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WASHINGTON, D. C.
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EFFECTS OF CERTAIN ENVIRONMENTAL FACTORS
" ON STRIPE DISEASE OF BARLEY AND THE
CONTROL OF THE DISEASE BY SEED
- TREATMENT?®
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INTRODUCTION

=X
== Stripe disease of barley, caused by Helminthosporium gramineum
Rabh., occurs in meerly all countries where barley is extensively
grown. It varies in severity from a mere trace to a8 much as 75 per
cent infection. Drechsler (4) ? reviewed the reports of its occurrence
&p 041922 in the following countries: Sweden, Denmark, Germany,
Netherlands, England, Ireland, Russia, Umted States, Canada,
Argenting, Japen, China, and India. A report from Scotland (/)
states that in 1919 the disease was present to some extent in nearly
every barley field in Scotland, especially in the 4-row and 6-row
varieties.
In 1923 Gram and Rostrup (10) reported its general occurrencs in
Denmark, but Gram and Thomsen (1), in 1925, and Gram, Jgrgensen,

| The investiations here reported were condueted by tha Division of Cerenl Oropa antl Dispases, Buresu
9f Flant Industry, {n ecoperation with the plant pathology dapartment of the Wiscoosin Agrleultural
Experiment Station.

T Ltalie numbers In parontheses refer to Literature Cited, p. 37,
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and Rostrup (9), in 1928, stated that it was declining in intensity in
Denmark as & result of the widespread practice of seed treatment.
Wakl (39) reported that stripe disease was severe in Austris in 1925,
Porter ®stated in 1926 that it was prevalent in eastern China.

Dorph-Patersen (3) observed in 1926 that out of 500 barley fields in
Zeeland {Netherlands) about 50 per ceni showed infection. Novak
(24) reported in 1926 that stripe disease was of considerable economic
importance in Czechoslovakia.

Numerous references to the cccurrence of stripe disease are found in
German literature. According to Gisevius and Straib (8), heavy in-
ies*ion was observed for & number of years in the Hessian Ried, while
in Rhemhessen, a region of extensive barley cultivation, the disease
was less in evidence.

The occurrence of stripe disease in Russia was mentioned by Ges-
chele (7), in Tunis by Chabrolin (2), and in Japan by Nisikado (22).
Smith and Rattray (36) mention the wide distribution of stripe dis-
ease as well as net bloteh and spot blotch in South Africa.

While on trips to various cuuniries of Europe and western Asis in
1930 one of the writers (Dickson) made observations on the occurrence
of barley stripe disease at various points. The disease was found to be
more pravalent in the northern sections of Europe. In the spring-
barley sections of the countries along the Baltic Sea and in northern
Russia barley stripe disease was considered of major importance.
Southward it was much less prevalen$ except at the higher elevations,
as, for example, in the Transcaucasian and Armenian Mountains,
where barley was heavily infected with stripe disease at the higher
elevations, yet only a trace of the disease was found at the lower
elevations, even in the winter-barley sections. The same condition
was found in the Balkan States of south-central Europe. The dis-
tribution of the disease seemed to be correlated with and largely
determined by regional conditions, especially of temperature and mois-
ture.

H. V. Harlen 4 of the Bureau of Plant Industry, states that he found
stripe disease of economic importance in the various dry-land farmin
sections along the Mediterranean Sea in western Egypt. He observag
very little of the disease in the irrigated sections of %pgypt, hardly any
in Kashmir, and on the high piateau of Ethiopia it was entirely absent.

As reported by some of the workers previously cited, losses due to
stripe disease may, at times, smount to more than 50 per cent. Al-
though losses as severe as this are not common, losses of from 10 to
25 per cent are of frequent occurrence and emphasize the importance
of preventing the disease by means of effective seed treatmonts or
the development of immune or highly resistant varieties. Progress
in this direction, of course, is nided considerably by a general knowl-
edge of the facts concerning the life cycle of the causal organism and
the conditions that favor or inhibit the development of the disease.

NATURE OF THE DISEASE

The fungus that causes the stripe disease of barley was first de-
scribed by Rabenborst, in 1857, as Helminthosporium gramineum.

§ PorTER, B. H. A PRELIMTNARY REFORT OF SUNVEYS FOR FLANT DISEASES TN EASTCHINA. U. 8. Dept,
Apr., Bur. Plant Indus.  Flant Disease Rptlr. Sup, 46:153-108. 1626, [Mimeogreaphed.]
¢ In correspondonce.
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The contributions of various early workers to the general knowledge
of this disease and its causal organism are reviewed by Ravn (28),
who .iid considerable research work in this field and definitely dis-
tinguished stripe disease from what is known in the United States
as net blotch caused by H. teres Sacc. (Pyrenophora teres). The
failure of some of the eariier writers to distinguish definitely between
these two barley diseases is ably discussed by Rawvn (28) and by
Drechsler {4). %‘he latter writer also gives an excellent description
of the symptoms of both diseases and of the causal organisms,

Ravn's (28) view, that the life cycle of the stripe-disease fungus is
analogous to thet of some of the cereal smuts, has been generally
accepted until a relatively recent time. The ¢onidia from sporulatmg
lesions on the leaves of diseased plants, according to Ravn, are carrie
to the heads of healthy plants, where they sither infect the embryo
or become lodged between the glume and the pericarp of the seed.
In the latter case they germinate there and form a myecelial web,
which, in a latent condition, carries over the fungus until the seed
germinates. At this time the mycelium revives, infects the embryo
and eventusily the shoots, and keeps pace with the growing points
of the infected culms. The leaves and leaf sheaths, according to
Ravn, become infected by means of the fungus growing out from
the culm. The spores from the lesions on the leaves, of course, are
carried to the healthy heads of that erap, and thus the life cycle is
completed.

Smith (35) meintains that the coleoptile is the first organ to become
infected, thaet infection proceeds from the inver side of the coleoptile
to the first leaf and thus successively from each leaf to the next

emerging leaf and from the leaves to the pith of the stems, and that
invasion of the girowing peint results in speedy death of the eulm.
Furthermore, accerding to Smith, the mycelium that invades the
head of the diseased culm comes from the sheathing base of the
uppermost leaf and not from the stem. This is evident, he states,
from the fact that—

the diseased areas on the chaffs of the newly cmerged ear are preciscly those
upper and dorsal paris which were in contact with the diseased paris of the
envi;r:apping sheath, not the embryonic ends which are tucked in foweard the
Irachis.

He bases his conclusions on & histological study of microtome sec-
tions as wéll as on observaticns on growing plants. The somewhat
earlier results obtained by Vogt (38) agree m the main with those of
Smith. Johnson (14} also suggested that in view of the fact that
germinating seed can be successfully inoculated without removing the
hulls, infection may take place through the coleoptile.

In experiments with Wisconsin Pedigree No. 5 barley, which was in-
fected with loose and covered smuts as well as with stripe disense, 16
was occasionally observed that rather vigorous but stripe-diseased
plants produced heads entirely affected with either loose or covered
smuts. This could beinterpreted to favor Smith’s view, if it mey be
assumed that the stripe-disease fungus would not harmoniousty share
the growing point of a culm with either of these smut fungi.

In rega.rd to various other phases of stripe disease, the results
obtained or the views expressed by investigators frequently differ,
A brief review of some of these follows.
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TIME AND MIANNER OF INOCULATION

Tnvestigators in peneral agree that the heads, and therefore the
kernels, of healthy plants receive their inoculum in the form of conidia
borne primarity by the wind from leaves of diseased plants. “Some
of the earlier workers believed that flower infection occurred after
the manner of loose smut of wheat. At present, however, the gen-
erally accepted view is that the conidia lodge near the awn end of the
glume, where, vader favorable conditions, they germinate, giving
nise to a mycelial growth between the glume and the pericarp. This
mycelium, in & latent state, is generally conceded to be the main
factor in carrying the disease over {rom one crop to another. Tnves-
tigators are not entirely sgreed, however, as to the time during which
head inoculation takes place. Gemau (6), for example, states thai
inoculation of barley flowers with conidial suspension was most suc-
cessful the day sfter they opened. He thinks the time for effective
inoculation is limited to the blossoming period. Winkelman (40),
however, using s different method, secured infection by inoculating
the kernels at different periods after flowering time. He believes
that even if the spores adhere to the outside of the glume, they may
germinate there under favorable meisture conditions, the fungus may
penetrate the glume, and the mycelium way spread between the
glume and pericarp. Inasmuch as infection of the plants can be
brought about by applying mycelium or spores to the outside of the
seeds at the time of sowing, it seems reasonable to suppose that
inoculation of the kernels of healthy plants in the field may occur for
& considerable period. It probably is contingent, to some extent, on
suitable couditions of atmospheric moisture and temperature.

LOCATION OF THE FUNGUS IN THE SEED

As may be gathered from the previous paragraph, the consensus of
opinion is that the ehief agent in carrying the fungus in the seed is
the dormant mycelium between the glume and the pericarp. The
fact that the disease can be controlled easily by seed treatments other
than the hot-water treatment seems to dispose of the probability of
mycelium in the embrye, slthough Ravn (25) contends that the
embryo may harbor the fungus. The work of Winkelman (40),
Johnson (14), and others suggests that conidia borne on the outside
of the kernel may, under favorable conditions, carry over the disease;
(although Smith (35) considers the possibility of infection from this
source very slight, as does also Fuchs (§)). Kiessling (15 and Van
Poeteren (26) claim that they found perithecia of the perfect stage
of the fungus on the glumes of barley, and Vogt (38) states that the
black sclerotia on the stubble of diseased plants in the fall develop
into perithecia of Pleospora gramineum. Genau (6) claims that he
used ascospores successfully in inoculating plants. However, it does
not seem to be generally believed that ascospores play an important
réle as inoculum for stripe disease.

The mycelium that develops beneath the glume evidently pene-
trates the pericerp to some extent, as is evidenced by the fact that
removing the glumes from seeds causes little or no reduction in the
percentage of infected plants. From the two seed lots, Fuchs (5}
obtained, respectively, 32.4 and 4.5 per cent of stripe-diseased plants
from seed with the hulls removed and 32.3 and 4.5 per cent from
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normel seed. In & similar experiment, the data for which are shown
in Table 1, the writers obtained an average of 17.1 per cent of infec-
tion from normal seed, 15 per cent from hulled seed, and 17.1 per
cent when the removed hulls were sown with the hulled seed.

TanLE 1-—Stripe disease in Wisconsin Pedigree No. & barley groum in the field
From three lols of seed: (1) Hulls not removed; (2) hulls removed; (3} hulls
removed bul sown with the seed; Arlington Experiment Farm, Rosslyn, Va.,
1928-30

Resnlts rom, seeds with—

Hulls ngt removed; | Huiis removed; total | Removed hulls sown

Replication No. total plants plants with sced; total plants

Growa Infocted Qrown Inlected Grown Infacted

Number{Number| Per cent| Number| Nunber| Per cent| nrumber| Number| Per cent

82 13 23.2 40 3 % 55 ) 14.5
12 143 54 10 3 53 I3 4.6
13 16. 6 57 12 . 40 7 14.3
13 14. 4 55 7 . 71 11 158

&8 17.1 N3 32 3 a8 30 7.1

Vogt (38) states that the hyphes of the resting mycelium traverse
~ the cells of the inner epidermis of the glume and the outer cell layer
of the pericarp. Mycelium was not detected in the interior of the
endosperm or in any part of the embryo. He further states that
microscopic evidence proves that the myecelium in $he pericarp is
primarily, if not exclusively, the agent that transmits the disease.

LONGEVITY OF CONIDIA AND SEED-BORNE MYCELIUM

There is some diversity of opinion regarding the length of time
during which the conidia of Helminthosporium gramineum remain
viable. Genau () obtained no germination after three and one-half
months. Winkelman (40) secured germinsation of conidia eight
months old. Ravn (28) states that spores eight months old gormi-
nated sparingly, TFuchs (5) obtained excellent germination for 9
months; after which the viability declined rapidly, so that after 17
months only 5 per cent of the spores germinated. Tsenbeck (13)
sccured 90 per cent germination after 12 months and 20 per cent
after 34 months, the spore material being held at a temperature
below 5° C. Spores taken from dried barley leaves kept in the labo-
ratory at the Arlington Experiment Farm, Rosslyn, Va. (near Wash-
ington, D. C.), failed to show any signs of germmation after four
months. Doubtless the longevity of the conidia depends upon
conditions of temperature and humidity during the period of storage,
Since there appears to be some evidence that conidia on the outside
of the kernel may perpetuate the disease under cortain conditions, it
follows that the length of the period during which and the conditions
under which they remain viable may be of some importance in this
respect. _

Here again may be pointed out the greater importance of the seed-
borne dermant mycelium in the perpetuation of the disease. Ravn
(#8) found abundant stripe disease in 1898 in plants grown from seed
harvested in 1896, Genau (§) states that he found the mycelium
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in grain vible after two years, and Smith (35) reports similar results.
Tn 1927 the writers found over 7 per cent of stripe disease in berley
grown from seed raised in 1922, indicating that a 5-year period
failed to kill the seed-borne mycelium.

VIABILITY OF SEED FRON DISEASED PLANTS

Conflicting statements have been made by different investigators
about the extent to which stripe-diseased plants may produce viable
seeds and whether such seeds necessarily give rise to infected plants.
Most of the investigaiors, in describing stripe-diseased plants, state
that the heads may form kernels bui that these usually are sterile.
Ruavn (28) found that of 200 kernels from infected plants only 2
germinated. Drechsler (4) states that the ovaries in the heads of
diseased plants rarely develop anything beyond abortive seeds and
that viable seeds are not generally produced. Novék (23), on tbe
contrary, states that 300 seeds taken from infected plants and sown
in the greenhouse produced healthy plants. However, it does not
necessarily follow that none of these kernels carried the fungus.
Novak does not state at what temperature the greenhouse was main-
tained, and it is essily possible that a relatively high temperature
(25° C., for example) during the period of germination may have
enabled the seedlings to escape infection, as frequently is the case.

In July, 1927, stripe-diseased plants of Minsturdi and Wisconsin
Pedigres No. 6 barley were collected at Madison, Wis., and stored in
the laboratory at the Arlington Experiment Farm. On January 14,
1629, a number of heads of each variety were selected, the kernels
were carefully threshed out by hand, and the better-developed ones
were sown in a greenhouse kept at & temperature of 15° C. Of 50
kernels of the Minsturdi barley sown, only 5 germinated, and the
plants that developed were free from stripe disease. Of 100 kernels
of Wisconsin Pedigree No. 6, 17 germinated, and only 4 plants showed
stripe-disense infection.

Two years later, on February 5, 1931, 50 heads were selected at
random from this same lot of diseased plants of Wisconsin Pedigree
No. 8 barley collected in 1927. The heads were carefully hand
threshed, and 613 seeds were obtained, most of which apparently
were ahortive. Nevertheless, all of them were placed in a germinator
kept at a temperature of 25° C., along with 100 normal kernels of
this same variety grown in 1925 and then 6 years old. Of the normal
kernels 54 per cent germinated. None of the kernels from the 50
diseased heads showed any indication of viability, although two years
before some of the kernels from this lot of material had germinated.
Evidently storage for 37 months under conditions cobteining in the
laboratory cupboard was sufficient to destroy what viability any of
these seeds may onee bave had.

SECONDARY INFECTION

Secondary infection by spores of Helminthosporium gramineum on
leaves of barley probably is not common in nature. Ravn (28),
using mycelium, obteined infection in 39 per cent of his trials. The
writers made parallel inoculations on young barley leaves in the

reenhouse with spores of H. gramineum and H. feres. Freshly col-
ﬁacted spores of both species were applied to barley leaves, after which
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the plants were placed in & moist chamber for 48 hours. After 12
deys all the leaves inoculated with spores of H. feres were abundantly
ﬁcted and showed the characteristic netting which is the outward
mantfestation of net bletch. The leaves inoculated with spores of
H. gramineum, however, showed only slight indieations of local
infection, and these were not characteristic of stripe disease. In
view of these results it scems highly iraprobeble that any appreciable
amount of secondary infection by H. gramineum oceurs in the field
even under the most favorable natural conditions.

EFFECT OF ENVIRONMENTAL CONDITIONS

S0OIL FERTILITY

Rawvn (28) states thet he observed no effect of manure on the
mecidence of stripe disease, slthough he cites Rostrup’s results in
which the latter had observed 13 per cent of stripe disease where
nitrogen fertilizers had been used and only 5 o 7 per cent where none
kad %een applied. Plaut (25) found thet neither manure nor fer-
tilizers had any effect on the amount of stripe disoase in the crap.
Rippel and Ludwig (31), on the other hand, report that stripe diseage
is mhibited by increased soil fertility and that the disesse develops
most abundantly in the more poorly fertilized soil. Smith (35) also
states that any condition favorable for the plant, such ss abundant
soil fertility, tends to make it grow away from the disease. The
writers are, to some extent, inclined to agree with this latter view.

lle no experiments were made along %ﬁs line, it often has been
observed that in rows where the plants, on the whole, were more or
less stunted and lacking in vigor, owing to poor fertility, the per-
centege of stripe-diseased plants invariably was greater than where
vegetative growth was more vigorous because of more fertile soil.

ome observations have been made also on the relation between
soil type and stripe disease. Rishm (30) refers to an instance in
which seed sown in marshy soil produced 2 healthy crop; in enother
case, seed sown in light soil produced & stripe-diseesed crop. This
would be in agreement with the theory that high fertility tends to
inhibit stripe-disease development, it being assumed that the marshy
30il is the more fertile. Kiessling (15), on the contrary, makes the
statement that the disease was favored by damp black soil.

S0IL TEMPERATURE AND MOISTURE

Most investigators who have studied the physiology of stripe-disease
infection mention the fact that when naturally moculated seed is
sown the development of the disesse is favered by the prevalence of a
relatively low soil temperature during the period immediately after
the seed is sown and before the seedlings emerge. Most of them draw
their conclusions from field observations, while a few rely upon datsa
secured from experiments in which soil temperature was a controlled
factor. All are not in exsct agreement regarding the optimum soil
temperature for stripe-disease development, but it 1s placed below 20°
C. and ususlly sbove 10°. These differences of opinion may be ac-
counted for by concurrent differences in soil moisture, which also
seern to be a factor influencing infection, or by the fact that the
investigators may have been dealing with different physiologic forms.
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Johnson (74) distinguished between two physiologic forms of Hel-
minthosporium gramineum by means of differences in temperature
requirements when these different strains were grown in pure culture,
Isenbeck (13) suggests the existence of three physiologic forms, based
on their differences when grown in pure culture and also on differences
in results obtained in inoculation experiments.

Numerous field observations prior to 1922 had convinced the writers
of the importance of soil temperature as & factor in the development
of stripe disease. In the fall of 1922, experiments were begun to deter-
mine, within rather wide limits, the cardinal temperatures for the devel-
opment of stripe disease in plants grown from naturally inoculated seed.
A study of the relation of soil moisture to the development of stripe
disease was included.

In most of these experiments the plants were grown to the second-
leef or third-leaf stage in metal cans suspended in tanks containing
water, the temperature of which was antomatically controlled.
~ The equipment, used has been described previously (16).

The first experiment was somewhat preliminary in nature and was
intended primarily to try out the equipment. Seed of Wisconsin
Pedigree No. 6 barley (crop of 1922) was sown in soil at each of six
temperatures. The results were not very striking, as there was liftle
difference in the amount of infection secured at 10°, 15°, and 20° C.
(Teble 2, seri>s 1.) The small number of plants grown and the fact
that they ware allowed to mature in the cans, thus preventing normal
development, make these results, on the whole, rather unimportant.

TaBLE 2—Efect of soil temperature on development of slripe disease in Wisconsin
Pedigree No, 8 barley grown from naturally inoculaled seed in controlled soil-
temperaiure tanks in the greenhouse, Arlinglon Ezperiment Furm, Hosslyn, Va.

Temnper- | Days ba-
ature of |fore ciner- Ega@; Plants
soil gonce

Plants infected

°C. Number Number
60 57

[+-]

£ =3 Th X

O ol Call

crphnBifcon. manoown®

D O D

1 Transplanted to bench {o Mrst, second, and third leaf stages, respectively.

In the second series the same temperatures were employed, and the
sced used was from the same lot of barley grown in 1922. Three
hundred and sixty seeds were sown in soil maintained at each of six
tomperatures. When the plants reached the third-leaf stage they were
transplanted to the greenhouse bench, where they were grown until
the stripe-diseased pﬁ.nts had developed sufficiently to be counted.
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The results shown in Table 2, series 2, indicate that in this case 10° C.
was the temperature most conducive to stripe-disease development.
The upper limiting temperature seemed to be somewhat above 24°,
since at, this temperature one stripe-diseased plant developed.

. Inasmruch as the highest. percentage of infection occurred at the
lowest temperature, it was decided to try the effect of a still lower
goil temperature, Accordingly, in the third series (Table 2) the tem-
peratures ranged from 6° to 28° (. The plants grown at 6° were
equally divided into three lots and were transplanted from the tanks
when m the first-leaf, second-leaf, and third-leaf stages, respectively.
All the other plants were transferred to the greenhouse bench when
the third-leaf stage had been reached, the average temperature of the
greenhouse being about 25°. Again the greatest amount of infection
occurred &t the lowest temperature, although in this series slightly
more stripe disease developed at 15° than at 10°. The differences in
infection in the three lots grown at 6° and transferred to the warm
greenhouse bench at different stages were not statisticaily significant,
showing that the influence of soil temperature on the development of
stripe disease does not extend beyom}) the time of emergence.

To secure additional data on this phase, the two following series of
experiments were conducted: In series 1 the two temperatures 28°
and 12° C. were used. Naburally inoculated seed of Wisconsin
Pedigree No. 6 barley was sown in soil maintained at these temper-
atures, When the plants emerged, two-thirds of them at each tem-
perature were transferred to the other temperature, that is, approxi-
mately two-thirds of those that had grown to emergence at 12°
were transferred to the tanks muintainaﬁ at 28°, while a like number
that had grown to emergence at 28° were transforred to a 12° soil-
temperature environment. The remainder of the plants were kept
at the respective temperatures at which the hmf been grown to
emergence. When in the fourth-leaf stage, the plants were trans-
ferred to the greemhouse bench, where they were grown until final
data were taken. The data shown in Table 3 indicate that the
change in soil temperature after the plants had emerged had no
effect upon the percentage of stripe-diseased plants.

TABLE 3.—Effect on the development of stripe disease of growing barley at a high soil
temperalure until afier the time of emergence and then al a low soil lemperature gnd
vice versa

Snil thmpernture

Series Plants infeeted
Belure Alter
emergense | etnergence

® Q. ) Number Per cent
1,280 14 L1

{ 28
2
12
12

25
25
- 12

12

The fact that in series 1 a slightly greater gyercenta.ge of stripe

disense occurred in the lot transferred from 28
147133—33——2

to 12° C. (1.1 per
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cent) than o¢curred in the lot grown continuously at relatively high
tomperatures {0.15 per cent) may have been due to the fact that some
plants emerged after the transfer had been made. The same may be
said about the results obtained in series 2 (Table 3), in which 25° was
uged as the higher temperature. The same procedure used in series 1
was followed In series 2 except that approximately one-half instead of
two-thirds of the plants were transferred at the time of emergence.
It will be noted that in the lot transferred from 25° to 12°, 12 plants,
or 1.89 per cent, were diseased, while in the lot remaining at 25° only
6 plants, or 1 per cent, were infected. Undoubtedly this sgsin was
due to plants whose emergence was delayed until after the cans had
been transferred. On the other hand, in both series there was nearly
the same relative amount of infection in the planis that had been
transferred at the time of emergence from 12° to the higher temper-
atures as ocourred in the plants that had been kept at 12° after the
time of emergence.

In order to determine to what extent, if any, the soil-moisture
content provious to the time of emergence influences the development
of stripe disease in plants grown from naturally inoculated seed, ex-
periments were conducted under controlled conditions with soil mois-
ture as the varied factor. In the first experiment, which was of a
%reliminary nature, 600 seeds of naturally inoculated Wiseconsin

edigree No. 8 barley were sown in the greenhouse bench in soil the
rooisture content of which had been adjusted to 44 per cent of satura-
tion. A like number of seeds were sown in soil that was heavily
watered after sowing and thab received a deily watering, so that ifs
moisture content probably remained near 90 per cent of stturation,
Both scetions of the greenhouse bench were covered with a heavy
canvas to lessen evaporation snd to maintain a more or less uniform
soil temperature, ranging from 13° to 18°, with a mean temperature of
about 15° C. These conditions were maintained until the plants
emerged. The stripe-disease data taken later and shown in Table 4
seem to indicate that the excessive soil moisture inhibited to seme
extent the development of stripe disease, as in the wetter soil 1§ per
3e_ant. m:id in the drier soil 25 per cent of the plents became stripe

iseased.

Taswe 4—Effect of soil moisture during period of emergence on development of
siripe disegse in Wisconsin Pedigree No. 3 barley grown in the greenkouse from
naturally inoculaled seed, Arlinglon Ezperiment Farm, Rosslyn, Va.
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i Expressed as percentage of saturation,

A similar experiment was then tried with & number of different
seed lots, as shown in Table 5. The drier soil was adjusted to 40 per
cent of its water-bolding capacity, while, as in the previous experi-
ment, the wetter soil was kept near saturation. One hundred seeds of
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each lot were used at each moisture. The temperature of the green-
house was kept as near 15° C. as possible. The same procedure was
followed as before, and similar results were obtained. The experi-
ment was repeated (series 2), and again the results indicated that
excessive soi{) moisture before emergence tends to inhibit stripe-
disease development.

TABLE 5.—Effect of exiremes of soil meisture on development of siripe disease in
different Iots of barley grown from naturally inoculaled seed in 3-inch flals in the
greenkouse, 100 seeds of eack lol being used al each sgil moisture, in each series,
Artington Ezperiment Farm, Rosslyn, Va.

Soed i Siripa-diseased plants at soil mnoisturg
of percentage shown L

Serfes 1 Series 2

Varlety Grownin— [|" per | D0per | d0per | 90 per

cent cent cent cent

Wisconsin Pedigres No.0.______ X 0] (2

d d L id4.0 ,
5.5
8.5
27.8
157
Avernge_ - . 27

1 Expressad as percentoga of saturation, ? Destroyed by mice,

Experiments were then carried out involving concurrent variations
in both soil temperature and soil moisture. The soil temperatures
selected were within the range generally found to be conducive to
stripe-disease development, namely, 10° to 15° C. The data from
four consecutive experiments are shown in Table 6. In series 1 , 2,
and 3, two temperatures, 10° and 15°, and two soil moistures weres
used. In series 4 o uniform seil temperature of 12° was employed,
and the soil was adjusted to four different degrees of moisture. The
seed used in series 1, 2, and 3 was from the same lot of naturally inoc-
ulated Wisconsin Pedigree No. 6 barley. A different lot of this seed
was used in series 4.

TABLE B.—Effect of soil moisture on development of stripe disease in Wisconsin
Pedigree No. 8 barley grown from naturally inoculated seed under conditions of
contrelied soil moisture and soil lemperature in the greenhouse, Arlinglon Experi-
ment Farm, Rosstyn, Va.
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In series 1, one lot of soil was adjusted to 15 and the other to 72
per cent of its water-holding capacity. It will be noted in Table 6
that this difference in soil moisture seemed to cause & considerable
difference in the percentage of stripe disease that developed. Similar
results were secured in series 2 and 3, in which the same temperatures
but two less widely separated degrees of soil moisture were used. In
all three series the differences in mfection percentages, due apparently
to the difference in temperature between 10° and 15° C., were less
pronounced than those due to the differences in soil moisture.

In the fourth series & single soil temperature of 12° C. was main-
tained, but four different soil moistures were employed. It had been
planned to use a very low, an extremely high, and two Intermediate
percentages of soil moisture, but through a miscelculation the lowest
and highest adjustments turned cut to be 50 and 85 per cent of satura-
tion, respectively. As will be observed in Table 8, the four less
extreme differences in soil moisture in series 4 resulted in smaller
differences in the development of stripe disease than occurred in the
other three series. However, the results from all four series seem to
indicate that the development of stripe disease is favored by relatively
low soil moistures.

In the next two experiments it was planned to use three tempera-
sures and Tour soil moistures. This was done in the first series, the
results of which are shown in Table 7. In the second series, however,
the lowest moisture adjustment proved unsatisfactory and had to be
omitted. The data from the remsinder of this series also are pre-
sented in Table 7. The average percentages of stripe-diseased plants
st soil temperatures of 10°, 15°, and 20° 6., irrespective of soil mois-
ture differences were: In sertes 1, 13.7, 11.3, and 7.8, respectively;
and in series 2, 22.6, 15.8, and 6.3, respectively. In o general wey,
these data indicate that the soil with the lowest temperature and with
the lowest soil moisture usually was the most favorable for stripe-
disease development. There were, however, several marked excep-
tions to this, both as to temperature and moisture. In series 1, for
example, in soil 35 per cent saturated, more stripe disease developed
at 20° than ab 10°. There is also an unexplainable increase in infec-
tion ab 10° in the 50 per cent moisture {19.3 per cent) as compared
with the 35 per cent moisture (10.5 per cent}. A similar but smaller
increase oceurred st 15°. In series 2 in the soil spproximately 95
per cent saturated there seems to be an unduly higl percentage of
stripe at 10° compared with the infection at 15°. This may have
been due to some uncontroiled factor.

In order to compare the above greenhouse results with field data,
o date-of-sowing experiment was carried out with seed of Wisconsin
Pedigree No. 6 barley. Sowings were made at approximstely weekly
intervals from September 25 to December 4. Data on soil moisture,
soil temperature, and rainfall are recorded in Table 8 together with
data on the stripe-disease infection taken the following May.
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TaBLe 7.-—Combined effects of soil temperalure and soil moisture on development
of siripe disease in Wisconsin Pedigree No. 8 barley grown in the gresnhouse from
naturally ineculated seed, Arlinglon Experiment Farm, Rosslyn, Ve.
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Tasre 8.—PFidd data on effect of date of sowing and resullant soil temperature and
moisture on development of stripe disense in Wisconsin Pedigree No. € barley
grown from naturally inoculaled seed, Arlingion Erperiment Farm, Rosslyn, Va.
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! Percantage of saturation at time of sowing. I Mean of the daily mean temperatures.
t From sowing to emergence. i T=trace,

The first sowing, made in relatively wet soil (71 per cent saturated)
and followed by a rather high average soil temperature (23° C.),
resulted in only 1.2 per cent of infection. The second sowing, made
in drier soil (34 per cent saturated) and fcllowed by a lower average
soil temperature (17°), resulted in 8 per cent of infection. The third
sowing, made in very dry soil (only 8 per cent saturated), but fol-
lowed by the same average soil temperature (17°), showed 14.2 per
cent of infection. In the fourth sowing & stight drop in the average
soil femperature (16°) was offset by a slight increase in soil moisture
(16 per cent of saturation} and the percentage of infection was about
the same (14.5). The fifth sowing was made in much wetter soil
{48 per cent saturated), but was followed by & considerably lower
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average soil temperature (11°). Again these two changes seemed to
offset each other as reflected by no appreciable change in the percent-
age of infection {14.7). The sixth sowing, made in soil not much
changed in moisture content (44 per cent saturation), but followed by
a 2-degree drop in the average soil temperature (9°), resulted in a crop
with 18.1 per cent of stripe disease. The results from subsequent
sowings are hardly comparable with the sbove results, on account of
the reduced stands caused by winterkilling. However, in each case
the soil was very wet, the rainfall rather heavy, and the soil tempera-
ture very low. The plants from the last sowing did not emerge until
the following spring. That more infection was not found in the last
four plots may possibly be due to the greater readiness with which the
infected plants msy have succumbed to winterkilling. At any rate,
it seems evident thet infection can take place &t the lowest tempera-
ture at which barley will germinate and grow. These results also,
on the whole, indicate that both high temperatures {(above 20°) and
a relatively high moisture content of the soil have an inhibiting effect
upon stripe-disease development. Of these two factors, temperature
seems to be the more important.

The apparent inhibition of stripe-disease development in plants
grown from naturally inoculated seed in nearly saturated soil is
possibly due to lack of sufficient oxygen for the rapid growth of the
fungus, the oxygen requirements of which may be relatively high,
and also, perhaps, to the rapid absorption of water by the seed, which
gives the young plant an early start and enables it to grow away from
the fungus. On the other hand, the frequently observed increase in
the percentage of stripe disease in plants grown to emergence in rela-
tively dry soil may be due to the slow absorption by the seed of
sufficient water to bring about rapid germination. This delay in the
emergence of the coleoptile from the seed naturally would give the
reviving fungus mycelium a better chance fo infect it as it grows out
between the pericarp and the glume.

From the foregoing reinsrks it might be expected that sosking
naturally inoculated seed previous to sowing it would reduce the
amount of stripe disesse. Such, however, did not prove to be the
case when tried experimentally. Seed of Wisconsin Pedigree No. 5
barley was divided into three lots. The first was sown without treat-
ment of any kind. The second lot was sosked in water and sown
immediately. The third lot also was soaked in water, but the seed
was dried thoroughly for one hour before being sown. The experi-
ment was further veried by soaking the secd for different lengths of
time—1, 2, and 3 hours. No consistent differences were cbserved in
the relative number of diseased plants from the different lots of seed.
Soakine the seed in waoter before sowing evidently does not affect
stripe—&isease development in the same way as sowing the seed in
very wet soil.

CONTROL OF STRIPE DISEASE BY SEED TREATMENT

The writers have reviewed briefly the literature up to 1926 on the
control of stripe disesse (18, 19). Much interesting work has been
done since that time, especially with dust fungicides. No attempt
will be made to give here a complete review of the rather voluminous
literature, but a few references will be cited to show.the general trend
in seed-treatment practices for the sontrol of stripe disease.
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In 1926, Molz (21) reported that stripe disease could be guccessiully
combated with Hochst, Tutan, Abavit B, and Agfa. While dust
disinfectants are advantageous in that they can be applied consider-
ably in advance of sceding time, he warns against storing treated seed
in & damp atmosphere, as injury to the embryo is likely to result,
especially after treatment with some of the dust disinfectants now on
the market. _

In 1927, Lindfors (20) stated that stripe disease could be satis-
factorily ¢ontrolled with Abavit B and Tutan Dusts. Uspulun Dust,
he stated, was unrelinble and Tillantin Dust useless.

Straib (37) reported in 1927 excellent stripe-disease control with
Héchst and in addition o nearly 10 per cent increase in yield.

Sinning {83, 34) in 1927 and 1929 secured excellent results with
Héchst, but Abavit B proved unsatisfactory.

In 1927, Howitt and Stone {/2) controlled stripe disease in Success
hooded barley with Uspulun and Semesan solutions at 45° C. and
with Du Pont Dust No. 12. Semesan Dust, Uspulun Dust, Bayer
Dust, copper carbonate, and Vitrioline, while relatively ineffective
in control, reduced the amount of stripe disesse to some extent and
increased the yield of grain. .

Rodenhiser (32), in thres years’ experiments, secured control with
cold and hot (45° C.) solutions of Uspulun, (Germisen, and Semesen.
However, the results with Germisan were not entirely consistent.
He also reported complete control without seed injury with the Dy
Pont Dusts K~1-A and K—-i-B * and almost complefe control with
Du Pont No. 12, 8. F. A. No. 225, and Wa Wa Dust. Unlike many
other investigators, including the writers, he did not find Hochst
extremely effective.

Porter, Yu, and Cken (27}, in 1929, found liquid treatments more
effective than dust treatments on hull-less barley in China.

Reddy and Burnett (29), in two years’ extensive experiments with
numerous varisties of barley, reported in 1930 that théy found Ceresan
end a number of dust fungicides, made in their -laboratory, very
efftifétive in stripe-disease control, as well as conducive to increase in
yield.

A large number of European workers could be cited, but many of
them used dust fungicides relatively unknown or at least unavailable
in this country. Most of them report effective control of stripe dis-
ease with solutions of Uspulun and Germisan. Some of the fungicidal
dusts frequently used with different degrees of succesds were Agfa,
Abavit B, Tuten, Ursnia, S. F. A. Nos. 225 and 225-V, Héchst, and
Tillentin. Conflicting results reported by various workers may be
attributed to the use of different varieties of barley, different methods
of applying the fungicides, variations in environmental conditions
during germination, and a possible variation from year to year in the
chemical composition of the compounds used.

The work on the control of stripe diseass conducted by the writers
from 1922 to 1925 and part of the work of 1926 hag been previously
reported (18, 19). These experiments were continued up to and dur-
ing 1930. ‘While certein fungicides were being found ineffective snd
discarded, others appeared on the market or were submitted by
commerciel concerns for experimental trial before being offered for

¥In experimenta with Mipatordl barloy treafed with K-1-4 and K-1-1, the writers found In 1§27 that
these dusts were extromely injurlous tothasead, Those dusts wora the ox perlmental forerunners of Ceresan,
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sale. Most of these compounds have now passed the experimental
stage and either have been discarded as ineffective or impractical or,
having stood the test of experimental investigation, are now being
offered on the market as standerd commercial fungicides. It seems
timely, therefore, to give an account of the results of the seed-
treatment experiments carried on from 1926 to 1930, inclusive.

EXPERIMENTS IN 1326

In 1926 seven liquid seed treatments were used in experzments on
Wisconsin Pedigree No. 8 spring.barley to determine their effect on
germination, siripe-disease control, and yield. Uspulun, Semesan,
and Bayer éompound .were used in 0.5 per cent solutions; Germisan,
Corona 620, and Tillantin C were used in 0.25 per cent solufions; and
formaldehyde solution was used in the usual 1:329 strength, that is,
1 part of 37 per cent formaldehyde in 32C parts of water, which is a
0.12 per cent solution of formaldehyde gas in water. In each case the
geed was placed in loose cheesecloth sacks and immersed for an hour
in the different solutions, which were contained in esrthenware jars.
The seed was then drained and immediately dried, except the lot
treated with formaldehyde. This was washed in water before being
dried, in order to prevent injury to the seed for it was not possible to
sow the seed at once. This washing, it is thought, may have de-
creased slightly the effcacy of the formaldehyde treatment. The
seed was treated at the Arlington Experiment Farm and shipped to
Madison, Wis., where it was sown on the West Hill farm of the
Wisconsin Agricultural Experiment Station.

To determine the effect of the different seed treatments on germi-
nation and stripe-disease control, seed was sown in rod rows at the
rate of 250 seeds per tow. There were eight replications for each
treatment and for each control. Germination counts were made five
days after the seedlings had emerged. Stripe-disease data, taken
after the plants-had headed, are shown in Table 9, along with the
germination deta. It will be obsersed that Germisen, as in previous
experiments {{8), was superior to aii the other treatments in that it
completely eliminated stripe disease. While the other treatments
reduced the occurrence of stripe disease to less than 0.5 per cent, the
low percentage of stripe disease in the controls renders these results
rather insignificant. None of the seed treatments, it seemed, greatly
affected germination.

TasLs 9.—Effect of liquid seed ireatments on germinalion, siripe-digease contral, and
yield in Wisconsin Pedigree No. 8 barley sown ai Madison, Wis., 1926
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- To secure data on the effect of these seed treatments on yield, a
parellel series of sowings was made in 1/80-acre plots. Sufficient seed
bad been treated for 12 replications, but an unforescen shortage of
land made it necessary to Limif the experiment to four replications
for each treatment and for each control, thus, unfortunately, mekin
. the yield data less significant. Each plot was harvested and threshe
separately and the grain carefully weighed. The summarized results,
expressed in bushels per acre, are shown in Table 9.

Uspulun, Semesan, Bayer Compound, and Tillantin C increased the
yields in all four replications as compared with the yields from the
corresponding confrol plots. Germisan, Corona 620, and formalde-
hyde showed increased yields in enly two out of the four replications.
However, only in the case of Uspulun and Tillantin C were these
increases even slightly significant. The average yield from all the
plots sown to treated seed exceeded the average vield from the con-
trol plots by 13 per cent. With only 5 per cent of stripe disease In
the control plots at heading time, it seems reasonable to suppose that
purt of this difference in yield was brought about by the control of
other diseases in addition to the control of stripe disease to a greater
extent thean is indicated by the count of stripe-diseased plants at
heading time.

Experiments with dust fungicides for the confrol of stripe disease
also were carried ouf during the 1926 season, but as the results of
these investigations have already been published (19}, they are not
included here. :

EXPERIMENTS IN 1827

In the fall of 1926 a number of dust fungicides were used in experi-
ment: for the control of covered smut in Tennessee Winter barley.
Treated and untreated seed was sown in three paraliel series of plots
in which the soil had been limed, left unireated, or acidified with
ammonium sulphate. The procedure in these experiments has been
described in a previous publication (/7) and need pot be repeated
here. The amount of stripe disease that appeared in the plots the
following spring is shown in Table 10, with the data on the control
of this disease.

The relative alkalinity or acidity of the soil seemed to have no
marked effect either on the development of stripe disease or on its
control by any of the fungicides used. When an average of only 3.8
ger cent of stripe disease occurred in the controls, Abavit B, Semesan

r., end Wa Wa Dust completely prevented its occurrence; with one
exception, all the other dusts reduced its occurrence to less than 0.2
per cent.

Seed of Tennessee Winter barley treated with a number of sxperi-
mental dust disinfectents also was sown in paived rod rows in Octo-
ber, 1926, and the data taken the following May ere shown in Table
11. With an average of 3.8 per cent of sfripe disease in the controls,
only two of the dust fungicides used prevented stripe disease with-
out injuring the seed. The liquid fungicides gave satisfactory
eontrol, as usual. ' :

147133—33—3




18 TECHENICAL BULLETIN 341, U. 8. DEPT. OF AGRICULTURE

TasiLe 10.—Slripe-disensed planis in Tennessee Winler barley grown from seed, un-
treated. or treated with different dust disinfectants, and sown in rod rows replicated
sizteen limes for each disinfectant on each of three plots, one limed, one untrealed,
and one acidified, Arlinglon Experiment Form, Ressiyn, Va., Gctober 16, 1926

[Data taken in May, 1927]
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TasLe 11.-—Conirol of siripe disease in Tennessee Winter barley by e number of
experimental dust fungicides, and alse by four liquid fungicides, Arlinglon Ezper-
iment Farm, Rosslyn, Va., 1986-27

Breed trontment

ftripe-diseased plants

Per eent
Control (untreated) 4.0
Cuprobol... 3.
Vitrioline
Knrnseh Ao o m e mmmmmme e e e omm oAt e mamasmsmen
Rasorein J—
Resorefn one-hnlf, copper enthonala one-helf . R
Resorein one-third, copper carbonnte two-thirds. oo P
Control (untreated)__.. -
Resorcin one-thivd, dextrin two-thirds. e ceecvae e e caammm—
Mercureus chlorida one-haslf, copper carbooate one-half
Mercuric chloride one-half, cepiter carbonate one-hall.___.. mmmmmamm———
Du 'ent No. 50
Du Pont No. 67

(==

[=1- s ]

Q‘-—lg mmuoau.&-gﬂ.

T Pont No, 42,
Pu Pant No. 53.___
Du Pont No. 57...
Du Pant No. 64
Marcuric oxide one-hall, copper carbonate one-hall
Control {untresiod) ... -
‘Mercuric sulphnte one-hali, copper carbonate one-hadf ... ammm——a —
Tepulin (0.5 per cent, 1 hour) . .
Bemesan (0.5 per cent, I hoorj_ ... _____ N P J— .
Qermissn (0,25 per cent, 1 hour). ————
Fornwidebyde {0.12 per cent, 1 hour) ...
Control (untreatsd). ... e mm oS GEriammssssmmmmmmmm e -

L A sttt

gE88 85

weSo, , w, O,

=

 TgmerBRucowso

1 Bped injury and reditced stand.




STRIFE DISEASE OF BARLEY 19

In the spring of 1927, further field experiments on the relation of
soil réaction snd soil moisture t& the occurrence and control of stripe
disease were carried out on the Arlington Experiment Fsrm in a
menner similar to that previously described for covered smut in barley
{17). Three plots; each 18 by 132 feet, were treated as follows: Plot 1
was given & dressing of air-slaked lime at the rate of 4,000 pounds
‘per acre, plot 2 was.%eft untreated, and to plot 3 ammonium sulphaté
was added at the rate of 400 pounds per acre. The lme was applied
the day - before sowing and thoroughly disked into the soil. The
asmmonium sulphate was applied shortly before the land was leveled
preparatory to sowing. Composite soil samples, taken immediately
before sowmg, showed the following reactions: Plot 1, pH 8.4; plot
2, FH 6; plot 3, pH 5.2.° The soil contained 50 per cent of its water-
holding capecity at the time of sowing the seed on March 17, Rain
was excluded from helf of each plot until April 2, when the seedlings
emerged. During this time the other balf of each plot was artificisa ¥
watered with the equivalent of a soil-saturating rain. In addition to
this artificial waterng, the reinfall during this period was 0.75 inch.

The infection date teken later in the season are shown in Table 12,
No significant differences in stripe-disease development or control in
the three plots were evident. Therefore, it follows that in the type
of soil used, Keyport silt loam, stripe-disease development, or its con-
trol by the fungicides used was not affected by a difference in soil
reaction over the range from pH 5.2 to pH 8.4 or by a range in soil
moisture from 50 per cent saturation to the degree of saturation
obtained by the method described. These results do not parallel very
closely those shown in series 4, Table 6.

TaBLE 12.—8tripe-diseased plants in Wisconsin Pedigree No. & barley grown from
naturally tnoculated seed, untreaied or dusted with different seed disinfecianis, and
sown in red rows replicated sixteen limes for ench disinfeciant on each of three
ploty, one limed, one untrealed, and one acidified, half of each plot being kept dry
unlil gfier emergence and the other half heavily walered, Arlinglon FEzperiment
Farm, Rosalyn, Va., 1987
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With at average of 12.5 per cent of stripe disease in the controls,
Wa Wa Dust and Du Pont No. 12 eliminated the disease completely,
while the rest of the treatments reduced its occurrence to less then
4.5 per cent.

In addition to the seven fungicidal dusts used in the above expwsri-
ment, in 1927 six other dusts and one liquid fungicide were employed
in additional seed-treatment experiments for the control of stripe
disease in spring barley.

Five of the thirteen dust fungicides used came from Germany and
are not commercially available in this country, namely: Abavit B,
Tutan, S. I, No. 220, 8. F. A. No, 225-V, and Héchst. Héehst also
is known as Trockenbeize Tillantin. The following fowr dusts were
supplied by the E, I. du Pont de Nemours & Co.; Semesan, Semesan
Jr., and Du Pont Dust Nos. 12 and 45, The Bayer Co. furnished
Bayer Dust and Bayer Dust II.  'Wa Wa Dust came from the Chicago
Process Co., and Mercury C {rom the Roessler & Hasslacher Chemical
Co. The liquid fungicide used was Germisan, made by Saccharin-
Fabrik Aktiengesellschaft, Magdeburg, Germany, and not com-
mercially available in this country. In previous experiments this
fungicide had controlled stripe disease almost perfectly.

The following eight lots of barley were used: Minsturdi barley, crop
of 1925, received irom J. J, Christensen, 8t. Paul, Minn.; unnamed
variety, crop of 1925, received from L. W, Melander, 8t. Paul, Minn.;
five lots of Wisconsin Pedigree No. 6 barley, crops of 1922, 1923, 1924,
1925, and 1926, received from J. G. Dickson, Madison, Wis.; and
Manchuria barley, crop of 1926, received from A. N. Hume, Brook-
ings, 8. Dak.

The dust fungicides were applied to the seed at the rate of 4 ounces
per bushel, after which the seed was continuously shaken for about
30 minutes in a closed container, as described and illustrated in a
previous paper (17). 'The seed was then shaken In a fine sieve so that
all the excess dust was removed. By means of this “exeess method
every seed was coated as thoroughly as it would be in the most efficient
dusting machine.

The Germisan was applied by immersing the seed in a 0.25 per cent
soh&tion at room temperature for one hour, after which it was allowed
to dry.

The seed was sown at the rate of 250 seeds per row in rod rows
replicated four times for each treatment and each seed lot in each of
two parallel series: Series 1 was sown on the Arlington Experiment
Farm on March 10, series 2 was sown on the East Hill farm of the
Wisconsin Agriculture! Experiment Station on April 27. A third series
was sown at Madison, Wis,, on May 1, at the rate of 10 grams of seed
per rod row, using only five of the seed lots and devoting only two
rod rows to each treatment of each seed lot.

Emergence data on series 1, taken April 1 o 6, 1927, are presented
in Table 13. Owing to unfavorable soil conditions in part of the field,
two of the seed lots emerged so irregularly that emergence data on
these are not included, It will be observed that Tutan and Wa Wa
Dust caused marked reduciions In the percentages of germination,
while none of the other treatments seemed to have any appreciable
effect.

Stripe-disease data on series 1 were taken on May 28. The number
of stripe-diseased plants from each lot of seed is given in Table 14,
together with the averape percentages of infaction m the whole series.
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Stripe disease was eliminated by Tutan, S. F. A. No. 225~V, Wa Wa
Dust, Hochst, and by the water solution of Germisan. With the
excepticn of 8. I. No. 220, which was relatively ineffective, sl the
other dusts reduced the occurrence of stripe disszse to a mere trece,
whiie an average of 10.8 per nant appesred in the controls. 'This
general average was lowered Ly the relatively light infection ir the
Manchuris barley and in the Wisconsin Pedigree N». 6 barley grown
from 1926 seed.

TasLe 18.—Emergence date on barley grown from siz lols of seed, unirealed or
treated with different fungicides, and sown ai the rale of 350 seeds per rod row
replicated four times for each trestment and each seed lot, Arlinglon Ezperimenl
Farm, Roselyn, Va., March 10, 1927

{Dats taken March 20 to AprH 8]
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82.6

8i.4
80,1

Contro

1 (untreated)
Abavit B3

RE
L--1

batat st
0000t

5 nJr...
Dy Pout No. 12
Control
Du Pont No. 45
Bayer Dust__
Bayer Dust
Wa Wa Dust_.
Meteury C. ...
Héehst.
Gerinlsa

hour)

|
o

b SO TGy

1
2
3
4
&
]
7
8
g

B

0 T T 8D e D b O 356 00 B b
BRERRRERISRENRR
00 5 3G = e G 0 ) e e 1 O b
FEBnELBUAR

e D G ] OO G D

|

& NEIBESFIRRIERUR
Q WSSO DD
2 EARGSTRBRRIREER
=F YO0 S e O et G pd e SRS G B
R BENBRRARERIRIRY
W 000G D 00 F &5 b O CR 65 KD 8D 0 2
§ sRsnmesxpanaane
3R GO OGO B B2 O B0 BT - D B e
2 SErEsRERssRanEs

ol

I
S
+

Series 2 was sown at Madison, Wis., April 27, and the seedlings
emerged May 9. Emergence data taken eight days later are shown in
Table 15. In contrast with similar data secured in series 1 {Table 138),
none of the freatments showed any appreciable effect upon the per-
centages of germination, with the possible exception of Wa Wa, Dust,
which, as compared with the controls, reduced the average percentage
of germination 7 per cent.

Stripe-disease data were taken in July. The number of stripe-
diseased plants from each lot of treated and untreated seed are shown
in Table 16, together with the average perceniages of stripe disense
for each treatmens. When an average of only 8.4 per cent of infection
oceurred in the conftrols, the treatments were not so effective as were
those in series 1, when stripe disease in the controls averaged 10.8 per
cent. The soil-moisture content between the dates of sowing and
energence in series 2 varied from 30 to 60 per cent of saturation, while
in serles 1 it was consistently over 50 per cent during the correspond-
ing period. Undoubtedly the relatively lower moisture content of the
so1l in series 2, especially during the first few days after sowing, was
responsible for the slightly decreased efficiency of the dust fungicides
in this series.




e

22

TECHNICAL BULLETIN 341, U. 5. DEFT. OF AGRICULTURE

TapLE 14.—Siripe-diseased barley planis grown from different vericties or lots of

seed, unirealed or treated with di

grent seed disinfeciants, and sown in rod rows repli-

cated four times for each lreatment and seed lol, Arlinglen Fuperiment Farm,
Rosslyn, Va., 1987

Stripe-disensed plants from 1,000 seads of—
Z¢ed trentment U Ww in Peds No.6 Fotal nlants
. - iseol 2 No. "Totnl
Min- |nomed 08 Emlf n'gee " { Man- inm&&?
sturdi,} vari- churia,
crop of| ety, crap ol
1925 |eronof 1928
No. Nepme 3025 | 1922 | 1023 | 1924 | 1925 | 1926
Num-t Per
ber cend
Contool funtrented)_ _. 106 80 58| 107 | 122 | 92 13 4 587 | 10.83
1] Abavit B 0 1 0 1 1 0 0 0 a .08
2 | Tatno..._..- 0 0 0 1} 0 0 0 Q 0 ]
3|8 FAL a 0 0 G I} 0 0 0 0 0
4| 8. T. No. 220 2 22 40 &0 74 13 ] 7 238 4.42
5 | Bemesan 0 1] 0 0 3 0 0 i 4 LOT
68 nJr. (] 1 Z 1] 1 2 3 0 4 b
7l BuPont No. 12, ceeeaeee s 0 0 0 0 1 0 0 q 1 .02
Control (untreated).. a5 102 B8 5 932 g2 1L 7 562 [ 10.80
8 | Du Pont No. 45. . _aues 1 4 0 0 2 1 0 Q B .17
¢ { Aayer Dusk.... 3 3 0 0 3 0 0 L] 0 .16
10 | Iayer Dust [1. 4 2 2 1 15 1} 0 0 22 AQ
11 | Wn Wa Dust.. 1] 0 V] 0 1] ] ! 0 a
12 | Marcury O 2 0 2 0 3 0 0 1] & .08
13 | Héehst o oo oo 1] 1] 1] L] o] 0 0 Q O
14 | Germisan (0256
L1 1533 1 o 1P, \] 1] 1] ] 0 a v 1] 0 ]
Total in controls.. ... 200 168 | 146 182 | 24 174 M B8 O P 1 I A,
Tetallrom treated seml il 8 11 5 2 24 3 3 1 L1 N I,
Ratio, untreated to
trented d. . oo 257 | 17:L [ FF1 | oL TR SBsLl ) &1 1iz1 | Ml ...l

! ¥o. 4 oot included,

TapLE 15— Emergence date on barley grown from eight lots of secd, unirealed or
treated with different seed disinfectanis, and sown al the rate of 250 seeds per rod row
replicated four times for each troutment and seed lot, al Madison, Wis., April 27,
1527
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TABLE 16.—Stripe-disensed barley plants grown from different varieties or lots of
a¢ed; unireated or lreated with different seed disinfeclants, and sown in rod rows repli-
_cated four limes for each trealment and seed lof, Madison, Wis., 1927
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Wa Wa Dust and Hochst were the only fungicides that prevented
the disease completely, although Abavit B, Du Pont No. 12, and
Germisan gave very nearly perfect control. All the remaining dusts
reduced the amount of infection to 0.5 per cent or less, with the
exception of 8. I. No. 220, which, as in series 1, was relatively
ineffective,

TABLE 17.—QOccurrence of strire disease in spring barley grown from jfive lots of

seed, unireated or freated with di ferent Jungicides, and sown in paired rod rows
at the rate of 10 grams per row, Madison, Wis,, May 1, 1927

Infected plants from seed ol—

Seed treatment Wi i Padi N Total nlant
; Vispangin Pedigree No. otul plants
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In the series sown May 1, the results were very similar to those
described above. (Table 17.) Wa Wa Dust, Hochst, and Germi-
gan solution gave complete control, while all the other fungicides
reduced the percentage of infection to less than 0.5 per cent, with
‘rl;h? exception of 3. 1. No. 220, which was relatively ineffective, as

ofore.

Tn Tables 14 and 186 it will be observed that in Wisconsin Pedigree
No. 6 barley the 1923 seed lot in each case produced the highest
ratio between the total number of diseased plants from untreated and
treated seed. This seems to indicate that, under the same conditions,
the treatments, as a whole, were relatively more effective in stripe-
disease contro! in this seed lot than in the seed from the 1924 crop,
which in each case shows the lowest ratio between numbers of dis-
eased plants from untreated and treated seed. In this respect the
1925 seed lot occupies a position next to that of the 1923 seed lot in
both series, while the reiative positions of the 1922 and 1926 seed
lots with respect to one another are reversed in the two series.

These data, although not highly significant, suggest the possibility
that naturally inoculated seed of a given variety of barley from one
crop year may respond to seed treatment more readily than seed of
this same variety grown in another crop year. This difference in
response to seed treatment may be dependent on certain environ-
mental conditions which obtain during the period in which stripe-
disease inoculation takes place and which may cause the infective
material to be more deep-seated in the seed in some years than it iz
in others. On the other hand, it seems evident from these data that
the age of the seed does not materially affect the seed-borne stripe-
disease organism so far as its susceptibility to control by seed treat-
ment is concerned. If this were the case, it would be reasonable to
expect that the seed treatments would have been most effective in
the control of stripe disease in the 1922 seed lot and least effective in
the 1926 seed lot. However, such was not the case.

In order to determine what effect, if any, the fungicides had on the
stand in series 2, it was planned to make a total plant count. This,
however, proved to be impracticable on account of the hard, dry soil.
Therefore, total culm counts were made, and the results are shown in
Teble 18. It will be observed that, on the whole, the treatments
caused little increase or decrease In the average number of culms per
thousand seeds sown, as compared with the number of culms from
an equal number of untreated seeds. Only in the case of Semesan
was the increase barely significant, according to the odds computed
by Student’s method. Likewise, Wa Wa Dust was the only treat-
ment that appeared to cause a significant decresse in the relative
numbers of culms. As a whole, the treatments seemed to cause an
average increase of only 0.72 per cent in the total number of culms,
as compared with the controls. However, since over 8 per cent of
the culms in the control rows were stripe diseased and an average
of not over 0.5 per cent of infection occurred in any of the rows from
treated seed, some benefits from seed treatment are apparent.
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TanLe 18.—Number of culma of barley grown from eight lote of seed, unireated or
irealed with different seed disinfeclants, and sown at the rale of 260 seeds per row
1;!'!!7 W;ﬁg rod rows replicated lwice for each trealment and seed lot, Madison,

ia,, 1927

floed treatment Total culms from 1,000 seeds of— Summary

Wisconsin Pedlgree No, 8,
crop of—
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EXPERIMENTS IN 1925

During the spring of 1928, data again were taken on the ocourrence
of stripe disease in Tennessee Winter barley grown from seed that
had been treated with different fungicides and sown the preceding
fall on the Arlington Experiment Farm. The seed had been sown in
rod rows replicated twenty times for each treatment in each of two
parallel series. Series 1 had been sown September 21, 1927, in soil
the moisture content of which amounted to only 13 per cent of satu-
ration and which received no rainfall until after the plants had
emerged. Series 2 had been sown October 7, 1927, in soil the mois-
ture content of which was 65 per cent of saturation and which received
an inch of rainfall three days after the seed had been sown. The
mean soil temperatures during the periods of emergence in serics 1
end 2 were 18° and 16° C., respectively. Tests in the fiald and in
the greenhouse failed to show that any of the treatments had an
) %ﬁeciable effect on the percentages of germination, as shown in

able 19,

The stripe-disease data, taken in May, 1928, also are shown in
Table 19. The infection in the controls in series 2 was much more
severe than in series 1, probably because of the lower soil tempera-
tures that prevailed after series 2 was sown. However, in spite of
the more favorable conditions for stripe-disease development in
series 2, stripe-disesse control by oll the dusts was better in this
series than in the dry soil of series 1. The outstanding fungicide in
both series was Hochst. Abavit B, Mercury C, Wa Wa Dust, and
several others were fairly effective. However, & number of these
contain a mercury content too high to make them practicable as seed-
treatment compounds for barley, in view of the fact that chenper
and equally effective fungicides are now on the market.
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TABLE 19— FEmergence of, and slripe-disease conlrol in, Tenncssce Winter barley
g{awﬂ -from treated and untreated seed sewn an Arlington Erperiment Farm,

. flosalyn, Va., in rod rows replicated 20 times for each lrealment and conirol
in each of two series: Series I sown Seplember 21, 1287, in soil 13 per cent sal-
wrated; series 2 sown Oclober 7, 1987, in soil 85 per cent saturaled

Seed treatment Eimngrgence Stripe-diseased plants

Nams Fiold | §reen- Series 1 Series 2

' Per eat | Per cent Per cent | Number | Pe- eent
Control (untreated) 5 76 7 408 1.7
Abuvit B 0

S, F. A. No. 22,

=
EuiBosuws

[

3
B L0 RS0 Cn Lo

In the spring of 1928 further experiments on the control of stripe
disense in spring barley were conducted with fungicides that had
proved effective i previous tests, as well as with a few additional
experimental dust fungicides recently submitted by commercial con-
cerns. Most of the latter were used in a preliminary experiment
along with other dusts of questionable merit, but three were used in
the more frequently replicated trials.

The seed used was Wisconsin Pedigree No. 6 barley from the 1925
and 1926 crops grown on the Rock County farm, near Janesville,
Wis, The dusts were applied at the rate of 3 ounces per bushel and
thoroughly mixed with the seed in a mechanical contrivance, as pre-
viously deseribed (17). Two parallel series were sown, as before,
the first at Arlington Experiment Farm and the second at Madison,
Wis, Because of unfavorable weather and seil conditions, the plants
in the first series failed to develop beyond the seedling stage, and no
data of value were obtained from them.

At Madison, Wis., the seed wasz sown April 26 on the East Hill
farm of the Wisconsin Agricultural Experiment Station, In the first
experiment, in which dusts of unknown or questionable merit were
tested, only seed from the 1826 crop was used, and 4 rod rows wers
devoted to each treatment. In the second experiment 24 rod rows
were used for each treatment on each seed lot. Germination tests
were made in the greenhouse.

The infection data faken on the first experiment at Madison, Wis.,
are shown in Table 20. Only two of the experimental dusts used
showed sny especial effectiveness in stripe-disease control; namely,
Bayer 189 and Abavit Speeial. Different dilutions of formaldehyde,
paraformaldehyde, or iodine with tale or Ikaolin proved meffective,
noetwithstanding certain c¢laims that had been made to the contrary,
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TaBLE 20.—S8iripe-diseased planie in Wisconstn Pedigree No. § barley grown from
seed, unirealed or trealed wilh various experimenial dust disinfecianis, and sown
n rod rows replicated four times for each treatmeny, Madison, Wis., April 26, 1928

Seed treatment .Seed trentménd
Strépa-dis- Stripe-dis-
easzed plants ensed plants
Name X Narmig

Per

Tadine, 2 per cent.

Iodine, 2 per cant

l\..}'ol-nr_\hnn

Du Pool No. 88.____ .. __..__.

Abavit Special -

Sulphur -1 potassiem pernan-
Eanate, -

Contre} (untreated)

Formaldelyde, dry, ¢ por cent

Control (untreated)
Beayer HT-3_ (o . e

.,.
wd
=

Buayer No. 14,
Baye: No. 195.
Bayer No, 200,
-Baver Mo. 189,

Paralor dchyde, 20 per cant _
Paraformaldehyde, 15 por cent.._
Paraformaldebyde, 1§ pur cent..
Paraformaldehyde, § por cent. . _
Todine, & per cont

Control (onireated}..

Tadine, 4 per cent

on tule
‘Bayer Dust. ___
Copner osyehloride
Vitricline.___

FOODROUHPDO, ANOPE
S LA e QO CH Sy e I QA Y

Infection data on the second experiment sre presented in Table 21,
together with the germination data secured in the greenhouse. None
of the treatments, it will be observed, seerned to have any pronounced
effect on germination.

TaBLE 21.—FEmergence of, and stripe-diseased plants in, Wisconsin Pedigree No. 8
barley grown from 1925 and 1928 seed, unireated or freated wilh different seed
disinfecianis, and sown in paired rod rows replicaied twelve timea Jor each seed lot
and each lreaiment at Madison, Wis., April 26, 1928

Sead-troatment . Totnl stripe-disensed plaats from—

Emerganca
MNrme 1925 sead 1028 sead

Per cent Per cent Per gent

Conirel (untreated) 88 259 5. 40 5 13,40

bavitBo..._.___ __ 5} .13 .87
3. F. A, No, 225~V .27 127
Hilchst, o
3 -- LAf 1,34
Semesan Jr . 1,38
Du Pont K-1-C_._.

Mareury C
Hoyer 171-A

Prraformaidshyde

Qermisen (0,25 per cant, ! hour) ... _

In the controls from 1925 and 1926 seed, the number of stripe-
disessed plants averaged 5.2 per cent and 12.9 per cent, respectively.
Hachst again was outstanding in its complete control of stripe disesse
in all replications, as slso was the Du Pont Dust K-1-C. The essen-
tial ingredient of the latter dust consisted of 1.5 per cent of ethyl
mercuric chloride, K-1-D contained only 1 per cent of this chemical,
snd, as will be observed in Teble 23, it was on the border line of com-
plete effectiveness. A product similar to K-1-C, but containing
2 per cent of ethyl mercuric chloride, is now on the market under the




28 TECHNICAL BULLETIN 341, U. 8. DEPT. OF AGRICULTURE

trade name of Ceresan. Next in the order of effectiveness came
Germisan {0.25 per cent solution}, Wa Wa Dust, Mercury C, and
Abavit B. The remaining dusts were relatively meffect.lve a8 none
of them reduced the infection in the plants from 1926 seed to less
than 1 per cent.

In order to determine whether the more efficient treatments caused
any consistent increases in the yield of grain, the different replications
were harvested and each 2-row replication was threshed separately
in & plot thresher. The average yields per replication are presented
in Table 22, together with the average increase in yield caused by
each treatment. With 5.2 per cent of stripe disease in the controls
from 1925 seed, and less than 0.2 per cent of infection in any of the
rows {rom treated seed, the different treatments seemed to cause an
increase in yield of from 0.2 per cent in the case of K-1-D to 18.1
per cent in the case of Abavit B. Only in the case of Abavit B and
(iermisan, however, were the incresses in yield significant en the
basis of the odds caleulated according to Student’s method.

TaBLB 22.—Perceniage of siripe-diseased planis in gnd yield from Wisconsin Pedi-
gree No. 6 barley grown from two lots of nalurally inoeculated seed, unireated or
treaied with various seed disinfecianis, and sown al Medisorn, Wis., April 26, 1928,
in paired rod rows replicated {welve times for each treatment and each seed Iot

1925 SEED
Beed freatment
L Stij;!;-gis- rﬁ:ﬁ%‘:‘ggn Increase in yleld as compared with
Mo, Narae planis yield contro
Pey eent SGrams Grams Per cent dds
Control {untreated) . ... 5. 20 |1 RS ISR SRR
ilAbawit®. . ______________________ .13 Kk L] 161 A3k 1
I £ o, 3 672 58 0.4 B:1
& | Du Pont K-1-C. a 462 48 7.8 18:1
7| Du Pont K-1-D G2 615 1 L2 1:l
8| Wa Wa Dust.. 04 G351 17 2.7 2:1
9| Mereury G_ 08 855 41 6.7 121
12 § Germisan. 0 689 75 f2.2 o8
1926 SEED
Control (untrested) ................. 28 573 75 (SRR JA PRIV VS
1t Abavit .87 047 L] 17.4 93:1
3 ‘”nr'hﬂl* ............ [¢] B4 03 15.9 1G0: 1
6| D Pont o TR I ] 832 10} 18.3 21:1
7| Do Pont K-i-D e 0 740 189 34.3 207:1
8| WaWa Dusto oo aaoo i) [i%)] e 16.3 1, 221:1
2 | BMercury C . a5 633 82 14,9 15:1
12 | Cermisale e imm s cmeme—m———— 02 685 134 243 188:1

In the control rows from the 1926 seed the stripe disesse averaged
12.9 per cent, while the average infection for the treated seed was
0.22 per cent. Five of the sever treatments compared csused sig-
nificant increases in yield of from 16.3 per cent to 34.3 per cent, the
average increase for all treatments being 20.3 per cent.

EXPERIMENTS IN 1520

Experiments begun in the fall of 1928 and designed fo test the
efﬁclency of certain fungicides in the control of smuts in Tennessee
Winter and Wisconsin Winter barleys yielded some date on the con-
trol of stripe diseaso in these varieties the following spring. Seven
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dust fungicides had been used together with a 1:320 solution of 37
per cent formaldehyde for comparison. The dusts had been applied
to the seed at the rate of 3 ounces per bushel. The formaldehyde
treatment had been applied as follows: The seed was soaked in water
for 15 minutes and then was allowed to lie covered for four hours.
After & 20-minute immersion in the 1:320 formaldehyde solution it was
again covered for three hours and then dried with a fan. The seed
was sown October 18, 1928, in soil that was only 19 per cent saturated.
This lack of ample soil moisture seems to be reflected in the relatively
poor control of stripe disease by somo of the dusts, as shown by the
data which were taken in May, 1929, presented in Table 23.

TABLE 23.—Siripe-diseased plants in Tennessee Winter and Wisconsin Winter bar-
ley grown from seed, untreated or lreated with different fungicides, and sown in rod
rows replicated eight times for each treatment and conirol in each variely, Arlington
Bzperiment Farm, Rosslyn, Va., Ocleber 18, 1928

Seed trentinent Stripe-diseased piants

Name Teunesses Winter Wisconsin Wizter

Number Per cent Nt tmber Fer cent
Wi 5.10 2 106

Experiments on the control of stripe disease in two varieties of
spring barley in 1929 were restricted to seven dust fungicides and one
Liquid fungicide. Seed of Wisconsin Pedigree No. 5 was used in an
experiment of rather limited scope designed primarily to test severel
dust fungicides as to their efficiency in loose-smut control. However,
more stripe disease than loose smut developed; therefore, dats were
taken on the control of this disease, as shown in Table 24. Ceresan,
Bayer P. M. A., and Héchst gave perfect control, end Mercury C
was very good, but Abavit B, which had been consistently effective
in previous experiments, gave only about 50 per cent control in series
1, elthough in the more limited replications of series 2 it permitted
only one stripe-diseased plant. The Abavit B used in series 1 came
from a container that had been partly open since the preceding
QOctober, while that used in series 2 came from a sealed container.
This may sccount for the different results obtained in the two series.
Corona 80-B and Smuttox proved relatively worthless as fungicides
for stripe-disease control. Germisan, the liquid fungicide, proved
effective, as usual.

Naturally moculated seed of Wisconsin Pedigree No. 6 barley was
used in 1929 in rather extensive field experiments carried out at &
number of experiment stations in addition to the Arlington ¥xperi-
ment Farm. The seed was treated at the Arlington farm February
27, 1929, 8 ounces per bushel being used in the case of each of the
dust fungicides. The Germisan treatment, ns usual, consisted of a
1-hour soak at room temperature in a 0.25 per cent water solution
of Germisan, after which the seed was thoroughly dried. .
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TABLE 24.—8. “ipe-diseased plants in Wisconain Pedigree No. & barley growun from
seed, unireated or treated with different fungicides, and sown al Arlinglon Experi-
ment Farm, Rosslyn, Va., in two series

| Series I, sown March 13 {n quadruplicated rod rows in soil 46 to 50 per cent saturated ond with an average
temporatare of 11.5% O during the poriod of emergence; secies 2, sown Apeil 8 in palred rod rows in soll
75 per eont saturated. with a rainfail of 1.2 inches and an aversge soil tempersture of 16.1° during the

R peried of emoergance}

Sead treatment Stripe~iiseased plants
Nao. Nama Serles 1 Berios 2

Number Per cent MNumber Per cent
GContral (nntronted)___ 152 3 31 5.3
1| Cerosnnennna- 0 1] 1] .
2 | Bayer I, W, A [t a 1] E ]
3 [ Hielst. S | 0 0 o
4] Abavit 13 R 63 2.1 1 .2
Control {untreated) 128 218 21 4
5 Mercary Conoomaaaas ] .6 2 -4
& | Corona 50-B 127 14.8 b 1.4
B I3 TR A1 3 172 169.7 13 24

§ | Germisan 1 a 1} ]

The untreated and treated seed was packeted and sent to the differ-
ent stations for sowing. The following sre the stations and the
workers whose cooperation made this work possible:

Arlington Experiment Farm, Bossiyn, Va.
Manhattan, Kans.; C. Q. Johnston.
North Platte, Nebr.; G. F. Sprague.
Madisen, Wis.; J. G. Dickson.

Brookings, 8. Dak.; K. H. Kiages.

St. Paul, Minn.; C. 8. Hoiton.

Farge, N, Dak.; W. E. Brentzel.
Dickinson, N. Dak.; L. W. Smith.

TasLE 25 —Stripe-discased plants in Wisconsin Pedigree No. § barley, groun
from seed unirealed or treaied with different fungicides and sown in rod rows
replicaled four times for each ireatmeni and conirol al each of eipht stations! in
1829, and data on the lenglh of, and environmental conditions during, the period of

emerence
, Parcentage of otripe-disensed piants st stetion
Seed treatment No.— 7 Total in-
fee
plants
No. MNatme 1 2 3 4 5 & 7 8
Num-| Per
ber | eent
7T L4|127] 81| 07| 45| 3.0 412 522 ] 6.5,
1 a 8 ] 1 g 0 e} 1 0]l e 4
Z 0 0 Q 1] 4] 0 o] Q D) @&
3 0 o] 2] o 1] 0 1] ] 0j ¢
4 1] o .8 .1 2| o 0 o 1L L1
54) L4|180)] 68| B&6( 4.2 28| 3.2, 4627 56
5 0 0 LT .1 .2 21D O Il .14
] £7| Li| 1400 58| 64| AC] £3]| 25) 416, Lo
7 | 8muttox . 6.1 26| 13.4] 53| 45 371 50) 28] #47]| 54
8 | dermisan {0.25 per cent, 1 13 a & [+ 14 0 [} G oy
Items Other data for statlons nummbered as above
Time to emergs_ ___. . occeeocee e daya_..| 11 hi.) 2 13 13 13 1t - 0 T [,
Boll motstizre:
15 }$1 20 15 E’) 4 12
2| @ 25 13 & 4
12 i2 10 g| 7 ']
AL vz laa0| .7 .es] (41 L40

i Statlona at: 1, Rosslyn, Va.; 2, Manhattan, Kans,; 3, North Platte, Nebr; 4, Madison, Wia.; 5, Brook-
inga, 8. Dsk.; 8, 8t. FPaul, Miox.; 7, Furgo, N. Dak.; 8, Dickinson, N. Dak.
T Expressed as percentage of saturation, 1 %oiat; no soil test made. € Ajr temperature.
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At each station the seed was sown in rod rows replicated four times
for each treatment and control. The stripe-disease data taken
later in the season are summarizod in Table 25, together with data
relating to environmental conditions during the period of emergence
at each station. A study of the latter data fails to show any con-
sistent correlation between any set of environmental conditions
recorded there and the development or the control of stripe disease.

As In a number of previous experiments, Ceresan, Hachst, Bayer
P. M. A., and Germisan controlled stripe disease completely, while
Abavit B &nd Mercury C reduced its occurrence to a small trace.
Corona 80-B and Smuttox failed entirely to qualify as fungicides
for stripe-disease control. In several cases more stripe disease oc-
curred where these compounds were used than was found in the
corresponding controls.

EXPERIMENTS IN 1830

During the winter of 1929-30, differeni commereial concerns sent a
number of new fungicidal dusts to be tested for their value in the
control of various cereal diseases. These were, accordingly, included
in experiments for the control of stripe disease, together with several
cther fungicidal dusts that had been used in previous experiments.

Five lots of spring barley were used in the experiments: Lot A,
Wisconsin Pedigree No. 5, and lot B, Wisconsin Pedigree No. 6, both
E&own in 1928 at the Wisconsin Agricultural Experiment Station; lot C,

innesota Velvet, grown in 1929 on the farm of N. Y. Keenan, Ore-

on, Wis.; and lots D and E, unknown varieties grown in 1929 near
aukesha, Wis,

The different dust fungicides were applied to the seed March 8,
1930, at the rate of 3 ounces per bushel, while the Germisan treat-
ment was carried out as in previous experiments. To determine the
effect of the treatments on germination, seed of each of the first three
lots of barley, lots A, B, and C, treated with each of the fungicides
was sown in the greenhouse bench. The data on germinetion, taken
10 days later, are given in Table 26. It will be noted that none of
the treatments seemed to exert any injurious effect upon germination.

TABLE 26.—Germinalion percentlages a{flots A, B, and C of spring barleys grown

Jrom unireated and treaied seed sown !

arch 19, 1930, in the greenhouse, Arlingion
Ezperimenl Farm, Roaslyn, Va.

Eeed treatment Percentage of germination

Namo Lot A Lot B Lot O

§
]
=3

RECEERENRRRRRER
WoOLWORNWERoODWD O

Coatrol {untreated)

Dubay Nc. 855

Dubay No, 685,

Abavit B___

Control (untreated)..
tehst

Wa Wa Duat,
Corena Oat Dust
Starocide

B

Banogeed Grain

Acce Dust No. 7.
Wienart's Compound
Germisan_

RRRIRIERERRgR
EREREERER2EERER
BERENRERIRETRER
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Untreated and treated seed of all five lots of barley, lots A, B, C,
D, and E, was sown on the Arlington Experiment Farm in paired
rod rows in four parallel series. Each series was sown on a different
date and on a different part of the farm, in order to secure different
environmental conditions. The salient facts regarding the dates of
sowing, the length of the periods from sowing to emergence, and the
environmental conditions during these periods are shown in Table 27,
Unfortunately, sudden inclement weather interrupted the work of
sowing series 1 so that it was not possible to include seed of lots
D and E in this series.

TapLe 27.—Environmental daia on srperiments for the control of siripe disease
in five lols of spring barley sown on Arlington Erperimenl Farm, Rosslyn, Va.,
1330

Moisture content 1 of
sl

Averagp
Days to soll
QINGrgn tempera-

ture® | 44 sowing

Beries No. Ralnfall t

o C Incher

Mar. 87 1.
Mar, 54 .85
Mar. .3 0 -85
Mar. 20 .5 40 .98

1 From sowing to emergenso. 1 Expressed as percentage of water-holding capaclty.

Untreated and treated seed of lots A, B, and C was sown also at
Madison, Wis., April 25, and the seedlings emerged May 3. A
second sowing of seed of lot A was made at Madison, Wis., April 30,
and the seedlings emerged May 6. In each case only two rod rowa
were sown for each treatment and each seed lot.

The stripe-disease data taken at the Arlington Experiment Farm
and at Madison, Wis., are presented in Tables 28 and 29, respec-
tively. At the former place, stripe disease was completely elimi-
nated in all replications only by Dubay No. 665 and Corona Oat
Dvst.” However, it was reduced to a general average of less than
0.1 per cent by Ceresan, Dubay No. 655, Hochst, and Germisan, the
total number of stripe-diseased plants in all four series being 2, 1, 2,
and 3, respectively, as compared with an average of slightly over 900
stripe-diseased plants in corresponding control rows. Abavit B,
Wa Wa Dust, and Wienert’s Compound, while fairly effective on the
whole, were not consistently effective, for in certain replications they
permitied the occurrence of more than 1 per cent of stripe-diseased
plants. Sterocide, Sanoseed Grain Dust, and Acco Dust No. 7
yielded, on the whole, very unsatisfactory results.

1 It should be stated that in 1930 this dust contained ethyl mercuric chloride, to which dorhbtless may ba
attributed lts pffectiveness in this case. At present this compound does not contain this ingredient and
s not ded for stripe-di control,
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Tawre 28.—Percentage of siripe-dizeased planis in five lols of barley grown from
unireated or lreated seed sown in paired vod rows in four series, March 11, 17, 15,
and £0, 1930, respeclively, Arlington Experiment Farm, Rosslyn, Va.

Percontage of stripe-disensed plapts in—
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In general, the results obtained at Madison, Wis., were similar to
those obtained a$ the Arlington farm, except that instead of only two,
five dusts, namely, Ceresan, Dubay No. 655, Dubay No. 665, Hochst,
and Corona Oat Dust, as well as the Germisan liquid treatment, com-
pietely eliminated stripe disease. Wa Wa Dust and Wienert’s Com-
Found were slightly more cffective at Madison, Wis., than at the Ar-
ington farm, while Sterocide, Sanoseed Grain Dust, and Acco Dust
No. 7, as before, were entirely unsatisfactory from the standpoint of
stripe-disease control. The results from Abavit B were identical™at
both places.
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TasLe 29.—Percenlage of siripe-diseased plenis in three lots of barley grown from
unireated or treated seed sown in paired rod rows ai Madison, Wis., April, 1930

Etripe-disaased plants in—

Wiseonsin Pedlgree Tatal stripe-dis-
No. 5 Minne- ensed plants

sin Pedi- | sots Vel-

grea No. vat

Wiscon-

Beed treatment J

Series1 | Series 2

First control {untreated)
Ceresan

Duboy No. fi55

Dubay No. 865

Abavit B

Per cetit | Per cent | Per cent | Per cent Per cent
20 13, 3 7.
0

—
L1~
LN -

1]
]
8,
&
8
g
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PISCUSSION

In the five years from 1926 to 1930, inclusive, more than 75 fungi-
cidal dusts were used in experiments on the control of stripe disease.
Only one of these, namely, Abavit B, was included in experiments
covering this enfire peried. Three of the dusts were tested over a
period of four years, six were tried for three years, cight for two years,
and the remainder were used in only one year’s experiments.
number of previously untried experimental dusts received from
different companies or individuals, as well as some made up in the
laboratory, were limited to tests in preliminary greenhouse experi-
ments, in which their injurious effects upon seed germination or their
other objectionable features furnished sufficient reasons for promptly
discurding them. No mention is made of these dusts in the foregoing
Ages.

! Eight dusts were received from Germany ond one from France.
None of these has ever been on the market in the United States.

More than 50 dusts were submitted by different individuals or com-
mercial concerns in the United States, Most of these were experi-
mental dusts and never reached the stage of commerciel manufacture.
Many were discarded as ineffective after one or two trials. The for-
mulae of some, however, with slight modifications have been more
recently used in the manufacture of very effective fungicides.

Of the 21 or more dusts made up from materials in the laboratory,
none proved very promising. A few were effective in stripe-disense
control, but seriously injured germination and stand.

A representative number of the dusts that were tested are listed in
Table 30, which shows the number of seasons each dust was tested,
the total number of rod rows devoted te each during this period, the
number of stripe-diseased plants found in these rows and also in an
equal number of rows {from untreated seed, and finally, the degree of
control obtained by using each dust.
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Tanie 30.—Relative efficiency of o number of fungicidal dusls in the control of
siripe disease in barley in experimenis covering from one to five years, the lquid
Sungicide Germisan being included for comparison

Treatment Infected plants from—

Seasons Rod-row Average

tested | replications contral
MNarue Untrented | Trested

seed seed

Number Number Number Per cent

208 3, 747 3
342 7, 118
246 4, 762
2066 4, 466
242 4, 683
1id

Germisen (liguid)
Abavit B
Hochst .

L=l
=285
[ %]

Du Pont No. 45_._
Du Pont Mo, 64_
Tuten

Du Pont No. 53,

Bayer F.M, A -
Ahsvit No. 1304,
Bayer Nao. 187 __
Wienort's Dust.
Bayer Dust {1___
Du Pent No. 57.
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t Contnined 0.75 per cent of ethyl mereuric chloride. Phe Corons Ont Dust now oo the market does not
eontasin ethy]l mercuric chloride.

The figure for control was obtained as follows:

( _ diseased plants from treated seed
disensed pilants from untreated seed

X 100

the result, of course, being expressed in terms of percentage. The
significance of this figure is, of course, largely governed by the number
of replications, as well as by the number of seasons covered by the
tests. Similar date are given for the liquid treatment, Germisan,
which was used for comparison in many of the experiments.

Tuking into consideration the number of seasons in which they v 2o
tested and the number of replications used, as well as the percentage
control, shown in Table 34, the two most effective dust fungicides
were Ceresan and Hochst.  Abavit B, the most extensively tested
dust fungicide, was somewhat lacking in consistent effectiveness, as
were also Mercury C, Wa Wa Dust, and a2 number of others. Amonge
those tested for two seasons, Du Pont No. 35 was most efficient, and
its formula is now used in the manufacture of a seed-corn disinfectant.
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Corona Oat Dust,® Dubay No. 655, and Dubsy No. 665 were the
most effective dust fungicides among those used In only one season’s
tests. The two latter are slight modifications of Ceresan. DBayer
P. M. A. was effective in stripe-disease control, but was somewhat
injurious to germingtion. Abavit 1394 and Bayer 189 were promising
in 8 very limited number of replications.

SUMMARY

Stripe disease is practically coextensive with barley culture. The
losses caused by it emphasize the desirability of its prevention by seed
treatment or by growing resistant varieties.

Stripe disease 1s caused by Helminthosporium gramineuwmn Rabh.
and should not be confused with net blotch caused by H. teres nor spot
blotch caused by H. sattvum.

Kernels of healthy heads become inoculated by spores blown from
near-by diseased plants. These spores become lodged between the
gtume and the pericarp of the seed, where they germinate and give
rise to mycelium, which lies dormant there until the seed germinates.
This mycelium then revives and infects the emerging coleoptile,
which in turn carries the infection to the next leaf. Successively
emerging leaves are infected in turn, and finally the head, which
conczlmonly does not emerge completely and seldem produces viable
seeds.

Natural inoculation of kernels in the field by wind-borne spores may
occur for a considerable period after flowering.

Under some conditions, spores on the outside of the seed may pro-
duce infection in the seedling, but it is generally conceded that dor-
meant myecelium is the principal means of the fungus living over from
one crop to another,

Removing the glumes from naturally inoculated kernels before
sowing had no effect on the percentage of stripe-diseased plants.

Conidia may remain viable from 3% to 34 months, according to
different investigators. Longevity is undoubtedly contingent on
conditions of temperature and moisture during storage of the spore
material.

Dormant myceliuin in the seed remains viable for at least five
years.

Viable seeds [rom diseased plants are not the rule; yet they are not
UnCommon.

Increased soil fertility or any other condition favoring vigorous
plant growth apparently decreases the percentage of diseased plants
from naturslly inoculated seed. ,

Growing femperatures of 15° C., or below, during the period of
emergence favor the development of the disease in plants from natu-
rally inoculated seed. Temperatures above 20° C. during that period
tend t. inhibit the development of the disense. Likewise, relatively
dry soil {less than 40 per cent saturated) during germination is more
conducive to stripe-disease development than extremely wet soil
(approximately 90 per cent saturated).

During the 5-year period 1926-1930, more than 75 fungicidal dusts
were tested in stripe-disease control experiments. The effectiveness
of the dust fungicides used was found to be independent of soil reaction

¢ Thiw 1ot oontatned 0.75 pec cent of sthyl mercurlo chleride.
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and of s0il moisture except when the latter was less than 25 per cent
‘of saturation, in which case the effectiveness of the fungicides was
reduced. In experiments in which yield dats were obtained, the
average percentage incresse in yield from seed treated with certain
fungicides over that from untreated seed invariably was greater
than the percentege of stripe-diseased plants from. untreated seed
observed at the time of heading. This additional increase in yield
probobly war due to fthe control of other unobserved diseases, as
well as to the conftrol of stripe disease to a greater extent than was
indicated by the percentage of stripe disease found in .the plants
from untreated seed at the time the data were ftaken. -

Although the ordinary wet formaldehyde treafment controls stripe
disease satisfactorily, formaldehyde dusts were found ineffective for

this purpose.
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