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R - S A3y TUr e RAT sarge dIR@T 3R GXET I hae &I 3cgieeh yenfad aa arelr ar
Faha SAREGT &1 A s A T FN Aghiadred, A HN faeafaare, gy sRareh, sma
(26° 42' 3. 3R 93° 15' qd) & W &I T3NS qFAC AL H 39S 1S ARAT H ar genfaar & vH. 36
Td TH. 27 R T 90 g9 F wied R v § S Sl & (@ 2009-10 wd 2010-11 #) IS Hr wHo
& U (FEd & 96) s T A T BHel 15 IHFER ¥ o Heer-3reer ARt & aa G & iR
W S I8 aifh fBea-fies #lael oRTufEl & 39 W 3 gag 1 Fwer @a @& 93 @d &
4 foeT & 3RTT W T 91T 10 49 Fafeed diel @ sielr fAesy 3R sectaRar sarse &1 Al aa
g 3R @dt A v v Jarol F IR W fAR Gadis & afaerd (@ & 3E) @ v i oarg) feiar
& o & g IR awd dweh oRfEfAEr @Rear 3R SR A, gee iR duer & ae @
RIS HIEAT, dsf €T & ¢ AT 9€) F HgHEY H YIS fHAT AT T BET A Al Jerfadr
At Ht A AR F RS e s & AR & qdadt afa et & For Mg Baf 357 (GDD) & var
ST AN @A & gt el g8 AR Y f & IS F T A aR@r A AR 5§ FARGA F
R e o & Ry & qdadt ofa et # s taa afee sgeaw ammest (= 0.54 & 0.90) Td
TIRT S & & (r= 051 @ 0.74) & Agcaqul &9  Fl oS T ¥ I I QA grde H 9T
adfas qAT W AARET & o9ra i O 2 3 F qAGAT W F A Al FHieor el we &
foRar T § S rec@RAT satse 3R S fAesy & et @ werer 51 & 60 3R 53 § 58 gfaRrd H
afkafdar #t gefar &1

ABSTRACT. Downy mildew and Alternaria blight are two economically important fungal diseases of Rapeseed
and Mustard affecting the crop to a great extent. Data were generated from the field experiment conducted on sandy loam
soil of the farm of B. N. College of Agriculture, Assam Agricultural University, Biswanath Chariali, Assam (26°42' N
and 93°15' E) with two rapeseed cultivars TS-36 and M-27, which were grown in two consecutive rabi (post rainy)
seasons (2009-10 and 2010-11). The cultivars were grown on six different dates starting from 15 October at seven-day
intervals to enable the crop to get exposed to varying weather conditions. Incidence of downy mildew and Alternaria
blight were recorded on 10 pre-labeled plants from each plot at 4-day intervals and percent disease index (PDI) were
calculated based on the field observations. Correlation studies were done between PDI of diseases and average weather
conditions (maximum and minimum temperature, morning and afternoon relative humidity, bright sunshine hours and
rainfall) and accumulated growing-degree-days (GDD) in preceding five days of the date of record of diseases for both
cultivars and seasons. Development of diseases expressed in terms of PDI in both the cultivars was significantly and
negatively correlated with average daily minimum temperatures (r = 0.54 to 0.90) and accumulated GDD (r = 0.51 to
0.74) in preceding five days of the date of record of diseases. Hence, these two parameters were used to develop model
equations to predict PDI of the diseases on real time basis which could explain up to 51 to 60 and 53 to 58 per cent of the
variability in development of Alternaria blight and downy mildew, respectively.

Key words — Brassica compestris sub sp. oleifera (toria), Peronospora parasitica, Alternaria brassicae,
Forewarning model.

1. Introduction sarson and toria as well as Brassica juncea are grown in
an area of 300 thousand hectares in the state. The average

Rapeseed-mustard is an important oilseed crop in productivity of crop in the state is 511 kg/ha which is far
Assam state of India. Three ecotypes of Brassica below than the national average of 999 kg/ha. Erratic and
campestris sub sp. oleifera namely yellow sarson, brown scanty rainfall leading to low soil moisture during crop
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growth period and infestation of the crop with insect-pests
and diseases are major factors causing low productivity of
the crop in the state. The crop suffers from the attack of
three major fungal diseases namely White rust [Albugo
candida (Lev.) Kunze], downy mildew [Peronospora
parasitica (Pers. Ex Fr.) Fr.] and Alternaria blight
[Alternaria brassicae (Berk) Sacc.]. In general, these
diseases occur regularly year after year during the crop
season causing severe damage to the crop thereby
reducing the seed yields to as high as 50 per cent (Kumar
et al., 2003). The loss occurring due to downy mildew is
very high when it is accompanied by white rust and crop
gets completely damaged. Alteranaria blight reduces 1000
seed weight causing yield loss up to 35-38 per cent (Kolte
et al., 1987). The damage is even more when the disease
is associated with downy mildew. Weather plays very
important role in the initiation and spread of plant diseases
(Thind et al., 2008). Intensive studies aimed at studying
the relationship between important weather parameters as
well as agro-meteorological indices like growing degree
days with development of various diseases in different
crops have been carried out (Saharan et al., 1988; Saharan
and Saharan, 2001; Gadre et al., 2002; Sangeetha and
Siddaramaiah, 2007; Mehta et al., 2008; Kumar et al.,
2010; Bose et al., 2010). Prediction of disease outbreaks
enables the effective use of management of measures,
such as chemical or biological treatment and also reduces
the cost of disease management. Since weather has
overriding effect on disease development; therefore,
monitoring the weather is an important consideration in
developing disease forewarning models. Many workers
(Awasthi and Kolte, 1994; Dang et al., 1995, 1998;
Sheoran et al., 1997; Sangwan et al., 2000; Kumar et al.,
2010; Bose et al., 2010) tried to exploit the relationship
between weather and diseases; developed predictive
models for downy mildew and other diseases based on
regression analysis. Since a few or no study was
conducted on the influence of weather parameters on
downy mildew and Alteranaria blight diseases of this
important oilseed crop in this part of the India. Therefore,
an attempt has been made to develop forewarning model
for downy mildew and Alternaria blight diseases in two
rapeseed cultivars based on significantly related weather
parameters and temperature-derived growing degree days.

2. Materials and methods

Two rapeseed cultivars TS-36 and M-27 were sown
under rainfed condition in two rabi (post-rainy) seasons
2009-10 and 2010-11 at weekly intervals on six dates
starting from 15 October to 19 November (D; ¢, Dg) 0N
sandy loam soil of the farm area of BN College of
Agriculture, Assam Agricultural University, Biswanath
Chariali, Assam (26°42'" N and 93°15' E) having
subtropical climate. Daily weather data during the crop

TABLE 1

Scale/description of the symptoms for downy mildew and
Alternaria blight

Scale

Description of the downy
mildew symptom

Description of the
Alternaria blight symptom

Leaves free from infection

Small creamy white to light
brown spots on leaves covering
<5% leaf area

Small creamy white to light
brown spots with cottony
downy growth covering 5.1-
10% leaf area

Creamy white to light brown
spots with cottony growth
covering 10.1-25% leaf area

Creamy white to light brown
spots with cottony growth
covering 25.1-50% leaf area

Creamy white to light brown

Leaves free from infection

Small irregular brown spots
covering <5% leaf area

Small irregular brown spots
with  concentric  rings
covering 5.1-10% leaf area

Lesions enlarging, irregular
brown with concentric rings
covering 10.1-25% leaf area

Lesions coalesce to form
irregular and appears as a
typical blight symptom
covering 25.1-50% leaf area

Lesions coalesce to form

spots with cottony growth irregular and appears as a
covering >50% leaf area typical  blight symptom
covering > 50% leaf area

seasons on maximum and minimum temperatures,
morning and afternoon relative humidity, rainfall and
bright sun-shine hours were taken from the record of
agrometeorological observatory of BN College of
Agriculture situated adjacent to the experimental field and
used for computation of growing-degree-days (GDD).
GDD were calculated following Neog et al. (2004)
considering 5 °C as base temperatures. Incidence of
downy mildew and Alternaria blight were recorded in 10
pre-labeled plants selected in each plot at 4-day intervals
starting from the date of appearance of diseases in leaves
using 0-5 scale (Table 1) [Sangeeta and Siddaramaiah
(2007)]. The percent disease index (PDI) was calculated
using following formula as given by Wheeler (1969).

PDI = [(Sum total of individual rating) / (No of
leaves observed x maximum score)] X100

Gravimetric soil moisture contents of upper 30 cm
soil layer (0 to 15 and 15 to 30 cm) were recorded at
seven-day intervals starting from 23 November to end of
February in both the crop seasons and average soil
moisture content of upper 30 cm soil layer.

Correlation and regression analysis was carried out
between PDI of diseases and weather parameters (average
maximum and minimum temperature, morning and
afternoon relative humidity, bright sunshine hours and
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Fig. 1. Per cent disease index (PDI) of downy mildew in TS-36 and M-27 in different sowing dates during rabi (post rainy) 2009-10 and 2010-11

total rainfall) as well as GDD accumulated in preceding
five days of date of record of diseases in both the cultivars
and seasons. Multiple regression models were developed
by clubbing significant weather parameters and agro-
meteorological indices during flowering to maturity stage
of the crop. The regression model taking disease variable
as dependent and suitable independent variables such as
weather variables, crop stages, initial PDI is used
following Agrawal et al. (2004). The form of the model is

Y=[30+[31X1+BZX2+...+f3po+e

where, By, B4, By,...R, are regression coefficients, X;,
Xa, ..., X, are independent variables and e is error term.
Keeping in view the five-day weather forecast available
from India Meteorological Department (IMD), the
weather data of five days preceding date of recording of
disease was considered.

3. Results and discussion

3.1. Incidence and development of downy mildew
and Alternaria blight diseases

In both the crop seasons (2009-10 and 2010-11),
incidence of downy mildew and Alternaria blight in
leaves were more in M-27 as compared to TS-36. Disease
development expressed in terms of PDI for both the
diseases increased gradually with delay in sowing and as
the age of the crop increased (Figs. 1 & 2).

Downy mildew symptoms as minute brown to black
spots on older leaves appeared 45-55 days after sowing in
both the crop seasons and cultivars. The maximum PDI
recorded in M-27 leaves ranged from 25 to 35 and 27 to
37 per cent during 2009-10 and 2010-11, respectively.
However, the highest PDI was lesser in case of TS-36
leaves, which varied from 23 to 29 and 24 to 31per cent
during first and second crop seasons respectively. Thus,
incidence of downy mildew disease was more in second



220 MAUSAM, 66, 2 (April 2015)

30 25
s M-27 (2009-10) F M-27 (2010-11)
525 EEO
& = — 11 — )2
& 20 bl 0z ] —e—D3 ——D4
o] | - -_—
3 —4—D3 =—==D4 e 15
= —e—D6 = ——D5 —e—D6
3
o
2 10 A
i 2
o 10 o
- £
=
@ 85'
05_ e
= @
& &
0 1] — — T — : : :
! L o o0 o ocO0 0000 Ao d™™m™+H=-m+™r+=-+™
2 PO Q00 Q9 9 dq oo R -l I R I - - - - -
> oF L U U W W U L C C £ £ E E E E DO o 0 U 0 O © 9 v O g mpom @ 0 @ MO U @D
o 0 @ @ @ @ U O 9 ©® © @ ® T WO O W ZzzooO0oo000O0S 5 5 7 3 7 7 oo
ZZ2Q00000040 5 5 3% 0 5 59 7w L - T = A T B T R R N SV
1 Y W & = oh MWL O M~ = NN g L= L CL
B I W o B D AA N aAaN N m &Y BRI
Date of observation
Date of observation
30 4 25
- TS - 36 (2009-10) & TS - 36 (2010-11)
E J e
s & 20 -
o a
=1 —— )] —r— )7 =
¥ 20 A 3
2 —D3 — D4 515-
o
ﬁls- ——Db 2
2 %10
a 10 4
4-0 t
H o
& o 5
- el
05 @
-4 a
o 0 T T T T T T |
T T T T — T
PRYIPPIFPPIQPAAY Ao R I R O S S - - - -
= =
5822832 5%23235555%z552525°%3 2248848388323 838¢23 23 ¢¢
I R e i i i iy b Rl B ol e ol e s s
ERIPIEIIZF TV OALSIRRR 58 SERRIN R
Date of observation Date of observation

Fig. 2. Per cent disease index (PDI) of Alternaria blight in TS-36 and M-27 cultivar in different sowing dates during rabi (post rainy) 2009-10

and 2010-11
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Fig. 3. Daily maximum temperatures, minimum temperatures and rainfall (A) and evening humidity and bright sunshine hours (B) during the
period of development of diseases of rabi (post rainy) 2009-10 (I) and 2010-11 (I1)

crop season as compared to first crop season in both the crop season the infected leaves with Alternaria blight

cultivars. were almost blightened and dried. The highest PDI

recorded in case of M-27 varied from 19 to 27 and 17 to

Unlike downy mildew the infestation of the crop 25 per cent; while in case of TS-36 it varied from 16 to 24

with Alternaria blight was more in first crop season and 17 to 22 per cent during first and second crop seasons
(2009-10) in both cultivars. Towards the end of the first respectively.
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TABLE 2

Percent Disease Index (PDI) of Alternaria blight and downy mildew diseases in the leaves of TS-36 and M-27 (pooled for
different sowing dates) and average weather condition and GDD accumulated in previous five days
of the date of record of diseases during 2009-10 (1) and 2010-11 (I1)

221

PDI (pooled for different sowing dates) of leaves

Date of

Temperature (°C)

Accumulated Relative humidity (%) gssy  Rainfall

observation Alternaria Blight Downy Mildew GDD (°Days) (hrs) (mm)
M-27 TS-36 M-27 TS-36 Maximum Minimum Morning  Evening
| 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 I I | 1
30-Nov 54 - 51 - 49 - 3.3 - 26,5 28.4 133 132 744 79.1 77.0 86.5 495 545 55 7.9 17.1 0.0
4-Dec 72 59 46 46 47 59 40 42 270 26.0 133 124 756 70.8 758 79.0 41.8 60.8 2.1 25 0.0 44
8-Dec 81 69 66 56 63 64 53 56 279 249 143 116 804 66.1 915 66.8 55.8 865 3.1 41 0.0 1.0
12-Dec 85 78 71 59 61 72 63 66 209 235 123 137 578 678 918 87.8 875 71.8 1.0 21 0.0 0.0
16-Dec 97 88 77 66 68 82 74 77 236 250 123 10.2 646 629 90.3 86.5 72.3 70.8 6.3 6.4 0.0 0.0
20-Dec 110 102 82 69 78 98 81 85 236 253 133 85 67.2 59.4 89.3 858 60.3 47.3 3.6 79 0.0 0.0
24-Dec 136 116 93 79 93 111 94 99 237 247 118 84 635 57.7 88.8 815 528 543 6.0 84 7.6 0.0
28-Dec 157 12,7 11.0 86 10.6 13.0 115 121 235 251 95 9.0 574 60.0 80.8 84.3 483 475 33 82 0.0 0.0
1-Jan 17.8 139 127 9.7 124 161 151 159 228 249 92 80 549 573 834 774 492 496 6.3 7.8 0.0 0.0
5-Jan 19.6 15.7 13.2 11.2 153 225 165 173 231 174 88 7.5 547 373 87.3 873495 533 78 79 0.0 0.0
9-Jan 20.7 16.8 143 121 214 243 181 190 246 252 88 7.2 584 559 815 815 425 458 81 75 0.0 0.0
13-Jan 222 177 159 129 231 273 191 201 248 241 9.0 85 594 564 845 845 478 61.0 59 21 0.0 0.0
17-Jan 23.7 189 17.4 15.0 26.0 294 20.7 218 231 19.7 83 7.0 533 41.7 89.3 89.3 63.3 67.3 0.0 1.8 0.0 52
21-Jan 251 20.2 20.0 16.2 28.0 309 23.0 241 251 184 88 80 59.6 40.8 80.0 80.0 39.8 675 6.7 59 0.0 24.4
25-Jan 246 209 205 175 294 323 240 252 265 231 95 9.7 649 569 73.8 73.8 383 56.3 8.8 33 0.0 0.0
29-Jan 240 214 214 185 30.7 3192 26.1 274 26.3 234 9.8 10.1 651 58.8 76.5 76.5 358 54.0 88 7.0 0.0 0.0
2-Feb 240 204 20.1 18.2 304 31.0 255 26.8 26.5 244 10.7 90 67.8 585 77.3 77.3 33.3 53.8 7.6 8.0 0.0 0.0
TABLE 3

Correlation coefficient between weather parameters and percent disease index (PDI) of Alternaria blight and downy mildew in
TS -36 and M-27 sowing on different dates during rabi (post rainy) 2009-10 (I) & 2010-11 (I1)

Alternaria blight

(pooled for all sowing dates)

Downy Mildew
(Pooled for all sowing dates)

Alternaria blight
(pooled for all

Downy mildew
(pooled for all

Weather sowing dates and sowing dates and
M27 TS 36 M27 TS 36 Crop seasons) Crop seasons)
Season | 1 | 1 | 1 | 1 M-27 TS-36 M-27 TS-36
Tmax -0.06  -0.57* 0.12 -0.52* 0.13 -0.63* 0.10 -0.54*  -0.44 -0.32 - 0.40 -0.35
Tmin -0.91*  -0.67* -0.78*  -0.54*  -0.79* -0.72* -0.80* -0.60* -0.84* -0.71* -0.75* -0.75*
RH I -0.27 -0.13 -0.42 -0.21 -0.40 -0.08 -0.42 -0.18 -0.28 -0.39 -0.30 -0.37
RHII -0.50*  -0.38 -0.56*  -0.30 0.52* 0.39 0.57* 0.25 -0.49 -0.47 0.42 0.50*
Rainfall ~ -0.39 0.26 -0.38 0.27 -0.33 0.44 -0.40 0.45 0.29 0.31 0.29 0.33
BSSH 0.47 0.01 0.54* -0.03 0.46 -0.16 0.55* 0.01 -0.02 0.00 0.07 -0.04
CumGDD -051* -0.66* -0.62* -0.74* -0.62* -0.74* -0.51* -066* -0.57* -0.63* -0.64* -0.61*

* Significant at 5% probability level
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Fig. 4. Variation of average soil moisture (%) in upper 30 cm of soil
profile during rabi (post rainy) 2009-10 and 2010-11

3.2. Weather diseases relationship

Weather  conditions during the period of
development diseases in both the cultivars and seasons
were studied critically (Fig. 3). Incidence and
development of downy mildew and Alternaria blight
diseases of leaves was recorded from 15 November to the
first week of February in both the cultivars and seasons.
The PDI gradually increased and the highest PDI was
reached during the first week of February in both the
cultivars and seasons. The maximum and minimum
temperatures during development of the diseases in both
the cultivars and seasons varied from 4.9 to 15.6 °C and
14.0 to 28.0 °C, respectively. During the period of disease
development, both the cultivars were exposed to higher
daily maximum and minimum temperatures in case of first
crop season as compared to the second crop season. The
second crop season was relatively more humid and
received 35.0 mm rainfall during disease development
period. On the other hand, the first crop season received
only 7.6 mm rainfall during the same period and was
relatively dry. During the period of development of
diseases, as expected, the moisture content in the upper 30
cm depth of soil was comparatively lower in the first crop
season as compared to the second season (Fig. 4).

3.3. Correlations studies
parameters

with  meteorological

The PDI (pooled data for different sowing dates) for
downy mildew and Alternaria blight and the
corresponding average maximum and  minimum
temperatures, morning and afternoon relative humidity,
bright sunshine hours, rainfall (total) and accumulated
GDD in preceding 5 days of date of observations are
presented in Table 2. These data were used for calculating
correlation coefficients.

TABLE 4

Model equations for predicting PDI (Y) of the diseases in
leaves for toria cultivars TS-36 and M-27

Variety Diseases Models R? £SE
Alternaria Y =33.445+0.150 *Cum  0.60 3.7
blight GDD - 2.897* Tmin
TS -36

downy mildew Y =41.916 +0.257 *Cum 058 55
GDD -4.235 * Trin

Alternaria Y =28.44 +0.162 * Cum 051 4.0
blight GDD - 2.623* Trin
M-27
downy mildew Y =49.338+0.361*Cum 053 6.5
GDD - 5.344*T

TABLES

Model equations for predicting PDI (Y) of the diseases in leaves
for toria cultivars TS-36 and M-27 including Initial PDI

Variety Diseases Models R? +SE
Alternaria Y =5.03 + 0.04*Cum GDD - 097 11
blight 0.043*T,n+0.838*IPDI
TS -36
downy Y =5.22+0.03*Cum GDD - 099 10
mildew 0.453*Tmint 0.917*IPDI
Alternaria Y =3.45+ 0.05*Cum GDD - 097 1.0
blight 0.377*Tint0.877*IPDI
M-27
downy Y =8.7 + 0.047*Cum GDD- 098 13
mildew 0.806*Tpin+0.899*IPDI

Correlation coefficients obtained between PDI of
downy mildew and Alternaria blight diseases and weather
parameters for TS-36 and M-27 for two crop seasons is
presented in Table 3. It was found that in both the crop
seasons, PDI of both the diseases were negatively and
significantly correlated (r = 0.67 to 0.91) with average
minimum temperatures of previous 5 days of date of
record of disease.

The interesting finding is that the afternoon relative
humidity was negatively correlated to development of
Alternaria blight diseases; however it was positively
correlated to development of the downy mildew disease in
both the crop seasons and cultivars. Though afternoon
relative humidity was not significantly correlated with

PDI during second crop season, value of ‘r’ was
substantially high even during this crop season.

No consistent relationship was observed between the
PDI of the diseases and maximum temperature, morning
relative humidity, rainfall and bright sunshine hours in
both the seasons and cultivars.
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PDI of both the diseases in leaves during the two
growing seasons were significantly and negatively
correlated to growing degree days accumulated during
previous five days of date of record of diseases (r = 0.51
to 0.74).

3.4. Development of regression models

Based on significant correlation coefficients of
selected parameters, viz. average minimum temperatures
(Tmin) and GDD accumulated (Cum GDD) in preceding
five days of date of record of diseases during flowering to
maturity stage of the crop were clubbed together for
developing multiple regression models. The model
equations were developed from pooled data (for all the
sowing dates and both the crop seasons) for predicting
PDI (Y) of the diseases for two cultivars separately and
they are presented as Table 4.

Initial PDI (IPDI), which were calculated before five
days of the day of forecast, when included in the
equations, the accuracy of the forecast increased
significantly (r?= 0.97 to 0.99 and SE = 1.0 to 1.3). Model
equations developed using IPDI, minimum temperature
and GDD are presented as Table 5.

Seasonal incidence of two important diseases and the
role of weather parameters on disease development were
studied in two cultivars of rapeseed. In both the seasons
and cultivars, disease development was initially slow and
increased gradually. The favourable ranges of minimum
and maximum temperature for development of both the
diseases were identified as 5.0 to 16.0 and 14.0 to 27.5 °C,
respectively. Within these ranges, as temperatures
decreased, PDI of the diseases increased in case of both
the cultivars. Late sown crops got exposed to
comparatively lower day and night temperatures. That is
why they were more infected with the diseases as
compared to early sown crops. Existence of cloudy
weather coupled with rain or high evening relative
humidity is congenial for development of most of the
diseases. Prevailing high evening humidity (> 70%) from
the first week of January possibly favoureds the
development of downy mildew disease. In both the
seasons, M-27 was infected more by both the diseases,
which might be due to lower genetic resistance of the
cultivar to the diseases.

The second crop season was relatively more humid
with more number of rainy days and rainfall amount. As
expected soil moisture content during second crop season
was higher. On the other hand situation was reversed in
the first crop season. During first crop season there was
higher infection of both TS-36 and M-27 with Alternaria
blight; while in the second crop season both the cultivars
were infected more with downy mildew disease. It can be

inferred that less evening humidity coupled with high day
temperatures and less soil moisture prevailed during the
first crop season, which might have accelerated the
incidence of Alternaria blight in both the cultivars. On
the other hand, prevailing high afternoon humidity, more
recharge of soil moisture and comparatively lower day
temperatures due to more number of rainy days favoured
the development of downy mildew diseases in both
cultivars in the second crop season. Correlation studies
also revealed that the afternoon relative humidity was
negatively correlated to development of Alternaria blight
diseases; however it was positively correlated to
development of the downy mildew disease in both the
cultivars. In both the cultivars, diseases were significantly
but negatively associated with average minimum
temperatures in previous few days indicating that within
favourable range, decrease in minimum temperature might
have caused increase in growth rate of pathogens.
Significant negative association of accumulated GDD in
previous few days with the diseases in both the cultivars
can be explained by the fact that decrease of incidence of
diseases with decrease of thermal units accumulations in
past few days might be due the lower minimum
temperatures (on clear days) or maximum temperatures
(on cloudy days) during disease development period in
both the cultivars and seasons.

Our results are confirmatory with the earlier findings
of Sangeetha and Siddaramaiah (2007), who reported that
maximum downy mildew incidence was within minimum
and maximum temperatures ranges of 4-16 °C and
26-29 °C, respectively. They also reported that maximum
temperature of 27-28 °C minimum temperature of
14-15 °C and average relative humidity more than 65%
was found favourable for Alternaria blight development.
Our results are also supported by the findings of Saharan
and Saharan (2001), who reported that Alternaria blight of
cluster bean was negatively and significantly correlated
with minimum temperatures. Our results are in support of
earlier findings of Bose et al. (2010) and Kumar et al.
(2010), who reported that minimum temperatures and
GDD were negatively and significantly related to
development of downey mildew disease in pearl millet.
Similar to our findings, Kumar et al. (2010) revealed that
mean temperature and  growing-degree-day-based
regression models explained up to 52 - 74 per cent
variability in progress of downy mildew disease in pearl
millet. A real-time forewarning regression models
suggested in our paper need to be tested at different
locations
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