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Abstract This study was undertaken to standardize
protocols for in vitro explant establishment, shoot multi-
plication and in vitro rooting for Pyrus pyrifolia, growing
in the Kashmir valley. The explant used was nodal cuttings
of 2-3cm size with one or two axillary buds. The highest
explant establishment (over 90%) was observed during
spring while the lowest (60%) explant establishment
frequency was observed during winter season. The
shoots sprouted from the axillary buds were excised and
subcultured on MS basal medium. The highest shoot
multiplication rate (130 shoots from a single nodal cutting)
was obtained on MS medium supplemented with BAP
2.2mg-L™" and kinetin 1 mg-L™" after four weeks. The
shoots were inoculated for rooting in root induction
medium of half strength MS salts supplemented with
plant growth regulators like IBA, IAA, NAA, and 2, 4-D.
However, the best rooting response (8.50 roots per shoot)
was obtained in combination of hormones (IBA + NAA)
0.25mg-L" each. The rooted micro shoots were acclima-
tized under decreasing humidity regime (95% RH to 75%
RH over a period of 51 weeks). The highest ex vitro
plantlet survival percentage (56.50%) of Pyrus pyrifolia
was observed on sand + soil (1:1 v/v).

Keywords Pyrus pyrifolia, micro propagation, shoot
multiplication, nodal cuttings, Murashige and Skoog

1 Introduction

Pear is an important fruit of temperate zones, whose world
wide production is only exceeded by apple. The cultivation
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of large numbers of trees through conventional methods
results in higher initial costs. The use of tissue culture
techniques especially micro-propagation is a potential
method for the production of self rooted clones of pear
cultivars. This eliminates the expenses involved in budding
and grafting.

Pyrus pyrifolia (Burm. f.) Nakai “sand pear” is an
important fruit in the Kashmir valley. It has a long shelf life
and nice fragrance, thus fetching more revenue than other
pear varieties. To boost its production, propagation with
shortened life cycle and at cheaper rates is possible through
micro propagation.

2 Materials and methods

The explants were excised from 15- to 20- year old trees of
Pyrus pyrifolia. These nodal segments of 2-3 cm with one
or two axillary buds were washed under tap water for 15
minutes. They were further washed with liquid detergent
labolene (2%) and surfactant tween-20(1%) for 10 min.
These explants were surface sterilized with 0.1% mercuric
chloride solution for 6 min. Finally, these were washed
with autoclaved double distilled water to remove the traces
of mercuric chloride and inoculated in culture flasks of
100 mL capacity under laminar flow hood.

In the entire cultures, Murashige and Skoog (MS) basal
medium was used. The medium was supplemented with
different concentrations and combinations of auxins and
cytokinins. The pH of the medium was adjusted to 5.8
with 0.1 N NaOH/HCI. The culture vials with media were
autoclaved at 103442.35938 Pa pressure and 121°C
temperature for 15 min. The inoculations were performed
under laminar airflow hood with all necessary precautions.
After inoculations, the cultures were transferred to a
culture room for exposure to controlled conditions (16/8 h
photoperiod, 24+2°C temperature, light intensity of 5000
Ix and relative humidity of 80%).
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3 Results and discussion

Micro propagation protocols have been developed for
several important rosaceous fruit crops such as apple
(Cheng, 1978; James and Thurbon, 1979; Jones 1979;
Sriskandarajah and Mullins, 1981; Sriskandarajah et al.,
1982), various species of Prunus (Tabachnik and Kester,
1977; Jones and Hopgood, 1979) and pears (Singha, 1980;
Poudyal and Zhang 2008).

The results in this paper include the phases of initiation,
multiplication and rooting of Pyrus pyrifolia. The nodal
explants with one or two axillary buds were inoculated on
Murashige and Skoog (1962) medium supplemented with
BAP 2 mg-L'(Fig. 1). The buds sprouted within 1842 d.
However, variation in sprouting percentage was observed
in spring and autumn buds. Spring buds sprouted at the rate
of over 90% while autumn buds sprouted at the rate of 60%

Fig. 1 Sprouting of nodal cuttings

only. The difference in sprouting percentage has earlier
been reported in wild pear (Thakur and Kanwar, 2008a).
The axillary shoots (15-20 mm) were excised and sub
cultured on MS medium supplemented with various
hormonal combinations. However, the best results (5.50
shoots/explant) were obtained at hormonal combination of
BAP 2.2mg-L™, IBA 2.0mg-L™" and kinetin 1 mg-L™
(Table 1, Fig. 2). The synergism of two cytokinins has
earlier been reported in apple (Dalal et al., 2006). The
continuous sub culturing was done to multiply the shoots.
After the third subculture, the number of shoots raised
from single explants was 130 (Table 2, Fig. 3).

The micro shoots (20-30 mm) were inoculated for
rooting in rooting media containing half strength MS salts
supplemented with different auxins. However, the best
rooting response (8.50 roots/shoot) was obtained on
hormonal combination of (IBA+ NAA) 0.25mg-L"!

Fig. 2 Formation of multiple shoots after the 1st inoculation

Table 1 Effect of different hormonal combinations on shoot multiplication of Pyrus pyrifolia

plant growth regulator/(mg-L ™) buds sprouted/% shoot number+SD shoot length (mm)+SD
BAP + IBA + Kn

MS basal 0.0 0.00+0.00 0.00+£0.00
054+0+0 10.0 1.2+0.34 10.0£0.32
1.0+05+0 20.0 1.5+0.42 20.2£2.9
20+1.0+0 60.0 2.5+0.45 23.5£1.7
22+20+1.0 90.0 5.540.16 25.5+4.3
22420420 80.0 3.5+0.32 20.2£3.2
22422420 60.0 3.24+0.13 18.1£2.2

Note: Data scored at the end of 5+1 weeks and 10 replicates were taken in each treatment.
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Table 2 Shoot multiplication and elongation of Pyrus pyrifolia in repeated subcultures

subculture shoot number+SD shoot length (mm)+SD
Ist 4.00+£0.31 23.54+4.8
2nd 25.64+9.2 24.6+5.3
3rd 130.5£10.2 25.54+4.5

Note: Data scored at the end of 5+1 weeks and 10 replicates were taken in each treatment.

Table 3 Effect of IBA and NAA on root regeneration in in vitro raised shoots of Pyrus pyrifolia on half strength MS medium

plant growth regulator/ (mg~L’1) response/% root number+SD root length (mm)+SD
IBA + NAA

0.1+ 0.0 20.0 0.00+0.00 0.00+0.00
02402 25.0 2.0+0.42 7.04+0.2
0.25+0.25 70.0 8.5+1.40 20.5+4.0

0.5+ 0.5 65.0 6.3+2.1 23.243.6

1.0+ 1.0 50.0 52+1.2 15.5+4.5
20+0 30.0 32425 18.4+5.1
40+0 25.0 3.1£2.0 15.24+4.3

Note: Data scored at the end of 511 weeks and 10 replicates were taken in each treatment.

Fig. 3 Formation of multiple shoots after the 3rd subculture Fig. 4 Rooted shoots

each (Table 3, Fig. 4). gradually decreasing humidity regime (95% RH to
The shoots were exposed to this medium for 8+3 dand  (70+5)% RH) over a period of 5+1 weeks, which resulted

then transferred to MS full strength hormone free medium.  in 56.50% survival.

The combination of auxins for rooting has been reported

earlier (Thakur and Kanwar, 2008 b). The rooted plantlets

were transplanted in polyvinyl cups containing pre- 4 Conclusion

autoclaved sand and garden soil (1:1 v/v) moistened with

1/4th strength MS salt solution. The plantlets were housed  The in vitro propagation protocol was developed for Pyrus

in a shaded zero energy polythene house maintaining  pyrifolia using nodal segments. The explants used, i.e.,
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nodal segments showed seasonal difference in sprouting.
The spring buds sprouted at the rate of 90% while autumn/
winter buds sprouted at the rate of 60% only. The highest
shoot proliferation was obtained by using two cytokinins
and one auxin while the rooting took place at the half
strength MS media supplemented with two auxins.

Acknowledgements The authors thank the Council for Scientific and
Industrial Research (CSIR) for full time financial assistance for this research
program.

References

Cheng T Y (1978). Clonal propagation of woody plant species through
tissue culture techniques. Proc Int Plant Propag Soc, 28: 139-155
Dalal A M, Das B, Sharma A K, Mir M A, Sounduri A S (2006). In vitro

cloning of apple (Malus domestica Borkh) employing forced shoot
tip cultures of MQ root stock. Indian J Biotechnol, 5: 543-550
James D J, Thurbon 1J (1979). Rapid in vitro rooting of the apple root
stock MQ. J Hortic Sci, 54: 309-311
Jones O P (1979). Propagation in vitro of apple trees and other woody fruit
plants; methods and applications. Sci Hortic (Amsterdam), 30: 44
Jones O P, Hopgood M E (1979). The successful propagation in vitro of

two rootstocks of Prunus: The plum rootstock Pixy (P, insititia) and
the cherry rootstock F 12 /1(P. avium). J Hortic Sci, 54: 63-66

Murashige T, Skoog F (1962). A revised medium for rapid growth and
bio-assays with tobacco tissue culture. Physiol Plant, 15: 473—497

Poudyal B K, Zhang Y, Du G (2008). Adventitious shoot regeneration
from the leaves of some pear varities growth in vitro. Front Agric
China, 2(1): 82-92

Singha S (1980). In vitro propagation of Seckel pear. In: Proc Conf
Nursery production of fruit plants through tissue culture- Applica-
tions and feasibility. USDA ARRNE-II Beltsville MD, 59-63

Sriskandarajah S, Mullins M G (1981). Micro propagation of the Granny
Smith apple: Factors affecting root formation in vitro. J Hortic Sci,
56: 71-76

Sriskandarajah S, Mullins M G, Nair Y (1982). Induction of adventitious
rooting in vitro in difficult to propagate cultivars of apple. Plant Sci
Lett, 24: 1-9

Tabachnick L, Kester D E (1977). Shoot culture from almond and
almond x peach hybrid clones in vitro. HortScience, 12: 545-547

Thakur A, Kanwar J S (2008a). Micro propagation of “Wild Pear” Pyrus
pyrifolia (Burm f.) Nakai. 1. Explant establishment and shoot
multiplication. Not Bot Hort Agrobot Cluj, 36(1): 103—108

Thakur A, Kanwar J S (2008b). Micro propagation of “Wild Pear” Pyrus
pyrifolia (Burm f.) Nakai. II. Induction of rooting. Not Bot Hort
Agrobot Cluj, 36(2): 104-111



	Outline placeholder
	bmkcit1
	bmkcit2
	bmkcit3
	bmkcit4
	bmkcit5
	bmkcit6
	bmkcit7
	bmkcit8
	bmkcit9
	bmkcit10
	bmkcit11
	bmkcit12
	bmkcit13



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /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 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. 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 best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


