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Farmers in the arid and semi arid regions, generally mix/
intercrop pearl millet [Pennisetum glaucum (L.) R. Br. Emend
Stuntz] with other legumes to increase productivity per unit
area or avoid risk of failure of crops. As compared to pearl
millet, the legume crops such as greengram, mothbean and
clusterbean are more stable in their grain yields (Patel and
Kalyanasundarsan 1988) in arid region. Hence intercropping
of legume may help in insulating the farmer’s income. Among
the major crops mothbean [Vigna aconitifolia (L.) Jacq.] is
compatible with pearl millet as intercrops.

The spatial arrangement in intercropping has important
effects on the balance of competition between component
crops, productivity, economics, energetics and soil fertility
status which varies with region and crops. The area of
polygonal space occupied by the plant in a crop influences
yield of an individual plant in a non-linear fashion (Willey
1979) and biological advantage due to intercropping may
result from complementary use of growth resources, or when
inter specific competition for growth resources is less than
intra specific competition. Since information regarding
geometrical requirement of intercropping that suits to the
farmer’s of arid region was scanty particularly with pearl
millet. Hence various combinations of pearl millet and
mothbean with row ratios were studied.

Field experiment on pearl millet and mothbean
intercropping was conducted during kharif season of 2008 at
Agronomy Farm, College of Agriculture, Bikaner, Rajasthan.
The soil was loamy sand with pH 8.2, available
N 78.8 kg/ha, P2O5 16.3 kg/ha and K2O 180.4 kg/ha. The

treatments comprised three sole pearl millet sowing at 30, 40
and 60 cm spacing, one sole mothbean and 11 pearl millet +
mothbean treatments [1:3, 1:7, 2:2, 2:6, 3:1, 3:5, 4:4, 5:3,
6:2, 7:1 and 2:1 (check) row ratio]  replicated thrice in
Randomized block design (RBD). Crop received 134.4 mm
of rainfall in 7 days in the growing season. In intercropping
treatments row to row distance maintained was 30 cm and
sowing was done by “kera” method in open furrow on 12
July 2008. 20 kg each of N and P2O5/ha was applied as
uniform basal dose at the time of sowing. Remaining 20 kg
N/ha was top dressed in the pearl millet rows only at 30 days
after sowing. One life saving irrigation with sprinkler was
given during dry spell. The harvesting of pearl millet and
mothbean was done on 30 September 2008 and 23 September
2008 respectively.

Sole pearl millet (60 cm) recorded significantly higher
number of effective tillers/plant to all other pearl millet +
mothbean intercropping treatments except that of pearl millet
+ mothbean at 1:3 and 1:7 row ratios (Table 1). Among
intercropping treatments, 1:7 row ratio gave significantly
higher number of effective tillers/plant to other intercropping
treatments except that of 1:3, 2:6 and 3:5 row ratios at
harvest. Higher number of effective tillers in treatments with
thinner pearl millet density may be due to wider space
availability for better growth and development.

The grain yield (Table 1) of sole pearl millet (30 cm)
was significantly higher as compared to all other intercropping
systems except that of sole pearl millet at 40 and 60 cm and
intercropping treatments of 7:1 and 3:1 row ratios. Among
intercropping treatments, row ratio of 3:1 recorded
significantly higher seed yield than all other pearl millet +
mothbean row ratios except that of 5:3, 6:2, 7:1 and 2:1.
However, stover yield of pearl millet under sole planting at
30 cm spacing was significantly higher than all the treatments
except sole planting at 40 cm spacing. The grain and straw
yields of sole mothbean was also significantly higher as
compared to all other intercropping systems except row ratio
of 1:7 where grain yield was at par to sole mothbean treatment.
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However, among intercropping systems, pearl millet +
mothbean 1:7 was significantly higher to over all other
treatments. The reduction in yield of pearl millet and mothbean
in the intercropping system was mainly due to reduction in
plant stand of pearl millet and mothbean in different
intercropping treatments as replacement type of intercropping
system was followed in the present study. These results are
similar to those of Kumar et al. (2006) who obtained the
highest grain and stover yields of pearl millet in sole system
compared to inter and strip cropping systems.

The maximum pearl millet grain equivalent yield
(PMEY) (2 294 kg/ha) was obtained under pearl millet +
mothbean at 1:7 and was statistically at par with pearl millet
+ mothbean at 1:3 and 2:6 row ratios and sole mothbean
treatments but significantly higher than all other treatments.
This might be because of additional yield of pearl millet and
mothbean was recorded in 1:7 row ratio intercropping system
as 12.5% plant population of pearl millet produced 24.08%
of sole pearl millet yield. Similarly 87.5%  plant population
of mothbean recorded 94.4% of sole mothbean yield in this
row ratio. This was further confirmed by relative crowding
coefficient value (RCC) of these row ratios (Table 2) which
indicated that there was no yield disadvantage in mothbean
in 1:7 row ratio. In case of pearl millet, there is yield advantage
in all intercrop combinations and higher advantage was
observed in 3:5, 1:7, 3:1 and 5:3 row ratios. Tetarwal and
Rana (2006) also recorded similar observations. The land
equivalent ratio (LER) of 1:7, 4:4, 2:6, 3:5, 1:3 and 5:3 row
ratio treatments was higher than sole pearl millet (Table 2).

This indicated that highest yield advantage of mixing of
crops in these treatments. Willey (1979) and Oferi and Stern
(1986) also observed that in row ratios in which intercrop (In
this study mothbean) plant population was higher those row
ratios  always recorded higher LER values. This might be
due to less competition between component crop (In this
study pearl millet) and intercrop because of less shading
effect on intercrop. Competition ratio also indicated (Table
2) that ratios in which lower space available to intercrop
such as 3:1 and 2:1 row ratio had high competition ratio
which leads to lower yield of intercrop and had lower LER
values. These results are in agreement with those of Kumar
et al. (2006). Aggressivity of the intercropping treatments
have positive sign value which indicates that in pearl millet
+ mothbean intercropping system, mothbean did not offer
any competition to pearl millet in different row ratios studied
(Table 2).

In intercropping system total N uptake by pearl millet
and mothbean was significantly higher in 1:7 and 4:4 row
ratio over sole cropping of pearl millet and 7:1 and 2:1 row
ratio but remained at par with all other treatments (Table 2).
The treatments in which legume intercrop (mothbean) had
higher share recorded higher total N uptake as legumes had
higher N content in seed and stover. The total P uptake in 4:4
row ratio and sole pearl millet at 30 cm was significantly
higher to sole mothbean and row ratio of 1:3, 1:7 and 2:6, but
remained at par with other intercropping treatments. The K
uptake was also significantly higher in sole pearl millet and
3:1 and 7:1 row ratio over other treatments. This may due to

Table 1 Effect of different intercropping treatments on yield attributes and yield of pearl millet and mothbean and PMEY

Treatment Pearlmillet      Mothbean PMEY

Effective Test Grain yield Stover Harvest Grain yield Straw yield (kg/ha)
tillers/plant weight (kg/ha) yield index (kg/ha) (kg/ha)

(nos.) (g) (kg/ha) (%)

PM-30 cm 1.10 8.05 1574 5 189 23.18 1 574
PM-40 cm 1.23 8.48 1438 4 535 24.16 1 438
PM-60 cm 1.65 8.92 1388 3 968 25.89 1 388
MB 692 1 857 2 029
PM+MB 1:3 1.47 8.83 540 1 590 24.81 480 1 133 1 949
PM+MB 1:7 1.58 8.91 379 1 120 25.14 653 1 471 2 294
PM+MB 2:2 1.28 8.62 940 2 839 25.17 253 603 1 682
PM+MB 2:6 1.39 8.78 561 1 737 25.18 515 1 096 2 071
PM+MB 3:1 1.26 8.34 1363 4 372 23.61 83 169 1 607
PM+MB 3:5 1.36 8.63 917 2 785 24.81 351 782 1 947
PM+MB 4:4 1.30 8.63 992 3 073 24.53 325 778 1 945
PM+MB 5:3 1.26 8.52 1213 3 576 25.41 182 379 1 746
PM+MB 6:2 1.20 8.29 1213 3 903 23.81 161 323 1 685
PM+MB 7:1 1.15 8.16 1338 4 378 23.54 57 110 1 505
PM+MB 2:1 1.26 8.43 1239 3 954 23.17 71 162 1 447

SEm + 0.08 0.32 96 259 1.22 26 75 119
CD (P = 0.05) 0.23 NS 279 752 NS 76 221 345

PM, Pearl millet; MB, mothbean; PMEY, pearl millet equivalent yield
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higher seed and stover yields of pearl millet in these treatments
which increased the total uptake of nutrients while in
treatments 1:3, 1:7 and 2:6 row ratios, the pearl millet yields
were very low and nutrient uptake was also low. Singh
(1992) also reported similar results.

Pearl millet + mothbean at 1:7, 4:4, 2:6 and 3:5 row ratio
provided the higher mean net returns and B:C ratio (Table 3)
and were statistically at par with each other. This may due to
better growing environment provided by these row ratios,
particularly to mothbean (intercrop) which leads to higher
grain/straw yield of mothbean and pearl millet which
ultimately converted into better returns. However cost of
cultivation was somewhat higher in mothbean and in
intercropping treatments in which higher proportion of
mothbean such as sole mothbean and 1:7 row ratio etc. due
to higher seed price of mothbean. Hooda et al. (2004) also
reported that intercropping of pearl millet with greengram
recorded highest net return over sole pearl millet.

SUMMARY

A field experiment was conducted during kharif 2008 to
evaluate different row ratio of pearl millet + mothbean in the
arid region of Rajasthan. The treatments comprised three
sole pearl millet at 30, 40 and 60 cm spacing, one sole
mothbean and eleven pearl millet + mothbean treatments
[1:3, 1:7, 2:2, 2:6, 3:1, 3:5, 4:4, 5:3, 6:2, 7:1 and 2:1 (check)
row ratio]. The intercropping of pearl millet + mothbean in
1:7 row ratio closely followed by 4:4, 2:6 and 3:5 row ratio,
produced maximum pearl millet equivalent yield (PMEY),

Table 3 Effect of different intercropping treatments on cost of
cultivation, net return and B:C ratio

Treatment Cost of Net  returns B:C ratio
cultivation (`/ha)

PM – 30 cm 7 457 9 534 2.28
PM – 40 cm 7 349 7 967 2.08
PM – 60 cm 7 241 7 133 1.99
MB 8 589 8 484 1.99
PM+MB 1:3 8 306 9 036 2.09
PM+MB 1:7 8 447 11 349 2.34
PM+MB 2:2 8 023 8 032 2.00
PM+MB 2:6 8 306 10 062 2.21
PM+MB 3:1 7 748 8 845 2.14
PM+MB 3:5 8 164 10 009 2.23
PM+MB 4:4 8 023 10 415 2.30
PM+MB 5:3 7 881 9 171 2.16
PM+MB 6:2 7 748 9 117 2.18
PM+MB 7:1 7 598 8 174 2.08
PM+MB 2:1 7 811 7 155 1.92

SEm ± 769
CD (P=0.05) 2 229

Table 2 Effect of different intercropping treatments on LER, aggresivity, competition ratio, RCC, net returns and total nutrient uptake

Treatment LER Agg Comp. ratio      RCC Net returns Total N Total P Total K
PM MB (`/ha) uptake uptake uptake

(kg/ha) (kg/ha) (kg/ha)

PM – 30 cm 9 534 54.6 11.2 90.4
PM – 40 cm 7 967 50.0 10.1 82.0
PM – 60 cm 7 133 47.6 9.5 73.5
MB 8 484 67.6 6.5 34.7
PM+MB 1:3 1.03 0.45 1.27 1.56 0.75 9 036 63.0 8.4 50.7
PM+MB 1:7 1.18 0.85 1.78 2.22 2.39 11 349 70.6 8.6 51.2
PM+MB 2:2 0.96 0.46 1.63 1.48 0.58 8 032 58.1 9.3 62.4
PM+MB 2:6 1.10 0.43 1.44 1.66 0.97 10 062 64.2 8.6 51.6
PM+MB 3:1 0.98 0.67 2.39 2.15 0.41 8 845 58.0 10.8 83.8
PM+MB 3:5 1.09 0.74 1.91 2.32 0.62 10 009 65.2 9.8 64.5
PM+MB 4:4 1.10 0.33 1.34 1.70 0.88 10 415 70.0 11.1 68.2
PM+MB 5:3 1.03 0.53 1.76 2.01 0.59 9 171 61.0 10.3 72.3
PM+MB 6:2 1.00 0.09 1.10 1.12 0.91 9 117 60.4 10.7 75.4
PM+MB 7:1 0.93 0.32 1.47 0.80 0.63 8 174 54.9 10.4 83.1
PM+MB 2:1 0.89 0.88 3.84 1.85 0.23 7 155 51.7 9.3 74.1

SEm ± 769 4.7 0.7 6.5
CD (P=0.05) 2 229 13.6 2.1 19.1

LER, Land equivalent ratio; Agg, aggressivity; RCC, relative crowding coefficient

LER and net returns and also better nutrient uptake by these
treatments compared to sole and other intercropping
treatments. Aggressivity values showed that intercrop
mothbean did not offer any competition to pearl millet in
different row ratio, while RCC values indicated that there
was a yield disadvantage in mothbean in all the intercropping
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system except 1:7 row ratio. Competition ratio indicated that
row ratios such as 3:1 and 2:1 which offer less space to
mothbean (intercrop) that leads to lower yield of intercrop as
component crop (pearl millet) offer greater competition for
mothbean in these row ratios.

REFERENCES

Hooda R S, Khippal A and Narwal R P. 2004. Effect of fertilizer
application in conjunction with bio-fertilizers in sole and
intercropping system of pearl millet under rainfed condition.
Haryana Journal of Agronomy 20 (1) : 29–30.

Kumar P, Hooda R S, Singh H and Nanwal R K. 2006. Economics
of pearl millet  legume association as influenced by intercropping
and strip cropping system in sandy loam soils. Haryana
Agricultural University Journal Research 36: 101–4.

Oferi F and Stern W R. 1987. Cereal legume intercropping systems.
Advances in Agronomy 41: 58–79.

Patel A T and Kalyanasundarsan N K. 1988. Research Highlights.
AICRPDA, 7 Main centre, Sardar Krushinagar, Gujarat.

Singh P. 1992. ‘Studies on comparative performance of pearl millet
[Pennisetum americanum (L.) Leek] based intercropping system
with different phosphorus level’. M Sc (Ag) thesis, Rajasthan
Agricultural University, Bikaner.

Tetarwal  J P and  Rana K S. 2006. Impact of cropping system,
fertility level and moisture–conservation practices on
productivity, nutrient uptake, water use and profitability of pearl
millet (Pennisetum glaucum) under rainfed condition. Indian
Journal of Agronomy 51 (4) : 263–6.

Willey R W. 1979. Intercropping: its importance and research needs
in competition and yield advantages. Field Crops Abstract 32:
1–10



<<
  /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


