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PREFACE.

HE study of smuts of Jowar (Sorgham) is of no small importance as
L the following paper will show. The present paper embodies the
results of observations and experiments made by the writer during
the last five years. It does not claim to be an exhaustive study but
mainly notes the kinds of smuts attacking the crop, the damage they do,
some facts in their life-histories, and the means of checking them so far
known. The study is being continued. Tt is hoped to carry out similar
work on other important smuts on Bajari (Pennisetum typhoidewm),
Rala (Setaria italica), and Nachani (Eleusine coracana).

The writer spent two months in the Mycological Lahoratory,
Research Tustitute, Pusa, while working up the paper. While he was
there, considerable help and advice was rendered to him by Dr, E. J.
Butler, Imperial Mycologist, Pusa. The literature and specimens i
his laboratory were freely consulted and the illastrations were also pre-
pared there. Tor all this he is greatly indebted to him. His acknow-
ledgments are also duc to the Superintendents of the College Farm,
Poona, the (faneshkhind Botanical Gardens, Kirkee, and the Dharwar
Farm, for having kindly undertaken for him the field experiments.

G, 8. KULKARNI.
AGRICULTURAL (OLLEGE,

Poona, 17th March, 1917,
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Smuts of Jowar (Sorghum) in the Bombay
Presidency.

[ Receivrd for publication on 30tk July, 1917, |

The word Jowar as used in the Bombay Presidency indicates all
the cultivaled varicties of Andropogon Sorghwm Brot. In India the
crop occupies a third place among the cultivated crops, in acreage, cover-
ing an arca of twenty-one million acresl, while in the Bombay Presi-
dency it ranks first, occupying more than eight million? acres. This
area Tepresents about one-sixth of the total cropped arca of the Pre-
sidency and is more than one-third of the total area devoted to fond
grain crops. It is thus an important field crop in every part of the
Presidency except in the Konkan, where, owing to excessive rainfall,
it gives place to rice, and consequently occupies a small avea, and in the
Panch Mahals where maize (Zea Mays) is the staple. The reason why
this crop is largely grown is because of its two-fold use as food and
fodder. Its grain forms the chicf article of diet of a latge section of the
population and its stems form first class fodder which is the main
stay of the cattle. Any diseases affecting such an important and widely
grown erop are, therefore, well worth studying.

The number of fungus diseases affecting this crop is large, hut by
far the most important of them from the economic point of view are
those that canse the well-known smut discase. This disease has been
long known to the cultivators under various names as Kani or Kajuli
in Marathi, Kadige in Kanarese, Angario in Gujarati, and Kani in Sindhi.
It is also known in all other parts of India, especially in Madras, the
Central Provinces, and Burma where it is very common, and throwghout
the world wherever varieties of Andropogon Sorghum are grown. Thus
it is reported to occur on Durra or Kafir corn in Africa, Sorghum or
Broom corn in Southern Europe and America, Guinea corn in the West
Indies, and Sorghum or Amber cane in Australia. Investigators in
these countries have discovered and described six or seven kinds of
smuts on this crop. So far as India is concerned, however, only three
of these smuts have previously been identified?, though, as will be seen

! Statistical Abstract relating to British Indin from 1904-05 to 1913-14, page 132.

* Season and Crop Report of the Bombuy Presidency for the year 1915-1916, statement 111,

i Sydow, H. V. P. and Butler, E. J. * Fungi Indi® Orientalis” 1. 4na, Mycol., 1V,
1906, pp. 425 and 427,
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below, a fourth has now to he added. Tn Madras Barber! has published
an account of the three commoner forms. But they have not received
a thorough study either in their scientific aspects or in relation to
practical agricultural applications.

There arc four distinet smuts that occur on Jowar in this area ;—

1. Grain Smut. Here the normal grains in the head arc transformed
into enlarged, clongated, conical bodies protected for some time by a
crevish membrane which on rupture exposes a dusty wass of black
spores. .

2. Loose Smwut. This differs from the above in thaf the affected
body has a fragile wembrane which ruptures  even before the head
comes out. Ou cxposure the head presents a datk sooty appearance.

3. Long Smut. Here the aflected individual grains are much more
elongated than cither of the above two, up to us much as 1} inches in
length. '

4. Whele-hewd Smut.  Here instcad of individual srains being
involved, the whole of the head, including the rachis, is converted into
a fibrous spote mass.

Distribution,

district, m which Jowar is cultivaled, suffers more or less
severely from the disease. The virulence and distribution seem fo
depend upou (1) the character of the seed sown, (2) the locality and
(3) the variety of the crop.  Of these the first is the most important.

(1) Character of the seed. This expression is used to denote freedom
or otherwise from contamination of seed with spores previous to sowing.
It has been found that smut can be increased by mixing the spores
with seeds before sowing. In the experiments conducted on the College
Faru and the Ganeshkhind Botanical Gardens at Poona, it was observed
that in the piois whose seed was dusted with spores smut was found in
from 20 to 60 per ceut. of the plants as compared with 6 to 8 per cent. in
those plots where ordinary bazaar seed was used. It was also seen that
in a few cases where the cultivators took care to select their seed only
from disease-free fields, they got crops nearly free from smut. But
in the majority of cases such care is not taken and the result is that
smut Is extrenelv common in all fields,

(2) Locality. In general, localities with high rainfall have more
st than those with low rainfall.  Thus in the western parts of the
Poona, Satara, Beleauni and Dharwar districts, which receive more

b Barber, C. AL Discuses of dndrop gon Sorghnmin the Madras Presidency.”  Buil,
Dept. of Land Records and dgriculiwe e, Madras, 11, No, 49, 1904, p. 275,
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rain owing to their nearness to the Western Ghats, smut is found more
abundantly than in the eastern parts of the same districts. Rao Saheb
Malharrao Kulkarni, Divisional Inspector of Agriculture, Southern
Division, who hes done and is doing much work in the campaign of
smut prevention, says in his report : “From personal observations of
the disease in various parts of the Division, 1 think smut is more pre-
valent in parts where the rainfall is more severe. T also find that Kharif
jowart is more liable to smut than Rabi jowar?, which also leads me
to conclude that the greater rainfall in the Kharif season, than in the
Rabi, is the cause of more disease in the former season.”

Tn the Rabi tract smut is found to a small extent in the Gadag,
Ron. and Navalgund Talukas of the Dharwar District, but ig fairly
common in the Bijapur, Abmednagar. and Broach districts, while i
the Sholapur District it developes into epidemics of varying severity
in some place or other every year.

(3) Variety of Crop. It has been found that smut as a rule is
more prevalent in the Kharil varieties than in the Rali.

The Grain Smut is the commonest form found throughout
the Presidency on both Khanf and Rahi crops. The Loose Smut is
mainly found in the Sholapur District on the Rabi varieties of Maldand;
and Dagadi though occasionally scattered in other parts. The Tong
Smut is almost confined to Sind but occurs spavingly in the Kathiawar
States too. The Whole-head Smut is found sporadically everywhere.

Damage.

To arrive at an exact estimation of the loss caused by these sniuts
is rather difficult owing to fluctuation in the virulence and frequency
of attack. In some years the damage done is considerable, while in
others it is much less. There may be considerable variation in the
amount of damage in the different fields of the same locality. Thus
the attack may vary from 2 to3 per cent. in places where it is mild to
40 o 50 per cent. in places where it is severe. Enquiries addressed
to the members of the district stafl of (Le Bombay Agricultural Depart-
ment show that in the Broach District the damage varies from 10 to
20 per cent., in Surat from 4 to 10 per cent., in Khandesh from 3 to 7
per cent., in Dharwar from 5 to 15 per cent., and in Belgaum from 3 to
15 per eent.  From the experiments made on the Dharwar and Gadag
Farms,3 the loss has heen estimated from 20 to 30 pet cent. of the yield

! The monsoon crop, sown in June-July and harvested in Uetober- November.

2 The winter crop, sown in September-October and harvested in February-March,

* Annual Report on the experimental work of the Dharwar Agricultural Station foy the
year 1910-11, p. 48, Department of Agriculture, Bombay.
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per acre. On the Surat Farm where experiments have heen condueted,
since the beginning of the Farmto demonstrate theloss caused by the
smut in crops grown from untreated bagaar seed it averages up to 15
per cent. From the estimates made by the writer in the districts in
a large number of fields by counting the aflected heads in small areas
the loss has been found to vary from 6 to 40 per cent.  These figures
show that the loss caused by the smuts is very great indeed.

Economic Importance.

The total acreage of the crop in the Presidency including Sind is
8,102,116 acres!. Kven taking 10 per cent. as the average loss the
total money value of the loss amounts to Rs. 2,02,55,365 (£1,350,357).
By far the greater part of this damage is due to the Grain Smut. The
Loose Smut and Long Smut oceur only in comparatively restricted areas,
and, though thev cause heavy losses in the localities in which they occur,
thev are comparatively insignificant when the whole of the Bombay
Presideney is considered. The damage from the WWhole-head Smut
which occurs sporadically everywhere is very little.

Effect of attack on the host.

As a rule it is not possible to detect the presence of the fungus attack
in a plant until the appearance of the inflorescence. Till then the
infected plant looks exactly like the healthy one in point of vigour and
size. Inthe case of Whole-head Smut, however, the aflected plant
sometimes can be recognized a little before the smut mass becomes
ohvious, At flowering time the healthy plant shows a distinct swelling
at the top due to the enclosed inflorescence, especially in those varicties
which produce hig ears, while in the affected plants the swelling is
less murked and by a little observationsuch plants can be easily detected.
Mr. P. C. Patil, Acting Deputy Director of Agriculture, Northern
Division, informs me that he has seen cultivators’ children whn could
pick out the affected plants before smut comes out and who eat the
immature smut sori, which taste quite sweet. Potter? also alludes
to the edibility of the smut sorus of Sorghum when voung. fu the
case of the Loose Smut again the allected plants occasionally show
definite characters by which they may be distinguished hefore the heads
come out. The smut-affected plants, as compared with the normal
ones, are rather stunted and their stalks thinner, and in some cases

t Neaso und Crop Report of the Bombuy Presiderey. 1015-16, stalement JTL
2 Potter A. A, Phytopathology, 11, 1912, p. 98



PLATE 1

‘Graln Smut of Jowar (Sphacelotheca Sorght): 1, smutted ear, x4; 2, a sorus
magnifiet; 3, columells left after the spores have fallen; 4, <orus not invulving
stemiens; 5, sorus with stamens involved; 6, spore germinating with promycelinm and
\pqridin, % 4603 7, xpore germinating with branched germ-tube, x 480; 8, promy-
velium with hyphe in place of sporidia, x 450; 9, promyeelis, some constricted ut rst
septum preparatory to being cast off, x 480; 10, cast prowmyeelia, x 450; 12,
promyeclinm with hudding chains of sporidia, x 450,






PLATE II

Loose Smut of Jowar (Sphacelotheca cruenta) : 1, sumtted car, x §3 2, >0rus involving
stamens magnitied ; 3, columella left after the spores have fallen; 4, spores and their
germination, x 460.
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there is a tendency to tiller [reelv, and the aficcted heads begin to
come out lowy before those of healthy plants (in vne experiment as
long as two months beforc the normal ones). There is no such
difference observed in the other two smuts,

When the smut masses appear, it is found that the character of cach
kind of smut differs considerably from those of the others, so that dis-
tinction between them without microscopic examination is quite easy.
In order to understand the changes in the inflorescence it is necessaty
in the first place to have a clear idea of the normal inflorescence. The
jowar inflorescence is composed of paniculate racemes of heteromor-
phous spikelets so arranged on a central axis as to form a compact or
loose head. The ultimate divisions end in branchlets which bear
spikelets of which the lower one is sessile and hermaphrodite and the
upper two (sometimes only one) are pedicelled and ncuter, oceasionally
male. Tu the sessile spikelet there are four glumes, of which the fourth
is bifid contaiving an awn in the middle.  Within these there are two
lodicules, three stamens with capillary (Haments and versatile anthers,
and in the cenfre an ovary crowned by two {eathery stigmas. The
pedicelled spikelets arc nsually as long as but naveower than the sessile
ones.  There are also four glumes, though sometimes only the outer
two are present.

The diseased car as a whole does not generally differ from the normal
in size and shape and the central axis and its branches are quite free
from: the attack in the Crain (Plate 1) and Long (Plate 11, fig. 2) Smuts.
In the Loose Smut (Plate I1), however, it occasionally assumes a less
compact forin as compared with the Lealthy one, and frequently pustules
are found on the axis and its hranches.

When the main Lead is attacked, the heads arising laterally in the
leaf axils and also the tillers growing from the base of the plant are
invariably  altacked. Occasionally the main head escapes and only
the lateral heads show' the disease. ‘This is more common in the case
of the Loose Smut. The new shoots springing from the afected plant
after it is cut also show the disease.

In the Long Smut only a few sessile spikelets in the head are affected,
the pedicelled ones wsually escaping. In the Grain Smut hoth the
sessile and pedicelled ones are involved ; occasionally some of the latter
are free, but the number of discased spikelets in the heads varies very
much. T some only a few are diseased, while in others more than
hall of them are involved. But in the majority of cases all of them
are diseased. In the Loose Smut all the spikelets, Loth the sessile and
pedicelled, are affected, though rarely some escape.  Sometimes in this
smut  peculiar outgrowths (proliferations) of the inflorescence are
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obseyved.  The growtl may start from thoe centre of the affected spikelet
or as a branch at the base of the main inflorescence. In the former
case the growth takes the form of a complete plant formed of a tiny
stalk with leaves, nodes, and a rudimentary inflorescence which is also
smutted.  In the latter case the outer glumes of the spikelet is enlarged
into a flag leal containing in miniature an entire sound inflorescence.

Coming to the glumes, 1t is scert that their colour is unchanged in
the Lonu and Grain Smuts though sometimes 1n the latter 1t is changed
to purple. This purple colonr, when present, is so very matrked thal the
affected heads can be casily distinguished even i their carly stage. In
the Loose St the colour is changed to a deep green or o a dark purple.

With regard Lo the size of the glumes they remain unaltered in the
Graim and Long Smuts. But in the Loose Smut they undergo a con-
siderable amount of modification. They are nsually enlarged, elongated,
nearly glabrous, and the nerves on them are very prominent. In size
thev are from 10 to 20 mun. i length and 5 to 8 mm. in breadth as com-
pared with the 5 to 7 wm. length and 4 to 6 mm. breadth of the normal
glumes.  The maximum length ohserved in the first glume wag 35 mm.
and breadth 10 mm. The awn of the fourth clume in all cases is either
suppressed, or, when present, is wually shortened.  The lodicules are
cither unaltered ov suppressed.

The pistils and stanens are usuallv infected before thev are very
nweh differentiated in the flower. 1f the atlack s very early, they
are not distinguishable as separate organs but form by fusion one solid
conical bodv. [n a good many cases, however, the conical body can be
seen to be formed out of three stamens and a pistil by the prescnce of
three small points around the central one at the tip, the middle one
indicating the pistil, and the three swrrounding the stamens. Occa-
gionally the pistil and the filaments arc blended together, the anthers
remaining quite free. At times the slamens are completely free, the
pistil alone heing involved.  This mode of attack whenonly the pistil is
involved, seems to be rather constant in the Grain Smut in certain Rahi
varicties, and the escape or otherwise of the stamens appears to determine
the form of the alfected bodv. When the stamens are included in the
attack a conical hody is formed, when they escape an oblong body with
a blunt tip with the stamens surrounding it is the result. In the Loose
Smut it is often found that the fusion of stamens and pistils is not quite
complete.  Each stamen has its own infected hody which joins at the
base the central main one.

The stigmas usually escape infection and they can be seen in the
ripened body at its tip in all the smuts. Eventually they dry up and
vanish.




PLATE IIT

Fig. 1. Whole-head Smut of Jowar {Sorosporium *Reflianum)  smuttedtears, X i3 spores.
and their germination, x 300

Fie 2. Tano Smut of Tawar £ Tolumaanosinm £16Fammm |
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In the early stage the affected budy is covered by the glumes and
therefore is not visible. It comes out as it yrows and on maturity is
distinctly seen. It shows great variations with regard to size and shape
in the different smuts, In the Grain Smut it is generally, compared
with the normal sced, an elongated, sowetimes slightly bent when long,
thickened, club-shaped body, tapering to a point at the free end.  Some-
times it asswmes an oblong shape with a blunt end. As already men-
tioned this is due to the escape of stamens. In the Long Smut it is
evlindrical in shape, usually curved, and abruptly coming to a point at
the free eud. It is from 3 to 12 L. in length and 2 to 4 mm, in breadth
in the Grain Smut; from 3 to I8 nun. i length and 2 to 4 mm. in
breadth in the Loose Smut; and in the Long Smut from 6 to 25 mim.
in length and from 4 to 6 mu. in breadth. )

1n the rase of the Whole-head St (Plate 111, fig. 1) the changes pro-
duced are quite different from those above deseribed for the other kinds.
The whole of the mflorescence, including the rachis, is converted into a
fibrous spore mass protected by a whitish membrane which is very tran-
sient. lu the heinning the sorus is enclosed by the leal-sheath threugh
which it comes out. either partially or completely exposing a dark spore
mass and the ray-like remains of the fibro-vascular threads of the host
tissue, Sometimes the affected plants produce a smut-free inflorescence
which however is sterile. In such cases the glumes of the spikelets
are elongated and decolorized, and hence the head as a whole looks pale
and the sorus appears either just below the head itself or lower dowr
on the main stem.  Frequently pustules are found on the leaves surround-
ing the sorus.

The membrane of the sorus in all cases is whitish in colour. Tn the
Grain Bmut it is of two sorts. In one case it has a brownish tinge in
the carly stage, which on maturity turns to dull grey ; while in the
other it is shining grey and on maturity turns to pale grey. In the Long
Smut it is shining grevish-white. In the Whole-head Smut it is bright
porcelain-white when Iresh and turns to dull white on drying.

On ripening the membrane usually ruptures and exposes the spores,
In the Grain Smut this process is very variable. Iu some cases the
membrane pets broken just after maturity, and in some it remains
intact for a time. Ju others again it is so very tough that it never
ruptures unless it sustains some nechanical injury. In the Long Smut
it opens, after maturity, usuallv at the tip, occasionally by cracks in
the middle. Tn the Loose and the Whole-head Smuts it is very transient
and ruptures even belute the head emeraes from the sheath,

8oon after the rupture of the membrane the spores are exposed and
scattered by the wind. Afterwards there remaina in the sorus nothing
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but a slender hard mass of host tissue known ag the columella, which
differs according to the kind of smut. In the Grain Smut it forms a
stiff, slender, rather straight column, narrowing somewhat irregularly
from the base towards the apex, and terminating before reaching the
end of the sorus. In the Loose Smut it differs from the above in being
longer and cutved. In the Long Smut it consists of a bundle of 8 to 10,
sometimes more, dark brown filaments, usually joined at the base.
In the Wholc-head Smut it is composed of innumerable solid filaments
inextricably tangled into a net-work,

Spores.

In the Grain Smut the spores are powdery and appear dark brown
in mass. Singly they are brown, smooth-walled, and 4 to 6y in
diameter. Tn the Loose Smut they appear quite black in wass, while
individually they ave dark brown, with rinutely pitted walls, very
vatiable in size, nsually from 1to8u. In the Long Smut they are
granular in mass, being formed in dark coloured balls consisting of
numerous spores firmly held together. Singly they are brown in
colour, of irregular shape, mostly globular or oblong, thick walled,
tubereled, and from 8 to 14p in  size. The spores in the centre of the
spore-ball are paler brown than those at the surface and do not clearly
show the tubercles on their walls. In the Whole-head Smut they
ate deep brown in colour, globular or somewhat angular, minutely
tubercled, and from 8 te 16p in size. Sterile cells of subspherical
shape, often in groups, are sometime seen scattered in the spore
mass.

Germination.

The spores of irain and Loose Smuts gernunate very easily in water.
They begin to sprout within 6 hours of sowing and at 12 hours germina-
tion is very vigorous. At first a small, hyaline, straight ov often hent
tube (rarely two) appears, which wradually lengthens and forms what
1s known as the promyeclium. From 2 to 4 transverse septa are soon
formed, dividing it into 3 to 5 segments. In the early stages the septa
are not clearly seen owing to the granular appearance of the protoplasm,
but they are easily made out when stained with cotton blue. The so-
called buckle or knee joints are very common. They are formed by a
branch growing out from the end of one of the segments, neax the septum,
and then curving round to effect a communication with the next segment.
A knob-like joint is thus formed, and the promycelium is usually hens at



PLATE IV

Long smut of Jowwr (Telupesporium pliferuin: 1, miptnred »ni: 2, 0 spore hall;
3, part of sume in scetion, x 4505 4, germination, x 150,
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such joints. Sporidial formation. is scarce. When formed thg sporidi&
appear at the tip of the prom_vcehum_ or laterally at the septa, e]th'er just
above or helow them. They are spindle-shaped and are barne directly
on an elongated slender sterigma which soon breaks, so that the sporidia
are mostly found free from the main body. They do not seem to hud
off secondary sporidia to any great extent. More usually, instead of
sporidia, long slender hyphe, which ate frequently of considerable length,
grow either from the apex of the promycelium or from the knee-joints
or segments,  Bometimes the promycelium is not distinet but a branching
germ-tube arises in its place. Occasionally the promyeelinm is cast
off wholly from the spore.  The mode of germination in the Grain Smut
and the Loose Smut is identical except that the promyeelium in the
Toose Smut is slightly thicker. Tn nutrient solutions (dung solution or
tomato broth) the gevmination is niore vigorons; stouter and thicker
promyeelia are formed and the sporidia develop very abundantly. The
latter are bigger than those in water culture and bud very freely. The
formation of knee-joints and of branching germ-tubes or the production
of hyphw instead of sporidia on the promycelium, are less often observed.

The spores of the Long Smut germinate in water, dang solution,
tomato broth, or glucose peptoue culture solution. But Busse succeeded
in germmating them only in the last solution. Germination was ob-
served after 24 hours, a good many spores of each eluster sprouting as
atile. The promyechium is generally 3-velled, longer than either of the
above two smuts, aud bears sporidia at the tip and laterally from near
the septa, often In clusters. These either produce sccondary sporidia
by budding or grow into fong germ-tubes. The promyceltum is some-
times much branched, or often instead of & tme promycelium the spore
germinates by a hypha, the protoplasm of which collects in the wpper
growing part while the lower becomes empty and cut off by successively
formed septa.

The spores of the Whole-head Smut are difficult to germinate.
Attempts to germinate them in water or nutrient sclutions were not
successful.  They were tried in difforent seasons and at various times
of the year. The variations of temperature such as 16°, 20°, 30° and
40°C. did not have any effect, although Potter in Ameriea Lias succeeded
in getting some germination at 30°C. Tt is known that freezing some-
times promotes the germination of spores, and, in order to test this, some

¥ This solution is composed of—

Water , . . . . . . . 400 c.c.
Clucose . . . . . . . # per cent.
Peptone . . . . . . 15 per cent.
Magnesium sulphate B . . . 0°] per cent,

#nd & trace of sodium phosphate.
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were kept in a closed dry test tube in ice for 24 hours. This seemed
to have some effect on them as a scanty germination was then obtained
on sowing in water.! A short, thick promveelinm, thicker than those
of the three previous smuts, is formed, having 2 to 3 septa. No further
progress was seen except a few sporidia which were borne terminally
ov laterally. Repeated trials did not show any further growth.

Infection.

According to previons workers (e.g. Erefeld?, Clinton® and Potter),
infection in the Grain and Loose Smuts takes place at the seedling stage
through the seed-borne spores. Our out-door experiments both in the
field and in pots prove the same thing.

Pot experiments, 1912, Plants were raised in wooden tubs in each
of which 13 seeds were put.  Before sowing the sced was mixed with
spores and was divided into two parts; one part was sown untreated
and the other was dipped in 2 per cent. copper sulphate solntiou for
10 minutes.

Serial No. : Plants . Plants

of yot o of seed mixed with spotes orown smnttod
- - e
1 12 seeds weve dnsted with the spores of Loose 13 13
| Smut
| i
2 13 seeds mixed with Loose Smut spores but 13 nil
‘ treated with 2 per cent. (uSOy for 10,
| minutes i
! i |
3 i 13 seeds mised with the spoves of Grain Smut 13 11
4 ‘ bitto Ditto . . 13 [
. |
5 | 13 sceds with Grain Smut spores but {reated 131 nil

with 2 per cent. ('aN04 for 10 minutes

Field experiments, 1914, These werce earried out at two places, on
the Cullege Farm and the Ganeshkbind Botanical Gardens, in small
plots of half a grntheS in area.  All the four smuts were tried. The

! The room temperature of the laboratory was 30°C.
2 Brefeld. * Untersuchungen,” XV, 1912, p. 31,
2 Clinton G. P. ¢ Broom corn smut,” Ilineis Agri. Exp. Sta, Bull, 47, 1897, p, 391,
¢ Potter, A. A Phylopathdlogy, V, 1915, p. 151,
. 5 A gunika is equal to J%;th of an acre.
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same process of mixing the spores and then treating half of it with
Cu80, was followed

Smul1 Ifo. of Treatment Percentage of attack Kind ol Smut
p o
1 Seed mixed with spores | 20 percent. in the College
before sowing Farm and 17 per cent. )
in (Ganeshkhind Bota- Crain S
nieal Gardens , Grain Smut
2 Seed mixed with speres | Nil in both the places \
and then freated with L
2 per cent, (S0, for ‘
10 minutos
3 Secd mixed with spores | 60 per cent. in the College 1,
hefore sowing Farm, 40 pot cent. in /
' Ganeshkhind  Botani-
1 cal Gardens IS Loose Smul
4 “The same seed treated | Nil in both the places :\\
with 2 per cent. CuSO, i/
" for 10 minutes |
5 \ Seed mixed with spores Ditto ‘?
- Long Smuat
6 The same secd freated Ditto )
with 2 per cent. ('al),
for 10 minutes '
7 "~ The seed mixed with Ditto . o
' spores \?_ Whole-head
i i Smnt
8 . The samo seed treated Ditto . R 5
with 2 per cont. CuS0O, ‘
for 10 minutes
i

These experiments show that infection oceurs with seed-horne spores
in the case of Grain and Loose Smuis and not in Long and Whole-head
Smuts, and that in the first two copper sulphate seed treatment
is effective in checking the disease.

Soil infection i the Grain and Loose Smuts does not seem to take
place. It has been found that though spores of both retain their vitality
for at lcast 2 years if kept vy (in certain cases they are said to have
been germinated even after 6] vears), still under the ordinary alternating
wet and dry conditions of the soil they do not seem to survive more
than a few months. They probably germinate on the first fall of rain
and perish when drought sets in unless they encounter the host plant.
On the Dharwar Farm artificial infection of the soil of two plots, each
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of 2 gunthas in area, with the spores of the Grain Smut, two months
before sowing, did not produce infection in a single plant. Nor did
infection occur in the case of pot experiments conducted in Poona.
The spores of hoth the Grain and Loose Smuts were used and they were
mixed in the soil 3 months previous to sowing. In these experiments
seed before sowing was treated with 2 per cent. copper sulphate solution.

With regard to the Whole-head Smut, however, soil infection seems
to be the chief mode of attack. This has been practically established
by Potter! in America and our observations here also confirm it.  Seed
treatment does not check it; furthermore the spores germinate irre-
vularly (unlike the Grain and Lovse Smuts), many Jailing to aprout when
sown i water, so that they could remain in the soil through several
wet and dry periods without losing their vitality and thus infect the
seedlings when the next crop is sown. But the number that germinates
each time appears to be very small as is evident from the way the disease
appears in a few plants scattered through the fields.

In the Long Smut, infection from spores adhering to the grain coats
and sown with the seed does not scem to take place as we have already
scen, and experience from Sind, where this smut occurs regularly. has
shown that seed treatment is not effective in checking the disease. Its
further life-history is not known.  Whether infection is through the
fower or through the spores in the soil from the previous erop is still
to be worked out.

No further work was done with regard to the Tong and Whole-head
Smuts. The work described below refers onlv to the CGrain and Loose
Smuts.

Infection appears to take place only when the germ tube of the spore
or the sporidium comes in contact with the young cells of the shoot,
Entry is effected by the hyphe growing through the epidermal cells
of the primary shoot below the soil level, and the susceptibility is limited
to the period of about 2 to 6 days between the moment of germination
and the emergence of the first green leaf from its colourless sheath.
This period varies somewhat according to temperature and moisture.

In a germinating jowar seed we find two members, one the des-
cending axis which comes out first and forms the primary root, the other
the ascending axis which forms the shoot. Soon after germination,
growth at the base of the bud increases, and consequently a short inter-
node is fornied, connecting the seed at one end and the plumulavy bud
at the other, This internode is known as the mesocotyl, and the
sheath enclosing the stem bud is known as the coleoptile. The latter

i Putler, A A.r" Head Smut of Sorghum and Maize” Jouraal, Agri. Hes., M, ]9714,
p- 867
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1 soon pierced by the growing leaves of the stem bud, after which the
orowth of the mesocotyl ceases.

" Tem perature. At low temperatures jowar will germinate very
slowly. TIts rate of germination increases as the temperaturc rises
and i at ifs optimum at 36° to 40°C. Thus at 16°C. it takes from 4
to 6 days for the first leaf to appear. At 20° to 23°C. it requires 3 to ¢4
davs: ab 30°C. 2 to 3 days and at 37°C. 11 to 2 days. The spores of
both the smuts cerminate quite easily ab moderate temperatures. The
optimum tempm‘amre is 20° to 23°C., below or above which the rate of
cermination falls. At 16°C. about 70 per cent. of the spores of hoth
Grain and Loose Smuts germinate, at 20° ta 23°C, about 90 per cent.,
at 30°C. about 60 per cent., and at 37°C. only 1 to 2 per cent. If the
temperature of germination he compared for the spores and the '}'owur
seeds,'it is found that infection is most likely to succced at moderate
températur 4, sav, between 16°C, and 30°C,, at which the spores germi-
nate very freely, while the growth of the jowar seedling is retarded so
that the susceptible stage is prolonged. The temperature, therefore,
seems Lo be the chief controlling factor in the distribution of tlhese
smuts.  We have already seen Kharif varieties are more susceptible
to smut than the Rabi and even in the Kharif the tracts having
hivher rainfall have more smut than those having less rainfall.  As we
pass eastwards away from the Western Ghats the rainfall decreases
while the temperature gradually vises. The Kharif jowar is sown in
June-July, wlhen the weatlier is usually cold and wet and the average
terperature i hetween 20°C, and 27°C, which, as we have already seen,
is most favourable for the spores to germinate, while jowas werminates
rather slowly and consequently the suseeptible stage is lenathened and
mnfection is more certain. I the ease of Rabi jowar, which is usually
sowi in September-Octolier, the weather is dry and warm and naturally
the temperature is higher than in June-July and therefore more favour-
able for the rapid growth of the jowsr seedling whose susceptible
staze s passed over soon. This is the probable explanation why
smub is worse in the Khari{ than in the Rabi eropl.

Moisture. Successful infection is also influenced by soil moisture
at the time of sowing.  The sced bed may be just damp enouch to allow
the spores to germinate while insufficiont for jowar, In this case the
germ-tibes perish hefure infection ean take place.  When the moisture
s more than sufficient for both the fungus and the host the germination

PTLe general x ity of these smuts in the Indo-Gangetic plain, riz, Sind, the Punjab,
United Provineo nd Bikar, also seems to depend upon the temperatuce factor,  In
au these provinees the ay temperature at tho sowing time is between 329, apd
QS"(I. which is too igh for ihe spores to germinate and therefore infeetion s very
Bittle,  Laboratory and field experiments are in liuud to confirm this.

c
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of seed is 8o rapid that the young seedling may outstrip the germinating
spores and thus be too {ar advanced for successful infection to take
place. Thus it was found that 2-5 and 5 per cent. water added to air-
dried suil was not sufficient for the seed to erminate but was enough
for the spores to sprout ; while with 75, 10, 15 and 20 per eent. jowar
seed germinated easily, the rapidity of growth of seedlings being
dependent on the quantity of moisture, the greater the moisture the
more rapid the growth. The photograph (Plate V1) shows well the
velative rapidity of germination aceording to the guantity of moisture
after three days. It will be uoted that plants in the 20 per cent. moisture
pot are the most vigarous and the tallest. Those in 15 per cent. are
a little shorter than the first. Those in 10 per cent, are still shorter,
and those in the 7'0 per cent. are the shortest.

Laboratory experiments. These were done to determine exactly
the part of the seedling at which infection takes place. Seed-
lings were rajsed in stevilized Petri dishes, and the seeds before sowing
were washed in § per cent. formalin {or two minutes, Infection in hoth
the Grain and Lovse Smuts was most common in those seedlings whose
seeds were dusted with spores before sowing.  Attempts made by
placing germinated ov ingerminated spores on the mesocotyl or on the
coleoptile were not suceessful, Imt in a few cases infection took place
in plants whose coleoptile was vemoved und spores placed on the yuung
leaves. In the infected plants from these seeds which were dusted
with spoves hyple were found most abundantly near the upper part
of the mesocotyl at the node from which the coleoptile arises and not
towards the base. This shows that fufection takes place in the very
carly stage when the mesocotyl is just being formed.

After infection of the primary shoot the hypha rapidly grow inte
long, irregularly branched, thin-walled, hyaline threads, that ramify
freely into the fissues of the plant. They yun between and through
the cells and some grow straight towards the growing poiut. They are
mostly found in the ground tissue surrounding the central vascular
tissue and also in the cells round the bundles when they are separated.
They are also seen in the base of the leaf-shieath and in the lower parts
of the first leaves. Septa are not clearly seen i the yonng growing
hyphe but can be made out in older threads. Frequently the cell
walls are swollen, and cousequently the hyphe have a lobulated appear-
ance. In full-urown plants the bypha become more lmited to the
itercellular spaces and send in haustoria, which are seldom spherical
but miost frequently like a bunch of grapes. In the internodes they
are nsually few and scattered, being most abundantly found at the
nodes. Though the myceliunt seems to penetrale the entire plant,



PLATE VI

Germination of jowar in air-dried soil in four pots, to which had been adided
20, 15, 10, avd 75 per cent. (by weight) of water respectively,
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it does not seem to be continuously connected. At the nodes it remains
dormant, and when [resh shoots are formed it enters into them and
causes the attaek of lateral shoots as already mentioned.

Once the growing point of the host is reached the mycelium follows
the upward growth of the plant by its continuons growth, producing
no apparent effect on its host until the formation of the ear. Then
the hyphe accumulate in the young ovaries below the epidernus,
furming a solid mass of considerable depth, and hy their pressure the
epidermis on the outside and the tissue cells inside are gradually crushed
and disorganized. The outer part of the fungus tissue forms the mem-
brane, while the spares are formed in the rest of the fungal mass pro-
aressively from without inward, the final result heing the sorus with
its membrane ontside, a mass of spores within, and a part of the vaseular
tizsue of the host left as the columellu in the centre,

Fven after successful infection has been accomplished the funcus
may not be able to keep pace with the fast growing shoot which may
escape and produce a sound liead. In such cases the hyphw remain
dormant at the nodes and may infect the side shoots when thex appear.

While it is mainly through the wind that the spores are carried to
the sound graing cither in the standing crop or in the threshing vard,
it is highly probable that small black beetles are also concerned in it,
for they are invariably seen flying about on the smutted heads.

Somesmuts ave known to be injurious to the health of men or animals
feid on smutted grain.  Thus maize smut is said to produce the same
bad cffects as ergot. The areen fodder of (ycerin spectabilis affected
with Ustilayo longissime is known to he injurious to cattle’. Bunt
i wheat 15 said to be harmful to preguant animals and is known to
affect seriously the egu-laying capacitv of fowls in Australia®.  But
so far as experience goes in the Bombav Presidency, no instances
of these with regard to the jowar smuts have been recorded, nor have
any complaints heen heard recentlv. Cultivators are in the habit of
feeding the smutted plants to cattle without noticing any 11l effects on
them. The vouno sorus of the Whole-head Smut is eaten by children
with impunity. Nor has the smutted grain been known to cause any
derangement in the health of persons who wse it for foad.

Nomenclature.

There is still @ considerable difference of opinion among myeolonists
with regard to the naming of some of these jowar smuts. No two

! Friksson. * Giftiges susseras von Ustilaro Jongissima hefallen ™, Zeitehrift fur
Panzenlrankheiten, 1000, p, 13,
*Medlpine.  The Swmuts of dustralia, p. 81,

c?
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writers seem to agree, and even in recent literature these smuts have
been placed under difierent genera. There are in all six kinds of smuts
recorded on jowar. On referring to the descriptions and illustrations
of these in recent literature, and also comparing with the specimens in
the Pusa herbarium where all the Indian material and some foreign
exsiccata are found, these smuts have been determined as under.

(1) Grain Smut, Sphacelotheca Sorghs (Link) Clinton, Vernacular
names : Marathi—Dane kani, Karde kani; Kanarese~—Kalugadige,
Godigadige.

This was first recorded on jowar in 1825 by Link who named it
Sporisorium Sorghel.  In 1847 Tulasne called it Tilletia Sorghivulgaris?,
and in 1873 Passerini named it Ustilago Sorghi®.  Tn 1874 Kiihn, having
studied its germination, called it Ustilago Tulasneit. Clinton in 1897
from o study of the mode of its spore formation transferred it to the
genus Cintractia’, and finally the same author put it in Sphacelotheca
in 19028, The following is the technical description.

Sori formed of pistils and stamens blended together, oceasionally
the latter escaping, forming a conical body, slightly bent when long,
from 3 to 12 mm. in length and 2 to 4 mm. in breadth, at first pro-
tected by a grevish membrane which on rupture liberates spores, leaving
a distinct columella in the centre formed of host tissue. Spores in mass
darl brown, singly brown, smooth-walled, and 4 to 6 in diameter. The
fungus membrane is from 30 to 80y in thickness and is composed of
hyvalire, subglobose or oblong cells, and in the early stage hounded by
one layer of epidernal cells of the host.

On Andropogon Sorghum throughout the Bombay Presidency.

(2) Loose Smut, Sphacelothecs cruenta (Kithn) Pot. Vemacular <
Marathi—Kajali.

This stut was first described by Kiihn in 18727 as Ustilago eruenta,
The chief distintuishing characters which he noticed were the red colour-
ation and the formation of pustules on the panicle branches. Ag these
characters are not constant it has heen frequently confused with S,
Sorghi.  Brefelds, who also studied it, at first did not consider it as
a distinct species although afterwardshe separated it from 8. Sorghi.
Clinton does not mention it. Potter® called attention to it in 1912

1,234, Quoted by Clinton. Broom corn smut . Iili, Agri. Exp. Sta. Bull. 47, p. 403,
> [bid, page 388,

& ¢ North American Ustilaginew,”  Proe, Boston Soe. Nat, History, XXXT, p. 33,

7 Quoted by Potter, A, A IJhylo]mihvloyu, Y, 1013, p. 149,

® Quoted by Potter, A. A, loc. ¢it., p. 150,

* Potter, A. A, Phytopathology, 11, 1912, p. 98, (Abste).
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It was Bussel in 1904 who first noted the fragile character of the mem-
brane of the sorus—the chief and constant character—and recently in
19152 Potter deseribed it again pointing out cleatly the differences
between it and S. Sorghi. Ouv specimen agrees in every respect with
his description.

Sori in the ovaries, sometimes on the rachis and its hranches, forming
an oblong, elub-shaped body, tapering to a point, from 3 to 18 mm. in
length. Membrane very transient, spores dark in mass, singly darker
prown than the last, with minutely pitted walls, 4 to 8u in size. Colu-
mella long and curved.

The glunes of the spikelets are enlarged. The membrane is {rom
90 to 40y in thickness aud consists of round cells which are sometimes
seen mixed with sporcs. This is also surrounded by a layer of host
epidermal cells. .

On Andropogon Sorghum (mainly on the Rabi varicties) in the Shola-
pur District.

(3) Long Smut, Zolyposporium filiferum Busse,

Busse? described this fungus for the first time from Iast Afvica in
1905. The Indian specimen agrees with his description.

Sori in the ovaries, eylindrical in shape, often hent, from 6 (o 23
mm. in length, protected by a greyish membrane which on rupture
cxposes spore mass from 40 to 120, irregular in shape, granular
in character, consisting of spore-balls which are quite firm. Spores are
brown, ulobular or oblong, with tubercled walls at the free side, and
from 8 to 14y in size. Columella consisting of 8 to 10 fine threads
which are joined at the base. The membranc is composed of fungus
cells and is from 40 to 80y in thickness.

On .Irdropogon Sorghune in Sind.

(4) Whole-head Smut, Soresporium Reiliwwwon (Kiihn) MceAlpine.
Vernacular : Marathi—Ziprya ; Kanarese—Budigadige, Iittugadige,
Chontigadige. :

This smut was first described by:Kiihn“ i 1875, Saccardo?, 1878,
de Toni,5 1888, and Norton?, 1896, noticed the acuregalions of spores
suggestive of Sorosporium.  Clinton® in 1900 mentioned it under
Cintractia and in 1902° under Sphacelotheca, McAlpine!® in 1910 placed

! Busse, W. * Krankheiten der Sorghuwhirse . Aeb Biol Anst,, 1V, 1004,
p. 319-426.

? Potter, A, A. Phylopathology , ¥, p. 149,

3 Busse, W. loc. cit., p. 383-86.

L5587 Quoted by Potter, A. A. Jour. Agri. Res., 11, p. 340.

8 Clinton G, P, * The smuts of Illinois Agri. plants. ” [0 dgri. Evp. Station Budl.
37, p. 346,

®Clinton, (1. P. “ North American Ustilaginez.” Proc. Boston Soc, Nal. Hust.,
XXXI, p. 393.

1 MeAlpine. The Smuts of Ausiralia, p. 18L.
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it, owing its formation of spore balls in the early stage, in the genus
Sorosporium, and Potter,) 1914, agrees with him. Thewriter also noticed,
on sectioning immature sori, spores develaping around fibro-vascular
bundles in groups in the earliest stages. The appearance agreed with
the illustrations of McAlpine and Potter.

Sori very prominent, appearing mostly in the ears, often on the
stem and upper leaves, ab first enclosed by the leaf-sheath, protected
bv a transient whitish membrane which on rupture exposes a black
siml‘c mass and the ray-like vemains of the peduncles or columellas.
Spores round or angular, winutely verruenlose, 9 to 1dp in size. Sterile
cells, often in subspherical groups, are seen scattered through the spores.

The menbrane is composed of Tungus tissue formed of long threads
consisting of oblony eclls and is from G0 to 150p m thickness.

On Andropoyon Surghui found sporadically throughout the Bombay
Presidency. This was ouce fownd on maize at Dohad in 1910,

Preventive Measures.

The cultivators, althouph they are quite ignorant of any efficient
vemedy to prevent smut, still follow certain practices, which, though
erude and inellectual, are in the vight direetion in that they secure the
destruction of alfected plonts and seeds.  Thus in the Southern Maratha
Country the cullivators arc in the babit of picking out smutted plants
from the standing crop aud feeding them to cattle. This is not done
with any intention of checking the disease but simply because they
lawow these plants will not produce any grain, and in doing this they
follow a sound prineiple in discase control, viz., the destruction of allected
plants.  In this way a good many plants are removed hefore the erop
ripens. Again at the harvesting time the smutted heads are sorted
out und separately threshed, though in the same yard and just near
the sound heads, and the little grain got from such heads is not mixed
with {he general produce. Thus a large quantity of the infective
material is removed, and conscquently the general contamination of the
sced is minimized. Again in some places of the Karnatak there is a
practice which not only avoids the general distribution of such affected
seed but aims at its complete destruction too. This is due to a supers
tition among the people that the seed got from sinutted heads is the gift
of the Goddess of Wealth, whielt is to be kept solely for the use of the
faniily and not by any chance sold with the other produce of the farm
or given away even in charity. Cultivators, therefore, take particular
care to make it into bread and conswme it at home.

TPotter, A A Jowne dgric fles 13, p. 341,
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As to the origin of this helief it may be suggested that a wise man
in former times discovered the true reason for not mixing the diseased
seed with the sound. The difficulty would then he to find out a rule
to suit the people whereby the discovery might be brought into practical
use. ITad he tried to make use of it by stating that hy mixing the
smutted sced with the normal grain one would get more smut in the
coming crop, he would not have been heard at all. e might then
think of popularizing his methods of dealing with the disease by working
on the superstition of the eultivator and inculeating the idea that to
patb with the grain from smutted heads is to incur the wrath of the
(toddess of Wealth.

As already known infection of the planb takes place through the
seed-borne spores at the seedling stage in the case of Grain and Loose
Smuts. One way to prevent this would undoubtedly be to use seed
entirely free from smut spores. But this is by no means an casy thing
to do owing to the ubiquitous presence of the discase in every field exeept
the Government Farms, where by continuous preventive efforts the
smuts are completely checked. Again, even apparently clean seed is
no guarantee unless its source is known, as the adhering spores are too
small to be seen by the naked eye.

Another way is to treat the seed with some fungicide so as to kill
the adhering spores without in any way injuring the grain. TFor this
purpose various kinds of treatments and chemicals are used in Kurope
and America, such as hot water, formalin, copper sulphate, corrosive
sublimate, potassium sulplide and so on.  Among these the first three
remedies are those that are usually recommended. In the hot water
treatment the grain is first heated in warm water for a few minutes and
then immersed in water at about 135°F. for 10 to 15 minutes. Below
130°F. doesnot kill thespores and above 140°F, is dangerous to the grain.
This treatment, though quite cffective and highly advocated in America,
is troublesome and complicated as it requires the seed to be treated at
a particular constant temperature. A little neglect in the operation
may seriously injure the germinating capacity of the grain. Besides
when large quantitics of grain are to he treated it becomes a lengthy
and tiresome process. 1t is thereforc not suited to the Indian cultivator
who is too ignovant to understand the technicalities of this treatment
owing to his illiteracy. What he requires is aneasy, quick, and cheap
method, and the material must be wot casily. The formulin treatment
too, which is being adopted on a large scale in forelgn countries, 15 not
suited to the Indian conditions us formalin is difticult to get except
in very big cities.
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The copper sulphate remedy is the only one which fulfils all the
requirements. There is one possible objection to this treatment, namely,
that it may injure the germinating capacity of sceds treated. Thus
it is well known that this method is somewhat injurious to cereals such
as wheat, barley, and oats. Recently Mr. Ajrekar, Assistant Pro-
fessor of Mycology, Agricultural College, Poona, also experienced a
similar injurious action of CaS0, treatment in the germination of sugar-
cane sets while experimenting with the sugarcane smut.! In order
to determine how far it is truc in the case of jowr the following experi-
ment was made. Sced was treated in different strengths ranging from
1 per vent. to 5 per cent. for 10 minutes, and after drving completely
its germinating capacity was tested in the secd-testing laboratory of
the Apricultural College, Poona. The following arc the average results
of b trials.

No. Btiength of Cu¥0y Time for which cced l‘t:u-pmagp of
. soliution wits dipped serreination
1 ‘ Normal seed . . - 905
2 ’ Sced dipped in L 05 . 10 910
3 ” »” Lo . o 930
4 ” s 20% . 10 91 5
5 " " 3t . 10 905
6 P 1% . 10 ! 830
7 - L 10 825

Tt is clear from the experiments that sced can be dipped in solution
even up to 3 per cent. strength safely.

Next it was necessary to determine the minimum strength of Cu80,
required to prevent smut. Various workers have recommended various
strengihs according to the kind of smut.  Kven in India different
strengths ure advocated in different provinces. In Bombay, Mollison
advocated 4 per cent. for 10 to 15 minutes. DMcRae in Madras advo-
cates 2 per cent. for 15 minutes, Coleman in Mysore advoeates either
% per cent. for 16 hours or 1 per cent. for 13 minutes. In the Central
Provinces 2 per cent. is advocated. The following experiments were
conducted to ascertain the exact strength. Seed was mixed with spores
and was then divided into four lots. One lot was sown as untreated,

4"’1‘&: A;w;{zulr{urml Jm’zrn‘ul of India, vol, X1, p:\rb—‘lﬁ: P

&, July 1916,
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and the remaining three lots were treated with different strengths for
10 minutes as seen below.

Place and kind of smut | Strength of solution Percentage of

i attack
Caollege Farm, Touna—
Loase Smut, !
Plot No. 1 . . . 4 per cent. for 10 minutes . nil
|
N . . B ,;] per cent. » . nil
. i
w3 . . o 2percent o . nil
IR S . . . Soad untreated 60 per cent-
(;ancshkhind Botanical Gardens,
Kirkee, Pocna—
(irain Smut,
Plot No. 1 . . .} per cent. for 10 minutes . nil
by 2 . . .1 per cent. " . nil
o 3. . . . 2 per cent. , i . nil
N . . . Beed untreated i 20 per cont,
i ;
Ulewadi near
Shofapur—
Plot. No. 1 . . .} per cent. for 10 minutes . nit
o 2 1 per cent. ,, " . nil
[T I . . . 2 per cent. ' . nil
U TN . . . Sced untroatod . . . 10 per cent.

These experiments show that even } per cent. strength is quite

effective in preventing smut, and there is thus a large margin of safety
before any injurious effect on the seed need be feared.

The effect of treatment on the spoves themselves. This was studied
to scc how far the treatment was effcctive in killing the spores.  Copper
sulphate solutions ranging from § per cent. to 3 per cent. were prepared
in six Petri dishes. In each solution a little quantity of spore was put and
was thoroughly shaken so as to wet all the spores and then was left for
10 minutes. Afterwards each solution was filbered and the spores collect-
~d on the filter paper were thoroughly diied. They were then placed .
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separalely in nutrient solutions for germination. After 24 hours it
was found that in all cases some of the spores were germinating. No
exact account was made to determine the percentage, but it was scen
even 3 per cent. strength was not sufficient to kill all the spores. The
question then arises how 1, is that strengths from 4 to 2 per cent. are
effective in checking the disease in seed treatment. A possible explana-
tion given is that in drying the grains subscquently to steeping the
precipitate left on the surface of the sceds may be toxic to the germ-
tubes of the sporest.  This explanation naturally raises the question
of the reinfection of the seed after treatwient, and the special precautions
recommended by some to he taken after the seed is treated, such as not
to use smut-infested bags or sced drills not properly cleaned, secm to be
quite unnecessary. i order to investipate this question the following
cxperiment was conducted.  Three lots of seed were taken, one was
treated with 2 per cent. copper sulphate solution for 10 minutes, another
with § per cent. formalin for 10 minutes, and the third was untreated.
When the first two were thoroughly dried. all the three were dusted
with smut spores and sown separately.

PERCENTAGE OF SaUT

Treatment College Farm . B Gardens | Dharwar Farm
Seed treated with 2 per cent, nil nit nit
(u80y and then mixed with
pores
Seed treated with |} per cend 3 per cent. nil nil

formalin and then mixed
with spores

Untreated mixed with spores 1 per eent, J per ceitt. 3 per cent.

These cxperiments prove that in the case of copper sulphate treat-
went reinfection from fresh spores does not take place, and therefore
confirm the above theory. In the case of formalin treatment reinfec-
tion docs take place to some extent. Formalin leaves no deposit on
drying and has all evaporated by the time the sced is sown, and conse-
quently there remains nothing on the seed coat to prevent fresh spores
from reinfecting.

Y Mowthly Bullelin of Agricaliwral  Intellagence and  Plant Diseases.  {aternational
{nstitute of dgriculture, Rome, 1V, no. 7, July 1913, p. 1089,
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Thus the copper sulphate treatment can be recommended with con-
fidence! to the cultivator against the common smuts (Grain and Loose)
of Jowar as a cheap, quick, efficient, and easily practicable method. It
s cheap because the material (two tolas®) sufficient for sced for one acre
will not cost more than three pies. [t is efficient as it gives cent pex eent.
results by completely ehecking the disease. 1t is quick because it does
not, require more than 15 minutes, and practicable as it can he practised
by anybody.

All one has to do is to procure an earthen or wooden vessel which
can be got in any village. futo this pot 100 tolas of water by weight
are put (when weighing is not possible two measures by an ordinary
rock oil bottle will do).  The powdered copper sulphate (2 tolus) is put
into {1he waler and stivred well till it is dissolved. Then the seed for
gowing is plunged into the solution and allowed to rvemain for 10
minutes, after which the liquid is strained and the seed dried ; it is
then ready for sowing, Al this process does not take more than 15
minutes.

This treatment for the Whole-head Smut as already ohserved is not
effective. The only measure that can be recommended is to destroy
the affected plants as soon as they appear, before the spores reach the
soil. Fortunately the damage caused by this smub is so little that any
further measures are for the present unnecessary.

In the case of the Long Smut no remedial measures ean be suggested
ag its life-history is not fully known.

The copper sulphate trcatment is now widely advocated by the
Bowbay Agricultural Departiuent and is practised by the eultivators,

It may be of iuterest heve to give an account of the eflorts of the
Department in the way of making this treatment widely known to the
cultivators, The method is not new inasmuch as it was already known
within and outside India, 1t, therefore, attracted the attention of the
very first ofticers of the Department and was included in the cropping
schemes of all the experimental farms wherever they were started.
Thus we find it mentioned in the report of the Bhadgaon Farm as carly
as of 1885, in the first report of the Swrat I'arm, and in that of the
Dharwar Farni. In those early days as there were no special district
officers of the Department, the information used to reach the cultivators
through the Revenue Officers. The first strenuous attempt in this

L This freatment is not quite xatisfactory in the ease of those varicties
irain coafy have any peenliarities which would interfere with the solution wetting
them completely.  Fhusin the case of a fow fodder varieties, such as American sorghnm.
Neleee, sand Swnrdi where moxt of the graing have their glumes on them, the spores lying
between the glumes and the seed coals cseape as the solution does not reach them.  The
same is the case with oafs too.  In such cases formalin should be tried.

#Two and a half tolas=An ouncc.
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direction was made in 1905, A note was drawn up on smut and its
treatment. This was issued to all the Collectors and repeatedly com-
municated to the vernacular papers. In 1909 special district officers
known as Divisional Inspectors of Agriculture were appointed, and since
then the advice began to reach an increasing number of people every
vear. The first departmental leaflet was issucd in the same year and
the steeping process hecame a feature of all shows and exhibitions,
People were shown the efficiency of the treatment on the Government
Farms and demonstration plots. A further change took place in 1910
when the writer was appointed Assistant Mycologist to the Department.
He soon found that with all the activitics of the Department the pro-
gress was very slow, The reason of this comparative slow suceess of
the methods previously used to push on the steeping practice among
the cultivators, was that the shows and demonstrations and other
activities of the Department were chiefly carried on at a time rather
remote from the sowing time. It thus happencd that the cultivator
cither forgot all about the demonstrations or his enthusiasm was much
diminished and he did not make usc of his knowledge. The writer
thought, therefore, that the proper way was to approach the cultivator
directly at the sowing time and get him to do steeping in some part of
his fields. The work was accordingly started by the writer in 1911 at
different eentres in Satara and Belgaum districts. That year in all
13 villages were visited and seed sufficient for 10,000 acres was treated.
A sccond visit was made at the harvest time, and the decided advantages
of the steeping practice, which were very evident in the treated fields,
were impressed upon the minds of the cultivators. A report on the
work was submitted to the Dircetor of Agriculture proposing to continue
this process of approaching the cultivators at sowing time on their own
fields. As a result of this report the district staff was instructed to
carry on the work, and consequently in the following year 1912 seed for
a much larger area than ever before (extending over 150 villages of
seven districts, viz., Surab, Broach, Sholapur, Satara, Bijapur,
Belgaum, and Dharwar) was treated. A second report was submitted
on the results of this work and the necessity of continuing the campaign
against this most common but easily preventible malady was urged.
The work was taken up very enthusiastically by the distiict staff, and as
a consequence & good many cultivators began to practise it as one of
the operations in the cultivation of the crop. This increased work
naturally created a large demand for copper sulphate. In order to
meet this demand and to distribute copper sulphate and a knowledge
of its use into the remotest corners of the Presidency, small packets of
copper sulphate were prepared, worth an anna, containing material
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sufficient for treating geed for four acres and with instructions for use
printed in all the vernaculars of the Presidency. Since this system
was introduced the practice of steeping has been rapidly exteading
among the cultivators. The increase in popularity of this measure
can be seen from the following table :— :

Number of
Number of shows and
packets sold demonstra-
tions

Number of cultivators
who visited the demons-
tration plots

Year

1913-14 . . 4,000 10 111 | To the Poona Farm 2,249
people came from the 26
talukas  of the Central
Division.

i To the Dharwar Farm 1,000
i fram the three districts
of Bijapur, Belgaum, and
Dharwar; 200 came to the
Surat Farm,

1914.15 . . 40,000 4 62 800 to the Poona Farm from
l the four districts of Poona,

Satara, Sholapur, and
l Ahmednagar.

I

i Dohad  Tarm 30, Dhulia

+ Farm 800, Ahmednagar 7i,
Vadala 100, Dharwar 683,

191516 . o 43,455 7 150 850 to the Poona Farm from

| . Satara, Ahmednagar, Nasik,
and  Sholapnr — distriets,
Dohad 100, Dharwar 100,
Gokal 300.

1t is satisfactory to note that in a good many places Revenue
Officers, Agricultural Assoeiations, Co-operative  Societies, and
many public-spirited men® arc also helping the Department in
selling these packets. Many cultivators are now obteining copper
sulphate from other sources and using it. The propaganda is
being carried on very vigorously in the Southern Division. In
1914-15 an extensive campaign was undertaken and steeping was
demonstrated in 75 villages of the Sholapur District, 17 of the Satara

11t sheuld be noted here that the suggestion with regard to the packets originally
came from Mr. Sabnis of Savadatti, Belgaum District, one of the most enthusiastie locat
workers in the cause of agieuitural improvement., The packets are prepared for the
Department by Mr. A. B. Modak, Proprictor, The Uuion dgency, Prag Mahal,
Bﬂﬂll(buy. Mr. Modak bas also been greatly instrumental in populasizing thesa
packets,
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District, and in 21 talukas of Belgaum, Bijapur and Dharwar districts. In
1915-16 the campaign was undertaken on a still more extensive scale, and
as a result there wag hardly any important village where the stceping
had not been demonstrated.  Already some villages (Hulkoti and Kurt.
koti) in the Sonthern Division are now quite free from smut. In the
Central Division Mr. Knight, Professor of Agriculture, has made a move
on the same line and  work has been started in a village near Poona.
From the number of packets sold it is evident that the cultivators must
have prevented a loss amounting to a million rupees. This 1s a suhs-
tantial testimony of the practical and monetary value of the mycological
branch of the work of the Department. Ilowever, this saving iy small
when compared to the annual total loss of twenty million rupees. But
every cffort will be made to push on this propaganda, and it is hoped
that in the near future the disease will be for all practical purposes
exterminated and the large losses caused to the cultivator minimized.
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