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nary
Ergot, incited by Claviceps fusiformis, is an important and widespread dise-
of pealr millet (Pennisetumglaucum). In India ergot is economically important
wveralstates,and generally hybrids are more susceptible than open-pollinated
Ergot reduces grain yield and presents health hazards to humans and
: when sclerotia-contaminated grains are used for consumption. Infection
pearl millet florets occurs by airborne ascospores and conidia of C. fusifor-
1, and sclerotia are formed in place of grains in the infected florets. Conta-
wtion of pearl millet seeds with sclerotia at harvest serves as a source of
ary inoculum for the next season crop. The disease development is favou-
by wet and cool weather at flowering time. The disease management prac-
ireported to reduce ergot in pear! millet include cultural, chemical, bio-
al, biocultural, separation of sclerotia from seeds, host resistance, and
tegrated disease control measures. To produce ergot-free seeds it is sugges-
# to remove sclerotia from the seeds, grow the crop during the dry season in
Beld that had no ergot incidence in pearl millet during the previous season,
row seed parents of & hybrid that have proper nicking of flowering, and use
got-resistant cultivars.

iroduction

Pear! millet [Pennisetum glaucum (L) R, Br.] is a staple cereal crop and is
gown annually on about 1) million ha in India. The crop thus occupies 11% of
the area under cereals and contributes about 5% of the total cereal production
of the country (Harinarayana, 1987). The major pearl millet growing states in
India are Rajasthan, Maharashtra, Gujarat, Uttar Pradesh, Haryana, Andhra
Pradesh, and Tamil Nadu.

Ergot caused by Claviceps fusiformis Loveless, is one of the few important
diseases of pearl millet, which causes significant yield loss in certain years in
some parts of the country. The estimated yield loss under high ergot pressure
ranges from 55% in varieties to 65% in hybrids (Thakur, 1987). In addition,
ergot adversely affects grain quality by contaminating grains with toxic sclero-
tia of the pathogen and thus making the grain unfit for consumption. The scle-
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totia contain neurotoxic alkaloids of clavine group mainly agroclavine elymocla-
vine chanoclavine, setoclavine and penniclavine (Banks etal,, 1974 ; Bhat, 1977;
Bhateral., 1975, 1976). Ergot toxicity is manifested in humansin the form of gast.
rointestinal disturbances, like nausea, vomiting, giddiness, and diarrhea and in
extreme cases death (Bhat eral,, 1975 ; Bajpai, 1976), in monkeys, restlessness,
ataxicness, muscle twitching, redness of face, ground biting and loss of response
to thermal and tactile stimuli (Bhat and Roy, 1967), and in chicks, gasping,
dropping of wings, leg wickness, and occasional vomiting (Bhates al., 1976).
Feeding of ergot sclerotia is known to cause agalactia of sows (Loveless, 1967)
inhibition of lactation and interruption of pregnancy in mice (Mantle, 1968,
1969). Generally humans are more sensitive to alkaloids than animals. The
Central Committee of Food Standards of the Directorate General of Health
services has fixed a safe limit of 0.05% of sclerotia contaminated grain (Bhat
er al., 1975) and 28 ug. alkaloid/kg body weight (Krishnamachari and Bhat,
1976). Ergot is generally more serious in the homogeneous, uniform F, hybrids
than in the heterogeneous, variable open-pollinated varieties and land-race
cultivars (Andrews, 1987; Thakur eral., 1983b), Screenings of more than
1,300 breeding lines of All India Coordinated Pearl Millet Improvement Pro.
ject (AICPMIP) and ICRISAT including F, hybrids, their parental lines, and
varieties have shown high susceptibility to ergot (Thakur et al., 1985, 1989). In
recent studies Thakur ef a/. (1989) have shown strong positive association of
cytoplasmic male sterility with ergot susceptibility in Fy hybrids. Under envi.

1 conditions congenial for ergot infection, ergot can b a serious
problem in seed production plots if nicking of flowering in seed parents is not
proper. Because of increasing cultivation of F, hybrids in India, ergot deserves
a major attention and it should start from the seeds.

Ergot is not seed-borne, but it is seed and soil contaminant. Sclerotia
mixed with seeds or deposited on the soil from the previous crop serve asa
source of primary inoculam. ln this paper, I will consider various methods of
ergot management and suggest waysto produce ergot-free seeds of pearl
millet.

Control Measures

The various control measures Avallable for ergot of pearl millet can be
described under chemical, cultural, biolog ltural, host plant resistance
and integrated management,

Chemical
Between 1920 and 1987, 26 research and review papers have been pub
shed and 23 chemical fungicides have been tried to control eruot of pearl

let (Chahal et al., 1988). The fungicides were A fungin, Cuman-L
Ziram, Zineb, Difolatan and Benlate, and thele were used asspray du
flowering of pearl millet. However, no chemical has been ded by thel

AICPMIP for use by the farmers. Chemical control of ergot is neither ¢
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mical nor feasible because of several reasons including the high cost of fungi-
cide and its application, appearance of ergot during rainy weather resulting in
washing of fungicide, and the need for repeated sprays to protect the tillers.

Cultaral .

A number of cultural practices have been recommended to reduce ergot
incidence. Manipulation of planting dates to avoid coincidence of flowering
with rainy weather, deep ploughing to bury sclerotia deep in the soil to prevent
their germination, judicious application of chemical fertilizers, intercropping
with legumes, particularly mungbean—the leaf' canopy of which can prevent
ascospores produced from germinating sclerotia in soil from reaching to pearl
millet flowers (Thakur, 1983 ; Thakur, 1987 ; Thakur and Chahal, 1987). These
measures are highly lozation and time specific and cannot be recommended as
a general practice.

Biocultural
Control of ergot in pearl millet (hrough pollenmanagement is a novel idea
of utilizing pollination-induced e that ¢ under natural condi-
tions (Thakurand Williams, 1980). Ergot mfecnon in F; hybrids was effectively
duced (80% reduction) by strategically planting a less susceptible, early
maturing pollen donor to thehybrid at ICRISAT Center (Thakur e al., 1983b)
This method of ergot control needs wider testing using recently rcleased F,
hybrids before it can be recommended for use by farmers.

Biologlcal

Mycoparasitism is an important mechanism for biological control of dise-
ases, Cerebella andropogonis (Kulkarni and Moniz, 1974), Fusarium sambucinum
and Dactylium fusarioldes (Tripathi et al., 1981), and F. semitectum var. majus
(Rao and Thakur, 1988) and F. chlamydosporium (Chahalet, al. 1987) have been
reported to parasitize honeydew and sclerotia of ergot. Rao and Thakur
(1988) obtained a significant reduction in sclerotia formation and increased
sclerotia disintegration by using F. semitectum var. majus a biocontrol agent in
field and greenhouse experiments. More detailed studies are needed to ex-
plore possibilities of an effective control schedule with my

Hest plant resistance
Growing disease-resistant cultivars is the most effective and economlcul
means of disease control. Genetics of resi appears plex, r
being recessive and under polygenic control (Thakur ef al., 1983a). Resistance
to ergot has, however been developed (Thakur et al., 1982)and many lines with
high resistance to ergot, and lines with combined resistance to ergot, smut,
and downy mildew are now available (Thakur et al., 1985; Thakur and
King, 1988) Efforts are being made at ICRISAT Center to transfer ergot
resistance in parental lines of hybrids (Rai and Singh, 1987).
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Integrated control

Integrated control for ergot should include using sclerotia-free seed, well
loughed field, i pping with | where possible, and ergot-resi!
cultivar,

Production of quality (ergot-free) seed

Availability of quality seeds of improved varieties is the key to increased
agricultural production. Farmers are gradually becoming conscious and are
willing to pay higher price for improved quality seed. Seed quality includes
purity, germination, health, weed seed content, moisture content etc, Seed
production is affected by various factors including diseases, insects, improved
cultivar, seed price, seed regulations etc. It is amply clear therefore that seed
health or disease is one of the most important factor for both seed quantity
and quality,

Forergot disease of pear] millet, contamination of seed with sclerotia is the
major problem. These sclerotia can be separated by treating the seed with
brine solution, by mechanical separator or manually, depending on the
guantity of seed to be handled. Various concentrations (5-20%) of brine
solutions have been suggested (Nene and Singh, 1976: Pathak er al,, 1984),
but 10% brine solution has been found most effective and economical (Nene
and Singh, 1976). This method, however, will be useful only for a small
quantity of seed. Various kinds of mechanicul separators have been used i.c.
screen air separator, specific gravity separator, brand grader (Nicholas, 1975
Pathak et al,, 1984) and draper belt separator (Modi ¢t al., 1979). These
separators are effective in cleaning up to 80-90% of sclerotia from the seed
lots. Itis suggested that for small quantity of seed 10% brine solution and for
large quantity mechanical separator would be useful.

Ergot is a serious problem in those parts of the country, where raml‘ell is
high and flowering in pearl millet ides with rainy her. Inapreli y
study based on rainfall data, flowering time of pearl millet hybnds and their
ergot severity scores at seven locations in India, Huda and Thakur (1989)
classified these locations into low, medium and high risk area for ergot deve-
lopment. They classified Hisar and Jalna as low risk areas, Ludhiana, Delhi,
and Jamnagar as medium risk areas and Aurangabad as high risk area. Sinco
ergot is a problem of the rainy season crop, in some states where the seed crop.
can be grown during the postrainy season with irrigation, ergot incidence
can be avoided. States, such as Gujarat, Andhra Pradesh, Tamil Nadu, and.
Karnataka can be the areas of sced production during the p iny season,
In the low risk area or during the relatively dry rainy season sced production,
can also be taken in other states.

Since there is no ergot.resistant cultivar available at present, the:
major efforts have to be on producing ergot-free seeds of pearl millet. The.
steps involved are: 1. Selection of field not having ergot infected pearl millet'
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crop in the previous season to eliminate soil-borne ergot inoculum ; 2. Use of
good quality sclerotia-free seeds; 3. Growing the seed crop during the post-
rainy season ; 4. Using parental lines of hybrid with better nicking of flowering
for quick pollination of female lines; and 5. Isolation of seed production plot
from other pearl millet fields, at least 200 m, to avoid air-borne crgot inocu-
lum and pollen contamination.
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