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INTRODUCTION

The black root-rot disease of tobacco caused by Thiclavig basicola . -
{B. and Br.) Zopt is a common and important disease of fobacco
in the United States and in many foreign countries. A remarkable
difference in the varietal susceptibility of tobacco to this disease has -
been shown to exist, and the value of resistant strains in the com-
rercial culture of tobscco has been recognizell for some time, Bev-
eral distinct types of tobacco, however, are grown commercially, and
consequently vesistant strains of the respective types must ness-
sarily be developed before the standard strains.can be r Eylnce&.' An
incrensing demand for such resistant strains s anticipated, eSpecislly -
on account of the rapidly growing evidence that the rotation of to- -
bacco with other crops, htherto regarded as a .desirsble .control
measure for black root rot, frequently infroduces other factors in-
juricus to the production of the crop. SR

Some degree of resistance to root rot has .aﬁparenﬂy been em-
pirically developed within certain types through mass selection of
seed by the growers themselves. Some progress hus also been made - .

"Dy the selection of chance individuals for resistance 2nd by submit- -
ting these to progeny-row trials, but progress by this method is glso -
Timited. More rapid and satisfactory progress undoubtedly may be
made in most instances by crossing sirains most Yikely to yield the
desired results as to resistance, yield, and quality. It is of primary
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importance in such a procedure that the characteristics and degree
of resistunce of the existing varieties and strains of tobacco and their
value for breeding purposes be known. A knowledge of the genetic
behavior of the characters of disease resistance in crosses is equaily
importunt to the best progress in the development of resistant com-
mercial types. '

‘This bulietin reports an attempt along these lines of tobacco breed-
ing.” The relative resistance of a considerable number of commereisl
varigties has been determined. Some new resistant commercisl
strains of tobacco which arve «desirable have been developed, but
progress in the more strictly genetical aspects has beer more uncer-
tain and incomplete. The general conclusions as fo the genetic be-
havior of disease resistance in tobacco to Thielavia root rot have
been set forth elsewhere.?

THE THIELAVIA ROOT-ROT DISEASE

The root-rot disease of tobacco is caused by the ascomycetous
tungus Thislavie basicola. The lesions of this disease are practically
confined to the root:, except on young seedlings, where the buase
of the stalk may be affected. The roots are reduced in number and
the function of the remaining ones more or less interfered with,
according to the severity of the attack. The result is a starvation
of the serial part of the plant due to reduced food and water
supply. The plants are not killed ss a direct vesult of the disease,
since 2 surprisingly small proportion of the normal root system is
sufficient to enable the plants to survive, although they muy make
no appreciable growth during s period of several months in cases
of severe attack. On the other hand, growth may be only fempo-
rarily interfered with, and no economic injury may result in cases
of light atback. Stages intermediate to these extremes are, of course,
of more common occurrence. All other conditions being equal,
therefore, the relative weight or height of the plants is 2 good index
of the relative amount of disease in & soil infested with black root
rot. (Fig. 1)

In connection with studies on resistance to fhe Thielavia root-rot
digease it becomes of special importunce o recognize the influence
of environmental conditions on the results secured. In a previous
paper ? it has been shown experimentally that soil temperature is
the most important environmental factor affecting the amount of
injury resulting from’ black reot rot. Low soil temperatures {18°—
29° () favor the disease, whereas high soil temperatures (26° and
above) greatly veduce or prevent injury. Fnrthermore, badly dis-
eased plants are able to make a decided recovery as a result of rising
soil temperatures. That variations in soil temperatures comparable
to the above occur in the field was shown by soil-temperature read-
ings. The average soil temperature for June, July, and August
for the year 1915, for instance, was fourd to be 20.3° C., whereas
for the cerresponding period in 1916 the average was 27.7°. These

t Jomssox, J.  INHERITANCE GF DISFASE RESIRTANCE T0 TIIFELAVIA NASICOLA. (Abstract.}
Tlhvtopatholopy 11 : 4% 3021,

FTouNauw, JJ., apd HanTMay, R, ¥, IXFLUENCE OF SO, EXYTHONMENT ON TIIE BOOT-
20T OF EOBacew,  Jour, Agzr. Hespnreh I7:41-86, illus. 28134
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conditions were clearly reflected in the amount of disease oceurring
in the field, i. e., heavy infection in 1915 and light infection in 19186,

YARIETAL RESISTANCE

Earlier work, of a preliminary nature, on varietal resistance in
tobacco to Thielavia root rot was reported in 19165 Similar trials
for the standard American varieties of tobacco were continued for
several years thereafter, together with trials for & considerable num-
ber of subvarieties or strains. In addition, several foreign varieties

FiGTre I.—Represeatative plants of elpht varisties of tohaceo grown in Phielavia-
infested soll, with routs corefully retsoved fropr the soil for he purpose of ilus-
tmt%ng t]he correlntion Letween the amount of root rot und the welght and Lelght
of the plants

have now been studied sufficiently ‘to be placed in their relative Posi:
tions for disease resistance. Many of these varieties, furthermore,
have been grown in widely different locations, namely, Kentucky,
Connecticut, Wisconsin, and Ontario, Canada. In no case has there
been any evidence that the inherent resistance of these varieties has
been broken down or changed in any way. Furthermore, where
soil conditions were uniform the growth of the plants in the trials
lias been remarkably uniform in the commereial strains tested. The
apparent relative changes in behavior which oceur in strains from

* TOHNSON, J. RESISTANCY [N TOBACCO TO 'THE ROGT-ROT DISEASE, Phytepnthoiog_y
61 IGT-181, illuys. 1038,
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year to fyear may be attributed largely io the influence of environ-
mental factors. :

" As previously stated, the most important of these environmentai
factors is the soil temperature. Soil-temperature records over a
long period of years are not available, but it is known that these are
closely correlated with air temperatures. In Table 1 is shown the
distribution of the mean air tempsratures at Madison, Wis., for the
months of June, July, and August, during & period of years as sup-
plied by the Weather Buresu records. In general, it has been found
that the relative resistance of z variety is fairly closely correlated
with tlie mean temperature.

TFapue 1.—-Digtribution of meun air temperuturcs af Mallison, Wis., for geurs
shown .

[From records of . 8, Weather Bureau]

‘Temperatire (* F.} and yeats
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Certain other factors, however, tend to upsei the uniformity of
results frowmn season to season. Lade-maturing varieties, for instance,
have a better opportunity to recover from the disease and from
other unfavorable condifions than the early maturing varjeties.
(Fig. 2.) Time of planting, seasonal distribution of rainfall, and
other soil conditions Influence the experimental results in some degree.
These influences are best climinated as far as breeding trials are con-
cerned by repeating the trials over a period of yesars. ]

The procedure in the varietal tests has been fairly simple. The
seed used has in all cases come from individual self-fertilized plants
except when grown for the first time without the previous history
being lmown. In all cases the seedlings have been grown in ster-
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ilized soil so as to prevent any root-rot infection in the seed beds, in
addition to insuring strong, uniform plants for transplanting. Ifor
all ordinary or preliminary trials about 50 plants of each variety
or strain were transplanted in the field and the finel green weights of
25 consecutive plants from such rows determined. Usually these
plantings were duplicated in the same or in other infested fields
for comparison duving the same season. Even more important,
however, is the duplication of the planting on uninfested soil, which
has usnally been on fertile plots not previously grown to tobacco.
Diftferent varieties of tobacco vary greatly in their habit of growth
and in the yield produced, so that it has been necessary always to
take into consideration the normal plant for each strain grown under
sunilar seasonal conditions although under different soil conditions.

The relative resistance of the various types in any one experiment
1s computerl on the basis of their yields on infested and uninfested

Floree 2—An eavly maturing suscoptlile tobuceo varivky ((Chllean) tum}l}illg out in
confer pow, comptred with o late-waturing suseoptible variety (White urley}, at
right, The developrent of the Clhilean variety is aircady Hmited, Lk the DBurley
vitrtiery still has seme pussibility of further growch

soil, i, e., relative resistance is the percentage of normal yield. Esti-

mates of relative growth were also made at frequent intervals
throughout the season, and although these data are too voluminous
to present they serve to show the relative behavior of the types
during the growing period. This may be far from constant, thus
accounting In large measure for the change in the relative position
of resistance in certain varieties as determined by final weights.
The results of seven years’ trials with the common American
varieties are shown in Table 2. If the relative rvesistance for each
year is noted it will be seen that a very considerable range exists,
the minimum being 3.8 per cent for Maryland Broadlesf in 1915,
and the maximun being reached by the Little Dutch variety in 1921
with 84.3 per cent. The table, however, shows that while the rela-
tive resistance of the Maryland Broadleaf was 3.8 per cent in the
cool season of 1915 it reached the high figure of 51.6 per cent in the
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warm season of 1921, The Little Dutch, on the other hand, with a
maximum of 848 per cent in 1921, reached the high minimum of
50.3 per cent in 1915, Manifestly we can not compare the relative
résistance shown in one season with that shown in another without
taking soil enviromental conditions into consideration. The figures
for any one year are, however, to be regarded as quite significant in
indicating relative resistance, at least for that year and for other
years having similar seasonal conditions. From both the genetic
" and economiec standpoints, the relative resistance secured in a normal
year is to be regarded as being meost significant, and the relative
resistance in the years 1917 or 1918 is more likely to represent the
mormal genetic behavior of the various types, as regards resistance,
‘than is that in the vears 1915 or 1916, . j

Tamve 2—ltelative resistance of some of the principal varieties of tobecoo to
Thielgvie vou? rot during different seasonsg :

Relatits resistance during—

Varloty
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In the years 1017 and 1918 the White Burley was the most sus-
ceptible variety, followed by varieties showing increasing resistance
in approximately the fellowing order: Maryland Broadleaf, Orinoco,
Pryor, Connecticut Havana, Connecticut Broadleaf, Penasylvania
Broadleaf, Little Dutch, Shade-Grown Cuban. If the relative re- .
sistence over the entire period of the tests is averaged a fairly rela-
tive position of the varieties is obtained. (Table 2.) It should be
noted in this connection that although standard strains of the various
basic types have been used in these tests it is not unlikely that in
the case of a few of them other commercial strains of the same type
may be more or less resistant than the ones used. This matter would
have to be tested by growing 2 large collection of the various strains
from each tobacco district. This has been done in connection with
these experiments with only certain -of the varietie:, -especially: the
White Burley, Havana Seed, and Pryor groups. In these varieties
no striling strain differences in the ordinary commercial varieties
morphologically true to iype have been found. ¥or purposes of
ordinary comparison, the basie strains and their subvarieties can be
roughly divided into five classes, namel?: (1) Very resistant, (2)
resistant, (3} intermediate, (4) susceptible, and (5) very susceptible,
Such a classification is illustrated in Table 8 for some of the main
varieties and subvarieties tested, together with other miscellaneous
varieties. This list could be considerably lengthened, but would not
be significant without an explanation of the commercial or genetical
relationships of the straius.
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TagrLe 3.—Varieties end gtreing of tobooeo claseified wccording o resisfance to

roGt rot

Very resistant

Resistanl

Intermediato

Busceptibla

Vory suscoptd-
ble

Shade-Grown u-
ban.
Little Dutch,

Halinday Havans.
Havana No. 142

Tirpsile
tano (Italy),
Xunthla (Turkey).!

‘Beneven-

-C?nnecﬁcut Brond-
“IraL,
Resistant

White
Burley.

Wisconsin No, 1801,
Porto Rican.

Yara Cutmn.

Wiseousin No. 2001,
Morthorn Byhrid,

Huyvann Becd.
Comstock 8ponish,

Zimmer Spanish.

Connecticut  Havana
Pennsylvania Brosd-

CAL.
Swewart Cuban,
Brazillan.

Maryland  Broad-
leal.
Orinoco (G strains).

Pryor (12 stralns).
Big Coban.

Moaryland
math.

Mam-

Bumatra.
Mlexican (3 slrains).

White BHurley
£14 strains).
Chllean.

Bagdad (Turkey).

! Practically imnyuno.
GENETIC BEHAVIOR OF RESISTAN'i_‘ CHARACTER

The studies on crosses between resistant and susceptible types of
tobacco have been carried on for the most part simultaneously with
the varietal studies and in the same fields. The ‘work was done
chiefly in the years 1917 to 1920, inclusive, and the seasons .of ex-
treme temperature—1915, 1916, and 1921-—therefore have 'been
avoided. That the soil used was thoroughly infested with Thielavia
root rot and at the same time was in other respects in a good state of
fertilily is evident from the results obtained from the variety
studies. =

The crosses were made in the usual manner, and sinee the varieties
crossed differ markedly in various morphological characteristics no
difficulty has been experienced in readily distinguishing them, That
the parents used were pure strains with respect to the resistant char-
acter was evident from their nniformity of growth on infested soil
in repeated trials. S

When the seedlings (grown on sterilized soil) attained the proper
gize in the seed beds they were transplanted to progeny rows in ihe
field, strains on which comparative results were most Important be-
ing placed in close proximity. On account of the number of selec-
tions grown each season, it has not besn possible to grow many of
them in great numbers. Usually only 50 to 60 plants from each
selection were employed in the trials, except in the F, generations,
in which 200 or more were usually planted. In many cases, how-
evef, the plantings on infested soil were duplicated, fogether with
controls on uninfested soil. _

It is evident that in a disease such as Thielavia root rot no prac-
tical method of determining the actual amount of infection on the
roots is available, and that even if there were, by its application the
usefulness of the plant for further study and seed produsction would |
be lost. It has been repeatedly noted that the growth of the plant
is an excellent criferion of the development of disease, and in the
variety tests the green weight has been used as & basis of caleulation,

In the inheritance studies with crosses it has not been advisable
to sacrifice potentially important seed plants by harvesting, and con-
sequently plant height has been used us a basis of measurement for
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resistance. While this method has obvious limitations in cases where
the differences are not marked, it has been found applicable in cases
where the extremes of the parents differ by as much as 2 or § feet
in height on infested soil. “ Mensurements were made at about the
time when the majority of the plants to be compared were  well
headed out. Many of the selections, of course, never headed out, and
in this case the height frem the soil line to the bud was recorded. In
the case of plants in the flowering stage the height to the “ crow’s-
foot,” 1. e., tEe base of the main inflovescence, was taken. The plants

In all cases were measured to the nearest inch and were then placed
in 5-inch classes in the frequency-distribution tables.

For convenience the plants were numbered by a system illustrated
as follows: White Burley, 6; Little Dutch, 3; the F, generation then
heing 6 X3 or 8 X6, the female parcat Leing given first. The F., gen-
erations were designated as 631, 632, etc., for the separate crosses

Figrue 3-—Growth of susceptible White Burley parvent (A}, resistugt Lictle Thatel
parent (C), and the ¥, generntion of the cross between tie two (13) on Thielavia-
infested soll. Compare withh Figure 4 -

made. The types selected for growing in the F, were denoted by
letters of the alphabet following 83, as 63-A, 63-B, etc. The sue-
ceeding generations were designated by adding a digit for each gen-
eration, 1. e, F, as 63-A-1, etc.

LITTLE DUTCH AND WHITE BURLEY CROSS

The major portion of the genetic studies on crosses between varie-
ties of tobacco resistant and susceptible to the Thielavia root-rot dis-
ease has been concerned with the cross between the Little Dutch
(resistant) and White Burley (susceptible). (Fig. 3.) The Little
Dutch is a very vigorous-growing, narrow-leaved type with an up-
right habit of growth, and was at one time grown extensively in
Ohio as a filler type. The White Burley sirain used in the first
crosses was known as Halley’s White Burley, a semiupright, vig-
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orous, large-type, but, like most Burley types, not growing so rap-
idly nor matuill):é so soon as the Little D.ut}t,:gfthougfﬁnally yieldili)g
as well on an average, and normally reaching a greater height in the
" nbsence of disease. :

In Table 4 is compiled a portion of the data secured in 1918 for
the Little Dutch and White Burley cross. The calculated means for
height, the standard deviations, and the coefficients of variability are
given on both infested and uninfested soil for the parents, F;, F,,
ang for two F generations.

TABLE 4—Height of planis in the White Burley (susceptible) and Little Dutch
{rezistant) cross on uninfested and Thielavie-infested soil in 1948

Infested soil

Standarg| . Soedl- Mean | Standsrdj , CoefB
i cient of va-| int i [Cieniol va-
deviation sinbility deviation riabitity

White Burley {f).
Littla Dutch (3)..
LI

mn
=
vs

B
ﬂfop SR

=y
R0 B2 g g
Y O O et
b GO et

' Measurad one wevks later than others in arder to seeure approximately the same stage of matnrity,

In 1918 the planting on uninfested soil was grown under some-

what unfavorable conditions, and the variation is somewhat above
normal. The measurements on the White Burley variety weré mide
later that year than those on the other varieties, on accouns-of the
fact that White Burley is o somewhat later maturing type. The frue
condition is represented more accurately by this delayed measure-
ment than by the earlier measurement made in 1919, as shows in
Table 5. The terminal inflorescence represents almost one-third of -
the height of the plant and develops quickly in healthy, vigorous
plants when once the flowering stage has been reached.” On unin-
fested soil the White Burley variety normally is considerably taller
than the Little Dutch type, with the F, intermediate in height, but
quite as large a type as the Burley,in other respects. In general,
however, the difference in growth as expressed by the height of the
plants is comparatively small in the parents and in the F,, K., and Fy
generations grown on uninfested soil. (Fig. 4) Striking mor-
phological segregation occurs in the ¥, and succeeding generations
in all these crosses, but this is much less commonly expressed in
height of plant than in shape and size of leaf and habit of growth.
No serious discrepancies are to be expected, therefore, in using plant
height as a measure of resistance on infested soil as a consequence of
morphological variation.

89160°—30—-2

.



http:others.in

10 TECHNICAL BULLETIN 175, U, 8, DEPT. OF AGRICULTURE

Tance 5.—Heigh! of plants in the White Burley (susceptible) and Little Dulch
(reriztant) ecross on uninfested und Thielaviv-infested soil in IG1Y

Uninfested soil Infested soil

Coef-
Standerd| - Standerd) -
deviation) m:i:;tb‘i)lfit\;’a.' cevintion’

White Burley (8).

prSmpes

1 Blow growing, not topped out, Mean 63.4 inches two weoks Jater.

By comparing the growth of these strains on infested soil as
given in Table 4 it may be seen that the White Burley parent did
not extend beyond the 3-inch class, as compared with 84.5 inches

FigrrE 4-—The zrowth of the susceptible Wlhite Burler (A), the resistant Little
Duteh {B}, and the F, genvration of the crose between these on soil frec from
dlaenge (C}. Compare with Flpove 3

for the Little Dutch parent, a difference in height of over 214 feet.
The F; is intermediate in height, as is the F,, but the latier shows a
considerably higher coefficient of variability. One I, selection
{68-R) is almost as susceptible as the susceptible White Burley
parent, whereas on uninfested soil it is a vigorously growing type.
Another F,; selection {63-B) is, on the other hand, more resistant
than the most resistant parent. The standard deviations are limited
in their significance in a comparison of the variations on uninfested
soil with those on infested soil. On uninfested soil the normal
fluctuating variation of large, rapidly growing, healthy plants is
obtained in the parent types, together with that which may be due
to heterozygosis for height in the crosses.
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In the infested soil the additional varistion due to disease is in-
troduced, but with the greatly reduced vigor of growth (from a
height of 44.8 to 19.2 inches in the F.} if is to be expected that
the variation due strictly to ordinary heterozygosity for height is
correspondingly reduced, whereas that due to differences in resist-
ance is predomnant. (Fig. 5.) This can best be illustrated by the
standard deviation for 63-R, which is 8.7 = 0.4 on uninfested soil
but only 2.9 = 0.2 on infested soil. Manifestly the inkerent normal
heterozygosity for height is as great on the infested as on the unin-
fested soil, but as a result of the susceptibility to rooi rot of the
variety all other variation is overshadowed. Theoretically, the
coeficient of variability of these types on infested and uninfested
soil more accurately represents the true state of affairs, because it
takes into consideration the relative mean heights. With very sus-
ceptible types, however, the coefficient of variability apparently gives
too much weight to the relative variability actually oceurring, and

Frucre J.~a4 pertion of i row of the Iy wmenerotion of the White Burley zod Little
Luteh eross, Musteating the degree of sogresation for disease

conclusions can be drawn froin these statistical methods only in so
far as they do not interfere with the actual biological principles
involved.

Results of a nature similar to those shown in Table 4 are presented
in Table & for the 1919 season. The measurements for the White
Burley parent on uninfested soil ave again not strictly comparable
on account of the delayed flowering of this variety.

The mean heights of some ¥y and succeeding generations in com-
parison with the parental strains are shown in Tablet 6 and 7. It
may be noted that certain of these strains, F, to F,, are continuing
to vary and may be modified in resistance by confinued selection,
as, for imstance, strains 63-C and 63-D. Strains more resistant
than the resistant parent and fairly uniform in this character-
istic, us, for example, strain 63-K-1, may be secured as early
as the F; or I, generation. (Fig. 6.) On the other hand, strains as
susceptible as the most susceptible parent may be isolated, as is illus~
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It appears from these and other data obtained, as well as from
observationsl evidence, that some resistant individuals breeding true
can be obtained from the F.,, but that the majority of selecticns from
this generation are variable in this respect. Selected susceptible in-
dividuals from F, or succeeding generations yield only susceptible
strains, as far as observations have gone in this cross. The evidence,
therefore, seeins to indicute that resistance is the dominant factor
and susceptibility the recessive factor in relation to Thielavia root
rot. No evidence of segregation in any simple Mendelian ratio was
evident in this case.

The White Burley variety of tobacco used in this cross differs very
strikingly from other varieies of tobacco in that the plant is nor-
mally muech lighter in color, often becoming yellow or ¢ white ” as

FigoRe 7,——Fourth-generation families of the White Burley and Little Duteli cross.
Note the vombinatfon of the reslsteat character of the Little Dutch with the
“white " clunreeter of the Burley lu the rows to the right, Sosceptible stralmg in
the foreground

it nears maturity, as compared with the ordinary varieties of to-
bacco. This low-chlorophyll-content type is completely obscured
by the dominant normal green condition in the F,. In the F, the
ratio of * white ¥ to ¥ green 7 is approximately 1 to 23. The whites
always reproduce whites, and the white character is, therefore, the
recessive condition. This interestinig inheritance of plant color in
tobacco has not been studied in detail in the present connection.
Resistant White Burley types are readily secured in the F, genera-
tion, and, while those selected in this case possessed no commercial
value, the results suggest the origin of resistant White Burley strains
in the field * and demonstrate the possibilities of combining resist-
ance with other commercial characters of tobacco. {Fig. 7.}

tJonxsux, J. Op. cit. (See footnute 3.}
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OTHER .CROSSES OF RESISTANT AND BUSCEFTIFLE YAREIETIES

The daty presentod for the Little Duteh and White Burley cross
are supported by the results obtained from several other crosses be-:
tween resistant and susceptible types. Some of the results of a cross
between Connecticut Broadleaf {semiresistant} and White Burley
(susceptible) are shown in Table 8. The mean height for the Con-
necticut Brondleaf variety on infested soil is 87.1 inches, as com-
pared with only 3.6 inches for the White Burley variety.

The F, generation, with a mean of 145 inches, more nearly ap- = k

proaches the intermediate condition than the mean of either parent.
The range of veriation in the ¥, generation extends almost to the
extremes of the two parents. This F. genemtion is, on the whole,
more susceptible than the F. generations of the Little Dutch cross
with White Burley, indicating that the Connecticut Broadleaf va-
viety, as is to be expected, is not able to transmit as high a degree of
resistance in hybricization as the Little Dutch variety. '

Tanre 8.—Height of planis in the Conneclicut Broadicaf ( registant) .end White
Buriey (susceptible) cross grown on Thiclavia-infesied soil in 1918

Geosred pyypig

Desigoation Designation ﬂgﬁ

i . | Inch
Connseeticnt Broadles! (4) 53 371 |- : 57 9
White Burley () -
[P

41

Enk 3

3

7.7
18.7
l
3
B

: s
18..
0,

The most resistant plants of the F. generation were selfed-and
grown in the F,, but none of those selected reached the degree of
resistance of the resistant parent 64—R, the nearest approzch bein
made with a mean height of 80.9 inches. Strain 64-C possesse
the White Burley character of chiorophyll color and was quite
susceptible. Further selection for resistance in the F; an F.
generations failed to increase the relative resistance.

The remainder of the crosses made between resistant and suseepti-
ble types were made largely with the purpose of developing resist-
ani commercial varieties of tobscco. This naturally involved .con-
siderably more attention to the other desirable characteristics of
tobacco in the respective types and less attention to the behavier
of inheritance. A. general similarity, however, to the results pre-
viously described was observed in the following crosses: '

Resistant White Burley X White Burley {susceptible).

Resistant Wiscobsin strain 2801 X Cennecticut Havana No. 38 (intermediate).

Resistant Wisconsin strain 1207 X Conpvecticut Havann No. 38 (intermedinte}.

Resistant Wisconsin strain 1207 X Yellew Pryor (susceptible).

Resistant Shade CobanXBig Ouban {suseeptible).

Resistant White Burley X QOrinoco (susceptible).

The statistical data secured upon the inheritance in these crosses
are too limited to be profitably presented. The first two crosses
named have yielded commercial varieties, however, which are briefly
described in the following pages. (Fig. 8.)
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RESISTANT STAND-UP WEITE BURLEY ’ “

The selection of resistant White Burley strains for commereial
purposes has been discussed in an .earlier paper.® About the time
that the earlier resistant strain of White Burley was introduced,
“stand-up ” or erect-leaved strains of ‘Burley were replacing the
original drooping or pendent-lenf strains, to which ithe original
resistant Burley belonged. It was consequently .desirable to de-
velop a resistant strain of stand-up White Burley. Tield selections
from standard stand-up strains offered no hope of 8 resistant
strain, A strain of drooping-leaved resistant White Burley was,
therefore, crossed with a strain of susceptible stand-up White
Burley (Judy’s Pride), and selections were made in the F, and
succeeding generations for a resistant stand-up White Burley.
(Figs. 8 and 9.) Several apparently desirable strains were secured,
and the best one of these, all factors being considered, was finally

FIooRE 8.—A dré_uping—leu.ved cesistant White ‘Burley strain (A). a standup auscep-
tilde White Barley strain (C), and the Ify peneration.of the cross between these (B)

distributed for trial to Burley growers in Kentueky, Ohio, and
Canada. This strain may be grown for several years on the same
land as far as Thielavia is concerned, wheress ordinary Burley,
owing to its susceptibility, would prove & complete failure. ;Og-
jection fo the thinness of the leaf in this strain has been offered in
some instances, but excellent crops as to both yield and quality have
been._reported in others. This strain is now commonly grown in
the Burley district of Canads.

The development of additional new strains of root-rot resistant
‘White Burley of commercial value may be expected to come in the
future from various sources. It is to be expected, however, that
these may vary considerably in the actual degree of resistance
exhibited (fig. 10) as well as in relative yield and quality. Tt will
then remain to determine by careful comparative trials, made under

E JOHNSOY, J,, And AMILToN, R. H. STRAINS OF WHITE BURLEY TOBACCO BESISTAND £0
TooT-wor. 11, B. Dept. Apr. Bul, 765, 11 p., Hius. 1919,

+
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different soil and seasonal conditions, the relative commerciul merits
of such strains.

RESISTANT HAVANA NO. 142

The Havana Seed variety of tobacco, a type commonly grown
ir Wisconsin, the Connecticur Valley, and to some extent in New
York and Pennsylvania, is fairly susceptible to Thielavia root rot.?
Repeated eflorts were made to secure a vesistant strain of this
variety of tobacco by field selection, but the resistant strains secured
were usually undesirable as to Labit of growth of the plant or as
to quality of leaf produced. Oune of these struins, No, 1501, became
quite generally grown in Wisconsin under the name of = root-rot
resistant cigar binder.” This strain wug, however, only moderately
resistant and met with sonme objections as to quality. Its distribo-

Figene S.—ILrogeny row trinls of straing of White Durley

tion, therefore, wus discontinued, although it was at one time grown
f.lixl\' extensively in Wisconsin and is still being grown on a small
seale.

Ax a consequence of the studies on the crosses between susceptible
and resistant strains. it became evident that the most rapid progress
in the development of a resistant Havana Seed strain could be made
by crossing the latter with the mest promising of the undesirable
resistant strains. A desirable strain of Havana Seed. known as Con-
recticut Havana No. 38. previously develeped in Wisconsin and
widely grown in that State, was crossed with two resistant selections,
strains 1207 and 2901 The latter, which was a sclection from a
strain of seed known as Page's Comstock. but which was quite dis-
similar to the well-known Comstock Spanish strain of Wisconsin,
proved to be the most desirable parent, and selections in the succeed-

¢ Joxsus, d. Upe el (See fosthate 3.)
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ing generations were continusd largely from this cross. Seversl
strains even more resistant than the resistant parent, with greatly
improved habit of growth and lenf number, were secured.

Figune 10-—A, A reslstant stand_;x‘ﬂl White Burley gtrain; B, a susc&ptihle stang-up

White Burley stouln; C, & 50

ed resistawt strain of ﬁurley
merclally by certein seed growers

stributed cowm-

A few years’ triul indicated that strain No. 142, everything being
considered, was the most desirable, This strain was consequent]
distributed to a few grawers and was favorably received. The cul-
ture of the strain spread very rapidly in Wisconsin and has met with
considerable approval in the Conneeticut Valley. Havana No. 142

- is somewhat later in maturing than Havana See , but if it is planted
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sufficiently early on old {obacco land, for which it is intended, ma-
turity will be reached under ordinary circumstances. On Thielavia-
infested soil the strain will greatly outyield ordinary Havana Seed.
(Fig. 11.) It has a distinct advantage in that it permits ve eated
culture of tobacco on the same land, and thereby the possible in-
jurious effects of crop rotation on tobacco are avoided.

DISCUSSION OF RESULTS

It has been shown that varieties of tobacco differ greatly in their
degree of resistance to the root-rot disease caused by 7'hielavic
basicola. 'This difference is of such magnitude that it was believed
at the outset that it might offer 2 goorT opportunity for the study
of the inheritance of disease resistance. Certain disadvantages how-
ever exist, the most importans being the necessily for using an in-
direct measure of the amount of disease present, the inflience of

Flarie 11.—Conoectlenf Havana No, 3§ (A}, the parent steain, with an intermediate
degrer of resistance, growing un Thiclnvia-infested s0il, In comparison with the
very resistant [Iavann No, 142 strain (R), now grown conunercially on an exteusive
geale

time of flowering or maturity on such measurements, and the influ-
ence of environmental conditions. especially soil temperature, on the
dJevelopment of the disease. Similar influences are, of course, en-
countered to a greater or lesser extent in inheritance studies of all
quantitative characters. While these interferences are reflected
throughout the data. it is believed that the results secured express
catisfactorily the behavior of the root-rot resistant character in
tobacco.

The crosses between resistant and susceptible types have in all
cases shown the first generation to be more or less intermediate in
vesistance. The prevailing environmental conditions may naturally
influence the relative resistance of the F, as it does that of the
parents. The second generation of crosses between resistant and sus-
ceptible varietivs breaks up into types of varying degrees of resist-
anee. certain individuals being as resistant us or more resistant than
the resistant parent, and others as susceptible us the susceptihle
parent, Almest the entire population of individuals is, however,
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between these extremes. New combinations of the resistant char-
acter with other plant characters naturally occur, so that it is pos-
sible, by selection, to secure glants of the general type of the sus-
ceptible parent, having in addition the resistant factor of the other
parent. In the third generation certain individual selections wili
continue to vary in the same manner as the F,, whereas others ap-
parently breed frue for resistance. Susceptibility appears to be the
recessive condition.

During the several seasons in wiich these crosses have been grown
po evidence hus been obtained that would indicate g segregation
according to any simple Mendelian ratio. The hypothesis of multiple
factors as propounded by Nilsson-Ehle” and others for the inherit-
ance of certain quantitative characters seems to apply in the case
of the inheritance of resistance to Thielaviy root rot in tobacco., The
inheritance of disease resistance in tobacco is, therefore, much like
that found in recent years to occur in the case of many other hosts,

While much remeins to be done in the way of 2 more detailed
study of the genetic aspects of disease resistance in tobacco, the
results secured in this investigation have demonstrated some .of the
methods and possibilities relative to the development of root-rot
resistant commercial strains of tobacco. That such a line of en-
deavor is worthy of the effert is illustrated by the development of

"+ two strains of tobacco, namely, the root-rot resistant Havana No.
142 and the resistant stand-up White Burley, both of which are ex-
tensively grown on a commercial scale. The present understanding
of the relative vesistance of tobacco varieties, some of which, like
Xanthia, are practically immune to root rot, together with & rouch
idea of the mode of inberitance, the relation of environment to the
disease, and the nature of this resistance as suggested by the histolog-

ical studies made by Conant ® in this Iaboratory, should form a basis
for more complete genetic resenrches on disease resistance in tobacco.

SUMMARY

The relative resistance to Thielavia root rot of most of the impor-
tant commercial varieties and strains of tobacco grown in the United
States and in many foreign countries has been studied. Many of
these varieties have been placed in one of five classes according to
their resistunce to the disease.

Enviroumental conditions, especially soil temperature, influence to
a decided extent the apparent relative resistunce of any variety to
the root-rot disease, low temperutures (18°-22° C.j avoring the
disease and high temperatures {above 26°) being unfavorable to it.

The time of maturity of & variety wlso influences the apparent
relutive resistance, Early maturing susceptible varieties are usuaily
most seriously affected. Late-maturing ~ susceptible varieties are
more likely to recover partially from the effects of the disease.

While these facts dlo not 1n any way affect the actual genetic
resistance or susceptibility of a variety, it is important that they be
taken into consideration in drawing conclusions as to the genetic

T NILRRON-EaLy, 1L FREUAFNCRUNTHASUCHENGEY A% 1IOIER I'SD WEIZEN, Lunds Dnjv.
Arsakr, (n F, ATd, 2) %:57-Re. 1011,

*CoNaxr, G 1. oiproLoeican STERIES 0F IENISTANCE IN TORACCO 50 TIHRLAVIA Bast.
COLA.  Amer, Jonr, Bot, 14 : 407—480, Hlus,  109<
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: ,fa‘siiitnnce or susceptibility f:;jr‘f varieties or crosses in experimental
“tdgls. ; .

THe first genefation of a cross between root-rot resistant and sus-
ceptible types is intermediate in resistance. The second generation
vields individuals of all grades of resistance from those even more
Yesistant than the most resistant parent to others as susceptible as
the susceptible parent. :

In the third generation certain families continue to vary in respect
to vesistance, while other families apparently breed true for this
character. Susceptible F. individuals, especially, breed frue for
suseeptibility. Resistance is believed to be the dominaut condition
and susceptibilify the recessive condition. s '

The inheritance of disease resistance in tobacco does mob seem
to follow any simple Mendelian ratio, but bebaves in a manner
that mey be more satisfuctorily explained by the multiple-factor
hypothests.

The development of two root-rot resistant commercial yarieties
of tobaceo js described. nnmely, the resistant Havans No. 142 gnd
the resistant stand-up White Burley. :
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