Linking Organic Knowledge

HELPING WHE

AT COMPETE

Le réseau du savoir biologique

Final Research Report W2008-34

INTRODUCTION

Competition with weeds is known to

decrease crop yield on the Canadian prairies.

Weed density can be higher in organic farms
compared to farms which use herbicides
(Leeson et al., 2000), but crops with
improved competitive ability can decrease
weed biomass, improving yields in organic
systems (Mason et al., 2007). The study of
competitive crops can be problematic as the
concept is vague, difficult to measure, and
depends on how competition is defined.
Distinguishing between crop tolerance,
measured in percent yield loss due to weeds
(competitive response), and weed
suppression (competitive effect), is
important in understanding competitive
relationships. However, wheat cultivars can
show both types of competitive ability,
suppressing weed growth while maintaining
their yield (Lemerle et al., 2001b)

We investigated the genetic relationships
between weed suppression and different

agronomic traits to better understand the
nature of competitive wheat.

WHAT wAs DONE

One hundred and eight random sister lines
from the International Triticeae Mapping
Initiative (ITMI) mapping population were
kindly provided by Dr. C. O. Qualset
(University of California, Davis).

This population has been used in many studies
including tillering, growth habit, spike
morphology, gross morphology, heading,
maturity, plant height, and leaf color. Many of

these traits are thought to contribute to
competitive ability (Lemerle et al. 2001a).

The population was grown on two sites for two
years (2005 and 2006) with two competition
treatments (competitive — wheat with oats,
and non-competitive - wheat monocrop) in two
replications per site. All locations were on
conventionally managed land in or near
Edmonton AB. Plots were seeded at 250 seeds
m™ and competition treatments were cross
seeded with ‘Grizzly’ tame forage oats at 60
seeds m™ to simulate weed competition. Plots
were planted mid to late May and harvested
late September to early October both years.

Ellerslie Research Station near Edmonton Alberta
(T. Reid)



Table 1: The effects of oat competition on mean measured traits in the ITMI wheat population

i i i Early Oat Light
(I}ilg) Plan(tC:.S'ght S?\;Ifze ° 3 : ’Zusrltt(z/ Season Yield Captured
Vigour (t/ha) (%)
Without Oat
Competition 4.9 79 102 90 3.3 - 85
With Oat

Competition 3.2 81 77 89 3.2 1.6 -
T-test *ok NS *k NS NS _ _

** Significant at P<0.0001

Competition and non competition plots at the
Edmonton research station (T. Reid)

Data collected include wheat and oat grain
yield, early season vigour (ESV), spikes per
m?, plant height at maturity, and days to
maturity (DTM). Percentage of light captured
was only measured in the weed free
treatments.

Yields were estimated from 0.25 m? samples
taken at maturity. Both wheat and oats were
cut from the sampling area. The two crops
were dried and separated in the lab prior to
threshing, cleaning, and weighing the grain.
Genetic correlations were calculated for each
measured trait both between and within
competitive treatments.

WHAT HAPPENED?

Wheat yield and spikes per m? were
significantly reduced by oat competition (Table
1). Yield was reduced by 35% in the presence
of oats, and spikes per m? was reduced by
25%. Plant height, days to maturity, and early
season vigour were not significantly affected
by competition. Mean oat yield was half the
average wheat yield, and on average this
population captured 85% of the available light.

Positively correlated pairs of traits will change
in the same direction. Negatively correlated
pairs change in opposite directions.
Correlations close to zero show there is no
relationship between the traits. Correlations
were calculated for different traits under the
competitive treatment (wheat and oat) and the
non-competitive treatment (wheat alone).

The following results were observed through
correlation analysis as presented in Table 2:

o Spikes per m? had a significant
positive correlation with wheat grain
yield under competition and a significant
negative correlation with oat grain yield.
This means lines with increased spikes
per m? had an increased wheat yield
and decreased oat yield.

¢ Early season vigour was significantly
positively correlated with wheat yield
under competition, meaning the more
vigorous lines had higher yields when



weeds were present than their less

vigorous sisters.

¢ Days to maturity had a significant
negative correlation with wheat yield
and a significant positive correlation

with oat yield. This means that the

longer the wheat took to mature, the
greater the oat yield, and the lower the

wheat yield. There was also a significant

negative correlation between days to

maturity and early season vigour

meaning that vigorous lines matured

earlier.

Light captured had a significant
negative correlation with oat grain yield
(-0.58). This means that wheat lines
which captured more light also had
reduced oat grain yield. Both plant
height and spikes per m? were
correlated with light capture in the
weedy treatment, but plant height was
not significantly correlated to oat yield
or spikes per m?. Therefore using a
taller wheat cultivar may not reduce oat
yield as greatly as a high tillering wheat,
and despite both traits helping to
capture more light, the two are not
related.

Table 2: Genetic correlations made within and between competitive treatments for seven traits measured
on 108 lines of the ITMI population for four locations in Alberta, Canada. Correlations equal to or greater

than one are due to experimental variation.

o . . 2 Early Season Days to

Grain Yield Plant Height Spikes m Vigour Maturity

N? C N C N C N C N C
Grain Yield C 0.92%*

0.31* 0.31*
Plant
Height

0.29* 0.26%* 1.00*

N  0.42% -2 0.04 0.07
Spikes m™
C 0.43* 0.61%* -0.01 -0.05 0.80*

Early N -0.05  0.44* 0.01 0.00 0.10 0.61%*
Season
Vigour cC 0.02 0.48* -0.08 -0.08 0.12 0.68* 1.03*

0.13 -0.27% 0.30* 0.27* -0.06 -0.54%* -0.83%* -0.89%*
Days to
Maturity

0.09 -0.35% 0.28* 0.25* -0.09 -0.61%* -0.90%* -0.93%* 0.98*
Oat Yield C -0.33* -0.75*% -0.24* -0.19 - -0.89%* - - 0.60% 0.64*
o 1
o Light 5 67%  0.47%  0.53*% 0.45% 0.77% 0.38%*  -0.23  -0.25  0.36* -
Captured

* Significant at P = 0.05

1 N: Non-competitive treatment. C: Competitive treatment.

2 Dashes: correlation not estimable



THE BOTTOM LINE...

Competition from oats reduced wheat
yield in all sites but using vigorous,
early maturing cultivars could help
improve yields of wheat in weedy
fields. Competition also reduced
spikes per m?, but a high tillering
cultivar in a weed free environment
could produce a high number of
tillers in a competitive environment.
High tillering cultivars help capture
more light and they can increase
wheat yield while helping to suppress
competition from other plants.

Farmers with weedy fields should
emphasize high tillering, seedling
vigour, and early maturity when
selecting a cultivar for a weedy
environment.

ACKNOWLEDGEMENTS

The technical assistance of Klaus Strenzke, Brian
Bowen, Alana Kornelsen, Carla Ollenberger, Holly
Yorston, and the many others contributing to this
project is greatly appreciated.

CREDITS

Todd Reid (graduate student, University of
Alberta), Dean Spanner and Alireza Navabi
(University of Alberta) and Brenda Frick (Organic
Agriculture Centre of Canada).

FUNDING

Canadian Wheat Board (Graduate Fellowship)
Province of Alberta

Natural Sciences and Engineering Research
Council (NSERC) Discovery Grant

Production of this bulletin was supported by:

I*I Agriculture and Agriculture et
Agri-Food Canada Agroalimentaire Canada

Todd Reid stands in wheat copetition plots at
the University of Alberta (B. Frick)

REFERENCES

Leeson, 1.Y., Sheard, J.W. and Thomas, A.G. 2000.
Weed communities associated with arable
Saskatchewan farm management systems. Canadian
Journal of Plant Science 80: 177-185.

Lemerle, D., Gill, G.S., Murphy, C.E., Walker, S.R.,
Cousens, R.D., Mokhtari, S., Peltzer, S.J., Coleman, R.
and Luckett, D.]. 2001a. Genetic improvement and
agronomy for enhanced wheat competitiveness with
weeds. Australian Journal of Agricultural Research 52:
527.

Lemerle, D., Verbeek, B. and Orchard, B. 2001b.
Ranking the ability of wheat varieties to compete with
Lolium rigidum. Weed Research 41: 197-209.

Mason, H.E., Navabi, A., Frick, B.L., O'Donovan, J.T.
and Spaner, D.M. 2007. The Weed-Competitive Ability
of Canada Western Red Spring Wheat Cultivars Grown
under Organic Management. Crop Science 47: 1167-
1176. (OACC Final Research Report W2007-26)

For more information:

Visit oacc.info or contact us at:
University of Saskatchewan

51 Campus Dr., Saskatoon SK S7N 5A8
Tel: (306) 966-4975 Fax: (306) 966-5015
Email: organic@usask.ca



http://www.oacc.info/
mailto:organic@usask.ca

	Introduction
	What was Done
	What Happened?
	Acknowledgements
	Credits
	Funding
	References


<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


