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@ Plant-plant interactions in agroecosystems : processes from ecology science
PSP5 20

14
Facing Phosphorus Scarcity
A
1
1
A 4
CO ntext available unavailable available
pool 1 pool pool 2

positive interactions
e.g. facilitation

a ‘ a

available unavailable available available unavailable available

pool 1 pool pool 2 pool 1 pool pool 2

positive interactions

negative interactions
= competition

Resource partitioning and plant-plant interactions in intercropping systems

e.g. niche complementarity

(Hinsinger et al. 2011 — Plant Physiol. Phosphorus Focus Issue)
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@ Plant-plant interactions in agroecosystems : processes from ecology science
PSP5 2014

y
1

1
A 4

CO ntext available unavailable available
pool 1 pool pool 2

positive interactions
e.g. facilitation

a2 a

available unavailable available available unavailable available

pool 1 pool pool 2 pool 1 pool pool 2

positive interactions negative interactions
e.g. niche complementarity = competition

low ressource availa

Resource partitioning and plant-plant interactions in intercropping systems
and the « stress gradient hypothesis »
(Hinsinger et al. 2011 — Plant Physiol. Phosphorus Focus Issue)
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Objective of the study

PSP5.2014 [CETE, -~

Test whether positive interactions
occur in intercrops under field conditions
across:a soil P availability gradient

Objective
&
Strategy

Is P acquisition facilitated by intercropping of durum wheat and grain legumes in field conditions ?



q’, Field experiment : site description

P3PS 2014

INRA long-term P fertiliser trial in Toulous
Colomb et al. 2007 — Euir. J. Agrop
i

M8 1t xt \

a unique soil P availability
gradient

Objective ©
&
Strategy

Deep alluvial soil

Available (Olsen) P mg kg?

0 10 20 30
INRA Toulouse-Auzeville PO | |
i |
4 Plevels: «PO0:no P applied since 1969
Pl
*P1:11 kg P halyrt
«P2: Lyl ‘ |
P2:22kgP hatyr P> 3
*P4:33kgP halyrt ‘ ‘
_ P4
4 replicates (blocks)
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0’, Field experiment : measurments

\ Compare durum wheat and faba bean
grown:as sole crop (SC) or intercropped (IC)

Objective biomass
& P isiti t VAT ‘oWth st
Strategy aCC]l.“Sl jON a Varlqus grOW S ageS

N2 fixation

grain yield

a substitutive experimental design
= & intercrops were sown at half density of those in sole c

4 o NN
we
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@ Field experiment : calculation

Paps 2014

Fac

\ Index of intercrop performance : LER — Land Equivalent Ratio
e.g. for biomass (DW — Dry Weights)

LER = DWICcereaI/DVVSCcereaI + DW /DW

IC legume SC legume
Objective LER > 1 =» intercrop performs better than sole crops
&
Strategy

LER = LER goreqt * LER 1egume

cerea

Partial LER enable to evaluate the performance of each plant species

Partial LER > 0.5 =» the species benefits from positive interaction

Is P acquisition facilitated by intercropping of durum wheat and grain legumes in field conditions ? 7



@ Harvest and intercrop effect on yield

Pt 200k
- Grain yield
\ LER
Context 1.3
1.2
1.1-
1.0
0.9
Objective 0.8
Streﬁegy 0.71
0.6 -
0.57
0.4-
0.3-
Results 0.2 -
& 0.1
discussion
PO Pl
LER< 1
| v = the legume suffers competition at low P
Conclusions .
Intercrop partial LER., . .., < 0.5
least performing
at low P
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@ Harvest and intercrop effect on yield
FoR3201%

\ Gral'_r:zé'eld = the stress gradient hypothesis is not verified
1.3

12
11
1.0
0.9-
0.8
0.7
0.6

0.57
0.4

0.3-

Results 0.2
& 017

discussion

PO P2
LER<1 LER > 1

v v
intercrop
least performing
at low P

intercrop
best performing
when P is not limiting
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@ P export during crop growth

PSP5 2014

Fochny Phatphanus Scarcity P export

| 20t
15 <
I 5) NIRRT ——— e VST —— - —
f (N | IEURRSPRRSRONRIIOUSOS N S O

N B L N
1.0}

3.8 BN BN C BN C SE—t—

N e e - N~ C T o
0_5 (ERR] o« oe oo o CEEEER (TR CC 4 FERNEN] YRy | FEERRERERENE @ RRERRENENNEREE 880 RENR]
0.4 o - R € e e - R I

(IR S c S © SRR S S S S S S = O

Results 0.0
&

head 1cm : cereal milky-mealy maturity

discussion _ :
(cereal) g flowering (cereal) HARVEST
| v
LER>1 =» positive interactions dominate
I 7 only at early stages of growth at low P
intercrop and peaks at legume flowering

best performing  (relative to high N, fixation activity stage) 1



@ P export during crop growth

PoP22014 P export
| LER
2.0 P4
Context 1.8
16— e _——

I e L

12—
Objective
& 1.0 -
Strategy 08 | halel | N |
06 T 1l | | | Tt e e
0.5 llllllllllllllllllllllllllllllllllllllllllll
IV - — R C I - - - B C S
Results 02—l IRkt | R Rl R
A :
discussion : :
head 1cm cereal milky-mealy maturity
(cereal) loweripg  flowering (cereal) HARVEST
| 4 times LER 2 1 _
Sonesen =>» positive interactions occur more often at high P

but dominate only at early stages of growth
and peaks at legume flowering (high N, fixation activity stage)
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& Shoot P concentration at legume flowering
PSP5 2014

Facing Phosphorus Scarcity

P concentration
in shoot (mg.g?) Legume flowering stage

Context 4D sttt e} p O ''''''''''''''''''''''''''''''''''' LER shoot biomass>1

|
3.5 e e
30 o

o 2.9 g st e B v > Increased P concentration
Objective 2.0 e — Q= e | in faba bean shoot

& A
RN o o . o | © .
Strategy Lo = only at low P

05 « b= | c -
45 -

B e e
Results 35 - R

& 30 L e | [
discussion o5 o= | L e

20 b | el -t
. o

1.5 o e O -

(MO o, O - - 2 . ..
c

Conclusion 05 .| %l o= | REEEE

durum faba
wheat bean
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& Conclusion
PSP5 2014

N

Context

 Crop productivity was enhanced in durum wheat-faba bean
intercrop (LER>1)compare to sole crop when P availbility was not

limiting for growth > stress gradient not verified at harvest
Objective
&
sracgy  Plant-plant interactions are dynamic during crop growth with positive

interactions for P until faba bean flowering stage

« At low P availability (P0) interspecific belowground positive
=ksuts  interaction should enhanced P acquisition for faba bean
dis u‘i‘sion intercropped with durum wheat until flowering stage of faba bean...
... but they were not sufficients to
suppress limiting effect of low P availability on crop growth until
harvest especially for the legume

Conclusion
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