








Table 29. Frequency distribution of single-cross mean yields in each group 

Selected lines Unselected lines 
Yield, Design II Diallels Design II Diallels 
q/ha' Number Percent Number Percent Number Percent Number Percent 

1 0 5 - 1 1 0  2  2  1 1  

100-105 3 3 1 13 3 

95-100 15 16 3 4 1 1 

90-95 21 22 9 13 10 10 2 3 

85-90 26 27 13 18 7 7 3 4 

80-85 15 16 20 28 26 27 1̂  19 

75-80 11 11 19 26 20 21 19 26 

70-75 2 2 6 8 18 19 1^ 19 

65-70 1 1 1 1 7 7 8 11 

60-65 2 2 7 10 

55-60 0 034 

50-55 1 123 
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a greater range in performance than the selected crosses, as 

would be expected. Selected Design II inter-population 

crosses were represented in the upper classes more frequently 

than any other group. 

Orthogonal partitions of the adjusted variety sums of " 

squares for yield were made for each set. The mean squares 

for these are shown in Table 30. Because the expense of 

computing the interaction of each partition with environ

ment was prohibitive, each set's varieties x environment 

mean square was used as the denominator in performing F-

tests. The sums of squares and degrees of freedom for each 

of these partitions were pooled across sets, and the result

ing analysis is given in Table 31. F-te'sts were made on 

the pooled analysis using the varieties x environments/sets 

mean square from Table 10 as the denominator. 

General and specific combining ability mean squares were 

significant at the 1% or % level in the pooled analysis. 

Since interactions with environments were not calculated, 

general and specific combining ability variance components 

cannot be cleanly estimated in either the diallels or Design 

II's. If the number of environments is large, however, the 

amount of bias is small. The biased estimates (and their 

expectations assuming the random model) shown in Table 32 

were obtained by manipulation of the pooled mean squares in 

Table 31* No clearly discernible trends exist between the 
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Table 30. Orthogonal partitions of varieties sums of squares 
for yield in each set 

Source d.f. Mean squares Source d.f. 
Set 1 Set 2 Set 3 

Selected group 27 1,741.97** 660.47** 715.03** 
Diallel vs DII 1 1.26 4,621.14** 5,319.00** 
Within DII 15 1,627.22** 469.54** 612.12** 
Diagonals 3 1,119.06** 649.92** 571.26** 
Off-diagonals 11 1,640.06** 462.99** 668.95** 
Diag. vs off-diag. 1 3,010.50** 0.36 109.62 
Males (3) 456.72* 1,645.26** 1,682.64** 
Females (3) 3,633.90** 393.30** 952.26** 
Males X females (9) 1,348.52** 121.04 141.92 

Within diallels 11 2,056.68** 560.78** 436.79** 
BSTE 5 840.85** 535.07** 148.28 
G.C.A. 3 1,332.18** 704.34** 158.52 
S.C.A. 2 103.86 281.16* 132.93 

PHPRC 5 1,556.96** 369.97** 625.18** 
G.C.A. 3 2,509.92** 244.08* 943.08** 
S.C.A. 2 127.53 555.81** 148.32 

BSTE vs PHPRC 1 10,634.40** 1,643.40** 937.44** 

i: 
1, 
2, 
1. 

Unselected group 2? 
Diallel vs DII 1 
Within DII 15 
Diagonals 3 
Off-diagonals 11 
Diag. vs off-diag. 1 
Males (3) 4, 
Females (3) 3> 
Males X females (9) 

Within diallels 11 1, 
BSTE 5 
G.C.A. 3 
S.C.A. 2 

PHPRC 5 
G.C.A. 3 
S.C.A. 2 

BSTE vs PHPRC 1 

564.6?** 
970.34** 
601.74** 
586.06** 
468.57** 
113.58 
064.70** 
472.56** 
157.12 
204.53** 
430.96** 
445.14* 
409.68* 

2,172.89** 
3,569.22** 

78.39 
230.58 

1,851.25** 
16,211.34** 
1,450.40** 
2, 986.92** 
1,038.42** 
1,372.68** 
4,389.18** 
2,094.36** 
256.16** 

1,092.39** 
2, 108.30** 
3,406.50** 
161.01 
279.83** 
243.42* 
334.44* 

- / rD • ou 

1,975 
9,387 
1,697 
1,131 
1,920 
930 

6,272 
1,476 
245 

1,682  
1,791 
2,834 

228 
1.761 
1,780 
1,733 
739 

.93** 

.18** 

.00** 

.72** 

.89** 

.06* 

.34** 
• 12** 
.52 
.52** 
.97** 
.46** 
.24 
.73** 
.74** 
.22** 
, 26* 

Selected vs unselected 1 1,073.34** 10,047.24** 14,623.92** 

Total 55 
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Table 30. (Continued) 

Source d.f. 
Set 4 

Mean squares 
Set 5 Set 6 

Selected group 
Diallel vs DII 
Within DII 
Diagonals 
Off-diagonals 
Diag. vs off-diag. 
Males 
Females 
Males X females 

Within diallels 
BSTE 
G.C .A • 
S . C . A • 

PHPRC 
G . C . A • 
S.C.A. 

BSTE vs PHPRC 

Unselected group 
Diallel vs DII 
Within DII 
Diagonals 
Off-diagonals 
Diag. vs off-diag. 
Males 
Females 
Males X females 

Within diallels 
BSTE 
G .C .A • 
S . C « A. 

PHPRC 
G.C.A. 
S.C.A. 

BSTE vs PHPRC 

27 1,200.91** 1,130.00** 
1 7,874.82** 2,039.22** 
15 1,042.44** 1,137.31** 
3 679.08** 1,265.10** 
11 1,109.45** 1,151.57** 
1 1,395.36** 597.06* 
(3) 1,030.68** 1,864.92** 
(3) 2,902.86** 2,587.92** 
(9) 426.22** 411.24** 
11 810.28** 1,037.37** 
5 648.61** 826.34** 
3 1,006.62** 1,114.38** 
2 111,60 394.29* 
5 654.01** 723.78** 
3 956.22** 845.10** 
2 200.70 541.80** 
1 2,399.94** 3,660.48** 

27 1,484.64** 955.95** 
1 5,738.94** 2,110.86** 
15 917.57 479.06** 
3 929.88** 735.42** 
11 967.96** 450.57** 
1 326.34 23.40 
(3) 1,692.42** 1,282.68** 
(3) 1,963.08** 766.14** 
(9) 310.78** 115.50 
11 1,871.17** 1,501.25** 
5 499.57** 1,205.42** 
3 798.78** 1,185.30** 
2 50.76 1,235.61** 
5 303.19* 323.24** 
3 200.46 373.08* 
2 457.29* 248.49 
1 16,569.00** 8,870.40** 

1,278.07** 
5,332.50** 
1,316.77** 
1,089.78** 
1,397.86** 
1,105.74** 
1,567.14** 
3,850.02** 
388.90** 
856.72** 
158.69 
65.04 
299.16 
367.31* 
475.56* 
204.93 

6,793.92** 

1,133.95** 
107.46 

1,410.08** 
3,693.06** 
616.97** 

3,285.36** 
2.248.80** 
1,160 
1,213 
850 
867 

1,367 
117 
388 
623 
36 

3,078 

.40** 

.76** 
.73** 
.13** 
.16** 
.09 
.84* 
.58** 
.72 
.18** 

Selected vs unselected 1 61,664.22** 26,309.88** 26,420.40** 

Total 55 



67 

Table 31 • Partitions of varieties si ins of squares for grain 
yield pooled across sets 

Source d.f. S.S. M.S. 

Selected group/sets 162 181,614.06 1,121.07** 
Diallel vs Dll/sets 6 25,187.94 4,197.99** 
Within Dll/sets 90 93,081.06 1,034.23** 
Diagonals 18 16,122.60 895.70** 

• Off-diagonals 66 70,739.82 1,071.82** 
Diag. vs off-diag. 6 6,218.64 1,036.44** 
Males 18 24,742.08 1,374.56** 
Females 18 42,798.78 2,377.71** 
Males X females 54 25,540.56 472.97** 

Within diallels/sets 66 63,344.88 959.77** 
BSTE 30 15.789.24 526.31** 
G .C . A. 18 13,143.24 730.18* 
S.C.A. 12 2,646.00 220.50* 

PHPRC 30 21,486.06 716.20** 
G • C • A • 18 17,921.88 995.66* 
S.C.A. 12 3,564.18 297.02** 

BSTE vs PHPRC 6 26,069.58 4,344.93** 

Unselected group/sets 162 242,107.44 1,494,49** 
Diallel vs Dll/sets 6 38,526.12 6,421.02** 
Within Dll/sets 90 113.337.90 1,259.31** 
Diagonals 18 36,189.18 2,010.51** 
Off-diagonals 66 71,097.30 1,077.23** 
Diag. vs off-diag. 6 6,051.42 1,008.57** 
Males 18 59,850.36 3,325.02** 
Females 18 32,797.98 1,882.11** 
males X females 54 20,689.56 "̂ 60.46** 

Within diallels/sets 66 90,228.42 1,367̂ 10** 
BSTE 30 34,516.80 1,150.56** 
G. C « A. 18 30,112.02 1,672.89* 
S.C.A. 12 4,404.78 367.07** 

PHPRC 30 26,148.60 871.62** 
G. C . A. 18 20,317.50 1,128.75* 
S.C.A. 12 5,777.10 481.43** 

BSTE vs PHPRC 6 29,563.02 4,927.17** 

Selected vs unselected/sets 6 140,139.54 23,356.59** 

Total varieties/sets 330 1,252,661.17 



Table 32. Biased estimates of combining ability variance components and their 
expectations 

Design II 

Males 

Females 

Males X females 

Diallels 

BSTE 

G • C • A • 

S • C • AI 

PHPRC 

G < C t A • 

S.C.A. 

Selected 

12.5 ± 52.3 

26.5 ± 89.2 

23.0 + 21.1 

28.3 ± 40.9 

8.9 ± 19.7 

38.8 + 55.7 

13.2 ± 26.5 

Unselected 

41.1 + 125.0 

21.0 + 72.0 

17.2 ± 16.5 

72.6 + 88.2 

17.0 + 32.7 

36.0 + 66.8 

23.1 ± 42.9 

Expectation 

OME 3̂  

Opg + 0 
~V 
2̂ . 2̂ 
M̂FE °MF 

2 2 
ĝcaxe ĝca 

scaxe sea 

J 2 + (j2 Ugcaxe ĝca 
9 

<̂ 2 +0̂  
scaxe sea 
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selected and unselected groups, and only two of the esti

mates exceeded their standard errors. This is, at least in 

part, due to the fact that too few degrees of freedom were 

available to give more precision. Estimates of general com

bining ability variance were usually at least twice the size 

of specific combining ability variance estimates. This same 

trend also can be seen by comparing mean squares. An F-test 

of the Males x Females (specific combining ability) mean 

squares in the selected versus the unselected Design II's 

gave a non-significant F-value of 1.28. Thus selection for 

paired plant performance apparently gave no increase in the 

magnitude of specific combining ability variance. 

A specific combining ability effect is defined for each 

of the 16 crosses in the Design II's, although there are only 

nine degrees of freedom. In writing the specific combining 

ability portion of the matrix used to partition the variety 

sums of squares, a restriction was used such that specific 

combining ability effects would sum to zero for each line. 

By totaling various groups of b-values from the general 

regression analysis, it was possible to solve for the specif

ic effects of all io crosses in each Design II expressed as 

deviations from a mean of zero. Thus, it was possible to 

look at the direction, as well as the magnitude, of 

specific combining ability. 

These estimates of specific combining ability effects in 
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the selected Design II's are shown in Table 33* The diag

onal crosses' effects are mostly positive and tend to be 

among the larger positive deviations. This tendency is still 

more striking if one ignores Sets 2 and 3 where the specific 

mean squares were not significantly larger than the varieties 

X environments mean squares. The off-diagonal effects vary 

considerably, as would be expected in untested cross combi

nations. However, all of the large negative effects are con

tained in the off-diagonal group. The specific effects for 

the unselected Design II's are shown in Table 3̂ » In gener

al, the effects of the diagonal crosses are more negative 

than those in the selected Design II's. 

Simple correlation coefficients were computed among ' 

yield, first-ear yield, second-ear yield, number of second 

ears, and number of tillers. The correlation coefficients 

were calculated separately for each set, but they were quite 

consistent over sets. Therefore, only the correlations 

calculated over all six sets (336 crosses) are shown in 

Table 35. Second-ear yield had a higher correlation with 

total yield than did first-ear yield. Number of second ears 

was highly correlated with second-ear yield but had a lower 

correlation with total yield than did second-ear yield. 

Both second-ear yield and number of second ears were nega

tively correlated to first-ear yield. Number of tillers 

showed significant correlations with total yield, second-ear 



Table 33. Estimates of specific combining 
interpopulation DII's 

Cross type Set 1 Set 2 Set 3 

Diagonals 
1 x 1 '  4 . 0 3  0 . 1 2  0 . 2 8  
2 x 2 '  3 . 0 3  1 . 5 9  - 1 . 1 9  
3 X 3' 7.80 -0.08 3.83 
4 X 4' 7.56 -1.41 1.36 

Off-diagonals 
1 x 2 *  
1 x 3 '  
1 x 4 »  
2 x 1 '  
2 x 3 '  
2 x 4 '  
3 x 1 '  
3 X 2' 
3 x 4 '  
4 X 1' 
4 x 2 '  
4 X 3' 

-3.55 
0 .10  
-0.58 
—6.20 
-5.23 
8.40 
9.13 
-1.55 
-15.38 
-6,96 
2.07 
-2.67 

0.19 
-3.08 

2.77 
2 . 1 2  
0 . 1 2  
-3.83 
-1 .28  
- 1 . 1 1  
2.47 
-0.96 
-0.67 
3.04 

0.96 
-3.87 
2.63 
3.23 
0.98 
-3.02 
- 2 . 2 2  
-0.64 
-0.97 
-1.29 
0.87 
-0.94 

S.E. 0.41 0.35 0.44 

ability effects in the selected 

Set 4 Set 5 Set 6 

é. 64 
-0.74 
6.39 
2,96 

-1.37 
0 . 1 1  
5.16 
6.09 

1 .01  
5.43 
3.11 
4.05 

0.96 
-2.76 
-4.84 
2.83 
-4.36 
2.27 
-3.91 
-2.09 
-0.39 
-5.56 
1.87 
0.73 

2.63 
1.43 
-2.69 
7.70 
-5.79 
- 2 . 0 2  
-2.74 
-1.04 
-1.38 
-3.59 
-1.70 
- 0 . 8 0  

-1.67 
-0.14 

0.80 
-0.79 
-6.34 
1.70 
2 . 6 6  
0.78 
-6.55 
-2 .88  
-4.54 
3.37 

0.41 0 . 3 7  0.42 



Table 34. Estimates of specific combining ability effects in the unselected 
interpopulation DII's 

Cross types 

Diagonals 
1 x 1 '  
2 X 2' 
3 x 3 '  
4 x 4 '  

Set 1 

0.91 
2.31 

• 0 . 1 6  
1.78 

Set 2 

3.57 
3.94 
5.54 
2.72 

Set 3 

-2.37 
-4.21 
-4.86 
- 1 . 0 2  

Set 4 

1.67 
-3.43 
-0.51 
-5.12 

Set 5 Set 6 

1.14 
•0.63 
-2.36 
•0.15 

1.48 
-0.55 
-9.88 
-14.46 

Off-diagonals 
1 x 2 '  
1 
1 
2 
2 
2 
3 
3 
g 
4 
4 

2:  
1' 

2:  
1' 
2' 
4' 
1 • 
2' 

3' 

-5.61 
1.14 
3.56 
1.24 
0.24 
3.79 
-0.08 
1.79 
-1.55 
-2.07 
1.51 
- 1 , 2 2  

•4.66 
•1.46 
2.55 
0.33 
2.76 
1.51 
0.83 
0.95 
3.76 
-3.07 
1.67 
-1.32 

4.31 
2.06 
-4.00 
-0.19 
0.84 
3.56 
0.91 
2.49 
1.46 
1.65 
-2.59 
1.96 

2 . 0 1  
3.63 
0.05 
1.98 
0.68 
6.09 
3.19 
1.76 
0.92 
2.88 

. 18  

. 82  

1 . 6 8  
1.19 
•0.65 
• 0 . 2 1  
3.14 
-2.30 
-2.91 
2.17 
3.10 
1.98 
0.14 
1.97 

-5.23 
2.87 
0 . 8 8  
0.55 
-3.15 
3.15 
-3.38 

2.83 
10.43 
1.35 
2.95 
10.16 

S.E. 0.41 0 . 3 5  0.44 0.41 0 . 3 7  0.42 
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Table 35» Simple correlation coefficients among five traits 

Ist-ear 2nd-ear No. 2nd No. of 
yield yield ears tillers 

Total yield 0.45** 0.56** 0.43** 0.25** 

Ist-ear yield -0.49** -0.56** 0.05 

2nd-ear yield 0.94** 0.19** 

No. 2nd ears 0.12* 

** Indicates significance at the Vfo level assuming 
a bivariate normal distribution. 

* Indicates significance at the 5̂  level assuming 
a bivariate normal distribution. 



74 

yield, and number of second ears. 

In addition to comparisons among group means, it is of 

interest to examine the distribution of the superior single 

crosses involved in the study. The means of the best five 

single crosses in each set are shown in Table 36. These 30 

hybrids are approximately the best Sfo of the 33̂  entries for 

total yield. Only two of the 30 crosses came from the intra-

population diallels. Twenty-eight of the 30 crosses came 

from the inter-population Design II's. Twenty-three of the 

28 superior inter-population crosses were in the selected 

group (those starting with S), while 11 of these 23 actually 

were tested, "diagonal" crosses. In no case, however, was 

a diagonal cross the highest yielding cross in a set. 

Table 37 shows the frequency distribution of selected 

diagonal and off-diagonal crosses with respect to total 

grain yield. Diagonal crosses were heavily clumped in the 

9O-IOO q/ha range, while off-diagonal crosses were more 

normally distributed throughout the range. There were more 

off-diagonal than diagonal crosses in both tails of the 

distribution, but this may be due in part to the three times 

larger number of off-diagonal crosses. 

There were 40 inbred lines involved in the best 30 

hybrids. Thirty-two of these inbreds were identified on 

the basis of cross performance with a paired line during 

development. The unselected lines were developed by 
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Table 36. Mean yields (q/ha) of the five best single 
crosses in each set 

Pedigree Yield 
Ist-ear 
yield 

2nd-ear 
yield 

No. 2nd 
ears 

Set 1 
822-2x21-1 1467x1763 99.2 84.8 14.3 4.1 
352-3x21-1 1479x1475 105.0 80.2 24.9 5.6 
521-1x55-1 555x 556 102.6 70.5 32.2 8.1 
U31-3X28-8 933x 930 102.0 96.2 6.1 1.9 
U31-3X32-6 933X 932 100.9 75.2 25.6 6.3 

Set 2 
S52-3X21-1 1497x1493 96.5 84.2 12.2 3.0 
852-3x97-10 1497x1495 96.7 65.3 31.6 7.1 
898-10x97-10 1503x1501 96.9 68.6 28.7 7.6 
898-10x67-9 1503x1502 96.6 72.3 24.3 6.7 
U208-6x200-9 1071x1069 108.2 63.4 44,5 9.2 

Set 3 
852-3x21-1 1521x1517 100.0 85.8 13.8 
898-10x21-1 1527x1523 97.1 75.2 21.9 6.4 
898-10x97-10 1527x1525 95.4 77.0 18.3 5.4 
U81-10X54-3 1083x1081 104.2 65.1 39.1 8.5 
U91-7X54-3 1101x1099 94.8 60.9 33.5 9.0 

Set 4 
851-3x52-3 1545x1542 94.6 74.7 20.0 4.8 
897-10x98-10 1551x1549 100.8 83.4 17.6 4.7 
867-9x52-3 1557x1554 105.9 71.9 34.4 6.8 
867-9x98-10 1557x1555 102.9 62.9 40.7 9.8 
867-9x66-7 1557x1556 100.0 52.5 47.6 10.3 

Set 5 
897-10x98-10 1575x1579 94.2 72.8 20.9 6.6 
867-9x52-3 1581x1578 99.2 67.0 32.6 7.4 
867-9x98-10 1581x1579 96.7 62.0 34.8 9.1 
867-9x66-7 1581x1580 96.0 51.2 44.6 9.7 
851-3x67-9 667x 668 98.5 75.2 23.0 5.7 

Set 6 
851-1x52-3 1587x1583 96.8 61.9 34.9 9.3 
897-10x98-10 1593x1596 94.4 69.5 24.9 7.0 
867-9x52-3 1599x1595 105.8 73.4 32.8 6.8 
567-9x98-10 1599x1596 99.2 73.7 25.7 6.8 
567-9x66-7 1599x1597 96.0 53.9 42.5 9.1 

LSD (.05) 7.1 5 . 2  5.8 1.5 
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Table 37. Frequency distribution of diagonal and off-diagonal 
selected Design II crosses for yield 

Class Diagonal Off-diagonal 

q/ha Number Percent Number Percent 

105-110 2 3 

100-105 1 4 2 3 

95-100 7 29 8 11 

90-95 7 29 14 19 

85 90 4 17 22 31 

8O-85 4 17 11 15 

75-80 1 4 10 14 

70-75 2 3 

65-70 1 1 
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selfing without regard to the performance of the original 

SQ X SQ crosses. Thus, it is not unexpected that some of 

the unselected lines combined to give high yields. The 

frequency of superior lines and crosses, however, is much 

lower for the unselected group. 
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V. DISCUSSION 

Selection among and within full-sib families as a 

method of hybrid development enforces at least some degree 

of prolificacy in the selected lines. Presumably, this 

prolificacy is also expressed in hybrids among the selected 

lines. A number of investigators have shown that increasing 

number of ears per plant has a positive effect on grain 

yield. For example, Lonnquist (I967) reported that five 

cycles of mass selection for prolificacy resulted in a 6.3 

percent per cycle increase in yield. It seems appropriate 

to ask if the superiority of the selected hybrids in the 

present study is due to increased numbers of ears per plant. 

In this material, there was a strong negative corre

lation between first-ear yield and number of second ears, 

and between first- and second-ear yields. The selected 

crosses had higher first- and second-ear yields than im-

selected crosses, accompanied by an increase in number of 

second ears. Part of the total yield advantage for the 

selected group may be due to greater prolificacy, but the 

first-ear yield would be expected to decrease if this was 

the only effect of selection. Within the diallels, both 

ESTE and PHPRC had higher total yields in the selected 

group. All of the gain in BSTE was a result of increased 

yield on second ears, while most of the gain in PHPRC was 
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due to yield on first ears. These trends also indicate that 

more was involved than changes in number of ears per plant. 

In selection among and within full-sib families, the 

estimate of an individual's breeding value depends upon 

both the individual's breeding value and that of its mate. 

It seems logical that with continued inbreeding and select

ion, this system should maximize the interaction among 

selected pairs of lines, i.e.. specific combining ability. 

Within the selected Design II's, the tested, diagonal 

crosses averaged significantly more yield than the other 

inter-population crosses among the same lines. There was 

no difference in the number of second ears between the two 

groups. This yield advantage must be due to positive non-

additive genetic effects. However, almost all of the 

selected Design II crosses, not just the diagonals, compare 

favorably in yield with the best commercial single crosses 

presently available. This method of selection successfully 

isolated inbred lines giving superior additive contribu

tions to their hybrids as well. That is, these lines also 

possess good general combining ability. 

Several recent papers support the contention that 

general combining ability can be selected for using test-

crosses to a single inbred line. Hull's (19̂ 5) procedure of 

"recurrent selection for specific combining ability" has not 

been widely used. Many maize breeders feared that 
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populations improved by extensive testing with a narrow 

base tester might be of little value when the tester was 

replaced. Homer et al. (1973) evaluated the results of 

five cycles of recurrent selection with: (1) an inbred 

line as the tester, (2) the parental population as the 

tester, and (3) tests of progeny per se. The rate of 

gain and the total gain, when the improved populations were 

evaluated in crosses to an unrelated synthetic variety, 

were nearly twice as great for the inbred tester method, 

Russell, Eberhart, and Vega (1973) reported on five cycles 

of recurrent selection in two populations using the same 

inbred tester in each. When the improved populations were 

crossed to an unrelated broad base tester, the rate of gain 

from selection was at least as large as when evaluated with 

the inbred tester. Crosses between the two improved popula

tions (Ĉ  X crosses) shewed a rate of gain nearly equal 

to the sum of the rates for the two populations separately. 

This indicates that gains made using recurrent selection 

with an inbred tester have been primarily due to additive 

effects, i.e.. general combining ability, and possibly 

partial to complete dominance effects. 

Sprague and Tatum (1942) reported more specific than 

general combining ability among diallels of elite lines, 

while the reverse was true for unselected lines. The 

results of this study do not agree with their traditionally 
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accepted findings. Even in the selected groups, mean 

squares for general combining ability were consistently 

several times larger than those for specific combining 

ability. There was no increase in magnitude of the specific 

mean squares between the selected and unselected groups in 

either the diallels or Design II's. 

These facts indicate at least one of two things. 

Either the average magnitude of non-additive effects is 

small in these populations, or the full-sib selection system 

did not effectively isolate or capitalize on non-additive 

effects. The latter seems to be unlikely since the magni

tude of specific effects appeared to be as large for diagon

al crosses as for off-diagonal crosses, but the effects were 

predominantly positive for the selected diagonal crosses. 

This must be due to fixing and selecting for genes in 

opposite lines which give rise to positive dominance or 

epistatic effects in the hybrids. One is then left with 

the conclusion that specific is small relative to general 

combining ability even among selected lines, or at least 

large specific effects are infrequent. 

Similar conclusions were drawn by Russell and Eberhart 

(197̂ )• They selected five superior inbred lines from each 

of two populations (BSSS and BSCBl) improved by five cycles 

of reciprocal recurrent selection and five more from BSSS 

improved by six cycles of recurrent selection with a 
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double-cross tester. Line x line crosses were made among 

the three possible groups. Specific combining ability was 

essentially negligible in all three sets of crosses. 

The results of this present study and those of Homer 

et al. (1973), Russell, Eberhart, and Vega (1973). and 

Russell and Eberhart (1974) indicate that there is not 

enough specific combining ability to seriously bias general 

general combining ability evaluation in testcrosses to one 

other line. Thus, selection among and within full-sib 

families should be a very efficient means of developing 

superior parental lines. 

It is also relevant to consider whether or not it is 

worthwhile to test all of the inter-population crosses 

between the selected groups of lines. There were a total of 

96 such crosses in this study, 23 of which were among the 

best 30 entries. Of these, however, 11 were previously 

tested diagonal crosses. Out of 24 total diagonal crosses, 

nearly half of them were among the elite 30- Only 12 of 72 

off-diagonal crosses were among the 30. This indicates 

that testing more diagonal crosses might be a more efficient 

procedure than testing off-diagonal crosses. However, in 

all six sets the highest yielding entry was an off-diagonal 

cross. If one is looking for the best cross among sets of 

selected lines, perhaps there is no choice but to test all 

possible inter-population crosses. This still is quite 
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efficient since almost one fourth of them were among the 

best 9̂  of all the 336 entries grown in this study. 

The intra-population diallel crosses had lower average 

yields than the inter-population crosses in both the 

selected and unselected groups. This is most likely a 

result of inter-population heterosis. Hallauer (1973) 

reported 8.2̂  midparent heterosis between the CQ cycles of 

BSTE and PHPRC. High parent heterosis was 7.9%. Taking 

the average of the selected Design II's as the population 

cross yield and the averages of the selected diallels as 

the population yields, there was 6.3% midparent and 2.3% 

high parent heterosis in this study. In view of this small 

amount of high parent heterosis, it is surprising that 28 of 

the best 30 crosses were inter-population crosses. Hallauer 

(1973) found that PHPRC yielded 1.1 q/ha less than BSTE. 

On the average, the diallel crosses of PHPRC in this study 

yielded 7.0 q/ha more than those of BSTE. Evidently, the 

24 plant samples of these populations used for the unselect

ed group were not very representativp-̂ of the populations 

per se. Forcing the original l44 plants from each popula

tion to have two ears, was effectively mass selecting for 

prolificacy. This might have caused the observed effect on 

PHPRCs yield, and thus biased the heterosis estimate. 

Eberhart, Debela, and Hallauer (1973) noted that the 

improvement of derived single-cross hybrids is expected to 
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parallel the improvement of the population cross in any type 

of reciprocal selection program. Thus, improvement of the 

population cross must accompany the hybrid development 

phase or neither will be very efficient or useful, Hallauer 

(1973) reported a 10.gain in the population cross from 

one cycle of full-sib reciprocal recurrent selection. One 

would expect the corresponding IQffo gain in the best hybrid. 

The selected lines and hybrids in the present study were 

evaluated on yield alone, ignoring other important characters. 

The superiority of the selected over the unselected hybrids 

would be less had additional selection criteria been used. 

Single-eared breeding populations preclude making selfs 

and crosses on the same plants. Hallauer (1973) proposed an 

alternate procedure for such situations. In one season, 

progenies are developed in each population. In the next 

season, progenies are grown in pairs, one member of each 

pair from each population. Several Ŝ  plants in each 

progeny row are selfed and crossed to a sample of plants in 

the paired row. The third season Ŝ  x Ŝ  crosses could be 

tested, and crosses and selfs made among the Sg progeny 

pairs. One cycle of inbreeding and testing per year could 

be done in following generations. Sampling variation in the 

plants of the paired row used for selfing and crossing is a 

disadvantage compared to the two-eared procedure. This 

would tend to decrease the interaction between the lines of 
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selected pairs. However, selection among and within these 

full-sib families should isolate and identify superior 

inbred lines. Also, two progenies can be evaluated with 

each yield trial entry, just as in the case of two-eared 

populations. The extra generation required to produce the 

lines in each population could be used to advantage by 

selecting among lines for agronomic traits before the 

crosses are made. 

Russell and Eberhart (197̂ ) suggested a modification of 

reciprocal recurrent selection using inbred line testers, 

rather than the populations per se. In this case "zygote 

selection," as proposed by Hallauer (1970), could be used in 

each population. Plants are selfed and crossed to the 

inbred tester in each generation. The testcrosses are 

evaluated and selection is done among and within families. 

Xf the inbred testers are slits linss thsmsslvss, supsnor 

single crosses may be developed directly. Also, the elite 

lines from one population could be crossed with the elite 

lines from the other. If Lhe variety cross was being 

improved by the modified reciprocal recurrent selection, 

better hybrids should be identified out of the inter-

population crosses. This method requires a testcross for 

each progeny, but the variance among testcrosses will be 

greater than with broad-base population testers. Any 

correlated response of yield due to enforcing prolificacy 
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with two-eared full-sib selection would not be obtained with 

either the inbred tester method or the single-eared full-

sib selection method. However, selection for prolificacy 

could be done independently. Then after a few cycles, one 

could switch to the two-ear procedure. 

Selection among full-sib families has one disadvantage 

compared to methods where selection is based on the perform

ance of a single genotype. Both parents of a full-sib 

family must be acceptable, especially with respect to 

agronomic characters, before that family will be useful. 

In any source material, the probability of finding both 

members of random pairs of lines acceptable for agronomic 

characters will be less than the probability of finding a 

single acceptable line. As populations are improved the 

frequency of acceptable pairs will increase, however. If 

the primary effect of this selection method is to evaluate 

inbred lines for general combining ability it makes little 

difference if one line of a pair is not usable. The 

acceptable lines from one population can still be crossed 

with those from the other to identify acceptable, superior 

hybrids. 

Full-sib reciprocal recurrent selection should be 

effective at accumulating favorable alleles and increasing 

the heterosis between two populations. Selection among and 

within full-sib families appears to be quite effective at 



87 

isolating inbred lines with superior general combining 

ability. Combining these procedures should lead to higher 

yielding hybrids and reduce the testing load required to 

isolate them. At least some of the directly developed 

single crosses should be very high in yield, but not 

necessarily the best hybrids possible among the selected 

lines. Most of the superior hybrids would be identified by 

making all possible inter-population crosses between the 

selected lines. Suppose 100 full-sib families are tested 

(100 plants from each population) and the best five lines 

from each population are isolated. Picking the best cross 

of the 25 inter-population crosses would give a selection 

intensity nearer 1/10,000 than 1/25. The mass selection 

for prolificacy, which is automatically applied, may also 

contribute to higher yields in the derived hybrids. 
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VIII. APPENDIX 



Table 38. Analysis of variance of yield for each set combined over all 
environments 

Source of 
variation d.f. Mean squares 

Set 1 Set 2 Set 3 Set 4 Set 5 Set 6 

Environments 8 5092.2** 2995.4** 3336.1** 3617.0** 3797.4** 2014.1** 

Reps./env. 9 278.7 260.4 115.7 80.9 210.4 124.0 

Varieties 
Unadjusted 
Adjusted 

55 
55 

1610.7** 
1644.5** 

1380.5** 
1413.4** 

1540.1** 
1589.3** 

2397.5** 
2442.5** 

1480.1** 
1503.7** 

1675.7** 
1665.0** 

Var. X env. 
Unadjusted 
Adjusted 

#0 
#0 

120.7** 
122.0** 

93.7** 
88.4** 

141.1** 
139.1** 

121.0** 
122.5** 

99.5** 
100.6** 

129.1** 
129.6** 

Pooled error 
RCBD 
Effective 

495 
_a 

72.8 
68.5 
(397) 

58.1 
52.7 
(411) 

67.6 
60.2 
(397) 

69.9 
64.3 
(396) 

54.2 
52.5 
(397) 

67.1 
61.8 
(411) 

C,V. (percent) 9.9 8.6 9.4 9.9 9.0 9.6 

Êffective error degrees of freedom varies with each set and is given in 
parentheses below mean square. 



Table 39. Analysis of variance of first-ear yield for each set combined over all 
environments 

Source of 
variation d.f. Mean squares 

Set 1 Set 2 Set 3 Set 4 Set 5 Set 6 

Environments 8 3702.2** 3422.7** 3254.6** 4214.4** 3599.3** 1631,5** 

Reps./env. 9 74.9 50.9 45.2 43.9 25.6 41.6 

Varieties 
Unadjusted 
Adjusted 

55 
55 

997.0** 
999.9** 

1782.7** 
1781.9** 

1303.8** 
1317.6** 

1703.8** 
1705.0** 

1388.5** 
1378.7** 

1851.5** 
1849.2** 

Var. X env. 
Unadjusted 
Adjusted 

#0 
#0 

62.8** 
62.5** 

49.1** 
49.4** 

75.3** 
74.2** 

67.9** 
67.6** 

61.0** 
62.1** 

70.5** 
70.5** 

Pooled error 
RCBD 
Effective 

495 32.8 
31.5 

(425) 

27.1 
26.2 

(397) 

31.9 
30.6 
(397) 

34.8 
34.0 
(411) 

25.5 
23.5 

(439) 

32.4 
31.3 
(411) 

C.V. (percent) 7.9 7.6 8.1 9.0 7.3 8.7 



Table 4o, Analysis of variance of second-ear yield for each set combined over all 
environments. 

Source of 
variation d.f, Mean squares 

Set 1 Set 2 Set 3 Set 4 Set 5 Set 6 

Environments 8 2736.2** 2366.6** I809.3** 2160.1** 1616.6** I899.2** 

Reps./env. 9 119.7 144.8 116.2 48.9 127.3 46.9 

Varieties 
Unadjusted 
Adjusted 

55 
55 

1056.8** 
1068.0** 

1916.8** 
1941.8** 

1299.1** 
1300.0** 

2061.1** 
2093.9** 

I837.I** 
1828.7** 

2550.7** 
2549.1** 

Var, X env. 
Unadjusted 
Adjusted 

440 
44o 

91.6** 
93.1** 

73.0** 
71.3** 

95.2** 
93.6** 

73.4** 
76.6** 

59.6** 
59.2** 

84.6** 
83.6** 

Pooled error 
RCBD 
Effective 

495 50.6 
49.4 
(411) 

42.9 
41.7 
(411) 

42.1 
41.3 
(411) 

48.7 
44.4 
(369) 

39.1 
38.1 

(397) 

41.6 
40.2 
(411) 

C,V. (percent) 54.2 36.9 45.0 42.7 46.0 38.3 



Table 4l. Analysis of variance 
all environments 

Source of 
variation d.f. 

Set 1 

Environments 8 185.2** 

Reps./env. 9 2.98 

Varieties 
Unadjusted 
Adjusted 

55 
55 

75.7** 
77.1** 

Var. X env. 
Unadjusted 
Adjusted 

44o 
44o 

5.76** 
5.79** 

Pooled error 
RCBD 
Effective 

495 3.03 
2.91 

(397) 

C.V. (percent) 42.2 

f number of second ears for each set combined over 

Mean squares 

Set 2 Set 3 Set 4 Set 5 Set 6 

176.6** 195.9** 210.1** 175.3** 154.7** 

8.04 8.14 3.76 5.88 6.43 

124.3** 83.4** 112.2** 121.2** 156.3** 
124.6** 83.4** 114.2** 120.8** 156.2** 

4.69** 5.73** 5.00** 4.72** 4.67** 
4,63** 5.73** 5.10** 4.71** 4.59** 

3.15 3.14 3.14 3.05 3.06 
3.05 2.98 2.97 3.03 3.01 
(425) (411) (383) (439) (425) 

32.0 36.7 34.6 41.1 34.9 



Table 42. Analysis of variance of shelling percentage for each set combined over 
all environments 

Source of 
variation d.f. Mean squares 

Set 1 Set 2 Set 3 Set 4 Set 5 Set 6 

Environments 8 732.3** 645.8** 742.5** 639.0** 558.4** 409.7** 

Reps./env. 9 7.94 3.19 1.68 1.13 1.99 1.62 

Varieties 
Unadjusted 
Adjusted 

5i5 
55 

34.1** 
34,6** 

84.3** 
84.8** 

33.7** 
34.0** 

75.5** 
76.4** 

62.9** 
62.7** 

46.5** 
46.7** 

Var. X env. 
Unadjusted 
Adjusted 

#0 
#0 

4.43** 
4.4o** 

3.88 
3.90 

3.84** 
3.82** 

4.73** 
4.71** 

5.20** 
5.15** 

4.69* 
4.58* 

Pooled error 
RCBD 
Effective 

495 2.82 
2.68 

(425) 

2.92 
2.86 

(439) 

2.30 
2.30 

(411) 

2.55 
2.45 

(439) 

2.69 
2.67 

(439) 

3.04 
3.04 

(425) 

C.V. (percent) 1.9 2.0 1.8 1.9 1.9 2.1 



Table ^3» Analysis of variance of date of silk for each set combined over three 
environments 

Source of 
variation d.f. Mean squares 

Set 1 Set 2 Set 3 Set 4 Set 5 Set 6 

Environments 2 279.3** 268.1** 131.6* 96.6** 274.1** 308.1** 

Reps,/env. 3 3.20 3.54% 12.93 0.82 8.22 7.67 

Varieties 
Unadjusted 
Adjusted 

55 
55 

25.1** 
24.7** 

12.9** 
12.7** 

31.3** 
31.0** 

20.2** 
20.2** 

25.8** 
26.1** 

33.3** 
33.5** 

Var. X env. 
Unadjusted 
Adjusted 

110 
110 

1.18** 
1.13** 

1.23** 
1.25** 

1.55* 
1.42 

1.89** 
1.77** 

2.15** 
2.06** 

1.93*4 
1.79*4 

Pooled error 
RCBD 
Effective 

165 0.76 
0.68 

(137) 

0.69 
0.64 
(137) 

1.17 
1.13 
(123) 

0.96 
0.89 
(137) 

0.95 
0.84 
(123) 

1.10 
0.89 

(123) 

C.V. (percent) 3.2 3.2 3.8 3.5 3.2 3.4 



Table Analysis of variance of plant height for each set combined over seven 
environments 

Source of 
variation d.f. Mean squares 

Set 1 Set 2 Set 3 Set 4 Set 5 Set 6 

Environments 6 13449.5** 11473.6** 12298.3** 15912.1** 16104.4** 15724.7** 

Reps/env. 7 562,6 402.5 201.3 350.8 185.0 270.6 

Varieties 
Unadjusted 
Adjusted 

53 
55 

3545.6** 
3517.5** 

4149.1** 
4o44.9** 

2821.6** 
2748.1** 

4528.1** 
4526.1** 

2928.4** 
2868.3** 

4675.1** 
4606.6** 

Var. X env. 
Unadjusted 
Adjusted 

330 
330 

72.4** 
66.5** 

60.6** 
54.5** 

73.2** 
55.1** 

59.9** 
57.8** 

92.7** 
85.1** 

66.3** 
56.1** 

Pooled error 
RGBD 
Effective 

385 32.4 
26.7 

(287) 

29.4 
23.8 

(301) 

38.7 
27.5 

(287) 

28.6 
25.9 

(315) 

42.2 
36.9 

(315) 

35.2 
25.2 

(287) 

C.V. (percent) 2.1 2.1 2.1 2.2 2.4 2.1 



Table 45. Analysis of variance of ear height for each set combined over seven 
environments 

Source of 
variation d.f. Mean squares 

Set 1 Set 2 Set 3 Set 4 Set 5 Set 6 

Environments 6 7859.7** 6370.2** 7985.4** 7562.2** 7436.0** 8I62.9** 

Reps./env. 7 168.2 358.9 99.8 210.6 87.4 84.3 

Varieties 
Unadjusted 
Adjusted 

55 
55 

3003.9** 
2989.3** 

2573.8** 
2511.5** 

1864.9** 
1795.2** 

2703.7** 
2695.4** 

1361.4** 
1341.8** 

3156.3** 
3130.9** 

Var. X env. 
Unadjusted 
Adjusted 

330 
330 

72.1** 
69.4** 

46.3** 
42.7** 

47.7** 
40.8** 

44.7** 
43.7** 

60.7** 
57.3** 

60.1** 
53.5** 

Pooled error 
RCBD 
Effective 

385 26.6 
23.4 

(287) 

25.7 
22.9 

(287) 

27.0 
22.3 

(287) 

24,7 
21.9 

(329) 

34.7 
30.3 

(301) 

42.8 
36.5 
(301) 

C.V. (percent) 3.8 3.8 3.6 3.8 4.1 4.8 



Table 46. Analysis of variance of tiller number for each set combined over eight 
environments 

Source of 
variation d.f. Mean squares 

Set 1 Set 2 Set 3 Set 4 Set 5 Set 6 

Environments 7 116.8** 221.4** 103.9** 175.0** . 357,0** 271.0** 

Reps./env. 8 4.73 4.02 3.22 3.04 12.83 17.00 

Varieties 
Unadjusted 
Adjusted 

55 
55 

72.0** 
72.8** 

84.9** 
84.5** 

37.8** 
37.5** 

108.6** 
106.1** 

109.1** 
109.5** 

84.7** 
84.1** 

Var, X env. 
Unadjusted 
Adjusted 

385 
385 

5.54** 
5.53** 

7.68** 
7.73** 

4.13** 
4.09** 

7.84** 
7.72** 

10.64** 
10.72** 

8.28*4 
8.22*4 

Pooled error 
RCBD 
Effective 

#0 2.69 
2.56 

(384) 

3.40 
3.24 
(384) 

1.71 
1.71 
(384) 

3.25 
2.93 

(398) 

4.59 
4.39 
(356) 

3.73 

(3̂ 6̂  

C.V. (percent) 79.6 65.9 91.4 86.0 69.8 71.2 



Table 4?, Group mean differences for grain yi^ld (q/ha) 

Comparison Set 1 Set 2 Set 3 Set 4 Set 5 Set 6 

Selected vs Unselected 
a 

2.07** 6.31** 7.62** 15.64** 10.22** 10.23** 

Sel. vs Unsel. DII -0.61 6.69** 16.15** 10.19** 12.65** 8.18** 

Sel. vs Unsel. Dial. 5.63** 9.37** 8.85** 14.97** 10.26** 7.02** 

Among Selected 
DII vs Diallel 
Ditg. vs Off-diag. 
BSTE vs PHPRC 

0.10 
7.49** 

-14.03** 

6.11** 
0.07 
5.51** 

6.56** 
1.43 
-4.17** 

7.99** 
5.08** 
-6.66** 

4.06** 
3.33* 
-8.23** 

6.57** 
4.53** 

-11.22** 

Among Unselected 
DII vs Diallel 
Diag. vs Off-diag. 
BSTE vs PHPRC 

6.34** 
1.45 
-2.07 

11.46** 
5.04** 
1.18 

8.72** 
-4.15* 
-3.70* 

6.81** 
-2.46 
-7.51** 

4.13** 
-0.66 
-12.82** 

0.94 
7.80** 
-7.55** 

•̂Positive values in Tables through 55 indicate that the mean of the first 
group of a comparison exceeded that of the second group., Negative values 
indicate the reverse relationship. 



Table 48. Group mean differences; for first-ear yield (q/ha) 

Comparison Set 1 Set 2 Set 3 Set 4 Set 5 Set 6 

Selected vs Unselected -4.32** 7.73** 6.76** 7.55** -4.20** -3.31** 

Sel. vs Unsel. Dll -4.22** 7.78** 5.87** 6.3I** -7.03** -3.30** 

Sel. vs Unsel. Dial. -2.13** 7.67** 7-94** 6.53** -0.43 -3-32** 

Among Selected 
DII vs Diallels 2.74** 4.26** 4.06** 3.96** O.65 2.36** 
Diag. vs Off-diag. 2.38* O.3O 2.27* 3.8?** -O.38 1.19 M. 
BSTE vs PHPRC -4.47** -9.66** -13.85** -7.09** -16.05** -3.89** o 

Among Unselected 
DII vs Diallels 4.83** 4.15** 6.I3** 2.18** 7.23** 2.34** 
Diag. vs Off-diag. -2.24* 0.60 -2.98** -4.17** -1.12 -9.22** 
BSTE vs PHPRC 5.80** 12.69** -1.26 -4.96** -12.13** -5.34** 



Table 49. Group mean differences for second-ear yield (q/ha) 

Comparison Set 1 Set 2 Set 3 Set 4 Set 5 Set 6 

Selected vs Unselected 5.42** -1.41** .87 8.13** 14.43** 13.55** 

Sel, vs Unsel. DII 3.64** -3.67** .86 7.85** 17.25** 15.87** 

Sel. vs Unsel. Dial. 7.79** 1.58* .78 8.51** 10.66** 10.43** 

Among Selected 
DII vs Diallels 
Diag. vs Off-diag. 
BSTE vs PHPRC 

-2,67** 
5.02** 
-9.54** 

1.86* 
.05 

. 15.20** 

2.48** 
-.79 
9.72** 

3.98** 
1.39 
.38 

3.43** 
3.52** 
7.73** 

4.24** 
3.34** 
7.24** 

Among Unselected 
DIX vs Diallels 
Diag. vs Off-diag. 
BSTE vs PHPRC 

1.48 
3.67** 
-7.85** 

7.11** 
4.35** 

-11.33** 

2.50** 
-1.08 
-2.25 

4.64** 
1.81 

-12.60** 

-3.16** 
.46 
-. 67 

-1.20 
1.01 
-2.67* 



Table 50. Group mean differences for number of second ears (per 10 plants) 

Comparison Set 1 Set 2 Set 3 Set 4 Set 5 Set 6 

Selected vs Unselected 1.4?** -0.54** -0.02 1.46** 3.40** 3.22** 

Sel. vs Unsel. DIl 1.06** -1.01** 0.14 1.01** 4.00** 3.60** 

Sel. vs Unsel. Dial. 2.02** 0.09 -0.23 2.07** 2.61** 2.73** 

Among Selected 
DII vs Diallel 
Diag. vs Off-diag. 
BSTE vs PHPRC 

-0.84** 
1.06** 
-2.56** 

0.28 
— 0.10 
3.90** 

0.48* 
-0.53 
2.50** 

0.41* 
-0.58 
0.67* 

0.19 
-0.83** 
3.08** 

0.58** 
0.45 
-1.27** 

Among Unselected 
DII vs Diallel 
Diag. vs Off-diag. 
BSTE vs PHPRC 

0.12 
0.77 
-1.77** 

1.38** 
0.05 
-3.78** 

0.11 
0.35 
-0.76* 

1.47** 
0.64 
-3.56** 

-1.20** 
0.46 
0.77** 

-0.29 
0.52 
-0.60* 



Table 51. Group mean differences for shelling percentage 

Comparison Set 1 Set 2 Set 3 Set 4 Set 5 Set 6 

Selected vs Unselected -0.04 0.10 0.75** 0,55** -0.50** -0.24 

Sel. vs Unsel. DII -0.50** -0.l4 0.44** 0.55** -0.86** -0.28 

Sel. vs Unsel. Dial. 0.58** 0.4l* 1.15** 0.54** -0.02 -0.18 

Among Selected 
DII vs Diallel -0.20 -0.22 -0.l4 -0.l6 -0.24 -0.09 
Diag. vs Off-diag. O.36 0.1? -0.24 0.10 -O.8O** 0.46 
BSTE vs PHPRC O.69* O.38 0.10 -1.68** -0.62* 0.20 

Among Unselected 
DII vs Diallel 0.88** O.33 0.57** -O.I7 0.62** 0.01 
Diag. vs Off-diag. 0.17 -0.02 -0.58* -0.64* -0.57 -0.95** 
BSTE vs PHPRC 0.64* 3.99** 2.27** -1.46** 0.78* -O.17 



Table 52. Group mean differences for date of silk (days after July 1) 

Set 1 Set 2 Set 3 Set Set 5 Set 6 Comparison 

Selected vs Unselected 0.06 0.22 -3.?̂ ** 0.88** -O.??** -1.25** 

Sel. vs Unsel. DII 0.20 0.18 -4.4o** 1.15** -0.11 -2.4?** 

Sel. vs Unsel. Dial. -0.13 0.26 -2.8?** 0.52* -1.65** 0.35 

Among Selected 
DII vs Diallel 
Diag. vs Off-diag. 
BSTE vs PHPRC 

0.00 -0.61** 
0.07 -0.34 
-1.53** -1.37** 

-2.55** -0.10 
2.18** 0.96** 
-2.18** -1.51** 

0.04 0.03 
1.41** -1.02** 

-o.o4 -5.57** 

Among Unselected 
DII vs Diallel -0.33* -0.53** -1.02** -0.73** -1.50** 2.85** 
Diag. vs Off-diag. -0.32 0.1? 0.25 -O.O6 -0.27 -1.57** 
BSTE vs PHPRC "0.32 0.42 -1.62** -2.58** -5.85** -1.89** 



Table 53• Group mean differences for plant height (cm) 

Comparison Set 1 Set 2 Set 3 Set 4 Set 5 Set 6 

Selected vs Unselected 2.73** 9.96** 2.47** 20.37** 2.37** 14.32** 

Sel. vs Unsel. DIX -0.45 8.09** -0.62 20.35** 4.07** 13.59** 

Sel. vs Unsel. Dial. 6.96** 12.46** 6.59** 20.38** 0.10 15.28** 

Among Selected 
DII vs Diallel 
Diag. vs Off-diag. 
BSTE vs PHPRC 

-3.62** 
8.21** 

-30.42** 

1.93* 
2.66* 
6.21** 

9.76** 
1.99 

-15.42** 

4.36** 
4.27** 

-15.77** 

0.55 
2.62 

-15.51** 

6.12** 
-1.38 
-42.92** 

Among Unselected 
DII vs Diallel 
Diag. vs Off-diag. 
BSTE vs PHPRC 

3.79** 
-3.48** 
-3.66** 

6.30** 
1.24 

-13.93** 

9.24** 
0.36 
-4.07** 

4.39** 
1.85 

-34.20** 

-3.42** 
2.99* 

-23.85** 

7.81** 
-6.85** 
-28.93** 



Table 5^. Group mean differences for ear height (cm) 

Comparison Set 1 Set 2 Set 3 Set 4 Set 5 Set 6 

Selected vs Unselected -4.12** 0.4? -0.4l 13.61** -0.8? 13.17** 

Sel, vs Unsel, DII 

Sel.vs Unsel. Dial, 

-4.41** 

-3.74** 

- 0  •  8 1  

2.23** 

•2.16** 

1.9b** 

12.27** 

15.42** 

0.04 

-2.06* 

12.02** 

14.71** 

Among Selected 
DII vs Diallel 
Diag. vs Off-diag. 
BSTE vs PHPRC 

Among Unselected 
DII vs Diallel 
Diag. vs Off-diag. 
BSTE vs PHPRC 

.80  
5.08** 
-9.50** 

1.4? 
-0.13 
•12.68** 

1.82** 
2.53* 
9.10** 

4.86** 
1 .18  

•10.40** 

2.24** 
2.87** 
-2 .12* 

6.33** 
0.32 
0.85 

2.16** 
3.89** 

•10.30** 

5.31** 
3.42** 

•23.60** 

- 0 . 1 8  
3.55** 

•12.57** 

-2.28** 
3.10** 
—0. 4l 

4.15** 
-0.07 
20.36** 

3.91** 
2.93** 

•20.92** 

M 



Table 55. Group mean differences for number of tillers (per 10 plants) 

Comparison Set 1 Set 2 Set 3 Set 4 Set 5 Set 6 

Selected vs Unseleoted 1.16** -1.59** o.l4 1.16** 1.25** -0.14 

Sel. vs Unsel. DII 0.99** -1.99** 0.34 1.46** 1.28** 0.02 

Sel. vs Unsel. Dial. 1.36** -1.0,5** -0.15 0.77** 1.21** -0.38 

Among Selected 
DII vs Diallel 
Diag. vs Off-diag. 
BSTE vs PHPRC 

0.66** 
-0.16 
2.05** 

0.76** 
-0.11 
1.70** 

0.92** 
-0.60* 
0.88** 

1.09** 
0.10 
1.58** 

-0.02 
-1.92** 
-2.18** 

0.62* 
0.44 
-0.90* 

Among Unseleoted 
DII vs Diallel 
Diag. vs Off-diag. 
BSTE vs PHPRC 

1.03** 
-0.17 

0.49 

1.70** 
0.48 
-2.03* 

0.43* 
-0.58 
0.92** 

o.4o 
-0.99* 
-0.35 

-0.05 
-0.61 
.3.29** 

0.22 
-0.46 

2.88** 


