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ABSTRACT

The present study was undertaken during kharif, 2022 to find out the effect of different weather variables on
the development of downy mildew in pearl millet. The data of downy mildew incidence for consecutive one
year revealed that the mean weekly disease incidence in 7042 S ranged from 5.45 to 81.82 per cent indicating
the highly susceptible response. The second fortnight of August to the first fortnight of September can be
considered as window period for downy mildew incidence. The disease incidence in cultivar 7042 S was
correlated highly significantly and positive correlation with maximum temperature (r = 0.753**), highly
significantly and negative correlation with total rainfall (r =-0.744**). Evening relative humidity (r =-0.602%),
morning relative humidity (r = -0.625*) and rainy days (r =-0.624*) was significant and negatively correlated
with downy mildew incidence. The minimum temperature showed non-significant and negative correlation
(-0.309) with downy mildew disease incidence. It has been observed that multiple correlation (R) value 0.941
indicating a strong association between per cent disease incidence and weather parameters. The co-efficient
of determination (R?) of 0.886 proved the significance of overall regression model accuracy. Predict the
occurrence of downy mildew with R? =0.886, indicating that all weather parameters contributed 88.6 per cent

towards disease development.
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Introduction

Pearl millet (Pennisetum glaucum L.) is a monocot
species belongs to the family Poaceae and sub family
Penicedae, having diploid genome (2n= 2x =14). It is
locally known as Bajra, is also known as bulrush millet,
cat tail or spiked millet (Verma et al., 2021a, Reddy et
al., 2021). India is the largest country in Asia in terms
and area of 6.55 m ha, production of 9.64 MT and
productivity of 1471 kg/ha (Anon. 2025a). Rajasthan is
the leading state with an area of 4.26 m ha with a
production of 5.07 MT and productivity of 1191 kg/ha
(Anon. 2025b). Pearl millet is the most drought tolerant
crop among cereals and millets. It grows in warm and
dry climatic conditions, where annual rainfall is 150-700
mm and ideal temperature for growth is 20-28 °C. Moist
weather is advantageous during its vegetative growth.

Bajra can be grown in a wider range of soil but thrives
best in black cotton soil, sandy loam soil having well
drainage (Harinarayana et al., 1999). Pearl millet is
infected with a large number of diseases caused by fungal
and bacterial pathogens. Downy mildew (Sclerospora
graminicola (Sacc.) Schroet), blast (Pyricularia grisea
(Cke.) Sacc), smut (Moesziomyces penicillariae (Bref.)
Vanky), ergot (Claviceps fusiformis (Loveless)) and rust
(Puccinia substriata Ellis & Barthstriata) are the most
important fungal diseases of pearl millet. Sclerospora
graminicola is caused by systemic infection by the
obligate biotrophic pseudo-fungus, first reported on pearl
millet in India by Butler (1907) and he described that
disease in poorly drained areas where it developed into
severe epidemics. Under favourable environmental
conditions the disease may cause up to 65 per cent
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Table1: Effect of meteorological parameters on downy mildew development on highly susceptible cultivar (7042 S) of pearl
millet (kharif, 2022).

Meteoro- | Temperature | Rain- | Rainy | Relative humidity Observed* Predicted
Date of logical Min. | Max | fall days | Evening | Morning disease disease
Observation Standard | (°C) C) | (mm) [ (No) (%) (%) incidence (%) | incidence (%0)
Week X1 X2 X3 X4 X5 X6 Y A%
30 Jul-05Aug 31 241 | 3203 4 0 55.74 68.47 5.45 16.53
06 Aug — 12 Aug 32n 27 | 3229 | 782 3 55.29 75.23 9.09 7.08
13 Aug- 19 Aug 33n 2156 | 3181 | 743 4 71.19 87.39 1091 12.93
20 Aug — 26 Aug 34n 2059 | 292 48 4 71.19 85.29 20.00 1921
27 Aug—02 Sep 35n 21.21 | 3207 0 4 5353 71.49 50.00 50.27
03 Sep—09 Sep 36" 214 36 0 0 45.2 70.37 62.73 81.97
10 Sep — 16 Sep 3m 2216 | 3643 0 0 5331 71.97 72.73 73.50
17 Sep— 23 Sep 3gn 2.7 | 3509 0 0 49.55 70.61 71.27 56.56
24 Sep—30 Sep 39n 2153 | 339 0 0 50.89 68.56 80.00 68.64
01 Oct - 07 Oct 40m 2114 | 3443 0 0 57.04 64.27 81.82 83.30
* Per cent disease incidence was calculated as per rating scale mentioned in the material and method
* Mean of three observations per week

reduction in the yield (Thakur et al., 1978). Gupta and
Singh (1996) reported 57 per cent reduction in the yield
besides heavy losses in the fodder yield. Subsequent to
this epidemic, grain yield losses continue to occur quite
frequently due to downy mildew epidemics in India (Singh
et al., 1987). It has been demonstrated that the losses in
yield can be directly proportional to disease severity
(Williams and Singh, 1981). The soil-borne oospores or
sexual spores of S. graminicola are the primary source
of inoculum for the development of downy mildew.
Climatic variables play a major role in the initiation and
spread of plant diseases. Host, climate, biotic and edaphic
factors influence the process involved in pathogenesis.
During cool and humid nights, systemically downy mildew
infected leaves produce abundant sporangia on the abaxial
surface. However, the hot and dry environmental
conditions favourable for pearl millet growth may not be
conducive for sporangial production and survival (Singh
et al., 1993). Environmental factors like temperature,
rainfall, relative humidity, wind, dew, cloudiness and
duration, quality and intensity of radiation play an
important role in the development and spread of downy
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Fig. 1: Effect of meteorological parameters on downy mildew
development on highly susceptible cultivar (7042 S)
of pearl millet during kharif, 2022.

mildew (Gupta and Singh, 2000). The contribution of
temperature and humidity on the incidence and spread of
downy mildew in pearl millet was surveyed by Atri and
Singh (2019) in Punjab. They developed a weather
prediction model for downy mildew incidence and
suggested its usefulness in forecasting the occurrence of
disease. This offers a holistic view to take pre-emptive
decisions for the prevention of disease occurrence and
determine appropriate management practices under given
environmental conditions. Keeping in view the losses
incurred due to downy mildew in pearl millet and
importance of weather variables on this disease, the
present investigation was undertaken to develop a
prediction model for downy mildew progression in pearl
millet.

Materials and Methods

The downy mildew incidence was recorded to know
the period and crop stage for initiation and progress of
downy mildew during the entire crop season. One highly
susceptible cultivar i.e. 7042 S was selected to record
the influence of epidemiological factors on the progression
of the disease under field conditions. The experimental
trials on epidemiological studies were conducted at ICAR-
AICRP on pearl millet field Mandor, during kharif, 2022.
The crop was sown on 10% July, 2022 by adopting all
Table2: Correlation of pearl millet downy mildew incidence

with weather parameters on highly susceptible
cultivar (7042 S) during kharif, 2022.

Temp.in (°C) | Rainfall | No.Rainy | Relative humidity
Min. [ Max | (inmm) days | Evening |Morning
-0.3090.753** | -0.744** | -0.624* | -0.602* | -0.625*

* Significant at 5%; ** Significant at 1%
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Table3: Multiple linear regression equation for pearl millet downy mildew and different weather

cultivar (7042 S) during kharif, 2022.

parameters on susceptible

Multiole li . tion ¥ 1 = a+bLX1+b2X2+ +bnX Multiple Co-efficient of
ultiple linear regression equation Y 1 =a+b1X1+b2X2+........ nXn R Determination (R?)
¥ 1=221.05 +(-15.39)(x1) + (6.73)(x2) + (-0.26)(x3) + (2.24)(x4) + (0.21)(X5) + (-0.87)(x6) 0.941 0.886*

standard agronomical practices. The field was kept free
from any fungicidal spray. The plants were sown in plot
size 4 x 3 m?and 45x15 cm row to row and plant to plant
spacing. For recording the downy mildew incidence and
its development, after germination, ten plants were
selected randomly and labeled.

The observations (thrice in a week at two days’
interval) on individual labeled plant were recorded from
31™"to 41™ standard meteorological week till maturity of
crop. There after a correlation, simple regression and
multiple regression study was made between the
progressive development of disease and respective
weather parameters viz., temperature (minimum and
maximum), relative humidity (evening and morning),
rainfall, number of rainy days, were symbolized as X1,

—
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Plate 1: Progressive development of downy mildew
in pearl millet under natural conditions.

X2, X3, X4, X5, and X6 respectively and recorded
periodically from experimental field. The per cent disease
incidences were calculated as per formula given by
(Mayee and Datar, 1986).

Total no. of infected plants

Percent disease incidence = Total no. of plants x 100

Results and Discussion

The progress of downy mildew incidence in one
cultivar of pearl millet 7042 S (highly susceptible) in
relation to weather variables were studied in Kharif, 2022
under field conditions. The first downy mildew incidence
was recorded from initiation of disease i.e. 21 days after
sowing (31" meteorological standard week) of crop
season and continued up to maturity 7" October (40™"
meteorological standard week). For disease incidence,
three observations were recorded in each week at two
days’ interval and the average weekly disease incidence
was calculated. The weather variables viz., minimum
temperature (X1), maximum temperature (X2), total
rainfall (X3), rainy days (X4), evening relative humidity
(X5) and morning relative humidity (X6) were recorded
periodically from experimental field for the entire cropping
season starting from the germination to the harvesting of
the crop.

The data of downy mildew incidence for consecutive
one year revealed that the mean weekly disease severity
in 7042 S ranged from 5.45 to 81.82 per cent indicating
the highly susceptible response. The downy mildew
incidence progressively increased during the observation
period i.e. 30" July to 7" October in the crop seasons.
However, in the crop seasons (Kharif, 2022) the
maximum downy mildew incidence was recorded during
35" and 36" meteorological weeks (27" August to 9
September) (Table 1 & Plate 1 and Fig. 1). The incidence
of downy mildew disease was increased progressively.
Environmental factors play a great role in buildup pathogen
population and subsequent disease development. Hence,
the second fortnight of August to the first fortnight of
September can be considered as window period for
downy mildew incidence.

Correlation analysis

In the crop season (Kharif, 2022) the disease
incidence in cultivar 7042 S was correlated highly
significantly and positive correlation with maximum
temperature (r = 0.753**). However, highly significantly
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and negative correlation with total rainfall (r =-0.744**).
Evening relative humidity (r = -0.602*), morning relative
humidity (r = -0.625%) and rainy days (r =-0.624*) was
significant and negatively correlated with downy mildew
incidence. The minimum temperature showed non-
significant and negative correlation (-0.309) with disease
(Table 2). The analysis of data depicted that the above
said weather parameters played key role on downy
mildew disease development. Since the disease
development is a cumulative process, once per cent
disease incidence attained its peak, maintained a gradual
but steady increase with morning relative humidity and
minimum temperature during entire crop season.

Multiple regression analysis

The regression co-efficient based on multiple linear
regression analysis for per cent downy mildew incidence
of pearl millet with respect to six weather parameters
have been worked out. The predicted downy mildew
incidence explained by the function of weather
parameters as evident from multiple linear regression
equation shown as under:

¥ =a+b1X1+b2X2+ b3X3+ b4 X4+ b5X5+ h6X6
¢ = predicted downy mildew severity
a = constant (intercept)

b1, b2, b3, b4, b5 and b6 = partial regression co-
efficient

X1, X2, X3, X4, X5 and X6 = weather parameters
(independent variables)

It has been observed that multiple correlation (R)
value 0.941 indicating a strong association between per
cent disease incidence and weather parameters. The co-
efficient of determination (R?) of 0.886 proved the
significance of overall regression model accuracy.

The multiple linear regression equation for Kharif,
2022:

{1=221.05+(-15.39)(x1)+(6.73)(x2)+(-0.26)(x3)+(-
2.24)(x4)+(0.21)(x5)+(-0.87)(x6)

The observed and predicted downy mildew incidence
clearly indicated (Table 4.2) that the lines during entire
crop season were closer justifying the validity of the
regression equations formulated. These models
(equations) can be used to forecast for pearl millet downy
mildew disease in the field. The potential figure in a
particular season can, therefore, be worked out by
substituting the values of five climatic factors for the
preceding week in the model. It may be the most reliable
and useful for forecasting for pearl millet downy mildew
during Kharif season. The loss caused by the downy
mildew may be saved by forewarning and thereby

controlling the same at proper time.

Many scientists had made several successful
endvours in epidemiological studies, there seems to be
an agreement that temperatures between 15-25°C is
favourable for the formation of the sporangial stage
(Safeeulla & Thirumalachar, 1956). Suryanarayana
(1965) considered temperature as low as 10°C
favourable. Suryanarayana (1965), Bonde et al., (1978),
Gilijamse et al., (1997), Singh et al., (1987) and
Sangeetha and Siddaramaiah (2007) were considered that
the relative humidities above 75 per cent was necessary
for the stimulation of sporangial production. However, in
general a saturated atmosphere with film of water on the
leaves is considered an optimum combination of high
humidity and the favourable temperature range (minimum
temperature of 14-16°C and maximum temperature of
26-29°C) taking place usually in July, August and
September in north India and hence the disease is more
commonly seen during these months. Atri and Singh (2019)
analysed the effect of weather variables on downy mildew
progression in pearl millet and revealed that a decrease
in temperature within a favourable range might cause a
rapid increase in pathogen growth rate. A high variation
in the morning (94 %) and evening relative humidity (46%)
was observed in the 46" stranded metrological week
(SMW) when the disease incidence was at its peak
(95.77%). Murria et al., (2022) reported that downy
mildew incidence of pearl millet in Kharif season reached
at maximum of (98.2%) due to a decrease of 10.4 and
25.2 °C in maximum and minimum temperature
respectively.

Conclusion

The maximum downy mildew severity was recorded
during 35" and 36" meteorological weeks (27" August
to 9™ September). Hence, the second fortnight of August
to the first fortnight of September it can be considered as
window period for downy mildew incidence.

Acknowledgement

The authors are grateful to ICAR-AICRP on pearl
millet, PC Unit, Agricultural Research Station, College
of Agriculture (Agriculture University) Mandor, Jodhpur,
Rajasthan for providing necessary facilities to carry out
the experiment.

Conflict of Interest Statement: The author(s)
declare(s) that there is no conflict of interest.

Disclaimer: The contents, opinions, and views
expressed in the research article published in the Journal
of Agrometeorology are the views of the authors and do
not necessarily reflect the views of the organizations they
belong to.



R Surjeet et al.

References

Anonymous (2025a). Agriculture statistics at a glance,
Directorate of Economics and Statistics Govt. of India.

Anonymous (2025b). Rajasthan Agriculture statistics at
glance, Department of Agriculture Govt. of Rajasthan.

Atri, A., and Singh, H. (2019). Influence of weather variables
on the development of pearl millet downy mildew. Journal
of Agrometeorology, 21, 76-79.

Bonde, M.R., Schmitt C.G. and Dapper R.W. (1978). Effects of
dew-period temperature on germination of conidia and
systemic infection of maize by Sclerospora sorghi.
Phytopathology, 68, 219-222.

Butler, E.J. (1907). Some diseases of cereals caused by
Scle-rospora graminicola. Memoirs of the Department
of Agriculture in India. Botanical Series, 2, 1-24.

Gilijamse, E., Frinking H.D. and Jeger M.J. (1997). Occurrence
and epidemiology of pearl millet downy mildew,
Sclerospora graminicola, in South west Niger.
International Journal of Pest Management, 43(4), 279-
283.

Gupta, GK. and Singh D. (2000). Epidemiological studies on
downy mildew of pearl millet (Pennisetum glaucum).
International Journal Tropical Plant Disease, 18, 101-
115.

Gupta, S.K. and Singh D. (1996). Studies on the influence of
downy mildew infection on yield and yield- contributing
plant characters of pearl millet in India. International
Journal of Pest Management, 42, 89-93.

Harinarayana, G., Kumar A. and Andrews D.J. (1999). Pearl
millet in global agriculture. In: Khairwal IS, Rai KN,
Andrews DJ and Harinarayana G, eds. Pearl millet
Breeding. Oxford and IBH Publishing Co. Pvt Ltd., New
Delhi, India, 479-506.

Murria, S., Gupta N., Kingra P.K., Sharma A., Bhardwaj R. and
Kaur N. (2022). Influence of agro-meteorological variables
on downy mildew development in pearl millet
[Pennisetum glaucum (L.) R. Br.]. Journal of
Agrometeorology, 24(1), 113-116.

Reddy, S.P., Satyavathi C.T., Khandelwal V., Patil H.T., Gupta
P.C., Sharma L.D., Mungra K.D., Singh S.P., Narasimhulu
R., Bhadarge H.H., lyanar K., Tripathi M.K., Yadav D.,
Bhardwaj R., Talwar A.M., Tiwari V.K., Kachole U.G,,
Sravanti K., Shanthi Priya M., Athoni B.K., Anuradha N.,

Govindaraj M., Nepolean T. and Tonapi V.A. (2021).
Performance and stability of pearl millet varieties for grain
yield and micronutrients in arid and semi-arid regions of
India. Frontiers in Plant Sciences, 12, 670201.

Safeeulla, K.M. and Thirumalachar M.J. (1956). Periodicity
factor in the production of asexual phase in Sclerospora
graminicola & Sclerospora sorghi and the effect of
moisture and temperature on the morphology of the
sporangiophores. Phytopathofocische Zeitschrift, 26, 41-
48.

Sangeetha, C.G. and Siddaramaiah A.L. (2007). Epidemiological
studies of white rust, downy mildew and Alternaria blight
of Indian mustard [Brassica juncea (Linn.) Czern. and
Coss.]. African Journal of Agriculture Research, 2(7),
305-308.

Singh, S.D., Ball S. and Thakur D.P. (1987). Problems and
strategies in the control of downy mildew. (Summaries in
En, Fr.) in Proceedings of the International Pearl Millet
Workshop, 161-172.

Singh, S.D., Gopinath R. and Pawar M.N. (1987). Effect of
environmental factors on asexual sporulation of
Sclerospora graminicola. Indian Phytopathology, 40(2),
186-193.

Singh, S.D., King S.B. and Werder J. (1993). Downy mildew
disease of pearl millet. Information Bulletin No. 37,
ICRISAT, Patancheru, A.P., India, 36.

Suryanarayana, D. (1965). Studies on the downy mildew
diseases of millets in India. Indian Phytopathological
Society Bulletin, 3, 72-78.

Thakur, D.P., Kanwar Z.S. and Maheshwari S.K. (1978). Effect
of downy mildew/green disease [Sclerospora
graminicola (Sacc.) Schroet] on yield and other plant
characters of bajra [Pennisetum typhoids (Burm F.) stapf
and Hubb]. Haryana Agricultural University Journal
of Research, 8, 82-85.

Verma, R., Tripathi M.K,, Tiwari S., Pandya R.K., Tripathi N.
and Parihar P. (2021a). Screening of pearl millet
[Pennisetum glaucum (L.) R. Br.] genotypes against blast
disease on the basis of disease indexing and gene-specific
SSR markers. International Journal of Current
Microbiology Applied Science, 10(2), 1108-1117.

William, R.J., Singh S.D. and Pawar M.N. (1981). An improved
field screening technique for downy mildew resistance
in pearl millet. Plant Disease, 65, 239-241.



