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RODUCTIO

During recent years poultry processors have been
complaining about a dark slate undercolor in many strains
of Newv Hampshire chickens, This dark slate or slaty-black
under-color is generally known as smut, and shall be called
that in this research problem, Broiler growers with such
smutty chickens have had difficulty selling them to advan-
tage. Broiler producers do not readily purchase chicks from
New Hampshire strains that have a tendency towards a high
incidence of smut,

Because of the previously mentioned conditions, hatchery
flock inspectors remove from the breeding flocks birds having
smut, Many breeders of New Hampshire chickens have thought
that the smutty under-color problem must be complicated in
its mode of inheritance, Often a high incidence of smut oc-
curred even though no birds with smut had been used as breeders
for several years,

The question is, did some birds that had smut in their
chick or in their junior plumage but did not in their adult
plumage contribute to the relatively high incidence of smut
that occurs after several years of selective breeding against
smt,

The purpose of this investigation was to obtain infor=-
mation concerning the cause, practical method of selection
and breeding to control smut in New Hampshires, and/or to



give background information which will be helpful in carrying
on further investigation concerning the matter. The specifiec
objectives were: (1) to study the mode of inheritance of smut,
in New Hampshire chickens, (2) to learn if there is a relation-
ship between the amount of black in the down and/or chick
feathers and the adult plumage under-color, (3) to study the
changes in the plumage under-color from baby chick to maturity,
and (%) to search for a practical method of breeding to control
smut in New Hampshire chickens,
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Though no previous work could be found dealing with smut
in New Hampshires, some work had been done with Rhode Island
Reds. The Amerjican Standard of Perfection (1953), in its
history of the New Hampshire breed, states that it arose
from that breed known as the Rhode Island Red from the
Little Compton area. Sofar as is known there has been no
new blood introduced. According to the Standard, the New
Hampshire breed arose from the constant selection of birds
for early maturity, quick feathering, large brown-shelled
eggs, strength and vigor.

Edward Brown (1929) reported in his book, "Poultry

eed Production," that among the best producing fe-
males the under-color of Rhode Island Reds was lighter. Others
have reported that hens with lighter under-color usually have
produced chicks with lighter down color. Warren (1929) work-
ing with Rhode Island Red chickens reported that a high per-
centage of light-colored chicks developed into adults with
light under-color. Also he reported that adults with darker
shades of under-color showed dark-red down as chicks, He
observed that the lightest colored chicks also showed a tendency
to develop into adults with under-color showing much smut and
white.

It is easy to see how the color of the New Hampshire
became lighter on the surface than that of the Rhode Island



Red since selection naturally pulled it that way though no
attempt was made at first to select for color but for pro-
duction.

Since the New Hampshire has no other blood reported
than that of the Rhode Island Red, the work that has been
done with Rhode Island Reds is discussed here, Hays (1926)
reported that autosomal gene "B"™ for reddish-brown pigment
in the presence of "L", a sex-linked gene for gold pattern
and gold color, and "E", an autosomal gene for the extension
of melanic pigment throughout the feathers produced smutty
under-color with a red surface color. He also reported that
vhen genes "L" and "E" are present in the same chicken,
smtty under-color will be obtained regardless of whether
the bird was "BB", "Bb", or "bb", Drevenstedt (1911) reported
that many poultry mem have had the idea that smut was necessary
to obtain the deep rich red that the Standard calls for and
that from a breeding standpoint bluish slate in under-color
of the back is what might be termed a "desirable defect." He
also reported that white in the under-color was a much more
serious defect than smut and advised poultry breeders to get
rid of serious cases of smut and all cases of white in the
under-color. In the same book, Kaufman and Windheim (1911)
reported that under-color must be red as the day of smut had
passed; also many breeders thought smut helped to get rich
surface color but they were mistaken, They stated further



that smut i1s usually associated with a dirty, dark surface
color, rather than the clean rich shade that is desired,

Punnett (1923) stated that the genetic analysis of
vhite fowls is a relatively simple ﬁﬁtter in comparison
with that of colored birds, He further states that one
could only offer suggestions as to the probable relation-
ships of a few of the color types to one another,

Powell-Owen (1953) reported that a young Rhode Island
Red may reveal smut (black or dark grey in under-color), but
that its adult feathers may come clean, Also he reported
that as a black and red breed, Rhode Island Reds depend upon
black points in the tail and wings (or smut in the under-
color) to produce the rich, lustrous red desired in the
surface color,

MecGrew (1926) reported that red was seldom if ever seen
alone in the plumage of fowls, since it usually is accompanied
by black. Brown (1929) gave the following chart as to the
history of the Rhode Island Red:

Red (Paﬁfridge) Cochin COMﬁon Fovwl
Rose Comb Malay
BrowﬁiLeghorn Ma}ay ]
Wyandotte ‘

Rhode Tsland Red

FIGURE 1.



In the Standard of Perfection, it is stated that the under-
color of the Malay, Brown Leghorn, Partridge Cochin and many
varieties of Wyandottes are slate., It is, therefore, not
surprising that many Rhode Island Reds and New Hampshires
have smut in their under-color.



Before begimning the experimental procedure, the author
wishes to set forth a few definitions which may facilitate
the reading of the text, P; as used in this report means
the original parent stock, both male and female. F, are
the sons and daughters of any Py mating vith Py, F, are the
sons and daughters of any Fy mating with !‘1. Backerosses
are those matings in which one side of the mating 418 an ¥
and the other side is a Py,

As_COxoup J. Three original Py matings were made using
New Hampshires from Pine Top Poultry Farms, All chickens
were individually pedigreed, No, 1 mating was a clean male
(no smut in his family anywhere) mated to eight non-smutty
females and seven smutty females, No, 2 and No, 3 matings
were headed by a smutty male mated to three smutty females
and three non-smutty females,

The progeny were pedigree hatched and records were kept
on each dbird up to four months or more depending upon the
hatch dates The feather score (amount of black until smut
appeared, then amount of smut) was taken each week, The
amount of black was recorded for the head, back, wing, and
tail, It was graded as very little dlack, little black,
moderate black, or very black, As soon as smut appeared
(fourth week for some) it was recorded very little, little,
moderate, or very much, Each wveek an impartial rating was
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taken by alternating the inspectors, The chicks were all fed
the same ration and brooded under similar conditions. Birds
that died before reaching an age when smut usually appears
were not counted in the results,

Ba__Oroup II, When the progeny reached maturity four
nev matings were made which consisted of Fp and backerosses,

In pen B~1l the original male with most smut was used with
ten females whose sires were smtty, In pen B-2 the original
non-smutty male was used with ten females (six being his
progeny and four being from the smutty males)., In selecting
females in this part of the experiment care was taken to
obtain only those whose family records showed the most smut
or no smut, Since the selection was so strict pen B-2 lacked
enough females to be complete; thus some females from the
smutty male matings (Pl) wvere used,

In pen Q-3 a clean male (from the clean Py male's progeny)
vas mated to five non-smutty females of the Py generation and
also 12 of his own generation (all Fy's from the clean Py male),

In pen Q<% a smutty male (from the smutty Py male's progeny)
was mated to five smutty females of the Py generation and also
ten of his own generation (all Fq's from the smutty Py males),

Progeny of these four matings were hatched together and
records were kept on the individually pedigreed birds, The
birds were scored at two, five and six weeks of age., All of
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these chickens were handled as in the first part of this
experiment,

Lo _Group III, While waiting for the Fy to mature the
clean male of the P; generation was mated to the Py females
which had been mated to the smtty Py males, The chicks from
this mating were handled as in Group 2 of this experiment
except that scores were also taken on third and fourth veeks;

Do Fleld Cbservations, One group of New Hampshires on
the V.P,I. poultry plant were handled so as to judge the
amount of smut that would occur in a flock in which no attempt
had deen made to limit or control the amount of smut in their
last selection. These were also Pine Top strain,

Many flocks of the Pine Top Hatchery have been examined
in the past and records of these flocks have given invaluabdble
aid,
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IV, RESULTS
In the first mating with the clean P, male there were

two ;shutty males in 19 male progeny and two smutty females
in 16 female progeny from clean Py females. There were six
sméity males in 20 males and seven smutty females in 23
feémale progeny from smutty females. In the matings of the
smutty Py males there were 15 smutty males in 22 male progeny
and ten smutty females in 14 female progeny when mated to
smutty females, and 12 smutty males in 27 male progehy and
seven smutty females in 15 female progeny when mated to

clean females,

In the Fp generation using a clean Fy male from the
original clean male and mating it only to clean females (F,)
there was only one smutty chick out of five progeny. When
the cl@an Fy male was backcrossed to only clean Py females
there was only one smutty progeny in 18 chicks., When the
reciprocal backcross was made there were only two smutty
progeny in nine chicks.

In the P, generation from the smutty males using a
swutty Fy male crossed with only smutty Fy females there
wvere ten smutty progeny in 11 chicks, In the backcross of
stutty Py male to smutty P; females all 28 progeny were smutty.,

In the backcross to the smutty P; male there were seven
smutty progeny in 11 chicks when smutty Fy females were used,
When smutty P; male was mated to clean Fy females only two of
11 chicks were smutty.
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In the second Py mating with the clean male and clean
females there were only five smutty progeny in 40 chicks,
When the clean P; male was mated to smutty females there were
2% smutty proseny in 32 chicks,

In the field observatiocn there were 17 smutty females in
62 hens, Of the four males, two were smutty. The smutty hens
had averaged 109 eggs whereas the clean hens had averaced 156
eggs in seven menths,

Of all chicks handled only seven were ncticed whose down
wvas very light, Of these only one had sput as an adult, Only
two showved real dark down and one of these was smtty as an
adult, Seventecen chicks were noticed in the first five weeks
to have had black spots on their heads or necks, Of these 13
shoved srut some time aftor the fifth week, One of the
remaining chickens had white undercolor,

Using black in the wings as a guide, 41 out of €€ that
showved black haéd smt, Four out of 21 whose wings werc normal
in color had smut, If Just the matings with the clean male
are ccnelidered, only seven of 39 chicks with black in the wing
featlhers ever had smut, end only one of ten chicks with normal
wing color ever had smut, These results were for Fj chicks,

The amount of srut varied from weel:r tc week and some birds
either lost or obtained smut as their plumage was replaced from
chick to Juwvenile or fror juvenile to adults All birds had
black in thelr talls by the sixth week,
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The egg records of the Py females showed that females
with smut averaged 108,4 eggs for the seven month period.
The clean females averaged 130 eggs for the same period,
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In this experiment one cannot explain the mode of
inheritance on the dasis of the action of one pair of
autosomal genes, since crossing smut with smut gave some
non-grmutty progeny and crocssing clean with clean gave some
smutty progeny, However, the data does not fall into the
expected ratio of sexes to be sex-linked either, since
progeny that had smut were just as likely to be males as
females (397§ total males, 38,1% total females in the first
three matings),

Two autosomal genes acting independently of one another
would more adequately explain the mode of inheritance of
smut in this strain of New Hampshires, Dumm (1929),
Lippincott (1923) and Hays (1926) have reported that there is
a gene "L", an autosomal gene for the extension of melanic
pigment throughout the feathers, Then as Hutt (1949) stated,
the red color characteristic of New Hampshires has many
autosomal genes for red, which have not yet been satisfactorily
analyzed, The asuthor proposes that one of these genes that
shall be called "Y" prohibits gene WE" from showing in the
under-color. Its allele "y" allows for the expression of "E"
thus giving smut, When "E" appears in the homozygous
condition the srut will appear to be much darker,

The recessive allele "y" is for white undercolor as is
the recessive of "E" ("e"), When both pairs of genes are in
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the homogygous recessive condition the under-color of the
bird will be very light or white, When "Y® appears in the
heterozygous condition there may be a possibility for the
smallest amount of smut to appear (one or two feathers) since
its epistatic power may be reduced (Knox, 1927).

The possible genotypes of clean or non-smutty chickens

are}
Y/Y E/E Y/y E/E (one smut
feather
Y/ E/e Y/y E/e
I/Y eo/e Y/y e/e y/y e/e

The possidble genotypes of smutty chickens aret
y/y B/E (very smutty)
y/y E/e
Two out of the nine genotypes show smut, The results
showed 35% of all chickens tested had srut, This 8 a
higher percent than would be expected through random mating,
However, using smutty males as often as clean males makes
this a selected population with a much higher percent of
smut expected,



18

Y. DISCUSGION OF RESULTS

Other experiments have demonstrated that color patterns
of red colored birds are rather complex, For this reason
the author has dealt only with that part of the pattern that
affects smut,

In order to give proof of the proposed theory the author
has selected the individual matings in which there were a
larger number of offspring so that the chance of error is
smaller, In the first mating with the clean Py male (Y/y
E/e) were 15 females, Of those hens H3900 (little smut,

y/y E/e), 4139 (clean, ¥/y E/e), H4205 (smut, y/y E/E)
H4058 (1ittle smut, y/y E/e), and B4297 (clean, Y/Y e/e)
have been selected,

Progeny of H3900 would be expected to have three srut
in every eight chicks, The actual results had two smutty
chicks in four, Applying the chi-square test this would
have a probability of 60%,

B4139 would be expected to have three smutty progeny in
every 16 chicks, She had one smutty chick in seven. This
has a probability of about 35%,

H4205 would be expected to have one smutty chick in
every two, She had five smutty chicks in 14 progeny. This
hes a probability of 29%.

H4058 would be expected to have three smutty progeny in
every elght chicks, She had four smutty chicks in nine
progeny. This has a probability of about 75%,
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B4297 would be expected to have no smutty progeny. She
had no smut in six progeny. This has a probability of 100%.

In the second and third matings smutty males (y/y E/e)
were mated to a total of six smutty and six clean females,
Selected for proof of theory were H4189 (clean, Y/y E/E),
B4017 (smutty, y/y E/e), H+lll4+ (clean, y/y e/e), H¥193 (clean,
Y/y E/e), H3951 (1little smut, y/y E/e), and H4194 (clean,

Y/y e/e).

H4189 would be expected to have one smutty chick in every
two, She had seveh smutty progeny in 13 chicks. The proba-
bility for this is 75%,

B4017 would be expected to have three smutty progeny in
every four, She had nine smutty chicks in 11 progeny. This
probability is 70%.

H4114% would be expected to have one smutty chick in every
two progeny. 8he had five smutty chicks in seven progeny.
The probability of this 1is 25%,

H3951 would be expected to have three smutty chicks in
four progeny. She had all eight chicks smutty. The proba-
bility of this is 12%, but two of these chicks were recorded
only very little gne time which may mean they were actually
Y/y E/e. That probability would be 100%,

H4%193 would be expected to have three smutty chicks in
eight progeny. She had five smutty chicks in ten progeny,
The probability of this is 40%.
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H+19% would be expected to have one smutty chick in
every four, 8he had two smutty chicks in nine progeny., This
probability is 85¢,

In the matings with the F male (clean, Y/y E/e) both
Fy and Py females were used. Those with the larger progeny
are HYOUK (clean, Y/y E/E), H4119 (clean, Y/y E/E), H4194
(clean Y/y e/e), and H41llh4 (clean y/y e/e).

H9OUK would be expected to have one smutty progeny in
every four chicks, She had one smutty chick in three progeny.
This has a probability of 75%,

H4119 would be expected to have one smutty progeny in
every four chicks, She had one srutty chick in four, This
has a probability of 100%,

H419% would be expected to have one smutty chick in every
eicht progeny. She had all six progeny cleen., This has a
probability of 40%,

E411% would be expected to have one smutty chick in every
four progeny. She had all four clean proreny. This has a
probability of 29%,

In the matings with the F, male (very srutty, y/y E/E)
both Fy and Py females were used, Those selected as repree
sentative are H931B (smutty, y/y E/e), HOWMI (smutty, y/y E/e),
H4017 (smutty, y/y E/e), H3964 (smutty, y/y E/e), and B4067
(smutty, y/y E/E),

All progeny from these matings would be expected to be
smutty, The results gave a total of 30 smutty progeny in 30
chicks, This has a probability of 100%.
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In the backeross matings with the clean Py male (Y/y E/e)
females H934B (smutty, y/y E/e) and H934D (clean, Y/y E/e)
were selected,

H934B would be expected to have three smutty chicks in
every eight progeny, She had two smutty progeny in four chicks,
This has a probability of €0%,

H934D would be expected to have three smutty chicks in
16 progeny. She had four progeny all clean, This has a proba-
bility of 33%.

In the backcross matings with the smtty Py male (y/y E/e)
females H931F (smutty, y/y E/e), HO42B (clean, Y/y e/e), and
HO43A (smutty, y/y E/e) were selected.

H931F would be expected to have three smutty chicks in
four progeny., 8he had three smutty chicks in five progeny.
This has a probability of 45%.

H942B would be expected to have one smutty chick in every
four progeny., S5She had one smutty chick in five progeny.

This has a probability of 80%,

HO43A would be expected to have three smutty chicks in
every four progeny. She had three smutty chicks in five progeny.
This has a probability of 454,

The Py clean male (Y/e E/e) was mated to the same original
females that the P; smutty males vere mated with. Those
females selected from this group were H3964 (smutty, y/y E/B),
H3997 (clean, Y/y E/e), H4119 (clean, Y/y E/e), and H4O67
(very smutty, y/y E/E).
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H3964 would be expected to have one smutty progeny in
every two., She had six smutty progeny in seven progeny.,
This has a probability of 18%,

H3997 would be expected to have three smutty chicks in
16 progeny. She had three smutty chicks in 14 progeny. This
has a probability of 80%.

H4119 would be expected to have three smutty chicks in
16 progeny, She had one smutty chick in five progeny. This
has a probability of more than 90%,

E4067 would be expected to have one smutty chick in
every two, She had six smutty chicks in eight progeny., This
has a probability of 15%,

Only one mating was noticed to have fallen below the 5%
significant level for the chi-square test and this had a
probability of 4,7%, This could have been caused by gene "Y"
losing some of i1ts epistatic power in the heterozypgous state,
thus causing more progeny to appecr smutty,

Chicks that had black spots on their necks and/or heads
usually wvere smutty or white in their adult under-color,
Thirteen of the 17 chicks with black in head or neck had
smut as adults and another had white under-colors The shade
of down doesn't seem to affect the amount of smut in the
adult, Those chicks that had black in their wings had a
greater percentage of smut as adults, Of those with black
in wings 47,6% had smut as adults while only 19% of those
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with no black in wings showed smut as adults, This would
be stricter selection than most breeders could afford.

Those chickens that showed smut only in one observation
in the test must actually have carried the heterozygous gene
"Y" which does not completely inhibit gene "E" especially
vhen "E" 418 in the homogzygous condition,
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8 CONCLUSION

Of the 372 chicks 35% showed smut. The Py matings clean
male X clean females gave 11.4% smutty progeny, clean male X
smutty females gave 30,2% smutty progeny. The smutty male X
clean females gave 45,24 while smutty male X smutty females
gave 69,44 smutty progeny. Of the chicks that had black heads
or necks 76% showed smut as adults, but there was no relation-
ship found between shade of down and smut in adult under-
color. Chicks with black in wings gave 47,64 smutty adults,
while only 19% of the non-black were smutty as adults,

From the results obtained in this experiment smut depends
upon two independent pairs of autosomal genes., At one locus
there 1s "E" gene for the extension of black throughout the
feathers, or "e", recessive allele which gives no color. At
the other locus is gene "Y", for red color in the under-coloy
or its recessive allele "y" which gives no color.

Birds of genotypes Y/Y E/E, ¥/Y E/e, Y/Y efe, Y/y E/E,
Y/y E/e, Y/y e/e, and y/y e/e give no smut. Those with
genotypes y/y E/E and y/y E/e have smut. The amount of smut
depends upon whether the gene "E" 1is in the E/E or E/e
condition. Some chickens with genotype Y/y E/E may show smut
since the epistatic condition is weakened when gene "Y" is
in the heterozygous condition,

Theoretically, the most desirable genotype for producers

of broilers and processors would be y/y e/e since the
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under-color would be white. However, this is not the color
called for in the Standard. Nevertheless, breeders should
select that type of dird that will satisfy his customers,
Selecting birds homogygous for "e" would be a breeder's best
insurance against having smut, This, however, is not easy
to dos Selecting for lighter colors, both surface and under-
color, would be the best way since black helps to make the
shade somewhat darker, Lighter colored birds are not as likely
to have "E" at all, |
It was noted in both field observation and actual
experiment that those birds that had sput, layed fewer eggs
during a seven month period, The Py smutty females averaged
108,4 eggsj the Py clean females averaged 130 eggse The
smutty females of the observed flock averaged 109 eggs; the
clean females of the observed flock averaged 156 eggs,
On the basis of this experiment and the author'!s field
obcervation 1t 1s concluded thats
1, Smut in this strain of New Hampshires is caused by
the interaction of two genes, one a rece:ssive allele
of "I", red under-color, and the other a dominant
allele "E", the extension of dblack throughout the
feathers,
2, Although a higher percent of those chicks showing
black in the wings have smut as adults, one can't be

sure whether smut will show or not,



3e

4.

Se

6.

26

A high percent of those chicks having black on head
or neck will have smut as adults (76%),

Hens of this strain that have no smut will usually
lay more eggs than smutty hens during a given period,
It is necessary to check for smut much more often
than usually done to accomplish any great improvement,
Progeny testing is the best procedure to follow in

attempts to control smut,
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Fq from Clean Male

Appendix Table 1,

<
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&HH’NNHNH“NNN“NN“NHnﬂﬂ'nnnlunnnluu'“ (R 3 3
HNNNNN‘HU“!UNNﬁnnnnlnunlnnnnnnnnnul‘ 0=
BaﬁnnnnnnnnRunxNHM!“NN!”H“KN“NN'NN“’ LR
%lﬁlﬂﬂﬂ’nnnllxﬂxvxuunlnllninnHN'RN"D"
OﬁnnununnN,RU’Nu‘VNN'NI"“N“HN“NN!H'BU!H
ZN!RNNNn'NHRBN'NVNNN“K“N”’N‘“K'NN’NH’Nﬂ
sun“unnnnvvvn.buvuvn“.bruwLNMLHNNLL“MML“”LMY
%V“HW’V““VVVNLMVHHnuuhﬂnlunnnwxvuvnu-b.bﬂtuun

..._F.unnvnnxnVvvw'bvvuLHM“NNNU““VL““LH“MLLHH”!

N « normal

D « dead

~7%?; very lig

All others are for smut,

-

M « moderate
V « very

W « vhite down

Readings for first through fifth week are for amount of black

H901E
H901F
H902A
H902B
H902C
H902D
H902E
H903A
H903B
H903E
H9O03F
H903C
HS03H
H90 ’
H9O4B
oo
O4E
oo
O4H
I
g
HOOUM
H9OUN
SA
5B
H905C
B905D
os
06B
06C
06D
in wing feathers,
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Appendix Table 1 (continued)
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Fy from Smutty Males

Appendix Table 2,

M W?FuFPMHMFFMMH”!P“?M?H?MMMururerMFxnuuL
vavvvvnnuvvnnvn.HRNNVENKNNMHYKN%LHNNN.NN
ivvvvnvnnnvvnnvu.HRNNRRNNLNMMVRNHMMHNNDNN

uvnvvnvnnnHH"“KNDHRRRNE'HLNHMVNNN““NUNNNﬂ

%NMVNNN'nnnN!HR“’N!Nlﬂl”ﬂﬁhuvnuuuuunnuﬂﬂ

W%NM“RNHNU““UNNN“!NNNNN!HNH“N“NNNK“HHNHNN

N - normal

8 - smt

Readings for first through fifth weeks are for amount of black

W -« white
VL - very little

G7“3773“NNNHHNNNN“HNNNNK’NNHN“’“HNN!”N”HNL
>
sﬂvVvvvuHHSBM“MHBV“H“VVV“HHHHH“MHLH“NLHNN.

All others are for smut,

iﬁvvvvvnﬁﬂHVHHHKHVHH“HVV“HNHM“MHﬂL“HNHNLK

...iNNHRuvvvvuvvvnvvnvnx“lxnu‘nfuvfuvfuvuN.LHNL“H!

- very

D « dead

VIkG
H931B
H931C
H931D
H931E
HO31F
18
1H
H9311
H931J
H931K
H932A
H932C
H932D
H932E
H932F
H933A
H933C
oA
4B
4
4D
LE
LW
WG
YH
5 ¢
?ﬂ
)
UM
1A
1B
1C
1D
1B
1Pr
106
M « moderate
v
in wing feathers,
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Appendix Table 2 (continued)

m xrrunrruuxnFrxurxruuulxururrxxxrunran

E.annNNnNDNMvnvnvnnnvvnMvvnnvnunnnnnnv

HVNMNNNNVﬂHV“VNV”“NVVNVVVHUV“!M“NN“NV

NVNV.ARnnWHVNVVNVNVNWNVVnvvvnvvnnxuunnlv

%N“ﬂ.&ﬂﬂuﬁvnvvnvnvnuﬂvvnvvvwvvnluunnnn‘v

R - normal

IN
Readings for first through fifth week are for amount of black

- vhite
VL - Very little

%UnunvunuﬂW..NVNVVLVN,V“VNV'“VVV“VVHNLNNI“UKV

7YNNNNNNMNVBVVHV“xnvnvvuxuvnvvnuvnnnnun

AG

gnLNHNNNNKRnnLHHHHNHHMNHMV“HNH“HM%HMHYH

All others are for smut,

anLLMNENNMNMHMMuuunnnnnuunnunnxuxnxunn

1WNLNM%NNNLNNNNVMVLNNHKNLHNNLLR%HVN%RH&

el et e e

in wing feathers,
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Appendix Table 3a. Backcrosses to Clean Py Male

VIilc AGE IN WEEKS BEX
eAinTY ¢ '3 & ¥
111464 L | N M
T1146C M X M M
I1146D M R N F
I1146R L N v M
INN7A v N N ) 4
I1147B M N . | r
niw7c N )| N P
1L M K K F

Appendix Table 3b, Backcrosses to Smutty Pl Male

3

7

8
44X dddXdRIX AR RddId<LIS GV
ﬁzzgﬁzv:tuxuzzzzzddzqa

el b he B B B o k- S b e b b b 3 -3 4 Je | %

M
--nomar—l

Veve - vory little
Dk« Dark surface N - Moderate
W -« wvhite D = dead

§m<zzzzzzz==zzzzzun=<xz

Readings for the second week are for the amount of black in
the wing feathers, Others are for the amount of smut in the

feathers of the back of the bird,
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Appendix Table 3¢  Fp from Clean Male (Py)
WING AGE IN WEEKS SEX
e
11175B

ek
1274

R 0 2 o <0
2t 222 22 14 2tk
ot =t 22 4 fon
i v 2 v

Appendix Table 34, Bacl:erosses to Py Females (Clean Male)
VING AGE IN WEEKS

xmxxw&wanquzxmzj a

-4

g
FddddrdddRqRExt=agm
oot 2% 08 o 2t ot g 2t g 2t 2 2 2 2 S 22\
m===zzzzazzz=zzzzﬁm

Appendix Table 3e, F2 from Smutty Male
WING AGE IN WEEKB
i

T11158C
I1158D
I1158E
I1158F
111594
111598

I1161B
11161C

iy T

V - very - very little

M - moderate W « white

Readings for second week are for amount of black in wing
f:aggiga. Others are for amount of smut in feathers of back
o) .

%

Fzzxx<<<<<4~
<<zzx<<§<4m
e F LR T ¥4

Stk <tz 4 = < <thn
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Appendix Table 3f, Backcrosses to Py Females (Smutty Male)

»
xz=<<<<<z<<§z<<<x<<<<<<<zzdm§

. PP PP PP P P LT P ipppner.
mwzwzummzwmwmxzxzzmzmxxw:mx1

vaax:quﬁdqzzz<h<z<z<<=xsvxw

% - nomarn

V - very VL - very little
M -~ moderate W « white

Readings for the second week are for the amount of black in
the wing feathers, Others are for the amount of smut in the
feathers of the back of the bird,
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38
F; from Clean Male (Females frqg s§ut

WING

AGE I WEEKS

Hlton

IB1101B
IB1101C
IB1101D
IB1101E
IB1101F
IB1101G
IB1101H
IB11011
IB1101J
IB1101K
IB1101L
IB1101M
IB1101N
IB1102A
IB1102B
IB1102C
IB1102D
IB1102E
IB1102F
IB1102G
IB1102H
IB11021
IB1102J
IB1102K
IB1102L
IB1102M
IB1102N
IB1103A
IB1103B
IB1103C
IB1103D
IB1103E
IB1103F
IB1103G
IB1104A
IB1104B
IB1104C
IB11O4YYF
IB1104G

S

=X

ez

x§<<<§b)
zzﬁdazm
<=a§<z=1m

==
=
L

=
<
&

xtex

o

e
ruxzwewmxzwwzwmzxz:wxwzxwwzx:zn::ww::m::qu-ox

M -« moderate

D - dead

a-zzuua-qqz::qﬁznz:mﬁ-uzznz:zzxzzexﬁnzﬁxzzd:m

]

V - very
N -« normal

Readings for second and third weeks are for dblack in wing

feathers,

All others are for smt,



39
Appendix Table 4 (continued)

WIkc As’ﬂﬁ'gﬁxs . "BEX
%ﬁi % % K N % ?
18110%5B YL VL N N D ?
IB1105C VL VL VL N N F
IB11065D VL VL N N N M
IB1105E N F
IB1105G N M
IB1105H N M
IB11051 R M
IB1105J N M
IB1106A L L )| N N M
IB1106B L L N N VL F
IB1106C L M N N N F
IB1106D VL VL N N n M
IB1106F VL VL N N R ) 4
IB1106G N F
IB1106H R F
IB1107A L L R N F
IBl1107B | R N F
IBl107C .| r
IB110 N M
IB11038A L L N N R M
IB1108C 4 M v VL N F
IB110%A v v v Y v M
IB1109B M M N VL VL M
IB110%98 M M VL VL M F
IB1109D R F
IB1109E VL M
IB1109F X } 4
IB1109G v M
IB1109H M M
IB1111A V% Ag
éaéliiEEEG VL - very 1littie

M - moderate V « very

D « dead N « normal

Readings for second and third weeks are for amount of black
in wing feathers, All others are for smut,

This table lacks data because meny of the chicks were used
in another experiment and were not checked for the first
eight vweeks,
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Appendix Table 5,  Field Observation at V. P. I.

3

WING  EGGS  SCORE  BEX

% 148

.l ¥ %%2 81 \ 2 bl
Huga 160 N F H11 158 N F
nl 170 N F nugz 138 N F
H1216 140 N P H2 176 ? F
Hngs 15& N F H1222 149 N r
11189 1 N F H1232 152 N F
H1237 145 N F H1206 139 N F
H1202 143 N F H1197 139 )| F
ngg 121 VL F H1212 1&2 N F
mn2 127 | F H1195 1 VL F
m183 110 N F H1210 77 N F
H1182 119 VL F H1209 125 N F
H1236 145 VL F mna1 82 N F
Hllg6 140 N F 221 &7 VL ) 4
mnigs 11k N F ngg 141 N ) 4
H1242 51 v F 0 161 | F
H1226 125 N F H1203 183 N F
H1207 122 VL F ngz 1 VL F
H1243 139 N F K 122 N F
1201 156 N F H1217 109 N F
H1228 9 VL F H1172 139 N F
H1188 161 N F H1190 13 N F
H1192 130 M F m.zgl 130 VL F
H1219 126 N F 1187 122 N F
H22 123 v F H1225 103 N F
H123 143 N F H1181 131 VL ) 4
H1191 122 ? F H1220 97 VL F
H1196 122 v F H1218 123 N F
179 148 N F LHBB12K VL M
H1229 124 N F LYHBBOYO YL M
mni7 122 N F LHB8O2R N M
H123 95 N F 4YHB811V N M
H1200 167 VL F
H123 125 N r
Moo Ik N ¥

- moderate

V « very
VL - very light
H - normal

All scores are for the amount of smut in the feathers of the
bird's back, These birds were adults which had been laying
for seven months,
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Appendix Table 6, Index to Chickens

VING  8W0T  MATING  CHICKS  MALE IN

Yo %?SL A-D %tty

B‘+189 No. A=-M
mog Yes H931 A-K "
9 Yos,L H932 A-F K
2 Yes,L A-E H3788 Little Smut
Hil No HOY1 A=l "
;.19 B LTS No HOMY: A=-M "
A4193 No HO42 A=K "
951  Yes,L HO4S5 A-H "
7  Yes,V 39!5% A=G n
H3839 Yes H9 A=D H3011 Clean
900 Yes,L H901 A-H "
58 Yes,L H906 A-K n
H4+109 Yes 39% A=C "
H4205 Yes H9 A=N "
magg Yes.L H90% A-E "
8 Yes R902 A-F #
253 No H924 A<F "
H+111 Ko H92 A=C "
112 No H92 A<D "
H116 No H927 A-D "
B4139 No H903 A=K "
H4192 No H925 A-B "
4206 No H921 A-E "
B297 No H922 A-F "
H4017 Yes IB1101 A-N "
Hs92z No IB1102 A-N "
9 Yes,L IB110 A=G "
11 No IB11 A-H L
B4l Ko IB1105 A=J "
n!+193 No IB1106 A-H "
H1) No IB11 A-P "
951 Yes,L IB110 A=C L
7 Yes,V IB1109 A-H "
A=B_ ki




Appendix Table 6 (contimued)

WING SMUT MA'T":EN‘({L CHICES ' HAENE
Yes %& A-H mitty
H934K No IllZg A-D "
HO41C No I112 A-D "
HOY1H No 11129 A-B "
HOL42B No I1130 A-F "
HOU3A Yes I1131 A= n
H945B  Yes 11132 A "
HO46B Yes 11133 A "
H9O1P Yes 11141 A-B H3011l Clean
HO34B Yes 11148 A-G "
%&D No Ik A-D L
3¢ Yes 1. A "o
H931B Yes 11158 A-G HO4SA Smutty
H931C Yes 11159 A-F "
H a Yes 11161 A-D L
17 Yes I1151 A-I "
4067 Yes 11155 A-E L
H39 Yes 11156 A-C "
9 Yes I1152 A-Q "
207 Yes 11157 A-D "
B4l Ko 11171 A=D H905A Clean
A4l No In172 A-F "
B’+19& No I11 A-E "
H4ll No 1117 A-E "
HOO4K KNo. 11175 A-C "
H905B No 11176 A "
H923C Ko 11127 A .
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Male Female
No 8mut (Clean)

Male " Female
Moderately Smutty



Male Female
Very Smutty

Male Female
Little Smutty

Hotes All feathers came from the backs of the New Hampshires,
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