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Coconut (Cocos nucifera L.) palm wood belongs
to the class of perishable timbers which can be used
as an alternative wood source with effective
preservation. Preservative treatment of coconut
wood can enhance its service life, so that it can be
used as a potential alternative for conventional
timber species. Effective utilization of coconut palm
wood resource can be a solution for the diminishing
timber supply. High density wood (dermal, over 600
kg/m3) and medium density wood (sub-dermal, 400-
600 kg/m3) of coconut palm can be used for
structural purposes. Conventional wood
preservative was found to be effective in treating
wood of commercial timbers; however, it also
causes major environmental pollution and has
mammalian toxicity (Onuorah, 2000). Over the past
few decades, there has been substantial global
awareness to develop eco-friendly wood
preservatives, and those which do not cause any ill
effects to the health of mammals. Researchers across
the world have been attempting to develop eco-
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Abstract
Sawn coconut palm wood of differing wood densities (high and medium) were treated with three organic
preservatives, viz., neem oil, cashew nut shell liquid (CNSL) and turpentine. The method adopted was
diffusion treatment at various diffusion periods viz., 40, 80 and 120 minutes and absorption percentage of
preservatives by sawn coconut wood samples (5 cm × 5 cm × 50 cm) was studied. Both high density wood
(HDW) and medium density wood (MDW) samples of coconut palm showed no significant difference in
absorption percentage with varying diffusion periods and no significant difference was observed between
the chemicals and interaction between the chemicals and diffusion periods.
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friendly preservatives with reasonably good results
(Xu et al., 2013).

Green plants act as an inexhaustible source of
innocuous fungicides or pesticides, which are
mammalian non-toxic and are easily biodegradable.
Plant extract based preservatives have large
potential due to their target toxicity towards micro
organisms and termites and safety for mammals.
Plant products like terpenes, alkaloids, phenols and
alcohols have anti-fungal and anti-bacterial
properties (Saxena and Dev, 2002), and neem
(Azadirachta indica) possesses a number of
constituents exhibiting high toxicity against wood-
destroying microbes (Dhyani et al., 2004). Efforts
have been made by many workers to use these plant
products for the amendment of toxic metals, and
tested them for durability against termites or fungi
(Dev and Nautiyal, 2004). Venmalar and Nagaveni
(2005) evaluated the effectiveness of CNSL and
neem oil in the preservation of rubber wood and
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found that treated wood showed resistance against
wood rotting fungi and termites.

Subbaraman and Brucker (2001) studied the
efficiency of neem oil on addition of binding and
bittering agents.  They also used hot neem seed oil
on Bamboosa vulgaris at  600C. Bamboo showed
improved water resistance, anti-swelling efficiency
and dimensional stability. Islam et al. (2009)
investigated the anti- fungal properties of neem
extract and found that neem leaf extract alone
showed high levels of resistance against the fungi
Schizophyllum commune.

The present investigation focussed on the
standardization of preservative treatment for
coconut palm wood using organic preservatives and
evaluated the effect of varying diffusion periods on
absorption percentage of preservatives.

Preparation of samples
Wood samples (5 cm × 5 cm × 50 cm) were air
dried to reduce the moisture content level to about
50 per cent. The samples were then sorted into high
density (HDW) and medium density wood (MDW)
samples using a pilodyn (FUJI TECK, Tokyo,
Japan) in which 6.0 Joule force and 2.5 mm pin
diameter were used for taking measurements. The
readings were taken at the middle point of each
sample and grouped into high and medium density
wood on the basis of the pin penetration depth
(PPD). All the samples that showed ≤  20 PPD were
sorted as high density wood, and those with readings
between ≤ 20 to ≥ 28 PPD as medium density wood.
The samples having reading above 28 PPD were
grouped as low density material (LDW) which could
not be used for structural purposes, and were hence
discarded.

Diffusion treatment
Diffusion treatment achieves deep penetration of
water-borne preservatives by the gradual diffusion
of the chemicals from a solution. The wood samples
were immersed in chemical solutions having 100
percent concentration (crude form) for a time period,

allowing penetration of the chemicals into the wood
(Findlay, 1985). In the present study, the durations
of diffusion was fixed as 40, 80 and 120 minutes.

Preservation of samples
Both HDW and MDW samples were immersed in
organic chemicals, viz., CNSL, neem oil and
turpentine, for varying durations of diffusion period
and all the preservatives were applied in crude form.
The major observation recorded in the study was
absorption percentage. The weight (kg) of each
sample was recorded before and after treatment.
Absorption percentage for organic chemicals was
calculated as follows:

Absorption percentage (%) =
Weight after treatment - Weight before treatment

Weight before treatment

Statistical Analysis
Three replications were used in the study and the
data was analysed by two-way ANOVA model using
IBM SPSS (Ver.21.) for the comparison between
preservatives and the effect of diffusion period on
absorption percentage.

Diffusion treatment
Tables 1 and 2 compare the means of absorption
percentage of organic preservatives by HDW and
MDW respectively. Both HDW and MDW showed
no significant difference between chemical
concentrations and treatment durations and the
interactions of these factors were also non-
significant. Neem oil showed an increasing trend
of absorption with increasing duration of diffusion

x 100

Table 1. Absorption percentage with respect to duration
of diffusion treatment in HDW
Chemicals Duration (Minutes)

40 80 120
CNS liquid 13.69 12.98 6.84

(3.61) (3.61) (3.61)
Neem oil 9.31 12.76) 15.32

(3.61) (3.61) (3.61)
Turpentine 6.75 14.15 10.44

(3.61) (3.61) (3.61)
Values within parentheses are standard errors (SE) of  means
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treatment in HDW, whereas CNSL showed an
increasing trend of absorption with increasing
duration of diffusion period in MDW. All other
chemicals did not follow any definite pattern and
there was no observable difference between HDW
and MDW in absorption of chemicals. Venmalar
and Nagaveni (2005) observed slightly higher
absorption for CNS liquid when absorption of neem
oil was compared to CNS liquid. Contradictory to
this, neem oil achieved higher absorption than CNS
liquid in our study. There was no significant
difference among the preservatives and more or less
similar absorption was achieved by the chemicals.
According to Kaur et al. (2016), CNS liquid treated
wood panels showed resistance up to 24 months of
exposure. Pressure treated wood using CNS liquid
was reported to provide good protection against
white and brown rot fungi. Machado et al. (2013)
observed resistance of turpentine against five
species of decay fungi and two species of termites.
Neem oil absorption showed an increasing pattern
between 40 and 80 minutes, but did not absorb any

Table 2. Mean of absorption percentage with respect to
duration period in diffusion treatment in MDW
Chemicals Duration (Minutes)

40 80 120
CNS liquid 8.98 11.08 14.78

(5.60) (5.60) (5.60)
Neem oil 11.86 20.53 20.42

(5.60) (5.60) (5.60)
Turpentine 19.70 19.64 15.93

(5.60) (5.60) (5.60)
Values within parentheses are standard errors (SE) of means

more chemicals during 120 minutes of diffusion
period (Table 2). Dhyani et al. (2004) reported
effectiveness of neem oil against wood decaying
fungi. Islam et al. (2009) made similar observations
while treating mango timber with neem oil and boric
acid. He found that neem oil alone showed
comparable performance in anti-fungal efficiency.
Turpentine had least chemical retention after 120
minutes of diffusion period as compared to 40 and
80 minutes. Machado et al.(2013) observed
resistance of turpentine against five species of decay
fungi and two species of termites. The difference in
absorption may be due to the unique anatomy of
coconut wood and variation in the moisture content
of wood samples.

The present study showed that the trend of
absorption followed no specific pattern, and density
and diffusion period had no marked influence on
the absorption percentage of chemicals.
Furthermore, the effectiveness of all preservatives
will have to be evaluated through grave yard tests
to validate the results obtained in this investigation.

References

Dev, I. and Nautiyal, S. N. 2004. An eco-friendly wood
preservative formulation. J. Timber Dev. Assoc.,
50(1-2): 19-25.

Dhyani, S., Tripathi, S., and Dev, I. 2004. Preliminary
screening of neem (Azadirachta indica) leaf
extractives against Poria monticola, a wood

Figure 1. (a)Wood samples treated with neem oil (b) Wood samples treated with turpentine (c)Wood samples treated
with CNS liquid

V. J. Jeeshma, E. V. Anoop, T. K. Dhamodaran, K. Vidyasagaran, T. K.  Kunhamu and S. Gopakumar



72

destroying fungi. J. Ind. Acad. of Wood Sci., 15(172):
103-112.

Findlay, W. P. K. 1985. Preservative methods. In: Findlay,
W. P. K. (ed.), Preservation of Timber in the Tropics.
Dr W. Junk Publishers, England, pp. 42-57.

Islam, M. M., Shams, M. I., Ilias, G. N. M., and Hannan,
M. O. 2009. Protective antifungal effect on mango
(Mangifera indica) and rain tree (Albizia saman)
wood. Int. Bio-deterioration Biodegradation, 63(2):
241-243.

Kaur, P. J., Satya, S., Pant, K. K., and Naik, S. N. 2016.
Eco-friendly preservation of bamboo species:
traditional to modern techniques. Bioresources,
11(4): 10604-10624.

Machado, G. D. O., Cookson, L. J., Christoforo, A. L.,
and Lahr, F. A. R. 2013. Wood preservation based
on neem oil: Evaluation of fungicidal and termiticidal
effectiveness. For. Products J., 63(5): 621-625.

Onuorah, E. O. 2000. Short communication: The wood
preservative potential of heartwood Extracts of
Milicia excels and Erythrophleum suaveolens.

Bioresources Technol., 75: 171-173.
Saxena, P. and Dev, I. 2002. Preliminary studies on

termite resistance of water soluble phenolics fraction
of Western Red Cedar. Can. J. Bot., 32(1): 308-309.

Subbaraman, R. B. and Brucker, B. R. 2001. Method for
using neem extracts and derivatives for protecting
wood and other cellulosic composites. United States
Patent No. 6,294,571., Available: https://
=patentimages.storage.googleapis.com/pdfs/
US6294571.pdf

Venmalar, D. and Nagaveni, H. C. 2005. Evaluation of
copperised cashew nut shell liquid and neem oil as
wood preservatives. Doc No.IRG/WP/05-30368, 36th

Annual Meeting of the International Research Group
on Wood Protection, Section 3, Wood Protecting
Chemicals, Bangalore, India., 20p.

Xu, G., Wang, L., Liu, J., and Hu, S. 2013. Decay
resistance and thermal stability of bamboo
preservatives prepared using camphor leaf extract.
Int. Bio-deterioration Biodegradation, 78: 103-107.

Diffusion treatment of coconut palm wood using organic preservatives



<<
  /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


