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General and specific combining ability are terms of long standing. General
combining ability has been recognized for many years as the relative perfor-
mance of individuals, in a similar group of organisms, when crossed with a
heterogeneous tester. Originally in plant breeding, the term — specific combining
ability —was used to refer to the progeny performance resulting from a
particular cross as related to the performance of other particular crosses of a
similar nature. It was said that a specific parental combination was especially
desirable or undesirable and the superiority or inferiority of the cross was a
result of high or low specific combining ability.

In 1942 Sprague and Tatum (1) published and used formula provided by W. G.
Cochran for the calculation of general and specific combining ability. The
specific combining ability values so calculated serve to indicate which lines may
be doing relatively better or worse than would be expected on the basis of
their average performance.

Whereas such values may be of general interest, we have not found a use
for them in our breeding program, and they have not been calculated for
for this discussion. The type of specific combining ability referred to in this
paper is the type which is determined by the relative size of the actual value
for the characteristics concerned, i.e. the type which simply indicates that in
comparison with other crosses of a similar nature, this is a good or poor cross.

Materials and Methods

The material consisted of 15 elite inbred lines used in breeding studies for
the production of double-crosses adapted to South Central and Southern Minne-
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sota. - These inbreds were unrelated ‘io each other as far as is known, and’
therefore had the ‘desirable characteristic of genetic diversity. ~Five of the

“inbreds, ~A73, A302; A305, A334, and A375; were Minnesota lines. ~Other lines

were . Wf9 and Fe from lndidna; Oh5lA and Oh40B from Ohio; Ia Y82, 1a234;

‘and Os 420 from Towa; CC25.and CC27 from Wlsconsm, and Ill 4226 from
~Hlinois.

The data were obtained from inbred and single  cross yield: trials. The

inbred trials were grown in 3. replications at a single location over a five year

period. As mnot all of ‘the 15 inbreds: were grown ‘each year, the data were

- adjusted through a common check inbred so as to make them comparable for
‘the 3 year period when the majority of the inbreds were  tested. On'the basis

of the inbred data, - the mbred lines were classified as superior or inferior for
the characters, plant height, ear length and good ears per plant. They were
c1ass1ﬁed as inferior, medium or superior for general combining ability on the

" basis of their average yields in the 14 poss1b1e diallel crosses.

The 105 diallel single crosses were grown in randomized block designs in each
of -2 years with 3 replications ‘at each of 4’klocations. They were separated into
four or more groups with common double cross entries in each group. Data
between groups within years were made comparable, when differences indicated
the necessity, by adjustment through a common check double cross. There
were “highly significant  differences between the yields of single- crosses and
between the average yields of  individual inbreds in their 14; possible “diallel
crosses as determined statistically.

[The] single cross data have been classified accordmg to the parental c1a531-
fication of the parents in terms of ‘whether the parental cross was superior by
superior, superior by medium, superior by inferior, etc.

Under  Minnesota’s growing conditions there is, on the average, a positive
’ relationship between yield and maturity as measured by moisture content of: the

grain at the time of harvest. Superior “hybrids - which utilize the complete
growing season may be expected to outyield superior hybrids that are earlier
in maturity. Therefore, a ‘performance index value which gives a combined

evaluation of maturity and yield has been used. This performance index value

is expressed as 100 plus the sum of the percentage deviations of moisture and
yield from the moisture and yield of the check variety. Percentage deviations

-due to the moisture content being lower than that of the check variety are

given a plus value and those above 100 a negative value. Percentage deviations
due to the yleld bemg greater than that of the check variety are given a plus

value and: vice versa.

The general combining ability estimate  for each line ~was ‘determined as
the average value of the 14 single crosses that each inbred line entered into
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in the Complete 15 line diallel set of'data,
Experimental Results

The gangé of each characteristic; as expressed directly in the inbreds and
in percént of the double cross‘check in the F; hybrids,; is presented in table L
The differences between the superior and i'nféri,o'r expression of the charécteriétic'
in the inbreds ranges from about 1/3:to 1/5 of the maximum expression of the
' character. In the Fi hybrids the-difference ranges ffom ‘about1/4 to 1/2 of the
cmaximum expression of a particular: characteristic. Differences of this magnitude :
readily permit classification of ‘material into rather broad groups.

 Table 1. Range and maximum difference for each characteristic as expressed
in actual values in inbreds and in percentage of the double cross
: check in Fy hybrids.

Inbreds F, Hybrids
Range Difference Range Difference
’ g actual 2 of check
‘Plant Height (inches) ©61—93 . 32 91118 . 27
Ear length (inches) 45—7.1 26 90125 35
‘Good Ears (per plant) | .59—95 36 79—120 41
Performance Index : e — 74~-130 56
General Combining Ability . S : ‘
(P. L) : *93—113 20 = —

* % of check.
All breeders are faced with sélecting parental material offering the most
romise of success in obtaining elite hybrids. Frequency distributions of the
%, hybrids which. ar'e' based upon classiﬁcation of the same characteristic in
the inbred parents as in the F; are presented for plant height, ear length; and
good ears perfplant in tablgs 2, 3 and 4, respectively. -

Table’ 2. Fi hybrid plant height as related to parental inbred héight,
Inferior inbreds ranged 61—73 inches, and superior 74—93 inches.
- Mean of I was 67; of S, 81 inches.

Class Centers for Plant Height
In 2% of Double Cross

o1 | o4 | 97 | 100 | 103 [ 106 { 100 | 112 | 115 | 118

Mean

7 31 .5 4 , 104.0::106
11101012 7 3. 1 105.8:: 74
3 17 701 1 11093+ .95

2 5
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Table 3. Fy hybrid length of ear as re;lat“‘ed' to parental inbred length.
Inferior z'nbzfeds ranged from 4.5 to 5.9 inches and superior from .
6.2 to 7.5 inches. Mean of I was 5.7; of S, 6.7 inches.

Type e e e rieth '

of No. Mena
Cross | 90 I 95 10 | 115 } 120 } 125

Ix1 2 |10 |7 l 7 1 1 28 99.6+1.12
%S 1 15 & | ' 56 104,54 87
SxS | 4 1 510 2 6 1 3| 21 111.0+1.85

Table 4. Fy hybrid good ears per plant as related ‘to parental inbred good
ears per plant. - Inferior inbreds mnged Jrom .59 to .80 and
- superior from 81 to 95. Mean of I was..73; of S, ;88 good ears

~ per plant.
Type ’ Class CeIIIllte;és ggrDﬁg?éi gagssger Plant . N
~of - : - No. Mean -
Cross [.-79 84 90 295 100 105 110 115 120
Toelo 002 1 5 8 8 4 28 104.4+1.82 ’
1x$ 1 1| 2 9 | 15 16| 11 1| 56 | 1069+ .92
Sx§ 1 1 3 7 6 3 21 111.0:£1:41

The ranges are not directly comparable ‘as thefé were larger numbers in
the crosses of S X I than in either I X I or S X S. An examination of the
frequency arrays- in these three ‘tables indicates that in no- cases did. inferior
X inferior parental ycrossé's give hybrids that were equal to those produced by

the better superior X superior parents, and no crosses of S X'S were as inferior

as-some crosses of I X I. For plant height the I X S crosses covered the entire
range of both I xTand SX'S. For length of -ear the T-X S crosses had the
same range as'I X I and for good ears per plantI X S covered all classes except

the lowest class of I X I If the data in the various arrays were to be presented

~on a percentage basis instead of actual numbers; the ‘greatest ’frequency of

superior hybrids  would be- found in the S X% S combinations in all cases.  The k
pattern of distribution as seen in’ these tables is ‘believed to be quite typical =
“‘of the distribution patterns whu:h occur for quantitative characters when one

looks at the inheritance of the character from the parent, Fi progeny - relati-
onship. , ’

There was a slight indication of parenta] {phenotypic dominance of I over
~-Sas, in general, the means of T X' S were somewhat below the respectwe mean
value of T X T and S X S. : ‘

The relationship between general combining ability and the occurrence of
supériOr hybrid progeny is presented in table 5. The data are'on a perf‘ormance
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index. basis in'order to :compensate for maturity yield relationships.

Table 5.  Relation between Performance llndex Classes for'Géneml 'Combz'ning
Ability and Yield of Specific Fy Crosses.

Yield Classes - Class for Performance of F; Crosses

for- General No. Mean
Combining Ability | 74 | 81 ‘ 88 } 95 | 102‘! 109 ] 116 | 123 l 130
IxI . 93—103 1 1 1 3 | 88.0:£107
IxM 1] 5| 3| 5 1 2 1 18 | 98.9+% 2.7
IxS 14 3|1 6 21 5 18 | 10084 3.3
MxM 105—106 1 3 4 3 3 1 15 | 104.84 2.8
MxS : 1 1 9| 10| 10| 4 1| 36 | 1104% 15
$xS 110113 : 3.8 1 3| 151 117.94 1.9 .

The inbreds were placed into three general combining ability classes. Iﬁbreds
in-the I group were Os 420, Oh 40B and Fe; in the M group, Wf9, CC27, A334,
A302, ‘A375 and Ill 4226; and in the S group, CC25, Ia Y§2, Ia 234, Oh 51A,
A73 and A395. The inferior class ranges from 93-103, the medium class ranges
from 104-106, and the superior class ranges from 110-113. Unfortunately, there
were only 3 lines in the I group but the same number of lines in the M group
as in the S group. The mean values, of Ehe single cross arrays for the six.
possible- combinations of the three parental classes, gave a range of performance
index values from 88,0 to' 117.9 and show a positive relationship of increasing
values -as the general combining ability of the parents increase.

The frequency distribution arrays indicate that superiorXsuperior general
combining ability crosses are the  ones which give the  greatest percentagé of
superior hybrids'. Ounly one of the medium X superior crosses gave a single
cross which was equivalent in performance index to the best of the superior X
superior. " As in the case of other characters, the I X S mean was somewhat
below the average of I X I and S x S. :

Discussion

The 15 inbreds were selected on -the basis that they ‘did not have close
genetic relationship of origin. Heterosis for yield as ‘expressed in - F’s was
inherited in the same pattern as were the other quantitative characters. There-
' foré, if ‘one expects to get a maximum frequency of high yielding single. crosses;
it appears that one should cross parents which are superior in general combining

ability.
‘ The fact that genetic: diversity seems to lead to maximum heterosis has
been known for-a long time  and has been recognized ~widely but perhaps has
not been utilized always as éﬁiciently as-is -possible in ~breeding ‘programs
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involving hybridization in-the ‘final pr‘odu'ct; Different and diverse germ plasm
sources must be used and are being used to introduce into elite genetic com--
- plexes now in existence additional increments of morphological and physiological
characteristics for yield. Through the use of such materials and - through diligent
careful ‘work and selection procedures, it is anticipated by the  writers that
corn yields can be obtained that will greatly excel our today’s hybrids.

Using information  and ‘materials similar to that presented in this study,
heterozygous ‘and heterogeneous parental. combinations- such as unrelated syn-
thetics A and B could be produced that would be known to have high combining
ability in their cross. Different desirable domestic and exotic breeding ‘germ
plasm could be introduced at will into either A or B, or both, that was known
to be’ different in origin and the heterotic advantages of genetic diversity
maintained. Synthetics of this nature should make excellent base material
for reciprocal recurrent selection, a procedure which seems of such great promlse
as to deserve wider use than now appears to be the case.

Conclusion

The inbred material used in the studies was selected on the basis of
diversity of ' origin.” Yield -heterosis for generaly combining ‘ability was trans-
mitted to its F; progeny in about the same manter as for other quantitative
characcters studied. The greatest possibility of obtaining a high frequency of
high yielding single crosses results from crossing together genetlcally diverse
inbred lines which are high in general combining ability.
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