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Fundamental Studies on the Breeding of Lodging
Resistance in Maize (Zea mays L.)
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B1E i

FYEBTIY (Zea mays L) EEAPBEREOIEY T, IHABRICB I 28IZOBLEFLL
bbb od, HASHMTACEESh, HEHcRoN 2721 TH00ETFEEENSTTD
1 (Feed Trade 1981), 4 %, I L F LR ZREYO—> L L THAOK GEHEEL AR
L1E>TWVWE, THIEF, by Ee 3 OREYPFNRHEC X SRAVERREIGEc L2 LT 508
REVD, —REBHRACX3GVEERLAEELABEORRETH D 5,

B, MARKOFIEmME (892, 900/7ha) SHMHADOEGNE (3 t /ha) D2 fEOHAIH
FINE (6 t/ha) 2%, HRONHBOWNKLIEEZEFEL TVWEXKEDO My 2o v
BofEsid, FEEREOEETLHY, MYUBROBERUEKRETHS (Baker 1975), Prior
and Russell (1975) ic ki, 22— v~ v HIRHCEB T 2 8FIEEONERMIZTO% LI E
IEL TV A,

Russell (1974) &Duvick (1977) &, FuRESFEAL S N11930FEK0 S 19T0ER T TD
FEOREN 2 AL, COoMM—BLONENEINLTWE T L, SuIOMREIR EF
BWEOHRIC L ZMEAMELOHE, SLVEBEBECEVWENERET L, &6ig, T
D YFEH O FRNEDOIEMDOFI60% S EEDOBRE TH 5 T L 2HEH LTV 3, Th s oighlss
RET B L5, FREONEDRE B 3HAKOHMEL RN OBIZHRR ENMA T, [LE
Hok, BEOFKFIXZ SN SEEERIEEOEA L 2HHEEOURVERESEREE
LTWaY, SEEEZELEOBALTIEICL-ORHERECHRETSH S (Prior and
Russell 1975, Troyer and Rosenbrook 1983, Meghji et al. 1984),

o &S ICKETRHEREOKBINEOR I KESEMLTE L, ZhTHUBS
X% R The  SRMHIE SRR O 2 ORBEECRRIZH D, ZOERBEETLEK
& » THIES ~25% DINEHEN H 5 LHEEE NS (Zuber and Kang 1978), HlRRZINE
DETPREADHIE 25T TEL, BRINEICE ) 2 o X &I EEEREFEL
CIETEE2b0THD, Soicbidokinh o b, iERkEombR3ERE LTIy E D
VEEEOEERE LD > TS (Singh et al. 1969, Davis and Crane 1976, Berzonsky
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and Hawk 1986, Albrecht and Dudley 1987),

—h, bEEICBVTE, 1 X, sFFofRicovTRT ShABFE (L1952, #EH19
62, /NHS1966) B EINTVWEY, FoEmayofRicoVTiRE FIERNEHIENITE
LRTVEL, INid, 1960FERCBEN G 1 L — VRABENTFREL D, FhicfpnETER
BRHOGREERSEEE S - o T 8, FABRMNESLATLOIHRE I P sl &iTk3
0T, MEREORILLFNITbN Iz & IFEVHEL, TRIREICET 2 BEENITE, =B
DRFERE IKEIERS EAREGEBRTVL S,

o &S R othT, 19T0ERDE» &, BEREEKRE b, Y1 Vv—VHArY €D
oY ORIEEBHEIE L, 19881313 FhalcE U CEESIREBMKIESHHR), &5
MEET TS, R MY EoI YHEIRTREMPBEL, BBRHEEHE L TEATVWS S
LNz, REREBEOBRIC X BB —EREEGRBELE N, Y1 v— VSR
WHBFEBLERLLCEREZ260THS (BH198D), LIL, ThESEOMALRS &,
RIEEEOWMEX L TV 3O IMERME EL, BRI ICE L REEFETTH- T,
KEEFETFRENCBI 3RETERONBL EEEDTOEREMYTHL, 5HBbZOY =
TEMET I ENTRENIKRMICH 0, ENFRERBROFILZTSBEHIC LTV (7619
8D T OEBVYIRES & ST, MEREOMLE, REbLBEO Ny 2o v HEILBT 3
BROEENREL L -TVWE (BH1982),

AR LOBEH» S, MEREICEN-HREB L O~ REELEFROEBER£15
AT EAENELT, BRIENET 3EICS W T2 ORELAER & ol R AR L,
BREOHEERELILODTH S,

AHETRES, BRMBNRBIIRIZTEHEE ZOBEE, FRARCE I BERFBEELIE
BURE D HE B X CHETRAT O ABBRIEI & DR L, » X, OAE XEEES
UERORERFEIC > VT, BRFELREZHEEL, MARKEO REREMEOFELEEHERT S
L& bic, EMEONTEEEERORENMED S, HRBEEEHEEZHL ML, /2, W
SPITIE - e BIRBEEHE IC 2T, RBEOBEEBEGCHR T 23085 S MIENAL HIEFRE,
HEBREAMR FEAPBAIESEERE L, &5, FRBEEEE AR T 518 & —KIR
DO - TUREERNEIR 21T, FRIRVBEORERKMAZOBBEER L 1, Rikic, &
NSEUREGEELIC>WT 54 7 VAT X A3 BESIT TV, HEREBRO k>
WTHREL

5B, tvEoavOfRICREBBRTILIEC, TAUR, AR RUTEHO I >R
b2 (F«HAR196D) H, KRB TR, BIREEIBARINTOREEDLLEL,
F%x ORILKANT 2 HEH S BESIIZFNF NI AURIEIR, 118, SUXBEREFESRT
EICg B,

ABFFEIE, 19784FH 51983 % TREFRPERERBSE v £ o o v HEEERRMICS
W, F7-19844Eh 519865 F TRISMAEEFEMIc BV THEAEL /2,

AHEEFTTDICHic D, RIEELHEEE L AL - oG MR ERE R,
FEREFHTHELI O ORBOBEERT 5. TLEH/XOMD T EDicdHicy, BYILE
K & BHUR 2 10 - 7o B AR LRA R I I R 9 3,

EREGEBEARENMFEEREDIMNREXK, EFESEABRET RS ERRER
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FRICRFEEOEBI DLW TOMEE S BELSERM2THE, RHFEBERASABE T
EHFEAAK, ExGEMOBBELCEIZRKOEEEHATELTHE I, JJELHESE
T 5, FHFROEBCEBNTEW A EHEDEEERPIGMERREROLL, B5TIE
MAERF MY - BREFHAEEOHIAEERICEHT 5,

158, APIFEO—EIZIBII58~60ER AR MARE GBI (1) 58860003) KU
FOGOFEREE (BEIZT (A) 60760008) Ik B bDTH D, T TIEBLTHEEE Lizb,

£ 2 E [HARKIRELRIZTE

BI1EH ¥ F

EOERINECPHELZET I E5 I EMERNICAIShTED, 1 RBHEcBwW TR
IhoEPET A3 EVWIEHEAACE L OB I TWS (Day 1957, Weibel and Pendel-
ton 1964, Kobayashi and Hitaka 1968a,b, #IF1976), L L, FPvEoaViZBLTRE,
RREMTE S K ZROF1EEL, BIRICX 3o 2 SNHEEROETHAFE LV
E o, MEREREBERONBGICIU WA TS » THHEYEOE S YEEEICHT 5 &
DH3% { (Zuber and Grogan 1961, Loesch et al. 1963, Thompson 1970, Nass and Zu-
ber 1971, Acosta and Crane 1972, Harville et al. 1978), INE & FVEIEId 3 & 03 EH
(Fitzgerald et al. 1968, Zuber and Kang 1978) L 7wy, :

FEEB OIS BERCES, FIRBRBRICRETHELHO A IILILbDTH-T, 7
BRRETOFRS by o a v ONBICRETEELZBRIEL FE28), > ThBERHEN
ONAT HUREIRSG X UITIRILED, WYEE & TENES X UOXRBRD CRIETHEER
fride (35D,

B2HT BIREREHFERERICBIIIRES KUNEBHEREROHE

HRBIRBICRETEELOVTOINETORER, BEEAEKEZIEEHESEEH 2V
HHARMIBERAEEZTY, TOYRELRUER OB >THFTLILbDTH S (Lau-
de and Pauli 1956, Day 1957, Weibel and Pendelton 1964), c i3, E—RE*H VT,
[El—D#ERGT T, BUREFEERINBC HARE S Y, NEZHET 2 L PRELSLDT
H5,

Z I TAHEITIR, RFEFEEERRE GTRFEREESREEE Y FAE) <80V T1956
Eh ST oh, EHLZO—{EHUYLEHARO 7 - s 20T, EURE & IEEIRT %
&gz dicky, BRRETOBRSNBIRIEITEEELHS LIt LESE L, TOE
ERF-y2ERHINTIONLEE MY To o vEESERABRMO AT ERICELBELE
ER

1. ¥RELUFHE
MRS 2 - LRIOR L BRAEL SBEE T T2ECI04E (6, IRYERE %

_4_



Of—RUEEE) Th s, ChoDRFEIToVTIE, 19565Fh & HER— D5 HE T,
FESITONI, T1bb, SES AI5H (=1 H) i, HEEREST, 0004 ha (90X 30cm)
THRES N, BEERN 120 CEEREZHEMEHICERE), P.0s: 110, K.O : 100, #1
AIK : 600, HERR : 11,000kg haTdh 2, AKX 1 X26m, 3ET, HFNEIHALI
NHEL 72 1 20RO X E L R OEBERDORAEIC X - TRD 5h, FRNES & CINEHK
BRI L | KITEEIc>LWTHTE s, BB, HERTNTEMKESr D
oo yFHEEE (BHWKEBRSBHEERI6) KL TITRbIM, TERERRIKSEER
15%HETH 5,

PLEOFHEIC X 5195650 51977 £ T O22ER0RBEREHV, RREOFEEIRERE
REH L, THRREBELAEESL LT, £ EVEEERE(odging year), EVWEZE
JEBHRE(standing year) & LTIX4YL, FNFhOEHNE & REFBRERLZHEL 12,

2. BRBLUBE

(1) FHEREE

BUROFEE B L U2 OBRERIRERNOEELZT 5120, FEREEBBKE» - 7bs, B
EEBSEREARBEEROHEESEL, BFEEARSFEL T, BREELREZL
HR»SED i, —F, PAEREBECBLTHERBEZRINE VIO, BIEAEBXIC
BURDSFEEL T (B2 - 158, _

5B, BEROFBEFHI—IMOFIAZRO THRMIBHLIETH D, FAEROBRFL Y
FERIEHROFEE L 2 hEERVWT I AURBIRTH - 120

BRI WTHEIRE LEBARECKD T L L 25, ERRENETEZVHOO, FIFHE

Table 2 — 1. Varieties used in this study and their several characteristics
averaged over 22 years (1956 to 1977).

No. Varieties Maturity Silking Stalk length Lodging
date (cm) Degree(£sd)” Frequency(9%)?

1 Koh No. 8 very early July 29 228 1.2%1.3 57.1
2  Koh No. 7 early Aug. 1 205 1.0£1.5 35.3
3 Koh No. 2 early Aug. 3 238 2.0%1.3 75.0
4 Koh No. 3 early Aug. 3 236 1.4*+1.4 54.5
5  Chokoh No. 202 medium Aug. 5 250 2.2%+1.7 72.7
6 Nagano No. 1 medium Aug. 5 268 31x1.7 90.9
7  Chokoh No. 161 late Aug. 9 277 3.1+1.6 86. 4
8 Koh No. 1 very late Aug. 11 289 : 3.0x1.6 90.9
9 Nagano No. 25 very late Aug. 11 278 3.0x1.6 86.4
10 Koh  No. 9 very late Aug. 12 295 2.8*+1.9 75.0

1 0~5 indicate the degree of lodging. 0:0, 1:<10, 2:<20, 3:<40, 4:<(60, 5:>60% of
plants were lodged.
2 Frequency(%) of years in which there were lodged more than 1.0 degree of lodging.
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HMEfoiahht, Licdi-T, WFhoRREIC
DWTHEIRE, FEEREZRTNHTES 0T —
§EHWE T ENTE, FUREEFERRFERTIX
BAELRT 3T EDTEETH -1,

COXRBc kB EREGHRBETR, FEEINRE 4
OEHEREZ IR 2 5280 T0. 52T, #R
FERIHREY, MERMOHNEI LS »7,

—%, WeHtRESETRIEEREORHRRE
Bl 5~2, ICIHERFEL BT VEDL - 1,
LinL, BUREDFEEIRIZE $4.5~5.0& K%
<, BIREEEBRERNOBRBE SRS
FaEOEALARETH - 0T, BEERLE
KBOTH, COFEREDEROEEERITT
b0 EFEIOShL (E2-1KD, £ TH

=T

Degree of lodging

© Lodging years
® Standing years

R VT b U BRI EIRE S ke T8 27 1 o |
degree of lodging in lodging

s, Mean

(2) FRRENORE

years and standing years,
For entry numbers, refer to Table 2-1.

BIRE L IEFURIEO FREINE L INEHRER EHE 2 — 2RICR L RIBERLINTO
ERTE I B VW THEREDOFENESEL, BRIV FRNBOERTZEL T EHFED LN,

BRIC L 2 FRNBOETRIZ C OEPTHMEEN TV S (Pendelton 1954, Laude and
Pauli 1956, Day 1957, Weibel and Pendelton 1964, A#%1971, #t551974a,b), % DJEH
HE LT, AKBIcBLWTRZHESDOEIC K 5 XERMEEDET (Kobayashi and Hitaka
1968b, #21H1976), BEMELEYOEFHOME (Hitaka and Kobayashi 1964, Kobayashi and
Hitaka 1968a) MEDOLNTWVWAE, P ET I VLBV THIREBSFENBIIKREE
B4 5 EBREESNTE D (Pendelton et al. 1968, Duncan 1971, Arihara et al. 1979),
R FEFORKIE DO RE 5 T8RO LE TH 5 (Hh « H3R1969) < &

Table 2 — 2. Grain yield and yield components in iodging years(L) and

standing years(S).

No. Varieties .  Yield(kg/ha) Sterile plants(%) Grainsear 100 grain wt. (g)
S L S L S L S L
2 Koh No. 7 7080 6960( 98)" 0.8 0.4( 50) 648 641C 99) 29.3 29.1( 99)
3 Koh No. 2 6750 6390C 95) 1.4 1,20 8) 453 428( 95) 38.6 38.4( 99
4 Koh No. 3 7110 T7160(101> 1.1 0.1(C 9) 588 603(103) 31.4 31.1( 99)
5 Chokoh No.202 6550 5990( 91) 3.4 5.3(156) 522 491( 94) 34.1 34.2(100)
6 Nagano No. 1 6040 5530( 92) 8.3 6.8( 82) 475 455( 96) 36.3 34.8( 96)
7 Chokoh No.161 6620 6110( 92) 4.8 4.8(100) 524 488( 93) 33.2 33.2(100)
8 Koh No. 1 6640 5840( 88) 5.1 6.9(135) 483 446( 92) 37.3 36.2( 9D

D Figure in parenthesis is the percentage of L to S.
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5, BRMRDOERIE & 2ZHEFHOEANMNEETORKRLEEZ S b,

FRINE I BEATERN OB X — X —RBEIC X ODIEI N L0 TN SNEBKE
ZEELL E2-2%

T FMRERERD S 3 RBABKRICDVWTH S &, BRICXZEEEHSH TN -1,
FEGERER I 2 EMEREG (earless plant) &ARMFEMEIL (barren-ear plant) & EHh 3
7, MR ORBIMHEERIAOERLC IV REENE DT, FBRIERHO I DS H3E
ROBEELZTZ, UL, AREOEINC L ZEFRABEREKIHEL TS, Z2ELR
R DRV T, AREEKKRICHHSOBEMBA SN b0 EfHEh B,

Wic—FERIBREONELS LIS, BRHETREF1ISER1ISTETPRED SN
T&H - 124, —ERERFENBORD LT RTORETHDL, FRINEE—FREOR
RN IEELSIEOHEESED SNl (B2 - 2KA). Licdi- TEARR TRV -—Hl
ORETR, BRCLZTENREOETR—HEREOBDICLZEELS5NS,

THE - 7 (1968) i3 r v eI YT, MSRMEHEEIE (RRTETHR) OMEERIC X 55
AEBEORTRIEEFEOREEZELS TR L, —BRKERD ST I3PEHRER
ETFxEREVWIEE, FAH (1973) IEAMEDORRAR ORI, SRR
BOT—FENE RO S €50, BNEIIGEZELTVIEEZREL TV S, BRIEEICHE
SR RRE T 20, —FHHRERRZNALRAIRIES N TV S, Licd-T, BifRick
53— ORD IZRESOE/IC X 2EMLEYORED, R ORKEE LT X 5 Rk
HHEVIBRAEMEEEREZELON S, $/, CORNOREEILIIZR/BRBVEHICE
U, FEMLESIEY 0ZBBEIcED L TERESN 20 THMERET LY CBHIT3) &%
Aohd,

BRI X ARIN E RS ORARAE A 5 &, HRTHHTOE VBRI SRINENREp -
o (B2—-2MB), Thid, BAESEILSEREBEAKREL, FLRETZIERAOE( LD
FLvZ L, BRUBBHNPOARICLZTEOBNEEAR 7 — VBHELIZENELES
(Laude and Pauli 1956, Day 1957, Weibel and Pendelton 1964, K#1971) © <, [EE
EOEK T bR RE
BEBRR 7 — Uit
ATWIEWZ EIZk A
DTHHDo

(3) EENEADRE
=4

WEdc ki 5 EE

-—
o
T

—
=]
T

Decrease of grain yield (%)

(<2}
T

0

r=0,93%¢
¥=1.35X+0.14

r=0,83%
¥=1.06X+0.36

1 1
5 10 15

Decrease of no. of grains/ear (%)

Fig. 2 — 2.
Relationship between decrease of grain yield caused by lodging
and decrease of no. of grains,/ear(A) and silking date(B).
*,+* : Significant at 5 and 1%, respectively.
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Silking date
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Table 2 — 3. Fresh forage yield (1,000kgha) in lodging years(l) and standing

years(S).
No.  Varieties Total weight Foliage wt. Ear weight % of ear wt,
S L S L S L S L
1 Koh No. § 42.2 41.8( 99)% 30.6 30.7(100) 11.6 11.1( 96) 27.6 26.7( 97)
4 Koh No. 3 46.9 48.8(104) 36.3 38.0(105) 10.6 10.7(101) 22.8 22.0(C 96)
6 Nagano No. 1 52,9 48.4( 91) 41.3 38.1(92) 11.5 10.3( 89) 21.7 21.9(101)
7 Chokoh No.161 54,8 52.2( 95) 44.0 42.3( 96) 10.8 9.9 92) 19.9 19.2( 96)
8 Koh No. 1 57.7 57.5(100) 46,8 47.3(101) 10.9 10.2( 94) 19.2 17.6( 92)
9 Nagano No.25 53,1 51.8(98) 43.6 42.7( 98) 9.5 9.1( 9) 17.8 17.9(10D)
10 Koh No. 9 65.8 65.7(100) 54.2 54,1(100) 11.5 11,6(101) 17.5 17.7(101)

D Figure in parenthesis is the percentage of L to S.

3T TS A oh, zofioFETRENEDShdh-t (B2 -3R),
FCTREREELERIER LEMEEICHT LT A, EXERGLERTLLERT,
BUROFZEIH S D TR » foo AXEETEROFEVHO P TUh - LT ERDVTHERIR
DESIEZONS, THbhE, EEENRICHO VTS, FHENEEREREIISTERESOE I
K BYBEEEORL LD S, BINBTREN Y, KERTREYETHELTVWEVWI S, F
REZEORERICLIVERT AEANLIELEHD AT E, Sy EnavEBLTIHE,
Ric & Usinkd L COMMBORENFIRE 03 EBMsinkORE 2 R LT, BESHENT 3
BEMdH 5 & (Williams et al. 1968, Daynard et al. 1969, Campbell and Hume 1970,
Mo« BEH1971, HH1973) BELBERTH A S, —4, EHRETRR IS, RITLMT,
FRAMERERECTRIRLE, REFHE, LISERVT, BRI ZETHE LN, Thid
RIS L7 FRIE OFERP 5 b RABBFETH 2 LEZI 5N D,

ULo#ER» S, BIRBHZAMOATINED > badikE, £XEH I L TRA»EE
BrRFS vy, EHRES X CEBREREETSYE, 44 v— YRR E L ToXER
PRAOSEBEEIOND (HTF1963, 71980, Gordon et al. 1968),

F3H EERANOABERLENMEBELURELCRIZTEE

R B O TBEREMOERRBRO 7 — 7 Ik 2R » 5, BRM v o3 v FHEN
BBXUU A V- VHERE L TOREMBEOBDE /532 2B icds, JRENRPH
RIS, BERRL ZERMZHE2EL T -0 0E, FOPEOBERITELEh T,
LaL, MEREREOERE R, 210, BRICL2BIEEEHL AL TB T &MHE
BTHb,

7 I TARHITIREERIIC ABLKIC 2 A UREIR EFEAEETV, Ih S DRENEY
EFEETRINBRE SV E L TORBRMICKITHEL ZOBBIC>WTHINT 2,

1. MRBXUTGE
A E L CFaTEP3382 (Pioneer Hibred Co. USA)ZHI\WW /o, 198545 H15HIZEM
RERFESHBEEICB VT, FEBE 55,6004, ha (90x20cn) THHEL, HITEEET-
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Table 2 — 4. Root lodging(RL) and stalk breakage(SB) treatments in this experiment.

Treatments Method Growth stage (date)
Cont, No treatment(Control)

RL1 (Plants were leveled to the] 15 days before mid silking(22 July)
RL2 ground more than 60 degrees| Mid silking (6 Aug.)
RL3 (from perpendicular, j 15 days after mid silking (21 Aug.)
RI14 30 days after mid silking ( 6 Sept.)
SB1 (Stalks were broken at the 15 days before mid silking(22 July)
SB2 third internode below the Mid silking (6 Aug.)
SB3 luppermost ear born node. 15 days after mid silking (21 Aug.)
SB4 30 days after mid silking ( 6 Sept.)

foo BRI IXEmX6547T, »UCEERMEXEXRXI 2 KE, FHaREXIE1 K
HE L, MERIRN, P.0s, K.0, 2H£0120, 120, 90kg haT, N F¥E %M
{EHAIBIE L 2,

WMFRRFRET S FIckkTd 560° LLEET 3 V2 AU BER (Root Lodging PAFRL)”
&, HMMEEIO THE 3 HdRIBics O THITE® 2 “#i8(Stalk Breakage LITSB)”
B, fRMHBELEAD SHRAMHT0EZE CIsABXI4EfT- 72 (B2 —4%K), &
MEREET T 558 3 Bkl BARRECIHIBREHE OGS WAETH S FH3 10D, BWERAET
AL D RICxt LT, dE» 560" OFRANE—ICiT- 720 8, HAmbiisagiofrign
BRHEHESENTOWRVOT, #NEELLIES TOAEL &,

B, REMRREA OBREREHAEEELOT, BENEFE LRI, SX20ME
DVWTEERBRERAET S L & b, SHRNLEKRTHRO 9 B19~21 B BENOBRIERRE &
BEMGERE U, MERE» 50mDEE TEIfTV», BREREMohRE, 5 hio
B SHEfI30cn DRI > W TR20E S > 2R E L, FFICRIE L -8 LoREIcHd 248
MEEE LT LI,

BRI R & R A S, & BB R EX N S, FnEn 5 EEREERIL,
MR & ZIE DG MEL O I EERE ZRIE L /2o MROEIRIZ0°C TT2HEH, RIEOHRIZ0
CT48FF/IT - 726 A

RN 2 A CRIBRAEK (RL) &BRIZ>OTRER20M\E, rHMEX (SB) i<
SV TRBXIOMEA ORI L, THERNREENEBRER, 5ol TROMER
Gx, rvEroa s H{ERECIDAEEL -,

1B, BRI HATLERK (RLL, SBL) oW Tid, SitoRBELRETEELAS
fediz, MRHBACEX 5 EAosE 1, 2 Mo W THEIETIE & —F1 0 FATERE FIAER
WEEROCHE L,

KRB AR AT - MRS X O EARUBX L icig—IciBE, B L THRER
5t Lic, S REFEEERRYE CEWKESO AT (BHKEBINSZEFHER976)
KL TITRY, HEAE (CP), HIEW (EE), HEHE (CF), HUKS (CA), mligtmes
#Y (NFE) o&FE% 3 RIEMEL /.



5k, WRXTEERHHFBERO CAURHER IR REY T, LHERK E DK
AIEET&H = 1,

2. BEBLUBE

(1) DIEBEOEEES & SIS

1) EgEs
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Vertical distribution of leaf area density and relative illuminance after root lodging
(RL) and stalk breakage(SB) treatment at four growth stages. For explanation of
treatments, refer to Table 2-4.
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Frequency distribution of relative illuminance at the ground in the canopy after root
lodging (RL) and stalk breakage(SB) treatment at four growth stages. Relative
illuminance was measured at 20 locations between hills and 20 locations between rows,
respectively. For explanation of treatments, refer to Table 2-4.
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Effect of root lodging(RL) and stalk breakage(SB) treatment on crop
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Table 2 — 5. Effects of root lodging(RL) and stalk breakage(SB) treatment
on grain yield and yield components at four growth stages.

Treat- Grain 100 No. of No. of No. of
ments?’ yield grain - grains grains Trows
(g/plant) ¥ weight(g)® /ear /'row /ear
Cont, 193.5(100)a®  28.2(100)b 688.0(100)ab  47.6(100)a 14.5(100)a
RL1 192. 9(100)a 27.5C 98)be 709. 0(103)a 46.6( 98)ab 14.6(10D)a
RL2 162.9( 8)bc  25.8( 91)de 615.1( 8%cd  42.8( 9Dbe 14.2C 98)a
RL3 161.2C 83)be 24.8( 88)ef 653.1( 95)abc  45.2( 95)ab 14, 3( 98)a
RLA4 164. 7( 85)b 25.3( 90)def  664.3( 97)abc 46.8( 98)ab 14.3( 98)a
SB1 158.4( 82)bc  29.5(105)a 582.4( 85)de  40.9( 86)cd 13.9( 96)a
SB2 139.4( 72)¢ 26.6( 94)cd 534.8( 78)e  38.6( 81)d 13.9( 98)a
SB3 163.2C T9bc  25.5( 90)de 626.9(C 9bed  45.1( 92)be 13.9( 968)a
SB4 161.5( 83)bc  24.1( 85)f 671.9( 98)abc  46.4( 97)ab 14. 5(100)a

1 For explanation of treatments, refer to Table 2-4.
2) Water content is adjusted to 159%.
3) Figures followed with same letter are not significantly different(P=0, 05).
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Table 2 — 6. Effect of root lodging and stalk breakage treatment 15 days
before silking on floret development of ear.

First ear Second ear
No. of No. of No. of No. of No. of No. of
Treatments rows florets florets rows florets florets
/‘ear /Tow /ear /ear /row /ear
Control 14, 0a? 5. Ta 781a 14, 2a 51, 6a 732a
Root lodging 14. 8a 52.3b T72a 14.7a 51, 1a 730a
Stalk breakage 14, 4a 52.4b 751a 14. 5a 49.6a 720a

D Figures followed with same letter are not significantly different by Duncan’s
new multiple range test(P=0. 05).
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Relationships between no, of grains/row and no. of grains/ear(A) and between no.
of grains/ear and grain yield(B).

#* ++*:Significant at 1 and 0.19, respectively.
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Table 2 — 7. Effects of root lodging(RL) and stalk breakage(SB) treatment
on ear and grain development at four growth stages.

Treat- Ear(mm) Grain(mm)

ments"’ length diameter width height thickness
Cont. 192.5(100)a® 49.1(100)a 8.14(100)a 11.61(100)ab  3.93(100)a
RL1 189.9C 99a  49.4(10Da 8.31(102)a 11.95(103)a  3.96(101)a
RL2 176.7C 92)c  47.8( 9Da 8.10(100)a 11.42( 98)ab  4.01(102)a
RL3 178.4( 93)be  47.2( 96)a 8.14(100)a 11.01C 95)be  3.82( 9Ma
RI14 185.8( 97)ab  47.2( 96)a 8.34(102)a 10.98( 95)bc  3.88( 99a
SB1 176.5( 92)c  47.7( 9Da 8.37(103)a 11.39C 98)ab 4, 00(102)a
SB2 165.8( 86)d  46.5( 95)a 8.30(102)a 11.06( 95)be  4.04(103)a
SB3 181.4(C 94)bec  47.2( 96)a 8.40(103)a 10.79C 93)c  3.94(100)a
SB4 191.0C 99)a  48.0( 98)a 8.06( 99a 10.99C 95)be  3.76( 96)a

D For explanation of treatments, refer to Table 2-4.
2 Figures followed with same letter are not significantly different by Duncan’s new

multiple range test(P=0.05).
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Table 2 — 8. Effects of root lodging(RL) and stalk breakage(SB) treatment on
nutritional composition of ear and foliage at four growth stages
(% in dry matter). . ,

Treatments” CF? CA Cp EE NFE
===== Foliage =====
Cont. 25. 60(100) 5. 64(100) 5. 58(100) 0. 63100 62. 57(100)
RL1 28.78(112) 5. 77(102) 5.65(101) 0.69(110) 59.10( 94)
RL2 28.87(113) 5.32C 94) 5.36( 96) 0.77(122) 59.69( 95)
RL3 31.17(122) 5.26( 93) 5.54( 99) 0.73(116) 57.30( 92)
RL4 30. 71(120) 5. 66(100) 5.67(102) 0.81(129) 57.15( 91)
SB1 29. 40(115) 6.53(116) 6. 23(112) 0. 98(156) 56.86( 91)
SB2 33.16(130) 6.71(119) 5.67(102) 0.56( 89) 53.90C 86)
SB3 33.66(13D) 5.41( 96) 5. 85(105) 0.77(122) 54,31( 87)
SB4 32.94(129 6. 00(106) 6.10(109) 0.42( 67) 54, 54( 87)
===== Ear =====
Cont. 4,18(100) 1. 83(100) 7.15(100) 5.94(100) 80. 83(100)
RL1 4.31(103) 1.45C 19) 7.02( 98) 4.59C T 82.63(102)
RL2 4,68(112) 1.58( 86) 7.41(104) 4.81( 8D 81.52(101)
RL3 4,57(109) 1.39( 76) 6.56( 92) 3.62( 61) 83.87(104)
RL4 4.82(115) 1.38( 75) 6.60C 92) 3.74( 63) 83. 46(103)
SB1 4.98(119 1.51( 83) 7.62(107) 4.32( 13) 81.57(101)
SB2 4.60(110) 1.68( 92) 7.13(100) 4.43( 75) 82.16(102)
SB3 6. 10(146) 1.79C 98) 7. 76(109) 3.73( 63) 80. 61(100)
SB4 5. 86(140) 1.75C 96) 7.44(104) 4.01( 68) 80. 93(100)

1) For explanation of treatments, refer to Table 2-4.

2) CF : Crude fiber, CA : Crude ash, CP :Crude protein, EE : Ether extract,
NFE : Nitrogen free extract.
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Table 3 — 1. Several characteristics of Japanese and USA’s maize varieties used
in this experiment.

Derivation No. of Days to silk, Stalk leng(cm) Ear height(cm)  Grain wt. (kg/a) Total dwt. (kg/a)
varieties Min, Max. Mean Min. Max, Mean Min. Max. Mean Min, Max. Mean Min. Max, Mean

===== 1979 =====
Japan 16 64 96 82 152 306 242 37 216 131 33 86 61 66 181 141
UsSA 49 67 91 80 167 270 229 43 153 108 43 114 83 89 198 154
Total 65 64 96 81 152 306 232 37 216 114 33 114 77 66 198 151
===== 1980 =====
Japan 16 61 92 78 176 359 274 47 229 145 51 101 75 89 195 146
USA 66 62 90 77 166 335 262 57 198 121 38 117 90 93 183 147
Total 82 61 92 77 166 359 264 47 229 126 38 117 87 89 195 146
100 400
- ° Stalk length
r=0.975%%*
- Y=4.73X~147.94
- . o s
Japani{e®); » 300 3
- I~ r=0.744%%% . g
- ¥=1.55%X-92.32 . -t
O usn(g)zsz &
5 r=-0. 5 o
% 50} & 200¢ |‘>///‘
— -~ Ear height
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H 4 ¥=5.42X-321.76
o @
= | ~
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I o o &
o e og °
/L oo °o oﬁ ;":80 ° °:?° 1 0 f fd 1 1 L 1
%0 70 80 %0 100 “s0 70 80 % 100
pays to silking Days to silking -
Fig, 3 — 2. Fig. 3 —3.

Relationship between days to silking and Relationship between days to silking and
root lodging in Japanese(®) and USA’s stalk length and ear height in Japanese
(0O) varieties, 1979, (e, m) and USA’s(0O, ) varieties, 1979.
+* +:Significant at 0, 1%. Lines in the figure are regression lines
including all varieties.
+* »:Significant at 0.19.
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Table 3 — 2. Correlation coefficients between root lodging and several characteristics
in Japanese varieties (upper diagonal, d.f. =14) and USA’s varieties
(lower diagonal, d.f. =47), 1979,

Days to  Stalk Ear Foliage Ear Grain  Root
sitking length height dry wt. dry wt. yield lodging
Days to silk. - 0,981 0.979*** 0.930** 0.432 0. 365 0.744***
Stalk length 0.893**r —— 0.980*** 0.925"** 0.426 0. 346 0. 750"
Ear height 0.947*** 0,914 ** —— 0.889** 0.337 0.271 0.787***
Foliage dw. 0.725*** 0.767*** 0.761**" —— 0.599* 0.544* 0.709**
Ear dw. 0.531*** 0.533"** 0.506*** 0.666*"* —— 0.865*** 0.326
Grain yield" 0. 271 0.310 0. 252 0.620*** 0.734*** ~—— 0.416
Root lodging —0.052  —0.047 0. 024 —0.068 —0.118 —0.222 - —
nd. f. =38 «,+ %, +x* : Significant at 5, 1, and 0.1%, respectively.
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Fig. 3 —4.

Relationships of stalk length and foliage dry weight with root lodging

and stalk breakage,
#.++, +++ : Significant at 5, 1, and 0.1%, respectively.
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Table 3 — 3. Correlation coefficients between stalk breakage and several characteristics
in Japanese varieties (upper diagonal, d.f. =14) and USA’s varieties
(lower diagonal, d.f. =64), 1980,

Days to Stalk Ear Foliage Ear Grain Root  Stalk

silking length  height dry wt. dry wt. yield lodging breakage
Days to silk. ——  0.978*" 0.970°** 0.940**" 0.348 0. 209 —0.334 0.812**"
Stalk length  0.870""" —-—  0.982*** 0.967*" 0.381 0. 236 —0.342 0.767**"
Ear height 0.876*°° 0.929*"" -—  0.961**"  0.277 0.124 —0.364 ~ 0.720""
Foliage dw.” 0.857"°* 0.906°"* 0.901""" -~ 0.417 0. 262 —0.433 0.752*"*
Ear dw.” 0. 096 0.190 0. 165 0.014 -— 0.984** 0.152 0,658
Grain yield 0.418°*" 0.503**" 0.404** 0.238 0.918*** —— 0.235  0.573"
Root lodging 0.391** 0.380°* 0.373** 0.349 0.528° 0.553*** —— —0.185
Stalk break. 0.330°" 0.322* 0.342"" 0.242 —0.003 —0.235 -0.097 -——
nd.f. =21 *, %%, % ** : Significant at 5, 1, and 0.1%, respectively.



THERE Th o5 3 PHEEIC bR L FECAECEOHBMNS 0, M REVEE
FESLWERSEAD S (3 -3,

2T, Bk, SRS, ZEEEYEIFRREOBREERERN AL TS, KEHK
FHETE, ThoOEIcBIRE {HHAERWXLT ORESE <, )5, BAERRI CRITE
RKhFEL, EAOFEILKREBERRED 3 M5LLET, W obiiigkiittsrs - Tl (53 -
4o

3. %5 ¥

(1) SAVHERSSUITEEOREMZRE Z0ER

1979ED & A URIGIUR, 1980FE VTR DLW TS H L RERIZEIEE SN, £
- BABERCRE & KEBERRE ORI bZEBED S h, KEBEREE R A URIBHRYE - it
it bcE s T (B3I -1,

TAUBIOEIRE, Hi ok e LT TEoROBEENWNS W It RET 2 (5 -
BARI96T), Lichi-T, BESNIIAUVRNERORERZR, HMEROARELIRE,
HIEH, BIUHELSEERICHRT 2 EMRE (shige 1980) 12 L, #YIkOKRE S, 55
WA ZX A 2R omis ORFREIGERT 2 EEZ 50 3,

ZIT, BXERRHEcRE SHESEREL-LCS, HobRESEDONT B
3—-3KX), HFEIUEE, XEEMETH~E L, KEEFRRRRIRERMEL, Wori
M AUMEREICT ChTwie B3 -4, —7h, BEERRHE TR AUREREE
RE, &S, ZEGYEO IVE L OMICHEICHEREOHBEMEGRIED SN, bR
BREEETAURTL L > TOADIM LT, REEBRRE TR, EMEOKS & LHER
OB IR 2B o b otz B3 —25),

Ploc &hs, BEATRRHREKHERRHKO 5 0BBRROZR, F&LUT, HEER
DEMAEDORES, ARNOEILLEHDTEL, HTHOROHEDELLEZEDEEZZ LN
Bo %1, MLEOHRIR, BABRRESVTIC A UHERBHSHEYKOK S S cXRSh
TVWBZ &, 2 DTHRIBOKEMNMASNhTVWARWT &4, i, KEETRRETRIA
UBRBREEHEYEORE S MY LTE YD, BOMIEABRENTVEIEERL TS,

2 &, PR EBOAFRGROTHRIEIII L D REWEGIETS (B « #1967,
zoT, Hibofan st s, SHES, wEEHICOWTHTEE OMBREFAIEER,
HE, SIS, DYEESESELTOINE, BAERSEHRICKEERRRKL iHERNEL,
TR sE > T (H3— 4K, %72, HABREH TR, N5 3EHELTERMI
EVIEOHBMND S0, MYEOKREIPIHERICFEEL TV I LS pdibhvi, KE
BRFHFICBV TS, BRE SHEELIHELL OMIcEERIEOHMMED Sh/cns,
FEE r =0,322"~0.342""©, HEBBRSRHE (r=0.767"""~0.720"") DFALDFL /)
&, ESRNEYEEHLNBRLOMICIERLTHEESS OG- (E3 -3,

InoDTErs, BEARRHEKEERSEHOIRROER, BREOEIRENTS L
EZoNb, 7z, HABREKEOZIHMADOKRZSICKZEDTH » 124, KEHFKS
FHDZIL, HPEOKRES L0 bLOER, +4bLHOME, HEIERAMEELTV3
bOEE SN, THDLL, KEFRRKICHITBESE SN TV S LB HKRERRHR



fozEEECEREBEREEZL SN B,

Ubto ki, T »URERE, MITEECRAIXEREKEICTHS pRENTD SN
», ZzoZ, HERoAfcEEd 2RE, SHES ZEEToMYKORESIcLSD
DTIREL, HTHOWED HEE, BLUOEBREOEILLEZbDEEZ N5,

INSOERE, KERBVWTEHT SN T X MEAREEEORE (Duvick 1977, Meghji
et al. 1984) THb, HHAD v r v vERELBIAMEKRESEOTbEERERT
bDTHAH, Bk, HEEFRJHEENO 44 L — PHOEEERKRSBELHEL LTEL
fodd, FHEAREEZEEECHRS WCkEERK X VRE, SHEESE, BOEHEL
EEOLNTELY, AERCHERALLBEOERERKE, OB TILREERRKEZE
BRObDEEDONI: (B3 -3, Lk ->T, SBROBRICHY->TIE, BikhHEE L
RHEORLICEREZESLENH L EHFEZ 505,

ik, FENE MHEEHECIKETRRESEGL, XEYHE T ERERRHM I
BED LN, ot GBI —18) %, o, BeRoMmbick 3HEIREDKEIT
BOBTEELTIERTELEVSI INETORELEMTI TS (Singh et al. 1970,
Zuber and Kang 1978, Twumasi-Afriyie and Hunter 1982a),

(2) THAUREREIFELOBR

197THEIIE T A CRIEIRAS, £ 719804 ic 3 Eiciri@ns ik U, £ & eI L TR
L1z38@Ic W Il OBREEE ST 3,

MEOEE 2 BT 3 &, 19T9ERBBROGREIRE T AORFEERIC L, LEINEE
L THREEIASEN, BROEELZTE - 20t LT, 19804EIMEBEMRREICK[RBEMEI
BN, HAMEHEREL, BELAEL, 1979EL 0O ICRE, SHMBEENEC, ik
WOHLBRRIKEL -7 (B3 -4%K),

Lich-T, E—DOANEZ T 1254, 1980FEOHMIITIEL H b FARSAEL, &
AURIBIRE L BIHEMSIE D PTVWEEZI SN B, BHE, 197%ED T A CRIEIKR & 19804
OB E CAUVRBROSET 2 BT 5 &, 1980 EDEMBFERSEP > (B3~ 1K),
L L, WECBT3EROREHBOR VI, EFBOBEVWLY, REBOIRELFOME
KEBEEALNS, TRbE, 19THERTROMERN & LENTTVESERREV 2D L,
1980 IE & A EMEMD T, BHBEAREImE EoBESEHHRWAZ &ETH 5,

B8R (1967 &, Py Eoa v EFICERSMZOEL TRIC X AHESAITONS L,
RO LEEEPRBCIEESh, BOBENIMELE23—F, RobaiciEngdsc
&, SORBOBHCZEOEKET D E, TESHELL, BOBENHNZBITETTST
LEERL, TAURIERORBEICRTEBELRIICSH S EMPRETH S EHELTHI,
1979 DRI, T AURIEIROFAICHE LRI TH - 12, {5, 19804EIMERIc &
BHOBEENDETHEVWE Z AL, BVEICL 3 BRICh P - odic, BOBEH>E
X BANS>HOWRIBERAE L -T, IEMREELZ DEEI LN,

CAUHIEIR LHiROBGRE, BABRREEKEERRHKIC>VWTHELE (B3 -6,
HAERRHK TE, 1979 D A URIEHRR L 1980 0 1BR & ORICHE B IEOHBNS 5,
Zhid, HEABRRHE CREMEOAE & & 2 AURIBIRE, HEREOBICEOHMENSD,
ERFHREECAUREUR, FHEE bRRBREBZOLSTH S, L L, KEERREKETR



Table 3 —4. Root lodging, stalk breakage and growth in 1979 and 1980.
1979 1980

No. Entries Days Stalk Ear Root Days Stalk Ear Root Stalk
to length height lodging to  length height lodging breakage
silking (cm) (em) (%) silking (em) (cm) (%) (%)

1 Heigenwase 64 152 46 3 61 179 61 0 1
2 Wasehomare 65 163 37 3 62 176 47 0 0
3 Hokuyuu 72 191 63 26 68 197 87 2 11
4 Hokukoh No.36 76 214 88 13 71 243 105 8 19
5 Koh No.8 78 232 113 41 72 247 115 4 86
6 Takanewase 80 220 113 43 75 240 124 3 88
7 Koh No.3 81 223 127 47 76 246 126 5 88
8 Azuma Yellow 79 226 111 41 75 240 109 2 95
9 Chokoh No.B411 82 241 112 10 79 266 125 1 99
10 Mutsumidori 87 277 161 64 82 322 177 0 100
11 Chokoh No.B613 82 231 98 13 80 272 uy 2 96
12 Koh No. 10 95 306 208 37 90 346 228 0 99
13 Sujishirazu 94 303 204 67 91 351 229 0 98
14 Hyuga Corn 96 305 216 53 92 347 224 0 96
15 Tokoh No. 254 92 303 197 48 89 359 228 0 99
16 Tokoh No. 255 92 292 197 48 90 347 223 1 97
17 1214 a1 270 150 2 83 335 163 7 19
18 3B 81 226 109 4 80 266 128 7 61
19 DK24 67 173 43 5 66 206 68 1 0
20 G4321A 78 239 105 3 74 249 108 6 20
21 G4553 80 232 121 24 75 254 125 12 31
22 G4810A 84 246 129 34 81 275 138 23 17
23 G4949A 89 266 153 12 86 305 165 4 71
24 Galion 68 167 59 1 64 185 67 3 0
25 MTC4 80 230 108 6 76 261 118 9 19
26 MTCI10A 81 236 116 2 74 252 114 5 66
27 MTC1 83 224 11 22 79 270 124 16 34
28 MTCI12 85 261 121 4 81 285 132 5 92
29 P3147 88 256 138 3 86 281 140 3 9
30 P3360 82 240 120 4 79 289 128 8 19
31 P3424 78 224 99 1 76 246 110 10 7
32 P3715 78 226 104 6 74 236 106 6 40
33 XL30A 78 213 90 2 73 241 99 4 4
34 XL32A 79 223 98 7 77 255 115 6 13
35 XL61 79 231 97 2 76 254 105 6 9
36 XLT75A 82 244 116 4 79 298 137 17 36
37 XL31l 73 200 80 13 70 226 92 3 18
38 XL321 76 223 90 1 73 236 105 4 15
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«+ : Significant at 19.
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Table 3 — 5. Varietal differences in height and direction of stalk breakage (1979).

Days Stalk Ear Stalk breakage

Entries to length height height internode frequency direction®

silk, (em) (cm) (cm) order® length{em) (%)  S(%) L(%)
1 Takanewase 75 245 126 57 3.8 18 96 85 15
2 P3424 76 259 121 48 4.8 17 55 88 12
3 Chokoh No.B411 79 258 127 66 3.6 19 99 82 18
4 P3360 79 293 137 67 3.6 21 78 88 12
5 (4553 79 260 134 59 4.0 19 91 82 18
6 Chokoh No.B492 80 273 150 72 4.1 20 98 8 22
7 Mutsumidori 83 313 181 94 4.4 22 99 88 12
8 G4810A 84 254 123 41 4.8 16 16 87 13
9 G4949A 85 305 171 90 4.2 21 71 95 5
10 P3147 85 281 148 70 4.4 20 94 83 17
11 Koh No. 10 9 346 227 127 4.5 25 99 93 7

D Order of internode is counted downward from ear-born node.
9 For explanation of S and L direction, see Fig. 3-8.
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Table 3 — 6. Lodging, plant size, and height of gravity center in several
hybrids and their parents (1979).

Gravity center® Stalk Ear Total Moment Days Lodging®

Entries? I I length height fresh wt. to I I
(ecm) (cm) (em) (em) (g/plant) (kgeem) silk. (%) degree
Koh No. 8 100 92 224 109 1087(24)% 108.7 78 45 1.2
Koh No. 7 95 84 200 96  1343(30) 127.6 80 31 1.0
Koh No, 3 102 90 222 115 1449024 147.8 81 23 1.4
Nagano No. 1 116 105 260 136  1525(21) 176.9 85 52 3.1
Chokoh No.202 115 103 241 132 1446(23) 166. 3 83 43 2.2
Chokoh No. 161 130 119 279 159 1557200 202.4 86 61 3.1
Koh No, 1 130 118 295 169 1858(20) 241.5 89 30 3.0
Koh No. 9 130 1156 286 181 1976(17) 256.9 89 45 2.8
Nagano No. 25 126 114 286 161  1887(19) 2317.8 87 63 3.0
488 Okuzuruwase 107 95 235 129 1846(21) 197.5 91 N
Wisb31-455, 466 63 57 149 58 681(31) 42.9 76
439 W.D.C. 111 99 236 127  1645(22) 182. 6 89
159-1 Zairai 112 101 246 143  1879(21) 210. 4 91

1) All varieties are hybrids except Nagano No.1 and Nagano No. 25.

2 I is height of gravity center of whole plant, and I is that of plant without ear.

®» I is percent of lodging in 1979, and I is the degree of lodging averaged over 22
years, refer to Table 2-1.

4 Figure in parenthesis is the percentage of ear fresh weight to total fresh weight.



Table 3 — 7. Correlation matrix among lodging, plant size, and height of gravity
center,

Gravity center” Stalk  Ear Total Moment Days to Lodging?

1 I length  height fresh wt. silking 1 I

Gravity I 1.000 0.994*** 0.977*** 0.973** 0.827** 0.931°** 0.941°** 0.524 0.936"""
center 1 1. 000 0.978""* 0.954"** 0.775° 0.893"** 0.912°"* 0.561 0.940"""
Stalk length 1. 000 0.970°** 0.840° 0.932"°* 0.938""* 0.498 0.928""*
Ear height 1. 000 0.893** 0.966°** 0.957*** 0.430 0.877"*

Total fresh wt. 1. 000 0.976**" 0.945°" 0.218 0.750°
Moment 1. 000 0.981°** 0.340 0.841°"
Days to silk. d.f. =7 1,000 0.330 0.8%*"

Lodging 1 1.000 0.604

I . 1. 000

D I is height of gravity center of whole plant, and I is that of plant without ear.

2) 1 is percent of lodging in 1979, and 1 is the degree of lodging averaged over 22 years,
refer to Table 2-1.

#, ++,+*x : Significant at 5, 1, and 0.1%, respectively.
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Relationship between days to silking and height of stalk, ear, gravity
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#4585 BRBEREHOMESE

P18 ®& 7B

HEREBTEEED 5 Icd - TR, RBEFELHERE, HsvwWitoRERMERELE
o, BYBRESBEEWILT 2 EHBREOREEEAT 5. —7, BROFEI TmYIA
DR OBRINEESRY, BHFEOHELE &b, FEHE J[EEEFO, ASEEERS
BHEICBI S LT B,

ek, BlRoRAEA{Edd 5, BBEEHD 5 L RSIEFEHEEREIC X AMEREOREDSTTH
NTEED, BBCBY 2EBOBRREERICL BB, XELLRELZITI CLBEHETH
3, COXSUEEDS, BREFHCHET ZHEVEOBEEZHSHIILT, TNoickD
BRI 25 T 2 AELE K O TR s hTE . (BE1952, Chang and Loesch 1972,
AbR1976, EIK1976),

Py ooy TRIBRBEORELE LT, WoslikEiER, dRokRKsx, BE HE
fE7e & (Musick et al. 1965, Snell 1966, Thompson 1968, Nass and Zuber 1971, Jenison
et al. 1981, Penny 1981, Kevern and Hallauer 1983) 43, F /BB ONIEEEL T, &
O Lo LENY, RAGKE(HEBOES, BEABRS, BARY ) ORYEHLE

(Russell 1961, Zuber and Grogan 1961, Loesch et al. 1963, Thompson 1970, Davis an
d
Crane 1976, Colbert and Zuber 1978, Foley and Clark 1984) »#iEanh T3,

HEIZBWT, BREREEMOMC 5 CREIRY, mirEtoZOBEELFERGHED &
HEETHIL22HOhITL, ZhoEMbT 5 LONEMERRL, AETRE
Eo x> 18lA, 0, BREEOHIEHELE L THROFIKEEIS (Root-pulling resistance)
%, i, HEEOAEHEE U TEAEIT/I (Stalk-penetrating resistance) ZH(H i,
WER 2SS L EREEEE I >WT, BRNRBHERFEROTILAT R 7 — VB LUK
Sfric L 2 (LEWOMICL, WEHREORES EERETT %,

28 BREAERNLFHRERNOBRE KUAEMLE

Ho{rgiEi/), $4bb5HOYHENBERREOKRS, HEBLEEOAFENERE, Fil
HMEAOMS Z2XET2ENERI XY RESNTE Y, FRENI0MEX 2 c3ifGED
WEBAETH B, FiIiAGoERRbiciz, EEN (stalk rot) & H%E (corn borer)
wxid piEbiEE®RC LT, IhsicZ8RT 252D S5 2 EMFERSNTVWS (Craig
and Hooker 1961, Loesch et al. 1962, Hoffbeck 1964, Cloninger et al. 1970, Chang and
Loesch 1972),

BROHEKEE IS, MlaL ~vick i 2BRESES L TH0, ZOMERRS TR
Vo L L, EEoHHEEmIcEWTE, HMh o T, BB T IHENEL
N3, TOEHINLDELT, BOBAERAMGHEESN TS (Colbert and Zuber 1978,
Twumasi-Afriyie and Hunter 1982a),



FAELEbIC, 53T MTHASHHARAENR & ORFD 5, KEEOMEHHEC> VTR
CEE

1. BREIUAFE

FREO S #2742 &P3382, BXUA v T Ly FOHBID 3 HREE%E, EMRFEEINE
BISITBWT, 19844 5 A24 HICHRMERRED5, 6004 ha TR L, BITHREET-70
$TPHRIEN N S BARRAHOIZRE & 510, BRBHo#25~300%1c%75% 9 A
3EMS5HIAYT, ARBEREMBRSTU DR - BERICREAS, 2B BEELEK
Ko CTHREF 2o RIE L 7o BB EER 2 H Y £ - /o B MRS 155 5 @i
LEMFEET TS S Sifloh TS HICiT- e (3 -8R, 2/, HBEHHIMETS
HEHOYPRE SCIPEAMIC X 2 EERFTT 220, PIROFHEICH>WT, HEHE-D
FIAREEE D - FREET S, LT R OPHEIRI 2 RIE L 12,
iz, SENORMI X 2 BABRAIOERATFHET 50, 2 x7EEHWT, S
BRI 2R 2, 4 HifY & SHEREET L5
2EIcBVT, 53 - 8KIiTRL

- [os- 02 7 A R0 7 W2 dRiBS X O

2'?“““@ : MR (C), $HhbbNEWD

' BRI 5 pFicBWTL, SHA
Fig. 4-1. Iz >\ CHER L CRISE L 72,

Steel needle used for measurement of stalk- CLEOBEEEZREN S Ak, 1

penetrating resistance.

RETITW, FRicS, LAROR

J0} BEMEL 1<,
- -0.906vex EHI9AHKE, 3RHicow
21 T, EHELoBAEN 2R
B ORI BV T S AT 1K 5 H
8 99l %o t, 2RETAEL, @ 3K
F e MNEFHOZALE, FeREE R
; 1 o o L7
Z:; ° AL BEARNIO/EK o —
510} F VNI RER R (4 A
::? FrSV-640-40) %M Wiz, ikt
Z o IEaNn2 vase  JNISUNRIEBEIOcmT, WiSEEEIE
o:H84 U 7= Hifl i B W T ic B S
0 . s o BN%E, FREEAEBRA VTR
0 16 B mEpEdc ®4- IKCRTHES
. Stalk-penetrating resistance (kgf) @@E]\ﬁ%ﬁ z:ﬁ@g‘ ‘:% x ﬁl]’é’ o
gleiitliio;siip between stalk-penetrating resistance UL ERE L 1oo 1BHTHR
and stalk-breaking resistance. B3 & $1270m, /min L7,

*+ + +:Significant at 0.19%.



2. BEREBIUER Table 4 — 1. Regression analysis of variance for

stalk-breaking resistance.

( 1 ) ﬁﬁlﬁﬁj} éﬁ*ﬁﬁﬁ Source

HORR Regression
BAEO EPHREII OB Residual

5.8 d. f. M.S F
3964, 9 2 1982.5 16561.9°*
182.7 143 1.3

BREEL-2KICR LI, &R
SRRSO BN o R Y 1 Py

*** ; Significant at 0.1%.

Badbic, 0. 1%kETHELZIEOMBEMEGE,SED bh, AR X 2Bk 0HE
ENTRETH o 12 L L, RICEBABHNOES, WRESIRA v 7 vy FTROMVH
84BINE L, DWTP3382, ¥ A2 7 tDIEAT, MOKEDIAICKEL T - T,
o, PEERS (V) KREAEN AL S SIBORIMPEEL TR EEL SN,
z T, BAERA (X)) EHEEHEE (X)) Z2RBHEKE LTEREATZT- R &
FBicFEL -7 (Fi4— 1R, ERFRNRLTo®ED ¢, rREH10 Ko »EAER

NERMHEETREEN TV,

Y =1.999%,+0.023X.~—3.917 (R*=0.956)

F 7, BARW I EER B X ORRK
R & gk & O RHEBEFREE, 207
0,851 &0.869 " THELNLY, BAK
AP OHENBEOEELE L THER LB
sz,

(2) FTHRERNEEABRANICRIZTER

DHE

1 ZREYNIcBLTR, Ei2aLEgss
oIt ERLREZR/LLTVWSL
EMBHOoATVS (RE1952, #HFnr1962,
Je1976), = & TEHMSIHEBIAEEA
EH AT RIT TSR EHE L 7o

EHEOT LT TOEEE, HDE-1H
A oIRIER S HRNEN & ik Lz &
A, L, SEARKBVT, LRSS
TAIEIEE T, EH- 0B IERIERIN
REL, EHILIRIEINAOBMAICHFEL T
Wi (54 - 3D, oK DA
2, LTED oNEHEEUERmE O
MckzdEionsd GE4—-2FK),

THIC X 2EXROWIMIIL, SHETRED
b, LAEOHEIMAESICKE D - fohs,
ERIC L B IRER A ORI A ETED
SRabotc, T, PHIEHRIZL, SHA

AUT
In S direction,
®:With leaf sheath
o:Without leaf sheath
[ In L direction,
m:With leaf sheath
D:Without leaf sheath
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Fig. 4 — 3.

Effect of leaf sheath attachment on stalk-
breaking resistance measured in S and L
direction along internodes. Order of inter-
node is counted from ear-born node upward
and downward, respectively. For explanation
of direction, see Fig. 3-8.



Table 4 — 2. Stalk diameter in L and S direction, LS ratio, and
cross-sectional area without leaf sheath(A) and with
leaf sheath(B) of cultivar “P3382”",

Order Diameter? (mm) Cross-sect.
of : L S LS ratio area (mm®
internode® A B A B A B A B
Top 5 9.0 14.5 6.7 10.7 1.33 1.36 48.5 126.0
4 10.3 17.9 8.3 12.2 1.24 1,47 68.9 179.5
3 11.9 20.9 10.2 13.8 1.17 1.51 97.1 237.5
2 13.5 21.4 12.3 15,3 1,10 1.40 132.3 265. 4
1 4.1 - 16.6 — 0.8 — 186.6 ——
Ear oo -
1 18.1 ~— 7.5 — .03 ~— 250.7 ——
2 20.8 28.9 18.4 20.2 1.13 1.43 303.8 475.8
3 22.5 27.2 19.3 20.7 1,17 1.31 345.1 451.9
4 23.4 27.9 20.2 21.2 1.16 1.32 375.1 475.2
Root 5 24,0 28.0 21.0 21.9 1.14 1.28 399.0 490.9

1 Order of internode is counted from ear-born node upward and down-

ward, respectively.

» For explanation of L and S directions, see Fig. 3-8.

r=0.984*=*
Y=0.87X+1.03

L)) [=2) ~4
13

nllll_!LlL!
o 1 2 3 4 5 6 7 8 9

- Stalk-penetrating resistance without leaf sheath(kgf}
Fig. 4 —4.

Effect of leaf sheath attachment on stalk-penetrating
resistance in cultiver “P3382",
+* +:Significant at 0, 1%.

Stalk-penetrating resistance with leaf sheath(kgf)

ficH~ETH, EHO>ZD
BE, EWLSLOBAEbI,
SRS L EOSITIRLA
ISR XD - 28, EHHEREELL
TTR—EOBIAIEED Shig
ot

BAER 20T h, i
B 084 SRR ER I X
DI OBAMED S,
ZOHMBRIBABRNIPAKEL
WHIEENSLIED, H8kghd
LTz oRIZED SN
o GE4—4KD 5, HABHR
HORIEIZEHE LT L TITE
INETHBEZEZ NI,
(3) EBRASBEIIC K 2 EAR

SawalOE L]

ERLUEXDIZ, BAESH
RIFIEES & OB VWIED
HBEEFREELTVWEOT, B



HMEOHEE LTHMTH 72 (B4 28D, Lpl, BWIFMIMTRAL LS KITiRRE
MEOHRINSH ETRBEARICRBEI PRD NS E3-5F, H3I-UK) o7, B
NEDI b EIBINEAI E Filic Xk D B35 2 & 8T i, £2T, HIBREAIRL HaBl
OEABLERE L, HiRICE T 2BUISHERMIC LRI LA (84 - 3%,

9, S, LAMMcHELLE TS, SHRHELES2HMTES, LAABTERASHE
hotcdS, EHREEHTE?L, AHETREDHACBVTOHHEMTEEZND D, SHEM
LAEED bRE» -7,

S FI, HEAOWAIck 38(LEA LA, LARTREMHETTHE2, 4 S0
MTEBRONIY, BEHFRELEELELLE S M otc, —H, SHATREMEN TS
AFTGOmEE (1, V) ARl (I, M) &b, AEHRETE2HEOIBI~IVLD
R&EL, HGENBREBTEERREZSED SN, EEHIINSL, FABERBELTVLIEELS
N1z,

Z T, SHROERNBMMOMBEBRERT L (B4 —-4%K). TR, HHEREED
TE#2, FAHME BWBAAEII r =0.853""~0.973""DIEOHMNH b, HETHIEEDR
MTHIELTORBVWEEL O, L, HEOHESHERZMEEST S L, HikdfRBsHAE

Table 4 — 3. Stalk-penetrating resistance (kgf) at different parts in the 2nd and the
4th internode below ear, and the 2nd internode above ear of cultivar
“Takanewase”, measured in S and L directions without leaf sheath.

Internode 4th below ear 2nd below ear : 2nd above ear
Direction® ) L S L S L
I 5.53%+0.05c” 4.11%+0.17a 4.08+0.16b 2.80%0.52a 3.09£0.05d 3.00=0. 08c
O 5.20%£0.00b 4.00%0.32a 3.32+0.00a 2.64%0.36a 2.47*0.07¢c 2.50%0.02b
Part” W 5.23+0.07b 4.15%0.25a 3.32%0.02a 2.73%£0.35a 2.25%0.05b 2.13%0.03a
IV 5.43%0.05¢ 4.53%0.1la 3.16%0.02a 2.85%0.35a 2.04%0.02a 1.98%0.06a

C  4.99%0.07a 4.04%0.36a 3.30%0.10a 2.64%0.40a 2.36%0.08bc 2.28+0.00ab

1 For explanation of parts and direction in internode, see Fig. 3-8.
2 Figures followed with same letter in column are not significantly different(P=0, 05).

Table 4 — 4. Correlation matrix among stalk-penetrating resistance measured
at different parts in the 2nd(upper diagonal) and the 4th(lower
diagonal) internode below ear of cultivar “Takanewase”.

Parts® 1 I il v C
I - 0.916"** 0. 943*** 0.881*** 0.943*"*
I 0.958*** -— 0.973*** 0.933*** 0.854**
I 0.963**" 0.965**" —-— 0.946""* 0.869**
v 0.853** 0.886*"" 0.896*" - 0.778**
C 0.918"*" 0.909*** 0.868"* 0.772** ——

1 For explanation of parts in internode, see Fig. 3-8.
2) Stalk-penetrating resistance was measured in S direction without leaf sheath.
*+,+++ : Significant at 1% and 0.1%, respectively.
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Shizs, LA TRRAFEROZE /NS
{, IEfro#FEb A Sirl, LirL, Hif
HRHILIT CRTAHREICZ 313 EESKE
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Table 4 — 5. Correlation matrix among stalk-penetrating resistance
in the 1st to the 5th internode below ear, including two
hybrids and one inbred line.

Internode?’ 1st 2nd 3rd 4th 5th
1st ——  0.998'** 0.992*** 0.994*** 0.978"**
2nd —— 0.998""* 0.994"** 0.982°**
3rd —— 0.992*** 0.985"**
4th - 0.995***
5th ' -

1 Order of internode is counted downward from ear-born node.
=+ * : Significant at 0.19%.
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Lol, BABRAREMEOKES LAKETEER, BScBL I EBRET, ik
ZPEETICHETE S L THD, BETUELLT VI EBHLETH 5, REHZEDHB
&5 REMREETTE 4 SR T O FAEMSHR ER 25, AEOEE S5 3BAERS
BHEHOREZTERVI L, HHNBEMLHEE LTI THI I EBERINE, ZOHELDS
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WEOE(LEES ML, BIEHIC > WTRI LT BELSS B, & BITERTIc IR
ICEESIOBRENTENE, BEMBLREALIEZI LB TES,

ZFITAMTRAAEEZOHREZ AL T, HRBEEEOET I > T be3E L,
WM RERIC D VW TEET 2,

1. BHBXUGE

HEklE LT 4 — Table 4 — 6. Materials used in this experiment.
ERISRLIFI3%R#M  No. Entries Derivation Silking date
LZOBREARIRED 1 p3sse Commercial hybrid(USA) 5 Aug.
AFTRHEZRAV. P 9 prgy Experimental hybrid(3x4) 30 July
33B2KEEEF, ¥4 3 sy Inbred (USA) 10 Aug.
*7REBHAER (6 4 Agsd Inbred (USA) 4 Aug.
X7) T, ThENZ 5  Takanewase Commercial hybrid(6x7) 2 Aug.
B SRR s & 6 Kichigosei 81  Synthetic (Japan) 12 Aug.
UBSLFHliS TS0 7 Kichigosei 84  Synthetic (Japan) 3 Aug.

PT8LIKEHEA v 7



Ly FEOHREERRLE (3 X4) TH b,

ENAFEEEMBREICB VT, 19844 5 A24 HICHAE S5, 6004, ha (90 X 20cm)
THREL, BITEEET o7 RBRXIB 1K 4mx45he L, 2REIBELH W, BAE
AERIHETD 7T B1TH D S B2 FOBAMW s v UakBdHIcY7-2 9 A25H T2 BREIB X1
6 BT = 720

gElZNENE T, MR OME L L TROSEREEIIN%, #it L 2 10EIC > W TRIE
Lo D&, HIEHMAROKRZ X &L TRV HAORE, SHES BOES L U4
MELAXESLIFAE L2, oI, sk wTiR, BREE L CEALRIN%E, SR
B R 55 5 Hifdh i TR LTS HRICHIE L 72o BARIORIER SHIFI L EMKTS %,
[Er i, RERLOBRER S kI L, 4£EB L AL KE #ETHRIER, 90°C T8H 2
R L THEAHEL, ROKEL OEKRELEYELER L1,

Bk FEIADRER, DO HEAVTIT- 72, HOBITEFOMEVD O TRHY, F=—v
7oy 2 %2dH L CEEAEAN]L lan,sec DEETHIKZ, FEORTHEAREEZREL 2 (B
4— 6. BLERBBITTHI NS ZY) ) BEL, M EEEYIAEIETXZA T, KENS V2O
ENBHEETTOEBMARE L, RFIETRLALIICEL] IMEEAZEE LT O, FED
IR E & D S > EER T OROEIMIETH S, T4V T RELI X2ERKE, €4
YINIREBLIDXAEXEETEBL, WEDENSE A ¥ MIXT 3HROFSRERKD /2,

2. % R
(1) EHFELEX Y FOELL

JDBL

Stalk length
p—

Stalk length, Ear height (cm)

17 3 14 29 11 25
July Aug. Sept.
Sampling date

Fig. 4 —17.
Stalk length and ear height at six
sampling dates. Plant length was

Fig. 4— 6. measured instead of stalk length
Equipment for measurement of before tasseling. For entry numbers,
root-pulling resistance. refer to Table 4-6.



Table 4 — 7. Plant fresh weight and height of gravity center at six sampling dates.

Sampling dates
Entries 17 July 31 July 14 Aug. 29 Aug. 11 Sept 25 Sept.
===== Foliage fresh wt. /Ear fresh wt. (g/plant) =====
1 P3382 436,/ — 175/ — 10577225 750,338 6747360 694,384
2 PT81 455/ — 667, — 94,7274 5027337 402,346 396,370
3 H84 231/ ~ 44/ — 577,124 492,237 407,246 449,200
4 A664 217/ — 455,/ — 491,141 3437181 1797130 -
5 Takanewase 500 ~ 863,/ — 1191,7361 709,7420 707,412 706,7397
6 Kichigosei 81 264/ — 740/ — 951,132 778,348 586,297 695,361
7 Kichigosei 84 234/ ~ 467/ — 592,191 358,7239 249,212 -
===== Hi. of gravity center-I1 /-1 (cm)? =====

1 P3382 42.8,742.8 86.3,786.3 107.2,798.8 110.0.798.6 111.8,796.5 112.9,/95.5
2 PT81 52.9,52.9 92.1,792.1 104.4,790.9 111.3.795.1 108.6,91.6 107.9,789.8
3 H84 37.5,/37.5 72.3,/72.3 178.9/76.4 71.3/76.3 80.077.3 83.0/78.8
4 A664 34.2,/34.2 73.2/73.2 79.3.70.4 82.6/71..3 77.1/6L2 -
5 Takanewase 48.0,748.0 98.6,98.6 113.9.797.2 114.1794.5 113.7,792.5 116.1,/94.4
6 Kichigosei 81 34.8,734.8 173.073.0 102.2,795.5 107.7,792.6 103.7.789.0 104.0,789.0
7 Kichigosei 84 34.1,734.1 68.468.4 72.7/63.5 76.1/764.9 75.4/61.6 -——

1) Gravity center-1 is gravity center of whole plant and gravity center-II is gravity center
of plant without ear.

7T HITHO% 1 BIEELEE, #ribll s caMsBRmESA S h, Bk, S4EERFENK
EHALL, BRMHPIREMERSIEZ Y, BE SHESRERE—E€E L7 (E4-7
Ko

LEEERFEOHS & HAKS1EE 8 H29H, ZofioREkik 8 Al4BIERER Y, =
DEBMD LT, EXERILRFEE bIAIMLYIEZ O 8 AUHNRET, T0R FEOHN
En o, BEAOHEITICESKNEBOETICEVED Ut £, MRS IIEER OMER
OFREIC XD 8 H29H £ TAMBENSA chizds, FhliBRIEyEokh s xash
1 ABBAEFEARBASIIAEHDL, ZOMORHKIZI HABAT TY 20N MM, 30
REDEB SN, —EOMEEIERE P -1, UL, HEESEERWOE TIc>hTiEmL,
AT 8 A4 OH20% 5 5 9 BIIHDIFEEK40%cE Li: (B4 — T8,
SEEELGESSE, BEERVAZESFOEL (O @, B, REOZMLEE
FAEFT L2 bE R L, BRI E cE2BIcE< Ry, DRIBIE-EL X - o MR
P ERoZEICLDELRELRY (EOID), EOITRELT LY, 8 Al4HITIR2, 5~
16.7cm, 9 A25HICI34.2~21. Ten ¢, BAIEA THRBSANSAZ BB IEEZ0EN
RELBAEEMBA N (BEL4—-TR), LrL, offdbhomiloZfbi3/ha, &
F—ELABRESh, HRHESSICERECEHESIc X > TiETEL (r=0.943""", Y=
0. 65X +29. 61),

PIEOHERELT, &2 v b JGRIMBTER T cRBEML, BRRELZ - 2BREBEERK



Table 4 — 8. Mean squares for several characteristics associated with lodging.

Mean squares®’

Source d.f. Total fresh Gravity Moment Root-pull. Stalk-penet.
weight height resistance  resistance
Sampling date(S) 4 925306. 0 7956. 5 15785. 9 5523.9 48.90
Genotype @G 6 514222.0 1809. 7 9067. 8 2931.9 21.86
Hybrids(H) 2 195133.0 93.2 3031.1 - 14447 7.00
Parents(P) - 3 287538.0 702.1 4491, 6 1458, 7 26.51
HvsP 1 1832450.0 8561. 8 34870. 1 10325, 7 40. 61
Sx G 24 25911. 7 83.4 658. 8 121.8 1.90
Sx H 8 17259. 5 25.8 361.9 112.8 1.78
SxP 12 24827. 3 109. 6 480. 8 110. 4 2.26
SxHvs?P 4 46469.0 120.1 1786. 7 174.1 1.09
Error 35 2864.1 5.2 28.9 28.5 0.36

1 All of F test are significant at 0,19 except that S x H vs P for stalk-penetrating
resistance is significant at 5 %.
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Moment and root-pulling resistance at six sampling
dates in three hybrids(A) and their parental lines
(B, C). Arrows indicate silking dates. Vertical bars

represent standard errors.
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Relationship between total fresh weight and root-
pulling resistance in three hydrids and their paretal
lines (solid and open symbols, respectively).

== : Significant at 0.19%.
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Stalk-penetrating resistance and stalk dry weight per
volume at six sampling dates in three hybrids(A) and
their parental lines(B,C). Arrows indicate silking
dates. Vertical bars represent standard errors.
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Table 4 — 9. Correlation coefficients among four characteristics at six sampling
dates and of all dates combined.

Sampling d.f. Root-pull. resist. Tatal fresh weight Stalk dry wt/vol
date vs Stalk-penetrat. vs Root-pull. resist. vs Stalk-penetrat.
17 July 5 0.818" 0. 800" 0.789*

31 July 5 0.772* 0.574 0.799*

14 Aug. 5 0.930"* 0. 567 0. 686

29 Aug, 5 0.924** 0. 703 0.886**

11 Sept. 5 0.922** 0. 840" 0. 858*

25 Sept. 3 0.574 0.214 0.517

All 38 0.921*** 0.806""*. 0.884*"*

#,+x,*x+ : Significant at

10

Stalk-penetrating resistance(kgf)

—

5, 1, and 0.1%, respectively.

r=0.884%**
Y=0.044x+0.27

0 100

200

300

Stalk dry weight per volume (mg/cm3)

Fig. 4 —11.

Relationship between stalk dry weight per volume and
stalk-penetrating resistance in three hybrids and their
paretal lines (solid and open symbols, respectively).

« » +:Significant at 0.1%.
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Table 4 —10. Moment per root-pulling resistance and moment per stalk-penetrating

resistance at six sampling dates.

Sampling dates
Entries 17 July 31 July 14 Aug. 29 Aug. 11 Sept. 25 Sept.
===== Moment per root-pulling resistance (kgecm kgf) =====
1 P3382 0.44 0.81 1.28 1.08 1.05 1.09
2 PT81 0.57 0.73 1.20 1.12 0.96 0.91
3 H84 0.31 0. 57 0.67 0.68 0.63 0.67
4 A664 0.33 0.79 0.93 0.81° 0.64 -
5 Takanewase 0.76 1,38 2.23 1.67 1.54 1.57
6 Kichigosel 81 0.34 1.03 1.52 1. 54 1.26 1.49
7 Kichigosei 84 0.38 0.74 0.96 0.81 0.77 —-—
===== Moment per stalk-penetrating resistance(kgecm "kgf) =====
1 P3382 7.56 12. 96 15,16 12.19 15. 06 14. 16
2 PT81 8.20 9,67 13.37 13.00 12,92 12.92
3 H34 3.75 5.34 6.75 ’ 6. 60 7.55 7.26
4 A664 4.00 10. 34 10. 51 9.64 7.62 -—
5 Takanewase 11, 44 16. 38 26. 28 22.72 22.69 23.03
6 Kichigosei 81 5.84 15, 67 16, 00 16. 40 14,18 16. 00
7 Kichigosei 84 4,24 10, 33 14, 82 14,41 13.62 ——
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Fig. 4 —12.

Relationship between stalk-penetrating resistance
and root-pulling resistance in three hybrids and
their paretal lines (solid and open symbols,
respectively).

=+ + : Significant at 0. 1%.
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Table 4 —11. Correlation coefficients of several characteristics
associated with lodging among five sampling dates.

Date 17 July 31 July 14 Aug. 29 Aug. 11 Sept.
===== Ht. gravity center \ Total fresh weight =====
17 July - = 0. 826" 0.883** 0. 662 0.783*
31 July 0.921°* - 0.970"** 0.938*~ 0.926**
14 Aug. 0.720 0. 849" —— 0.884** 0,932*
29 Aug. 0.714 0. 813" 0.987°"" - 0.961*""
11 Sept. 0. 741 ) 0. 835* 0.991**" 0.985"** -—
===== Stalk dry weight per vol. \\ Moment =====
17 July - = 0. 866* 0.817* 0. 637 0.756*
31 July 0.879"" -—— 0.993*** 0.912** 0.949**
14 Aug. 0. 861 0.957*** —— 0.935** 0.969***
29 Aug. 0. 580 0. 695 - 0.727 -— 0.967***
11 Sept. 0. 557 0.574 0. 603 0.942** -—
===== Stalk-penetrating resist. \ Root-pull. resist. =====

17 July —-— 0.996*** 0.927** 0. 816" 0. 842"
31 July 0. 871" - = 0.937"" 0. 823" 0. 854~
14 Aug. 0. 659 0.822* - 0.962**~ 0.969°**
29 Aug. 0. 455 0. 641 0,947 - 0.970***
11 Sept. 0.461 0.724 0.965*** 0.953*** —-—

*,x ¢, ++x : Sionificant at 5, 1, and 0.19%, respectively.
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Table 4 —13. Mean squares for several characteristics associated with lodging in

planting density x nitrogen rate experiment and sowing-date experiment.

Mean squares

Source d.f. Days to Ear-born Stalk Ear Gravity Total fresh
silking  node length height height weight”
===== Planting density x nitrogen rate experiment in 1984 =====
Block 1 0.66 0.02 8.7 8.9 4.3 2084. 4
Density (D) 2 1.85 0.74* 1376.9*** 615.1°"° 321.6"°" 869018.8"**
Nitrogen (N) 2 0.90 0.08 113.4 23.7 18.0 39117
Genotype (G) 2 294.90""* 32.73"*" 28441.6*** 18646.8""" 6559.1""" 2343030.5°
Dx N 4 0.13 0.02 12.6 7.5 1.3 5777.0
DxG 4 1.88 0.23°* 98.6 111.0** 23.6* 21092.0*
Nx G 4 0.51 0.05 23.5 13.1 1.8 2028.0
DxN=xG 8 0.69 0.05 43.8 23.2 7.2 2218.7
Error 26 0.89 0.04 60. 2 18.8 6.9 5406. 3
===== Sowing-date experiment in 1986 =====
Block 1 0. 56 0. 06 0.3 1.0 0.3 552.2
Sowing (8) 3 599.56"** 2.72*** 486.67"" 101. 5" 46.1°" 80724.2°"
Genotype (G) 1 14.06°**  0.42° 5562.27°" 144.0*" 5.4 15500. 2
Sx G 3 0.73 0.20 68.9" 35.8 17.0 8506. 9
Error 7 0.28 0.07 . 11.1 9.6 4.3 7539. 6
Mean squares
Source d.f.  Moment Root-pull. Stalk-penet. Yieldarea Root
resistance resistance Dry matter” Grain lodging
===== Planting density x nitrogen rate experiment in 1984 =====
Block 1 67.5 27.0 0. 004 64.9 24.4 0.3
Density (D) 2 5692.5°°"  3058.5°°" 14.397°°* 4307. 77" 1174.8*° 318.7"*
Nitrogen (N) 2 104. 4 927.1*** 0. 484 217.7 32.8 7.8
Genotype (G) 2 50259.7*** 9416, 7**" 31. 799"~ 32387.1°" 16679. 4% 411,1°*°
DxN 4 55.8 91.5 0. 060 331.1 96.0 35.0
DxG 4 327.1* 370. 7" 0.503"* 171.8 224.0° 817.6
NxG 4 39.5 41.0 0. 296 47.1 29.7 57.6
DxN=xG 8 18.2 73.6 0. 254 279.5 72.2 17.8
Error 26 71.4 43.3 0. 180 214.9 8.7 49.7
===== Sowing-date experiment in 1986 =====

Block 1 1.2 105.5 0.242 32.3 -—= -—=
Sowing (S) 3 933. 4" 664.0" 0. 647 2781.4" - -
Genotype (G) 1 106.4 5073.0""" 14.649°°" 1155.5 - -=
Sx G 3 145.2 105. 2 0. 161 199.5 -= -
Error 7 104.2 69.0 0. 226 400. 5 -= -=

1) Total fresh weight per plant at 20 days after silking.
2) Total dry matter yield was measured at maturity in 1984 and at 20 days after silking

in 1986.

*, * %, *x* : Significant at 5, 1, and 0.1%, respectively.
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Table 4 —14. Effects of planting density, nitrogen rate and sowing date
on growth and yield".

Treat- Days Number Ear- Stalk® Fresh*’ Yield(1000kg ha) Root™

Genotype ments? to of born diameter weight Dry® Grain® lodging
silk, leaves node (mm) (g /plant) matter (%)
===== Planting density (1984) =====

pP3382 D1 73 19.4 13.9 25.4 1618 18.5 12.3 0.0

D2 73 19.3 13.9 24.1 1292 19.5 12.6 5.7
D3 73 19.1 13.6 22.2 1085 22.1 14.1 10. 8
Takanewase DI T 19.3 14.3 28.2 1539 18.1 9.5 3.6
D2 73 19.4 14.4 26.1 1239 19.0 11.6 13.7
D3 72 18.8 13.6 22.7 1076 20.4 12.7 17.8
H84 D1 79 18.9 11.6 19.8 844 10. 4 5.7 2.2
D2 79 18.8 11.7 18.3 680 12.8 6.3 2.4
D3 80 18.6 11.6 16. 8 529 13.8 6.4 2.2
===== Nitrogen rate (1984) =====
P3382 N1 73 19.2 13.8 24.2 1334 19.9 13.0 6.7
N2 73 19.2 13.8 23:6 1332 20.2 13.1 4,1
N3 73 19.3 13.9 23.9 1328 20.1 12.9 5.8
Takanewase N1 71 19.3 14.2 25.2 1268 18.6 11.1 9.3

N2 72 19.0 13.9 25.1 1266 19.4 1L.6 15.3

N3 72 19.4 14.2 26.7 1320 19.6  11.2 10.4

H84 N1 79 187 11.6 18.3 687 11.9 5.8 5.5
N2 8 188 11.7 17.9 664 12.1 6.1 0.0

N3 79 18.9 11.7 18.7 702 12.9 6.5 1.3

===== Sowing date (1986) =====

P3382 51 89 19.9 14.3 26.1 1088 18.7 - -—
82 74 19.8 13.9 25.8 1328 2.6 —— -

S3 67 18.6 13.0 23.5 1064 16.7 - -

S4 63 18.6 13.0 24.9 1084 16.0 - -—

Takanewase Sl 88 202 14.7 27.0 1248 21.3 - -—
- 82 3 19.9 14.8 25.7 1418 22.8 -— -—

S3 65 19.1 13.5 26.1 1124 19.7 - -—

34 60 18.2 13.0 25.1 1023 15.9 - - =

1) Since there was no significant interaction between planting density and nitrogen rate
in all characteristics, means for planting density treatments and nitrogen rate treat-
ments were averaged over nitrogen rates and planting densities, respectively.

2 For explanation of treatments, refer to Table 4-12.

3) Larger stalk-diameter at the center of 5th internode below ear-born node.

9 Total fresh weight at 20 days after silking.

5 Total dry matter was measured at maturity in 1984 and at 20 days after silking
in 1986.

6) Grain yield is adjusted to 156% water content.

7 Root lodging was counted on 23 of August in 1984, No lodging occurred in 1986.
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per volume. For explanation of treatments, refer to
Table 4-12,

— 60—



HETREP -7z B4 —15KD,

PEo&Sic, NOFREBHSH TR -1, HERFCL3H8REEEEOELEE S
WERERGZ(LL, Fi2 RECTRBEZESEVIZEERENRED -2 (B4 —13, 14%),
BRREMOFILEIER N EORICZ r =—0.471", BOBAER AL OMIcIZ T =-0.69
3 OFEBHOMHBMGRIED Sh i,

3. & &

(1) BB LUEREBERE OFHIERMEFICLZEIE

BEERFDS b, FTTREFEENEHRRICDVLVTZOHEERIT 3,
—fRICHEPAOEERIINGHR EBEBE I L 02T 305, 2oB{LoH Iz B8ETFR
KEDRELZD, RICHEVEORE Ik EEINDS, £, NHEHAROZELBEEE O
REOBICEIREERBED Sh, BHICK 5 13ENEHOZRSEY (Nunez and Kamprath
1969, &H1973),
AFBRCBOWTHIMAORZSIORRIF2HHESA v T vy FIRHEHRA L2 &2 5,
HE, NEBIUBRELERMEEEORESFCEVT, BTEHB L URBEEEOMER,
125 IS TR & BEFHOREEHAOREMNED St

LirL, NERBROFBERROFIKEERAICEVWTOAEDSh, ZhADEETIEN
MRBROHREI» D T NEHREBETE, RETE L ORAEHOMNE L EBD LN
T, NOMRIFASH TR o1 (4 —13K). COERBHSHATR VY, EENEHER
D¥AONIX TLEINES L UFENESNL NS EFERICEL ST, NBKELED, -
el Eds (B4 -143), NIK
KBOTONARDBEL P> 9ggl
LEZSNB, LT, NO o3, 612067.31
FRIZS>VWTREVIEVEHDON
AR S WTHRN T 5.6 hs
HBTHAS,

o5k EERIEME—, NiE
HEOSREBZEDONLEATH
BH, TOIEhOHITTRIZME
W O BIEREDOLELZF T
WEHERIE N B,

150

100}

Root-pulling resistance (kgf)

50 ®:P3382
ES f:%lﬂi%f&ﬁﬂbeiﬁﬁﬁl:; ) o:ﬁ:ljanewase
(-4
DRELB -7 EA-14KD <
s, SFTHESATVWES 0 , , ' L
BRic & 2 EIRoEmI, Mo 0 500 1000 1500 2000
ﬁﬁ&ﬁié%}yb@%m& Total fresh weight (g/plant)

EREOE T IcENT 2 b0TH- ﬁg%—w: |
Relationship between total fresh weight and root-

T, MTRoHLck s boTR pulling resistance under different field conditions,
1, HTFBREBEICE >z L ** : Significant at 1%,



AbE N TV B EEEHEDSS A Z W,

—7, BHEEEOYR AR MHTLIA
OETEE (0.1%K#) TH-7: (5B
4 -13%K), FHRMEFERILDOEET
BETFEERHEREZRL, REEEOR
mic & 2051k & B, BEAEBLA
DETIE, 17Ty FEdFRREDH
BREL, FRFEOHTOEMAEOKE L
bOEREEL»- (FE4—14, 15K,

RV RO FEA AT L RO 5 Ik 2 KB
F1E DI IZAEERIEDHEENSED S iz
(B4 —16KD, TOT ENS, HEFED
BN PE - TEREEBHAIMET T2 8
4 —14K) D3, HEHEEOHEMIc>NT
A4 04 BFEH EE, HTFHE bic
BWOL, BRERBNESLKBIEHEEION
3 (CB4—-1TRD, &5ic, HETEHE
e 3 EBENORRESE(L, BICRR
KLY %= B84 5 5 FRIEDH N EA3 D B3
_ LT, BMOFHBETTELEELLNS
Elfgfeci ;flglanting density on root development CHIETIE) %, EOTLL5I0esRal

’ " DETEPBRELTVWA EHEIN B,

BRoBABINNEBOKEY YR L OMICIIRIE L FAK, ARLZECHBESED L
(r=0.615"""), BHEFBEOWEMILES FRELVEMEOETOERL L TEABINMBET
TEIEBESHIIE -7 (B4 —15K]), Williams et al. (1968), HH (1973) »S#kiEEHE
DEL 2B EBRTORKIIEERBETTEEREL TR LN D, BEAEBHADOKT
REHEIC L BN Y OEEERORDICERT 2 LEZ 5N 5,

2 FICHREHOMBIL > VTRET 5,

BEHOSEIREABINEZRELE (B4 -13%) c@vonich, BRVBFEELE
ototzd, BEREEIREOBBREPEOHTED o1, 727251, BHkFEH 324 KETEL
ZIEEBRSELERL, BEHACSEVEE/NS > TV (B4 —14K). Musick et al.
(1965), Genter and Jones (1970), =& (1985) I3¥mEXick 3 AURIAIR, friBOR4E
DEMERELTBY, ARRICBV TS, BRI IBOEE LM LRBEERBOR/DIC
SR EIEHIIDETBED SN, TNH5DT EDS, BIBEILERLYLPTVWEELI SN
%o
(2) MEREREDODRERE

M EHREREDBEKERKICH 72 » T, hoBEEEMERE LEK NECTHERNLRES
& THRLBLRENIC, LrbBETHEOENHL,ICEE LS BRERESE I HEE
HAOBZEBHKETH S, L, BROFEIBREEOYEOAICEIZEDTHY, it

Takanewase P3382

H84

10cm

37,000 55,000 74,000 (plants/ha)



140 r 200
r=0.99]1%%* r=0.792%%%
N ¥=0.59X+40.50 ¥=13.87X+19.00
- 120 3/ £ 1eol .t
3 3 8 . /
§ I g
o s . ° %
Z o} 3 o ofoToo
[3 ~
H = 100 0% ° °
5 = Z ° :A( < o
w pe ° A °
Q -
- 80t g. /
£ S 4
= P ®:p3382 2 50F
2 o o:Takanewase g e:P3382
J <&:H84 gff}';)‘:anewase
60} . ) :
0--L|I_|; N 1 : N 1 by 1 1 0 | 1 1 1 2 1 1
0 60 80 100 120 140 ﬁ_*' 3 4 5 6 1 8 9
Ear height (cm) Stalk-penetrating resistance (kgf)
Fig. 4 —18. Fig. 4 —19.
Relationship between ear height and Relationship between stalk-penetrating
height of gravity center under different resistance and root-pulling resistance
field conditions. under different field conditions.
=+ +:Significant at 0.19%. * + +:Significant at 0.19%.

WHEFEREOBREREO X D KABWICRESEZ L E3RETH 5, Licdi-T, EIRM
R LT OS2 RET 3 L NEETH Y, ARBOEED SHNd 2 &, TEIR
HREDOILEMN & LCEM, BRREEIENEEZ LN D, N

COEHE, WiRREToBREIREERIC L ATHEREOKREIR, BREDLDDEDIHH
EPBEELRBVDT, FRE A7 Ly FREOBEIERE, d30VRIHRSEABEENS
(1> HERPOREEARICRET 2BACENTE S5, UL, BRRICX3RY, ¥
WEELIEREBZCLBE LY,

Z T, HHE»HDH, UHREEN, BABRVAZEL T, L EERMICREREZ
METAIEVEETH S, LoL, 20, AEREM BBRERUTTITOINETH S,
EHE, BIBRETCEACRER, i, BERIZGT coMEREICENS Y, ZTodidsh
FLLEARVDSTH B, ,

Zz LTEARRI L5k 2B 2 EZBoMEREOREICER T 21t o> T, BT
B O(EELLTHIIEOKREE) ERMFEEORAEMAMSED SNz E (H4—138), 7,
SEOBREYER T RIBREY L BEFROREMERALSZD SNtk - 288, RO Rt
KKENEROS ZEAICEIKAEFEABTHEINDE I b, REREE R & MYkDK
EXICADEAL, BLAREEE, BENZRETINEITH S, AAEH8ICEALTE
A, HPMEDNSHBA Y7Ly FTRESESVREBESKETSH D, FIEENIEZ6 A
DBET20MEYEEL SN,

1, 2HE, AIISORNIREEELBEL T, BOBALNHEMOBKEEHNED
M, BLUOBEHRESEEOEEOMICEVECHBMESED Shi (418, 19K) <&
h o, BEABHAREBER T TR, BREBEE R LW T HIEREN CHESREL LTl
RAkETH D, $AEMEEREOTORECREL CTHATE5EEA N5,



FHE ROSKSEMHOERE L VERKER

FBIETHY LiFfc X H i, mEREcEET2IEELE LT, MfEoRE s LELE, B
W, R omsHENBTOND, ITNOEMREEIE L, AREH3, 4HThENES
i, MYIEOAEEREFERCHEFKE LTV, Lirl, HEOEOAENFEBEREERICE->T
EHETAEEFAMOFETHY, COEHEELHREEEE OYUARENTELEEZLN
%, ZI T, AEITRERBOFIREFENOHBRET EFERICL BRI >VWTRET 5,

B, ABBRE, rvEoarvoEREEEOMILIKET 25BRE LT, BWKEREE
BRI RS (R v, dbEETHBEE, BkEtEERE, BFRDE
B, EREEASEIIEO Ny o a v HEENEESREETIT » RO TdH 5,

1. MEBLUHE

B4 —15RONTRES, 1979 L 1980E I RHRDEEEARE GERM) & BRI
FeE (REBEHET) B0 T, £NZEEEDS, 6004, ha (90X 20cn) &62,5004%, ha
(80X20cm) T5 AP TFHICIEREL, BITHE L, HBREBES1~3, 16RAKRERHE, 17~19
BA YT Ly K, 4~9, 0~2EhESERERFRE 9~15, B~ KEERFRHT
H5,

TN ORRHOEAHE008%I, BE, HHHSE, BOE BOTHKEERNZE 1K
10, 2RIETHEL

B, EEL2EmMicBuTd, BEMORTHRIC L 5L, FERGHAESIThOhT,

2. BEBIUEE

1979, 80E&E bHERICBVTHHBERK BV THERICHS HLUREHZESED Shichs, 1
RTHEFE X ) 2RETHRE SHEEIREL, HIBIEORRERBERHETEHE TH3mbE
, HARIEY, BLEG ED o1, ROFREEINS, £EHFCEEHOABLBKIZK
EWARZERLE: (B4 -15%K), £7, 2HEMILEICHEA L 6 R > W TERBZH %
HizElH, BRIERTRIMIEL VIBIFEDANKED - 1288, g ciddizhEh o1,
UHL, SRS E H1980FEOHTHF L KED -1 (B4 —155),

IO XS iR, FRICIDEFLIKRESEN IR RIARSREH L ONI, Licdi-T,
Sk 2B O REMEIREFNE b TR, B—&E, FRICHA L - REM OB S
HWEERTODTH 20 €T T, B, FREE L THANSHIEHRSEEND &5 » 2R
L7,

EhEFEoEREMHEEA L E 5, 2HELILEFETHELREVIEOHEMESED S,
WHREFEIC BT 2 AANAL I 3ILESH 2 L Ebhic (B4 —-16K), LiL, 19794
22 R/EE (REREFES S5, 10), 1980 4R (20, 22~24) T, EEMLZicbhdb D
T, RRICBF B5KEENABKRE P>, TIN5 6 DS BRERFFI0ZHRL 5 R
VTh b RFEPEEATERS N, FBBEAED 7Y v FRESELNTHVS T & A5
Hahz, AHAED 7 Y v MEERFEEBRKIGESFG Vo3t L, KEEF Y FRHKizH
ERIGHEASHOZ EMBHSNTE Y (PR19TD, KX IERAORBIC T 3 KIG & RHD



Table 4 —15. Plant size, height of gravity center and root-pulling resistance
at Shiojiri and Tsukuba in 1979 and 1980,

Location Shiojiri Tsukuba

Stalk Ear Gravity Root-pull. Stalk Ear . Gravity Root-pull

Entries length height center resistance length height center resistance

(cm) (cm) (cm) (kg) (ecm) (em) (em) (kgf)

===== 1979 =====
1 Kichigosei No.88 181 59 67 153 60 70 57
2 Kichigosei No.90 167 65 44 142 63 69 43
3 Kichigosei No.1569 219 106 80 202 104 94 54
4 Chokoh No. B411 257 132 84 220 103 102 77
5 Chokoh No. B494 253 130 85 231 112 105 98
6 Chokoh No. B498 270 150 9 237 127 112 80
7 Chokoh No. B526 212 84 49 187 83 87 48
8 Takanewase 235 125 62 212 108 98 52
9 Ohb45 x Oh43 193 63 65 151 51 67 65
10 Oh545 x Oh45 174 49 63 131 45 59 72
11 G4810A 240 132 92 229 132 112 88
12 G4949A 270 160 78 253 153 121 77
13 XL390 230 131 71 218 128 108 64
14 P3360 257 125 83 224 117 106 73
15 P3715 231 105 98 197 95 92 64
===== 980 =====

16 Kichigosei No.88 188 63 73 128 141 60 71 98
17 Oh545 161 47 60 105 117 42 58 73
18 W128B 165 64 66 85 120 53 60 34
19 J639 233 105 93 92 189 99 90 79
20 Chokoh No. B411 267 127 113 108 217 112 106 114
21 Chokoh No. B490 279 168 130 108 233 153 129 102
22 Chokoh No. B491 279 150 121 119 212 120 110 123
23 Chokoh No. B494 264 124 110 110 216 105 103 119
24 Chokoh No. B498 289 148 123 115 235 135 117 124
25 G4810A 275 142 118 141 205 122 109 136
26 XL311 212 84 90 121 169 78 79 66
27 3B 263 126 111 166 194 112 101 122
28 P3382 270 115 102 175 204 105 95 138
29 P3715 237 107 95 140 181 89 89 115
Mean 1979 226 108 - 74 199 99 94 68
1980 241 112 100 122 188 99 94 103

Total 233 110 100 98 194 99 94 85



Table 4 —16. Correlation coefficients of root-pulling resistance and associated
characteristics between Shiojiri and Tsukuba, and between 1979 and 1980.

Correlation between® Stalk length Ear height Ht. gravity Root-pull. resist.
Shiojiri and Tsukuba 0.910%* 0.975*** 0.997**" 0.818***
1979 and 1980 0.941*** 0.972*** 0.976*** 0. 520

D Including two years and two locations, respectively.
+++ : Significant at 0.19%.
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Table 5 ~ 1. Materials analysed for root characteristics.

Silk- Total No. of rooting
No. Entries Derivation ing shoot shoot units

. date units Mean Range
1 P3382 hybrid 5 Aug. 19.9b® 8.0b (0.8)V 9-17
2 PT8l hybrid(3x4) 30 July  19.5b 7.4ab (0.4 817
3 Hs4 inbred 10 Aug. 18.9ab 7.0a (0.1 8—6
4 Ae64 inbred 4 Aug. 18.5a 7.9b (0.D) 8—17
5  Takanewase  hybrid(6x7) 2 Aug. 19.6b 7.8b (0.4) 97
6 Kichigosei 81  synthetic 12 Aug. 2L.7c 9.1c 0.9 10—8
7 Kichigosei 84  synthetic 3 Aug. 17.9a  7.6ab (0.3) 8—17

1 Figure in parenthesis is number of shoot unit with brace roots.
2) Figures followed with same letter are not significantly different(P=0. 05).

HWORR B W TIRERECEERREE R L TVWE EEL SN XHBOER L 0E
HicoWT, KERRHEEESED Sk N — VEERTEHE LRV THEIT T 2,

F2E —RIBRROFEEPEIRRT

Py oo vORRDBMERAE TR L D ICHERER], Bk RT3, HikD
WL, e oROMBFYRE L, B BEBIUCHEFRRERR2MEE LTORN,
WEAFHLOBREE L TRELTWADT, HRVEECHBEZED IR A SEHLH,
WKL TBL T ENNETH B,

AETIHIBEY ORI AEANCERHL TV EZZ 5N 3 —KBOATEEZ> VT, £
MR & BRI K BEE AT T B,

1. BB LUFGE

HEICHO BRI TNTE 4 HoEFRINIERS L CBERENEBR cslik B0
HEDI-DIE RV IO T, TRIKELRBRICEBEZAE L1z, B8, 198U4EQLEER
HBRBIc>VWTRE4E, $48b5 8 A0H IR L R EM#AL 72,

T, RO AED S EFEAK 1 X 6 A% :ET, Pinthus (1967) OFBEICEL T, 1B
FOEARE L UOR/DEAEZHEL, 6 fikdg 4 @iFic>0T, HBEEAEIICERL» 5—K
WEYIoEY, BAREROA—RIREZETHL 7 .

SEI, HHERULEOBIC VWTEHRY Y OA, H20E>2W, B, S lmicBid 3
HEE2IZo0F ¢ Y N—2HOTHELL, S5, BEH»S5mEU Y, KEHE
(Musick et al. 1965, Nass and Zuber 1971) Tk D {&FE %Rk, 90°C TA8H:H AR
IR L CRHEERIE L 7

IRROFCEHITIIER (shoot unit JIIH51963) O %EH W, T OEERERDHNMEID
SFRIC X AHENERIEn + 1 ERPBCHEY T3 QL - 51111982),
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HEERAE DO HRESREITIIHBAD T, 02 SHEBRBLIS D9, 1% THRA2. 1EHK O RHRHEL T

Table 5 — 2. Mean squares for root characteristics (1984).

Mean  squares

Source d.f. No.rooting No. of roots Cross-sect. Mean dry Spread.
shoot units Total Brace area/plant wt/vol.? angle?
Genotype 6 0.884** 186.3** 72.6* 33045.6*** 4543.2*" 49,4~
Hybrids(H) 2 0.198 78.1 43.2 23071.4* 982.8 4.7
Parents(P) 3 1.591**  312.4** 114.1 22773.0*** 8340.6*" 79.2**
HvsP 1 0.134 24.4 6.9 83811.9*** 272.2 53.0*
Error 7 0. 107 16.8 16.6 1184.6 422.1 7.5

1 Mean root dry weight per fresh unit volume, weighted with percent of cross-
sectional area of each shoot unit to total cross-sectional area.

2 Maximum root-spreading angle.

«.++,x+ : Significant at 5, 1, and 0.19%, respectively.

Table 5 —3. Number of primary roots on each shoot unit in three hybrids and four
parental lines (1984).

Entry Shoot unit order
No.V” 1 2 3 4 5 6 7 8 9 10 1~6 7~10 Total
1 3.8¢” 3.1a 3.1a 3.3 4.9 88 13.1b 1l.5ab 4.6a 0.0 269 29.2b 56.1b
(7.9 .6 (12.5) (12.5)
2 2.32 3.0a 3.6bc 3.8 4.4 86 13.0b 50ab 0.0a 0.0 256 18.0a 43.6a
G.» G.o GO
3 2.5ab 3.8b 4.1d 4.5 6.1 10.0 8.6a 3.4a 0.0a 0.0 31.0 12.0a 43.0a
(1.9 Ly a9
4 3.5bc 3.1a 3.6bc 3.5 3.5 8.0 15.6c 12.9b 0.0a 0.0 25.3 28.5b 53.8b
.9 049 0
5 3.9¢c 3.6b 3.4ab 3.8 4.9 80 12.4b 9.0ab 0.9a 0,0 27.5 22.3ab 49.8ab "
Gn  0» “@€o «o
6 4.1c 4.1c 3.8 4.0 49 7.3 9.0a 11.8ab 15.9b 4.9 28.0 41.6c 69.6¢
12.00 (4.9 (16.9) (16.9
7 3.5bc 3.0a 3.32 3.5 4.4 7.0 11.5b 8.8ab 0.0a 0.0 24.6 20.3ab 44.9a
3.9 G G
Ftest? * #%x %% ng ns ns ** * * ns  ns * ok ko

1) For entry numbers, refer to Table 5-1.

2 Figure in parenthesis is number of brace roots.

3 Figures followed with same letter are not significantly different(P=0. 05).

4 x, % %, * % x,ng: Significant at 5, 1, 0.1%, and not significant, respectively.



ot GBS —1FK), HRERKELERKE ORICIEEZIEOHEMESZED Sh (1 =0,
785*), REHHMEVIEELHHRERKSE, o1z THEFRLHEKHTTH B E, &F
FR, EEENE SBREETRESED Shid, FRERS &L UFRKEE HRKRM T’
FEBZZEDONE - (FES—1%K, E5-2%),

BEHRNO—IRIBEEES — 3RICRT, 2R e b—RIBHIIFE 1 BRI SFHEAROLES
BT TRETOZEFHEZEOENS S BIEF—EDEVEEZR LY, Fhll boBEZcEHI
L, SapMHREREO L FLE 22 TOERTHERSENRY, HEARKOKMIIHETER
TREES 1, TOEEBRERICX 2 —RIBHOZELIZILE - 1l (1982) ofERE3E—
L,

FHEMTHETE L, F1HoEIERT TRERELVREMZESED SNLNZFDER/NS
, FREADPOEOERE TRAEEMNED ONED -, KERTHEL -MAKOHMT
RE/NOHIBEFHN 6 TH-720T, H1HhroHERETO—KIBRO/TEA2E, B
BERREMZERED ONT, 2%, HiEEE U CREROHBHGERE TV b0 L
llashz, FTERLETE, HOoLEREMZSEL, ZoEE L T2—RIBEIZOIES

Table 5 —4. Mean squares for several root characteristics(1984, 1986).

Mean squares
Source d.f. No.rooting No. of roots Cross sect. Mean dry  Spread.
shoot units Total  Brace  area/plant wt/vol. > angle?

===== Planting density x nitrogen rate experiment (1984) =====

Block 1 0.001 0.9 1.6 576.2 329.5 0.2
Density (D) 2 2.293***  601.0°"" 346.4*** 235820.9*** 1541.5 242,2%"
Nitrogen (N) 2 0.227* 1.7 1.2 16397. 4 89.9 23.7
Genotype (G) 2 4,175%** 1760.6*** 773.5°** 806597.5°7 105926.0*** 174.9***
Dx N 4 0. 229" 8.2 6.5 16957.9 165.1 3.1
DxG 4 0.375** 56.4** 70.7*** 48443.5*" 294.7 11.9
NxG 4 0.043 21.0 29.0°° 4797.1 288.8 9.4
DxNxG 8 0. 086 2.7 9.2 6315, 1 1773.8 3.9
Error 26 0. 066 12.4 5.1 9051. 2 954.6 13.9
===== Sowing date experiment (1986) =====
Block 0.141 0.2 0.1 7207. 4 189.8 0. 06

1
Sowing (8) 3  2.510*** 176.6*"" 40.1 48725. 1+ 21376.2*** 22.01°"
Genotype (G) 1 0.016 139.5°** 351.6"° 4542. 2 6964.7** 0.76
SxG 3 0.068 3.2 22.1 954. 4 680. 3 0.97
Error 7 0.081 2.5 14.0 1389. 6 427.9 - L.67

1) Mean root dry weight per fresh unit volume, weighted with percent of cross-sectional
area of each shoot unit to total cross-sectional area.

2 Maximum root-spreading angle.

#, %+, +*+ : Significnat at 5, 1,and 0.1%, respectively.
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Table 5 — 5. Effects of planting density, nitrogen rate and sowing date
on number of rooting shoot units and root-spreading angle.

Genotype Treat- No. shoot units Root-spread. angle(degree)
ments? Total Rooting Max. Min,  Max. /Min,
===== Planting density (1984)? =====

P3382 D1 19.4 8.8 50.6 45,2 1.12
D2 19.3 8.0 48.9 40.5 1.21
_ - D3 19.1 7.5 42.5 35.3 1.21
Takanewase D1 19.3 8.1 51.8 42.2 1.23
D2 19.4 7.9 48.6 44,2 1.10
D3 18.8 7.6 43.6 40. 4 1.09
H84 D1 18.9 7.4 55.4 48.2 1.16
D2 18.8 7.1 52.6 44.5 1.18
D3 18.6 7.0 511 42.0 1.18

===== Nitrogen rate (1984)» =====
P3382 N1 19.2 8.3 47.1 39.2 1.21
N2 19.2 8.0 47.9 40.1 1.20
N3 19.3 8.0 46.9 41.6 1.13
Takanewase N1 19.3 8.0 48.2 41.2 1.17
N2 19.0 7.8 48.5 42.3 1.14
N3 19.4 7.8 47.9 43.2 1.11
H84 N1 18.7 7.2 52.8 41,7 1.26
N2 18.8 7.1 55.4 47.2 1.18
N3 18.9 7.2 51.6 48,6 1.07

===== Sowing date (1986) =====

P3382 S1 19.9 9.1 51.2 44.5 1.15
S2 19.8 8.4 53.3 46.7 1. 14
S3 18.6 7.6 55. 7 47.3 1.18
54 18.6 7.0 55.4 48.6 1.14
Takanewase S1 20.2 8.8 oL 7 47.2 1.10
S2 19.9 8.3 52.6 45,4 1.17
S3 19.1 7.6 57.4 49,8 1.15
54 18.2 7.3 85,7 47.5 1.18

D For explanation of treatments, refer to Table 4-12.
2) Means for planting-density treatments and nitrogen-rate treatments were averaged
over nitrogen rates and planting densities, respectively.



PR SRR T T 2 &, FOBRBRDEWHORRHISEL, —RKBIc~F o v

RFED NI o T,

DEIW, MEEEMICL ZERY, —KBEROEES 5 L, 2ERME MRERISRES

Table 5 — 6. Effects of planting density, nitrogen rate and sowing date
on number of primary roots on each shoot units,

Genotype  Treat- Shoot unit order
ments” 1~3 4 5 6 7 8 9 Total
===== Planting density (198D)» =====
P3382 D1 9.8 3.6 5.5 10.0 14.0 17.6(14.8)” 7.9( 7.9) 68.4(22.7)
D2 10.2 3.6 6.0 10.5 14.0 11.209.9 1.3(13) 56.9(11.2)
D3 10.6 3.7 6.3 10.3 14.0( 1.2 6.4(6.4 0 51.3( 7.6)
Takanewase DI 10.3 3.9 5.0 85 13.0C L2 11.7(9.2> 2.0(2.0) 54.3(12.4)
D2 10.2 3.6 50 85 13.6 1,2C 5.7 1.3( 1.3 53.3(7.0
D3 10.2 3.9 52 90 12.8(0.7" 40034 © 45.2( 4.1
H84 D1 9.2 41 54 93 120005 3.7(L5 0 43.6( 2.00
D2 7.7 40 55 9.1 1.4(0.03) 10 0 38.7( 0.03)
D3 7.4 4.0 5.0 7.9 10.9 0.1¢(0.1D o0 35.4( 0.1D
===== Nitrogen rate (198)? =====
P3382 N1 10.3 3.4 5.6 10.0 13.8 14.002.7)  3.9( 3.9 61.0(16.6)
N2 9.9 3.8 6.2 10.3 141( 1.2 10.3(82 34(3.4 5810128
N3 1.4 3.7 6.0 10.5 14.1 11.0010.2) 1.9( 1.9 57.5(12.1)
Takanewase N1 10.0 3.7 49 83 12.5 88(34) 21(21) 50.2(55
N2 9.8 40 5.2 84 130(0.7 86(7.3) L2012 50.1(9.1
N3 10.8 3.8 5.1 93 14.0(1L2 9.6(75 0 52.5( 8.1
H84 N1 7.6 3.9 4.6 8.4 11.8 1.2C0.6) 0 37.6( 0.6)
N2 8.5 43 55 89 116 1309 © 40.0C 0.9
N3 8.2 40 57 9.0 10.9 2.3 0 40.0
===== Sowing date (1986) =====
P3382 S1 10.6 2.8 4.6 7.4 11.4 14.8( 4.4) 14.1(14.1) 66.5(19.4)
52 11.0 3.1 563 9.0 13.0 16.00 8.4) 4.9 4.9 62.3(13.3)
S3 11.3 3.8 7.8 11.3 14.3 6.9(6.9 0 55.1( 6.9
S4 10.5 3.8 7.8 13.0 16.0(16.0) 0 0 51. 0(16.0)
Takanewase Sl 12.1 3.9 43 6.1 9.4 13.6( 1.9 12.004.0) 61.4(59
82 12.0 2.8 45 6.3 10.0 14.3C2.1) 4.0 53.8( 2.1)
S3 1.9 3.4 61 9.6 12.0 7.6(4.3 0 49.6( 4.3)
sS4 11.3 3.5 4.9 88 14.3(19 3939 O 46.5( 5.8)

1) For explanation of tratments, refer to Table 4-12.

2 Means for planting-density treatments and nitrogen-rate treatments were averaged over

nitrogen rates and planting densities, respectively.

3) Figure in parenthesis is number of brace roots.
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Table 5 — 7. Root-spreading angle in three hybrids and < OYE¥T/KES G~ DIRIE

four parental lines (1984). b ORI AT b 1o B T
Entries Spreading angle (degree) HBTEHBBMEINTED,

Maximum Minimum Mazx. /Min. FYEOIRBVWTHED

1 P3382. 51.6b" 43. b 1.19a = & pKoehler et al. (1925),

2 PT81 49.3b 42. 0b 1.18a Hall (1934) ic kL visfish

3 H84 _ 52.7b 43.0b 1. 25ab TW3 (E1976), Jenison

4 A664 42.1a 31.0a 1. 36¢ et al. (1981) &[EIMELEER

5  Takanewase 52.2b 43.8b 1. 15a {4 TWBH, Ortman

6 Kichigosei 81 52.3b 44.3b 1.18a et al. (1968) WiEEM oM
7 Kichigosei 84 41. 3a 31.9a 1. 32be BEAZED I - Fog

1 Figures followed with same letter are not significantly 2 &I, BEEGoOREE
different (P=0. 05). B 5 &, BEAEICEE
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Fig. 5—1.

Changes of root diameter, root cross-sectional area
and root dry weight per volume through shoot unit
order in three hybrids(A) and their parental lines(B,
C). For entry numbers, refer to Table 5-1.
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Effect of planting density onroot diameter,
root cross-sectional area and root dry

weight per volume.
®:37, 000 W:55,600 A:74,000 plants/ha

(R*=0.627)

Root diameter (mm)

L'

Root cross-gsectional area (mmz)

Takanewase

| Millhrd

3501

HGL

(mg/cm3)

Root dry wt./vol.

%

Takanewase

Fig. 5 — 4.

-f._l_—h—-l—-l—-
5 6 71 8

Shoot unit order

Effect of nitrogen rate on root diameter,
root cross-sectional area and root dry

weight per volume.
®:60 W:120 A:240 kg ha



WITN ORIICE W T SARMELE OB > THRESED L (B5-6%) 0T, BTE
FULOBERY O MAESREREOME & bicidb Ui GBS — 3XhEY., DR,
W DR AT ORI S A b R OBV ER L (B85 -6 LR, 5

5l L
g
E
— 4}t
R
)
+
o
E
o
ha)
T 3t
EL)
Qo
Q
=
p3382 Takanewase
2} t '
oI T PRI
300 I
e P3382 Takanewase
= %0} |
a
o
s
200 r
P
5] /)
3 L
o osif &
|13
o
7
o 190} [
4]
o
=
0
113 i
9 A .
[+}
[+4
o . N N MR
soof | Takanewase
ﬂ-‘ -
5
3]
>
g 490t -
; |
[
: |
S~
J 300
k3
> L
o
/‘ i
2 I
8 200
[+
n
150t L N
Lmae 5 0 T W
5§ 6 7 8 8 10 5§ 617 8 8
Shoot unit order
Fig. 5 — 5.

Effect of sowing date on root diame-
root cross-sectional area and

ter,

root dry weight per volume.
@:14 May m:30 May 4:14 June

®:30 June

5 -4

BHEEBE & EEY 2 EEOMFRIC> VTR, 4
HA7eEHMRHM (D) itk 3B A- Y
FomMERL: (85—~ 3KTR 5, B#WYkD
W CES DT L EREYE T RREEE O

soo} | L
—_ ®:P3382
: o:Takanewase
< gool | o:H84
s
o,
o~
= \ o
E | | . L
- — \
Q
S oot N A \
—- L
[ N
5 N\
- L4 \\\R °
+ S
2 | S
¥ ag0p .
@
0 o0
a8 AN O .o
3 ¢
g °
200} id L
ﬂln. - P M
400} o
o
=
‘s
3
g
o
E
300} b °
14 o s
H s r o e .//
3 *— o ~$- o
R4 /
2 /
3 /
L
Z 200 —"
™ 7
i)
° .,___4/
+
g} \ L )
% - .
o—° T ®:P3382
o:Takanewase
100] : ] ©:HB4
oL o i Lo 4 T .

"ot 0z D3

Planting density

Fig. 5 — 6.

N2 N3

Nitrogen rate .

s L
§2 s3
Sowing date

s4

Effects of planting density, nitrogen rate and
sowing date on total root cross-sectional area
per plant and mean root dry weight per volume
weighted with root cross-sectional area on
each shoot unit, above the bth shoot unit.

For explanation of treatments, refer to Table

4-12,

— 77 —



BB oniih-7 (BE5-6KTE,

NEREOZENP3B2O—KBERICBVTED SN, NERAROEMIHE > THRERN
WAL (5 —4XEE), P3382&L 4 # 27 TRNEHEDOEMICHES XY »iBEE
WEE oMo sS ont: (B5 -6 TR o5, AELHMETIEL-72 B -4,

BREHICX2BEROE(LES L5, BRI > THRERPEARELBIERBETLL
reic, A—ERTHELEA, FTERULTIRERRIRBLOERZOALY, H6E
FUTTHRBXLOBBOABKEL B ->TV (B5 - 5MER), EXYyEREIC
WT HREIFEENSSH SN, PIB2TIRECERLUT, 4 x 7 TRETERUTOERIC
BUWTBE XX VBIBOASMERSAKE L7 (5 - 5XHB), LHL, Bri&cid bAr
BEROEROB T VIH, BEEY D ORBETERISBRICL 2 3E/hs{A-7c B5-6K
kB,

AEY L EYEICRZTREHOEMSHS LB b h, BEEIOEEY L EYE, T
UMEE SICKRIBICBIIEREL L o (BBH -5 KFE, %5 - 6KTFE),

LR oHER» S, FAIBEFIAHTEDONBHEEBBIC K 25K EEHANOET (4 -
UKD 13, HEES ORKEEORD (B -6KERE) ickb3bnEEL o5,

BB I T 2 RIERHOEE I T TR DI THE SN TE Y (ER1976), AEER
KBOLTHREFE L BRHOMRSKBAO—RIBEETRED S, BAEFLHTEE
L&k Dic, EMEOH TRE M EFIIEECBEL TRETI0T, —RBEETEDSL
TEREEE L BEHOSR L, HTFHEZ2ECEYEROMERICL 3AFTROEHEEL TV
tEZoNB, — 4, NEHROMBRHSH TR -8, M EHOEE EINRICSNOF)
BRI oNEho7- (B4—13%) &5, NEABOHRID VLW TREERI T ZHLE
5 B,

BB, REKEOVDLALIPDOLT, 1 v 7Ly FOHBINF.OP3382, #4327 2&D
WICKERERBY Vv EYELR L (B5-6XTR) o7, AEEMELTEHSN 3,

EI3EH ZHROERERFEMER

F2HICBLTIRIBEEORMHEMZE, BEEMHICL 248, BIUslikEEiiE OBk
ERET LR, AR D IRE
Yy & ARWTTEIRE (35 |3k 248500
DOREICEELTWVWS T &8
ST ot F1o, RWTHEME
3 EAERICB T AHIBRE, 7
BbobXHREICKE LB
NBTEMHIALI, Lichi-
T, MEREEEDOIG» 5T
i, XEROFERIBES5T 5
B, 50 EREEEEYS
Fig. 5—17. PIZLTBBENS B,

Variation of brace root development in Nepalese maize. |z, RO b Eoav




ORIET A MER B EAEBHPR OB E2H 5 ->TWT, XEREEFEHLLODORBEEA
EHonY, TOEBEEHREICOLWTRTARASATORY, BESTON A, - /288
HO—DBXHEBOERICOWTOREZRERISEBONLEL 12T ETHA D,
AECTRULD LS A, 5, IEROBRICR S TRERERSBIE S Nk v —VE
Py EoavERERLT, IHRHBERKORKRZE, 45 CIEEN ORI ERK
DEAL L FRHIE, 21, BRELE L oMELHAEL, KRROERICEET 2ERI
DVWTEET %,

1. ¥EBLUEE

BB IBPGR (FISMEYLR GRS MI9EIC 3 A~ VEM SINE L by ®
oo v86REE (F51988) &, Wk LTHATERRHKIARSEE A1,

19864F 5 A 15 H iz (S M A B E0M R I 55 W TR/ 1 FI201HK £ 1858 L 12,
FAEFE 1355, 600K, /ha (90X 20cm) T, HE, TOMoHEERERETETIT o KB
Bt fThish -,

FR IR0 TSV, BROTRITIIHIE & ERICES (shoot unit JIIH 51963) O F
SEHVT,

FHARGHRRE M LB LTVE 60 &L, 1Bl HHE L b 0%FEkg (D
BR), BE&b 1 Bl FBIUREED S 5a0HRTHEAE S & 02 R REXEM (AB
R) & LT L, MEOAARELESRS (DRP=DBR+ABR) & L7

x50, RESHEOS L, MELTHPE TIEL RS LTOBEERELTVE 40
2ENEEM (EBR), RN TAEBAEEL, BOBIEE R LTOEV S OEENTER (
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Table 5 — 9. Variation of number of shoot units with brace roots and several
characteristics in Nepalese and Japanese local maize strains,

No. shoot units Stalk  Number Stalk Grain Days
Derivation with brace roots length of diameter yield to
All  Effective®  (cm) leaves (mm) (kg/a) silk.
Mean 1.4 1.0 236 19.8 17.0 54.3 92
Nepal  Max, 4.8 2.0 369 27.8 21.5 90.8 125
Min. 0 0 97 10.8 10.8 10.3 67
Mean 0.8 0.7 215 19.1 17.2 62.1 93
Japan  Max. 1.7 1.6 316 21.8 21.4 108.9 102
Min. 0.1 0.1 150 13.4 10.8 21,7 81

D No. of shoot units with effective brace roots grown into the soil.



Table 5 —10. Correlation coefficients among number of shoot units with brace roots
and several characteristics in Nepalese (upper diagonal, d.f.=84) and
Japanese (lower diagonal, d.f.=12) local maize strains.

4 5 6
Stalk Grain - Days to
diameter yield silking

1 2 3
No. shoot units Stalk No. of
with brace roots length leaves
1 - — 0.722+** 0.793**"
2 0.518 —— 0.856"*"
3 0. 589 0.679** -
4 0. 519 0.535" 0. 290
5 0. 450 0.779** 0. 509
6 0. 410 0. 298 0. 593"

0.664*"" 0.562*** 0.813***
0.849"" 0.696*** 0.736***
0.732°"" 0.729~" 0.938"*
-— 0.639"** 0.615***
0.726"" - 0.620"**
—0.176 —0. 046 -

x, =+, xxx : Significant at 5, 1, and 0.19%, respectively.
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BRI E cHE DM Table 5 —11. Mean squares for number of rooting shoot
IR I S TE O MBI AT unit(RSU) in Nepalese maize strains.

Uteo 1o, HHERMS & U Mean _ squares
SRRHUR & ORI CIE o MBI Source d.f. RSU under RSU above Total
{Zfﬁff&,’ NERE 475K the ground the ground RSU

B < s »

MR EOTENRE O Strain 5 0.945 9.9067** 13.893"**
— Error 28 0. 440 0. 865 1. 225
e bAELSEOMBIERL, «* = : Significant at 0.19%.
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Changes of number of root primordia differentiated
and their development through shoot unit order in two
Nepalese maize plants, 346-5 and 391-2. Shoot unit

order is counted upward from the ground level.
DRP:Differentiated root primordia(DBR+ABR).
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Changes of root development through
shoot unit order above the ground.
Shoot unit order is counted upward
from the ground level.
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ABR:Abortive brace roots.
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Correlative changes of number of root primordia(A), internode length(®) and stalk
diameter(M) through shoot unit order. Shoot unit order is counted upward from the
ground level.
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Table 6 — 1. Half diallel tables for root-pulling resistance, stalk-penetrating
resistance, no. of primary roots, and ear height.

1 2 3 4 5 6 7 8 F,
HB84  N28ht  A25h7 Wi{9ht H100 Ohb514 B84 AB64 mean
===== Root-pulling resistance (kgf) =====

1 90.8 134.4 112.5 109. 2 109.1 125. 1 110.0 93.6 113.4
2 125.1 143.0 159.0 114.1 143.3 1151 109.7 131.2
3 61.7 109. 8 113.1 117.2 9.0 85.3 111.0
4 113.1 111.7 114.3 119.6 92.8 116.6
5 73.7 98.9 104. 7 75.4 103.9
6 _ L 88.3 116.8  82.7 114.0
7 P=86.0 F.=110.7 80.8 83.3 106.5
8 54.3 89.0
===== Stalk-penetrating resistance (kgf) =====
1 8.48 7.58 7.14 7.73 8.67 8.97 7.58 6.96 7.80
2 6.22 5.50 7.50 7.13 7.58 7.39 7.49 7.17
3 4,16 6.94 6.93 8.63 6.87 5.93 6. 85
4 7.16 9.59 9.60 6. 02 7.18 7.19
5 7.22 8.97 7.67 5.83 7.83
6 B L 8.72 9.03 7.08 8.35
7 P=6.59 1=17.51 6. 60 6. 94 7.36
8 4,22 6.77
===== No. of primary roots =====
1 45,2 60.6 51.7 42.4 48,7 49,2 51.1 46.4 50.0
2 97.5 61.2 57.3 58.8 57.7 59.6 54.4 58.5
3 50.5 52.1 57.2 49.1 52.8 43.8 52.5
4 52.4 51.3 50.4 52.6 48.7  50.7
5 59.9 47.8 55.9 46.8 52.3
6 B o 50.9 49,7 50. 2 50.6
7 P=57.3 1 =51.8 54.7 43.8  52.2
8 » 47.4 47.7
===== Ear height (cm) =====
1 51.5 87.8 85.1 80.4 97.7 103.5 101.8  95.5 93.1
2 88.4 98.3 93.0 106.5 114.7 120.1 108.6 104.1
3 65.6 80.1 101.6 114.1 100.5 95.3 96.4
4 63.2 101.8 100.6 97.5 95.5 92.7
5 69.3 110.5 115.7 9.0 104.2
6 _ o 9. 1 126.4 112.2  111.7
7 P=73.9 F.=101.8 85.7 111.4 110.5
8 72.0 102.1




Table 6 — 2. Analysis of variance for Wr—Vr in the diallel table.

Root-pulling Stalk-penetrat- No. of primary Ear
Source resistance ing resistance roots height
M. S. P M. S. P M. S. P M. S. P
Array 1848.5 0.172  >0.25 182.2 >0.25 1221.5 >0.25
Block 836716.3 <C0.001 0. 0005 48.0 3844. 8 0.05-0. 10
Error 8694. 3 0. 099 132.3 744.7
(5,7,8)" 2,17,8 2,4,8)

D Nos. in parenthesis are interacting arrays, omitted from diallel table.
2 Degrees of freedom of array, block, and error are 7, 1 and 7 for no. of primary
roots, and 4, 1 and 4 for the others, respectively.

Table 6 — 3. Joint regression analysis for Wr and Vr in the diallel table.

Mean squares
Source Root-pulling Stalk-penetrat- No. of primary Ear
resistance ing resistance roots height
Regression 641632. 57" 7.911*** 62212, 4%*" 117486.7°""
Heterogeneity
of regression 2984, 2 0. 036 100.7 1063. 8
Residuals 6953. 7 0.176 179.5 1142, 0
G, 7,80 2,7,8) (2,4,8)

1 Nos. in parenthesis are interacting arrays, omitted from diallel table,

2 Degrees of freedom of regression, heterogeneity of regression and residuals are 1,
1 and 12 for no. of primary roots, and 1, 1 and 6 for the others, respectively.

*++ : Significant at 0.19%.
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FA4 T UAMBHOBAICHE- > TRIRD 6 >DIRSE, THHbE, 1) 2EMolRET S
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BIEFOBVWIE, §5) HoOBETFHEIFEHRATHSIE, 6) ME5T 3BT HBIRER
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SR ATEE bic, SEROTEMELRT aFENEET, BT olmshRsEn
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MRS BEESR L D RE VT EERL TV,
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Table 6 —4. Analysis of variance for the diallel table by Jones’ method(1965).

Mean squares
Source Root-pulling Stalk-penetrat- No. of primary Ear

resistance ing resistance roots height

Block 0.74 0. 634 21,02 52. 54
a 2001, 25+ 9,536 594, 80" 1117, 03***
b 857, 57* 1.072 58.17° 717,39***
b 6402, 53*** 9,1427* 375. 71" 6848, 02***

b. 337. 64 - 0.908 132, 48*** 18, 37

bs 164. 52 0. 849 16. 30 50. 49

Error 239. 96 0. 370 15, 62 48. 59

D Degrees of freedom of block, a, b, by, by bs and error are 1, 7, 28, 1, 7, 20 and
35 for no. of primary roots, and 1, 4, 10, 1, 4, 5 and 14 for the others, respectively.
#,*%,++* : Significant at 5, 1, and 0.19%, respectively.

Table 6 — 5. Statistics from the diallel taple.

Statistics Root-pull. Stalk-penetrat. No. of primary Ear
resistance resistance roots height
Vp 716. 637 3. 389 294.522 320.933
Vr 594, 595 1. 485 49, 843 326. 448
Wr 275. 574 1.373 77.986 159. 047
Vr 162. 301 0. 664 23.058 85. 270
E 239. 958 0. 370 15. 623 48, 593




ALTOV, b JARD ZHREGBMOBREL D BF LS 0BHBET 2R > TV A E;
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BVIZETEL (856 —5%), ZERS LB/ 52—y OHEEHEERD 2 (56 — 6K
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WEROKE T &Ry, BRSNS L > TRREBITENS S, BHECHEEREE
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ERRSOHEEM I, BREOHER, KI5 BUTOKETHETH»1-0T, BELE
Wtz A -5 LT, FHEWE, FURTHR BEASEEHEELL GB6 6K,
SEHERERY H. /DoRrEh, D=H, ¥45bbD-H,=00BEZLEHKTH 5,
BAEVATRD-H.#0 LAEEERST, FEEMEIR0. BTELEETH >t L
L, ftho 3IETRAEEENED SN, KR EEFHRERD -H. <0 TEEEH%E
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Table 6 — 6. Components of variation and estimates of genetic parameters.

Components and Root-pull. Stalk-penetrat. No. of primary Ear

parameters resistance resistance roots height
D 476. 68" 3.02* 278,90 272.34**"
H, 1368.83° 2.88"" 138.98* 867.53*""
H. 1249, 26* 2.54* 75. 89 864, 20°**
F 43.03 0.84 253.67*** —52.64
h? 1698.24*** 2.30%** 79. 87" 1838.40***
E 239. 96° - 0,37 15, 62 48.59*
D—-H, —892. 15° 0.14 139.91° —595.19""*

vH./D 1.70 0.98 0.71 1.78
av 0.23 0.22 0.14 0.25
Ko/ Kr 1.06 1.33 4,62 0.90
h*/H. 1. 36 0.90 1.05 2.12

(Max. P

—Min. P)?/4D 2.54 1.72 2.77 1.82
hixy 0. 33 0.56 0. 56 0.38
h’g 0.7 0.84 0.80 0.89

#,+*+,+++ : Significant at 5, 1, and 0.1%, respectively.
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Fig. 6 — 1. It

Wr,”/Vr graphs for root-pulling resistance(A), stalk-penetrating
resistance(B), number of primary roots(C), and ear height(D).
For parental name, refer to Table 6-1.
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Relationship between Wr+Vr and parental values(Pr) for root-pulling

resistance(A), stalk-penetrating resistance(B), number of primary
roots(C), and ear height(D). For parental name, refer to Table 6-1.
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Fig. 7—1. Schema of lodging phenomenon and the factors responsible for lodging.
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Fig. 7 — 2. Schematic model of breeding procedures for lodging resistance in maize.
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Fundamental Studies on the Breeding of Lodging
Resistance in Maize (Zea mays L.)

Mineo MinaM1

Maize (Zea mays L.) is the one of the most important food crops in the world
because of its high yielding ability and wide adaptability. In Japan, maize is the
most important forage crop as a material for whole crop silage.

In recent years, the improvement of lodging resistance in hybrid maize have made
considerable progress. However, the increase of planting density and fertilizer applica-
tion in cultural practice are still being continued for higher yield, which promotes
lodging, and this needs further advance in lodging resistance. It is pointed out, how-
ever, that the breeding practice for lodging resistance of maize in Japan is far behind
that in USA.

From this point of view, the present studies were conducted to get the knowledge
necessary for the breeding of lodging resistance in maize. The results. obtained are

summarized as follows ;

1. Effects of lodging on dry matter production and grain yield

(1) To make clear the effects of lodging on yield and yield components, yield data
accumulated for 22 years were divided into “lodging years” and “standing years”, then
compared between the two.

Root lodging was observed almost every year in late- and long-stalk varieties, and
the degree of lodging and the decrease of grain yield were higher in these varieties
than in early- and short-stalk varieties (Table 2-1).

The decrease of grain yield by lodging was ascribed to the decrease of number of
grains per ear. No decrease of 100 grain weight was observed (Table 2-2, Fig.2-2A).

Lodging caused no decrease of the total yield of fresh forage, but decreased fresh

ear yield and lowered the nutritive value as feed (Table 2-3).
(2) To analyze the mechanism of the decrease of total yield due to lodging, the ef-
fects of artificial damages induced by root-lodging treatment and stalk-breakage treat-
ment at different growth stages on the change of canopy architecture as well as those
of dry-matter and grain production was investigated.

Recovery of upright posture of plant after the treatments were worse in later treat-
ments than in earlier treatments, and in stalk-breakage treatment than in root-lodg-
ing treatment (Fig.2-3).

The destruction of geometrical structure of canopy caused by the treatment lowered
light-intercepting efficiency (Fig.2-5, Fig.2-8). Low CGR (Crop growth rate) and
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decreased yield of final dry matter resulted from the low NAR (Net assimilationrate)
due to the deterioration of light-intercepting characteristics (Fig. 2-11, Fig.2-12).

The decrease of grain yield due to reduced number of grains per ear was recognized
as observed in natural lodging (Table 2-5).

The change of nutrition components due to the treatment differed with not only the
method and the time of treatment but also the part of plant (Table 2-8, Fig. 2-15).

2. Varietal difference in lodging resistance and factors responsible for lodging

(1) In order to find out the factors responsible for lodging, the relationships of lodg-
ing type and lodging frequency with plant size, an indication of load for lodging,
were analyzed for hybrid varieties of Japan and USA.

Whereas no difference of plant size was observed between Japanese and USA’s varie-
ties, both root lodging and stalk breakage were significantly less in the latter (Fig.
3-1, Fig. 3-4).

This fact indicated that both stalk and root have successfully been improved for
strength in USA’s varieties.

(2) To obtain the information about the strengthening of the resistance to stalk
breakage, distributions of stalk-breakage sites on stalk and internode, and direction
of breakage were investigated.

Height of stalk-breakage site differed with varieties and was positively correlated
with ear height, but most of the breakage sites on stalk were distributed from 3rd
to 5th internodes below the ear-born node in all varieties (Fig.3-9, Fig.3-10), Distribu-
tion of the breakage sites within internode differed with varieties, and more than 80
% of breakage occurred in the direction of the short diameter (Fig.3-11, Table 3-5).

From these results, it was concluded that the stalk strength should be measured in
the direction of short diameter at a few sites on an internode of the 3rd to 5th inter-
nodes below the ear-born node.

(3) To clarify the role of gravity center in lodging, the relationship of the height of
gravity center with lodging were analyzed for several Japanese varieties and their
parents,

Later maturing varieties showed larger height of gravity center and moment and
eventually showed higher degree of lodging (Table 3-7, Fig. 3-12).

Since a highly significant correlation was observed between the heights of gravity
center and ear, the height of ear proved to be an effective indicator of the height of
gravity center.

Reduction of the height of gravity center was accompanied by the decrease of forage
yield but not by grain yield (Fig.3-13).
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3. Methods for evaluation of moment, stalk strength and root strength
(1) Stalk-penetrating resistance was discussed on its effectiveness in testing stalk
strength and on the practical method for its measurement.

Highly significant correlation was observed between stalk-penetrating resistance and
stalk-breaking resistance (Fig.4-2). Most part (9696) of stalk-breaking resistance could
be determined by both stalk-penetrating resistance and stalk-cross-sectional area.

Based on the clear difference among varieties, the stable result and the easy opera-

tion in the field, it was concluded that the measurement of stalk-penetrating resistance
should be made at the center of 4th or 5th internode helow the ear-born node and in
the direction of short diameter after removing leaf sheath (Fig.4-5).
(2) To determine the optimum growth stage for evaluating moment, stalk-penetrating
resistance and root-pulling resistance, and to know the possibility of evaluation of
these characteristics at early growth stage prior to silking, changes of these character-
istics were examined at six different growth stages with 15-day interval.

These characteristics increased as growth stage advanced, and showed the maximum
value at the stage just after silking or at the next examining date (Fig.4-8, Fig.4-10).

These characteristics exhibited apparent varietal differences from the earliest growth
stage of the experiment.

Moment and root-pulling resistance showed significant correlations with growth
stages through the whole period of experiment and therefore could be evaluated at all
the early stages before silking. For stalk-penetrating resistance, early evaluation was
possible only just before silking (Table 4-11).

(3) To find out the cultural condition being optimum for testing lodging resistance,
the characteristics responsible for lodging were examined with planting density, N
level and sowing date.

Moment, stalk-penetrating resistance and root-pulling resistance were significantly
decreased with higher planting density and later sowing. The effect of N level was
found only in the significant increase of root-pulling resistance (Fig. 4-4, Fig.4-5).

From these results, the cultural condition with high planting density and late sow-
ing was considered suitable for evaluating lodging resistance.

(4) To make clear the differences in root-pulling resistance among different locations
and years, the experimental data on root-pulling resistance at five mutually distant
locations for two years were analyzed.

Root-pulling resistance widely varied with locations and years. Hence, it was con-
sidered necessary that experiment institutions establish their own standard varieties
respectively (Table 4-15).

4. Histological and morphological observation of stalk and root

(1) To elucidate the relationship between root-pulling resistance and root morphology,
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several traits of primary roots were examined for the varietal difference and the change
due to field condition.

Total number of primary roots, root-spreading angle, cross-sectional area of roots
/plant and mean dry weight of roots,/fresh unit volume showed varietal differences
(Table 5-2).

About 609 of root-pulling resistance was determined by both cross-sectional area,”
plant and mean dry weight/unit volume. Also, a positive significant correlation was
observed between root-spreading angle and root-pulling resistance.

Changes of root traits with high planting density and late sowing corresponded to

the decrease of root-pulling resistance (Fig. 5-3~Fig. 5-6).
(2) To clarify the factors related to the formation of brace roots, which contribute
to the increase of root-pulling resistance, relationship between the formation of brace
roots and several growth characteristics, such as silking time, total number of leaves,
and internode volume, was investigated in the Nepalese local maize lines which show-
ed wide variation in the formation and development of brace roots (Fig.5-7).

Number of shoot units with brace roots was positively correlated with number of
total leaves (Fig.5-8), and number of root primordia was also positively correlated
with the internode volume in logarithmic scale, while the roots in higher shoot units
were less developed (Fig.5-10, Fig.5-13).

Since the development of brace roots was affected by the physiological condition in
plant, it was considered to be important for the increase of effective brace roots to
make the physiological condition better through the improvement of plant type.

(3) Histological observation of stalk was conducted to know the relationship of rind
thickness with stalk-penetrating resistance.

Highly significant positive correlation was observed between the two characters
(Fig. 5-14).

5. Genetic analysis of the characteristics responsible for lodging

(1) To obtain useful genetic information for the breeding of lodging resistance in
maize, diallel analyses were carried out for four characters, ear height, root-pulling
resistance, stalk-penetrating resistance and total number of primary roots.

Variance analysis for diallel tables revealed that additive effect of genes was sig-
nificant in all of these four characters as dominance effect, and the former was larger
than the latter (Table 6-4).

Both ear height and root-pulling resistance, stalk-penetrating resistance, and number
of primary roots showed overdominance, complete dominance, and partial dominance,
respectively, The direction of dominance was negative in number of roots, while
positive in the others (Fig. 6-1, Fig.6-2).

For these characters, number of effective factors were each estimated at 2 or 3 and

—117—



heritability in broad sense was computed at 0.7~0.9 (Table 6-6).

6. Schema of lodging phenomenon and model of breeding for lodging resistance in
maize

(1) Based on the results described above, lodging phenomenon and the factors responsi-

ble for lodging were schematically presented (Fig, 7-1).

It was clarified that the frequency of lodging occurring in the field was not able to
be a stable selection criterion for lodging resistance, but ear height, stalk-penetrating
resistance and, or root-pulling resistance were useful and necessary for the evaluation
of lodging resistance.

(2) Assuming the single cross combination between inbred lines of Japanese flint and
of USA’s dent, model of breeding for lodging resistance in maize was represented
(Fig. 7-2).

From the fact that the additive effect of genes was large in the characters responsible
for lodging, it was proposed that the accumulation of additive genes into the breeding
populations by cyclic selection was possible and most of importance for the breeding
of lodging resistance. '

Establishment of the breeding populations improved for lodging resistance will make
it us easy to breed the inbred lines with lodging resistance and, as a result, will enable

us to realize high lodging resistance of maize in Japan,
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