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The cole crops in general and cauliflower (Brassica
oleracea var botrytis L.), in particular have been found to
be highly sensitive to weather conditions especially
temperature fluctuations. Indian cauliflower has under gone
fast diversification (Sheshadri and Chatterjee 1996) and its
cultivation has further spread to non-traditional areas with
development of tropical cauliflower varieties at IARI, New
Delhi. Therefore in the mid hills of states like Himachal
Pradesh the major groups of cauliflower, grown are Indian
and annual temperate type (the Erfurt’s and Alpha strains)
more commonly known as Snowballs. The difference
between the two is in their adaptability to different
temperature conditions, tropical types form curds at
temperatures around 20oC or above, while the temperate
annual require temperature range between 10oC and 16oC
for curd formation. Further, the tropical’s are resistant to
high rainfall conditions, especially during the vegetative
phase. Development of cultivars like Pusa Himjyoti, and
Pusa Early Synthetics (Singh et al. 1994) and existence of
a large pool of varieties in different maturity groups have
made it possible to produce cauliflowers more intensively
and throughout the year in the mid hills of the state.
Therefore, maturity of the varieties needs more attention in
year round production to ensure continuous supply of quality
curds. Few studies have however been made to determine
the environmental factors which can influence the maturity
characteristics of the crop and not many quantitative data
are available on this aspect. Therefore, a study was conducted
in this background with a simple objective to determine the
relationship between the time of planting and curd maturity
at different altitudes.

The varieties Pusa Himjyoti (early), PSB K 1 (late) and
popular private sector hybrids Swati (mid), NS 106 (mid
late) were taken as representatives in different maturity
groups of cauliflower. Experiments were conducted at
different altitudes at three locations namely Jhiri (1190m a
msl)-L1, Pali (1350m a msl)-L2 and Sharan (1650m a msl)-

L3 for two consecutive years during 2009-10 and 2010-11.
The selected locations are situated within a radius of 10 km
from Regional Horticultural Research Station, Bajaura -
Kullu. The planting at each location was done in a
randomized block design keeping 3 replications in a plot
size of 50m2 as per the following planting pattern details:

Planting pattern 1: June* (Early)–September*
(Mid)–January* (Mid Late)

Planting pattern 2: July* (Early)–October*
(Late)–February* (Mid Late)

*Name of the month refers to the time of planting for the
group

Crop was raised as per the standard crop production
practices. At the maturity observation were recorded on ten
(10) randomly selected plants on days to curd maturity after
transplant date, final leaf number per plant, curd diameter
and marketable curd yield converted into quintals/hectares.
Benefit: cost ratio for each planting time and experiment
was worked out as per the market prices for the crop at the
time of harvest. The statistical analysis of the data recorded
was done as per CPCS 1 computer based statistical
programme by Cheema and Singh (1999).

Early group variety Pusa Himjyoti planted in June
gave curd harvest in minimum time of 71.6 days after
plating at L1 with a maximum curd yield of 190.8 q/ha
among locations (Table 2). At an higher elevation (L2) the
variety took 85.3 days after planting to give reduced
marketable curd yield, i.e. 152.4 q/ha. It was observed that
there was a decrease in curd diameter and number of leaves
per plant with increase in elevation. The difference in the
magnitude for all the parameters between L1 and L3 was
found to be highly significant. Singh et al. (1994) have also
reported that early varieties tolerate high temperature and
hence give better yields. June planting of early group
varieties was followed by September planting of mid group
hybrid Swati and it was found that curd matured in 87.2-
91.0 days after planting at L1 and L2 respectively. This
variety gave maximum curd yield of 238.6 q/ha at L2

however, at  L3 curds were harvested in 121.6 days after
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planting with significant reduction in curd yield (96.7 q/
ha). Reduction in curd diameter and number of leaves per
plant was also observed at L2. January planting of mid late
group cultivar NS 106 resulted in marketable curd yield of
206.2 q/ha in 105.1 days after planting at L2. At L3, a
significantly reduced marketable curd yield of 109.5 q/ha
was obtained in 128.6 days after planting. Low yields under
this planting date at all the locations can be attributed to the
poor growth and development of the plants at the initial
stage when the temperatures are very low (Table 1). It can
also be said about the L2 and L3 that initiation and maturity
of curds under September planting date coincides with the
onset of winters in the hills (Table 1) and hence there was
increase in the maturity time of the curds as well as decrease
in yield.

In the second planting pattern the first planting date
was deferred to July at every location and the early group
variety Pusa Himjyoti planted at L1, matured in 76.8 days
whereas at L2, this variety gave marketable curds 84.0 days
after planting. The early group variety gave marketable
curd yield of 189.2 q/ha and 181.1 q/ha at L1 and L2

respectively. As the elevation further increased to L3 the
curd maturity period after planting further increased to 98.2
days with significant reduction in curd yield to 102.8 q/ha.

July planting gives the early varieties a fair chance for
growth and development under the high temperature
conditions and hence the curd yield is high under this
planting date as well. The October planting was done with
late group variety Pusa Snowball K-1 and this variety gave
marketable curd yield after 122.7 and 128.9 days at L1 and
L2 respectively with maximum curd yield (239.6 q/ha) at
L2. Pusa Snowball K-1 being a late maturing variety gave
highest curd yield under the lower temperature conditions
which has also been reported earlier by Choudahry and
Ramphal (1961). As the elevation further increased to 1650m
at L3 the curd maturity period further increased significantly
to 143.3 days with a corresponding reduction in curd yield
(127.1 q/ha) it can attributed to the lower temperatures at
higher elevations. The February planted mid late group
variety NS 106 at an elevation of 1190 m (L1), matured in
105.9 days after planting, whereas at an elevation at L2 this
variety gave marketable curds in 103.4 days after planting.
As the elevation further increased to 1650 m (L3) the curd
maturity period further increased to 109.5 days. The
marketable curd yields of 210.0 q/ha, 222.9 q/ha and 187.2
q/ha was recorded at the three locations respectively.
Similarly the curd diameter was also found to vary as per
the increase or decrease in curd yield. Number of leaves per

Table 1 Weather data for the period of experimentation

Year Month Temperature (°C)

Location 1 Location 2 Location 3

Maximum Minimum Maximum Minimum Maximum Minimum

2009 June 33.7 15.3 33.1 13.8 28.1 17.6
July 32.2 20.3 32.4 18.6 28.8 20.0
August 31.4 21.2 31.1 19.3 27.9 20.9
September 28.4 16.3 28.1 13.7 25.7 18.6
October 28.5 8.5 26.9 7.6 23.4 11.7
November 21.4 4.1 20.7 3.3 17.3 7.5
December 17.6 1.0 17.1 1.2 13.3 5.1

2010 January 19.0 1.0 18.0 0.9 14.0 5.0
February 18.7 3.9 18.5 2.2 13.2 5.3
March 25.8 7.9 24.8 6.3 21.0 10.5
April 29.4 10.1 28.5 8.9 23.2 13.7
May 31.4 13.7 29.3 11.6 25.3 15.4
June 30.2 15.6 29.2 13.0 25.8 16.0
July 28.5 20.4 28.6 17.6 24.8 19.6
August 29.7 21.7 29.3 18.8 25.7 21.4
September 28.3 18.1 28.2 15.1 24.7 18.0
October 27.2 10.2 25.7 7.5 22.9 12.7
November 23.7 4.8 21.8 3.2 19.7 9.8
December 20.3 -0.5 17.5 -0.7 14.7 4.5

2011 January 15.2 0.3 15.2 -1.3 9.9 2.5
February 17.1 4.0 15.6 0.9 10.8 4.6
March 21.7 6.2 22.8 4.0 18.2 9.1
April 24.0 9.1 24.5 6.8 20.3 10.6
May 31.4 13.6 28.7 11.8 25.8 15.3
June 32.5 18.1 30.9 15.7 28.6 18.2
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plant also varied with the climate as is indicated by the data
presented in Table 3. Both the extremes of temperature
forced a decrease in leaf number per plant. Nowbuth (1997)
has also reported that warmer temperature favour higher
leaf production and it decreases with onset of low
temperature conditions.

Observations suggest that in warm weather extension
growth of the individual curd peduncle occur more rapidly,
with a consequent tendency for the curd to become ready
for cutting earlier and at a size smaller than it would have
reached in cooler conditions. Warm weather may also cause
temporary wilting of the leaves; the curd gets exposed and
may need to be harvested prematurely before it becomes
discolored. The net result of both these effects is that in hot
weather a proportion of the crop is cut before the curds have
reached their full size and thus curd size and the duration of
the harvest period are reduced. The Fig. 1 and 2 clearly
indicates the difference among the varieties planted at
different planting dates and altitudes. Haine (1959) and
Sadik (1967) during their studies also revealed that varieties
vary in their temperature requirement for curd initiation to
curd maturity. Salter (1969) has indicated variability in the

time of maturity of individual plants in crops and hence
length of the maturity period is partially caused by variability
in the time of curd initiation of different plants which is
further affected by varying temperatures. Singh et al. (1978)
have also reported mid October to be the best planting time
of snow ball group of varieties in Northern India. Chatterjee
and Swarup (1983) have also studied the maturity period of
different cauliflower varieties and have reported lower
temperature requirement for curd formation by the late
group varieties and higher temperature requirement for
curd formation in the early varieties. Aalbersberg (1986)
from Netherlands has also recommended mid late varieties
for January and February transplanting. The studies are
also in conformation to the studies conducted by
Pradeepkumar et al. (2002) under Kerala conditions on the
early and late season varieties. The present studies also
reveal that plant establishment in February planted crop is
early because of comparatively higher temperatures as
compared to January which enables them to give high
yields under this planting date as compared to January.

January planted crop at L1 harvested in May was found
to give maximum b: c ratio of 1.82: 1 followed by June
planting which resulted in a benefit of ̀  1.43 at an investment
of ` 1.00. At L2 also January planted crop gave maximum
returns with b: c ratio of 1.83: 1. At L3 June planting was
found to be economical as compared to other planting dates
and September planting resulting in negative b: c ratio.
Overall benefit gained was highest at L1 for year round
production of cauliflower. This planting pattern was not
found to give better returns at the higher altitudes owing to
low yield and hence poor returns to the farmers. In the
second planting pattern

February planting at L1 was found to give maximum b:
c ratio of 1.98:1 and June planting followed it with b: c ratio
of 1.32: 1. At L2 February planting resulted in significantly
higher b: c ratio of 2.16: 1 whereas June planting gave
returns of ` 1.22 for investment of ` 1.00. At L3 also
February planting of mid late group varieties was found to
give significantly higher b: c ratio of 1.66: 1. Over all
benefit for producing cauliflowers throughout the year was
highest at the L2.

Therefore from the above results it can be concluded
that by planting early group varieties/hybrids in June-July
followed by planting of late group varieties in October and
after this crop is over in February planting with mid or mid
late group varieties will result in maximum benefits in the
mid hills of Himachal Pradesh, while ensuring continuous
supply of good quality curds throughout the year as well.

SUMMARY

Studies were conducted to standardize the optimum
time of planting for different varieties of cauliflower under
year round quality curd production system during 2009-10
and 2010-11 under mid hills of Himachal Pradesh. The
varieties Pusa Himjyoti (early), PSB K -1 (late) and popular
hybrids Swati (mid), NS 106 (mid late) were planted at
different altitudes (1090 m a msl, 1350 m a msl and 1650m

Fig 1 Days to curd maturity

Fig 2 Marketable curd yield
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a msl). All the varieties or hybrids planted took more time
to curd maturity at higher elevations for irrespective of
planting time and maturity group as compared to the lower
elevations. Early varieties gave high curd yield under higher
temperature conditions, whereas the mid and late varieties
gave high curd yield under mild climatic conditions and
higher elevations. The June planting date for early group
and February planting of mid late group varieties recorded
the best benefit: cost ratio under the mid hill conditions.
The best planting dates for year round production of
cauliflower in the mid hills were therefore found to be
June-July (early group); October (late group); followed by
February planting of mid or mid late group varieties
which can fetch higher returns to the growers besides
ensuring best quality curd supply throughout the year to the
market.

REFERENCES

Aalbersberg W. 1986. Cauliflower- limited choice in cultivars for
harvesting in late autumn. Groenten en Fruit 45 (41): 76–7.

Chatterjee S S and Swarup V. 1983. Cauliflower varieties: when
to grow them. Seeds and Farms 9: 15–6.

Singh V P, Sanyal N B and Ram Kumar. 1978. Effect of different
dates of transplanting on growth and yield of cauliflower
(Brassica oleracea var botrytis). Indian Journal Horticulture
35: 138–41.

Haine K E. 1959. Time of heading and quality of curd in winter
cauliflower. Journal of National Institute of Agricultural Botany
8: 667–74.

Choudhary B and Ramphal R. 1961. Seed production with regard
to yield and quality in early cauliflower (Brassica oleracea var
botrytis). Indian Journal of Horticulture 18: 152–5.

Sadik S. 1967. Factors involved in curd and flower formation in
cauliflower. Proceedings of the American Society Horticultural
Science 90: 252–9.

Salter P J. 1969. Studies on crop maturity in cauliflower: 1.
Relationship between the times of curd initiation and curd
maturity of plants with in a cauliflower crop. Journal of
Horticultural Science 44: 129–40.

Singh R, Gill H S and Chatterjee S S. 1994. Cauliflower ‘Pusa
Early Synthetic’. Indian Horticulture 39: 13–5.

Sheshadri V S and Chatterjee S S. 1996. The history and adaptation
of some introduced vegetable crops in India. Vegetable Science
23: 114–41.

Nowbuth R D. 1997. The effect of temperature on curd initiation
of cauliflower. Food and Agricultural Research Council, Reduit,
Mauritius AMAS: pp 225–31.

Cheema H S and Singh B. 1993. A programs package for the
analysis of commonly used experimental designs. PAU,
Ludhiana.

Pradeepkumar T, Sajth Babu D and Aipe K C. 2002. Adaptability
of cauliflower genotypes in the high ranges of Kerla. Journal
of tropical Agriculture 40: 45–7.

PRODUCTION OF CAULIFLOWER IN HIMACHAL PRADESH



<<
  /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


