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Rama Dayal Singh

An Abstract

Twenty S¢ second cycle lines developed by inbreeding and
selection in the double cross Ohio M 15 (Oh 51 x Oh 26) x (Il1l.A
x W 23) were used to study the degree of relationship with the
four parental lines and among themselves, These lines were
crossed on ten testers, seven related (four parental inbreds,
two single crosses and the double cross Ohio M 15) and three
unrelated testers (inbred M 14, single cross M 14 x W F 9 and
double cross Ia, 4483 (M 14 x W F 9) x (Bg x B16).

Seven of the second cycle lines, four parental lines and
one unrelated line, M 14 were used to produce, 66, single
crosses, Actual and predicted performance of double crosses
were compared with the parental Ohio M 15.

A few of the second cycle lines were more vigorous than
and superior to the parental inbreds in combining ability.
Second cycle lines were genetically different from some of the
parents and from each other,

A few double crosses equal to or slightly better than
Ohio M 15 were produced by crossing four second cycle lines
or by substituting them with one or more of the parental lines
in the pedigree of Ohio M 15. Predicted yleld, percentage
of moisture and stalk lodging of the double crosses from the sin-
gle cross data showed significant correlation with the actual
yield, percentage of moisture and stalk lodging.

These results indicate that, even the lines of the same

origin can be used to produce good hybrids, if they were
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extracted from a wide genetic base.

Inbred and single-cross testers were very specific in
evaluating the lines for yield and lodging. This suggests the
use of more than one of these as testers for general com-
bining ability. The 'r' value between the two double cross
testers was a significant (.46) but low enough to suggest
the use of more than one tester for evaluating the lines for
general combining ability for yield. A high 'r' value for the
mean of the four parental inbred testers with the mean of
their two single crosses suggested that either four inbreds
or their two single crosses may be used for evaluating general
combining ability of the lines for yield.

Either the four inbred testers or their two single crosses,
or the double cross of the four inbreds could be used to
evaluate the 1lines for resistance to stalk lodging. A
similar situation was indicated for resistance to root
lodging.

Correlation for the two tester groups (related and
unrelated) indicates that either related or unrelated testers,
as a group, were reliable for estimating relative general
combining ability for yield, maturity, and stalk lodging
resistance.

The correlation coefficients for maturity were signifi-
cant in all cases and were generally high, suggesting fewer
testers would be needed to evaluate maturity than yield or

lodging resistance.
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For related lines, genes conditioning specific com-
bining ability were relatively more important in influencing
yleld than genes for general combining ability.

Analysis of components of varlience shows that for yield,
line x tester interaction decreased with increased genetic

variation in the tester. This same relationship did not

exist for maturity.
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Introduction

The need of more efficient methods of isolating and
evaluating improved inbred lines of corn is paramount if
corn breeding is to progress significantly beyond its present
status. In the early stages of hybrid corn breeding, inbred
lines were produced solely from open pollinated varieties,
While some of these lines were very desirable for hybrid
corn production and are still among the more popular lines
in commercial production, a very high percentage was dise-
carded because of poor plant characteristics or inability to
transmit high yields and other desirable agronomic character-
istics to their hybrids.,

In more recent years, new lines have been produced from
previously developed lines after combining them in crosses.
A number of desirable lines have been isolated by second
eycle inbreeding, but very few have been superior in com-
mercial production to the best lines developed through
inbreeding in open pollinated varieties. Several workers have
reported that the isolation of second cycle inbred lines from
single crosses precludes their use in hybrid comdbinations with
each other or with the parental inbreds due to close genetic
similarity. 8Second cycle inbreeding and selection in double
eross hybrids and other crosses involving more than four
inbred lines of diverse origin might reduce the dangers of
close relationship among the inbreds.
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Continued inbreeding and selection in open pollinated
varieties and other broad gene bases is necessary to main-
tain or extend genetic diversity among inbred lines. Second
and continued ecycles of inbreeding and selection among
crosses of these lines may lead to further improvement and
refinement in the inbreds and their hybrids.

Thus far it has been impossible to isolate inbred lines
superior for complexly inherited characteristics such as
yield by visual means. Superior lines can be developed
only by extensive and expensive testing programs. The top-
cross method, using an open pollinated variety or double
cross hybrid as a tester to identify lines of superior general
combining ability, has been widely used,

In 1948, inbreeding and visual selection for desirable
agronomic characteristics was started in the double cross
hybrid Ohio M 15 (Oh., 26 X Oh, 51) x (I11.A x W 23), The
hybrid was a popular, productive, medium-early maturing
hybrid, well adapted throughout central Michigan., During the
course of routine inbreeding and gelection, it became
apparent that a group of lines distinctly different from the
four parental lines in appearance was being developed. No
evaluation for combining ability in test crosses had been
made during the six generations of inbreeding and selection.
Since 1t has become more or less standard procedure in corn
breeding to avoid hybrids containing related inbred lines,
it appeared desirable to determine the extent of genetic
relationship in this material and how detrimental this
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relationship might be in producing improved hybrids in

the Ohio M 15 maturity group. The present study has
been conducted toward the above end,



Review of literature

Isolation of second cycle lines has been designated by
various names such as 'pedigree systea of breeding' and
'cumulative selection'. Wu (30), in studying the pedigree
method of breeding for improvement of inbred lines igolated
from single crosses, measured 1l characters in the progeny
inbred lines and in the original parental inbred lines. All
of these characters except two showed significant variability,
Selection for certain characters by the pedigree method of
breeding was effective in isolating inbred lines more desir-
able in these characters than either parent., Hayes and
Johnson (12) isolated indbred lines from single crosses that
were improved in vigor, lodging resistance and smut
resistance, 8imilar results were reported by Johnson and
Hayes (18), Sprague (27) and Green (11) in the improvement
of inbred lines by the pedigree method of breeding,

Genetic divorsity among inbred lines has generally pro-
duced higher yielding hybrids than when the inbreds were
closely related. Wu (30) showed that related inbred lines
produced single cross hybrids that yielded consistantly
lower than single crosses composed of inbred lines of diverse
genetic origin, Hayes and Johnson (12) reported results from
the same type of study. In crosses of unrelated lines,
twenty eight of forty-three single crosses were equal to or
better than standard double crosses in yielding ability and
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moisture percentage. Where one parent was common, six out

of fifteen crosses and where both parents were common one out
of fifteen were equal or better in yield and moisture
percentage than the standard double crosses, Johnson and
Hayes (18) presented additional data from crosses between
related inbred lines to show that genetic diversity was
important to obtain maximum expression of hybrid vigor.
Eckhardt and Bryan (8 and 9) and Cowan (5) also confirmed the
importance of genetic diversity for the production of high
yielding hybrids.

Development of inbred lines is comparatively simple
compared to problems of evaluating the lines, The importance
of this was stressed as early as 1909 by Shull (25). For a
time it was customary to make and test as single crosses all
possible combinations among the lines. This method was
expensive and inefficient, even for the small number of
inbreds used.

Jenkins (14) reported correlations for the yield of
double crosses with: (a) the mean yield of all six possibdle
single crosses from four inbreds, (b) with the mean yield of
the four nonparental single-cross combinations, (¢) with the
mean yield of all single crosses involving the four lines of
the double cross, (d) with the mean yield of the inbred x
variety top cross results for the four parent inbreds. MNethod
(b) was more genetically sound and the results agreed better
with the actual double cross performance. The correlations
for predicted and actual yilelds for methods (a), (b) and (e¢)
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were 0.75, 0,76 and 0.73 respectively showing 1little dif-
ference for the three methods. The correlations for the
inbred variety erosses was 0.61, still significant,
Methods (a), (c) and (d) all assume additive gene action.
Method (b) no additive effects arising from dominance,
epistatis ete.

The effectiveness of predicting the yields of double
crosses from the mean yields of the four nonparental single
crosses has now been tested at several experiment stations.
Doxtator and Johnson (7) compared the predicted and observed
yield of seven double crosses and two three way crosses.

They reported that by appropriate use of single cross data,
the highest yielding double cross combination could be
predicted. Anderson (1) compared the actual yield of 15
double crosses with the predicted yield by method (b) of
Jenkins and found close agreement between predicted and actual
yields. The correlation was 0.9, Hayes, Murphy and Rinke (13)
reported a comparison between actual and predicted yield and
moisture content of 114 double crosses. There was excellent
agreement between the predicted and actual results. Pre-
diction of double-cross yields from data of the four non-
parental single crosses has become an accepted method in corn
breeding. Millang and Sprague (22), Combs and Zuber (4) have
prepared a procedure which facilitates the prediction of the
double crosses by use of the punchcard machine method.

The ultimate use of the inbred lines in hybrids and
their final selection is based on lybrid performances. In
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earlier days, all the lines were crossed with each other
and tested. It was a very tedious and expensive job., A
more efficient method was available in the use of the inbred
X variety crosses.

Jones (19) reported on inbred x variety crosses. He was
mainly interested in relative performance, rather than as a
method of evaluating the lines, Davis (6) used this method
of inbred variety orosses for determining the combining
ability of 8, lines,

Jenkins and Brunson (16) compared the ranking of inbred
lines by the inbred x variety crosses and single crosses.
Coefficients of correlation for many characters were cal-
culated between the mean performance of inbred lines as
single crosses and their performance x in crosses with an
open pollinated variety. They concluded that open pollinated
varieties were effective in the preliminary testing of new
lines.

Johnson and Hayes (18) reported the relation between top
cross yield and single ylelds for 11 inbred lines derived
from the variety "Golden Bantem", It was found that the
inbreds yielding high in top crosses were most likely to pro-
duce the high yielding single crosses. They also recommended
this method for the preliminary evaluation of inbred lines.

The choice of the tester depends upon the useto be made
of the lines. A suitable tester should detect inherent dif-
ferences in the combining ability of the lines. Beard (2)
has compared the use of single crosses and an open pollinated
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8
variety as testers, He concluded that the single crosses were
at least equal to the open pollinated variety for evaluating
combining ability. Federer and Sprague (10) concluded that
increasing the number of testers improved the estimates of
combining value more than increasing the number of replications,

Keller (20) reported the relationship between the use of
a related and an unrelated single cross as the tester parent
in evaluating a group of selected r2 plants of maize. The
results indicate that the two testers did not rank the lines
in the same order due to differences in specific combining
ability of the testers. Another study was made to determine
the association among the four testers for evaluating the lines.
The results suggest that the inbred lines and the variety Krug
as testers did not rank the lines similarly. The data
suggest the use of a number of testers for evaluating general
combining ability., It was also concluded that the use of the
tester should be decided by the use to be made of the lines,

Matizinger (21) used 16 inbred lines, divided at random
into two groups. One of the groups was used as testers and
the other as lines to be tested, The testers included eight
inbred lines, two double crosses and four component single
crosses., The eight lines tested were placed in the same
rank when averages were obtained over all testers within a
given type. The variance component estimates of the inter-
actions involving acre yields of the inbred testers x lines,

single cross testers x lines and double cross testers x lines
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indicate that as the genetic variation within a tester
parent increased, the line x tester interaction decreased.
This relationship did not hold good in the case of moisture
percentage. He concluded that when specific combining
ability is of importance the best tester is the opposite
single cross parent of the double cross or its component
lines, The results indicate that the ranking of lines for
general combining ability can be attained the most economical-
ly through the use of a tester having a broad gene base,

General and specific combining ability were defined by

Sprague and Tatum (29). Variances for these characteristics
were obtained from single-eross yield trials. They con-
¢luded that general combining ability was relatively more
important than specific combining ability among untested
11n§s. Specific combining ability was relatively more impor-
tant than general combining ability among previously tested

lines.
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Materials and Methods

Twenty S¢ second cycle inbreds developed by inbreeding and
selection in the double cross Ohio M 15 (Oh 51 x Oh 26) x
(I11.A x W 23) were each crossed to ten testers in 1954,
Inbreeding and visual selection for desirable agronomic
characteristics was started in 1948, None of the lines had
been previously evaluated for combining ability. 8ince visual
selection for combining ability for yield among and between
inbreds has generally been ineffective (15), the 20 second
cycle lines can be considered as a small random sample of the
original population with respect to ylelding ability.

Origin of the four parental inbreds iss
Oh 51-Early Clarage open pollinated variety
Oh 26-Early Clarage open pollinated variety
I11.A-Funk Yellow Dent open pollinated variety
W 23-Golden Glow open pollinated variety.

The seven related testers were the four parental inbred
lines, Oh 51, Oh 26, I11,A, and W 23 and the two parental
single cross hybrids: (Oh 51 x Oh 26) and (Ill.A x W23) and
the parental double cross, Ohio M 15 (Oh 51 x Oh 26) x (Ill.A x
W 23). The three unrelated testers were Ml4 (an inbred line),
(M14 xWPF9) and Ta, 4483 (M 14 xWF 9) x (B8 x B 16).
These 200 crosses were tested in 1955 at two locations
. (Ingham and Saginaw Counties) in a split plot design with
testers as main plots and second cycle lines as sub-plots.

Three replications were used at each location.



. .
] 1
. .
- . -
b . -
+
4 .- R - .
R . . - - [
¢ o . :
- . 4 .
. L, ~ -
L N "
. . 4
. .
- .
. .
o

~

-
. -
. .
. .
.
d L9
-~ - .



11

Seven of the second cycle lines, the four parental
lines and the unrelated line M 14 were used to produce the 66
possible single cross combinations in 1954. These were
tested in 1955 with two entries of Ohio M 15, Michigan 350,
Michigan 480, Michigan 570 and single cross (M 14 x W F 9) 1in
an 8 x 9 rectangular lattice design with three replications at
two locations, Saginaw and Ingham Counties.

Each of the five tester inbreds, (Oh 51, Oh 26, Ill.A,

W 23, and M 14) was crossed with the other nine testers making
35 crosses. These 35 crosses were tested with the three
tester single crosses, (Oh 51 x Oh 26), (Ill.A x W23) and

(M 14 x WPF 9) and the two double cross testers Ia. 4483 and
Ohio M 15, The experiment was planted at two locations
(Ingham and Saginaw Counties) in a randomized design with
three replications at each location.

Double-cross seed was produced in Florida during the
winter of 1954-55, Twenty seven double crosses were made in
which one of the four parental lines of Ohic M 15 was replaced
with a second cycle line and four crosses with M 14, Forty
three double crosses were made using only the second cycle
1ines. All were “guess" combinations since single-cross and
test-cross data were not available for predicting the best
double orosses that could be produced. These double crosses
were tested in 1955 with three entries of Ohio M 15, Michigan
350, Michigan 430, Michigan 480 and Michigan 570 as standards,
The experiment was planted at two locations (Ingham and
Saginaw Counties) in a 9 x 9 triple lattice design with three

replications.
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The Ingham County location was planted on the May 7,
1955 at the Farm Crops Field Laboratory of Michigan State
University and the Saginaw County location was planted on
May 3, 1955 on the farm of Walter Reinbold near Reese, Michigan.
Plots were 2 x 5 hills, thinned to three plants per hill,

The twenty second cycle inbreds, the four parental in-
breds and the unrelated inbred M 14 were compared in a
randomized block design with four replications in 1954 and in a
simple lattice design with four replications in 1955. Plots
were 15 feet long, thinned to 15 plants per plot.

© Yield trisls ip 1955

There were five yield trials in 1955 at each of two

locations, Ingham and Saginaw Counties,
1) Test crosses =200 test crosses (20 inbreds x 10 testers)
2) Single crosses - 66 single crosses plus 6 standard
hybrids (72 entries)
3) Tester crosses - 35 test crosses plus 5 standards
(40 entries)
4) Double crosses - 74 crosses plus 7 standards hybrids
(81 entries)
5) Inbred lines - 25 inbreds.

Obgervations
Stand and missing-hill counts were made before harvest at

both locations. Counts of stalk lodging (plants broken below
the ear) were made. Root lodging counts were made for plants

leaning at an angle of 30° or more from vertical,
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The Ingham County experiments were harvested on
October 3, and Saginaw County on October 23, 1955, Ten ears
were taken at random from each plot for determination of
moisture percentage in the ear at harvest. A one inch
section was cut from the center of each ear with a special
machine (3). The composite sample of 10 sections from each
plot was weighed in grams, dried in an oven at about 160°F.,
re-weighed in grams, and moisture percentage calculated by
weight loss.

Weight ad justments were made for missing hills but no
ad justments were made for missing plants within a hill. Double
cross predictions for yield, moisture content and stalk
lodging were made from the single-cross data (14),

Weather conditions in 1955 were generally favorable for
good corn produetion, 8talk lodging was relatively high
while root lodging was comparatively low,

Correlation coefficients for all combination of testers
were calculated for yield, percentage of moisture, stalk and
root lodging to determine how closely the testers were
evaluating the lines in a similar manner. All possible
correlations among the 20 second cycle lines were calculated
for average yleld, percentage of moisture, and stalk lodging
to determine the genetic similarity of the second cycle lines
with the four parents and with each other., High correlation
coefficients indicate a close genetic relationship and low
correlation coefficients indicate greater genetic dissimilarity.
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Experimental Results

Performance of 20 8¢ Second Cvcle Lineg

High performance of inbred lines provides an economic

advantage in the ultimate production of hybrid corn seed.
The results of the yield trials of twenty-five inbred lines
(twenty second cycle S¢ lines, four parental inbreds and the
unrelated inbred line, M 14), (Table 1) show that one second
cycle line yielded significantly higher than the two highest
yYielding parental lines, W 23 and Oh 51, and the unrelated
line M 14. Eleven second cycle lines were equal to W 23 and
fourteen were equal to Oh 51 and M 14 in yleld. Eight second
cycle lines yielded lower than W 23 and five were lower than
Oh 51 and M 14, The comparison of second cycle lines with the
two lowest ylielding parental lines.(Oh 26 and I11,A) indicate
that nine second cycle lines yielded higher than Oh 26 and
eight were better than Ill.AA None yielded lower than the
two lowest ylelding parental 1ines (Oh 26 and Ill.A). These.
results indicate that the chances of obtaining lines more
vigorous than the high yielding parental lines were small, but
the possibilities were relatively good for isolating lines
equal to the high parents and more vigorous than the low yield-
ing parents,

. Moisture percentage in the ear (Table 1) at harvest showed
that two second cycle lines were earlier and one later in
maturity than the parental lines and unrelated line M 14,
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Table No. 1

Yield, percentage of moisture, stalk and root lodging
in the inbred lines

Av, for 1954 and 1955, two locations

Code No. Pedigree Yield in lMoisture Stalk Root
Bu. per in ear Lodging Lodging
Acre at g ;
15.5%
Moisture
1, 397=1l-1=-1-1 64.1 25.3 3.5 1.2
2. 236'1'1"-2 3008 4 ° OQg ‘06
30 376'2’1"-2 ‘6.1 3 07 11. 1202
‘o 376'2'1'3-2 ‘4.2 3206 8.8 1102
S 376-2-1-4-1 49.; 29.9 13.5 14.8
60 28°1°1°2-1 560 2501 13.6 1.1
go 82-101'5.1 39.8 2708 4.3 101
o 3’1‘2'2‘1 49.5 25.9 1200 1.2
9. 342=2=1-7-1 39.3 37.1 1.3 1.8
10. 58=3=l-1=1 30.3 20.8 13. 3.1
110 50'1-1-3-1 4404 2801 0. -
12. 52-2’2. .i ‘106 2408 803 20‘
130 319-1-1- - 51.6 Zi.O 8.4 107
14. 310-1-3-9 49.4 31.7 15,3 5e1
150 310’1'2‘2’% 3 07 2401 3205 006
160 122'1'1’2‘ ‘104 220‘ 1602 203
IZo 346<1=3-2-1 51.9 24,6 4,2 -
1 ® 381’2‘1"6-1 ‘300 27.6 19.7 18.2
1’ ° 10 5‘1-1-1-2 53 o4 2507 7 01 -
200 427.1.4-1.2 3705 1907 ‘06 L4
210 Oho 51 ‘904 25.9 608 9og
220 Oho 26 3602 2303 - 10
23. 11, A 37.5 38.2 10.6 23
24 . w a3 5242 26.i 40.1 2.0
25. M 14 49. 30. 1.8 3.0

L. 8. D. 9.2 bu. 4.2
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Among the parental lines, IIl.A was significantly later in
maturity than the other parents., Eighteen second cycle lines
were earlier in maturity than the late maturing Ill.A, while
about one fourth were later than the other three parental
lines. It may be concluded that it was possible to select
lines earlier or later in maturity than the parents.

The tabulation of stalk lodging, (Table 1), shows that
three inbreds were almost as resistant to lodging as Oh 26,
the parental line with the best lodging resistance, and the
unrelated line M 14, None lodged as badly as the parental
line W 23, Again, the chances of improving lodging resis-
tance of inferior parents were good.

Root lodging (Table 1) was greater for four second cycle
lines than for the parentgl lines. A majority were better
than the poorest parent (Oh 51), The root lodging in three
of the parents and in thirteen second cycle lines was negli-
gible. There were good possibilities for obtaining lines with
better resistance to root lodging than the highly susceptible

parent.

c Ability of Seco O [ h
Performances of crosses among the testers are given in

Table 2. Table 3 presents the performances of second cycle

lines with each tester parent. The four parental lines,

(on 26, I11.A, Oh 51 and W 23) when crossed on inbred tester

M 14 yielded 87.5, 87.6, 92.0 and 95.1 bushels per acre res-

pectively. Five of the twenty second cycle lines crossed with
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Table 2

Average yield, percentage of moisture, stalk and
root lodging in tester crosses at tvo locations

Yield in bushels per acre at 15.5% moisture

oh51 0h26 I11.A wa3 Oh51 X Oh26
OhS51 - 72,6 93.1 84,7 50.4
Oh26 72.6 - 90.5 81.9 52.g
Ill.A 93.1 90.5 - 90.6 80.
w23 84,7 81.9 90.6 90.2
Ml4 92.0 87.5 87.6 95 1 87.2
L. S. D, at 5% level 15,1 bushels
Moisture in ear
oh51 O0h26 I11.A w23 Oh51 X Oh26
Oh51 - 18,6 23.2 19.1 18.6
O0h26 18.6 - 23.5 18,2 15.
Ill.A 2302 28.5 - 23." 2 .0
'23 19.1 1 02 2304 - 1707
na 19,6 19.4 27.9 22.5 17.3
L. 8. D. at 5% level 3.7 percent of moisture
Stalk lodging
<
oh51 Oh26 Ill.A w23 Oh51 X Oh26
oh51 - 12,8 37.8 12.4 27.9
Oh26 12.8 - 1104 809 607
I11.A 37.8 11.4 24,6 31.4
w23 12,4 8.9 24.6 - 11,2
M4 2,5 4,0 21,6 5.5 1.3




Table 2 (Continued)

I1l.A X W23 Ohio M15 M14

Ml4 X WF9 Ia. 4483 Average

78.2 92.0
7'§ 33’2
6.0 95.1
7.1 Z

93.3
97.2
105.8
100.6
68.3

6
?;:Z

92.0
76.0

I11.A X W23 Ohio M15 M4 M14 X WF9 Ia, 4483 Average

20,9 17.8 19.6 . 23.9 17.6 19.9
18.3 17.3 19.4 19.6 20,0 18.9
26,0 25.9 27.9 24,1 21.3 24.5
22.8 22.4 22.5 25.2 20.9 21.4
200‘ 20.8 - 24.1 2101 2105

I11,A X W23 Ohio 05 M14 M14 X WF9 Ia., 4483 Average

10,5
30.9
15.2
24,3

9.7

2.5
4.0
21.6

5.5

8.1 16.1
2.4 4,7
3‘? 22’3
6.5 7.6

18,
12.
22.4
15.4
7.5




L)
.
.
-t e e e e
.
.
.
- e
»
. -




- —

c— o

+ - 4% com emr e me - eeman

- e - . e

- - -

. e e emee

- - e - -



| A——
¢

19
Table 2 (Continued)

Root %odging

oh51 Oh26 I11.A w23 Oh51 X Oh26

Ohn Lod 4.6 006 006 12.1
°h26 ‘.6 L od 6.9 1.1 0.6
I11.A 0.6 6.9 - - 1.9
'23 006 1.1 - - -
n4 1.8 - 3.5 - -




Table 2 (Continued)

T11.A X W23 OhioM15 M4 M4 X WF9 Ia. 4483 Average
2.3 - 108 4’. - 209
204 3 5 - - - 201
4.6 - 305 1 107 203
- - - - - 002
0.6 2.3 - 0. 1.7 1.2
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Table 3
Average ylelds of test crosses at two locations
(yield in bu. per acre at 15.5%¢ moisture)
Second

cycle lines Oh51 ©Oh26 I11.A

w23 Oh51 x Oh26

1l 89,8 84,8 83.8 83.6 70.4
2 70.9 94.0 87.1 82.5 8l1l.5
3 94,2 90.4 66.9 96.3 91.7
4 86,2 91.9 76.5 90.9 86.7
5 81.9 95.2 58,6 83.1 82.5
6 77.8  79.3 76.6 ga.6 79.3
g g O 69,7 91.5 2 772
g.9 82,2 72,2 87.0 7645
9 88.1 80,1 74.2 96.0 83.8
10 64,4 66,9 68, 73.2 62,6
11 76,0 66.4 94,1 97.2 71.1
12 81.1 68.9 84,2 82.2 68.3
13 52.4 66.9 90.3 78.4 61.7
14 62,9 82.1 88.4 85.7 70,0
15 70,1 91.7 83.4 86.6 74.2
16 6.9 .1 78.6 83.‘ 65.8
17 63.9 78.6 78, 83.3 70.8
18 70.1 88.4 53e 82.0 79.8
19 70.9 62,1 77 .4 88.9 8345
20 9.6 91,1 776 94,7 84,1
Av, 74.6 79.5 78.1 85.8 76.1
L. 8. D, at 5%
Mean of testers 6.3 bu,
Mean of inbreds 4.7 bu.
Two inbred at the same level of tester 14.5 bu,
Two tester at the same level of inbred 14,9 bu.

To test diagonally

14,9 bu.
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I11.A X W23 Ohio 15 114

M14 X WF9 Ia, 4483 Average

78.0
87.2
76.6
s

.6

2.5
5.

39 5
8179
o
80.5

87.8
110.7
94.7
97.6
83.4
85.9
89.9
97.7
83.1
74 .4
97.6
86.2
95-

86.0
91.1
86.9
879
91.6
82.0
90.6

88.5
101.
it
83
93.7
9a.1
99.2
103. é
85.9
543
9.4
97.3
4,2
3.9
1.7
8.2
92.7
105.5
86.8
94.9

87.9
102.6
100.2

89.1

4,2
4.6

93.8

9 ¢

7809
101.3

94.5

87.9

92.2

88.1
8

.8
85.3
92,0
85.3
90.9
Average

83.5

o4
9.6
89.4
85.0
9.4
4.8
84.2
88.0
gz

6.5
80. 7

1. 2
82,7
78.7
77.9

&8

82.1
82,7
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M 14 ylelded more than W 23 x M 14, 8Since these two tests were
grown as separate tests but in the same field, there is no
valid L.S.D. and only general comparisons can be made,

Crosses of second cycle lines with the parental testers
showed the same general results., Crosses of Oh 26, Ill.A
and Oh 51 with W 23 yielded 81.9, 90.6 and 84,7 bushels res-
pectively., When the second cycle lines were crossed with
W 23, five second cycle lines (Table 3) yielded higher than
the best yielding parental line crossed with W 23,

A comparison of performances of second cycle lines and
parental lines crossed on a related and unrelated double
cross tester was made. Parental lines Oh 26, I1l.A, Oh 51
and W 23 crossed with Ia, 4483, the unrelated double cross
tester, yielded 83.9, 97.8, 90.6 and 92.0 bushels, respectively.
Three of the twenty second cycle lines crossed with Ia, 4483
yielded more than 97.8 bushels per acre.

Crosses of Oh 26, Il1l1.A, Oh 51 and W 23 with Ohio X 15,
the parental double cross tester, yielded 71.5, 87.3, 78.2 and
76.0 bushels per acre, respectively. Results for second
cycle lines crossed with this same tester show that one line
yields higher than the naiilnn yilelding test cross of parental
lines erossed with Ohio M 15,

These results and similar results with other testers for
second cycle lines compared with parental lines show that some
second cycle lines were superior to the parental lines for

yield in either specific or general combining ability.
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Percentages of moisture for parental lines Oh 26, Ill.A,

Oh 51 and W 23 (Table 2) crossed on M 14 were 19.4, 27.9,
19,6 and 22,5 respectively. Results for second cycle lines
crossed on these inbred testers (Table 5) show that there
were three crosses with a moisture content of 17.1 or 17.2%
and the highest moisture content was 26.0%.

A comparison of the moisture percentage of test crosses
(Table 5) with moisture percentage of tester crosses (Table 2)
shows that the moisture percentage in some of the second
cycle line crosses was lower than the lowest molisture percentage
of the parental lines crossed with the same tester. Likewise,
moisture contents for some second cycle test crosses were
higher than that of the parental lines crossed with the same
tester. Crosses with inbred 20 generally gave the lowest
moisture percentage, while inbred 2 produced relatively late
crosses.

Test cross results for stalk lodging (Table 7) and parental
tester cross results (Table 2) indicate that there were no
second cycle lines superior in stalk lodging resistance to the
best parental line (Oh 26), although some of the second cycle
lines were superior in stalk lodging resistance to the more
lodging susceptible parental lines.

Tabulation of root lodging (Tables 8 and 2) was
comparatively low in both second cycle line crosses and parental
line crosses. In one parental line (Oh 51) root lodging was
2.9 percent and in second cycle line number 18 it was 6.8

percent.
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These results indicate that through inbreeding and
selection in a double cross hybrid, a few second cycle lines
slightly superior in combining ability and either later or
earlier in maturity than the parental lines can be obtained.
No improvement in lodging resistance over one excellent
parent was found, The results show that there was a good

chance of improvement over highly susceptible parents,

a the 8

Yields of the test crosses (Table 3) indicate that second
cycle lines, when crossed with the parental lines, showed varia-
tions in ylelding capacity. When crossed to certain parental
lines, a second cycle line yielded as high as it did in crosses
with the unrelated inbred M 14, but when crossed to another
parent it yielded significantly lower. This was true for all
second cycle lines with exception of inbreds 1, 2, 6, 9 and 10.
None of the crosses of inbreds 1, 6, 9 and 10 with the parental
1line yielded higher or lower than with M 14, Inbred 2 yielded
significantly lower in crosses with the parental lines than it
did in erosses with M 14, These results indicated that except
for inbred 2, all the second cycle lines were equal to the un-
related line M 14 in genetic diversity from some of the
parental lines. The difference in performances of second cycle
lines with parental inbreds as testers shows variation in

their genetic relationship with the four parents.
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Second cycle lines 3 and 4 were common in pedigree during
the first three years of selfing and 3 and 5 were common for
the frirst four years of selfing, The inbred yield trial
(Table 1) indicates that the above three inbred lines were
similar in yield, maturity, and stalk and root lodging, In
general combining ability (Table 3), the three lines pro-
duced similar average yields. The 'r' values for yleld
(Table 4) between line 3 and 4, 3 and 5, and 4 and 5 were
659, 899 and .711 respectively. The higher 'r' value between
3 and 5 may be due to one more year of common pedigree for
these lines., The three lines had similar maturity (Table 5).
Stalk lodging percentages ranged from 21.2 to 27.3 which were
comparatively similar, Also in root lodging, the three
lines were similar (Table 8). The 'r' values for maturity and
lodging were high in all cases between these three lines,
again indicating genetic similarity.

There had been little genetic segregation among these
three lines after they were separated with three or four years
of inbreeding., This indicates that the lines had established
their identity very early and, in a small way, confirm the
validity of early testing of inbred lines as suggested by
Jenkins (15) and Sprague (27).

Variation in genetic relationship of second cycle lines
with the four parental inbreds was seen in comparisons of
yields of their crosses with each of th§ four parents. All
second cycle lines (Table 3) with the exception of 1, 6, 8 and
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Table 4
Correlation coefficients for yield between
second cycle lines in test crosses
Second

cycle
dipes _ 1 2 3 4 __ 9 é 2 8 9 10

1 o .356 .372 .351 .284 485 .343 £.652 .281 .326
2 356 - .304 .545 .404 £.870 .467 ,593 .175 .594
3 4372 .30 - £.659 £.509 £.839 .066 £.752 £.966 .215
4 351 545 £.659 = 4711 £.730 .127 4,510 £.685 .533
5 0244 404 l.§39 #.;11 - ¢525 =.133 .611 /.360 .418
6
7
8
9

485 £.870 £.839 £.730 525 - .360 £.780 .495 .392
343 467 066 ,127 -.133 .360 - 358 .398 #.391
4,652 .593 £.592 4800 611 A0 .358 - 4882 .oa1
281 .175 £.786 £.285 £.660 .495 .398 £.882 -  .605

10 .326 .594 .215 .533 .418 .392 .691 .041 .605 -
11 431 .521 .138 £.865 -.054 .382 £.883 .430 .419 £.660
12 4855 .486 .272 401 .107 .499 £.574 .525 .501 4.835
13 .340 £.808 .016 .430 .020 .513 £.503 .a45 .246 £.774
14 345 £.926 .114 .528 ,210 .489 .572 .262 .333 £.658
15 .363 £.788 .169 .390 .293 .333 .308 .383 .044 .369
16 .356 571 .219 .261 .101 .380 £.952 £.911 .513 £.83a
17 2303 £.712 4283 £.839 .383 494 .493 .446 .463 £.074
18 285 .565 £.891 £.088 £.846 £.70 .006 .81 .59 .265
19 .246 .536 .562 .579 .291 4.723 £.761 £.689 £.709 .598
20 =175 .479 ,240 ,486 ,409 .199 .093 .193 .311 .366

r value to be significant at 5% 0.632 degree of freedom 8
r value to be significant at 14 0,765 degree of freedom 8
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11 12 13 14 15 16 17

18 19 20

431 £.655 .340 .345 .363 .356 .303

0285 02‘6 -0175

«521
<138
«665
-.054 .,107 .020
382 .499 .513

016
«430

o272
+401

o114
.528
«210
.489

486 £.808 £.736 £.788

«169
«390
«293
«333

571 4712 .565
219 ,283 £.801
.261 £.639 £.688
101 .383 £.846
.380

536
«562
«579
0291

494 2,90 4.7%3

4,883 £.7%4 4,883
430 525 445 ,262
419 .50 246 333

572

.308 £.952
.383 £.711
044 513

493 006 £.781
446 4,781 £.689
463 594 £.709

«265

«598

479
0240
.486
<409
<199
«093
«193
311
«366

4,680 4,635 £. 774 £.6%8 .369 4,834 £.6%a
o £.500 £.831 £.746 441 2,829 2,734
£.900 = £.700 £.656 .323 £.736 £.673
4831 4780 - £.8%2 4,651 2597 4580
4786 £.696 4892 - 2979 .57 4885
A4l .323 £.651 4599 - .317 4.7%6
4849 2736 £ %97 511 317 - M
20758 4,653 2. 787 4,885 4.7% 51 -
076 134 ,195 ,312 .484 ,173 .442
4,701 £.681 .102 £.811 229 £.%%2 573

277 .063 329 £.690 £.710 193 £.754

.076 £.701
J134 £.641 .063
195 102 .329
312 #.811 £.6%
484 .229 ¢£.710
173 4792 .193
442 573 £.754
- 518 .521
518 - .335
521 .335 -

«277
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10 yielded significantly higher with one or more parents than

with the others. Differences in yield of second cycle lines
crossed with the four parents may be interpreted to be dus to
the variation in the genetic relationship. For example (Table
3), inbred 20 crossed with the parental line Oh 51 yielded
significantly lower than it did with the other three parents.
This indicates close genetic gimilarity of inbred 20 with

Oh 51 than with the other three parents. Imbred 18, when
crossed with Ill.A, yielded significantly lower than it did

in crosses with the other three parents, indicating that it
was genetically more similar to Ill.A for yleld factors. Close
genetic relationship with one or more of the parents for yield
444 not generally show a similarly close relationship for
other chargcteristics such as lodging resistance and maturity,
indicating that genetic factors for these characteristics
segregated and recombined.

These results suggest that second cycle lines, while seg-
regating from the double cross, received varying proportions
of genes from each inbred parent., This produced different
degrees of genetic affinity, and was manifested by low ylelds
in cases of.genetic similarity and higher ylelds where genetic
diversity from the parents was greater.

The correlations (Table 4) for yield among all possible
comparisons of second cycle lines in test crosses were calculated
to determine how closely they were genetically similar. Low

coefficients of correlation indicate that there was a tendency
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for the lines to be genetically different from each other,
Some lines showed very little genetic relationship, the value
of 'r' between line 1 and 20, 8 and 10, 5 and 13 were -.175,
041, and ,020, respectively. There were a few of the second
eycle lines with high genetic similarity, where 'r' values
approached 1,0, For example, the correlations between 17 and
14, 7 and 16, 11 and 12 were .965, .952 and .900, respectively.
However, the results indicate that the chances were greater for
obtaining second cycle lines that were genetically different
from each other than for obtal ning lines genetically similar
to each other,

Test cross results (Table 3) indicate that second cycle
lines showed variation in average ylelding abllity when com-
pared with the mean of the experiment (82.7 bushels). Com-
paring average ylelds of the lines in all test crosses with
the experiment average of 82.7 bushels as a measure of general
combining ability for yield showed that lines 2, 3, 4 and 9
were the best and lines 10, 17 and 18 were the poorest. Among
the rest of the lines, none yielded lower or higher than the
mean of the experiment.

Results for moisture percentage of test crosses (Table 5)
indicate that inbred 20 was the earliest (15.7f moisture) and
1line 10 was the next earliest line. The latest maturing line
was inbred 2 (26.3% moisture) and lines 3, 4 and 9 were nearly

as late.,
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Table §

Average percentage of moisture for
test crosses at two locations
(.S.U., Farm and Saginaw County)

Second

cycle lines Oh51 0h26 I11.A wa3 Oh51 X Oh26
1l 21,1 19.5 29.7 20.3 20.4
2 23.0 24.9 30.5 26,1 23.2
3 24 .4 22.7 29.8 2l.4 22.8
4 23.5 23.0 32.0 23.2 22¢
9 22.9 23.5 30.9 23.4 21.4
6 21.6 20.3 25.1 24.g 20,3
7 19.0 15.4 24,3 20, 18.g
8 20.5 19.0 26.3 21.9 19,
9 24,9 22,8 29.5 22,5 23.7
10 16.9 15.3 22,9 18.7 15.1
11 18.8 16.5 24,0 2243 19,2
12 16.2 17.5 23.3 19.4 17.4
13 18.5 16.9 23.3 20,8 17.7
14 24,2 21.8 27 .4 22,2 21.4
15 21.9 21. 27 .4 23.9 21.2
16 22.4 17.}1 29.0 20.3 19,2
1 19.3 15.8 23.4 20.7 16,9
1 18.3 20,0 27.4 23.7 18.4
19 20.5 22.1 27. 22.9 19.4
20 15.5 15.7 14, 17.1 15.1
Av, 2007 19.6 26.‘* 21, 19.7
L. 8. D. at 5% Average of experiment 21.7
Testers 1.8
Second cycle line 2.4
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I11,A X W23 Ohio M15 M4

M1l4 X WF9 Ia. 4483 Average

22.9
28.5
24.3
26,2

25.1
o
24,6
23.5
15.2
22,8

21.4
27.7
25.0
24,1
22.4
23.5
ig.z
23.3
17.2
24.4
19.0
17.9
23.1
25.4
22.1
20.8
20,6
24,1
15.9
21.9

22.4
26.0
2l.1
21.5
21.9

18:2

19.1

23.8
17.1
21.0
18.5
17.2
24,3
20.9

20,2
i
223
17.1
20.9

19.7
26.4

25.3
23.1
2249
24,0
2l.
22,

27.2
.3
20.6
20,0
22.1
2343
23.9
22,4
20.3
20.1
21.9

17.0
22,1

2l.1
20,4
22,3
24,1
21l.5
ot
=
23
i
19.4
21.8
23 6

19 7
21.5
22.4
14.3

2l.3

21.8
26.3
23.9
24.2
23.

22.8
19.8
21.7
24,8
18.0
20.6
19.0
19.6
23.5
23.5
21,3
19.5
21,7
22.7
15.7
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Most of the correlation coefficients for moisture percent-
age of test crosses of second cycle lines with different
testers (Table 6) were significant indicating that, except for
inbred 20 and 8, the second cycle lines were more genetically
similar for maturity with each other than for yield. The
low percentage of moisture for inbred 20 with different
testers (Table §) indicates its dominant effect for early
maturity and it did not show relationship for maturity with
the rest of the lines,

| Second cycle lines showed variation among themselves for
stalk lodging resistance (Table 7). Inbred 9 had the lowest
lodging percentage, 13.6, and inbred 15 had the highest, 34.l.
Inbreds 6, 14, and 15 were lowest in resistance to lodging
while inbreds 9 and 11 had the best resistance. The rest of
the lines were mearly alike in lodging resistance and ranged
between 20,3 and 27.3%.

Correlations for stalk lodging among second cycle lines
were significantly in most cases (Table 8). This indicates
close genetic similarity of second cycle lines with each other
for lodging resistance. Only one of the four parental inbreds,
Oh 26, showed any appreciable degree of resistance to lodging
and thus there was little opportunity to improve lodging re-
sistance in the second cyecle lines.

The percentages of root lodging were small (Table 9).

The maximum lodging was 6.8 percent. In some cases it was

nearly nil. Therefore no correlations were calculated.









34 - Table 6

Correlation coefficients for the moisture percentage
between second cycle lines in test crosses

Second
cycle
dines 1 2 3 4 5 6 2 8 9 10
* - % - * *
1 e 629 754 907 864 .563 .69 536 760 .704
*
2 629 = .632 613 736 713 .743 .735 .584 .S24
* % * * . .
3 .754 0332 - .866 .828 0457 072‘ ."83 .892 .669
4 887 613 B - 8 .aaa JJas Es9 787 832
ko % * L 3 3 % L 1 3 [ 1
5 .884 ,736 .828 .,914 - 521 ,712 .498 .775 .780
6 563 713 457 .44 521 - B9 a7 .52 B30
’ *  d % $
7 &9 a3 JB2a s 2 789 - .500 .799 806
*
8 536 535 483 659 .498 .371 .500 -  .567 831
* % % *% * L
9 760 .584 .892 787 .775 .522 .799 .567 - .76
%k
10 B84 524 669 .832 .JB0 .30 JBO6 851 .76 -
L
11 «9555 .345 479 .489 ,424 .559 0752 4278 <379 590
£33
12 S8 3% Jbo2 A% M sy 839 600 767 895
*® * *® % t 3 ] *® E 3 3 E 3 ]
13 548 .553 .637 .703 .696 .649 .866 .711 .775 .856
%k ] * ] k% ] *% L 3 ] %
14 864 724 727 753 790 .645 .791 .336 832 .735
* . % % * * e * .
15 E65 o4 791 832 .754 .648 770 .628 .6a9 B34
16 Bis 506 551 837 Ao fe1 b0 .59a .B8a P14
17 % .56 12 Jn3 Jbas JB3a 505 L863. 866 .74a
* % * %k * * "
18 b9 295 .a14 736 778 740 .679 .528 .510 .B%0
19 B30 s 662 Joa B30 738 845 .499 .566 .B12

20 -.416 .184 -.378 -0559 "0318 0382 0044 0494’ -0265 "0281

r value to be significant at 5% 0.632 degree of freedom 8
r value to be significant at 14 0.765 degree of freedom 8
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Table 6 (Continued)

11 | 12 13 14 15 16 1?7 18 19 20

%%k L34

555 981 .548 B6a .635 868 678 .799 .539 -.416
| t X *® * L t 2
645 200 .553 724 694 .596 .568 695 .765 .184
] * % t 3 t § L ] |
479 702 637 727 J791 901 .712 414 662 -.378
* [ ] % L 3 t 2 3 & %* %%
489 827 .703 .753 .832 .837 .713 .736 .79 -.559
a2e B3 0656 7% 754 799 .64 778 B30 -.318
859 757 649 .645 .648 681 834 .740 738 .382
7% B39 886 791 770 .880 .905 .679 .645 .044
278 4600 J711 .336 628 594 .663 .528 499 .494
k% %% E 3 ] & L 2 ] | ]
379 <767 775 .832 .5:9 «364 666 .510 ,566 -.265
* L 3
590 895 856 .735 .834 .B14 .744 .850 .512 -.261
- J6in S& .a95 Y0 .695 B3 .s73 715 .138
L 3
0647 - 0333 .763 o§§6 0757 0326 0552 og& -0124
B B33 - 637 Ho .6Ba 775 678 .563 -.116
E 3 3 * L % :
495 J703 637 = 628 .B13 683 .705 714 -.163
Ao 8% 989 628 - 951 B .7l9 840 -.295
06;5 .7;7 .65‘ .§i3 07;1 - 033“ 0589 0712 -0245
727 ' 1 .
B3 .86 .555 683 87 874 - L6784 .755 -.096
573 JBB2 678 705 719 .589 .674 - 891 -.109
Jis B8 o563 .71 B0 712 .7?5‘ 891 - -.148
138 =124 =.116 =.163 0295 -.245 =.096 =109 -.148 =

* gignificant at 5% all values positive
*+ gignificant at 1% all values positive
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Table No, 7

Average percentage stalk lodging for test crosses

at two locations
(M, 8. U, Fara snd Saginaw County)

Second .
eycle Ch 5% Oh 26 I11, A w23 Oh 51 X Oh 26
Jdinas
1 27.3 11.8 31,0 40,2 29.9
2 27, 13.7 40,7 52,0 29.1
3 24,1 9,1 87.5 22.7 17.9
4 30.5 11.6 64,0 40,2 9.0
5 40,6 4,7 60.5 27.0 7.7
é 30.9 14.1 74.1 47, 19.6
g 37.1 6.5 52.4 43,2 14.4
27.6 7.6 40,6 3g.2 24,9
9 10.6 2.5 8.3 18,6 7.4
10 16.9 13.3 7.0 40,3 5.5
11 23.2 7.1 41,5 21.0 15,0
12 28.5 19.8 55¢2 20.0 28.9
13 24 .4 8.8 51,2 34.1 22,5
14 47.4 6.6 60.7 49,7 35.0
1 42,2 7.9 69. 49,2 22,8
1 28.3 9, 40, 27.7 24,9
1 18.9 3. 45.% 28,9 12.9
1 24.4 13.5 66.6 62.7 33.1
19 42,8 'i 22.9 48, 21,
20 31.4 16, 32.5 28.4 22.4
Av, 29.3 9.8 52,1 36.9 20.7
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I11, A X W23 Ohio IS M4 M4 X WF9 Ia. 4483 Av,
52.7 32.2 2.9 10.1 20.7 25.9
%i.g 3 ;.} g .‘ 1; .i gg.l
45.5 i 2 11.9 1.2 25.8
5i 27.3 16 14.5 14.4 21,2

g.o 8. 18.4 32.g

28.8 5.7 6.0 7.3 24,
41.9 . 11.1 3.9 12.9 23.5
23.9 22,0 2.3 59 4,6 13,6
42,3 18.5 5.3 9.9 6. 23,6
4705 21.7 0.5 g.? 2. 1 8
47.9 30.4 16.1 .5 11.6 26.7
45.1 23 o‘ ‘01 503 6.9 22.6
47.8 39.3 14.8 15.0 18.0 33.4
64,3 g 6.1 17.4 18.2 34,1
54.9 15.6 7.8 11.3 25.9
42.0 24. 10.1 2.2 9.4 20.3
64.2 49.0 10.2 12.6 36.5 27.3
48.3 26.9 4, 3.6 12.3 24.4
35.% 25.6 18.6 o3 12.4 23.3
47,6 30.5 o6 9,2 13.0
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Table 8

Correlation coefficients for stalk lodging between
second cyecle lines in test crosses

ond 1 2 3 4 § 6 92 8 9 10
eyecle
lines
1 - B34 601 336 633 B9 Ble 787 682 6%
2 B34 - 620 802 .586 .Bl0 867 ,770 737 %
t 3 L ] k& * xk ®%
3 L0l .620 = .915 .BY4 .933 .834 .712 .95¢ .92
o BB B8 s . 908 .93 9% 985 957 .5k
5 06’3 0586 .§§4 .;68 - 0% .;50 o?i9 0585 .EEZ
6 Mo 810 .933 .973 .900 - .949 .B16 .960 .ou
7 Bl B8 B34 .95 .00 949 - 832 B89 .8
. . s . % %8 * .
8 S8 770 712 765 719 816 832 - .635 .72
9 .682 .737 .55 857 B85 3% B89 .e35 - 5%
10 657 %57 3% 332 832 948 83 737 926 -
11 837 32 B8y 303 .903 .927 .921 .800 739 Bk
12 .65 .589 851 B34 238 %% .Blo .7%2 .B%s B
13 B9 B .36 .88 B .58 .953 .Ba1 917 0%
14 851 8% 880 B85 838 .BBo .3%s 835 .B%0 .2
15 JB%e 8% .B83 .88y 517 987 .9% B35 935 B
16 JB& .672 803 727 .B38 .87 B39 .Ble .B32 7%
17 B3 S8 333 845 8% 884 800 B30 .5% .o
18 8% 8% .776 8% .13 .8%0 .B% %95 852 I
% * t 1 ] L 13 (1 % X
19 882 810 .22 .996 .624 .660 .B25 .718 530 .53
* *h "% & %% * * *
20 ) 604‘ ® 7;2 [ 740 ) o 816 .8‘1 ® 910 [ ] 518 ® 74'0 L) 729

¥ value to be signillcant at 5% U.632 degree ol freedom §
# value to be significant at 1% 0.765 degree of freedom § |
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Table 8 (Continued)

11 12 13 14 15 16 1?7 18 19 20

837 e B39 o1 B A& %3 % B2 .60

722 589 B8 A7 B2 672 J9dr Bl Blo 752
87 S 506 B B8 .80 923 7% 422 .740
503 B3 8% B85 37 o3 315 8% 3% .75
88 B3 B B3 Slp 8% 9% .7A3  .e2e LBl
S5 Mo 3% B8 3% B 384 520 o .Ba
S5 JBlo 353 955 9% 859 90 852 .B2g  .9l0
B0 .d2 8a B35 B35 Bl B2 s s LBl
739 858 917 .85 935 832 3% .B%2 .30 740
Bi9 B30 938 .8lo 887 723 921 LBe2 .53 .729
- B 8% B8 8l 3% 836 B0 .3 L8B3
S5 - 35 s B3 882 8% .65 .89 Bh
S8 85 - 8% 3% B8y .96 B89 .28 LBB2
B s 5% - 8 B3 893 B3 9% .B82
Bl B8 3% S0 - B3 3% 8% e Bs
O3 BB 880 B3y 8% - m B2 .75 .89
B3 B 3h 85 S8 Shh - 903 679 .77
01 696 W8 B3 %5 B2 %83 - el .76
738 89 %8 B9 M6 .35 %9 B8 - 803
B B BB 852 Bls 899 w76 803 -

* sgignificant at 5% A1l values positive
** significant at 1% All values positive
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Table 9

Average percentage of root lodging for test crosses

at two locations
(M, 8. U, Farm and Saginaw County)

Sycfe OhS5SL Oh26 IL.A W23  Oh 51X Oh 26
lina_
1 506 705 10.8 - 006
2 9.8 8.2 2.8 9.4 3.6
3 13.2 .0 7.4 4.5 5.8
4 2. 5e2 1.7 4.0 73
5 7. 5e2 15.7 1.2 5.9
6 2. 4.5 2.8 - -
g - 2.4 1,2 - 263
- 107 2.8 - 107
9 2.9 3.3 0.6 2.9 3.2
10 4.1 - 2.2 0.6 1.2
11 5.2 2.6 - 2.3 1.2
12 - 2.4 1.2 - -
13 7.3 7.2 0.6 4,1 2.3
1" 3.4 203 - 006 20
19 5e2 1.7 1.7 6. 4.5
16 3.9 8.2 10.5 5e4 2.9
1 8.1 1.7 1. 0.6 0.6
1 18.1 5¢7 16. 3.4 10,
19 - - 708 2.8 0.
20 108 - 244 102 30‘
Av, 4, 3.6 4.5 2.5 3.0




Table 9 (Continued)
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I1l. A X W23 Ohie 15 4 M4 X WF9 Ia. 4483 Av,
107 006 102 Ll - 2.8
603 203 - 202 006 4.0
3.4 6.5 2.9 4. 1.2 5.8
2.2 10.1 2.2 - 4.5 4,0
3.0 2.2 2.9 1.7 5.0 5¢1
1.8 0. 2.2 1.2 0.6 1.
006 0.6 - - 0. 0.
006 102 - 006 - 008

- - 1.1 0. - 1.‘

o 1.2 - had - °o

- 4,2 - 1.1 1.7 1.
1.8 - 2.8 b - 008
006 - 502 - 501 302
1.7 4.9 1.2 0.6 4.0 2.1
4.0 504 303 5.8 006 309
006 20 107 10.6 3.8 °

- 006 406 - 006 104
006 304 b 208 702 608

- L J [ _J - - 1.1

- - - - 108 100
l.4 2.3 1.5 1.5 1.9
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Performances of Single and Double Crosses of Second Cycle Lines

Single cross performance in all possible combinations,
Table 10, indicates that a majority of the second cycle lines
crossed with the parental lines yielded as high as the parental
line crossed with the unrelated line ¥ 1l4. Twenty-one single
crosses out of 28 crosses of second cycle lines with parental
lines, yielded as high as the average yield of two entries of
Ohio M 15, These results suggest that a majority of the second
cycle lines included in the single crosses were genetically
different from the parents and might be used with the parental
lines to produce good ylelding hybprids.

The twenty-one single crosses (Table 10) among seven second
cycle lines indicate that some of the lines were genetically
different. The single cross 2 x 3 yielded 105.5 bushels per
acre which was better than Ohio M 15 at the 10f level of sig-
nificance, Fifteen of these single crosses ylelded as high as
Ohio M 15, This suggests that some second cycle lines were
genetically different from the others and might be used in
crosses among themselves to produce commercial hybrids.

Determination of the relative importance of general and
specific combining ability in the single cross corn hybrids was
made using the method given by Sprague and Tatum (29) with a
correction in the formula (24). Estimates of general and
specific combining ability obtained by the formulae are relative
for the particular group of lines involved in the hybrids under
test, For related lines (Table 11), the estimates for specific
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Table 10

Yield, and percentages of moisture, stalk and root
lodging in single crosses

Yield in Bu/acre
At 15,5 woigture

Moisture in ear

M.8.U. Saginaw Av, X,S5.U, 8aginaw Av,

8.N, Pedigree Fara County Fara County
1 Oh51 X Oh26 62.9 84.7 73.5 29.9 17.2 21.6
2 oh51 X I1l.A gs.o 117.1 95, 26.7 13.5 23.1
3 Oh51 X W23 4.4 103.8 92. 20,2 18.9 19.6
4 Oh51 X M14 82.2 93.6 87.8 24.3 18,5 21.4
5 Oh51 X 1 69, 85.7 77.4 21.2 19.0 20.1
6 OhS51 X 2 63.0 83.6 72.; 27.4 23.2 25.3
Z oh51 X Z 70.6 84,2 77. 27.1 19.0 23.1
Oh51 X 71.6 85.3 78.1 22,3 19.8 21.1
9 Oh51 X 9 78'7 84,5 86,3 30.3 20. 25.3
10 oh51 X 11 63.6 80.6 75.0 22.1 18, 20.4
11 Oh51 X 14 54,6 84,6 68,7 25.1 19.4 22,3
12 0h26 X I1l.A 77.6 gg.9 87.5 29.1 19.4 24,3
13 oh26 X W23 68.8 2 83.3 22.2 19.0 21,1
14 oh26 X M4 88.9 94,2 91,1 26,8 17.2 22.0
1 Oh26 X 1 74.8 76.8 76.0 24.4 20,5 22.5
1 oh26 X 2 67. 67.0 67.1 . 22,0 2%.4
1 oh26 X 2 94.9 105.7 9.0 29.1 22.4 25.8
1 Oh26 X 75.9 82.4 0.3 23.1 18.8 21.0
19 0h26 X 9 67.4 69.9 69.1 26.2 15.9 21.1
20 0h26 X 11 90.2 100,00 96.2 23.4 20.3 21.9
21 Oh26 X 14 72,0 87.4 76,9 22.5 17.3 19.9
22 I11.AX W23 69,0 95.9 82,7 27.5 22,2 24.9
23 I11.A X 04 80, 103.7 92.5 30.2 22,7 26,5
24 Im.AXx1 82.5 106.1 89,6 27.4 20.6 24.0
25 I11.AX 2 80.1 6.5 88,7 32.1 29,9 31.0
26 I11.A X g 87.1 7.8 78.2 27.2 25.7 26.0
2 MAES w3 Bs 8hs I oan% %
29 IM.A X1l 67.8 93.0 78.4 23.2 gi.9 25.1
30 I11.A X 14 51,4 119.5 84,3 28,6 24,5 26,6
31 w23 X n4 5.9 1026 99.4 25.0 19,2 22.1
32 w23 X1 0.5 1106.7 go.é 21.9 20.0 21.0
33 w23 X 2 5¢5 93. 4.0 23,1 24,7 23.9
34 w23 X i 0.9 104, 92,0 27.5 22,9 25,2
35 w23 X 67.5 83.7 75.8 26,8 21.2 24,0
36 w23 X9 93.1 102.1 87.7 28.3 21,2 24.8
3 w23 X 11 69.0 105.1 7.0 22,7 20.8 21.8
3 w23 X 14 61.9 82.7 72,0 24.1 25.3 24.7
39 N4 X1 80.3 92,9 86.5 23.4 16.3 19.9




Table 10 (Continued)

#%alk 1odging Root lodging
g £
M. 8.9, Sag:ln" Av. ¥.8.0. 8“1m Av,
Farn County Fara County
10,0 8.0 9.0 - 548 2.9
48.9 50.8 49.9 1.1 l.4 1.3
600 2809 17.5 4.8 3.3 4-1
- 18,6 9.2 3.4 3¢5 3.5
}g‘? 53.‘ %3. - - -
3 53.1 o? 262 19.7 11.0
220‘ 5102 3608 405 - 2.3
1108 3301 22.5 - 20 102
9.0 4,0 6.5 2.2 13, 7.3
22.6 6.8 1‘.7 - 05 60
0 72,4 68,2 1.2 . 4,1
20,9 16.8 18,9 - - -
4,9 24,4 14,7 - - -
2.4 102 - - -
204 1701 908 - 307 1.9
210‘ 12.1 1608 108 - 009
2.4 10,6 6.5 3.6 2,6 3.1
g.; 60.3 3;.; 1.2 3.8 2.5
3.5 2.5 3.0 - 2.5 log
.‘ 19.7 2301 - 30, 10
3’01 ,603 6707 hnd - -
o o7 i?; - .. 2.1
) ° ° - 02 °
39.1 2;.0 521 2.6 1.2 1.9
7 o’ 81.’ 7809 808 - “04’
50.0 8103 65.3 305 - 108
9. 11.9 10 - 4.0 2.0
%;.g g.; ;g.o 3.5 4.0 3.8
- 67.5 38 8 - 205 103
29.1 4000 3406 - - -
36.0 33.8 34.g i.s 2.6 3.1
13.7 2 21.7 3.4 12,6
52,9 6l.2 57.1 - 3.5 1.8
- 3 9 20.0 - 23 1.2
2302 5 o2 390? - 102 00
23. 40.g 3202 - 8.1 401
250 230 2408 1.1 ed 00
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Table 10 (Continued)

Yield in Bu/acre
—at 15,9€ moigtyre

Moisture in ear

M.8.U, S.‘m‘ Av, M.8.U. 8.‘1..' Av,
Pedigree Farn County Fara County

M4 x 91,5 118.,3 104.6 29.4 22.4 2549
M4 X 87.9 100,90 92.2 26.4 18.0 22,2
Mmex 66.4 105.1 84, 23.9 20,0 22.0
n4 X 80.4 105.9 97.9 29.1 19.8 24,5
Ml4 X 3.9 109.5 96.4 24,6 16. 20.3
4 X 79.1 116.0 9 25.2 20, 22,
1X2 2. 103.9 92.9 27.5 21, 24,6
1X 2 66.3 74.8 70.0 23.3 19.8 21.6
1X 0 77 77.1 24.7 20,8 22.8
1X9 9,0 1ll1.4 102.,6 27.8 18, 23,2
1xX1 79.5 9.1 89,7 23.3 18, 21,1
1X14 7.4 92,6 82,6 27.1 22.0 24,6
2X 2 4,6 110,6 105, 29,8 24.4 27.1
2X 4.9 87.2 . 31.6 . 29,
2X9 32.9 73.7 %1.5 32.8 28,5 30,7
2xX11 7.1 77.0 65.3 33.7 25.3 29.
2X 14 7.0 107'3 93.4 28,1 24,5 2643
3X6 5.8 100, 9.0 27,1 20.7 22.9
3X9 102.4 94.4 99.0 30.1 21.9 0
3Ix1n 89.3 110.0 6.9 26.7 20, 23.6
é X 14 o2 90,0 7.7 27. 21, 24,4
X9 82.g 65.1 74.7 29.4 23. 26.7
6xXx 11 79. 85.3 83.1 25.9 20, 23.4
6X14 60. 79. 68.7 27.1 21.5 24,3
9X 11 87.5 78.0 83.5 29,8 23.2 26,5
9X 14 3.1 101.2 94,2 28.1 23.3 25.7
11 X 14 81.0 80.8 79.6 26.4 20.4 23.4
ch M1% 82.3 93, 88,2 21.8 19.2 20.5
5 78,2 102, 92,5 22.3 19.4 20,9

WF9 X M14 9.4 108.0 93.5 28.2 21.4 24,8
0.4 91.1 92.4 21.9 17.2 19.6
107.7 95.1 100.8 22,8 22,2 22.5
Mich. 570 94,6 107.9 101l.4 24,5 19.4 22.0
22.3 bu 21.0lm 15.2m 4.3 3.0 2.8




Table 10 (Continued)

Eﬁifzedgm i«r}'agm
M.S.U., Saginaw Av, H.8.U, Saginaw Av,
Fara County Fara County
50 803 700 od 8.3 4.2
2.2 3e3 2.8 18.9 3.3 11.1
2.2 2900 1505 - - -
bd 6.0 300 - 3.6 108
202 2.5 2.‘ - - -
50 1907 1207 - - -
29.9 42.5 38.7 1.3 75 4,4
56.6 47.2 51.9 7.2 1,2 4,2
12.3 41.0 2607 205 - 103
509 601 609 - -
13.4 23.4 18.4 4.5 2
41.4 31.9 36.7 2.2 3.5 2e
6 og 27.6 ‘702 go" - 107
8. 22¢5 3007 1 o’ 11.2 1 01
3.7 1.8 34k 10:2 33 203
29.6 62‘6 46.1 - - -
5000 15.6 3208 506 - 2.8
2.3 20.4 11.4 9.2 l.2 5e2
66.z 9.3 37. 6.7 8.0 7.4
45. 4005 g d 07 10,
10.3 2‘.‘ 1 101 .0 3.6
2801 380‘ 3303 307 - 109
64.0 42,3 53.2 - - -
- 701 3.6 - 701 306
901 3708 2 05 - ‘07 2.4
31,9 45,2 38.6 2.3 8.3 5e3
1802 3107 2500 - 703 3’7
33.0 28.9 31.0 1.2 - 0.6
- 20‘ 1.2 - - -
2.4 21.9 12,2 - - -
602 8.5 70“ - - -
707 2206 1502 - - -
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combining ability were higher than those for general combin-
ing ability in all cases, Some combinations did relatively
better and other poorer than expected on the bagis of general
combining ability., The data for the single crosses (Table 11)
indicate that the related lines produced high yields in
certain combinations and low yields in others. This indicates
that genes with dominance and epistatic effects were relatively
more common than genes for additive effect.

The estimates for general combining ability for M 14 were
higher than those for specific combining ability (Table 11).
Large values for general combining ability may arise because a
particular line does much better or much poorer than the re-
maining lines with which it is compared (29). The high value
for general combining ability for M 14 was due to its high
yield in most combinations in which it appeared. The average
yield for this line was highest of the lines included.

Variance for general combining ability, 626 for inbred
6 was nearly equal to its variance for specific combining
ability, §28. The average yield of inbred 6 was the lowest
of the inbreds compared. A high §2a value is obtained when
a line does much better or poorer than the other lines with
which it is compared (29). On the other hand, inbred 6 yielded
as high as 93.5 bushels per acre in some crosses and as low
as 71.8 bushels in others. This variation in yields is due to
specific combining ability. The difference between minimum
and maximum yield is not as high as it is for other related
l1ines, Therefore the value of 628 is small in comparison to
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Table 11

Average ylelds in bushels per acre for single
crosses at two %ocations and estipates of
general (6<y) and specific (*s)

combining ability

Inbred Oh51 Oh26 I11.A w23 Mi4 1l
Oh51 - 74.0 96.3 89.3 89.2 79.6
Oh26 74.0 - 89.5 83.0 92,4 75.5
111.A 96.3 89.5 - 81.7 90.3 93.0
w23 89.3 83.0 81.7 - 99.5 92.4
M14 89.2 92.4 90.3 99.5 - 85.1

1 79.6 75.5 93.0 92.4 85.1 =

2 73¢3 69.4 88.9 87.4  104.1 92,0
3 76.4 98.0 81.9 94,2 94.7 66,0
6 77.0 75.7 71.8 74.5 82.6 79.0
9 81,0 67.7 81.1 94,1 95.4 101.4
11 74 .4 91.2 79.8 86.1 85.8 85.3
14 71.8 77.0 86.9 73.2 94,0 80.9

Goﬁeral

gg:?i:;n‘ 21.1 5.9 -4,57 1.13  65.75 -5.86

Specitie. |

Ability 44,01 57.24 55.98 34,74 28,35 113,22



Table 11 (Continued)
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2 3 6 9 1 14 Total Av.
733 76.4 77.0 81,0 74,4 71,8 80.2
69.4 98.0 75.7 67.7 91.2 77.0 81.2
88,9 8l.9 71.8 81.1 79.8 86.9 85.6
87.4 94.2 74.5 94.1 86,1 73.2 86.9
104,1 94.7 82,6 95.4 85.8 94,0 92.1
92,0 66,0 79.0 10l.4 85.3 80.9 84.6
- 102.3 88.5 50.4 65.1 96.6 83.5
102.3 - 93.5 98.3 98.3  87.4 90.1
88.5 93.5 - 72.7 80.9 74.1 79.1
50.4 98,3 72.7 - 83.5 93.0 83.5
65.1 98.3 80.9 83.5 = 80.1 82.8
96.6 87.4 74.1 93.0 80,1 - 83.2
1.05 33.13 27.33 =5.31 -3.08 -4.48
211.23 120.51 32.94 180.36 53.64 55.35
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rest of the related lines,

62S was high for inbred 2 because it yielded high in some
combinations and low in others, The minimum and maximum ylelds
for this line were 50.4 and 104,1 bushels per acre, respectively,
which were the minimum and maximum yields for the experiment.
This high variation in yields accounts for the high ¢S for
this line. The high 625 for lines 1, 3, and 9 were also due
to a wide range in yields for these lines in single crosses.
These results suggest that specific combining ability was
more important than the general combining ability in influenc-
ing the ylelds of related lines.

In maturity, six single crosses out of twenty-one crosses
among the seven second cycle lines (Table 10) were equal to the
average of two entries of Ohio M 15, Ten were equal to the
early parental single cross (Oh 51 x Oh 26), 8ixteen single
crosses among second cycle lines, were similar to the late
maturing single cross parent (I1l.A x 1‘23), and three crosses
were significantly later, and two were earlier., None of the
single crosses among second cycle lines was earlier in matur-
ity than Ohio M 15 or the early maturing single cross parent,
Oh 51 x Oh 26, Most of the single crosses among second cycle
1ines were similar in maturity to the late single cross
I11.A x W 23,

While there is no critical evidence for it, a general
trend toward late maturity in the single crosses of second
eycle lines could be expected due to closer genetic similarity

between two second cycle lines than between two unrelated lines
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combined in a single cross., Pressure of inbreeding would be

comparatively higher in single crosses of second cycle lines
than in crosses of two unrelated inbreds. Since one of the
effects of inbreeding 1s to delay maturity, the single crosses
of second cycle lines with relatively higher pressure of in-
breeding might be expected to be generally later in maturity.

Single crosses among the seven second cyclo'lines were
generally more resistant to stalk lodging (Table 10) than the
lodging susceptible parental single cross, I1l.A x W 23.

Only four crosses were as resistant as the lodging resistant
parental single cross, Oh 51 x Oh 26, One of the single crosses
of second cycle lines (9 x 11) was better than Oh 51 x Oh 26

in lodging resistance,

Root lodging (Table 10) was not high in any of the single
crosses, although the cross 2 x 6 had 15.1f root lodging.
Nearly 504 of the single crosses among second cycle lines were
as resistant to root lodging as the two parental single crosses.

Some of the single crosses of the second cycle lines were
used to make doudble cross hybrids. These double crosses
were "guess" combinations made up before any test cross or
single cross data were available for prediction, Out of 43
double crosses (Table 12) using only second cycle lines, there
were only three double crosses that were significantly below
the average of 90.6 bushels for the three entries of Ohio M 15.
Five double crosses showed small but not significant increases
in yield compared to Ohio M 15, The best double cross,

No. 68 (1 x 9)(3 x 14) averaged 96.0 bushels compared to 90.6

average for Ohio M 15,
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Table 12

Mean yield and percentages of moisture, stalk
and root lodging for double-cross hybrids

Yield 1n Bu/acre

8.N, Pedigree M.8.U. Saginaw Av,
Fara County
1 sonsl X 0h26) (I11.A X W23) 83.5 5¢2 89.4
2 0h51 X Oh26)(I1l.A X M14) 87. 1.7 7
3 gonn X 0h26) (I11.A X 1; 8047 88.7 84,7
4 oh51 X O0h26)(I11.A X 2 76.4 85.2 80.8
5 (oh51 X 0h26)(I11.A X 2) 80.7 104,0 92.4
3 (Oh51 X 0h26)(I11.A X 6) 73. 86,7 80.2
g (O0h51 X 0h26) (I11.A X 9) 71.0 81.5% 76.3
(oh51 X Oh26) (I11.A X 11) 71.0 33.5 82.3
9 (0h51 X 0h26) (I11.A X 14) 74,5 1.5 78.0
10 (oh51 X 0h26) (W23 X M14) 70.4 83.2 6.
11 (0Oh51 X 0h26) (W23 X 1) 78 .4 83.9 1,2
12 (oh51 X oh26) (W23 X 2) 81.9 2.9 82.4
13 (oh51 X 0h26) (W23 X 3) 87.9 2.0 go.o
14 (oh51 X 0h26; (W23 X 6) 74.0 9.4 1.7
15 (Oh51 X 0h26) (W23 X 9) 7g.2 85.1 81.2
16 (oh51 X 0nh26) (W23 X 11) o5 82.4 75.5
1 (0h51 X 0h26) (W23 X 14) 72.3 82.3 .
1 (on51 X M14)(I11.A X W23) 83.5 96.9 gc.z
19 (0oh51 X 1)(I11.A X W23 3¢7 o3 1,
20 (oh51 X 2)(I1l.A X W23 73.2 o4 76.
21 (ons1 X 3)(I11.A X W23 6 88.4 76.5
22 (oh51 X 9)(I11l.A X W23) 69.4 9. 79.3
23 (oh51 X 11)(I11.A X W23) 81.9 7 .
24 (oh51 X 4)(I11.A X W23) 77.7 5.2 1.5
25 (0h26 X M1A)(I11.A X W23) 92.1 85.8 89.0
26 oh26 X 1) (I11.A X W23) o3 81.6 80.0
2 0h26 X 2;(1114 X w23) 73.1 95.3 2
29 (oh26 X )2111.9. X w23) . 5.2 2.0
30 (0n26 X 9)(I11.A X W23) 92.8 93. 88.7
31 (oh26 X 11;(111.A X w23) ot 93, 95.0
32 (oh26 X 14)(I1l.A X W23) 83.5 87.4 as.g
33 (1 X2)(3X6) Bg.8 87.7 85.
34 (1x2)(3X9) 78.3 92, Ss.g
35 (1x2)(3x11) 76.0 959 8s.
36 (1x2) (i X 14) 73.8 94,2 84.0
3 (1X2)(6X9) ZZ" 1.9 84.7
3 (1 x2)(6 x11) o2 9.5 9
39 (1 X2)(6X14) 81.8 78,2 0.0
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Table 12 (Continued) ‘
¥olsture In ear ~Stalk lodging TRoot lodging
. 3 £ £

N.S.U. Saginaw Av, N.8.U, Saginaw Av, MN,S.U, Saginaw Av,
Fara County Fara County Fara Caanty

2605 1807 22.6 2201 5202 3702 - 1.2
27.6 18.2 22.9 13.4 26,2 19.8 2.4 g.i g.;

2609 1703 2201 1406 2701 2003 -
28.1 18,7 23 .4 23.9 39.6 31. 5.0 3.6 4.3
2909 2006 2503 2403 2801 2662 501 4.9 500

29.6 2009 250i 25.2 51.1 3802 203 - 103
32.1 13.0 25. 13.0 36.9 25.0 g. 4,9 6.4
28,2 18.4 2363 17.4 27.1 22,3 ol 4,

29.2 1900 24‘.2 2200 4600 34.0 - .0 400

o
O
ON
°
W

27. 19.3 2305 602 1205 9.‘ - - -

24.5 18.0 21.3 34.2 45,5 39,9 3.4 6.5 5.0
27.4 19. 23.5 15%.1 40,2 27.7 1.3 6.9 4.1
25.3 17.4 2l.4 8.3 42,9 25.6 1,2 7.0 4.1
2502 1901 22.2 28.1 530 ‘0.8 - 3.5 ‘ 1.8
30.5 1609 2307 803 340 2106 - ?.0 305
22.9 18,2 21.2 17.4 31.8 24.4 - - -

2 03 1803 2203 908 280 24.3 1.2 6. 4.0
2905 1809 2402 21.2 3.4 42.3 - - -

2609 18.6 22.8 lgos 70.6 44.0 - 1.2 0.6
30,0 21.4 25.7 38.0 72.4 $%5.2 12.6 5.8 9.2
3006 2107 26.2 2‘06 ' 59.5 4200 1305 - 6.8
26.2 2102 230? 27.0 5109 35%5 - 503 207
2602 2003 2306 2300 ‘7.1 501 6.‘ ol 3.2
30. 21.7 26,2 47.2 76.7 2.0 3.5 9.3 4
23.3 20.0 23.7 20.9 48.3 34.6 1.5 - 0.8
2 ® 18.9 23.5 17.2 49.9 33.6 2.5 i 103
2703 2008 2401 3300 3801 3506 206 204 205
29.‘ 20.0 2‘07 1‘.3 4202 2803 - - -

29,6 21.7 25.7 14,83 37.8 26.1 6,0 13 3.6
2903 1900 2‘.2 30 5096 2 02 102 - 006
28,5 20.0 24.2 12,3 65.2 38.8 2.2 4,5 3.4
29.5 19. 2‘0 1301 60.0 36.6 102 - 0.6
29.2 21, 25.6 32,9 78.3 55,6 - .6 1.8
39. 24,5 32.1 18.5 44,3 3l.4 1.3 o6 540
30..0 22.7 26.4 18.2 54,3 36.3 9.1 4.9 7.0
33.0 22,2 26,6 30.g 39.0 34.9 1.3 3.9 2.6
34.1 23.6 28.9 19. 34.0 26.9 18,5 2.5 10.5
3004 23.5 2 .0 3500 4606 40.8 500 - 205
30.9 293 28.1 31.7 53.2 42,5 6.1 3.8 5.0
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Table 12 (Continued)

Y1e1d In Bu/acre
S.NKe Pedigree M.8,U, SBaginaw Av,
Fara County

40 (1x2(9 x11) 82.8 1.3 87.1
41 (1x 2)(9 X W) 95.‘ 5.0 90.3
42 (1xXx2)(11x M) go; 81.1 5¢7
43 (1X3)(6X9) 1. 83.2 2.5

44 (1 x3)(6 X11) 78.3 2.7 85.
45 (1 X3)(6X 14) 72.3 9.6 81.0
46 (1 X3)(9 X11) 84,1 87.3 85.3

:g (1 X 3)(9 X 14) 80.2 91,3 85.
(1x 2)(11 X 14) 81.8 101.3 1.8
49 (Lx6)(9x1) 77.9 100, 9.4
50 (L X6)(9X ) 70.2 82.0 6.1
51 (1 XxX6)(11 X 14) 74.g 85.8 062
52 (1X9)(11 x 4) 68. 86. 7.8
53 2X 3)(6X9) 75.8 88.2 2.0
54 2X 3;(6 X 1) 83. 86.9 85.4
5 2X 3)(6 X 1a) 88.8 82.4 85.6
51 (2Xx3)(9X11) 89.1 98.6 3.9
;g (2X3)(9 X 14) gé.e 97.6 7.2
59 8 X 2;%11!15) o 0 18%'3 2.
60 (2x 6)59 X 14) 76.2 94,7 33.5
61 (2 X 6)(11 X 14) 78.5 98.0 8 i

62 (2 X 9)(11 X 14) 3e3 1.9 82,
63 (3X6)(9X11) 7.2 1,0 84,1
64 (3 X 6)(11 X 14) 73.4 89.7 81.6
65 (2 X 9)(11 X 14) 79.7 86.3 83.0
66 (6 X 9)(11 X 14) 80.3 94 .4 87.4
67 (1X9)(3X 11; 90.1 87.7 88.9
68 (1 X 9)(3 X 14) 91.0 100.9 96.0
69 (LX9 (2 X 6) 83.8 97.9 §'9
70 (L x9)(6 X111 89,2 g.‘l )
7n (2X9)(6X 14 go.a 2.9 6.6
72 (1 X6)(3X11) 2.7 84, 3.7
73 (1 X6)(3 X 14) 68, 91.4 80.0
" 74 (2X6)(3 X 11) 87.7 83.6 85.7
79 (2 X 6)(3 X 14) 80.7 92.0 86.4
76 oh M15 8646 88‘8 82.2
73 Michigan igo 84.4 .6 5
7 Michigan 480 93.7 109.0 101.4
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Table 12 (Continued)

¥oisture in ear Stalk lodging Root ledging
| £ ¢
IOSQU. 8&;111!' A'o H.S.U. sa‘j.m ". I.S.U. 3.‘11!!' "0
Farm County Fara County Farm County
32.4 23.0 27 ? 17.5 29.2 23.4 10.0 4.9 7.5
33.8 22, 28,2 23,2 40, 31.9 3.7 3.7 3.7
33.2 18. 26.0 39.4 43,9 41.7 4.9 - 2.5
31.9 22,4 27,2 12.0 30.0 21. o 8.4 5.g 6.9
28,5 18,5 23.5 22.8 42,8 32. 1.1 2 2.5
30.3 19.5 24,9 29.5 63.1 46,3 2.5 X>) 4.3
3009 2004 2507 10;‘ 41 6 26 0 304 - log
32.7 g 26.8 21,6 4l, 31. 5 13.2 2.4 7.
2800 18 23.‘ 3906 210 30. - - -
29.4 25.5 13.5 1600 14.8 - 307 109
32.8 22.9 27.9 35.3 42,2 38.8 1.3 2.6 2.0
25'3 18, g 22,0 .0 46.4 34.7 1.3 1.2 1.3
29, 20. 25.3 26.5 17.1 21.8 2.5 2.4 2.5
3307 2701 30.4' 1509 2900 2205 12.1 - 805
30.7 23.6 27.4 22,0 50.0 36.0 ol - 3.1
31.6 24,2 23 31.2 53.9 32.6 11.2 - 5.6
33.8 22.7 22.1 31.2 26.7 2.5 6.0 4,3
33.7 24.9 29, 3 26.5 55.3 40,9 12.6 2.4 7.5
31.5 21,2 26.4 27.1 8.0 32.6 7.1 13.8 10.5
3101 21.1 26 1 19.8 “ 32.1 1302 - 606
35.1 24,3 29. 13.2 72.8 42.0 9.6 - 4,8
27.2 22,2 24,7 20.9 72.7 46.8 6.2 2.3 8.5
33.0 24.1 28.6 19.7 44,1 31.9 18.4 11,3 14.9
30.7 22,0 26.4 11.5 47,2 29.4 1.3 2.2 2.3
33.4 22,2 27.8 32.8 40.8 36.6 - - -
32.7 21. 27.0 15.9 4, 25.4 9.8 9.3 9.6
32.2 23. 27.9 14.3 2 37.3 6.0 9.1 7.6
32.7 21.2 27.0 130‘ 3506 2405 - - -
31.6 22,4 27.0 21,2 29.0 25.1 1.2 2.5 1.9
29.3 21.8 25.6 15.9 56.1 36.0 8.5 3.4 6.0
30.0 20.5 25.3 9.0 36.6 22.8 el 2.4 3.8
34.8 27.0 30,9 21.3 59.8 40,6 30.6 10.4 15.5
26.2  20.5 23.4 17.5 43.3 30.4 = 547 2.9
29.5 21.3 25.4 12.2 52.4 32.8 9.6 - 4,8
30.7 23,2 27.0 16,5 26.9 26.g 23.6 - 11.8
3 X 2305 20 .4 5801 704 62. 1408 1106 12.2
28 .4 17.6 23.0 13.8 35.7 24,8 3.4 9.5 o9
22 .4 16.1 19.3 10.7 18.9 14.8 1.2 - 0.6
27.0 17.3 22,2 14.6 20.7 17.7 3.7 - 1.9
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Table 12 (Continued)
Yield in Bu/acre
o

8.N, Pedigree ¥.8,U, Saginaw Av,

Fara County
39 oh 15 82.4 102.0 92,2
0 Michigan 430 3.2 89.5 91.4
81 Michigan 570 0.5 110.3 95.4
L.S8.D. at 5% 17.7 18, 13.0

(a) Correlation coeficient between actual yield and predicted
yield of double crosses r = 408

(b) Correlation coeficient between actual moisture percentage
and predicted moisture percentage r = .853

(¢} Correlation coeficient between actual percentage of stalk
lodging and predicted percentages r = .638
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Table 12 (Continued)

Noisture in ear "Stalk lodging Root lodging

£ i £
M.8.U, Saginaw Av, N.8.U. Saginaw Av, M.8.U. Saginaw Av,
Fara County Farm County Fara County
25.2 16.‘ 2009 15.9 36.0 26.0 - 306 108
29. lg.2 23.‘ 7.5 1408 1102 - 203 102
2706 1 08 23.2 25.3 22.7 2‘00 - 103 007

4.0 3.4 2.5
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In 27 double crosses (Takle 12), where second cycle lines
were substituted for one of the parents Ohio M 15, five double
crosses were lower tham Ohio M 15 (90.6 average of three
entries) and none was better while the remainder yielded as
well as Ohio M 15,

The perdentage of moisture (Table 12) indicates that
five double crosses of second cycle lines were as early in
maturity as the three entries of Ohio M 15 which averaged
22,2% moisture., Thirty-eight double crosses among second
cycle lines were later in maturity and none were earlier than
Ohio M 15. The early maturing lines from the test cross
trials were not included in the single or double crosses.

The percentage of the stalk lodging in one of the better
yielding double crosses of second cycle lines, No. 49 (1 x 6)
x (9 x 11) was 14,.8% compared to the average of 29.3% for
Ohio M 15. Several other double crosses were as resistant
to stalk lodging as Ohio M 15.

Average root lodging for three entries of Ohio M 15 was
3%, Nineteen double crosses of second cycle lines compared
favorably with Ohio M 15 in root lodging resistance.

These results, with "guess" crosses, indicate that a
slightly better yielding double cross might be produced by
crossing the best second cyéle lines among themselves or by
substituting in the pedigree of the parental double-cross
hybrid.

The predicted yields, moisture percentages, and stalk
lodging percentages for the best 44 double crosses (Table 13)
predicted from the single cross data show that some high
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Table 13
Predicted yield, moisture percentage and std k

lodging for 41 best yielding double-crosses
predicted from single-cross datsg

8.N, Pedigree Yield in Moisture Stalk
Bu/acre in ear lodging
at 15.5% 4 ;
moisture

1 2114 X 3)(2X9) 100.0 25.9 17.2
2 w23 X 2)(M14 X 3) 99.8 25.1 28.7
3 (0h26 X 2)(M14 X 3) 93.5 23.7 17.0
4 5114 X1)(2X09) 98,5 24,6 13.3
5 1X3)(2X09) 98.5 25.3 25.
6 (04 X 3)(2 X 11) 98.0 24,3 23.6
Z (4 X %)(2 X 14) 97.6 25.1 27.5
(2X9) ; X 14) 97.6 26, 32.1
9 (M4 X 2 (% X 14) 97.5 24, 27.2

10 Ml4 X 14)(2 X 9) 97.5 25.6 19.9

11 w23 X 9;(114 X 1) 97.2 22,8 19.4

12 w23 X 3)(M14 X 9; 97.0 23.8 17.0

13 (w23 x2)(04 X 1 96.8 23.4 28,

14 (W23 X 2)(M14 X 3) 96.4 24,5 18,

15 (oh26 X 14)(3 X 9) 96.4 24,3 31.6

16 (W23 X 14)(M14 X 9) 96.3 23.9 22.5

17 (w23 X 9)(1 X 3) 96.3 23.9 19,

18 (oh26 X 9)(M14 X 3) 96.1 23.1 7.0

19 (4 X ;)(2 X 6) 96.0 24,7 25.7

20 (1X14)(2X9) 96.0 25.0 28.6

21 (M4 X 9)(3 X 14) 95.9 24,2 12,

22 (oh26 X w23) (14 X 3) 95.9 22, 18,6

23 (w23 X 3)(M14 X 2) 95.9 23. 29.

24 (14 X 14)(2 X 3) 95.8 24,7 24,

25 (oh26 X 2)(I11.A X 3) 95.8 25.6 32.7

26 (4 X 6)(2 X 3) 95.7 25.4 18.3

2 (w23 X M14)(2 X 9) 95.6 24,8 16.2

2 (w23 X M14)(3 X 9) 95.6 24,2 13.2

29 1X 3)(? X 11) 95.6 23.5 18.4

30 w23 X 3 éz X 9) 95.6 25,5 28.4

31 (w23 x 2)(1 X 3) 95.4 24.5 36.8

32 (w23 X 1)(M14 X 9) 95.4 22.6 21,

33 (n4 x9)(1 X 3) 95.1 22.9 11,

34 (I11.A X 9)(M14 X 1) 95.0 24,6 19.

35 (w23 X M14)(2 X 3) 95.0 24.3 17.9

36 (n1l.A X 2)(04 X 1) 94,6 25.3 28,7
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Table 13 (Continued)

B.N. Pedigree ¥Teld 1n Moisture GStalk
Bu/acre in ear lodging
at 1505’ ’ ;
moisture

3 (4 X 3)(9 X 11) 94,6 23.7 13.7

33 (1x 3)%2 X 11) 94,6 24,1 35.5

39 (w23 X 2)(M14 X 6) 94,6 25.6 25.5

40 (0h51 X 2)(I11.A X Ml14) 94.5 25.4 29.6

41 (0h51 X M14)(I11.A X W23) 94.4 22,8 31.9

42 5'23 X 11)(M14 X 3) 94 .4 22,9 25,2

43 I11.A X 3)(M14 X 2) 94.4 26,7 32.1

44 (oh26 X 3)(M14 X 11) 94 .4 22.4 11,2
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yielding double crosses may be produced from some of the
second cycle lines, It is evident from the results that most
of the high yielding double crosses have two or three second
eycle lines as their parents. The predicted yield for Ohio
M 15 is the lowest of the double crosses listed in the Table 13,
Some of the predicted double crosses, where a second cycle
line was one of the parents, were as early in maturity as Ohio
M 15. However, none of the double crosses were earlier in
maturity than Ohio M 15, The percentages of stalk lodging
indicates that some of the predicted double erosses of second
cycle lines were better in lodging resistance than Ohio M 15,

Correlations were calculated for the actual yleld, moisture
percentage, and stalk lodging of the double crosses (Table 12)
with the predicted yield, moisture percentage, and stalk lodging.
In all cases the correlation coefficients were significant
indicating that the predicted data of the double crosses gave
a good indication of the actual performance of the double
crosses,

n1rrerE§§1§;§ﬁ:"a?fnfiﬁgzg Egglgngzg::egyTestors

A comparison of different types (inbred, single cross,
or double-cross) of related and unrelated tester parents to
detect inherent differences in combining ability of 20 second
cycle lines was made. The two groups of testers, related

and unrelated, differed in vigor as expressed by mean yields
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in bushels per acre (Table 3), The mean yields of each of
the three unrelated tester types was higher than the mean
yield of related testers of the same type. This situation
could be expected since the related testers had more genetic
similarity with the second cycle lines than the unrelated
testers.

Correlation coefficients were calculated to determine the
rank association between different testers for evaluating
yielding ability of the lines. The results (Table 14)
indicate that there was little correlation between the inbred
testers in their ability to evaluate the lines for yield in
similar order. This may be due to differences in specifiec
combining ability of the testers with the tested lines.

Except in one case, yields with inbred testers were
significantly correlated with yields of single cross testers
in which the inbred tester was one of the parents, Correla-
tions for inbred testers and double cross testers were
generally not significant. The broader gene base of the double
cross tester reduced the possibilities of inbred testers
svaluating the lines in rank similar to that of the double
cross tester,

Except in one case, there was no association among single
cross testers in their ability to evaluate the lines for yleld,
Table 14, This indicates that the single cross testers were
affected to a great extent by genes for specific dombining
ability. More than one single cross tester would be needed
to evaluate these inbred lines for general combining ability.
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Table 14

Correlation coefficients for yield between

testers in the test crosses

S.N. Testers oh51 O0h26 I11.A w23
1 Oh51 - £.31 -e24 #.38
2 Oh26 .31 - -.05 £.19
3 I11.A -.24 -+05 - £ol2
4 W23 £.38 £.19 £el2 -
5  Oh51 X Oh26 4.53 .81 -.405 .56
6 I11.A X W23 #.05 £.17 #.50 £e39
7  Ohio MIS 4,46 4.01 £.10 #4430
8 Mla £.17 £.20 £.35 £e25
9 Ml4 X WF9 #.40 £.12 =.10 £.40

10 Ta. 4483 £.34 #.08 £.33 .¢.§3

Correlation coefficients between -

(a) Average of four related inbred testers and Ml4

the unrelated inbred tester 453

(b) Average of four related inbred testers and average

of two related single crosses .553
(c) Average of four related inbred testers and OhioMl5 .400
(d) Average of two related single cross tester and

Ohio M15 <349
(e) Average of two related single cross tester and

Ml4 X WF9, the unrelated single cross .;;8
(f) Average of all related testers and average of

unrelated testers .253




Table 14 (Continued)
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Oh51 X O0h26 Il1.A X W23 Ohie 15 4 Ml4 X WF9 Ia, 4483
4.5 #.05 £.46 £.17 #.40 434
£.81 £.17 £.01 £.20 £.12 £.08
- 405 £.50 £.10 £.35 .10 £.33

36 4.39 430 425 440 453

- £.01 4.28 £.26 £.62 £.32
£.01 - £e34 £.20 £.16 £.40
4,28 Ao34 - #.38 £.29 £.46
4.26 4420 £.38 . 454 .02
4,82 4416 £.29 .58 - #.437
£.32 4,40 4,46 4.302 4,447 -

* 8ignificant at 5%
** Signigicant at 1%
r value to be significant at 5¢ 0.444 degree of freedom 18
r value to be significant at 1 0.561 degree of freedom 18
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Except 1n one case, single cross testers also did not show
any rank association with the double-cross testers. Dif-
ferences in rank association may be attributed largely to
differences in specific combining ability of the testers with
the 1line being tested.

Correlation between the two double cross testers, one
_parental and the other nonparental, was .46, which was signi-
ficant at the 5% level but low for much predictive value, As
pointed out by Sprague and Tatum (29), a broad gene base
tester, in addition to effecting general combining ability,
probably contains factors with strong dominance and epistatic
effects. Thus, the evaluation of the tested lines for general
combining ability might be more greatly influenced by dominant
and epistatic factors than would be desirable for evaluating
general combining ability.

A high 'r' value (,783%*) for the means of the four
parental inbred testers with the means of the two related
single crosses (Table 14) suggests that either four inbreds
or their two single crosses may be used as testers to evaluate
the lines for yield. These results indicate that the average
yield obtained from crosses with two or more tester parents
tends to reduce the effects due to specific combining ability.
The 'r' value, .623, for the two tester groups (related and
unrelated) indicates that, either related testers or unrelated
testers, as a group, were reliable for estimating general

combining ability,
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Table 15

Correlation coefficients for percentage

of

moisture between testers in test crosses

S.N. Testers OhS1 O0h26 I11.A w23
1 ons1 - SEs 838 212
2 Oh26 S8 - R R

%k %k *
3 T1.A 528 771 - R
4 W23 12 776 L%4 -
5  Oh51 X Oh26 .505 K50 A2 %0
6  T11.A X W23 786 2% 8o B39
Vi Ohio M15 .§§3 .538 .557 .§i5
%k % % *
8 a4 713 B0 277 300
9 M4 X WF9 A53 583 883 550
10  TIa. 4483 874 832 723 606

Correlation coefficients betwesn -

(a)

(b)

(c)

(d)

(e)

(£)

Average of four related inbred testers and
Ml4, the unrelated inbred tester

Average of four related inbred testers and
average of two related single crosses

Average of four related inbred testers and
Oh M15

Averaga of two related single cross tester
and Oh M15

Average of two related single cross tester
and M14 X WF9, the unrelated single cross

Average of all related testers and average
of unrelated testers

r¥ ,831%*

.970**

.859**

.828%=

<869%*

<8794+
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Table 15 (Continued)

Oh51 X Oh26 1Ill.A X W23 Ohio M15 M14 Ml4 X WF9 Ta, 4483

.905 R .3 S s 853 674
8% 879 768 Blo .763 632
k.1 8o R TR ¢ .693 933
330 839 15 .80 720 .806
- K131 B3 %5 27 667
8861 - 770 798 B0s 640
B3 7% - .807 .769 514
95 R B89 - 661 547
A% 804 g8 .66 . .669
887 830 S g .69 -

* gignificant at 5%
** gignificant at 1%
r value significant at 5¢ 0,444 degree of freedom 18
r value significant at 1£ 0,561 degree of freedom 18
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Correlations were calculated for moisture percentage in
the test crosses to assess the ability of different testers
to evaluate maturity (Table 15), All the testers, irres-
pective of type and relationship with the lines under test,
showed significant rank association for evaluating maturity
of the lines,

Correlations among testers for evaluating maturity (Table
15) were generally high in contrast to those for yield (Table
14). This suggests that fewer testers would be needed to
evaluate maturity than for yield.

Correlations between inbred testers for stalk lodging
were low (Table 16) showing that inbred testers did not rank
the lines in the same order. This failure of inbred testers
to give the same evaluation may be attributed to differences
in specific combining ability for lodging resistance of the
testers (19).

Except in one case, where the significant 'r' value,
+471, was rather low, single cross testers also did not evalu-
ate the lines alike for stalk lodging. 8ingle cross testers
were also specific in action for lodging resistance and the
eveluation with any one of them did not apply for other
testers. Evaluation with single cross testers correlated
significantly with that obtained with double cross testers.

Related and unrelated double cross testers showed good
association, .805%*, for evaluating stalk lodging resistance,
suggesting that a double cross tester might be best for
evaluating stalk lodging. A high 'r' value, .924**, between
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Table 16

Correlation coefficients for percentage of stalk
lodging between testers in test crosses

S.N. Testers Oh51 0h26 I11.A w23
1  0h5l - -.043 £.04 £.41
2 0h26 -.043 - £.127 #.171
3 I11.A £.04 £.127 - £.149
4 W23 A4l £.171 £.149 -
5  OhS1 X Oh26 £.279 4,480 -.092  £.4%
6 I11.A X W23 £.205 £.277 /.?18 £.399
7 Ohio M15 £.411 £.190 £.430 #.?50
8 M14 £.315 £.286 £.086 -.110
9  Ml4 X WF9 4,561 £.051 £.376  d.484
10 Ta. 4483 4.279 40322 4203 £.710

Correlation coefficients between =

(a) Average of four related inbred testers and

M14, the unrelated inbred tester £.143
(b) Average of four related inbred testers and .-

average of two related single crosses o724
(¢) Average of four related inbred testers and -

Oh M15 A.712
(d) Average of two related single cross tester

and Oh M15 £.53%
(e) Average of two related single cross tester .

and M14 X WF9 the unrelated single cross +0561
(f) Average of all related testers and average e

of unrelated testers 723
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Table 16 (Continued)

6h51 X O0h26 Ill.A X W23 Ohio M15 M14 Ml4 X WF9 Ia. 4483

£.279 4£.205 £o411 £.315 4.5 44279

4.480 40277 £.190  £.286  £.051  £.322

-.092 £.518 £.430  £.086 376 £.203

%

4£.450 £.399 4,550  -.110  «.484  s50

- £.304 £.535  £.288  £.176  4.617
L ] %

l'3°‘ - ‘0734 ‘0178 ‘0471 ‘0588
$ % L ] %k

£.535 £.984 - £.309  £.520  £.805

‘0288 /0178 ¥0309 - #0190 ‘0288

4.176 4,471 £.520 4,190 - £.534

4887 4,588 4805 40288 A.534 -

* gignificant at 5%
** gignificant at 1%
r value to be significant at 5% 0.444 degree of freedom 18
r value to be significant at 1 0,561 degree of freedom 18



-

N
-

.

3

*
[ ad

-

* .
=
PR
=




71
the mean performance of the two related single crosses with
their double cross, Ohio M 15 indicated that either a double
cross tester or the two single crosses of the double-cross
may be used to evaluate general combining ability of the lines
for stalk lodging. Correlations for the mean of the four
related inbred testers with the mean of their two single
crosses, .724**, with the related double cross, .712**, in-
dicated that the four inbred testers could be replaced with
their two single crosses or the double cross in evaluating
general combining ability for resistance to stalk lodging.

Mean performances of the related and unrelated testers
showed high association, .723**, in evaluating lines for
stalk lodging, This suggests that either related or unre-
lated testers provided valid information on resistance to
stalk lodging.

Four out of ten correlations among inbred testers for
root lodging, Table 17, were significant. In general, inbred
testers were not very effective in evaluating the lines in
similar order. Likewise, correlations among single cross and
double cross testers were low, indicating specific reactions
between tester and tested lines. It was apparent, that in-
bred and single testers could not be depended upon to provide
evaluation applicable to other testers. However, the amount
of root lodging was generally low and may not present a true
picture of the situation if the incidence of the root lodging
had been higher.
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Table 17

Correlation coefficients for percentage of root
lodging between testers in test crosses

S.N. Testers Oh51 oh26 I11.A w23
1 ons1 - 4885 353 4an
2 on26 4,865 - 485 £.263
3 1.4 4553 4,485 - 4,09
4 W23 4.471 £.263 £.09 -
5 Oh51 X Oh26 /.;32 #e357 £.497 £e433
6  TIl.A X W23 4.375 4.238 4.085  £.618
7 Oh M15 #.337 £.286 #.029 £.414
8 M14 £.069 £¢392 #.084 #.088
9 M4 X WF9 A.334 £.460 £.368 4572
10  Ia. 4483  4.5a9 4,480 4461 £.198

Correlation coefficients between -

(a) Average of four related inbred testers

and M14, the unrelated inbred tester £.101
(b) Average of four related inbred testers .

and average of two related single crosses #.394
(c) Average of four related inbred testers

and Oh M15 F.341
(d) Average of two related single cross .

tester and Oh M15 #£.665

(e) Average of two related single cross
tester and Ml4 X WF9, the unrelated single cross £.368

(f) Average of all related testers and .
average of unrelated testers ;.Zoo
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Table 17 (Continued)

Oh51 X Oh26 Ill.A X W23 Ohio M15 M4 Ml4 X WF9 Ia. 4483

702 £.375 4337 4.069 £.336  .549
#4357 £.238 £.286 4,392 a8 4.4bo
4.497 £.085 £.029  £.084 £.364 4,461
£.433 k3T 4.4l4  4£.088 £.572  £.198

- 4,289 4.812  4.025 £.299 491
£.289 -  £.404 £.167 £.397  -.011
£.612 £.404 - £.093 £.32  £.395
#4025 £.167 £.093 - £.14  £.195
£.299 4.397 4.32 o114 - £.310
4.7%0 -.011 £.395 4,195 £.310 -

* Significant at 5%
s+ Significant at 1§

r value to be significant at 5¢ Q.444 degree of freedom 18
r value to be significant at 1€ 0.561 degree of freedom 18
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Correlation of average root lodging scores of the four
related inbred testers with the averages from the two related
single cross testers and with the double cross Ohio K 15,
were significant, suggesting that either four inbred testers,
or their two single crosses, or the double cross made up from
the four tester inbreds would be effective in evaluating root
lodging., Correlating the averages for the related and unre-
lated testers showed a significant association, suggesting
that either related or unrelated testers could be effective

for root lodging evaluation,

Yariance Components

Variance components for "testers" and "tester x line"
interaction were compared for yield and maturity percentage.
The method of calculating the components of variance is pre-
sented in Table 18, 19, 20, 21, 22 and the results are given
in Table 23,

The mean yields for inbred, single and double cross
testers in test crosses were 81.7, 83.6 and 83,7 bushels per
acre, respectively, These three means were quite similar,
There was no significant tester type x line interaction
Table 22 and the variance component was .01 (Table 23),
related and unrelated testers evaluated the lines similarily
for yleld.

The differences among the five inbred testers, three

single cross and two double cross testers were significant as
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Table 18

Mean square expectations for yield and moisture
percentage comparing inbred single cross
and doudble ecross testers

Source of Variation

@hem.

Value of Mean Squares

Tester Type

Line X Tester Type

Inbred Testers
(a) Brror

Inbred Tester X Line
(b) EBrror

8ingle Cross Testers
(a) Error

Tester X Line
(b) Errer

Double Cross Tester
(a) Error

Double Cross Tester X Line
(b) Error

2
62Ty 4 194.4621.7 ¢ 372 622,

2
€Ty £ 9.8 ¢21.7,.L £ 19.9 ¢2Ty.L

2ay # 60 62,71 £ 120 ¢4
Cay
by # 3 ¢21L.T4.L £ 6 62T4.L
62b1
Cag £ 60 ¢21.2, 4 120 421,
a

s
Pbg £ 3 21.74.L £ 6 ¢201.L
¢2bg
Pag # 60 21,74 # 120 ¢,
62aq
62bg £ 3 ¢21.T3.L £ 6 ¢2T3.L
62by
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Table 19

Component of Variance for inbred testers

DQr. 'ososo n.s.s.
Yielda 1Mois-
ture

Total 599

Replica- 4 53.92 46.3
tions

Tester 4 135.72 847.17
Location 1 130.8 1753.8

Loecation

X Tester 4 9067 “003

Error 16 15.34 19.77
Line 19 3.72 205.2

Line X

Location 19 11.12 30,78
Tester * *

X Line 76 12,717 15.77
Line X

Tester X

Location. 76 5. 42 5031
Error 380 3.90 4,25

¢2al £ 60 621,74, £ 120 52014,
62a1 £ 60 621.T1. £ 300 ¢21

62a1¢ 60 ¢21.71.
6231

62p1 £ 3 21.T1.L. £ 6 ¢2Pi.L, £
30 ¢21.L £ 60 ¢2L

2b1 £ 3 ¢21,71.L. £ 30 ¢21.L
2b1 £ 3 ¢21,71.L £ 6 ¢21.L

2pe £ 3 ¢21.71.L
€2pg ‘

Note: 1 = Location
L = Line
T4 = Tester inbred
* gignificance at 5%
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Table 20

Component of Variance for single cross testers

DO’. .08.80 los.s.
Yield Mois-
ture £
Total 359
Replica-
tion 4 26.8 62.5
Tester 2 3;305 3;803 62.' # 60 0’21.28. ‘ 120 0’&"
Location 1 120.5 1039.3  2a, # 60 ¢21,7s. £ 180 o2
Location
X Tester 2 9.7 78.9 gza. £ 60 ¢21,Ts.
Error 8 190 n 70 74 62"
Line 19 23.3 1177 €%, £ 3 21,75k, £ 6 (2Tal. {£
30 ¢21.L # 60 ¢ 2L,
Line X
Location 19  8.35 17.85 2b, £ 3 ¢21.Ts.L £ 30 421.L.
Line X
Tester 38 5.88 6.98 62b. £3 621.TsL. £ 6 £l
Line X
Location
X Tester 38 3.12 S.41  £2b, £ 3 ¢21.%s.L.
Error 228 3.72 401 4%,
L = Line

1 = Location
Ts = Tester single cross
* gignificance at 5%
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Table 21

Components of Variance of double cross testers

D.F. M.8.8, M.8.8.
Yield MNois-
ture

Total 239

Replica-

tion 4 22,95 34.55

Tester 1 2848 22,6  ¢2a, # 60 1.74. £ 120 ¢2ra.
Location 51,0  709.3  ¢2a4 £ 60 6217, £ 120 £
Loecation
X Tester 1l 86.0 22.8 Jz‘d £ 60 6’21.26.

Error 4 8,05 4.88 2y

Line 19 1570 63.89  ¢2b, £ 3 ¢21.74.L. # 6 2A.L, £

30 ¢21.L # 60 ¢2L

Line X
Location 19 3.40 47.5 ¢2by # 3 g21.7d.L. £ 301.L
Line X
Tester 19 2.35 12098 62hd ’ 3 6210260110 # 6 GZTC.L
Line X _
Tester X 2 2
Location 19 8,26 8,67 (¢ by £ 3 ¢°1l.Td.L

Errer 152 3.76 5.2 (2,

1l = Location

L S Line
Td = Tester doudble cross

* gignificance at 5%
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Table 22

Components of Variance of type of testers

D.F. M.8.8. MN.S.8.
for for
Yield (Mois-
ture
Total 359
Replica-
tion
Lecation 1l .
Type 2 1.2 12.8 62&', £ 194.4,;%.2y ¢ 372 6%,
Loecation
X Type 2 2,95 0,05 6T, £ 194.4 S2L.T
Error 8 13.71 10.85% o'zar,
Line 19 66,9  39.4  ¢PWTy £ 9.8 GALTL £ 19.9 420, £
30 %.L £ 6042

Line X 2
Location 19 19.9 57,7 20Ty £ 9.8 ¢21.TyL £ 30 (2.1
Line X
Type 38 439 9.46 ¢y £ 9.8 52L.Ty.L £ 19.9 ¢o,.L
Trpe X

ype
Location 38  1.75 9.06 02Ty £ 9.8 (2.T,.L
Error 228 4.08 S5.22 ¢4,

L S Line

1 = Loecation
Ty = Type
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Table 23

Variance components for yield and moisture

Variance compon-

ormstien br vEMPRMES NG, SR
Variation D.F. e oisture Components e Moisture

Tester
types 2 11.2 12.8 (gr 022  .005
(a) Error 8 13.71 10,85 ¢ca.T 13.71 10,85
Line X
Tester
type 38 4,39  9.46 pr.1 0.01 .02
(b) Error 228 4,08 5.22 <2bT 4,08 5.22
Inbred
Tester 4 125.72 847.17 24 93 6,72
(a) Error 16  15.34 19,77 Cay 15.34 19.77
Inbred
Tester
X Line 76 12.71  15.77 €2b4L 1.22 1.74
(d) Brror 380 3.90 4.25 2by 3.90 4.25
Single
Cross
Tester 2 353.5 328.3 é2g 2,86 2.1
(a) Error 8 19.51 7.74 §2as 19.51 7.74
Single
Cross
Tester
X Line 38 5.88 6,98 ¢2s,L 46 0,26
(b) EBrror 228 3.72 4,11 ¢2bg 3.72 4,11
Double
Cross
Tester 1 264.8  22.6 2 1.49 002
(.) Brror 4 8.05 ‘088 (2.d 8005 4088
Double
Cross
Xiine 19 35 16,98  <2d.L 1,58
2. ® oo -e [
(b) Brror 152 3.76 5.12 @bd 3.%2 5012
Correlation between inbred and single cross testers .8§8
Degree of freedom 18
Correlation between inbred and double cross testers R
Degree of freedom 18
Correlation between single and double testers .§29

Degree of freedom 18
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judged by the 'F' test, (Table 19, 20, and 21). The dif-
ference in the yield due to the different testers within a
group may be due to the variation in the amount of genetic
similarity of the testers with the lines being tested.
Testers more similar genetically to the tested lines would
be expected to give lower average yields than testers which
were different genetically from the tested lines.

Correlation coefficients showed that the three groups of
testers ranked the lines for the yield similarily, Table 23.
Interactions for inbred tester x lines and single cross
tester x lines were significant but not for the double cross
tester x line, Table 19, 20 and 21, Components of variance
estimates for the interactions inbred testers x lines, single-
cross testers x lines and double - cross testers x lines were
1.22, .46 and -,23 respectively. The decrease in relative
size of these interaction components indicate that performances
with inbred and single cross testers.were more specific than
those with double cross testers., The relative size of the
interaction component for tester x line d&ecreased as the gene
base became broader. This same relationship for tester types
was shown by Matzinger (21).

Mean moisture percentages for inbred, single and double
cross testers were 21.9, 21.5 and 21.6 respectively. There
were no differences for type of testers or for line x type
interactions as judged by 'F' tests (Table 22). The component
of variance for line x type interaction was .02 again indic-

ating no interaction.
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The data for different testers x line interaction in-
dicate that there was no significant line x single cross
tester interaction for moisture (Table 22). This suggests
that the three single cross testers were evaluating the
lines similarily for maturity. Interactions for inbred
testers x 1lines and double cross testers x lines were sig-

nificant as judged by 'F' test (Tables 19 and 21) and the

AV s s .-_T

components of variance were 1,74 and 1.58 respectively.

Like yield, these interactions components were small com-

K e

pared to the error components indicating that factors
contributing to error components were more effective than the

components for interactions.






Discussion

The results reported in this investigation have in-
dicated that some second cycle lines, more vigorous and
better in combining ability than the parental lines, were
produced by inbreeding and selection in a double cross corn
hybrid, Since only the better lines were used to produce the
initial double cross hybrid, Ohio M 15, the desirable factors
from each of the parental inbreds were concentrated in one
variety. Thus the chances of obtaining a higher percentage
of usable lines from such sources are likely to be better
than from the older open pollinated varieties, The isol-
ation of some superior lines from double cross hybrids may
be due to the cumulative effect of large number of factors
affecting yield (28), Similar results were reported by
Wu (30), Hayes and Johnson (12) and Johnson and Hayes (18)
who worked with single cross hybrids. Sprague (28) suggests
that continued cycles of isolating new lines may be
repeated as long as improved lines are obtained. The pro-
duction of vigorous lines is an economic factor in production
of hybrid seed corn from inbred lines whereas lines superior

in combining ability lead to better hybrids.

Through inbreeding and selection in a double-cross
hybrid, second cycle lines genetically different from the
parents and with each other were produced. The results from
single and double cross tests among second cycle lines in-

dicated that selected lines produced some hybrids equal or
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slightly better yielding than Ohio M 15, from which they were
extracted. Since yield is controlled by a large number of
genetic factors, there 1s little possibility of similar yield
factors recombining in second cycle lines to produce lines
similar to the parental lines. The chances of recombining all
of the parental characters in one recovered line exactly or
even close to the parental genotype are relatively remote.
Thus, recovered lines varying in genetic relationship with
each other and also with the four parental inbreds were
produced.

Several hybrids using second cycle lines were superior to
the parental double cross, Ohio M 15, in lodging resistance.
flesistance to lodging is very important from the standpoint of
ease and thoroughness of mechanical harvest. Any improvement
in lodging resistance represents an important contribution to
corn production amd increases corn yields by reducing harvest
losses,

These results show that lines from the same genetic back-
ground can be used to produce good hybrids, if they were
extracted from a wide genetic base equivalent at least to a
double-cross hybrid as source material for extraction. Close
genetic similarity with the parents and among the second cycle
lines has been reported (30, 12) for lines isolated from
single crosses. In addition to improving combining ability,
lines earlier or later in maturity than the parents and equal
to the best parent and better than the other parents in root

and stalk lodging resistance were isolated.
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The results were encouraging in that some lines gen-
etically different from the parent and with each other were
produced. Previous workers, using single crosses as
source material, isolated some superior lines, but closer
genetic relationship largely precluded the use of the second
cycle lines with their parental lines in double cross com-
binations. These results have shown that there are chances
to isolate genetically divergent lines in second cycle selection
from a double cross.,

As a feature of routine corn breeding program, the
extensive evaluation of a group of second cycle lines from the
same source as was done here would probably be less effective
in developing improved hybrids than the same effort devoted to
evaluating agroup of lines from several sources. However,
the present study does serve to point out the possibilities
of improvement where it is desired to improve a highly
popular double-cross hybrid using it as inbreeding source
material.

Evaluation of second cycle lines for yield, maturity and
lodging using different types of related and unrelated
testers was compared. Inbred testers irrespective of the
relationship with the lines under test were specific in
evaluating the lines for yield. Also single and double cross
testers (related and unrelated) either showed little or no
similarity in evaluating yield. These results support the
view of Sprague and Tatum (29) who suggest more than one

single or double cross tester for evaluating lines for general

combining ability.

R
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The specific action of these testers for yield has been
indicated by the analyses of components of variance, The
line x tester interaction for yield indicated that as genetic
variation within testers increased (inbred to single cross
to double cross), the line x tester interaction component

decreased. These results concur with the findings of

ey
H

Matzinger (21) and suggest that the inbred or single cross
testers be selected according to the use which is to be made

of the new lines. For example if the new lines were to be
used as a substitute for one of the parents in the pedigree
of a double cross the best tester will be the opposite single
cross,

There was no interaction for the yields due to line x
doudble cross testers and the correlation was significant..46,
While the correlation between the two double cross testers was
not high, they did identify most of the sam inbreds as being
high in general combining ability.

The comparison between the two tester groups (related and
unrelated) indicated that either related testers or un~
related testérs, as a group were reliable for estimating general
combining ability, The two groups of testers showed signifi-
cant association for all the characteristics under study
indicating that the relationship of the tester parents to the
tested 1lines did not affect the ranking of the lines,

The analyses for types of testers suggests that the

evaluation of the lines for general combining ability can be



.
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done most economically with two or more double cross testers
irrespective of relationship with the lines under test. If
other types of testers (inbreds and single crosses) are to be
used, the number of testers should be increased.

Correlations of the mean performances of four inbred
testers with the means of their two single crosses suggest
that the two types of testers within a group ranked the lines
similarily for all the characters under study. This suggests
either four parental inbreds or their two single crosses as
testers for approximately equal precision,

Correlations among testers for maturity were generally
high, suggesting fewer testers would be needed for evaluating
maturity. Closer association among testers in the evaluation of
maturity might be due to fewer genes affecting the expression
of maturity than yield and stalk lodging resistance. Yield
is highly multi-genic. Resistance to stalk lodging is det-
ermined by resistance to both corn borer and stalk rotting
fungi coupled with stiffness of stalk and, as such, becomes
relatively multi-genic.

The results for stalk and root lodging showed that inbred
and single cross testers, regardless of relationship with the
tested lines, did not evaluate the lines in similar order.
The two double cross testers did evaluate the lines for stalk
lodging in similar order but not for root lodging where the
nio of more than one double cross tester was needed. The

amount of root lodging was relatively low and these results
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may not apply in tests where root lodging is high,

It should be emphasized that in a carn breeding program,
the evaluation for maturity and lodging is done in con-
Junction with yield. The results have suggested the use of
more than one tester irrespective of the relation for
evaluating the lines for yield. On the other hand, for all

characters under study, the use of more than one tester has

P

produced a high precision, This suggests that with the §
evaluation of lines for yield, other characters will also g

be evaluated with a relatively high degree of accuracy.
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Summary

Twenty 36 second cycle lines developed by inbreeding and
selection in the double cross Ohio M 15 (Oh 51 x Oh 26) x (I1ll.A
x W 23) were used to study the degree of relationship with the
four parental lines and among themselves., These lines were
crossed on ten testers, seven related (four parental inbreds,
two single crosses and the double cross Ohio M 15) and three
unrelated testers (inbred M 14, single cross M 14 x WF 9 and
double cross Ia. 4483 (M 14 x W F 9) x (Bg x B16).

Seven of the second cycle lines, four parental lines and
one unrelated line, M 14 were used to produce, 66, single
crosses, Actual and predicted performance of double crosses
were compared with the parental Ohio M 15.

l, A few of the second cycle lines were more vigorous than
and superior to the parental inbreds in combining ability.

2. 8Second cycle lines were genetically different from some of
the parents and from each other,

3¢ A few double crosses equal to or slightly better than
Ohio ¥ 15 were produced by crossing four second cycle lines

or by substituting them with one or more of the parental lines
in the pedigree of Ohio M 15,

4, Predicted yield, percentage of moisture and stalk lodging
of the double crosses from the single cross data showed
significant correlation with the actual yield, percentage of
moisture and stalk lodging.

These results indicate that, even the lines of the same
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origin can be used to produce good hybrids, if they were
extracted from a wide genetic base.

5 Inbred and single-cross testers were very specific in
evaluating the lines for yleld and lodging. This suggests the
use of more than one of these as testers for general com-
bining ability. The 'r' value between the two double cross
testers was a significant (.46) but low enough to suggest

the use of more than one tester for evaluating the lines for
general combining ability for yield. A high 'r' value for the
mean of the four parental inbred testers with the mean of their
two single crosses suggested that either four inbreds or

their two single crosses may be used for evaluating general
combining ability of the lines for yield.

6. Either the four inbred testers or their two single crosses,
or the double cross of the four inbreds could be used to
evaluate the - lines for resistance to stalk lodging. A
similar situation was indicated for resistance to root lodging.
7. Correlation for the two tester groups (related and un-
related) indicates that either related or unrelated testers,

as a group, were reliable for estimating relative general
combining ability for yield, maturity, and stalk lodging
resistance.

8. The correlation coefficients for maturity were signifi-
cant in all cases and were generally high, suggesting fewer
testers would be needed to evaluate maturity than yield or

lodging resistance.
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9. For related lines, genes conditioning specific com-
bining ability were relatively more important in influencing
yileld than genes for general combining ability.
10. Analysis of components of varience shows that for yleld,
line x tester interaction decreased with increased genetic
variation in the tester. This same relationship did not

exist for maturity.
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Appendix Table I

Yield and percentage of moisture in the inbred lines
at one location in 1954 and two locations in 1955

95

Yields of grain in

1bs,. per plot
S.U, M.S.U. Saginaw

Moisture in ear

oeWelg oDeUse 5‘8111..'

Inbred Farm Fara County Fara Fara County
lines 1954 1955 1955 1954 1955 1955
1 3.04 3.37 3.36 23.8 23.5 19.5
2 1037 - 1071 .6 - 31.0
3 2.47 2.17 2.1 39.7 33.6 21.7
4 2.12 2.46 2,15 41,7 35.6 20.5
5 2.67 3.50 2,06 40.5 30.2 18.9
6 2,84 2.97 2,71 33.7 24 .4 17.2
? 1.82 2.29 2,03 35,6 23,8 24,0
8 2.11 2.86 2,81 37.7 25.1 14,9
9 1.99 1.82 2,05 45, 4g.o 21.0
10 1.74 1.30 1,27 29, 18,2 14,7
1 .gg 2.57 2.17 42.4 21.3 20.6
12 2,68 2.4 37 8 21.7 15,0
13 2.51 2. 26.5 25.4 17.0
14 2 12 2.67 2,92 39,2 32, 7 23.3
15 1.68 2.14 2.25% 31.8 25.6 15,0
16 1.85 2.22 2.26 29,5 23,6 14,1
17 2'86 2.96 2,69 30.3 24.3 19.3
18 1. 2.27 2,72 37.3 29.1 16.5
19 2.31 2.89 3.17 41, 21.5 14,2
20 2.03 1.68 1,76 28,2 18.4 12.6
21 2,62 2.03 2.60 30.0 29.3 18.3
22 1.48 2.37 1.91 40.7 20.4 14.9
23 1.65 2,15 2,07 46,7 40, 2g.5
24 2.63 2.49 2.69 34.1 26. 18.1
25 2.29 2.59 2.77 41 .4 33. 17.2
L.S.D, 5% .58 O.44 0.42 4.4 4, 2.8







Appendix Table II

Percentage of stalk and root lodging in the inbred lines
at one location in 1954 and at two locations in 1955

96

Stalk lodging Rooi%odging
M.3.0, M.S.U, OSaginaw N.8.U. M.8.U, Saginaw
Inbred Fara Farm County Farm Farm County
lines 1954 1955 1955 1954 1955 1955
1 6.7 2.0 1.8 1.7 2.0 -
2 - - 2.9 - 13.7 -
3 10,0 16.1 9.4 11.6  23.2 1.9
4 10,0 6.7 10.0 13.5 10.0
) 16.7 12.0 10.9 16.7 22.2 5¢5
6 8o6 lgos 30‘ - -
g 1.7 01 304 - had
23 2% 88 - - 3¢5
9 - 1.8 2.1 - 5.4 -
10 10.8 308 26.9 1.7 7.5 -
u 1. - - - - -
12 3.2 4,1 17.6 3.3 - 3.9
13 11. 7.0 607 303 109 -
14 10,0 55 30.5 3.3 1.8 10.2
15 16,7 49,0 31.7 - - 1.7
16 3106 7.0 10.0 500 1.8 -
1 5.1 7.4 - - - -
1l 15.3 27.8 15.9 13.6 20.4 20.5
19 - 7.8 13.4 - - -
20 - 12.1 107 - - -
21 6.7 8.6 5.0 15.0 10.3 3.3
22 : : : - - 5.3
23 8.3 308 19.6 107 502 -
24 6303 15.7 41.2 - 509 -
25 107 307 - 303 507 -
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Appendix IIIX

Yield, percentage of moisture, stalk and root lodging
in tester crosses at two locations (1955)

Yield in bu. po: acre at

| |
8. N, Pedigree versity aglnaw
Farm
1 0h26 X Ill.A 93.7 87.3
2 oh26 X W23 73.5 90.3
3 0h26 X (Oh51 X Oh26) 50,0 54,9
4 0h26 X (I11.A X W23) 79.8 73.4
5 O0h26 X Ohio M15 66.7 g g
6 oh26 X M14 85.2 9
7 O0h26 X (M14 X WF9) 89.5 104.9
8 0h26 X Ia. 4483 78,2 89.6
9 I11.A X W23 99.2 82.0
10 I11.A X (Oh51 X Oh26) 80.6 80.9
11 T11.A X (I11,A X W23) 55.7 73.7
13 T11.A X M14 80.5 94,7
14  I11.A X (M04 X WPF9) 114, 97.2
15 T11.,A X Ia. 4483 . 102, 93.0
16 M14 X (Oh51 X Oh26) 80.7 93.6
1 M14 X (I11.A X W23) 88.9 79.6
1 M14 X Ohio M15) 83.6 90.6
19 M4 X (M14 X WF9) 64,0 72.6
20 mnae X I.o “83 82.6 690‘
21 Oh51 X Oh26 72.6 72.3
22 Oh51 X Ill.A 96.4 89.
23 Oh51 X W23 84.0 85.4
24 O0h51 X (Oh51 X Oh26) 45,0 55.7
29 oh51 X (I1l.A X W23) 89.7 84,7
26 Oh51 X Ohio M15 72,7 83.7
27 Oh51 X Ml14 90.5 93.4
28 Oh51 X (M14 X WF9) 95.0 99.5
29 Oh51 X Ia, 4483 81.9 99.3
30 W23 X (0h51 X Oh26) 80,9 99.4
31 W23 X (I1l.A X wW23) 69.2 68.1
33 W23 X Mi4 100.7 9.5
34 w23 X(M14 X WF9) 97.1 104.0
36 o0h51 X Oh26 47,8 6.6
37 I11.A X W23 67.4 2.5
38 Oohio M15 71.2 87.7
39 Ml4 X W9 99.0 95.4
40 Ia, 4483 82.7 105.0

Il. 8. Do at 5’ 2003 2007
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Appendix (Continued)

Percentage of Percentage of Percentage of

!gi'sfi' in !iﬁ !tglk %gg‘égg igg; 1g§g;§;
niversity ginaw versity GSaginaw University Saginaw
Fara Farn Fara

d—

29.6 17.3 6.g 16.1 1.1 12.6
21,2 15,2 7. 10.0 1.1 1.1
18. 11.9 609 6.4‘ 1.2 ad
220 13.9 14.6 4‘8.? - 4.8
21.6 13.0 14,6 17.2 3.4 6.9
25.0 13.7 6.8 102 - -
2305 150? 202 2.3 - -
%05 16.5 8.1 102 - -
2 09 19.9 11.2 3800 - -
31.0 20.9 1509 ‘608 307 -
29.7 22.3 2".7 61.1 901 -
2901 2207 10.‘ 20.1 - -
32.0 23.8 17.7 295 4.7 2.3
29.0 19.2 9.1 6.8 1.1 1.1
2‘.9 17.7 1101 5.8 - 203
21.1 12.4 2.6 - - -
24.5 1 02 10.4 6.7 1.2 -
25.4 16,2 9.0 10.4 1.1 3.5
28.8 190" 11.9 1.1 1.2 -
2,.2 1609 701 8.0 - 804
21.3 15.7 9.4 16.2 1.2 0
25. 20.5 2 05 50.0 1.1 -
2106 16.6 PY 16.5 102 g
20,2 17.0 8. 47.1 1.2 23.0
23.8 17. 23.2 50,0 4.6 -
20.7 14. 12.6 8.3 - -
22.7 15.5 4,9 - 1.2 2.4
26.9 20,0 4,7 11.5 1.2 6.9
21.2 1‘.0 1702 1500 - -
20.3 lgol ‘06 17.8 - -
27.0 1 05 902 33'8 - -
25.3 19.4 2400 240 - -
2701 1708 9.8 102 - -
28.4 22.0 4.8 1001 - -
24,3 17.4 2.5 42,9 - -
2000 1500 2005 - ' - -
26.4 20.0 15.3 62.6 2.8 -
22.3 16.3 11.1 15.1 1.6 -
3105 1805 7.5 102 - -
23.‘ 17.8 ’ 10‘ 4.0 - had

-
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Appendix IV

Average yleld of test crosses at University Farm
(yield in bu per acre at 15.5¢ moisture)

oh51 0h26 I1l.A wa3 Oh51 X Oh26
1 87.9 80.5 84,2 84,8 76.8
2 70.3 90.1 88.1 65.1 76.5
3 9909 9‘.‘ 6403 10507 9609
4 101.5 101.5 8643 92,9 97.6
5 83.1 100.1 73.1 90.9 2.0
6 84,5 73.2 71.4 72.g 0.5
Z 79.9 g?.g 90,8 9. 76.5
1.0 O 95.1 80.5 3.2
9 5.4 72.4 70.9 101,.0 4.4
10 72.6 65. 74.5 73.6 61.9
11 8.1 70.9 101.2 94,8 68.4
12 7.8 70.7 79.4 77 .4 68.7
13 50.0 6.5 93.8 79.6 532
Hogt g g 4 0
T 53’2 82.4 83.9 64.8
17 71.6 73‘5 86.2 84.0 6?01
%g ;g.g §g°Z ;g.i gg.z 85.2
20 71.2 86.8 1.9 88.9 Baze
77.9 78.0 0.4 85.0 76.2
Ioo S. Do at 5’ Mean of testers 1l1.4 bu.
Mean of inbreds 6.2 bu,
Two inbreds at one level of tester 19,6 bu,
Two tester at one level of inbred 20.8 bu.

To test diagonally 20.8 »u,
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Appendix (Continued)

I11.A X W23 M5 M4 N14 X VWF9 Ta. 4483 Average

75.5 87.5 89,0 82.4 91,3 84.0
90.8 86.4 116.8  99.2 102.1 88.5
78,2 84.4 97.5 110.3 97.3 92.9
2 Edang Mg e B
67.3 g6.6 81.5 96.9 81.0 33.6
88. 9.0 84,6 95.7 34.4 6.8

1.4 80.8 96.0 111.9 3.7 86.4

0.9 85.9 105.0 9.6 90.9 87,6
850i og 8002 403 7906 506
88. 71. 5e5 32 99.g 6.2
80.8 77.2 8.1 . 81.1
81.8 70.5 5¢5 99. 2 3.8 76.4

3 70.0 4.1 96.3 82,7 73.6
g 6.5 85.6 86.9 ZS.I 78.2
95.2 7%'2 3"? 3'1 9&'8 ?‘2

o [ J 3. [ J o ®

64,0 75.3 84.5 87.3 76.9 7 ?
75.7 503 8648  110.7 go.s

5e2 8.1 94.7 87.4 8.9 84.1
82.4 81,2 91.7 97,0 88.2
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Appendix v

Average yield of test crosses at Safinav County

(yield in bu per acre

Oh51 oh26 Inl1.A w23 Oh51 X Oh26
l 91,7 89,0 83.3 82.3 63.9
2 7.5 97.8 82.0 99.9 82.5
3 88.4 86.4 69.4 86.4 86.3
4 70.8 82.3 7 88.8 75.
5 80.6 90.3 44,0 75.3 ;g.o
6 7100 850‘ 81.8 7403 .0
g 7601 62.1 92.2 85.6 77.8
By g B ogn g
10 56,2 68,7 62. 72.8 63.2
11 74 .0 61.9 86.9 9.8 3.
12 74.8 67.0 88.9 7.0 67.9
13 54, 72 86.7 72 70.2
14 65.2 0.0 90.9 g.l 74.5
19 76.4 98,0 83.4 g ol 76.6
16 65.3 61.6 74,7 2.9 66,8
17 956.2 83.7 70.3 82,5 74 .4
18 60.6 91,1 52.0 81.6 74.1
19 71.3 72.8 84.7 86. 87.6
20 48,0 95.4 83.3 100.5 85.5
Av. 71,2 81.1 75.7 86.6 76.0
L. 8. D, at 5% Mean of testers 6.5 bu

Mean of inbreds
Two inbreds at one level of tester 21.5 bu.
Two tester at one level of inbreds 21.7 bu,
To test diagonally 21,7 bu,
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Appendix (Continued)

W

I11.AXW23 M5 Ml4 M4 X WF9 Ta, 4483 Average

L ——

80.4 73.2 86.5 9.5 84.4 82.9
83.5 85.4 104.6 104,.3 103.1 92.3
74 .9 81l.6 91.9 93.3 103.1 86.2
79.7 57.2 95.2 99, 90.3 80.7
71.8 62,0 82.9 88.9 96.9 g
7 9 68,7 90.3 90.5 88.2 0.2
g 775 95.2 32.5 93.1 82,8
g 9 99.4 6.5 89.9 81.9
88.7 0.0 81,1 107 5 95.4 88,3
73.6 70.8 68.5 87.4 78.2 go.z
87.3 82.8 99,7 97.6 102.7 6.7
81.2 65.4 84,2 92.7 94,1 80.3
76.1 72.7 96.2 953 91.9 79.
83.6 64.9 87,9 92.0 101.7 82.8
82.4 8.3 96,6 80,8 101.1 gg.z
73 o5 B7.4 92,2 85,2 94.8 o4
54,2 80.5 87.5 86.5 74.4
61. a 62,6 91.2 97.5 93.7 gS.G
65.4 76,6 96.4 100.3 92.4 3.5
83.6 5800 6903 ”01 8 06 8000

773 71.8 89.5 92.7
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Appendix VI

Average percentage of moisture for

test crosses at University Farm

T1 T2 T3 T4 TS T6
1 21.6 22.5 31.3 20.9 23.0 24.9
2 23.9 28.4 33.0 27.6 24,0 30.5
3  27.7 26,6 31.5 24 .4 25.9 27.5
4 27,2 26.5 33.1 25.7 25.4 28.5
5 25.8 27.1 31.7 26,8 24,0 27.9
6 23,5 22,2 26.0 25.7 20,7 23.1
7 18.7 15.0 26.9 21.3 20,1 22,5
8 20,6 21.0 27.7 22,5 21,5 22,7
9 27.9 26,8 32.7 25.1 26.3 28.3
10 15.6 15.4 24,1 19.0 16.0 19.2
11 19.8 16.0 25.0 24,7 21.1 20.4
12 14,9 17.7 23.6 20,5 15'8 21.0
13 18.6 17.9 24,5 21. 17. 22.g
14 24,4 24,8 30.4 22, 23.3 26,
19 22.9 25. 29.2 26,6 23.7 27.7
16 24,6 17. 30.4 22.3 20,0 20,8
1 21,2 16.1 2346 22,8 16.5 19.8
1 19.6 20,7 27.4 = 25.9 19.0 24,7
19 21.7 25.1 29.7 25.1 21.7 25.3
20 14.8 15.9 13. 16.9 15.2 14.7
Av, 21.8 21.4 27.8 23.4 21,0 23.9
L. S. D. L. Se. D.
Tester 14 - 2.16 Inbred 1% - 1.68
54 - 1,57 4 - 1,28

Mean of the OXpt. - 23 .4
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7 T8 79 710 Total Av,
24.1 2409 210 2009 .:: ,"'E- 2 .5
29.5 29.9 28, 28.6 23.4
2 02 230 2806 2407 2700
28.5 255 27.5 25.4 27.3
22.8 24,8 25.7 22.4 25.9
26,2 26,7 26.4 28'2 24 .4
21,2 20.5 24,0 . 20.8
21.0 2007 25.6 29.8 %03
27.0 28,2 32.6 27.3 28,2
19,2 17.7 19.5 20.9 18.7
29,7 23,7 21.7 20.7 22.3
18.7 18.5 22,1 19.6 19.2
19.5 19.5 27.3 20,6 21.0
25,5 27.0 25.9 22,2 25.3
29.1 23.6 26.7 25.9 26.1
23.3 23.8 25,0 21.4 22.9
200‘ 1909 2209 2000 2003
23.3 27.2 22,8 23.6 23.4
26.9 26.3 23.5 25.2 25.0
13.3 18.0 17.9 13.2 15.3
23.9 23.5 24.8 22.7
Tl - Ch 51 6 - T11.A x W23
T2 - Oh 26 T7 - Ohio M1%

T3 - I11.A T8 - Ml4
T4 - W23 T9 - M14 x WF9

TS - Oh 51 x Oh 26

T10 - Ia, 4483
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Appendix VII
Average percentage of moisture for test
crosses at Saginaw County
Tl T2 T3 T4 TS5 6
1 20,5 16,4 28,2 19.6 17.8 20.8
2 22.0 2l.4 2g.9 24,6 22.3 26,5
3 2.1 18,8 28.0 18.g 18.7 21.1
4 19.9 19.6 30,8 20. 20.2 23.9
5 19.9 20,0 30.0 20.0 18.9 22,
6 19,7 18,5 24,2 23.0 19.9 22,
g 19.2 15. 21. 20.2 17.4 21.2
20.3 g 24, 21.3 18.1 20,
9 21.9 13.8 26. 20,0 21,2 23.
10 18.2 15.3 21. 18.4 14.3 19.7
11 17.8 16.9 23.0 19.8 17.3 19.8
12 17.5 17.8 22.9 18.2 19.9 20,
13 18.4 15. 22,1 20,1 17.6 21,8
14 24.1 17.9 24 .4 21.7 19.5 24,8
15 20.9 18.0 25.5 2l.1 18.6 22.5
16 20,2 16.4 27.5 18,3 18.4 21,2
1 17.3 15.5 23.3 18,7 17.4 20.0
1 16.9 19.3 27.5 21.5 17.7 24.4
20 16,2 15.6 15.9 17.6 15.1 15.6
19.6 17.7 25.0 20,2 18.3 21,7
L. S. D, L. S. D,

Testers %ﬂ - 1,66

% - 1.2

Inbreds %ﬂ - 1.09

% - 0829
Average moisture = 20,0



- Appendix (Continued)

106

T7 T8 T9 T10 Av,
18.7 19.’ 18.1 21.2 2001
25.9 22.0 24.1 25.4 24,2
20,9 18.6 21.9 19.8 20,
19.6 17.5 18.7 22.8 21.4
21, 19.0 20,1 20.5 21,2
20, 21,2 21.6 20,2 21,2
19,1 16.3 18,7 17.6 18.7
18.0 17.4 19. 23.1 20,0
2045 19.4 21. 20,2 2l.4
15.3 16.4 17.2 17.7 17.4
19,1 18.3 19.4 18.0 18,9
19.3 18.4 17.9 lg.3 13.9
1602 14.9 16. 1 .1 18.2
20,7 21,6 20, 21l.3 21.7
21,6 18,1 21, 21.3 20,
20.9 16.6 19. 19.0 19.
21.2 16.7 17. 19.3 18.7
17.8 18.1 17.3 19.4 20,0
21.3 19.3 20.4 19.6 20.3
18,5 16,2 16.0 15.4 16.2
19.9 18.3 19.5 19.9

Tl - Oh 51 Té - I11.A x W23
T2 - Oh 26 T? - Ohio M15
T3 - I11.A T8 - Ml4
T4 - W23 T9 - M14 x WF9

- Oh 51 x Oh 26

+ W:&“ﬁmﬂ;-ﬁrm
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Appendix VIII

Percentage stalk lodging in test
crosses at ¥, 8, U, Farm

Second
cycle lines Oh51 0h26 I11.A w23 Oh51 X Oh26

1 16,8 9,8 9,0 16,2 20,7
2 20,7 2.4 12.3 45,2 20.1
3 6.7 7 78 .4 11.1 9.1
4 4,6 8.1 39.9 10.1 9.0
g 26,2 4,8 26.7 21, 9.4
6 19.6 4.6 50,6 13.4 14,6

g 12,6 9?7 23,0 12.6 o
7.8 6.0 7.2 10.3 18.6

9 9.6 4og 7.8 8.9 7
10 8.3 8. 42,2 12,0 15.0
11 10.4 12,8 6.7 6.7 13.4
12 9.5 3.6 16.0 4.4 10.1
13 41.4 18.1 4,6 6.9 29,8
14 30.7 9 21.3 2l.1 2363
15 11.6 8.9 46.0 37.0 10.1
16 15.1 7.5 10.4 9.0 15.5
1 10.1 3.7 8.0 5.6 9.1
1 14,6 9.1 39.9 35.3 23,2
19 12,6 6.8 21, 13.5 11.1
20 ll.g 9.1 10.7 0 12.5
Tester 300. 1"509 482.2 311.1 288.0
Avorage 15.0 703 24,1 1506 14.4
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I11.A X W23 Ohio M15 M4 Ml4 X WF9 Ia, 4483 Av,
33 01 14.4 - 9.‘ : 10.1 13905 1‘00
11.9 8.0 3.4 9.1 10.6 144.3 14.4
32.6 13.2 5.6 6.7 7.1 178.,2 17.8
1 06 1".‘ - 2.‘ 708 11209 110
253 7.8 1.2 4.5 10.3 138.0 13.
34.5 17.8 7.8 4.4 12,2 179.5 18.0
17.9 1l 4.6 4,6 6.7 101.4 10.1
17.‘ 609 809 506 800 ’607 907

806 203 303 40 508 5807 509
o4 9.1 4.4 6. 9.1 124,11 12.4
14,8 12,5 1.1 6.7 1.% 86.2 8.6
14 .4 10.7 3.3 2.2 8. 82. 8.3
7.8 8.0 3.5 4.7 7.0 126, 12.7
21.1 20.7 7.8 7.0 15.3 177.2 17.7
41.0 11.6 2.; 11.5 13. 194.8 19.5
20,2 13.3 . 3.4 5.6 106,7 10,7
8.0 9.2 4,6 1,2 4.4 63.9 6.4
34.2 27. 10.3 9.0 12,2 21%.2 21,5
17.4 11.2 1.1 3.4 2.4 103.8 10.4
11.1 14 .4 5.8 9. o7 99.3 9.9
391.9 241.0 86.7 116,.4 165.9
19. 12.0 4.3 5e 8.3
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Appendix 1¥

Percentage stalk lodging in test
crosses at Saginaw County

Second ,
cycle lines oh51 0h26 I11.A w23 Oh51 X Oh26
b 7.7 13.7 53.0 64.1 33.1

2 2.7 23.9 69.1 58.8
3 41 .4 11.4 6.6 34,2 26.7
4 56.3 1500 8.0 70.2 8.9
5 55.0 4,6 94, 2 2.2 5¢9
6 42,2 23.5 7o 1. 8 24,6
g 61.6 7.2 1.8 73 23.2
47, 9.2 7 .9 60.0 31.1
9 11, - 68, 28, 2 7.0
10 25.% 17.8 9.1 68, 16.0
11 . 39.9 1.3 76.3 35.3 16.5
13 73 4.4 97.8 le.2 15.1
14 64,0 4,6 100.0 78.2 46,6
15 72¢7 6.9 92,6 61.4 35.5
16 41.4 11.5 30.9 46.4 34.2
l 27.7 3.4 3.0 522 16.6
1 34,2 17.9 93.3 0 43,0
19 73.0 7.7 24 .4 1.1 31.9
20 50,8 24,0 54.% 48,8 12,2
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I11,A XW23 OhioM15 M4 M14 X WF9 Ia, 4483
72.2 50.0 5.8 10,7 31, 377.6 37.8
55,7 44,5 4.7 8.0 19.2 335.1 38,5
74,7 52.9 9.2 8.0 11,1 366.2 36.6
74 .4 48.3 4.5 21.3 14, 402,1 40,2
80.7 46, 31.9 24,4 18,5 394.3 39.4
88.2 $0.2 14.4 12,8 24,6 469.,9 46,
74 .4 49.4 6.7 7.3 7.8 393.2 39.3
66.3 51.1 13.3 2.2 17.7 3721 37.2
44,1 41.6 1.2 7.1 3.4 213.0 21.3
6.1 27.8 10.1 13.0 4.6 331.3 35.1
002 30.8 - ‘06 ‘04 2 903 2809
1.4 50.0 28,9 14,8 14.8 441.0 44,1
o 398 2t 230 o el 328
® [ ) ) 2 ® [ ) ® L ]
7.5 75.0 8.9 23,2 22,6 432.3 48.0
89.5 62.8 24.4 12. 16.9 410.,2 41,0
759 39.9 15.5 2 14.4 341.,7 34,2
9‘0 m. 11.5 1 60.7 5 104 5 01
79.1 41,8 8.0 15. 21,1 383.8 38.4
590 36.8 %%.2 7. 18.0 345.5 34‘.6
1501.2 977.4 2 250. 353.0
75.1 48.9 12,9 12,5 17.7
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Appendix X

Percentage of root ledging for
test crosses at M.5.U. Farm

Second
cycle lines Oh51 Oh26 I11.A w23 Oh51 X 26
1 1.2 102 6.7 - 102
2 9.2 2.3 546 11.6 3.5
3 2.2 3.4 Wn.8 2.2 -
; %oi i 3]3.04 502 ;og
° - ) 2. °
6 - 1.2 5.2 - -
g - - 2.3 - -
- - 1.2 - 1.2
9 - 2.4 1.1 L 2.2
10 7.1 g 4.‘ 102 -
11 10.4 - - 1.1 -
12 - - 203 - -
13 - - 1.1 5.8 -
14 1.2 - - 1.1 -
15 5.8 - 304 6.7 202
16 - 2.5 1.2 - -
1 1.1 bd 3.‘ - 101
1 20,2 8.0 30.8 6.8 4.6
19 - - 5.6 1.1 1.1
20 1.2 - 408 2.8 101
61.8 21,0 129.0 47, 30.9
301 1.0 6.5 2.‘ 1.5
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Appendix (Continued)

TI11.,A X W23 Ohio M15 M4 M4 X WF9 Ia. 4483

203 - ® hd - 12.6 103
1.2 ‘06 - 1.1 1.2 ‘002 4.0
3.4 6.0 1.1 1.1 2.4 36. 3.7
4.4 13.3 2.2 - 2.2 37.8 3.8
1.2 2.2 1.2 - 30" 4908 500
306 101 101 - - 1206 1.3
1.1 102 - - - 406 04
1.2 203 - 1.1 - 700 07
- - 202 1.2 - 9.1 09
- 2.; - - - 1500 105
- 50 - 2.2 1.1 20.5 2.1
- - - - - 2.3 .2
101 - - - - 800 08
1.1 601 - 1.2 5.6 16.3 1.6
5e7 10.8 3.3 Z.i 1,2 41.4 4,1
101 3.3 - 10 101 10.3 1.0
- 1.2 9.1 - 1.1 17.0 1.7
101 507 - 5.6 12.2 9;08 90 5
- - - - - 9.4 P
28.5 65.8 20,2 16. 31.2
1.4 3.3 . 1.0 0. 1.
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Appendix XI

Percentage of root lodging for test
crosses at Saginaw County

Second
cycle lines Oh51 Oh26 nl.A w23

1 10.0 13.7 1408 -
2 100" 400 - 7.1
3 24,2 12.5 - 6.8
4 4,6 10.4 - 2.4
5 14.4' 10.4 - -
6 5.6 708 - -
g - 4.8 - -
- 3.4 4.‘ -
9 508 401 - "09
10 101 - - -
11 - 5e2 - 3.4
12 - 4, - -
13 14.6 14.4 - 2.4
14 5.6 4. - -
1 4.6 3.4 - 6.8
1 7.8 13.8 19,7 10,7
17 5.0 3.4 - 1.1
18 16.0 3.4 2.7 -
19 - - 10.0 ".‘
20 10" - - -
131.5 204.1 51.6 50.0
6. 10.2 206 205
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Appendix (Continued)

I11,AX W23 ©6hioM15 M4 MI4 X WPF9 Ia. 4483

2.3 43,1 4.3

1.1 1.2 - -
n03 - 804’ - 3908 4,0
3.‘ 6.9 ‘.6 .O - 78.0 708
- 6.8 2.2 - 6.7 42,0 4,2
4,8 2.4 4.6 3.3 6.6 131.2 13.1
- - 30 203 1.1 20.1 2.0
- - - - 101 10.5 101
- - - - - 10.0 1.0
- - - - - lg.g 1.9
- 2'5 - et 22 15.7 1.2
3.6 - 506 - - 1400 1.‘
- - 10.4 - 10.1 565 5.7
202 306 203 - 2." 2603 2.6
2.3 - 303 9.3 - 604 3.1
- 2.3 303 2000 605 908 9.0
- 1.1 - - 2.2 ‘104 ‘.1
- - - - - 1‘.4‘ 1.4
- - - - 306 10.6 1.1
28,7 26.8 41.9 46,3 42,
l.4 1.3 2.1 243 2.1
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