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A Simple Method of Testing Lodging
Resistance of Maize

Hideo KUSHIBIKI

MY ED I OBBEREDREICIIC(COh b 2h, TR LERECREY LY, 12
EAERAEN TR, 22T, TSMEILE, #EFEL, 19678 LB EICMNHEL TX

72,

ZNFEL, BREONTR LA TIER C LS ickicmE TSIl MG TEL,
COBREELEDNKDOBILREL 4 ~ 5D 37— 12X L, FHUZ L - THEORHE

KELFMT2L0THS,

IDHFE L AMBOMBIIEROBRBEERE - L CORL, 70, BRENY—>
FEZOCHEMNN T, B 2OF OWEE D £ (HNTE S,

W ER R RHERFE T Rl OBRBEERE (Td5, 13 TSIBILE 2L
TRIREREN, £7:, tho 3 AR LB A D HNC A S 17,

1 #

F7EoalnBliRizEEES S FUEERR
BN T L MBS IRAEIC 5 2 B8R E W
OTHBERELRETR L, RLEELREN L
DELTHMEITLENT VB,

TEHOBRIZIZ A DR H ), F0 5 L
B, OB, RUbAWMENI ot 7 Eaa
IZALILDET, FED I AMEKEREES
WLt Fizid ok ), Fn i
REN BN 2 B DR & L » T p2oissss
- T—REMIC 1 DOREFEIZ L - T, LG
RS BET S ICI3EE»H S, Lo L, M@
i3, TnETheL L 5oL R BRGEERY,

il

1978412 H 1561 =28

*ARRO—TRIIH ARG, EY 2 LE S 4
e (1978) TRELZ,

*r b KBRS, I A T

bYETEROEE EIZIZ A SHR S 2 6ls
TWIEiZhDd, oK, ThEToORERE
rEaElbEELRL e L THERELPIHET 2
OIS TIIRANEL L, FaRECLS
TIEME 2 BT 2 12 DI RE 0 BIR & #iEE T
ELCTEIIHoT, BT LBy S, B
SEREE RO BRI AT 5 2 &A1
WEETH - 72,

ez &ars, WHBTHBIIRETE, 722
RIE L AR MR RES N, HRE2%ETE 3
ZEERAMHICLT THIES, RERELL, INF
HEI1BTELE, EENERE LIZRIAL TE 72,
PENENTHEZ RO N 2D THET
b,

I RE H &

lizsEREERLL, £F, o R4
WEFCHEA T, MERHC L JCHFRIzmT T3
BL, ROTHEEC THBT FETHL, 20



22 demE BERBLEER B 425

Py
<

" > gy
W ¢
€’ N
n rd K \ B
S
W o
N
R
//—\\
'
(2)
M2 & E Dy E oo F - >

?E&U‘%V)fﬁmﬂﬁﬁl’iﬁf B4 20 :ﬁ’ﬁ"i 914z,
F1, ~ TN, g X iz & -
TR EHET 5,

TT 3518 LoD TEH N, [H
BCHELEELZ )T 20T, INEBO TR
ESL 7232 2 TH B, bAMUNERD £ ihiE,

(1979)

REEH =T — I A D,

ML FEIELIC X 0, BRSITHT 2 L0,
HEEAUI YA FREE S T V0T, MRS
HENKETHREICET 5 UL RERES,
T — T A,

T b, 333 HY, DBV 2o,
BUE L O CEHAHN D, IWIRED FTHER
B OB TV b, AR TEIRS &
LGB LTI A L NS G, Ry
TR —IZ AL,

TN, RS COSBILICE 2, BIEILE%
[ETCORMEICE Y, 323 ESISECIREICR S,
HRI33E C, FIIRMTH B, 5B KRBT L 5
T, 2R TE B, 1 Did 5L %Iz <08 -
RARIETRD TN— 1, i35 L AT & R LK
TRECEYTS (N—2, Thd, BIEEEN
FAp 2 ik T (T &NY TV AL
RF—vrEZ LN,

Il HERERCEER

1. 3@/ 2 —> & BBEK

E1IIBIREL s — &P —VILETHE
FERERIZ DV, TN F TEURDA L2 4 7 4F
Mo EIRBEERFEE R & 2R L 72,

FIyr T BT HBERRENIZIEACIL,
o, cp—> k0L EHRBIAERE A2 S, FRiC
19724 £ 1975418, 50%LL B % m§ R#ir %
o ﬁ:o

Tl TiE, 19674E13 BUK B4, 19704 & 1972
FETRETHERT 5 L0 8H s N, 1975F Tl
T, T, & DD wb0%aiENfEE Rz,

PV, IEEIRREDE L 19755 D A4 FIR S
Abil, TRINERIBVCTLERDEDS LN
e WREHH - 72,

F2id, ERCLT, EBIIFEEINTWER
MRHEATEL g —iz kD, ERBEERRE SR
L2 Ths AERKENSE L ERIC, <7 —
> EERBEESGE L) ST L ATHLI &N
LD,

2. BRI ITOXTHIBTBIIRN 5 KREN

a—>, Hik, BRUSIEILA

F 3123 BB R R MR LT DV T R,
SIEIL x5 —>, RUSIBILWERLZ, 22T
WoSIEILA L, TEIEIL S k- TR IR



b7 E O 3 CEHERED R S E

K1 HBERHOSIBEIL -2k
Bk EREE (%)

T
B RHKL | 1967 1970 1972 1975

|83
o

X1 THRENFEL Tk
BIRBEEES (%)

RTINS -

—
INF— 1973 1975 1976 1977 1978| E 3
Co 50 80 I B |Kx7=27| 6 90 8 32 73| 56
I A ND 283 40 50 I & | Jx 844 3 90 5 40 27} 33
W 9 0 30 60 100 m B i~f7v7+] 8 77 7 12 12| 23
441 A 17 10 10 90 100 C 53 |1 8 — 11 30/ 31
CM 39 40 5 30 100 NV | 7%hrwL]| 2 67 0 2 8| 16
N 19 0 0 20 50 W 537 3 70 0 10 — 21
N 21 100 40 30 100 jﬁufﬂi 0 63 3 11 7 L
N 138 0 0 40 50
T2l 100 B33, HEE F& RURNERS L) E
w2 20 AU & L7281 B L foodash & BB RS 4 0 4
w28 0 20 90 MR ERL2Z LD ThHD, ERERFSER
W 182B 80 100 EXAETES DL 25EL L ERERE S
WD 40 60 DENZ0. 1%7J</$€7>7é BB EEyHEI N
F 7 40 50 7 BRI Lo REABEETE Y-,
T 6 0 20 20 80 BEELHEMEESERL- 200N 5L, ¥
m om| W B 0 0 50 MR BBRHEOSIEL H/VEREXAEIR
W 79A 0o 0 20 60 BIRBREI S & kAL, Lo L, BIEILH/
W 401 Y 0 50 HERE, RUBRL b 72 H58 B L F1 /416 E X
w H 0 0 %0 RENTHREBIZ ST 2 HEPBRERMKL ) LKL
A 509 o 0 0 4 RE&NZ, L EOERMICE T, BEARKE 2
CM 7 00 0 NF Uz BIT B FHGE S 2213816 L S/ vE
Vo1 | BW L 0 REXBE L HES AL,
RE 262 0 F L1 TP ehor ), A2y T, RO
| To 15 0 0 70 - .
FOBKBEBEARKFIIONT, HARMEAELS, 3
W40l 0 9 9 0 s, BB, RUBIELESETL
CM 37 0 0 0 40
CM 38 0o 0 0 72
CMV 3 0 0 0 10 27, T7m=r ) OERBEEKEEGIZONTA
N—2%|Ry 37 0 0 0 40 %, TR ISC - Al TIREIVHod [N19) 1343
W 41A o o 0 50 Bz, fE8 [SC-B) TldvFni fin
W 55 0 0 0 TwZpnw, 272, T74%k=L BHE, (DC- (AX
W s9E 0 0 0 0 B)l REFLLTImBOFEHL ToEEFL

WECEZINEET, £REFIFETHIITICELR
KEELFFHRNAFN) CHMEL TZ 2L DTH
3, BIE L ERE, MRIDSIEIL vy — > X BIRIE
KEE & DBICII EOREMEI R L7,

SIEIL 77 & EREREN S & o) BRI B Sl R
TIZI LA FRD LN, KEGER 2T
A %L, mMAEEMOBRIZADMEE R,
F72, BERHM L RHESHELZ L LT A LH
BARD LN L -T2,

2, INHIZOWT, BRBEESOFOHEHE D
KEWZ L, 0%EFTHEIC %)‘ffﬁﬁu{ﬁ‘(&@ﬁ:
EERSGHD I EEFEFEFETIEFICEN S BR
BARBSHITTP F BB EEEZ S
b,

GIEIL -2 DFUCEHN L BBRK L %R
PTmran, ERFEERBREES L2420 L T
L7z,

MFRARE MM 2 BT, HEmE L Bbi
RN/ VEREXFIRIZESA T T2



24 il BERBRBER £ 42 5 (1979)

(%)
1001 [ O BAAL
| @ Mg
) [ ] [ ]
80
1
N [
#* g0l r=—0.978""" ° r——0.306 r=-0.785"""
L) ®
1 o ° 5
® L ]
13 404 ° o . 0 ° o
- ce o ° o o] ® 0
%
VN ° Q
201 o 0 o
o Qo
ol . , X . X N \ . . .
0.50 0.75 100 1.0 1.5 2.0 2.5 3.0 050 0.75 1.0  1.25

SUEL A (g/pl) A& g/ph

518U (e /o) /B (em)

SIA L 73 (g/pl )/ EhE X FRE

B3 ®MRE:&EFATTE2L L2518 LK

&3 SIBIL v ALK SBILY, RUEKROKE 2

o 6 |ers | EREEEA%) | smlnt | om g | akm

1975 1972 o (g/pl) (cm) (g/p)

7 N 21 11 100 30 65 350 186 610

N 19 i 50 20 35 200 148 290

B T 6 i 80 20 50 300 155 400

& W 79A v 60 20 40 350 123 470

F To 15 " 70 0 35 400 147 410

B OOW  41A " 50 0 25 200 116 240

CM 37 " 40 0 20 250 130 390

CMV 3 " 10 0 5 250 148 250

5 K7 amw I 90 73° 87 350 276 1,180

ANAH YT i 77 12 45 400 229 750

tE C 535 " 80 30 55 450 252 910
AR

TRl Vi 67 8 38 500 236 800

" P 3715 " 63 7 35 850 297 1,200

o+ 131978

TX %, DC-(AXB) Tl kx4 572, 3
BIL S & ftaon 2 >nde#, 51U JI/ KB RUG]
L /AREEFD () CRT L0, Fuof@
BPD0.5~2 050 EZRL, 1354 &ERER
HEZHETE o2,

KIZ, TAF Ty I2onwTiE~NE, T4
RoL ) A RIS, BIREERESIZP 2

EHVBIZEEA RS A, T IsEIBIL ¢
g—rErhE&Es L, WIOAD /vF—2H1 7
Y RGIZEIT T E AL 22, 5 LIRS
BLAR 7 erer LRz ERLELRLT,
FERBEHEGOBETHBRLIZEALMNIETE X
"o f:o



b o CEHER IO B E

25

R4 2ONHLEHOBIK, SIBIL P>, EOMORTRIE
: N
mkEmne | 51 @ Llsl @ L3 L
# H g m | gElLn B B B &
T | s A B ¢
1 2 3
N19 25 20 20 | 22 11 200 .69 4.7 .97
6.6
7 | Tolb 0 0 0 0 v 400 .98 1.63
350 .47 2.1 .86
4 [N19XTol5 40 20 25 28 I (117) (56) (37) {75)
k| CM37 0 0 0 0 250 .64 4.9 1.11
<~ |CMV3 0 0 0 0 | 250 1.00 6.8 1.11
500 .79 3.8 1.38
v CM37XCMV 3 4] 0 0 0 v (200) (96) (65) (115)
500 .63 2.7 1.15
N19XT015,7C M37XCMV3 | 10 10 0 7 v (118) (100) (92) (103)
W4lA 0 0 0 0 N 200 .83 7.2 1.20
W79A 0 0 0 0 i 350 .75 6.1 1.46
1
250 3.2 1.7 .66
‘ : WAIAX WT9A 0 0 0 0 v (41) (25) 750)
7 (91)
N19 15 10 15 | 13 I 200 .69 4.7 97
e
CM7 0 0 0 0 I\ 200 .59 3.8 .87
450 .62 2.8 12
o | M7 2020 15 18 M a2s) | o) | (66) <122>
400 .53 | 2.3
L W4lAXW79A, N19XCM 77 20 18 ,,ﬁl 17 m (114) | (113) | (102) (109)
Lo SHEIL A =SMEIL /) (g/pl)/ kA& (g/pl)
" B=5IfIL 7 (g/pl)/BEXAKE (emXg/pl)
v C=SIL (g/pl)/ Y REE R RenXg/pl)
2. | ) ixp *E%
N ] RANIEE, BOMTHE, 315 ER 51
U =

FUutmanzg bwxoa s o ERE i3 ms
NHEPBCFOBRISEEE RS L vwbi Ty
5, BHEINIBTEORMEM I A TLILI O ANH
R b, WEHKIEIZ B3 EEB LD BE
WAt 2 T3 CRER), - T, GHEKEDE
—REBOFHICIE, THEREDE - EERK S
BRT2LE»H D, TNz, @ERED
B HBRHEORECHRBEIZ BT, BEY
2R MRSV TE SN LENH DL, L
L, R DML RET 5 L MEFTE T,
TSRS L > THIRICERSN D VIR
Rt l->Twd, ZJL72Z ks, mEk
MrHEICEmT A FEELTC ZhET, R
KEH, BESLUONENEX, WMIFHEH, BRRD

BRI S RE SN T AP,

Lirl, ThenREdkld, HHO%, Hiog
SEARKBEH LI FIBH AN 2 X idk o Bb
N5, ZORKEIIESICHL2EY THB,

BALHBRKLBRT LI, — B
BRBIRERKEST B EAYESE LV, ZTOFK
P % EAT 5 O REMERE TH S, -7
TEIE S B T LR 3 TR ZRIKIMIRA T 2
BOTHIUE, LEMEKE FNZI LT B2
EHTE, BREMALEATLZ L4 LICHRE
EHEITTE S, ZoHT, [BIHL ] 2ETE1k
MO EBERKERICASICHE SN TSR,
F72, ZOKEREWEO S BT TEET H
0T, MOEAERRIFC MY 2 0EEE, M
ERAESHIEHEL COBHEA L, BRI



26 EELRERBSEN B 2 F

LYEEL (HHETELZ, L Ladis,
& - T BRI G I i BHR AR S B <5
HRECELTE LB, T, é%ti
REEAE 2 ETEHL 0 S L, 1972805
13491 .51%, 19765Fh 5H 382 5fFE L, PIEF T
CEIEOBEMKEROEL TE,

FEE Ly OFFHFoOMES LT, EOR
WERZ S TRIBH LW SR B, U5
Lo#Ei»kEC b 2010, RLA—XIT5IfHL
HTELCHPLTHE, -T, BHBRKNER
EUGgsEiziR "ol 2Mv, FuoosidiHE
SICBIT 2 EIREREIGICEDZ L2,

W EA D SR B — AR T 2R oL
DEERETERHETH S Told, i3, "3IMEIL gl
Lo TRIEFEREN, WHEREDHTHE L b
N ILFR7) > P HEOHTT Y FELALDEN

ARHEE LT WD, F 2, TCM37) R
FCMV3, 4 TEIEIL 3210 & » THEC Sy & 4B
ANTr FPEOHMBRRTHE, TR
BHIZZORBBERBRIZLY, MAGRHEEZ LR
ﬁ%&’lﬂ%%ﬁf’ﬁ'ﬂi%ﬁﬁffﬁl R ER N GRIETH D),

FillzBn 518 L cF—> 3P iy, W
BB 2BREREG 20D ROEERLT,
Lo L, sIBILJTcBIF3F L 200 BRE Y
XY, BaroMEosiE LI & BIREREE
LB hh oz, 72, MERUERY D &K
BTEADT 2 LB LK T3, HERHER
Mg 2 OBIRERE S LI AL
5, Fi e RO R AT 51202 &
Hotz, OF Y, FHEERIEIC L2 REMIIEMEL
REREZ T A2 ICI3ERE2RELBETNS
LEZLNA, BlzIiE, 5OnEFHRMEIC L 5]
RIDBEHTE 2, HEREDTFI ErL ) RY
LR A LN TS,

ZOoLRERLABE, TBIBLE I35
HOLEZELZL > T2 d, Fr2nsl@EL <5 —

FMIz

(1979)

CREBEBEROEEINTHERTHL EELD,

LT,

DI LRI BT B EREEIIE

FIEIL - ¢F — > a3 L, EROBMBREER -
CLEMIAHTERZ LD LHREEING,

1)

oo
-~

w

P
ju

5

Z

6

Ny

-2

[ee]

10)

51 A X m

W58, MHHRy, RARE, A Lv—-CH
PRI HGE T koL OFBRICOW
T dtEERRER, 41, 91—103 (1979).
FEEIREE, $9R%, “F Yoo atEREREE
H—IER" BAEFE - ¥ ltiEESRE LS
. 13, 50 (1973),

wEHE, HARERL, “Fveoalafk” B
A%, 23D, 3132 (1967),

Zuber, M.S.and Grogan, C.O. “A new technique
for measuring stalk strength in corn”.
Sci. 378-380(1961).

PRz, “Fveo oot 5T
78, 1, RRBOHBREMZER" B KFH - (B
yadtdEaksE 2 2w, 13, 48 (1973).

Crane, P.L. Efrain,Diaz B. Jesus A.Rivera G.
,and Julio C, Toro M. “Stalk strength of strains
of maize of Colombia, Ecuador, and Venezuela as
measured by rind thickness ” Crop Sci.6,210-212,
(1966).

HIREE, RO BER S IR—TER O R & #EEL2
— L BEHM. 293), 107—112 (1974),
Mu51ck, G.J., Fairchild, M.L., Fergason, V.L.
and Zuber, M.S.
volume 1n corn(Zea mays L.)” Crop Sci.5, 601-6
02(1965).

Loesh, P.J., OH., and Zuber, M.S.
“Interrelations of Diplodia stalk rot and two mor-

Crop

“A method of measuring root

Calvert,

phological traits associated with lodging of corn”
Crop Sci.2, 469-472(1962).

Zuber, M.S. and Grogan, C.O. ‘“Inherit-
ance of crushing strength and rind thickness in
Crop Sci.3, 173-1

several inbred hnes of corn.”
74(1963)



F7Eo o BRIl BEREE 27

A Simple Method of Testing Lodging Resistance of Maize

Hideo KUSHIBIKI*

Summary

Various methods to evaluate lodging resistance of maize have been proposed. However, none of
those methods can be applied to the program for developing resistant breeds. We have devised “Bow
Pulling Method” and applied to the breeding of maize since 1967. The method 1s simple and useful in
fields and gives no permanent harm to the plant tested and its progenies.

In the "Bow Pulling” test, the understem immediately below the tassel of test maize is grasped,
pulled to the ground as if drawing a bow, and ungrasped near the ground. The behavior of the test
maize during the “Bow Pulling” and after undergrasping can be classfied into four to five pattern and the
lodging resistance of the plant can be estimated accordingly.

The results of testing several inbred lines and hybrids by this test correlate positively with natural
lodging records in fields for some years. The patterns resulting from this test are genetically additive,
and the relation of constituent inbred lines to hybrids can be explained well by the patterns . lodging
rates.

“To 15", a lodging-resistant inbred line constituent of “Wase-homare” was selected based on the
“Bow Pulling” test. Three other inbred lines could also be successfully evaluated by this test.

The “Bow Pulling Method” cannot be applied to hybrids of high stem. Thus, we recommend to use
the "“Bow Pulling” test to inbred lines and the natural lodging test in fields to hybrids in the breeding of

system having high lodging resistance.

* Hokkaido Prefectural Tokachi Agricultural Experimental Station, Memuro, Hokkaido, 082, Japan.





