ik RS

BTILE 5= W

ot

B R
RAG JE AR B DA AE A X Z R R R M gk
................................... RAXx &F% #ERE SHE- 1
ZAUAE E R R BB RA AR E T RBRRBRZ T RIER
.................................................... BEF BR—S14
%*ﬁﬁﬁéﬁéaA%F%ﬁﬁﬁzézﬁﬁﬁ%&i%%mzﬁ
.................................................... AR g 4--23

%%é%%i*ax%@F%ﬁ&%Zéiﬁﬁ 3}
........................................... AR MFE EHB-34

WE % BIBWFHE M A4 2 H R
........................... BRsiw EAR EEW S REHE--46

MR ER A ERSRBERABREHEEIYE

............................................ BAME BEIE REF-54
RKBHAE DRSS ARBRABAEZYE (R

............................................ Bek FER OREF-60

BB Zidfp HEAE FEEIL--68
rhEE RE/\+E LA

{TBbE S B e R Sn B T il

hERE EEE BRI FE



FREERZZENSE (Jour. Agric. Res. China) 49(3): 1~ 13 (2000)

IKAGEBIER EOFRFERAZILBEE LR
PE A PhE !

RAKX® B8FR RPR’ aHE

BE - FERREY AR RERR L RREYERBREREROIRER - EmE
(& B B R EE STE S BYEA IR 5 i - AWSe 2 BRI — -+
KT E A o B AR A A — e M FE R PR (JI3ER ~ 3E8)
Fe L A BE AR R B (RO S i B HH e MR EE T » (E A R BE R R K O B 5
TERAHRE - FEEARFRFHBERRRAER > MELAEHEERNE : it
EAREMEER LFREER - BELINERREEHIES - AELUE B &
BOHE ~ BI105E R G 5 67 SN E KBS ERREME - DUETEANGE - BB
A o BHAABRAERIGA > MEAR AR ARG IR S BERYZE A 40 HLE R KBRS » H A
DUHERS 2R BE T RE R FRIRE S B YR - (EANRRERS B T o MESA/KRRRIZER T (38R0 3E
HEEAER  HEFFAREES RN TUEETEO KR8 - SErEEE
ZRE R 2 B BREMENERBEBES (FIEEmTRRF PR -
ATLUFIF AR 3 SR AR R SE R E TR L — {18 0.71 M9 ZF 55 K (B 45 R i 3 DU K
TR RERY 2 RREET AR » LR B R AU AR MR - 352 R IR AE FRIB IV R IR %
B (BN EERRRRE AR ZHE) » (A A T AR RE LI - B2 ER
REMEER (FE TOEE ~ 8243 - F2-38%) CERERAEEMFERIHE
KA ERERE - EERENBAREER REWRAER =R T HEZEROE
(R o (H AR R E I BUAGHAT /738 - HCTHIAISEE R MR 1 R SRR (K - TE RIS
BIERF - BROHEGHRAEEME BHERSS - ANEHREERE2ERER
AZETTE -

BRSEET - KA - TEEME - JERUEMEE - FERMERERE - AR -

[l =
RHRRF T EYERBREERIONREE - FRRTRSERREEBI R NIGER A RERE
KU ahHE - 1A B SR A ] LIRS & BE AR L B K » HAHRE Y A4 RO B30 BRI K B BRI L
A o (R EH B B E @R - T E IR BRI ] - TIRRA T S BRAO AR R VY
KN o FEMmIRE NG EAR A 58 R JE IR VT 7E AT {3 ELSEAFERE /7 E5 £ o B RTRRIA B4R & iy
BERTRHIZEEAEREYIR FoROM 00200« g REEEE « BEREEOS Y~ JHEEY « KE® ~ #E

LITBRR R ER B & R BT 724R 555 2031 5%
2. AR EHET - EEY Zhit BIES -
3.AFBERIAE - B RBENEE - ZilE BhE FIE -



2 rhIEEEEYE 498 B3 2000

ONTEAED S M HZE® S BAEANEY ~ F  KE"E o BEREZFIRMET 7 E RS AN —
SCHEFERUE PR (W3R ~ R FIRIRRAGR - FEC & BB A 280 S me st (G 5 S5 T A -
Hrh N EmEGEER - BAAERMIEE ZRMEET FEEFRB(K) > 140 Palaniswamy and
Gomez "R /K IEH) BE MBI R FEI 7 A B HER REERRIEZ20.73 8 0.75 15 - HEHBK
ZOtEH > ERREERTBRESMREE AR o Kk TEZBEREE R IR ETE
Dok » BZERRRE KK/ NMESEZ R L—B0 MBI AR S A& SR KE » ROFUEA P
BIAMmE - & KR RESIER REGHEEZE » —RmMSKEaER REDRIERE
BIERK - M HEREAEER REMrHEE RGP A AR 2 R « [k - F—Kiash
TR ZER A ZERT R K > ATRENERAER] - HATR - AR KEEmEGERZE#T - £F
RS B ARIECEY) » fCE LB E AR A EE R RO E] L A R 88 R B T SRR S ERET - R
M > HRAELZEA VAR R ST ERREERHE - EEFEEmRS » AEE
FET) - ENEEVEERER T > BEfSNRARESS RN - FIEN S ER RIEEZ
PREEMRE - M » EAER KERNEFGE 2 EmERE > REEASGE HAR T2 BHERE
g » 1 B RERAE HE EER R ER RS 5 AW SR E > Bt » XSG i B L EHERN A
ERHE -

AWHFeEt BB NS MR ER & 8 5F ~ B 9% ~ B 105 R A2 67 5RIuEKamEEE £
RAVFHE » 8RE T IUEARRK AR ARG E&EL MR E—IF 2B R T =X FE e
TR 2 Bmae B R P M 2 M > HAREIE B — A M B SR BB RESRBERIZER T (3
ZHRER > hEEEARRTERZRFALER ZHE - KEEEERSEEAEN R SEE R >
FEI— R -

MRIERTSE

— BRI RIS

A8 57 RIS 1999 4 K 2000 E—HAFTEITERT B X R B @ R HBEA RS HEET - AR .2
KA RSB ES HERER A 8 5% ~ & o5k - & M09 R G 2 67 SRIUEKFEME o KFEHHE
R ZATRREE RS 30 X 15cm » $REAKE » /NEEE 1.2 X 3m > BE=RX » IR 2 ERET - A
Z L #1955 N:P,05:K,0=150:58:90 kg/ha » HHIEA 60 kg/ha Bikk ~ #1228 LIFEACHEA - HEgz R
MBS R B B EHKBITESZ -
—ERMRCRAEAE

FoKFa AR A R EEAEARE » FE 73751 B &/ NEEREIUR 5 K 108k » =8 » #1 1999 & K 2000
AR 15 R 308k o AT EEURERE S BIE S £12 (0) R&EDEE (1,2-) & BREINIE EWT
HMERFBEESBRIZE (B1) k&2~ 34~ 5--FE - HKBIERTER TRIRE SR K3 ZEm
EHEER B - MHEGIEE NS HERERIE » KA ATE ZR R EE A 8 R A5 = 3em L
RGBT IR L » LS ST B (SR Agfa ePhoto 1680 )i E—ZEH MR EE - A&
% » FI A B EERE (SigmaScan Pro) FEHGH BRI E R ERVER - RAEE RERE - 7]
FH B 38 FE A 2 (B IR B B 4l - ASELRE B s H HERE I B 5E 1 RIEMERT » [ E ATl SEm A i
B EmABREATS S Z MM RBUN &£ 0.98" s TR/ BR T K ARF - GRIREEH
& RERTREER P ER EIREENER 2 — -
B2 SRS

T KR EmEGEAEN - FIRR 1 c EEERB K HERERERERUERRKER

ZFtE (A LWI1~LW12) » BERLUERMSE (L1 ~L12) - X LW BARSBERF %

11



KFEFERBSR M S A G AR 2 L 3

1. KTAZE MR TR

Table 1. Predictive models” proposed for total leaf area of rice plant

Label Model Total leaf area/plant Label Model Total leaf area/plant
LWI K, «(leaf-tiller level) il ZK XL X W, LI K. (leaf-tiller level) EIJEIK XLy

LW2 K, (leaf level) :gi(K, X j%(L. XW)) L2 K. (leaf level) %(KL; ><g,l(L.),)
LW3 Koo (flag +lower) KX gl(Lr X WK, Xgl(L. XW) L3 K. (flag+lower)  KuX Jg(Lf)ﬁKu X gl(L.)J
LWA  Kou K X3 JE':,](L, X W), 4 K K. Xi} gl(Li)J

LW5 K. .y (flag) K. xg[(L.- X W), L5 K (flag) Ko X g(Lf),

LW6 K. v (lower) K X g,l(L. X W), L6 K. (lower) K., x:zl(L.),-

LW7  Kixw (2" leaf) Ko X ig(L(z, X We), L7 K. (2"lead Ko, XE(L@,),

LW8 Ky xw (3" leaf) Ko X%(LG,X W), L8 K, (3"leaf) Km,xgl(Ll,,)j

LW9  Kixw (1%, 2" leaves) Ko Xgl(L(,_Z,X W) L9 K. (1%, 2" leaves) K[_(|_3)X§I(L(L2)),
LWIO Kocw(2,3"leaves) Ko, X g(Lm, X Wes), LI0 K. (2",3"leaves)  KyyX gl(Lm,),
LWII Kixw(1',2"3% leaves) K, X :Z](L“MX Wz LI K. (1%,2"3"leaves) K. ><j}'f:l(L‘.,2,,))j
LWI2 Ky x(2"3" 4" leaves) Kw)xﬁ(me Wose); LI2 K, (2" 3", 4" leaves) Kum,xé@m)j

* K=leaf area coefficient, i=leaf position, j=tiller level, Zn =total leaf number;
L;, Wi=leaf length and maximum width of the ith leaf on the jth tiller;
Ly, Wy= leaf length and maximum width of the flag leaf on the jth tiller;

L;, W= mean leaf length and maximum width of the lower leaves on the jth tiller.

FAHZNY K AGE - e DRI 26 A R 43 BE 4% fi i 2 32 Fr B BATE 43 I 145 980 K {id
T REGHEA REAG B AR BE RS 5 MU L1 B LW SE D - M B ATE 3 A B R B - 1‘%
A LW2 RAE L2 3% 58 70 e 2 T R [ B 1 4% 4 2L K fi i » (HATE S W B R AIEE - Bt Lw3
Bl L3 AN 8 Sy B8 3 F RISERIELML T A BE4 B L KA » BRI 8 & R IR K (R - dt
LWA~LW12 A La~L12 AUE L ENE &H — 8 K (R8> (R E R BEGR EROR AR - xt
LWAFIRA L4 RODERIMA AR » UHERNRAESR (MR Lwa) HEE (HR14) HF
L (BRI Y K AE LU B SRS TEAE A6k WS AR LS 10 SRR 1v0 V% L T 2 MR SE T 7
B2 LWo AL Lo FIZ I T (1 22 I 2 MR TE T A + Bt Lw7 MR L7 R B A 28 2 3
(BNEE—R T A3E) LITEM S REEmEAE ; 52 LwWs AR L8 RIE R BRIV 33 (BN 1 T (372
PRPEH R PR RE AR ¢ B LW AR Lo RFIFMEMRAIEE 1 ~ 258 (EIRIZEAIS— B FH3E) KFam2
PREEHRE s A LWI0RIBA L10 RFIFEHAE 2 ~ 338 (BN — - —F FAZE) JCTaM 2 b
i B LW AR L AR RERRAEE 1 ~ 2 ~ 33 (BNRIEEANE —  — K TMI3E) KTam S
S A LWI2 AR L2 AR AR 2 ~ 3 ~ 438 (ADS— -~ =~ =4 FH5E) KTameks
IR o FIABE LW~ LW4 RIS L1 ~ L4 P 2 SRS TR L AT B » T L et (3
PR ZEFEDAT - X Lw1 ﬁﬁﬁ%@ﬂﬂ’]ﬁ%{r% H/EE TR FEZ B R 388 > K FIRFHI EZER
MIES > BREMEEE TR ;s MRS ~ L7 - L8ATAZINERRED » AN MAEIE 1 (5]
¥) B REIE  HHBHEIERANT - %ﬂ‘%‘é‘lﬁ(ﬁé’ﬁ%iﬁ
FERTENL 2 KBS G AR S M50 3% - 98— 2 1S HRIEF L B R B T B
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(estimation data) LAfiti B 5K b 2 EHERE K E - MAIAE ZFEZ 30 RER I EERMERERK
B 25 B0 (validation data) DU I S A8 U FRIHIMERE AT -

AR FE A 2E T F B B B B BE T A 2 B2 - (5 B R 393R 2 (mean deviation) @ ~ FIERRE
25 (mean percentage of deviation, %) * & FEiHlI3% 7515 77 (mean squared error of prediction, MSEP) © ° 53R
7~ PR AR R TERERE STRETE AT ¢

P
MD = (%I TLAm ~ TLAe;1)/p
P
MPD(%) = ( X, | TLAm, - TLAe;| X 100/ TLAm; ) / p
P
MSEP = ( 2| TLAm, - TLAe,| Y/p

K TLAmM B EEHIER 2 RERTE © TLAe BHTERRRAT GBI RRIERTE » p HTEHIKE -
KT 2 & BT 38 SAS(Statistical Analysis System) “PEIERET 7 HTHEES - AEAERS
IR RGER o

FEREAETER
—  EBEREE

G 8 YR ~ B FEOBE - B 1058 A B 67 SE/KIAMTER| A 8 — F B E Rl & LIS R ZE e TH H AR
KATE < KAREUGEHE f B B ARE - FIANK 2 - EERRE K HEREEERERUERMRAE
H2HFE (LWl ~LwW12) » BBRLIERME (BExXL1~L12) -

BER LW EENFEDERFEMCIVER HRE HAHE KE - MIRBECER > 58858 ~ 559
uE -~ B EI09E KA 67 SR EE AR E Y HITE 0.67~0.73 ~ 0.64~0.76 ~ 0.66~0.71 K 0.66~0.74 Z[H] °
I LW1 2 K [EfEEHE R - R—Ei R [E 4 BERR KB R B I - Bl KEERUTIEA g
K24 BRI R - [KIMLRERL AT LOE T U i L 5 R A (A8 s w2 - iR Lw2 » PU{E
S FERIEIIHIEE B K ESHEE » 2 BIFE 0.69~0.73 ~ 0.74~0.70 ~ 0.69~0.71 5 0.71~0.73 Z [ o —#%M
o KERIZFEN T UENEMEHBEZAR - KRR T ERSFEK » 2Rl HERER
B> JERSEEIEE - BRI LWS © & B8 IR 2 RIEE R T A1 ¥R K [ {E 7 7155 0.73 5 0.70 » &
1O BE 2 Bl K T I EER K {8 B 0.74 B 0.71 » B 105 2RI N 32 K HEEH0.70 » &
B 67 5E 2 RIZEBL T (22 KEEE R 0.71 - B LW3 AR ER » A RIE 2 RAFIER
LIgi%E KBRS R TERIZEmRE - i1 EATE T2 REFMERLI T (13 K @SR TR EmE
A R TEREI R EE TR o BEAA% BRITEE T EZMERY » 2REER #EL— X FERE
&S AR AT EmMEEEA LW - FEERX W4T » B HE - 5Bk - B M0 ER 67
BERE A RB K AEE - 2185 0.71 ~ 0.72 ~ 0.70 % 0.71 ° FRe(EHIEFEH IR KRG E 2RERD
T EAEAES AR > FlaERAE-ER (LW5S ~ LW7 ~ LWS8) ~ WA E (LW9 ~
LW10) ~ =% (LW11 ~ LW12) SKATE FAIEE (Lwe) HELZHREEREMNME 5 E sk - 8% FIA
BAEE L (LA ISAT K (H - BFI A% E 2 EEAFSH KESERESN CVIE » rHKMEESE
AR - (EEER TR AR ER SIS > KENSENREESGSE - 585 - 6 /9
BE S B0 R AR 67 R 21 LWe FIZE AR B K (HE7 A5 0.92 ~ 0.96 ~ 0.90 520.94 -

B L1 ~L12 0 BIBER LW ~ LW12 f) A FEE 2 BE (LR - RBEXL1 2 E 7
BENEAAIH) KAEGEHAS R - B85 - B HoHR ~ B 10K B R 67 5nIEE mERE o ATE
0.84~1.04 ~ 0.83~1.16 ~ 0.80~1.07 52 0.83~1.05 Z [ » B LW1 Z L& 45 R0 - B30 L1 SIZEE D
K 8Lz Cv EPAEEEEN L1 Fi8 & SRS » MEMEGER KRBz cvERIEENK (B
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Table 2. Estimates and coefficients of variation (CV) of the K coefficients for the rice cultivars Taikeng 8, Taikeng 9, Taikeng 10
and Tainung 67 from different predictive models of leaf area

, Leaf Tiller Taikeng 8 Taikeng 9 Taikeng 10 Tainung 67
Model position”  level * K CV(%) K CV(%) K CV(%) K CV(%)
LWI1 1 0 0.72 4.85 0.73 7.47 0.68 7.11 0.70 6.06

1 1 0.73 4.96 0.74 4.96 0.70 527 0.72 9.78

1 2 0.73 6.70 0.74 5.69 0.71 431 0.72 6.67

2 0 0.71 4.59 0.76 442 0.71 7.48 0.71 4.35

2 1 0.70 522 0.73 5.09 0.71 4.84 0.72 8.58

2 2 0.70 8.05 0.70 8.93 0.69 7.26 0.71 9.27

3 0 0.70 4.49 0.73 3.80 0.69 6.83 0.70 5.04

3 1 0.70 4.90 0.71 577 0.71 5.58 0.72 7.53

3 2 0.69 8.62 0.71 7.53 0.68 5.31 0.72 9.63

4 0 0.70 4.34 0.72 6.77 0.66 9.78 0.71 11.55

4 1 0.69 7.35 0.71 6.00 0.71 6.20 0.71 9.19

4 2 0.72 13.66 0.70 6.99 0.68 7.63 0.70 8.20

5 0 0.67 - - - 0.68 8.80 0.66 -

5 1 0.70 2.89 0.73 332 0.69 8.71 0.74 6.94

5 2 - - 0.64 23.62 0.68 - - -

LW2 1 all 0.73 3.02 0.74 247 0.70 3.04 0.71 6.08
2 all 0.70 2.35 0.72 2.45 0.71 2.31 0.72 2.86

3 all 0.70 2.13 0.71 2.60 0.70 1.90 0.72 3.01

4 all 0.69 3.81 0.70 3.27 0.70 2.65 0.71 3.28

5 all 0.70 222 0.73 2.18 0.69 3.16 0.73 3.75

LW3 flag(1) all 0.73 3.02 0.74 2.47 0.70 3.04 0.71 6.08
lower all 0.70 2.21 0.71 2.26 0.70 1.84 0.71 1.40

Lw4 all all 0.71 1.64 0.72 1.32 0.70 0.98 0.71 1.75
LW5 flag all 3.07 14.26 3.15 30.64 3.19 8.14 3.00 13.67
LW6 lower all 0.92 3.95 0.96 7.56 0.90 2.18 0.94 522
Lw7 2 all 2.71 5.24 2.82 16.46 2.88 4.99 2.87 13.97
LWS 3 all 2.68 9.74 2.85 7.64 2.66 6.66 2.50 7.17
LW9 1,2 all 1.45 7.10 1.48 22.79 1.51 3.70 1.46 10.87
LWI10 23 all 1.36 6.30 1.41 10.32 1.38 4.79 1.33 8.05
LWI11 1,23 all 0.94 435 0.97 15.90 0.96 3.67 0.92 7.44
LWI12 234 all 0.93 4.54 0.99 4.40 0.93 3.78 0.96 5.41
L1 1 0 1.04 7.07 1.16 7.57 1.04 8.63 1.05 11.22
1 1 1.01 7.32 1.11 7.61 1.07 7.30 1.03 8.85

1 2 0.94 8.31 1.02 10.35 0.97 11.04 0.96 7.84

2 0 0.97 8.48 1.03 9.52 0.94 7.84 0.92 4.68

2 1 0.92 9.13 0.98 12.06 0.96 6.86 0.91 8.03

2 2 0.86 12.03 0.88 12.88 0.85 10.51 0.83 6.37

3 0 0.94 6.89 1.00 10.65 0.92 6.18 0.90 10.21

3 1 0.90 8.17 0.95 11.89 0.92 6.05 0.92 7.17

3 2 0.85 9.39 0.88 9.96 0.85 5.84 0.86 7.33

4 0 0.90 6.55 0.98 9.06 0.89 7.37 0.85 11.19

4 1 0.88 7.78 0.94 11.15 091 7.60 0.88 8.91

4 2 0.86 16.21 0.88 10.10 0.82 8.55 0.85 6.90

5 0 0.85 - - - 0.90 8.04 0.77 -

5 1 0.84 5.33 0.95 6.29 0.84 4.72 0.87 722

5 2 - - 0.83 14.63 0.80 - - -

L2 1 all 1.00 3.36 1.10 4.49 1.06 3.55 1.01 6.65
2 all 0.91 8.52 0.97 10.82 0.95 4.77 0.90 4.60

3 all 0.90 6.39 0.94 9.78 091 3.46 0.90 5.79

4 all 0.88 4.87 0.93 7.25 0.90 3.86 0.87 5.92

5 all 0.84 2.20 0.96 4.77 0.87 7.43 0.87 7.06

L3 flag(1) all 1.00 3.36 1.10 4.49 1.06 3.55 1.01 6.65
lower all 0.90 5.90 0.94 8.37 0.92 2.87 0.89 4.37

4 all all 0.92 4.88 0.98 6.57 0.94 2.71 091 4.72
L5 flag all 425 18.20 4.77 36.13 4.86 9.71 4.27 13.89
L6 lower all 1.18 3.48 1.26 4.38 1.17 3.49 1.17 7.32
L7 2 all 3.59 6.70 3.83 24.87 3.84 4.57 3.58 13.48
L8 3 all 3.44 8.88 3.79 13.59 3.47 9.74 3.14 11.05
L9 1,2 all 1.94 11.53 2.12 29.80 2.14 4.88 1.94 11.20
LIo 23 all 1.75 5.79 1.89 18.41 1.82 6.80 1.67 10.60
L11 1,23 all 1.23 7.54 1.35 23.19 1.32 5.30 1.19 9.29
LI12 234 all 1.20 3.41 1.32 7.54 1.22 5.57 1.19 8.63

“ Model defined as Table 1; * Leaf position counted from flag leaf downwards; " Tiller level =0 denotes the main culm.
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Table 3. Comparison of accuracy of prediction models in estimating total plant leaf area of the rice cultivars Taikeng 8, Taikeng 9,
Taikeng 10 and Tainung 67

Cultivar / Model TLAe’ MD* MSEP* MPD" Model TLAe MD MSEP MPD
TLAM' (cm’) (em’) (cm’) (%) (cm’) (cm’) (%)

Taikeng 8 LW1 1861.1 35.3 2280 1.86 L1 1930.6 70.1 7856 3.97

1883.6 LW2 1858.8 36.2 2367 1.91 L2 1941.5 73.7 8940 4.18

LW3 1864.5 33.8 2129 1.78 L3 1947.4 77.3 9633 4.37

LW4 1869.1 325 1985 1.75 14 19354 69.9 8140 3.90

LW5 22247 341.6 174122 20.47 L5 2296.3 412.7 234315 24.80

LW6 1755.2 128.4 23494 7.58 L6 18449 772 10263 4.58

LwW7 1763.1 150.5 35879 8.72 L7 1902.7 100.9 22901 6.72

LW8 1765.8 162.9 37100 9.73 L8 1844.6 143.6 32108 8.80

LW9 1973.7 106.0 25984 7.01 L9 2076.4 195.0 62011 12.35

LWI0 1761.7 1354 24211 7.42 LI10 1865.9 88.7 13334 5.03

LWI1  1898.8 66.3 7550 4.05 Li1 1976.0 107.8 21993 6.75

LWI2 1739.2 144.4 28671 8.37 Li12 1837.7 85.5 12220 4.95

Taikeng 9 LWI 2319.2 98.1 19287 4.22 L1 23339 110.0 15907 491

2267.8 LW2 2311.9 96.8 18155 4.18 L2 2365.2 136.2 22260 6.09

LW3 2307.9 96.4 17630 4.17 L3 2348.2 123.6 19082 5.52

LW4 2313.3 97.6 18486 4.21 L4 2348.5 119.1 17423 5.30

LW5 2811.3 562.7 381808 25.34 L5 2847.5 645.0 513134 29.35

LW6 2227.6 160.4 32764 7.12 L6 2267.4 68.3 6425 3.05

Lw7 2526.2 292.7 126706 12.98 L7 2665.2 419.7 221096 18.98

LW8 2326.9 156.0 33671 6.95 LS8 2408.6 197.0 58381 8.66

LW9 2646.7 383.0 183251 17.24 L9 2740.8 509.0 309367 23.14

LWI0 24143 168.1 46588 7.42 LI10 2516.4 273.8 98224 12.32

LWII  2526.6 262.2 90061 11.68 Ll1 2603.3 368.1 167456 16.67

LWI2  2259.8 122.1 20785 5.44 Li12 2338.1 108.0 15506 4.76

Taikeng 10  LWI 1909.4 523 4546 2.47 L1 1892.9 97.9 18520 4.58

1954.0 LwW2 1909.8 51.1 4363 2.42 L2 1915.1 93.0 15169 447

LW3 1904.5 53.7 4890 2.54 L3 1920.7 91.5 14516 4.07

LW4 1904.5 53.7 4890 2.54 L4 1905.3 94.2 15590 4.50

LW5 1889.9 141.3 36947 6.74 L5 1941.8 165.1 44447 8.15

LW6 1915.5 54.7 4256 2.76 L6 1904.0 85.9 13156 4.11

LW7 1880.4 99.1 17831 4.95 L7 1895.9 118.4 24359 5.79

LW8 1875.5 1124 22416 5.55 LS8 1860.4 144.6 36736 7.11

LWY9 1880.5 105.9 21046 5.06 L9 1911.6 131.9 29930 6.44

LWI0 1874.0 97.4 15947 4.83 LI10 1874.4 129.5 28715 6.32

LWI11 1872.4 104.7 19175 5.02 L11 1886.8 1324 30945 6.44

LWI2  1863.0 101.5 15329 5.02 Li2 1860.4 118.0 25050 5.69

Tainung 67 LWI 2101.9 489 3225 2.38 L1 1982.0 121.3 22290 5.51

2099.5 LW2 2099.9 48.8 3179 2.38 L2 1987.1 117.5 20866 5.37

LW3 2083.4 51.8 3420 2.52 L3 1983.0 121.3 21867 5.55

LW4 2083.4 51.8 3420 2.52 L4 1962.2 139.3 27535 6.41

LW5 2404.8 328.3 151431 15.71 L5 2273.7 204.7 70649 10.04

LW6 2004.8 100.1 17138 4.65 L6 1899.9 201.1 54878 9.32

LW7 22717.2 281.8 112792 13.91 L7 2159.8 206.1 57899 10.18

LWS 2045.8 413.0 32761 6.66 LS8 1933.4 201.8 66890 9.31

LW9 2328.7 287.3 111821 13.99 L9 2203.4 184.7 50759 9.16

LWI0O 2143.6 146.9 33378 7.19 LI10 2035.8 153.9 35393 7.21

LWI11 22203 178.6 46179 8.79 Li1 2084.3 148.6 28462 7.07

LWI2 20288 81.4 11703 3.77 Li2 1912.8 188.8 48217 8.74

* Model defined as Table 1.
* TLAm= measured total leaf area per plant; TLAe= estimated total leaf area per plant from predictive model.

" MD= mean deviation; MSEP= mean squared error of prediction.; MPD= mean percentage of deviation.
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Table 4. Length (L), maximum width (W), ratio of L/W, area (LA) of individual leaf for the rice cultivars Taikeng 8, Taikeng 9,
Taikeng 10 and Tainung 67°

Leaf Leaf Taikeng 8 Taikeng 9 Taikeng 10 Tainung 67
trait position Mean SE” Mean SE Mean SE Mean SE
L (cm) flag (1) 36.49 0.26 33.94 0.24 31.85 0.22 3232 0.25

lower 40.45 0.11 40.11 0.10 42.50 0.13 39.06 0.11

2 38.39 0.18 40.11 0.20 39.62 0.26 36.96 0.21

3 40.84 0.15 39.44 0.15 44.26 0.17 40.38 0.13

4 42.52 0.19 40.98 0.18 44.38 0.21 40.61 0.18

all 39.18 0.11 38.42 0.11 39.87 0.15 37.19 0.12

W (cm) flag (1) 1.34 0.01 1.48 0.01 1.48 0.01 147 0.01
lower 1.23 0.01 1.29 0.01 1.30 0.01 1.29 0.01

2 1.22 0.01 1.29 0.01 1.32 0.01 1.29 0.01

3 1.24 0.01 1.29 0.01 1.31 0.01 1.31 0.01

4 1.24 0.01 1.30 0.01 1.29 0.01 1.27 0.01

all 1.26 0.01 1.34 0.01 1.35 0.01 1.34 0.01

L/'W flag (1) 27.32 0.19 23.16 0.17 21.56 0.14 22.04 0.15
lower 32.93 0.09 31.27 0.09 32.83 0.10 30.49 0.09

2 31.59 0.17 31.39 0.17 30.19 0.19 28.81 0.16

3 33.08 0.12 30.88 0.13 34.03 0.15 31.15 0.13

4 34.32 0.14 31.67 0.14 34.51 0.15 32.18 0.17

all 31.44 0.10 29.05 0.10 30.04 0.13 28.15 0.11

LA (cm’) flag (1) 36.55 0.35 37.14 0.34 34.36 0.35 34.82 0.37
lower 35.17 0.14 36.51 0.16 39.47 0.18 36.01 0.15

2 33.51 0.23 37.18 0.27 37.86 0.35 34.14 0.26

3 35.68 0.23 35.51 0.24 41.03 0.27 37.68 0.21

4 36.72 0.27 36.87 0.31 40.67 0.33 36.76 0.28

all 35.54 0.14 36.68 0.15 38.21 0.17 35.68 0.15

* Combined across two years.

* SE: standard error of mean.
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Table 5. Relative ratio (%) of individual leaf area to the total plant leaf area for the rice cultivars Taikeng 8, Taikeng 9, Taikeng 10
and Tainung 67°

. Relative ratio (%) of leaf area to the total plant leaf area
Leaf position

Taikeng 8 Taikeng 9 Taikeng 10 Tainung 67
flag (1) 28.12 28.31 22.33 26.93
2 24.83 27.72 24.22 26.36
3 24.61 24.92 25.86 27.73
4 21.15 17.67 23.78 18.13
5 3.21 3.46 4.39 3.20
1+2 52.96 56.03 46.56 53.29
2+3 i 49.45 52.64 50.08 54.09
1+2+3 71.57 80.95 72.41 81.02
2+3+4 70.59 70.31 73.86 72.22
lower (2+3+4+5) 71.88 71.69 77.67 73.07

“ Combined across two years.
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Table 6. Comparison of accuracy of predicting total leaf area for the rice cultivars Taikeng 8, Taikeng 9, Taikeng 10 and Tainung

67 from the models LW4, LW6, LW10, LW 12, L4, L6, L12 using the mean K coefficient

Model mean K’ Taikeng 8 Taikeng 9 Taikeng 10 Tainung 67
TLAm"(cm’) 1883.6 2267.8 1954.0 2099.5
LW4 0.71£0.01  TLAe(cm’) 1869.1 2281.1 1931.7 2083.4
MD*(cm’) 32,5 100.8 42.3 51.8
MSEP" 1985 15795 2672 3420
MPD"(%) 175 4.42 2.06 2.52
LW6 0.931+0.03 TLAe (cm’) 17743 2158.0 1979.3 1983.5
MD(cm®) 111.1 172.4 459 119.2
MSEP 19306 39905 3542 21670
MPD (%) 6.66 7.80 238 5.54
LWI10 137£0.04  TLAe (cm’) 1774.7 2345.8 1860.5 2208.1
MD(cm’) 126.5 128.4 105.7 168.1
MSEP 21315 29407 18403 44753
MPD (%) 6.94 5.76 5.23 8.30
LWI2 0.95+0.03 TLAe (cm’) 1776.6 2168.5 1903.1 2007.7
MD(cm’) 115.2 141.7 80.1 95.8
MSEP 19907 27793 9442 15201
MPD (%) 6.78 6.48 4.01 4.43
L4 0.94+£0.03 TLAe (cm’) 19775 2252.7 1905.3 2026.9
MD(cm’) 99.6 73.4 94.2 91.1
MSEP 14310 10740 15590 13499
MPD (%) 5.53 323 4.50 4.14
L6 120£0.04 TLAe (cm’) 1876.1 2159.4 1952.8 1948.6
MD(cm’) 72.8 110.5 78.5 159.2
MSEP 9284 17087 10126 37526
MPD (%) 433 5.00 3.93 7.34
LI2 123+0.06 TLAe (cm’) 1883.7 2178.7 1875.7 1977.1
MD(cm’) 84.3 98.9 111.7 134.4
MSEP 10791 17411 22178 27890
MPD (%) 4.89 436 5.41 6.16

“ Model defined as Table 1.

* mean =+ standard deviation of the K coefficients, that obtained from the 4 cultivars.

* TLAm= measured total leaf area per plant; TLAe= estimated total leaf area per plant from predictive model.

" MD= mean deviation; MSEP= mean squared error of prediction; MPD= mean percentage of deviation.

e 204

TR A ERE L o (R - fEFRBE TR NERERE R R VEREGEIE T - R ~ Z(EEER A

Ut WABERAEE - W8N LW10 ZFIRIRTRR A T3 R RN Lw 12 Z R R ET =/ T % - FIA
AT T3 LW RO THIIERE S B LW 12 M5 (3R3) > AMLZHZ HIEE S 5 » R KFETEHIFE
RAEPRE 7 BE s BB A HERYD - FRhEEERS QiR 4 15 MR ERERSME - &
ANLWI2ELW6 B GE T ZEK o TREMBENLI0 R LI2EHEER - SESERNZRERA
Rl SRR A AR - (B3 R R R TR e A 2 ZOK - AU {E SRR R L12 Z FH IR )



AKTEFERR M T TRE ) B 2 g 11

AJTEFYIRRAEZ 10 B LA (3£3) ©
M - i EEHE TR

B A PURE R DUE X LW4 ~ LW6 ~ LW10 ~ LWI12 ~ L4 ~ L6 R L12 ZTalIRE HistF BB
RIEMEE - SoEMET SRS EHZ CEEANTE - ZLEER 2 SRR K S HEERR
Al Z A 2B HE R AR (K2) » $PFTE B2 KAE » Q0FIF 2R K (E SR S 2k
TEmE - CREEXTHIESEREZ K ERETEHEES » 51RFE6 - R 6 M » LIERLW4 2 K
(EIEMTERIE R/ > (RERZEE L 0.01 > LR LW4 ZHEKE (0.71) FiENZEIEGRELY
BURBRYS » TYTRRFZARVIAE 5% LUF » M H AR LIRS i 2 22 [ K A 5 2w - JlE
b AER RSO SRR - (HF SRR AE 10 % LATF ©

BT 5 RETHRIERE R S - BOBR AN B R ESREEE AN - CMERBER ZHINT » &%
SR FRREAE o HEEFMEERABES (FINEEETRERPRER) - SRR 2 E KRGS
’ME @ ATUFARAERNERMBRAEZEERL —E0.71 (Y K HERLF G L2 ER
5 AR B R RS R R o 2 2R ERAE REIERE L (BT ERERES AR
B ERAEE TAREXRELEN - (RRERFSMER RS R RER R 2SR (BLEEE
HI2 - (BRI TE Fr 2 BE R 2 Tl S SE AR 22 B AR PP T S B TR B 82 - R
AR ERER MR KEE - (HREE SBIERE - (R MBS S ERE AT » (0
KB EEERS ARV IER ATHE/ K S EHE SR » M h TSR B EEEE - Wi
BIESMES CEREFARAZHE 8% - HEAEBEXLW6HLWI2 » HRSHEKALWI0 - &
PEHEERMES D > ATLBAEEEA L4 - EAFREX L6 L12 : (EHEI SRR » €8
B G R KER G HHEMES S - FFERIREE R 2 EREER W - (B2 AiSkaLl
B TR Z B ERAR - TSRS 2 RS - R — RS K ESEREER BRI
(H RN AL AR R B AR 22 R > AR BRIU(E KRS S EE —HIE S ARSI T » R E AR —
HAVE T 2B PRSI — 30 IR RIE - 50 T —BWEatiH -

£+ 5
Bilh &4
AN FEASA P R AR e AR B R BRAT R - FEILTESS

SIFSZER

L AR ~ BRILET ~ EIE(E - 1999 - FIARGREE CE S BEY  ETEN - ERITSH S 63:123-133 -

2. BREUK ~ EHEE ~ BT S - 1993 < KEEED O FIEMAE 20 518 « hEEBETE 42:162-172

3.Fh@E%E ~ R 0 1994 - KIERIFERET LRGS0 - LW 43:123-134 ©

4 5REM ~ BIKIT - 1991 - KT BEZ TSR (PU) RIS ZER T RE IR S Ra g e R 2 4B - hZE B8 1.21-
34 -

5. ESHE ~ B - 1986 - FOKBEMARE R RIEEIE 2 18 5 ik - BB EMTT 35276-282

6. Acharya, D., P. Chattopadhyay, and S. Dana. 1984. Correlations and inheritance of primary leaf size in mungbean. Indian J.
Genet. 44:121-126.

7. Beerling, D. J., and J. C. Fry. 1990. A comparison of the accuracy, variability and speed of five different methods for estimating
leaf area. Ann. Botany. 65:483-488.

8. Blaise, M. O., and P. Girardin. 1992. Use of mean square error of prediction for crop model evaluation: the case of leaf area
estimation. Eur. J. Agron. 1:147-153.

9. Daughtry, C. S. T., and S. E. Hollinger. 1984. Costs of measuring leaf area index of corn. Agron. J. 76:836-841.

10. Francis, C. A., J. N. Rutger, and A. F. E. Palmer. 1969. A rapid method for plant leaf area estimation in maize (Zea mays L.).
Crop Sci. 9:537-539.



12 g F498 F3H 2000

11. Kato, M., K. Inthavogsa, and K. Imai. 1989. An estimation of leaf area in edible canna (Canna edulis Ker.). Japan. J. Crop Sci.
58:753-754.

12. Krishnamurthy, K., M. K. Jagannath, B. G. Rajashekrara, and G. Raghunatha. 1974. Estimation of leaf area in grain sorghum
from single leaf measurements. Agron. J. 66:544-545.

13.Ma, L., F. P. Gardner, and A. Selamat. 1992. Estimatiion of leaf area from leaf and total mass measurements in peanut. Crop
Sci. 32:467-471.

14. Milford, G. F. J., and J. Riley. 1980. The effects of temperature on leaf growth of sugar beet varieties. Ann. Appl. Biol. 94:431-
443.

15. Montgomery, E. G. 1911. Correlation studies in corn. Nebr. Agric. Exp. Stn. Ann. Rep., 24:108-159.

16. Mungse, H. B., P. N. Harer, A. C. Gaikward, and G. Harinarayana. 1983. Estimation of leaf area in foxtail millet. J.
Mabharashtva Agric. Univ. 8:293-294.

17. Palaniswamy, K. M., and K. A. Gomez. 1974. Length-width method for estimating leaf area of rice. Agron. J. 66:430-433.

18. Payne, W. A., C. W. Wendt., L. R. Hossner, and C. E. Gates. 1991. Estimating pearl millet leaf area and specific leaf area.
Agron. J. 83:937-941.

19. Pearce, R. B., J. J. Mock, and T. B. Bailey. 1975. Rapid method for estimating leaf area per plant in maize. Crop Sci. 15:691-
694.

20. Persaud, N., M. Gandah, M. Ouattara, and N. Mokete. 1993. Estimating leaf area of pearl millet from linear measurements.
Agron. J. 85:10-12.

21. SAS User's Guide: Statistics. 1988. Mc:SAS Institute Inc.

22. Schneiter, A. A. 1978. Non-destructive leaf area estimation in sunflower. Agron. J. 70:141-142.

23. SigmaScan & SigmaScan Pro User's Manual. 1995. Jandel Scientific Cor.

24. Singh, S. N., O. P. Jain, S. Singh, and H. Daynand. 1984. Studies on estimation of leaf area in maize. Indian J. Agron. 402-405.

25. Stickler, F. C., S. Wearden, and A. W. Pauli. 1961. Leaf area determination in grain sorghum. Agron. J. 53:187-188.

26. Van Arkel H. 1978. Leaf area determinations in sorghum and maize by the length width method. Neth. J. Agric. Sci. 26:170-
180.

27. Wiersma, J. V, and T. B. Bailey. 1975. Estimating of leaflet, trifoliolate, and total leaf areas of soybeans. Agron. J. 67:26-30.



ARTEFERUR M AR A B LR 13

A Comparison of the Accuracy and Applicability
of Different Models for Non-destructive Leaf Area

Estimation in Rice'

Lit-Fu Chan’ , Hsiu-Ying Lu’, Meng-Li Wei’, and Chun-Tang Lu’

Summary

Plant leaf area is a useful observation in physiological and agronomic research. The development of a
model for leaf area estimation requires a non-destructive method which is reliable and rapid. The objective of
this study was to test twenty-four models for leaf area prediction in rice. Relationships between leaf area and
a leaf area coefficient are used, but the coefficients K do not have the same dimension in all models. Some
models require the measurement of both the length and the maximum width, others only use the length. Some
models require the measurement of all plant leaves, others only measure a few number of leaves. Four rice
cultivars, Taikeng 8, Taikeng 9, Taikeng 10 and Tainung 67 were used for model development. Experimental
results indicated that different coefficients need not to be calculated depending on leaf position and tiller
position. This model predicts the leaf area of an individual plant most accurately, but requires extra time and
effort. It seemed that the leaf morphology differ from flag and lower leaves in rice plants, but it is not
necessary to use the different K values to predict the total leaf area of an individual plant. The choice of a
model depends mainly on the objectives of the investigation. If a large number of genotypes had to be
evaluated (e.g. in a breeding programme), an overall average K value of 0.71 from the model with length and
width measurements can be used for total leaf area prediction irrespective of the genotype considered. If a
limited number of genotypes are studied but a large number of plants are sampled (e.g. to evaluate the
influence of environmental factors upon growth), the models consuming less time and effort can be used.
These models use the length and width of a few number of leaves (e.g. all the lower leaves, the 2*~4" leaves or
the 2"~3“ leaves) only, or even require the measurement of length only for all the leaves, all the lower leaves or
the first three lower leaves. The more rapid methods provided low accurate estimate of leaf area. The
measurement of length is easier under field conditions than width and can be easily extended to the area

estimation for non-expanded leaves.

Key words : Rice, Leaf area, Non-destructive measurement, Accuracy of Prediction, Model.
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FEIKRERESC I A N R BAOHER - T IRk 50 e B 2 T2 2 AR ~ VR ~ M E R & KR e

LATEER R B g RS BT So 4R 2555 2032 3% -
QAFTREBRGR O B - MEBRAEL - GBYE ZET -
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TAF » BEHE S RIS RIS - Eibt > A SBARNFI B B E S8 TR » et R K
TEHEA e U B L Ba o/ |\ e BHERR R R T 1 -

MRIETSE
— - M REE
AEAER H 1998 455 AR EER A M EE » LIRS FE R RS 2K s Rt E R i
BEr2AnRaRERm, ML BETR#ERRALR L NERS  F/NEEES45F 50
RO ATHRIES 30 X 1547 - IS EIESHIEARTS  REEEFERRF  FEEICHKASTER
R AR - Hep o7k T EEEFEZA « LIF TIEIRKL - FIFERBENT153 cropton 2 I %€ {H »
I AR B Se KRB E PRI 250 SeRRER B A E SR A 2 A EME R » £F cropton SER A&
H2HIER » HATZKm A/ NEEERE ~ IURKREURATIHRIES 808 » RERNEAXLGIEERER
(kg/10a) Z (& 8I{E o HHASIIEIE 88 2 FE B LIRE 10 REAZ RS K B RN - RILIE R A0 BREFE TR LUt
BT M o TR G A E g Hi&&fﬁi%fi%@: HEH— R mEER 2 BB EKER
M & KRR 13.5% 2/ NETEFRE (0T HK) » B—HREIHL 125 FRFIR BRI RE K » LUHIE H AR
A > F—RamEEEIT -
Y : %&%H&%g?ﬁﬂ%éﬁwﬁﬂﬁfﬁ
X, @ F2ME ~ EUER ZTEFRE KB (%)
X, : ¥z0% -~ BER 2 NEREER ()
X : B 13.5% &K ENREIFEQ)
X, =X, X (100 — X,)/ 86.5
X, 125g TEFRR B R 2 HE (o)
Xs : fRAEZS
Xs=X,/125
X, : B[RS K & (kg/10acre)
Xe= [((X5)X(Xs)/(97 X 1000)) X (1000/ (0.3 X 0.15))
— - REgEED
AGRER BN LA cropton ST /K R HERE L A Sl & HiBe 2/ N EE BT TIE - LIS s
BRI E 2 1T » Wi RE cropton Z HIE E 53 A€/ NEZE & (g/97 plants) K E I EEEE KEE
(kg/10a) Z BATR -
B {HFI A cropton FTEE YL 2 iR NS E & i B AT iSRS K A m A I IR e il 50 = - 1§ 23
134 FHEUEE] 77 75 T IR ER 7 -
(IR S BidE (estimation data) @ HRAK 2 EEHE 2 3/5 - 80 » ARKMEEERXh ZR2E
(parameter) °
(C)MEER B B (validation data) : & JFREIEZ 2/5 » L5450 - FZKHIBRARBASE 2 M tEEHRES) -
38 SE B FP Y cropton B (Y) 81/ N AE Y E B (XK) e B I T FERE K7 B (X Z E A EE 5
#1-
=~ BRI EREREE
TR AR 20T B EHNKFAEEEMS » s RSy EE 2 X) & B ATk
JE B (X6) 77 B2 cropton Il EE(Y) L RATR » =881 2 S E 2 EERIREE2) - Wt - B
HEHEMBRRERESY =8, +8 X + ¢ (RPz e BEZE > B—F50 - EHER o BRI
BB - M%FETE R BIEE (inverse regression) K — B 7] 1% cropton I E(Y)VERS/NE 2 B (Xs) K B AL
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1. ABARERG BB B

Table 1. Basic statistics of the surveyed data

Variable Mean Minimum Maximum SD CV(%)
The complete data set (134 observations)

Cropton value(Y) 460.3 273.0 601.0 75.7 16.46

Plot-yield(X;) 2608.7 1510.0 3304.0 373.5 14.32

Milling yield of brown rice (X) 484.1 280.0 610.0 69.0 14.25
The estimation data set (80 observations)

Cropton value(Y) 459.9 273.0 596.0 75.8 16.48

Plot-yield(Xs) 2605.8 1510.0 3304.0 381.1 14.62

Milling yield of brown rice(X;) 483.8 280.0 610.0 70.4 14.55
The validation data set (54 observations)

Cropton value(Y) 460.8 291.0 601.0 76.4 16.57

Plot-yield(Xs) 2612.9 1772.0 3225.0 365.4 13.98

Milling yield of brown rice (X) 484.6 333.0 599.0 67.6 13.94

|2, BHE R SRE (B(Y) ~ /) 72 B (X) B R K B (X) Z AHBR R B

Table 2. Correlation coefficients among cropton value(Y), plot-yield(Xs), and milling yield of brown rice (X).

Variable 1 Variable 2 The complete data set The estimation data set The validation data set
Y X, 0.9728 0.9718 0.9750
(0.0001)" (0.0001) (0.0001)
Y X 0.9647 0.9647 0.9653
(0.0001) (0.0001) (0.0001)
X, X 0.9972 0.9970 0.9975
(0.0001) (0.0001) (0.0001)

* The P-value of correlation coefficients among cropton value, plot-yield, and milling yield of brown rice.

T FERE K B (X )HE Tl 2 AR o

REPREUEA TR (BIReEE LA ERZE R AR RE A, 4. 5) MIHZIEEN » FHMF|
M —R¥B T )% (first-order jackknife) 73 AlIHSHE 80 Ml MERETEUE 1 LIERGR—HEHEZ AR > &
TY=80+ 8 X + & ZKRE » HHESGZEZ2HZ 80 REMGEHE - LT ERERT 2L 285 EY
SENE - LMEREXRGABRE 2 — - MM AERBREEE (5440) LFBHMEHERES - 5583
iR AR o AIDUS R 280 134 HHEUS S R R HHEN » DUREHE P2 8L HEEZE
MR ST AEER M E B e B R R K B 2 TR R S B R TR -

BB AT BUR RS R AT T TAE » 1958 S A S HEH D s -

TSR EREYER
KEEH R EFHRE PR TIFHE %S » HTERIEEESZ AT KIEM - W » Fk—t
S~ T RO T IE MG R (N2 FE & - BRHLENE - A5 F75 E H AR Z cropton » [
HRTARE Bl < - (HRSRE OFARS R I RE B8 15 I F AT BT b - YRR
S8 o (ELREF S/ INER E B AHE A _EFIAHBAVE RS » DRI SRR A T K TR A B e S Bl 0 (R B Uit B
/N RAFFEEBRIT o M H ATRE 8 2 LU (AR B (ke/10acre) (FR FEM 5 2 »
It cropton JFEETF DAL ES B o S BAEST (IR 2 BASEIE » JRLUMBEGT B/ R 7E B Y BIEAT -
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I > FAPBEITHBARIR 2 A2 - WIRA 3% H TR A Ao o B AR K - 76T AV D - MHRARD SR
GERMEHR ZBREE - RSN TG R ARG Z R - HRMEAMEET T
B HS R REEC 25 - BRREGE 13-16%3R 1) - BHE | RFE 200 RET » Hin/\EE S5k
KRER - BT RARHBIR 2 > 1£% 2R GRS L MEEE . WETHERE a0
Bt ] B AR TR T BRI A 38 HH AR AT T SRAOIIEA © AR B R8T B S S T SR T
HETER AL

NEERKER © Y=-43.7+0.1933X, R*=0.9443
FEAEERR ¢ Y=-425+1.0385X, R*=0.9307

H s SRR « R ZIE R & 93% Ll L - BRAER 2 RIS R B E M (P-value
KR 0.01) © TMIHILL » P8 S B 57 5 15— BT LA cropton 3 E (B CY)SE 4T f 1/ | i B () B BEL T T
TRFE K E B (Xo) Z HHER -

Xi=(Y+43.7)/0.1933 (VNEER)
Re=(Y+425)/1.0385 (BEKER)

PR “ER S — A A 2 25 - A1 RBIR KT (data dependence) K » ANFET A6 A
ERER—ER RAMEIRRK - 52 —EEERNGEIEN 2R H2RZHEEEE—F
TEEAVRREN - Rt - MBI B > LB RS — AR 5 - B —RKECATR R
A RUGFFE SR 2 2B ER IR R (2 3) - s REUR W {EE 2 HHE RN 2 BUEE 280
s - BRI R FIREEAE  ZEt » BCERTREE 2 RETE R - R{ER R AR S FT & FI A
AR - METR TR RS R REERT -

3. /NEEREEKEBHIEX 2 2Bs EiE e

Table 3. Stability measures of the parameters of estimation models for plot-yield and milling yield of brown rice

Parameters’ Minimum Maximum Mean Std Dev CV(%)
Plot-yield
o 398.1 449.9 447.0 6.61 1.48
B -52.2 -424 -45.9 1.48 -3.22
B 0.1926 0.1964 0.1941 0.00058 0.30
Milling yield of brown rice
o 452.6 500.9 497.6 6.87 1.38
B -50.4 -40.6 -44.4 1.56 -6.53
iR 1.0339 1.0543 1.0421 0.00329 0.32

“ 0': the standard deviation of the residual; 3 ,, /3 ,: the regression coefficient of estimation models.

FFE—ERAIEETRE ST - BRAFRTT IR LTI SR I B THIER - (B —ER G AR KA
AR BARE T IR BRI B © R - B LI B 2 E 7R B s S 4
BE > ST Z AR AR RE S EIT A - RESURAIE 1 R4 o R 4 FhATA] - RO TE IR AE
HRZEARRS 5% K LIRS 0.85 » ARk L BISCATIE » (HEFIGHEHBRE I BIE 2.67% K 3.03% - Ak
1A AT R AR A A A (B B A R AR BRI AR B3 0.96 LU L » %511 5 2 - MBI Bk i | E s 8 B
REKER CMERIREN M ABEX -

DR Bl R B B S T BB B B 28 #E2ERE T RATEE
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Table 4. Statistics of the errors in predicting the true yield by estimation models.
Model Pr(RE<1)z Pr(RE<2) Pr(RE<3) Pr(RE<4) Pr(RE<S) Pr(RE<6) Mean RE
Plot-yield 0.2125 0.4625 0.6375 0.7750 0.8500 0.9375 2.67
Milling yield of 0.2250 0.3750 0.5875 0.7375 0.8500 0.9125 3.03
brown rice

‘RE: Relative prediction error,i.e.,
1X—XxI
X
where X is the true value and X is its predicted value.
Pr(RE<1), Pr(RE<2), etc.: the probability of a relative error being less than 1%; 2%, etc.

RE (%) = 100 X
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Fig 1. Performance of models in predicting the true value.
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ERERNZR : Wit - SR LBEEINREER - EREEHELAHNBSEN EE LRy
18 o (BB MR (R e AU T T 2 - BRI SA0 (b 315X 2 v] 5% e P 460 92 B o (i 2 8
A S S B o A A 48 A I B VRR O AR © TR R BAC BB R B S T R
WBE > BRETEIGIAB T B > EHEIERZ 28 DA 3 2 2 T 55 8 R i R 2
FBBIEEZEEE® - FHTeh AR BIER 2 SRR B ST » BTSSR EE - 5
SRR IRl AN ATREERAER(R 1) 5 MEBMAITCZII5H - LA EBIBFRES
et R BB - PTHE AR 2 ) 3 M P R F 2 S AR © L2 E BRI R
BZEANTF -

X,=(Y+545)/0.1973 VNRER)
Xe=(Y+52.3)/1.0586 (B&KEE)

S AR SR Z B 2 B B A R R 1 7K #E (P-value 25/\i2 0.01) o HLH B #7110 2 B il B B AR By
SRIHER - LRERAVER - KEE—SRAMEER 2 2BEERSE - B LRGSR A6
W (18] 2)XE 1 TR - T REEIBARRR R E R 2 BRSO B R B P 1 S K AR 1 1 |\
BZEATR - REEHOEELE > RO TR » 8B HEER TIE2 8 -
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Fig 2. Residual plotted against predicted values from the updated models
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FARTERECHT S Z fEHIRAT S - EAGBRER CREHRE I MBELR ZR > X RE—
TRHERR > FELLFIA cropton ZHITE EfEFHKIEER - #1152 » IR KIBEER Z cropton I E fE(Ynew) »
AR RERR n] i I FA R 2 EE B (Xnew) © M B » ARILFTREHE ) Xnew B S 25 (EAE H R AEARE
#iE (fiducial interval)(& 3) - MMEEBIEM S - FERENPEHESE TR EE © > HRZRE/)
TEE 3 ARSI o it BT HROKBEENE L2 ER > FIA RREER > 1EhE — i
cropton Il E B AT fliz ARSI BRI KRS MG e B R BE (TR K AR & - B 95% IS &l 2 8%
SN s - VER B K AR R (U B LLBGABRING < FEA -
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Fig 3. Plotted the predicted value and 95% fiducial intervals by give cropton value from the updated models.
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]5. EHEREA LB &HIE SR SRR B EHERX R 95% ZEH ERX)E T REX)

Table 5. Cropton value(Y) against estimation yield(X) and its 95% fiducial limits (Xy:upper limit; X, :lower limit) from the

updated models.
Cropton value Plot-yield (g/97 plants) Milling yield of brown rice (kg/10a)

Y X Xy X, X Xy X
270 1644 1826 1462 304 343 266
280 1695 1876 1513 314 352 275
290 1745 1926 1565 323 362 285
300 1796 1977 1616 333 371 295
310 1847 2027 1667 342 380 304
320 1897 2077 1718 352 390 314
330 1948 2128 1769 361 399 323
340 1999 2178 1820 371 408 333
350 2050 2228 1871 380 419 342
360 2100 2279 1922 389 427 352
370 2151 2329 1973 399 437 361
380 2202 2380 2023 408 446 371
390 2252 2430 2074 418 455 380
400 2303 2481 2125 427 465 390
410 2354 2531 2176 437 474 399
420 2404 2582 2227 446 484 409
430 2455 2633 2271 456 493 418
440 2506 2683 2328 465 503 427
450 2556 2734 2379 474 512 437
460 2607 2784 2430 484 521 446
470 2658 2835 2480 493 531 456
480 2708 2886 2531 503 540 465
490 2759 2937 2582 512 550 475
500 2810 2987 2632 522 559 484
510 2860 3038 2683 531 569 494
520 2911 3089 2733 541 578 503
530 2962 3140 2784 550 588 512
540 3013 3191 2834 559 597 522
550 3063 3242 2885 569 607 531
560 3114 3293 2935 578 616 541
570 3165 3343 2986 588 626 550
580 3215 3394 3036 597 635 559
590 3266 3445 3087 607 645 569
600 3317 3496 3137 616 654 578

SR ER
1 SRKIE ~ FEIESR ~ B—0 0 1994 - BWVIICHE B HIE SR IE RT3 /KRG AE B HERE VI T IR Z IR SE » HhEERESERRE 43:275-282
2. FREREE ~ fI5R%% © 1999 - IR E BT BRI E CEM A0 EET - PS8 EH 185:120-138 -
3. Berk, K. N. 1984. Validating regression procedures with new data. Technometrics 26:331-338.
4. Draper, N., and Smith, H. 1981. Applied Regression Analysis. 2nd ed. pp.709. Wiley, New York.
5. Neter, J., M. H. Kutner, C. J. Nachtsheim, and W. Wasserman. 1996. Applied Linear Statistical Models. 4th ed. pp.152-175.
Richard D. IRWIN , INC.
6. SAS institute Inc. 1988. SAS/STAT user's Guide. Release 6.03 ed. Cary, NC.
7. Snee, R. D. 1977. Validation of regression models: method and example. Technometrics 19:415-428.
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Studies on the Application Possibility of Cropton
Value for Yield Trial of Rice'

Jeng-Chung Lo and Yi-Shin Chen’

Summary

This research was conducted from the second crop season of 1998 to the first crop season of 1999, a total
of 134 samples for advanced yield trial were concluded. First, we evaluated the cropton value(Y) of the 134
advanced lines. Then, samples were investigated of their weight, moisture content and milling ratio of brown
rice for estimating the plot-yield (g/97 plants)(X;) and milling yield of brown rice (kg/10acre)(Xs). The whole
data was split into two portions. One of which contained 3/5 of the 134 samples (as the estimation data) was
used to estimate the model parameters. The other (as the validation data) was reserved to check the prediction
accuracy of the developed model. The sampling variation of the estimated parameter was examined empirically
by a first-order jackknifing from the estimation data. It shows that the estimates of the parameters of a
prediction model were quite stable. This model was then tested and updated by the validation data, with a
satisfactory result for each yield by cropton value:

Y+54.5)/0.1973 (for plot-yield)

X 3= (
X¢=(Y+523)/1.0586 (for milling yield of brown rice)

Results show that the cropton value can be applied for rice yield trial to promote the efficiency of rice breeding
procedure.

Key words : Rice, Cropton, Yield, Milling yield of brown rice.

. L.Contribution No.2032 from Taiwan Agricultural Research Institute, Council of Agriculture.
2 Respectively, Assistant and Senior Agronomist, Chiayi Agricultural Experiment Station, TARI, Chiayi, Taiwan, ROC.
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SMRAERRE B ARAT RELFIAER
R LFRRIER

HAR? g4’

BE: SEREHOERRENRERER LM FEEEERERSZEE » L&ah
HhilEZ BRI E B R(INW A 7 @ SHEIR 5 R~ FE R B RN 2 R EE
HRHIRE > 7R 1995 FEHG A28 H) ~ BEGHSH) ~ tk© A 4 YREE®EIF10A
26 BNV RAFTABEEITASE - SRR EHEETRENRERREE S FHES
% > W TNWA X CML98 ~ TNWA X CML93 F TNWA X CML76 % & B7EIY{E R
HERETHRAREHEAKREEE > ABhEESRAZHESS » BRI/ REIEE
EENUR FEERAEE BRSBTS E—SHE -

BRSEET - GRIH ~ Tk - SRR - FOHEE - S -

il

BY
HREEAMEERDHRBEERBILIK > FRERRE . HE S EITE - ERE RS E
PRAEEYR 2 S B AL 75 B AL A (northern flint) e /7 /5 B f& (southern dent)Z RSB - 1930 FREFSE
BN A EKRELBEEBERHZENR - — B REA Lancaster surecrop * — 5 & EEN lowa stiff
synthetic(BSSS) B TE T L BIHER T KB RAVERE  HHIL - EREREE D BEM AR AR 2 R H B EHE
BERGHIHEES o Hi% Wellhausen™ TR TGS K T RIEN » B RHHIRE HOE S BV K 6 s
R B A8 R /) Vi #8 5 FF (racial complexes) * 3+ PU{E » Bl Tuxpeno ~ Cuban flint(CF) ~ Coastal tropical
flint(CTF) &2 ETO ° HH Tuxpeno S#liZVHEI B 57 » CFEMEVEEIERME » CTF B4 MAE - ETO
FREEHE o CF K CTF &85 %) LLYS S B AL 7 (Caribbean flint) © Tuxpeno B2 88 = {F/ | MEH A TR~
MAHH AR MEBSRE - FE% Goodman CthigH! T B & HEMMEER LR - Bl i
BIRIFEHIAIE > A SR FE L IR R R BV e > 5 s e 9 o
— R BV IUREIRE IR - R EEEE RIF 2 o BENRTEIR 2 BITER © (O)IBATEIER
EEREE  @IMEES R OFSR - SRUETMZ ERKIE® s Q)8 EEmER S
FIEER - (EAEEEM" » Holley and Goodman""#§ i BV REIR /8t~ B A0 % » (EIR AR » HEss

R AR AR o Azar er al " RILZE KBt A TEHERY I IEZLE F K (white floury

1 ITBE R R G BRI Se R S5 45 2033 5% -
2. KFTRERERFEE -
3. hRABBEEZHIE -
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maize) * ## RRE AR E @RI B R BIR 2 384 » (BRE T B2 RE - TiHR
SIASMKAEIRE BRI H B AR PR AR - MAREREAHE% -

FBa . HEY - R G REFRE AR QM2 R EER 2R - (FRIRERE R AR S
EKEEMNE 2% -

MRIETSE
AABFEAITR - ST I8 HEAR > HAH I - KRBT R -

| AR A~ REIR - RB R

Table 1. Background of inbred lines used in this experiment

Inbred or population Origin Kernel type Characters

Exotic inbred

CML76 TL89A-1477-7 Flint Intermediate ~ high GCA
CMLg4 TL90B-6364-42 Flint Intermediate ~ high GCA
Resistance to lodging
CML93 TL91-1451-77 Flint Intermediate ~ high GCA
Resistance to Turcicum
CML98 TL88B-6463-15 Dent Intermediate ~ high GCA
CML104 TL88A-1427-77 Dent Intermediate ~ high GCA
SK160-1 Sliver King derivative Dent Intermediate - tall plant, large kernel ~

Sensitive to Turcicum
1P123-1 IPTT42 derivative Flint Intermediate ~ medium kernel

Native inbred

TNW A TNW Taichung population derivative Dent Intermediate ~ large kernel

Native population

TNW Pooled 8 population for check Dent Intermediate ~ large kernel

B HEHRIHES 2 B R R VHE-CENRER S RAMZ 2 F i REARRMES RET
REMMRLEREREGIRE) SR > 21995 F&GA28H) - EGHAH) ~ kO A4 B RE
TE(10 H 26 EDIERSATABRH TS - HMRBIREHR T 2B ERI(RCBD)  WEH » /NEITE
6m > =17l » THREESS 80 X 30cm ° AEH=ERIEKEHN : PO, 1 K,0 =200 : 90 : 60kg ° EAE
DIERE39 57 E & AEE (N @ P,Os @ K,0=12 : 18 : 12)500kg/ha i/l * BI&EE 60 A7 Kbk ~ SR Z &
PAREEERERE — R - HER R R 140kg HIFF B KR BRI LIFERSE (N = 21%) BB 0MEH » F(TH
T - HEEHZ TIE » QIFRE ~ il ~ 854 ~ RSB EDE R - IKERRE®TZ -

AEHRRES RSN - BEFTEE ~ S bR - BEAIE - SR GLE) - K -
R ATE - BATHRLE - SRR E (CEBERA) ~ FFRIEZE ~ KPR ~ ERIE R R o RIAE
BEAR Z AT EMT ¢
(DFATERA(days to tasseling) : {45 HIETE HAEZ/ \E  50% fEkksE FERATE A TR~ HEL -
()rtH%H(days to silking) : FRHE FHHERE H AR 2/ \E AP 50% HERE MERERIIAH AT T 2 H L -
(3)PkEi(plant height) : B/ NEEW 100 » FORERRHERERE L, - b 2 EETEAT . T EE > Dlem
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FIR o

(OFELLE (ear height) : &/ NEEHE 100k > PRI #4i% > BIHVE TR F (IMEREE A 50 2 TP H T
Llem#FER o

(5)RPEHE H (ear fresh weight) : & ~ H ~ KR L FHENRIBEHR2 ~ 18~ 27BN FK (3L8) &
/NEERERIL ST > SRR T EE > L glear B o

(6)FEfE (ear diameter) : F3RFLBAMAL 5 SEHERAE » SIETIE - BRI EE 2 FEE » Ll mm

(DFER (ear length) : FRPLBHAL 52 MEERME » BHEEREE X FHH > Llem £7 -
®)fTRi(row number) : PLAIRILZ 5 S FHE - B FRITHELITG 2 T IR TE -

(O EATHFRLE (kernel number) : FRELAMIHRIL 5 (EEH RIS » SRUEESERURE 2 —17 » B
B2 FME » L No.row ik

(10)RPEFZH (ear dry weight) : FEAFRLIMY 5 EHIRTE » 170 °C 2 MEs A7 K > 15 [ER 2 m
T BHREEE - Dlg/s plant 5 o

(DFFRIFZHE (grain dry weight) : AR 2 HEEE 508 » IERIRIFAL (15.5% K5) Z &8 » L) g/5
plant 7R ©

(2)FFRLARE (kernel depth) © 3 A= TR 2 a7 AR KI1% > 45/ NRRE 10 b BE VS 2 45918 » L
mm FR °

(13)ET KL E(100-kernel weight) : S4B R HAMEE, & 5 (F SARKFRT » SEILEY 10047 » BHES Llg#
oo

(14)E RIHEFE(100-kernel volume) : _F3HERZ Y 5 38 AR 2 KP4 - SEHEEL 100K » R HEAGE » L
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Table 2. Mean squares of the analysis of variance for yield and other agronomic characters of exotic and TNW F, hybrids

evaluated at four crop seasons of 1995

2000

Days Days Ear
Seasons Source DF to to Plant Ear fresh Ear Ear
tasseling silking height height weight diameter length
Spring Block 3 0.94 5.08 73 12 1579 7.12 0.54
Genotypes 7 10.60** 542 2083** 1436** 4679** 18.33* 10.33%*
Error 21 1.56 3.55 177 63 886 6.52 2.18
Summer  Block 3 5.04* 19.36%* 518** 28 1699 32.11* 5.03
Genotypes 7 15.26%* 30.03%*%  1184%** 503** 8486** 108.20** 29.13**
Error 21 1.09 2.60 105 54 617 7.18 2.85
Fall Block 3 9.87* 441 842%* 288 724 3.50 3.97
Genotypes 7 8.76* 5.42 T67** 570%* 2944 14.28%* 4.12
Error 21 3.08 5.15 171 117 1667 3.38 2.82
Winter Block 3 5.03 25.36%* 555% 144 639 19.10* 0.04
Genotypes 7 4.31%* 9.99 2278** 804** 4702%* 20.12%* 6.46**
Error 21 1.76 4.19 141 108 803 5.69 0.98
(Continue Table 2)
Number of  Kernel Ear Grain
Seasons Source DF kernel number dry Kernel 100-kernel  100-kernel
TOW per row weight weight depth weight volume
Spring Block 3 0.58 51.4%* 233 195 0.36 5.29 4.00
Genotypes 7 3.07** 97.3** 4544** 3644** 1.77** 22.98%* 24.42%*
Error 21 0.39 9.9 737 521 0.41 7.73 4.30
Summer  Block 3 0.69 74.4*% 1433 976 1.83* 8.96 3.08
Genotypes 7 5.38** 99.9%* 2571** 1627** 7.59%* 70.29%* 36.07**
Error 21 0.65 232 562 379 0.54 14.70 6.65
Fall Block 3 1.09 23.5 676 435 0.02 19.01 417
Genotypes 7 5.68%* 56.7* 4281** 3371** 1.02* 46.09** 20.21
Error 21 0.55 15.9 1019 794 0.29 6.92 11.50
Winter Block 3 0.25 109 1202 1399* 0.44* 10.66 21.79
Genotypes 7 3.00%** 37.8** 3051** 2178** 0.55 40.44** 31.26%*
Error 21 0.46 6.7 650 454 0.29 7.52 7.12

* ** Sjonificant at 0.05 and 0.01 probability levels, respectively.

|3, WHFE BT T ER KA CREMRZITTTE

Table 3. Mean squares of the combined analysis of variance for yield and other agronomic characters across four crop seasons

Days Ear

Source DF to Plant Ear fresh Ear

silking height height weight length
Season (S) 3 522.0%* 22334%* 11603** 20914** 318.9%*
Block/seasons 12 13.0 497 118 116 2.3
Genotypes (G) 7 21.1%* 5225%* 2664** 1006** 19.7%*
S XG 21 9.9%* 363** 216%* 358** 10.1%*
Error 84 3.8 148 85 99 22
(Continue Table 3)

Kernel Ear Grain
Source DF number dry Kernel 100-kernel 100-kernel

per row weight weight depth weight volume
Season (S) 3 1967** 28367** 2250%* 101.21%* 3540%** 2137**
Block/seasons 12 40 88 7 0.66 11 8
Genotypes (G) 7 147%* 765** 64%* 6.39%* 134%* 8Ok*
S XG 21 48%* 226%* 14%* 1.51** 15%* 7
Error 84 14 74 5 0.38 9 7

** Significant at 0.01 probability level.
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Table 4. Means of yield and other agronomic characters of four crop seasons evaluated at Wufeng of 1995

Days Days Ear
Crop seasons to to Plant Ear fresh Ear Ear
tasseling silking height height weight diameter length
(day) (day) (cm) (cm) (g/ear) (mm) (cm)
Spring 59.5 63.2 207 100 138 42.4 15.5
Summer 54.2 58.0 160 69 90 379 122
Fall 51.9 53.9 217 103 236 48.6 18.1
Winter 52.3 55.8 178 71 260 49.6 19.5
LSDo,s 3.4 5.5 34 16 52 6.0 23
(Continue Table 4)
Number of Kernel Ear Grain
Crop seasons kernel number dry dry Kernel 100-kernel 100-kernel
(0 per row weight weight depth weight volume
(row/ear) (kernel) (g/5plant) (g/5plant) (mm) (€] (ml)
Spring 10.6 25.1 377 376 9.8 28.2 243
Summer 9.8 15.7 181 127 8.4 22.1 20.4
Fall 10.7 32.0 728 692 12.1 39.8 32.6
Winter 10.2 325 815 795 11.9 45.1 385
LSDy,s 1.2 9.7 144 133 1.2 5.3 43

# o MIFREFERIFRARS ZHITHAE  ARIB32 k335K > HREBEEN25.14 » BieR/ V&
157ME < RBLCEIFREE LRI - ZHLFWIERKIEEA - (B RIHIEE R » RS
BF > RERBEEZBENE < FREELKIERLSFMERA > 52 11.9~ 12.1mm » HRBEFLY
9.8mm » f/NEBEFH) 8.4mm o FRIE K ERIAEE » LI TEERKIEEA » HRESENE » 52/
REMF - iR G SRR » BURE CIMMYT S/ KBRS/ E 2 F#E » 724 8R R RIE s
BT > DIRKIE RS ERE 58 1 2 7 BVBRS -

HREFRHEE T EREEHZR(TNW A)ZF #E > EEFERBET(ES) Bk INW A X
CML98 B TNW A X CML76 B EVEBA ZAE(K « BE ~ MPRIIRRE - B E RS 21780 BTk
B HOLRRERE « S E BRI E 2HEK 5 TILLTNW A X CMLS4 BB -

SARFRIREL G H 2 FORE B S0 IR RE L - 2ERBATE R I 5 - s Rl S g ; &
ﬁﬁ%\%ﬁ%%&%ﬁ%imiﬁmﬁ:ﬁ@t%éﬁa:ﬁﬁ\ﬁﬁﬁﬁ&‘ﬁﬁ@§~ﬁﬁi
KRERBE-RAREREA/)  (TRREREES -

TERFERBET - SRR AR E R 2 F HENEI(E6) » LITNW A X CML76 B5#
RZRER ~ EATIPRIB - SRR E - R E RS ERA - TS 101745 » BRI
LA o KR M R E - R E RIS B RS RE SR R EEET
BRI ER AR - hE R SR AR EE R - B - BITITRSRIFRIES - Gk E
BENERUIBEEE/N s (TR EHES s BLETEHEEEEET > BT TNW A X
CML76 FIREESF - HER F BRI A RIS S5 R -

TERKIFRET - SPREIREGF 2 F MR T) » LITNW A X CMLO3 2 Bfift & - Rl E
BHFRICEFIRBTA » HRFE TNWA X CML104 » ¥ EH SIS « ENEE - 8% 2178
SRBATHA AL - BOREE 2 F OB S P (LIS - HBATE RS SR Il 2-3 K MRS ~ TS ~ 7l
R~ BATHRE  FPRLREE BN EE R E RIS RR S 4 i A - SRR © AN & RIS S
WERHARE
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Table 5. Means of yield and other agronomic characters of hybrids obtained from exotic and adapted lines, evaluated at spring of 1995

Days Days Ear
Genotypes to to Plant Ear fresh Ear Ear
tasseling silking height height weight diameter length
(day) (day) (cm) (cm) (gfear) (mm) (cm)
TNW A X CML76 56.3 61.0 200 86 167 43.0 16.3
TNW A X CML84 58.5 62.8 183 83 88 39.3 13.8
TNW A X CML93 59.8 63.5 201 109 163 433 16.8
TNW A X CML98 60.5 63.5 224 110 179 46.3 15.8
TNW A X CML104 59.8 63.8 198 99 135 41.8 15.0
TNW A X SK160-1 61.0 64.8 215 116 138 42.8 15.5
TNW A X 1P123-1 58.8 62.5 184 86 89 423 12.8
TNW (ck) 61.2 64.3 251 139 148 40.0 17.7
LSDygs 1.8 2.8 19 12 43 3.7 22
(Continue Table 5)
Number of Kernel Ear Grain 100- 100-
Genotypes kernel number dry dry Kernel kernel kernel
oW per row weight weight depth weight volume
(row/ear) (kernel) (g/5plant) (g/5plant) (mm) (g) (ml)
TNW A X CML76 10.5 28.3 471 391 9.7 26.4 225
TNW A X CML84 10.8 16.5 232 171 8.5 23.7 20.5
TNW A X CML93 11.5 26.3 465 376 10.0 28.6 235
TNW A X CML98 115 28.5 515 428 10.7 28.7 25.0
TNW A X CML104 10.3 22.8 319 250 10.4 28.2 25.5
TNW A X SK160-1 10.8 255 331 268 10.0 28.9 25.8
TNW A X IP123-1 11.0 21.0 256 195 9.5 28.6 235
TNW (ck) 8.7 322 429 347 9.9 322 28.7
LSDys 0.9 4.6 126 106 0.9 4.0 3.0

6. EFRIET - A HEIKEFER < FEENER K E MR ZTE

Table 6. Means of yield and agronomic characters of hybrids obtained from exotic and adapted lines, evaluated at summer of 1995

Days Days Ear
Genotypes to to Plant Ear fresh Ear Ear
tasseling silking height height weight diameter length
(day) (day) (cm) (cm) (gfear) (mm) (cm)
TNW A X CML76 51.5 54.3 163 69 174 38.5 15.6
TNW A X CML84 553 59.8 143 61 16 26.3 7.1
TNW A X CML93 53.5 56.8 157 76 83 373 12.9
TNW A X CML98 525 55.3 179 72 93 39.5 12.8
TNW A X CML104 53.8 58.3 150 57 63 37.0 10.0
TNW A X SK160-1 54.8 59.0 153 74 90 44.0 12.6
TNW A X IP123-1 54.3 57.5 144 53 72 40.3 11.9
TNW (ck) 58.0 63.0 191 87 125 40.5 15.0
LSDo,s 1.5 24 15 11 36 3.9 2.8
(Continue Table 6)
Number of Kernel Ear Grain 100- 100-
Genotypes kernel number dry dry Kernel kernel kernel
oW per row weight .weight depth weight volume
(row/ear) (kernel) (g/5plant) (g/5plant) (mm) (® (ml)
TNW A X CML76 9.8 19.8 304 233 84 23.8 19.5
TNW A X CML84 10.0 6.0 28 14 5.1 14.1 14.8
TNW A X CML93 10.3 15.8 190 113 8.6 18.1 18.3
TNW A X CML98 10.5 18.0 189 133 9.1 229 20.3
TNW A X CML104 9.5 20.2 154 110 8.8 22.1 21.5
TNW A X SK160-1 11.3 15.0 185 120 8.8 23.6 21.5
TNW A X 1P123-1 10.8 14.3 150 108 9.1 254 22.5
TNW (ck) 8.2 23.0 249 186 9.3 272 24.8

ESDoos 1.1 7.1 110 90 1.0 5.6 3.8
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Table 7. Means of yield and other agronomic characters of hybrids obtained from exotic and adapted lines, evaluated at fall of 1995

Days Days Ear
Genotypes to to Plant Ear fresh Ear Ear
tasseling silking height height weight diameter length
(day) (day) (cm) (cm) (gfear) (mm) (cm)
TNW A X CML76 53.0 53.5 204 89 246 482 18.8
TNW A X CML84 51.8 54.5 203 97 203 48.8 16.7
TNW A X CML93 520 54.0 228 116 291 50.0 19.6
TNW A X CML98 52.0 54.0 235 108 253 50.3 18.1
TNW A X CML104 525 54.0 219 98 225 472 174
TNW A X SK160-1 525 55.0 227 118 232 49.5 174
TNW A X 1P123-1 53.0 54.8 196 86 223 50.2 18.0
TNW (ck) 485 51.3 222 108 218 44.8 19.0
LSDys 2.5 33 19 16 60 2.7 24
(Continue Table 7)
Number of Kernel Ear Grain 100- 100-
Genotypes kernel number dry dry Kernel kernel kernel
oW per Tow weight weight depth weight volume
(row/ear) (kernel) (g/5plant) (g/5plant) (mm) €3} (ml)
TNW A X CML76 11.1 27.7 674 612 11.8 39.6 315
TNW A X CML84 11.5 332 653 542 114 322 28.5
TNW A X CML93 12.0 36.7 943 821 12.4 41.0 315
TNW A X CML98 114 33.1 765 664 12.8 40.0 315
TNW A X CML104 10.4 26.9 801 669 12.6 428 345
TNW A X SK160-1 10.8 31.4 683 600 12.5 38.6 345
TNW A X IP123-1 10.6 29.7 674 554 11.8 42.8 35.0
TNW (ck) 8.0 37.0 635 557 12.0 41.4 34.0
LSDo,s 1.1 5.8 148 131 0.8 3.9 49

ELFEERET » LLTNW ABICML76 ~ 84 ~ 93 ~ 98 )z SK160-1 2 F, (3% 8) » H B faft
H -~ REEERR R BEF RIS - (RHRER ~ R - TR BB S E - BEEZE,
M AR O HBRTEEARMSRAMELE - kB RIS AR AT O R E - K #E
T80 BATHARIE » SR E ~ MR BRI SR EA © TNW A X CML76 &2 TNW A X CML93 &I
BHRENBENZ/NAHIBEERE  MTNW A X CML8 FAFRIZEEE ~ Bk i K Bk B R HI sy
MG EMHE - B BRI HELFEFREE » LERERESREOZF HET > BIEAEE
EXRTEPHEECED  BRERERZRETRENNEMEESR IR MASRELEREE
BE -

VOEHAIE 2 I EFIR 2R 9 » BRI RREIRE AR H .2 FRED » HILLTNW A X CML76 ~ TNW
A X CML93 )t TNW A X CML98 2 R & ~ R S sz ERIEE » HIGEREE 159~
225 % M EAFEANCENRBERERRZT » SR RHER ZHEES 1SR uERD
EHHEREEIHNEL -

7

I CIMMYT 5|3 Zf&JH(CML76 ~ CML84 ~ CML93 ~ CML98 &z CML104) ~ JF 5K HERE [ 578k =~
HARF(SK160-1 ~ IP123-HELEHER HEHA R TNW A Z F, HE - 7EREHAVER - HER A X #i(E 2
RRAEA > bR T ERIRRIESY > HERSIHREE 2 RFE - WENIE 2 T EMLE » BRIERIMRE
KREHRKER - BATCHABEIESIALIEERE - (REPEEE KD EEER » TRRSELE

anh
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Table 8. Means of yield and other agronomic characters of hybrids obtained from exotic and adapted lines, evaluated at winter of 1995

Days Days Ear
Genotypes to to Plant Ear fresh Ear Ear
tasseling silking height height weight diameter length
(day) (day) (cm) (cm) (gfear) (mm) (cm)
TNW A X CML76 50.2 52.3 158 62 249 473 184
TNW A X CML84 513 55.5 156 57 270 50.8 19.9
TNW A X CML93 52.8 56.8 195 75 290 51.8 20.2
TNW A X CML98 52.8 56.0 180 70 296 49.5 20.5
TNW A X CML104 52.8 56.8 175 70 267 49.0 209
TNW A X SK160-1 535 575 186 80 289 51.8 20.2
TNW A X 1P123-1 52.8 56.0 149 54 225 51.0 17.5
TNW (ck) 523 56.0 221 101 200 455 18.2
LSD;0s 2.0 3.0 17 15 41 35 1.5
(Continue Table 8) )
Number of Kernel Ear Grain 100- 100-
Genotypes kernel number dry dry Kernel kernel kernel
oW per row weight weight depth weight volume
(row/ear) (kernel) (g/5plant) (g/5plant) (mm) (g) (ml)
TNW A X CML76 10.8 29.8 810 721 12.1 438 355
TNW A X CML84 10.8 33.0 834 688 11.7 40.0 355
TNW A X CML93 11.0 36.3 923 762 11.5 41.8 355
TNW A X CML98 10.3 36.0 899 761 12.3 46.6 39.0
TNW A X CML104 10.3 333 877 737 12.2 457 41.5
TNW A X SK160-1 10.0 335 793 667 12.3 48.0 42.0
TNW A X 1P123-1 9.8 273 680 549 11.4 49.8 41.0
TNW (ck) 8.2 30.8 706 599 11.7 45.0 385
LSDo,s 1.0 3.8 119 99 0.8 4.0 39

|9, UHIWET 2 A/ BB R 2 F ENE R RE TR THE
Table 9. Means of yield and other agronomic characters of hybrids obtained from exotic and adapted lines, evaluated at four crop seasons of 1995

Days Days Ear
Genotypes to to Plant Ear fresh Ear Ear
tasseling silking height height weight diameter length
(day) (day) (cm) (cm) (g/ear) (mm) (cm)
TNW A X CML76 52.1 55.3 181 76 209 443 16.7
TNW A X CML84 54.2 58.2 171 74 144 413 14.4
TNW A X CML93 54.4 57.3 209 91 204 46.9 16.7
TNW A X CML98 54.5 57.6 191 93 208 45.0 17.4
TNW A X CML104 54.7 58.2 185 81 172 437 159
TNW A X SK160-1 554 59.0 195 97 187 47.0 16.5
TNW A X 1P123-1 54.7 571 168 70 152 459 15.0
TNW (ck) 55.0 58.6 221 108 173 42.6 17.5
LSDq,s 0.9 1.4 8.5 6.5 22 1.6 1.0
(Continue Table 9)
Number of Kernel Ear Grain 100- 100-
Genotypes kernel number dry dry Kernel kernel kernel
row per row weight weight depth weight volume
(row/ear) (kernel) (g/5plant) (g/5plant) (mm) (2 (ml)
TNW A X CML76 10.5 26.5 565 489 10.5 334 27.3
TNW A X CML84 10.8 222 437 353 9.1 275 24.8
TNW A X CML93 11.2 28.7 631 517 10.6 234 27.2
TNW A X CML98 10.9 289 592 496 11.2 34.5 28.9
TNW A X CML104 10.1 24.0 537 442 11.0 347 30.8
TNW A X SK160-1 10.7 26.3 498 414 10.9 34.8 30.9
TNW A X 1P123-1 10.5 22.7 440 352 10.4 36.6 30.5
TNW (ck) 83 30.6 505 422 10.7 36.4 315

LSDys 0.5 2.6 60 51 0.4 2.1 1.9
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Heterosis and Potential for Green Corn of F,
Hybrid Among Tainan-white and Exotic Inbred

. . . 1
Lines in Maize

Guang-Jauh Shieh® and Fu-Sheng Thseng’

Summary

The objective of this study is to evaluate the heterosis and yield potential of F, hybrids as for green corn
among Tainan-white and exotic inbred lines in maize. Seven F, hybrids and one open-pollinated Tainan-white
(TNW) population (check) used as materials were evaluated in Taiwan Agricultural Research Institute at four
crop seasons of 1995. The results showed that some F, hybrids among TNW inbred line and exotic inbred lines
(as CML98, CML93 and CML76) produced higher yield than that of the open-pollinated TNW population in
ear fresh weight and grain dry weight. Heterosis existed among TNW inbred lines and CML76, CML93,
CML98. However the eating quality for green corn needs to be further investigated.

Key words : Tainan-white, Maize, Exotic germplasm, F, hybrid, Heterosis.

1. Contribution No.2033 from Taiwan Agricultural Research Institute, Council of Agriculture.
2. Associate Agronomist, Department of Agronomy, TARI, Wufeng, Taichung, Taiwan, ROC.
3. Professor of Agronomy Department, National Chung-Hsing University, Taichung, Taiwan, ROC.



rhEE 2RSS (Jour. Agric. Res. China) 49(3): 34 ~ 45 (2000)

RGN EKE L AME SR HZA TR
e

HAER MTTE EER

RE - ARWFFELL7 Bk B 38R FIFHELREAC T ALY 21 F, 378 > R BB 2 B/ Bk
BEERE 2RI 1995 FEEHG A28 H) ~ (S A8 H) ~ kO A4 H)REZE#IE10 A
26 A B AT BR 1 TatB - LIRSS ARG IR B 3SR F R 2 e VB RE - A SRR
T SMRERRER S FAERE - —REERS 2T BB REB/ N EhE
R EREBE EESEY - HEERIA - £EFIIEE N FEEE SO ; S
1~ KIERZAEERET » K0 FORERE R FLBMA & 6 R E R A B B R E
B higz ER IR R E - RAIRIKIFREFEFERZEN - RIUIAMEZ HLE » Bx
HNAFEIRAT RN EBFEERHBEAN XS REEER EE -

FREEET - oK - ER - SRR - FORE - MRS -

[

Bl
TRMAEE F REEE - PERENARMA R EZE > U AEREBITRN R RIERAE
£ » ERERMPRIFGS ZIREZE - Kang and Gorman" 325 E A £ K B EHIRE 2 R B ERFTE
IF o BFMEICZEGENE o [FRHE RIFIRE RCYIR AP EITEI » A B EHEE N R 2 B KA -
HREEIRREEERBIHLIR » AR FERE 2 HEEEAAREZRSR - ZRREEN
EHREABEGE » —BIFRIFER Lancaster Surecrop * — 5 B B f&HY Iowa Stiff Stalk synthetic(BSSS)&
TE T EBIHEAR B RAVERE o tat T EEREIRAR Sy RET KA B AR R H AR A S B R m AR
B o H 1% Wellhausen™ *"7ESR T4 & e R 2 » Rt AR e HE & BV B mn B th [ R S 1 18 R/ ViE
& F¥(racial complexes) * 18 Tuxpeno ~ Cuban flint(CF) ~ Coastal tropical flint(CTF)& ETO [U{[ » Hh
Tuxpeno 82 E & = (/| MEE G S G M RILZ HEEER S © T Goodman 5 i T 24 &
HEHEER 2R - Fib o HIERERARRE - AL L ES A FERRENHEESESFE
ER - I S MEEEHECER - REHGIKIL - BERKAZIRRKER : MEMER
E 18 K P KREUHERIAE & AR B AR2LAY B2k » IR FLAERRI - EATHEBUKE R E K2
BEN - HRIEAEERERA EXRZBELEHERT  —EEABEEMEE » MERMSIASK
RN B AHEHZ 2 P ERR > A2 2mEHERR -
KiftFe 2 B » TERFME/I R B R A EIFHME AR 2 F EEE <RI (FRIKEFREHR

LATBRRREZ R G BB 7R & 55 2034 5%
LAFTBEREIRE - BERRBHEARE - 5lE AhE FEe-
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Table 1. Background of inbred lines used in this experiment

Inbred or population Origin Kernel type Characters

Exotic inbred

CML76 TL89A-1477-7 Flint Intermediate, High GCA

CMLg4 TL90B-6364-42 Flint Intermediate, High GCA,
Resistance to lodging

CML93 TL91-1451-77 Flint Intermediate maturity, High GCA,
Resistance to Turcicum

CML98 TL88B-6463-15 Dent Intermediate maturity, High GCA

CML104 TL88A-1427-77 Dent Intermediate maturity, High GCA

SK160-1 Sliver King derivative Dent Intermediate maturity, Tall plant,

Large kernel, Sensitive to Turcicum
1P123-1 IPTT42 derivative Flint Intermediate maturity, Medium kernel

Native population

TNW(ck) Taichung population Dent Intermediate maturity, Large kernel

LRSI E R R MR 2 R » B\ RS E S B TR A 2 A6 (R (#1R
) BME BRARB1995FH (3H 28 H) #ITEEMRIR 2L - T AR B\ A ] o e 5
TREZERMBKREL 1995F& 3A28H)~F (SHIH) K (9H4H) REEEE (10 26 H)
TERRGARTABR TR - HIMIEBRIRE S 52 2 IR £33 (RCBD) » TUEH » /NETE 6m » =475 »
{TPREEFS 80 X 30cm ° AEHZEZIFKHESN : PO, : K,0=200 : 90 : 60kg ° FEALLIEE 39 5% &
AERHN = P,Os © K,O=12 : 18 : 12)500kg/ha fiifl » EN%E 60kg Fef ~ $FAE 2 B A hERE AT S — e
i HERER 140k A ERREFBIALIREESEN = 21%) & BI0MH » BT+ - MRSmS T
F > AIBRE ~ i~ Bt~ RBETERER - (RESEE#TY -
ERMRFEE S BER » ORERTCH - A0 BE - B - RAEREE (SLEM) K - T
R T BATHRE . AR E (EEMEE) - R E R RS R R - BIERE
BMERZAEFENT ¢
(DBATERAdays to tasseling) : {RHEEHHERE HELE/NE b 50% HEMGE IEFERITERTE - 08 -
Q% H(days to silking) : FRHE HHEHE H AR ZE/ NG P S0% REAKSE IERERIAAT - ShFT 22 2 FI8 -
(3)¥RiEi(plant height) : &/ NEEE 104 » FOMERKHERERITE . - FIHE & SRS~ I S T » Llem
FIR ©
(P (ear height) : A/ NEEKE 10 1E » MR- 7 » HRE & IR A 2 s
lem#FER o
(5)RAEHE E (ear fresh weight) : BPLBIRE/ NESEMIRI S 1 » SR ESEREY T EE - ) g/ear
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FR e
(6)FE (K (ear diameter) : FIRFLEHAZ 5 EEMRME » HIPRIER > REPRIUEE ZFER - U
mm R °

(DFE R (ear length) : L5RPLAMLZ 5 [E:EpE R - BHEBBERE ZTIME > Lem#OR -
(8)1T#(row number) : PLEIRYZ 5 (EERRAE - AESEITBIGZPITFRITE -

(9)BEATHF KB (kernel number) : FZELEHAFRIZ 5 (FEMERE - FIERENRME L2 —17 > B
B2 F9fE » LI No./row For ©

(10)RFERZE (ear dry weight) : FEATHAIAZ 5 EEMRME » DL70 C 2Bz 7 X » FIERREHIR
T BHRMEEE » Llg/s plant F#iR ©

(DA RIFZ E (grain dry weight) : FEAEBER A Z M2 R HE - REEFRL(15.5% K7 ZER » Llg/s
plant F/R ©

(12)FFKLGEFE (kernel depth) @ 334 TR A2 HEEZ AR AL 2R » B/ NEEX 10 KB H IR 2 F{E » LA
mm KR °

(13)E %L EH (100-kernel weight) : FEAH R EAMEZ 2 5 (FRFEFFRL - ZHEL 1004 - BEEE > DlgF
/;J‘i )

(14)E R 8T (100-kernel volume) : FMitez 2 5 &M R ZAFRL » ZEREEL 100 KL - FIFHEKE: » LL
100ml Z &£ & » fI_L 40ml K% > BEIA 100 RfET > BEHEHEFRERER » GikHE L2/
& Liml R °
TYEAVE 2 B BH BIET TE 7 70 B AR SR 1 L -

7 R

A BT B3 2B » 5 CML76 ~ CML84 ~ CML93 ~ CML98 ~ CML104 ~ SK160-1 %
IP123-1 ° SK160-1{%H Sliver King ff# H 2 7T BfEMZK 5 1P123-1{RHH IPTT42 7B 2K 5 M CML76 -
CML84 ~ CML93 ~ CML98 B2 CML104 fRE CIMMYT 5| A » B2 » EEEMN—RHEE N (F1) -
HESWRZATER AN KB RHBERZBENT 61~65 K > HAAN R 62~70 K » BR&E/T
2 148~165cm * FEALE M 67~90cm » EEREE N 51~89g/ear » RN 9~16cm » KM
32~43mm > {TEIN R 10~16 » BITHRBNAR 10~15 » BRENR 17.6~27.4g - BRBEENP
17~28ml * FFHREENP 5.4~9.2mm » RFEEGZE N 92~220g/5plant » T HFF R EZ &R/ 72
63~167g/5plant (F2) o HI 7 {EH B RHEEHZMARR 21 {8 F, HiE - 8255 B REEN{EAEE
HEITIMEAR 2 SR T A iTE R (RIR) - BEnEEF - MERRFEERET » ERAEEREN
MR EmBEEER s MEIERET » R THREEN » HEMEREERMSZEMEEER -

NERBERE RO P HE > EHFRET (R3) » BnERCE RT3 7
57.5~60.0 HE2 60.8~66.0 H » —fx 2IW & FF HARIG RRATE R o Bk RSN 177~240cm B2
79~135cm Z [ » FiE W F SIS RIABEN SR IR GEE o 21 EH5ESE 10 (82 L8 EIHRE
KPEIRFE LR H (148 glear) » TRAIRI > 21 {EEECHEH - BIA 20 HEHRE (GFH) K- BER
HI|{% SK160-1 X CML93(19.5cm)# 5 i H (17.7cm) K #F K44 - HER 20 {E#H & I B2 ¥ EAE S B AL
BN - ATERI EIRFTERE AR P S RE - HEE P 12.3~15.5 2 - KEHHE ZBITHAES
DR ETHRAE - R ERIFAEZESH - ERAPHBERNHES S E 9Bk S # » BrEnstkEs
2 PR SENBRETE o MR I » BR T CML84 X CML76 BAREH)/ ME BRI E S - HER
RIFAE - B EREAERECERN - 21 @ F #ED A EA—H SRR AR S RE - BIRE
HEHEES/ NZHNBERER -
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Table 2. Means of 14 traits of seven exotic inbred lines evaluated in spring of 1995

Days Days Ear
Inbred to to Plant Ear fresh Ear Ear
lines tasseling silking height height . weight diameter length
(day) (day) (cm) (cm) (g/ear) (mm) (cm)
CML 76 61 62 156 67 51 35 11
CML 84 63 68 148 69 56 42 9
CML 93 64 66 156 76 72 35 14
CML 98 63 64 180 78 89 43 12
CML 104 64 67 145 80 65 32 11
SK 160-1 65 70 165 90 70 34 16
IP 123-1 63 67 150 81 60 42 14
(Continne Table 2)
Number of Kernel Ear Grain 100- 100-
Inbred kernel No. dry dry Kernel kernel kernel
lines TOW per row weight weight depth weight volume
(row/ear) (kernel) (g/5plant) (g/5plant) (mm) (g (ml)
CML 76 12-14 11 95 86 6.9 244 21
CML 84 12 10 145 108 54 24.8 28
CML 93 14-16 13 107 84 6.5 17.6 17
CML 98 12-14 15 220 167 9.2 24.6 20
CML 104 10 15 124 96 6.1 26.5 20
SK160-1 12 10 125 100 8.0 274 30
1P123-1 12 14 92 73 7.2 23.5 21
T3 BB T 21 HF ETEREFH AL 14EHRZ T HE
Table 3. Means of 14 traits of 21 F, hybrids and Tainan-white evaluated in spring of 1995
Days Days Ear
Hybrid to to Plant Ear fresh Ear Ear
or tasseling silking height height weight diameter length
population (day) (day) (cm) (cm) (g/ear) (mm) (cm)
CML93 X CML98 59.8 63.2 228 116 185 46.3 16.0
CML76 X CML98 59.8 63.0 198 87 218 49.5 15.5
CML76 X CML93 575 62.0 207 95 186 46.3 15.5
CML104 X CML98 60.0 62.0 218 118 214 50.3 15.5
CML104 X CML93 60.3 63.3 218 115 202 46.0 17.0
CML104 X CML76 58.8 63.3 190 82 171 47.0 15.5
CML84 X CML98 61.8 64.8 210 104 168 473 15.3
CML384 X CML93 60.0 63.3 211 108 215 47.0 18.0
CML84 X CML76 59.0 63.5 177 79 111 43.8 13.3
CML384 X CML104 59.0 63.5 198 93 169 46.0 15.0
SK160-1 X CML98 60.8 63.0 240 135 238 48.8 17.8
SK160-1 X CML93 60.5 63.5 228 135 222 47.0 19.5
SK160-1 X CML76 60.3 63.0 227 118 210 475 17.3
SK160-1 X CML104 59.0 63.0 199 103 169 443 18.3
SK160-1 X CML84 62.0 66.0 211 110 154 41.8 17.0
1P123-1 X CML98 60.0 63.0 204 99 228 51.0 16.0
IP123-1 X CML93 59.3 62.5 202 105 232 50.3 17.5
IP123-1 X CML76 57.8 60.8 199 95 245 51.0 17.8
1P123-1 X CML104 57.8 62.0 191 98 181 49.0 15.0
IP123-1 X CML84 60.5 63.0 203 109 183 49.5 14.8
1P123-1 X SK1601-1 59.3 63.0 199 108 168 46.3 17.3
TNW (ck) 61.2 64.3 251 139 148 40.0 17.7

LSDoos 1.7 1.8 14 11 46 33 1.8
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(Continue Table 3)

Number of Kernel Ear Grain 100- 100-
Hybrid kernel No. dry dry Kernel kernel kernel
or row per row weight weight depth weight volume

population (row/ear) (kernel) (g/5plant) (g/Splant) (mm) (2) (ml)
CML93 X CML98 14.0 27.2 528 411 9.8 26.0 223
CML76 X CML98 13.8 29.0 596 478 10.3 26.9 22.3
CML76 X CML93 145 27.3 532 410 9.3 25.5 20.8
CML104 X CML98 13.5 20.8 575 449 10.8 29.7 26.0
CML104 X CML93 12.8 243 583 430 10.0 30.9 253
CML104 X CML76 11.8 213 457 347 10.3 30.4 26.0
CML84 X CML98 14.8 25.0 436 330 9.9 22.5 19.3
CML84 X CML93 14.3 27.3 604 418 9.5 25.5 21.3
CML84 X CML76 12.3 21.5 331 233 8.1 20.0 16.8
CML384 X CML104 13.0 25.5 465 335 9.7 23.6 20.5
SK160-1 X CML98 14.3 32.8 620 505 10.7 25.8 22.8
SK160-1 X CML93 13.8 30.3 579 446 9.5 29.0 24.0
SK160-1 X CML76 12.8 29.3 575 457 10.1 28.0 233
SK160-1 X CML104 13.0 26.8 452 343 9.8 24.9 22.5
SK160-1 X CML84 13.5 21.3 379 272 9.1 24.4 20.8
1P123-1 X CML98 15.5 26.8 598 487 10.5 26.7 23.0
1P123-1 X CML93 15.0 29.3 682 483 9.4 28.7 22.5
IP123-1 X CML76 14.5 29.3 687 525 10.3 30.7 25.3
IP123-1 X CML104 13.5 24.3 513 376 10.0 29.5 25.5
IP123-1 X CML84 14.0 23.0 522 390 9.4 27.5 22.5
IP123-1.X SK1601-1 13.5 253 486 388 10.1 29.1 25.0
TNW (ck) 8.7 322 429 347 9.9 322 28.7
LSDyos 1.2 4.8 137 111 0.8 3.2 2.6

EEFRET (£4) > ARERARMZF#EZFIERH MR EREREA - e kFE ]
BEREFEE  REEEER T CMLI3 X CML98 ~ CML104 X CML98 ~ CML104 X CML76 ~ CML84
X CML93 ~ SK160-1 X CML98 ~ IP123-1 X CML98 ~ IP123-1 X CML93 [ IP123-1 X CML76 B 55
HAEES: » HEr KRS S RE S M HR G EE - EEEBEAREMBEMNA CML 104 X
CML98 ~ IP123-1 X CML98 ~ IP123-1 X CML93 K IP123-1 X CML76 ZU{E{H & - FEREMFEIR » 211/
HA&TH CML84 X CML93 ~ SK160-1 X CML98 ~ SK160-1 X CML76 ~ IP123-1 X CML93 K IP123-1
X CML76 B EFEMME o 21 @ F, #ENITEIHBEN KR G/ A  BITH B0 m » 16026 Ef
—H GRS PR - REGE R GZE @R > 55 CMLI3 X CML98 ~ CML104 X
CML98 ~ SK160-1 X CML98 ~ IP123-1 X CML98 ~ IP123-1 X CML93 [ IP123-1 X CML76 Z#H &%
IRER AT BEME - B 7 CML104 X CML98 ~ CML104 X CML76 K IP123-1 X CML76 i &5 [
BARESY: - HERHALEEIIR G/ - BN EREAIEE I © ArANF HEESHE VR HIRES
FH °

CERKPERIET (£5) 20{EF E - EBITEHI R $hAseE FRAE & e R/ B1E 18 K 15 84
& o bRm /7 ¢ BR T SK160-1 X CMLI8 88 5/ H = dt » HERHIBRER « #fIm 71m - HIlfE SK160-1
X CML98 Jz SK160-1 X CMLO3 ¥ =R AR H » HERTMHI SRR « SEREENERI > 21 @&
HIE 10E AR AE - AN FHASEESHKRERE MK - #RE SK160-1 X CMLI3 K& H
£ 0 EERITCML 104 X CML93 ~ CML84 X CML93 ~ SK160-1 X CML93 J IP123-1 X SK160-1 ZHI|
EEFEBEME - FTAYRFH#EZITEII KRG/ E » BATHAIEHIE SK160-1 X CML93 #2457 H
o HEg KE M EE A BB/ ZF A8 - SRR ERATAEZEBZ » 21 B F D H1E 17 K& 18
B8 &/ E R 1G & © FrE Y F, A B IR AE & B AR R B AR 2 - MATHR Y F,
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Table 4. Means of 14 traits of 21 F, hybrids and Tainan-white evaluated in summer of 1995

Days Days Ear

Hybrid to to Plant Ear fresh Ear Ear

or tasseling silking height height weight diameter length
population (day) (day) (cm) (cm) (g/ear) (mm) (cm)
CML93 X CML98 53.8 57.0 173 73 126 423 13.9
CML76 X CML98 533 56.8 167 61 100 39.3 14.5
CML76 X CML93 533 56.5 167 71 100 40.8 14.1
CML104 X CML98 523 55.5 155 69 129 453 13.7
CML104 X CML93 53.5 56.3 156 75 104 423 13.7
CML104 X CML76 53.5 57.5 145 59 137 43.8 14.2
CML84 X CML98 54.0 57.3 171 71 76 39.2 12.3
CML84 X CML93 54.0 57.8 169 75 132 41.8 14.9
CML84 X CML76 54.8 60.0 153 56 106 41.8 13.7
CML84 X CML104 533 56.0 157 68 79 39.8 11.0
SK160-1 X CML98 54.0 57.3 176 80 150 425 17.0
SK160-1 X CML93 54.5 57.3 179 93 100 42.0 13.4
SK160-1 X CML76 54.8 59.5 176 83 119 40.5 15.1
SK160-1 X CML104 53.5 57.0 156 70 66 375 12.1
SK160-1 X CML84 55.0 60.3 168 73 64 333 12.2
IP123-1 X CML98 53.0 57.8 164 70 139 45.8 14.5
1P123-1 X CML93 53.8 56.0 172 81 152 45.8 15.5
IP123-1 X CML76 525 55.5 167 74 148 475 15.0
IP123-1 X CML104 53.2 56.5 146 66 102 44.5 11.7
IP123-1 X CMLg4 54.5 57.8 164 71 99 443 13.2
IP123-1 X SK1601-1 54.0 57.3 159 71 70 338 11.1
TNW (ck) 58.0 63.0 191 87 125 40.5 15.0
LSDo,s 12 2.1 12 9 52 4.7 3.0

(Continue Table 4)

Number of Kernel Ear Grain 100- 100-

Hybrid kernel No. dry dry Kernel kernel kernel

or TOW per row weight weight depth weight volume
population (row/ear) (kernel) (g/5plant) (g/5plant) (mm) (2) (ml)
CML93 X CML98 12.5 21.5 280 205 8.9 19.1 17.5
CML76 X CML98 12.0 16.3 176 117 7.7 18.0 15.8
CML76 X CML93 12.5 14.8 221 136 7.8 19.4 16.5
CML104 X CML98 12.0 18.0 281 198 9.4 21.6 20.3
CML104 X CML93 11.3 13.8 224 141 8.1 21.4 19.3
CML104 X CML76 11.5 20.8 262 183 9.1 20.0 19.3
CML84 X CML98 12.0 11.5 131 83 79 14.5 13.0
CML84 X CML93 12.0 19.8 269 150 79 17.2 14.8
CML84 X CML76 12.5 16.0 179 115 7.7 14.9 14.5
CML84 X CML104 11.3 12.8 153 97 7.6 17.1 17.5
SK160-1 X CML98 12.8 225 293 220 8.6 18.5 17.8
SK160-1 X CML93 12.8 . 173 188 125 8.5 19.5 17.5
SK160-1 X CML76 11.5 16.3 225 151 8.4 17.7 16.8
SK160-1 X CML104  10.8 103 107 67 83 20.4 20.3
SK160-1 X CML84 12.5 15.0 117 73 8.6 16.3 14.0
IP123-1 X CML98 14.0 20.5 281 205 8.8 20.0 19.3
IP123-1 X CML93 12.8 21.3 340 219 8.3 209 18.3
1P123-1 X CML76 13.8 20.0 332 228 9.2 22.0 18.5
IP123-1 X CML104 12.5 13.5 210 138 8.9 22.0 22.0
1P123-1 X CML84 12.3 15.3 188 125 8.7 19.4 18.0
IP123-1 X SK1601-1 11.8 12.0 142 108 8.3 19.2 18.0
TNW (ck) 8.2 23.0 249 186 9.3 272 24.8

LSD,s 1.1 7.2 121 93 1.8 3.8 3.1
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Table 5. Means of 14 traits of 21 F, hybrids and Tainan-white evaluated in fall of 1995
Days Days Ear
Hybrid to to Plant Ear fresh Ear Ear
or tasseling silking height height weight diameter length
population (day) (day) (cm) (cm) (g/ear) (mm) (cm)
CML93 X CML98 523 54.3 227 107 288 51.5 18.1
CML76 X CML98 52.0 54.8 206 89 266 53.0 16.5
CML76 X CML93 51.8 55.8 217 99 290 513 17.9
CML104 X CML98 50.0 52.0 200 96 269 53.8 17.2
CML104 X CML93 523 54.5 218 103 289 51.0 19.4
CML104 X CML76 50.5 53.5 193 91 296 53.0 17.9
CML84 X CML98 53.3 54.5 222 105 262 52.0 17.5
CML84 X CML93 52.8 55.3 209 98 311 52.8 19.6
CML84 X CML76 51.8 55.0 193 85 237 52.0 17.3
CML84 X CML104 52.5 55.0 213 101 270 513 18.8
SK160-1 X CML98 52.5 55.8 235 125 280 51.5 18.9
SK160-1 X CML93 51.8 55.0 240 125 372 53.3 21.6
SK160-1 X CML76 53.0 56.3 226 110 322 54.0 19.3
SK160-1 X CML104 52.8 55.8 211 107 236 49.2 18.6
SK160-1 X CML84 52.8 56.8 229 115 269 535 18.1
IP123-1 X CML98 50.8 52.0 196 87 241 55.0 16.4
IP123-1 X CML93 51.3 53.0 210 103 279 55.3 18.0
IP123-1 X CML76 51.0 . 53.0 197 87 279 56.0 17.9
IP123-1 X CML104 50.5 523 193 89 244 533 16.8
IP123-1 X CMLg4 53.8 54.8 208 101 320 57.5 18.2
IP123-1 X SK1601-1 523 55.5 214 108 273 54.2 19.0
TNW (ck) 48.5 513 222 108 218 44.8 19.0
LSDy0s 22 2.3 15 11 55 2.1 2.0
(Continue Table 5)
Number of Kernel Ear Grain 100- 100-
Hybrid kernel No. dry Kernel kernel kernel
or TOW per row weight weight depth weight volume
population (row/ear) (kernel) (g/5plant) (g/5plant) (mm) ® (ml)
CML93 X CML98 14.4 33.1 888 746 12.3 36.1 27.0
CML76 X CML98 14.1 28.7 811 692 12.2 35.8 29.5
CML76 X CML93 13.6 353 904 751 11.6 34.0 30.0
CML104 X CML98 13.6 33.6 845 708 12.3 34.8 30.0
CML104 X CML93 12.7 320 898 707 11.8 40.7 33.0
CML104 X CML76 13.2 32.6 932 794 125 37.9 31.5
CML84 X CML98 14.3 34.0 814 679 11.5 30.5 27.5
CML84 X CML93 13.9 35.0 964 777 11.5 342 28.0
CML84 X CML76 14.1 33.4 772 630 11.2 30.6 25.5
CML384 X CML104 13.5 35.0 855 688 11.8 31.1 28.0
SK160-1 X CML98 14.0 33.9 802 697 11.6 333 28.5
SK160-1 X CML93 13.2 39.9 1125 945 12.3 41.6 30.0
SK160-1 X CML76 12.6 34.5 927 792 124 39.3 335
SK160-1 X CML104  12.9 324 774 646 12.2 354 315
SK160-1 X CML84 14.5 323 805 686 11.9 33.0 28.5
IP123-1 X CML98 14.8 24.6 708 597 119 37.9 29.5
1P123-1 X CML93 13.7 31.5 875 689 11.6 41.1 31.0
IP123-1 X CML76 14.0 27.6 842 686 12.0 41.2 315
IP123-1 X CML104 13.6 29.2 756 623 11.8 36.5 305
1P123-1 X CML84 15.0 29.8 944 754 117 41.2 335
IP123-1 X SK1601-1  13.9 314 816 709 12.2 39.9 345
TNW (ck) 8.0 37.0 635 557 12.0 414 34.0
LSD,s 1.0 4.7 156 96 0.7 4.0 43
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Table 6. Means of 14 traits of 21 F, hybrids and Tainan-white evaluated in winter of 1995
Days Days Ear
Hybrid to to Plant Ear fresh Ear Ear
or tasseling silking height height weight diameter length
population (day) (day) (cm) (cm) (g/ear) (mm) (cm)
CML93 X CML98 51.8 54.5 174 73 283 52.0 18.4
CML76 X CML98 51.8 54.8 155 63 304 53.8 17.5
CML76 X CML93 50.0 52.5 169 65 289 53.8 18.6
CML104 X CML98 51.8 54.2 172 69 318 54.0 18.8
CML104 X CML93 51.8 54.5 172 72 331 52.8 19.8
CML104 X CML76 51.8 54.5 158 66 311 54.8 17.5
CML384 X CML98 53.0 57.0 170 68 281 51.0 19.1
CML84 X CML93 51.3 543 164 72 336 54.0 19.9
CMLg4 X CML76 51.0 54.0 150 59 296 55.0 17.6
CML84 X CML104 54.0 57.8 165 66 284 50.5 19.3
SK160-1 X CML98 52.8 57.3 208 97 332 52.8 21.5
SK160-1 X CML93 53.5 57.3 196 98 362 532 21.0
SK160-1 X CML76 54.0 58.3 188 84 372 57.3 19.8
SK160-1 X CML104 52.8 58.0 178 79 358 53.8 22.0
SK160-1 X CML84 52.8 58.3 176 78 374 56.0 21.8
1P123-1 X CML98 50.3 52.3 165 69 349 55.8 20.4
1P123-1 X CML93 51.5 53.5 167 71 359 54.2 21.1
IP123-1 X CML76 49.5 51.8 146 58 349 56.0 19.9
1P123-1 X CML104 51.8 53.8 152 66 360 56.0 19.8
1P123-1 X CML84 53.0 56.0 155 70 305 56.3 19.4
1P123-1 X SK1601-1 54.0 58.8 178 71 368 55.8 21.8
TNW (ck) 525 56.0 221 101 200 45.5 18.2
LSDy0s 2.0 3.1 14 10 37 23 15
(Continue Table 6)
Number of Kernel Ear Grain 100- 100-
Hybrid kernel No. dry dry Kernel kernel kernel
or oW per row weight weight depth weight volume
population (row/ear) (kernel) (g/5plant) (g/5plant) (mm) (€3] (ml)
CML93 X CML98 132 322 895 732 11.5 37.1 315
CML76 X CML98 13.8 315 962 810 12.1 36.7 31.0
CML76 X CML93 14.2 325 987 815 11.6 36.6 29.5
CML104 X CML98 13.0 31.8 989 804 12.5 40.1 34.0
CML104 X CML93 13.3 345 1048 846 11.9 40.0 335
CML104 X CML76 13.5 31.0 965 796 12.4 413 36.0
CML384 X CML98 12.8 345 856 700 11.0 31.1 275
CML84 X CML93 14.0 343 1072 845 11.5 379 335
CML384 X CML76 14.5 31.8 946 771 11.8 35.1 29.5
CMLg4 X CML104 12.8 345 871 693 11.5 34.4 30.5
SK160-1 X CML98 13.3 37.0 1002 841 11.9 36.7 32.0
SK160-1 X CML93 13.3 352 1115 896 11.6 40.9 35.0
SK160-1 X CML76 13.3 348 1110 938 12.9 43.6 36.0
SK160-1 X CML104  12.0 35.8 1043 869 12.5 42.4 375
SK160-1 X CML84 13.8 372 1107 892 12.2 38.1 33.0
1P123-1 X CML98 13.5 32.8 1077 884 11.8 42.1 35.5
1P123-1 X CML93 13.3 335 1145 870 10.7 432 36.0
1P123-1 X CML76 14.0 31.8 1110 897 11.8 429 36.0
IP123-1 X CML104 13.3 31.3 1104 867 11.9 448 38.5
IP123-1 X CMLg4 13.5 27.3 980 751 11.4 42.8 355
IP123-1 X SK1601-1 11.8 34.5 1099 917 11.8 46.0 40.5
TNW (ck) 8.0 30.8 706 599 11.7 45.0 38.5
LSDy,s 0.9 3.1 119 105 0.7 32 3.1
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Table 7. Means of 14 traits of 21 F, hybrids and Tainan-white evaluated in four crop seasons of 1995

Days Days Ear

Hybrid to to Plant Ear fresh Ear Ear

or tasseling silking height height weight diameter length
population (day) (day) (cm) (cm) (g/ear) (mm) (cm)
CML93 X CML98 54.3 57.2 200 92 220 48.0 16.6
CML76 X CML98 54.2 57.3 182 75 222 48.9 16.0
CML76 X CML93 53.1 56.7 190 83 216 48.0 16.5
CML104 X CML98 53.6 55.9 186 88 233 50.8 16.3
CML104 X CML93 54.4 57.1 191 91 231 48.0 17.4
CML104 X CML76 53.6 57.2 172 74 229 49.6 16.3
CML84 X CML98 555 58.4 193 87 196 474 16.0
CML84 X CML93 54.5 57.6 188 88 248 48.9 18.1
CML84 X CML76 54.1 58.1 168 70 187 48.1 155
CML84 X CML104 54.7 58.0 183 82 201 46.9 16.0
SK160-1 X CML98 55.0 583 215 109 250 489 18.8
SK160-1 X CML93 55.1 58.2 210 113 264 489 18.8
SK160-1 X CML76 555 59.2 204 99 256 49.8 17.9
SK160-1 X CML104 54.5 58.4 186 90 207 46.2 17.7
SK160-1 X CMLg4 55.6 60.3 196 94 215 46.1 17.1
IP123-1 X CML98 535 55.8 182 81 239 51.9 16.8
IP123-1 X CML93 54.0 56.2 187 90 255 514 18.0
1P123-1 X CML76 52.7 55.3 177 78 255 52.6 17.6
IP123-1 X CML104 533 56.1 171 80 221 50.7 15.8
IP123-1 X CMLg4 55.4 57.9 183 88 227 51.9 16.4
IP123-1 X SK1601-1 54.9 58.6 188 89 220 475 17.3
TNW (ck) 55.0 58.6 221 108 173 42.6 17.5
LSDoys 0.9 12 7 6 27 19 1.2

(Continue Table 7)

Number of Kernel Ear Grain 100- 100-

Hybrid kernel No. dry dry Kernel kernel kernel

or TOW per row weight weight depth weight volume
population (row/ear) (kernel) (g/5plant) (g/5plant) (mm) (2 (ml)
CML93 X CML98 13.5 28.5 648 523 10.6 29.6 24.6
CML76 X CML98 13.4 26.4 636 524 10.6 29.4 24.6
CML76 X CML93 13.7 275 661 528 10.1 28.8 242
CML104 X CML98 13.0 26.0 673 540 11.2 31.6 27.6
CML104 X CML93 12.5 26.1 688 531 10.5 332 27.7
CML104 X CML76 12.5 26.4 654 530 11.1 324 28.2
CML84 X CML98 13.5 26.3 559 448 10.1 247 21.8
CML84 X CML93 13.5 29.1 727 548 10.1 28.7 244
CML84 X CML76 13.3 259 557 439 9.7 25.2 21.6
CML84 X CML104 12.6 26.9 586 453 10.1 26.5 24.1
SK160-1 X CML98 13.6 31.5 679 566 10.7 28.5 25.2
SK160-1 X CML93 13.2 30.6 752 603 10.4 32.8 26.6
SK160-1 X CML76 12.5 28.7 709 584 11.0 322 274
SK160-1 X CML104  12.2 26.3 594 481 10.7 30.8 279
SK160-1 X CML84 13.6 26.4 602 481 10.5 279 24.1
IP123-1 X CML98 14.4 26.2 666 543 10.8 31.7 26.8
1P123-1 X CML93 13.7 28.9 761 565 10.0 335 26.9
IP123-1 X CML76 14.1 27.2 743 584 10.8 342 27.8
IP123-1 X CML104 13.2 245 645 501 10.7 332 29.1
IP123-1 X CML84 13.7 23.8 658 505 10.3 327 274
IP123-1 X SK1601-1 12.7 258 636 531 10.6 335 29.5
TNW (ck) 8.3 30.6 505 422 10.7 36.4 315

LSDy,s 0.6 3.0 75 63 0.6 1.9 1.8




44 FREEEEERNTE F49% F3H 2000

B H KRG R MEE R R » ST EEARF #ECEEY - MARERZ P H#ES
BRI » AREIRIMRIEIR A & Z FIFE EE R BOARRTEL - {HI B 53R B F R A 2L A
ZBATKER » —EABKEFRRAEARZBIS - WAEE T F R RKAR S R #F
£ > FEFARFE FEGEEEZ MR - T BRI ERE S B KB L o RULFI R RIS & i 2 A
HEKZE®EL B T EAMEEEBRE L RES - RARTR—MRABEMEE > NERE—SF
R mE 2 -

5| FI3RR

. Beck, D. L., S. K.Vasal, and J. Crossa. 1990. Heterosis and combining ability of CIMMYT's tropical early and intermediate

—_

maturity maize (Zea mays L.) germplasm. Maydica 35:279-285.
. Chen, Y. H., C, E. Zhang, Z. B. Peng, X. Z. Liu, and J. X. Jia. 1996. The preliminary study on the heterosis models for
Tangsipingtou population X Reid population of corn. Acta Agric. Boreali-Sinica 11(3):20-24.

(35

w

. Eduardo, L. B., and J. W. Dudley. 1989. Breeding potential in the USA and Argentina of corn populations containing different
. proportion of flint X dent germplasm. Crop Sci. 29:570-577.

N

. EVerett, L. A., J. T. Eta-Ndu, M. Ndioro, and P. Walker. 1995. Combining ability among source populations for tropical mid-
altitude maize inbreds. Maydica 40:165-171.
Eyherabide, G. H., and A. S. Gonzalez. 1997. Interactions between testers and Argentina maize landrace. Maydica 43:29-38.

S

Goodman, M. M. 1985. Exotic maize germplasm: statue, prospects, and remedies. lowa State J. Res. 59:497-527.

=

Holland, J. B., and M. M. Goodman. 1995. Combining ability of tropical maize accessions with U.S. germplasm. Crop Sci.
35:767-773.

Holley, R. N., and M. M. Goodman. 1988. Yield potential of tropical hybrid maize derivatives. Crop Sci. 28:213-218.

Hong, M. C., H. Tu, and E. S. Thseng. 1984. Variation of yield formation of maize in spring and fall cropping season. J. Agric.
Assoc. China 125:61-70.

10. Hunter, R. B., M. Tollenaar, and C. M. Breuer. 1977. Effects of photoperiod and temperature on vegetative and reproductive

growth of a maize (Zea mays L.) hybrid. Can. J. Plant Sci. 57:1127-1134.
11.Kang, M. S, and D. P. Gorman. 1989. Genotype X environment interaction in maize. Agron. J. 81:662-664.

el

12.Lu, S. W. 1985. Source, sink and nutrients partion in relation to the grain yield of maize (Zea mays L.) grown in different crop
seasons. ML.S. thesis. Graduate Institute of Agronomy, National Chung-Hsing University.

13. Michelini, L. A., and A. R. Hallauer. 1993. Evaluation of exotic and adapted maize (Zea mays L.) germplasm crosses. Maydica
38:275-282.

14. Ord'as, A. 1991. Heterosis in crosses between American and Spanish population of maize. Crop Sci. 31:931-935.

15. Revilla, P., and W. E. Tracy. 1997. Heterotic patterns among open-pollinated sweet corn cultivars. J. Amer. Soc. Hort. Sci.
122(3):319-324.

16. Sinobas, J., and I. Monteagudo. 1996. Heterotic patterns among U.S. corn belt and Spanish maize population. Maydica 41:143-
148.

17. Shieh, G. J., and F. S. Thseng. 1999. Yield potential of F, hybrids derived from Tainan-white maize populations grown in
different crop seasons. Jour. Agric. Res. China 48(1):22-39.

18. Spaner, D., R. A. Brathwaite, and D. E. Mather. 1996. Diallel study of open-pollinated maize varieties in Trinidad. Euphytica
90:65-72.

19. Uhr, D. V., and M. M. Goodman. 1995. Temperate maize inbreds derived from tropical germplasm:II. Inbred yield trails. Crop
Sci. 35:385-390.

20. Wellhausen, E. J. 1965. Exotic germplasm for improvement of corn belt maize. Proc. 20th Ann. Hybrid Corn 2nd. Res. Conf.
PP.31-45.

21. Wellhausen, E. J. 1978. Recent developments in maize breeding in tropics. In: Walden, D.B.(ed). Maize Breeding and Genetics
pp.59-84. Wiley, New York.



SRBEIRPLIKRE R F ERBRERS 45

Yield Potential of F, Hybrids Among Exotic White

Endosperm Inbred Lines of Maize'

Guang-Jauh Shieh , Chan-Lee Ho and Hung-Shung Lu’

Summary

Twenty-one F, hybrids derived from seven exotic maize inbred lines (CML76, CML84, CML93, CML98,
CML104, SK160-1 and IP123-1) and open-pollinated Tainan-white (TNW) population were used as materials
to evaluate the heterosis and yield potential for green corn. Experiment was conducted at Taiwan Agricultural
Research Institute in four crop seasons of 1995. The results showed that these F;s' have more kernel number
and ear diameter than TNW, while the 100-kernel weight and 100-kernel volume were smaller TNW. Most of
F, hybrids among exotic inbred lines produced higher yield than that TNW for ear fresh weight and grain dry
weight in the fall and winter crop seasons. It is expected that information of heterosis investigated among these
exotic inbred lines will be very useful for domestic breeding program.

Key words : Maize,Yield, Exotic germplasm, F, hybrid, Heterosis.
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Table 1. Observation and record of major phenological period data for low-chill peaches in low-land area of Taiwan.

Bloom date Ripening time Leaf drop
Chilling  Start Full End No.of  First End First Full End " Fruit  Firstleaf End leaf
Cultivar  requirement bloom  bloom  bloom  bloom hardening hardening harvest harvest harvest develop  drop drop
(CU) days  of stone of stone period’
1998
In-ge-taur 170 1/13 1726 3/17 63 417 4/28 5/25 5129 it 123 10129 12/12
Flordaglo 150 1230 113 2117 49 33 3/10 3/23 417 5/29 78 10/29 1212
Flordagold 325 1230 113 317 71 3/13 323 4/1 4/11 6/5 88 1020 122
Flordaprince 150 12123 113 224 63 — 33 3/16 3/30 5/1 76 1020 11/25
Flordared 100 1/5 1/19 3/9 63 3/3 313 417 4/22 529 93 1020 11/19
Flordastar 225 12123 1113 3/11 78 3/3 3/13 3/23 417 4/28 84 1020 1272
Premier 150 1230 113 2124 56 323 4/1 4/11 4/22 6/5 99 10/29 1272
TropicSnow 200 12/15 1/6 2/10 57 — 3/3 4/1 4/11 5/11 95 10129 12/12
TropicSweet 175 12/30  1/13 3/3 63 3/13 3/26 4/17 5/11 529 118 1020 12112
7669 180 1/5 1726 317 71 33 3/13 4/1 4/17 5/11 81 1020 1272
1999

In-ge-taur 170" 11 1/18 317 65 4/9 426 5/19 5122 5124 124 - -
Flordaglo 150 — — — — — — 4/27 4/30 53 - - -
Flordagold 325 1/4 1/18 31 57 31 3/29 429 512 5/5 104 - -
Flordaprince 150 - — — — 3/12 329 4/6 4/15 4127 - - -
Flordared 100 /11 125 3/1 49 3/20 4/9 4/27 53 5/13 98 - -
Flordastar 225 — — — — 2/25 3/12 4/8 4/19 5/11 = = -
Premier 150 1/4 1/18 31 57 3/20 4/16 4/19 4/27 53 99 - -

TropicSnow 200 12/28 111 223 58 2/25 312 4/8 4/15 422 94 - =
TropicSweet 175 12/28 /11 2/23 58 3/12 329 - — — = - -
7669 180"  1/4 1/18 2123 51 2/25 3/16 4/12 4/22 5/3 94 - -
“ Fruit development period: from full bloom to full harvest.
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Table 2. Observation and record of major phenological period data for high-chill peaches in high-land area ( Wuling Veteran's

Farm ) of Taiwan.

Bloom date Ripening time Leaf drop
Chilling ~ Start Full End  No.of  First End First Full End  Fruit Firstleaf End leaf

Cultivar requiement  bloom  bloom  bloom  bloom hardeninghardening harvest harvest harvest develop  drop drop

(hour) days  of stone of stone period’
1998
JIlFE bk Kawanakajima Hakuto 800~ 3/13 325 4f3 20 428 SN7T 5 82 %15 130 104 119
LR Bk Yamane Hakuto - 3 34 ¥R 2 53 58 725 81 813 141 1066 1121
3 bk Nakatsu Hakuto - 3 33 35 25 SR SR6 IS 82 810 142 1066 11/16
T 1 6k Abe Hakuto - 314 326 44 20 S SR9 I8 88 815 135 104 119
J\B B Yawata Hakuho 850)" 313 325 463 20 4271 515 2 I8 713 105 103 119
K% HIE Otama Hakuho - 33 35 4N 449 ST M8 M5 TR 112 103 119
BHFREHB Takei Wase Hakuho - Iy 34 301 20 40 55 615 625 710 103 102 1121
£t /B Misaka Hakuho - 33 35 4l 20 429 s18 2 700 A5 107 103 119
K ALk Okubo 850 11 321 319 20 45 513 IR 7 s 109 10 1
#2Hk 0gonto - 4 322 410 28 S 56 88 815 820 146 107 1114
1999

JIldBHM Kawanakajima Hakuto 800 3/10 323 41 2 430 520 729 818 815 134 1120 122
(/4R F18% Yamane Hakuto - 36 312 30 24 53 525 I8 84 815 145 1115 123
HhE Tk Nakatsu Hakuto - 38 310 319 11 54 SR9 T8 8 811 145 1112 1130
WIERET bk Abe Hakuto - 35 34 4n 17 56 530 730 89 816 138 1125 12110
J\BE 1B, Yawata Hakuho (850" 38 321 328 20 406  SN8 74 710 713 111 1112 1130
A EF 8 Otama Hakuho - 38 323 330 2 S s30T M6 3 115 115 121
B R4 A Takei Wase Hakuho - 3/ 312 325 24 422 51 6NT 626 T2 106 1110 11725
{8045 4/ Misaka Hakuho - 3323 ¥ 2 430 519 5 T2 76 111 110 1125
KALR Okubo 850 39 318 341 12 46 515 B 79 s 13 11710 1113
#HkOgonto - 30 323 41 2 SR 518 89 815 822 145 1120 1212

“ Data in the parenthesis represents the tentative chilling hours given by author.
* Fruit devolopment period: from full bloom to full harvest.
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Table 3. The winter temperature record at Wufeng, Taiwan from 1993 to 1999.
December January February March
Year A B C A B C A B C A B C
1993-1994 23.7 13.1 17.6 22.3 12.5 16.5 224 14.1 17.5 222 14.1 17.6
1994-1995 26.4 16.4 20.4 22.3 11.1 15.9 20.3 11.9 15.2 233 14.6 18.6
1995-1996 23.5 10.7 15.9 23.7 11.0 16.2 21.3 11.7 15.8 25.6 159 19.9
1996-1997 24.5 12.6 17.3 235 11.9 16.3 213 13.6 16.5 25.4 16.4 20.2
1997-1998 24.6 14.4 18.7 23.1 13.4 17.2 22.0 14.6 17.6 25.7 16.9 20.5
1998-1999 25.0 15.7 194 229 13.4 17.2 242 12.5 17.6 26.7 17.5 213
Average 24.6 13.8 18.2 23.0 12.2 16.6 21.9 13.1 16.7 24.8 159 19.7

A : Means of daily maximum.
B : Means of daily minimum.

C : Means of monthly.
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Fig. 1. Distribution map of average January temperatures in S (B  1936)
Mainland China and Taiwan. (ZIFZR » 1994) Fig. 2. The lines of the same start-bloom time for peaches
in Mainland China and Taiwan.(Ei5F > 1936)
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Altitude Chilling requirement
| 1950m 850CU
——  1000m Accumulated chill unit (CU)

=150CU + (H - 85m) + 2.7m/CU

— 85m 150CU

Sea level

B 3. S rh R 1L [ A A e B R B AR LR - | - BB E R -
Fig. 3. The relationship between planting altitudes and chilling accumulation for peaches in the mountainous areas of central

Taiwan. H: altitude (masl).
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The Relationship between Cultivar's Chilling

Requirement and Planting Altitudes of Peaches'

Shyi-Kuan Ou *, Ming-Fwu Hwang °, Ching-Pin Li ’,
Shih-Jen Lu °, and Chia-Wei Song *

Summary

For successful production of peaches, the tree requires the accumulation of sufficient chilling
temperatures to break dormancy. Thus the chilling requirement (CR) of the peach genotype needs to be
matched with the chilling accumulated for the production area. The objective of this study was to determine the
relationship between cultivar's chilling requirement and planting altitude for the central area of Taiwan. Years
of experience and 2 years of experimental work has shown that low-chill peaches (150 CU) are well adapted to
low altitude growing conditions (TARI, 85 masl) whereas high chill peaches (850 hours) perform well under
high altitude (Wuling Veteran's Farm, 1950 masl) conditions. Thus for every 2.7 meters in altitude, one chilling
unit is accumulated. This relationship can be used to estimate the accumulated chilling in the mountainous
areas of Taiwan.

Key words : Peach, Chilling requirement (CR), Hours chilling, Chill unit (CU), Phenological period,
Chilling accumulation.
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Fig. 1. Fructification on the new mycelial layer in the cultivation spawn bottles which were un-capped(left) or capped(right) after

bottle neck treatment. The bottles were in the cropping room of which operation of humidificatin was controlled by timer.
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2a-b. TRAERFIME Z B 55 A BN 5 B AN 12 () B IS (b) Z A O HHE 1B
Fig. 2a-b. Development of fruiting bodies in the cultivation spawn bottles which were un-capped(a) or capped(b) after bottle neck

treatment. The bottles were in the cropping room of which operation of humidificatin was controlled by timer.
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Fig. 3a-b. Development of fruiting bodies in the cultivation spawn bottles which were un-capped(a) or capped(b) after bottle neck

treatment. The bottles were in the cropping room of which operation of humidificatin was controlled by a humidity

controller.
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Table 1. Effect of two different methods for controlling humification on the production of P. eryngii using bottle cultivation

technology”.
. Interval Days for Days for
) (lzlﬁnmqgilf;)_f tgg:gi:ﬁt Yield BE between 1st coolin finishing the  finishing the
cation with  after BNT  (&/36botles) : picking and € harvestof 90%  harvest of
starting of yield whole crop
) Capped 5783.4 ¢ 62.07 ¢ 200a 4.13b 575b 57.13 a
Timer Un-capped  6079.3 b 65.21b 20.0a 2.00¢ 3.00¢ 55.00b
Humidity Capped 6490.8 a 69.62 a 19.0b 413b 6.88ab 56.13 a
controller Un-capped 6265.4 ab 67.06 ab 19.1b 475a 8.13a 57.88 a

“ The substrate consisted of 35% of wheat bran, 20% of rice bran and 45% of sawdust from Trema orientalis by dry weight with a
water content of 63%. All inoculated substrates were incubated at 18.5 to 20.5 °C for 42 days. Before reducing temperature for
fruiting, the top one cm léyer of substrate in each bottle was removed mechanically by an automatic machine. This treatment was
called "bottle neck treatment(BNT). Operation of supersonic humidifier was controlled with a timer or with a humidity controller
in two different cropping rooms. In the former case the humidifier was set to operate for 15 minutes in each 2 hrs, while in the
latter the relative humidity of cropping room was set at 92 to 96%. Temperatures of the two cropping rooms were controlled at 14
to 15.3 °C during cropping. After BNT half of the bottles in each room were capped again. Each controlling method of
humidification had 8 replicates for each capping treatment. These replicates were arranged by random, each replicate consisted of
36 plastic bottles(1100ml/bottle).

Means in the same column not followed by the same letter are significantly different at the 0.05 probability level(Duncan's
multiple range test).
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5. Cailleux, R., and A. Diop. 1974. Recherches expérimentales sur les conditions D'ambiance requises pour la fructification du
Pleurotus eryngii et de L'Agrocybe aegerita. Mushroom Sci. 9(Part 1):607-619.

6. Zadrazil, F. 1978. Cultivation of Pleurotus. pp.521-557. In:The Biology and Cultivation of Edible Mushroom. (Chang, S. T.,
and W.A. Hayes, eds.) Academic Press. New York. San Francisco. London.
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Effect of Different Methods for Controlling
Humidification on the Production of Pleurotus

eryngii Using Bottle Cultivation Technology'

Jin-Torng Peng, Min-Cong Dai and Yin-Fang Tsai’

Summary

Study on the effect of two different methods for controlling humidification on the production of the king
oyster mushroom (Pleurotus eryngii (DC.:Fr.) Quél.] was conducted. When the cultivation spawn bottles
were not capped after bottle neck treatment and supersonic humidifier was used, no significant differences in
both yield and biological efficiency were found between controlling the operation of the humifier with a timer
and with a humidity controller installed with a humidity sensor. In addition, the interval between bottle neck
treatment and harvesting 90% or all of the first flush mushrooms were significantly shorten in the former
method. It is recommended that for the bottle cultivation of the king oyster mushroom the operation of
supersonic humidifier can be inexpensively controlled with a timer to adjust the interval and length of time of
humidification.

Key words : Pleurotus eryngii, Controlling method of humification, Bottle cultivation, Production
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Effect of Rice Bran on the Production of Different
King Oyster Mushroom Strains During Bottle

Cultivation'

Jin-Torng Peng, Chien-Ming Lee and Yin-Fung Tsai’

Abstract: The effect of rice bran supplementation on the production of two king oyster
mushroom strains was investigated in order to recommend the optimum and economic amount
of rice bran for growing the mushroom to Pleurotus mushroom growers in Taiwan. The average
yield, biological efficiency (B.E.) and production efficiency (P.E.) of the strain ATCC 36047
increased significantly with the supplementation of rice bran to substrate from 0 to 47.95% by
weight of dry matter. The B.E. and PE. of the strain Holland 150 reached the highest level
when the rice bran was added up to 38.08%, but decreased significantly when the
supplementation was up to 47.95%. These results show that different king oyster mushroom
strains response differently to the supplementation amount of rice bran and might indicate that
the strain ATCC 36047 necessitate a great supply of some ingredients in rice bran to increase
its B.E. and P.E. In consideration of the capacity of cropping room, productivity of cultivation
spawn and mushroom production cost the most optimum and economic amout of rice bran in
substrate would be about 48% and 38% for the strains ATCC 36047 and Holland 150
respectively..

Key words: Rice bran, Production, King oyster mushroom, Bottle cultivation

INTRODUCTION

- In the recent years the king oyster mushroom, Pleurotus eryngii (DC.:Fr.) Quél., has been commercially
grown in Taiwan and Japan, and on a small scale in U. S. A. due to its excellent texture of both pileus and
stipe®**”. In the former two countries bottle cultivation technology is the most popularly adopted for growing
this new Pleurotus species owing to its suitability for a high degree of automatic operations during cultivation.
Various basic raw materials or nutritive supplements have been tried to cultivate or to increase the productivity

of this mushroom®*®"*'®, However, rice bran is the most popular and available organic additive in the
substrates for growing a number of edible mushrooms in Taiwan. In order to know the most optimum and

economic amount of rice bran in the substrate for the cultivation of the king oyster mushroom, investigation on

1.Contribution No.2037 from Taiwan Agricultural Research Institute, Council of Agriculture.
2.Senior plant pathologist, project assistant and project assistant, Department of Plant Pathology, TARI, Wu-feng, Taichung,
Taiwan, ROC.
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the effect of rice bran on the production of this mushroom was conducted and described.

MATERIALS AND METHODS

Strains of the king oyster mushroom

Strains ATCC 36047 and Holland 150 were used in this investigation. They were maintained on PDA for
regular subculturing and stored in liquid nitrogen for a long term storage.
Preparation of original and mother spawn

Sawdust from Trema orientalis (Linn.) Bume was mixed with 40% of rice bran by weight and the water
content of the mixture was adjusted at ca. 63% and its acidity was adjusted at pH 6.5 with calcium carbonate.
The mixture was then filled into 200ml flask and sterilized at 121 °C for 30 minutes. After cooling down to
room temperature the sterilized substrate was inoculated with the mycelium on agar slant of each king oyster
mushroom strain and incubated at 25°C for about 25days. When the mycelium has grown throughout the
sawdust substrate in flask, such sawdust culture is called original spawn which can be used to inoculate mother
spawn. The mother spawn has the same ingredients of raw material as orignial spawn, however the substrate
was filled in 1100 ml polypropane plastic bottle and sterilized at 121 °C for 45 minutes.
Preparation of cultivation spawn for fruiting

Sawdust from Trema orientalis was used as basic raw material to which different amount of rice bran was
added from O to 47.95% by weight of dry matter. The formulas of the substrates and the water contents of the
substrates at inoculation and before cropping were shown in Table 1. Substrates were filled into autoclavable
polypropane plastic bottles (1100ml) with an automatic filling machine and sterilized at 121 'C for 45 minutes.
After cooling down to room temperature the sterilized substrates were inoculated with the mother spawns of
the strains ATCC 36047 and Holland 150 respectively. The inoculated substrates in bottles were incubated at
18.5 t0 20 °C for 46 days.
Cropping

After incubation the top layer (ca. 1.5cm in depth) of substrate in each bottle was completely removed by

Tabie 1. The formulas for studying the effects of the supplementation of rice bran on the production of Pl. eryngii using bottle

cultivation technology’.

Sawdust Rice bran Water content at Water content before cropping
Substrate.No. inoculation
FW DwW FW Dw 9 Holland 150  ATCC 36047
Kg) %) (Kg) %) %)
1 255 100.00 0.0 0.00 73.68 74.52 73.92
2 255 90.70 7.6 9.30 72.76 74.04 73.64
3 255 81.26 17.1 18.74 70.40 71.76 71.68
4 255 71.68 29.3 28.32 69.20 70.20 70.52
5 255 61.92 45.6 38.08 68.00 70.08 69.24
6 255 52.05 68.3 4795 68.12 69.36 69.80

* Sawdusts were derived from Trema orientalis and had been heaped for 4 months before use and its average water content was
75.70 % ° The average water content of rice bran was 12.30 % © .Each substrate was added with 2.0kg of calcium carbonate.
No.5and 6 substrates were added with 31.5 and 75.0Kg of tap water respectively..All components of each substrate were
uniformly mixed mechanically. The substrates were filled into 1100 ml autoclavable bottles with an automatic filling machine.
FW=Fresh weight, DW=Dry weight.
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hand with a special metal spoon (bottle neck treatment, BNT). After bottle neck treatment bottles were capped
again before moving to a cropping room. These bottles were uncapped after the appearance of pinheads or
small mushrooms. The cropping room was controlled at 15.5 to 17.5 °C in temperature, at 85 to 95% of RH and
at ca. 250 lux of light intensity. Carbon dioxide concentration was not monitored and controlled instrumentally,
but fresh air was introduced intermittently into to the room with heat exchanger.
Harvesting
Mushrooms in each bottle were harvested when the mushroom cap surfaces were flat to slightly up-rolled
at the cap margins. One flush of mushrooms in each bottle was harvested. The harvested mushrooms were then
weighed for calculating biological and production efficiencies.
Determination of biological and production efficiencies
In order to calculate the biological efficiency (B.E.) and production efficiency (P.E.) the water contents of
all the substrates at inoculation and at the end of incubation (before cropping) were measured. Biological and
production efficiencies were calculated as following:
Biological efficiency(%)= (the weight of fresh mushrooms harvested =+ substrate dry matter content
before inoculation) X 100
Production efficiency(%) = (the weight of fresh mushrooms harvested < substrate dry matter content
before cropping) X 100
Experimental design
The experiment was a completely randomized design with 6 replicates per formula of substrate. Each

replicate consisted of 12 bottles of cultivation spawn.

RESULTS AND DISCUSSION

The average yield, B.E. and P.E. of the strain ATCC 36047 increased significantly with the increase of rice
bran in substrate from 0 to 9.30, 18.34, 28.32, 38.08 and 47.95% (Table 2). The yield of the strain Holland 150
reached the highest level when the rice bran was added up to 47.95%. This yield was not significantly different
from that of the same strain when the supplementation was up to 38.08%. In addition the B.E. and P.E. of the
same strain also reached the highest level when the rice bran was added up to 38.08%, but decreased
significantly when the supplementation was up to 47.95% (Table 2). Such reduction in productivity may be due
to the compactness or poor airation of the substrates, which then results in the inefficient utilization of the
nutrients in the substrates. This can also be ascribed to the limitation of spaces or surfaces for the development
of fruiting bodies. The above results show that different strains of King oyster mushroom strains response
differently to the supplementation amount of rice bran in the aspects of average yield, B.E. and P.E. as reported
by Visscher on other Pleurotus species”’. The yield, B.E. and P.E of the strain ATCC 36047 were apparently
lower than those of the strain Holland 150 when grown with the same formula of substrate except the one with
the highest level of supplementation of rice bran. This might indicate that the strain ATCC 36047 necessitate a
greater supply of some ingredients in rice bran to increase its biological and production efficiencies or its
efficiency to utilize the nutrients of substrates is lower than that of the strain Holland 150. What compositions
of the rice bran are most important to the productivity of the king oyster mushroom needs to be further
investigated.

According to the above results the optimum amount of supplementation of rice bran in substrate for the

strain ATCC 36047 would be apparantly about 48% by the weight of dry matter. In consideration the capacity
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Table 2. Effect of supplementation of rice bran on the production of the two strains of Pleurotus eryngii, Holland 150 and ATCC

36047".

Rice bran Yield(g/12bottles) Biological efficiency(%) Production efficiency(%)

supplemented Holland ATCC Holland ATCC Holland ATCC

(%) 150 36047 150 36047 150 36047
0.00 173.00 e 67.67 £ 10.77e 425f 11.74 ¢ 4.50f
9.30 747.33d 47183 ¢ 42.23d 26.54 ¢ 46.80d 2894 ¢
18.34 1444.00 ¢ 1022.00d 72.52¢ 50.85d 80.66 ¢ 55.46d
28.32 1790.17 b 1350.50 ¢ 85.32 ab 62.28 ¢ 92.49 ab 69.24 ¢
38.08 211733 a 1809.33 b 86.74 a 73.97b 97.05a 79.86 b
47.95 2198.00 a 2207.00 a 81.15b 82.68 a 8791b 90.00 a

* The formulas of all substrates and the water contents of these substrates at inoculation and before fruiting were shown in Table 1.
All plastic bottles with substrate were weighed and recorded both after inoculation and before cropping. All inoculated substrates
were incubated at 18.5 ~20.5 °C for 46 days. Before cropping the top layer(ca. one cm deep) of the substrate in each bottle was
removed completely by a special metal spoon. This treatment is called "bottle neck treatment(BNT)". The cropping room was
controlled at 15.5~17.5°C in temperature, 85~ 95 % in RH and ca 250 lux in light intensity from reducing temperature for
fruiting to the end of crop. Fresh air was introduced with heat exchanger. Each formula of substrate had 6 replicates which were
arranged by random, each replicate consisted of 12 bottles of cultivation spawn(1100 ml/bottle). Calculation of biological and
production efficiencies are shown in text.

Means in the same column not followed by the same letter or letters are significantly different at the 5% probability level
(Duncan's multiple range test).

of cropping room, productivity of cultivation spawn and production cost the most optimum and economic
amount of supplementation of rice bran in substrate would be about 38% for the strain Holland 150 although
both B.E. and P.E. of the strain were not significantly different between the supplementation of rice bran up to
28.32% and that up to 38.08%. The appearances of the fruiting bodies produced by the strain Holland 150
grown on the susbrates of all the six formulas were excellent with a long smooth stipe and a small cap being
suitable for packing (Fig.2a-f). The fruiting bodies produced by the strain ATCC 36047 on the substrates with
the supplementation of rice bran from 9.30 to 38.08% were also good for packing (Fig.1b-e), while those
produced by the same strain on the substrate with 47.95% of rice bran were poor in quality with a large cap and
an irregular stipe (Fig.1f). Large caps are easily to be broken during packing resulting in low quaulity of the
product. This might be improved by reducing the content of rice bran in substrate to reduce the number of
fruiting bodies in each bottle or by reducing light intensity of the cropping room to reduce the size of cap since
light can promote the development of the caps of the king oyster mushroom” ', This might also be improved
by properly increasing the concentration of carbon dioxide in the cropping room because high concentration of
the gas promote the elongation of the stipe of the mushroom species"" .

Since the yield, B.E. and P.E. of the two king oyster mushroom strains were very low when grown without
rice bran it implies that nutrients for the development of the fruiting bodies of the mushroom species mainly
come from the rice bran, but not from the sawdust. Because the yield, B.E and P.E.of the strain Holland 150
were apparently higher than those of the strain ATCC 36047 when grown without rice bran it indicates that the
strain Holland 150 has a greater ability to decompose the components of sawdust. The differences in the
production and acitivities of the enzymes of the two king oyster mushroom strains for degradation of sawdust
need to be studied in detail. Such information would be helpful to the breeding of the mushroom species.
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Fig.1a-f. Fruiting bodies of the strain ATCC 36047 grown on the substrates which constisted of 0, 9.30, 18.34, 28.32, 38.08 and

47.95% of rice bran in order.



Effect of Rice Bran on the Production of King Oyster Mushroom 65

Fig.2a-f. Fruiting bodies of the strain Holland 150 grown on the substrates which constisted of 0, 9.30, 18.34, 28.32, 38.08 and

47.95% of rice bran in order.
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Theoretically it is possible to increase the yield, B.E. and P.E. of the king oyster mushroom by lengthening the
incubation time of cultivation spawn. However, practically it is necessary to take into account of the efficient
application of growing facilities and energy cost of the lengthened incubation as well as the economic value of
the increased yield.
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1. BEE VIEE RS E S R EE
Fig. 1. The shiitake being supported on the V-shaped conveyor.

B 2. FHEE VIR ERERR 0 fAZ XZ T HEE
Fig. 2. The plane view of the shiitake inclined at a ¢ angle on the XZ plane.
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3. AR e H OB
Fig. 3. The locus of the instantaneous center of gyration.
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Fig. 4. The operational flow chart of the shiitake stalk cutting machine.
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Table 1. The shape dimensions and the center of gravity of the shiitakes.

. GhEAERT ZERIR T O HEARES 180 ERABES EWEL
SRR A A H, T, H L, " Lue Lo
No mm mm mm mm mm mm mm mm
01 71 62 30 14 59 10 27 29
02 74 70 39 14 43 16 35 26
03 72 69 37 10 53 13 34 30
04 70 68 32 16 65 14 29 35
05 56 56 29 12 46 9 27 25
06 45 43 19 10 45 8 17 18
07 41 39 19 8 30 7 17 16
08 40 35 17 7 24 7 15 13
09 82 70 33 17 60 14 30 30
10 51 50 26 10 37 10 24 22
Average 60.2 56.2 28.1 11.8 46.2 10.8 25.5 244

“RPZIFRZEE » THIZEE 3 KES
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Fig. 5. View of the shiitake.
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Fig. 6. The abnormal shiitakes.
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Table 2. Dimensions of the sampled shiitakes growing in winter.

H H, A A, B, B, T, T, K, e
mm mm mm mm mm mm mm mm deg. mm
80 53 70 60 15 14 35 18 20 37

.56 32 46 30 13 10 15 14 30 15

86 55 68 60 14 13 22 21 10 33
100 69 80 60 17 14 28 22 30 34
81 50 64 58 13 12 23 17 10 35
71 35 67 54 14 12 30 20 60 35
60 40 47 42 12 9 19 12 50 26
80 49 67 56 20 10 26 26 20 25
57 39 39 30 9 7 15 13 10 19
59 36 53 49 10 9 20 12 10 29
95 57 67 54 16 14 24 20 25 33
71 44 62 57 20 15 21 20 0 42
61 40 41 40 8 7 20 14 10 23
85 56 62 60 16 14 27 20 15 37
105 74 73 71 24 15 25 24 0 42
42 22 42 40 8 7 20 12 45 19
49 31 43 40 11 10 15 11 50 22
57 32 53 48 11 10 15 12 0 31
69 39 64 55 16 13 22 16 45 32
79 44 66 64 14 11 19 16 10 36
Average 72.15 44.85 58.70 51.40 14.05 11.30 22.05 17.00 22.50 30.25
C.V. 23.80 29.18 20.68 21.74 29.70 23.69 24.42 26.31 82.68 25.51

®3. EFFMAEEEERZEAET

Table 3. Dimensions of the sampled shiitakes growing in summer.

H H, A, A, B, B. T, T, K, e
mm mm mm mm mm mm mm mm deg. mm
93 69 57 46 10 14 17 16 0 30
76 50 69 50 21 13 17 13 0 31
62 39 45 41 10 10 21 13 50 24
83 62 52 51 9 8 17 13 0 29
84 53 63 52 16 13 21 15 20 30
86 59 45 38 15 11 36 15 0 24
80 57 56 50 15 12 18 14 0 31
62 32 53 52 10 10 16 16 60 27
63 44 50 46 13 11 17 13 10 27
82 60 60 44 24 8 20 18 0 26
82 55 52 45 18 14 26 21 30 28
82 56 62 52 22 12 17 13 30 30
59 43 32 32 6 7 12 10 45 19
67 41 53 48 17 14 21 20 0 31
60 39 50 46 9 7 14 10 60 25
56 32 63 54 21 11 38 14 0 32
80 60 77 67 12 18 16 14 30 42
54 31 50 35 11 6 15 7 60 20
44 23 47 36 11 11 18 10 90 23
75 52 48 44 10 10 18 12 15 27

Average 51.50 47.85 54.20 46.45 14.00 11.00 19.75 13.85 25.00 27.80

C.v. 18.52 26.10 18.04 17.00 36.42 26.71 33.50 24.38 109.93 17.88
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Fig. 7. The shiitake conveyor.
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Fig. 8. Three layer singularizing feeder.
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Fig. 9. The automatic shiitake stalk cutter.

10. R B
Fig. 10. The flexible stiring strips.
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Table 4. The shiitake orientating performance when the orientating unit operated individually.
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1. UIARELS
Fig. 11. The shiitake were cut off the stalk.

12. RUIHB &
Fig. 12. The shiitakes damaged by the cutter.
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5. EEFRER AR R — R R Z YRR
Table 5. The shiitake stalk cutting efficiency at various belt speeds.

fic % Lt.(m/min) Lpes SeHRER REMTE KEMYHE  YIREIHE 5% [BAZES
2:6:12:24:24 104 5 19 4 76 4.0 % 77 %
2:6:12:24:33 112 7 15 4 86 47 % 82 %
2:6:12:24:42 107 5 19 7 76 6.8 % 75 %
3:6:12:24:24 171 9 38 11 113 6.8 % 70 %
3:6:12:24:33 167 12 27 11 117 71 % 75 %
3:6:12:24: 42 158 11 29 14 104 9.5 % 71 %
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Development of the Shiitake Stalk Cutter'

Lien-Sheng Liang , Kuo-Hsiang Hwang and Tyng-Horng Chou®

Summary

The stalk cutting machine for shiitakes consists of three major components- a singularizing feeder, an
orientating unit and a cutter set. Through the three floor singularizing feeder with a designed conveyor speed
ratio of 1:2:4, the processed shiitakes falling down from the upper floor to the lower floor are displaced at
increasing amounts to separate with adjacent ones. Each processing line of the orientating unit comprises two
twisted conveying belts. A V-shape carrying gap with an increasing width through the processing line is
purposely formed in-between these belts to keep stalk sides of the shiitakes downward. When being
transported through the disk cutter set, the orientated shiitakes are then cut off their stalks at desired lengths.
From experimental results, more than 85% of the processed shiitakes were cut successfully when the
orientating unit was operated individually. However, when the whole stalk cutting machine was put in action,
the handling capacity of this machine and the percentage of shiitakes successfully cut were reduced
tremendously due to the non-uniform feeding at the singularizing feeder and the backward bouncings of
shiitakes at the orientating unit. The best case of this machine operated continuously showed that the
percentage of shiitakes successfully cut was about 82% with a handling rate at 86 shiitakes per minute
neglecting small shiitakes dropping from the gap of orientating belts. The handling ability of this machine
would be increased if further improvements were properly made on the singularizing feeder and the orientating
unit.

Key words : Shiitake, Auto-orientation, Stalk cutter.

1. Contribution No.2038 from Taiwan Agricultural Research Institute, Council of Agriculture.
2. Respectively, Head and Senior Engineer, Assistant and Assistant, Department of Agricultural Engineering., TARI, Wufeng,
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