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AnImproved F ield Screening Technique for Downy Mildew Resistance in Pearl Millet

R. J. WILLIAMS, S. D. SINGH, and M. N. PAWAR, Millet Improvement Program, International Crops Research
Ins;itute for the Semi-Arid Tropics, ICRISAT Patancheru P.O., Andhra Pradesh 502 324, India

ABSTRACT

Williams, R. J., Singh, S. D., and Pawar, M. N. 1981. An improved field screening technique for
downy mildew resistance in pear] millet. Plant Disease 65:239-241.

An effective, large-scale field screening technique has been developed to identify sources of
resistance to downy mildew ( Sclerospora graminicola) in pearl millet ( Pennisetum americanum).
The technique, based on preplanted infector rows that provide sporangial inoculum, has been
successfully used to identify and improve downy mildew resistance in composites, cultivars, and
hybrid parents. The major advantages of the technique are reliability, uniformity of inoculum
distribution, flexibility in location and size of screening plots, effectiveness throughout the year
(including the dry winter {postrainy] season), and independence from rainfall.

Additioné] key words: oospores, zoospores

Downy mildew, caused by Sclerospora
graminicola (Sacc.) Schroet., became a
major production constraint in the
Indian hybrid pearl millet (Pennisetum
americanum (L.) Leeke) crop in the early
1970s and is still the greatest threat to
improved pearl millet cultivars in Africa
and India. The absence of effective,
economically feasible chemical control
methods necessitated the development of
resistant cultivars.

Early attempts to screen for sources of
resistance to pear] millet downy mildew
depended on “sick plots;” ie. plots into
which infected, oospore-bearing pearl
millet plants had been plowed for several
years (4). The test materials were planted
in these plots, and infection was initiated
by the oospores in the soil.

This screening system had several
drawbacks: 1) several seasons were
needed to incorporate enough oospores
into the soil; 2) producing a uniform
inoculum distribution throughout the
plots was difficult, particularly for large-
scale screening; 3) unless soil moisture
conditions were optimal for oospore
germination and infection throughout
the plots during the first 3-4 wk after
seeding, nonuniform or no infection
occurred: and 4) size and location of the
screening area were fixed. The use of sick
plots slowed progress in resistance
breeding, because lines that had escaped
infection were often selected as resistant.

* The demonstration of the significant role
of sporangia (and their zoospores) in the
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epidemiology of this disease (6) led to the
development of the improved field-
inoculation technique described here.

MATERIALS AND METHODS

Inoculum. Qosporic inoculum, obtained
by pulverizing dried, mature, infected
leaves, was maintained as a dry powder in
glass bottles in the laboratory and was
used as a seed dressing (5 g of oospore
powder per kg of seed) to produce the
initial infected plants. Sporangial
inoculum was subsequently maintained
continuously on susceptible pearl millet
hybrids HB-3 and NHB-3 by sequential
plantings in a small disease garden area
adjacent to the laboratory. Mist
irrigation for 30 min in the late evening
hours three times a week assured the
development of high levels of downy
mildew in all seasons.

We found that infected leaves that had
received more than 6 hr of sunlight
produced sporangia profusely in 7-8 hr
when maintained in a moist chamber in
the dark at 20 C. We used this
information. to produce sporangia for
inoculations in the mornings (0500-0600
hours) and in the evenings (1700~-1800
hours)..

For morning inoculations, leaves were

detached from infected plants in the field

at about 1630 hours the previous day.
Leaf surfaces were gently rubbed with
moist cotton wool to remove old
sporangiophores. Leaves were placed in
plastic. chambers lined with moist
blotting paper and incubated at 20 Cfor 7
hr. The incubators were programmed to
lower the temperature to 5 C at this time;
the next day at 0400 hours, the
temperature was teturned to 20 C for
30-60 min. The mature sporangia were
harvested in tap water by gently brushing

the leaf surfaces with a camel’s-hair
brush.

For evening inoculations, the leaves
were detached from infected plants in the
field at 1630 hours and maintained
overnight with cut ends in tap water
under fluorescent light in the laboratory.
The next day at 0900 hours, the leaves
were cleaned, placed in a moist chamber
asfor morning inoculation, and incubated
at 20 C for 8 hr. Sporangia were harvested
in tap water at about 1700 hours.

Primary infector plants. Sceds of
susceptible hybrid NHB-3 and cultivar
7042 were planted in plastic buckets 25
cm in diameter in red soil (Alfisol) mixed
with farmyard manure (3:1). The stem
bases of the seedlings were injected
with sporangial (zoospore) suspensions
10—15 days after planting. Within 7 days
of sporangial inoculation, high levels of
downy mildew occurred, and the pots
were taken to the screening plots.

Field infector rows. A 1:1 mixture of
NHB-3 and 7042 seed was planted in
every third row throughout the screening
field in 1976 and 1977, and subsequently
in every fifth row (rows 0.75 m apart), as
“infector rows.” When the seedlings were
emerging, the buckets of primary infector
plants were placed along these infector
rows at 10-m intervals. Mist irrigation
was used in the late evenings for 30 min
three to four times a week to promote
sporulation on the primary infector
plants. The sporangia (and their
zoospores) so produced infected the
infector-row plants. By about 21 days
after planting, the field infector rows had
developed at least 40% downy mildew
infection. Uninfected main shoots and
tillers that escaped infection were
removed from the infector-row plants to
promote further production of infected
tillers.

Test and indicator rows. The test rows
(materials to be screened for resistance to
downy mildew) were planted when
40-50% of infector-row plants had
developed the disease. At the same time,
rows of NHB-3 were planted after every

10 rows of test material to act as an
indicator of disease pressure.

Humidity. Throughout crop develop-
ment, a “perfospray” irrigation system
provided high humidity in the screening
field (Fig. 1). The perfospray was:
operated at a pressure of 0.7-1.4 kg/em®
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Fig. 1. The “perfospray” mist irrigation system used to promote sporulation and infection by
Sclerospora graminicola in the large-scale, infector-row screening system for resistance to downy
mildew in pearl millet. Note the preplanted infector rows (every third row).

Table 1. Incidence of downy mildew in six pear] millet composites planted in the screening nursery
at ICRISAT Center and in nearby breeding plots during the 1976 rainy season

Downy mildew incidence

Screening nursery

Breeding plots

Number of Mean Range Mean Range

Composite entries (%) (%) (%) (%)
WC-FS 8 51 33-94 < 1 0-36
MC-FS 6 53 39-73 5 013
GAM-75-S, 22 69 49-92 6 0-38
GAM-73-S: 3 56 49-59 17 5-47
GAM-73-FS 2 56 53-64 1 0-3

RF Synthetic 26 67 44-100 27 0-97

Table 2. Incidence of downy mildew in four
pear! millet entries grown as standard checks
in the ICRISAT pearl millet downy mildew
field-screening nurseries during the 1977 and
1978 rainy seasons

1977 1978
Incidence’ Incidence’
Entry (%) sD" %)  SD
HB-7 28 +4.8 26 + 3.0
BJ-104 44 x 8.5 6! +73
NHB-3 93 1 4.9 B e
7042 B R 83 *= 3.0

“Each value is the mean of five trials with two
replicates per trial.

°Standard deviation of the sample. .

“Entry not included.

(7-21 m head). At the recommended
pressure of 1.2 kg/cm” (12-m head), each
meter length of pipe (5-cm diameter)
sprayed 52 L/min. The application rate
was approximately 13 mm/hr. The
perfospray system, operated on alternate
evenings after sunset for 30 min, was
ideally suited for the promotion of downy
mildew in pear! millet.

Disease incidence. Incidence of downy
mildew in test materials was recorded
20-25. 40-45. and 60-70 days after
planting. At the first two ratings. small,
slim, red-topped bamboo pegs were placed
beside infected plants, so that plants that
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died and were washed away during heavy
rains could still be counted at later
ratings.

RESULTS

The International Crops Research
Institute for the Semi-Arid Tropics
(ICRISAT) Center has used this
screening technique on a large scale (4-6
ha) in two seasons a year (rainy and
postrainy) since the 1976 rainy season.

During the rainy seasons of 1976 and
1977, four types of materials were
screened —inbreds, hybrids, male-sterile
lines, and composites and composite
products (Si, Sz, full-sib, and half-sib
lines). Composites and composite
products constituted 85% and 839% of
entries during the rainy seasons of 1976
and 1977, respectively, and were the only
materials screened in the 1976—-1977
postrainy season. Since then, germ
plasm. hybrids, inbreds, and synthetics
have also been widely screened. and in the
1977 and 1978 rainy seasons, we screened
all the breeding trials of the All-India
Coordinated Millet Improvement Project
(AICMIP).

The mean incidence of downy mildew
in the susceptible indicator rows was 846
during the 1976—-1977 postrainy season
and ranged from 66-79% and 60-809;
during the 1976 and 1977 rainy seasons,
respectively.

In the 1976 rainy season, the first

season the technique was used. 3.470
breeding lines were screened in four
groups of ‘materials, and a wide range of
downy mildew reactions was obtained.
Similar ranges of reactions were observed
in 2,197 lines screened in the 1976-1977
postrainy season and in 6,021 lines tested
in the 1977 rainy season. The proportion
of lines with less than 10% downy mildew
in the composites, which were selected
(by selfing resistant plants in all lines) and
recombined (by making full-sibs with
resistant plants in selected lines) under
downy mildew pressure, increased from
55%inthe 1976 rainy sedson to 79%in the
1977 rainy season. The proportion of
susceptible lines (more than 26%
infection) decreased from 22% to 5% in
the three seasons.

The effectiveness of the screening
technique is further indicated in Table 1,
which compares downy mildew levels in
selected lines from several populations
growing in the screening nursery and
growing in nearby breeding plots with
natural inoculum levels. Selection of
“resistant™ lines from the breeding plots
would obviously include many escapes.

The reactions of the standard checksin
the 1977 and 1978 AICMIP trials provide
a valuable measure of the reliability of the
screening system (Table 2). The standard
checks were hybrids HB-7, BJ-104, and
NHB-3 in 1977, HB-7, BJ-104, and
cultivar 7042 in 1978. BJ-104 was
consistently more susceptible than HB-7
and less susceptible than NHB-3 and
7042. The HB-7 reactions were similar in
both years, but BJ-104 appeared more
susceptible in 1978 than in 1977. Because
the seed source can vary from one year to
another, within-year comparisons are
more valyable in evaluating the screening
system than between-year comparisons.

DISCUSSION

The technique we have described
allows effective, large-scale field screening
with flexible size and location of the
screening nursery. The effectiveness of
the technique in both rainy and postrainy
seasons permits rapid advance of
breeding material under downy mildew
pressure. The major advantages of the
technique over the traditional sick-plot
technique, in addition to the added
flexibility, are !) a more uniform
inoculum distribution over a large area;
2) an extended period of inoculation,
which lessens opportunities for escape.
because sporangia are produced every
night for several weeks and can infect
young tillers that are produced contin-
ually during pear! millet plant growth:
3) independence from rainfall: 4)
much greater efficiency at less cost than
techniques that involve spraying or
injecting plants manually (1,5); and 5) the
ability to do resistance screening on a
large scale, unlike a laboratory-based
system (2).

The success of the technique depends



on the timing of the various operations
and- the  availability of an irrigation
'systém to promote sporulation and

infection. Plans must be made far enough -
‘in advahice to make- the components of -

the system available at the appropriate
. time, and the mist.irrigation system must

be used in the late evenings often enough- - -

to .promote epidemic development. The

ractice of marking the position of early- -
p arking p

infegted pldnts . that may die and “be
washed aWay‘.is also vital to the collection
of accurate data on disease incidence.

‘We have used this system two seasons

per year since 1976 and now operateit on

"6 ha per season to screen 7,000-10,000
. entries. Breeding operations carried out
.in ‘the downy mildew nursery have

resulted. in the rapid development of
resistant ‘hybri‘ds ‘and cultivars (3).
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ABSTRACT

Zummo. N.. Findley, W. R., Freeman, K. C., Bitzer, M. J., and Armstrong, G. 1981. Resistance of
sweet sorghum cultivars and lines to maize dwarf mosaic in Kentucky, Ohio. and Mississippi. Plant

Disease 65:241-242.

Sweet sorghum lines MN 960, Mer. 75-6, Mer. 76-1, Mer. 77-2. and Mer. 77-7 showed good levels of
resistance to maize dwarf mosaic in the field over 10 yr when susceptible control varieties had more
than 90% infection. However, when MN 960 was inoculated mechanically in the greenhouse with
five strains of sugarcane mosaic virus, 70% of the inoculated plants became infected. Mer. lines
75-6. 76-1, 77-2, and 77-7 are all unreleased breeding lines with Brandes as one common parent.

Since its identification in 1965, maize
dwarf mosaic virus (MDMYV) (14), a
strain of sugarcane mosaic virus (SCMV)
(5,11,12), has become the most widespread
virus of sweet sorghum (Sorghum bicolor
(L) Moench) in the United States. Several
strains of MDMYV have been described
(7,16).

Depending on the cultivar and
environment, symptoms produced by the
virus on sorghum vary from a mild
mosaic that may pass unnoticed in the
field (2) to brilliant red necrosis (2,4,8,15)
and stunting and killing of young plants.
Edmunds and Niblett (3) reported that
MDMYV may cause panicle necrosis and
small seeds on otherwise symptomless
grain sorghum plants. Control of maize

Cooperative investigations of the USDA, SEA-AR.
U.S. Sugar Crops Field Station. Meridian, MS
39301, and Agricultural Experiment Stations.
Kentucky. Mississippi. and Ohio.

This article is in the public domain and not
copyrightable. it may be freely reprinted with
customary crediting of the source. The
American Phytopathological Society, 1981.

dwarf mosaic (MDM) has been difficult
because resistant varieties have not been
available. Sorghum cultivars IS 7596 of
Nigerian origin (9) and Krish, a
derivative of the cross S. halepense X S.
roxburghii(10,13), have shown resistance
in Queensland, Australia. Tolerant
cultivars showing only mild mosaic
symptoms have been reported from ltaly
(6) and the United States (1,2,17).

This paper reports the results of several
years of screening sweet sorghum germ
plasm for MDM resistance in fields with
a high incidence of disease.

MATERIALS AND METHODS
Selected sweet sorghum lines from the
World Sweet Sorghum Collection,

" commercial syrup and sugar cultivars,

and promising unreleased breeding lines
were planted in areas of high MDM
incidence at Portsmouth, OH; Meridian,
MS: and Barbourville, Frankfort, and
Quicksand, KY. MDMV-infected
johnsongrass growing nearby and in the
plots served as the primary source of
inoculum for insect vectors. At Meridian,
every third row in the plots was planted

lopment Center, Wooster 44691; K. C. FREEMAN, Research
Crops Field Station, Meridian, MS 39301; M. J. BITZER, Extension
40506; and G. ARMSTRONG, Superintendent, Robinson Substation,

with MDMV-infected johnsongrass

rhizomes to provide inoculum. Three
grams of seed of each line and cultivar
were planted in four replications, each
containing about 50 plants, at each
location in late May or early June.

Highly susceptible entries were dropped
from subsequent tests; those that showed
promise were tested further. Percent virus
infection and effects on plant growth
were determined in July.

Ten-day-old MN 960 sorghum seedlings
were grown in the greenhouse in Houma,
LA. and inoculated with strains A, B, D,
H, and 1 of SCMYV by rubbing expressed
juice from diseased plants over
Carborundum-dusted leaves. Disease
determinations were made 14 days after
inoculation.

RESULTS AND DISCUSSION

Although data from 1 yr are shown,
they are typical of most years of
testing. MN 960, Mer. 75-6, Mer. 76-1,
Mer. 77-2, and Mer. 77-7 showed good
levels of resistance to MDM in the field
(Table ). Only four MN 960 plants
developed MDM in 10 yr, during which
susceptible control cultivars (Honey,
Collier 706-C) showed more than 90%
infection.

When MN 960 was inoculated
mechanically in the greenhouse with five
stains of SCMV, 70% of the inoculated
plants became infected. This indicates
that MN 960 is not resistant to infection
by SCMV but may have some resistance
to aphid vectors. MN 960 was introduced--
from Equatorial Africa in 1945 as Pl
152857. Most MN 960 plants infected
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