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Potato (Solanum tuberosum L.) being native to the
Andean Region is well adapted to cool and temperate climates.
Out of 34.4 million tonnes, about 31 million tonnes of Indian
potatoes are produced in the subtropical lowlands during
winter under short day conditions (FAO 2009). Potato fits
well in a multiple cropping pattern due to its short duration,
flexibility of planting and harvesting nature along with its
high commercial value. High temperature during crop growth
restricts the adaptation of potatoes to early planting conditions
of the North-Western plains and Peninsular India (Luthra et
al. 2006). Considering prediction of global warming over the
next 60 years, Hijmans (2003) expected worldwide yield
reduction for potato in the range of 18–32% without adaptation
in production methods, or 9–18% with adaptation in terms of
planting time and use of heat-tolerant varieties. The optimum
temperature for haulm growth is about 25°C. The minimum
night temperature plays a crucial role during tuberization in
potato and largely determines whether plants will tuberize or
not. For most varieties, tuberization is inhibited at night
temperatures above 20°C with complete inhibition above
25°C. Optimum temperatures for tuber formation are widely
regarded as being in the range of 10–17°C (Levy and Veilleux
2007). Pandey et al. (2005) have also reported that day length

and temperatures are the most important factors affecting tuber
initiation phase in potato. High temperatures during tuber
maturation may obstruct with the onset of tuber dormancy,
shorten its rest phase, or even release the inhibition of tuber
buds, resulting in pre-harvesting sprouting (Levy and Veilleux
2007). Exposure of potato plants to heat stress alters the
hormonal balance in the plants and results in partitioning of
the most of assimilated carbon in favour of above ground
vegetative parts against tuber development. Periods of high
soil temperatures during tuber development adversely affect
both tuber yield and starch content (Wang et al. 2003). Ninety-
three respondents from different rural backgrounds, viz. non-
farmers, non-potato growers (farmers who have not grown
potato continuously for last two years, i e 2007–08 and 2008–
09) and various categories of potato growers, i e marginal
(potato area <1 ha), small (potato area 1ha to <2 ha), medium
(potato area 2 ha to <4 ha) and large (potato area > 4 ha) in a
baseline study in Gujarat revealed that a large proportion of
farmers desired attributes of high temperature resistance, early
bulking, high yield and processing quality in new varieties
(Rana et al. 2010). The present study was undertaken to
develop 80 day heat tolerant potato varieties, to improve food
security and to increase processing from its current level of
about 2% to 20% by 2020 to address risks associated with
occasional over production of potatoes.

Thirty-five advanced clones received from the Inter-
national Potato Center, Lima were multiplied at the Central
Potato Research Institute Campus, Modipuram, Meerut, India
(29° 4’ N and 76° 46’ E; 237 m above sea level), in the aphid-
free crop period during crop season 2008–09. Nine promising
clones selected initially at the Central potato Research Institute
Campus, Modipuram were supplied to Potato Research
Station, Deesa for testing in the hot-arid agro-ecology at the
Agriculture Research Station, Ladol, of the Sardar Kushinagar
Dantiwada Agricultural University (SDAU) located at 23°
37’ N, 72° 43’E and 118 masl in Gujarat State during winter
season in 2009–10 and 2010–11. The weather of Ladol is
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characterized by higher night and day temperatures. The
daily maximum and minimum temperatures and relative
humidity were recorded during the crop season. The mean
weekly temperature and humidity are presented in Fig 1.
Popular Indian varieties Kufri Badshah, Kufri Surya and
Kufri Lauvkar were used as controls. The trial was planted
on 20th October in 2009 and 2010 respectively, one month
earlier than the normal planting time for the region, in order
to observe tuberization during relatively higher temperatures.
The sprouted tubers were planted at 60 cm × 20 cm spacing
in randomized block design having three replications each of
2.0 × 2.4 m2 size. Recommended cultural practices of the
region were applied. The experimental clones and control
varieties were dehaulmed after 80 days of planting and the
potatoes were harvested after 10 days of hardening of tuber
skin. Marketable tuber yield (>20 g size tubers) and total
tuber yield were recorded at harvest. Tuber dry matter content
was estimated by oven-drying 50 g cut tubers from a
composite sample from the all 3 replications of each entry at
a constant temperature of 80°C. Chip colour was recorded
visually on a scale of 1–10 on freshly prepared chips fried in
oil at 180°C. According to the scale developed by the Central
Potato Research Institute, Shimla, chip colour scores of 1 to
3 are considered suitable for processing. The hunter colour
(dL value) of the chips was estimated by putting crushed
chips under a hunter colour scorer where 0 represents dark
colour and 100 represents light colour. A hunter colour value
of chips >58 is considered acceptable for processing. The
data were statistically analyzed by statistical software
IRRISTAT (1999). Day and night temperatures were estimated
using the Went’s equation (1957).

In the two successive seasons, out of nine clones three
selected CIP clones, viz. CIP 301029.18, CIP 388972.22 and
CIP 393708.31 gave 56.0, 50.7 and 55.6 tonnes/ha total tuber
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Fig 1 Mean weekly minimum and maximum temperatures and
relative humidity (%) recorded at ARS, Ladol during potato
crop season

yield, respectively, which were 19.6%, 11.3% and 19.0,
respectively higher than the best heat tolerant control Kufri
Surya (45.0 tonnes/ha). The results revealed that three clones
were superior to Kufri Surya which has distinct advantage of
at least 2°C for tuberization over the existing variety Kufri
Chandramukhi reported by Minhas et al. (2011). These three
clones also produced greater yield than most popular table
purpose local control Kufri Badshah. Luthra et al. (2010)
also screened genotypes which produced higher yield than
the local varieties under warm climate. The average
marketable tuber yield (>20 g size tubers) of two years of the
three clones varied between 52.6 and 49.3 tonnes/ha compared
to 45.4 and 33.4 tonnes/ha of the three control varieties
(Table 1). Marketable tuber yield is an important trait for
selecting a new variety in view of fetching the best
remunerative price of table potatoes and for processing. The

Table 1 Performance of advanced potato clones at ARS Ladol, Gujarat during 2009–10 and 2010–11 crop seasons

Clone/variety Total tuber yield (tonnes/ha) Marketable tuber yield (tonnes/ha)

Year 1 Year 2 Mean Year 1 Year 2 Mean

CIP 301029.18 49.7 62.4 56.0 45.5 59.7 52.6
CIP 380583.8 23.2 45.2 34.2 21.0 42.9 31.9
CIP 381381.13 17.4 42.4 29.9 14.9 39.1 27.0
CIP 388972.22 49.4 52.1 50.7 48.1 50.6 49.3
CIP 391580.30 20.6 38.9 29.8 18.9 37.2 28.1
CIP 392781.1 31.6 44.3 38.0 30.5 41.7 36.1
CIP 393536.13 27.8 42.0 34.9 26.3 39.8 33.1
CIP 393617.1 31.3 50.7 41.0 29.0 46.8 37.9
CIP 393708.31 47.3 63.8 55.6 43.5 61.6 52.6
Kufri Badshah 41.7 53.0 47.3 40.2 50.7 45.4
Kufri Lauvkar 31.2 38.9 35.0 29.6 37.2 33.4
Kufri Surya 42.7 47.4 45.0 41.7 45.9 43.8

CD 5% 4.4 3.1 3.2 3.13

Marketable yield: >20 g, Year 1: 2009–10; Year 2: 2010–2011
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two years results clearly revealed that the three selected
clones were superior to the control varieties in production
when evaluated under higher temperatures in Gujarat. The
results revealed that the farmers in this region can obtain
economic yields in 80 days by planting these clones one
month earlier than the normal planting season and can earn
more money by selling fresh produce at premium price at a
time when there are no fresh potatoes in the local markets.

Farmers need varieties which can be stored in country
stores for a longer period. The potato prices at harvesting
time are generally low therefore, farmers prefer to keep the
produce in heap or in rustic stores until prices increase.
Tuber dry matter is one of the key characteristics determining
value-addition through processing raw potatoes into chips
and French fries. Tuber dry matter content higher than 21%
is desirable for obtaining good quality potato processed
products (Marwaha et al. 2008). The mean percent tuber dry
matter of clones and varieties ranged from 16.6% to 22.1%
(Table 2). The clones found superior in tuber yield also
produced higher dry matter than controls. The tuber dry
weight was highest in CIP 301029.18 (22.1%), followed by
CIP 393708.31 (20.8%). The experimental clones had higher
dry matter content than Kufri Lauvkar which is mainly used
for processing purpose in Gujarat, indicating a promising
future for the new selected clones for the processing industry
of our country.

The mean chip colour score ranged from 2.5 (CIP
380583.8) to 6.0 (CIP 381381.13 (Table 2). The chip colour
score of the three high yielding advanced clones namely CIP
301029.18, CIP 388972.22 and CIP 393708.31 were recorded
4.0, 4.0 and 4.6, respectively and was at par with varieties
indicated the possible utilization of selected clones for
processing into French fries. Chip colour was objectively
assessed by taking dL value through hunter colour meter. In
the present investigation, the hunter colour ranged from 42.9
(CIP 381381.13) to 59.3(CIP 391580.30). The hunter colour
score of selected high yielding clones was lower than the
controls, but was near acceptable range (>58.0). This present
observation on processing qualities of the clones was recorded
at 80 days after dehaulming and can improve much better if
harvested at natural senescence like normal practice adopted
by farmers for producing the processing potatoes. The
harvesting at natural senescence gives maximum dry matter.
But one of the main objectives of present study was to
identify early bulking heat tolerant varieties for
semi-arid ecology, therefore, the clones and varieties were
dehaumed at 80 days after planting.

Tuber shape and skin colour play vital role for location-
specific adoption of new potato varieties released in India.
Except for Kufri Jyoti, which is widely accepted in different
agro-ecologies, the other varieties have specific niches for
different reasons and one of them is tuber shape and colour.
Tuber characters beside tuber yield and dry matter were
considered important criteria while selecting the clones.
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IDENTIFICATION OF SHORT CYCLE, HEAT-TOLERANT POTATO CLONES

Fig 2 Promising heat-tolerant clones introduced for multilocation testing

REFERENCES

FAO. 2009. Food and Agriculture Organization of the United
Nations. faostat.fao.org.

Hijmans R J. 2003. The effect of climate change on global potato
production. American Potato Journal 80: 271–9.

IRRISTAT. 1999. Windows version 4.0. Biometric Unit, IRRI, Los
Banos, Philippines.

Levy D and Veilleux R E. 2007. Adaptation of potato to high
temperatures and salinity-A Review. American Potato Journal
84: 487–506.

Luthra S K, Malik K, Gopal J, Kumar V, Gupta V K, Pandey S K
and Singh B P. 2010. Identification of superior parents for
developing potato varieties for warm climate with tolerance to
mite and leaf hopper damage. Proceedings of the National
Symposium on Conservation Horticulture, pp 212–3, 21–23
March, Dehradun, Uttarakhand.

Luthra S K, Pandey S K, Singh B P, Kang G S, Singh S V and Pande
P C. 2006. Potato Breeding in India, 90 pp. Technical bulletin,
CPRI, Shimla.

Marwaha R S, Kumar D, Pandey S K, Singh S V and Kumar P.
2008. Status of Dry Matter and Reducing Sugar Content of
Potatoes Grown in Major Potato Growing States in India, 18 pp.
Technical bulletin, CPRI, Shimla.

Minhas J S, Rawat S, Govindakrishnan P M and Kumar D. 2011.
Possibilities of enhancing potato production in non-traditional
areas. Potato Journal 38 (1): 14–7.

Pandey S K, Singh S V and Sarkar D. 2005. Potato (Solanum
tuberosum) for sustaining food and nutrition security in
developing world. Indian Journal of Agricultural Sciences 75(1):
3–18.

Rana Rajesh K, Sharma N, Kadian M S, Girish B H, Arya S,
Campilan D, Pandey S K, Patel N H, Carli C, Schafleitner R,
Bonierbale M, Singh B P and Thiele G. 2010. Assessing Potato
Farmers’s Percetions on Abiotic Stresses and Implications for
Crop Improvment Research in Heat-prone Gujarat, India, 57
pp. International Potato Center, Lima, Peru.

Wang W X, Vinocur B and Altman A. 2003. Plant responses to
drought, salinity and extreme temperatures: Towards genetic
engineering for stress tolerance. Planta 218: 1–14.

Went F W. 1957. The experimental control of plant growth
Chromosome Botany 17: 223–6.

Tuber skin colour, eye depth, tuber shape and flesh colour
were recorded at harvest (Table 2). All three high yielding
advanced clones produced acceptable shape and colour of
the tubers. Clones, CIP 301029.18 and CIP 388972.22
produced oval shape tubers suitable for both table purpose
and making chips by processing industries. The oblong shape
tubers of clone CIP 393708.31 are ideal for processing as
French fries.

The three clones CIP 301029.18, CIP 388972.22 and
CIP 393708.31 (Fig 2) produced significantly higher total
and marketable tuber yields than the heat tolerant variety
Kufri Surya and popular varieties Kufri Badshah and Kufri
Lauvkar in the warm early winter season of Gujarat have
been admitted to the region-specific variety testing scheme
of the All India Coordinated Research Project for Potato. The
clones that were superior in tuber yield also had higher dry
matter contents than the control varieties.

SUMMARY

Advanced potato (Solanum tuberosum L.) clones
developed by the International Potato Center (CIP), Lima
and locally grown varieties were evaluated for agronomic
performance in winter season under short-day conditions at
the Agricultural Research Station (ARS), Ladol, Gujarat
during the 2009–11. Ladol, selected for screening of the
clones has higher mean night and day temperatures during
potato crop seasons compared to other potato growing areas
in India. Out of nine advanced clones CIP 301029.18, CIP
388972.22 and CIP 393708.31 had significantly higher yield
of marketable tuber at the tune of 52.6, 49.3 and 52.6 tonnes/
ha, respectively, along with desirable tuber shape, size, colour
and more than 20% dry matter. Whereas, CIP 388972.22 was
found suitable for processing as fried chips based on its
hunter colour quality.

ACKNOWLEDGEMENT

The authors are thankful to Ms. Sushma Arya, CIP-
SWCA, New Delhi for editing the manuscript.



<<
  /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


