations
of the variances of general and specific combining ability and three other parameters.
The combining ability analysis of Griffing (1956, 1958) can be extended to cover the
analysis of genetic components of Hayfnan (1960) by constructing seperate models for
selfings and crossbreds for both the homozygous "diallel as well as the heterozygous
diallel.

Problem of parental heterozygosity in a diallel crosses has scarcely been touched.
The intent of this study is to establish basic models that can be further developed to
evaluate the complete set of variance components and the genetic constitution of the
sampled population.

Models and Analyses

Genotypic Models

The hypotheses listed below either hold in many inheritance mechanisms or are

useful simplifications. We assume : ‘
(a) Diploid segregation,

(b) No epistacy,

(¢c) No multiple allelism.

Let the genotypic values of three genotypes TT, Tt and tt at the t'* locus be de-
noted by d,, f. and —d, respectivly. And let these three genotypes be denoted by a vari-
able 6, which takes the value 1, 0, and —1 respectively (Hayrrian, 1954bh). Then, if the
genotype controlling a metric character is denoted by &=(0y, 82, -, 0.) and there is no
epistacy, the genotypic value is

%Edtﬁt“}"ft(l—ﬁtz)j .............................................................................. ¢))

as may be seen merely by substituting #:=1, 0 and —1 in turn,
Some general results on this representation are ;
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(a) The individual with genotype 0. produces gametes L and t with frequencies
(1+4-6,)/2 and (1-6.)/2, respectively.
(b) The cross 6;x0; produces progeny TT, Tt and tt with frequencies -

(A+0:)(1+05)/4, (1-0:6:)/2 and (1-0,)(1-03)/4,

respectively. These are the probabilities that 6,=1, 0 or —1 in .the progeny.
(¢) In the progency of the cross 6;%6;,

E(0) =D 1+0:)(1+03)/4+(0)(1—6:.05) /2
+(—D(A~6:)(1-0;)/4
= (0it+0it)/2y
E(1-6.2)=1-E(6.»
=1-0(D*(1+6:) (1+6;)/4+(0)*(1—6:05) /2
+(=D*(1-0:)(1—-05)/4)
=(1-0.0:)/2
The expected genotypic value of the progeny is

E S0df,+£.(1-09))=[dE@) +LE1-6))

q
= ?« [de(0:+0;5) +1.(1—6:.0;.3/2
(d) The expected genotypic values for selfing and crossbred in the diallel crosses are :
q
Yii==[2d.0; +f.(1-6:2]/2 l
t
. :
Yii= Et[dt(oit+0ic)+ft(1"‘0it03t)]/2, (1#]) l

In the homozygous diallel the selfings are identical with the parents. This is not so,
however, in the heterozygous diallel. The heterozygous xheterozygous selfings show a

q
fall in expected genotypic value equal to =f./2, as can be proved easily with a one-
t

gene, two-allele model. Thus the selfings in the heterozygous diallel may be regarded
as fictitious parents. ‘

Let the frequencies of two allels L and t at the t'* Jocus be deoted by u. and
vi(u¢+v. =1), respectively.
Hence :

E@)=u—v. . \
E(:) =.ut2+yt12

E(aitai{g‘) =(u—ve)?

V(i) =2ucv:

V(6:i®) =2u v (u?+v.2)

V(0::05) = 4uvi (u +v,2) —4u, v,
Cov(0y, 03)=0
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Cov (0, 0:?) =2u,v.(uc—ve) {

Covlls, Bufd=2uvi(umvy [ 3
Cov (8, 0,.0;)=0

Cov(bs, 0:*)=0

Cov(0:?, 0;:)=0

Cov (852, 0:0;) =2u,vi(u.—v,)?
Cov (8.0, 0:0;) =2ucvi(ue—v:)?
Cov (805, 6:10;,.)=0

By applying the expectations in (3), we have :

Hy= E(Yu) = % [dt(ut —Vi) +ftutvt]
m=E(Yi)= %Edg(ut—vt) +26u,v)

& =B(Yi) = 0= S0, (e —v) 00— (= v) /2
zi=Yamm—2g g @
= %[2ft(ut-—vt)0;,+ft0it2—ft +6fuv)/2

si=Yi—t—gi—gi
= SCRCu V)0~ V) O3 — £.01 3~ f
+Afuv,)/2

The genotypic models in (2) can therefore be vritten as :
Yii=#o+2gi+zi }
Yi=p+git+gitsiy, G

Where :

Mo=population mean of the selfings.

#;=population mean of the crossbreds.

gi(g;) =general combining ability effect for the i** (j'*) parent.

zij=remaining discrepancy in the i‘* selfing.

sij=specific combining ability effect for the cross between the i** and j** parents
such that s;j=s;;.

It should be pointed out that, by constructing seperate models for selfings and
crossbreds, g: is general combining ability as defined by Sprague and Tatum (1942).
Also the s;; fits their definition of specific combining ability, for they defined these e-
ffects as deviations from the mean of the F’s.
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Define five genetic components of variation similar to those used by Hayman' (
1954a) as

q
D =23 u,v.d:?
t
q
H; =2 % u.V;(u;z =+ ng) f;z
q
H2 :4§u:2Vg2fr,z Y eceseseseniesececitrsenrsenee (6)

F =4 % vy (U —ve)d. £,

q
h =S uwv.f:
¢ /

From (3), (4) and (6), it can be shown, after some afgebraic simplifications, that :

E(gi)=E(Zii):E(Sii)=0 1
#y—2=h
(1~ #)*=h?
V(g)=o2={D+H ~H,-F)/4 b )

V(zi;) =9,=H,/4
Cov(gi, zi;) =0,,= —(H;—H,)/4+F/8
V(sis) =0,2=H,/4 )

All other covariances are zero.

It is obvious that h, D, H;, H;, and F are a set of linear transformations of x;—,, g,
a2, o, and ¢, as mentioned before.

It is seen from (1) that the genotypic value of the s'* individual in a random ma-
ting population can be expressed by

Y,= :EEdtﬂerf;(l-—ﬁ’“)]-

Let the average effect of the t'* gene substitution be denoted by
a,=d—f.(u.—v.), (Falconer, 1981)

then the breeding value and the dominance deviation of the s'* individual can be ex-
pressed by

b, = %[(on — D+ B+ ve,)

= S0 (1,—v)

'The five components (h, D, H;, H; and F) defined here are not same as those (
h’, D/, H, H,’* and F’) defined by Hayman (1954a). The relationship between these two
sets of components is :
h’=4h, D’=2D, H/=2(H,+H.), H,’=4H,, F’=2F.
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and : C v " R B |
d,=[Y,~E(Y)]-b,

q
= 2;« fiL2ueve + (ue — v ) 0 — 0%, )

respectively.

By applying (3) and (6), we have
V(b,) =0,>=D+H,;~H,~F \ , .
V(d,) =0s=H, RRRRTIR IR (8
Cov(b,, do) =0 J

Where ¢, and ¢4* are the additive and dominance variances respectively. From (7) and
(8), we have derived the relatlons that : '

g,.2=4o,? i
ot=40?
This result (9) is to be distinguished from that of a homozygous diallel. In a homozy-

gous diallel ¢,2=2¢,% and o¢s2=02

Genetic Constitution of Sawpled Population

The genetic components of variation can be estimated from the proposed models.
Certain properties of the population under investigation can then be investigated in the
following manner.

(a) Mean level of dominance

Mean level of dominance can be estimated by the expression

v/(H,+H,)/D.

This reduces to

V23 u:vif:?/23 uevid,?

which becomes f/d if the q loci have equal effects. Whereas if the loci have unequal
effects, the estimated dominace ratio is automatically weighted in favor of those with
largest effects and those with allelic frequency nearset to 0.5.. As unequal effects may
be the usual case and we can only deal with the combined effects of all the loci, the
loci with greater effects will contribute more information to the weighted estimate than
the loci at low frequency and/or with small effects (Dickinson and Jinks, 1956).

In addition to the above, with similar reasoning

]/Hz/DZ = 1/4 > utZVtzch/‘lz U¢2Vg2dc4 = F/(P

These estimates of f/d and f/d? can be solved simultaneously for f and d.
(b) Average level of heterozygosity and allelic frequencies The expression

H./(H:+Hz)

gives a weighted estimate of the average level of heterozygosity. This reduced to
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43 U:2Vt2f:2/2 = Uchfcz

which becomes 2uv if the q loci have equal effects. Whereas if the loci have unequal
effects, this estimate will be the average level of the heterozygosity at loci showing
dominance since the ratio is confined to terms in f?, The loci showing greater domi-
nance will also contribute relatively more to this weighted estimate than those showing
little dominance. In addition, this estimate will be weighted in favor of loci with allelic
frequency nearest to 0.5. Hence biased estimation of the average heterozygosity will
occur whenever the level of heterozygosity differes from one locus to another which
may in reality be the situation. In addition to the above. u+v=1. These equations of u
and v can be solved simultaneously for u and v.

(¢) Number of loci showing diminance

The expression

4h*/H, =4(S wvef)?/4 3 ui?v 2,2

gives an estimate of the number of loci showing dominance provided that certain assum-
ptions are made. Assuming that q’ loci involved exhibit unidirectional dominance and
have equal effects, the expression becomes

4(suvif)?/43u v = (Q'uuf) Y/ u v 2 =q’%/q’ =q’

An underestimate of q’ will occur if either or both assumptions are not valid. Thus,
when all loci do not exhibit unidirectional dominance, positive and negative values of f
cancel out in h, with a consequent reduction in the estimated value of q’. In addition,
inequality of effects at the q’ loci will also give a lower estimate. Since the present es—
timate is confined to a ratio of terms in f, it obviously gives a lower bound of the
number of loci showing doming dominande and is biased in favor of those of greater
dominance (Dickinson and Jinks 1956).

(d) Dominance level over loci

An estimate of this is given by the expression

F/2VDH,—H,)

provided that certain assumptions are made. If the ratio of f to d and the difference
of u and v are constants over all loci, then the absolute value of this expression will be
1. However, if either or both assumptions are not valid, then the absolute value of this
expression will be close to 0. Hence, regardless of the dominance level this ratio can be
used to measure the extent to which the dominance level varies from one locus to ano-
ther (Mather and Jinks, 1971).

Conclusion

Development of an effective breeding program for a given species depends upon
knowledge of the kinds and magnitudes of variability which contribute to differences
among individuals. Additive, dominance and epistatic genetic variances are particularly
important in understanding the inheritance mechanisms of the economically important
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characters.These genetic variances can only be estimated from covariance between relatives

(e. g., between parent and offspring, between full-sibs, between half-sibs, etc.). Covari-
ances between relatives can only be estimated from experiments based on controlled
crosses with specific mating designs. Due to restrictions of time, space, cost and biologi-
cal limitations, some of the mating designs for estimating genetic variances are confined
to those dealing with one common generation of parental materials originating as a
random sample from a single random population. Nested, factorial and diallel designs are
well known and are commonly used. All of the above designs permit estimates of cova-
riance between full-sibs and between half-sibs which can be interpreted in terms of ge-
netic variances of the sampled population. Although diallel designs are relatively difficult
to use in some breeding program, they should be particularly useful when a complete
evaluation of variance components is desired including those due to selfing, maternal
and reciprocal effects.

Genetic variances are estimated from the covariances between relatives which in
turn are estimated from the functions of variance components. Therefore efficient esti-
mates of genetic variances depends entirely on efficient estimates of variance compo-
nents.

Constructing seperate models for selfings and crossbreds besed on their genotypic
values, the genetic components analysis of Hayman and the combining ability analysis
of Griffing can be combined to provide estimates of various genetic parameters of the
sampled population from a heterozyous diallel.

In practice, estimates of the genetic components of variation and other parameters
derived from them may not be very precise. This is not only because of the lack of know-
ledge about the true genetic mechanisms that control the inheritance of the traits stu-
died but also because of the sizable amount of of environmenlal variation usually asso-
ciated with the measurements themselves. Interpretations and applications of these ge-
netic parameters should be carefully made. Different traits may need different models
to explain their variation and incompatible results may indicate the incorrectness of the
model used.
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HHE% H Peroxidase 2 RZ)R MMERX D HERSE - 1 —3 B » 4 —6 BFEH, 7— 9B 10—12
R 13—15RH% M > 16— 18BMT - FEZH—FEHHERE  FEFHBRT2RNE  $=/
MHABTERAE . R 0 BHRBHEZES - (a) BHER (b) MERKE - ,

Peroxidase isoenzyme banding patterns from leaf extracts of 2-year-old citrus plants. Ponkan
(Citrus reticulata) is in the lane of 1-3, Tankan (a tangor ? ) in the lane of 4-6, Liuchen (C.

sinensis) in the lane of 7-9, lemmon(C. limon var. Eureka)in the lane of 10-12, grapefruit (C.

paradisi var. Ruby) in the lane of 13-15, and wentan (C. grandis) in the lane of 16-18. The
young leaf is in the first lane, the incompletely mature leaf in the second lane and the comp-
letely mature leaf in the third lane of every species. Rf 0 is the origin of the resolving gel. (a
) The photographic picture. (b) The drawing picture.

%3N Esterase ZRIIREMER S MER o RZAERBNE 1 Fk o R 0 B5BB 2% -
(a) RERER - (b) MBERHE -

Esterase isoenzyme banding patterns from leaf extracts of 2-year-old citrus plants. The arran-
gement of samples is as described in Fig. 1. Rf 0 is the origin of the resolving gel. (a) The
photographic picture. (b) The drawing picture.

HRS3E M Superoxide dismutase (SOD) ;2 FIZHE MBS HERSR o FHRH2 (B %HE 0 1 F7alk o RE O
ROMBEZER - (2) BIEKRE . (b) MELE -

Superoxide dismutase isoenzyme banding patterns from leaf extracts of 2-year—old citrus plan-
ts. The arrangement of samples is as described in Fig. 1. Rf 0 is the origin of the resolving
gel. (a) The photographic picture. (b) The drawing picture. '

¥R Glutamate oxaloacetate transaminase (GOT) > RTHE Bk AR o k2 o B bk
O 1 BTl o RE O RSMBEZEE - (2) BHER. (b) WELR-

Glutamate oxaloacetate transaminase isoenzyme banding patterns from leaf extracts of 2-year-
old citrus -plants. The arrangement of samples is as described in Fig. 1. Rf O is the origin of

the resolving gel. (a) The photographic picture. (b) The drawing picture.
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Studies on the Isoenyzmes of Citrus Leaves

I. The Gel Electrophoretic analysis of Six Important Citrus Species

in Taiwan and the Effect of Leaf Age!
Min-Tze Wu and Jung-Ming Jwo?

Summary

Leaves from 2-year-old plants of six important citrus species in Taiwan---Ponkan
(Citrus reticulata), Tankan (a tangor?), Liuchen (C. sinensis), Lemmon (C. Limon.
var. Eureka), grapefruit (C. paradisi var. Ruby) and Wentan (C. grandis), were used
as the plant materials for identification of the isoenzyme genotypes of peroxidase, este-
rase, superoxide dismutase and glutamate oxaloacetate transaminase. The objective of
this study was to look for the genetic .differences among certain citrus species. The

effect of leaf age on isoenzyme banding patterns was also tested.

The results indicated that bands of Rf 0.35, 0.37 on peroxidase, band of Rf 0.3 on
esterase, and bands of Rf 0.29 , 0.32, 0.36, 0.39 on superoxide dismutase could be the
genetic markers for distinguishing differences among certain citrus species. From the
isoenzyme banding patterns of glutamaté oxaloacetate transaminase, two groups of iso
enzymes controlled by two genetic loci (GOT-1 and GOT-2) were clearly separated. The
GOT banding patterns of Ponkan and Tankan were the same, but those of the other
4 were different. Referring to the evidence of differences among certain citrus species in
isoenzyme genotypes identified by means of the above simple and rapid electrophoretic
method, it is believed that this technology can be applied to differentiate the zygotic
from nucellar seedlings in the future citrus breeding work in Taiwan.

The clearness of isoenzyme banding was influenced by leaf age. Zymograms from
completely mature leaves were the clearest for peroxidase and supeoxide dismutase,
while those from young leaves was for esterase and those from incompletely mature
leaves was for glutamate oxaloacetate transaminase . The choice of different ages of
leaf samples should be emphasized when such an electrophoretic experiment was condu-
cted. This study also showed that esterase isoenzyme banding pattern of Tankan is in
between those of Ponkan and Liuchen, the glutamate oxaloacetate transaminase isoenz-
yme banding pattern of grapefruit in between those of Wentan and Liuchen. However,
it needs more study to evidence the taxonomy of Tankan and grapefruit.

1. Contribution. No. 1305 from the Taiwan Agricultural Research Institute.

2. Horticulturist and Project Employee respectively, Department of Horticulture, TARI, Wu-feng,
Taichung Hsien, Taiwan 41301 R. O. C.




Jour. Agric. Res, China (FP#EE%EW ) 35(4) 1 495~503 (1986)

Purification end Serology of an Isolate of
Zucchini Yellow Moszic Virus'

C. H. Huang, S. H. Hseu and Y. J. Chao’®

v Abstract: An‘ isolate of zilcchini yellow mbsaic Virus, ZYMV-1, was purified and 1.
its antiserum produced. Systemic leaves frpm inoculated zﬁcchini plants taken 9-10
days after inoculétion had the highest virus concentration, and were used in virus
purification. Yiélds of purified virus estimated by spectropliotometer were 18-22
mg/100g leaf tissues. The O. D. ratio of A260/280 from several separate prepara-
tions ranged from 1.27 to 1.31. The purified virus preparation obtained from the
first isopycnic centrifugation in cesium sulfate was found contaminated with host
proteins, however, the contaminated materidls could be removed by a second
isopycnic centrifugation. The reciprocal titers of antiserum against homologous
antigens in crude leaf extracts and purified virus preparations were 2048 and
4096, respectively, in ring interface precipitin tests. The titer of this antiserum
against crude sap antigens was 16'in SDS-immunodiffusion tests. Antisera collected
at several bleedings reacted with host constituents weakly, but the addition of
2% bovine serum albumin to the antisera or to agar medium completely removed
the non-specific reactions in SDS-gel diffusion tests. Antiserum to ZYMV-7
produéed preciﬁitin bands with all IO ZYMYV isolates, i. e., ZYMV-1 to ZYMV-9
from Taiwan, and ZYMV-FL from Florida. There were no serological relation—
ships of ZYMV-1 with WMV-1 and WMV-2 (Florida isolate). However, an
antiserum to WMV-2, obtained from University of Florida, reacted with ZYMV
isolates strongly but formed definite spurs with WMV-2 in SDS-gel diffusion
tests, indicating that ZYMV isolates from Taiwan are different from WMV-2
Florida isolate but have some serological relations to certain types of WMV-2.

(Key words: purification, serology, zucchini yellow mosaic virus)

Introduction

More than 25 viruses, including at least 7 belonging to potyvirus group, are found
naturally in cucurbits (16,22). Among them zucchini yellow mosaic virus (ZYMV) first
described by Lisa et al. in 1981 from Italy is a relatively new potyvirus (15). The virus
has also been reported to occur in France (11), the United States (19,22) and Lebanon

1. Contribution No: 1306 from Taiwan Agricultural Research Institute.
9. Plant Pathologist, Assistant, and Research Assistant, respectively, Department of Plant Pathiology,
i TARI, Wufeng, Taichung Hsien, Taiwan, ROC,
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(13). In Taiwan, cucumber mosaic virus(CMV) (4,27), watermelon mosaic virus type-
1 (WMV-1) (12), cucumber green mottle mosaic virus (CGMMYV) (26) and Loofah
mosaic virus (LoMV) (3) have been reported infecting cucurbitaceous plants. In 1982,
we observed a disease which produced severe mosaic and rugose symptoms on leaves
and distortion and malformation of fruits of cucumber plants. On the basis of symptoms,
host range and serological relationships, we proposed that zucchini yellow mosaic
virus is the cause of the disease (9). Recently, in screening of 54 cucumber cultivars/
lines for resistance to cucurbit viruses, Yang (27) found that ZYMYV is the most
destructive to cucumber crops.

Lisa et al. (15) have characterized and purified ZYMV. Recently, Provvidenti et al.
(19) have also purified the cytoplasmic inclusion proteins from ZYMV infected plants.
Howevér, because of the tendency of the virus to aggregate, difficulties are often
encoungfered in purifying the virus, especially for a high yield. In comparative studies,
Huangf‘“and Hseu (10) found that different ZYMV isolates greatly influenced the virus
yield urider same purification procedure, although these isolates displayed serological
iden.tityf in SDS-immunodiffusion tests (9). This paper deals with a selected ZYMYV isolate
which vs}e purified and consistently gave high yields of purified virus by the procedure
of Gongsalves and Ishii with some modifications (8).

Materials and Methods

Source and maintenance of the virus isolate: The ZYMV isolate used mostly in this
study referred to as ZYMV-7 (9) was originally obtained from leaves of infected
cucumber plants grown in the experimental field of Taiwan Agricultural Research
Instituté. It had passed through three serial transfers from a local lesion host, Cheno-
podium amaranticolor, to zucchini plants. The isolate produced severe mosaic and leaf
distortion on zucchini, and latent infection on Pisum sativum ‘Alaska’. It was generally
maintained and propagated on zucchini plants through this study.

Determination of virus concentration in zucchini: To determine the time required
for the virus to reach highest concentration in systemically infected leaves of zucchini
plants, leaves were sampled from three inoculated plants at 2-day intervals. About six
discs (0.5cm in diameter) were taken from each leaf by a cork borer. Then, the leaf
discs were pooled, weighed, and ground in 10 volumes of 0.05M potassium phosphate
buffer, pH 7.5, (w/v). The crude extract was inoculated to two C. amaranticolor plants
for producing local lesions. The relative: virus concentration in systemically infected
leaves was estimated by counting the number of lesions 10-14 days after inoculation.

" Purification: The purification procedure for ZYMV was a modification of that
described by Gonsalves and Ishii (8) for purifying papaya ring-spot virus. Systemically
infected leaves were harvested from greenhouse-grown zucchini plants 9-10 days after
inoculation with ZYMV. The leaf tissue was homogenized with a Waring blendor (Model
31BL42) in 0.25M potassium phosphate buffer (2ml/g tissue), containing 0.01M disodium
ethylenediaminetetraacetate (EDTA) and 0.1% Na,SO;, pH 7.5. Chloroform and carbon
tetréch_l_oride, each at 0.5ml/g tissue, were added slowly as the tissues were being
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ground. The homogenate was centrifuged at 5,000 rpm (Hitachi RPR-12) for 5 min, and
the supernatant centrifuged again at 8,000 rpm for 15 min in same rotor. PEG (poly-
ethylene glycol, M. W. 6,000) was added to the supernatant at the rate of 8g/100ml. The
mixture was stirred for 1-2 hr and was centr‘ifuged at 10,000g for 20 min in a Hitachi
RPR-16 rotor. The resulting pellets were resuspended in 0.1M potassium phosphate
buffer plus 0.01M E DTA, pH 7.5, and stirred for another hour. Before the second PEG
treatment (5% PEG and 0.3M NaCl), the resuspended virus was centrifuged at 4,000-
5,000 rpm for 10 min to remove the host constituents. The virus was precipitated after
second PEG treatment, and the pellets were finally resuspended in 0.05M potassium
phosphate buffer, pH 7.5, and stirred overnight.

Upon isopycnic centrifugation, the virus suspension was mixed with 26% cesium
sulfate (w/w), or with 30% cesium chloride. Centrifugation was performed at 38,000
rpm for 22-24 hr at 6°C in a Hitachi RP-65T rotor (w?=1.28x10'? rad?/s). After
centrifugation, the virus zone was collected by a small pipet. The purified virus was diluted
to five times its volume with phosphate buffer, and again centrifuged at 10,000g for
10 min. The virus preparation was dialyzed overnight against 0.05M phosphate buffer
to remove Cs salt for spectrophotometry, or it was given another cycle of isopycnic
centrifugation.

The purity and quantity of the purified virus preparations were determined by a
Hitachi spectrophotometer (Model 220S). In one trial, the absorption profile was measured
at 254 nm with UV monitor (Gilson LC detector, Model 111) coupled with- Gilson
CRP fractionator for virus sample from the second cycle of isopycnic centrifugation in
Cs,S0,. ;

Production of antiserum: All antisera to ZYMV-7 were produced in one rabbit by
injecting virus purified after one cycle of isopycnic centrifugation. The rabbit was given
a series of four intramuscular injections at weekly intervals, and a booster at 6 wk
after the final injection. The immunized rabbit was bled weekly, starting 1wk after the
last injection. Antibodies reacting with host proteins were removed by adding 2% of
bovine serum albumin (BSA) (Sigma Co.) to the sera, and usually incubating the
mixture overnight at 4°C. All sera were stored in the presence of 0.02% sodium azide at
—20°C.

Serology: The titer of antiera was determined either by ring interface precipitin
test (2), and or by SDS-immunodiffusion test (14,20) against homologous virus. Sero-
logical reactions were determined among the following ZYMYV isolates: ZYMV -1 to
ZYMV-9 from Taiwan (9), and ZYMV-FL (FC1119) from Florida. In addition, WMV-1
and WMV-2 (Florida isolate) were also included for the purpose of comparisons. Both
ZYMV-FL and WMV-2 were kindly provided by Dr. D. E. Purcifull, University of
Florida. The agar medium for immunodiffusion tests consisted of 0.8% Noble agar, 1%
sodium azide and 0.3% dodecyl sulfate sodium (SDS) (14,22). In some cases 2% bovine
serum albumin was incorporated into the medium to remove the non-specific reaction
(4,20,23). Crude antigens were prepared from fresh leaves of inoculated zucchini
plants by grinding 1ml/g tissue in distilled water, followed by adding 1ml of 3% SDS,
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and filtered through cheesecloth. Generally, the whole procedure was completed within

one hour.
Results

Virus concentration in zucchini: Leaf extracts prepared from systemic leaves of
inoculated zucchini plants were assayed for virus concentration by inoculation to Cheno-
podium amaranticolor. The local lesions produced on C. amaranticolor showed that virus
content increased gradually in zucchini during the first 6 days, and then it increased
rapidly. A peak virus concentration was reached in systemically infected plants about
8-10 days after inoculation under the growth chamber conditions (25°C) (Fig."1).
Therefore, leaves were usually harvested at this time and used for virus purification and

serological studies.

Puri fication: In our earlier puri-
fication attempts, virus suspension was
mixed with 30% Cs,SO, for isopycnic
centrifugation, the virus zone appeared
at about 1.5cm below the meniscus after
centrifugation for 22-24 hr using Hitachi
RP-65T rotor tubes. It was close to the
host green components and needed a
great care to collect it by a small pipet.
Later, the virus suspension was mixed
with 26% Cs,S0,. After isopycnic run
the virus zone was located just below : - K

4
the middle of the tube and was well 9 4 6 6 10 12 14
separate from the green materials. The Days after inoculation
purified virus was easily collected from Fig. 1. Virus concentration of zucchini yellow
Cs salt gradient mosaic virus in relation to the time
— . ) . . of infection in zucchini plants under
The purity and quantity of the purified the constant temperature at 25°C The
relative virus concentration was estimated

virus preparations were analyzed .
by spectrophotometer. Virus recovered i’i g;::;;‘;gdl:: ;Zf;;ai::;?jr produced
from the first isopycnic centrifugation

was found contaminated with host proteins.
centrifugation yielded highly purified virus (Fig. 2). The absorption of several separate
preparations of the purified virus was lowest at 246-247 nm and highest at 260 nm,
and the O. D. ratio of A260/280 ranged from 1.27 to 1.31 (uncorrected for light

scattering). Assuming Eoéégﬁzz.él (21), vield of the purified virus was estimated to be
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However, a second cycle of isopycnic

18-22mg/100g leaf tissues.
In one additional trial for comparing virus stability in cesium sulfate and cesium

chloride solutions, the virus suspension was mixed with Cs salts. After isopycnic
cantrifugation, virus preparations from both Cs salts were inoculated to C. amaranticolor
after dialysis. At O. D.;5=0.593, th= purified virus from CsCl gradient produczd 1835
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lesions/leaf, and at O. D.,,=0.528, that from Cs,SO, gradient produced 1378 lesions/leaf.
These results indicated that ZYMV-7
is stable in both Cs salts.

Serology: In ring interface precipitin
tests the reciprocal titers of antiserum, :

taken from the third bleeding, were i
2048 and 4096 against homologous antigen

in crude leaf extracts and purified § "‘

preparations, respectively. This anti- o ' {

serum reacted with healthy plant extracts g :

at 1:4 dilution. Reacting with crude g Il
<

antigen in SDS-immunodiffusion gel, the
antiserum had a titer of 16, There were

no precipitin band formation when it
was tested against healthy plant extracts.

However, antisera collected from several j \

. . . / \_’_’/
bleedings reacted with host proteins
weakly (Fig. 3, b). Generally, we Top Bottom

added 2% BSA into the agar medium to Fig. 2. Absorption profile of the purified
zucchini yellow mosaic virus from the
second cycle of isopycnic centrifugation
3, a). in CsySOy.

remove the nonspecific reactions (Fig.

Fig. 8. Serological reactions of zucchini yellow mosaic virus (ZYMV), watermelon
mosaic virus-1 (WMV-1), and watermelon mosaic virus-2 (Florida isolate)
with antiserum to ZYMV-7.

The central wells (A-4) contained antiserum to ZYMV-7 collected 4 wlk

after the last injection. The peripheral wells contained SDS-treated antigens:
1t ZYMV-4; 2: ZYMV-FL (Florida isolate): 3: ZYMV-7; 4: WMV
-2 (Florida isolate); 5: WMV-1; 6: leaf extracts from healthy zucchini
plants.

The medium for pattern (b) consisted of 0.8% Noble agar, 0.3% SDS, and
1% NaNj;, whereas medium for pattern (a) consisted of the above
constituents plus 2% BSA. The non-specific reaction was observed in (h),

however, it disappeared in (a).
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ZYMV-1 to ZYMV-9, and ZYMV-FL appeared to be serologically identical in SDS-
gel diffusion tests. Except that ZYMV-2 sometimes formed a weak precipitin line, they
formed strong precipitin bands without spur reaction when tested against antiserum to
ZYMV-7 (Fig. 4, a, b) or antiserum to ZYMV-Italy (Fig. 4, c) (provided by Dr.
V. Lisa, Italy). There were no serological relations between ZYMV-7 and WMV-1 or
WMV-2 (Florida isolate) (Fig. 3). However, an antiserum to WMV-2 obtained from Dr.
D. E. Purcifull which reacted with WMV-2 Florida isolate strongly, also produced
precipitin bands when tested against ZYMV-4, ZYMV-7 and ZYMV-FL (Fig. 4, d).
These results indicate that ZYMV isolates from Taiwan were serologically related to
certain types of WMV-2.

Fig. 4. Serological comparisons of zucchini yellow mosaic virus isolates and watermelon mosaic
virus-2 (Florida isolate) in SDS-immunodiffusion tests.
The central wells (A) contained antiserum to ZYMV-7, (B) antiserum to ZYMV-Italy
(kindly provided by Dr. V. Lisa), and (C) antiserum to WMV-2 (kindly provided by Dr.
D. E. Purcifull). The peripheral wells contained SDS-treatedl antigens from zucchini leaves
infected with: ZYMV isolates Nos. 1-9 from Taiwan; 10=ZYMV-FL (Florida isolate); 11 :
WMV-2 (Florida isolate); 12=healthy zucchini squash leaves.

Discussion

Aggregation of virus particles during purification has been considered a limiting
factor in obtaining higher yields of purified virus in the PVY group (8, 15, 17, 24, 25).
ZYMYV, a potyvirus recently reported by Lisa et al. (15), is no exception. The use of
chloroform for clarification or of high molarity buffers for resuspension did not improve
the yields of the virus (15). In our initial purification attempts, an isolate designated
ZYMV-4 (9 was selected and the yield of purified virus was low, probably due to the
losses of virus from aggregation during purification; however, when ZYMV-7 was
proceeded through the same procedure, a relative high yield of purified virus was
obtained, suggesting that different ZYMV isolates greatly affect the yield of virus in
purification (10).

The addition of EDTA to extraction or resuspending buffers to reduce virus aggre~
' gation had been proposed (5, 8, 24, 25). Deigado-Sanchez and Grogan (5) obtained an
UV absorption spectrum typical of nucleoprotein for purified virus resuspended in borate
buffer plus 0.01M EDTA. Our initial experiments showed that the addition of Na-EDTA
at 0.01M in purified virus preparations changed the UV spectra. It also affected the
value of O. D.ze/25. Therefore, while EDTA was used to prevent virus aggregation,
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its effect on spectrophotometric measurement should be taken into account.

The purified virus preparations from either the first or the second isopycnic
centrifugation gave an identical UV absorption curve; however, the virus preparations from
one isopycnic cenfrifugation were still contaminated with host proteins as previously
observed by others (1, 8, 24). The value of Asg 2 ranging from 1.27 to 1.31 in our
studies was a little high, presumably due to contamination with host nucleic acids by
the use of phosphate buffer (6, 21), but it fitted into the range of 1.2-1.37 reported for
other potyviruses (7, 18).

Our ZYMYV isolates and the Florida isolate ZYMV-FL appeared to belong to the
same serogroup in SDS-immunodiffusion tests. They were not serologically related to
WMV-1 or WMV-2 (Florida isolate). Lisa et al. (15) found that ZYMYV reacted with two
antisera against Italian isolates of WMV-2. Purcifull et al. (22) pointed out that
antiserum to WMV-2 collected at late bleedings could reacted with ZYMV (Florida isolate
1119) antigen. In our studies, an antiserum to WMV-2, provided by Dr. D. E. Purcifull,
reacted with our ZYMYV isolates but formed spur reactions. This result confirmed that
ZYMV isolates were serologically, but distinctly, related to certain isolates of WMV-2
as reported previously (15, 22). ’

Since ZYMV has not been extensively investigated in Taiwan, the collection of more
ZYMV isolates from different crops and study of their serological relationships to
WMV-2 are necessary. ZYMV has been reported to be the most destructive virus to
cucumber plants (27); breeding programs designed to develop ZYMV-resistant varieties
should evaluate cross progenies against a wide range of ZYMV isolates.
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¥ Gonsalves % Ishii HiLARNEGBRFHIERZEEELEE 0 (sopyenic  centri-
fugation)Bg &L » AL LR B I F Lk SUF B (zucchini yellow mosaic virus, ZYMV)
o L\EEfE ZYMV-No. 7 5Btk 2B VAR R » fhEHEE R G222 1 2 bR o
BRI ICH B ILAE Agsor2so ¥97EL. 2T L. 3121 o BT RERIFHCE R R A EIE (adjvuant) #
TS AN AR A B o R R BIIRE: » B PN R AR R R R L2 R R E »
1B 15 77 B 55 1 52048 5, 4096 o ’

RENBEZYMV 5 B R — EEBR B INZYMV-FL5 Btk » LISDS-H8 15 7 B i i i sRiE 5 4 7
SRR B R > RS R EEBATE S B8 ZYMV-No. 7 HLfiE TSR BB B S E » 8
B 4% 55 MRk AR M AR AR o (B WMV-1 5 WMV-2 (il 5 Eekk) 4uBl o 3 —5 3t »
BEAEZ ZYMV 5 ERRE— AR E N K22 WMV-2 JifiiF F S EHRSR o BRI A4
ZZYMV GEERERF R—E WMV-2 5Bk » (B8 WMV-2 {575 Bk A 1fE SRR o
(B R B EWE B3NS LR ERE) o

Lot BBl R AS 1306 4R _
2KFTIEAARIAZE A ~ B BRI - BEE AP B8



rp#E g (Jour. Agric. Res. China) 35(4) : 504~510 (1986)

S B TR R R B R
M BRITHR R

BE  AEEMBEERRBE R RERE  RIBUEERPMEET WA
KRR GE Y Chenopodium amaranticolor 1368 » WA E EPHEES (local lesion)
~HEBE (vellow spot) ~ BEfL (mottling) Rkl ( mosaic) FfH#E o MEEE MR -
I RFEE R R E R RS R RS - BB BB E A R RE R
JER#EE TR (Vitis indicator) » 3B EIREBER HIEEES S BN HERE
HEMELD PRHAERERE RS o SRECAGTEEYRENR » 8Ll grape fanleaf
virus (GFLV), tomato ringspot virus (TmRSV), grape Bulgarian latent virus (
GBLV) Kgrape chrome mosaic virus (GCMV) PufEHiMiE 2 ELISARIEHEE » Hrh
MIABER R TmRSVH B HIERE - SETFBMREESE » Rk wRas s
oo BHBIER26—30nm 2 ERERE o Bl EERBERIME S HEkmE B TmRSV 2
St (strain) o

HERBREEER AN RS BEEL  HESES  BREEEEERER (fanleaf)
#BER (leafroll) RARBRLAE (corky bark) ZE20ERME (3.4.5.6.7.8.0.1008) o Zosgm de bl BIEIEY » H.
RE B 118 » B EEAZBREIE  HRESEES BERE S0  GRERER » £T
Ml LETREHARET » A TRRBRE » FBESREGERFES (masking) » R4EEL
TR B EEEIRT CS0  MMEE RS RRSHEEREEERST R ZEZRE » T
HARERE > MBRBRERBFE (fanleaf group viruses ) FHMEhMITHELRZHE O 4t
KRB EREERZHEBHRERS®E (Vitis indicator plants) ZREHRE 7110 o RAHE
REAE  MOBEEHAE® o MERBEML 2 FERL & BHBHESE > RERA5E? » B
AEPRMEBEAFEE 2 RCRERE P - FRRHEA R EE AR RER > it
ERRRRHIEE  BURARRBRASBERER22% » LHREAEAEERERZGRERE -

HE RS %

TR

19825 7 A 4 e £ R A E L A RS RSN ERENEE RS EEnT (yellow
mottle) LURFERRK o IRHLZE » A 6 fFHZ2 0.1M phosphate buffer (PH 7.08&2%
nicotine) » FHFEER » LT3R » DU B EEN » it DURTEREET H K BB Chenopo-
dium amaranticolor, Ch.quinoa, Gomphrena globosa, Petuniahybrida, Datura stramonium,

Phaseolus vulgaris, Nicotiana glutinosa, N. rustica, N. debneyi, N. benthamiana, N.

L EEAREAMRS PIEMES 1907 5 RIBRATARD  HHBYL -
2. AFTREAREBIE ARDEIA « B ETR BHE-
3. B EK AR A -
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tabacum ‘Burley 21’, N. tabacum ‘Havana 425, N. tabacum ‘Van-Hicks’, Lycopersicum
esculentum TNV, Cucumis sativus ‘Pixie’ % 15ME AR RN 05519 o 7L BN A
B iTRIRMEZERS R BEE - HUE2EREERERIET » ESIEERES
BEH o M LB IS BEME 2R R SR D RS DI EREEEEE

BERAMETEEEER

198242 B M K EDr. A. C. Goheens SR FH B BHEMEM=75 (LN-33, Rupest-
ris St. George, Cabernet Franc) %107 o fUNAR 2B A » BRIMERGHE B2 kg
A o D EMER 2 ERSAEBRE Y =MEZ I 5 NEREN  REEILEE R KK
Rk T8 o B R B e S 2T o o HIRENEAE LR BT o R AR Bl R B A RE R R bR
Zi%%%%% (1,7,10,17) o

mFERERE :

1983 ES B EAFIK ER G| grape fanleaf virus (GFLV), tomato ringspot virus

(TmRSV), grape Bulgarian latent virus (GBLV) kgrape chrome mosaic virus (GCMV
) 2P o ¥ LA B 2 H% b IR 5 BERE 0 & IBRAETE N, debneyi, N. glutinosak Cucumis
sativus BB RERREME » $5%HR%EM 5 5 B Zphosphate buffer (pH7.0) » PR LK
BUgZ o i L ELISA % » EEET B2 MEZRK %ﬁ?ﬁmm REERS SR TR o680
o B RMRT B R EARREY » SEBMAIL kL

BFREMEERE

LA 5 R B 2 AL R R IR BB TR Yl » BIRN. tabacum ‘Burley 21 b7 JREE A LAAE
YR ITETEME (JEOL-200CXH) B4 » HfmEIE - X/ %‘Hﬂ:“%ﬁﬁ&%*ﬁ%ﬁiﬁ%%ﬁ
7;1:*!:]‘(,6_7,9,10,11) o

MHREEAE :

L B3k 5 (RS Ebk 2 N. debneyifR3E » fnl0fE Ephosphate buffer (pH 7.0) B > LIk
FBIEHAMH W > 5 HILAE107 5 10725 10725 1074 s 10 R 105 2 Flrt Wt » BT fE i Ch.
amaranticolorf. N. debneyi s TEHFC# % RERIE » LW & RS Bk 2 EEE  (dilution
end-point) » AABEER=ZK -

R

itkiERE

PR MEA EBHE (BA) » MEEER ISR R R 2 1 W a5 B 7y M B i
> 5y IR BUREHEE ~ SRR » B ~ AR B R 5 MR RIE o HET EHEY B2 RIE
RREAT S BE B 2R Bk o & 08k > 5 SRR 2 ER R A A2 BRBERRE -
MRWEL -

1R BB s A 4 I E IR AR AR bR SR W EIB R 73 W ECh. amaranticolor
% 3 ZBRTEENS (BBRC) o BE » #NR FH%10REY) » IR » SHHEBHREL
SRHFEHH (@D E~ FRG) » 2MEMERERE o« LEEAREYS » S IENmD
G6145y BERRAET HELR. N. benthamiana ZJRFFURIER ¢ » W EERATALH 4 o

IREER M ] RS

HEFE  RFEEERARSER  EHRPEBHEMEER LBEEM IR Y - ERE
HRFEZHE L REERRER  EHE 25 BHEBRERE2TRT - B 7 RBBENRR
B SHaD o HRNKSEEREHRE » FEBDEREBEN I O500T L RRBREERRBAE
aE D WEARBZ DIBEEEE  ENARELURRRE LB R feEs Xiphinema spp. R
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Rl BEERNFRECTREEEEAGEEYZRERE -

: Table 1 Symptom responses of herbaceous indicator plants to virus isolates of grape yellow mottle
by sap inoculation.

| Inocula
Indicator plants

G608 G612 G614 G615 G675

“Chenopodium amaranticolor LL* LL " LL LL | LL
Ch. quinoa ' LL LL LL LL LL

" Gomphrena globosa. NL NL | NL,Mt NL | NL
h Nié‘otiana glutinosa — — Mt Mt Mt
N. tabacum ‘Burley 21’ — — M, YS M M
N. iabacum ‘Van-Hicks’ — — - M M RS

« N. tabacum ‘Havana 425’ — — YS YS YS
N. debneyi Mt Mt Mt Mt, M Mt
N. rustica — - — — —
N. benthamiana — — Mt Mt M
Phaseolus vulgaris — — M, Mt M —
Cucumis sativus ‘Pixie’ — M M M M
Datura stramonium — — — — —
" Petunia hybrida — — ve ve | ve
Lycopersicum esculentum “TN1’ M — M M M

#[L : local lesion. NL : necrotic lesion. Mt : mottling. M : mosaic. YS : yellow spot.
VC.;vein clearing. — : none

ﬁﬂ\{g%(lﬂ,lo,lﬂ o
1ERERIE :
bR E B2 5 [ 4 vk s in % (GFLV, TmRSV, GBLV, GCMV) ZELISA
I i R IERBRRERNE 2 o
K2, WERBAFES L BN EEGFLY, TmRSV, GBLVEGCMViLMH ZELISARIE -

Table 2. ELISA reaction of virus isolates of grape yellow mottle to antisera against GFLYV,
TmRSV, GBLV and GCMV.

Antisera¥®

Preparations

GFLV } TmRSV GBLV GCMV

G608
G612
G614
G615
G675

Healthy
Cucumis sativus -
Nicotiana debneyi — .
N. glutinaosa — — —

*K

P ++ 11
et
(N

i

|
|
|

f
|
I

|

* Antisera against grape fanleaf virus (GFLV), tomato ringspot virus (TmRSV), grape Bulgariun
“latent virus (GBLV) and grape chrome mosaic virus (GCMYV).
*%— | negative reaction, + ! positive reactjon
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S » 30 6 MRS Dk 2 G614 R GOISEATmRSVHLMFEHFIERE (£2) » 74
FRERE SRR TMRSVAR G550 o ENGO14RHE S BEdk » 281EL N. benthamiana K&
B » BER IR LI o BALERT - DS RERSUR » ERRG614%5 ik Hin
i# o NAMZ(ERES R A R e R © '

BETHMEEE

3R b R M » BT AR E YT R R R AR EEE N » 5 JR dak Rl
HORFBEZETRMGEBSER  WHEIA D BEEOHEINZRAFREER » EERS 26—30nm © it
FERRECHE 2 AR R ERMRE IR Ll 5005900 o Pyipffirp G614k G615% Bk 2 58
FHEE A (BHED HESEZ TmRSV HITL 0 o '

TR RE -

BEEAHIE b MRS BEVR ST I MR RREE » DUERAR I 3

R, WEEBREZWHRBLERE

Table 3. Dilution end-point assay of different virus isolates of grape yellow mottle.

Virus isolates

preparation dilution

\ Geos | Gel2 G614 G615 ] G675
10-t +* + + + +
102 + + + + +
10-3 + + - + —
104 + + - - -
105 + + - -
10-6 - - - - -
|

*[nfectivity of several preparations.

e ERAESE > BERA 6 ERA SR HRRIEHER - Jih G614 R GO152 IR 4 515107
~1078210°~ 10" » TiIBRER &2 TmRSVARELL " « |

S SRR R 5 ERR A SR BT B AR S e - SRR 25 (1
R » ez 2 (B EERE (GO4RGO15) BSTmRSVAHBIZAEHERM o501 o 3
bk 3 BT SRR O BRERZATEAT - METREE AR S HAE AL R
BRBZE D o WEREEELS - FERREZIBRRY &R - S
kR LR 2 W4 SO RO £ B AR RS XS B R B R
SABIR AT » BB ELCRARIERE (00T iS00 o S s s S SR S 4T - 4
AEL S S REAR » B LR 2 BIE » SR R ETETAE Z RR R P
2 > H A EIIR AL A I -

AHERERGERY WARBARE L » BRISEEL » BEREREL - Dr. A- C. Goheen, Dr.
D. Gonsalves » Dr. G. Martelli, E#5] - BE@REESZ 2 NREN HEBYRECHHZE X
B RREEEHET 2R —HEEGE
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Explanation of plates :

BA.  EREHEHERRENZEEERS -

Fig. A. Yellow mottling symptoms in grape leaf found in Kyoho vineyards.

EB.  HERBRZHREE  EIYERR TR o .

Fig. B. Local lesions symptoms in Ch. amaranticolor caused by virus of grape yellow mottle with
sap inoculation.

BC. HAXBIEHHMERE -

EH.
Fig.

Fig. C. Local lesons symptoms in Ch. quinoa.

@ED. N. glutinosa 2 S BT ERETIRE o

Fig. D. Mottling and pattern mosaic symptoms in N. glutinosa.

EE. N. tabacum ‘Burley 21’2 BIBEiIHR® B o

Fig. E. Mottling and yellow spot symptoms in N. zabacum ‘Burley 21’,

BEF. N, debneyi 2 BB EISLIR BEREE

Fig. F. Mottling and pattern veinbanding symptoms in N. debneyi.

BG. B (BRI BRREEBERS

Fig. G. Mosaic and fanleaf symptoms in Lycopersicum esculentum ‘TN’
H

LR MR BB TEME B SRR E - .
. %\é%gatwely stained virus particles from the local lesions of Ch. amaranticolor. Bar represents
nm.
EIL N. tabacum ‘Burley 2V B2 By FE THEMEBES R BTN o

Fig. I Virus particles in the cytoplasm of infecetd N. tabacum ‘Burley 21’ cell. Bar repressents 100nm,
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Sap-transmissible Viruses Associated with Grapevine

Yellow Mottle Disease in Taiwan'

I-lang Yang, Ting-ching Deng? and Moh-jih Chen?

Summary

Some virus-like disorder showing yellow mottle or yellow vein or mosaic symptoms
were found in some vineyards in Taichung areas in 1982. These diseases were trans-
mitted to 13 species of herbaceous plants by sap inoculation, and showed either local
lesion or yellow spot or mosaic symptoms. Five virus isolates were isolated from different
single lesions according to different host reactions and symptomatology. Back inoculation
to healthy grape seedlings were succeeded by mechanical transmission. Graft indexings
were succeeded by use of healthy Vitis indicators, and were also confirmed as a soil-
borne virus disease. Two isolates showed positive reaction to antiserum against tomato
ringspot virus. Electron microscopy found spherical virus particles, 26 to 30nm in dia-
meter in either infected leaf extract or tissue section. Accordingly, two virus isolates of
these grape yellow mottle were confirmed as relative to one strain of tomato ringspot
virus.

1. Contribution No. 1307 from the Taiwan Agricultural Research Institute. This project was granted
by the Council of Agriculture, ROC.

2. Plant pathologists, Department of Plant Pathology, TARI, Wufeng, Taichung, Taiwan , ROC.

3. Professor, Department of Plant Pathology, NCHU, Taichung, Taiwan, ROC.
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HFHEBAREZERAZBERL 2 ERIBR

HE | HAEERH BN LB R EATREZNE - KHRTE - TERAT - 8P - #
WS IRER Stemonitis splendens Rost. o HAEARMTEATEHFHELHTY
BEHAE 4 ~ 07 MBARS » RHE T AESEIE  MBAER 1 ~14% « HLEETE »
RUBEEAH, HOMR AR B 5 ek » BB B e MG n » ZEp7 R AR —F4
PAEBOR A DI R PR R30% R RS o B I CER g Rl g s TRR T » 320
YVoRH BRI » TISEBS% » TEBHG THCAFIERE » BHPTHRRHRA8~ T2/ i -
BAREAE BT B > BB IR E AR RAR6% » 76845 NI HIE 4 % » MEEER
B £ 2 FEB VBB MR E SRS AR EREE T - HENBRERZNHR
BRTA A ER—EERE - FEEEHEBRAR LG AR R RREA 120K AgR2R
BRFINRE - BESZ BN -

&k (Lentinus edodes (Berk.) Sing, Shiitake) BARBHEEE » [REMESZE > BESEA
ER > HEEBRFUIEEESAEBRFEMAEE O o ERFERSRETRTR4&ME (Tricho-
derma spp.) BREZEEN &Y » AERBEMEZAEFEEEET LEEE » BRASBRLHEE
W c A B2 BEFRECHEBIFERICHIE » SEMELESREE  HEAREZEE » Btk
HZRERVEE  WERBHIEN A TENEERE o B ZHHR18544 De Bary B3 He-
mitrichia vesparium HZ R TR ELREHEEZHEME (Swarm cell) » THEES EEE2TR
» RESE—EEE BT ERGER 12 c ERBEBENARFECHBRREEEE (Stemonitis
splendens) FFFENRFN ~ Bl ~ 2t > Zh ~ ASHZ TR ERBAR L 30 » QEREFERES
REMIE -

HEZEFREF TERTOBRFRBEEEN B » LRERERETURLEFE RN EERT
VEEERBTHFNHRLRBRS 6161820 o W FREEE » WELE AR EE 2 EEMRE » @K
Bl Rt SO S (myxoamoeba) » THBEEKEME (plasmodium) ™ » BEREENM
MEEERF—F UL O » BB PBHEEETRIEE U9 - RN RO EREEZ &%
E (11,22,24,29,30) o

MEAEEEIERBPHATFNMERERERANEERT » BVMIEAHERTTRHEEE -
Bfa o~ B W BREDSERERE 19 o ERA BREREEZEEY o (MEEZWHRED 0 X
PR ERELERR » B © AEBREFEREELL Stemonitis sp. & Arcyria sp. B4EE%

o REHBEEBLE » REBLFHRBFIARBIBEZHELL Stemonitis spp. EEEK » FHhX
LA EERBTE S Stemonitis splendens Fg » RLAWIRMLL S. splendens {ERHEE » &
RAERBTEEY  EENEKRTFHFREESE » (055 BBRHEHATEZKE -

LEBEREART HiRRES 1308 4o
2 AB W FRANEHER  HME HHR TG o
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HEBRFHE

— HEBEEBEAL AP HRHERER 2 LEAAE R EERARIIES » FEHTH4E 500 B
Ao AERMRH—F > ASFELZAHEIA L FEABE R CHETERHABY &7
EREBIRELL TE] R BAIS T&L -

T HEETEBELRERERE L2 HE BER-RESZTABRESNESERY &
BREREOZER s FERMBLAETHA » AEHLZB~FEAR—FL EZBER » SAskFDRE
BESE HECHTERLIE -

=L TERMECZEEZ  HETEERRTEREMTHAR » BTFEASERMEHE - HRERKR
FEERERBERBELERE  TRRTERTCEBEMETHEHEMTE (sporangium) >
TERT (sporangiospore) s Bk (columella) K #ER (capillitium) % » dINEIE2EE R
g e

M TR AR LEAZMETEE WG TERT > TERTUEREKRE &
ﬁ?%i@?ﬁ%&%%ﬁ*%ﬁ’ﬁ%%@%%Z%%ﬁ@m@%i’ﬁ@%%ﬁ%T%ﬁﬁ
EZEENF > B3R TERT » KMEFHKBRBRMBEBNRTIIRERS © (1) 7&K

> (2) 2%E%EE (W/V) » (38) 0.2%EE (W/V) » (4) 20%AK3F (W/V) » (5
) 10%ARH (W/V) » (6) 2%EAK (W/V) & (7) 1%%EH (W/V) o HeR6k
BIRBIAR I EZEBKUTRRERESHRZMEITEZBEK - £EHRKEL IN NaOH XK
0.1N HCI M3 pH E556.5 0 E R 20°C ZEREIEE o BEMGE 20m] 2GR
6cm BEEZIFENF » BHCENEEKFZEHEMT (5,000~8,000(E T /ml) BA 0.1ml
ZENEERNF - BEHAS BXRR BEEE & » LRMRZE 20°C ZHEEAS 2000 lux 2
FRTHEST » BIFREAIB R L BRI RARERAERE -

o EEHREEE 22 € Elliott (1949) 2% » FIf Loeffler’s method ZR{EHEEY:E » Al
SR EEREE ST RS  WIEB A b MINAGRE  fOKEE ) R BEIREEEEL
B o

RYBEEAR  BhTERRG TS TER THEARRER » BEAZE 7,500~10,000 fE7RF/
ml > THBMURESRETHERE » —SERERE » MUBE SR TREEEERES B R

» TMEABEBEEFEM—BEIZEAR ) BEBEAEEES 100ml » LEBIOZER 5—
BAEBEBEEREEAREK—EP2MBB ARG » B 0.548%5 » RES5K45 » HifE
SABEEER20 < 10457 » WA BAKI0ME 0 » MHLER BE R &2 0 7RIS RHE » R
B0 AR » AHABERI THERE TERZEREE -

L ERWREEFBEAPE T ZEEE « FEHEBHEAE B *° SEERDATEERE
- Stemonitis splendens 7 HiE 5 » (AEFHEEA LOBHAES AHR - KHRBFIHK P R
HEK O AREREEREZHSERE  BEAEER BRI T B84 2 BRI R 28 Rk
EAREREREALZAEETE  c HEREBRZEEBRAR LREBAE ZTER » ALERER (
kR o BEETFEEARBE P RBERBER 2 EEE -

R E TR

—~ KB (S. splendens) TEBFEFFEHBEFHZEML | ETRME—FE£ZBAKHIR
TREZ BRI K » 460 %F14% » RABES DE~TABERS 5 BKHES » FHtE
RERREERDEELPRBE 2RSS » LHEEABERR  E4% (E1) o EERH
2T RMAERTER > e~ EEET RTTHEAE ~F 2P RS BERRER



Fig. 1. Seasonal fluctuations of fruiting bodies of S. splendens on the logs at Tuku and Puli.
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Fig. 2. Infection percentage of various ages of logs by S. splendens (Six months [~7]: one
year W8> and longer than one year Il after inoculation of Lenfinus edodes)
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 BEAEEARE LEEBONST o ETRMENE 0 —BREREEES BEERKEE
@ B UEEAMERA R » AIRREREIE ) KT 5 TEREAMWMEE > AR~ KBTS
Rl E#k - 2ERDEERERMTEN  FREREER » MERTF—LEARENREER
(B 2) » MAEEEAEARMAIHEE HESHBREERELSNAH (ER8) S2f
» HRMEEY  MH—~RETHESLESELEKED » LAERK  BRRRNTBARREN
BE > RS THE R T RFI RIS -

CAEZIMVES . (—) BBBR 2P DRRBEAETER » W RTERHBEVRR N

) Bt BB AG  BPEAHRG  TRRAEREXEZEN » REE—I » EER
BRI TRAT » BHRE - RTERER 15~22mm o CERBMUEEE AR ZRTE
BEAT » EUAE - HBE - HA - AEEE > BE > HIROEK 1~3.8mm » BRERE S

» BAIES (B 1) » ASRBR—E  BTRAEE (8K » E&ETTEIMDNZ
e » R 8.5%8.7um « BEAMZNTE  TEIAT » BVMRETBE L WIRIZKE

» BIOYS 2 SOR BT TSI AR B Stemonitis splendens Rost. o

“FERTHRFRR AT RERSNSREAERET (BR3) » BFREERFEETHRE 2R

Byl o PR Z LEARIE > DI20%RITZ AR  (RIREAR B AT FT R R PLRR A

HBEHFRAKRT (2—46%) HILERT (10-85%) BIE o FHEMRES HFEH » AIRRE

U S M 1 L I ZE R MBS B R R » DAIZERH R B R R - 195 % » TIERR PR
s R, (F1) - BERER 32~39%m» EREEE » A EERTER (EIRL.5

o BRI » WABHBFRGN » ARSBF XCHBRTACRZIEPE B
MR R o MRS 2 E 8 RAERIERT 28 » Y Smith ®® BEIERMT RI171E
432 2 A » BT RMTREFMEE RN MRFERMA pH EHM - ERAOTIREIR
FEGRABRERFHEERE » 76 32°C P LREF » BEBEFRER 22~30°C» A pHfE
74.5—7. 0B REBIZ THAHEE (6 5 16) o ERM » ARBANRRE 21 TFRIERZH £ »

o E WA pH 6.5 o {H Cook ™ #§iH 28°C th 18°C ZEEIFAIE » mnAAE AR M A
WA » BHE (carbohydrates) RZEME (proteins) HEINEEZH o iARBKAEMAE 20°C 2
S ER P AT 3E85% » phER Cook H4E K - EARBF T HHA LEERE20% KT 2%
HHERD (F1) » WBZHEARERT - B (5,6 ) SHEEK  HRLEY » ME
&t MR R MR ERERRETT » BB S. splendens 2B ILOIRIE » (REALL
AU REER B2 BHEEE » —BEFERE1—5% - (A Gilbert ¥ HEARER2—
7 BT AR E 90—100 % » RFREH LA EIHEABF LMK - HKH Weak
medium EEAEBEFREE13% » TTHESHELEAN - BE4ABRTZEENREARAFTZ
SFWERY » Ao HWELTSE o Elliott 19 BEEESH=@EN » A Type 1> ZXEE
THB—FEES RN —RUTE; Typell) “HEEZHF-ZRF LRI LA
; Type Il » “HWEESSES o [ Elliott #% S. splendens B AT BH Type 111
s TR B A 7 Type I1 8 Type 111 2/ » AARERBEZYE o £RK (starch)

HIE ST TR BEE AN (B > RERTH » (PREE— PP - ERERE
FWIERER BT AR B2 E AR » RIS E AR FRBE S R R
BT  HRTEZRAFEE LR -

BERESUER (5D B AERE L RN ER6% - G N EEHIR 4 % 0 BULFTAKEE A B EARE R

150 BRI R > 05 0 IR A B S o AEEEBIRA: TRIBIVIFIIA120—140R &
2) s BEBARTRELEHMERBREH  F SR RENEERR » HlERRRARE
SV TATE B > BBEUE AN 2B » RUFTTRB RSB RO - HRBFBERS - B HER
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YikR » B LURER > BRAEHEEEBLG) MR BERTHE R BEMIESE o 8% H5)
BEREAE 18~22°C BHFRAF » T 15~30°C BRI B » MA KR BT R
£ » E—ELPETRBI RIS RARRY: o BE%E 28°C BS BT » FAREEHE
AERBTHERTER  MEBKRTEF120—140KMBRE » SR HEAORE 1RS> 12
BB LA7E 2 A AR R » £ BRARESE » MMEDRY » MRTF RS
ST o AR A M T BT R B R A B R SRR — B (BN 6,7) » It
FaETHERZERFA (Koch's postulate) » ZEREEIE 2B AR EREF AW EL T

THEE (@EKR) -

&1

RREEWE S. splendens THRIWFHFL W

Table 1. The effect of various liquid media on germination

of sporangiospores of S. splendens

. B ¥ % Germination (%) | B ¥ B A MM | L, B
' " - _ Hours for Swarm cell, bi-
Medium light darkness germination ﬂag?&g&{;‘gno_
2%% & ¥ glucose 22 68 72 VA
0.2%F ¥$i sucrose 2 10 48 b4
20%K +wood extract 46 85 48 1
10% A Hwood extract 32 . 60 48 %
2 %% [l  Peptone 20 48 60 b 74
1% B % Starch 4 153 48 14
# # K Dist. water 5 10 ) %

2.

S. splendens TEMBIBRA L2 BEREER FTREHRIEY

Table 2. Infection Percentage and formation of fruiting bodies

of S. splendens on the Lentinus edodes grown maple logs.

+ i3 B oz % 74

B & il P e Zu = (%) Fruiting body formation
: oA OB XK B | HAZREE CO)
Inoculated method Infection Days after inoculation : I;ﬁtiation
B a 86 120 28
wounded
L3 % =] 4 140 30

Un-wounded

T~ S. splendens FEBFERAR LEFRLIEN | FRARZRAR BB R SIE R4 SLmE 3
) IEBARBEREEENE  BAR MR K - B&R ABRBYTIAZ FERTHEERA
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B3.Stemonitis splendens Rost. TEFEEAN L2 EfEE o
Fig. 3. The life cycle of Stemonitis splendens Rost. On the logs of shiitake

WA WTE B TERT C REBK D BHF E EHR F BEe G @Z@a H 8r#
L S8 T 8P -
Illustration : A. Sporangia B. Sporangiospore C. attacked the log D. germination E. swarm cell -

F. conjugation G. fusion H. meiosis I. plasmodium J. hypothallus.

b BRBA L2 RWEEE A TSR T RS 2ok » RIRTEE S A e BRI © (B Bh i
W T &5 & OB T RS A B » TEBYAR BEZEZ /S » BRI ER AR R 2 AR (11,
13,20,24) MEHMIEETERE  BHHERE (9,26,27) » RRPRERE  BPESE
o PERRERRBE » TRBAR LR R a e (ER6) » MEEEMELRTIBTTR
s BEEMERIEA  HRETIE o S EIREE IE R AR R 2Bk R - BB
HEE > EBEEA  BHEGHS 2 EMBRTER (ER7) - TERBRBE—ERT
PR 2 AR MTE AR MERN TR TEMER LR BOAR AR MR
s B MBTA B » TR R » K ~ RIEN B R ERE R - IR AR
i (A 0 R AT 7E 120 KSERE o A BETERE M4 IG S0 rh » P E R BOR L 5ER » TR T B3R R 3
SR BRH2E BERQMRIBIREIZFER o R RE A THEE LETE S AR
BAEBHAR » e THEE HEEEVBTE  THERALTHRAELEF ZHTE
ATk (A R sh E24R AT SE > (RAER A BOR ERITE 120 K » "RERBEIEHTRATH ©
AR SRR ME AR » TIRTALX  —REBHRETHSF (B3~ C-D) »—/
PP TERZER (H3 ~ J>A) o W& AR BB B TSR ARG » 1k
ARSE FEEBIRTE » (F BARRE 2 MDD » IR R Z BWRIR - BRI RIERER »
EHEBALEFIEESAOEPVBNETESR DB REETERITPRZ KERT EREm -
BApHMEZEA - AEMEERSE » BEENEZER  BRMUER » —BREFTA
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Occurrence end Life Cyele of Stemonitis splendens

on the Logs of Shiitake'

Ying-ming Liao*

Summary

Depending on the morphological characteristics of sporangia, sporangiospores and
hypothallus, the slime mould collected from the logs of shiitake at Tuku and Puli were
identified as Stemonitis splendens Rost.. During the year, more fruiting bodies of the
fungus were observed from April to October, with a maximum of occurrence in July,
and the infection percentage on logs were between 1% and 14%. The soft-wood logs
were more easily attacked than hard-wood logs by the fungus, and the infection perce-
ntage increase with the log ages. The highest infection, i. e, about 30%, was observed
in the logs of yellow basket willow (Engelhardtia roxburghiana) after 1.5 years or
longer of cultivation.

Sporangiospores germinated best in 20% wood-extract among the seven liquid media
tested, and darkness was found more suitable for germination than under light conditi-
ons. Eight-five percent, which is the highest, of sporangiospores germinated in 2 to 3
days.

Inoculation of wounded and un-wounded logs of shiitake with sporangiospores of S.
splendens resulted in 86% and 4% infection, respectively. No difference in morphological
characteristics was observed between the fruiting bodies produced on the inoculated logs
and those produced in nature. According to the results of laboratory studies and obser-
vation in nature, a complete scheme of the life cycle of S. splendens on the logs of shii-
take was drawn. The fungus takes about 120 days to complete its life cycle. However,
it is influenced by the environmental factors such as humidity, temperature ect..

1. Contribution No. 1308 from the Taiwan Agricultural Research Institute.
2. Assistant plant Pathologist, Department of Plant Pathology, TARIL Wufeng, Taichung Hsien,
Taiwan 431, RCC,
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LFEAFELE (CO) KM= (CA)

Columella (CO) and capillitium (CA) of a sporangium.
2.REBEZTEET -

Lilaceous brown sporangiospores.
3. TFEMTEEFET -

A germinating sporangiospore,
4 AR R e

A swarm cell with two flagella
5. H S Z BN -

A swarm cell with one flagellumn
6. REBARELERAETE I -

White plasmodia produced on the infected log (early stage)
7. MR (H) BEEFERE (F) (BID -

Production of fruititg bodies (F) form hypothallus (H) (later stage)
8. MRS R R AL BB IR o

The bark of a infected maple log disappeared.
. EBREBRTELTENTEE -

Health logs with fruiting bodies of shiitake.
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FR#EBEPE (Jour. Agric. Res. China) 35(4) :521~529 (1986)

AR X TR W
LRFBERRNZ FHEZREESH SRR IED
5% K B % B

BT ARBENSEN/ SR (Plutella zylostella) WEWRE (Z11-16 : Ald+Z11
-16 1 Ac) WmINFUELWy (Z11-16: OH = Z9-14: Ac) EBEFEHBHFBHERE » XH
UG % e pat o A R BMERERESTHRLL 01 10,0281 11 :0.001 2
Bigshn Z11-16 : OH B& Z9-14 : Ac» HES 10pg B HEFENHBIEE > HIERRERME

Z 1.5 1. 7-4.3 fF o BEEFFHEMAEMIFA LpE#FH Z211-16 © Ald+Z11-16
Ac+Z11-16 : OH(1 : 1: 0.02) J2Z11-16 : Ald-+Z11-16 : Ac+Z9-14 1 Ac (1 :1:0001

) o BB 1057 100 pg > FEMRE (5 ERERE L) TEHTEUE 0.5+ 1.0~ 1.5 % 3.0m
BiERHR  SRES BRI EEELR - S RIERN 2SS SEHS1 Om -

NEEigR (Plutella xylostella) BEEMR ~ B8 (Plutellidae) » TAB T+ HEZEEH
Efo EAERERTRELE  FFEE 19F 21 R0 - AGBZRETERIE » RERE -
B B o DAREEN R LBEIE A » RS TR ZEE - R SR - RBAR
%ﬁ%ﬁ*ﬁ#ﬁ@ﬂ%%{“ﬁ BIBREREZ AP S - ARTHREK 62 £ MEb Rk s
TEETHEBRIZARHER © » WEEEZRZATTRE o

NEBYBREEH SR Tamaki KESES Z11-hexadecenal (Z11-16 : Ald) # Zll-hexade-~
cenyl acetate (Z11-16: Ac) 21 : 1 &4 " (A% 5 Koshihara % K5 e M 2 351
TN AR 2ok » PRI HE DU IR T 6B 1 2 s TR LR L A0t - TTRER A E 1 S
2z RMPpE %' o Ando % Chisholm ¥ K HMEAENTE: (electroantennogram method)
TR RS A B S M 10-18 fEm > STiRly - BB&EE (alcohols) ~ B¥E (alde-
hydes) R E&ER (acetates) ZEEEATIIENI 2 RIE » K5 RBURHIRME ARZ11-16 : Ald 52 Z11-16
Ac HEBEIIZRE » ¥ Z11-16 : OH - E11-16 : Ac~ E11-16 : Ald~ E12-16 : Ald~ Z11-14
CAId~Z11-14 1 Acv B Z9-14: Ac SREFERE Y o Ando SHERRILUHNREE Z11-
hexadecenol (Z11-16 : OH) 7 B A HEHE HRHFEZRERBEZIGIER 7 -

KB BN DEBSBEES (Z11-16 ¢ Ald+Z11-16 : Ac) EAEHEMBETEM Z11-16
: OH ~ Z9-tetradecenly acetate (Z9-14 : Ac) % Z9-hexadecenyl propionate (Z9-16 : P) %
REEHHHE » FIR R0 I H R S50 B S REIE R

LEEERERR PIRRE 1309 8 - ARBATEEETEHIRE » T1BE-41-E-5 (]I) 5 RBHIER
FRPIEB B HPRIH R AL AE-LREEBRERATR » CESRT » B MER RS + Y -
2L.FXFEADYAYEFRR WA - ZEE EHR TG
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ME RS %

MR ERRMBERHZFHEGR

RBA674F 113 69427 A 722 rh B A FT0. 14 halfi B 2 A ME%E H HL F 1T/ CRiE B SR I At
RN FIR IR IR » 4K B— » KRR S HIZECTEILA20 12520 H 684235 6 H
E A 2 FETT o HEELOxg > 1 1 1 2 EWEE(Z11-16 1 Ald+Z11-16 1 Ac)5 5100 ~ 10 »
10.1:0.01+0.001%0. 00015 Rt il Z9-14 : Ac & Z9-16 : P42 MEEE 6m» 3£ 3 E
oo = MARRUERNOIFE 1 H12RZE2 B12R5 6 A10AZE7 A 10 B 5T o AIfIE 104g > 1
D1 MBS (Z11-16 : Ald+Z11-16 : Ac)Z BIvEmm 0.02% Z11-16 : OH % 0.001 = Z9-14 :
Ac o FHAHZHIIER 8m » 3t 5 B TE ARG o 4 KERBRIINIR B ReSkvE AR 2 HERE -
MRRCER 1A o MARIEEREI0RER 1K « IR E RSEBES I » 5 BREEELE -

FIREAZ FaRE N ERARE TR AR O EEE 2B R RN > DURE BRI
° FAE23cm » H26cm » FE8C » YKAEA2g 2 IEBRY SRR ZIRINERE » TG AHEZH
A& (polyethylene cap, 2xlem) sk NEIEKE #ydem » i EELAEEH) 40cm 2
W& o I 2 5 SRR 4 IR B AL 2 SR E AR » (E7RINERTA ] o AR 2 A HI6R e B
T R HE 5 FIT SRR 436 o
LR SRR R 1R

LB ORR AR e e/ SRR DI TR T 6 e

NI ¢ IERE 33X 25em WIBRERINZSET 6g » YR ANGEA08H N St
> WAL Z 85— ~ Z iR D BRI A AN H o ZEEG R AR o SUR W A s RN R BE R
BEHEVE o ArHAEEASEE » BETCCEEBANEY » HREERRIEL15,000(F o

HEMRZIRRC © NEOBECR AR o SR E ~ HERS B > DASOEHEMAS 148 > A 300cc =N »
K 128 3Ktk » TLMRGS o IR CO, (2 B3k » WAL - B » BEAEEES JIEvag 1
REBR ©
MR EARRTESTEO. Sha URE T HE » MHEAREN » B8 7 KH25.3%
%30 (mevinphos » 500%) 1K o sEARE FMHLA 2 AR 211-16 : Ald+Z11-16 : Ac+Z11-
16: OH (1:1:0.02) 8 Z11-16 : Ald+Z11-16 : Ac+Z9-14: Ac (1: 1 :0.001) » FlE:5 3
751082 1001 » HRHE R 5 ZIRR LI - FMARATEAFTHNEERRE LTaE:0 T
EEE - FRLEREA PEME » W ABHENF@RE L2 AE 58 & 0E SEAERRE0. 4m
o AR R MR RN A Z T F AR EAFHRE TRMZ 0.5 1.0~ 1.5 % 3.0m j -
IRTA 5 R o KRR 8 et & & A i A 19 2 H WAL HEIRER » SRR » ERSE R 4ERLET
BEM o FIHEH AR LIS 547 FERIELEERE - NSRRIz EMASET © %
ABE T0FIA0RZE 7142 5 4 HIBET 4R - RERFAETZE= 18~ ARONHERHREER o

2. FRTE PR R 2 7 0MAE o ZEARFTIER 0.072 81 0.5 ha 2 RABEEMEIHHE » &
HETT T3k 2 B |

S —RRABE BB 69F 11 17H 2 7042 1 H20 F - B EAfE IR R 7 KWH25.3% 50 (
S0065) 1R > 3k 4 RURERE R AR - FERTESE » El/DERBEEDE - ARBES 3/ VE
N 240m? > 5 BIHGE AT AR - 4R HIBER 45 7 % 10m g » B4 NE
TS ~ 6% 2 HHIEISE 1004g ZFHH>Z11-16 : Ald+Z11-16 : Ac+Z11-16 : OH(L : 1:0.02)0
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HEoREE  RRIEIBTIE 9 H22HF 128220 - HEBEBN I B298 1086 B ~ B118
5 H&MiH25.3% %304 (5001%) B 50% Hpn# (pirimor » 2,0001%) 1k » 3t 4%k - H/NEEHES
100m? » WEFH# A ZHIIERS 2.2+ 3.6+ 5.6% 11.0m% 4 @ - IEERNS B EEEHZ 5
#E25 9~ AR 1{H - HEAWBESARZFHA 1H - &/ ERR10m » BRETREEY - Hk
AWWE SRR 0.4m o HEIS Z11-16 : Ald+Z11-16 : Ac+Z11-16 : OH (1:1:0.02) » &
50xg o ¥ 1,0004gz BHT HlEHE - 2 BFEMRFRE 1R B4 BFRFH 1K - ERER2E
#ikit 3EHE -
POEIZHITHZETOE 1 A208 R7IE11A 1012822 2 F &M » R LT 9 RgFE
MBS # & N 2 HEIRBUR RS B - ARERAE T RKSBINEGT » 5 BREKELE -

B R

HEEFMAEREZFENRE

RABRMOTETIZE 12 BH694E 1 2 A fe vl H 1 (5 BIE 100g 2058 (Z11-16 :
Ald+Z11-16 : Ac) 7 EARMLGIZ 29-14 : Ac = Z11-16 : OH » #EBEEMS (1 : 1)
0.001 5 (1 :1):0.02 W HE/NERMERZFEHEFRBER GB1 ~» 2) - AELAIZE
MARAECOFEHEFE L 6 = 7 AN » WA (R 2) o IEBKE S HH 7 EILGIRM 29-16
TP R (10100 18 (1 1) :0.0001 JLOIRTAR Z HEIRBEBR G M ERS » By
P HEREREE (£1) o

B RIRERE SRS AL A Y E G I
Table 1. Field test of male DBM captured .using 10ug per trap of Z11-16: Ald, Z11-16 : Ac
and the 3rd compounds (Z9-14: Ac or Z29-16: P)

No. males captured/trap!

Ald : Ac : 3rd compound Z9-14: Ac Z9-16 . P
Nov.-Dec. 1978 a Mar. -Apr. 1979
1:1:100 143 b 2929 a
1:1: 10 147 b 432.7 a
1:1 1 28.0 b 699.0 a
1:1 01 111.0 ab 369.0 a
1:1: 0ol 1100 ab 460.7 a
11 0.001 186.3 a 438.3 a
101 0.0001 407 b 558.3 a
ii1: 0 433 b 3647 a

1.

Means followed by the same letter are not significantly different at 59 level by Duncan’s

multiple range test.

Data shown in table are mean of 3 replications.
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Table 2. Field capture of male DBM using 10pg per trap of synthetic sex pheromone

1986

Treatment

No. males captured/trap!

Jan.~Feb. 198)

Jun.~Jul. 1980

Z11-16 : Ald+Z11-16 : Ac+
Z11-16 : OH (1:1:002)

Z11-16 1 Ald+Z11-16 : Ac+
Z9-14: Ac (1:1:0001)

Z11-16 : Ald+Z11-16: Ac

None

832.8 ab

944.4 a

546.2 b

123.4 ¢

455 a

375 a

440 a

15 b

1. Data shown in table are mean of 5 replications.

Means followed by the same letter are not significantly different at 5% level by Duncan’s

multiple range test.

EFHFRESRTRANEZSEIR

R B AR 2 NIRRT ER AR FE 0 ARARISBAEAE 2RI UER » &
REEABRE LT FRBE#ER I, » WHEHEE » DERTRRES BT REEE SR SRR - &
REEH 2 MRl Z11-16 : Ald+Z11-16 : Ac+Z11-16 : OH (1 : 1 :0.02) B Z11-16 : Ald+
Z11-16 : Ac+Z9-14: Ac (1:1:0.001) »# 704 11AZE 71 £ 2 A RHEBES 105 1004g »
B2 5 E 1N iR MR G 2 HIREULE » BRCB S 5 IR ERHTEE (£3) -

NGB T L7 R F D M B S 3 T

Table 3. Analysis of variance of field capture of male DBM using synthetic sex pheromone

Source cf variation i DF MS F \‘ P>F
Replication 3 i 424.3940 3.0063 0.0719
Pheromonel! 4 ; 165.9458 1.1753 0.3703
Error (A) 12 | 141.1666
Distance? 3) ; 513.3299 12.4424 0.0000
Linear 1 | 1167.3052 20.2940 0.0000
Quadratic 1 ! 363.8710 £.8925 0.0046
Cubic 1 ) 5.8068 0.1407 0.7103
Pheromone X Distance 12 L 13.1451 0.3186 0.9818
Error (B) 45 } 41.2563 ‘
|

I. Pheromone : Z11-16 : Ald+Z11-16 : Ac+Z11-16: OH (1:1:0.002), 10 and 10Jpug. Z11-16: Ald

+Z11-16: Ac+Z3-14 : Ac (1:1:0001), 10 and 100pg. CK (522
.. Distance : 0.5~ 1.0+ 1.5 and 3.0m.
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P W SRR RE

B RO RS R s e E A (Z11-16 © Ald+Z11-16 : Ac+Z11-16 : OH s & Z11-16
PAld+Z11-16 : Ac+Z9-14 © Ac) 7RI IR 2 B4 BRRE - AR REERER 0.5-1.0-1.5
%3.0mi > REREEREE (£3) o BEFHERENRB IR 1.5m BENR » L
BARBET RE AR LR o T BB » okt » BREIEEEAEL SR 3.0m By » EFBZFUERT
#E (B - ABYPMBERZRE - BERTREZGEHREEA4 -

=4 PEREFHIEEABRZ AR

Table 4. Meteorologic data during 4pm to 8am in field

1981 1982
Factor — -
Nov. 10 Dec. 3 Dec. 29 Feb. 4
Temperture (°C) 12.2—21.2 8.5—23.4 155—2L4 |  13.9—249
Wind velocity (m/s) 03— 15 3.4— 5.4 1.6— 3.3 1.6— 3.3
Precipitation (mm) 0 0 34.5 0

250 ¢

179 +

=)

117 ¢

67t

N H =

95 Recapture of marked males

31t

08

00 ; ' - : . ;
00 05 10 15 20 25 30
¥ OHE# m

Distance between released site and trap (m)

Bl SR RS A
Fig. 1. Field test on the active distance of the synthetic sex
pheromone of DBM

e 2 R R FEH MR » BaFE (Z11-16 : Ald+Z11-16 : Ac+Z11-16 : OH) =~
FIBER 4> 7K 10m » %ﬁ@%ﬁaﬁ%ﬁﬁmﬁ%ﬁﬂﬁ%(%s) ofHMHEER 2.2+3.6+5.6 & 11.0m
Mo ZIEMMZHNEREY  LES 2.2 8 3.6m B> MR FHfSUmEEE %R, (HERE
5.6k 11.0m Z@# R EEFE 2 HRE > ZREE > MABSRIEFSZBREKS (%5
) o TR SRR IR A AR [ K B T4 07 PR G FR A A B 1P 1.5m 52 A SRS — %

Q
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"Table 5. Using synfhetic sex pheromone attracted male of DBM as affected by traps distance

" Mean no. ‘males captured/7 days

Distance of traps -
Dec. 1980-Jan. 1981  Nov.-Dec. 1982
2.2 : - , 152.1 a
3.6 — 1327 a
4.0 126.2 a ' —
5.6 — 97.4 b
7.0 75.6 a —
10.0 58.8 a —
11.0 — 68.7 ¢
, 1.0 — 274d.
(w/o pheromone)

1. Means followed by the same letter are not significantly different at 5% level by Duncan’s
multiple range test. - .

e

AN Z29-14 : Ac #/NEBRHBERSEFRZLE

Chow % KGR A 29-14 © Ac T/ At Bk 5 2 B4 (parapheromone) © » 7RSI [ 5|48
109% HEVE N RS2 M IR HE » (B7EH [6F FE RU4E RS #2407 ® o Chisholm % K& LIS 8 R AT B BRI/ 28
MR A Z29-14 1 Ac Z RIEBMILERARR Z11-16 : Ald #2 Z11-16 1 Aco{H 3 EELI1: 1
D LRGBS e E R AR » HFRERIEEEENER » RMEMEZEE® o KRBAEZHH
E1E 2 A B/ PR ERSE » Z11-16 : Ald+ Z11-16 : Ac [A(1: 1) : 0.001k:pEpn Z9-14 : Ac
s BEERFETEZER > (BRMEGISEHAH 10 1 10.001 58 - XEFBZ6ET7H » M
1:1 :0.001 FefI7RNZ9-14 : Ac» B 1:1:0.02 HGIFRM Z11-16 : OH » $H SIS Mm 8%
TR o HIRABERFERIR S T RIRE 2 BECEEEH - AESFEFHREPY 17.1°C (7.7-28.2°C
) HEAIEE 29.4°C (25-35°C) o MIERHILE (1980) E#EE HAMER: (20°0) /A
BREARI Z11-16 : OH (1:1:0.02) S FHMmEEZHIME ® o
55 ek - prgii ot

IR FEZBEEH > AAZEBRZMESSm® » MEAR 10-15m ® o FHERPLE
B2 B EERERS 0.6-0.9m @ o AR S BRKOER Hi i 50 Mk 2 1E1 M B Bk S 7E P T 2 6 15 Mk
BRUREZHIZ B BIREHOTE Im 5 o (HEES RIS ERS g2 JRMERED 2 VE - WERER
TRIEZETRZHER » 5 EifpE RN B R 1 MRS 8RB A 2 TR 5
H£%510-469.3 $16-232 £+ 545 723 B 241 £ (:6) - BRMBIEWE » MHBZ HRAEE
WM Im Lk o JRE AR H R TR » TF 5/ NSRS A 1 > TIHEE SRR e 2
BRI K SO - WH IR 2 E B RSB B S R -
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Table 6. Attracted natural occurrence males DBM by using synthetic sex plieromone

No. males captured/trap
Treatment 1981 1982
Nov. 10 ! Dec. 3 Dec. 29 Feb. 4
Z11-16 : Ald+4-Z11-16 : Ac+ 14 a 25.0 - 247 . 2320
Z11-16 : OH (1:1:0.02, ! | ’
100¢g) i
Z11-16 : AId+Z11-16: Ac+ 6 8.3 12.3 57.0
Z9-14: Ac (1:1:0001, ;
100¢g) L
590 10 l‘ 10.7 15.7 4693

INEBER YR SRR R RN EZ R

SR P BT NI S S AR SRR ORI » S BB IERERS 0.5m B » by 5k
B3 33.3-42.9% » 5 EIER KIRHRA L FBEIKET 42.9%  BEZRBEEEELEN - ARA
O FAMHRRRER R » FEEHFHERERL.7-15.0% » HEHE=REERZ BRERE (R 7)
o JRRERBURN H LA RESTRNONING » BRVIIRE T - MR RN AT LA > JEREEE
AL R A T ) B AR B A 2 IR 0 0958 > 1 B2 A 35 PT A 5 1 9R469 . 3512320
-57.0% (R 6)» CIRTHEMEM » AR ANERENERZ [HE > WTRRRZ D FRAERBZE
PLETE » HRAE N B SRS BR RS 2 RES AN STREERERREE » DABIMGE -

R, NEREBEIHEREE IR SRR E R Bk AR

Table 7. Recapture percentage of continuous rearing male DBM by using synthetic sex pheromone

Mean recapture (%)
Treatment generation
3rd 4th ] Sth ‘g 6th
Z11-16 : Ald+Z11-16 : Ac+ 42.9 4.7 15.0 2.6
Z11-16 : OH (1:1:0.02,
100¢g) |
Z11-16 : Ald+Z11-16 : Ac+ 33.3 3.4 l 4.1 1.7
79-14: Ac (1:1: 0001, t
100pg) |
599 429 18.7 E 2.3 1 956
|

Fifty marked males were released 0.5m from the synthetic sex pheromone of DBM, 3 replications.
BE R
1o BRI - 1982 « /B ARTER S0 BILERDGTA o 17T Bbe RHE RERT AR M A IR FE T TR R 17 S AL - 133 o fT BB
BIREH o
2. JAEES ~ FFRKE ~ BRESE - 1978 < R B S MRS R o RHERIEE A F 6 (7) 1 651-636 ¢
3. ERERTS ~ R - 1972 - /B35 (Plutella xylostella) $hgh'sy 4/ e (Apanteles plutellae) 7 {% o
RGBT (4): 145-1520

4. BRENS ~ S RZE ~ REM - R ~ RIBS - 1974 « /DA A B 2 0% B B MR B o SR RIIAE 23
1):48-590



528

10.

1L

12,

REREWE HE B K 4 U 1986

- BHEE - PN ~ HIBTERE - BE A SBE—- - AREBT . 18l arN0olkT 2oV OERK

#5E - BEENE25 1 T1-16 0
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Field Travpping of the Diamondback Moth by

Using Synthetic Sex Pheromone

I. Tests on the Synergistic Effects of Sex Pheromone Analogues and the

Effective Distance of Sex Pheromone Lure of Diamondback Moth in Field!

by
Ching-chin Chien and Shui-chen Chiu?

Summary

Three analogues, Z11- hexadecenol (Z11-16 : OH), Z9-tetradecenyl acetate(Z9-14 : Ac)
and Z9-hexadecenyl propionate (Z9-16 : P), were individually added to the synthetic sex
pheromone (Z11-16 : Ald+Z11-16 : Ac) of diamondback moth (Plutella xylostella, DBM)
for testing its synergistic effects on the DBM males caught in field. In winter, the number
of moths caught by a mixture of Z11-16 : Ald, Z11-16 : Ac and the 3rd compounds (
Z11-16 : OH or Z9-14 : Ac) in the ratio of 1:1:0.02 or 1:1:0.001 showed 1.5 or 1.7 to
4.3 times respectively than the sythetic sex pheromone used alone. However, these two
analogues did not show synergistic effect on DBM males caught. in summer

Marked adult males of DBM were released in cabbage field at 4 points located at
0.5, 1.0, 1.5 and 3.0m far from a pheromone trap. Five different kinds of lure sources
were used in the traps e.g., Z11-16 : Ald+Z11-16 : Ac + Z11-16 : OH (1: 1 :0.02) and
Z11-16 : Ald+Z11-16 : Ac+Z9-14 : Ac (1:1:0.001) in 10, and 100~g dosages respective-
ly, and with 5 virgin females as check. The number of recaptured marked males
indicated that the distance downwind of the active distance was 0.5 to 1.0m, but no
difference were shown among the 5 treatments.

Z11-16 : Ald+Z11-16 : Ac+Z11-16 : OH (1:1:0.02) with 50, and 100#g dosages per
trap were set up at distance of 2.2-11.0m indicated that the maximum active space
between lure traps was 2.2-3.6m.

1. Contribution No. 1309 from the Taiwan Agricultural Research Institute.

2. Assistant Entomologist and Senior Entomologist, TARI ; Wufeng, Taichung Hsien, Taiwan
41301, ROC,



TEEEEE S (Jour. Agric. Res. China) 35(4) : 530~542 (1986)

WE ERFIHEEHERAHE T EES  SREBMERES O Mo (1) J5R
(Plutella zxylostella) T2t 5HE, » HEARMB2AERES A » BHEHE?2
Ao HEFERAYBRR SR THE  2REE » IREWNMTHEHE4  (EREEME
MR ATBI R L o (2) B (Artogeia rapae crucivora) R FRELGHEL o
—FEEFRRBEEE > —E2—5 A BREESTE4L AN A - B—KEI—120 » H%H
110 o FEBEEUEME AR 2 - WRZPESE - RERSB S EHBPNRE
W o (3) KFEIE (Crocidolomia binotalis) HRAFEHFHE o 5—12 ABHE 4%
1 BmEEI—ILA - EFELR » HE4ARSFRERTHEN » MEWMETREFIRER
B Bg o (4) RERE (Spodoplera litura) RE4EMHE » 6 —12 A BT 481
BEE LRI o HEB AN AZIREREL o (5) 0 (Hellula undalis) »3
ERWTE4—9 A MUIEEE 1 —3 AREE S (6) FREE (Trichoplusia ni)
B3 —9 ARKE AR AREEENESE - (7) HIEEXR (Phyllotreta striola-
ta) PRAERBIARGETMR » B 5 —12 AZHYE 1 —4 8% o (8) BEW (Lipaphis
erysimi) FE O AFAE 2 ABHBARY B2 8 ARNEL B VE » MERE
9 ~I0ERFE L A o (9) ¥kiF (Myzus persicae) FEABRME 1 —4 B » HR—4F8 A
MEMELE > WHERIRE | — 3 ARSI E BT o

FETERBRE BB AR R > FTLURS BT ESAERSE  ERRLS ZHE - LRES ¥
AEFERRE - RESHREZESREEAS &0 S PEAERNNEEE - AW+REREEE
BREEZMZBEEHR > ERZHEREREE® » TEEF O ELBRBKBES O £h 2 le8s
o BEEERFHIL O HEIEEER (Phyllotreta striolata) ZHRFAEFEF » EHBER FHE
ERIEBBIE G o WEERIN/NEG (Plutella xylostella) s il (Artogeia rapae cruci-
vora) » KEW (Crocidolomia binotalis) s RHITRY: (Spodoptera litura) ; ZiME (Hellula
undalis) s BRI (Trichoplusia ni) s {5ZEEF (Lipaphis erysimi) ET)B% (Myzus persicae)
FRAWMETFERRER LR TR Ed o ERES 2SR ILRMENE » itz RIRERE
§6 > ERZEENERRRTNAERREZEEMR o BIRKAZILZ A » DUNER - BB - K
B0~ RHEUR TR ~ BURTESR ~ BTN SR 4 RS o BB EEE (Pieris canidia sordida) -
ZEOIE ~ BEREMBEURER (Spodoptera exigua) FEEAMD o FEBFAMRFEZRAMR o /)
ERAEFTHEER L2 BEEBESHAE2TS A AHENELRERE 1A - BEBESFAXEZKE
WEREES ~ 47 ARGHETEZTERE - hIRBEZ G2 EFTEEES JIRIIA4 A 5 %

L a S RBae IS 1810 0o AWM, » 2EHHa - UK ~ B REEAEHBIE KB - B
A~ BRSRSE ~ HOKTR ~ TR SERE VB BEIRETRL » BB E IR R BT £ 1T - BEGKEELRT
T Ay T R ~ MR METG IR - MR WETBREAE b TEE IR #ih—f 3kt o

2 KBTI BT MG RRIFIZE A RREIE - 2y AR FUUp -
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HERZE12 « MIEERAFTTERE L2 EEES A £HE » HEEMES ~ 47 < FiERZE
HEE > RRETE 2R RS EMRERH 2 TRAME 2R - MKEFRARREGOBREMEE
ZE# o ISR UILUNEER R ~ EpE - BZEET AP S BEE S RE H R IR R
ARG RZ ; O RERRESRSZEERALT - E2FEERZHER  NEBNEH
W B RN ZERE AR » REEAT 117 » Z20IEE T —9 A » AR 2SR HE
s (SRR 7 — 9 ikt AE » (AP 9 - 107 eERBIEZEL - RIEM LilEHE
EEETBREAR  BREFREGRBENT
MRS E

FLAZRTORHE » THETERFEBENSLA ~FHHEHOORBEEN » K—BRARR
B ERY o RTINS EEHEONK  FIEENE8E (KO - it FEVRERFRERYZ
HEL 443 160 ¥k » F4BERZ KECBETRALRMZ G ELER » URERTEZERPT
M B8 EEHE & RMPERNARYE - AER2ETELIEHE » 5 HRSEEERZRITR K
BRI - PAREANEBMZBHSB6 f RERBEE  ABEATTERRERLREES
SER > DR SEEKH R EEREES HHEE o BREZREES RS GEMBIE) RAELS
KINTF: 1#=1-5%> 2fk=6 —20% » 3f=21-50% > 4{k=51—-100%% 5 & >100% -

_ 3 (B X BEREEE)
R = sXEARE

B0 H RO IEE R E R BT T ERE T 2B BUHRI v x+1 RERERZ -

FER BT

HERETL (1982) 418 7 BERET3 (1984) F12H28H=FFET2H - AR EHHER
%8 HRFAEYHEEERBEEREY  LHEAHE SN2 ENERSE2EE ) FEHE
RFBEECES > HOBEES ~ 438 EEPH - MEKZRERY > BHRS - THREHKBEEFE
TRETTR « SEHF » 5 917019824304 6,2858: () » 1983434 4,975 (K) » 1984545, 022
B (R  ESEAHTEEL,2828 (R) o BEMF  AHELTN 2 T EEREESRAA 2/ NER
FIE ~ KZEE ~ Z500F - R R R ES 5 ¥ B ERIFEER  aEE BT RMEE - A
72 1982 4E10H5 8 HMAR BN (Brevicoryne brassicae) HBMH—EAHEEY » DEHEER
R - 19844 3 A G5 BIZEEHE (Liriomyza brassicae (Riley) BEEREE » HRREH 2L
BERELEEE AR BRI - 3 Lk 9 BESH Z=EBEHESENT ¢

(—) N : BMIEZEREYFIRI984% 5 A18H » 7 ABF2THE =R A R LHI »
BERALEE FEHLAZEREIABHBERY  EF2EmEE4E28 (H1--%1) » HXK
EE7E9—10R M » MLL6 — 8 A& c ZFHKETE » KA JILIFHETRE » LEEEIN=E
A7 2 Bl - BB EE S BIH19824 2 F12H2324 » 19834 2 A 18H 5724 » 19845 2
RA17H165% » fik=FF#HEE 6K -

INEBBERBEEZ RN RREARTF2EE > 2ER K L2 AZELUEN » BI0KHE L
NIRRT 2 0 198242462 . 8245 » 198342967, 114 » 19844E{£160.03% o HiEB A/ MELE 6 2
2% (1) - WHERS  REERXFLETEEN  HMMBRZBRSREFEEY 2EREETRE
TEMSHETE D o NE 1R 1983 F 2 BrRNERZETEEE » (/R KERE
GLAB=EFEhREYE o MERELERPEEUMREEZEEREK VY » BEATFHBRWEE » 7
R A FIR YL RR N2 %00 o ImZEILEs - FUNTE » BB 2 REEENE 2
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- w2 e Wh_ oec. 7 B ¢ £
3] i £ gw £
o : 3 = k4
g 5§20 003
§ £30 e et 46008

precipitation {mm) 48004
§ e———umean temp (T

. mean temp,(°C) —~ -

[PRTTRSOIN » P xylostelia

500 » . o A rapae crucivora

Mean No. of larvae / 10 plants

| % 1% o
Bl HE N ERRARRSBERRER - E2. HE A EAMN SR B REERE -

Fig. 1 Larval population of Plutella xylostlla and Fig. 2 Larval population of Crocidolomia bino-
Artogeia rapae cruclvore on cabbaege. talis and Spodotera litura on cabbage.

SR1.NERTE 1 ~ 3 3 (1982~1984) FEE 2 A/ NARIR B MR E AR Lol
Table 1. Comparison of the populations of Plutella xylostella in relation to the
temperature and precipitation from January to March during 1982-1984

X density X temp. Monthly Max. rainfall
Month (larvae/10 rainfall Rainy days
plants) ) (mm) (mm/day )

Jan. 370.41 17.58 0 0 0
1982 Feb. 462.83 19.53 170 2 10.0

Mar. 182.75 22.27 0.8 2 0.5

Jan. 239.11 19.21 34.0 7 12.6
1983 Feb. 967.11 18.36 915 10 318

Mar. 312.83 20.60 177.8 13 60.0

Jan. 3150 17.11 6.4 1 6.4
1984 Feb. 160.03 18.02 0 0 0

Mar. l 113.33 21.63 5.5 3 43

—3AEEE O o EEMMBEHRE RS 19 o fib» &~ ESFRRE » DNIRZETET)
(Fecundity) BB BB A - KHAZENEEEREHN » 1—4 7 BRRZ5—9 AHEINS2%
£4 5 RIS IEN16% o RILETERE 20—25°C ™ o BV Rz REREREFE
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15 > e BT AEEYEN » SRR EERSER -

T2 — 4 A YRR ET G B > TERSENRE 2R o mE R8s
L AR TIHE (H12) » KREERIERZI1ME 0 o ety &R A Ep
IHBE » B KA ERER QDR TIRD © BB S SR £ RT » KBTS
S > AR R » TR ZERZ S8 © DU » 198497 2 F 2 GUBBERS /8 B %
AREFRE (£1)  REHEEEERABSETRARSE (B1) « Rz MNURZHEE
EABSETRAARES (81D o @HE2ERNEEOTE  TELBEERE » HEE0H
P ERIRS > A RS 2/ N URBE » HOERER MR o

IR BT 2 51 0 DB EHETIR » SRR #3E95% » A FILRERTA—81% (8
6) » FEIHI41% o HEINERE R » MSERERIEZIEM (B15) © 119826 1
FUNERS ST B 370,488 /10 5 » A IS EHET 80.94% » (A 19837 2 A K FHMEES
967. 1%,/ 108k » (A7 195 E kRSN 80.04%% o FIATELAE » BMBEIRIN 2.6(% » (AH B E LR
HeARE ] o /R (S S B AR R R T K 75 o M AS S M ERTE 6065
ZHRBWE A 6265 /108 » (B KB ERUETOR IS LR EIEAF 28345,/ 108 » HEFH4
B 4.5 1525 o FLUNSREE R LR AERERY » SHERAT SRS EHENEEE
B o NEIRD BB 2 5105 » IS BII 2 » Sy B K15 56.54% » B F 4958 %k 25—
5197R% » MK EEBEBEEHUNE H179) o HHIERGBH O NSERERS
EIEE (v) ZEEHRAIE 15 o dIERTR » /P RRTE T B R SRS R B (P 2 E MR
{j}_’]o

R R AR EA R > % 1~ 3 AEANR (E2) o BUSERELE
1982 1983#5 (38 sz B » (0 1984GR A TEA R M I 2 1% - IR R R T LB R MR 5
PR o

R AESRPROBEHESRBRETHE ST
Table 2. Percent composition of 6 species of lepidopterous larvae
on cabbage each month during 1982-1984

%

Species

Aug.| Sept.| Oct. | Nov.

Jan. |Feb.| Mar.| Apr.| May | Jun. Jul. Dec. !OVQI&H

|

Plutella xylostella] 18.0) 864 68.6 155 7.8 27 18 3.3 16.6 9.1 5.3, 20.4 26.4

ﬁ;tc"lgf)’r‘; rapae 1220 5.9 203 587 381 231 219 126 133 235 156/ 184 220
Crocidolomia 700 70 100 200 421 546 634 es59 564 561 382 358 380
Spodoptera litura| 20| 06 03 34 1.0 171 118 158 120 109 408 242 126
Hellula undalis | 0| 0| 01 16 o4 12 11 22 o6 03 a1 o1 06
Trichoplusia ni 10 o1 o4 o8 o7 14 o o2 o2 o1 ol o3 o4

() B SHmAE 19824526 —8 A4 H1—2KA 198342 7— 8 AREHE KK RHE
st s KBRS RPELHFELER c ~FERRBERY c f—K#E2—5H» HEEHAMREE4 A »
1984F. 4 FRBGENER=FPRAEES » o sed » HEERHEASH c R ER
WHI—127 » HEEHEICS - 2FEMABE L RETELE » B 3—4 AERIF (B1) -
19827 6 — 8 A 119832 7— 8 R Bhrsamil b 2 K5 o 19845 1 2B S ER{ES) » 5—6 AF
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WS > HERE A SRR e RERE S /B IR AR -

ERREEEE 2 HERREBTIENE  BRABNAESES 2 PESE - HERSB LT
W BT AR AR TS ON » SO B BIS e IR 2 A 15 © LU19844E 7 — 8 A BH » HAEIRE
 BRERER=FPRIRD % » W2 REEERLBRESS o 1983424 2K ARG
FRE AEFEEBEABEFRREE 19834 B RNBEARTARESETRERL %

MEBRZERETIRRE  BEFEFRARSEE (B1) -
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B HE R LIRS RESBIEEEER -
Fig. 8 Larval population of Hellula undalis
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Seasonal Occurrence of the Important Insect Pests

on Cabbage in Southern Taiw an’

Hsi-Shan Lee 2

Summary

Seasonal occurrence of nine species of insect pests on cabbage was investigated in
southern Taiwan during 1982 to 1984. Plutella xylostella was abundant from December
to March of the next year with population peaks in February. Artogeia rapae crucivora
appeared from March to May with a peak in April or March; and from September tO
December with a peak in October. Crocidolomia binotalis occurred almost year round
but was numerous from May to December with a peak in November. Spodoptera litura
also occurred in the warmer months from September to December with peaks in Nov-
ember or December. Hellula undalis occurred from April to October. Its population is
very low. Trichoplusia ni occurred very often in the warmer months with no peak period.
The looper was extremely low as compared to other species. Phyllotreta striolata occur-
red almost year round. Lipaphis erysimi occurred periodically during the dry seasons.
Its population was drastically affected by rainfall. Myzus persicae also occurred periodi-
cally as that of the turnip aphid, but appeared several months later and almost cons-
tantly occurred in November during the three years. The population abundance was also
greatly influenced by the rainfall during the spring.

1. Contribution No. 1310 from Taiwan Agricultural Research Institute.
2. Entomologist and Head, Department of Plant Protection Fengshan Taropical Horticultural Experi-
ment Station, TARI, Fengshan, Taiwan, 83016, Republic of China.
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