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INTRODUCTION

Tobacco is a major cash crop in Southern Virginia, Eofth Cerclina,
South Carolina and other scutheastern states. The economic production of
tobacco requires a high yield of good quality leaf. Of the several di-
seages contributing to a reduced yield and lowered quality, root rot is
one of the most important. Root rot and root knot is estimated by Clay-
ton, et al (4), to ceuse damage to some 500,000 acres of tobacco in
Virginia, North Carolina, Georgia, and Florida. Thus, sa&wral millions
of pounds of leaf and thousands of dollars are lost annually by growers
because of these root diseases.

There are five major factors that largely determine the occurance

and development of black root rot (Ihislaviopsis basicc

gree of infestation of the soil by the causal organism, (2) the soil re-
action, (3) the soil moisture, (4) the soil temperature and (5) the degree
of susceptibility of the tobacco to black root rot. The latter one is a
factor of major importance, (although it is affected in turn by the other
aforesaid factors). The development of varieties tolerant to black root
rot has greatly reduced the prevalence of the disease. The tolerance or
resistance of varieties to ?not rot, however, is complicated by the pre-
sence of races or strains of the pathogen thzh differ in pathogenicity
on different varieties of tobacco (1).

In this study an attempt has been made to determine the nature of in-
heritance of resistance in tobacco to root rot caused by the fungus Thiel-

a (Berk and Br.) Ferr, with the view of evaluating the



-5~

possibility of developing higher resistance to root rot by combining
sources of resistance from different verieties.

Because of the complicated interaction éf the fungus with 11:.; enw
vironment, the variability in different cultures of the organimm (14,27),
end the peculiar menner in which varieties of tobaceo respond to it, dee
finite conclusions regarding inheritence were not expected to be drawm.
However, it was expected that data obtained in the study would give some
idea regarding the breeding behavior and nature of resistence to root

rot in the varieties involved in the study.
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REVIEW OF LITERATURR

Black root rot is caused by the fungus Ihielay
and Br,) Ferr, which was first discovered in England on peas in the year
1850 by Berkeley and Brome and later described by Farraris in 1912
(according to McCormick (20)).
In the United States, Thislavi
cola was first observed by Thaxter (28) in 1891, in Comnecticut. Six

years later Selby (25) found it on the roots of begonias which were
growing in the greenhouse. In 1899, he (26) gave an short sccount of the
disesse on tobacco seedlings. Shortly afterwards, in 1909, Gilbert (7)
warned against the seriousness of the disease on tobacco, although at
that time it was only recognized in Connecticut, and sven there in only
very limited areas. But, wherever the plants were attacked the crop was
a total failure. Since then, black root rot has been considered to be a
major disease of tobzceco in the cooler regions on soils thet are not very
acid (3), (6).

Considerable work has been done to breed strains of tobacco which
are resistant to black root rot. Many varieties with different degrees
of resistance have been developed, but no variety with an immune reaction
has been reported. Henderson et al {19) selected what appeared to be two
highly resistent varieties in 1943, but later considered them to be only
tolerant or partially resistant (10).

Efforts to breed resistant varieties have been handicapped, apart
from other factors, by differences in pathogenecity of various races of
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the pathogen.
The existance of strains of Thislaviopsis basicols in different
areas was suggested in a test reported by MacRse (18) im 1935. He ob-
tained seed of white burley tobacco, which was reported to be resistant
to root rot, from the Kentucky Agricultural Experiment Station. In trials
at Harrow, Canada, this variety proved to be no betier than other suscep-
tible varieties already in use. Later, Allison (1) recognized four races
of black root rot fungus on the basis of their pathogenecity on different
varieties of tobacco. Stover {27) also described four races, which, in
his opinion were probably the same as those recogniszed earlier by Alliscn
(1) end Johnson et 21 (19). Stover (27) used four "so-called" resistant
varieties in his studies., One of the varieties was found to be moderately
susceptible to susceptible to all races; another was resistant to one race
and susceptible to three; a third variety was resistant to two races, mo-
derately susceptible to a third and susceptible to the fourth race; and the
fourth variety was resistant to three races and moderately susceptible to

one.

Thislaviopsis basicols (Berk and Br.) Perr, is generally recognised
as the cause of black root rot disease of tobacco. This fungus is tro?

quently found in association with an ascomycete, Thielavis basicols,
which at first was thought to be the perfect stage of Thielaviopais basi-
cols. HRowever, McCormick (20) demonstrated that it was a distinet and se-

parate fungus from Thiele Stover (27) observed Thielavis
baglcola in an on the roots of tobacco only if they were infected with




s neither assists

Ihielaviopsis basicola. He found that I}
nor hinders an attack of Thielaviopsis basicola, He concluded that differ-
ences in pathogenicity were not due to the two species but to the presence
of races of IThielav]

Several studies (6,13,15) have shown that the fungus Thielaviopals
basicola is capable of living in decaying organic matter in the soil for

several years in the absence of a major host plant. Many suspects are
found in the families Solonacae, Leguminosse and Cucurbitacse (11). For
these reasons, it appears that inocwium is almost alwsys preseat in to-
baceo s0il, and whenever factors, such as tempersture and pH, are favor-
able the disease develops.

The fungus first attacks the cortical tlssue of the roots either
throughout their length or only in segments (16,24). It may extend to
the underground portions of the stem and cause s roughening and a black
charcoal-like discoloration which sometimes extends =bove the ground.
Within the roots the diseased tissues are tinted red or pink. The
smaller roots may be entirely rotted away while the larger roots are only
moderately affected. In severe cases, most of the root system may be
rotted away, leaving only stubs of roots or a whisk composed of root stubs
and short fibrous roots which have grown from above the older lesions.
These, in turn, may have been attacked, killed and decayed.

Kightlinger (16) and R-msey et al (24) state that the disease dis-
rupts the aﬁtake of weter and materials by the roots, causing a stunted
growth of the plant. The first above ground symptom usually is a greater
than normal wilting of the plants. Later the leaves become narrow, thick
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and tough. Badly infested plants ®top out® or produce their inflorescence
prematurily. Stover (27) stated that in young seedlings of susceptible
varieties which vere 10 mm. or less in diameter, hyphae were frequently

observed to pass from the roots into the stem and colonize the vascular
region of the sten wp to, and occasionally inte, the basal portions of the

first leeves.

The most important factors which influence the development of the
disease, were emumerated by Kightlinger (16) as follows:
2) S8oil reaction
3) Soil moisture
4.; 80il temperature
5) SuSceptibility of the variety

One of the most important of these factors undoubtedly is the temperature,

}.i Degree of infestation of soil

(6,13,15). Jones, et al (15)) and Doran (6) observed that root rot failed
to develop on tobaceo at 32°C. but developed readily at 17°C.. Root rot
ves most marked at 17°C. to 23°C. and was reduced st tempsratures below
15°C. and above 26°C.. It is of interest to note that in culture This-
laviopsis bagicols grows best from 28°C. to 30°C. and poerly at 17° to
23°C. (14). Conent (5) determined that at high temperstures the advance
of the fungus in the tissue was limited by & corky layer of cells. It has
been suggested alsoc that differences in cell composition mey account for
resistence of the plants at higher temperatures. The action of tempers~
ture is interrelated with other veriable factors., High soil moisture,
especially near the saturation point, favors the disease. This develop-
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ment of the disease in moist soil may be explained by the fact that the
fungus thrives better under moist conditions mﬁ, also, that the soil tem-
perature is lowered by a high moisture content (13,15).

tm development of black root rot is checked by a very alkaline re-
action or a very high acidity (2). Injury from black root rot mey oeccur
when the pH is about 5.6, but the disesse develops more rapidly ajt» 'y
higher pM. As a general rule, the higher the soil reaction, the worse
the root rot becomes and the poorer the growth of tobaceo (2). Doram (6)
studied the joint effect of temperature and soil reaction and concluded,
"The critical point for black root rot of tobacco on the pH scale was
affected somewhat by soil temperature. In the soil used there wes nv
black root rot or only ? trace at any tmpvratém in soil with a pH
value of 5.6 or lower, 1}% marked injury occurred wi.th a reaction of
pH 5.7 and a mpmm; of 15°C.. As the temperature was increased, a
slightly highﬁr reaction vas requireds 18°C,, pl 5.7 or 5.8; 21° and
24°, pH 5.8; 27°, pH 5.8 or 5.9. There was little or no injury st 30°C.
even in soil with pH values of 6.0 to 6.9%. He further otéaom that
black root rot in the less acid soils, (pH 5.9 to 6.5), with & constant
temperature, retarded the growth of tobacco plants more when they were
young than when they were old. Also, at higher temperatures root rot
was more severe in seedlings than on older plants in soil at a given
reaction. 7

MacRae (17) found a direct relationship between the degres of in-
: fection aud the amount ei’ thg pathogen in the soil, but he further ob-
served t-hat a few diseased plants left in the soil from a previous yrar



provide sufficient inoculum to cause a complete crop feilure the next year.
The last and the most importent factor in the development of the
disease is the degree of susceptibility of the variety of tobacco., Johnson
(12) and Henderson (9), have observed that there are a number of degrees
of resistance shown by different varietles in a given infested soil. One
variety may be a complete failure, while another variety may not show
perceptible signs of injury from root rot even under adverse conditions.
Other verieties may be moderately resistant or moderately susceptible,

Nature of resistance in tobacco.

Conent's (5) investigations show that resistance in tobaceo to root
rot caused by Thielaviopsis basicola is "definitely" correlated with the
ebility of the host to develop a cork leyer beneath the point of infee-
tion. The cork formation in tobacco roots is hastened by e rise in soil
temperature up to 26° to 30° C. which might explain why plants become re=-
sistant to attack by the root rot crganism at high temperatures. He also
observed that the protective corking occured in the plents of resistent
varieties at all temperatures, whereas, in plents of the susceptible
varieties the "corking‘off" of the fungus occured only at higher temper-
atures. This information is thought to explain why the fungus cannot
attack plants at temperatures of 28% to 30° C,, which is optimum for the
growth of the fungus in culture (14), but does attack them readily at 17°
to 230 Ce, which is relatively unfavorable for the fungus in culture.

It carnot be assumed, however, that resistance in tobacco or the en-

try of fungal hyphae into the roots is entirely mechanical, because some races
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of the fungus may attack supposedly resistant varieties. The available
information appears to indicate that resistance in tobacco plants may be

both mechanical and chemical.

Through breeding and solgcting; fairly satisfactory progress has been
made in developing root rot resistant varieties of tobacco, although these
varieties have not been as resistant as desired. Resistant varieties have
been produced in Virginia (10), North Carolina (22), Tennessee (8), Masse~-
chusetts (16), and Cenada (18,30). In a recent paper Valleau (29), re-
viewed in detail the history of the davsloyment of various rasiatan&
varieties. He st&tes, "These details are msntiened to emphasize the fact
that chance plays a great part in the &avalopment of a aatiafactany veriety.*
He also pointed out that the origin of some resistant varieties is obscure
and that in some cases, a variety "has evidently resulted frém accidental
mixture.® ) o |

Although Valleau (29) has emphasized the 1mportanée of chance in the
development of a variety, ;t can be easily seen that lack of knowledge con-
cerning the inheritanca of resistsnce te root rot and thé biology of the

pethogen has delayed the development of more resistent varieties.

Wingard (31) has reviewed the 1itergtnra'on inheritance of disesase
resistance. Hany workers have shown that resistance or susceptibility to
some diseases is controlled by cne or more Mendelian factors. Many di-

seases, especially root rots, vary in the degree of injury caused to the
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host. With these diseases, in order to measure resistence, it is necessary
to set up arbitrary divisions to indicate the degree of injury. For example,

Johnson (12), while studying the inheritance of resistance to black rqot
rot, uszed the height of the plants as an index of the amount of disease.
While it is true that the height of the plant is much affected by the amount
of root rot, height also may be influenced by genetic factors as well as
by the environment. Limited attempts have been made to study the inheri-
tance of rcot rot resistance in tobacco (12,23,30). In most instances,
however, these studies were not planned to obtain specific information on
genetic behavior but were observations made on breeding materisl being
used in other experiments. The data obtained on inheritance are, there-
fore, not complete.

White (30), working in Canada thought that resistance was dependent
on two pairs of dominant genes and thet the degree of resistance was
influenced by the number of genes present. Simllar conclusions were
dreawn by Nelson (23), but neither worker presented data to support these
conclusions. Earliexr, Johnson (12) found that the T, progeny of a cross
between root rot resistant and root rot susceptible types were inter-
mediate in resistance and that the F, generation yielded individuals of all
grades of resistance from those with greater resistance than the resis-
tant parent to those with as much susceptibility as the susceptible
parent., He did not draw any definite conclusions about the manner of
inheritance, except to suggest that it could only be explained by a
multiple factor hypothesis. His studies were made on breeding stocks

in varietal trials where he measured the heights of plants to indicate
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the amount of disease. In discussing the findings, Johnson pointed out
that, %It is evident that in a disease such as "Thielavia® root rot no
practical method of determining the actual smount of infection on the
roots is available." The need for a better method of measuring the

degree of susceptibility of plants in inheritance studies is readily re-
cogniged.



c‘ulﬁu

MATERIALS AND METHODS

Seed of five parental lines which werse thought to have different
degrees of root rot resistance were omaj_.aad from Dr. Thurston Hann,
Agronomy Department, N. C. State Uollege, Raleigh, togsther with seed of
the ten ¥y populations of all possible crosses among them {excluding re-
ciprocal crosses) and also of five F, populations. A list of the parental
lines and the F2 seed lots received from Dr. Mann and used in these studies
fallcv;e:

1. Virginia Gold
2, Vamorr 48
3. Gold Doller
4+ Kentucky 16
5. 402
F, seed lotss
1. Gold Iollar x Vamorr 48
2. 402 x Gold Doller
3. Vamorr 48 x Kentucky 16
4. EKentucky 16 x 402
5. 402 x Vamorr 48

A1) the parental lines were presumed to be homoszygous, Seed of each
of the parents, the ten Fy's and five Fp's was planted in six inch pots
in the greenhouse in late October, 1951, in sterilized soil. Uhen the
plants were three to four inches in height they were trsnsplanted to three
inch pots, one plant per pot. The soil used in transplenting wes taken
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from a plot on the farm at Virginia Polytechnic Institute, where tobacco
had been grown for several years and where the damsge from root rot had
been rather severe.

The plants were allowed to grow for a week after transplanting at
which time twenty~five plants of uniform size of each parental line and
of each F; population snd fifty plants of each Py population (except for
Gold Dollar x Vamorr 48 of which only twenty-five plants were available),
were selected and arrenged in five randomized blocks. Each block contalned
five plants of each parental line and of each F, and ten plants of each F,
except for Gold Dollsr x Vemorr 48 of which there were only five plemts in
each block., The plants were allowed to grow in the root rot infested soil
for five weeks from the time of transplanting. (Normally it takes about
two to three weeks for development of root rot under favorable conditions),
At the end of thet period there was good development of root rot as in-
dicated by the wilting of most plants, The plants were then removed from
the pots, the soll washed from the roots and the plants individually scored
on a zero to ten basis for severity of root rot. The plants that had m
visible root rot damage were scored zero while those that were heavily
demaged, that is, 211 the roots rotted avay, were scored ten. The plants
that had only a part of the roots rotted were scored in between these ex-
tremes according to the amount of damage.

An sdditionsl group of five plants of each parent and of each ¥, was
transplanted bo a bed in _tha greenhouse and allowed tc grow to maturdity in
order to meke backémases and to obtain F; seed for further studies.

Some of the florel shoots of the Fy plants were bagged and allowed
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to self pollinate to give F, seed while other shoots were backcrossed, to
each of the parents involved in the cross, to give backcross seed. This
gave a total of ten Fo. and twenty backcross populations along with five
parental lines and ten Fy populations saved from the seed obtained from

Dr. Mann., A second experiment was conducted in the same manner as the pre-
vious one using twenty plants of each parental line, twenty of éach P, forty-
five of each F, and forty of each backcross, meking a total of 1550 plants.
However, the actusl number of plants examined was a few less, because some
of the plants died and in one or two cases the labels were mixed while
washing, making it necessary to discard those plants, The plants again
vere arranged in five randomized blocks of 310 plants, made up of four
plants of each parent, four of each Fy, nine of each Fy and eight of

each backeross.

They were then studied for reaction to root rot, using the same method
of scoring as described above.

It may be pointed out that in both tests the plants were not
transplanted the same day nor washed on the same day. It took two to three
days to transplant and two to three days to make the readings on the degree
of infection of the roots,

No measures were taken to assure that cnly one race of the root rot
organism was being used in this study. A homogeneous mixture of soil
from a root rot infested field was used for all studies. If more than one
race existed in the soil, it was assumed that they would be present in all

pots.
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The first test was conducted during the winter months when the tempere-
ture of the greenhouse was between 65° and 70°F. The second test was con-
ducted during the sumer and the temperature fluctuated widely, often reaching
a high of 90° to 100°F.
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EXPERIMENTAL RESULTS

The summer results, although not typicel of those expected if con- |
ducted under cooler temperature, are presented as a supplement to the
winter results, and to indicate the type of results obtained umder con-
ditions of high temperature.

The date from the two studies conducted are given in table 1. All
deta presented are origimel observations but because of large acoumulation
of readings at the higher end of the root rot seale and the smsll mumber
of individuals in the populations studied, the statistical enalyses of the
data. were made on transformed values. The éqﬁarmot transformation,
accomplished by adding 0.5 to each value end extraeting the square-root,
was used. ,

The statistical analyses of the data, given im table 2, indicated a
significant difference among population means. The data for each eross
are presented graphically in figures 1 through 10. (The root rot score
has mistakenly been called fungus seore in these figures. Any place
vhere fungus score has been used refers to the root rot score based on the
amount of visible demage caused to the roots by the fungus.) The mesn
of each veriety and means of all progeny from the several crosses ia
which they were involved are given in table 3,

The parentsl lines differed greatly in their re~

action to root rot as shown by the root rot score (table 1). There was

elso a wide range shown in the root rot score of individusl plants withim
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Table ~ 1 - Mean root rot score, range, and number of plants of parent, I"l, F2 and B{.‘»l populations
studied in the winter and summer tests.

! vinter Study fﬁ Summer Study
sses o ' 0
' I Mean] S.D* i Range] No.of I11Mean | sS,D% f Bangei No.of
i i I 1 Plants j§41 i i I__Plents
Parents
Ky 16 2.4, 0.77 1 to 4 25 1.7 0.74 1 to 3 20
Vamorr 48 7.60 1.50 4 to 10 25 2,60 1.7 1t 9 b o
Gold Dollar 8.92 0.841 8 to 10 25 2.50 1.40 1 to 6 20
402 9.54 0.75 7 to 10 24 3.65 1.60 1to 7 20
Fl populations
Ky 16 x 402 | .44 1.k 5 t0 10 25 2,50 0.52 2t 3 12
Vamorr 48 x Ky 16 4,60 1.89 2t 9 25 2,33 0.83 1 to 4 20
402 x Vamorr 48 8,45 1.18 6 to 10 24 2,80 1.10 1 to 5 20
Gold Dollar x Vamorr 48 8.28 1.60 5 to 10 25 3.05 0.96 1 to 4 17
402 x Gold Dollar 9.84 0.12 8 to 10 25 3.85 0.87 2%t 5 20
Ky 16 x Va, Gold 5.92 1.8 3t 9 25 2,45 0.95 1t 5 0
Gold Doller x Ky 16 4.2 1,90 1t 8 25 3,20 1,06 1to 5 20
Va. Gold x 402 ‘ 7.63 1.70 3 to 10 25 2.45 0.62 1t 3 20
Va, Gold x Gold Dollar 6.33 1.57 3 to 9 24 3.18 1.17 1t 5 16
F, populations
Ky 16 x 402 6.72 3.15 1 to 10 50 2,40 0,96 1 to 4 A
Vamorr 48 x Ky 16 7.02 2,53 1 to 10 50 2,09 091 1t 4 &b
402 x Vemorr 48 8.60 1.3, 5 t0 10 50 2,57 1.05 1 to 4 45
Gold Doller x Vamorr 48 8.80 1.22 6 to 10 25 2,73 1.23 1l to 9 45
402 x Gold Dollar 9,26 1.01 6 to 10 50 3.82 112 2t 7 45
Ky 16 x Va, Gold — 2.3 0.92 1t 4 44
Gold Dollar x Ky 16 — 2.43 1.03 1t 5 o4
Va. Gold x Gold Dollar —r 2,93 1.23 1t 5 45
Va. Gold x Vamorr 48 — 2,67 1.13 1t 6 43
BC3 populations
{Ky 16 x 402) x 402 3.25 0.74 2t 4 40
MNP {2 M8 kY 2
{v 16) x Vamorr 48 1.
( agorr 4 x Ky' x Ky 16 2,24 0,75 1t 4 37
(492 x Ymrr 48) x Vamorr 48 2.32 1.18 1 to 6 40
x 402 ' 2,42 1.20 lto 5 40
(Gold ﬁallar x Vamrr 48)x Vemorr 48 2,10 0.93 i to 4 40
x Gold Dollar ,, 3.33 1.20 2% 7 40
(402 x Gold aallar) x 402 3,62 1.05 lto 5 39
" L x Gold Dollar 3.10 1.':;3 % ;«; 2 Aag
16 x Va., Gold) x Ky 16 2.40 O,
¢ Ky' xe b x Va, Gold 3.2 g.gg 1 :: ’f'; gg
Gold Dollar x Ky 16) x Ky 16 2. . 1
¢ L Ky‘ x gld Dollar 3.07 1.% 1 te g ﬁg
Ya. Gold x 492 x Va. Gold 2.52 0O, 1to
(¥ ‘ x 402 2,97 0.81 1te 4 9
( Va. Gold x aold Dollar)x Va. Gold 2.80 092 1t § 37
® x Gold Dollar 4.17 1.21 2% 6 40
{Va, Gclé x Vamorr 48) x Va. Gold 2,64 092 1to & »
. . x Vamorr 48 2,23 0.8 1t 4 20

# Standerd deviation



Table -~ 2 ~ JAnalyses of variance of parental Fj, F, and backcross populations based on root rot
score of individual plants. A

imong parents
Within parents
Total

g Eﬂaﬁam

Among By
¥Within ?1 ‘
Total

_“!;‘3 pegulaﬁ.e#s '

mag b 43
Within Fp
Total

BC; populations

Among BC
Within BC
Total

mm Study Sumper Study
Degrees af Sum of Mean Degress of Sum of Mean
Freedom = Squares Square F. Freedom  Squares Square F.
4 34,881 8.220 26,182 4 3.616  0.911  7.528%
123 41.051 — 9 15.17 B —
9 23.655 2‘628 71.270%% 9 3.463 0.380 9. 14288
247 132.633 ——— 180 19.’?3’? ———
4 9.817  2.454 14.022 9 7.357  0.817  7.306%
220 38.343 0175 . 433 48,467 0.111
224 ‘ 43‘160 i 442 55.824 —————

* Significent at 5% level.
*%  Significant at 15 level.
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some of the parental lines, Varieties 402 and Xy 16 were the extreme

types in both the winter snd sumer studies. In the winter study 402 was
found to be the most susceptible variety wm& a mean root rot ascore of
9454 & 0.75 end a range of 7 to 10, while Ky 16 was the most resistant
variety with a nean score of 2.44 # 0,77 and a iaﬁge of 1 to 4s Va. Gold,
usually classed as s tolerant variety, had e mean score of 6,16 g 2,12
with a range of 2 td?. Yamorr 48 was found to be a moderately tolerant
vaviety, with a mean of 7,60 & 1,50 and a range of 4 to 10, Cold Dollar
had a mesn of 8,92 # 0,81 which was slightly less than that of 402,

In the summer study, the aversge root rot scores of all
populations studied were considersbly lower than in the M_nmrs The
probable mge. of this reduction in root rot wma the high temerature
which prevailed during the period of the swmer study. However, the paren-
tal varieties maintained, in general, the ‘ﬁm‘lﬁ relationship in both
studies, The only exception was Va. Gold, which was less resistant in
sumner than Vemorr 43 or Gold Dollar.

The classification of these varieties based .an the mt
observations agrees with the alawiﬁaatien based on above-ground symp-
tomg as determined by other workers., The mf}e range ah&wmé vithin the
presumably homozygous parental varicties is attributed to variation
between pots as regards envirommental factors much as soil temperature,
pH and moisture,

Crossess ALl the Fy progeny means were between the mean of their
respective parents in t.im winter study, as shown in table 1, with one
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exception: hybrid 402(meen 9.54 % C.75) x Gold Dollar(mean 8.92 ¢ 0.81),
& cross between two susceptible verieties, geve an Fy population vith e
mean of 9.84 + 0.12, which is higher than thet of either peremt, In the
five F, populations studied in the winter, two had a slightly higher and
two slightly lower mesns than the corresponding Fl and one wes considera-
bly higher then its F; mean.

The range of plants obtained in the Py generation was intermediate
when compered to the two parents. The Fp populetions generally were more -
varisble than the Fy populations, having plents as resistent as the resis~
tant perent and es susceptible as the suseeptible parent. Resistant 2
plants ocoured less frequently than susceptible ones. The occursnce of a
vider range in the F, than in the F; population indicated segregstion in
the Fyo There was no difinite indication of dominance of resistance or
suseeptibility, |

In the swmer, four out of temn Fy populations had a higher mean
root rot score than either parent, The cross 402 x Gold Dollar gave a
higher F; population mean than either parent in both the summer amd winter
tests, Most of the Fy populations had a sligt_ztly lower mean and a grester
range then their Fy population with the exception of Va. Gold(mean
3,30 % 0.83) x 402(mean 3.65 & 1.60). The F, mesn of this cross
(2.90 % 1.43) vas slightly higher than the ¥ mean(2.45 ¢ 0.62). While
these smapll differences between the Fy and ¥, means probebly could not
be shown to be different statistieslly, it at least is interesting and
probably significant, that the F, meen was lower than the ¥y in eight
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out of tem ceses and higher in only ome. This may be sn indicetion eof
partial dominence of suseceptibility.

The backerosses were only studied in the swmer and for this reason
the observations cannot be considered to be conclusive. The results,
however, (table 1) suggested that when the F; was backerossed with the
more resistent parent a lower BC) mean was obtained than when backerossed
with the more susceptible parent. The exceptions ’mr;a with the eross
Vamorr 48 x Ky 16, in which the mean of the backeross to Vamorr 48
(2.60 £ 1.70) gave & lower mean score of 1,92  0.80 than the backeross
to Xy 16 (1.70 4 0.74) which had a mean of 2.24 % 0.75; and Va. Gold x
Vemorr 48 which when backerossed with Vamorr 48 (2,60 £ 1.70) gave & BOy
mean of 2,27 4 0.81 and with Va. Gold (3.30 4 0.83) gave a mean of
2.64 £ 0.92. However, the latter exception holds true only if the winter
perental mean is considered. As csn be seen Va. Gold actually haed a
higher mean than Vemorr 48 in the summer astudy.,

The data given in table 3, show that the total mean of various Fy»
F, and backeoross populations in vhich & variety was a common parent, im
general, was in proportion to the common parent mean., For instance in
the vinter study the average of F populations involving 402(9.54 & 0.75)
as one parent was 8.35  1.57, of those involving Geld Dollar(8.92 & 0.81)
was 7,23 £ 1.33, of those involving Vamorr 48 (7.60 & 1.50) was 7.20 & 2.7,
of those with Va. Gold (6.16 # 2.12) was 6.86 & 1,84, and those with
Ky 16 (2.44 # 0.77) was 5.55 ¢ 2.20. A similar relationship existed in
Fa and backeross populations wi’c%; the exception that the rank of the



Table - 3 - Mean root rot score of the parents and of all progeny of crosses in which they were
involved.

Winter Study A Summer Study

Mean of all Mesn of * lloanafall Hean of all Mean of
; F, progeny all Fp ’ progeny F, progeny  all BC;
Parental a} indicated progeny of FParental o} indicated ef indicated progeny
Mean parent indicated Mean parent parent of indi-
parent _ cated parent
402 9.54 x 0.75 8.35% 1.57 8.19 » 2,22 3.65+ 1.60 2,94 % 1.02 2.92% 1.17 3.06 + 1.04

‘-
Gold Dollar 8.92% 0.81 7.23 % 1.33 9.10% 1.09 2.50 2 1.40 3.3, 1.05 2.98 % 1.25 3.40 & 1.03 “f’* |
Vamorr 48 " 7.60 £ 1,50 7.20 % 2,17 8,662 2,22 2,603 1.70 2.82+ 1.29 2.53%1.08 2.15% 0.3
Va. Gold 6.16 * 2,12 6.86 % 1.84 3.30 £ 0.89 2.90 £ 1.16 2.72 # 1.04 2.85 % 0.96
Ky 16 2,44 2 0.77 5.55% 2,20 6.87 % 2,81 1.70 % 0.74 2,63 % 0.94 2.32% 0.96 2.47 2 0.97

(*) ¥, means in winter study based on only two crosses.
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erosses from Gold Dollar waes not always the seme ss the rank of Gold
Dollar among the parentel varieties,



DISCUSSION OF RESULTS

One objective of the study was to evaluate the root rot resotiom of
the five tobacco varieties used in the crosses snd to determine which, if
any, would be of value as parental vaxfieties in e breeding program for
resistence to the disease, The statistical enalyses indicated & highly
significant difference smong the root rot reaction of the varieties in
both the winter end summer studies. Ky 16 was the most resistent type in
both studies and in no case gave a root rot score higher than 4, There-
fore, it could be said that all plents in the variety could be elassified
as resistant or moderately resistant.

Va, Gold snd Vemorr 48 were classified as intermediate or tolerent
in their resction to root rot in the winter study., Va. Gold showed extreme
veriebility, giving plants ranging in root rot score from 2 to 9. 4s is
evident from their meens and range, the variety Va. Gold was more toler-.
ent then Vamorr 48. Inasmuch as root rot iz ceused by an organism which
is saprophytic and rather ruthless in its attack on roots, and being
highly influenced by envirommental conditions, this variability im a
moderately resistant variety is not unexpeeted, In & variety with re-
latively high resistance, environmental factors may cause a few plants
to be glven a disease score that is somewhat higher then expected. FHowe
ever, the lower limit for the classification of plents is already close
to the population mean, limiting variation in the lower level. Likew

wise, & variety vhich is genetically susceptible would have its mean close
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to the upper end of the classification scale, limiting the variability
there. A variety like Va. (old, having an intermediate reaction and s
population mean near the middle of the root rot aaéla,v can vary in ﬁoth
directions. Likewise, varieties intermediate in resistancs would pro-
bably react more easily ic variation in environmental conditions.

Gold Dollar and 402 were classified as susceptible. However, Gold
Dollar was less susceptible than 402. 4Alithough the difference between
the mean root rot score of these two varieties was small, it apparently
was & true difference. In Fy populations from crosses of these two
varieties with each of the other three, the mean of crosses with 402
was higher than those with Gold Dollar in all three czses in the winter
study. This did not, however, hold true in the swmmer study. While
Gold Dollar itself was less susceptible than 402 in the summer siudy, the
mean root rot scores of F, crosses with 402 were slightly lower than
those with Gold Dollar. No clear explanation csn be given for this re-~
action. |

In the summer study of parentsl varieties, Va. Gold which had been
classified as intermediate or tolerant in the winter study, wes more
susceptible than Vamorr 48 or Gold Dollar. In summer, the mean of sll
crosses with Gold Doliar, however, was higher than with Va. Gold, while
the mean root rot score of crosses with Vamorr 48 was lower tban for
those with Va. Gold. It is possible that the relative rank of the
varieties would change when grown under different temperatures, and that
their abillity to contribute resistance, likewise, would change. From the
standpoint of a breeding program, it would be desirable to choose a parent
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which gives resistance under varying environmental conditions.

Mn examination of the performence of these varieties in cross come
binations should give an indication of their velue as sources of resis—
tance in a breeding program. Uhile it is obvious that performance under
field conditions is the final criterion on which to bese such a decision,
the greenhouse studies can 56 used if there is a fairly close correlation
between greenhouse performance and performence under field conditions. The
clagsification of the five varieties based on the amount of root rot pre-
sent on the roots of seedling plants, as made in the present study, does
agree fairly well with the classification made by other workers based
on sbove~ground symptoms under field conditions.

Inother object of the study was to learn something regarding the ine-
heritence of resistance to root rot. A knowledge of inheritance and mumber
of genes involved in resistance to any disease ls valuable in plenning a
program for breeding for resistance to it. After completing the study it
became obvious that the populations grown had not been sufficiently large
to draw any definite conelusions regarding mode of inheritance.

A comparison of the parentel mesns and the average mean of their Fl
progeny indicated a rather close correlation between the two in both the
winter and summer studies. This indicates a fairly high heritability of
reaction to root rot. If this indicstion is true, then a variety with
the highest resistance to root rot generally would be our best source of
resistance in a breeding program. It also appears that resistance to the

disease was sufficiently simply inherited that plants as resistant as the
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most resgistant parent could be recovered with falrly high frequency in
the F5 populations,

In 81l cases except one in the winter study and in most cases in the
summer study, the mean of the Fy populations was intermediste to that of
the two parents. Generally, there was no definite indication of complete
dominance of resistance or susceptibility. In some cases, however, there
wes evidence of partial dominance, In the winter atudy of the cross Ky 16
x Vemorr 48, the Fj mean was closer to that of Ky 16 than to that of Vamorr
48, Likewise, the Fp mean was significantly higher then that of the Fy,
which would indicate partial dominance of resistance. Had there been no
dominance, the F, mean would be expected to be the same as the Fy meen.
In the eross Ky 16 x 402 the opposite was true. The Fy mean was nearer
to that of the more susceptible parent and the Fy mean was lower than the
Fq, indicating partiel dominance of suseeptibility.

It is entirely possible that genes for resistance from one variety
would be partially dominent in cross with some varieties while they would
be partially recessive in snother cross, Dominance or susceptibility
must be measured in terms of the particular cross being studied, since
veriation with respect to separate loci and different slleles may be in-
volved,

In the summer study the means of the F, populations were slightly
higher in practically all cases than the mean of their respective 5]
populations. This could indicate partial dominance of susceptibility,

or could result from the fact that al]l means in the summer study were
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close to the lower or resistant end of the root rot scale. In the Fp
pépulaticna, plents segregating for susceptibility would be more likely
to deviate from the populstion mesn than those segregating for resistance.

As in the case of parental varieties, those Fy populations with the
mean root rot seores near the middle of the seale showed more variability
than those with means toward either end of the scale, The explanation
for this probably would be the seme as for the veristion in parental
varieties, |

‘The F, populations in general were considerably more variable then
their respective F; populations. However, the variability wae not suffi-
ciently greater then in perental and ¥y populations to permit drawing de~-
finite conclusions regarding segregation. As previously mentioned, the
recovery of resistant types in the F, from erosses between resistant and
susceptible varieties occured with sufficient frequency to indicate that
the number of genes eonditioning resistance wes not large., However, a
study of the Eé progeny from individual F, plants would be necessery to
show vhether homogzygous resistant types were being recovered.

In a cross between two susceptible varieties, 402 and Gold Doller,
all F, plants recovered were of the susceptible type. However, a few
plante more resistant then hed been foumd in either perent were observed,
Again, further study from these individual plents would be necessary to
determine whether this higher resistence was genetic or envirormentel.

Unfortunately the ¥, populetion from the cross of two intermediate

or tolerant varieties was not studled in the winter. However, the Fy
population in the summer study of the cross Va. Gold i Vamorr 48 appeared
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to give a higher frequency of resistant plents than was found in either
parent., Likewise, plants were recovered in the Fa population that were
more susceptible than those found in the parental varieties of this cross.
While this evidence is not conclusive, it does indicate the possibility
of recovering higher resistance by crossing between intermediately resis-
tant varieties.

The backeross populations were studied only in the summer. As pre-
vicusly indicated, the high temperature during the summer study caused
most or all plants to be fairly resistent, and the segregation could not
easily be observed., Im gemeral, however, the backeross to the more resis-
tant parent gave a lower meen root rot score than the backeross to the
more suseeptible parent, showing recovery of parental genes for root rot
reaat.ion.‘ The small populetions used end the mesking effect of high tem=-
perature, prohibits the drawing of definite conclusions from the backeross
studies,

Inasmuch as envirommenis play an important role in the development
of root rot end mask the genetic variability, it is proposed that in
future genetic studies, some consideration be given to studying the !'3
progeny from individusl Fy plants as a means of getting a better estimate
of the genotype of the Fy plants. This would help to reduse the error of
mis-classification of Fp plants and give a better description of the Py

population.
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SUMMARY AND CONCLUSIONS

The inheritance of resistance to black root rot in tebacco, caused
by the fungus Thieleviopsis besicols (Bek. and Br.) Ferr., was studied
with a view of developing higher resistance by eanbming genes from
various sources. The studiees were conducted under greenhouse eondi
tions during the winter end summer seasons of 1951-52, The five perental
lines, the Fy hybrids between them and five of the F2 populations were
included in the winter study when the temperature averaged between 65°
and 70° F.. The five perental varieties, all the Fy F,, and beekeross
populations were included in the summer study when the temperature gould
not be controlled in the greenhouse. The evalustion of resistance was
done on the basis of visible damage to the roots of the seedling plants,

The results indicated thats

1, In the winter study only one variety, Ky 16, (mean
2.44 % 0,77, range 1 to 4), vas found to be resistant. Va. Gold (mean
6,16 # 2,12, renge 2 to 9) and Vamorr 42 (mean 7.60 4 1,50, range 4 to
10) were classed as tolerant types. Gold Dollar (mean 8.92 4 0.81,
range 8 to 10) and 402 (mean 9.54 % 0.75, range 7 to 10) were classified
as suseeptible varieties. This classification is in general agreement
with the classification based on above ground symptoms as done hy other
workers under field conditions, This shows that conelusions drawa from
the study can be used in a breeding program.

2. While all varieties were resistant to a degree in the summer
study, giving, e considerably lower average mean root ﬁat socore than that



in the win’er study, the relative rank of varieties remained the same as
in the winter study.

3. The means of the F} populetions, in general, were between
the means of two parents in both the winter and summer studies, but one
cross in winter end four in sumer gave higher F; population means than
that for either parent.

L. The close correlation between ithe parental means and the
aversge mean of their F; hybrids indicated fairly high herdtebility,
showing that the variety with the highest resistance to root rot probebly
would be the best parental source of resistance.

5. The Fy populations segregated into plants as resistant end,
in one case; higher in resistence, than the more resistant parent and as
susceptible as the more susceptible parent.

6, The backeross to the more resistant parent, in general,
gave a lower mean root rot score then the backeross to the more suse
ceptible parent, indicating the recovery of parentel genes.

7. Generally there wes no definite indication of complete do~
minance of resistance or susceptibility., However, in some cases there
was evidence of partial dominance of one of these characters. It was
concluded that genes from & variety may be partially dominant in erosses
with one variety while they mey be partially recessive in crosses with
another since veriation with respect to separate loci and different
alleles may be involved.

8+ No definite conclusions regarding the number of genes con-

trolling inheritance could be drawn, This resulted pertially from the
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gmall size of the populations studied. However, there was sn indication
that the number of genes conditioning inheritence was not large, because
in the ¥, populations 2 fairly large mmber of plents ecinally‘aa resis~
tant or susceptible asg parental types could be recovered, A

9, To estsblish the true genetic identity which is masked by
the dominant influence of nomn-genetic factors, it was proposed that in
future studies F3 progeny from individual Fz plants be studied to get a

better estimete of the genotype of the Fa population.
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