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AND U. 8. EXPERIMENT STATION.

The exceptional cases where smutted and sound stalks occur in the
same stool, are to be explained in the same way as theoccurenceof smutted
and sound kevnels in the same head, which was also found in a few
instances at the Haw patch by careful search. We are to suppose in these
cases that by ~ome accident of growth the fungus did not reach all parts of
the plant or did not attain its usual full development.

But we are not dependent on inferential knowledge for our informa-
tion, direct observation has shown that the xpore threads enter the wheat
plant at the time of germination, most readily along the edges where it i8
attached to the grain, and at any point above up to the first joini, some-
timex called the tillering point. If the seed had any covering of se:l to
sstart with, this first joint will atways be below tbe surface of the ground.
It has been found imposrible to infect the plant in other parts, chiefly for
the reason, it is to be assumed, that the cuticle is nowhere else sufficiently
tender to permit the delicate fungus growth to penetrate 1t.

It is easy to make a practical application of this piece of information.
No infection can come to the wheat plant through the air unless the grain
geminates lying upon the surface of the ground, and grains covered with
soil can only receive infection from spores sown in contact with the seed.
‘I'nerefore, the answer to our bt question is, that stinking smut will not
spread during the growing season. fvom field to field, or from plant to
plant, to any appreciable extent. When wheat is thoroughly covered with
earth by drill or harroww no infection can reach it that season, unless smut
was sown with the seed or already existed in the soil. * * * *

The answer to the second.gnestion is even more direct and emphatic.
Any trace of smut in the seed graim will produce an enormously greater
amount in the crop. It takes but a single spore to infect. and consequent-
ly destroy the grain in tbe heads of a whole stool of two to six stalks; and
in a single smutted kernel there are several million spores. One crushed
kernel thoroughly distributed through a bin of seed wheat may result in
many dollars loss when the crop is barvested, and any considerableamount
of smut in the seed would effectually dissipate the profit. if it did not quite
make the crop a failnre. * * * * L

A possible contamination ¢ seed griin, although the crop from which
it was obtained may have Leen free fron smut at the time of harvest, can
come from the thresher haying last been in a field of smutted wheat. It
should be used for rye, barley or oats before passing from smutted to clean
wheat. These cereals are never affected Ly stinking smut. In the same |
way clean seed may be contaminaled by being stored in a bin. or passing
through a fanning mll or seeder that has not been properly cleaned after
Leing used for smutted wheat. Sacks also distribute the smut, and should
be washed with soap and boiled, or at least turned and thoroughly beaten.
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Where possible a strong solution of blue vitriol snould be used to disinfect
with.

The esperiments by Brefeld show that the spores uf stinking smut #re
particularly well adapled to preservation in an active state in manure.
ff the manure is moist enough for them to grow they will not start and
then perish hecause no wheat plant is near to be entered, but by absorbing
nourishment will continuc to ¢row like a mold and produce secondary
spores, which in tnrn may or may not sprout al once. according to the
amount of moisturc into which they tall. and so vn. It hax been proven in
the case of corn smul. that the spores may pass through animals and retain
their gerininating power. and the same is likely true of wheat smut. The
straw or grain from a smutted erop when fed te cattle may conseqnently
have the larger part of the spores left in the droppings still possessing full
vitality. Obviously the spreading of such spore-laden manureon a wheat
tield would be poor poliey; let it e applied to some other crop instead.

Thisleads us to consider the ¢nestion of how long the sipores retain
their power of germination. Is it =afe,sofaras stiuking smnt isconcerned,
to follow a crop of xinutted wheat with wheat again if pure seed 15 used:
if not. how long must one wait? The spore: retain their power of ger-
mination when kept dry for two or three years, or even much longer, bul
such conditions do not occur in the field, and we may doubtless safely
assume that a field which is put into some other crop for one year will
have but little or no smut in the wheat of the following vear contracted
from the last crop. and that two intervening years without wheat will
practically eliminate every trace of it. * * * *

Narene of mie: Exsuny:  Of course priwarily and chiefly there is a
definite percentage of the crop actually lost. 'T'he seed has grown. the
heads have matured. but instead of geod xouud wheat. a certain partof the
crep has only kernels filled with a black. unctions powder. After harvest-
ing and threshing, an exitra awount of cleaning and sereening must be
gone throngh with to have the remaining wheat in a marketable condition,
if onte has the conscience to market it at all.

The wheat is absolutely unlit for seed untit put through a good fan-
ning mill with extra precautions. and afterwards treated with blue vitriol
or some other fungivide.

‘I'be tiour from it is atfected in proportion to the amount of smut.
‘I'he best mills arc now able to rewove a large part ¢f the sinutted kernels;
but as they are very fragile and the pewder is greasy. many kernels break.
and the pewder is smeared over the good grains or mixed directly with the
flour. The smiut gives the tour a dark color und eisagreeable smell. and
also iuterferes with its proper action in various cooking processes, especial-
Jy in bread making.
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Eating smutted flour is not recognized as at all detrimental to health.
ft is known however. that smut contains some of the same or a similar
principle which makes ergot, or spurred rye. so powerful a medicine and
0 harmful when eaten. But prebably enough smut in the flonr to make
it decidedly dungerous, would always Le refused in food from its dark
color and bad odor.

The straw and screenings from a smutted crop if fed to stock, used as
Ledding 1n stalls, & in any way converted into manure, are liable tospread
the disease when used as a fertilizer upon wheat land.

ResEDIES AxXp Prrcavtions:  There is no fungus disease known which
can be so readily and absolutely prevented as stinking smut. It costs not
a fraction of the trouble or expense that it does to remove the Colorado
beetle from potato vines. Any farmer who will tolerate the sinut pest in
his fields after knowing how to control it, would doubtless let Canada
thistles grow in his front yard.

Those who have vead the foregoing account of the habits of the para-
site will not need to be told that, after the grain is sown and the plants
are infected nothing can be d<ne to save the crop that follows from what-
ever loss may already be in store for it. All effort must be dirccted toward
preventing loss in the next and succeeding crops.

Bessey writes emphatically and to the point: ‘It has been demon-
strated over and over again that perfectly clean seed andclean ground will
produce a clean crop. It iswith smut as with weeds of all sorts, if we
have seeds we shall have weeds growing upas a result, butif we have no
seeds there will be no weeds. S0 with smut. Clean seed on a clean field
will result in a clean crop.

To have a clean field wheat st not follow a crep of smutted wheat
for one, or better yet, for two or three years. This advice is only needed
by thosze who have not learned the advantages of a proper rotation of crops.
And further. let no manure with straw from smutted grain mived with it,
or from stock fed on smutty straw or grain be spread on tields intended for
wheat within a year or so of seeding.

‘I'o protect the sown seed from spores brought from a distance by wind
or rain, be sure thatit is well drilled in, so that every grain is covered
with soil. The land ix to be prowerly drainedl, so that the soil may not be
too wet when the seed is germinating or when the plantlet is starting after
the winter’s rest, for in such cases the parasite gains time for growth
while the plantlet is held in check. Sowing the seed during a cold wet
time is also for the same reason a bad practice.

There are two ways of securing clean seed: either obtain it from a
source of known purity, or treat it with a proper fungicide just before
sowing Ly which the smut spores will be destroyed. Both methods have
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their advantages, and it will depend upon local circumstances as to which
is to be preferred.

Various fungicides for this purpose are in use. Solutions of both salt
and lime have been used for more than a century. more recently alum,
lye from wood ashes, permanganate of potash, coperas. arsenic, saltpetre,
diluted xulphuric acid, fresh cattle urine, and soap have been tried. Most
of these have some value, but thare is yet another one so superior to them
all that we need not stop to discuss those already named. This fungicide
is sulphate of copper, cominonly known as bLlue stone or blue vitriol.
Like many other good remedies. its virtues have been known some tune:
Prevost. at the beginning of the century, dusted smut over wheat, then
treated part with blue vitriol and sowed part without treatinent. ‘The
treated gave 1 smutted head to every 4,004 heads, the untreated 1 to every
3 heads.

‘I'be manner of application of this remedy varies greatly. lnglish
and German agriculturisis use dilute solntions, soaking the seed for several
hours; the common practice being to cover the seed with a half per cent.
solution for from 12 to Iti hours. The American method is to use stronger
solutions and immerse the secd a shorter time.

"T'he Station has not as yet had opportunity tv experiment in this line:
without doubt, however, the following methods will be found safe and
reasonably successful.

Where wheat is grown on a large scale. the solution is used in large
yuantities, of about the strengtl of half saturasion, in a large tub, suy a
hogshead sawed in two. 'I'he wheat in sacksi or baskets is lowered into
this solution until entirely wet. It is then removed, the surplus moisture
allowed to drain uff, and the grain thrown into a pile or left standing until
the next day before sowing. that it may be in better condition for use.

On the Pacific: coast farmers use six pounds of copper sulphate to each
ton of seed wheat. It is dissolved in suflicient water to wer this yuantity
of seed. The wheat is put into bags. say from 30 to 60 pounds each. and
immersed for 6 to 7 minutes. just sufficient to thoroughly wet the wheat.
It is then taken out and laid on sloping board% at the enii of the trough to
drain—the trough used being made for the purpose. something likea horse
trough.

Prof. E. W. Hilgad recommends that the solution be as strouy as it
can be made at the ordinary tempcrature. Sueh a solution will contain
about three pounds of the sulplate to five qua['}ts of water. T'he time for
immersion should be at lcast three minntes. during which the sack cotain-
ing the grain should be turned several times to insure a thorough wetting
of the contents.

Director Scovell of the Kentucky f£xperiment Station finding smut



AND U. 3. EXPERIMENT STATION.

among the wheats of the Statiou had all the seed treated to prevent a
recurrence. His method of applying the solution was as follows:—-Ten
pounds of blue vitriol were dizzolved in eight gallons of water, the seed
was turned loose into the solution and well stirrea, care Leing taken that
all the grain be immersed. The floating grains and particles wereskimmed
off and the solution poured intoa tub, and rensed whenever other wheat
was to be treated.

Prof. I. P. Roberts of the Cornell Station while connected with the
Agricultural College of lowa, whera this smut is often very troublesome,
treated the seed to a solution. To dry the grain again land plaster or
slacked lime was dusted over the pile. these being alded and mixed with
the wheat until the kernels no longer adhered to each other, when it was
immediately sown like ordinary seed.

Thix treatment in its varying details aims at destroying the spores of
of the smut without injuring the germinating power of the wheat. Using
a strong =olution and soaking a short time saves both time and trouble, but
also requires greater caution to avoid injury so the grain. While the seed
is in the solution, which should more than cover it, it iz well to stir the
grain about and ¢kim off all that Hoats, us in this way many unbroken
smutted kernels are removed.

The grain can be sown by hand in a few hours after treatment, and if
spread and stirred is ready for the drill in twenty-four hours. “Thedrying
can be accelerated. and according to mary farmers with much improve-
ment to the resulting crop, by dusting the grain with plaster or dry
slacked lime. which absorbs the moisture and keeps the kernels from
adbering to one another. More seed by measuie must always be used per
acre after treatment. as the grain has swoolen somewhat by absorption of
moisture.

This treatment with blue vitriol is not expensive, blue vitriol costing
from seven to ten cents a pound. and is not so troublesome in application
as it may =eem to one unaccustomed to it. ltsefficacy is beyond all yuestion.
In California *in early times,” says Mr. Davis. inconnection with the state-
inent already mentioned, “we were much troubled with smutty wheat, but
have little now, owing to tiie use of blue stone on the seed by many farm-
ers.” I’rof. Scovell says that tlie treatment mentioned above “proved
entirely successful. not the least smut appearing in any of the plots where
the seed bad been treated in this way. while the plot planted for compari-
son. without treating the seed wheat, contained about the same amount of
smut as last vear.” Similar testitnony has been given less succinetly by a
number of writers. [In Fiurope the practice is common, and in this country
it. will undoubtedly be more often profitably employed when its advant-
anes are fully known.
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‘The use of a strong solution of blue vitriol te disinfect the bin and
machinery used for seed wheat cannot be too stronhly urged.

Dipping seed grain into hot water of 127 deg's for five minutes is
advocated by Jensen of Denmark as equally efficient with the blue vitriol
treatment. I+ is a remedy worth trying. -

When a farm is once thoroughly rid of the pest. it is easily kept free
hy a little care.

BLLACK SMU'T.

The present opportunity is taken to call the attention of cultivators
1 the very general lost which annually vecurs in grain crops Ly the pres-
ence of black smut. This smut is odorless. not very conspicuous in the
field and does not show in the threshed gravin. 1Por these reasous a loss of
even ten per cent. of the crop rarely attracts attention or comment. But
those conversant with the real state of the case will agree that *:clean seed
upon a clean field” is quite as desirable from an economical stand),oint in
connection with llach: smut. as with stinking smut, and nearly as easy te
secure. The very fact that there is actually a large annual loss from this
cause, almost unrecognized by the farmer, and yet a preventable one,
mitkes it desirable to speak plainly.

Black smut attacks wheat, oats, barley and rye. Asa rule the whole
of each head and ull the headsin a stool are destcoycd. Ntalks bearing
smut do not grow as tall as healthy guvuin, and consequently, while indi-
vidually cons:picuous enougb. are readily overlooked in the field. 'I'he smut
not only attacks the kernel hut also the chait, and more or less completely
reduces the wholt: head to a black powder. which is in marked contrast
with the effect produced by stiukiug smut. ‘The head remuins much
dwurfed und contracted. By harvest time the spores have ripened and
largely blown away. er been washed off by the rain. leaving little or noth-
ing but the rigid extention of the main stalk. which formed the support of
the kernels. * ¥ * *

The method to be used in order to free a farm or crop of black smut is
essentially the same as that given above, with only this additiou, that outs
and barley on account of the hulls. should be soaked in the Dblue vitriol
solntion longer. Plumb found that using fom- ounces of blue vitriol to a
gullon of water, oats immersed for 173 hours before planting left ncarly
two pet: cent. of smut in the resultiug crop, while soaking for 48 hours left
noue. [tis probable that with this strength of solution soaking 24 hours
will usually bs sufficient, and muking the solution four times as strong,
according to the best practice with wheat. the time miglt be reduced to ax
liwur or two or possibly less.

‘I'he numbzet of recorded experiiments in treatinz seerd for black smut
is not large, and the opinion is held by some that it does not prove as nni-

(
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fornly successful as with the stinking smut, but yet there is every reason
to suppose that if all precautions are carefully considered which the differ-
ence 1n the habits of the two suggest, equally good results may be obtaiuned-
The necessity of zoaking oats und lLarley longer than wheat hax already
been mentioned. The factl that the soil receives a largev spontaneous sow-
ing of spores from the crop of grain last grown than 1a the caseof stinking
smut makes it necessary to be even more cautious about following a
sinusted erop with any kind of cereal for two yerrs ov more if possible; for
it must be borne in mind that while stinking simut atta:ks only wheat,
black smut is equally destructive to all the other cercals.

The above suggestions will seem more important if the cultivator can
realize that it is a fact, proven by actual count that the loss from black
sanut always greatly exveeds the estimates imade by looking at. the crop in
the field and that the preveuntion of this considerable loss is reasonably
easy and economical.

SUMMARY.

The foregoing account of stinking smnt (known as bunt in England)
may be summarized in the following paragraphs:

Tt is one of tlie most destructive diseases to which the wheuat crop is
subject. not that it deteriorate:s the total product. but it canses a complete
lowv of a part, notinfrequently of half or more of the crop.

[t probakly occurs te same extent throngzhout wheat growing regions;,
but most prominently in Indiana, [owa. and adjacent states, as well as in
California and Europe.

[t 15 cansed Ly a fungus growing inside the wheat plant. ‘There are
twvo species of this fungus, differing only in microscopic characters: 'Fil-
letia tritici with rough spores and Tilletia feetens with smooth spores.
The latter is most common 1n the Mississippi valley.

npores of the fangns, which are very nearly or quite in wntact with
the germ end of the wheat grain. or touching the yonng plantlet between
its attachment to the seed and the first joint. can grow into the tender
tissues of the plant as the seed sprouts. and drawing uoarishment from
the juices develop along with the wheat. and finally produces spores in the
kemels. A single spore may thux cause all the beads of a stool of wheat
to smut.

The disease does not zpread from plant to plaut or from field to field
bt the infection always takes plkace at the time the seed sproats.

Noremeds can be applied after the grain is sown, hut the diseaze ¢:an
Le prevented Ly sowing clean seed in a clean soil and covering well.

[£ a farm iz alreacly infested. seed known to be pire can be obtainsd.
o1 the smttty seed ean he purified by thoronghly wetting with a solution of
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blue vitriol, using one pound or more to a gallon of water, and eitliér sow
damp or first dry with plaster orslacked lime.

Take care that the thresher, storage bin, fanning mill, seeder, sacks
and everything else coming in contact with grain to be used as seed are
thoroughly disinfected, if they have previously Leen used for smutty
wheat.

Do not follow smutted wheat for one, or better still for two years, but
with some other crop.

Do not apply stable manure or permit stock to run on land to be put
into wheat, if smutty grain er straw has been used for feeding or bedding.

Where there is danger of infection do not sow wheat on wet or insuf-
ficiently drained land, and use a variety of wheat least affected by smut.

‘The cost and trouble of ridding a farm of stinking smut, and keeping
it free, is very slight compared to the toss which is likely to result from
mattention.

These statements regarding “stinking smut” apply egually well to
black smut with the following exceptions:

Black smut is more common everywhere than the other, and causes a
loss greater than is usually supposed, but which rarely reaches the large

percentages of stinking smut.

[t is cansed by a fungus. Cstdlago segetum. of similar habits to the
other smut, but unlike that is not confined to wheat. but attacks other
small grains as well.

The means of clearing a farm of hlack smut are essentially the same
as for the other, but with the diiterences that wheut, oats, rye and barley
are all susceptible to the disease, and cannot follow one another when
¢learing the soil of the spores, and that grain with hulls requires longer
soaking with blue vitriol than hulless grain.”




