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Downy mildew of onion is one of the major threats to onion cultivation, especially in subtropical and dry temperate zone, caused by an oomycetes Peronospora destructor (Berk.)
Casp. ex Berk. A study was undertaken to investigate into the epidemiological factors that
affects the initiation and dispersal of disease. Under in vitro conditions suitability of
different temperature and relative humidity regimes, on germination and relative growth of
germ tube has been studied. The pathogen preferred a temperature of 15°C as optimum for
sporangial germination where the favourable relative humidity was above 95.1 per cent
with maximum sporangial germination at 100 per cent. Correspondingly the effect of
different meteorological parameters on the appearance and dispersal of the disease were
also studied. The maximum temperature, ranging between 21.45 to 26.6 ℃ and minimum
temperature in the range of 7.6 to 18.2 ℃ were positively and significantly correlated,
where average relative humidity was positively correlated but not significantly.
Cumulative rainfall was found negatively correlated showing that rainfall has no specific
role in epidemic development. Disease initiated when favourable conditions like
temperature and relative humidity prevailed for at least two days.

It has a very important place in everyone’s
kitchen. Major constraints in growing onion
are diseases, pest, frost injury and others.
Among all such factors, downy mildew is one
of the threats affecting the yield level as well
as quality.

Introduction
Onion is an important vegetable crop grown in
sub-tropical and dry temperate zones of India
and all through the world including temperate
as well as in tropics (Ross, 2001). It is grown
as bulb crop and as seed crop. It contains high
level of vitamin C, phosphorus, calcium and
sulphur, making it a very valuable vegetable.

Downy mildew is very notorious disease
known to affect every variety bred till far
1
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(Gianessi and Reigner, 2005). Yield losses up
to the levels of 75.11 per cent accomplished
because of downy mildew as per Jayakumar et
al., 2008. These losses, basically result from
serious infections in onion bulbs, causing
early defoliation, diminished bulb sizes,
moreover, poor storage quality of bulbs
(Surviliene et al., 2008). Being a staple to
every Indian’s cuisine, the impact of downy
mildew is threatening, so an attempt was made
to study the role of various factors on infection
and development of the disease under in vitro
as well as in vivo.

and showed tip die-back in the form of
necrosis and curling. Pattern of yellowing in
the field was seen extended out in the
direction of prevailing wind. In case of severe
downy mildew infestation lesions become
necrotic followed by girdling and collapsing
of that portion of leaf that leads to hanging of
leaf stalk from the point of necrosis. Few
bottleneck bulbs were also seen due to severe
infection of aerial portions of the plant.
Materials and Methods
The experiment was conducted at Pandah
Research Farm of Department of Seed Science
and Technology of Dr. Yashwant Singh
Parmar University of Horticulture & Forestry,
Nauni, Solan, HP. Survey was done by
throwing a quadrat of one square metre in a
field randomly at five places and number of
healthy and diseased plants was counted and
disease incidence was recorded at seven days
interval starting from the date of sowing, by
using 0 - 9 scale (Mohibullah, 1991) as
described below (Table.A). The PDI (per cent
disease index) was calculated by using the
formula given by Mc Kinney (1923).

The disease is known to appear at all stages of
growth and characterized by white slightly
sunken circular or elliptical lesion. Such
lesions were found on the single side of the
stalk and mostly on the older leaves. With the
passage of time these lesions were covered
with the grey downy masses that turned
purplish after heavy rain. After the infection
leaf colour changes from light green to yellow
followed by necrosis of particular area.
Downy growth associated with infected
tissues usually consists of sporangia and the
sporangiophores
having
characteristic
branching. Infection at younger stage has
caused systemic infection by inducing
stunting, defoliation, declining and death of
plant tissues. Affected leaves were light green
Table.A
Key Scale
1.
2.
3.
4.
5.
6.
7.
8.
9.

Description
No symptom of disease.
Only few leaves affected.
Less than half of the plant affected.
Most of the plants affected but the attack restricted mostly
to one leaf per plant.
All the plant affected and attack restricted to one or two leaves.
Three to four leaves of almost every plant affected and the
crops look fair green.
Three to four leaves of almost every plant affected and the
crops show blighted appearance.
All the leaves of all plants severely attacked; greenness
restricted to the central shoot only.
Foliage completely blighted due to downy mildew, purple
blotch and no green is seen at all.
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The pathogen was identified by following the
keys given by Murphy and Mckay (1926) by
bringing infected leaves with characteristics
symptoms.

After 12, 24, 36 hours of incubation, spores
were also examined for measuring germ tube
length.
For different relative humidity levels (%) at
15°C (best temperature for sporangial
germination), sporangia were harvested and
made into a solution of required concentration
in a similar way as in 2.3.1. After that
Petriplates containing cavity slides were then
incubated at 15°C at different humidity levels
viz. 0, 56.8, 75.6, 82.9, 95.1 98.5 and 100 per
cent by using the method given by Stevens
(1960). Spore germination and germination
percentage was calculated by using the
formula as discussed above.

Detached leaf method (Song et al., 1998) was
used for conducting the pathogenicity test
where fresh healthy leaves of onion were
surface sterilized and air dried, then placed in
plastic trays lined with thin layer of cotton and
blotting paper completely saturated with
distilled water. Inoculation was done with the
spore suspension (4 x 104 sporangia per ml).
The set-up was incubated for 14°C (4 days)
followed by 18°C for 8 days in BOD
incubator.
Effect of different temperature (°C) and
relative humidity (%) regimes on
sporangial germination and germ tube
formation under in vitro

Progression of disease
epiphytotic conditions

under

natural

Disease infection is affected by prevalence of
different meteorological factors which are
mainly temperature, relative humidity and
rainfall. Therefore, in order to study their
effect on the progress of downy mildew of
onion under natural epiphytotic conditions,
data on disease severity were recorded at 4
days interval with effect from the last week of
February 2018 to the second week of May,
2018. The data on the weather parameters
were obtained from the Meteorological
Observatory, Department of Environment
Science, Dr. Y. S. Parmar University of
Horticulture and Forestry, Nauni, Solan (H.P.)
to find out their effect on disease initiation and
subsequent spread.

The optimum temperature and relative
humidity for sporangial germination and germ
tube formation of Peronospora destructor,
sporangia were harvested and adjusted to 4 x
104 sporangia per ml. Sporangial suspension
was placed in cavity slides in Petriplates lined
by cotton. These Petriplates were incubated in
BOD incubator at 5°C, 10°C, 15°C, 20°C,
25°C and 30°C.
Three replications were maintained for each
temperature and design followed was
Completely Randomised Design (CRD).
Germination of sporangia were recorded at an
interval of 12 hours, 24 hours and 36 hours by
counting the empty sporangia and per cent
germination was calculated by using the
following formula:

Further, correlation and regression coefficients
were also calculated by following the
procedures as described by Gomez and Gomez
(1984) and regression lines were developed.
The per cent disease index of each interval
was also calculated. The time of appearance of
disease in days and disease severity at each
interval was also calculated.
3

Int.J.Curr.Microbiol.App.Sci (2020) 9(5): 01-12

Results and Discussion

Pathogenicity test

Disease survey

Pathogenicity test, was conducted on 25 days
old plants of cultivars “Palam Lohit” by
spraying sporangial suspension of 4 x 104
sporangia / ml and Koch’s postulates were
proved. The leaves inoculated with sporangial
suspension supported the growth of sporangia,
8 days after inoculation (Fig.1), yielding faster
and maximum (60 %) of sporulation at higher
humidity (95-96 %) at 10-15 °C.

Systematic surveys of onion growing areas in
Solan district of Himachal Pradesh during the
crop season 2017 – 2018, (Table 1) has
revealed that the disease was prevalent as very
low, moderate and severe form in these onion
growing areas.
From the data (Table 1), it is also evident that
the disease was widespread in all the areas
surveyed. However, disease incidence was
highest (39.24 %) in Pandah and lowest (10.24
%) in Dharampur due to the prevailing of dew
for longer period in winter season. The
intensity of the disease was reported to be
quite high up to 100 per cent in different parts
of world (Kennedy, 1989).

Such observation has also been reported by
Develash and Sugha, 1997. Latency period up
to the development of new sporulation lasts
from 9 to 16 days (Schwartz and Mohan,
2008).
Epidemiological studies
In vitro effect of different temperature regimes
on sporangial germination and germ tube
length production.

It has got global occurrence and becomes
more relevant in temperate regions
(Domingues and Tofoli, 2009). The
distribution of this pathogen is global
(Brewster, 2001) and affects crop yields by
more than 60% (Surviliene et al., 2008).

Effect of temperature on sporangial
germination and germ tube length of
Peronospora destructor were recorded and
presented in Table 2. Maximum spores
(73.96%) germinated at 15oC temperature at
36 hours giving highest germ tube length
(202.98µm) suggesting that 15°C is best for
spore germination and formation of germ tube.

Causal organism
The pathogen was identified as Peronospora
destructor (Berk.) Casp. ex Berk. on the basis
of microscopic study. The mycelium was
aseptate hyaline and dichotomously branched
measuring 3.6 to 6.9 µm in width, whereas
size of sporangiophores varies greatly. The
size of sporangia ranged from 50.4 to 65.8 ×
24.6-25.2 µm and colour of sporangia was
hyaline, having pyriform to fusiform shape.

Similar findings were reported by other
workers (Kofoet, 1986) using incubation
periods of 22 and 48 hr as the optimum
germination range of Peronospora tabacina at
15-23°C. According to Palti (1989) the rate of
spore germination is highest at 10 °C and
declines with the rise in temperature which is
contrary to our study, as 15 °C has supported
maximum germination of sporangia. The time
taken for sporulation by P. belbahrii is
completed within about 11 hours from the
onset of darkness in moisture saturated
atmosphere at 18°C (Cohen et al., 2016).

On the basis of explained morphological
characters the pathogen was identified above
findings were well supported by the work of
Langston and Sumner (2000) and Gӧker et al.,
(2007).
4
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and once the disease appeared in the field,
observations were taken at four days intervals
commencing from 25th Feb to 15th May, 2018
and are presented in Table 4.

In vitro effect of different relative humidity
(%) levels on sporangial germination and
germ tube length production
Study of different levels of relative humidity
(RH) on germination and germ tube length of
sporangia are given in Table 3. The results
revealed that sporangia germinated only at
95.1, 98.5 and 100 per cent relative humidity
by giving germination percentage of 33.12,
62.35 and 71.40 in increasing order with the
increase in the RH levels.

The data on weather parameters and disease
development revealed that the disease did not
appear during cropping period, 2017 and till
mid of February, 2018 but only in the 4th
week (25–28 February) the disease initiated
with the prevalence of congenial weather
conditions such as relatively high average
relative humidity of 52.8 per cent
accompanied by cumulative rainfall (3.4 mm),
mean maximum (22.12o C) and minimum
(7.6o C) temperatures.

The levels of relative humidity also showed
the concurrence in germ tube length formation
which was lowest (78.23 µm) at 95.1 per cent
RH and highest at 100 per cent RH (126.91
µm) with a gradual increase in germ tube
length as the levels of RH increased.

There was increasing trend in disease level
and it assumed serious proportion (70 to
72.76%) during the mid-April, 2018 however
maximum 72.76 per cent disease index was
noticed on first week, 6 - 9 April of
observation dates when the mean maximum,
minimum temperatures and average relative
humidity remained within the range of 25.3 to
27.5o C, 5.8 to 12.3o C and 58 to 68 per cent
that leads to prolific sporulation of
Peronspora destructor.

Hence very high relative humidity above 95.1
per cent to 100 per cent is needed for the
sporangial
germination
at
optimum
temperature of 15 °C. Leach (1985) has also
reported similar results showing that lower
relative humidity causes rapid loss of viability
of sporangia. Cohen et al., (2013) has also
reported that Peronospora belbahrii requires
moisture-saturated atmosphere in the dark for
sporulation.

The disease however decreased slowly
thereafter and reached to 66.65% up to the
harvesting time of the crop due to the
decomposed lower leaves and emergence of
the new leaves. These results to a greater
extent also corroborate the findings of various
workers. (Premila and Sophiarani, 2015;
Premila, 2013). Viranyi (1975) observed that
germination occurred most rapidly (2-3 h) at
10-18°C and took somewhat longer (4 h) at
22°C and longest (5-7 h) at 5°C.

Severe mildew outbreaks under semi-arid and
rainless conditions is attributed due to
favourable early morning temperatures and the
limited hours of high humidity (Palti, 1989).
Sporangial germination was decreased to
almost zero level due to decrease in the
relative humidity of 93 per cent and hence no
formation of germ tube as reported by Gilles
et al., (2004).

Temperatures of 10-12°C are apparently
optimal for most stages, 14-18 °C is still quite
favourable, but temperatures above 22 °C,
rapidly become unfavourable, especially at
lower humidity level.

Role of meteorological factors on disease
epiphytotics under field conditions
The data on severity of the disease was
recorded after the establishment of the crop
5
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Table.1 Severity of onion downy mildew disease at different locations in Solan of Himachal
Pradesh during 2017-18
Location (s)
Nauni
Pandah
Khaltoo
Maryog
Dharampur
Kandaghat
Oachghat
Mean

Disease
incidence (%)
30.33
39.24
31.25
22.3
10.24
14.3
18.33
23.71

Disease index
(%)
21.76
58.65
35.86
28.43
4.78
6.76
21.16
28.96

Table.2 Effect of different temperature regimes on sporangial germination and germ tube length
of Peronospora destructor
Temperature
(°C)
5
10

15
20
25
30
Mean
CD0.05

Sporangial germination (%)
24
36
12 hours
hours
hours
0.00
0.00
0.00
(0.00)
(0.00)
(0.00)

Mean

34.92
(36.20)

44.93
(42.07)

45.03
(42.79)

60.89
(42.07)

72.66
(58.46)

73.96
(58.97)

6.03
8.85
(14.19)
(17.29)
0.00
0.00
(0.00)
(0.00)
0.00
0.00
(0.00)
(0.00)
16.98
21.07
(16.95)
(19.64)
Temperature (T)=0.6
Time (H)= 0.4
TxH=01.0

9.96
(17.96)
0.00
(0.00)
0.00
(0.00)
21.97
(20.04)

0.00
(0.00)
41.59

Germ tube length (µm)
24
36
12 hours
hours
hours

Mean

0.00

0.00

0.00

0.00

99.76

115.25

116.95

110.75

180.39

201.74

202.98

194.62

55.36

68.41

69.51

64.06

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

55.92

64.4

65.94

(40.11)
68.74
(56.06)
7.91
(16.26)
0.00
(0.00)
0.00
(0.00)

T= 1.02
H= 0.72
TxH=1.8

* Figures in the parentheses are arc sine transformed values
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Table.3 Effect of different relative humidity levels on sporangial germination and germ tube
length of Peronospora destructor

Relative
humidity
(%)

Sporangial germination
(%)
Mean

24
36
12 hours hours hours

Germ tube length (µm)

12
hours

24 hours

Mean

36
hours

100

64.21
(53.24)

75
75.9 71.40 100.06
(59.1) (59.78) (57.73)

140.33

142.63 126.91

98.5

55.91
(48.38)

65.57 66.24 62.35 77.87
(54.05) (54.65) (52.16)

120.11

122.11 106.03

95.1

24.3
(29.52)

37.53 38.53 33.12 63.33
(37.76) (37.96) (35.02)

85.68

86.68 78.23

88.5

0.00
(0.00)

0.00 0.00 0.00
(0.00) (0.00) (0.00)

0.00

0.00

0.00

0.00

82.9

0.00
(0.00)

0.00 0.00 0.00
(0.00) (0.00) (0.00)

0.00

0.00

0.00

0.00

75.6

0.00
(0.00)

0.00 0.00 0.00
(0.00) (0.00) (0.00)

0.00

0.00

0.00

0.00

56.8

0.00
(0.00)

0.00 0.00 0.00
(0.00) (0.00) (0.00)

0.00

0.00

0.00

0.00

0

0.00
(0.00)

0.00 0.00 0.00
(0.00) (0.00) (0.00)

0.00

0.00

0.00

0.00

Mean

18.05
(15.74)

22.26 22.58
(18.96) (19.01)

30.16

43.27

45.65

CD0.05

RH
(R)=0.39
Time (H)=
0.24
RxH= 0.68

CD0.0
5
RH (R)= 2.18
Time (H )=1.34
RxH= 3.78

* Figures in the parentheses are arc sine transformed values
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Table.4 Effect of meteorological factors on the development of downy mildew on onion
during 2017-18

Date of Observation

Mean
Maximum

Mean
Minimum

temperature

temperature
(°C)*
7.6
8.2
5.6
7.8
6.4
9.8
8
8.2
7.4
9.4
6.7
5.8
12.3
10.8
13.2
16.5
18.2
16.3
15.7
17.23

o

( C)*
22.12
21.45
22.5
24.35
24.2
24.45
23.27
26.5
29.3
28.5
25.3
26.4
26.2
27.5
24.3
25.4
23.2
24.5
25.2
26.6

25
Feb-28 Feb
01
Mar-04 Mar
05
Mar - 08 Mar
09
Mar-12 Mar
13
Mar-16 Mar
17
Mar-20 Mar
21
Mar-24 Mar
25
Mar - 28 Mar
29
Mar-1 Apr
02
Apr-05 Apr
06
Apr-09 Apr
10
Apr-13Apr
14
Apr-17Apr
18
Apr-21Apr
22
Apr-25Apr
26Apr-29Apr
30
Apr-3 May
4 May-7May
08
May-11May
12
May-15 May

Cumulative
rainfall

Average
relative

(mm)*

(%)

3.4
1
3
0
0
0
3.35
0
0
0
0
0
0
0
0
1
3.5
1.5
2
2.2

52.8
55
47
38
45.75
40
66.12
51
67
68
68
50
44
58
59
67.5
65
51
53
48

3.55
8.67
16.99
23.43
33.56
48.67
51.34
53.66
58.11
58.78
72.76
71.11
70.56
70.09
69.56
68.22
68.84
67.21
67.02
66.65

Table.5 Simple correlation coefficients between per cent disease index (PDI) and
meteorological factors
Year 2018
0.774**

o

0.620 *

Minimum temperature ( C) x PDI
Cumulative rainfall (mm) x PDI
Average Relative humidity (%) x
PDI

-0.178
0.353

** - significant at 1 % level
* - significant at 5 % level

8

index

Humidity
(%)*

*Average of four days

Meteorological factors
o
Maximum temperature ( C) x PDI

Disease
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Table.6 Partial correlation coefficients between per cent disease index (PDI) and
meteorological factors
Meteorological factors
o
Maximum temperature ( C) x PDI
o

Minimum temperature ( C) x PDI
Rainfall (mm) x PDI
Relative humidity (%) x PDI

2018
0.586 **
0.547
-0.132
0.238

** - significant at 1 % level
* - significant at 5 % level

Table.7 Multiple Regressions
Year

Regression equation

2018

Y= -125.687+ 5.39X1

2

**

*

+ 2.17X2 - 1.51X3 + 0.33X4

R
0.874

** - significant at 0.01 %;
*- significant at 0.05 %
Where, Y = Disease index (%); X1 = Maximum temperature (°C); X2 = Minimum temperature (°C);
X3 = Rainfall (mm) and X4 = Average relative humidity (%)

downy mildew pathogen require cool
temperature (22°C) and relative humidity
greater than 97 per cent with cloudy days
additionally supporting the development of
the disease and found them positively
correlated.

Correlation and regression analysis
Simple, partial and multiple correlations were
worked out between per cent disease index
(PDI) and meteorological factors (mean
maximum temperature, mean minimum
temperature, cumulative rainfall and average
relative humidity) for the cropping season
2017-2018. Data on simple and partial
correlation coefficient indicated the role of
mean temperature (maximum, minimum) and
average relative humidity and found them
positively correlated with the disease
development but the cumulative rainfall did
not showed any impact and hence was
negatively correlated with the progress of the
disease. Simple correlation coefficient
between the onion downy mildew and mean
temperature maximum was positive and
highly
significant.
Similarly
mean
temperature minimum and average relative
humidity were positive and highly significant
while cumulative rainfall developed negative
correlation and did not found significant.
Similar results were observed in case of
partial correlation coefficient calculation.
Gupta and Paul (2001) concluded that the

Multiple regressions
The multiple coefficient of determination (R2)
was calculated to measure the contribution of
linear function of independent variables, such
as mean maximum temperature (Tmax), mean
minimum temperature (Tmin), cumulative
rainfall (Rf) and average relative humidity
(RH) on dependent variable i.e. PDI and is
presented in Table 7.
Multiple correlation coefficients, as depicted
in Table 4.7 between the onion downy
mildew (PDI) and other meteorological
factors indicated that 87.40 per cent disease
index was caused by mean maximum
temperature, mean minimum temperature,
average relative humidity and cumulative
rainfall collectively. While the rest of the
variations might have contributed the change
9

Int.J.Curr.Microbiol.App.Sci (2020) 9(5): 01-12

or variation due to unexplained variables
(error variation) and or the factors not
included in the present investigations.

sporangial suspension and typical symptoms
similar to the original, developed after 8 days.
Epidemiological studies of pathogen revealed
that pathogen preferred a temperature of 15°C
as optimum for sporangial germination and
the favourable relative humidity was above
95.1 per cent with maximum sporangial
germination at 100 per cent. Disease initiated
when favourable conditions like temperature
and relative humidity prevailed for at least
two days.

The present investigation on onion downy
mildew (Peronospora destructor (Berk.)
Casp. ex Berk) were undertaken with respect
to occurrence, identification, pathogenecity
and epidemiological studies.
Onion downy mildew was low, moderately
and severely prevalent in all onion growing
areas of Solan district. Maximum disease
incidence (39.24 %) and severity (58.65%) of
downy mildew of onion was observed at
Pandah and followed by Khaltoo during the
cropping season of 2017-2018 and mean per
cent incidence and disease severity of downy
mildew were recorded to be 23.71 and 25.34,
respectively at all other locations surveyed of
Solan district.

Under field conditions disease appeared at the
end of February 2018, due to the presence of
favourable mean maximum temperature
(22.12 °C), mean minimum temperature (7.6
°C) and average relative humidity (52.8 %)
and attained maximum severity (72.76 %)
during second week of April, 2018. The
simple and partial correlation were highly
significant and positively correlated with
mean maximum temperature, mean minimum
temperature, average relative humidity and
negative with rainfall.

Characteristic symptoms seen on leaves were
initially circular or elliptical lesions that later
becomes white, slightly sunken and
roughened and get covered with the grey
downy masses that turned purplish after
heavy rain. In case of severe downy mildew
infestation, necrosis followed by girdling was
also seen. Few bottleneck bulbs were seen
due to severe infection of aerial portions of
the plant.

Multiple correlation analysis has shown that
87.4 per cent disease severity was due to
the cumulative effect of all the factors
considered under the study. From the above
discussion it is concluded that downy mildew
of onion is a serious disease in low lying areas
of Solan district of Himachal Pradesh and
caused by an oomycetes Peronospora
destructor (Berk.) Casp. ex Berk. The
congenial temperature was found to be 15˚C
and relative humidity more than 95 per cent
for its development.

On the basis of appearance and morphological
characteristics of the pathogen like nature of
mycelium which observed as hyaline, aseptate
with a width of 3.6-6.9 µm and characteristic
dichotomously branched sporangiophores
bearing pyriform sporangia measuring 50.465.8 X 24.6-25.2 µm in size. Based on the
morphological characters, the pathogen was
identified as Peronospora destructor (Berk.)
Casp. ex Berk.
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