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Abstract

Alternaria leaf spot is a major destructive fungal disease of safflower (Carthamus tinctorius L.)
which infects the leaves, stem, head and seed. The experiment was conducted with a view to
study the effect of different weather parameters viz., rainfall, humidity and temperature on the
development of Alternaria leaf spot and secondly to develop forecasting model for it. The
correlation studies indicated that rainfall, minimum temperature and relative humidity (RH-I and
Il) had a positive correlation with the disease development in all sowing times whereas the
maximum temperature had a negative correlation. The weather conditions during 36 to 45 MW
were observed to be the most congenial for the crop infection and further rapid build-up of the
disease. The results of regression equation stated that, if the rains received coupled with high
humidity above 80% and temperature in the range of 21 to 32°C favours the primary infection of
the crop.
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Introduction

The leaf spot disease caused by Alternaria carthami Chowdhary is a major destructive disease
of safflower (Carthamus tinctorius L.) grown in India. The disease is endemic in most of the
safflower growing areas of Maharashtra, Karnataka and Andhra Pradesh which infects the
leaves, stem, head, seed etc and causes severe seed yield loss and also deterioration in the
quality of the seed. Under severe infections, disease has been reported to cause 50 per cent
loss in seed vyield (Indi et. al., 1986). An extensive survey work carried out by Deokar et al.
(1991) revealed the predominance of Alternaria leaf spot disease on safflower in the traditional
safflower growing areas in the scarcity zone of Maharashtra state. Weather conditions play a
predominant role in determining the course and severity of epidemics. Hence an attempt was
made to study the role of different weather parameters viz., rainfall, relative humidity and
temperature on infection and development of Alternaria leaf spot and secondly to develop
forecasting model for it.

Materials and Methods

The field experiment was conducted on medium black soil during 2006-07 at Zonal Agricultural
Research Station, Solapur, Maharashtra (India) with three sowing dates. The cultivar Phule
Kusuma was sown in three plots of 100 m? each at one month interval i.e. Second fortnight of
August (Early), second fortnight of September (Normal) and second fortnight of October (Late).
The crop was fertilized with 50 kg N and 25 kg P,Os per hectare as a basal dose.
Recommended agronomic practices like spacing, weeding, hoeing, irrigation were followed in
the plot. Crop was protected against aphid and capsule borer by spraying Dimethoate 30 EC
and Endosulfan 35 EC @ 0.05 %, respectively.

Twenty plants each from early, normal and late sown crop were scored for the Alternaria leaf
spot disease at weekly intervals using 0-9 scale (Anonymous, 2006) started from 20 DAS. The
per cent disease intensity (PDI) was calculated by using the formula given by Mayee and Datar
(1986).
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Sum of individual rating
PDI = x 100
Number of leaves examined x Maximum disease grade

The grain yield was recorded at harvest. Observations on maximum and minimum
temperatures, relative humidity and rainfall were recorded weekly from sowing to maturity and
the average disease intensity was correlated with different weather parameters.

Results

The rate of disease build-up was correlated with the weather parameters during the crop growth
for early, normal and late sowing are presented in Table 2. The correlation studies indicated
that in early sowing, the rainfall, minimum temperature and relative humidity (RH-1 and II)
showed a positive correlation with the disease development whereas the maximum temperature
showed negative correlation. The weather conditions during 36 to 45 MW were, observed to be
the most congenial for the crop infection and further rapid build-up of the disease. During this
period, a total of 334.8 mm rainfall was received coupled with relative humidity in the range of
88 to 93% and favourable temperatures in the range of 21 to 32°C. Further, it was observed
that in early sown condition that rains received during 36 to 38 MW (197.8 mm) coupled with
relative high humidity (in the range of 88 to 91%) resulted in primary infection of the crop (10%
disease incidence) at rosette stage. The congenial climatic conditions during 40 MW (33.4 mm
rainfall coupled with 92% relative humidity) resulted in rapid development of the disease (25%
disease incidence) at bud initiation stage. Further, 93.4 mm rains received during 45 MW i.e.
flowering stage of the crop coupled with 89 % relative humidity resulted in rapid build up of the
disease up to 70%.

In normal sowing, the disease showed a highly significant positive correlation with rainfall,
minimum temperature and relative humidity (RH-I and Il), whereas, the maximum temperature
had a negative correlation. A total of 33.4 mm rains received during 40 to 42 MW coupled with
relative humidity in the range of 77 to 92% which resulted in primary infection of the crop (5%
disease incidence) during elongation stage. Further, 93.4 mm rains received during 45 MW with
89% relative humidity resulted in further build up of the disease up to 25% during bud initiation
stage of the crop. In late sowing, the disease had significant positive correlation with rainfall
and relative humidity-l and positive correlation with minimum temperature and relative humidity-
I, but the maximum temperature showed a negative correlation. The rains received during 44
and 45 MW (95.6 mm) coupled with relative humidity in the range of 84 to 89% resulted in
primary infection of the crop (5% disease incidence) during rosette stage and further build up of
the disease was up to 10% till elongation stage. Further disease build up was ceased due to
lack of congenial climatic conditions (rains or high humidity above 80%) till maturity of the crop.

Discussion and Conclusion

Saharan and Saharan (2004) observed significantly positive correlation between the disease
severity and certain weather parameters (cumulative rainy days and cumulative rainfall) in
Alternaria leaf blight of cluster bean. At Phaltan, the disease had a positive correlation with
rainfall, temperature and relative humidity.  Also the climatic conditions during 45"
meteorological week (mw) (15.2mm rainfall coupled with 98 percent relative humidity) helped for
development of the Alternaria leaf spot disease in safflower (Anonymous, 2007). Sangeetha
and Siddaramaiah (2007) reported 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 of Indian mustard (Brassica juncea (Linn.).

The stepwise regression analysis for early, normal and late sowing is presented in Table 3. The
results of the regression analysis between dependant variable (rate of increase of disease) Vs.
independent variables viz., rainfall, humidity and minimum temperature were significant,
whereas it was non-significant in respect of maximum temperature. The results of regression
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equation stated that, if the rains received coupled with high humidity above 80% and
temperature in the range of 21 to 32°C favours the primary infection of the crop generally in
rosette stage. Saharan and Saharan (2004) reported the step-wise multiple regression analysis
of data which revealed that minimum temperature, relative humidity in the evening and sunshine
and cumulative rainfall played a major role in Alternaria leaf blight disease development of
cluster bean. The Alternaria incidence showed the great influence on seed yield. There was
43.96 per cent of reduction in yield in early sowing (6.5 g/ha) as compared to the normal sowing
(11.6 g/ha) whereas 6.89 per cent less in late sowing (10.80 g/ha).

This study indicate that rainfall, minimum temperature and relative humidity (RH-1 and 1l) had a
positive correlation with the disease development and rains received coupled with high humidity
above 80% and temperature in the range of 21 to 32°C favours the primary infection to the crop.
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Table 1. Scale/Description of the symptom for Alternaria leaf spot of safflower.

Scale Description of the symptom

0 Leaves free from infection

1 Small irregular spots covering <1% leaf area

3 Small irregular brown spots with concentric rings covering 1-10% leaf area

5 Lesions enlarging, irregular brown with concentric rings covering 11-25% leaf area

7 Lesions coalease to form irregular and appears as a typical blight symptom covering
26-50% leaf area

9 Lesions coalease to form irregular and appears as a typical blight symptom covering
>51% leaf area
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Table 2 . Correlation value between disease index of Alternaria leaf spot of safflower and
Environmental weather factors.

Weather factors CORRELATION COEFFICIENT ‘R’ VALUE
Early sowing Normal sowing Late sowing

Rainfall (mm) +0.280 +0.848** +0.871**
Maximum Temperature (°C) -0.244 -0.244 -0.293
Minimum Temperature (°C) +0.094 +0.230 +0.430
Relative Humidity-I +0.101 +0.421 +0.659*
Relative Humidity-II +0.288 +0.199 +0.372
Table value of rat 5 % = 0.532

at1% = 0.661
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Table 3. Regression analysis of early, normal and late sowing

Mw Average Rate of Rainfall Max T Min T RH-I RH-II
No PDI Increase Mm
36* 0.00 0 49.9 34.0 22.0 88 51
37 0.28 0.28 75.6 324 22.2 93 62
38 2.60 232 72.3 30.0 21.9 91 68
39 2.60 0 8.1 31.6 223 91 59
40 3.48 0.88 33.4 294 22.0 92 73
41 3.48 0 0.0 33.3 20.5 81 43
42 5.16 1.68 0.0 34.2 18.9 77 36
43 5.72 0.56 0.0 33.2 19.3 72 38
44 6.92 1.2 2.1 31.9 19.8 84 56
45 7.72 0.8 93.4 30.1 18.5 89 47
46 7.96 0.24 0.0 314 16.3 82 40
47 8.12 0.16 0.0 30.8 19.3 77 50
48 8.12 0 0.0 31.9 17.8 81 38
40** 0 0 334 29.4 22.0 92 73
41 0 0 0.0 33.3 20.5 81 43
42 0.08 0.08 0.0 34.2 18.9 77 36
43 0.44 0.36 0.0 33.2 19.3 72 38
44 1.16 0.72 21 31.9 19.8 84 56
45 3.16 2 93.4 30.1 18.5 89 47
46 3.48 0.32 0.0 314 16.3 82 40
47 3.64 0.16 0.0 30.8 19.3 77 50
48 3.64 0 0.0 31.9 17.8 81 38
49 3.64 0 0.0 31.3 14.7 76 32
50 3.64 0 0.0 31.2 13.8 80 33
51 3.64 0 0.0 31.5 11.3 78 32
52 3.64 0 0.0 30.6 12.8 81 40
44%%* 0.28 0.28 21 31.9 19.8 84 56
45 2.16 1.88 93.4 30.1 18.5 89 47
46 3.16 1 0.0 31.4 16.3 82 40
47 3.16 0 0.0 30.8 19.3 77 50
48 3.16 0 0.0 31.9 17.8 81 38
49 3.16 0 0.0 31.3 14.7 76 32
50 3.16 0 0.0 31.2 13.8 80 33
51 3.16 0 0.0 31.5 11.3 78 32
52 3.16 0 0.0 30.6 12.8 81 40
1 3.16 0 0.0 30.3 124 79 38
2 3.16 0 0.0 299 13.2 80 42
3 3.16 0 0.0 32.4 14.5 7 33
4 3.16 0 0.0 33.3 15.3 69 31
r value +0.621** -0.194 +0.341* +0.403** +0.353*
a=0.193 a= 3.389 a=-0.773 a= -3.027 a= -0.486
b=0.013 b=-0.095 | b=0.066 b= 0.042 b= 0.020

Regression Equation Y = a + bX

Where, Y = Dependant variable i.e. Disease (rate of increase)
X = Independent variable viz., Rainfall, Humidity (RH-I & RH-II), Max. & Min. Temp.
a = Intercept Coefficient,

Table value of r at 5 %= 0.325 and at 1 %= 0.381

b= Regression Coefficient
*- Early sowing, **- Normal sowing and ***- Late sowing





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


