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Abstract The present study was conducted to map
Apple orchards in dry alpine Spiti region of Indian
Himalaya using LISS III satellite image. The barren
terrain with sparse woody vegetation helped in
classification of apple orchards with 91.3 % accuracy.
The orchards were found in 154.6 ha of the study
area and are anticipated to expand owing to its
economic importance.

Introduction

The horticulture in India contributes significantly
to Indian economy. In terms of fruit production,
India stands second in the world producing
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46.9 million tones fruits per year (Anonymous, 2004).
Apple is one of the major components of it and is
an important commercial crop of India. Along with
neighbouring states of Jammu and Kashmir and
Uttarakhand, Himachal Pradesh (H.P.) accounts for
almost entire apple production of India. Shimla
district of H.P. is the major apple producing area with
31213 ha under apple plantations (Anonymous,
1995), while it is also grown in other districts like
Kullu, Chamba, Kinnaur and Mandi. Attractive
margin on profit from apple production has caused
replacement of many traditional crops (Saxena et al.,
2005), as evident from many new areas being
developed as apple orchards. The Spiti valley of
Lahaul-Spiti district is one such example, which is a
cold desert area having peas, potato, etc. grown as
cash crops. Dry scrubs and herbs dominate the area,
while few tree species like Juniperus macropoda
and Betula utilis are visible at scattered locations.
Plantations of Salix, Populus and Robinia species
have also been brought up in the valley under the
Desert Development Program (DDP) launched by
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government of India (http://planningcommission.
nic.in). Occurrence of apple orchards in such desert
areas is a unique phenomena (Fig. 1).

in India (Fig. 2), it is an integral part of Indian cold
deserts. It lies between 31°42” to 32°58’ N latitude
and 77°21° to 78°35’ E longitude and occupies an

Fig. 1 Apple orchard in the Spiti valley of Himachal Pradesh.

In this context, base line information on
occurrence of apple orchards is imperative for
understanding survival and growth patterns of apple
plantation for future planning. Such information
recording process has become more efficient and
reliable with the advent of satellite remote sensing,
which provides an opportunity for making accurate,
timely and cost-effective resource evaluation (Heller
and Ulliman, 1983). Realizing the importance of apple
orchards, studies have been conducted in H.P.
(Kimothi et al., 1997; Vedwan and Rhoades, 2001),
which indicate that apple plantation in hilly region
can be successfully mapped using satellite remote
sensing. The present study thus aims to generate
latest information on status of apple orchards in the
Spiti valley of H.P. using satellite remote sensing
techniques.

The study was carried out in Spiti valley of
Himachal Pradesh, which is a sub-division of Lahaul-
Spiti district. Located in western Himalayan region

area of 5,582 km?. It is bounded by Tibet in the north-
east, Kinnaur in south-east, Kullu in west and
Ladakh in north, with an average elevation of 4000
m. The area is famous for fossil-rich rocks, lakes
and monasteries. Spiti River, which originates from
Kunzum pass and Pin River originating from Bhava
pass are the perennial sources of water in the valley.
Gete (4270 m) and Kibber (4205 m) are amongst the
villages in the valley located at highest elevations
in world (Anonymous, 1991), which are linked with
roads.

Being a part of cold deserts, the study area is
characterized by harsh climatic conditions i.e. dry
and cold weather, heavy snowfall, low temperature,
which some times goes down to as low as —45°C and
low annual rainfall (Kapadia, 1996). Due to extreme
climatic situations the valley remains cut-off from the
rest of the country for 67 months. Spiti harbours
most of the commercially important medicinal and
aromatic plants widely spread between sub-alpine to
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Fig. 2 The study area.

dry alpine zones. The local people of the area belong
to Buddhist community and they mostly grow crops
like mustard, buckwheat, barley, wheat and other high
yielding cash crops like green pea and potato.
Besides this, apple is emerging as a new cash crop,
which is gaining importance due to its high economic
value and from government support for its
commercialization. Apple is considered an important
source to increase the economy of farmers of this
tribal area. Therefore, traditional agricultural crops
and arable land has now been replaced by apple
orchards in lower Spiti area adjoining Kinnaur
region.

The IRS 1D LISS III satellite image (Path 096, Row
048) of October 23, 2002 (Fig. 3) acquired from
National Remote Sensing Centre (NRSC), Hyderabad
had been used for the present study. As the minimum
size of the apple orchards encountered in the study
area was more than 3 hectare, LISS III image of 23.5
m spatial resolution was found to be suitable for
mapping of apple orchard (Ajai, 2002). In addition,
toposheets on 1:50,000 scales procured from Survey

Himachal Pradesh

of India (SOI), Dehradun, were used for geo-
referencing the satellite images. The classification of
apple orchards was done using digital image
processing in Erdas Imagine 8.6 software.

Initially, a reconnaissance survey of the study area
was carried out to record training sites of apple
orchards. The geographical co-ordinates of orchards
were also recorded using GPS handset. The satellite
image of the study area was geometrically corrected
with reference to SOI toposheets. The image-to-
image registration with 2" degree of polynomial
transformation resulted in root mean square error of
less than one pixel. The image of the study arca
(Fig. 3) was clipped by overlaying district boundary
over the georeferenced image. The satellite image
was classified in to two broad classes, first
containing vegetation (apple orchards, agriculture,
grassland, scrubland and tree plantation), and the
second containing non-vegetation classes (barren
slopes, stony/rocky area, habitations, etc.). The
classification was done by ‘ISODATA’ algorithm
(ERDAS, 2001) of unsupervised classification. The
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vegetation pixels were identified based on the colour,
as they appear in shades of red in a colour infrared
composite image. Pixels displaying colour other
than red were grouped as non-vegetation class.
The masking operation (Singh et al., 2002) was
performed using vegetation class so as to get image
corresponding to vegetation pixels. The image, thus
obtained, was later used for vegetation classification
(Kumar et al., 2007), which also included apple
orchards, using signatures generated from training
sites obtained during reconnaissance survey. The
spectral signatures of apple orchards were distinct
from other vegetation classes as herbs and shrubs
dominate area. The continuous and homogenous
agriculture fields surrounding the apple orchard
showed orange tone in the image. The smooth
texture of agriculture field in the image, in comparison
to rough texture of orchards, also helped in its
separation from apple orchards. The spectral
separability of apple orchards was less only from tree
plantations. But here also tree plantations appeared
in darker tone in comparison to apple orchards.
Besides, they also differed in their colour as
plantations showed dark red colour, while apple
appeared in light red to pinkish colour. The absence
of woody vegetations in a cold desert area, like Spiti,
facilitates the apple classification process. The

barren terrain conditions and unique geological
settings further serves as an added advantage.

The final classified map (Fig. 4) thus obtained
represents distribution of apple orchards in the
valley. The ground truthing was done to verify the
classification from the ground condition. The
random points were generated for apple orchard and
were cross checked on the ground. The accuracy
assessment performed on the above classification
showed overall accuracy of 91.3%. The misclassified
pixels were then masked and replaced with their
accurate classes by local editing of pixels with aid
of field check data.

From the present study, it is revealed that apple
orchards occupy 154.6 ha of Spiti valley. It was
observed that the distribution of apple orchards is
confined to a small area mainly located within Tabo
and Sumdo. Besides this, Lari, Sumra, Chandigarh,
Hurling, etc. are some other localities in the valley,
where apple orchards exist. The distribution
pattern indicates that starting from Tabo apple
plantations occupy sizeable area of agriculture,
which is almost replaced by apple in Hurling. These
orchards were found in association with habitations
along the bank of Spiti river. Though a very less area
is occupied by apple orchards in the study area in
comparison to other apple producing areas in the
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Fig. 3 IRS 1D LISS III image of the Spiti valley (H.P.).
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Fig. 4 Classified image showing distribution of Apple orchards in the Spiti valley (H.P.).

state, but these apple orchards are comparatively
younger (Anonymous, 1991). The existence of such
orchards in dry alpine conditions is unique but quite
significant. These orchards are likely to be expanded
to other localities in the study area and may emerge
as new apple destination of the state. The presence
of such orchards along with other tree plantations
will not only help in improving ecology of the region
but it will also augment economy of the regional
community.

Acknowledgements The authors express their
gratitude to P. S. Ahuja, Director, IHBT, Palampur for
the support and facilities given. The authors grate-
fully acknowledge S. K. Uniyal and S. Rajkumar,
Scientists, IHBT, Palampur for their valuable sugges-
tions. Thanks are also due to National Bioresource
Development Board (NBDB), Department of Biotech-
nology, Government of India, for providing financial
support. This is IHBT communication number 0671.

References

Ajai (2002) Mapping for micro-level planning: the issues
and challenges. Indian Cartographer 289-294

Anonymous (1991) District Census Handbooks, Census
of India, Directorate of Census Operation, Shimla,
Himachal Pradesh

Anonymous (1995) Statistical outline HP, Department of
Economics and Statistics, HP

Anonymous (2004) Ministry of Agriculture, Standing
committee on agriculture (2004-2005) for 14th Lok
Sabha, Ministry of Agriculture (Department of
Agriculture & Cooperation), 23-28.

ERDAS (2001) Erdas Imagine 8.5 User Manuals, Applied
Analysis Inc., USA

Heller RC and Ulliman JJ (1983) Remote Sensing in
Forestry. In: Colbell (Ed), Manual of Remote Sensing
2229-2324

http://planningcommission.nic.in

Kapadia H (1996) Spiti: Adventures in the trans-Himalaya,
Indus Publishing Company, New Delhi, India

Kimothi MM, Kalubarme, MH, Dutta Sujay, Thapa
Rajendra and Sood RK (1997) Remote sensing of
Horticultural Plantations in Kumarsain Tehsil in
Shimla district, Himachal Pradesh. Journal of the
Indian Society of Remote Sensing 25(1):19-26

Kumar Amit, Uniyal SK and Brij Lal (2007) Stratification
of forest density and its validation by NDVI analysis
in a part of western Himalaya, India using Remote
Sensing & GIS techniques. International Journal of
Remote Sensing 28(11):2485-2495



392

J. Indian Soc. Remote Sens. (December 2008) 36:387-392

Saxena KG, Maikhuri RK and Rao KS (2005) Changes in
Agricultural Biodiversity: Implications for Sustainable
Livelihood in the Himalaya. Journal of Mountain
Science2(1):23-31

Singh TP, Singh S, Roy PS and Rao BSP (2002) Vegetation
mapping and characterization in West Siang District

of Arunachal Pradesh, India - a satellite remote sensing-
based approach. Current Science 1221-1230

Vedwan Neeraj and Rhoades Robert E (2001) Climate
change in the western Himalayas of India: a study of
local perception and response. Climate Research 19:
109-117




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 215
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.04651
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 215
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.04651
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 665
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.35338
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


