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INTROQDUCTION AND HISTORY

The first article dealing definitely with bacterial wilt or Stewart's
disease of corn is that by Stewart (79}, published in December, 1897,
and reprinted the following year. The author stated thai he had had
this disease under observation for three years in New York, where
considerable injury (20 to 100 per cent) had been done to sweet corn
as grown in the market gardens of Long Island. Stewart then de-
tailed the external und internal signs of the wilt disease and described
his isolation and inceulativn tests.  Because of the extreme prevalence
of corn wilt and the resultant infection of many of the control plants,
his inocalations, though giving contributory evidence, were nof fully
conclusive. However, the mvariable presence of countless numbers
of yellow bacteria occluding the vascular elements of diseased plants
gave strong evidence of a causal relation. Ie believed the evidence
good that dissemination is chiefly through the seed and suggested
stable manure and farm implements as other probable carviers of
infective material. In addition to reporting from Long Island,

I Now Senior Pathologist, Office of Experiment Stations,

? e stady hersin reported was carrvied out under che geneead direction of the Inte
Eprwin I, Bmitie. formerly in churge of the Luboratory of Piamt Patbology. 'Phe wiiters
desive to geknowledpe flie eooperation of the West Virgluin Agricuiturn! Bxpeciinent
Statlon, particularly for furnishing loud of Morgoutowa for experimentn! pevposes; the
Mainz ApgricuHurm] Experbmoent Statien, particulnsdy fov suppiyims Malae-srown  seed
LW, Gerey and AL K. IWitchegek for assisting in taking wany ol the jleld poles mear
Washington, D, C., and James F. Brewer for preparing the ilusirations.

? Ftolic numbers in pnrentheses refer to Literature Chied, p, 20,
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Stewart reported the disease from New Jersey and Towa, in the latter
case the evidence coming from New York-grown plants from Iowa
seed. The germ itself he briefly described, but, without ready access
to the literature, he did not name t.

In the early part of 1898, however, a cultnre was sent to Erwin ¥,
Smith, of the United States Department of Agriculture, with the
request that he work it over and name the orgunism. The early re-
sults of this enltnral sindy were presented hy/gmi th to the American
Association for the Advancement of Science, in August, 1898, and
published (7g);in the annnal report the foliowing December. With
some excentions, he found the organism to possess the charncters
assigned to it by Stewart. and he added several others to distinguish
it further. He described the organism, naming it Pscudomonas
stewarti, gave its growth characters on various enliure media, and
added the further observation that he had seen the disease n two
fields in the southwestern lake region of Michigan on flat land in
dent corn sown late for fodder.

Halsted in 1899 reported (:3) that among several vavicties of corn
erown together at the New forsey Agricultural Experiment Station.
only one, Fivst-of-All, showed unmistakable signs of the bacterial
diseuse cansed by Pseudomonas stenwarti,

Two vears later Smith published a fuller account (Z4) of the cul-
tural characters of the cawsal organism and in March, 1903, the ¥ com-
pleted pronf that Preudomonas stewarti is the cause of the sweet-corn
disease of Long Islund 7 {(77). En the sunnner of 1802 lic Ind visited
Long Island and obtained, first hand, pure caltures of the causal
organism, with which he incenlated 500 gweet-corn seedlings, partly
by way of the fluid oczing from water pores at the tips of the leaves
and partly by spraying the plants with water suspensions of the bac-
terin, Both methods gave typieal infections, more than 300 cases of
the disease being ohtained. This experiment, condueted in Washing-
ton. D. C., where corn wilt had not been previously found, gave the
first fully conclusive proof of the pathogenicity of this organism and
at the same. time showed thab wonnds ave not necessary for infection.
The wascular systein was shown to be the primary seat of the disease,
though small envities filled with the vellow baeteria finally appear in
the parenchyma, '

In 1909 Smith published (76) a lbrief account of experiments
showing the dissemination of wilt through infected seed corn, and of
tests of seed disinfection with mercuric chloride seeming to indicate
benefit from the treatment. Attempts to iselate the organism from
the surface of seed from the same lot were unsuecessful.

Smith’s monographic account of corn wilt appeared in 1911 in
hiz work, Buacterin in Relation to Plant Diseases (17, 2. 3. p.
89-147). Here he gave the history and previous literature of the
malady and recorded the large volume of information resulting from
his own observation and experimentation over a long period. To
this work and fo Smith’s texthool on bacterial diseases of plants
(18, p. 760-776) the reader is referred for detailed descriptions
of the parasite und its behavier in culture. Some other phases of
his studies will be referred to in connection with the account of
the present investigation.
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Several other papers referring to corn. wilt have also appeared.
Garman (£} called attentivn to the disease in Xentucky as occurring
in 1916 in Golden Bantam corn and suggested the probability of
dissernivation through seed, since corn had not been grown in that
field for at least 15 years.

MeCulloch (4) in 1918 gave an account of studies of 14 isolations
cbtained from several States and in each case tested by successfrl
moculation and reisolation. In no case was true motility found,
and all of the various flagella stuins tested gave megative results.
The name of the organism was accordingly changed to Aplanobacter
stewarte (E. F. Smith) McCulloch.* Two distinet types of colony
were also reported, one with a smooth surface, the other with a
definite central depression or crater. Each strain centinued true to
Lype even after reisolution; otherwise in morphology and biology the
iwo types appeared to be identical.

During the winfer of 191920 Reddy (9) conducted inoculation
tests, using water suspensions of bacteria from pure cultures ipjected
into the stein bases of potted seedlings of dent. fiint, and sweet corn
(varieties not stated). The (wo series of 200 plants each gave 90
per cent of infection, and under the conditions of the test the organ-
1sm appeared to be about equally infective to the three hosts used.
As to intensity of infection. Hint seemed most susceptible and dent
least. There were no cases of natural infection from soil which
immediately before had produced an artificiaily infected crop.

In 1824 Thomas (27) reported wilt as purticulayly destructive in
Ohio on early varieties grown for the roasting-ear market, but lezs
s0 on the midseason or late sorfs grown for eanning purposes. He
gives field nnd greenhouse evidence of transmission through seed
bat little if any of transmission through the soil. Considerable
experimental data are included relative to varietal differences in
susceptibility, and the statement is made that all samples of novth-
ern-grown secr] tested have been free from infection.

In 1825 St. John-Brooks. Nain, and Rhodes (72) reported a sero-
logical study as showing that the wilt organism does not agglutinate
with serum of seven other yellow-pizmented plant pathogenes, viz.
Bacterium campestre, Buct. malvacearum, Buct. pruni, Bact. gum-
misudans, Bact. phaseoli, Bact. phaseoli var. sojense, and Bact. pe-
{argond, tests in all cases being made with 1:100 dilution of high titer
SeLUML.

In 1926 Reddy, Holbert. and Ezwin (12, p. #79) reported that no
practical control of bacterial blight of sweet corn wus obtained by
treating the seed. When nearly disease-frec seed was used, the feld
stands and yields were affected but little by seed treatments with
organic mercury compounds,

In 1928 Reddy and Holbert (70} reporfed experimental data as
showing wide differences in reaction to inoeulations with Aplan-
obacter stcwarti in u number of inbred Yines of yellow dent corn
maturing in the same length of time. All progenies of some inbred
lines were uniforinly high in resistance, other inbred lines were less
resistant, and still others were uniformly susceptible. These results

* Bynonyviy @ Pseudomonus stewsrti . T, Smith: Baecteritm stewarti I. P. “mith
Phytemonas stewerti (B, F, Soitth) Bergey ot al.
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were believed to suggest the possibility of developing resistance to
bacterial wilt in some of the popular wilt-susceptible varieties of
gweet corn. No apparent correlation was found between wilt vesist-
ance and vegetative vigor ov other important diseases of corn.
Preliminary reports of the present investigation (6, 7, 8), began
in 1918 and continved for seven years, have alrendy been published.
This series of studies was undertaken because of a lack of infor-
mation in regard to the means of overwintering aud summer dissem-
ination of the disease, the relation of soil and weather conditions fo
its presence and spread, and the whole question of varietal differ-
ences in resistance and methods of control. This report summarizes
the data obfained on these subjects. '

GEOGRAFPHIC DISTRIBUTION

'The writers have seen the diseuse and isolated the cauusal organism
in specimens from the District of Columbia, Geergia, Illinois, Indi-
ana, Kentucky, Maryluznd, New Jersey, New York {including Long
Istand}, Ohio, Virginia, West Virginia, South Carolina. and Ten-
nessee, and In addition they have observed the disesse in Connecticut,
Missouri, Towa, and Pennsylvania. In all cases typical signs of the
disease were seen, including always the sticky yellow bacterial stime
wozing from the cut ends of vascular bundles.

Definite published reports by others on geographical distribution
of wilt inciude those by Stewart (/9) from Long Island; Halsted
{3} from New Jersey; Smith {I7) from the District of Columbia,
Long Island, Maryland, southern Michigan, Ohio, Virginia, and
West Virginia; Garman (2) from Kentucky; Thomas (27) from
Ohio; Tehon (20) from Illimois; Tucker {Z2} from Puerto Rico:
(ardner {7} from Indiana; and Martin {5) from New Jersey.

Reports of the disease to the Division of Mycology and Disease
Survey of the Bureau of Plant Industry, Department of Agriculture.
by many observers, from. 1810 fo 1932, include records from the
following States: Arkansus, California, Delaware. Georgia, Illinois.
Indiana, Tows, Kansas, Kentucky, Maryland. Massachusetts, Michi-
wran. Mississippi, Missowri, New Jersey. New Mexico, New York,
North Dakota {rare}, Ohio, Oklahoma, Pennsylvania, South Dalkota
{very minor), Tennessee, Texas, Virginia, West Virginia, and Wis-
consin {very minor), and the Territory of Puerto Rico.

Further reports are as follows: Under date of July 17, 1918,
E. H. Smith wrote as to California: “T have never found bul one
case of bacterial wilt of corn.” In correspondence of July 17, 1918,
Fred C. Werkenthin said: * Relative to the corn wilt caused by
Bacterium stewartl, T wish to say that I have written to District
Agent J. G. Hamilton of Albuguerque, N. Mex., in whose county

T located this corn wilt last year.”
" For seversi years the present writers sought diligently for the
(iseuse in the Canadian horder States of North Dalkota, Minnesota,
Wisconsin, Michigan, New York (northern portion), Vermont.
New Hampshire, and Maine, but never found a single case, except a
few affected Golden Bantam plants at Albany, N. Y., which marks
the northernmost locality where they found this diseasc. The evi-
dence at hand therefore seems fo indicate that the disease is primarily
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one of the Middle and Southern States and that it rarely causes
appreciable damage in the northern tier of States.

SIGNS OF THE DISEASE; HOSTS; LOSSES

This specific infectious bacterial disense the writers have found
under natural fleld conditions affecting varieties of the sweet, pop.
and field corn types. It is, however, in the earlier zorts of sweet and
flint corn that the inroads have been greatest, frequently amounting
to the loss of practically the entire crop in seasons when, and in aveas
where, the disease is prevalent.

Usnally the first signs to appear are long, wilted streaks of lighter
green than the adjoining healthy parts of the leaf biade, but with-
out conspicuous yellowing. (PL I, A.) On the other hand. if the
progress of the disense is rapid, and especially if accompanied by
dry weather, one or more leaves may turn lighter green and wilt ax
a whole. This diffuse type of wilting must not, Lowever, be con-
fused vith the wilting of a tuft of the imnermost Laves such as often
results from insect attack at the heart of the bud; and, again, the
wilted streaks should be Qistinguished from certain rather elongated
fungous leaf spots {pl. 1, B) which frequently are first seen as
spindle-shaped areas with o water-sonked appearance at the center,

t bacterial wilt the external signs progress from the point of entry
of the parasite, which is ordinarily the lower part of the plant when
infection is from the seed or near {he base of the stalic during the
carly stages of growth. ‘The disease then spreads until the whole
plant becomes wilted, withered, and finally dead. (Pl 2.} Even
in the dead plant sonie traces of the green leaf color usually remain;
conspicuons yellowing never results. In some cases the fassels de.
velop prematurely and become withered and dead before the plant
as a whole has succumbed.

The most eritical determining sign, however, consists in the 00z1ny
to the surface from freshly cut vascular clements of conspicaous
yelowish beads of sticky bacterial slime. ‘These bacterial masses
not only occar in stems but often may be seen easily even at the cut
ends of leaf veins. This slime has not been observed to voze to the
uncut surface of the plant except through the stomata in the epi-
cdermis of the inner husks of badly diseased plants. (PL 3. A) In
stich advanced cases the vascular elements of stem and leaf ave packed
full of these yellow bacterial masses, which are often found also in
the tissues toward the base of the kernel.

Corn wilt is primarily a disease of the vascnlar systom. but in
its Iater stages the parenchyma tissues are also invaded. In fact.
the bacteria have been found in most parts of the plant, including
roots and stems, leat hlades and sheaths, tassels, husks, cobs, and
kernels.

TRANSMISSION TEROUGH SEED

Many years ago the transmission of baeterial wilt of corn througls
the seed was shown by Smith (77, p. 774-729) to oecur, on the basix
both of strong cireumstantial evidence from plantings of seed of
suspected or_known derivation from wilt-diseased plants. and of
microseopic demonstration of the bacteria from the vaseular system
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of stem and cob up into the basal region of kernels from plants
known to be diseased. Because of the copious oozing of the bac-
terial slime to both surfaces of the husks, Le suspected muel of the
transmission through seed to he from the surface contamination of
the kernels, but failed in 21l attempts at diveet isolation of the organ-
Ism {rom this source. He records no attempts at isolation from the
interior of the kernels, but notes the prebability that infeetion of
~eedlings may come front bacteria within as well as on the swrface of
the kernels. The present writers have also failed in repeatec at-
tempts to isolate the organism from the seed surface; but many times
during the course of the investigation they have made successful
isolations from the «adosperm of surface-sterilized (1:1,000 mer-
curic chloride) lernels, and with these pure cultures they have
ubtained typical infection in corn seedlings, followed by reisolation of
Aplanobacter stewwrti. Some of these isolations were made from
kernels on cars collected from diceased plants in the fall and held
1 a cornerib until early spring.

Besides the direct isolations {rom seed, a considerable number of
plantings were made during four years, with sced collected by the
writers from wilt-diseased and healthy plants. with seed from the
open market, and with seed grown in Maine and Michigan localities
where the disease had not been known to occur; and careful records
were made of the progeny during growth and at maturity, Brief
smmaries of these tests follow.

In the greenhouse, where the factor of dissemination by insects
did not enter. 23 progenies of seed from a badly diseased éar. sown
during the following winter fu pots, gave 3 wilt-infected plants (13
per cent). In a second test, 54 progenies of seed from several baclly
infected eavs, similarly sown, yielded 1 infected plant (2 per cent}.
In a third greenhouse test, 2 quarts of the worst-locking seed selected
from a peck of the same lot of =eed used in » large commereial plant-
ing in Maryland, from which the preceding season’s crop had been
zlmost u total failure due to bacterial wilt, was sown in a large green-
house bed. Among the progenies of the entire lot, only 2 per cent
gave definite evidence of the wilt disease.  Among hundreds of plants
from open-market seed grown in the same greenhouse during these
tests not a single case of wilt occurred except those resulting from
direct inoculation by pure cultures of the causal organism.

In Invgrer ficld plantings, near Washington, D. C.. where the factor
of dissemination by insects was not controlled. five tests with seed
collected by the writers from henlthy and from wilt-infected plants
grave an average of 43 and 56 per cent of wilt-infected plants,
respectively.  In two tests, open-market seed gave an average of
5 per cent, and seed from diseased plants 6 per cent of wilt cases.

It was reasoned that if seed were an important source of field
infections, the planting of seed grown in wilt-free localities or the
use of seed 2 to 3 years old ought to reduce materiaily the number of
wilt cases. Field sowings were areordingly made, also near Washing-
ton, D. C.  In one test. open-market seed gave 72 per cent. seed from
Maine and Michigan 83 per cent. and seed from infected plants 78
per cent of wiltcases. In three tests. open-market seec Lave an
average of 48 pér cent, and Maine and Michigan seed 54 per cent
of infected plants. In 10 further tests in which seed 1, 2, und 3
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vears old was planted at the same time under similar conditions
as in all these tests, the averages for wilt-infected progenies were 17,
24, and 18 per cent, respectively. )

In summarizing the foregoing, together with mnpublished data
from deteiled notes, it may be said that Aplanobacter stewarti has
been isolated directly from the interior of seed grown on wilt-diseased
plants as long as five months after the seed was harvested. No tests
Tor longer periods have been made. The plauting of seed lmown to
be wilt-diseased in the greenliouse has given 2 to 13 per cent of wilt
cases when there was no wilt in the controls; in beth these instances
the factor of dissemination by insects was eliminated. Progenies of
open-market seed and of seed from known healthy wnd wilt-diseased
plants grown in the ficld in localities where wilt was prevalent have
varied widely in individual cases in amount of wilt. However, where
wilt-free and wili-discased sced were of the same strain and under
conditions where dissemination by insects was not too great a factor,
differences in percentages of wilt were sometimes very considerable.
Even with the insect fuctor at its height, averages of considerable
numbers of seed lots of the same varieties have usually given a higher
percentage of wilt in the progeny of wilt-diseased than of healthy
plants.  Again, where the insect factor was not too prominent, the
numbers of early cases and of bad cases of wilt at maturity were
usnally greater in progenies of wilt-diseased plants.

In spite of the clear demonstration of transmission of bacterial wilt
of carn through the seed, in sections where wilt was prevalent the
digease ocenrred in startling amounts regardless of that factor, given
only that susceptible varicties were planted. TFor example, in field
plantings in Mavyland, progenies of single lots of Marvland-grown
seed Trom healthy plants have given percentages of wilt as high as the
fullowing: Golden Bantam, T1 per cent: First-of-All, 59 per cent;
Premo, 40 per cent; and Peep-o’-Day and Golden Cream, each 27 per
cent. Under similar conditions, Golden Bantam seed from Maine or
Michigan sections where wilt was unknown have given as high as 92
and 86 per cent, respectively, and other Maine-grown varieties have
given as high as 96 per cent of wilt, when planted in Maryland. In
fact, Maine and Michigan sced in general, when planted in a locality
where wilt was prevalent, have given more of the disease than seed
of the same varieties grown in more southern Iocalitics. This is inter-
preted to mean that when corn is grown in sections where wilt does
not oceur there is no climination of the more susceptible strains by
actual killing of the plants. such as occurs where the disease is
prevalent.

Fuarthermore, in large field plantings of seed 1, 2, and 3 years old,
the average percentages of wilt did not vary widely for progenies of
the three seed groups when planted contignously at the same time.
Eowever, individual lots of seed planted at ditfferent dates during the
same season or in different seasons often showed considerable varia-
tions in amount of wilt.

Field plantings in Maryland of 470 lots of seed of two representa-
tive early and two late sorts of sweet corn obtained from seedsmen
in nearly all sections of the United States gave an average of 48 per
cent of wilt for the early and 5 per cent for the late sorts!
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These facts substantiate the statement that transmission by seed
is a serious factor, probably the only factor, in introducing bacterial
wilt of corn into a new locality; and invoads from this source alone
may be considerable. It is clear, however, that once the disease be-
comes prevalent in a locality, the planting of resistant or susceptible
varieties or strains is far more important in determining ¢the ultimate
damage to the crop from wilt than is the origin of the seed from
Lealthy or wilt-diseased plants. These facts do not in an¥y way mini-
mize the denger from transmission throngh seed, but they do serve to
emphasize the greater danger, under certain conditions, from the use
of susceptible varieties.

DISINFECTION OF SEED

At the beginning of the investigation, when it was believed that a
considerable proportion of seed infection originated in surface
smearing W_‘:ﬂ}l bacteria from the copious exudations through the
stomata of the inner husks, several series of experiments were run
to test the effects of disinfectants and dry heat on sweet-corn seed
sterilized for three hours in a dry oven at 150° C., cooled, and im-
mersed in 4 suspension of a three to four day agar enlture of A pleno-
bacter stervarti in sterile tap water, and held one to four days before
the tests, '

In this way it was found that treatment with copper sulphate
(1:100) or with commercial formaldehyde solution (1:320) for 15
minutes, or with the lattor for 8 minutes followed by 2 hours in a
formaldehyde-saturated atmnosphere, was cffective in destroying all
the bacteria adhering to the seed.

Several trials were made in which seed treated with the bacterial
suspension were submitted to dry heat at 60° C. for one to three
hours, both with and without being presoaked in sterile tap water.
None of the seed thus treated gave any bacterial growth when placed
on sterile ngar.  The inoculated controls guve 88 to 100 peér cent
of bacterinl growth when placed on sterile agar.

Since under natural conditions infection through the seed seems
to come largely if not wholly through bacteria carried within the
seed, it appeared problematical how far externally applied disin-
fectants mught influence infections from this source. “However, it
was thought possible that if seed could be heated at a temperature
high enough to destroy the bacteria without seriously impeding
germination, such treatment might prove a practicable method of
controiling sced transmission of the disease. The thermal death
pont. ol Aplanobacter stewarti being around $3° C., preliminary
germination tests were carried out with seed of differant sweet-corn
varieties heated for different periods at 60° to 120° C. As a result
it was found that germination was not seriously lowered by threo
hours’ dry heat at 60°, 70°, or sometimes even af 80°.

A large sced-(isinfectant test was then carried out in the field,
with the use of seed collected the preceding fail from healthy and
Trom wilt-diseased plants grown in the same locality. The dry-heat
appheations were made for 8 hours at 70° C. and for 3 and & hours
at 80°, und the seedd was planted the foltowing day. Other lots of
seed were soaked for 3 minntes in a 1:420 formaldehyde solution,
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subjected {o the fumes of formaldehyde for 3 hours, and planted
within 2 to 3 howrs afterwards. In all, 175 lots of 100 seeds each
were used in this experiment. .

Careful study of the detailed results showed high variations in
total percentages of wilt in comparable groups, sometimes higher in
the untreated, sometimes higher in the treated, sometimes lower and
sometimes higher in the healthy as compared with the wilt-diseased
seed controls. Germination in these field plantings was seriously
lowered by both treatments at 80° C.; that of the seeds subjected
to other treatments was practically identical with that of the controls.

The wide fluctuations in percentages of wilt due to extraneous
infections malke it impossible to draw final conclusions. No great,
variations in average percentages of wilt in controls as compared
with treated seed were evident. However, the heat treatments con-
sistently gave slightly less wilt, this difference being greater the
larger the number of seed lots on which the averages were based.
Another field test with the use of 37 lots of 100 seeds each gave
essenfially similar results.

Smith (17, p. 185-187} carried out a test in the greenhouse using
(1) 1:1,000 mereurie chloride solution for 15 minutes on hand.
picked good-looking seed from a sack of seed strongly suspected of
harboring the wilt organism, which gave 1.2 per cent of wilt in the
progeny; (2) the same solution for 10 minutes on seed similarly
selected, which gave 1.8 per cent of wilt; (3) unselected, untreatec
seed us 1t came from the sack, which gave 9 per cent of wilt; and (4)
selected bad seed from the same sack, untreated, which gave 9.3 per
cent of wilt. These results might seem to favor the treatment, were
it not that the treated seed was the selected, best-looking seed from
the sack, while the untreated seed was unselected or bad seed., Reddy,
Hotlbert, and Erwin (17) found no evidence of control of bacterial
wilé of corn by treating seed corn with 025 per cent solutions of
chlorophol,

In correlating the results of the studies on disinfection of seed
and on transmission through the seed, it appears that in wilt-preva-
lent localities transmission through seed is responsible for a much
smaller proportion of the field infections than was formerly supposed,
while dissemination during the growth period of the plants often
reaches a percentage so high as fo nearly or quite mask the effcets
of transmission through seed, even in the early cases. Because of the
small amount of transmission through the seed and the more or
less sporadic distribution of the preponderant summer dissemination,
the effects of using treated rather than untreated wilt-diseased seed
could scarcely become evident except where the results of large num-
bers of tests were averaged, or under conditions eliminating most
of the secondary infections.

For practical purposes, then, seed disinfection would be of little
value, even though cffective, except for possible nse in sterilizing
seed to prevent the introduction of the disease into new localities:
in such cases the treatment would need to be 100 per cent effective.
Because the organisms ave carried within the seed, externally applied
disinfectants would probably be of little value for this purpose;
the experimental results, so far as they go, bear out this idea. Heat
treatment at temperatures well above the thermal dedth point

L RSy S




TE b I N 3268, U. &, D . OF S
10 CHENICAL BULLETIY 268, S, DEPT. OF AGRICULTURE

(88° C.} of Aplanocbacter stewarti, reaching all parts of the seed
without materially reducing germination or vigor of the plant,
would seem to offer an effective method of eliminating the organism
from the seed where it is deemed advisable to make the attempt.
The writers’ experiments offer distinet encouragement in this respeet,
but need further confirmation under many widely differing con-
ditions and the adaptation of the method to a commercial scale.

TRANSMISSION THROUGH SOIL

Since there was no conclusive information in the literature concern-
ing the possibility of transmission of bacterial wilt of corn through
the soil, the 1){'01310111 was approached from a number of different
angles, in both greenhouse and field.

Of the fleld tests, five (in which about 1400 plants and at least an
equal number of uninoculated controls were used) were carrvied ont
by inoculating the soil with cut pieces of lieavily infected corn stems
and planting the seed among them at once. The final averages for
wilt cases were 41 per cent for the inoculated soil and 88 per cent
for the uninoculated controls. In these as in succeeding tests, the
inoculs were tested simultuneously for virulence, by successful in-
fection of other corn seedlings. The needle-puncture method was
used, and soil that had not been in eorn for at least two seasons. Two
similar tests (involving about 1,600 plants, with adequate controls)
were carried out by burying the infected moterial in the fall and
planting the secd the following spring. The averages were 24 per
cent for the incculated and 28 per cent for the uninoculated soil.
In two other tests {on 183 plants and an equal namber of controls)
the soil was inoculated with a heavy tap-water suspension of the
bacteria, and the corn was planted at once; averages for wilt were
70 per cent for the incculated and 62 per cent for the uninoculated
soil. In one further test {on 80 plants and an adequate number of
controls} the seed rather than the soil was soaked in the bacterial
suspension before planting; the averages for wilt were 74 per cent
tor the inoculated and 64 per cent for the uninoculated seed.

Since in these experiments insects were not controlled, two field
tests {on 17 plants) were made with cloth-covered cages. Either
the soil or the seed was inoculated and the seed planted at once.
No wilt resulted.

It was thought that a comparieon eof the relative numbers of
slight, medinm, and had cases ot wilt to healthy plants in individual
hills might prssibly shed some light on the mode of infection,
Accordingly, 1,865 hills of sweebt corn each containing 2 to 4 plants
to o hill {average 3} in a field that had not been in corn for two years
were used as a busis for counts at maturity of all the hill combina-
tions of wilt-diseased and healthy plants. Since all the bad cases
of wilt first appeared early in the season, most if not all of the seed
infection (if any) would be included in this group. Furthermore,
if more slight or medium cases occurred in hills with bad cases than
with other combinations, it would tend to indicate some relation
between the two. The counts showed the following to be the most
frequent hill combinations, and with the same proportion of the
total number of hills {about 20 per cent) represented in each:
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Healthy alone, healthy and bad wilt, and healthy and slight wilt.
Hills with bad wilt alone (10 per cent of total hills), and with
healthy, slight, and bad, or with slight and bad wilt (8 per cent
each), are the only other significant hill combinations. Apparently
there is no clear-cut tendency for late cases to follow early cases
in individual hills; and, furthermore, nearly half of 310 other hill:
containing only 1 plant to the hill had late: -appearing cases of wilt.
It seems very probable, therefore, from these data that most if not
all of these late cases had become infected from sources extraneous
to seed or soil.

The factor of dissemination by insects was uncontrolled in most

of the field tests just summarized. Accordingly, 20 more tests were
run at various times in greenhouse pots and beds, on an aggregate
of at least 2,500 plants sub]ef,ted to inoculation of the soil or outside
of the seed in the various wuys outlined for the feld tests, and in eacl
case accompanied by adequate controls.

In all these inoculation experiments, under controlled conditions
and with the insect factor precluded, no single cuse of wilt developed
except in a few plants subjected to severe root praning, followed by
immediste inocnlation of the soil in contact with the cut roots. Iu
the latter cases inoculution was, of course, merely one form of direct
inoculation of the plants,

In the field tests the infiluences of diffeving soil conditions and of
dissemination by insects complicated the results. However, in the
one test where two distinet soil types were delinitely separated in
the field and thuos capuble of correlation, the higher percentages ot
wilt clearly occurred in the good rather ‘than in the poor soil type,
instead of 1 the mocul.lted rather than in the control soily and
where moculated and unineculated soils were both good or both poos.
the percentage of wilt was abont the same in both. There iwere
many variationg among the different lots of seed In & test; sometimes
there was more wilt in the inoculated plots, sometimes in the controls.
Hovwever, the avernge percentages of wilt in 7 of the 10 tests were
appm\]matelv the same in hoth inoculated and contrel plots.

A correlation of the vesults of all of these experiments, with due

regard to the conditions under which they were carvied out, suvely

gives no cleur evidence of any true transmission of infection through
the soil, but, on the other hand, does give much definite evidence
against it. The data at hand are interpreted to mean that over-
wmteuntr of dplanobacter stewerti in the soil, while it may
concu\'ublv talte place in rave instances, is not a Lontmtrencv likely
to occur or to be of practieal significance.

VARIETAL DIFFERENCES 1IN SUSCEPTIBILITY

Fortunately, not all varieties of corn are susceptible to bacterial
wilt. Extensive varietal tests during four seasons, (,ompusmg in
each season several (8 to 10} acres of land, together with varietal
inoculations in the greenhonse, have =;I10wn conclusively that there
now exist a considerabie numher of varieties highly resistant to the
disease.

In the writers’ first experimeutal field planting of about 7,000 hills
near Washington, D, C., only 10 cases of wilt were found thr oughout
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the season. The field was separated from other cornfields by woods;;
the soil was a very light. sandy loam; the date of planting was pre-
ceded by several weeks without rain; and there were no commercial
plantings of early sweet corn in the locality.

Tapie 1.—Table varietics of corn arranged in ihe order of increasing percentage
of will from nutural infoolion in field plentings. 1819 und 1920

Pereentare of will

Number -
of tests

Hanpe | Average

Lirgag Everpreen
Qid Colopw (i) only)
Stoke's Doublo-Barraled Best (1919 only) .
Narrow-Grotned Evergroen .. ..o ...
Ideal Enrly

Country Cenlloting,

Maine Sty Everzreon.

Stowell Evarpreen..

Early Evergreen

Adatos’ Extra Bacly (1519 opiy

Blaek dexiean .. ..o . .

Lale Memmotii_,

NePlus Ullea, . __.

Perrsr's Hybeit (0 ¥,

improved Ginnt.. .......

Bantom Evergreen.

White Evergresh.

Womesttr .. - .

Long Island Beangy. .. . .

Lnrly SheMield (19 onlyy

Stahler's Barly

Biack Sugar

Henr's Toot.

New Early .
Kendall's Early Gian

Eurly Mammothi_

Improved Siige P

Goldon Rod ..

White Cary..

Howting Mob

Colossai__._

Naw Chamy P
Muopra's Barly Congordd_
Early Crasby_. . .
MMoore's Convord

Premo.... .-

Manla's X

Early Cham

Farky Minnesoin. B
Goldens Crenmy... . L.
Mupnruotl White Cory..
New Extra Early White Cory
Crolilen Banbome. .. .. . ..
“Early Bawn

Castnanclitan

Peap-o'-Day.

Maylower._.. .

JZxtre Bardy Red ©

Early Red Cory __.

Potier's Lxicelsior .
Eariy Cory or Firsl-niAll__ . -I
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Rerults of vartety plantings of May and July during the following
two vears, in the same locality, are shown in Table' 1. A similar
variety planting of the fourth seuson gave percentages of wilt-
diseased plants ux shown in Tuble 2. A supplementary test of two
varieties each of early and of late sweet corn, with 15 or more hills
to each lot of seed, gave average percentages of wilted plants as
follows: Golden Bantam (143 seed lots), 49 per cent; White Cory
(36 seed lots), 48 per cent; Stowell Evergreen (142 seed lots), 4.5 per
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cent; Country Gentleman (148 seed lots), 5.4 per cent. Seed of
these varieties, furnished by the Division of Seed Investigations of
the Bureau of Plant Industry, came from seed companies Tocated in

TABLE 2.—Table 1?{{-r-£cffe3 of carn. grranged in the order of increasing percentape
of wilt from natural infection in ficld plantings. 1921

Iereentape of =ikt
Number
of tosts |

Tange . Lvorage

Zigzag EVEIEreon. .o.....
Harrow-Grained F\‘er;nmn
Tdeal Early .o ooooal. ..
Country Gentlemsan
Atowell Evergreen. .

White Evergreen..

Eaorly Evergrecn

Leadall Evergreen 1.
lmprn\'i\d Giani_____

Black Sup,m'

Qickex..... . -
Do Lae's Golden Giang 1. .
New Earhy Malukatl e
1tgproved Slowell Evorgreen !
Adams” Exira Enrly

Ne Plus Ultra ..
loore's Cpnpory) 4

Late Mamanoth.

Adems® Early ) .

Long Island Reaaty
Stabler's Early . .
Golden Evergreen 1.
Bantum Evergreen.
Howling Mob
Costopolitnn _ .

Golden Hed .

Bilack Muexican.

Galtlen Creain..

Maule's XX .

Bear's Fool.....

Melossal

& Zain

B

P —— e 00O TO Do 0m D
=

Gokden Sweel 1, ..
Aletropelitnn. .
Alayfower. . ... .

Early dinpesotn. .

Farly Chianpion. .

White Cob Cary .
White Cory_.o ..o
Golden (}iunt.i, B
Peepo'-Day_ .. . _ .. ..

a4

Potter's Sxvolsior b

Kenenll's Eorly Ginnt .

Farly June’..._... .
Mammell White Cory .
Noew Exten Eorly White Cory.
Eurly Dawn .

Crolden Bantwm .

Firsl-oFALL .

A e b

Liproved FEarly I)nkuu .

Eerly Jown L _.._..

Extra Eerly Tied C'or_!,

Early MayNower .. .
Errly Crosb:.'___,,__,__.._. e e

[T T

I Nof i tesles of 1918 and 1820; al] athers in those tests.

all sections of the United Btates.  In ol these field plantings wilt was
the result of natural infection, and each test (seed lot). unless other-
wise stated. represented at least 24 hills of corn.

In u further test in the greenhouse, seedlings of 24 varieties of
sweet corn were inoculated b\' needle plmLtmLs in the stem with
pure cultures of cplancbecter stewarti. The average percentages
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of wilted plants for the different varietics, though of course higher
than for the spontancous infections in the field plantings, showed
in general the same relative differences in susceptibility, the earlicer
sorts giving nearly or quite 100 per cent of infection, the later sorts
0 to 30 per cent, and the midseason sorts percentages between these
1wo extremes.

More limited datn published by Smith in 1914 (77, ». 177-118)
and by Thomas in 1924 (27) agree cssentially with these tests by the
writers as to the relative susceptibility of sweet-corn varieties to
the wilt disease.

Stmilar tests of 14 pop varieties and of 46 field varieties of corn,
carried out by the writers during three seasons in field and green-
house, showed entirely comparable results as to varietal difierences
in susceptibility. Tests with pop corn were hardly extensive enough
for full varietal comparisons, but the Black Beauty and Tom Thumb
-avieties proved notably <weeptible. In the field-torn tests the dent
varieties almost invariably exhibited high resistance, while many of
the flint varieties were vctremely susceptible.

Variations in amount of wilt for any given variety were to be
expected in different plantings and of course were realized in these
tests, on account of variations in temperature, rainfall. homidity.
~trains of seed used, dissemination by insects, «oil texture, cultural
practices, presence or absence of the causal erganism in the seed, ete.
In view of these facts, there was a surprising correlation in the
different. variety gronps as tested from season to season. It was
Found as a result of these studies that an arrangement of the sweet-
corn varieties according to the length of time required for maturing
coincided with surprising exactitude with an arrangement according
to the relative percentages of wilt cases occurring spontaneously o
from inoculation in the varieties compared. The later varieties snch
as Zigzag Ivergreen, Country Gentleman, and Stowell Evergreen
consistently guve a very low perceniage of the disense, while the
curliest maturing sorts. sueh ax First-of-All and other members of
the Early Cory group. Early Muavilower, Golden Bantam, Early
Crosby. ete., under the same conditions nnderwent extreme losses.
even to the point of complete destruction of crops nnd plants. In
general, wilt prevalence among midseason varieties was between these
two extremes.  The Tvergreen group az a whole was affected but
little: and it is interesting to note that Bantum Evergreen, a cross
hetween Golden Bantam and Stowell Evergreen. appenrs to carry
with it very little of the susceptibility of the Golden Bantum parent.
Anong the 46 varietios of field com tested uuder field conditions.
24 at no time showed spontaneously ocetrring cases of wilt; a few
of the dent varieties liave given 5 per cont or los<. but the earlier
flint sorts proved miost susceptible, For example, Jehu has given s
Ligh es 100 per cent of infected plants. Square Flint 40 per cent,
and Longfellow and King Philip about 20 per cent each.

Ax to field corn, wilt usually presents no problem. since the maore
susceptible flint varieties ure grown for the most part in northern
sections where the disease is rarely in evidence,

It is unfortunate that among the earliesd table varieties the only
highly resistant sorts found were in the Adams’ Early and Ideal
Barly groups, neither of which are true sweet varieties. There i,
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however, an abundance of resistant sirains among the later maturing
vavieties, It seems clear, then, that aside from the possible develop-
ment of resistant early sorts, the only insurance against serious
inroads in a locality favorable to this dizease appears to lie in the
planting of the already existing later varieties that have proved
resistant. The compartively light occurrence of wilt usually ex-
perienced in the Mddle States ix to be explained in part by the fach
that resistant varieties such as strains of the Evergreen or Country
GGentleman types have been the ones most generally planied. On the
other hand, so far as this disease is concerned, the susceptible vari-
eties may be planted along the Canadinn border with a reasonable
degree of assurance. The writers have been unable to find the disease
there, in either parden or commercial plantings. and only ravely has
it been reperted by others. Large varicty tests with identical lots
of seed planted during the same season in Maryland and at Qrono.
Me., with abundance of wilt in Maryland and none at all in Maine,
surely tend to confirm the writers® extended observations.

ENVIRONMENTAL RELATIONS

TEMPERATURE AND RAINFALL

In the endeavor io elucidate the relations hetween weather con-
ditions und incidence and prevalence of wilt. a consicderable number
of experiments and records were made, ag detailed below.

The first experiruental plantings were in an isclated fleld not
planied to any crop for many years. The seed used comprised
286 lots of 149 varieties of sweet, pop, and field corn, obtained either

from the congressional seed distribution or directly from dealers
in 15 States, and planted in approximately 7.000 hills near Wash-
ington, D. O, In this az in succeeding tests there were not less than
24 hills to a lot of seed and not less than 3 to 4 plants to a hill.
Throughout the season only 10 plants with distinet external xigns
of baeterial wilt were found.  Varieties planted by commercial
growers in this vicinity had been entirely of fleld corn and of luate-
maturing varietios of sweet corn, and the experimental field was
surrounded by shrubbery and woods. The soil in this planting was
a very light sandy loum: and reference to Figure 1. A, wil] show that
dry soil conditiony prevailed throughout the first part of the 1918
seasen; in fact, there had been no rain for several weeks prior to
planting. at which time the molsture content of the snrface soil
was very low,  Furthermore, the air-temperature readings, based on
weekly averages of maximum and minimum temperatures. were
comparatively low for the season and locality. and high temperatures
did not prevail until after mid-July.

The following scason 89 lots of 68 varieties of sweet and pop corn
were planted in the same loculity in three fields that had not been
in corn for many years.  In the fAret planting (day 16). out of a total
of 8.716 plants, 17.9 per cent became spontaneously infected. In
the second planting (July 14). ont of a total of 2414 y lants, 33
per cent were attacked. In the finnl planting (September 3). out
of a totat of about 2500 plants. only 0.2 per cent (5 eases) con-
tracted wilt. The soil used in the first test was a wmoderately heavy
sundy loam. At the time of the first planting the temperature was
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rather cool {(fig. 1, B}, with a period of rainfall immediately pre-
ceding, and with very moist soil conditions prevailing. Here the
curve of wilt incidence was very gradual at the start and becamn
steep only during the last three wecks of the growing season.

The second planting was made during a period of heavy rain-
fall, in similar soil, with very moist soil conditions, and with high
temperatures prevailing throughout the first two-thirds of the grow-
ing season. In this case the wilt curve was mucli higher and steep
from the first. Furthermore, from the insect relations subsequently
discovered, it seems probable that the increased infective momentuin
of the insect disseminators, attained during the growing period of
the second planting, undoubtedly had a part in causing the more rapid
rise of the second wilt curve,

The third planting was made in poorer soil, during a period of
Lighter rainfali and lower soil moisture, coeler nights and gradually
lowering mean temperature, with consequent slower growth of the
plants, and with insect prevalence lessened. ‘The amount of wilt
there was almost negligible.

During the third season the same lots of 42 varieties of sweet
and pop corn were planted on May 10, June 2, June 19, and July §.
and gave, respectively, 14.3 per cent (1,541 plants). 2.1 per cent
{3,859 plants), 6.5 per cent (2,359 plants), and 11.2 per cent {1430
plants) of wilt. (Fig. 1, C.)

The first planting was made in fairly good soil with abundant
s011 moisture, preceded by plentiful rainfall and followed in a few
days by a heavy rain, then by several weeks of drought terminated
Ly high rainfall fairly well distributed throughout the remainder of
the growing season. The temperature and wilt curves were low at
first, but vose fairly rapidly later in the -eason.

The second planfing, made in distinctly poorer soil, came in the
midst of severnl weeks of drought. Temperatures were still rather
Jow at first, but soon rose, and there was plentiful rainfall later on.
Here the wilt curve was very low throughout.

The third planting was made in rather better soil after several days
of moderate rainfall followed by heavy rains. and with decreasing.
followed by rising. temperature. The wilt carve was also very low
at first but later rose.

The last planting (on July 8), in fairly good soil and under favor-
able soil-moisture conditions, followed by unusually abundant rain-
fall and the highest temperatures of the season, gave a wilt curve
approaching that of the first planting.

During the same season two duplicate variety tests were run at
Orono, Me., comprising 139 lots of sweet and pop corn seed identical
with those planted near Washington, D. C., and including also 54
lots of seed collected from wilt-infected plants the precgding season
and planted June 9 and 17, respectively. Neither externally norv
internally were there any signs even remotely resembling bacterial
wilt in any of the plantx at any time during the season. Reference
to Ifigure 1, D (Orono. 1920), shows that there was little rainfall at
or near planting time in both tests and that temperatures were com-
paratively low throughout the season. Furthermore, the seedlings
made very slow growth during the early part of the season, seeming
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to stand stifl for weeks, and none of the insects later shown to be
instrumental in disseminating the disease were found there.

One more large variety test near Washington, D. C., comprising
117 lots of seed of 57 varieties of sweet corn planted May 10, 1921,
gave an average of 9.7 per cent ofl wilt cases. As shown by Figure 2,
A (wilt curve not shown}, sbundant rainfall eccurred about planting
tiine, followed Iat ., however, by many weecks of scant rainfall oc
drought. Temperatures were comparatively low during the first
third of the growing season.

During several siucceeding seasons date-of-planting tests were
carried out at intervals throughout the growing season, In the
firgt series, with 20 weekly plantings from April 7 to Avgust 25, th.
maximum wilt prevalence occurred in the plantings of late June and
carly July. with less disease at the beginning and at the end of the
season. 'Chere was n 6-week drought at midseason accompanying
a part of this higher prevalence of wilt. However, the ficld notes
during the growth periad showed that most of the disease had come
Trom infections contvacted after the cessation of the drought. The
field was u level, sandy loam soil, and all of the eight varieties used
were susceptible to wilt. The disease percentages were in general
low in the planting of April 7. In plantings made during the
remainder of Apri! und thronghout May the wilt percentages were
variable, with, however. a gencral tendency toward increasing wilt
prevalence. The plantings of June and July were rather unitformly
high in wilt prevalence, and this was the period of most uniformly
high temperature of the season. The ramnfall was scant in June
and more plentiful in July, and the highest wilt percentages oceurved
in plantings made during the period of most copious rainfall and
highest temperatures. In the August plantings there was a rapid
falling off in wilt prevalence. reaching zero for the planting of
August 23, Wilt percentages for each planting (in this and in suc-
ceeding date-of-planting tests the wilt ¢urves are plotted on planting
clates) and datz on temperature and rainfall are shown in Figure
2, A

“In the second series nine plantings of the First-of- Al variety were
made between April 20 and July 17 in the same field. Tach plant-
ing was divided into four lots, which were cut at four different dates
during the last month of the growing peried. the fast cutting being at
maturity, and therefore taken s giving the total wilt of the season.
In each planting there wus a peneral tendency toward inerease in
number of wilt cases at each soccessive entting, even though the first
entting took place about 30 days after the date of planting of the firet
5 plantings and about 40 days after planting of the last 4. This
would indicate that progressive infections occurred duving eacl
growth period; and data regarding wilt cases showing veilow ooze
In the vascular elements of the leaves only (incipient wilt), all of
which were recent cases contracted from dissemination by insects.
would show the lavgest percentages of infections to have taken place
doring midsummer, after the insect dissominators had attained
their maximum infective momentum for the zeazon. The mean
weekly temperature at the first planting (fig. 2, B) was 65° F., but.
rapidly became higher. There had been no rain for 13 days preced-
ing this planting, but the soil was still very nmioist, and five days
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Iater there was a heavy fall of rain, followed by a rather uniform
distribution of plentiful rainfali throughout the remainder of the
senson and high temperatures until September. The total number
of wilt cases for the nine plantings, based on data for the presence
of yellow ocoze in the stems at the last cutting. varied considerably.
but was large in all plantings except the last.

During the same season, in another field, the Golden Bantam vari-
ety was planted on 8 suceessive dates from May 22 to July 10, when
the mean weekly temperatures were about 75° to 80° F. at the time of
the first 2, and about 80 to 85° F. at the time of the other ¢ plantings.
On the basis of the data on the presence of vellow ooze in the stems,
there were from 30 to 47 per cent of wilt cuses in the first 6 plantings
and u falling off in wilt prevalence in the Jast 2. The pluntings
maturing in August showed by far the highest percentages of incip-
ient cases, which fell off to zere in the mature plants of the finnl
planting,

Except for the first and last weeks of the growing periods of the
last two series of plantings, temperatures were high and rainfall was
plentiful and well distmbuted throughout the seuson. The diseuse
likewise was rather uniformly prevalent except for a falling oft to-
ward avtumn, as is usnally the cese.  The maximum dissemination in
hoth tests took place during midsummer.

During the nexi season 13 plantings were made between May 8
and Aungust 25, The disease here was highly fluctuating bhut with
some relation to weather conditions, as shown in Figure 2. C. Wilt
was moderate in prevalence for the first two plantings, made during
the spring period of moist soil conditions, but with comparatively
low temperatures. For seme unknown reason wilt dropped some-
what in the third planting in spite of rising temperature and two
weeks of plentiful rainfallt bhut the fourth planting, made eight days
Iater during a rainy period at n mean weekly temperature of 80° ¥.,
rose distinctly in wilt pereentage.  Plantings 5 to 7 fell in wilt prev-
alence with a period of drought covering the planting dates, the drop
being greatest in the fifth. which coincided with a weck of cooler tem-
peratures. The highest percentage of wilt of the season oceurred
m the eighth planting, made on July 9, between two heavy rains and
followerl by continued high temperatures. Tn the ninth planting,
made during a dry period, wilt infections decreased in spite of high
temperatures.  The tenth planting. fullowed immediately by several
moderate rains and by high temperatnres for about a month. again
rose gomewhat in wilt percentage.  In the last three plantings, made
during a long period without raing and followed soon by the decreas-
ing temperatuves of autumn, wilt infections decreased rapidly,
reaching zero in the final planting.

In this connection, field moculations in young plants of susceptible
varieties, made under Iate-fall conditions, have usually given negative
results, though observations were in some cases possible for several
weeks hefore frost killed the plants. The following experiment was
also performed: 172 potted plants of foor of the most susceptible
varieties of sweet corn grown in the same greenhouse were jnoculated
by needle punctures wilh pure cultures of Aplancbacter stewarti.
The plants were then separated into two lots, cach the sume as to age

and variety, one lot being held at 75° to 85° F., the other at 35° tu
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65°.  About one month later, when the final notes were taken, 83 per
cent of those in the tropical greenhouse and 33 per cent of those in
the cold greenhousc were found to have contracted the wilt disease.
Results of these general and date-of-planting field tests and of
temperature tests in the greenhouse appear to show a definite relation
between wilt prevalence and temperature and vainfall, though it s
clear that other influences have also been operative. That dissemina-
tion by insects is the principal remaining factor will be shown later.

S0IL TYPE

One experiment relative to the effect of soil type on wilt develop-
ment has already been discussed briefly under “ Transmission
Through Soil ” (p. 10). During the same scason rows of identical
varieties were planted directly across an area comprising three types
of soil which may be roughly described as (1) very light sandy soil,
(2) slightly heavier sandy loam. and (3) fertile sandy loam, the
whole receiving identical treatment. There were approxtmately
the same total numbers of plants in the three portions of the plot.
Thirvty-cight cases of wilt tlljeveloped in the light sandy third, 343
c}ases in the medium third, and 500 cases in the most fertile third of
the plot.

In a third similar test, with about 8.000 plants on two types of soil.
one poor and one fairly good sundy loam. 19 per cent of the plants
on the poor soil and 28 per cent of those on the good soil were wilt
infected.

In a fourth test over three soil types, the part on very poor sandy
s0il gave 21 per cent of wilt, that on a medium rich clay loam 41 per
cent. and that on the transitional part between the other two 27
per cent.

In a fifth test the same sced was sown in two parts of a plot of
newly cleared land part of which had been under eultivation during
the preceding season and part of which consisted of freshly clearcd
soil not yet settled down. Of about 900 plants in this plot, 84 per
cent 1n the cultivated part, and Gf per cent in the Treshly cleared
part contracted wilt,

In these tests the general tendency, other factors being equal,
has been for a greater inerease of wilt in the heavier and rieher types
of soil than in very light sandy soils. These results confirm the
findings of earlier studies by Smith, who states (47, p. 124) that an
abundance of moisture stimulating rapid growth is very favorable
both fo primary infection during the seeclling stnge and to the
general distribution of the bacteria through the stem of the plant
later on,

STUNTING

In inoculations of very thickly sown plants in pots and in similar
plants subject to natural infeetion only, Smith (J7, p. 110, 218) ut-
tributed the wmusuaily low infection and retarded course of wilt
discase to the very slow growth and hardened. stunted condition of
the plants. The few tests of this kind which the writers have mado
have tended in general to confirm this conclusion. For instance, in
one test with seed sown very thickly both inside and ontside 18-
mesh wire cages, 54 per cent of the plunts inside and 80 per cent
outside of the cages developed wilt from spontaneous infections.




22 TEGENICAL BULLETIN 368, U. §. DEPT. OF AGRICULTURE

Plants of the same variefy, three or four to a hili, but otherwise
under the same conditions in contiguous rows. gave 90 per cent of
wilt. Here the smaller amounts of wilt paralleled the thicker sow-
ing, but the wire netting, which kept out a considerable number of
insects, caused a much greater difference in the amount than that
shown by stunted as compared with normal plants.

LOCALITY

One test as to the cffect of locality has been discussed already
{p. 17}, In which 139 identical lofs of seed planted near Washington,
1. C., and at Orono, Me., gave a high percentage of wilt in Maryland
and none at all in Maine.

In another test identical lots of Geiden Bantam seed from Maine
and from Michigan were planted nenr Washington, D. €., where
wilt had been prevalent in experimental plots for several seasons;
at Westminster, Md., where commereinl plantings of Golden Bantam
had been seriously damaged by wilt 1n preceding seasons; at Wolf-
ville and Mountain Lake Park. Md.. both mountain farming com-
munities; at Morgantown, W. Va., on the State experiment station
farm; and in two city lots in Washington, D. C. Except for a
small part of the plots near Washington, D. (., all plantings were
made in May and June. Wilt prevalence from spontaneous infections
was highest in the May nnd early June plantings near Washington
and at Westmingter and Wolfville (northeast of Frederick), Md..
and lowest in the late planbings {July and August) neur Washington.
followed in ascending order Ly plantings in the city plots, at Moun-
tain Lake Park (extreme western border of Muaryvland), and at
Morgantown. Records obtained near Washington, D. €., showed
aimost no flea beetles present July 20 to 27; they began to appear
again in the fields during the first week of August, and then fell off
eradually in numbers toward the close of the scason. Here the
decreasing wilt prevalence in general followed the decreasing prev-
alence of flew bectles, low rainfall, and the gradually decreasing
temperatures of avtwmn. Both flea beetles and 12-spotled cucmber
heetles were present in all the localities, but no records were kept
as to relutive prevalence in the other sections. Since all the seed
used had been grown in Maine and Michigan lncalities where the
disease wus not known to occur, and in each case was planted in land
not in corn the preceding season, it seems clear (in connection with
the studies on inseet relations, diseussed later) that the wilt infections
were due to dissemination by inseets and that, the seed being the
same in all localities compared. the differences in wilt prevalence
were due to differences relafed to the insect disseminators and the
concomitant chimatic conditions.

During the same season plantings of Golden Bantam sced from »
badly wilt-infected commercial planting of the preceding season
in Maryland were made in four Joealities. This seed gave the highest
percontages of wilted plants near Washington and at Westminster,
somewhat less at Wollville, and leust at Morgantown.

Identical lots of Golden Bantam and First-of-All sced selectedd
fron plants known to be wilted were aiso sown in different localitics.
The wilt was most_prevalent near Washington, followed by Wolf-
ville, Westminster, Morgantown, and Mountain Lale Park.
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In plantings of over 60 identical lots of Golden Bantam seed
sampled from the open market by the Division of Seed Investigations,
Bareau of Plant Industry, wilt was found to be most prevalent near
Washington, followed by Morgantown and Mountain Lake Parlk.

The significant results from these plantings of identical lots of
seed in different localities, in all of which flea beetles were present,
seem to be that (1) there was no more wilt in progeny of diseased
than of healthy plants; (2) inscets were responsible for most if
not all of the dissemination; and (3) there was a tendency to follow
" flea-beetle prevalence, where known, and a secondary tendency to
follow climatic conditions.

IRRIGATION

An irrigation test was curried out on a level feld of very uniform
sandy soil, with plantings of 30 hills each of four susceptible varieties
of sweet corn to each irvigated and to each control nonirrigated plot.
This test was repeated five times at different planting dates, and
trented plots were irrigated uniformly twice a week, beginning at
the date of planting. Averaging the results of the plots of all fve
planting rlates, there was a little less than thiree-fourths as much wilt
in the nonirrigated (40 per cent) as in the lrrigated (55 per cent)
portions. Reterence to Iigure 2, A, shows the general trend of wilt
In these tests to be similar to that in the lavrge general date-of-plant-
ing tests in this same field. Moderate rainfall oceurred about the
time of the first planting. but practically no more until some time
after the last planting; this period was therefove particularly favor-
able for such a test.

An irrigation fest carried out ftwo yeavrs later, comprismg
approximately 800 plants of two susceptible varieties, gave approxi-
mutely three-fourths as much wilt in the nonirrigated (23.5 per cent)
as in the irrigated (31 per cent) plots.

It secems clear from these tests that soil moisture, with its con-
comitant more vigoreus growth of plants, bears some relation.
direct or indirect, to prevalence of this disease.

DISSEMINATION BY INSECTS
CIRCUMSTANTIAL EVIDENCE

After thoroughly studying the field and laboratory notes of their
preliminary studies. it beecame very apparent to the writers that
transiission through seed and soil, and climatic and soil environ-
mental fuctors, were entirely inadequate to explain the observed facts
relative to the origin and prevalence of wilt, but that most if not
2ll moet points would become quite clear should insects vrove to he
implicated. At tlis stage of the investigation circumstantial evi-
dence favoring insect dissemination was ag follows:

In a general way the geographical distribution of corn wilt cor-
responds to that of the 12-spotted cucumber heetle, Diabroticy duo-
decimpunctata Fab., and of the flea beetles, Chactoenema pulicaria
Melsh, and (. denticuiate I3, Tor example, these insects are ex-
tremely common in Maryland and the District of Columbia, where
wilt is particularly prevalent and destructive, and rave or absent in
Maine, where the northern corn billbug and the common stalk horer
are the prevailing corn insects and where wilt has been unknown.
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The 12-spotted cucumber beetle is reported to be the most injurious
in wet seasons and on lowlands. The experience of the writers with
bacterial wilt has been similar; and furthermore, during two dry
seasons there has been a higher percentage of wilt in irrigated than
in contiguous unirrigated plots otherwise similarly treatec.

The sporadic appearance and spread of wilt in rows from thov-
oughly mixed lots of seed and in blocks planted either with the same
or with different lots of seed of the same varieties suggested dis-
semination by insects in both primary and secendary cases,

In experimental fields in five localities in Washington, D. C.,~
Maryland, and West Virginia, a high percentage (62 to 100 per
cent) of primary hacterial wilt cases in sweet-corn seedlings showed
small larval channels at the base of the stem. Plants without bac-
terial wilt, pulled at random in the thinning-out process in these
same fields, gave a uniformly low percentage (0 to 17 per cent)
of these larval chanrels.

Many large planting tests were made with seed from plants
known to have had bacterial wilt and from plants known to have
been healthy, with sced purchased in the open mariet, and with
seed from Maine and Michigan sections where the disease was not
lnown fo occur. When these various lots of seed were planted
together in & locality where wilt was prevalent the ultimate amount
that developed in the progeny tended to follow the susceptibility of
the variety rather than any previous history of seed or soil. In
fact, under the usual field conditiors in Maryland and West Virginia,
seed from Maryland-grown healthy plants was as likely to give a
high percentage of wilt as was that collected from badly diseased
plants from the same original seed and plot. Also, the percentage
of early cases appeared to be as great from wilt-free seed as from
open-market or from wilt-infected seed of the same varieties.

The amount of wilt has always dwindled nearly or guite to zero
in late summer plantings, even when weather conditions have been
apparently as favorable ns in the case of early plantings developing
abundant wilt. This decrease or absence of wilt has coincided with
striking decreases in the number of flea beetles and with the well-
known postponement of egg laying by the last or bibernating brood
of Diabrotica nintil spring.

In large variety tests in fresh soily 1, 2, and 3 year old sced of
the same varieties planted at the same time all gave approximately
thie same amount of wilt when cut at maturity. On the other hand,
these same seed lots when planted at different times during the same
season often gave highly variable amounts of the disease. It is
extremely doubtful that approximately the same percentage of wilt
could have come from seed differing so greatly in age but planted at
the same time, on the one hand, or that the highly varying percent-
ages of wilt from different times of planting could have been
entirely due to differing weather conditions, on the other hand.

It was noted during several seasons’ observations that a consider-
able proportion of cases appeared to start from the upper part of
the plant; and at the end of the season cases were common in which
the tip was badly wilted and gave abundant yellow ocoze from the
cut stem, while the basal portion of the plant showed no external
or internal signs of the disease whatever. In other instances the
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middle portion was diseased, while the tip and base were normal.
For example, in a field of sweet and pop corn varieties aggregating
156 rows of at least 80 hills each, there were at maturity 72 plants
with distinct signs of wilt and ooze near the tip-only. There were
absolutely no signs of the disease, either externally or through
occlusion of the vascular system {as observed under a hand lens)
in the lower half of the plant, and in a large proportion of the cases
external and internal signs appeared only very near the tip of the
plant. Observations such as these might be multiplied. Clearly,
such infections with this vascular bacterial disease could scarcely
have come from either soil or seed.

In all probability, every infection arising from the seed would
develop external or internal signs during the early part of the growth
period. For several seasons portions of single plantings were cut,
respectively, at the early tassel, late silk, premilk, and roasting-ear
stages and showed a progressive increase 1n number of cases of the
disease the longer the cutting was deferred. If all infection had
come from soil or seed it is extremely improbable that a high pro-
gressive increase in number of wilt cases would have occurred at
these succeeding periods of growth, since there is little doubt that
practically all seed infections are evident by the tassel stage or at
the latest by the silk stage.

A small block of Maine and Michigan Gelden Bantam seed was
planted in the middle of a large block of the wilt-resistant Stowell
Evergreen variety which itself showed only traces of wilt through-
cut the season; the Golden Bantam seed here gave 50 per cent of
wilt cases. A similar Golden Bantam block, in which the same
seed lots and similay soil were used but which was planted in a field
of cucurbits and near a large field of susceptible corn varieties, gave
T2 per cent of wilt cases.

In a large number of cases chserved in the general plantings, leaf
wilt was seen to have originated at small, linear leaf injuries inflicted
by flea heetles.

PRELIMINARY INSECT-EXCLUSION TESTS

Tn view of these various lines of circumstantial evidence, it became
increasingly apparent that the facts would be explained if it could
be shown that the early seasonal incidence of the disease (scattered
primary cases apparently originating from the base of the plant)
was due largely to introduction of the bacterial parasite by adult
or larval insects working at the rocts or base of the stem and that the
midseason spread {secondary cases) was due to transfer of infection
by insects from diseased to healthy plants. Like straws showing
which way the wind blows, these facts at any rate all pointed more
or less clearly to the probability of dissemination by insects.

Accordingly, a large isolated cage, 42 feet on a side, 6 feet high,
and covered with 18-mesh wire netting, was used. The first season
an early and o late planting of open-market seed representing a com-
siderable number of susceptible varisties were sown in this cage.
but at no time during the season did wilt appear in either planting.
The disease was prevalent in plants from the same seed lots in
other parts of the same locality, but there were no cornfields in the
immediate vicinity of the cage.
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The following season a partition was put through the center of
this cage, each side of which was then (May 28) planted to identical
seed Iots of susceptible varieties of sweet corn. Into one compartment
considerable numbers of 12-spotted cucwmnber beetles previously fed
upon wilt-diseased plants were introduced at frequent intervals:
10 insects were introduced into the other compartment. Of the
approximately 250 stalks of corn developing in eazch of these com-
partiments, 10 per cent developed wilt in the insect side and 12 per
cent in the “insect-free” side. Bome of the smaller insects could,
however, gain access through the 18-mesh netting covering the cage.
Therefore, in a midseason planting, with the same seed lots, no
insects were introduced, but u section of the netting 2 feet wide and
midway between the top and bottom of the cage was cat away from
one side of one of the compartments facing a contiguous fleld of
sweet corn where wilt was prevalent. These conditions gave free
access to all insects to this compartment, but left the completely
closed compartment jmpervious to the entrance of the larger insecty
and much less easily accessible to the smaller insects, but at the same
time gave approximately identical conditions as to light and air move-
ments in the two sides. A+ harvesting time the closed compartment
gave 13 per cent of wilt cases, while the open part gave 33 per cent,
which was very nearly the average for these varietics in the open
iteld near by.

Early in the sume season, in another field, each of 50 hills of the
First-of-All wvariety was covered at planting time with 18-mesh
wire-netting cages, and 36 hills were left uncovered. Tarly in
Angnst 40 cuges were removed. Outside the cages 79 per cent of the
plants developed wilt; in those covered during the first part of the
season only 65 per cent and in those under the cages throughout
the season 34 per cent developed wilt.

In another level field of very wniform sandy loam. comprising
54 hills of the same variety, 6 hills were covered with the wire-netting
cages al each of six successive intervals of time, the frst lot on the
date of planting, and 18 hills were left uncovered throughout, as
controls. The season’s wilt record showed a progressive increase
in wilt prevalence the longer the seedlings were left uncaged after
planting, except for a falling off in disease percentage in two of the
midgle Iots in which cloth cages were used.

From these preliminury fests it appeared probable that small
insects were acting ay disseminators and that some of them were
able to pass through the fine wire netting, which, however, served
us a barrier to the majority.

DIRECYT TESTS WITH PIABROTICA DUODECIMPUNCTATA

During three seasons namerous direet dissemination tests were
made with Diabrotica duodecimpunctate fed on wilt-infected plants
and introduced into hill cages with susceptible varieties of sweet-corn
seedlings covered from date of planting,

In the five series of tests with wire-netting cages the data were
of little value so fur as this insect is concerned, owing to the entrance
of many small insects. However, three serics of tests were run,
aggregating 129 cloth-covered hill cages into which wilt-fed beetles
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were introduced and 149 such cages. used as controls. inte which
insects were not introdnced. The full records showed, respectively.
3 and 1.2 per cent of wilt cuses in the first und second insect tests
{(June and July) and no wilt in the third insect test {August). No
wilt cecurred in the 149 control cages except for five cases in cages
from which the cloth covering had become torn and all clearly
started from insect injuries.

Direct inoculations with intestinal contents of adults of Digbrotica
duodecimpunctate gave a much higher proportion of infections.
Three such tests were carried out in the field, with cloth-covered hill
cages in which about 85 plants were inoculated with intestinal con-
tents of wilt-fed heetles. Several of these inoculuted plants devel-
oped within the fivst week a soft rot ot the hase of the stem and were
therefore thrown out of the test.  Qut of T4 plants left, 21 per cont
developed typical wilt. Three such tests, with inocculations at 1, 2.
and 3 days after the wilt feeding. carried out in the greenhouse, gave
very simiar results.

Again, during September, 36 adull beeties. collected at random in
the vicinity of several of the experimmental ficlds where wilt was pre-
-alent. were fed in the greenhouse upon healthy corn seedlings for
three weeks. Similar inoculations were made with the intestinal con-
tents of the 26 beetles still adive at the end of this period. Nineteen
per cent of the seedlings thus inoculated finally developed wilt, with
the typical ooze in the vasenlar bundles. A similar positive resull
was aiso obtained with the use of beetles fed for five days on seedlings
with bacterial wilt from pure-cuiture inoculation. ™ In this case
mecilations from 16 beetles gave 25 per cent of plants with wilt and
ooaze. In each one of these tests one or more wilted plants taken at
random were further tested v successful reinoculation into other
corn seedlings.

Summing up the rosalts of direct lests with adults of Diabroticu
duodecimpunctata. those with wire-netting cuges were inconclusive
because of the entrunce of other insects. However, in general. the
percentage of infection was greatest in the plants cutside of the
cages. leust in the control cages. and intermediate in plants eaged
with wilt-fed beetles. In the case of the cloth-covered control cages,
barring accidents allowing entrance of other insects, there was no
wilt in ever 400 control plunts.  In the % insect ™ cages, however, there
were six eases of wilt nmong a total of 389 plants tested with wilt-fed
beetles in June and July; and no wilt among 182 plants tested during
the latter three-quarters of August. Either in the dirveet fests or in
the fields at large it was only rarely that wilt was observed to have
started apparently from points gnawed by these hectles. On the
other hand, many of the tests were run long enough for development
of larval stages of another generation. and small channels in the base
of the stem were frequently observed in the ** insect ™ cages. These
facts, taken in connection with the clear-cut results from inoculations
with intestinal contents, lead to the supposition that very little of the
secondary leaf infection comes from direct transfer by the mouth
parts of these beetles, but that some, and possibly a considerable
part, of the primury basal infection may come from their larval
berings at the crown.
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DIRECT TESTS WITH FLEA BEETLES

Since flea beetles were very prevalent, and since in the general
fielu observations numerous cases of secondary leaf infection were
observed to have started apparently from the typical linear injuries
made by these heetles, direct tests with these insects were planned.

As a preliminary test, 20 wilt-fed flea beetles {without regard to
species determination) collected {rom corn were introduced at midl-
season infto one uf the wire-netting cages covering a hill of half-
grown Fivst-of-Al sweet corn.  Later, wilt was directly obsevved
starting from a considerable number of their injuries on the leaves.
From some of these incipient leat cases A planobacter stewarti wus
isolated in pure culiure and tested by successtul reinoculation in the
greenhouse. There were no control cages in this fest. but vesults
secmed sufliciently clear {o wareant further investigation.

During the following summer seven tests were cayvied out, in
which was wsed the brassy fles beetle, Chactocncma pulicuria Melsh,
(Qetermination by the Bureau of Entomology), fed 24 to 48 hours
on corn plants with bucterial wilt and then introduced into cloth
cages covering hills of susceptible sweet-corn varieties, In 4 of
these 7 tests carried on with 16 ¢uges having at least 4 plants to
i cage, there was 100 per cent infection, and in the other 3 tests, 57,
G0, and 87 per cent infection respectively. In control eages of similar
type alt plants remained free of wiit.

Similar experiments during a third season asbundantly confirmed
these results and added the toothed flea beetle, (“haefeenema denticu-
{ata T (alse determined by the Bureau of Entomology), to the list
of direct disseminutors. Briefly. in several field tests carcied on with
16 cloth-covered cages, into each of which had been introduced 12
to 50 wilt-fed flen beetles, the records showed a total of § healthy
Plants ané 40 with bacteriel witt. In other words, 83 per cent of the
plants in these “insect ™ cages contracted the disease. Tlhe controlz
were the same ns for the sinultaneous test with Diadrotice duode-
cimpunectata, namely, out of 441 caged control plants no wilt at all
appeared except in § plants ip damaged cages which insects had
entered. .

Thus, the field cbservations and direet tests show clearly that at
least in the Maryland region near Washington. D. C., where the
experiments were carried out. the great bulk of the secondary infec-
tion—late spring and summer spread of the disease—is hrought about
by direct transfor of infectious materinl by flea heetles.

CONCLUSIONS

Bacterial wilt of corn. o vascular disease caused by Aplanobacter
stewarti, occurs primarily in the Middle and Southern States: it
is nonexistent or rarve in the northern tier of States.

Transmissien through the seed is u serious factor, probably the
only factor, in introducing the disease into new localities. and in-
roads from this source alone may be considerable.

Becausge of the preponderant secondary summer dissemination of
infection in & wilt-prevalent loeality, the disinfection of seed under
such conditions is of doubtful value. T would be of {ittle value, cven
though eflective, except for possible use in sterilizing seed to prevent
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the introduction of the disease into new localities. and in such cases
the treatment would need to be 100 per cent effective. Since the
bacterial pavasite is carried within the seed, externally appiied dis-
infectants offer little hope of such a degree of success; bat dry-heat
sterilization at temperatures well above the thermal death point of
the bacterial organism have killed all bacteria in laboratory tests
without materiaily reducing the rate of germination or vigor of
the planfs

Experimental data show that while overwintering of Aplanobac-
ter stewart/ in the soil may conceivably oceur, it is not likely to take
place or to be of practical significance.

Wide differences in resistance to the disease were found arnong
commercial varielies of corn. In general, the degree of resistance
was roughly preportional fo the length of time required for the
maturing of the variety; that 1s, in sweet corn, the earlier the variety
the more susceptible 1t proved: in field corn. the early flint sorts were
tound to be more susceptible than the dent types. Therefore. in
wilt-prevalent loenlities, the use of well-selected resistant varieties
wil] reduce to 2 minimum inroads from the disease.

Weather conditions, such as temperatare. rainfall, and soil mois-
ture, and the growth condition of the plant, have considerable influ-
ence on infection and on subseguent development of the disease, but
these factors are often deeply overshadowed by the factor of dis-
semination by ingects,

The dissemination of the wilt orzanisin by means of the mouth
parts of the adults of the 12-spotted cucumber beetle does not appear
to be an important factor in the spread of the disease. This insect,
however, is capable of harboring the orgamism in its alimentary tract
over considerable periods of time,

At least for the Maryland section. flea beetles arc definitely shown
to be responsible for the main snmmer spread of bacterial wilt of
corn, through secendary leaf infeetion by divect transfer of the wilt
organism.
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ADDENDA
1149372

While not allempting auy exhaustive survey of subseynent work
(viz, since 1024) by others, the writers deem 1t highly advisable to
refer tagthe following fmportant lines of receut progress in the study
of bacterial wilt of corn.

Not only has the diveet summer dissemination of dplenvbecter
stewarti by Chaetoenems prlicavia. . destionlata, and Diabrotica
duodecin punclaie heen confirmed by Blliott and Poos (24), Bliiott
(23}, and Poos and Elliott (7). but these authors have also demon-
sfrated the overwintering of the organism in rdults of C. pulicaria.
which appear to be responsible for most of the eariy infections m
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the field each year. Furthermore. Ivanoff (25) has studied the wilt
organism with special reference to its life history and pathogenesis.
including the demnonstration that a corn rootworm, larva of D. longi-
cornis, s also able to transmit the disease from infected to Lealthy
plants,

The natural host vange of A planobacter stewarti has seen extended
by Elliott (23) to include teosinte: and successful inoculations are
reported by Ioos and Elliott (27) on teosinte and jobs-tears (Coir
sp.), and by Ivanoff (26} on sorghum, Sudan grass. vellow foxrail
grass, German foxtail miilet, and common millet. The latter author
also reports similar symptoms as induced by the organism of Cobl's
disease of sugureane on corn andd sorghum in the greenhouse.

In 1934 Stevens? stated that—
the cutstanding disease phenomenon smong coltivated plants doring (o pist
few years is vudonhtedly the desteucetion caused by bacterianl wilt of com
* * % which reached o olimax in 1932 and 1033 % *= * In the yenw
indicated ahove, the disease was very abnadant not oply within its wsial rmoge
bt over a large areq Inrther nortl, where sisceptible varietios of sweel corn
Liad long heen prown successtully, The unprecedented losses of 1932 pnd 1088
were Tollowed hy o sudden drup {0 =emoething 1ike normal incldence and rauge
of the discase in 1934

Through an exhaustive study of available records, Stevens was able
to veconstentet o faivly satistactory picture of the behavior of hacterial
wilt during the preceding 33-vear period in velation o ~winter
temperatures. A carveful correlation of these data impelled him to
wresent the hiypothesis that increased incidence and soverity of the
}a.isezise and extension of its range northward are in some way related
to unusnally high winfer temperatures.  Tu weneral. the data
accumulated in subsequent vewrs liave eanfirmed (his hypethesis®
Moreover, Poas and Elliott {27, p. 607) state (hat ~the relationship
of winter temperalures (o the abundanee awd disuibution of the
insects which overwinter and tisseminate A plannbucter stewarti may
be very significant in predicting the appearanee of bacterial will of
corn in destructive abindance™: and Haenseler,” while confirming
Stevens’ genera] hypothesis, states that “there scems to he a eertain
time factor or Ing period invelved which mnst be stndied further
and evaluated before a quantitative prediction of wilt ineidence can
be made.” Tt appeared that after w period of severe wilt, a single
cold winter ix not enough to reduce the parnsite or s carriers
sufliciently to give the expecied disense control. Likewise. after a
period with but lictde wilt, the first warm winter may nol allow a
suficient Increase in the parasite ov its careiers (o give o serious wilt
outbreak the following summer,

ERTEVENS, N. E. STEWAMNMTS DISEANE IN RELATION TO WINTER TEMPERATIRES. 10 N,
Bur, Plant Indus. Plant Disease Repfr, 18 1410400 Hlus, 19234, [Mimeographed.]

HTEVENS, No E, IMIEXCE 0F  pACTERIAL WILT OF CDEX 1N CPHE BANTFEY  UNITED
aTATES X owan U, B Bue, Moot Jodus, Plent Diseass Wepir, 102 256- 9550 1m0,
[AYitmeagrsplisd., J

= RECOXD EXTERIMESTAL FOLECAST O TUE IXCIDENDE OF BACTERIAL WIET 01
cors. U 8. Lur, Plant ludug, Planc Disease Hepreo 200100313, Sllus. 39268, [Mim-
comrnpinel, )

TIIAID EXPELIMESTAL  FORECAST (0TI INCIDENCE 0F BaCTURIAL  WILT

{‘onxl. iU]' B Rur. PMant fndus, Plant Disease Hepir, 27: 1022307, illus. 10987, [Mieo-
grapthed,
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301, 108T.  [Mbmuagraphed, ]
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Since losses from wilt had been shown to e greatest in the early
maturing commercial varieties of sweet corn, much attention has
recently been paid to the selection and breeding of resistant strains
and varietles. Notable in the results along these Hues is the worl of
Smith (28), who presented Golden Cross Bantam. a new single cross
hybrid yellow sweet corn developed in breeding investigations by the
Burean of Plant Industry in cooperation with the Indians State
Experiment Station. These studies have heen continued. and sced
is now available in quantity. Important progress in such work has
also been made by many other experiment stations in the regions
where sweet corn 1s commercially grown.
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