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Downy Mildew of Pearl Millet
Pearl millet (Pennisctwn glaucum (L.)
R. Bt) is known by various names in different Iangwages: pearI, bulrush, cattail, or
spiked millet in EngIish; bajra in Hindi;
dukhn in Arabic; and mil a chandelles in
French. In India, Arabia, and Africa, pearl
millet has been cultivated as a forage or
cereal crop for at least 3,W years. Pearl
millet originated in Africa and was subsequently introduced into Tndia. Some r e
searchers 'believe that millets were the first
cubtivat4 crops to be used for human food
in prehistoric times (10). The world area
cropped to pearl millet is about 26 million
hectares. The crop is grown on the poorest
soils and under harsh ctimatic conditions
where no other crop can grow. Therefore,
pearl millet is the food of the poorest of
the poor. Although the crop i s quite hardy,
it still suffers from various biotic stresses.
One of the major biotic yield-reducing
factors is the disease downy mildew,
caused by Sclemspom graminicoIa (Sacc.)
J. Schrlit. The disease is of great economic
importance in India and in many countries
in Africa, including Senegal, Mali, Burkina Faso, Niger, Nigeria, Togo, Chad, Tanzania, Zambia, and Mozambique. The
pathogen has been reported in more than
20 countries (23).

History of Downy Mildew
Disease in India
The downy mildew pathogen was first
reported on pearl millet in India in 1907
(5). Although the disease was established
in most of the pearl millet growing areas,
high disease incidence and yield losses
were reported only in poor1y drained, lowEying areas (7). Because of the use of local
cultivars and traditional cultivation methods, the disease remained sporadic until
1970. Melds were low but stable.
To meet the growing demand for food,
the Indian Council of Agriculhltal Research (ICAR) established "All India Coordinated Projects" for crop improvement
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in 1957. A coordinated project for the
improvement of sorghum (Sorghum bicolor (L.)Moench) and pearl millet was
established in 1960. The objectives of
these projects were to produce short, earIymaturing, and high input responsive cultivars (24). The discovery of cytoplasmicgenic male sterility in park millet (4)
encouraged breeders in India to produce FI
hybrids for increasing grain yield. Tft
23A, a male-sterile line bred in Georgia,
USA, was imported and a hybrid program
began.
The first pearl millet hybrid, HI31 mft
23A x Bil 3B), was released for cornmercia1 cultivation in India in 1965, closely
Followed by HB2 and HB3. The cultivation of these hybrids result4 in a quantum
jump in yield. In 1970-71, when HB3 was
grown on less than 20% of the area, India
harvested a record grain yield of 8.2 million metric tons. In the foElowing year, a
severe and widespread epidemic of downy
mitdew occurred that reduced the total
grain yield to about 4.6 miIlion metric tons
(Fig. 1).
The parent line, Eft 23A, was bred in
Georgia, where downy mildew does not
occur. Unfortunately, the line was not
tested for its reaction to downy mildew
after its introduction into India, primarily
because downy mildew was at that time a
sporadic disease and high yidd was the
first criterion-the host was emphasized
over the pathogen. Downy mildew appeared on Tift 23A and on all its hybrids
as early as 1965, but it was ignored because of the improvement in grain yield
and low disease levels. Widespread cultivation of uniformly susceptible F1hybrids
for several consecutive years increased
oospore inocuIurn in the soil, and environmental condiiions favorable to the disease resulted in epidemics in 1971-72.
These high-yielding cultivars were grown
for several years despite their known susceptibility to downy mildew (9). Following these epidemics, several newer downy
mildew resistant cultivars were grown
widely; however, total grain yield never
again reached the record level of 1470-71.
The growing of susceptible hybrids produced such high densities of oospores of
the downy miIdew pathogen in the soil
that even the Iocd (land race) cultivars,
which normally were not damaged, became seriously diseased.

Symptomatology
Two types of symptoms, downy mildew
and green ear. are produced. Downy mildew symptoms may appear on the first
leaf, but genwlIy on the second and third
leaves in the form of chlorosis of the leaf
lamina beginning at the base of the infected leaf. The chlorosis progresses to
successively higher leaves, covering the
entire lamina on the third or fourth leaf.
Under high humidity (r954h RR) and
moderate temperature (20 to 2S0C),
chlorotic areas on leaves produce abundant
asexual spomlation. generally on the
abaxial surface of leaves, giving them a
downy appearance. Severely infected
plants remain stunted and do not produce
panicles. The half-leaf symptom, shown
by a distinct margin between the diseased
(basal) portion and the nondiseased areas
toward the tip. is a characteristic symptom
of the disease (Fig. 2). After leaf symptoms develop, all the subsequent leavcs
and the panicle have symptoms due lo the
systemic nature of the disease, except in
the case of recovery resistance, where
plants outgrow the disease (2 1). Green ear
symptoms appear on panicles due to the
transformation of floral parts into leafy
structures (Fig. 3). Sometimes symptoms
may appear as local lesions on the leaves
under west African conditions.

Pathogen
S. graminicola produces both asexual
spores (sporangia. zoospores) and sexual
spores (oosporcs). Sporangia are hyaline,
thin-walled. ellipsoid. and papillate, with
dimensions of 15 to 22 x 12 to 2 t pm. In
nature, sporangia are produced during the
night between O1OO and 0400. Optimum
sporangial production occurs at 20 to 25°C
and 95 to 100% RH. Sporangia are
ephemeral. They germinate directly by
germ t u k s and by reIeasing 1 to 12 zoospores. However, germination by zoospore
release is most common. Zoospores germinate by germ tubes and retain their infectivity for a b u t 4 hours at 30°C and for
a longer time at lower temperatures
(18,20). Oosporas are thick-watled resting
spores produced in infected leaves. A mature oospore is brownish yellow and
spherical, and measures 32 pm (22 to 35
pm) in diameter. The pathogen is heterothallic, but homothallism also occurs
(6). Recently, a repeatable method of oo-
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