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Crisscross Breeding of Poultry

H. M. HYRE and M. R. McCLUNG

CRISSCROSS BREEDING of poultry consists of crossing two dif-

ferent breeds or strains to produce the Fi progeny, and subsequent

generations are produced by alternate use of males from the pure lines on

the crossed pullets. Some prefer to call this rotational crossbreeding. Het-

erosis from this form of crossbreeding needed further study. The pheno-

menon of heterosis or hybrid vigor is well known from the crossing of

breeds and varieties of both animals and plants. It is exhibited in poultry

by improvement in hatchability, growth rate, and egg production. The ex-

tent to which this condition is obtained will depend upon the combining

ability of the strains that are used for the various economic traits.

There are several methods of obtaining heterosis in poultry. Some of

these are crossbreeding, strain crossing, the crossing of inbred lines, and

crisscross breeding. Assuming that similar results could be obtained, criss-

cross breeding would appear to be the most economical method since

only the males of the two pure lines would be used in the crisscross breed-

ing program. The females used would be those produced by crisscross

breeding. This type of a poultry breeding program could be used to ad-

vantage in several different plans. Commercial hatcherymen could enter

into agreements with two different breeders to supply the males for the

laying flocks that are to produce the hatching eggs. A fairly high degree of

heterosis might be maintained by alternating the two different male

strains from year to year. Small breeders with only one strain might in-

crease heterosis in their stock by exchanging males. Crisscross breeding

could be an excellent tool to be used in a franchised hatchery program.

The poultry breeder would need to develop and maintain two different

strains and supply the franchised hatcheries with males only.

Results from numerous crossbreeding experiments have been report-

ed. Warren (1927) found hybrids to be definitely superior to either par-

ental breeds in mean egg production. The Fi progeny produced 23 per

cent more eggs during the first year's lay than the ^Miite Leghorn ^vhich

had the higher production of the two breeds used in tlie cross. Nordskog

and Ghostley (1954) compared strain crosses, crossbreds, and pure strains.

They found that in total eggs produced the three yeais' results favored

strain crosses and crossbreds over the pure strains by 10 and 12 per cent.



respectively. The Fi crosses also had a higher per cent hatchability, grew

at a more rapid rate, and showed a lower mortality rate than either of the

parental strains. Hyre ei al. (1962) reported that Fi females from various

crosses produced at a higher rate than the parent stock with one except-

ion. Cole and Hutt (1962) stated that continued selection and resultant

improvement within pure strains can be obtained without loss of hybrid

vigor when such strains are crossed and that such a method of obtaining

better hybrids is practical. Skaller (1954) presented data which showed

that heterosis in poultry may be produced by crisscross breeding as well

as by crossbreeding as expressed in better hatchability, lower chick mor-

tality, and higher egg production than the original pure strains. Nordskog

and Phillips (1960) found a difference between reciprocal crosses in

adult mortality among the breeds that they used.

Experimental Procedure

Four strains of chickens were used in this study. They consisted of

two strains of White Leghorns, Leghorn 1 and Leghorn 2; one Rhode Is-

land Red strain; and one New Hampshire strain. These strains were

crossed to provide six different crosses as well as six different lines of

crisscrosses. Individual pedigree records were kept on all pure lines and

this information was used in the breeding program. Two hundred pullets

in each of the pure lines were trapnested each year and approximately 75

hens were selected from each strain to be used as breeders for the next

year. Six breeding pens were maintained for each of the four pure strains

from which the individual pedigreed data were collected. Each of the six

crossbred lines had 50 pullets and the crisscross lines had 30 pullets for

each year from which the data were collected. The males used to produce

the crosses and the crisscrosses were genetically similar to the males used

in the pure lines. Individual records were not kept on the dams of the

crosses and crisscrosses since the breeding system used with these lines

was mass mating and the data were on a flock basis. Reciprocal crosses

were not made in this study.

All chicks were hatched during the spring months and were brooded

and reared together. The pullets were housed at approximately 5 months

of age in similar laying quarters which provided 3 i/^ square feet of floor

space per bird. The same ration was fed to all groups and all environ-

mental conditions were similar for all lines. Egg production records were

kept for a period of 10 months. Data were collected on egg numibers, egg

size, livability, fertility, and hatchability.



Results and Discussion

The data presented here cover a period of three years and include

three groups of layers. These groups consisted of the purebred lines, the

crossbred lines, and the crisscross lines. Mean performance of the breed-

ing combination is given in Table 1. Egg production results shown here

are given in per cent on a hen-day basis and cover the period from 28 to

65 weeks of age for all lines. These percentages are means resulting from

three years of performance. The production of each of the purebreds used

to make the crosses and crisscrosses is shown along with the results of

the crosses and crisscrosses. These data show that in all but two

instances, the crosses and crisscrosses out-performed the purebreds. The

per cent mean production for the three groups-purebreds, crosses, and

crisscrosses-may been seen in Table 2. Here it may be noted that the

crossbred group has a mean per cent production of 64.7, while that of

the crisscross group is 65.2. There was no difference between these two

groups in egg production; however, there was a higher significant dif-

ference between these two groups and that of the purebred group which

had a mean production of 55.9 per cent. The analysis of variance for egg

production is given in Table 7.

Table 2 presents the phenotypic parameters for egg production, and

it may be seen that the mean and variance in these data have moved to-

gether. The variation in production between the crossbred lines and the

crisscross lines was very similar. Mean egg weights for the various lines

are presented in Table 1. These weights were taken in February and

March after the birds had been in production for 6 to 7 months. Egg

weights for the light breeds were less than those for the heavy breeds.

Table 7 gives the analysis of variance which shows that there is a higher

significant difference between breed types.

Table 3 presents the mean egg weight in grams for the various

groups. Egg weights for the purebreds, crosses, and crisscrosses were 58.9,

62.4, and 61.8 grams per egg, respectively. This would seem to indicate

that both types of crossing tend to increase egg size. Here, as in 6gg pro-

duction, we find the mean and variance of these data have generally mov-

ed together.

Table 4 presents mean per cent livability for all lines. Livability was

slightly improved in the crisscrosses over the crosses, 84.5 vs. 83.7, but the

coefficient of variation was 12.5 vs. 7.3. This was due to wide variation

between the combination in the crisscrosses in the ability to survive when

averaged over years as well as wide fluctuations between years. The high-



<

w
w
Pi

a
h
w

H

O

pq

Pi

U
Q

o
Pi

u
w

H
ti

O

H
P
W
P<

W

H

O
z
o

2
<

o
u

w

fi

h

C-; !>; C» CO so CNT

* oo 00 00 eo 00
00 00 00 00 05 00

O OI CTi -^ "* eo
U o r-^ CO oj r-^ 00

00 00 00 00 OO T^i

1-; 00 1--; 00 r-; i-~.

IX ^ oi ^ oi '^ ^
r^ t^ !> r^ t^ i^

(>I CNI O f -^ -^ 00

_, rt rt _; Tj^ '^ oi
CD ^D CO I:-- t^ t-~

>-^ Q ic 00 p 00 00^ Tt< J>^ oi CO IT-' CO
en 00 00 CTi cH CO

p r-; r-. ^ j^ —

.

O m i>^ j>^ o >r c-i
CO ITj t^ t^ ^rj r^

05 i>; t>; t-; j^ I>.

CM o m -^ m T+^ "*
CO j>- r^ r^ j^ t^

r~; J--; i>; O) (3, r-.

,
I

O C5 O) CD Q ir;
t^ 1^ t^ 00 ^ r^

CO '^ CT) t» 0( 00

ir^ 00 p p p GO
U ^ 06 c\t CO ^ c>i

00 t^ 00 00 CD 00

CO CM en CM CT) Ol

1^ ci cr. p CO c^i

^ eo cr> in oes c^j i>.

^ O CTJ ^ r-H 00 (M
CO CO CO CO CO CO

P 0(2 -^ t-- C^f 10
U 00 00 1—^ CO eo 00m CO CO CO CO CO

O O Cj O O) en

P P CO p p p
_H un iri ifN t^ t^^ c>i

10 i.n m m m CO

U p —;
iq p c>4 00

U 00 i^ ^ r-I 06 o
CO CO CO CO CO CO

li^ i:^ ir^ CO CO i^U ci o ^ O (7) 00
CO CO CO CO CO CO

_ p (M p (M CO CO

* 00 00 00 p p C^f ^ ^^ ^."
—

' m Kn m CO CO a-; ^ ^0 .'a be
i-o lo m CO CO Th

^ G c« "O

ei
S 2 " <"

tn CJ " r- OJ

X
L.2

X

N.H.

X

R.I.R.

X

N.H.

X

R.I.R.

.

X

R.I.

^ - S s^

is

the

is

the
repres repre

scross

-^ -^ -H C^I CM i^

t, cmU UUJ J J J J 2

-H or CO ^
f^ F14 ^ |X|

J fe fc. |i|

X X X X



Table 2. General Statlstical Information Regarding

THE Three-Year Mean Per Cent Egg Production

Purebred Lines x s sx CV
Leghorn 1 55.8 6.18 3.57 1 1 .1

Leghorn 2 63.0 3.01 1.74 4.8

New Hampshires 49.2 2.50 1.44 5.1

Rhode Island Reds 55.6 4.79 2.76 8.6

X 55.9 4.12 2.38 7.4

Crossbred Lines
Leg. 1 X Leg. 2 69.5 7.72 4.46 11.1

Leg. 1 X New Hampshires 60.7 4.17 2.41 6.9

Leg. 1 X Rhode Island Reds 64.5 8.90 5.14 13.8

Leg. 2 X New Hampshires 60.3 8.49 4.90 14.1

Leg. 2 X Rhode Island Reds 69.3 8.81 5.09 12.7

R. I. Reds X New Hampshires 63.7 10.47 6.04 16.4

X 64.7 8.09 4.67 12.5

Crisscross Lines

Fi_„_3 (Leg. 1 X Leg. 2)* 63.0 4.93 2.84 7.8

F,_,_3 (Leg. 1 X NH) 67.1 9.21 5.32 13.7

F,_,_3 (Leg. 1 X RIR) 64.5 2.34 1.35 3.6

F,_.,_3 (Leg. 2 X NH) 67.6 11.03 6.37 16.3

F,_.._3 (Leg. 2 X RIR) 68.2 9.78 5.65 14.4

F,.,.;, (NH X RIR) 60.8 8.47 4.89 13.9

X 65.2 7.63 4.40 11.6

*^l-2-3 refers to the first, second and third generations. The breeds shown in the par-

enthesis are the two breeds involved in that particular cross. To produce the various

generations the males of the two breeds are alternated. The females are the crossbreds

from the previous generation.

Table 3. General Statistical Information Regarding

THE Three-Year Mean of Egg Weight (Grams)

Purebred Lines x
Leghorn 1 55.6

Leghorn 2 57

New Hampshires 62.0

Rhode Island Reds 60.9

X 58.9

Cro.ssbred Lines
Leg. 1 X Leg. 2 58.6

Leg. 1 X New Hampshires 63.8

Leg. 1 X Rhode Island Reds 61.4

Leg. 2 X New Hampshires 63.7

Leg. 2 X Rhode Island Reds 63.2

R. I. Reds X New Hampshires 63.5

X 62.4

Crisscross Lines
F,.,.,, (Leg. 1 X Leg. 2) 60.3

F,.o.3 (Leg. 1 X NH) 60.9

F,...3 (Leg. 1 X RIR) 61.5

F,_,.3 (Leg. 2 X NH) 61.8

F,.,.3 (Leg. 2 X RIR) 63.2

F,.,.3 (NH X RIR) 62.7

X 61.8

7

s sx CV
1.04 .60 1.9

1.20 .69 2.1

1.83 1.05 2.9

1.56 .90 2.6

1.41 .81 2.4

1.90 1.10 3.2

1.11 .64 1.7

3.02 1.74 4.9

2.31 1.33 3.6

1.66 .96 2.6

1.00 .58 1.6

1.83 1.06 3.0

1.31 .76 2.2

2.25 1.30 3.7

1.88 1.08 3.1

2.84 1.64 4.6

2.97 1.71 4.7

2.51 1.45 4.0

2.29 1.32 3.7



Table 4. General Statistical Information Regarding

THE Three-Year Mean of Per Cent Livability

Purebred Lines x s sx CV
Leghorn 1 83.9 5.01 2.90 6.0

Leghorn 2 .' 89.6 4.14 2.39 4.6

New Hampshires L.. 81.2 1.74 1.00 2.1

Rhode Island Reds 1^. 86.9 6.72 3.88 7.7

X 85.4 4.40 2.54 5.1

Crossbred Lines
Leg. 1 X Leg. 2 81.5 5.64 3.26 6.9

Leg. 1 X New Hampshires 78 8 8.44 4.87 10.7

Leg. 1 X Rhode Island Reds 82.5 1 1.93 6.89 14.5

Leg. 2 X New Hampshires 86.0 4.04 2.33 4.7

Leg. 2 X Rhode Island Reds 91.0 2.56 1.48 2.8

R. I. Reds X New Hampshires 82.3 3.57 2.06 4.3

X 83.7 6.03 3.48 7.3

Crisscross Lines
F,.„_3 (Leg. 1 X Leg. 2) 72.3 7.07 4.08 9.8

F,_,_3 (Leg. 1 X NH) 87.4 4.54 2.62 52
F,.„.3 (Leg. 1 X RIR) 88.9 8.33 4.81 9.4

F,.„.3 (Leg. 2 X NH) 97.8 3.85 2.22 3.9

F,.„.3 (Leg. 2 X RIR) 73.2 23.62 13.64 32.3

F,_,_3 (NH X RIR) 87.8 12.62 7.29 14.4

X 84.5 10.01 5.78 12.5

est and the lowest livability for breeding combination was found in the

crisscrosses. The same line, Leghorn 2, was a member of both the best

and the poorest living line. This would indicate the necessity of making

use of this specific combining ability in finding suitable lines for cross-

ing. The analysis of variance showed there were no significant difference

in livability between breed types (Table 7) , but there was a difference

between years.

Data on fertility and hatchability may be found in Table 1. It should

be noted at the outset that the purebreds were in their second year of lay

when the hatching eggs were produced, while the crosses and crisscrosses

were in their first year of lay. Fertility for the crossbreds was extremely

low in some combinations. This is believed to be at least partly due to

preferential mating. Fertility was a trait where the mean and variance

did not move together (Table 5) . Eggs were classed fertile or infertile by

candling, and this difference here could be partly due to early embryonic

death. This does indicate, however, a marked superior advantage for the

crossbred female in fertility, hatchability (Table 6) , and total chicks

hatched. For every 100 eggs set 19 more live chicks were hatched when

the dam was a crossbred compared to when she was a purebred within a

cross. It might be concluded that the eggs produced by the crossbred dams

furnished a better environment for both fertilization and embryo growth.

These data would seem to suggest that a way should be found to have



Table 5. General Statistical Information Regarding

THE Three-Year Mean of Per Cent Fertility

Purebred Lines x

Leghorn 1 79.7

Leghorn 2 80.9

New Hampshires 75.7

Rhode Island Reds ^ 74.7

X 77.7

Crossbred Lines

Leg. 1 X Leg. 2 85.0

Leg. 1 X New Hampshires 57.7

Leg. 1 X Rhode Island Reds 77.7

Leg. 2 X New Hampshires 70.4

Leg. 2 X Rhode Island Reds 65.6

R. I. Reds X New Hampshires 72.1

X 71.4

Crisscross Lines
F,...., (Leg. 1 X Leg. 2) 94.0

F,_.,.:, (Leg. 1 X NH) 87.5

F,_.,.3 (Leg. 1 X RIR) 89 8

Fi_.,_3 (Leg. 2 X NH) 90.0

F,..,.3 (Leg. 2 X RIR 95.8

F,.,.., (NH X RIR) 86.8

7 90.7

Table 6. General Statistical Information Regarding

THE Three-Year Mean of Per Cent Hatchability

Purebred Lines x
Leghorn 1 61 .2

Leghorn 2 74.1

New Hampshires 79.8

Rhode Island Reds 74.7

X 72.5

Crossbred Lines

Leg. 1 X Leg. 2 80.0

Leg. 1 X New Hampshires 87.2

Leg. 1 X Rhode Island Reds 86.9

Leg. 2 X New Hampshires 82.4

Leg. 2 X Rhode Island Reds 87.4

R. I. Reds X New Hampshires 84.3

x" 84.7

Crisscross Lines

s sx CV
3.31 1.91 4.2

5.45 3.15 6.7

6.85 3.95 9.1

8.85 5.11 11.9

6.12 3.53 8.0

.55 .32 .7

17 63 10.18 30.6

15.66 9.04 20.2

14.79 8.54 21.0

4.10 2.36 6.3

25.89 14.95 35.9

13.10 7.56 19.1

3.45 1 99 3.7

5.97 3.45 68
5.40 3 12 6.0

7.14 4.12 7.9

2.18 1.26 2.3

10.35 5 98 11.9

5.75 3 32 6.4

F,-

F,.

F,-

F,-

F,-

F,

(Leg. 1 X 2) 84.7

(Leg. 1 X NH) 83.7

(Leg. 1 X RIR) 88.8

(Leg. 2 X NH) 88.8

(Leg. 2 X RIR) 93.3

(NH X RIR) 89.6

s sx CV
8.69 5.02 14.2

6.52 3.77 8.8

2.74 1 .58 3.4

2.77 1.60 3.7

5.18 2.99 7.5

8.99 5.19 11 2

5.46 3.15 6.3

4.34 2.50 5

8.87 5.12 108
4.00 2.31 4.6

5.78 3.34 6.9

6.24 3.60 7.4

8.22 4.75 9.7

11.05 6.38 13.2

4.99 2.88 5.6

4.78 2.76 5.4

3.59 2.07 3.9

7.12 4.11 8.0

6.62 5.82 7.6

crossbred females at all levels possible in the poultry industry. A fran-

chised breeder controlling his own breeding stock would be at a serious

disadvantage if he did not make use of this phenomenon.



Table 7. Analysis of Variance for Egg Production Livability

AND Egg Size of Years and Breed Type

Source of Egg Production Livability Egg Size

Variation df M.S. F M.S. F M.S. F

Total 47 71.02
-

68.68 8.49

Years 2 695.54 27.63** ( 266.86 4.08* 1.79 .25

Breed type 2 445.23 17.96** '-- 30.72 .47 47.35 6.62**

Years x
breed type 4 18.61 0.74 20.09 .31 5.24 .73

Within
sub class 39 25.17 65.44 7.15

* P <.05
** P <.01

Analysis of variance was computed tor per cent egg production, liv-

ability, and egg size. Means were used in the analysis for years, breed

types, and years x breed types. Livability was analyzed by converting per

cent livability to angles before analyzing.

Table 7 shows the analysis of variance for the traits mentioned. It

may be noted that there was a highly significant difference in mean per

cent production between breed types and a highly significant difference

in egg size between breed types.

Summary and Conclusions

The performance of purebred, crossbred, and crisscross chickens was

investigated. Two strains of White Leghorns, one strain of New Hamp-
shires, and one strain of Rhode Island Reds were used. Six lines of crosses

and six lines of crisscrosses were made from these four strains of purebreds.

Data were collected and the results for three generations of the 16 lines

were compared. The results are also summarized by the three principal

groups of layers; purebreds, the crosses, and the crisscrosses. There were

no differences in the mean per cent production for the three generations

of the crosses and the crisscrosses. The mean per cent production of the

purebreds was significantly less than that of the other two groups.

Livability was found to be similar for all three groups.

Egg weight for the two heavy breeds was greater than that of the Leg-

horns. The mean egg size of the crosses and crisscrosses was greater than

that of the purebreds. This would indicate that both types of crosses tend

to increase egg size.

Results from this study show a much greater mean per cent fertility

for the crisscross group than for the other two groups. The mean per

cent hatchability was also found to be greatest for the crisscross group, al-

though it was only 4 per cent more than for the crossbreds.

10



The crisscross pullets exhibited as much, and in some instances more,

heterosis than the crossbred pullets in such economic traits as egg pro-

duction, egg weight, fertility, and hatchability. Crisscross breeding could

be expected to give results similar to crossbreeding, but should be more

economical than crossbreeding since the crisscross pullets would be used

to produce the hatching eggs. In the crisscross program the females are

crossbreds and tend to produce a greater number of live chicks from the

total eggs set.
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