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INFECTION OF BARLEY BY USTILAGO1 NUDA THROUGH
SEED INOCULATION
By W. H. TISDALE, Pathologist, and V. F. TAPKE, Associate Pathologist, Office of
Cereal Investigations, Bureau of Plant Industry, United States Department of
* Agriculture
HISTORY OF FLORAL INFECTION

INTRODUCTION

Hoffman (10), in 1866, long before
Floral infection of barley (Hordeum
sativum L.) by Ustilago nuda (Jens.) the discovery of the difference in the
Kell, and Sw., as well as floral infection fungi causing the smuts of barley, menof wheat (Triticum vulgäre Vill.) by tioned the possibility of floral infection.
Ustilago tritici (Pers.) Jens., has been He was studying barley smut princiconsidered an established fact for many pally but did some work with the smuts
years. There was considerable con- of wheat and oats.
In 1888, Jensen (12), after several
fusion regarding the infection of cereals
by smut fungi before the different spe- years of study of infection of barley
cies of these fungi were identified and and oats by smut (Ustilago segetum),
described. Since these differences were made the following statement:
Since we have seen that spores adhering to the
found steady progress has been made in
exterior of the grain do not to any appreciable
the discovery of the morphological and extent
the infection of the crop, it follows
physiological differences of the smut that thiscause
must take place by means of those spores
fungi, of their host relationships, and of which succeed in entering the space between the
the control of the smuts caused by them. "cosh" or husk and the kernel.
Since the discovery of floral infec- He then suggested two possibilities for
tion (16)2 the hot-water seed treatment infection; one being floral infection by
has been considered the only means of direct germination of the spores immecontrolling the loose smuts of wheat diately after they enter the flowers, and
and barley. Recently, however, for- the other being the infection of the
maldehyde and some of the organic seedlings by spores which remained
mercury compounds have been found to quiescent between the husk and the
control the loose-smut of barley in cer- kernel until the seed was sown and
tain varieties (18,20,21, and 22). This then germinated. He says that his
led to the belief that there remained im- experiments of 1887 point to the latter.
portant facts to be learned regarding the He found that by removing the hulls
infection of barley by Usitlago nuda.
(glumes) of barley and oats and inocuIn the autumn of 1922 the senior lating the seed, higher percentages of
writer planned to study the possibility infection could be obtained.
of seedling infection by this fungus.
After a large part of these experiThe results of the first experiment were 'ments was concluded Jensen found
so striking that a number of experi- that there were two smuts of barley and
ments, in which nine varieties of barley described them as Ustilago segetum,
were used, was conducted during the variety hordei nuda, "the naked smut,"
past season, 1923-24. The results of and Ustilago segetum, variety hordei
these studies were even more striking tecla, "the covered smut." Previous to
than those of the previous year.
this, he had assumed that the two were
This paper gives a brief review of the identical, U. segetum DC. After this
literature dealing with floral infection discovery he says:
of wheat and barley by their respective
In the experiment quoted above with barley smut
loose-smut fungi, presents the data of the variety tecla only was used for infecting the
bare
kernels.
the writers' recent studies showing that
previous investigators have been conAt about the same time, 1888, Brefused regarding the infection of barley feld (1) failed to obtain infection of
by Ustilago nuda, at least to a certain barley by inoculating the seed and
extent, and that the fungus infects the young seedlings with germinated and
seedlings, at least of certain varieties of ungerminated spores. He then obbarley, and causes severe injury to the tained smutty barley heads from Japan
seedlings when heavily infected.
and found that the spores from these
1
2
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heads germinated and formed mycelium but no conidia. Conidia were produced by the form previously used.
He called the form from Japan Ustilago hordei. This was evidently the
form which is now known as U. nuda
which causes loose-smut. Brefeld evidently made his infection studies with
the fungus of covered smut, Ustilago
hordei. He makes no mention in this
paper of further infection studies after
discovering this difference in the barley
smut fungi.
In 1899 Kellerman and Swingle {14),
in a study of the barley smuts, described the two species U. hordei (Pers.)
Kell, and Sw., covered smut, and U.
nuda (Jens.) Kell, and Sw., loose-smut.
They cited Jensen's statements concerning floral infection but said, "This
view requires confirmation."
Maddox {16) concluded from carefully conducted experiments that the
loose smuts of wheat and barley could
not be produced by smutting the seed
or by mixing spores with the soil. He
says:
Artificially smutted is putting the smut germs on
the ovary about the time the pollen is ripe, which
will always reproduce the disease the following
year.

According to Hori {11), K. Yamada
in 1896 and S. Nakagawa in 1897 produced loose-smut in wheat by inoculating the flowers with mature spores of
Ustilago tritici.
Brefeld (#)' in 1903 discussed methods
of floral inoculation of wheat and barley with the loose-smut spores. He concluded that infection takes place through
the flower. Again in 1905 Brefeld {3)
published, in detail, methods used in
attempting to infect barley with Ustilago
nuda by inoculating the flowers and*
seed with spores and by inoculating the
young seedlings with germinated spores.
In one experiment he obtained 1 per
cent infection where the seedlings were
inoculated with germinating spores,
while two-rowed barley treated similarly remained smut free, as did the
control. This was the only indication
of seedling infection. Brefeld's results
led him to conclude, however, that—
infection in the blossom is the predominant form of
infection of the host plants, if not the only one.

Hecke {8) produced floral infection in
barley in 1904, and in 1905 he {9) figures
the mycelium in the scutellum of barley. He adheres to Brefeld's terminology and calls the loose-smut fungus
Ustilago hordei.
Hori {11) in 1907 states that he obtained floral infection by Ustilago tritici
and U. nuda as early as 1900. After
discussing the findings of Brefeld and
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Hecke he makes the following statement :
Hence it is now clear that at least U. tritici, Unvda and Í'. hordei irmv naturally infest the respective host plants by the flower infection.

Hori evidently was referring to the
loose-smut of barley both as U. nuda
and U. hordei. Brefeld {!) called the
loose-smut fungus U. hordei when he
first discovered that there were two
barley smuts. Hori was probably confused by this difference in nomenclature.
Falck (5) in 1908 and Lang {15) in
the following year studied the infection
of wheat by Ustilago tritici cytologically
and showed the mycelium in the stigma
and the young ovaries and showed it
ramifying in the cells of the embryo at *
various stages of development.
Freeman and Johnson (7) in 1909
studied the loose smuts of wheat and
barley. They inoculated the flowers at
different stages of maturity and found
that infection takes place from the
time when the stamens are still green to
the time when the ovary is one-third its
mature size. They found the optimum time for infection to be when the
flower is in full bloom or when the
ovary is just commencing to develop
after fertilization.
Brioli {4) in 1910 studied floral infection in wheat and barley and confirmed
the work of previous investigators.
He illustrates the mycelium in the scutellum of wheat and says that he found
mycelium in the scutellum of one
variety of barley but not in the other
varieties :
Nur bei Körnern der Niederbayerischen Gerste
habe ich Mycel gefunden. Bei den anderen
Gersten nicht.

He attributes the lack of mycelium in
the kernels to resistance of the host.
PRESENT INVESTIGATIONS
SEEDLING INFECTION

For many years after the discovery
of the hot-water seed treatment by
Jensen {12) this method was recommended as being the only treatment that
would control the loose-smuts of wheat
and barley. In 1914, Johnson {13)
reported the control of loose-smut of
barley by treating the seed with formalin. Tisdale, Taylor, and Griffiths
{21) in 1923, obtained satisfactory
control of loose-smut of barley by
treating the seed with formaldehyde
and with chlorophol, an organic mercury compound. Six varieties of barley
were included in this experiment.
Since that time Semesan, Corona 620,
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Uspulun and Germisan (organic mercury compounds) have been found to
control the loose-smut of barley (#0,22).
These results were surprising in view
of the claims and apparent proof of floral
infection of barley by Ustilago nuda.
At the same time, it led to the belief
that it might be possible that previous
investigators were misled, in some way,
regarding infection of barley by the
loose-smut fungus.
Of course, it
seemed entirely possible that floral
infection might take place and the
fungus mycelium remain in the superficial cells of the kernel where it could be
destroyed by disinfectants which penetrate the seed coat.
Tisdale (19) found that by inoculating dehulled3 barley kernels with spores
of the covered smut fungus Ustilago
hordei, high percentages of infection
could be obtained, while often little
TABLE
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The occurrence of 25 per cent of
loose-smut in plants from inoculateddehulled seed appeared to be significant. This led to plans for further
experiments in which both floral and
seedling infection . could be studied.
Six varieties of barley were used in
these studies. Floral inoculations were
made in the spring of 1923 on barleys
growing in the greenhouse. Each
flower was carefully inoculated by opening the glumes with forceps and dusting the floral parts with fresh spores of
Ustilago nuda from Tennessee Winter
barley growing in the greenhouse.
Flowers and seeds were inoculated in
different stages and treated in different
ways, as follows:
1.—Inoculated when anthers were
green; no pollen shed.
2.—Inoculated when anthers were
shedding pollen.

L- -Infection of barley seedlings by Ustilago nuda in the greenhouse in
1922-23
Number of plants
Treatment

Variety

Total
Tennessee Winter
Do
Do .. .
Do
Nakano Wase
Do
Do
Do .
.

.

Hulled-uninoculated.
Hulled-inoculated
Dehulled-uninoculated
Dehulled-inoculated. _
Hulled-uninoculated
Hulled-inoculated
Dehulled uninoculated
. Dehulled-inoculated

or no infection could be secured by
inoculating the hulled seed. In the
fall of 1922, while conducting the
experiments on covered smut, the
senior writer inoculated some dehulled
seed of Tennessee Winter and Nakano
Wase barleys with spores of U. nuda
and sowed it on a bench in the greenhouse at Arlington Experiment Farm,
Rosslyn, Va. Dehulled-uninoculated,
hulled-inoculated, and hulled-uninoculated seed of both varieties also was
sown. The seed for this and subsequent experiments was dehulled by
carefully removing the glumes with a
sharp-pointed knife or scalpel. The
basal end was first broken and the
glumes stripped off. Nakano Wase
remained smut-free in all experiments.
The dehulled-inoculated seed of Tennessee Winter produced 25 per cent of
loose-smut, or 5 plants in a total of 20,
while only 1 plant in 22 from the dehulled-uninoculated and 1 in 20 from
the hulled-inoculated seed produced
loose-smut. (Table I.)

_

__.
__

25
20
22
20
21
20
24
19

Smutted
0
1
1
5
0
0
0
0

Percentage of
smut
0
5.00
4.55
25.00
0
0
0
0

3.—Inoculated when pollen was recently shed, stigma plumose, and showing no signs of withering.
4.—Inoculation at tip of kernel when
in the milk stage. The glumes were
pulled back slightly, spores placed on
the kernel, and the glumes replaced.
5.—Mature seed dehulled and sown
without inoculation.
6.—Mature seed dehulled and inoculated by shaking thoroughly in an envelope with spores until almost black.
7.—Mature hulled seed sown without
inoculation.
8.—Mature hulled seed inoculated.
Spore material used for inoculating
the mature seed was collected from
Tennessee Winter barley grown on
Arlington Experiment Farm in 1923.
The seed inoculated by the various
methods given above was sown on a
bench in the greenhouse on November
4, 1923. The seeds were sown about
1 inch deep and 2 inches apart in rows
7 inches apart. The results of these
experiments are given in Table II.

3Hulled=hulls not removed, and dehulled^= hulls removed.
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II.- -Infection of barley by Ustilago nuda in the
greenhouse in 1923-24, by
fiower and seed inoculation0.
Number of p lants

Variety

Alaska
Do
Do
Do
Do
Do
Greece
Do
Do
Do
Do
Do
Han River
Do
Do
Do
Do
Do
Nakano Wase
Do
\'_
Do
Do
Do
Do
Texas Winter
Do
Do
Do..
Do
Do
Wisconsin Winter
Do
Do
Do
Do
Do

Type and stage of inoculation

3. Pollen shed
4. Milk stage
5. Dehulled, uninoculated
6. Dehulled, inoculated
7. Hulled, uninoculated
8. Hulled, inoculated
3. Pollen shed... .
4. Milk stage
5. Dehulled, uninoculated
6. Dehulled, inoculated..
7. Hulled, uninoculated
8. Hulled, inoculated
3. Pollen shed
4. Milk stage
5. Dehulled, uninoculated
6. Dehulled, inoculated
7. Hulled, uninoculated
8. Hulled, inoculated.._•
1-3. Anthers green to pollen shed..
4. Milk stage
...
5. Dehulled, uninoculated
6. Dehulled, inoculated
7. Hulled, uninoculated
8. Hulled, inoculated
2-3. Pollen shedding to shed
4. Milk stage
_
5. Dehulled, uninoculated .
6. Dehulled, inoculated
7. Hulled, uninoculated
8. Hulled, inoculated....
2-3. Pollen shedding to shed
4. Milk stage
5. Dehulled, uninoculated ...
6. Dehulled, inoculated
7. Hulled, uninoculated
8. Hulled, inoculated

Total

Smutted

Per
cent of
smut

81
85
15
47
30
42
64
19
29
49
23
42
5

3
2
0
36
0
6
1
1
0
31
0
0
0

3.70
2.35
0
76.60
0
14.29
1.56
5.26
0
63.27
0
0
0

0
29
2
9
0
0
0
0
0
0
5
9
1
14
0
6
4
0
0
21
0
6

0
87.88
6.06
19.57
0
0
0
0
0
0
6.94
16.67
11.11
100.00
0
16.22
5.06
0
0
52.50
0
15.38

11
33
33
46
104
65
17
46
32
35
72
54
9
14
35
37
79
42
26
40
21
39

(*)

(>)

Number of heads
Total

Smutted

Per
cent of
smut

233
281
41
188
115
144
210
84
101
142
69
124
14
123
44
146
110
127
375
284
73
167
110
127
187
210
21
114
154
133
274
151
89
143
75
160

13
4
0
148
0
12
1
9
0
80
0
0
0
4
0
132
3
25
0
0
0
0
0
0
19
42
3
114
0
15
9
0
0
73
0
24

5 58
1 42
0
78 72
0
8.33
0 48
10 71
0
56.34
0
0
0
3 25
0
90.41
2.73
19.69
0
0
0
0
0
0
10.16
20.00
14.29
100.00
0
11.28
3.28
0
0
51.05
0
15.00

a
The type of inoculation is referred to by number in the second column from the left in this table. The
numbers
refer to the explanations of time and method of inoculation given above.
h
Not counted.

The smut records in Table II show
strikingly that seedling infection takes
place when the mature seed is dehulled
and inoculated with spores of Ustilago
nuda (PL 1, B). There evidently was a
small amount of natural infestation in
the seed used as two smutted plants occurred in one of the Han River controls
and one plant in one of the Texas
Winter controls. Other controls were
smut-free (PL 1, A). The seed was not
disinfected in any case as there was a
possibility of injuring the vitality and
interfering with the results.
Apparently some infection was obtained in some cases by dusting the
spores on the stigma and ovary at
flowering time and afterward. This
appears to be true for all varieties except Han River and Nakano Wase,
The percentages of infection, however,

are not as high as have been obtained by
previous investigators using this method
of inoculation. As suggested by Jensen {12), there is a possibility that the
flowers were infected, and also a possibility that the spores remained between the glumes and the kernel and
germinated and produced seedling infection when the seed germinated.
Microscopic examination three days
after the flowers were inoculated
showed that many of the spores had
germinated within the flowers of
Alaska barley. No infections were
found. This limited examination does
not prove, by any means, that infection
does not take place. Neither does it
prove that the ungerminated spores
are not finally responsible for infection.
Even though infection takes place in
the flower, which seems entirely pos-

EXPLANATORY LEGEND FOK PLATE 1
Infection of Han River barley by Ustilago nuda. Plants grown on bench in greenhouse.
A.—Seed dehulled and uninoculated. All plants remained smut-free
B __gee(l dehulled and inoculated with spores of U. nuda; 87.88 per cent of the plants and 90.41 per cent of
the heads were smutted.
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sible, the mycelium within the seed
may not be responsible for the infection
which takes place when the seed is sown.
The fact that loose-smut is controlled
by superficial disinfectants would indicate that it is not internal unless it be
very superficial so that these fungicides
destroy it.
The results show that, to a large extent, the hulls (glumes) are the limiting factor in the infection of barley by
Ustilago nuda. However, with the exception of Nakano Wase and Greece,
comparatively high percentages of loosesmut were obtained by inoculating hulled
seed, the lowest percentages of infected
plants in the other four varieties being
14.29 per cent in Alaska. This amount
of infection is sufficient to account for
the percentages of loose-smut in barley
which generally occur in nature. As
is true with the covered-smut fungus,
U. hordei, the inoculation of hulled seed
with U. nuda does not insure infection.
The hulls evidently are an important inhibitor. There may be different strains
of the fungus, as Faris (6) has pointed
out in the case of U. hordei, which infect
certain varieties more readily. While
there is a chance for the spores to enter
between the glumes at flowering time
when spore material is abundant, there
seems to be an equally good or better
chance for them to enter when the grain
is being threshed and handled. The
hulls often are broken and some kernels
are completely dehulled in the threshing
process. It is true that the loose-smut is
largely dissipated by harvest time, but
there no doubt is enough spore material
left^on diseased heads and surrounding
plants to cause the low percentages of infection which ordinarily occur in nature.
If barley is inoculated naturally by U.
nuda in the same way as it is by U. hordei
the lower percentages of loose-smut
which generally occur would harmonize
with the fact that the spores disappear
more readily in the case of loose-smut
and that there is much less inoculum
available at threshing time
Nakano Wase remained smut-free in
these experiments. It failed to become smutted with covered smut in
the experiments of Tisdale {19). So
far as the writers know, neither loose
\

4

;
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nor covered smut has been found in
this variety in the field.
SEEDLING INJURY

In previous experiments it was noticed that in most pases the stands
of seedlings from dehulled-inoculated
seeds were poor as compared with the
stands from dehulled and uninoculated
seed. It even was necessary in some
cases to reseed in order to get a satisfactory stand from inoculated seed.
Many of the seedlings that emerged
from inoculated seed were abnormal in
appearance. Many of them emerged
at an angle rather than normally.
A set of experiments was planned
for the purpose of making a study of
the effects of the loose-smut fungus
on the germination of the seed and
the emergence of the seedlings of
barley. Seed of two varieties, Texas
Winter and Han River, from the 1921
crop grown on Arlington Experiment
Farm was dehulled. A part of the
dehulled seed of each variety was inoculated and sown and a part sown
without inoculation.
It was sown
about 2 inches deep in soil on greenhouse benches at Arlington Experiment Farm, on January 29, 1924.
Close observation every few days revealed a noticeable difference in the
number of seedlings emerging from
the inoculated and uninoculated seeds.
Stands were much better from the
latter. Texas Winter germinated very
poorly in either case.
After several
days seeds which failed to produce
plants were dug up. Many of the
seeds of Texas Winter had decayed,
due to the presence of other organisms. In Han River, however, where
the uninoculated seed germinated well
and produced a good stand of normal
plants (PI. 2, A), the inoculated seeds
were' found to be germinated but the
seedlings were developing very abnormally (PL 2, B). The coleoptiles
often were much shortened, thick, and
tough. For this reason, apparently,
they failed to open normally at the
tip and the plumule was held within,
causing it to curl into various shapes
which prevented emergence.
Many
seedlings which did emerge came
through the soil at an angle instead

EXPLANATORY LJBG^NI) FOR PLATE 2

/

Iiijury to seedlings oí Han River barley by Ustílago nuda. Seed dehulled and sown in soil on greenhouse
bench. Jan. 29,1924.
A.—Healthy seedlings from uninoculated seed; 93.44 per cent of the seed produced plants of this type,
which were smut-free at maturity.
B.—Seedlings from inoculated seed infected by U. nuda. Only 11.29 per cent of the seed produced seedlings
sufficient! y normal to emerge. The remainder of the seeds germinated but the seedlings were too abnormal
to emerge. The infected coleoptiles failed to open up normally and the seedlings became twisted in various
ways.

I nfection of Barley by Ustilago nuda
(For explanatory legend see p. 268)
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of erect, as previously mentioned, and
were yellowish in appearance. Some
of these later developed a somewhat
stiff appearance with a rather bluishgreen color. A high percentage of the
plants which matured from the inoculated seed developed loose-smut.
(Table III.)
On February 13, 1924, another set
of dehulled seed of Han River from
TABLE
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depths of sowing on the emergence of
the seedlings. It seemed probable
that the deeper sowing would produce
poorer stands, judging from previous
results, both as to stands and the
effects of the fungus on the young
seedlings. Seed of three varieties of
barley—Tennessee Winter, Han River,
and Nakano Wase—was dehulled and
25 inoculated and an equal number of

III.—Effects of Ustilago nuda on the emergence of barley seedlings from
dehulled seed, and the occurrence of loose-smut in the surviving plants

Variety

Texas Winter
Do .
Han River
Do
Do
Do

Treatment

Per Number Number
Per
Number Number
of
of
cent of
cent of
of
of
emerplants plants smutted
plants
seed
sown emerged gence matured smutted plants

'_. Inoculated.. ...
Uninoculated
Inoculated
Uninoculated
Inoculated
Uninoculated

the 1922 crop was sown about ^ of an
inch deep in a flat in the greenhouse.
The seedlings emerged but slightly
better from the uninoculated seed.
Most of the plants in this flat were
used for infection studies and were
not grown to maturity, so there are
no smut records available. (Table III.)
The results given in Table III are
very striking. Even though the stands
of plants were much poorer from inoculated seed, those plants which survived showed a high percentage of
loose-smut. Emergence of seedlings
in the flat where the seed was sown
% inch deep was much better than
was the emergence from seed sown 2
inches deep on the benches. These results led to the belief that the degree
of injury to the seedlings by infection
would be indicated to a certain extent
by the ability of the infected seedlings
to emerge when the seed was sown at
different depths after inoculation.
A set of experiments was arranged
in which the seed was spaced carefully
in the rows and covered at uniform
depths of % and 13^ inches, respectively, to determine the effects of these

56
57
62
61
50
50

3
20
7
57
44
46

5.36
35.09
11.29
93.44
88.00
92.00

3
11
5
57

3
0
4
0

100
0
80
0

uninoculated seed of each was sown
in flats in the greenhouse on February
25, 1924, at each of the two depths—
J4 of an inch and 1J^ inches. A compact soil with little organic matter was
used. Four days previous to this, 50
seeds each of inoculated and uninoculated Han River barley were sown
in a flat of loose organic soil in the
same greenhouse.
Through subsequent observation, it
was found that there was a striking
difference in the percentage of emergence of seedlings from inoculated
seed sown at the two different depths,
except in the loose soil, while there was
very little difference in the emergence
from uninoculated seed sown at different depths (PL 3, A to H, PL 4, A to D).
The surviving plants from the inoculated seed of Tennessee Winter and
Han River showed a high percentage
of loose-smut (PL 5, A and C; PL 6,
A and G; PL 7, A); Nakano Wase from
inoculated seed remained smut-free,
as did all the plants from uninoculated
seed (PI 5, B and D; PL 6, B and D,
and PL 7, B). (Table IV.)

EXPLANATORY LEGEND FOR PLATE 3
Infection of barley seedlings from dehulled seed by Ustilago nuda, and emergence of seedlings from seed
sown at different depths in flats in the greenhouse on Feb. 25, 1924.
Tennessee Winter:
A.—Inoculated, sown % of an inch deep; 56 per cent emergence.
B.—Uninoculated, sown % of an inch deep; 88 per cent emergen e.
C—Inoculated, sown 114 inches deep; 32 per cent emergence.
D— Uninoculated, sown 1H inches deep; 84 per cent emergence.
Nakano Wase:
E— Inoculated, sown % of an inch deep; 60 per cent emergence.
F.—Uninoculated, sown % of an inch deep; 92 per cent emergence.
G— Inoculated, sown 1% inches deep; 28 per cent emergence.
H— Uninoculated, sown 1J^ inches deep; 92 per cent emergence.
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IV.—Effects of Ustilago nuda on the emergence of barley seedlings from
dehulled-inoculated seed sown at two different depths, and the occurrence of loosesmut in the surviving plants

TABLE

Variety

Tennessee Winter
Do
Do
Do....
Nakano Wase...
Do
Do
Do
Han River .
Do
Do
Do
Do
Do....
0

Depth
sown in
inches

Treatment

Inoculated
Uninoculated
Inoculated
Uninoculated
Inoculated.
Uninoculated
Inoculated
Uninoculated
Inoculated
Uninoculated
Inoculated
Uninoculated

■

1
Vé
l'A
l'A

. .

Inoculated
Uninoculated

°ú

l'A
l'A

}Á

Number
seedlings
from
25 or 50
seeds
From 25
seeds
14
22
H
21
15
23
7
23
17
24
M
24
From 50
seeds
37
47

Percent- Number
age of
of plants
emergsmutted
ence

Percentage of
smut

56
88
32
84
60
92
28
92
68
96
16
96

11
0
8
0
0
0
0
0
14
0
2
0

78 57
0
100. 00
0
0
0
0
0
82 35
0
100.00
0

74
94

34
0

91.89
0

Two died.

The data in Table IV show that
there was a marked reduction in emergence of seedlings from dehulled-inoculated seed. This was true for all
three varieties. The stands were much
poorer from inoculated seed sown IJ^
inches deep than from similarly treated
seed sown only Já of an inch deep.
The seedlings of Nakano Wase, a variety
which has not been known to become
smutted, were injured as severely (PI.
3, E and G) as those of the susceptible varieties, Tennessee Winter and
Han River (PL 3, A and C and PL
4, A and C). The seedlings from
the inoculated seed showed the same
abnormalities as previously mentioned.
They were twisted, and yelloAvish in
color, and some emerged at an acute
angle to the soil surface. After emergence the leaves appeared somewhat
stiff and later became bluish green in
color, and waxlike streaks were noticeable, especially on the dorsal surface of
the first two leaves on some of the
abnormal plants.
Cause of Seedling Injury
After it had been definitely shown that
Ustilagonudacsiused considerable injury

to barley seedlings grown from dehulled-inoculated seed, the question
arose as to whether this injury was due
to infection and invasion of the tissues
of the seedlings by the fungus or to the
presence of large quantities of spores
on the naked germinating seed, which
might have a toxic effect. The experimentation along this line was very
limited. It may be well, however, to
present the meager evidence obtained.
The fact that plants grown from inoculated seed produced high percentages of loose-smut was sufficient
evidence that infection of the seedlings
took place. Actual penetration of
the seedlings by the mycelium of the
fungus also had been found in cytologie studies to be discussed later.
A quantity of viable spores of Ustilago nuda were placed in a test tube with
sufficient water to immerse them. The
tube was corked and a standardized
thermometer inserted through the
cork with the bulb extending into the
solution. The tube was then immersed
for 15 minutes in water that ranged in
temperature from 59 to 61° C. This
was done to devitalize the spores and
at the same time, if possible, to prevent
heating sufficiently high to destroy any

EXPLANATORY LEGEND FOR PLATE 4 .
Effects of viable and devitalized spores of Ustilago nuda on seedlings of Han River barley sown in flats
in the greenhouse Feb. 25 and Mar. 8 ,1924. Seed âH dehulled except those producing plants shown in H.
A.—Inoculated, sown H of an inch deep; 68 per cent emergence.
B— Uninoculated, sown % of an inch deep; 96 per cent emergence.
C—Inoculated, sown 1 }>4 inches deep; 16 per cent emergence.
D.—Uninoculated, sown 1H inches deep; 96 per cent emergence.
E.—Uninoculated, sown 1A inches deep; 86 per cent emergence.
F.—Inoculated with devitalized spores; sown 1A inches deep; 94 per cent emergence.
G.—Inoculated with viable spores; sown 1A inches deep; 48 per cent emergence.
H.—Hulled; inoculated with devitalized spores; sown 1A inches deep; 98 per cent emergence.
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toxine that the spores might contain.
The spores were then filtered from the
solution and left on the filter to dry.
A germination test proved these spores
to be dead. The untreated spores germinated more than 80 per cent.
Five dehulled seeds of Han River
barley inoculated with the devitalized
spores and sown on moist sterile filter
paper in a Pétri dish showed no signs
of abnormality while some of the seedlings from seed similarly treated but
inoculated with viable spores showed
some of the abnormal symptoms
observed in seedlings from seed inoculated with viable spores and sown in
the soil. The abnormal seedlings were
found through microscopic examination to be heavily infected by Ustilago
nuda.
On March 8, 192a, duplicate lots of
hulled and dehulled seed of Han River
and Nakano Wase barleys from the
crop of 1921 were inoculated according
to the regular method, one lot of each
with devitalized spores and the second
lot with viable spores of Ustilago nuda.
A third lot was left uninoculated. All
lots of the seed were sown IJ^ inches
deep in flats in the greenhouse. This
seed was known to have a slight amount
of natural infestation (Table V), but
not sufficient to interfere seriously with
the results as is shown by the controls
in Table V. Seed of Red Wave wheat,
one lot inoculated with devitalized
TABLE
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and another with viable spores of
U. nuda, and of an uninoculated control, was sown in similar flats to determine the effect of these spores on wheat
seedlings. If the injury of the barley
seedlings were due to a toxin produced
on the surface of the seed by either the
germinated or ungerminated spores,
wheat seedlings might also be injured
by inoculating the seed with these
spores of U. nuda.
The emergence of the barley seedlings
from dehulled seeds inoculated with
viable spores was poor (PI. 4, G, and PI.
8, E), as had been previously noted with
that type of inoculation. The spores
killed bv heat had no visible effect on
the seedlings (PL 4, F and H, and PL 8,
D and F). The stands were as good
as those of the control (PL 4, E, and
PL 8, B, C, and H). A high percentage
of loose-smut developed in Han River
plants from the dehulled seed which
had been inoculated with viable spores
(PL 7, C). More smut developed in
plants from hulled seed of Han River
inoculated with viable spores than
occurred in corresponding plants from
uninoculated seed. Plants from seed
inoculated with devitalized spores were
smut-free (PL 7, D). None of the
wheat seedlings showed any signs of
injury regardless of how the seed was
treated. The emergence was equally
good in each case and the plants were
normal at maturity. (Table V.)

V.—Effects of viable and devitalized spores of Ustilago nuda on barley and
wheat seedlings from seed sown l}/2 inches deep in the greenhouse

Variety

Treatment previous
to inoculation

Type

of spores
used

Han River
Do
Do
Do
Do
Do
Nakano Wase .
Do
Do
-..
.
Do
Do - .Do
Red Wave (wheat)..
Do
Do

Dehulled
do
. doHulled
.. do.
..do
Dehulled
do
:
do
:-.
Hulled
do
do
.
No treatment
-do
----„ do
-.

None..
Devitalized
Viable
None.
Devitalized
Viable
None
Devitalized
Viable
None
Devitalized..
Viable..-.
None
Devitalized..
Viable

Number
of plants
from 50
seeds

Per cent
of emergence

43
47
24
49
44
48
43
41
16
46
45
<6
48
49
49

86
94
48
98
88
96
86
82
32
92
90
92
96
98
98

Number
of
smutted
plants
1
2
24
3
0
5
0
0
0
0
0
0
0

Per cent
of smut

2.33
4.26
100. 00
6.12
0
10.42
0
0
0
0
0
0
0
0
0

EXPLANATORY LFGEND FOR PLATE 5
Infection of Tennessee Winter barley from dehulled seed by Ustilago nuda. Same plants shown in Plate. 3,
A to D.
A.—Seed inoculated. Plants 78.57 per cent smutted.
B.—Seed uninoculated. No smut.
C.—Seed inoculated. Plants 100 per cent smutted.
D.—Seed uninoculated. No smut.
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The data in Table V show that injury to the seedlings was not caused by
spores of Ustilago nuda devitalized in hot
water. They show that neither viable
nor devitalized spores had any noticeably injurious effect on seedlings of
Red Wave wheat. The viable spores
had the same injurious effect on barley
seedlings which has been shown in
previous experiments (PL 4, G and
PL 8, E). The surviving plants of
Nakano Wase from seed dehulled and
inoculated with viable spores were
smut-free, while those of Han River
were 100 per cent smutted (PL 7, C).
This agrees with the results of previous
experiments.
CYTOLOGIC EVIDENCE OF SEEDLING INFECTION

After noting the injurious effects of
Ustilago nuda on the seedlings of barley,
it was decided to make in addition to
the studies of possible toxicity, a microscopic study of seedling infection to
obtain actual proof of infection and to
learn the possible relationship of the
amount of infection to seedling injury.
Seedlings that failed to emerge from
inoculated seed in some of the previous
experiments were dug up for this study.
Dehulled seed was inoculated and sown
in greenhouse flats to obtain further
material for this examination. The
abnormal seedlings were carefully removed from the soil by taking a clump
of dirt with the roots. They were then
carefully washed to remove as much of
the dirt as possible without any rubbing. The coleoptile was removed
from the young seedling with a scalpel
and placed on a microscopic slide with
the inner surface downward. A few
drops of water were then placed on the
specimen and pains taken to spread
the coleoptile so that it did not fold
when the cover glass was gently pressed
over it. Glycerin was then added, a
drop occasionally, and the slides remained in good condition for study for
several days. These slides were studied
carefully under the microscope. The
coleoptile is sufficiently translucent so
that the cellular structure is easily
visible with the proper manipulation of
the microscope. After considerable
search a germinated spore was found
adhering to the epidermis of the coleoptile, and the mycelium had pene-
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trated the epidermal cell wall and
passed through two or three cells
beneath (PL'9, j). The spore wall was
sufficiently intact so that it could be
identified as a spore of U. nuda by the
echinulations on its surface. Many
cases of penetration were detected by
this method on the seedlings of different varieties of barley including Nakano
Wase which has never produced smutted heads in the writers' experiments
(PL 9, c, d, f, i, j, and I). A more direct
method was then employed for studying penetration, one in which the possibility of contamination was reduced to
a minimum and in which no washing
of the seedlings was necessary before
the examination was made. A method
similar to the one employed by Tisdale
(IS) in his studies of the penetration of
the root hairs of flax seedlings by
Fusarium Uni was used. As the smuts
infect the seedlings of small grains so
early in their development, this method
was considered satisfactory. The seedling is not far enough advanced to be
drawing much, if any, of its food from
the soil at the time when infection
takes place. The seedlings apparently
are in normal condition in the tube
cultures at this age.
Strips of paper towel were rolled and
inserted into test tubes, the rolls being
one-third the length of the tubes, and
enough water added to wet the paper
thoroughly and to fill the tube up to
about one-îialf the depth of the paper
roll. The tubes were sterilized in an
autoclave. Dehulled and hulled barley
seeds were treated by the modified
hot-water method to kill any smut
spores or other fungi on or in them.
A part of the seed was.then inoculated
with spores of Ustilago nuda which had
been collected from Tennessee Winter
barley the previous year and kept in a
well-corked bottle after drying. This
inoculated seed and a similar lot of
uninoculated seed were sown in these
sterile tubes. The tubes were placed
in a dark closet at room temperature
(about 21° C.) and left for two days,
at the end of which time the inoculated
seeds which were germinating had a
frosty appearance.
When examined
under the microscope this whitish substance proved to be the mycelium of
germinated spores of U. nuda. Coleoptiles of these seedlings examined according to the method previously

EXPLANATORY LEGEND FOR PLATE 6
Infection of Han River barley, from dehulled seed, by Ustilago nuda. Same plants shown in Plate 4, A to D.
A.—Seed inoculated. Plants 82.34 per cent smutted.
B .—Seed uninoculated. No smut.
C—Seed inoculated. Plants 100 per cent smutted.
D.—Seed uninoculated. No smut.
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described showed no signs of infection.
Further examinations were made on
the fourth day and some of the seedlings were found to be heavily infected by these hyphae (PL 9, a, b, e,
g, k, and m). There was no mistake
as to the identity of the fungus. Similar
cultures were made in Petri dishes on
sterile paper with the same result.
The seedlings were easy to remove for
study and, as with the tube cultures,
no washing was necessary before the
examination was made. In this way
the spores were not disturbed and
could be found attached to the hyphae.
Infections of seedlings of the following
varieties were found by this method:
Tennessee Winter, Han River, Nakano
Wase, and Smyrna (C. I. 195), a tworowed barley. In one case the first
two leaves of a seedling of Han River
were found to be heavily infected
(PL 9, h and n). Nakano Wase, the
variety which has not shown any
smut at maturity, apparently was infected as easily as the susceptible
varieties (PL 9, k and m). One hullless barley, C. I. 2222 was sown in the
dish cultures and examined to a
limited extent but no infections were
found.
Reports indicate that the
naked barleys smut heavily in nature.
In many cases the mycelium was
found entering the epidermis at or near
the wall between two cells (PL 9, b, e, g,
j). This was not always true, however,
as the hyphae seemed to be able to
penetrate the cell wall at any point (PL
9, a, d, f, i). The fact that the fungus
is able to infect the coleoptile and, in
cases, the first leaves, is not proof that
it will reach the growing point of the
seedling and finally result in a smutted
plant. However, the injury caused to
the seedling (PL 3, 4, 7, and 8) is a very
good indication that its activities are
not confined to the coleoptile and the
superficial tissues of the plant. Furthermore, the high percentages of loosesmut occurring in the plants of susceptible varieties grown from inoculated
seed is definite proof that the fungus
reaches the growing point of the seedling and keeps pace with its development. With Nakano Wase the fungus
evidently penetrates beyond the superficial layers, as evidenced by severe
seedling injury (PL 3 and 8) but is
unable for some reason to keep pace
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with the development of the plant.
Consequently, the surviving plants are
smut-free at maturity. The seedling
injury no doubt is due to heavy infection and invasion of the tissues of the
plant by the fungus mycelium. If a
toxin actually is responsible for the
injury it evidently is produced within
the tissues of the host as invasion takes
place.
DISCUSSION

Floral infection has been recognized as
the only means of infection of barley by
the loose-smut fungus, Ustilago nuda, for
many years. No doubt, if Jensen (12)
had continued his infection studies
with dehulled seed and included the
loose-smut fungus after discovering it
he would have found that it could
infect the seedlings of barley. Maddox
(16) through whose work floral infection was first established, apparently
overlooked the possibility of the spores
remaining viable between the glumes
and the kernel when the flower is inoculated. He failed to consider the fact
that the hulls furnish a very effective
obstruction to infection. This is true
for both barley smuts. Since the time
of Maddox other investigators have followed practically the same methods of
inoculation used by him, with the
exception of Brefeld (3) in a part of his
investigations. Brefeld not only inoculated the flowers but also inoculated
young seedlings with germinated sporesWith the latter method he secured 1
per cent of infection in one experiment *
This might have been due to natural
infection or perhaps to contamination r
but there is a chance that it was due to
the inoculation.
Perhaps Brefeld's
method of inoculation or else the treatment of the spores, or seedlings, or
both, previous to inoculation had upset
their normal functions. The spores
were first germinated in water and then
finely divided in a nutrient solution
before spraying on the seedlings. There
no doubt are many reasons why they
might not have functioned normally.
Other investigators have inoculated
the flowers at various stages of development and have found that more infection takes place if the flower is
inoculated in one stage than if it is
inoculated in another. It seems entirely possible that the weather condi-

EXPLANATORY LEGEND FOR PLATE 7
Effects of viable and devitalized spores of Ustilago nuda on Han River barley. C and D were shown i a
Plate 4.
A.—Seed dehulled and inoculated. Plants 91.89 per cent smutted.
B.—Seed dehulled and uninoculated. No smut.
C—Seed dehulled and inoculated. Plants 100 per cent smutted.
D.—Seed hulled and inoculated with devitalized spores. No smut.
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The investigations recorded herein
tions at the time of inoculation might
determine whether the spores would have shown that seedling infection by
germinate immediately, or remain un- Ustilago nuda takes place abundantly in
germinated behind the glumes. The certain varieties of barley when the
age and condition of the spores might dehulled seed is inoculated. Infection
also be a determining factor. In our is so heavy in many cases as severely to
studies low percentages of infection injure the young seedling. The rate
were obtained by inoculating the of emergence of the seedlings from
flowers, and the stage the flowers were seed sown at different depths indicates
in when inoculated made little differ- the amount of injury done to the seedence in the amount of infection ob- lings. An injured seedling is more
capable of emerging through thin than
tained.
Hecke {9) illustrates a mycelium in it is through thicker layers of soil
the tissues of the scutellum of barley within the depths at which sowing is
kernels. It does not seem entirely customary. Loose soils are more favorimpossible that Hecke was mistaken in able to emergence than are close, comthe identity of the fungus. On the pact soils. There may be a toxic effect
other hand, it is possible that the fungus of the fungus on the host but the
infects at flowering time to a certain data indicate that if a toxin exists it is
extent. Certain local climatic condi- produced internally after the plant is
tions might be more conducive to floral infected. There are no indications of
infection. Should floral infection take injury due to the presence of spores on
place there still remains the possi- the seed.
Seedlings of both susceptible and
bility that the internal mycelium would
not become active when the seed is resistant barleys are injured by the
sown. In this respect the control by fungus. Infection studies have shown
that both types become infected. The
superficial disinfection is significant.
tube is capable of penetrating
There may be specialized strains or germ
directly the cell walls of the coleoptile
races of the fungus Ustilago nuda such and
at least the first two leaves of the
as have been found in other fungi, in- young
seedlings. The surviving plants
cluding some of the cereal smuts from inoculated
seed produced a high
{6 and 17). This seems to be a very percentage of heads
smutted with looselogical conclusion, in view of the fact smut. Nakano Wase
an exception.
that there is a recognized tendency on It failed to become issmutted
in all
the part of living organisms to adjust experiments and apparently is highly
themselves to their environment. In resistant to invasion by the fungus
the higher plants not only varieties after it enters the seedling. These
and strains but distinct individual
have shown conclusively
differences within the variety or strain investigations
that seedling infection by Ustilago nuda
are found. It is not beyond possi- will
take place in a number of varieties
bility that there are strains of the loosesmut fungus which infect through the of barley and have shaken the longaccepted theory that floral infection is
flower.
the only type of barley infection by
Brioli (4), working with four varieties the loose-smut fungus, U. nuda.
of barley, says that he found mycelium
of Ustilago nuda in the scutellum of the
SUMMARY
seed of only one variety. He» was inclined to the opinion that the other three
Floral infection of barley by Ustilago
varieties were resistant. The lack of nuda has been accepted as proved for
infection might have been more nearly many years.
what happens in nature. However,
Surface disinfectants have been
the varietal differences of the host plant found to control loose-smut in certain
may be a determining factor. Some varieties of barleys.
varieties may be more susceptible to
Dehulled seed of a number of variethis type of infection.
ties of barleys inoculated with spores
EXPLANATORY LEGEND FOR PLATE 8
Effects of viable and devitalized spores of Ustilago nuda on Han River and Nakano Wase barley seedlings
grown from hulled and dehulled seed sown 1^ inches deep ii; flats in greenhouse, on Mar. 8,1924.
Han River:
A.—Hulled, inoculated with viable spores; 96 per cent emergence.
B.—Hulled, uninoculated; 93 per cent emergence.
Nakano Wase:
' '
'
0.—Dehulled, uninoculated; 86 per cent emergence.
D.—Dehulled, inoculated with devitalized spores? 82 per cent emergence.
E.—Dehulled, inoculated with viable spores; 32 per cent emergence.
F.—Hulled, inoculated with devitalized spores; 90 per cent emergence.
O.—Hulled, inoculated with viable spores; 92 per cent emergence.
II.—Hulled, uninoculated; 92 per cent emergence.
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Infection of Barley by Ustilago Nuda

of Ustilago nuda produced plants with a
high percentage of loose-smut.
Nakano Wase barley remained smutfree even .though the seed was dehulled
and smutted.
Seedlings from dehulled-inoculated
seed of all varieties of barley studied
were severely injured, and many of
them failed to emerge.
Seedlings from dehulled-inoculated
seed sown three-fourths of an inch deep
emerged better than those from similar
seed sown 1% inches deep.
Seedlings from hulled-inoculated seed
"were not noticeably injured.
Devitalized spores of Ustilago nuda
were not harmful to barley seedlings
grown from the inocluated seed.
Neither viable nor devitalized spores
oíJJstilago nuda were harmful to seedlings of Red Wave wheat grown from
inoculated seed.
A miscroscopic study revealed infection of the coleoptile and first leaves
of the plumule of barley seedlings by
Ustilago nuda. Both susceptible and
xèsistant varieties were infected.
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EXPLANATORY LEGEND FOR PLATE 9
Infection of barley seedlings by Ustilago nuda.
Coleoptile infection in sterile tube and dish culture: a, Smyrna (C.I. 195), a two-rowed barley; b, e, and g.
Nakano Wase; k and m, Tennessee Winter; o, Han River.
Coleoptile infection in soil: c, d,/, and i, Han River; j, Tennessee Winter. Infection at base of coleoptile,
in soil; 7, Han River.
Infection of first leaf in sterile dish culture: h and n, Han River.
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