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Introduction

Black pepper (Piper nigrum L.) is usually planted
at a spacing of 3 m x 3 m offering scope for
inter cropping with suitable crops. Black pepper
roots extend up to about 90 cm from the base
and effective root zone of black pepper is
reported to be 30 cm radius (Sankar et al. 1998)
and therefore will not hinder the growth of
intercrops. Although many crops have been
tested as intercrops in black pepper, studies on
intercropping medicinal plants  is limited. The
demand for medicinal plants is increasing in
the national and international markets and in
Kerala, medicinal plants are mainly used in
ayurvedic preparations and are in short supply

from traditional sources (Suneetha et al. 2003).
Preliminary studies at the Rubber Research
Institute of India (RRII) have identified
Plumbago rosea L., Adhatoda vasica Nees.,
Adahatoda beddomei Clarke, Alpinia galanga (l.)
Sw. and Strobilanthes heyneanus Nees. for
cultivation under rubber canopy (RRII 1992).
Hence, an experiment was conducted at
Ambalavayal (Kerala) to study the profitability
of medicinal crops as intercrops in black pepper
garden.

Materials and methods

The field experiments were conducted for two
years (2007–2009) in a bearing black pepper
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garden (> 15 years) at Regional Agricultural
Research Station (RARS), Ambalavayal
(Kerala). The station lies between 11° 26' and
11° 59' N latitude and 76° 26' and 75° 46' E
longitude at an altitude of 974 m above MSL
and enjoys a mild sub-tropical climate, with an
annual rainfall of about 3000 mm. The soil of
the experimental site is forest loam with a pH
of 4.6, available N, 189 kg ha-1, available P, 0.20
kg ha-1 and available K, 221 kg ha-1 respectively.

The medicinal plant species included in the trial
were Adhatoda beddomei C.B. Clarke, Desmodium
gangeticum (L.) DC., Pseudarthria viscida (L)
Wight & Arn., Ayapana triplinervis (M. Vahl)
R.King & H.Robinson, Pogostemon cablin
(Blanco) Benth. and Plumbago rosea L. as
intercrops along with  sole crop of black pepper
(var. Panniyur 1) as control laid out in RBD
with three replications. Recommended package
of practices (KAU 2004) was followed. The
intercrops were planted during April–July in
the interspaces of four black pepper plants trailed
on silver oak spaced at 3 m × 3 m. A uniform
dose of farm yard manure @10 kg plant–1 along
with NPK 140: 55: 270 g plant-1 was applied in
two splits to the black pepper plants. The
spacing and planting material used for
cultivation of different crops is given in
Table 1.

Soil samples were collected after the experiment
and soil nutrient status was estimated by
standard procedures. Available N was
determined by Kjeldahl method (Subbiah &
Asija 1956), available P by Bray method (Bray
& Kurtz 1945) and available K by atomic
absorption spectro photometer (Hesse 1994).

Availability of solar radiation received in the
garden was measured using portable
photosynthesis system (LCA 4). Solar radiation
received in open condition varied between 1800–
1900 μ moles. In medium shaded conditions,
solar radiation varied between 500–700 μ moles.

The economic produce was harvested and the
yields were recorded. Intercrop yield were
converted to black pepper equivalent yield in
order to test for statistical significance. The cost
of cultivation, economics and benefit:cost ratio
(BCR) were worked out based on prevailing
market rates (Table 1). The data was statistically
analyzed for variance by the procedure given
by Panse & Sukhatme (1985).

Results and discussion

Yield of main crop

Intercropping medicinal plants significantly
influenced black pepper yield. The mean yield
of main crop (black pepper) for two years
ranged between 1785 to 2100 kg ha-1 (Table 2).
The highest black pepper yield (2100 kg ha-1)
was obtained when P. rosea was intercropped
followed by P. cablin (2000 kg ha-1). Better
utilization of nutrients and congenial
microclimate involving weed free condition
and cultivation of intercrops far away from the
effective root zone of black pepper might have
resulted in increased growth and yield of black
pepper. Earlier reports indicated that yield of
black pepper was not adversely affected due to
intercropping with elephant foot yam, ginger,
turmeric, hybrid napier grass, guinea grass and
Congo signal grass (Thankamani et al. 2011).

Table 1. Spacing adopted and planting material used in the experiment

Crops Spacing Planting Price of economic
(cm) material  produce (Rs kg-1)

Black pepper + Adhatoda beddomei 45 × 30 Rooted cutting 28.0

Black pepper + Desmodium gangeticum 45 × 30 Seedling 55.0

Black pepper + Pseudarthria viscida 45 × 30 Seedling 55.0

Black pepper + Ayyapana triplinervis 25 × 25 Rooted cutting 8.0

Black pepper + Plumbago rosea 45 × 45 Rooted cutting 100.0

Black pepper + Pogostemon cablin 45 × 45 Rooted cutting 10.0

Black pepper (Sole crop) 3 × 3 m Rooted cutting 102.0
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Yield of intercrops

Among intercrops A. triplinervis (5000 kg ha-1)
and P. cablin (397 kg ha-1) produced higher
yields. The better performance of intercrops may
be due to congenial microclimate in the black
pepper garden and better utilization of natural
resources like light (medium shade), space and
nutrients than that of sole crop of black pepper.
Hardy (1958) attributed the better performance
of the crops under shade to the presence of
threshhold illumination intensity beyond
which the stomata of shade loving plant tend
to close. P. rosea showed no significant yield
difference under two cropping situations viz.,
pure crop and as inter crop in coconut garden
(Kurien 1999). P. cablin can be successfully
grown under rubber/coffee/coconut /orchards
plantations where humidity is high (Sharan &
Kumar 1995; Thomas et al. 2000). Better
performance of P. cablin under partially shaded
condition due to better utilization of resources
has been  reported earlier (Puttanna  et al. 2005;
Sujatha et al. 2006).

Economic feasibility

Net income was highest in the crop
combination of black pepper + P. rosea (Rs
1,99,200    ha-1) followed by black pepper + P.
cablin (Rs 1,87,500 ha1) (Table 2)  due to higher
black pepper equivalent yield and better price
for the produce. The variation in net return

was due to the variation in the cost of
cultivation of different crops and market value
of inter crops. BCR was highest (3.5) in P. rosea
followed by P. cablin (3.3) and A. triplinervis (3.3).
Profitable cultivation of P. cablin in various
cropping systems has been reported earlier
(Puttanna et al. 2005; Sujatha et al. 2006). In all
the treatment combinations, BCR was >1 due
to higher market price of black pepper.
Considering the net income per unit area, all
the selected crops were suitable as intercrops
in black pepper garden. However, P. rosea, P.
cablin and A. triplinervis were more profitable.
Performance of P. viscida and D. gangeticum were
not satisfactory under medium shade
conditions. But both the crops have been found
to perform better in a juvenile black pepper
garden (Thankamani 2009).

Soil nutrient status

Intercropping of medicinal plants markedly
influenced the soil nutrient status (Table 3).
Available N content was higher in intercropped
plots compared to sole crop of black pepper.
Maximum available N level was observed in
black pepper + P. viscida (390 kg ha-1) followed
by black pepper + A. beddomei (360 kg ha-1)
which was on par with black pepper + P. cablin
(354 kg ha-1). Greater available N level under
black pepper + P. viscida combination is possibly
because the later is capable of fixing N
(Mathewkutty 2002). Intercropped plots had

Table 2.  Economics of inter cropping medicinal plants in black pepper garden (pooled data of 2
years)

Black Intercrop Black Gross Cost of Net
Crop combination pepper yield pepper income cultivation income BCR

yield (kg ha-1) equivalent (Rs) (Rs ha-1) (Rs ha-1)
(kg ha-1) yield

BPa + Adhatoda beddomei 1857 650 1784 2,07,614 56,000 1,51,614 2.7

BP + Desmodium gangeticum 1935 55 30 2,00,395 55,000 1,45,395 2.6

BP + Pseudarthria viscid 1800 100 54 1,89,100 55,000 1,34,100 2.4

BP + Ayapana triplinervis 1785 5000 392 2,22,070 52,000 1,70,070 3.3

BP + Plumbago rosea 2100 400 392 2,54,200 56,000 1,98,200 3.5

BP + Pogostemon cablin 2000 4050 397 2,44,500 57,000 1,87,500 3.3

Black pepper alone 1675 - - 1,70,850 40,000 1,30,850 3.2

CD(P=0.05) 14 - 5 - - - -

aBP=Black pepper

Intercropping in black pepper
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significantly higher available K content than

sole crop of black pepper. Maximum available

K content was observed in the crop

combination, black pepper + P. viscida followed

by black pepper + A. beddomei.

The present investigation showed that

intercropping in black pepper garden enhanced

black pepper yield and generated additional

income than sole black pepper. All the medicinal

plants selected were suitable for intercropping

in black pepper garden. However, better returns

were obtained when P. rosea, P. cablin and A.

triplinervis were grown as intercrops.

Acknowledgments

The authors are thankful to Director, Indian

Institute of Spices Research, Kozhikode and

Associate Director, Regional Agricultural

Research Station, Ambalavayal for providing

the facilities to do the work.

References

Bray R H & Kurtz L T 1945 Determination of

total organic and available forms of

phosphorus in soils. Soil Sci. 59: 39–45.

Hardy F 1958 The light interaction of cocoa.

Cocoa Manual. International Institute of

Agricultural Science. Turnialba. Costa

Rica.

Hesse P R 1994 A Text Book of Soil Chemical

Analysis, CBS Publishers and Distribu-

tors, Delhi.

KAU 2004 Package of Practice Recommenda-
tions (Crops), Kerala Agricultural Uni-
versity, Thrissur.

Kurien A 1999 ICAR Ad hoc Project on ‘Evalua-
tion and selection of medicinal plants
suitable for a coconut based farming
system’. Final Report, Kerala Agricul-
tural University, Thrissur.

Mathewkutty T 2002 Medicinal plant as ground
cover in rubber plantation. In: Global
Competitiveness of Indian Rubber
Planter ’s Industry. Rubber Planter ’s
Conference, (pp 89–92), Rubber Re-
search Institute of India, Kottayam.

Panse V G & Sukhatme P V 1985 Statistical
Methods for Agricultural Workers 4th ed.
Indian Council for Agricultural Re-
search, New Delhi.

Puttanna K, Prakasha Rao E V S, Ganesh Rao R
S, Gopinath C T & Ramesh S 2005 Effect
of shade and nitrogen on herb yield and
longevity of patchouli (Pogostemon cabli).
J. Med. Arom. Plant Sci. 27: 297–300.

RRII 1992 Annual Report. Rubber Research In-
stitute of India, Kottayam.

Sankar S, Wahid P A & Kamalam N V 1988 Ab-
sorption of soil applied radiophospho-
rus by black pepper vine and support
tree in relation to their root activities. J.
Plantn. Crops 16: 73–87.

Sharan P A & Vasantha Kumar T 1995 Patchouli.
In: Chadha K L & Rajendra Gupta (Eds).
Medicinal and Aromatic plants, Ad-
vances in Horticulture Vol. II pp. 751–
771 Malhotra Publishing House,
NewDelhi.

Table 3. Soil pH and major nutrient status in black pepper garden intercropped with medicinal
plants

Crop combination pH N P K

(kg ha-1)

BP + Adhatoda beddomei 4.6 360 0.60 576

BP + Desmodium gangeticum 4.7 368 0.60 450

 BP +Pseudathria viscida 4.8 390 0.60 510

 BP +Ayyapana tripli nervis 4.7 356 0.44 470

 BP + Plumbago rosea 4.8 346 0.40 465

BP +Pogostemon cablin 4.6 354 0.46 460

Black pepper alone 4.7 340 0.36 460

CD (P=0.05) NS 7.6 NS 15.7

Thankamani et al.



117

Subbiah B V & Asija G L 1956 A rapid procedure
for the determination of available nitro-
gen in soils. Curr. Sci. 25: 259–60.

Sujatha S, Bhat Ravi, Balasimha D & Kannan C
2006 Crop diversification in arecanut
plantation through inter cropping of
medicinal and aromatic plants. J.
Plantn. Crops 34: 318–322.

Suneetha M S & Chandrakanth M G 2003 Inter-
cropping medicinal plants in coconut
gardens: A feasible enterprise. Ind. Co-
conut J. 2: 12–14.

Thankamani C K 2009 Enhancing the produc-

tivity in black pepper by intercropping.
Final Report, Indian Institute of Spices
Research, Calicut, p.30.

Thankamani C K, Kandiannan K, Madan M S,
Raju V K, Hamza S & Krishnamurthy K
S 2011 Crop diversification in black pep-
per gardens with tuber and fodder
crops. J. Plantn. Crops 39: 358–362.

Thomas J, Joy P P, Mathew S, Skaria P, Duethi P P
& Joseph T S 2000 Agronomic Practices
for Aromatic and Medicinal Plants. Di-
rectorate of Arecanut and Spices Devel-
opment, Calicut, 124p.

Intercropping in black pepper



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


