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RGRRGR DefinitionDefinition

Istantaneous RGR

Functional approach

(many samplings, few or no replicates)

dt
dW

W
*RGR

1=

RGR represents the efficiency of a plant as a
producer of new material



InstantaneousInstantaneous RGRRGR

Exponential growth (seedlings?)

Wt = W0 * e R*t

Ln(Wt) = ln(W0) + R*t

R can be constant or can vary with time



GrowthGrowth curvecurve ofof CYPDI (CYPDI (TwTw))
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MeanMean RGRRGR
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Classical approach

(relatively few samplings, replicates strongly needed)



EffectsEffects ofof twotwo contrastingcontrasting PPFDPPFD levelslevels onon
RGRRGR ofof twotwo monocotsmonocots

PPFD = 100PPFD = 100 µµmolmol mm--22 ss--11PPFD = 400PPFD = 400 µµmolmol mm--22 ss--11

10th E10th EWRS Symposium, Poznan, PWRS Symposium, Poznan, PLL, 1997, 1997
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ObjectiveObjective

Initial question:Initial question:

is early growth really exponential?is early growth really exponential?

�� Influence of temperature regime on RGR and itsInfluence of temperature regime on RGR and its
componentscomponents

�� Relationship between RGR and seed weightRelationship between RGR and seed weight

�� TTbasebase of the considered speciesof the considered species

To analyze early growth of a range of wellTo analyze early growth of a range of well
differentiated spring and summer weedsdifferentiated spring and summer weeds
of the Mediterranean/temperate climateof the Mediterranean/temperate climate
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2222 speciesspecies studiedstudied

�� AbutilonAbutilon theophrastitheophrasti Med.Med.
�� AmaranthusAmaranthus cruentuscruentus L.L.
�� AmbrosiaAmbrosia artemisiifoliaartemisiifolia L.L.
�� AmmanniaAmmannia coccineacoccinea RottbRottb..
�� BetaBeta vulgarisvulgaris var.var. saccharsacchar.. L.L.
�� BidensBidens frondosafrondosa L.L.
�� BidensBidens tripartitatripartita L.L.
�� BuddlejaBuddleja davidiidavidii FranchetFranchet
�� ChenopodiumChenopodium albumalbum L.L.
�� ConvolvulusConvolvulus arvensisarvensis L.L.
�� CyperusCyperus difformisdifformis L.L.

�� DaturaDatura stramoniumstramonium L.L.
�� EchinochloaEchinochloa cruscrus--galligalli (L.)(L.) BeauvBeauv..
�� GlycineGlycine maxmax (L.)(L.) MerrMerr..
�� HibiscusHibiscus trionumtrionum L.L.
�� PanicumPanicum miliaceummiliaceum L.L.
�� PolygonumPolygonum lapathifoliumlapathifolium L.L.
�� SinapisSinapis albaalba L.L.
�� SolanumSolanum nigrumnigrum L.L.
�� SorghumSorghum halepensehalepense (L.) Pers.(L.) Pers.
�� TriticumTriticum aestivumaestivum L.L.
�� XanthiumXanthium strumariumstrumarium LL
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XANST,XANST, ““seedseed”” weightweight 56.1 mg56.1 mg

AMMCOAMMCO
seedseed weightweight 0.016 mg0.016 mg

0.5 mm0.5 mm0.5 mm0.5 mm
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OverallOverall resultsresults
••176 RGR176 RGR estimatesestimates fromfrom 4444 datasetsdatasets byby linearlinear
regressionregression ofof LnLn((TwTw),), LnLn((TLaTLa),), LnLn((TLwTLw),), LnLn((RwRw)) overover
timetime forfor thethe entireentire periodperiod ofof growthgrowth

••TimeTime == daysdays and temperature sum (GDD)and temperature sum (GDD)

••AllAll regressionsregressions werewere significantsignificant (P< 0.05)(P< 0.05)

••BestBest fitfit forfor totaltotal weightweight
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RGRRGR relationshipsrelationships ((timetime basedbased))

y = 0.868x + 0.074
R2 = 0.669
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RGRRGR relationshipsrelationships (temperature(temperature--sumsum basedbased))
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AndAnd thenthen??
••VeryVery low datalow data variabilityvariability =>=>

detaileddetailed analysisanalysis ofof RGRRGR evolutionevolution withwith timetime =>=>

RGR = K ?RGR = K ?
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Polynomials fitted and RGR coursePolynomials fitted and RGR course
(18 species * 2 temperature regimes)(18 species * 2 temperature regimes)
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AndAnd thenthen??
••VeryVery low datalow data variabilityvariability =>=>

detaileddetailed analysisanalysis ofof RGRRGR evolutionevolution withwith timetime =>=>

RGR = K ?RGR = K ?

••LeafLeaf area andarea and leafleaf weightweight areare oftenoften notnot clearlyclearly
definabledefinable
••ComparisonComparison at aat a givengiven TsumTsum reducesreduces butbut notnot
eliminateseliminates biasbias duedue toto ontogeneticontogenetic shiftshift

••SeedlingsSeedlings areare veryvery dynamicdynamic ““systemssystems”” inin whichwhich::

UnreliableUnreliable estimatesestimates ofof NAR (NetNAR (Net
AssimilationAssimilation Rate) andRate) and ofof itsits evolutionevolution
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ConclusionsConclusions

�� Wide range of RGR valuesWide range of RGR values

�� Expressing RGR in terms ofExpressing RGR in terms of TsumTsum does notdoes not
completely explain the effects of differentcompletely explain the effects of different
temperature regimestemperature regimes

�� As a first approximation RGR during earlyAs a first approximation RGR during early
growth can be assumed to be constantgrowth can be assumed to be constant
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TsumTsum fromfrom emergenceemergence ((°°CdCd))
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TsumTsum fromfrom emergenceemergence ((°°CdCd))
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TsumTsum fromfrom emergenceemergence ((°°CdCd))
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LeafLeaf areaarea evolutionevolution inin XanthiumXanthium
strumariumstrumarium

TsumTsum fromfrom emergenceemergence ((°°CdCd))
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SimpleSimple competitioncompetition modelsmodels::
CousensCousens modelmodel (1985)(1985)
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SimpleSimple competitioncompetition modelsmodels::
KropffKropff andand SpittersSpitters modelmodel (1991)(1991)

Lw
m
q

Lwq







 −+

=
11

YL

Lw = contribution of weed species to total LAI

q = relative damage coefficient

m = max YL when Lw => 1

q vary with time because leaf area of competing
species grows at different rates



q = q0 e (RGRLc - RGRLw) t

RGRLRGRLcc,, RGRLRGRLww = relative growth rate of the leaf area (= relative growth rate of the leaf area (ooCC--11

dd--11) of crop and weed) of crop and weed

tt = time expressed in degree days (= time expressed in degree days (ooCC d)d)

qq00 = value of= value of qq whenwhen LwLw is observed atis observed at tt = 0 (the moment of= 0 (the moment of
observation for whichobservation for which qq has been determined fromhas been determined from
experimental data).experimental data).

Assumption: growth rates of leaf area of crop and weed areAssumption: growth rates of leaf area of crop and weed are
exponentialexponential

SimpleSimple competitioncompetition modelsmodels::
KropffKropff andand SpittersSpitters modelmodel (1991)(1991)



19991999--2000 EWRS common2000 EWRS common experimentexperiment

� 4 species (BETVU, TRIAE, SINAL, CHEAL)

� 10 locations

� 2 years

� Quasi-potential situation
� Pure stands of spaced plants
� Up to 40 days of growth
� Up 12 samplings, 3 replicates



RGRRGRTLATLA relationshipsrelationships

Loc. 1999 2000 1999 2000 1999 2000

FI com 0.0066 0.0113 0.0105 0.0168 -0.004 -0.006
FI loc 0.0066 0.0108 0.0105 0.0168 -0.004 -0.006
DK 0.0154 0.0137 0.0164 0.0180 -0.001 -0.004

NLAB 0.0135 0.0157 0.0179 0.0187 -0.004 -0.003
NLTP 0.0083 0.0142 -0.006
UKRO 0.0064 0.0116 0.0145 0.0174 -0.008 -0.006
UKLA 0.0139 0.0204 -0.007
ITPD 0.0099 0.0049 0.0148 0.0127 -0.005 -0.008
ITVT 0.0085 0.0138 -0.005
PL 0.0077 0.0121 -0.004
PO 0.0102 0.0146 -0.004

Average 0.0101 0.0108 0.0154 0.0156 -0.0048 -0.0053
Min 0.0064 0.0071 0.0105 0.0121 -0.0081 -0.0077
Max 0.0154 0.0155 0.0204 0.0187 -0.0010 -0.0030

TRIAE SINAL RGRT - RGRS



ConclusionsConclusions??

�� Strong variability in time and spaceStrong variability in time and space

�� Highly heterogeneous value found inHighly heterogeneous value found in
literatureliterature

�� Power of power oftenPower of power often misconsideredmisconsidered

�� Which initial weight/area for which RGR?Which initial weight/area for which RGR?

�� RGR values included in WTDB must beRGR values included in WTDB must be
linked to the possible use and period oflinked to the possible use and period of
validityvalidity



ThankThank youyou


