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The investigations were based on a complete diallel cross 

among three inbred lines of Suffolk sheep. Line of sire effects were 

assumed to be an estimate of general combining ability effects while 

sire x dam interaction was assumed to be an estimate of specific 

combining ability. The line of dam effects were also a measure of 

general combining ability plus any maternal effects that were present. 

General and specific combining ability effects were observed for 

birth weight, 120 -day adjusted weaning weight, and conformation 

and condition scores at weaning. 

The linecross individuals were generally superior to the in- 

bred lambs for all six traits studied on the lambs produced by the 

diallel matings. Among the linecrosses, considering all six traits, 

3 x 1 and 1 x 3 appeared to be the superior crosses implying that 

lines 1 and 3 combined more effectively than either lines 1 and 2 or 



lines 2 and 3. Significant general combining ability effects were not 

observed for any of the traits studied on the lambs born from diallel 

matings. Significant specific combining ability effects were observed 

only for yearling wool weight. Significant line of dam effects were 

observed for birth weight and yearling wool weight indicating a possi- 

bility of maternal effects for these two traits. 

The linecross ewe lambs produced by the diallel matings were 

bred as yearlings and two- year -olds to a common sire to obtain two 

lamb crops for evaluation of the lamb producing ability of the line- 

cross ewes. No straight line ewe lambs were included. Estimates 

of general combining ability and reciprocal effects were obtained on 

the lambs produced by these linecross ewes. Year effects were re- 

moved before estimates of general combining ability and reciprocal 

effects were obtained. Observations were made of birth weight, 

120 -day adjusted weaning weight, conformation and condition scores 

at weaning, endocrine gland weights, detailed carcass information, 

and organoleptic and cooking evaluations. The endocrine glands 

weighed were right and left adrenals, pituitary, and thyroid. Car- 

cass characteristics observed were cold carcass weight, carcass 

grade and length, fat thickness, and rib eye area as well as brisket- 

flank-and- shank, shoulder and neck, rack, trimmed loin, trimmed 

legs, fat trim, and kidney knob percentages. A seven rib rack was 

used to determine percent total loss in cooking, percent drip, 



tenderness, juiciness, flavor of lean, flavor of fat, and overall 

score. 

Significant general combining ability effects were observed 

for carcass grade, fat thickness over the 12th rib, percent fat trim, 

percent kidney knob, and percent trimmed legs. All other traits 

exhibited a lack of either general combining ability or reciprocal 

effects. Line 1 was the highest in general combining ability for 

carcass grade and percent kidney knob while line 3 was the greatest 

in general combining ability for fat thickness and percent fat trim, 

which was considered an undesirable trait. Line 2 was the most 

effective in general combining ability for percent trimmed legs. 

Considering the entire study, line 1 was the most effective 

combiner followed by lines 3 and 2, respectively. The 1 x 3 and 

3 x 1 linecross lambs of the diallel matings appeared superior. 

Linecross 1 x 3 and 3 x 1 ewes produced crossbred lambs of out- 

standing quality when compared to the lambs from the other line - 

cross ewes. 
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ESTIMATION OF GENERAL AND SPECIFIC 
COMBINING ABILITIES FROM A DIALLEL CROSS 
OF THREE INBRED LINES OF SUFFOLK SHEEP 

INTRODUCTION 

The foremost objective of the plant or animal breeder as well 

as the producer of crops or livestock is the production of superior 

plants or animals. The producer of purebred breeding stock is 

limited in that he cannot exploit the heterotic effects of breed cross- 

ing to produce outstanding animals. He is confined to crossing of 

lines within a breed in order to increase the rate of improvement 

in his herd or flock. Two or three lines that combine well would 

be valuable in a rotational crossing program by commercial pro- 

ducers and lines that combine well with all lines would be of value 

for toperossing. Therefore, testing programs to identify superior 

cross combinations are of importance in commercial livestock 

breeding. The value of a testcross program as an aid to genetic 

improvement depends on the degree of accuracy of the measure of 

performance. Performance of a strain or line in cross combinations 

may be evaluated in terms of general and specific combining ability. 

The latter were orignally defined by Sprague and Tatum (1942), who 

utilized a diallel crossing system as the testing procedure. 

Upon the crossing of inbred lines, the differences observed in 

the performance of the offspring of lines when crossed in all possible 
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combinations may be referred to as the differences in general 

combining ability of the lines. On the other hand, specific crosses 

that result from the combinations of all lines may appear to be better 

or worse than one would expect on the basis of the average perform- 

ance of the lines involved. This would be referred to as the specific 

combining abilities of the lines. In addition reciprocal crosses be- 

tween two lines may not perform the same giving rise to what is 

considered as the reciprocal effect. The diallel cross mating system 

has been used to estimate general and specific combining abilities 

as well as reciprocal effects of lines as it allows for all possible 

combinations of lines or partial combinations depending on the ob- 

jective of the experiment. 

The first part of this investigation was directed toward evalua- 

ting three inbred lines of Suffolk sheep for general and specific com- 

bining abilities. The traits considered were birth weight, 120 -day 

adjusted weaning weight, conformation and condition scores at 

weaning, and yearling wool weight and grade on the lambs produced 

in a diallel mating scheme. 

Since the lines used in this study were inbred it would be ex- 

pected that upon crossing of these inbred lines the linecrosses would 

show superior performance in birth weight, 120 -day adjusted weaning 

weight, and conformation and condition scores at weaning (Busch 

et al. 1962). 
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In addition this study was designed to obtain general combining 

ability and reciprocal effects for crossbred lambs produced by a 

mating of the linec ro s s ewe lambs of the diallel to a Southdown or 

Hampshire ram. Performance trait measurements, endocrine gland 

weights, carcass measurements and organoleptic evaluations were 

taken on the crossbred lambs. 

-. 
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REVIEW OF LITERATURE 

In the last several years the concept of combining ability has 

become increasingly important in plant and animal breeding. It is 

especially useful in connection with testing procedures, in which it 

is desired to study and compare the performances of lines in hybrid 

combination. The terms general and specific combining ability were 

originally defined by Sprague and Tatum (1942) in connection with a 

diallel crossing system. They defined the terms as follows: "The 

term 'general combining ability' is used to designate the average 

performance of a line in hybrid combination... The term 'specific 

combining ability' is used to designate those cases in which certain 

combinations do relatively better or worse than would be expected on 

the basis of the average performance of the lines involved." 

By a diallel crossing system is meant one in which a set of 

p inbred lines is chosen and crosses among these lines are made. 

This procedure gives rise to a maximum of p2 combinations. Data 

from such combinations can be most conveniently set out in a p x p 

table in which x.. represents the mean value for the .th inbred, x.. 
11 

the mean value for the F1 resulting from crossing the 
.th and nth 

inbreds, and x.. represents its reciprocal. Thus the p2 combinations 
31 

can be divided into three groups: (1) the p parental lines themselves, 

(2) one set of 1 /2p(p -1) F1's, and (3) the set of 1 /2p(p -1) reciprocal 

ij 
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F1' s (Griffing, 1956a). Statistical methods and the genetic basis 

for analysis of the data from the diallel mating plan have been pre- 

sented by Dickinson and Jinks (1956), Griffing (1956a, 1956b), Hay- 

man (1954a, 1954b, 1957, 1958, 1960), Kempthorne (1956), and 

Gilbert and Jinks (1964). 

Plants 

The use of the diallel mating system in plant breeding has 

gained wide spread use. Sprague and Tatum (1942) working with a 

corn diallel system introduced the terms general and specific com- 

bining ability. Since that time numerous investigators have reported 

on similar experiments using various plants as research material. 

Allard (1956) employed the use of a diallel cross for estimating 

the prepotency of lima bean data. In studying the F1 diallel cross 

of nine lima bean strains he found F1 seed size generally was similar 

to that of the larger parent, but conspicuous heterosis was observed 

in certain hybrids of two of the parents. Predictions made regarding 

the consequence of matings among various parents were supported 

by observed F2 and F3 segregations. Therefore, estimates of pre - 

potency useful in identifying parents whose hybrids might be expected 

to respond to selection were obtained from this diallel cross. 

Within -plot coefficients of variability of F1 maise hybrids and 

of their inbred parents were determined for several plant and ear 
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characteristics over a two -year period by Shank and Adams (1960). 

The heterozygous hybrids as a group were found to be better buffered 

than the homozygous parents in every characteristic. There appeared 

to be significant differences in buffering among the hybrids only for 

ear node height; the inbred parents, however, differed significantly 

among themselves in buffering for plant height, ear node height, 

maturity, ear weight and ear length. 

In 1963, Ahloowalia and Dhawan (1963) reported an investiga- 

tion of the effect of genetic diversity on combining ability of inbred 

lines of maize. The study, in relation to specific combining ability, 

revealed that combining inbreds from more diverse genetic sources 

resulted in the highest yields. In the group of single crosses, in- 

volving U.S. X U. S. , Indian X Indian, and U. S. X Indian inbred lines 

of maize, the highest average yield was obtained in the widest cross. 

The analysis of combining ability of 11 inbred lines showed that six 

inbreds, on an average, significantly yielded higher when crossed to 

inbreds of distant origin than when crossed to those of close origin. 

Johnson and Aksel (1964) reviewed the inheritance of malting 

quality and agronomic characters in a 12- parent diallel cross of 

barley. They observed barley nitrogen, wort nitrogen, malt extract, 

saccharifying activity, earliness, yield, and 1000 - kernel weight and 

concluded that there appeares to be no insuperable genetic or physio- 

logical barriers to the combining of ideal quality and agronomic 



expressions in hybrid barley individuals. 

Relative magnitude of general and specific combining ability 

and heritability of different hybrid combinations of sugarcane were 

determined by Yang and Chu (1962). They used a modified diallel 

cross which involved all possible crosses among parents but excluded 

reciprocal crosses to study cane yield, length of stalk, and average 

number of tillers per plant. The estimated variance component of 

specific combining ability was generally larger than that of general 

combining ability for the three agronomic traits concerned. As a 

result they recommended the consideration of specific combining 

ability in the commercial production of sugarcane hybrids by bi- 

parental crossing. 

A diallel cross study of combining ability for some quantiative 

characters in pearl millet was conducted by Jain et al. (1961). Six 

inbred lines of pearl millet and their diallel crosses showed the 

length and girth of spike to be governed by mostly additive genetic 

factors, with only partial dominance and little epistasis. The overall 

general combining ability was found to be highly significant for both 

length and girth. With partial dominance and no epistasis in this 

material, there was no significant heterosis involved. 

Frakes, Davis, and Patterson (1961) reported on general and 

specific combining ability of F1 and F2 progeny from diallel crossing 

two upright and two prostrate genotypes of alfalfa. Natural width, 

7 
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natural height, and longest stem length measurements were used 

as components of yield in a partial regression prediction equation. 

The diallel analysis for general and specific combining ability showed 

that natural height and longest stem measurement responded to the 

effects of general combining ability, whereas natural width and num- 

ber of stems per plant were low in their response to the effects of 

general combining ability. Dry matter yield was intermediate among 

the four measurable components in respect to general combining 

ability response. 

A series of three papers on comparative performance of diallel 

crosses and related second generation synthetics of alfalfa were con- 

tributed by Theurer and Elling (1963a, 1963b, 1964). They observed 

bacterial wilt resistance, winterhardiness, persistence, and forage 

yield on ten single crosses, 26 possible Syn -2 generation synthetics, 

and the S1 progenies of five alfalfa clones. With bacterial wilt re- 

sistance the general combining ability variance of the five clones was 

considerably larger than that for specific combining ability, suggest- 

ing that rapid progress can be made in developing wilt resistant lines 

by combining clones having high general combining ability. With 

winterhardiness and persistence no advantage was observed for 

single crosses over synthetics for these two characters. The syn- 

thetics could be ranked essentially as indicated by the general com- 

bining ability of their parental clones. No forage yield advantage 



was found for single cross hybrids over synthetics. 

Nine clones of alfalfa crossed in a diallel manner were used 

by Wilcox and Wilsie (1964) to estimate general and specific com- 

bining ability effects and reciprocal effects. Diallel analysis indi- 

cated a high degree of variance for general combining ability for 

fall growth habit, forage yield, and spring vigor. Specific combining 

ability effects were significant for fall growth habit and spring vigor 

and less pronounced for yield. Reciprocal effects were evident for 

fall growth habit and forage yield. 

Marani (1963) estimated heterosis and combining ability for 

yield and components of yield in a diallel cross of two species of 

cotton using three varieties of Gossypium hirsutum and three of 

G. barbadense. Heterosis for yield was higher in the interspecific 

than in the intraspecific crosses. Performance of intraspecific 

crosses was usually related to the performance of the parental 

varieties. In the interspecific crosses, effects of general combining 

ability were most important, while effects of specific combining 

ability were significant only in a few cases and were not consistent 

from year to year. In a related study by Miller and Marani (1963) 

using eight inbred lines and all possible F1 hybrids and F2 popula- 

tions, a greater amount of general combining ability was noted than 

specific effects. 

In an investigation with a diallel cross of sunflowers, Putt(1966) 

9 
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noted that mean squares for general combining ability and specific 

combining ability were significant for all characters studied. The 

estimated components for general combining ability were greater 

than for specific combining ability for days to maturity, weight per 

bushel, and percent oil in the seed; less for height and yield of seed; 

and essentially the same for days to bloom, diameter of head, and 

weight per 1000 seeds. Based on predictions of performance in the 

F6 generation from the F2 generation performance, it was concluded 

that synthetics can be superior to the present sunflower hybrids in 

heterosis and that desirable synthetics can be made from only a few 

lines. 

Laboratory Animals 

In a study of heterosis and genetic variance in hybrids between 

inbred lines of Drosophila melanogaster, Tantawy (1957) pointed out 

that the magnitude of heterosis is closely related to the extent to 

which the parent lines have declined below the level of the outbred 

stock. His results have shown that the amount of heterosis is pro- 

portional to the degree of the inbreeding degeneration. 

Sang (1964) reported an experiment on nutritional requirements 

of inbred lines and crosses of Drosophila. He found that hybrids 

have no special advantage in resisting the effects of departures from 

optimum nutrition, and that hybrids may be more, not less, variable 
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than their parents. Each line and cross had its own optimal nutri- 

tional environment and characteristic response to departures from 

this. 

A difference in skeletal type between reciprocal hybrids of 

two inbred strains of mice was recorded by Green and Russell (1951). 

The hybrids tended to resemble the strain of the female parent in the 

number of lumbar vertebrae, In a second study Green (1962) ob- 

served differences in four strains of inbred mice in the percentages 

of mice having 25, 26, or 27 vertebrae between the canium and sa- 

crum. 

In experiments conducted with inbred lines of mice and F1 

crosses between these inbred lines, Matsuo and Taketomi (1958) 

reported a significant advantage of the F1 linecrosses over the 

inbreds for mammary gland development. Chai (1959) found that, 

in general, the crosses had longer mean life and lower mortality 

at earlier ages than that of the parental inbreds. Franks, Fech- 

heimer and Cohen (1962) noted the same superiority of crosses 

over inbreds for litter size, weight per mouse in the litter at various 

ages, and survival. McCarthy (1965) recorded an increase in litter 

size with F1 crosses between three inbred lines of mice, but no 

influence on litter size in F1 crosses of a fourth inbred line. 

The effects on litter size of crossing lines of mice inbred 

without selection was investigated by Roberts (1960). He used 30 
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lines of mice inbred up to an inbreeding coefficient of . 50 with only 

natural selection. The mean litter size of the linecross mice did 

not exceed that of the outbred population from which the inbred lines 

were derived. The estimates of variance components associated 

with general and special (specific) combining abilities were very 

small, especially those relating to special (specific) combining 

ability. He argued that before selection between crosses becomes 

possible, high levels of inbreeding must be achieved. 

All possible crosses and reciprocals were made among four 

lines of mice by Carmon (1962) in an attempt to evaluate heterosis, 

combining ability and maternal effects for weight at 21 and 45 days 

of age. Heterosis measured as a comparison between linebreds and 

crossbreds was highly significant for weight at both ages. The 

lowest performing line appeared the best in crosses while the better 

performing lines appeared the poorest. General combining ability 

effects, maternal effects, and sex - linked effects were highly signifi- 

cant for weights at both ages. Specific combining ability effects were 

non- significant. 

Collins (1964) conducted a diallel study on inheritance of avoid- 

ance conditioning in mice. Significant genetic differences were demon- 

strated in the rate of avoidance conditioning among offspring from all 

25 mating combinations of five highly inbred strains. Most hybrids 

learned better than either parent. 
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Four inbred lines of rats were mated in all 16 possible ways, 

including reciprocal crosses by Kidwell et al. (1960) in order to 

estimate the effects of sex, heterosis, lines, general and specific 

combining ability, sex linkage, and maternal effects on 28- and 70- 

day body weight. Effects of sex, lines, and maternal ability were 

highly significant at 28 and 70 days. Heterosis was significant at 

70 but not at 28 days. General combining ability was highly signifi- 

cant at 28 but not significant at 70 days. There was no evidence of 

specific combining ability or sex linkage effects. 

The inheritance of litter size, body weight, and litter weight 

in diallel crosses between six inbred strains of rats was investigated 

by Jinks and Broadhurst (1963). They found litter size to be mater- 

nally determined at birth and there was no differences in survival to 

maturity among litters. The heritable component of individual body 

weight consisted of both additive and dominance effects. There was 

no evidence of non - allelic interaction, overdominance or correlated 

gene distributions. There was no heterosis for litter size and al- 

most none for body weight and total litter weight. For all char- 

acters, the best litter from the inbred strains was not exceeded by 

any outcross. 

Working with guinea pigs Spies and Wheat (1962) found a 

statistically significant difference between 12 inbred lines in 21 -day 

weaning weight, but no difference in birth weight, litter size or 
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sex ratio. Then Wheat et al. (1963) using the same 12 inbred lines 

of guinea pigs noted that lines differed in total gain, feed consump- 

tion, and feed efficiency. 

Poultry 

Ghostley and Nordskog (1951) conducted a study on hybrid 

vigor in strain crossing and breed crossing in poultry. They used 

eight strains representing four breeds mated in all combinations 

yielding pure strains, strain crosses, and breed crosses. Growth 

and viability to eight weeks appeared to be the traits showing the 

most important expression of hybrid vigor. On the average, the 

crossbreds and strain crosses were 58 and 30 grams heavier than 

the pure strains at eight weeks of age. Mortality to eight weeks 

was 29, 20, and 16 percent for the pure strains, strain crosses, 

and breed crosses, respectively. Comparisons in laying house 

performance showed about 10 percent less mortality, 10 days earlier 

sexual maturity, and 9 percent more eggs in favor of the strain and 

breed crosses over the pure strains. 

Toperosses were made using sires from inbred lines of Leg - 

horns by Wyatt (1953) for determining combining ability of the inbred 

lines. Five females were used as testers. The results showed that 

the differences between the lines in this study were primarily the 

result of effects other than those due to additive genes. Also, his 
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data indicated only a limited value of the topeross test for evaluating 

combining ability of inbred lines. 

Crosses involving four White Leghorn lines and four heavy 

breed lines of poultry were used by Hill and Nordskog (1958) for 

predicting combining ability of total performance. Specific combin- 

ing ability appeared to be less important than general combining 

ability. However, for lines that were previously selected for gen- 

eral combining ability, the relative importance of specific combining 

ability was probably increased. 

Goto and Nordskog (1959) presented an estimation of combining 

ability variance for diallel crosses of inbred lines in the fowl. Per- 

centage hatch of all eggs, brooder house mortality, age at 50 percent 

egg production, percentage egg production per hen housed for various 

lengths of time (165, 269, and 300 days), hen -day total egg produc- 

tion, egg weight and percentage laying house mortality were studied. 

Results indicated general combining ability was more important than 

specific combining ability for all characters except possibly percent- 

age of brooder house mortality, hatch of all eggs and laying house 

mortality. Important maternal effects and reciprocal cross effects 

were observed for percentage hatch of all eggs set, and also in the 

case of the latter for percentage laying house mortality. 

The embryonal development of two inbred lines and their 

reciprocal crosses was measured at 24 and 48 hours by counting 
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the number of nuclei in the whole blastoderm and by determining 

the stage of development (Krzanowska, 1959). Crossbred embryos 

were very similar to the maternal parent and did not show hybrid 

vigor in development rate. Embryonal development in eggs from 

crossbred and inbred hens showed superior development in the 

former in some, but not all, cases. On the other hand, McNary, 

Bell, and Moore (1960) in a similar study with chick embryos ob- 

served heterosis for the crossbred embryos present at all stages 

of development measured. They took growth measurements after 

38 hours incubation, weight after one week of incubation, and weight 

after two weeks incubation. 

Six isolate lines of long standing, developed from the same 

foundation flock were used by Blyth and Sang (1960) to produce 30 

cross and six pure line samples. A representative half of each 

group of pullets was housed in floor pens and the rest in cages. 

Hybrid gain was noted in crosses for egg production to 500 days of 

age. The 500 day records of linecross birds housed in pens ex- 

ceeded the line average by 50 eggs, while the linecross hens main- 

tained in cages did less well and showed an advantage of only 34 

eggs over the line average. They concluded that the importance of 

improving closed strains may not have been lessened by the expan- 

sion of the use of hybrid birds in the poultry industry, for the pattern 

of relationships of line and cross production was consistent enough 
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to justify the inference that the best hybrids come from the best 

producing parents. 

Two diallel mating experiments among meat -type breeds and 

strains of poultry indicated hybrid vigor was exhibited for most if 

not all important economic traits (Merritt and Gowe, 1960). Crosses 

were superior to purebreds for hatchability, livability, body weight, 

age to first egg, egg weight and egg production. Breast width was 

the only trait of those measured for which the crosses did not excel 

the purebreds. General combining ability accounted for most of the 

differences among subclasses for body weight and egg weight. On 

the other hand specific combining ability accounted for a relatively 

larger proportion of the subclass differences for age to first egg and 

egg production. Reciprocal effects accounted for some, but a rela- 

tively small percentage, of the total variance for most traits. 

Samples of three White Leghorn and three Rhode Island Red 

"closed flock" strains were crossed in all possible combinations to 

produce six "pure strains" and 30 strain crosses in a study by 

Tindell (1961). He measured sexual maturity (age to first egg), 

hen -day percentage and hen -housed egg production to 260 days of 

age, and five and 10 month body weight. The results obtained indi- 

cated that general combining ability estimates were most important 

for five and 10 month body weight. Specific combining ability was 

estimated to be of major importance for sexual maturity, part- and 
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full -year hen -day and hen -housed egg production. Maternal effects 

were very important in determining five month body weight, but 

essentially zero for the other traits. Although strain -cross per- 

formance generally exceeded pure- strain performance, the differ- 

ences were often too small to indicate significant heterotic effects. 

Significant reciprocal cross differences were found or suggested to 

be present for sexual maturity, hen - housed production to 260 days 

of age, adult body weight at five and 10 months of age and also for 

livability. 

Yao (1961) observed the performances in egg production, egg 

production rate, egg size, 10 -week body weight, and mature body 

weight using three sets of "4 x 4" diallel crosses of inbred lines of 

chickens. General combining ability was found significant in all 

five characters, but specific combining ability was not significant. 

These findings agreed with the report of Hale and Clayton (1965) that 

the average egg production of crossbred strains in their study ex- 

hibited definite heterosis when compared with the production of the 

parental strains but there was little if any tendency toward specific 

combining ability effects. 

Eisen et al. (1964) used a "8 x 8" diallel cross involving four 

light and four heavy type inbred lines of poultry to investigate the 

genetic combining ability of light and heavy inbred lines in single 

crosses. Their results indicated that general combining ability 
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accounted for 53.3 percent of the cross variation, while specific 

combining ability and total reciprocal effects accounted for 25. 8 

percent and 20.9 percent, respectively, of the variation due to 

crosses. 

Swine 

Warnick et al. (1951) obtained data on age at puberty, ovulation 

rates at different heat periods, percentages of gilts conceiving at 

first breeding and litter size at farrowing on 205 inbred gilts of 

Chester White and Yorkshire breeds. Line differences in ovulation 

rate at first heat were highly significant, however, there was not a 

significant difference in the number of pigs farrowed by gilts of 

different lines. 

Data on six lines of inbred swine and on the two -, three -, and 

four -line crosses between them were presented by Bradford, Chap- 

man, and Grummer (1958b). Subdivision of variance in two -line 

crosses for 56 pig weights indicated that maternal effects are 

more important than general combining ability and that the opposite 

is true for 5 -month pig weights. Neither trait showed evidence of 

specific combining ability. In an earlier study concerning the effects 

of inbreeding, selection, linecrossing and toperossing in swine Brad- 

ford, Chapman, and Grummer (1958a) stated that linecrossing re- 

sulted in a recovery of the vigor lost during inbreeding, but showed 



20 

no average advantage for the linecross over outbred controls. 

Magee and Hazel (1959) conducted an investigation to determine 

the general combining abilities and the general maternal effects of 

2137 three -line cross pigs of 12 Poland China inbred lines. Differ- 

ences between lines for general combining ability were statistically 

significant, accounting for four percent of the variation among pigs 

of the same season -farm group. Maternal effects of the lines and 

the interactions involving specific effects were not statistically sig- 

nificant. 

Results based on 218 litters and representing all of the 30 

possible reciprocal crosses among six inbred lines of swine were 

studied by Hetzer et al. (1961) to obtain estimates of the general 

combining abilities, specific combining abilities and maternal in- 

fluences of the six lines. Line differences in maternal effects were 

statistically significant for litter weight and pig weight at 56 days, 

as well as for pig weight at 140 days, dressing percent, percent 

bacon, and percent fat cuts, accounting for seven to 21 percent of 

the variation in the four latter traits. The mean squares associated 

with line differences in general combining ability effects were larger 

than their corresponding error terms for most litter traits, although 

only for litter weight at 56 days were these differences significant. 

However, general combining ability effects were significant for all 

post -weaning growth measures and for all carcass traits except 
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dressing percent, accounting for five to seven percent of the variation 

in the growth measures and for three to 16 percent of the variation in 

the six carcass traits. Specific combining ability effects were signifi- 

cant only for percent bacon, indicating that in these data specific com- 

bining ability effects were very small, if present at all. 

Feedlot and carcass performance of crossbred progeny of 

purebred and crossbred sires were compared by Rempel, Comstock, 

and Enfield (1964). The eight crossbred sires were three -breed 

crosses of Minn. No. 3 boars bred to Minn. No. 2 times Minn. No. 1 

crossbred females. The purebred sires consisted of four Minn. No. 

3, two Minn. No. 2, and two Minn. No. 1. Differences in perform- 

ance between progeny of purebred and crossbred sires were found 

only for backfat thickness and daily gain. The difference for these 

two traits favored the purebred sires. It was noted that in general 

progeny of crossbred boars performed at a level equal to the average 

performance of progeny sired by the parent breeds of the crossbred 

sires. 

Sheep 

Ragab, Asker, and Ghoneim (1956) conducted a study on the 

effect of crossing two breeds of Egyptian sheep on wool character- 

istics. The results indicated that the wool of the crossbred animals 

was intermediate in staple length and fibre length between the two 
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parent breeds at all ages studied. Also, the reciprocal crosses 

produced wool of coarser fiber than the two parent breeds. It was 

concluded that crossing does not result in improvement of wool 

characteristics, 

In an investigation to measure the combining ability of Western 

and Down breeds of sheep for economically important traits, Bailey 

(19 60) concluded that first-cross lambs have no advantage over 

straightbred Hampshires for market purposes, but the crossbred ewe 

lambs may be useful as flock replacements. The crosses made were 

Suffolk, Corriedale, Columbia, and Targhee rams on grade Hamp- 

shire ewes. 

Performance data, seven live body measurements, and live 

animal and carcass condition and conformation scores were obtained 

by Busch et al. (1962) to evaluate four inbred lines of Suffolk sires. 

Differences were noted between groups in 120 -day weight and average 

daily gain. Lambs in the sire line with the lowest daily gain were the 

smallest in all body measurements except loin width. Also, they 

scored the lowest in conformation and condition. The association of 

traits was the same for the four lines of sires with the exception of 

the relationship between birth weight and scores for condition or 

conformation. 
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Cattle 

Montana Line I and Nebraska Line I bulls were compared to 

other Hereford outbred bulls when crossed to a randomly selected 

group of outbred cows by Tallis, Klosterman, and Cahill (1959). 

Analysis revealed surprisingly few line differences. Nevertheless, 

evidence was strong enough to suggest a real advantage in favor of 

the two inbred lines in respect to preweaning gain, average daily 

gain on test, and weight per day of age. These data tend to show 

that the calves sired by bulls of the Montana Line I and Nebraska 

Line I tended to be more efficient in their conversion of TDN, to 

meat. However, no useful line effects were observed in the carcass 

data. 

Damon et al. (1961) presented a genetic analysis of the data 

resulting from an experiment designed to evaluate breeds of beef 

cattle and crosses among breeds of beef cattle in the Gulf Coast 

Region. Angus, Brahman, Brangus, Charolais, Hereford, and 

Shorthorn breeds were included. A significant or highly significant 

heterosis effect was found for 180 -day weight, slaughter grade, rate 

of gain on feed, and weight per day of age, but none for slaughter 

calf grade. General combining ability effects were found to be 

significant for all five traits. These effects accounted for a con- 

siderable percent of the variance among crosses for all traits except 
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rate of gain, the percents ranging from 1. 3 to 18. 7. Specific com- 

bining ability effects were found to be significant or highly signifi- 

cant for all traits except slaughter calf grade. These effects were 

particularly important for rate of gain on feed and weight per day of 

age where they accounted for 21.0 percent and 27.4 percent, re- 

spectively, of the variance among crosses. Maternal effects were 

found to be highly significant for all traits except slaughter grade. 

These effects were particularly important for 180 -day weight where 

they accounted for 15 percent of the variance among crosses and for 

slaughter calf grade where they accounted for 20 percent of the 

variance. 

Swedish Red and White and the Swedish Fresian breeds of cattle 

were used by Hansson, During, and Zolkowski (1961) to study the 

effect of specific combining ability and inbreeding on the first lacta- 

tion record. Inbreeding had a significant decreasing effect on the 

yield of fat - corrected milk in both breeds. Specific combining 

ability, if it had any effect at all, had no significance in the genetical 

improvement of the milk - yielding ability of the dairy cow. 

Ten years of data on three inbred Hereford lines and their 

linecrosses resulting from matings on a common inbred tester line 

were analyzed by Flower et al. (1963). Comparisons between line - 

crosses and the mean of the parental lines showed an average hybrid 

advantage of 0. 1, 4. 6, 4. 3 and 4,7 percent for birth weight, weaning 
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weight, postweaning daily gain and final weight, respectively. 

Hoornbeek (1964) reported the findings from a diallel mating 

system using Lionheart, David, and Prince inbred lines of Hereford 

cattle. He observed differences in general combining ability between 

lines for postweaning rate and economy of gain. The Lionheart line 

was the best general combiner followed by the David and Prince lines. 

Specific combining ability differences in rate of gain favored crosses 

between the more rapidly gaining Lionheart and David lines. The 

Prince and David cross was the lowest performing cross among the 

specific crosses. The analyses of differences in economy of gain 

were similar to those for postweaning rate of gain, but there was also 

a significant difference in favor of linecross over inbred calves. 

Higher scores were given to Lionheart x Prince calves than calves 

resulting from crosses involving the lower scoring David line. Line- 

cross calves were scored higher than inbred calves, with the Prince 

and David inbred calves contributing to the low scores of all inbreds. 

Reporting on results obtained from crossing four inbred lines 

of Hereford cattle Bogart (1965) concluded that, in general, lines 

showing superiority produced calves showing superiority when com- 

bined with a common population of grade females or when these lines 

were crossed in all possible ways. Also a line which possessed an 

outstanding trait tended to transmit this outstanding trait to its off- 

spring when used for crossing within the breed. There appeared to 
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be more heterosis expressed in females than in males when lines 

were crossed within a breed. 

Specific combining abilities among dairy sires were estimated 

by Allaire and Henderson (1965) from the lactation records in the 

New York Dairy Records Processing Laboratory on purebred Hol- 

stein cows. The magnitude of the sire x maternal grandsire inter- 

action component of variance was used to evaluate the importance of 

specific combining abilities. The results indicated that specific 

combining abilities among sires did not appear to rate important 

consideration in a general breeding program. 
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MATERIALS AND METHODS 

The Oregon Agricultural Experiment Station, Corvallis, Oregon, 

initiated a diallel mating system involving three inbred lines of Suf- 

folk sheep in 1961. The three inbred lines used in the diallel matings 

have been maintained as closed flocks since 1952. No new introduc- 

tion of breeding stock has been made since that time. Management 

of the lines has been similar from year to year with all three lines 

being exposed to the same type of pasture and care. In the extreme 

months of January and February supplemental hay and concentrates 

were given the ewes, but as soon as grass was available the ewes and 

lambs were maintained solely on pasture. Selection of replacement 

ewes and rams has been based on a selection index giving equal em- 

phasis to 120 -day adjusted weaning weight and the combination of 

conformation score and condition score at weaning. The three inbred 

lines were maintained as one-sire lines. 

The data for the study were obtained over a period of five years 

of diallel mating, 1961 -1965. The breeding scheme for the diallel 

crossing is shown in the following breeding arrangement: 

Line of ewe* 
1 Z 3 

1 1x1 1x2 1x3 

Line of ram 2 2x1 2x2 2x3 

3 3x1 3x2 3x3 

* Six ewes were involved in each type of cross. 
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Therefore, a total of 18 ewes of each line was included in this in- 

vestigation each year. Six ewes of each line were exposed to a ram 

of each line, 

The numbers of lambs born over the five year period for each 

cell of the diallel scheme are given in Table 1. 

Table 1, Number of lambs born by line of ewe and line of ram. 

Line of ewe 
Total 1 2 3 

1 54 23 35 112 

Line of ram 2 32 33 40 105 

3 36 21 66 123 

Total 122 77 141 340 

Data were obtained starting with birth weights in February of 

1961. Ram lambs were left intact. Weights during the preweaning 

period were taken at four -week intervals for the first three weighings 

and at two -week intervals thereafter. Lambs were weaned when they 

reached 85 pounds. All lambs not reaching 85 pounds by June 15 

were weaned regardless of weight. At weaning, conformation and 

condition scores were taken on each lamb. Weaning weight was ad- 

justed to a 120 -day age basis. All ewe lambs and part of the ram 

lambs were kept and sheared as yearlings the last week in March 

each year. The wopl weights and grades were taken on each fleece. 
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The measurements from the lambs included in this study were birth 

weight, 120 -day adjusted weaning weight, conformation and condition 

score at weaning, and yearling wool weight and grade. 

The linecross ewes produced in the diallel were mated as 

yearlings and two- year -olds to produce two lamb crops for evalua- 

tion of lamb producing ability of the linecrosses. The first group 

of linecross ewes were not bred until the fall of 1962 to lamb in 1963. 

The first year a Southdown ram was used but during the last three 

years of the study one and the same Hampshire ram was used for 

breeding. A total of 95 crossbred lambs were born over the four 

year period (1963- 1966). Performance traits measured on these 

crossbred lambs were birth weight, 120 -day adjusted weaning weight, 

and conformation and condition scores at weaning. At weaning which 

was at 85 pounds liveweight the crossbred lambs were slaughtered in 

a commercial abattoir. Weights of the right and left adrenal, pitui- 

tary, and thyroid glands were taken at time of slaughter. Complete 

carcass data were taken on each lamb after one week aging. The 

carcass traits considered were cold carcass weight, carcass grade, 

carcass length, average fat thickness over the 12th rib, and rib -eye 

area. The various cuts of the carcass were expressed as a percent 

of the cold carcass weight and included: brisket - flank- and - shank, 

shoulder and neck, seven rib rack, fat trim, trimmed loin, kidney 

knob, and trimmed legs. Organoleptic and taste panel evaluations 
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were taken on a seven -rib rack of each carcass. A trained panel 

composed of eight members was used for the evaluations. The 

organoleptic measurements taken using the rack were percent loss 

in cooking, percent drip in cooking, tenderness, juiciness, flavor 

of lean, flavor of fat, and overall score. The scoring scale for 

tenderness, juiciness, flavor of lean, flavor of fat, and overall 

score was from one to nine with nine being the most pronounced. 

Subclass deviations from the mean were used to adjust all 

performance data for type of birth (twin or single) and sexes. 

A least squares analysis was carried out for birth weight, 

120 -day adjusted weaning weight, conformation and condition 

scores at weaning, and yearling wool weight and grade to deter- 

mine the effect of line of sire and line of dam on level of perform- 

ance of the straight line and linecross lambs produced in the diallel. 

The effect of the line of sire is assumed to be equal to the general 

combining ability of the line. The interaction between line of sire 

and line of dam is assumed to be equal to the specific combining 

ability of the line. The following mathematical formula was used: 

Xi. = u + Si + D. + SDi. + ei'k J j J J 

Where, Xi.k 
J 

= The performance of the kth individual with 

the line of dam and the .th line of sire. 

u = effect common to all individuals 
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S. = effect of line of sire i 
D. = effect of line of dam 

J 

SD.. = interaction between line of sire and line of dam 
iJ 

e..k = random error. 
J 

Likewise, a least squares analysis was conducted to determine 

year effects, general combining ability effects and reciprocal geno- 

typic effect on the performance traits, endocrine gland weights, 

carcass characteristics, and organoleptic evaluations of the cross- 

bred lambs. The mathematical model used for the analyses was 

derived from a model outlined by Griffing (1956). The following 

mathematical model was used: 

Xhijk = u + Yh + gi + gj + rij + ehijk 

Where, Xhi J k = The performance of the kth individual from a 

dam of ith and jth breeding in the hth year. 

u = effect common to all animals 

Yh = effect of year (h = 63 -66) 

gi & gj = the general combining ability effects 

= the reciprocal genotypic effect such that 

r.. _ -r 

ehi k = random error. 
j 

r.. 
1J 

13 31 



32 

RESULTS AND DISCUSSION 

Estimates of general and specific combining abilities were 

obtained on lambs produced in a diallel mating scheme involving 

three inbred lines of Suffolk sheep. The traits considered were 

birth weight, 120 -day adjusted weaning weight, conformation and 

condition scores at weaning, and yearling wool weight and grade. 

A total of 340 lambs were born in the diallel over a five year period, 

1961 -1965. The means for all six traits studied on lambs born in 

the diallel adjusted for type of birth (twin or single) and sex 

are shown in Table 2. The means are arranged according to the 

particular linecross or inbred group. The number of observations 

used in each case to determine the mean is also presented. 

The overall average birth weight was 9.07 pounds. Inbred 

line 1 had the lowest birth weight followed by line 3 while line 2 

compared favorably with the linecrosses. All linecrosses involv- 

ing line 2 were above the overall mean with linecross 3 x 2 having 

the heaviest birth weight. 

Sources of variation, degrees of freedom, mean squares, 

expected mean squares and variance components for birth weight 

are presented in Table 3. The interaction between line of sire and 

line of dam was considered as a measure of the specific combining 

ability effect. Since this interaction was non- significant it was 



Table 2. Adjusted means of inbred and linecross lambs produced by diallel matings. 

Overall 1x1 1x2 1x3 2x1 2x2 2x3 3x1 3x2 3x3 

Birth weight 
(lbs.) 

Number 

120 -day ad- 
justed weaning 
weight (lbs. ) 

Number 

9.07 
340 

74.90 
263 

8.51 
54 

73.74 
41 

9.80 
23 

74.21 
14 

9.18 
35 

78.72 
32 

9.36 
32 

74.21 
25 

9.45 
33 

66.31 
26 

9.37 
40 

75.91 
36 

8.96 
36 

79.47 
29 

9.82 
21 

74.06 
17 

8.53 
66 

75. 39 
43 

Score of con- 
formation 82.90 82.61 82.64 83.66 82.44 79.19 82.81 86.68 82.63 82.93 

Number 260 41 14 31 25 26 36 28 16 43 

Score of 
condition 82.91 82.68 83.14 83.39 82.20 79.06 82.22 87.63 82.96 82.94 

Number 260 41 14 31 25 26 36 28 16 43 

Yearling wool 
weight (lbs.) 4.30 4.37 3.91 5.07 4.58 3.60 4.65 4.64 3.91 3.84 

Number 140 23 6 14 12 17 23 13 9 23 

Yearling wool 
grade 56.61 54.43 55.78 56.90 57.18 57.34 57.40 55.52 57.40 57.38 

Number 127 20 6 14 10 15 22 11 8 21 
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concluded that there was not a specific combining ability effect 

between lines for birth weight. A significant difference between 

dam lines was noted but not between lines of sire. Since the effect 

of line of dam included any maternal influences present it seems 

logical to assume that there was a maternal effect on birth weight. 

The weight of the young at birth was dependent almost entirely on 

the uterine environment of the dam which makes it appear logical 

that a maternal influence could exist. Any sex - linked effects that 

might appear would be included in the line of sire source of varia- 

tion. The variance component estimate for sire line was negative 

and therefore assumed to be zero indicating a lack of general com- 

bining ability effect. The variance component for dam line which 

was also a measure of general combining ability effects and maternal 

effects was . 520 while the specific combining ability variance com- 

ponent (line of sire x line of dam interaction variance component) 

was .234. 

In a study directed at estimating combining abilities in crosses 

among six inbred lines of swine Hetzer et al. (1961) observed non- 

significant general and specific combining ability effects for individ- 

ual pig birth weight. Maternal effects between lines appeared to be 

slightly more important than either combining ability but were not 

significant. Likewise, Spies and Wheat (1962) found no differences 

between inbred lines of guinea pigs for birth weight. 
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Weaning weights adjusted to a basis of 120 -days of age were 

taken on 263 lambs. The overall mean for all inbred lines and 

linecrosses was 74, 90. Inbred line 2 had the lowest 120 -day ad- 

justed weaning weight with line 1 the next lowest while line 3 was 

well above the overall mean. The crosses between line 1 and line 

2 were below the overall mean indicating that line 1 and 2 were not 

only low in weaning weight as straight lines but also were ineffective 

combiners when crossed together. On the other hand, the linecross 

3 x 1 was highest in weaning weight followed by its reciprocal cross 

1 x 3 indicating that line 1 did combine well with line 3. 

Results of the analysis of variance for 120 -day adjusted wean- 

ing weight are shown in Table 4. No statistically significant differ- 

ences were noted between lines of sire or lines of dam which justifies 

the conclusion that general combining ability effects were non- 

significant for weaning weight. This is contrary to the findings of 

Busch et al. (1962), who noted differences between inbred lines of 

Suffolk sires in 120 -day weight. The variance component due to line 

of dam was larger than the line of sire variance component suggest- 

ing that there were some maternal influences affecting weaning 

weight. Specific combining ability as measured by the interaction 

between line of sire and line of dam was also non - significant. 

Numerous experiments with various species of animals have 

been reported concerning general and specific combining ability 
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effects on weaning weight. Hetzer et al. (1961) reported a significant 

general combining ability effect for 56 -day weight but not a specific 

combining ability effect in swine. In a similar study Bradford, 

Chapman, and Grummer (1958b) observed maternal effects to be 

more important than general combining ability for 56 -day pig weight. 

They also observed a lack of evidence for specific combining ability. 

Studying rats, Kidwell et al. (1960) obtained a highly significant 

general combining ability effect for 28 -day weight but no specific 

combining ability or sex- linked effects. Damon et al. (1961) crossed 

six breeds of beef cattle and obtained significant general and specific 

combining ability effects for 180 -day weaning weight. 

Conformation and condition scores at weaning were taken on 

260 lambs produced in the diallel scheme. The overall mean for 

conformation score was 82.90 and for condition score was 82.91. 

Line 1 and line 2 were below the overall average for both scores 

while line 3 was nearly equal to the overall mean for both scores. 

As was observed with 120 -day adjusted weaning weight linecross 

3 x 1 was superior for both conformation and condition scores follow- 

ed by its reciprocal cross 1 x 3. Since linecross 2 x 1 and the re- 

ciprocal 1 x 2 were below average for conformation score and 1 x 2 

was only slightly above average for condition score, it can be de- 

duced that lines 1 and 3 combine better than lines 1 and 2 for con- 

formation and condition score. Linecrosses 2 x 3 and 3 x 2 were 
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very near the overall average for both scores. 

The mean squares, shown in Tables 5 and 6, for the inter- 

action between line of sire and line of dam were smaller than the 

error mean square for both conformation and condition score. Since 

this resulted in a negative variance component for the interaction 

between line of sire and line of dam the variance component was 

assumed to be equal to zero indicating no specific combining ability 

effects for conformation or condition score. Also the mean square 

for line of dam for conformation score was smaller than the error 

mean square and for condition score was approximately equal to 

the error mean square. The effects due to line of sire were non- 

significant for both conformation and condition score denoting a 

non - significant general combining ability effect between lines. 

Busch et al. (1962) found similar results while investigating 

the performance of four inbred lines of Suffolk sires. They found 

no differences between line of sire for conformation score or for 

condition score. In crosses between Hampshires, Shropshires, and 

Targhees, Bailey (1960) drew the general conclusion that the first 

cross lambs had no advantage over the straightbred Hampshires for 

market grade. With crosses between six breeds of cattle, Damon 

et al. (1961) found a significant general combining ability effect for 

slaughter calf grade but a non- significant specific combing ability 

effect for slaughter calf grade. 
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A total of 140 yearling wool weights were recorded for indi- 

viduals produced by the diallel matings. The average weight ob- 

served for the 140 fleeces was 4. 30 pounds. Straight line 2 and line 

3 yearlings had the lowest wool weights and line 1 had an average 

yearling wool weight that was approximately equal to the overall 

mean. Linecross 1 x 3 had the heaviest fleece followed by line- 

crosses Z x 3 and 3 x 1, respectively. Linecrosses 2 x 3 and 2 x 1 

both had heavier fleeces than the overall mean while linecrosses 

3 x 2 and 1 x 2 had yearling wool weights much lighter than the 

overall mean. This tended to indicate that for yearling wool weight 

line 2 combined fairly well as line of sire but poorly as line of dam. 

The same order of linecross performance was observed for wool 

weight as for 120 -day weaning weight where linecrosses 1 x 2 and 

3 x 2 had the lowest average weaning weights as well as lowest wool 

weights of the linecrosses. Linecrosses 1 x 3 and 3 x 1 had greater 

average fleece weights than linecrosses 1 x 2 and 2 x 1 which again 

demonstrated that line 1 combined better with line 3 than with line 2. 

A significant specific combining ability effect was observed 

for yearling wool weight as shown by a significant line of sire by 

line of dam interaction (Table 7). Effect of line of dam was found 

highly significant while the mean square of line of sire was smaller 

than the error mean square. This showed a lack of general combin- 

ing ability while indicating a possibility of maternal effects. It is 
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conceivable that a maternal influence may exist for yearling wool 

weight since the dam giving more milk could produce a heavier 

lamb at weaning which possesses more body surface area for wool 

production. This larger body size could be carried on through the 

post- weaning period resulting in a greater wool weight as a yearling 

and as a result a maternal influence could be exhibited. It was ob- 

served that wool weight and 120 -day adjusted weaning weight followed 

nearly the same trend with the linecrosses having the heaviest wean- 

ing weights also shearing the heaviest fleeces. 

The results of this investigation did not agree completely with 

the results of Ragab, Asker, and Ghoneim (1956). After crossing 

two breeds of Egyptian sheep they observed the crossbreds and con- 

cluded that the fleece of the crossbreds was intermediate in staple 

length and weight between the two parent breeds. They surmised 

that crossing of breeds did not improve wool weight or staple length. 

Yearling wool grades were obtained on 127 of the fleeces. The 

average wool grade was 56. 61. Straight line 1 had the lowest wool 

grade but line 2 and line 3 had wool grades higher than the overall 

average. Linecross 3 x 1 had the lowest wool grade of all the line - 

crosses followed by linecross 1 x 2 with the next to lowest. No 

consistent trends between crosses and reciprocals were shown for 

yearling wool grade. 
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The analysis of variance presented in Table 8 shows that the 

mean square for interaction between line of sire and line of dam 

was less than the error mean square. This implied that there was 

not a specific combining ability effect for wool grade. The mean 

squares for effect of line of sire and line of dam were larger than 

the error mean square but they were not significant which indicated 

a non- significant general combining ability effect. The dam variance 

component was slightly larger than the variance component due to 

line of sire but the difference was not large enough to assume any 

appreciable maternal effects. 

The lack of genetic diversity between the three inbred lines 

used in this study was demonstrated by all six traits measured in the 

diallel matings. Only significant specific combining ability effect 

for yearling wool weight and significant line of dam effects for birth 

weight and yearling wool weight were observed. The small amount 

of genetic diversity between lines can be attributed to the fact that in 

1952 all three lines were started from a common genetic base. 

Females and males were assigned at random at that time from the 

common base population to one of the three lines. Since 1952 the 

lines have been maintained as closed lines but the possibility of the 

lines diverging has been kept to a minimum by the practice of using 

the same selection index as a basis for selection in all three lines. 



Table 3. Analysis of variance of birth weight of lambs produced by diallel matings. 

Source of variation D. F. Mean square Expected mean square 
Variance 

components 

Line of sire 2 2.472 6 2 + 27. 482 o- 
S2 

S2 = 0 

Line of dam 2 14.515* o- 2 + 21. 439 o- D2 o- D2 = . 520 

S x D 4 6.858 6 2+ 14. 881 6 
SD 

2 0 
2_ 

. 234 
SD 

Error 331 3.372 o- 2 Cr E2 = 3.372 

Total 339 

Significant at P<. 05 

Table 4. Analysis of variance of 120 -day adjusted weaning weight of lambs produced by diallel 
matings. 

Source of variation D. F. Mean square Expected mean square Variance 
components 

Line of sire 

Line of dam 

S x D 

Error 

Total 

2 

2 

4 

254 

262 

399.997 

494. 323 

297.418 

241.018 

o- 2+ 23. 550 o- S2 

62 + 16.652 a-D2 

6 2 + 11. 315 v 
SD2 

2 o- 

a- S2 = 

o- D2 = 

SD2 

v = E2 

6.751 

15.212 

4.985 

241.018 

- 

a: 



Table 5. Analysis of variance of score for conformation at weaning of lambs produced by 
diallel matings. 

Variance 
Source of variation D. F. Mean square Expected mean square components 

Line of sire 2 135. 273 a- 2 + 23. 241 a- 
S2 Cr S2 

1.529 

Line of dam 2 97.602 02 +16.023 
D 

2 °D2 = 0 

S x D 4 75.361 o2 +11.207oSD2 °rSD2 0 

Error 251 99. 731 0- 
2 

° E2 
='-- 99.731 

Total 259 

Table 6. Analysis of variance of score for condition at weaning of lambs produced by 
diallel matings. 

Source of variation D. F. Mean square Expected mean square 
Variance 

components 

Line of sire 2 224. 138 o- 2 + 23. 241 0- 
S2 

6 
S2 

= 5.200 

Line of dam 2 104. 787 o- 2 + 16. 023 D2 Cr D2 = . 094 

SxD 4 95.062 62 +11.2970- 2 
o 

2- 
0 

SD SD 

Error 251 103. 278 o- 2 °- E2 = 103. 278 

Total 259 

= 

= 



Table 7. Analysis of variance of yearling wool weight of lambs produced by diallel matings. 

Source of variation D. F. Mean square Expected mean square 
Variance 

components 

Line of sire 2 . 896 o 
2 

+ 12. 458 o S2 S2 0 

Line of dam 2 5.412** o- 
2 

+ 8.222 o D2 0- D2 = . 548 

S x D 4 3.124* o- 
2 

+ 5. 740 o 
SD2 

OE 

SD2 .386 

Error 131 .908 o- 
2 

o- E2 = .908 

Total 139 
** Significant at P <. 01 

Significant at P<. 05 

Table 8. Analysis of variance of yearling wool grade of lambs produced by diallel matings. 

Source of variation D. F. Mean square Expected mean square 
Variance 

components 

Line of sire 

Line of dam 

SxD 

Error 

Total 

2 

2 

4 

104 

112 

26.102 

829 

6.804 

10.173 

o-2 + 12.035 0- S2 

o- 
2 

+ 7. 188 v D2 

o- 
2 5.205 0- SD2 

0-2 

0- S2 - 1.324 

24. v D2 = 2. 039 

6 SD2 0 

OEE2 = 10.173 

24. 

+ 

0 



Table 9. Summary of variance component estimates of the six 
traits measured on animals produced by the diallel 
matings. 
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Trait 
1 

A 2 6 
2) 
6 

2 

S 

Birth weight 

120 -day adjusted 

.244 . 234 3.372 

weaning weight 10.982 4.985 241.018 

Conformation score 
at weaning .698 0 (- 2.175) 99.731 

Condition score 
at weaning 2.647 0 (- 0.727) 103.278 

Yearling wool weight .274 .386 .908 

Yearling wool grade 1.682 0 (- 0.647) 10.173 

1) An average between effect of line of sire and line of dam, 
therefore it includes any maternal effects present. (variance 
components for general combining ability) 

2) The interaction between line of sire and line of dam variance 
component. (variance components for specific combining 
ability) 

g 
# 

e 
2 
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The linecross ewes produced by the diallel matings were bred 

as yearlings and two -year -olds to produce two lamb crops from each 

ewe for evaluation of the lamb producing ability of the linecross ewes. 

The straight -line females were not evaluated for lamb producing 

ability since they were required as replacements in the diallel 

scheme. As a result only general combining ability effects and 

reciprocal effects were estimated. Effect of year was removed 

before estimates of general combining ability and reciprocal effects 

were obtained. The first year a Southdown ram was used to sire the 

lambs but during the last three years of the study one and the same 

Hampshire ram was used for breeding. Any sire effects that might 

have existed due to the use of the Southdown ram the first year were 

removed with the year effect since the Southdown was used only one 

year. That is, the sire effect of the Southdown was confounded with 

year effect. This study was not concerned with estimating year 

effects and sire effects but was directed toward estimating general 

combining ability effects and reciprocal effects. A total of 95 cross- 

bred lambs were born over the four -year period that linecross ewes 

were mated (1962- 1965). Performance traits measured on the re- 

sulting crossbred lambs were birth weight, 120 -day adjusted wean- 

ing weight, and conformation and condition scores at weaning. The 

following endocrine gland weights were taken: right and left adrenals, 

pituitary, and thyroid. The carcass traits considered were cold 
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carcass weight, carcass grade, carcass length, average fat thick- 

ness over the 12th rib, and rib eye area. The weights of brisket - 

flank- and - shank, shoulder and neck, seven rib rack, fat trim, 

trimmed loin, kidney knob, and trimmed legs were obtained and 

they were expressed as a percent of the cold carcass weight. Or- 

ganoleptic and cooking evaluations were recorded for percent total 

loss in cooking, percent drip in cooking, tenderness, juiciness, 

flavor of lean, flavor of fat and overall score. The number of ob- 

servations for each of the traits by linecross of dam is presented 

in Table 10. The least squares constants for the various characters 

studied are shown in Table 11. The overall mean and mean by line - 

cross of ewe for each trait are shown in Table 12. 

Table 10. The number of observations for each of the traits studied 
on the lambs produced by the linecross ewes of the diallel 
mating s . 

Traits 
Type of dam 

Total 1x2 2 x 1 1x3 3x1 x2 

Birth weight 95 11 12 11 16 34 11 

Performance traits' 84 9 11 11 14 29 10 

Endocrine gland 
weights 82 8 11 11 13 29 10 

Carcass 
characteristics 78 8 11 10 12 27 10 

Taste panel 
evaluations 76 8 11 9 12 26 10 

Includes 120 -day adjusted weaning weight and conformation and 
condition scores at weaning. 

1 



Table 11. Least squares constants for the various traits studied on the lambs produced by the linecross ewes of the diallel matings. 

Trait 

General Combining Ability 
Effect Reciprocal Effects 

Line 1 Line 2 Line 3 1/ 
r12 r21 r13 r31 r23 r32 

Birth weight . 3082 - .1015 - . 2067 - . 1027 . 1027 - . 0816 .0816 - . 2827 . 2827 

120 -day adjusted weaning 
weight 4. 0672 -4. 2690 . 2018 . 1002 - . 1002 2. 9812 -2.9812 1.7269 -1.7269 

Conformation score .5824 -3. 1643 2.5819 -4.6244 4. 6244 1.9465 -1.9465 . 4886 - . 4886 

Condition score 2.0457 -2. 8936 .8479 -2. 0827 2.0827 1.8527 -1.8527 .3183 - .3183 

Right adrenal weight . 0238 - . 0517 .0279 .0091 - 0091 .0281 - . 0281 .0095 - . 0095 

Left adrenal weight . 0085 - . 0427 .0342 - . 0425 .0425 . 0182 - .0182 .0022 - .0022 

Pituitary weight - . 0071 - . 0165 .0236 - . 0233 .0233 - . 0025 .0025 - . 0099 . 0099 

Thyroid weight - . 0012 - . 1130 .11 42 - . 0046 . 0046 - . 0452 . 045 2 - . 0128 .0128 

Cold carcass weight 2. 3362 -2.5214 .1852 - . 8130 . 81 30 1. 4349 -1.4349 . 2222 - . 2222 

Carcass grade . 6105 - .9057 .2952 .4583 .4583 . 621 4 . 6214 - .4291 .4291 

Carcass length . 4798 - . 0377 .4421 .1656 - . 1656 - . 3003 .3003 . 2328 - . 2328 

Brisket, flank and shank° . 3923 . 2721 .1202 . 2501 . 2501 - .0940 .0940 - . 4545 . 4545 

Fat thickness .5954 -1. 2332 .6378 .4434 - 4434 . 4387 .4387 .0234 - .0234 

Shoulder and neck- 
2/ 

. 0099 - . 0660 .0561 . 2896 - . 2896 - . 1735 . 1735 .0679 - . 0679 

Rack-- . 2418 - . 3441 .1023 . 1816 - . 1816 - . 1590 .1590 .2829 - . 2829 

Rib eye area . 1059 - . 0759 .0300 .0076 - . 0076 .0496 .0496 . 0050 - .0050 

Fat Vilna/ . 4436 - . 9619 .5183 - . 3063 .3063 . 4479 . 4479 .1032 - .1032 

Trimmed loin2 .1195 - . 0529 .1724 .1807 - .1807 - . 0753 .0753 - .1649 .1649 

- - 

- - 

- 

- - 

- 

- 

- 

' 



Table 11. (Continued) 

General Combining Ability 
Effect Reciprocal Effects 

Trait 
Line 1 Line 2 Line 3 r 1/ r r r r r 

12- 21 13 31 23 32 

Kidney knob- .2899 . 3349 .0450 .0159 . 015 9 .1351 - .1351 .0261 - . 0261 

Trimmed legs- 
2/ 

- . 4099 . 7457 - .3358 - . 0395 .0395 , .0572 - . 0572 - . 3204 .3204 

Percent total loss in cooking - .5527 . 1887 .3640 . 2472 . 2472 . 1710 - . 1710 - .1175 . 1175 

Percent cooking drip 3645 .5342 . 1697 - . 0485 . 0485 . 2689 - . 2689 . 1732 - . 1732 

Tenderness - . 011 9 .0559 - .0440 .0292 - .0292 . 0708 - .0708 . 011 2 - . 011 2 

Juiciness - .0919 .0738 .0181 .1942 .1942 1264 1264 - .0850 .0850 

Flavor of lean . 0224 . 0875 - . 1099 0417 . - . 0417 .0315 .0315 .0089 .0089 

Flavor of fat .1030 - . 0219 - . 0811 .0341 . 0341 .0329 .0329 .0033 - . 0033 

Overall score . 0321 .0320 - . 0641 .0573 . 05 73 . 065 2 .0652 .0149 - -. 0149 

1/r 
represents the reciprocal effect of the particular linecross. 

Expressed as a percent of cold carcass weight. 

2/ - 

- 

. 

- 

- 

- 

- 

- 

- - 

- 

- 

- 



Table 12. Means for the various traits measured on the lambs produced by the linecross ewes 
of the diallel matings. 

Trait 
Overall 
mean 

Line of ewe 
1x2 2x1 1x3 3x1 2x3 3x2 

Birth weight (lbs. ) 9.57 9.67 9.88 9.59 9.75 8.98 9.54 
120 -day adjusted 

weaning weight (lbs. 81.67 81.57 81.37 88.92 82.96 79.33 75.88 
Conformation score 86.50 79.29 88.54 91.61 87.72 86.41 85.43 
Condition score 85.92 82.99 87.15 90.67 86.96 84.19 83.56 
Right adrenal 

weight (g.) .93 .91 .89 1.01 .95 .92 .90 
Left adrenal 

weight (g,) . 99 . 91 1.00 1.05 1.01 .98 . 98 

Pituitary weight (g. ) . . 49 . 44 . 49 . 50 . 51 . 49 . 51 

Thyroid weight (g.) _ 2.07 1.95 1.96 2.14 2.23 2.06 2.08 
Cold carcass 

weight (lbs.) 37.22 36.22 37.85 41.18 38.31 35.11 34.66 
Carcass grade 6.28 5.53 6.44 7.81 6.56 5.24 6. 10 

Carcass length (cm.) 56. 19 56. 80 56.47 55.93 56. 53 55.94 55. 48 

Brisket, flank and 
shank ( 0/0)1 16.81 16.44 16.94 16.44 16.63 16.75 17.66 

Fat thickness (mm.) 3.83 3.64 2.75 5. 50 4.62 3.26 3.21 
Shoulder 

and neck ( %)1 26.89 27.12 26.54 26.78 27.13 26.95 26.81 

- 



Table 12. (continued) 

Trait 
Overall 
mean 

Line of ewe 
1x2 2x1 1x3 3x1 2x3 3x2 

Rack ( %)1 9.36 9.44 9.08 9.55 9.86 9.40 8.84 

Rib eye area (sq. iii.. 1.89 1. 93 1.91 2. 02 1. 92 1.79 1. 78 

Fat trim ( %)1 4.70 3.88 4.49 6.11 5.21 4.36 4.15 

Trimmed loin ( %)1 8.17 8.18 7.82 8.15 8.30 8.12 8.45 

Kidney knob ( %)1 2.25 2.22 2.19 2.72 2.45 1.99 1.93 

Trimmed 
legs ( %)1 28.42 28.72 28.80 27.73 27.62 28.51 29.15 

Percent total loss 
in cooking ( %) 22.46 22. 34 21.85 22.44 22. 10 22. 53 23. 13 

Percent drip in 
cooking ( %) 3.45 3.23 3.33 4.25 3.72 3. 26 2.91 

Tenderness 6.90 6.97 6.91 7.00 6.86 7.01 6.99 

Juiciness 6.20 5.99 6.38 6.00 6.25 6.21 6.38 

Flavor of lean 6.20 6. 35 6. 27 6. 08 6. 14 6. 17 6. 19 

Flavor of fat 6. 00 6. 12 6. 05 5.99 6. 05 5.90 5. 89 

Overall score 6.40 6. 52 6. 41 6. 30 6. 43 6. 38 6. 35 

1 Expressed as a percent of cold carcass weight. 
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Year effects were found to be significant for 120 -day adjusted 

weaning weight, right adrenal weight, left adrenal weight, thyroid 

weight, carcass length, percent brisket-flank-and-shank, and juici- 

ness score. Year effects were highly significant for pituitary weight, 

rib eye area, percent shoulder and neck, percent rack, percent total 

loss in cooking, flavor of lean, and flavor of fat. These year effects 

were removed in order to obtain a more accurate estimate of general 

combining ability effects and reciprocal effects. 

Birth weight was recorded on a total of 95 crossbred lambs. 

The overall average birth weight was 9. 57 pounds. Linecross ewes 

2 x 3 produced lambs with the lowest birth weight while linecross 

ewes 2 x 1 had the heaviest crossbred lambs. All linecross ewes 

possessing line 1 breeding produced lambs heavier at birth than the 

overall mean. Line 1 was superior when brought in through the 

maternal side rather than the paternal side. That is, linecross ewes 

2 x 1 and 3 x 1 produced lambs with the heaviest birth weights (Table 12). 

The analysis of variance for birth weight is shown in Table 13. 

Neither a general combining ability effect nor reciprocal effects were 

found for birth weight. The mean squares for both general combining 

ability and reciprocal effects were smaller than the error mean 

square indicating that the variance components for the two were zero. 

The overall mean for 120 -day adjusted weaning weight on the 84 

crossbred lambs was 81. 67 pounds. Linecross 3 x 1 and 1 x 3 ewes 
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produced lambs with the heaviest weaning weights. It was noted 

that among lambs produced in the diallel, linecross lambs 3 x 1 

and 1 x 3 had the heaviest 120 -day adjusted weaning weights. There- 

fore, the linecross ewe lambs with the heaviest weaning weights 

produced crossbred lambs with the heaviest weaning weights. Line - 

cross 3 x 2 and 2 x 3 ewes raised lambs with the lowest 120 -day 

adjusted weaning weight. As a result it was observed that line 2 

performed better in combination with line 1 than with line 3, while 

at the same time line 1 performed better with line 3 than with line 

2 (Table 12). 

The analysis of variance (Table 13) shows no significant gen- 

eral combining ability or reciprocal effects for 120 -day adjusted 

weaning weight. The mean square for general combining ability 

was larger than the error mean square while the mean square for 

reciprocal effects was smaller. 

Linecross 1 x 3 ewes produced lambs with the highest con- 

formation and condition scores at weaning. The lowest conformation 

and condition scores were recorded for lambs produced by 1 x 2 

linecross ewes. 

No general combining ability or reciprocal effects were ob- 

served for either conformation score or condition score (Table 13). 

The mean squares for general combining ability and reciprocal 

effects were both larger than the error mean square for conformation 
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score indicating a positive variance component for both, but for 

condition score the variance component for reciprocal effects was 

assumed to be zero since the mean square for reciprocal effects was 

smaller than the error mean square. 

In a study with three inbred lines of Hereford cattle, Hoorn - 

beek (1965) observed differences between lines and linecrosses for 

conformation and condition scores. Higher scores were given to 

Lionheart x Prince calves than calves resulting from crosses in- 

volving the lower scoring David line. The Lionheart line was the 

best in combining ability of the three lines. 

A total of 82 crossbred lambs were slaughtered and the endo- 

crine glands removed and weighed. The largest adrenals (right and 

left) were recorded for lambs produced by linecross 1 x 3 ewes. 

Lambs from linecross 3 x 1 and 3 x 2 ewes had the heaviest pituitary 

gland weights followed by lambs from 1 x 3 ewes. Thyroid weight 

was greatest for lambs from 3 x 1 and 1 x 3 ewes. The lambs from 

linecross 3 x 1 and 1 x 3 ewes had the heaviest 120 -day adjusted 

weaning weights and also exhibited the heavier right and left adrenal, 

pituitary, and thyroid weights. This would indicate that the more 

rapidly gaining lambs (those having the heavier weaning weights) 

possessed the largest endocrine glands. However, it should be noted 

that lambs from the 3 x 2 linecross ewes were the smallest in 120 - 

day adjusted weaning weight but had larger pituitary weights (Table 12). 
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The analyses of variance for endocrine gland weights are 

shown in Table 14. No significant general combining ability effects 

or reciprocal effects were noted for the weights of the four glands. 

It was noted that a positive general combining ability variance com- 

ponent was present for all four gland weights. On the other hand, the 

mean squares for reciprocal effects for all four gland weights were 

below the error mean squares indicating that variance components 

for reciprocal effects were zero. 

Detailed carcass information was obtained on 78 of the cross- 

bred lambs. The average cold carcass weight was 37.22 pounds, 

average carcass grade was 6.28 (high good), average carcass length 

was 56. 19 centimeters, average fat thickness over the 12th rib was 

3. 83 millimeters, and the average rib eye area was 1.89 square 

inches. Lambs from 1 x 3 linecross ewes exhibited the heaviest 

cold carcass weight, highest carcass grade, thickest fat covering, 

and largest rib eye area. Lambs from the 1 x 2 linecross ewes 

had the longest carcasses. Lambs of linecross 3 x 1 ewes were 

second in cold carcass weight, carcass grade, carcass length, and 

fat thickness over the 12th rib as well as being third in rib eye area. 

These results indicated that line 1 and line 3 combined better than 

line 1 and line 2 or line 2 and line 3 for all five of these traits. Line - 

cross 2 x 3 and 3 x 2 ewes produced lambs showing the lowest mean 

for all five of the traits (Table 12). 



Table 13. Analysis of variance for birth weight, 120 -day adjusted weaning weight, conformation 
score and condition score of the lambs produced by the linecross ewes of the 
diallel matings. 

Source of variation D. F. 
Mean square 

D. F. 

Mean squares 
120 -day adjusted Conformation 
weaning weight score 

Condition 
score Birth weight 

Year 3 7.044 3 973.958* 121.040 31.520 

General combining 
ability 2 2.116 2 465. 162 193. 128 171.464 

Reciprocal effects 3 1.016 3 100. 941 169. 119 56. 138 

Error 86 2.918 75 266.255 105.667 94.323 

Total 94 83 

* Significant at P<. 05 

Table 14. Analysis of variance for endocrine gland weights of the lambs produced by the linecross 
ewes of the diallel matings. 

Mean squares 
Source of variation D. F. Right adrenal Left adrenal Pituitary Thyroid 

Year 3 .0716* . 0912* .0399** . 4315* 

General combining ability 2 . 0474 . 0334 .0089 .2691 

Reciprocal effects 3 . 0076 .0134 .0043 .0178 

Error 73 .0176 .0258 .0065 .1325 

Total 81 

* Significant at P<. 05 
** Significant at P<. 01 
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The analyses of variance for cold carcass weight, carcass 
A 

grade, carcass length, fat thickness, and rib eye area are presented 

in Table 15. A significant general combining ability effect was ob- 

served for carcass grade and a highly significant general combining 

ability effect was found for fat thickness over the 12th rib while 

general combining ability effects for cold carcass weight were ap- 

proaching significance. Line 1 was superior in combining ability 

for carcass grade followed by line 3, while line 3 was the greatest 

in combining ability for fat thickness followed by line 1 (Table 11). 

No significant reciprocal effects were found for any of these five 

traits. With the exception of carcass grade, the mean squares for 

reciprocal effects were smaller than the error mean squares indi- 

cating a zero variance component for reciprocal effects. 

Contrary to these results, in a study involving outbred and 

inbred sires of cattle, Tallis, Klosterman, and Cahill (1959) ob- 

served a lack of line differences for various carcass characteristics. 

However, Hetzer et al. (1961) observed significant general combining 

ability effects for several carcass traits in swine of which backfat 

thickness was one showing general combining ability effects. 

Brisket - flank- and - shank, shoulder and neck, rack, fat trim, 

trimmed loin, kidney knob, and trimmed legs weights were recorded 

and the percent of each of these of the cold carcass weight was calcu- 

lated. The more desirable cuts were the rack, trimmed loin, and 
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trimmed legs which means the crossbred lambs showing the greatest 

percent of these cuts would be the most desirable. Lambs from 3 x 1 

linecross ewes had the greatest percent of shoulder and neck, rack, 

and trimmed loin but had the lowest percent of trimmed legs. The 

lowest percent brisket - flank -and -shank was observed for lambs 

produced by 1 x 2 and 1 x 3 linecross ewes while the largest percent 

of brisket - flank- and -shank resulted from carcasses of lambs from 

3 x 2 linecross ewes. The lowest percent of shoulder and neck was 

found for lambs produced by 2 x 1 linecross ewes followed by lambs 

from 1 x 3 linecross ewes. Lambs from 2 x 1 ewes exhibited the 

smallest percent of rack. Percent fat trim, which was undesirable, 

was greatest for lambs produced by 1 x 3 ewes and smallest for 

lambs produced by 1 x 2 ewes. The least percent of trimmed loin 

came from lambs produced by 2 x 3 ewes. The largest percent 

kidney knob was observed in lambs produced by 1 x 3 ewes whereas 

the smallest percent of kidney knob came from lambs produced by 

3 x 2 ewes. The highest percent of trimmed legs came from lambs 

produced by 2 x 1 ewes (Table 12). 

In Table 16 the analyses of variance for all the various carcass 

percentages are given. Significant general combining ability effects 

were recorded for percent fat trim, percent kidney knob, and percent 

trimmed legs. Line 3 was the highest in combining ability for per- 

cent fat trim which was considered an undesirable trait followed by 



Table 15. Analysis of variance for cold carcass weight, carcass grade, carcass length, fat thickness, and rib eye area of lambs produced by the linecross ewes of the diallel matings. 
Mean squares 

Source of variation D. F. 
Carcass 
weight 

Carcass 
grade 

Carcass 
length 

Fat 
thickness 

Rib eye 
area 

Year 3 36.028 8.403 21.366* 5.740 .5015 ** 

General combining ability 2 146. 064 15. 036* 4.913 25. 449** .2262 
Reciprocal effects 3 19.128 5.803 1.335 2.597 . 0184 
Error 69 50.421 4.294 6.098 4.612 .0987 
Total 77 

Û 
Significant at P <. 05 
Significant at P<. 01 

Table 16. Analysis of variance for various portions of the carcass expressed as a percent of the cold carcass weight of the lambs produced by the linecross ewes of the diallel matings. 
Mean squares 

Source of variation D. F. 
Brisket, 

flank and 
shank 

Shoulder 
and neck Rack 

Fat 
trim 

Trimmed 
loin 

Kidney 
knob 

Trimmed 
le legs g 

Year 3 .0584* .0479 ** .0784 ** .0944 .0128 .0051 .0232 
General combining ability 2 .0306 .0008 .0222 .1541* .0049 .0242* . 0951 * 

Reciprocal effects 3 .0242 .0076 .0115 .0209 .0050 .0014 .0102 
Error 69 .0192 .0104 .0112 .0428 .0078 .0056 .0203 
Total 77 

* Significant at P<. 05 
** Significant at P<. 01 
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lines 1 and 2 in that order. Line 1 was greatest in combining ability 

for percent kidney knob fat, also considered undesirable, followed 

by line 3 and line 2, respectively (Table 11). These findings indi- 

cated that line 2 had the lowest combining ability for increasing the 

percent of waste fat in the carcass. On the other hand, line 2 was 

the best in general combining ability for percent trimmed legs follow- 

ed by line 1 and line 3, respectively. Significant reciprocal effects 

were not found for any of the seven carcass characteristics. 

In a related study involving six inbred lines of swine crossed 

in all possible ways, Hetzer et al. (1961) observed significant gen- 

eral combining ability effects for all carcass traits measured except 

dressing percent. They measured dressing percent, percent yield 

of lean cuts, percent yield of bacon, percent yield of preferred cuts 

(sum of lean cuts and bacon), percent yield of fat cuts, and backfat 

thickness. Specific combining ability effects were significant only 

for percent bacon, indicating that in their data specific combining 

ability effects were very small, if present at all. 

A seven rib rack was removed from the carcass of 76 of the 

crossbred lambs for cooking and organoleptic evaluations. A 

trained taste panel of eight members evaluated a portion of lean 

and fat from each rack. Percent total loss in cooking was greatest 

for lambs produced by linecross 2 x 3 ewes and lowest for lambs 

of 2 x 1 ewes. Percent drip in cooking which is an indicator of the 
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amount of intra- and intermuscular fat was lowest for lambs from 

3 x 2 linecross ewes and highest for lambs from 1 x 3 linecross 

ewes (Table 12). This was to be expected since it was noted earlier 

that lambs produced by 1 x 3 linecross ewes had the greatest percent 

fat trim and percent kidney knob fat. Likewise, it was previously 

observed that lambs from 3 x 2 linecross ewes had the second from 

lowest percent fat trim and the smallest percent kidney knob. No 

consistent trends were established for the taste panel evaluations. 

The variations between lines for the five evaluations were fairly 

small. Lambs from 1 x 3 linecross ewes were evaluated as the 

most tender whereas lambs from 3 x 1 linecross ewes exhibited the 

least amount of tenderness. The 2 x 1 linecross ewes produced 

lambs with carcasses having the greatest amount of juiciness while 

1 x 2 ewes produced lambs with the least amount of juiciness. Lambs 

from 1 x 2 linecross ewes were scored the most desirable for flavor 

of lean, flavor of fat, and overall score of the rack while lambs from 

1 x 3 ewes were scored lowest in flavor of lean and overall score. 

Linecross 3 x 2 ewes produced lambs with the least desirable flavor 

of fat (Table 12). 

No significant general combining ability effects or reciprocal 

effects were observed for any of the cooking or taste panel evalua- 

tions (Table 17). The mean squares for reciprocal effects for all 

seven traits were smaller than the error mean squares indicating 
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a negative variance component or a variance component which is 

assumed to be equal to zero for reciprocal effects. The general 

combining ability effects for percent total cooking loss and percent 

drip in cooking were the only two of the seven even approaching 

significance. 

The expected mean squares for all the traits studied on the 

crossbred lambs are presented in Table 18. Expected mean squares 

for year were not included since it was not the intention to estimate 

variance components for years. Estimates of variance components 

for the traits measured on the lambs produced by the linecross ewes 

of the diallel matings are shown in Table 19. Variance components 

for reciprocal effects were negative and therefore assumed equal 

to zero for all traits except conformation score at weaning, carcass 

grade, percent rack, and juiciness. General combining ability 

variance components were all greater than zero except for birth 

weight, carcass length, percent of carcass in shoulder and neck, 

percent of carcass in trimmed loin, tenderness, juiciness, and 

overall score of organoleptic evaluations. 

The lack of sufficient genetic diversity between the three lines 

to obtain general combining ability, specific combining ability, and 

reciprocal effects was generally demonstrated throughout the study. 

Since the lines were developed from a common genetic base and the 

same direction of selection was applied to all three lines, genetic 



Table 17. Analysis of variance for taste panel evaluations of a seven -rib rack from each carcass of 
the lambs produced by the linecross ewes of the diallel matings. 

Mean squares 

Source of variation 

Percent 
total loss 

D. F. in cooking 

Percent 
drip in 
cooking 

Tender- 
ness 

Juici- 
ness 

Flavor of Flavor of Overall 
lean fat score 

J. J. 
Year 3 99.887 ** 2.356 1.8376 .819' 3.279** 1.121''* .3859 

General combining ability 2 5. 685 5.029 . 0519 . 174 . 196 .207 . 0615 

Reciprocal effects 3 .704 .785 .0405 .407 .018 .014 .0502 

Error 67 2.895 2.092 .8729 .229 .148 .118 .3656 

Total 75 
*Significant at P<. . 05 

Significant ** Significant at P <. 01 

Table 18. Expected mean squares for the traits measured on the lambs produced by the linecross 
ewes of the diallel matings. 

Source of 
variation Birth weight 

120 -day adjusted 
weaning weight 

conformation and 
condition scores 

Endocrine 
gland weights 

Carcass 
measurements 

Taste panel 
evaluations 

General com- 
bining ability 

Reciprocal 
effects 

Error 

6 2 + 8.629o- 
2 

g 

6 2+ 6. 809c 2 
r 

62 

6 
2 

+ 7. 7340- 
2 

g 

6 
2+ 

6. 0770 
2 

r 
2 6 

6 
2 

+ 7. 5166 2 

g 

o- 
2 

+ 5.913ß 
2 

r 
2 0- 

0-2 + 7.266o- 2 

g 

6 
2+ 

5. 7020 2 

r 
62 

6 + 7.2650- 

6 

6 

2 2 

g 

2 
+ 5. 5736 

2 

r 
2 Ñ 

+ 
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Table 19. Estimates of variance components for the traits measured 
on the lambs produced by the linecross ewes of the diallel 
mating s . 

Trait # 2 # 2 2 
r E 

Birth weight 
120 -day adjusted 

weaning weight 
Conformation score 

0 ( -.093) 

25. 719 
11.309 

0 ( -.279) 

0 ( -27. 203) 
10.441 

2.918 

266. 255 
105.667 

Condition score 9.974 0 (- 6.284) 94. 323 
Right adrenal weight . 0040 0 ( -. 002) . 0176 
Left adrenal weight . 0010 0 (-. 0021) . 0258 
Pituitary weight . 0003 0 ( -. 0004) . 0065 
Thyroid weight . 0182 0 ( -. 0194) . 1325 
Cold carcass weight 13. 163 0 (- 5.488) 50.421 
Carcass grade 1.478 .265 4.294 
Carcass length 0 ( -. 163) 0 ( -.835) 6.098 
Brisket, flank and 

shank weight' .0016 .0009 .0192 
Fat thickness 2. 868 0 ( -. 353) 4. 612 
Shoulder and neck weight' 0 ( -. 0013) 0 ( -. 0005) . 0104 
Rack weight' .0015 .0001 .0112 
Rib eye area . 0175 0 (-. 0141) .0987 
Weight of fat trim' . 0153 0 ( -. 0038) . 0428 
Trimmed loin weight' 0 ( -. 0004) 0 ( -. 0005) . 0078 
Kidney knob weight' . 0026 0 ( -. 0007) .0056 
Trimmed legs weight' . 0103 0 ( -. 0018) .0203 
Percent total loss in 

cooking . 384 0 (-. 393) 2. 895 
Percent drip in cooking . 404 0 ( -. 235) 2. 092 
Tenderness 0 ( -. 113) 0 ( -. 149) . 8729 
Juiciness 0 (-. 008) .032 .229 
Flavor of lean . 007 0 ( -.023) . 148 
Flavor of fat .012 0 ( -. 019) . 118 
Overall score 0 (- .0419) 0 (- .0566) .3656 

Expressed as a percent of cold carcass weight. 1 
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diversity was held to a minimum. For some of the traits to which 

no direct selection was applied, such as carcass traits, sufficient 

diversity between lines was developed to the point where significant 

general combining ability effects were detected. On the other hand, 

even though no direct selection was applied to increase or decrease 

endocrine gland weights or taste panel and cooking evaluations, 

general combining ability and reciprocal effects were not significant 

for them. 

The biological implications brought out by this study are that 

to have general combining ability, specific combining ability and 

reciprocal effects genetic diversity between lines must be present 

in the initial material. Even though the three inbred lines used in 

this study were kept as closed lines the selection for the same 

characters in each line maintained them very similar genetically. 

Probably even with more intensive inbreeding but rigid selection 

within lines, genetic separation of the lines would not be accom- 

plished. In this case the inbreeding coefficient of the line would be 

increasing but the changes in gene frequencies would likely be in 

the same direction and at about the same rate in each of the lines. 

It is also possible that selection is maintaining heterozygosity to 

the point that the homozygous loci in the lines are not being increased 

even though the calculated inbreeding coefficients are being increased. 

That is, the calculated inbreeding coefficient may be much greater 

/ 
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than the actual inbreeding because the heterozygous individuals may 

have been selected for replacements each time. 

In view of these findings it might be of advantage to select one 

line for one trait or group of traits, a second line for a second trait 

or group of traits, and a third line for a third trait or group of traits. 

With this practice genetic diversity would be maximized between 

lines along with greatly improving general as well as specific com- 

bining abilities between lines. In any event genetic divergence be- 

tween the inbred lines must be present before general and specific 

combining abilities will be obtained. It is evident that the only 

practical value inbred lines possess is the use that can be made of 

them to obtain general or specific combining ability, Therefore, it 

would be advisable that workers wishing to make use of general and 

specific combining abilities should first test the lines to be used for 

their genetic diversity and potential combining abilities. Then the 

material showing better combining ability could be developed into 

lines that would be useful for the production of superior linecrosses. 
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SUMMARY AND CONCLUSIONS 

A complete diallel cross among three inbred lines of Suffolk 

sheep was conducted over a five year period, 1961 -1965. Birth 

weight, 120 -day adjusted weaning weight, and conformation and 

condition scores at weaning were recorded on the lambs resulting 

from this cross. Data on these traits were analyzed in order to 

detect differences due to line of sire, line of dam, and sire x dam 

interaction. The line of sire effect was assumed to be a measure 

of the general combining ability effect of the line while the sire x 

dam interaction was assumed to be a measure of the specific com- 

bining ability. The line of dam effect was also a measure of general 

combining ability plus any maternal effects present. 

Linecross 3 x 2 lambs had the heaviest birth weight and all 

linecrosses involving line 2 were above the overall mean for birth 

weight. For 120 -day adjusted weaning weight the linecross 3 x 1 

lambs were highest followed by their reciprocal cross 1 x 3 indicating 

that line 1 combined effectively with line 3. As was observed with 

120 -day adjusted weaning weight, linecross 3 x 1 was superior for 

both conformation and condition scores followed by its reciprocal 

cross, 1 x 3. Therefore, it was concluded that lines 1 and 3 com- 

bined more effectively than lines 1 and 2 for conformation and condi- 

tion score. Linecross 1 x 3 had the heaviest fleece weight followed 
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by linecrosses 2 x 3 and 3 x 1, respectively. Very little variation 

in wool grade was observed among the linecrosses but linecross 

3 x 1 had the lowest wool grade of all the linecrosses followed by 

linecross 1 x 2 with the next to lowest. From these results it was 

concluded that the linecrosses were superior to the straight lines. 

Among the linecrosses, considering all six traits, 3 x 1 and 1 x 3 

appeared to be the better crosses implying that lines 1 and 3 com- 

bined more effectively than either lines 1 and 2 or lines 2 and 3. 

No significant general combining ability effects were observed 

for any of the six traits studied on the individuals born from diallel 

matings. Significant specific combining ability effects were observed 

only for yearling wool weight. Significant line of dam effects were 

observed for birth weight and yearling wool weight indicating a 

possibility of maternal effects for these two traits. 

The linecross ewe lambs produced by the diallel matings were 

bred as yearlings and two- year -olds to a common sire to determine 

the lamb producing ability of the linecross ewes. No straight line 

ewe lambs were evaluated for lamb producing ability. Estimates of 

general combining ability and reciprocal effects were obtained on 

the lambs produced by these linecross ewes. Year effects were 

removed before estimates of general combining ability and reciprocal 

effects were obtained. A total of 95 lambs were evaluated over a 

four year period, 1963 -1966. Observations were made on birth 

weight, 120 -day adjusted weaning weight, conformation and condition 
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scores at weaning, endocrine gland weights, detailed carcass in- 

formation, and organoleptic and cooking evaluations. 

Lambs from 2 x 1 linecross ewes had the heaviest birth weights 

while lambs produced by 2 x 3 linecross ewes were the smallest at 

birth. All linecross ewes possessing line 1 breeding produced lambs 

heavier at birth than the overall mean. Linecross 3 x 1 and 1 x 3 

ewes produced lambs with the heaviest 120 -day adjusted weaning 

weight, while 3 x 2 ewes produced lambs with the lowest weaning 

weights. The highest conformation and condition scores were re- 

corded for lambs produced by 1 x 3 ewes. As a result it appeared 

that line 1 was the most effective combining line considering all 

four performance traits with lambs from 3 x 1 and 1 x 3 ewes show- 

ing the best records. However, general combining ability and re- 

ciprocal effects were not significant for the four performance traits. 

Lambs produced by 1 x 3 and 3 x 1 ewes had the heavier endo- 

crine gland weights for all four glands removed. However, no signif- 

icant general combining ability effects or reciprocal effects were 

noted for the four endocrine gland weights. 

Lambs from 1 x 3 linecross ewes exhibited the heaviest cold 

carcass weights, highest carcass grade, thickest fat covering, and 

largest rib eye area while the reciprocally produced lambs (3 x 1) 

were second in cold carcass weight, carcass grade, carcass length, 

and fat thickness over the 12th rib as well as third in rib eye area. 
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Lambs from 1 x 2 ewes had the longest carcasses. No reciprocal 

effects were observed but a significant general combining ability 

effect was observed for carcass grade and a highly significant gen- 

eral combining ability effect was found for fat thickness over the 12th 

rib. Line 1 was the highest in general combining ability for carcass 

grade followed by line 3 while line 3 was the greatest in general com- 

bining ability for fat thickness followed by line 1. 

Lambs from 3 x 1 linecross ewes had the greatest percent 

shoulder and neck, rack, and trimmed loin but had the lowest per- 

cent trimmed legs. Percent fat trim and kidney knob were greatest 

for lambs of 1 x 3 ewes and smallest for lambs of 1 x 2 and 3 x 2 

ewes, respectively. Significant general combining ability effects 

were found for percent fat trim, percent kidney knob, and percent 

trimmed legs. Line 3 was the greatest in general combining ability 

for percent fat trim, which was an undesirable trait, followed by 

line 1. Line 1 was the highest in general combining ability for 

percent kidney knob, also considered undesirable, followed by line 3. 

On the other hand, line 2 was the best combiner for percent trimmed 

legs followed by line 1. Therefore, it was concluded that line 2 was 

superior to lines 1 and 3 due to the undesirability of increasing kid- 

ney knob and fat trim percentages. No reciprocal effects were ob- 

served for any of these traits. 

No significant general combining ability effects or reciprocal 
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effects were observed for any of the cooking or taste panel evalua- 

tions. There was very little variation between groups for taste 

panel evaluations. Lambs from 1 x 2 linecross ewes were scored 

the most desirable for flavor of lean, flavor of fat, and overall 

score. Tenderness and juiciness were best for lambs produced by 

1 x 3 and 2 x 1 ewes. Percent cooking loss was greatest for lambs 

produced by 2 x 3 linecross ewes. 

Considering the entire study it was concluded that line 1 was 

the most effective in general combining ability followed by lines 3 

and 2, respectively. The 1 x 3 and 3 x 1 linecross lambs of the 

diallel matings appeared superior. Linecross 1 x 3 and 3 x 1 ewes 

produced crossbred lambs of outstanding quality when compared to 

the lambs produced by the other linecross ewes. 

The development of the three lines from the same genetic 

foundation and the selection within each of the lines for the same 

traits tended to keep the lines genetically similar which resulted in 

little general or specific combining ability being obtained from 

crossing the lines. 
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