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Abstract Thigmomorphogenesis is a well-studied pro-

cess in agricultural crops and coniferous trees. Neverthe-

less, the effects on both shoot and root characteristics for

deciduous woody species received little attention so far. In

this study, the objective was to understand the effect of

aboveground flexing treatments on the development of

structural, mechanical and physiological root and shoot

characteristics for two deciduous tree species, Black locust

(Robinia pseudoacacia L.) and English oak (Quercus robur

L.). Flexing treatments were performed using an electro-

mechanical device with a rotating arm touching and

bending the plants at regular intervals. A wide range of

stem, shoot as well as root system characteristics was

measured. The different flexing treatments altered above-

and belowground plant development for both species, with

strongest effects on Quercus and most significant differ-

ences between the control and the unidirectional flexing

treatment. Some responses are in accordance with previous

findings, such as stem eccentricity and reduced shoot

elongation under unidirectional flexing, but others are

renewing, such as the lower stomatal density and larger

epidermal cell surface for the Quercus plants under vari-

able flexing direction. Despite some common responses,

both species frequently differed in the way they were

affected. Belowground, Quercus plants under unidirec-

tional flexing invested relatively more in their first order

root and deeper second order roots, whereas Robinia plants

allocated relatively more to fine root biomass and hori-

zontal shallow roots. Both strategies potentially increased

pull-out as well as overturning resistance in their own way.

The presented findings are valid for young trees grown in

small containers. Based on practical know-how and short-

comings experienced in the course of this experiment,

methodological recommendations are formulated. We

finally stress the complex variability in growth responses,

especially for root systems, observed in different studies

and related to dissimilarity in species, soil conditions, plant

history or type of mechanical perturbation.

Keywords Biomechanics � Quercus robur L. �
Robinia pseudoacacia L. � Root system architecture �
Thigmomorphogenesis (TM)

Communicated by M. Zwieniecki.

B. Reubens � B. Pannemans � B. Muys (&)

Division of Forest, Nature and Landscape,

Katholieke Universiteit Leuven, Celestijnenlaan 200E,

Box 2411, 3001 Leuven, Belgium

e-mail: bart.muys@ees.kuleuven.be

B. Reubens

e-mail: bert.reubens@ees.kuleuven.be

F. Danjon

INRA, UMR 1212 Biodiversity Genes and Communities,

33610 Cestas, France

M. De Proft

Division of Crop Bio-Engineering, Katholieke Universiteit

Leuven, Willem de Croylaan 42, Box 2427, 3001 Leuven,

Belgium

S. De Baets � J. Poesen

Physical and Regional Geography Research Group,

Katholieke Universiteit Leuven, Celestijnenlaan 200E,

Box 2409, 3001 Leuven, Belgium

J. De Baerdemaeker

Division of Mechatronics, Biostatistics and Sensors,

Katholieke Universiteit Leuven, Kasteelpark Arenberg 30,

Box 2456, 3001 Leuven, Belgium

123

Trees (2009) 23:1213–1228

DOI 10.1007/s00468-009-0360-x


	116
	11753
	The effect of mechanical stimulation on root and shoot development of young containerised Quercus robur �and Robinia pseudoacacia trees
	Abstract
	Introduction
	Materials and methods
	Plant material and growth conditions
	Experimental design and method of mechanical stimulation
	Measurements
	Stem and shoot characteristics
	Root (functional) classes
	Root system architecture
	Mechanical properties of stem and roots
	Biomass determination

	Statistical analysis

	Results
	Effects on biomass and biomass allocation
	Aboveground morphological effects
	Root system effects
	Effects on Quercus seedlings
	Effects on Robinia seedlings

	Effects of flexing treatments on mechanical properties

	Discussion
	Acknowledgments
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /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
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice




