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Table 1. Analysis of variance for percent Brix of stalk juice *

Source 1987 1988
df. M.S” df. M.S.”
Inbred lines Genotype (G) 16 27.397** 21 56. 823**
Between Flint and Dent 1 94.720** 1 113.152**
Within Flint or Dent 15 22.909** 20 54.007**
Block (B) 1 2.320
Error (G X B) 21 9. 800
Residual 61 5.751 176 5.574
Total 34 219
Hybrids Genotype (G) 46 24.725%* 20 41.860**
Between D X Fand D X D¥ 1 37.155** 1 0.405
Within D X For D X D 45 24.449** 19 44.042%*
Error (G X B) 46 4.895 20 5.325
Residual 376 2.458 168 3.320
Block (B) 1 0.305 1 1.630
Total 469 209

** . Significant at P<0.01.

a) Percent Brix of stalk juice was measured at the internode just above the top ear on 35 days after silking (mid dent

stage) .
b) Mean squares

¢) D X F: Dent X Flint hybrids, D X D: Dent X Dent hybrids.
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Table 2. Percent Brix of stalk juice, endosperm type and days to silking of inbred

lines
Inbred line Endosperm Days to silking Percent Brix"
type?” 1987 1988 1987 1988
Na26 F 96 103 14.4 12.3
Na27 F 103 106 14.1 11.9
Na 8 D 99 11.8
Na 2 F 101 10.9
Nal4 D 102 10.8
Nal6 D 101 13.3
Na 7 D 97 99 13.0 9.6
Nal9 D 100 100 13.0 9.3
H&4 D 95 98 14.6 9.0
Na22 F 94 100 11.8 8.6
H93 D 101 10.5
Nal8 D 99 100 8.5 8.4
Na25 D 97 7.6
Na2l F 94 7.4
Na23 D 101 101 9.5 6.7
Pa9l D 101 104 8.8 6.7
Na 4 F 101 6.7
Na20 D 102 6.4
Na28 F 99 6.3
Nalb D 99 6.0
Ki 4 D 87 4.8
Oh43Ht D 97 4.7
H99 D 91 4.6
Mean of dent inbred lines 99 98 11.4 7.6
Mean of flint inbred lines 98 101 13.4 9.2

a) D: Dent, F:Flint.

b) Measured on September 19 (late dent stage to full ripening stage) in 1987 and on 35 days

after silking (mid dent stage) in 1988.
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Fig. 1 Frequency distribution for percent Brix of
stalk juice in hybrids
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Fig. 2 Relationship between hybrids and mid-

parent values in percent Brix of stalk juice
O :Dent X Flint in 1987,

A Dent X Dent in 1987,

@ : Dent X Flint in 1988,

A : Dent X Dent in 1988,

“* *Significant at P<0.01 and P<0.05, respectively.
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Table 3. Correlation coefficients of percent Brix
of stalk juice with the traits related to yield

in hybrids

Correlation coefficient

Trait ¥ 1987 1988
(n=47) (n=21)

Days to silking 0.103 0.432
DM% of Stover 0.265 0.692**
DM% of Ear 0.169 0.493*
Stover DM yield 0.527** 0.665**
Plant DM yield 0.365* 0.507*
Ear DM yield -0.026 -0.378
Ear content in total DM -0.487** -0.129

a) DM: Dry matter.
b) *** Significant at P<0.01 and P<0.05, respectively.
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Table 4. Analysis of variance for percent Brix of
stalk juice and estimated stalk sugar content
at individual internodes of maize hybrids

Mean squares

Source df . Estimated
Percent Brix sugar
content
Internode 11 26.804**  189.455**
Hybrid 2 203.127** 2647.634**
Hybrid X Internode 22 1.914** 36.120*
Error 72 0.547 19.638
** *: Significant at P<0.01 and P<0.05 levels of probability,
respectively.
10 r ]
L8 T
7 -
Z g -
=1 /,/" .........................
£ 4 d e
(3] yd ——
[a W) S

Estimated sugar content (%)

6 5 4 -3 2 -1 0

Internode ®

+1 +2 +3 +4 +5

Fig. 3 Percent Brix of stalk juice and estimated
stalk sugar content at individual internodes of
three hybrids, with least significant
differences at P<0.05 (LSD.qs)

—:Na26 X Na7,---- :Na26 X Oh43Ht,
—— - : Oh43Ht X Na20,

V///% : LSD.s, ns: Not significant.

a) Internode number above (+) or below (—) the
top ear; the internode just above the top ear is shown
as 0.
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Table 5. Dry matter content of individual

internodes in three hybrids
Dry matter content (%)
Internodes ' Na26 Na26 Oh43Ht
X Na7 X Oh43Ht X Na20
+5 23.9 22.4 23.4
+4 22.0 20.7 21.3
+ 3 22.6 19.8 20.5
+ 2 22.2 19.4 20.3
+1 22.5 19.9 20.3
0 22.7 19.4 19.2
—1 20.8 17.0 13.8
—2 20.2 14.3 13.2
-3 16.9 12.9 12.3
—4 17.6 11.1 11.6
-5 16.8 10.6 10.9
-6 10.8 10.0 11.3
a) See Fig.3.

Table 6. Coefficient of variation for percent Brix
of stalk juice and estimated stalk sugar
content at individual internodes

Coefficient of variation (%)

Internodes ¥ Estimated stalk

Percent Brix
sugar content

+5 8.8 21.2
+4 4.2 8.4
+3 8.2 11.2
+2 7.8 12.6
+1 11.1 17.1

0 9.2 14.2
—1 15.5 23.9
-2 21.0 25.9
-3 23.3 12.2
—4 35.9 26.0
-5 38.9 29.1
-6 22.8 7.4
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Fig. 4 Frequency distribution for percent Brix of stalk juice in F » and backcross generations (B, B )
of Na26 (P,) X Oh43Ht (P,) andNa 7 (P,)Xx Oh43Ht (P.)

Generation mean and standard deviation are shown for Py, P, and F..
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Fig. 5 Frequency distribution for estimated stalk sugar content in F » and backcross generations (B, B )
of Na26 (P .) X Oh43Ht (P.) andNa 7 (P.)X Oh43Ht (P.)

Generation mean and standard deviation are shown for P;, P, and F..
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Table 7. Generation means (mean * standard error) and scaling test for percent Brix of stalk juice, and

estimated stalk sugar content a,b,c)

Percent Brix

Estimated sugar content

Na26 X Oh43Ht

Na7 X Oh43Ht

Na26 X Oh43Ht

Na7 X Oh43Ht

(P) (P?) (P) (P?) (P1) (P?) (Py) (P?)
m. s.e. m. s.e. m. s.e. m. s.e.

P, 11.68+23.0 11.95+0.54 36.52+6.05 49.52+3.00
B, 10.70£1.65 11.38+1.69 39.18+5.08 44,.98+6.35
Fi 8.56+0.97 8.13+1.40 31.33£3.21 35.03+4.71
F, 9.46+2.19 8.12+2.38 35.80+6.27 37.53+9.23
B, 7.60%2.20 4.15+2.34 30.83+7.11 18.84+9.41
P L5109 L5109 8.50+5.65 8.5045.65
A 1.16™ 2.67 10. 52" 5.42»

B 5.10™ —1.37" 21.82™ —5.85™

C 7.52™ 2.74™ 35.53™ 22.06™

a) A=2B—-P—-F,B=2B,—-P,—F,C=4F,—2F,—P,—P.

b) ns: Not significant.

¢) m.:mean, s.e.: Standard error.

Table 8. Estimates of the genetic parameters and the results of joint scaling test for percent Brix of stalk

juice and estimated stalk sugar content a,b)

Percent Brix

Estimated sugar content

Na26 X Oh43Ht

Na7 X Oh43Ht

Na26 X Oh43Ht Na7 X Oh43Ht

P) (P Py (P (P1) (P.) P) (P
m 7.05 6.75 26.00 29.13
[d] 5.15%* 5.27** 13.75** 20.75**
oot L8 Lt oo A 6.72* .
x°(3) 1.747 0.698 3.618 0.577
P 0.75-0.50 0.90-0.75 0.50-0. 25 0.95-0.90

a) m: mean, [d]: additive effect, [h]: dominant effect.

b) **, * Significant at P<0.01 and P<0.05, respectively; ns: Not significant.

Table 9. Correlation coefficient between percent
Brix of stalk juice and estimated stalk sugar
content in segregating generations a,b)

Generation  Na26 X Oh43Ht Na7 X Oh43Ht
(Py) (P*) (P (P*)

F. (n=100) 0.853** 0.876**

B: (n=100) 0.722** 0.608**

B. (n=100) 0.917** 0.977**

a) Calculated using individual plant data.
b) ** Significant at P<0.01.
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**: Significant at P <0.01.
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6 Relationship between percent Brix of stalk juice and estimated stalk sugar content
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Photo 1. Lodging due to rainstorm by Typhoon
No.10 on 7-8 August in 1992

See the plants with root lodging were much more than
those with stalk breakage.
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Table 10. Analysis of variance of horizontal and
vertical pulling resistance and weight of root
clump in 13 inbred lines

Mean squares

Source df. HPR * VPR ¥ Xj;iklli r(I)lfp
Inbred 12 228.272** 191897.6** 14.093**
Block 1 4.138 2203.8 0.213
Error 12 8.180 4123.7 1.272

**: Significant at P<0.01.
a) Horizontal pulling resistance.
b) Vertical pulling resistance.

JUHIPAE R SR 782 > 8 —

Wi #5395 (2001)
BRI OWT, JERAE SN TV A5 [IRSPTB
LUOMRBEOER L OIS THRE L7z,
S LTI TE, #5125, MR 5T
filith & U CHEREES T 2 P £ Tl ¢ ke BER L
TWwa, LaL, ZoiETid, 518 LToRER
WCHETBZRO L) 2SS N5 720, BRI D
FHlilicZoF FTEHATAIEIETE RV, 22T,
KRB TR I E E R R 2 U r 22 L12X D,
RO L% ) O2%E % Jibk L TR O A % 5FAl L
e L7, TOfNE, 5IEILEGHREEMB X
OHIE L OMICIZEWCIEOHMEATED i, 5]
LADRBREEDORIEL L TAHENTH S LIRS

Table 12. Correlation coefficient between hori-
zontal and vertical pulling resistance and
weight of root clump in 13 inbred lines

Vertical pulling Weight of root

Measurement .

resistance clump
Horlzontal pulling 0.811** 0.863**
resistance
Vertical pulling 0. 782**

resistance
** Significant at P<0.01.

Table 11. Stalk length, ear height, values of horizontal and vertical pulling resistance and weight of root

clump of inbred lines

Inbred Resistance to Horizontal Vertical Weight of Stalk Ear
line root lodging * pulling pulling root clump length height
resistance resistance

(N) (N) (kg) (cm) (cm)
H93 R 47.48 1273.3 10.40 172 79
Pagl R 35.41 2266. 3 7.34 166 57
B52 M 33.75 924.1 6.14 176 85
H95rhm R 25.51 990. 8 8.84 153 71
W452 M 20.90 765.2 3.96 162 64
B64 S 20.11 265.9 4.52 183 87
CI31A S 19.52 557.2 5.81 117 51
A664 M 19.13 496.4 3.53 155 63
Va3b5rhm S 18.54 474.8 3.45 143 68
W59E R 14.72 728.9 2.36 84 29
C123Ht M 11.77 655. 3 3.25 137 48
CI%0C M 11.48 602. 3 4.47 131 51

o ND2A4L S 8.93 387.5 0.87 6 39
LSD.05 6.28 140.3 2.46 8 5
CV (%) 12.9 8.9 22.6 2.4 3.4
a) Based on percentage and degree of root lodging in the experimental field; R: Resistant,

M: Moderate, S: Susceptible.
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Fig. 7 Relationships of horizontal pulling resistance with vertical pulling resistance and weight of root

clump in 13 inbred lines

HPR: Horizontal pulling resistance, VPR: Vertical pulling resistance.

** Significant at P <0.01.
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Table 13. Derivation and endosperm type of
parental inbred lines

Inbred Derivation tlilr;iosperm
Na 7 P3424 Dent
Na36 (H93 X Pa91) P3358° Dent
Mil8 (Oh43 x H84) H84 Dent
Mi25 (H84 X Pa91) H&4 Dent
H95rhm Oh43 X CI90A Dent
Na28 JF1C1¥ Flint
Mi22 JF2C2 ¥ Flint
Mi36 (JF1C1)S s X Tateishi-1 Flint
Mi2l Hyuga-kon ” Flint
Mil5 Hyuga-kon ” Flint

a) Breeding populations developed from Japanese native
varieties belonging to Caribbean flint type.

b) Synthetic variety developed from 3 dent and 5 flint
open-pollinated varieties.
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' ;_Y o :{v
Photo 2. Aluminum stick and digital force gauge
used for measurement of horizontal pulling

resistance (left) and the stick attached to base
of the stalk (right)

~<

Fig. 8 Measurement of horizontal pulling resis-
tance
Note: Horizontal pulling resistance is the maximum
pulling force recorded when an aluminum stick
attached to base of a stalk is pulled at 1 m height from
the ground level and inclined at 20 — 30 degrees from
the vertical.
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PERROMHERIEOIEIR 2 155 720, 19914F ~
199340 3 AEIZ D72 ) BRI RR OB Z AT - 720
AR 1 X 2 BE4OME A, 2PBBELIEEEIC & D, 1991
i34 A25H, 19924R13 4 H14H, 19934134 H14
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Correlation coefficients among above-ground characteristics relating to root

lodging resistance in 10 inbred lines and 47 hybrids

Correlation coefficient between

. J (Stalk length

Group Year Stalk length Eazrnllqdelght X Ear height)

and Height of and
Fresh weight . Fresh weight X Height

gravity center . 2

of gravity center®
Inbred 1991 0.869** 0.984** 0.961**
lines 1992 0.801** 0.955** 0.949**
(n=10) Mean 0.858** 0.974** 0.976**
Hybrids 1991 0.536** 0.902** 0.972**
(n=47) 1992 0.714** 0.932** 0.865**
Mean 0.751** 0.933** 0.881**
Inbred 1991 0.824** 0.970** 0.915**
(n=57) 1992 0.866** 0.967** 0.948**
Mean 0.913** 0.973** 0.955**

**: Significant at P<0.01.

a) This product is equivalent to the maximum moment of plant weight with respect to base of the stalk.

Table 15. F — values in analysis of variance for characteristics relating to root lodging resistance

F-values
Year Source df. J (Stalk length Holliilrzlontal Discriminant HPR value ®
X Ear height) pu . 8 function value vaid
resistance
1991 Genotype 56,756 26.52%* 7.03%* 8.79** 4.63**
Inbred 99 53.49** 7.05%* 15.32** 2.57
Hybrid 46,746 9.23** 3.86%* 6.67"* 4,29
1992 Genotype 56,56 45.26** 4.44** 9.16** 2.39**
Inbred 99 43.10** 7.36%* 9.31** 5.06"*
Hybrid 46,746 14.08** 2.99** 3.87** 2.22%*
2 Years Year(Y) 1./56 1214.59** 466.50** 0.00 58.27**
Genotype (G) 56,756 16.71** 4.87** 3.72** 1.86**
Inbred 9.9 21.77**F 1.67 4,.31** 0.77
Hybrid 46,746 9.71** 2.99** 2.30%* 2.92%%
Y X G 56,114 3.50** 1.83** 3.37** 2.27**

*** Significant at P<0.01 and P<0.05, respectively.

a) Calculated using discriminant function for root lodging resistance by ISHIGE et al. (1983) .
b) HPR value =/ Stalk length (cm) X Ear height (cm) " Horizontal pulling resistance (N)
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Table 16. F-values in analysis of variance for
percentage of lodged plants a)
Year Source d.f. F-values
1991 Genotype 56,56 4.49**
Inbred 99 7.55%*
Hybrid 46,46 3.52*%*
1992 Genotype 56,56 9.20**
Inbred 99 19.77**
Hybrid 46,46 8.37**
1993 Genotype 56,56 3.72**
Inbred 99 2.90
Hybrid 46,46 3.90**
3 Years Year(Y) 2,112 319.29**
Genotype(G) 56,7112 3.95%*
Inbred 918 4.,22%*
Hybrid 46,792 4.22**
Y X G 1127171 2.79%*

** Significant at P<0.01.
a) Arcsine transformed data were used.

EVAHB YRR b 7z,
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Fig. 9 Frequency distribution for percentage of
lodged plants in 10 inbreds and 47 hybrids
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a) Estimated from arcsine transformed data.
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Table 17. Correlation coefficients of two
evaluation methods with percentage of
lodged plants in 10 inbred lines and 47

hybrids ¥
Evaluation Year Correlation coefficient ”
method Inbred lines Hybrids
(n=10) (n=47)
HPR value 1991 0.558 0.626**
1992 0.291 0.455**
Mean 0.564 0.631**
Discriminant 1991 0.318 0.357**
function value 1992 0.398 0.043
Mean 0.382 0.277

a) Percentage of lodged plants is mean of three years from
1991 to 1993. Estimated from arcsine transformed data.
b) ** * Significant at P<0.01 and P<0.05, respectively.
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Table 18. Correlation coefficients of HPR value
with percentage of lodged plants in 13
inbred lines *

Year
1994 1995 Mean'' .
Correlation coefficient 0.631* 0.224 0.528

** Significant at P<0.05.

a) HPR values are mean of 1994 and 1995.
Percentages of lodged plants are mean of 1994 and
1996. Estimated from arcsine transformed data.

Table 19. Correlation coefficients between two
years for HPR value, its components and
percentage of lodged plants inl3 inbred

lines ¥
Trait Correlation coefficient '’
HPR value 0.273
J/ Stalk length X Ear height 0.655*
Horizontal pulling resistance 0.330
Percentage of lodged plants 0.442

**: Significant at P<0.05.

a) Correlation coefficient between 1994 and 1995 for HPR
value, VStalk length X Ear height and hori-zontal
pulling resistance, and that between 1994 and 1996 for
percentage of lodged plants.
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Table 20. Correlation coefficients of HPR value
with percentage of lodged plants for mean of
hybrids with common parental lines in a half
diallel set among ten inbred lines *

Year
1991 1992 Mean
Correlation coefficient 0.942** 0.660** 0.933**

* Significant at P<0.05.
a) Percentage of lodged plants was mean from 1991 to
1993. Estimated from arcsine transformed data.
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Table 21. Correlation coefficient between hybrid mean of HPR value calculated from different number
of crosses and the hybrid mean of percentage of lodged plants for 10 parental inbred lines in half

diallel set?

Correlation Number of crosses for calculating hybrid mean of HPR-value
HPR — value B

Coefficient 8 7 6 5 4 3 2
One year Highest 0.963** 0.945**  0.897**  0.911** 0.880** 0.818** 0.860**

Lowest 0.569 0.484 0.452 0.461 0.289 0.051 0.047
Mean of Highest 0.936** 0.941**  0.932**  0.873** 0.929** 0.871** 0.891**
Highest Lowest 0.837** 0.713**  0.773**  0.697* 0.737* 0.358 0.296

** * Significant at P<0.01 and P<0.05, respectively.

a) Percentage of lodged plants is mean of 9 hybrids for 3 years from 1991 to 1993.
b) The highest and the lowest value of four calculations in each number of crosses.
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Year
1986 1987 1988 1989 1990 1991 1992
Japanese flint germplasm (Caribbean type)
Ccouren ¥

No.of source ao ® ) ) © a0
varieties
Generation

So 2 2 —

S 2 — 12 — 17 — 12

S 20 2 —— 9 — 15 —— 4

S { q 8§ —

24 ears x :

é 20 ears x :
i 30 kernels 1

% 24 ears x : : 25 ears x
i 50 kernels i i 50 kernels i

i 50 kernels

v l l l
12 ears 15 ears

5 ears 15 cars

MF89

MF90 MF91 MF92
S 1
S 2
Fig. 10 Procedure for improvement of MF populations
' | :Open pollination

a)f Number of the source varieties or populations from which the newly introduced lines were derived. All the source

varieties and populations after 1987 are common to those in 1986, except that the lines originating from the other four and
one source varieties were newly introduced in 1989 and 1990, respectively.

Generation Year
1988 1989 1990 1991 1992
Hylga-kon
:-.H.N;O l\.(l.n.(l.---: _)l-;;.ed.l;; ......... : :.L.Z;d.r;;----: :.1:1;(;1:; ......... : :.12:;1:;----:
eeren e [ Ti200 kernels F [T 010 kernels P [T 100 kernels § [ 75 110 kernels i
15 ears T ears 15 ears 15 ears 8 ears
M(C88 MC89 MC90 MC9I1 MC92
t‘ 0
S
S 2

|
L

1 : Open pollination

Fig. 11 Procedure for improvement of MC populations.
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#3977 (2001)

M D 4T o 720 ABEDFIZOWTIE, T — 2 fils
BWT, AELY O FIBIEAEIC X 2 HoE 3T
BIRDEEZEDIN S RN L CHRERSE DM T 3
BIEAAFRD LNz DIZx LT, HPRHIZ & B
E LT ERME D FRIE /N S W RO FHAM 2 b A
ThbDHIEDWIRENTZ, 22T, KBTI, fit
A B O ERIED L NG S TRz, 2
no 2 oot % it L TR O 2 47 -
720

B 1 EREEE &HIBIBIEEIC & B FT
19924F IZBIRMA AR & AT 5 OH BB EE I FD
WO R & BRI L 720 MF 2 CIEMEF 88~
91Comp. ® 4 £, MCHEFTIFEMEDO 27
a— > EMC88~91Comp. D 5 EFIZxRE LTT

Table 22. Analysis of variance for characteristics relating to root lodging resistance in breeding
populations of maize (Experiment 1)
Source of df. Days to % lodged  Discriminant Root-pulling Fresh Height of
variation silking plants function resistance weight ” Gravity
value * center

Population 9 10.139** 15.238 14.516** 13883.9** 0.0689** 207.47**
Block 1 0. 050 0.162 0. 000 6915.5 0.0022 28.80
Error 9 0.494 6.532 1.821 1804.5 0. 0055 12.58

** * Significant at P<0.01.

a) Calculated using discriminant function for root lodging resistance by ISHIGE et al. (1983) .
Populations with smaller values are more resistant to root lodging.

b) Fresh weight of above - ground part.

Table 23. Changes in characteristics relating to root lodging resistance as a result of population
improvement in maize (Experiment 1)
Population Days to % lodged Discriminant  Root-pulling Fresh Height of
silking plants function resistance weight ” Gravity
value * center
(%) (N) (kg) (cm)
MF83Comp. 86 0.0 1.49 513 1.07 104
MF89Comp. 87 0.0 2.49 496 1.11 107
MF90Comp. 90 0.0 —0.64 619 1.07 107
_MF91Comp. 8 00 7264 651 . Lo4 - 103 _
Hytga-kon 92 4.2 2.93 655 1.56 129
MC88Comp. 92 7.5 3.48 629 1.45 130
MC89Comp. 92 5.0 1.67 631 1.29 121
MC90Comp. 92 0.9 1.37 644 1.31 121
_MC91Comp. 88 00 __ ____~Loa 681 . L.37 - Hi
MD90Comp. 87 0.0 —4.98 812 1.08 106
Mean 89 1.8 0.41 633 1.23 114
LSDos¢ 2 - 3.05 96 0.17 8

ab) See Table 22.

¢) Least significant difference at P<0.05 for population means in each year.
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Fig. 12 Discliminant function value for root
lodging resistance of breeding populations in
maize (Experiment 1 ;1992)
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Table 24. Analysis of variance for characteristics relating to root lodging resistance in breeding

populations of maize (Experiment 2)

Source of df. Days to HPR value Horizontal Stalk Ear height
variation silking pulling length

resistance
Population 12 15.955** 0.4658** 47.945** 1282.89** 969. 71**
Block 1 0.615 0.0880 11.485 0.15 15.38
Error 12 1.032 0.0983 6.420 52.49 25.30

**. Significant at P<0.01.

a) HPR value =/ Stalk length (cm) X Ear height (cm)  Horizontal pulling resistance (N)

Table 25. Changes in characteristics relating to root lodging resistance as a result of population
improvement in maize (Experiment 2)
Population Days to HPR value Horizontal Stalk Ear height
silking pulling length
resistance
(N) (cm) (cm)
MF88Comp. 72 5.49 32.4 256 124
MEF89Comp. 72 5.09 34.9 254 124
MF90Comp. 73 4.23 41.3 244 124
MF91Comp. 73 4.67 36.1 245 116
_MF%2Comp. (R 433 . 394 . 245 . 1y
Hytiga-kon 79 5.17 44.9 308 174
MC88Comp. 78 5.07 44.5 305 166
MC89Comp. 78 5.29 40.9 294 157
MC90Comp. 79 5.03 41.3 283 153
MC91Comp. 74 4.25 41.4 252 123
_MC%2Comp. v 390 . 89 . 267 . 136
MD90Comp. 73 4.54 38.2 255 118
MD92Comp. 71 4.68 32.6 229 102
LSDos" 2 0.68 5.5 16 11

a) HPR value = Stalk length (cm) X Ear height (cm)  Horizontal pulling resistance (N)
b) Least significant difference at P<0.05 for population means in each year.
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Fig. 13 HPR wvalue of breeding populations of
maize (Experiment 2 ; 1994)
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FBIUMCEHDWTN TS HHIREEMETIEIMD
FEHTE D 2255 <, HPRETIIMDERM L ) 20
W W) B DI R E o Tz T ORBE R
PARFDOMERYEE &0 IFEICKELL TW 2D D2
DV TIEIARREEOHPHTIIH S 201213 LR WS,
HBRERDENS HE L T 5 LR SN,

O L) ITHBICIXBEEGHELRIT LA O5ND
A, WTFNOMEEICE->TH, MF, MC» 24
OB ATC RAERAHED & & b ICMD £
DKHEIZEF THEENTWLZ L XERTHI LM
T&7, 2OZEIF, Hk7Y) ¥ MEIZHT 5 4EH
L EDTHEREDI LIZEbOTHRTHAZ L%
FIELTWb, 4%, IO OFMEENZEZHICH
WA Z eI K )BT ICEN A7) v MEBER
MAELDREMCERTE S LRSS,

T ERMEL, R L FEOHEE— A2 b
D2ODERDING ¥ A& o TR T RGN
HThHY, KRBTIE, TNOHOERDH) LRA
SREEDFRIE L LT, #Br 1 Tyl &b, w2
TIFIEILY, BEE— A2 FOEL LT, R
1 Clddh R AR & EOw, B2 TR LA
MREERAE L2, ShO0REREICR N4
Mk BICPE ) Z2fbofE, MF4EMEMCHERNT
RRRL o Tz, MFERTIE, FlIkEEIL LTI
BILEBR L7225, BOEEAREICIIRE L
fLiZ ST, RELAMESEOKTOHLTHT
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Hotze 2O EDNE, MFEFOMEIRIED -
IZIEE L L TRRMEDERDPE G LT\ b L%
SNz, T LM CAERITIE, 5HHkEEPTICIX
KRELZEAIER L, BB LI MCI91Comp. ¥ Tl
LA T EM 2R L2AS, i, BEBLOE
MRS DI & AR EOWAP BEEE TH o 72, Ih
5OEmH S, MC91Comp. T TOMEIfREE DR I
W3 O BHEE— X ¥ FOKTHAES- LTn5
EHEE I Nz, LAL, MC92Comp. TlZZD k9
RRICZA LS S, 5B LB ISR T 5
LB, BE, AL RRHEML, MF4£H
L FIRR AR SRR ORISR K 2 B Ao -
DIFRD LTz,

W B NG T A A L=V MY E
03T, i ESAREOK TIZINEDK T ICH
O, F72, BHOEITAEMRS & OMITHO TH
WA 2R 25, BMERE 2R T 5 HRAND
KRR TENEDOET % b 725 L7360 b ik
ENTWEY, L7225 T, EREOS BICE L
T, WEHOAEFREOK T 2 M 2 2O A
EOHALEKE ZENEETHL, TD L)
75, MFEMDOMBEREOLRIZET LW IC
HATHWEEEZEZON, MCEMIZBWTLMC
92Comp. T/RENT- L 9 RIERBEOMILE HED 5
Lk, WEREOm LR ML LEN S D LE
Zbhb,

2. MEREICOVTOHREEEENESEED

E3)E3

REITIE, 7Y MELDL->TWAT7Y) v MNEFR
T OB R EFL BIC L > TF ¥ MEEO
KHEIZF T L E N2 EEIFE N,
MEREDsS I E L7270 v MEB X TV NEER
Tl BEME B ORI R L2 DV T OMERESR DS S § 5
PG, FYMEXTY Y MEICKLF HFHE
WH D ECTEELRMETH L, AETIE, WHERME
TEE LT MEBXO 7Y v MEOLZY) — N H
JEAEE ENEOMOF MAEEEMRL, ¥4 7
LV & AITBEURTE OB 2479 & & 12,
BBl & O°F (LA OB R & R %k
HLEDOBEBRTHE - MEf L7z, Zhuckh, 7 b
X 7)) v MNEF AT BT 5 HMERE ORI
R zHLMI LX) & L,

55397 (2001)

MEBLOHE

T EMRVED R~ MR D 7> NEB X O 7)) >~ M
Hili At %45, FH10A% (B13%%) &, €15 O
D FTATVIVEHMET (A5 AE 233512, T — 2
i T 5 11721991 ~ 19934E D AR AR AZE B & 181991
~19924E ®» HPRE D 7 — % % F Tl (£ @M %
1720

72, LRLofIREARREORAERX TIE, 1991~
19924712, & RO E I KX I0MEEIZDOWT
S e PR o B BR S i B AR ICHE U CHARINLE
TWAEL, INEZEFTHETRLTHLR ) EZRINE
rHEH L7,

MR BAGRED 9 b MilbIZ G mE [ oy 7
I— V] ZHET D, 7Y v MEOREREIS A
SHET) Y M THHIENST) Y MEELT
Mk L7z F72, RO 9 H19934E D FRER 12 it
RCTELhodzizd, 3 8E 2 TRIANTL O K
HLL 72 F HLAHE “Na28X Mi2l” (22w T, &
HERTIX19934E D 7 — & & /RKHME L L Tk, f#AT
ZED72,

BRI DWW TS IERE A BE L v, 74
T LIV & B AR - B EER R O HEE S,
MORLEY - JoNES” DN TIrT o720 F72, BERIEY
EEOZEOKIEIX, SAS ® GLM 71 ¥ — ¥ ¥ (SAS

Table 26. Analysis of variance for percentage of
lodged plants and HPR value in a half-diallel
set among 10 inbred lines

Source % lodged plants® HPR value”
df. M.S. df. M.S.
Year(Y) 2 64703.0** 1 175.100**
Block /Y 3 116.1 2 6.856**
Entry 54 835.6%* 54 5.294**
a 9  3960.3*" 9  11.993*
b, 1 634.4 1 24.440
b 9 201.2 9 3.345
bs 35 201.0%* 35 3.525%*
Y X Entry 107 194.8%* 54 2.860**
Y X a 18 388.3** 9 3.301%*
Y X by 2 877.1** 1 52.509**
Y X b, 18 308.5%* 9 3.215%*
Y X bs 69 94.8 35 1.237
Pooled error 161 75.6 108 1.068

* Significant at P<0.01 and P<0.05, respectively.

a) Arcsine transformed data were used. There were
missing data of one hybrid in 1993 were included.

b) HPR value = Stalk length (cm) X Ear height (cm)
/" Horizontal pulling resistance (N)




B hvEnaY

80 r
% lodged plants
60 O
% 40 r ol
® 6)%-
A ]
20 T a® %
s 0
= =
n
0 1 1 1 1
0 20 40 60 80

Mid-parent

o5 n B B KA 109

12 r
HPR value
a
ot B
2 o
:; 8 1 a a
] ] - .
Ol. ]
6 F P Ty S
a .-A.Q'l'. .
| |
4 1 1 J
4 6 8 10

Mid-parent

Fig. 14 Relationships of the F ; hybrids with their mid-parents for the percentages of lodged plants and
HPR values in a half - diallel set among 10 inbred lines

M : Dent X Flint, A : Dent X Dent, O : Flint X Flint.

Diagonal lines represent 1 : 1 relationship (y =x) .

A) Mean from 1991 to 1993. B) Mean from 1991 to 1992.
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RL7z F#laEE, Y MEXTY ME, 7Y

YMEX 7)Y MEBIOT Y MEX TV M ED
3TNV—TITHR LTS AL, 7 MEX T
v M, BIREARE S HPRIEOWE RS 7~ b
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THS IRV EZ R Lo T 72, BUREMARE X
O HPRIED R KW F AT IdwInd 7> Ml
X7y METH > 72,

2732, T MNEB LT Y ¥ N EERS
M, Lo 3 7V —=70F #AETHIZBIT 5B
fEfk=e, HPR fiids & OV H 4 1) SN E O FHEO It
xR L7z, BUREAREONEMEIE T > M EGER
FTIE5L. 7%, 7V ¥ MEHERAKTIE3L 1% TH
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Table 27. Means of percentage of lodged plants, HPR value, rate of dry matter production (RDMP) and
days to silking in different groups of inbred lines and hybrids in a half-diallel set among 10 inbred

lines ¥
No. of % lodged HPR ce) Days to

Group entries plants ¥ value ¢ RDMP silking ¢
Inbred (g/m’/day)

Dent 5 51.7A 7.62A 7.9A 88A

Flint 5 31.1B 6.95A 8.3A 89A
Hybrid

Dent X Flint 25 30.9a 5.73a 13.3a 82a

Dent X Dent 10 51.9b 7.07b 12.0b 83ab

Flint X Flint 10 29.5a 6.41ab 12.4b 84b

a) Values followed by the same letter do not differ at P<0.05 by TUKEY’ s Studentized Range Test.

made within inbred lines and hybrids, respectively.
b) Mean of three years from 1991 to 1993.
¢) Mean of two years from 1991 to 1992.
d) See footnote b) of Table 26.
e)

RO X ERIER AR 5 7z, HPR O FIME I,
7Y MEXT Y MEF A TIET.07, 7)Y b
X7 Y MEF MAETIE6.41T, ZNENT
YMEB LT Y MERBERKDT. 625 X U6. 95
IVOSREEYL->7-b00, BHEHICIZIZREED
SIGERA R S Nz SIS LT, ¥ MEX 7
)Y MEF HAHE TO HPR E OVl I1X5. 73T,
FUMEXFY MEBIOT7Y V MEXTY U N
F A8 2 AR LIFEDE. 74 L 1) 1. OFEEEK
o7z,

—7J7, HYEmItER, 7 MEX T v
FMlEETT Yy MiIXTY MBI 7Y ¥
X7y MEF AL YVEZEISED» -2 #k
R, Ty MEX 7Y Y MEF A
HCTT Y MEXT Y MEBLY 7Y ¥ MEXTY ¥
MEF AT L)@ o7,

z =

AET T, TR A R RS & HPR 5 12
Lo TEHMi L 720 BRICHRAR72 X 912, BIRAERERIC
L BRI BRSO B A 2T B 720,
HAERE DT — & THREZ R 2479 & L ITIZBRA A
Hho, FDI, KETIE, BURMEARREZ 3 H4EIC
blzoTHA& L7ze —J7, HPREIX, —EDEFE
FECOMGRIREE &b AT ® L ONT  ABERIC
oW, il - REOBERIEL XD 102 FHE
THIENTE S, ERERRTIE, HPRIEDY; &
2T, 70 Y MEBERRB LT ) 2 M EX

A
i

Comparison was

RDMP = Whole-plant, dry-matter weight / Days from planting to harvesting.

70 Y MEF EEPHAS IRV EZ R L 72
DD, FAT VIVEHTORERITERME AR & HPR
ETEIERAKETH o720 L7 > T, BIRMEKES
L OVHPRHIZ L AFHfiO W TH, MEIRMEE
MR T 2 2 e TEb D LIRSS,

T B RPE DA IMAN R & BHERRIT EDICHET
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HETWE ol “D'” HHE “b.” HITERLD
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BEIDREP ST EPREL D EEZ LN,
B SR, WEIRMEIZOWT “DY” BX O “b,”
HIZAHL T 2RV EETH L L5 L7z
A, HAEEIR D ORERTH o 72720 FERE DL HAF
HIZoWwWTEERE SN TWah ol

—77, BlIfkEKFELEL HPREOWTNTD “b,”
HIZAETH 7255, “bs” HXEROKZHSEMIZE
HETIE D> 7, PerErs et al.™ 1%, OG5k X
I LT, —f&MEERES) (GCA) &FRE
DRHENERIEIEETH 7228, KREETO “b,”
HICHB T 2™ HFEMEERET L FEREDEEE
HEIBEE T2 HiELTWwaE, ITNHOD
R, BRI OV T OFFEMETREND, —
Al AR L ) ERBEEMFITF L TEEL TS
ZEERELTVS,

7Y MEX 7)Y MEF LA OBRMERE &
HPREIE, 7> MEX TV MEB L7 v M
X7) v MEF HMAELDZENL VKo7 2D
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i, W{ODPDEFPIRENTVE>Y, LiL,
F AT ICBWTEYIE & MR L DR IZE
RIFFRO SN Lol THHEDLH ALY, TN
B8 LT, Taompson™ 1%, 22 DHEMIZH L THit#l
REEIZOWTOMEBRR Z FEhs L 7o R, TEIE
DIRT 2720, EixkT Ay —LOF HMaeE
TRID L) B TENEOMKTIFIFITEEICEEL
el erELTwE, KRBRIZBWT, 7~ b
i - 7)) MEROBEER)RSEIIE T T2 <
WARME L L EFRL ONT v AR ERT
HPREIZO O LN 2Z Ens, o b - 71
v N ER OB R BT E L ) QBRME
CBHEZ ST B LR s 7,

DLEOFER» S, THEREO M F AR B8
MELTHWZSE, 7Y M- 7)) ¥ MEB OB
PR RIIINED A2 & TEREICD T L &
DS N o720 L7285 T, BS540
YRENZZTY MEE 7)) ¥ NEO AR E LA
HFhbELILICEoT, WERME - LIF M %
WIERMICERT A Z LN TELEEZ LN,

3. MEREICOVWTOT > ME- T NMEH
TOHEEEEES

HIECl, WERIEDMRVT7 > MEB L 7Y~

NEBEGRIEOM 2L, PR & B IREO WIS

bHAERBSHEHTH LWL, L2 L,

Ty MEX Ty MEOMAEHAIT X EFEIR

o5 n B B KA 111

- SRR 2 R ICHE R T 5720121, iER
TEIZ DOV TOMERRET DFEBIMA Z IUE & ORIk
TEHICHEILT A2 LENH L, €T, KRBT
i, WHEE T MEX 7)) v MEOHEZHT A
FICHREL, HERIEIC DWW T OBIERT 21T &
&HIZ, MBI & E L ORERE MG L7z,

MEs LUFHE

TR [ O FBR C B R 35 ~ A & e S
N7y M7, 77 v MET OFN4HEGEREE H
Wy, 19924R12 7 PRERGERE e B, 7Y 2 b
Tl F A A AL L LTS ) S 4T 720 15
SNTA9F HLAEID, MEE L TR ME DI
5 F Az Nz 7-5to4mfE - RfEE MR L7z, %
FCLZ 72 Bl R AR I3 28 IR T8 T, Fhb
DHL [eaya—r] Hko Milbid, #ifs
FERIZ7 ) > MRS LTHEL 72,

AERIE 1 X20M 4K, 2AEEL3EEE T, 19934 4 A
17THIFECHEM L 720 MBSO HPFHET — 2
LRETH S,

TR TE DR L, ATER & RIS BEIRE AR S &
O"HPR B IC DWW THT o 720 BURMERZR L& R
DEHAFINAAE L7z, BIRESEOERIE, WP
Z#7-5 7 H29~30HDEE 6 512 L 2 EMT, £

Table 28. Derivation of 14 parental inbred lines

Inbred

. Derivation
line
Dent
Mi30 P3358” X (A664 x H84%)
Mi31 P3358
Mil9 [(B37Ht X H84) X Mol7Ht] X P3358
Mi37 P3358" X (A664 X H84%
H9rhm  Oh43 X CI90A
Na 7 P3424
Na43 (H93 X Pa9l1) X P3358°
Flint
Milb Hyuga - kén
Mi27 JF3C1
Mi32 (JF1C1)S; X Tateishi- 1
Mi36 (JF1C1)S; X Tateishi- 1
Mi35 JF3C1
Na28 JF1C1
Na50 (JFIC1)S; X Tateishi- 1

a) JF1C1 and JF 1 C3 are breeding populations developed
from Japanese native valieties belonging to Caribbean
flint type.

Hyuga-kon is a systhetic variety developed from 5 flint
and 3 dent open-pollinating varieties.
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Table 29. Analysis of variance for characteristics relating to root lodging resistance in 49 hybrids
between 7 dent (female) and 7 flint (male) inbred lines *

Mean squares

Source af % lodged HPR Hor.izontal Stalk Ear
pulling

plants value resistance length height
Block 1 26.33 0.039 0.65 51.44 90. 16
Hybrids 48 269.41** 1.458** 53.23** 248.25%* 242.95%*
Female (dent) 6 1075.77** 5.918** 197.71%* 935.40** 765.82%*
Male (flint) 6 714.77** 2.696** 106.27** 640. 14** 084.18%*
Female X Male 36 60. 79 0.508 20.31* 68.41** 32.27
Error 48 50. 56 0.305 10.62 18.15 20.29
CV (%) 51.5 11.3 16.1 2.0 4.2

** * Significant at P<0.01 and P<0.05, respectively.

a) Design I of COMSTOCK and ROBINSON (1948) was used.

D W o K A GE 1223, Tm  sec., FEK & &
154mm T& - 7z, HPRAEIZ, &RHE DM
DFII0H % ICHHE & AR, 208 % IZ5 18 L)
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B L CHY ) eZfRlEx Al L7,

MATRET DWW T O5EUSHF L, ComsTock
and Ropmson ” @ Design T 12 & D f7- 72, F 72,
BIRARRZRI D T IE RS ZE il % F > Totir L
726

#w R

SEAHT ORERL, FE29RIIRTHED T, FERME
R E HPRIEOWTFNTHFEETH > 720 Thb
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DRFITE DI 1 BKETHETH - 72%°, FEM
BRI 3 2 T B XA B O EERIEA
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MR BOMNE L) KRE Do 72,
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EMEEO3IEDH b, BAMEETIIINAS LI
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T35 L OTERBLOR RN 2 TH-8 X ek B
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WZOWTO—EHF SFEIE, 72 M, 79~
M & DI C IZIZFERETH - 2 — T,
S LD O—ERF CPIMEIL, il EmiE X
DIEWENZRL, Y MNED4RFEET) Vb
FED 5 R TIE, T XNTOLEMEL ) BWEE R
L7z6

% DOF AT ICBITAERMEMERED 50T
HPR fE & H2Y4 ) #2800 E & OBfRZ H15KIIR L
720 BURMEARSE & H Y ) szf8 0 & o RICITBII 2
BIMRIERED b S, HBAE & 0 b ERME AR DMK
<, POHY Y ERINESEHVHAE L RNz,
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FEDFERATR S 7z,
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R ER T O @A RAT O KL, BIREARE
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RO R FEICFEITC E 72 b o L STz,
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F AT OmEREICE, —RASERIFTERE
ThbHIEIRENTz, FIFITE, HERMEIZOW
TOBENECRNDVPEETH S 2 & &k 7275,
FIZIETF Y MEX 7)) v METOMRERS DS, T
YMEXFY MEBLOT) C MEX TV N ED
ZNEDDRENVT AR Tz, RBR LAl
WOKERZMETEZLE, FY MEX T ¥ Ml
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Fig. 15 Relationship of percentage of lodged plants and HPR-value with rate of dry matter production

(RDMP) in49 F 1 hybrids between 7 dent and 7 flint inbred lines *

O : Dent X flint hybrids, & : Check hybrids.
Whole-plant. dry matter yield

a) RDMP =

Days from planting to harvesting

Table 30. Characteristics relating to root lodging resistance of 7 dent and 7 flint inbred lines combined

in F, hybrids ¥

% lodged HPR Horizontal Stalk Ear
Inbred pulling
plants value resistance length height
(N) (cm) (cm)
Dent
Na 7 0.2 3.99 37.6 206 107
Mi30 1.6 4.13 35.3 208 98
Na43 1.5 4.38 33.4 203 100
Mi3l 5.7 4.40 35.3 217 109
HO95rhm 11.3 5.36 30.4 214 118
Mil9 11.5 5.45 30.0 226 115
Mi37 20.3 5.56 26.8 205 103
Flint
Na28 1.1 4.28 34.3 201 100
Mi36 1.8 4.31 34.0 201 104
Mi35 3.8 4.32 35.0 210 102
Milb 4.7 4.83 35.0 223 121
Mi27 6.8 4.94 32.9 211 117
Nab0 7.8 5.22 29.3 214 103
Mi32 21.6 5.37 28.3 211 103
Check hybrids
P3358 4.7 4.82 31.8 215 108
Takanemidori 7.5 4.99 27.7 208 92
P3352 11.2 5.13 29.2 212 106
G4743 20.0 6.31 25.1 222 113
P3472 12.4 6.39 25.7 223 121

a) Mean of 7 hybrid combinations for each inbred line.



114 JUINI R SERTTE & v & — e

DEHAEZ, BB L BLXUORETCIEETH-
72D LS, BEREARERS X OHPRETIXA
BIZEZ ool BIBILNBLOREGTENE
MWROTRE B L O FEAEFT=0RETH Y, wiE
DERIGM BN % 1) B X, 5E OB K ILMER
MERTSELHRERFOILY 26, BREVHE
TH AIERME T, M5 M FERICSSE L 745
EARAERENDPEVIITBEHE LG o72b D LS
N7z,

—75, BMRMEAERS X O"HPR il & H 24 1) #2400
e ORICITIE 2 BRIEEED Sy, TEIRED
BLENAF HAETLR N, 22k, 7
> MEX 7)) 2 T OHERER DI ERE & L&
DWTIIZDZBT 2 2 & 2R LRTEI DR H & 47
HLTWwS, A F MAEToR I, THEREL
IR E I L ) BN RO 5N
T MEX 7)) 2 MEOMAE KT ERE &
IeEtEom L% FEEICK S ETOERMERH L Z &
VLD THERR S 7z,

INERE LT, HHEEARKO —EHE T
flld, PR &AMME CIILEMNE E [RETH -
72Dz LT, 5B L CIREGAE L V& o7z,
ok, FUMEXT7) Y MNEOF HAEET
(&, MEfERESH AT E L ) S RORE T
WCHBT A E2REBL TV,

D Eo#ERED S, LINEEEOEARLE L7 b
X7y MEOF MEEOMEREDm FIZE
— A ERE N ORI SEE TH 5 Z L S 5 H 1S
eotze F72, MHERMEITH T ERCOMAEREIK
ELMAFEL TR BT, W L ERED R E 2 [FH
RFICEHT 5 LIIMETH L LE R bR,

V HBEEE

FAL—VH MY ED T VIIHEMER Y72 ) DE
FENIDEL, REOWEEIZLEN LB AL F —
filkt & UCRHMiATE <, B ERA I 0 2L &
%o TWh, AFEANDIRGFEE; GO EOH
FERE A RESE, SOLRLEENL LT, by
ERIATORTEHISGEHEEITEITET o TnL
LEZONDL, REFZETIE, DAEOEN I
BWTEHIHAHELEEORAL Lo T0ET
Y MEX7) Y MEOHARIZE Y, BHELCEK
LTWhE A% T 5 EanE - B

55397 (2001)
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Studies on Forage Quality and Root Lodging Resistance
in Breeding of Silage Maize (Zea mays L.)

Keiichi KOINUMA

Summary

To improve the quality of silage maize in Japan, emphasis has been placed on increasing the dry matter
ear content. However, genotypic differences in stover digestibility were recently recognized, and breeding
programs to improve stover digestibility have been initiated. Development of single-cross hybrids between
US dent and Japanese native flint groups has been the basic system of breeding in Japan, because the
single-cross hybrids exhibited a significant heterosis effect in favor of productivity. However, the markedly
low root lodging resistance of the Japanese flint group has been a constraint in development of root lodging
resistant hybrid cultivars in this system. The studies on heterosis between US dent and Japanese flint
groups have been aimed primarily at grain yield increase and rarely at improving stover quality and root
lodging resistance, even though these traits are significant for silage maize.

The present studies were carried out to identify appropriate selection methods for developing hybrids
with superior forage quality and root lodging resistance. Attempts were also made to acquire an in-depth
understanding of the heterosis expression mechanism in US dent and Japanese flint cross hybrids. For this
purpose, genotypic variations and the inheritance of percent Brix of stalk juice were first investigated as
indicators of stover digestibility. The development of a non-destructive and quantitative evaluation
method for root lodging resistance was then attempted. Finally, the effect of population improvement on
the enhancement of root lodging resistance in the breeding materials of Japanese flint was investigated,
and the inheritance of root lodging resistance was analyzed to reveal the expression of heterosis and its

relationship with the yield.
1. Genotypic variation and inheritance of percent Brix of stalk juice as indicators of stover quality

a) The percent Brix of stalk juice varied significantly among the inbred products and also among the
hybrids. High-percent Brix was found more frequently in flint inbreds and dent X flint hybrids than in
dent inbreds or dent X dent hybrids. A significant positive correlation of the percent Brix between
hybrids and mid-parents indicates that the percent Brix is genetically controlled and that inbreds with a
high percent Brix show promise for developing hybrids with high stover digestibility. However, a negative
correlation between the percent Brix of stalk juice and dry matter ear content was observed, which
suggests that a careful selection for higher percent Brix is required to avoid any loss of ear yield (Tables 1
to 3 and Figs. 1 to 2).

b) The percent Brix and estimated stalk sugar content (ESSC) increased linearly from the lowest

internode up to the one just above the top ear and maintained almost constant values above it. The
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differences among hybrids reached the maximum for both traits at the internode just above the top ear.
The least significant differences for both traits at internodes above the top ear were smaller than at
internodes below the top ear. These results confirm that the internode just above the top ear is most
suitable for measuring the percent Brix as an indicator of stover digestibility (Tables 4 to 6 and Fig. 3).

¢) The additive and dominance effect for the percent Brix of stalk juice and ESSC, estimated using a
generation mean analysis for two crosses, indicated that the additive effect was approximately three times
as large as the dominance effect for both traits. Estimates of the dominance effect were small in both
crosses and not significant in one of the two crosses. These results indicate that the percent Brix of F,
hybrids can be approximately estimated from the mid-parental values. The percent Brix was highly
correlated (r = 0.608™ to 0.977*) with the ESSC in segregating generations, although the correlation was
somewhat lower when the percent Brix was higher than 9 to 10%. Therefore, it is desirable for indirect
selection of stover digestibility that the selected materials with high percent Brix be initially re-evaluated
for ESSC (Tables 7 to 9 and Figs. 4 to 6).

2. Development of a non-destructive and quantitative evaluation method for root lodging resistance

a) The horizontal pulling resistance varied widely among 13 inbreds and was highly correlated with the
root pulling resistance (r = 0.811*) and the weight of the root clump (r = 0.863*). These results suggest that
the strength of the root system can be evaluated by the horizontal pulling resistance (Tables 10 to 12 and
Fig. 7).

b) The horizontal pulling resistance value (HPR value) was calculated to evaluate the root lodging
resistance, which is considered to be closely related to the strength of the root system and the size of the

above-ground parts; the following formula was used for the calculation.

J/Stalk legth (cm) X Ear height (cm)

HPR value =
Horizontal pulling resistance (N)

The two years' mean HPR value and that for the discriminant function value of the root lodging
resistance (DF value) reported by Ishige et al. (1983) were compared for correlation with the three years'
mean of the percentages of lodged plants. The correlation coefficients of the HPR values (r = 0.631*" in
hybrids, r=0.564 in inbreds) were higher than those of the DF values (r = 0.277 in hybrids, r = 0.382 in
inbreds). However, the correlation was not significant in the inbreds. These results indicate that the HPR
value is non-destructively measurable and efficient for a quantitative evaluation of the root lodging
resistance of hybrids (Tables 14 to 17).

¢) The HPR value was applied to evaluate the root lodging resistance of inbreds. Based on the low
correlation between the HPR value and the percentage of lodged plants in the 15 inbreds tested, it was
considered that HPR values are not always useful for directly evaluating inbreds. However, a significant
positive correlation was observed between the HPR value and the percentage of lodged plants for the
hybrid mean of each inbred, ie. the mean of the hybrids in which the inbred was involved as a parent.
These results suggest that the root lodging resistance of inbreds can be efficiently evaluated based on the
hybrid mean of the HPR value, and that nine crosses in a single-year experiment or four crosses a year in
two-year experiments are required for an appropriate evaluation (Tables 18 to 21).

3. Selection efficiency and genetic analysis for root lodging resistance

a) A cyclic selection was attempted for two breeding populations, MF and MC, to improve the root
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lodging resistance of Japanese native flint. The HPR value and DF value indicated that the root lodging
resistance of both populations clearly increased with the selection cycle and that the root lodging resistance
of the advanced populations reached almost the same level as the US dent population. The changes in the
traits related to root lodging resistance differed between the two populations. The MF populations clearly
demonstrated increaseing root system strength with the selection cycle. In contrast, the decreased size of
the above-ground parts was notable in the MC populations (Tables 22 to 25 and Figs. 12 to 13).

b) Diallel analysis was conducted for the percentage of lodged plants and the HPR value. Almost the same
results were obtained for both traits. The additive effects (a) were significant (P<0.01 for the percentage of
lodged plants and P<0.05 for the HPR value). The dominance effects averaged over all hybrids (b)) and
those due to parental inbreds (b:) were not significant, but the dominance effects due to specific
combinations (bs), ie. the specific combining ability (SCA) effects, were significant (P<0.01). The
percentages of lodged plants and the HPR values were lower in the dent X flint hybrids than in the dent X
dent and flint X flint hybrids. In contrast, the rates of dry matter production were higher in the dent X
flint hybrids than in the dent X dent and flint X flint hybrids. These results indicate that the heterosis
between the dent and flint inbreds is expressed in the root lodging resistance as well as in the dry matter
production and that hybrids with a high yielding ability and high resistance to root lodging can be
developed effectively by combining dent inbreds with flint inbreds if the root lodging resistance is
adequately improved (Tables 26 and 27 and Fig. 14).

¢) General and specific combining ability effects for root lodging resistance and the relationship of the
root lodging resistance with the whole plant yield were investigated in F, hybrids between dent and flint
inbreds. Although the general combining ability (GCA) effect was highly significant (P<0.01), the specific
combining ability (SCA) effect was not significant for either the percentage of lodged plants or the HPR
value. No definite relationships were detected between the root lodging resistance and the rate of dry
matter production in the hybrids. Some hybrids showed a higher root lodging resistance and also a higher
yielding ability than the check commercial hybrids. These results indicate that the evaluation of the GCA
effect for root lodging resistance of parental inbreds is important in breeding dent X flint hybrids, and also
suggest that hybrids with a high root lodging resistance can be developed along with an improvement of
the whole plant yield (Tables 29 and 30 and Fig. 15).

Keywords : maize, silage, stover digestibility, Brix, lodging resistance, heterosis, flint, dent.



