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I• INTRCl>UC'lI01' 

During recent years poultry processors have been 
comp)a1n1ng about a dark slate undercolor in many strains 
of New Hampshire chickens. This dark slate or slat)"-black 
under-color is generally known as smut, and shall be called 
that 1n this research problem. Broiler growers with such 
smutty chickena have had difficulty sall1ng 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, hatcheey 

flock in1pectors remove from the breeding nocke birds having 
smut. Many breeders of New Hampshire chickens have thought 
that the smutty under-color problem must be complicated 1n 
its mode of inheritance. Otten a high incidence or smut oc-
curred even though no birds with emut had been used as breeders 
tor several years. 

The question 11, did some birds that had smut in their 
chick or 1n their junior plumage but did not 1n their adult 
plumage contribute to the relatively high incidence of smut 
that occurs after several years ot selective breeding against 
smut. 

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



give background intormation which will be helpful in carrying 
on turtber investigation concerning the matter. The specific 
obJectives werea (1) to study the mode of inheritance of smut, 
1n Nev Hampshire chickens, (2) to learn if there is a relation-
ship between the amount of black 1n the down and/or chick 
feathers and the adult plumage under-color, (3) to study the 
changes 1n the plumage under-color from baby chick to maturi-ey, 
and (4) to search tor a practical method ot breeding to conu-ol 
smut 1n Nev Hampshire chickens. 
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II, REVIEW OF LITERATURE 

Though no previous work could be found dealing with smut 
1n New Hampshires, some work had been done with Rhode Island 

Reds. The American Standard or Perfection (19~3), 1n 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. Soi"ar as is known there has been no 
new blood introduced. According to the Standard, the New 
Hampshire breed arose from the constant selection or birds 

for early maturity, quick feathering, large brow-shelled 
eggs, strength and vigor. 

Fdward Brown (1929) reported 1n his book, "Poulta 
Breeding and 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 w1 th 
light under-color. Also he reported that adults with darker 
shades or under-color showed dark-red down as chicks. He 
observed that the lightest colored chicks also showed a wmenc, 
to develop into adults w1 th under-color showing much smut and 

white. 
It 1s easy to see how the color or the New Hampshire 

became lighter on the surface than that or the Rhode Island 
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Red since selection naturally pulled it that way though no 
attempt was made at first to select tor color but for pro-
duction. 

Since the New Hampshire has no other blood reported 
than that or the Rhode Island Red, the work that has been 
done with Rhode Island Reds is discussed here. R&7s (1926) 
reported that autosomal gene •B" tor reddish-brown pigment 
1n the presence ot "L", a sex-linked gene tor gold pattern 
and gold color, and "E", an autosomal gene for the extension 
or melanic pigment throughout the feathers produced smutty 
under-color with a red surface color. He also reported that 
when genes "L" and "En are present in the same chicken, 
smutty under-color will be obtained regu-dless or whether 
the bird was "BB", "Bb", or "bb"• Drevenstedt (1911) reported 
that many poultry men have had the idea that smut was nece81&17 
to obtain the deep rich red that the Standard calls tor and 

that from a breeding standpoint bluish slate in under-color 
or the back is what might be termed a ndesirable detect." He 
also reported that white in the under-color was a much more 
serious detect than smut and advised poultry breeders to get 
rid or serious cases of smut and all cases or white in the 
under-color. In the same book, Kaufman am Windheim (1911) 
reported that under-color must be red as the day or smut had 

passed; also many breeders thought smut helped to get rich 
surface color but they were mistaken. They stated fUrther 
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that smut is usually associated w1 th a dirty, dark surface 
color, rather than the clean rich shade that 11 desired. 

Punnett (1923) stated that the genetic analysis ot 
'. 

white towls is a relatively simple matter in comparison 
with that of colored birds. He further states that one 
could only ofter suggestions as to the probable relation-
ships of a tev of the color types to one another. 

Powell-Owen (1953) reported that a yoang 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 1n the under-

color) to produce the rich, lustrous red desired 1n the 

surface color. 
McGrew (1926) reported that red was seldom if ever seen 

alone 1n the plumage or fowls, since it usually is accompanied 
by black. Brown (1929) gave the following chart as to the 

history or the Rhode Island Reds 

Red (Partridge) Cochin 

Rose Comb 
Brown Leghorn 

Wyandotte 

Malay 

Rhode eland Red 

FIGURE 1. 

COlllllOl1 Fowl 

Malay 
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In the Standard ot Perfection, it is stated that the under-
color ot the Malay, Brown Leghorn, Partridge Cochin and JD8JJ7 

varieties of Wyandottes are slate. It 1s, therefore, not 
surprising that 1Da1'J1' Rhode Island Reds and New Hampshire• 
have smut 1n their under-color. 
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Ill, RPIBPIIFWr PRQCBDYDI 
Before bag1nn,jng the experimental procedure, the author 

vilhea to set forth a tev 4ef1n1t1ona which may facilitate 
the reading ot the tat. P1 as u•ed 1n this repc,rt means 
the original parent stock, both male and female. 1'1 are 
the sons am daughters ot an,- , 1 •tinl with , 1• 1'2 are the 

aona and 4aughtera ot any P1 •tinl with P1• Backoro•••• 
are those aat!ngs 1n vhich one aide ot the mating_!• an P1 
and the other aide 11 a P1• 

A• 9IPPP le !brae original P1 Mt1ngs were made using 
lev Bampah1res from Pine Top Poultry- Parma, All chiokena 

were 1n41v1dually pedigreed. Ho. 111at1ng waa a clean male 
(no amt 1n his family aD1Yhere) mated to eight non-smutty 

temalea and seven smutty female•• Jfo. 2 and No. 3 matings 
were headed b7 a smutt)r male mated to three amutt7 females 
and three non-nmtty temales. 

The progeny were pedigree hatched and records were kept 
on each bird up to tour months or more depending upon the 
hatch date. The feather acore (amount ot black until smut 
appeared, then amount ot smut) was taken each week. The 
amount ot black vas recorded tor the bead, baok, wing I and 

tail. It was graded as veey 11 ttl.e black, 11 ttle blaek, 

mo4erate black, or ve17 black. As soon as smut appeared 
(fourth week tor some) it was recorded very little, little, 
moderate, or Y81'1 much. Each week an impartial rating vaa 
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taken by alternating the inspectors. The chicks weN all ted 
the same ration and brooded tmder similar conditions. Birds 
that died before reaching an age when smut ulUally appears 
were not counted 1n the results. 

le '1t9up II, When the progenr reached maturity tour 
nev matings were made vhich consisted of F2 and backorosses. 

In pen B-1 the original male with most smut was used w.lth 

ten females whose sires were smutty. In pen B-2 the original 
non-emutty male was used with ten females (six being his 
progeny and tour being trom the smutty' males). In selecting 
females 1n this part ot 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 oomplete1 thua some temales trom the 
smutty male matings (P1) vere used. 

In pen Q-3 a clean male (f'rom the clean P1 male'• progeJJ7) 
vas mated to five non-smutty females ot the P1 generation and 

also 12 of his own generation (all r1 •s tram the clean PJ. male). 

In pen Q.J+ a smutty male (from the 1111Ut't7 P1 male's proge?Q') 
was mated to t1ve smutty females or the P1 generation and also 
ten of his own generation (all F1'• from the emutty P1 males). 

Progeny ot these four matings were hatched together and 

records were kept on the indin.dually pedigreed birds. The 
birds were scored at two, five and six weeks ot ace. All of 



12 

these chickens were handled as 1n the t1rst part or this 
experiment. 

c, GJ:ggp I;tI1 While waiting for the F1 to mature the 
clean male or the P1 generation was mated to the Pi females 
which had been mated to the smutty P1 males. The chicks tram 
this :mating were handled as 1n Group 2 or this experiment 
except that scores were also taken on third and fourth weeks. 

R, Field OJ>sernt1ons, One group or New Hampshires on 
the V.P.I. poul.try plant were handled so as to judge the 

amount or smut that would occur 1n a neck in which no attempt 
had been made to limit or control the amount or smut 1n their 
lut selection. These were also Pine Top strain. 

Many t'locks or the Pine Top Hatchery have been exandned 

in the past and records or these nocks have given invaluable 
a1dt 
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,xv. RESULTS 
rn the first mating with the clean P1 male there were 

two .smutty males in 19 m~e progeny and two smutty females 

1n 16 tamale progeny from clean P1 females. There were six 
/, 

smutty males in 20 males and seven smutty females in 23 
' 

female progeny rrom smutty females. In the matings or the 
; 

smutty Pi males there were 1, smutty males 1n 22 male progeny 

and ten smutty females in 14 female progeny when mated to 
smutty females, and·l2 smutty males in 27 male progeny and 

seven smutty females in 1, female progeny when mated to 

clean females. 

In the F2 generation using a clean Fi male from the 

original clean male and mating it only to clean females (F1 ) 

there was only one smutty chick out ot five progeny. When 

the cl~an F1 male was backcrossed to only clean P1 females 

there was only one smutty progeny in 18 chicks. When the 

reciprocal backcross was made there were only two smutty 

progen1 in nine chicks. 

In the F2 generation from the smutty males using a 

•11:n1tty r1 male crossed with only smutty F1 females there 
were ten 1mutty progeny 1n 11 chicks. In the backcross ot 
ainutty F1 male to smutty P1 females all 28 progeny were smutty. 

In ~he backcross to the smutty P1 male there were seven 

smutty progeny 1n 11 chicks when smutty Fi females were used. 

When sm~tty P1 male was mated to clean F1 females only two or 

11 chicks vere smutty. 



In the second P1 mating vith the clean male and clean 
females there were only !1ve smutty progeny in 40 chicks~ 
llhen tho clean P1 male was mntod to smutty tamales there vere 
25 smutty proee~ 1n 32 chicks. 

In the field observation there were 17 smutty females 1n 

62 hens. or the tour males 1 two were smutty. The smutty hena 

had averaged 109 eggs whereas the clean hens had averaced 1~6 
eggs 1n seven mcnths. 

Of all chicks handlad only soven were nct1ced whose down 
was very light. or these only one had sznut as an ndul t. Onl.7 
two shoved real dork dovn nnd one or these was smutty aa an 
adult. Seventom chicks were noticed 1n the tirst tive weeka 
to have had black spots on their heado or necks. Of these 13 
shouerl sr:rut some til:lo aftor the fiftr~ week. One of the 

remaining chickens had white undercolol'e 
Using black in the ,nngs as a guido, 41 out ot e~ that 

sti..oued black hnc! sI:IUt. Four out ot 21 whose \d.ngs were normal 

in color h:ld smut. If just the matings with the clean male 

are ccns1dered, only soven of 39 chicks with blnck in the vine 
rent.hers ever r..o.d smut, and onl.y one or ten chicks vi th normal 

wing color ever had smut. Those results vero for Fi chicks. 

Tho amo1.1nt of smut varied frot:1 weelr to week and oome bird• 

eitr...cr lost or obta:L~cd smut cs thoir plumage was replaced from 
chick to Juvar.ile or f'ro1t juvGlllle to adult. All birds ha4 

black in their tails by the sixt1·1 week, 
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!he egg records ot the PJ. females showed that females 
with smut averaged 108,4 eggs for the seven month period. 
'the clean females averaged 130 eggs tor the same period. 
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I, PRQPO§W TI;llQRI. OF MOPE OF INHERITANCE 

In this experiment one cannot explain the mode of 
inheritance on the basis ot the action ot one pair of 
autoaomal genes, since crossing smut with smut gave some 
non-smutty progeny and cro!:sing clean with clean r,ave some 
smutty progeny. However, the data does not tall into the 
expected ratio or sexes to be sex-linked either, since 
progeny that had smut were just as likely to be males as 

females (39.~ total males, 38.l~ total females 1n the tirat 
throe matings). 

Two autoaomal genes acting independently ot one another 
would more adequately explain the mode ot inheritance ot 
smut 1n this strain of Hew Hampshires. Dunn (1929), 
Lippincott (1923) and Hays (1926) haw reported that there 1• 
a gene "E", an autosoma.l gene for the extension or melanic 
pigment throughout the feathers. Then as Hutt (1949) stated, 
tho red color characteristic of New Hampshires has many 

autosomal genes for red, which have not yet been sat1sfaotor1ly 
analyzed. The author proposes that one of these genes that 

shall be called "Y" prohibits gene "E" from showing in the 

under-color. Its allele "r" allows for the expression of "E" 
thus giving smut. When "E" appears in the homozygous 

condition the smut will appear to be much darker. 
The recessive allele "Y" is tor white undercolor as is 

the recessive of "E" ("e")• When both pairs ot genes are 1n 
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the homoS7goua recessive condition the under-color ot the 
bird will be veFJ 11ght or white. When 'T' appears 1n 'the 

heterozygoua condition there may be a pose1bU1t7 tor the 
smallest amount ot 1mut to appear (one or two feathers) 11nce 
1ta ep1stat1c power may be reduced (rnox, 1927). 

!he po11lble genotypes of clean or non-smutty chickena 
area 

Y/f. B/B Y.h B/1 (one lllUt~ 
feather · Y/I B/e Yh B/e 

Y/1. •I• Yh •I• 7h •I• 
file poaa1ble genotypes ot smutty ch1oken1 are, 

7h B/B (very smutty) 

Yh El• 
ho out of th• nine genotypes show amut. 'the results 

1howed 35'- of all chickena tested had amut. Thia 1• a 
higher percent than vould be expected through random mating. 
However, using nmtt,- males as often a1 clean males makes 
this a 1elected population with a much higher percent ot 

smut expected. 
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JI, PISCY§SIQN OF Hf§UL'l:§ 

Other experiments have demonstrated that color patterne 
or 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 ot the proposed theo17 the aut.bor 
has selected the individual matings 1n which there were a 

larger number of oft1pring so that the chance of error 11 
smaller. In the tirst mating with the clean P1 male (Y/y 
B/e) were 1~ females. or those hem B3900 (little smut, 

'117 E/e), Jilt.139 (clean, Y/7 E/e), Jilt.20; (1111Ut, 7/7 E/E) 
Jilto5'8 (little smut, y/y E/e), and B4297 (clean, Y/f. e/e) 

have been selected. 
Progeny ot B3900 would be expected to have three smut 

1n every eight chicks. The actual results had two smutty 
chicks in tour. Applying the chi-square test this would 
have a probability or 6oi. 

Jilt.139 would be expected to have three smutty progeny 1n 
every 16 chicks. Sha had one smutty chick in seven. Thie 

has a probability ot about 35%. 
B't205 would be expected to have one nutty chick 1n 

every two. She bad five smutty chicks 1n 14 progeny. This 

has a probability or~. 
BltoSB would be expected to have three smutty proget17 1n 

every eight chicles. She had tour smutty chicks 1n nine 

progeny. '?his has a probability ot about 75'"• 
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Blt-297 would be expected to have no smutty progeny. She 

had no smut in six progeny. This has a probability or 10~. 

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 E.4189 (clean, Y/y E/E), 
H4ol7 (smutty, y/y E/e), B4114 (clean, y/y e/e), H4193 (clean, 

Y/y E/e), B3951 (little smut, y/y E/e), and fflt.194 (clean, 

Y/y e/e). 

B4189 would be expected to have one smutty chick in every 

two. She had seven smutty progeny in 13 chicks. The proba-

bility for this is 75%. 
B4ol? would be expected to have three smutty progeny in 

every four. She had nine smutty chicks in 11 proeeny. This 

probability is 70%. 
B4114 would be expected to have one smutty chick 1n every 

two progeny. She had five smutty chicks in seven progeny. 

The probability of this is 25%. 

H3951 would be expected to have three smutty chicks in 

four progeny. She had all eight chicks smutty. The proba-

bility or this is 12%, but two of these chicks were recorded 

only very litUe .2Jl! time which may mean they were actually 

Y/y E/e. That probability would be 100%. 

H4193 would be expected to have three smutty chicks in 

eight progeny. She had five smutty chicks in ten progeny. 

The probability of this is 4o%. 
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H419lt, would be expected t.o have one amutty chick 1n 

every tour. She had two smutty chicks in nine progeny. Thia 

probability is 85'%. 
In the matings with the F1 male (clean, Y/y E/e) both 

F1 and P1 females were used. Those with the larger progeny 

are H9o4K (clean, Y/y E/E), B4119 (clean, Y/7 E/E), H'+l94 
(clean Y/y e/e), and H4114 (clean y/y e/e). 

H9o4K wouJ.d be expected to have one smutty progeny 1n 

every tour chicks. She had one smutty chick 1n three progenJ'• 

This has a probability or 75%. 
H4119 would be expected to have one smutty progeny in 

every tour chicks. She had one St1Utty chick in tour. This 

has a probability of 100%. 

H4194 110uJ.d be expected to have one smutty chick 1n eveey 

eight progeny. She had all six progeny clean. This be.s a 

probability ot 40%. 
Hlf.114 would be expected to have one smutty chick in every 

tour progeny. She had all four clean proreny, This has a 

probnb111ty of 25%. 
In the matings With the F1 male (very smutty, y/y E/E) 

both F]. and Pi females vere used. Those selected as repre-

sentative are H931B (smutty, y/y E/e), H944l (smutty, y/y E/e), 

Hltol7 (smutty, y/y E/e), H3964 (smutty, y/y E/e), and H'+o6? 

(smutty, y/y E/E). 

All progeny trom these matings would be expected to be 

smutty. The results gave a total of 30 smutt:, progeny 1n 30 
chicks. This has a probability ot loo,L. 
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In the backcross matings with the clean P1 male (Y/y E/e) 

females H934B (smutty, y/y E/e) and H934D (clean, Y/y E/e) 

vere selected. 
H934B would be expected to have three smutty chicks 1n 

every eight progeny. She had two smutty progeny in four chick•• 

This has a probability or t;o%. 
H934D would be expected to have three smutty chicks in 

16 progeny. Sbe had tour progeny all clean. This has a proba-

bility of 33%. 
In the backcross matings with the smutty Pi male (y/7 E/e) 

females H931F (smutty, 7/y E/e), H91+2B (clean, Y/7 e/e), and 

H943A (smutty, y/y E/e) were selected. 

H931F would be expected to have three smutty chicks 1n 

tour progeny. She had three smutty chicks in five progeny. 

This has a probab111 ty of 45'~. 
HC)l+2B would be expected to have one smutty chick in every 

four progeny. She had one smutty chick in five progeny. 

This has a probability of 80%. 
H9't-3A would be expected to have three smutty chicks 1n 

every tour progeny. She had three smutty chicks 1n five progeny. 

This has a probability or 1+5i. 
The P1 clean male (Y/e E/e) was mated to the same original 

females that the P1 smutty males were mated with. Those 

females selected from this group were B3964 (smutty, y/y E/B), 

B3997 (clean, Yh E/e), B'+ll9 (clean, Y/'y E/e), and H'+067 
(very smutty, 7/7 E/E). 
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B3964 would be expected to have one smutty progeny 1n 

every- two. She had six smutty progeny in sewn progeny. 

This has a probability or 18%. 
B3997 would be expected to have three smutty chicks 1n 

16 progeny. She had three smutty chicks in 14 progeny. Thia 
baa a probability or 80%. 

Hlf.119 would be expected to have three smutty chick1 1n 

16 progeny. She had one smutty chick 1n five progeny. Thia 

ha1 a probability or more than~. 
Blto67 would be expected to have one smutty chick in 

eveey two. She had six smutty chicks 1n eight progeny, Thia 

baa a probability ot 1,~. 
Only one mating was noticed to have fallen below the~% 

signiticant level for the chi-square test and this had a 

probability ot 4.7'/o. This could have been caused by gene uyn 

losing some or its ep1stat1c power in the heterozygous state, 

thus causing more progeny to appear smutty. 

Chicks that had black spots on their necks and/or heads 

usually were smutty or white in their adult under-color. 

Thirteen or the 17 chicks with black in head or neck had 

smut as adults and another had white under-color. The shade 

or down doesn't seem to affect the amount or smut 1n the 

adult. Those chicks that had black 1n their wings had a 
greater percentage of smut as adults. Ot those w:l.th black 

1n vings 1+7,6% had smut as adults while only 19% or those 
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with no black 1n wings showed 11DUt as adults. This would 
be stricter selection than most breeders could aftord. 

Those chickens that showed amut only 1n one observation 
in the test must actually have carried the heterozygous gene 
ttyn which does not completely inhibit gene "E" especially 
when "E" is 1n the homozygous condition. 



DI, SUMMARY AND CONCLUSIONS 

or the 372 chicks 3,% showed smut. The P1 matings clean 
male X clean females gave 11.4% sJrR1tty progeny, clean male X 
smutty females gave 30.2% smutty progeny. The smutty male X 
clean females gave 4;.2% while smutty male X smutty females 
gave 69.4% smutty progeny. o:r the chicks that had black heads 

or necks 76% showed smut as adults, but there was no relation-
ship found between shade or down and smut in adult 1mder-
color. Chicks with black in wings gave 47.6% smutty adults, 
while only 19% or the non-black were smutty as adults. 

From the results obtained in this experiment smut depends 
upon two independent pairs or autosomal genes. At one locus 
there is "E" gene tor the extension or 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-cola; 
or its recessive allele "Y" which gives no color. 

Birds of genotypes Y/'f E/E, Y/Y E/e, Y/Y e/e, 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" is in the E/E or E/e 
condition. Some chickens with genotype Y/y E/E may show smut 
since the epistatic condition 1s weakened when gene "Y" 1s 
in the heterozygous condition. 

Theoretically, the most desirable genotype for producers 

of broilers and processors woUld be y/y e/e since the 



under-color would be white. However, this 11 not the color 
called tor 1n the Standard. Nevertheless, breeders should 
select that type ot bird thD.t will satisfy his customers. 
Selecting birds homozygous for "e" would boa breeder's best 
insurance against having smut. This, however, is not easy 
to do. Selecting tor 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 a11. 
It was noted in both field observation and actual 

experiment that those birds that had smut, layed fewer eggs 
during a seven month period. The P1 smutty temales averaged 

108.~ eggSJ the P]. clean females averaged 130 eggs. The 
smutty temales or the observed nock averaged 109 egglJ the 

clean females ot the observed nock averaged 1S6 eggs. 
On the basis or this exp~riment and the author's field 

obGervation it is concluded thats 
1. Smut 1n this strain of New Hampshires is caused by 

the interaction or two genes, one a rece~sive allele 
ot "Y", red under-color, and the other a dominant 
allele "E", the e~tension ot black 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 w111· show or not. 
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3. A high percent or those chicks having black on head 
or neck will have smut as adults (76~). 

J+. Hens ot this strain that have no smut will usuall.7 
lay more eggs than smutty hens during a given period. 

5'• It 1s necessary to check tor smut much more often 
than usually done to accomplish any great 1mprowment. 

6. Progeny testing 1s the best procedure to follow 1n 
attempts to control smut. 
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Appendix Table le F1 Clean Male 
wnki iol IN Wkikii Iii 
Mi ! l a l tl i 'i tl tl R 
B901C I V VL • B • If 11 M ., 
B901B H M M I • • • • • JI 
B9011' V M M • • I B • • ., 
B902A VL L,W VL I 1' If • • • M 
B902B 1f V VL II N • JI B H ., 
Jl9()2C M M M .. • I 11 • 11 M 
Jl902D B VL I • 11 I • • • JI 
H902E V V V • 11 • • I I , 
B903A V V V 11 • • • • VL ., 
B903B V V V • If • 11 • • , 
B903B w I B If • • • • B M 
B903P L L L • • • 11 • • M 
B9030 V M M • • • • B R , 
B903H V V V • I • B • B , = M M M • • • • I B M 

L M y V V y M VL YI, M 
B9ol+B • VL VL • I • • I' • p 
H90lte M M )( 11 I • VL YL M p 

M M L • • • • • VL p 
H9ol+B If L L I If • • B B ., 
B9o4F • II w • • • • • If M • M L • • • I I 11 p 
B90lt-B I • • I • • I I If ., 
B9<>1tI K M M I JI • • I 11 M 
B~ VL L L • • • VL YL VL H 
~I: V M M • • • • 11 • ., 
~L L • • • I • • • If M = I w • JI R B • If 1' M 

I • L VL VL M II I 11 M 
11905'.l L L L • I • • • 11 M 
B905lt M y M • I • • I • ., 
B90~ M M M I • • 1f I I ., 
B90SD M M M I I • 11 • 11 K B9z L L L I I I • • I ., 
B9 A L L YL • I • • I YL , 
11906B M M H I I D - - - M 
B9o6c I L L • • • If • I M 
B906D If M M • • • B 1f • .,. 
P~htti• I II I I If !Is 111 n.. t 

- nry lciit 
M • moderate • • no1'Jllal 
V • T81'J' D • 4ea4 
W - vbite dow 
Readings tor first through fifth week are tor amount ot black 
1n v1ng feathers. ill others are tor amut. 
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Appendix Table 1 (continued) 
WING 1GB Ii WEEKS SEX 
Mo i A ' * ; 'i ;i.~ :LZ , M - -H906H M M M • VL M VL VL B F 
H9()6I L M L VL M M M VL VL M H906J M M M R ll If • D - M 
H907A V M M R R ll L L L ., 
H907C M M M R R If R If N M 
B908A M M M N N B R R 11 F 
B908B L L L • }J R N VL N M 
B9o8C M M M N If B M V V ., 
H908D H M M B N D - - - F 
H921A M M M If N N VL VL M M 
H921B M V V M VL I I R R F 
H921C R L VL R I R 11 II N ., 
H921D M M M I N N 11 B I M 
B922A M M L I I R N R N ., 
H922B If L VL I R B R R N M 
H922C VL L L N H R N R N M 
H922D V M M li I H If H N ., 
H922E M M M R B N R lf N F 
B9221 V M M N R • R B H ., 
H923A M H VL H • I R Jr N .,. 
H923B I V L R 11 R N R N M 
H923C N V VL B lf R R R N F 
H923F N N lf If I R R If B F 
H92~G L M M N R 11 I I N , 
H92 A L VI, VL 11 N R I I N M 
H924B VL L VL N B I R N N ., 
H924c If B N 11 N N R N H M 
H924E L L L B N R I I N M 
H92l+F V M M M V V V V V M 
H925A N If R N If N 1' R N M 
H92~ • R N 11 N I N N D M 
H926A L VL VL N R • B B N M 
H926C N " N H R I N H !f M 
H926D L H • H H lf D - - M 
f92Zf I L n B • B I It n. l -lttie VL - ve17 i!g 
M - moderate If - normal 
V - ve17 D - dead 
W - white 
Readings tor first through titth week are for amount or black 
in wing teatbers. All others are tor smut. 
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Appendix Table 2. 1'1 trom Smutty Males 
WIBG AGE Iii WEEKS an 
Hi n ti vt g t 'i ., 'i 1i k 
H931B B V V I I If M V V ., 
B931C M V V V M M V V V ., 
B931D B V V V M V V V V M 
H931E • V V I • B VL I V F 
B9311' V V V H B • V V V p 
H9i18 V M M If I B VL VL D M 
B91B L M M 11 11' • B R 11 M 
B9311 V M M B 11 • B I B M 
H93l.J V M s M YL VL M V V F 
B93ll V V 8 M VL VL M V V r 
H932A B M M B B B • I VL M 
119320 ' M M R B I VL B VL M 
H932D V M M B B M M V V M 
B932E L M M B B I B I • M 
B932F V M s TL VL VL D - - K 
H933A M V V 11 • I B M M F 
B933C M M M • • 11 B • B M 
1193~ M M M If If • B • B ., 
B93 A • VL VL 11 B • B B R M 
B931tB 1' M V 11 • B • • V p 
B93l+c • V V • 11 B B 11' VL M 
B93ltl> • V V • 11 I • R B ., 
B93l+B 11 VL VL B 11 B B B ff M 
B9341' VI, M M B R B L L I M 
11931to L M M B If R If If N M 
B934H V M M R M L M M M M 
B934I I, M M VL B M M M M ., 
B9~4J V M M I VL V V V V M 
H9 It-It L M M TL H R B B R ., 
B934L V M M II R I H R H M 

M M M H B If R VL VL , 
N L L I B VL M M L M 

B~lB L M M 1f VL M VL M M M 
~10 M M M If • B I H B F 
B~lD If N B B II H B B B M 
H~l.B L M L 11 R 11 H N B M 
~lP VI, N B B • B H D - M 
~10 B L N If H I R N N M 

P-1itttie If If N If 1- Jite lf l{ N r 
M - moderate VL - nrr little 
V • very 11 - normal 
D • dead S - smut 
Readings tor first through ritth weeks are tor amount or black 
1n wing feathers. All others are tor smut. 
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Appendix Table 2 (continued) 
wnio AGE IN WEEKS sn !fi It i l • I 3i 1-i 'i 3.2 k -.2B If VL VL 1l • • I 11 If .,. 
1$!t2C L L L If B M V V V p 
~21) N L If N VL II I B 1l M 
~2B M M M B M L M M VL M 
~2F VL N R N N If R R R F 
H9:~20 N VL B B !I II B R H p 
~2H B N N M VL VL VL 11 VL M 
~2I N N N I R ?I • If fl H 
Ji9!+2J L M M V V V V V D M 
B9!+2K ll N R I R N • • N M 
~3A B M VL V V V V M M F 
~3B N M VL V V V V V V p 
~30 B M L M L VL N lL VL M 
~3D V M M V V ' V V V M 
~3B M M M VL " VL 1f • B .,. 
~3P Y M M M V V ' V V M 
~O L M M M VL YL lf B II p 
B B 1' VL N V V M VL VL VL M 
~p If ?f Jf VL lf N I B w M 

M M M V V V V V V M 
B~I M M M V V V V V V P. 

R B B B • I • • • M 
~1[ L M M M V V V V M M 
B~L M M M M V V V V V p 
~5'A H VL V ' ' ' V V V M 
~511 1' L VL R VL VL N • VL p 
~5'C L M M V V V V M • .,. 

L M 11 ' V V V V V M 
~51 VL M M VL K YL VL VI, VL M 
B~S, VL M M 1' I I VL • R M 
~5lJ M M M V L M M M L p = V M 

M I • I( • YL • M 
I VI, VL • • • I R !l M 

~B VL M M • • I 11 11 If p 
Vt M M • VL VL VL M Vt M 

M H M If • • • • B F 
I II L H , _ vSte y I V I ~tt1e 

M - moderate VL • Very little 
V - V91!'f 
D - dead 

R - normal 
Readings tor t1rst through fifth week are for amount ot black 
1n wing feathers. All others n~e tor smut, 
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Appendix Table 3•• Backcrosses to Clean P1 Male 
WINO loE IN Wides sit 
Mu i i e k 
Illl+6A L • B M 
11146c M l'l M M 
Illlt6D M B R ., 
Illlt6B L 11 V M 
Illlt-7A V II B p 
Illl+7B M ll B p 
ll1lt-'1C I B 11 p 
J;:U.42D H I! I t 

Appendix Table 3be Backcroases to Smutty P1 Male 
\r1Nd ldE IN wkW six 
fffig1 i I 6 v F 
I1126B V B B .,, 
m.26C V M V M 
Ill26G V V V M 
IU26B V If I M 

V I I H 
V • H F 

lll28B V If R p 
lll.280 M 1( 1' F 
lll28D Ii H L M 
lll29A V N X M 
WJOA M JI JI r 
Il130B V • w M 
lll30C M 1' w M 
m3a, V N L M 
ll130P H R B .,, 
Ill31A V B VL p 

mm V R VL p 
V H H ., 

lll.311' H If B p 
lll31I V JI VL F 
Ul,3U V V M p 
pa13it -ttle I I• normal B t 
V - very VL • ve17 little 
Dk- Dark surface H - Moderate 
W - white D - dead 
Readings for the second week are for the amolD'lt or black in 
the wing feathers. Others are tor the amount of smut 1n the 
feathers or the back or the bird. 
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Appendix Table 3c, F2 from Clean Male (P1) 
wiffo AGE ni WF..EKS SEX 
tffi5A i i 6 w k 
1117513 V L VL F 
Ill7~ If N R M 
1117 J. M H N F 
Jll22A M ft N M 

Appendix Table 34. Bacl:cro~ses to P1 Females (Clean Male) 
\JfNG AGE IN wkEKs BEX 
MJ;n i i 6 

ii , 
Ill?lB V V N M 
Ill71C w !I N F 
ll171D L II II M 
I1172A M 11 If M 
Ill72B w 1' B F 
ID72C N N B M 
Ill72D V 11' IJ r 
Ill72E M 1' R F 
Ill72F V " B F 
ID73A V 11 11' M 
Ill73B V B w p 
lll73C L R B p 

lll~ V lf lf F m A V 11 B M 
lll~B V N R M 
Ill7l+c V !i I r 
Ptl!+P L I N M 

Appendix Table 3e. F2 from Sntty Male 
WING AGE ii WEM SEX 
ffWeA i f 6 v k 
lllSSB V V V M 
Ill5'8C V N VL ., 
Ill5'8D V V V M 
IllS8B V V V F 
Ill5'8F V VL M F 
lllS9A M H N F 
m59B M N M F 
Ill61B R M V p 
Ill61C M V V M 

~ttie L I - normal 
JL r 

V - veey VL - very little 
M - moderate W - wite 
Readings tor second week are tor amount ot black 1n wing 
feathers. Others are for amount or smut 1n feathers ot back or bird, 
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Appendix Table 3r. Backcrosses to P1 Females (Smutty Male) 

WING AGE IN WEffil SEX 
Hu 2 g vt M , 
lll51B L M M M 
lll5].C w M V F 
lll51D M V V M 
Il151E M V V F 
lll51F V V V M 
m510 V V V M 
m51H M V V F 
1115].I V V V M 
IllS2A M V V F m;2B V M M M 
lll52C L V V M 
Ill~2D V V V M 
m;a M V V M 
lllS2F M 1' VL M 
lll52G 11 VL M F 
Ill55A V V V F 
111;~ V V ' F 
m;50 VL M ' F 
Ill5~ V V V M 
Ill;5'E V V V F 
Ill56A N V V F 
I11;6B M V V ., 
Ill56c M V V M 
Ill;'}A L If VL F 
Ill5'7B L B VL M 
lllS'lC L M M ., 
P:~tt1e L I :u. l 

- normal 
V - very VL - ney little 
M .. moderate w - ,mite 
Readings for the second week are for the amount of black in 
the wing feathers. Others are for the amount ot smut 1n the 
feathers of the back of the bird. 
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Appendix Table~. F1 from Clean Male (Females from Smut 
WING AGE m wEEks Mat1~ 
~on vf vi i i I M 
IBllOlB M V L I • ' Il31101C M V V V V M 
IBllOlD V V VL VL If F 
IBllOlE V VL If N N r 
IBllOlF VL M M V M M 
IBllOlG VL F 
mllOlH M M 
IBllOlI • F 
IBllOlJ VL p 
IBllOllt V M 
IBllOlL II F 
IBllOlM R M 
IBllOlB M M 
IB1102A N N Jf N N M 
IB1102B M M H N If M 
IB1102C M M N • I F 
IB1102D H F 
IB1102E • M 
IB1102F H M 
IB1102G If ., 
m1102B B M 
IBll.02I I F 
IB1102J VL M 
IBll02X V M 
IB1102L If M 
IBll02M • M 
IB1102lf • F 
IBll03A M M V VL N ., 
IB1103B VL M 
IB1103C V p 
IBll03D M F 
IB1103E N M 
IB1103F V M 
mll~G V F 
mu A VL M R ff ll F 
mllol+B M L N N J) ' IBllol+c M M B VL J) ' IBlloltF If M mnoi.a M M 

F-1Mu. I! VL - very iltt1e l 
M - moderate V - very 
D - dead N - normal 
Readings for second and third weeks are for black 1n wing 
feathers. All others are for smut. 
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Appendix Table 4 (continued) 

WINO AGE IN WEE}($ sn 
Mo5'A i i i E ' IB1105'B VL VL }l ll D ' IB1105C VL VL VL If B F 
IBllO~ VL VL I N N M 
IBllO;E • F 
IBllO;G I M 
IB1105H N M 
IBllO~ If M 
IB110$7 1l M 
IB1106A L L B If If M 
IB1106B L L If N VL F 
IB1106C L M B B N p 
IBllo6D VL VL R Ii 11 M 
IB1106F VL VL ff B R p 
IBU06G K p 
IB1106H R ., 
IBllO?A L L lf ll B F 
IB1107B L L I{ B 1' p 
IB1107C B p 
IBll~ 1' M 
IBll A L L 11' B B M 
IBll08c V M V VL 11 F 
IBll09A V V V V V M 
IB1109B M M B VL VL M 
IB11098 M M VL VL M F 
IB1109D B F 
IB1109E VI, M 
IB1109F • p 
IB1109G V M 
IB1109H M M 
IBllllA VL F 

P!1Hft1e ! vt - Te1'7 iltt1e M 
M - moderate y - ft1")' 
D • dead N - normal 
Readings tor second and third weeks are tor amount ot black 
in wing feathers. All others are for smut. 
nd.s table lacks data because many of the chicks were used 
1n another experiment and were not checked tor the t1rst 
eight weeks. 
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Appendix Table 5. Field Observation at v. P. I. 

wnld Edba !coRE SEX WING F.Gds scofiE sEi 
B1 146 I , r,a2 81 v , 

160 N F 15'8 N ., 
170 N F ffib4 138 11 F 

Hl.216 ll+o If p 176 ' p 
Hlli5' tl~ H I' m222 149 I p 
lD.l 9 Jf ., Bl.232 1;2 If F 
B1237 11t-; I ., Bl.206 139 I p 
Hl.202 143 • F B1197 139 • F 

121 VL F B1212 i~ B ., 
127 R p Bl.195 Vt F 

J0.183 no N }P m210 71 B F 
Hll82 ll9 VI, F m.209 12; 11 JP 
ID.236 145 VL F B1211 82 If p 
Hl.1~6 ll+o X F m.221 

1~£ 
VL F 

ml ; 114 N F :½i~§ I p 
Hl.242 n V F 161 If p 
lll.226 12; N p m.203 183 B F 
Bl.207 122 VL F lll VL F 
Hl.243 135' H F 122 !f F 
m201 156 H F HJ.217 109 B F 
m.228 9 VI, F Bl.172 139 1'f r 
lll.188 161 H F ID.190 113 11 F 
Bll.92 130 M F ID.2~1 130 VI, F 
m219 126 N F ml 7 122 If ., 
JD.22~ 123 V F Bl.225' 103 N r 
Bl.23 143 N F m.181 131 VL p 
Bl.191 122 , F Bl.220 97 VI, F 
lll.196 1~2 V F Hl.218 123 N F 
ID.179 l 8 R F lt-BB8121: VL M 
ID.229 124 H r 4BB804o YL M 
Hll7~ 122 R ., ltHB802R 1' M 
10.23 

1l; 
N r l+BB811V If M 

m200 VL F 
Hl23l 125' If ., 
m21 121 B F IP 2!fg i!!!t Ii E 

- moderate 
V - ve17 
VL - very light 
B - normal 
All scores are tor the amount or amt 1n the feathers of the 
bird•s back. these birds were adults which had been laying 
tor seven months. 
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Appendix Table 6. In4ex to Chickens 
Wiib BIil! Rl!ffiG cHicks ™ flt 
itW§ lo ,r 1-ti R°s-tti 
ftlt.189 Bo. A-H It 

Jilfoi Yes B931 A-E • Yes,L = A-P '] 
Yes,L A-E B3788 Little Smut 

Hltl No = A-I " B'+lll+ lfo A•M n 
114193 No ~2 .l-X " Yes,L ~; .l•H • Yes,v A-G n 
B3839 Yea H9~ 1-D B3011 Clean 

Yes 1L H901 A-H " Yet1 9L H9o6 A-X .. 
Hlf.109 Yes = A-C .. 
Hl+20; Yes A•B • 
B't2~ Yes.L H90; A-E II 

~:;3 
Yes H902 A-P tt 

No 11924 A•F n 
Hl+lll Bo H92t A-0 " Jil+ll.2 Ho H92 A-D • 
Jilt.ll6 llo H927 A-D " 114139 Ho H903 A•X .. 
ut.192 No B925" A•B " B't-206 lo H92l .l-E n 
nt.297 Ho H922 A•F • 
B't-017 Yes IBllOl A•N " 
B39i4 Bo IB1102 A-1 • 

Ies,L IBll~ A-G " No IBll A-B • Hlt-1 No IBll05' A-J ff 

Jilt.19~ Bo IB1106 A-B • 
Jilt.U Ho IBll~ A•P • 

Yes 9L mno A-C " 7 Yes,v IBll09 A-B .. 
Jes,le :gw.11 4-B a 

I - ttie 
V - very 
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Appendix Table 6 (continued) 
WING akbf MATING dHfcks MALE IN 
Ht Yes 'B! A-B ~NG 2 smutty 
~41C No ~i A-D " B lC No .l-D " ~lH Bo 11129 A-B " B~2B No Ill30 A.-P It 

H~3A Yes Ill3l .l-I " = Yes 11132 A .. 
Yes Ill~3 A • 

B901P Yes Ill l A-B B3011 Clean 
B934B Yes Ill48 A-0 • 
~4D Bo Ill4i A-D ! 

30 Yes m4 A ~, " 
B93lB Yes m5a A-0 H945'A Smutty !Sc Yes lll~9 A-F • 

l Yes Ill61 A-D • 
7 Yes m;i A-I " H4o67 Yes Ill55' A-E 

H39i Yes lll56 .l-C .. 
:i!io1 Yes 1115'2 A-0 • Yes 11157 A-D " H4ll9' Ho lll71 A-D B905A Clean B4l Ho Ill72 A-F ti 

Hlt-19~ No Ill~ .l-E " B4ll Bo 1117 A-E " H9o4K Bo. m1g A-C " B905'B Bo 1117 A " H923C Ho mzz A • 
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.FJMtftiRS SJiOWlNG DIFFERENT AMOUNTS OF SMQl'. 

Male hmale 
lo Smut (Clean) 

Male Female 
Moderately Slltlltty 



Male Female 
Vary Smutty 

Male Female 
Little Smutty 

IQ:lcl a All feathers came from the backs of the New Hampshire•. 
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