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Flexistyly — a structural and functional
contrivance for successful pollination
in Lathyrus aphaca L.

Roohi Sharma* and Veenu Kaul

Department of Botany, University of Jammu, Jammu 180 006, India

Angiospermic plants are known to follow a wide range
of breeding systems from obligate inbreeding to com-
plete outbreeding. Legumes among these exhibit in-
breeding as the predominant mode, which they
achieve by self pollination. The sexual apparatus of
Lathyrus aphaca L. seems to favour out-crossing both
structurally and functionally. However, an interesting
mechanism known as ‘Flexistyly’ facilitates and en-
sures fruit production through autogamy. A part of
style bears trichomes known as ‘pollen brush’ which
undergoes curvature, exhibits movements and deflects
towards the dehisced anther to catch hold of maxi-
mum pollen for its reproductive assurance. The
present communication elaborates this fascinating
mechanism.
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LATHYRUS APHACA L. is an annual herbaceous weed grow-
ing luxuriantly in waste and productive lands of Jammu
and Kashmir (J&K), India. With a lifespan extending
from 4 to 5 months, the plants are known to reduce the
yields of wheat and saffron"?. Flowers are papilionoid,
small, creamish-white, perfect, odourless and nectarless.
These features are characteristic of the family Fabaceae
to which this species belongs®’. A member of tribe
Vicieae, this plant is characterized by pollen brush®.

The present study is an endeavour to unravel the role
of pollen brush in the reproduction of this species. For
this, floral buds (n = 60) of different ages were randomly
selected and carefully dissected out to excise the sexual
apparatus, measure the components of sexual function
and photograph them. A protractor was used to measure
the angles of deflection of style at different stages till
floral buds transform into fruits, and calibrated ocular and
stage micrometres were used to measure their dimen-
sions. This study was carried out from 2014 to 2016 on L.
aphaca plants growing naturally in the campus of Uni-
versity of Jammu and those raised in experimental beds
of the Botanical Garden therein. The life cycle of this
plant starts with germination of seeds in December. After
a vegetative phase of two months, the plants remain in
the reproductive phase from February to March, after
which fruit formation begins.

The flowers of L. aphaca L. are creamish-white and
characterized by papilionaceous corolla. Sexual apparatus
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consists of 10 stamens in diadelphous (9 + 1) condition
and a monocarpellary gynoecium. Nine stamens are
joined along their filaments into a staminal tube that
measures 8.53 mm, while the tenth free stamen at
7.11 mm is shorter. The 9.39 mm long pistil is distin-
guished into an elongated ovary, style and slightly bifid
stigma. The style bears an aggregation of trichomes on its
distal side, which is not continuous throughout its entire
length. Also known as stylar or pollen brush, the tri-
chomes spread over a small portion of the style imme-
diately below the stigma. While analysing the sexual
apparatus of the flowers at different ages, we noted a
striking feature exhibited by the style. It undergoes
movements and thereby curves and changes its orienta-
tion with respect to the free and fused stamens. It takes
5-6 days for a bud to transform into an open flower.
Flowers are protandrous, i.e. anthers dehisce prior to
anthesis and stigma receptivity. Flower opening is cha-
racterized by a number of dynamic and coordinated struc-
tural and positional changes. The transition from floral
bud to open flower has been categorized into seven stages,
labelled as I-VII (Figure 1 a and Table 1). Initially at
stage I, the style is erect in the 0.7 cm x 0.3 cm bud

Figure 1.

(a) Flowers at varying stages of development from bud
(stage I) to open flower (stage VII). (b—g) external morphology of buds
at these stages (b, d, f) and stereomicrophotographs of sexual organs
(c-g).
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Table 1. Dynamics of floral organs vis-a-vis their phenological events
Size of the bud Average angle of Mean %

Stage (length x breadth; Average duration deflection (°) of style Average pollen

no. cm) (h or days) with respect to ovary pollen load germination Phenology

1 0.7x0.3 8.00 a.m. 170-180 Nil Nil Small floral bud enclosed by
(first day) calyx

11 0.8%x0.3 5.00 a.m. 140 Nil Nil Corolla starts emerging above
(9 h after stage I) calyx

11 09x0.4 8.00 a.m. 110 575.4 Nil Loosening of calyx teeth marks
(12 h after stage I) (472-692) the onset of anther dehiscence

v 0.9x0.5 9.30 a.m. 126 638.6 6.89 Anther dehiscence
(second day) (590-690) (2-10)

\% 0.9x0.5 1.00-2.00 p.m. 110 646.4 8.35 Stigma receptivity initiated
(second day) (608-714) (3-9)

VI 0.9x0.6 5:30-6:00 p.m. 60 744.1 10.31 Standard and wings are
(second day) (690-808) (8-12) adpressed and all anthers

have been emptied

VII 1.1 x0.8 8.00 a.m. 106 804 16.54 Flower opens with the

(third day) (720-842) (7-18) expansion of standard

*All the above-mentioned stages are shown in Figures 1 and 2.

which is tightly enclosed by the calyx (Figure 15). The
sexual apparatus has a pistil with erect style, surrounded
by one free and nine fused stamens (Figure 1 ¢). The lat-
ter are marginally longer than the free stamen by about
0.4 mm. During stage II, the corolla exceeds the 0.8 cm
long calyx by 0.2 cm (Figure 1 d). The style at an angle
of 140° with the ovary is aligned towards the tenth anther
only. All the anthers of the fused and free stamens have
not dehisced yet (Figure 1 e). Anther dehiscence is in-
itiated at stage III, and is marked by the loosening of
calyx (Figure 1f). It is asynchronous occurring first
in the anthers of fused stamens followed by that in the
tenth stamen (Figure 1 g). The bud attains a size of
0.9 cm x 0.5 cm (Figure 2 a) at stage IV on the second
day. The pollen brush of the style bent at an angle of 126°
in close association with the tenth anther (Figure 2 b).
Stage V reached 3-4h later is characterized by an
increase in pistil length (9.39 mm) with no corresponding
change in flower size (Figure 2 ¢ and d). The pistil makes
an angle of 110° with the ovary and is marked by a recep-
tive stigma. At stage VI, the standard and wings are
slightly adpressed and the flower (0.9 cm X 0.6 cm)
is considered as partially opened (Figure 2 e). The style is
inclined at an angle of 60° with the ovary. The anthers
take almost 22 h to empty their contents (Figure 2 /). The
flower is fully opened on the third day at stage VII,
which is characterized by the expansion of standard (Fig-
ure 2 g). The stamens move away from the pollen brush
of the style, which makes an angle of 106° with the ovary
(Figure 2 /). One day after anthesis, the flowers close in
the same manner as they had unfolded (Figure 2 7). Final-
ly, the corolla falls off and the fertilized ovary registers
an increase in its length (X=13.3 £ 0.9 mm). Along with
the persistent calyx, it transforms into a mature fruit
(Figure 2 j). The style shows a striking feature by deflect-
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ing itself only towards the tenth free anther. These
movements bring the pollen brush in close proximity to
the dehiscing anther. This close association of the style
with the tenth dehiscing anther is maintained till stage VI.
On account of this association, pollen grains adhere to
trichomes of the pollen brush. Movement of the style at
this point helps in sweeping the pollen grains to the
surface of the stigma.

Flexistyly in genus Lathyrus has not been reported
earlier. L. aphaca L. is, therefore, the first species of this
genus to exhibit this fascinating movement of style.
Flowers are papilionaceous concealing the sexual appara-
tus inside. This architectural constraint imposed by the
floral design is accentuated by the flowers being pro-
tandrous and herkogamous. To overcome these barriers to
self-pollination, the species has evolved structural and
functional innovations in the form of stylar movements or
flexistyly. These movements bring the pollen brush in
close contact with the dehisced anther. While doing so it
acts as a pollen-sweeping organ, and assists in collecting
and delivering the pollen grains to the surface of the
stigma for successful pollination.

Flexistyly, as a mechanism, promotes self- as well as
cross-pollination. It was reported first in Amomum tsao-
ko Crevost @ Lemarie and documented in 24 species of
Zingiberaceae, including Alpinia, Etlingera and Plagios-
tachys. The style in these taxa changes its position and
thereby separates the two sexes in space’ . During this
process, the maturation times also drift apart. In Alpinia,
two flexistylous phenotypes/morphs exist. Referred to as
cataflexistylous and hyperflexistylous depending upon
the placement of sex organs, movement of style and time
of pollen release during anthesis, they exhibit stylar
movements which prevent self-pollination and promote
intercrossing between the morphs'®'*'4,
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Figure 2. External features (a, c, e, g) of floral buds and their respec-
tive internal dynamics (b, d, f, h). A pollinated flower (i) external
(calyx and corolla intact) and (j) internal (calyx and corolla removed)
features.

This type of stylar behaviour in L. aphaca has purpor-
tedly evolved in response to lack of pollinator visits/mate
availability. Further insight into flexistyly and the role of
fused stamens is required. Studies in this direction are
underway.

4. Faegri, K. and Van der Pijl, L., The Principles of Pollination
Ecology, Oxford Pergamon Press, 1979.

5. Leppik, E. E., Floral evolution and pollination in the Legumino-
sae. Ann. Bot. Fenn., 1966, 3, 299-308.

6. Nair, R. K. M., Dundas, 1. S., Wallwork, M., Verlin, D. C., Water-
house, L. and Dowling, K., Breeding system in a population of
Trigonella balansae (Leguminosae). Ann. Bot., 2004, 94, 883—
888.

7. Stirton, C. H., Petal sculpturing in papilionoid legumes. In
Advances in Legume Systematic, Royal Botanical Gardens, Kew,
UK, 1981, vol. 2, pp. 771-788.

8. Lavin, M. and Alfonso Delgado, S., Pollen brush of Papilionoi-
deae (Leguminosae): morphological variation and systematic
utility. Am. J. Bot., 1990, 77(10), 1294-1312.

9. Cui, X. L., Wei, R. C. and Huang, R. F., A preliminary study on
genetic system of Amomum tsao-ko. J. Yunnan Univ. (Nat. Sci.),
1995, 17, 290-297.

10. Li, Q. J. et al., Flexible style that encourages outcrossing. Nature,
2001, 410, 432.

11. Ren, P. Y., Liu, M. and Li, Q. J., An example of flexistyly in a
wild cardamom species (Admomum maximum (Zingiberaceae)).
Plant Syst. Evol., 2007, 267, 147-154.

12. Takano, A., Julius, A. and Mohamed, M., First report of flexistyly
in Plagiostachys (Zingiberaceae). Acta Phytotaxon. Geobot., 2009,
60, 56-59.

13. Zhang, L., Li, Q. J., Deng, X. B., Ren, P. Y. and Gao, J. Y.,
Reproductive biology of Alpinia blepharocalyx (Zingiberaceae):
another example of flexistyly. Plant Syst. Evol., 2003, 241, 67—
76.

14. Takano, A., Gisil, J., Yusoff, M. and Tachi, T., Floral and pollina-
tor behaviour of flexistylous Bornran ginger, Alpinia nieuwenhui-
zii (Zingiberaceae). Plant Syst. Evol., 2005, 252, 167-173.

ACKNOWLEDGEMENTS. We thank the Head, Department of Bota-
ny (UGC SAP-DRSII),University of Jammu, Jammu for providing the
necessary library and laboratory facilities. The University of Jammu is
acknowledged for providing financial assistance to R.S. in the form of
University Research Scholarship during the conduct of this work.

Received 17 August 2019; revised accepted 3 June 2020

doi: 10.18520/cs/v119/i3/559-561

1. Wani, B. A. and Wani, N. A., Weed flora infesting saffron
(Crocus sativus L.) fields of Pampore. Rep. Opin., 2011, 3(1), 61—
64.

2. Yasine, R. et al., Efficacy of herbicides for control of broad leaf
weeds in wheat (Triticum aestivum L.) crop. Sci. Int., 2013, 25(4),
829-832.

3. Arroyo, M. T. K., Breeding System and Pollination Biology in
Leguminosae, Royal Botanical Gardens, Kew, UK, 1981, vol. 2,
pp. 771-788.

CURRENT SCIENCE, VOL. 119, NO. 3, 10 AUGUST 2020




<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


