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droughtdrought conditions in Congoconditions in Congo
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� Scenarios of climate change predict severe and 
longer dry periods, particularly on west coast of central 
Africa

� Adaptation of perennial plantations to water 
constraints becomes a major concern for wood 
productivity .

� It depends on plants genetic diversity as well as their
phenotipic plasticity

�� NecessityNecessity to to understandunderstand the adaptation the adaptation mechanismsmechanisms
of plants of plants underunder droughtdrought conditions  conditions  throughthrough the the analysisanalysis
of of physiologicalphysiological andand morphologicalmorphological characterscharacters..
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�� Temporal Temporal dynamicdynamic of of rootroot biomassbiomass andand architecturearchitecture
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Meteorological data of Yanika Site

Dry 
season

Dry 
seasonRainy season Rainy season

� Constant Relative Air Humidity

� No large variation of air temperature

� 1 Dry Season (June-Sept), 1 Rainy
Season (Oct-May) sometime interrupt by 
a small Dry season (period of january to 
march).

� if ETo>P, Potential water stress

70 km in the North of Pointe-Noire
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1 1 Sampling Plot (NIR)

2 2

1 1 Sampling Plot (IR)

2 2

1 1 Sampling Plot (I.2)
2 2

1 1 First-aid Plot (NIR)
2 2

S
am

pl
in

g

P3 déc07

P4  May08

P5 and P8 
Oct08

P6 and P9 
Feb09

No irrigated (2007) and Irrigated 
(2008)

P1 Aug 07

P2 sept07

IrrigatedNo Irrigated

Experimental Design

Irrigation: around 100 
mm of water per month 
per plot during dry 
season with drench 
system

Study stand situated 
near a Lake
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IR2Rainy20Feb 09P9

IR2Dry15Oct 08P8

IR/NIRRainy20Feb 09P6

IR/NIRDry15Oct 08P5

IR/NIRRainy10May 08P4

IR/NIRRainy6Dec 07P3

IR/NIRDry3Sept 07P2

IR/NIRDry1.5Aug 07P1

ModalitiesSeasonsAge (month)Sampling dateField campaign

Sampling Calendar (Root Biomass and architecture)
� Sampling from 1.5 to 20 months after plantation (Aug 07– Feb 09)

� P5 and P8 sampled at 15 months, P6 and P9 sampled at 20-month old
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�� No No coarsecoarse rootsroots beforebefore P3 (6 P3 (6 monthsmonths
afterafter plantation) for the plantation) for the twotwo clonesclones

�� SignificantSignificant effecteffect of irrigation in P3 of irrigation in P3 
andand P4 (1P4 (1--41) 41) andand P3 (18P3 (18--50) , ns 50) , ns 
afterwardsafterwards ((highhigh recovery root growth recovery root growth 
during following rain seasonsduring following rain seasons

�� GrowthGrowth delaydelay of 18of 18 --50 Clone in I.2 50 Clone in I.2 
(P8 Vs P5 NIR), but (P8 Vs P5 NIR), but highhigh recoveryrecovery of of 
rootroot growthgrowth in P9 (in P9 ( comparedcompared to P6 to P6 
NIR)NIR)

Coarse Root Biomass (D>10mm)

�� GrowthGrowth delaydelay of 1of 1 --41 in I.2 41 in I.2 atat 1515--
month month oldold (P8 Vs P5 NIR), but tends (P8 Vs P5 NIR), but tends 
to to recoverrecover atat 2020--month month oldold in  P9 in  P9 
((comparedcompared to P6 NIR)to P6 NIR)
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�� No Medium No Medium RootsRoots beforebefore P2 (3P2 (3--
month month afterafter plantation)plantation)

�� SignificantSignificant effecteffect of irrigation in P2 of irrigation in P2 
(3(3--month month oldold ) ) andand P3 (6P3 (6--month), ns month), ns 
afterwardsafterwards ((recovery root growth during recovery root growth during 
following rain seasons)following rain seasons)

LowLow RootRoot BiomassBiomass in IR2 (P8 Vs P5 in IR2 (P8 Vs P5 
NIR) for 18NIR) for 18 --50 Clone. But 50 Clone. But RecoveryRecovery
of of rootroot growthgrowth in P9 (in P9 ( comparedcompared to to 
P6 NIR)P6 NIR)

Medium Root Biomass (2<D<10mm(2<D<10mm))

�� LowLow RootRoot BiomassBiomass in IR2 (P8 Vs P5 in IR2 (P8 Vs P5 
NIR), but tends to NIR), but tends to recoverrecover atat 2020--
month month oldold in  P9 (in  P9 ( comparedcompared to P6 to P6 
NIR)NIR)
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�� CompComp . . treatmentstreatments : : SignificantSignificant
effecteffect of irrigation (P2,P3, P5) of irrigation (P2,P3, P5) andand
P6 (18P6 (18--50), ns for 50), ns for othersothers samplingsampling
dates of the dates of the twotwo clonesclones

�� No effet of Irrigation of second No effet of Irrigation of second 
yearyear (I.2) on Fine (I.2) on Fine RootRoot BiomassBiomass of of 
the 18the 18 --50 clone50 clone

Fine Root Biomass (D< 2mm)

�� P8 (1P8 (1--41) have 41) have slighlyslighly lessless
biomassbiomass thanthan P5 (NIR). P5 (NIR). ThatThat
differencedifference isis highlyhighly significantsignificant
whenwhen comparedcompared P9 (I.2) to P6 P9 (I.2) to P6 
(NIR)(NIR)
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Clones  1- 41 18-50 
Mean P2 

 
7% 11% 

Mean P3 
 

9% 8% 

Mean P4 
 

19% 20% 

Mean P5 
 

20% 20% 

Mean P6 
 

23% 18% 

Mean P8 
 

16% 13% 

Mean P9 
 

 

22% 17% 

 

MeanMean Fine Fine RootRoot proportion (IR proportion (IR andand NIR) in 50NIR) in 50 --100 cm 100 cm soilsoil layerlayer

CompComp . . TreatmentTreatment x x GenotypGenotyp : : 
�� FromFrom P4, 1P4, 1--41 41 andand 1818--50 clone 50 clone emittedemitted aroundaround 20% of Fine 20% of Fine rootroot in IR in IR 
andand NIR NIR treatmentstreatments
�� DeeperDeeper fine fine rootsroots for 1for 1 --41 in P6 (2041 in P6 (20 --month month oldold ))
�� IR2 IR2 treatmenttreatment inducesinduces deeperdeeper fine fine rootsroots for 1for 1 --41 Clone41 Clone


�
�
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P3 Biom moy (t.ha -1 ) effet IR
[0-50cm] 0,802 95% 0,188 96% 4,3
[50-100cm] 0,041 5% 0,009 4% 4,7
[0-100cm] 0,843 0,196 4,3
[0-50cm] 1,409 94% 0,234 97% 6,0
[50-100cm] 0,092 6% 0,007 3% 13,4
[0-100cm] 1,501 0,241 6,2

IR NIR

1--41

18-50

After 6 months and during wet season, high effect of irrigation on the total root 
biomass (for both). Higher effect for 18-50 

At the end of the wet season, less marked effect of irrigation on root biomass for 1-
41 (no effect for 18-50)
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P5 Biom moy (t.ha-1) effet IR
[0-50cm] 10.35 93% 9.85 90% 1.1
[50-100cm] 0.79 7% 1.11 10% 0.7
[0-100cm] 11.15 10.95 1.0
[0-50cm] 12.86 87% 11.88 86% 1.1
[50-100cm] 1.84 13% 1.92 14% 1.0
[0-100cm] 14.69 13.80 1.1

IR NIR

1--41

18-50

P6 Biom moy (t.ha-1) effet IR
[0-50cm] 15.08 89% 12.14 87% 1.2
[50-100cm] 1.83 11% 1.89 13% 1.0
[0-100cm] 16.91 14.03 1.2
[0-50cm] 16.18 90% 14.13 88% 1.1
[50-100cm] 1.86 10% 1.87 12% 1.0
[0-100cm] 18.04 16.00 1.1

IR NIR

1--41

18-50

P8 Biom moy (t.ha-1) effet I2
[0-50cm] 7.74 90% 0.8
[50-100cm] 0.87 10% 0.8
[0-100cm] 8.60 0.8
[0-50cm] 7.79 84% 0.7
[50-100cm] 1.48 16% 0.8
[0-100cm] 9.28 0.7

I2

1--41

18-50

P9 Biom moy (t.ha-1) effet I2
[0-50cm] 9.84 93% 0.8
[50-100cm] 0.77 7% 0.4
[0-100cm] 10.62 0.8
[0-50cm] 16.39 86% 1.2
[50-100cm] 2.75 14% 1.5
[0-100cm] 19.14 1.2

IR

1--41

18-50

After 15 months (dry season) and 20 months (wet season), no more effect of irrigation
Decrease of root biomass in late irrigated trees compared to no irrigated treatment (except 18-50 at 20 
months (no difference)
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••1818--50 clone produce more root biomass under both watered a nd dry 50 clone produce more root biomass under both watered a nd dry 
conditions than 1conditions than 1 --41 clone41 clone

Conclusion on Root Biomass

••11--41 clone set up more root biomass in the 50cm deep l ayer than 1841 clone set up more root biomass in the 50cm deep l ayer than 18 --50 50 
cloneclone in dry treatment in dry treatment 

••Irrigation effect on root  biomass production highly si gnificantIrrigation effect on root  biomass production highly si gnificant during the during the 
first 6 months (medium and coarse roots) and until 15first 6 months (medium and coarse roots) and until 15 --20 month old for 20 month old for 
fine rootsfine roots

••RecoveryRecovery TreatmentTreatment : : deeper fine root development for 1deeper fine root development for 1 --41 clone 41 clone 
during the first dry year and best recovering growth for 1 8during the first dry year and best recovering growth for 1 8--50 the 50 the 
second watered yearsecond watered year
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�� SignificantSignificant effecteffect of Irrigation (of Irrigation (mainlymainly
for 1for 1--41 Clone)41 Clone)

�� CompComp. . genotypgenotyp : : HigherHigher RootRoot
LenghtLenght for 1for 1--41 41 comparedcompared to 18to 18--50 50 
clone (clone (WateredWatered andand dry dry TreatmentsTreatments))

�� StimulatedStimulated shallowshallow ExplorationExploration

Lateral Root Lenght
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�� Net diminution of Net diminution of RootRoot branchsbranchs
afterafter P3 (6P3 (6--month month oldold ) ) probablyprobably due due 
to selfto self -- pruningpruning processprocess

�� No No effecteffect of irrigation on of irrigation on rootroot
branchingbranching

�� identicalidentical trend for the trend for the twotwo clonesclones

Number of Root Branchs in 0-50 first
cm of Primary Roots

Branching density
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1-41 Clone 
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18-50 Clone
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�� CompComp . . TreatmentTreatment : No Irrigation : No Irrigation effecteffect
((exceptexcept 1818--50/P3 et 150/P3 et 1--41/P4)41/P4)

�� CompComp . . genotypgenotyp : 1: 1--41 << 1841 << 18--50 50 onlyonly
for P4 for P4 

�� 11--41: Slow 41: Slow startingstarting for P1for P1 --P3 P3 andand
increasingincreasing fromfrom P4 (10 P4 (10 monthsmonths ) ) 

�� StabilizationStabilization of of rootroot numbersnumbers afterafter P4 P4 
for the for the twotwo eucalyptus 2 cloneseucalyptus 2 clones

Mean Number Of Primary Lateral
Roots/ Tree
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TheThe studiedstudied parametersparameters showedshowed differencesdifferences betweenbetween treatmentstreatments andand clones:clones:

••Irrigation Irrigation induceinduce ::
-- No change of No change of PrimaryPrimary RootRoot NumberNumber
-- No No effecteffect of basal of basal rootroot branchingbranching
-- stimulation of stimulation of LenghtLenght GrowthGrowth (1(1--41 Clone)41 Clone)

Conclusions for architectural characteristics

••11--41 clone seems more reactive to drought with a bette r root 41 clone seems more reactive to drought with a bette r root 
distribution in deeper soildistribution in deeper soil
•• 1818--50 clone: 50 clone: higher growth and recovery potential, but seems more higher growth and recovery potential, but seems more 
limited during dry period and less plastic than 1limited during dry period and less plastic than 1 --41 clone.41 clone.

General conclusions
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THANK YOU


