enesad

|
UNIVERSITE DE BOURGOGNE

Cropping System x Environment
= Weed Emergence Models

B

Nathalie COLBACH

INRA Dijon
UMR Biologie et Gestion des Adventices

N. Colbach — ENDURE — May 2008



Why do we need models?

» Definition
— simplified representation of a process or system in
order to describe, explain or predict it

 Model use

— evaluating and developing innovating cropping
systems for managing weeds (+ biodiversity)

— organising research
* Model users

— models: researchers & advisors

— advice based on simulations:
farmers + public decision makers

N. Colbach — ENDURE — May 2008



Models analysing long-term

|

"Black box"

weed evolution

Seedlings/m? = a; .. S€eds/m?

= 0.002
=0.03

d
a

plough

shallow

(e.g. Cousens et al., 1986; Doyle et al., 1986; Danuso and Zanin, 1989a; Gonzalez-Andujar and
Fernandez-Quintanilla, 1991; Mortensen et al., 1993; Dunan et al., 1994; Wiles et al., 1996)



Models analysing long-term

weed evolution
Uses few parameters

€ Can be used for
- long-term comparison of

T cropping systems
"Black box"| - !N a given region

But

- N0 emergence time
©0092 e ~-no biological processes
o % ° - no interaction with environment

© ° 1 Cannot be extrapolated

(e.g. Cousens et al., 1986; Doyle et al., 1986; Danuso and Zanin, 1989a; Gonzalez-Andujar and
Fernandez-Quintanilla, 1991; Mortensen et al., 1993; Dunan et al., 1994; Wiles et al., 1996)



Integrating soil environment

Relative
emergence

<« Temperature
<«— Soil water potential
© Q009 o
@ o é)
© o @O

(e.g. Forcella, 1993; Takayanagi and Kusanagi, 1989; Alm et al., 1993; King and Oliver,
1994 ) N. Colbach — ENDURE — May 2008



Integrating soil environment

Relative The model can
emergence - predict emergence flushes
€ - be used in other regions

But

<« Temperature - N0 seedling number
« Soil water poterta biologi_cal processes
- N0 cropping systems
© 009 o :
Q@ o 80 SC;Sr;grc;tScompare cropping
o @O

(e.g. Forcella, 1993; Takayanagi and Kusanagi, 1989; Alm et al., 1993; King and Oliver,
1994 ) N. Colbach — ENDURE — May 2008



Distinguishing biological sub-processes

TIME and NUMBER of emergence

<= Thermal time
Mo a'ity <4 Seed depth

S

14— Thermal time

® o80T o
o 8(9
e o a0

YW €= Temperature
(e.g. Vleeshouwers and Kropff, 2000)

Non
dormant
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Distinguishing biological sub-processes

The model predicts
TIME and NUMBER of emergence

The model integrates
- biological processes

<«—Thermaltime . 50j| temperature
Mo ﬁ, <4 Seed depth

But
d talit
ﬁ)“f; - no seed mortality
1 . - no tillage effects
<= Thermal time _ _
- no soil moisture etc
~|(® 90 o :
c5lo |60 Cannot compare cropping
S E S
Z35|® o o systems
YW €= Temperature

(e.g. Vleeshouwers and Kropff, 2000) N. Colbach — ENDURE — May 2008



low should cropping system=weed models be?

Field Climate
Y Y A
| |
------------ :’{g* >
yearN-1 | yearN . | —_
----- §:§ Intermediate states of | 2A v Y :
— ear o ° |
ettt - Crop ' i ):; y @%x;% |
Rt - environment year i O?Q - @t%aooi ear
. A 8Q ° o @
Cropping system - weeds Nl g g o 0
adventices

Models for understanding and predicting in a large range
of situations

Integrate the effects of the three system components:

Cumulative effects of cropping system

* multi-year
Choice of cultivation techniques x environment
* daily timestep
N. Colbach — ENDURE — May 2008



A priori conceptual model

emerged
seedlings Basis
7/ crop emergence model
T SIMPLE (Ddrr et al., 2001)
deathv

germinated
)1 seeds

h;__]i

e®o o |nOn-dormantidormant
—» |shallow]| seeds
>

Specific to weeds

seed bank

Seed bank evolution and emergence sub-model of ALOMYSYS N. Colbach — ENDURE — May 2008



Parametrising the model

emerged

Regression :
seedlings

fitted to model

simulations <
Using (SIMP-LE) 1eathv. Specific Using existing
2 Soil — e, experiments
existing structure models
models germinated Soil moisture Weather
“Tillage etc. ;n seeds & temperature &= Soil texture
Weather
Soil texture
Adapting ‘* |¢
e?gsrtlsnog?lrglzoéel %02 o|non-dormantdormant
movements (- |shallow
(SISOL) seed bank
Tillage wmp|
— | deep
% Literature data
death

Seed bank evolution and emergence sub-model of ALOMYSYS N. Colbach — ENDURE — May 2008



ALQMYSYS Structure du modele

i b/ [ emerged -plant-mortality-
e 1-: odite/ seedlings
TR N o e ’3 :"I.-T;-'.- / "
A & ) ;'t Q
i A ! death T S
LRI S0l ., 2
SN structure \ R Weather g
| 2@ i 11 Vs germinated Soil moisture Soil texture g
Tillage etc. ;n seeds & temperature Tillage §
Weather Crop Q
Soil texture §’
‘ v Iy «— Tillage 1
Seed characteristics
202 o|non-dormantdormant Season
—p |shallow 4— seed production
seed bank
Tillage wmp| P
— | deep
v
death
ALOMYSYS

(Colbach et al., 200643, b) N. Colbach — ENDURE — May 2008



IN situ seed mortality

Percentage of

surviving seeds
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seed bank

deep

death

‘_—]—F—Tg blackgrass (Lonchamp et al. 1984)
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weed beet
T (Sester et al. 2005)

&

| oilseed rape v¢

N I I I

T
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Management consequences

In situ mortality insufficient for

emptying seed bank

(Schlink 1994) Need to empty seed bank by

w

- stimulating germination

OND J F'%{LAM JJ A% ONDJ B MAM JJA S
2003

2001

2002

Date of excavation




ALQMYSYS Structure du modele

emerged
seedlings
7

W el death
) LAt -. . ';'. SO” qv..O..
<4 P structure ) . . Weather
3 - germinated Soil moisture

Soil texture

plant mortality

uonnadwod peam-dolo

Tilagete ;\ seeds & temperature Tillage
Weather Crop
Soil texture
‘ v Iy «— Tillage
Seed characteristics
%02 o|non-dormantdormant Season
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v
death
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(Colbach et al., 200643, b) N. Colbach — ENDURE — May 2008



Effect of seed production conditions

1 —

08 |

0.6

0.4

Proportion of non-dormant seeds

exposed

from spring pea
(light-exposed)

0.2 .
. lossof primary induction of 2" _ loss of 2"
dormancy dormancy dormancy
O | |
30-juin  29-aolt 28-oct 27-déc  25-févr  26-avr  25-juin
Date

Colbach et al., 2002
Colbach and Durr, 2003
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Consequences for weed management

1

0.8

0.6

Proportion of non-dormant seeds

0.4
0.2 |
Management consequences
Sow crops when dormancy is at peak
0

“water
deficit

Choose spring
crops

v

no water 1
deficit
Delay the sowing of
winter crops

30-juin  29-aolt 28-oct 27-déc  25-févr  26-avr  25-juin

Colbach et al., 2002 Date

Colbach and Dirr, 2003 N. Colbach — ENDURE — May 2008



Non-dormant seeds

09 r

0.8 r

0.7 r

0.6

0.5

0.4

0.3 i
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0.1 |

Differences between species

vulpin
(Lonchamp
et al. 1984)

N

N

repousse de colza

(Schlink 1994)

.\

betterave adventice
| (Sester et al. 2005)
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ALQMYSYS Structure du modele

i b/ [ emerged plant-mortality-
e 1-: odite/ seedlings
A & ) ;'t Q

A N | death T S

IS LENPA SOl _yv'u, s

SUSITVIIRE Structure 'd\S I moist Weather ?
| {24} germinate oil moisture Soil texture S
Tillage etc. ;n seeds & temperature Tillage 3
Weather Crop D
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(Colbach et al., 200643, b) N. Colbach — ENDURE — May 2008



Tillage = seed movements

Rotation

ploughing
depth

ploughing
width

. | ' oen
(view perpendicular to soil structure

the tractor motion)

Colbach et al., 2000, Roger-Estrade et al., 2000, 2001 N. Colbach — ENDURE — May 2008



Tillage = seed movements

More shallow ploughing:

- more deeper see '
* - superficial seeds

Management consequences

Choose tillage tool and depth as a
function of
- previous crop: seed density and profile

Addition of a ékim-coulter: _
- better burial of superficial seeds - next crop: stimulate or avoid

- more expos
[ '._--__‘ ; .— _:;‘ .e-. ‘.'I‘ . ;,t '“:JI
PO T R S

germination?
N. Colbach — ENDURE — May 20038



ALQMYSYS Structure du modele

emerged
seedlings
7

1% -'I’:""‘. death

) LAt -. . ';'. SO” qv..O..
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plant mortality

Soil texture
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Tillage = seed germination

Management consequences

Choose tillage date as a function of objective:
- empty seed bank = false seed bed technique
= work in moist conditions

- avoid germination by burying seeds

= work in dry conditions

Tillage in moist conditions
- breaks dormancy

- stimulates germination
- but germination decreases with seed depth

Non-
dormant

Choose tillage depth as a function of objective:
- empty seed bank = false seed bed technique
= work shallowly
AL - avoid germination by burying seeds
(cc = work deeply and invert layers 18



Cumulated proportion of germinated seeds

Differences between species

OSR volunteers
(Colbach et al. 2007)

—
o'
[

-
o))
|

=
T
|

=
Fa
|

i

g non-dormant blackgrass
(Colbach & Durr 2003) |

° o——t

weed beet with little dormancy
(Sester et al. 2005)

dormant blackgrass
(Colbach & Durr 2003)

|
dormant weed beet
(Sester et al. 2005)

S0 100 150 200 250 300
Sum of degree-days (base 0°C) since water addition



1.2

o
o

Germinated seeds/optimum
o o
I o

o
N
!

Effect of seed depth on germination

O
®m Blackgrass
A Qilseed rape

0 5 10 15 20 25 30
Depth (cm)
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ALQMYSYS Structure du modele

i b/ [ emerged plant-mortality-
e 1-: odite/ seedlings
S INDY T AN ’3 :"I.-T;-'.- /
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Sl LSNP Soil — T, =
SNV Structure \ R Weather 3
Kl 1 Vi 1. germinated Soil moisture Soil texture &
Tillage efc. ;n seeds & temperature Tillage §
Weather Crop D
Soil texture §'
‘ v Iy «— Tillage
Seed characteristics
202 o|non-dormantdormant Season
—p |Shallow @—seed-production-
seed bank
Tillage wmp| P
— | deep
v
death
ALOMYSYS
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Tillage = pre-emergent mortality |

Management consequences

- Summer seedlings survive less well
= false seed bed technique does not create an infestation

- Buried seeds emerge badly
9

= bury seeds to avoid emergence
Seeds with

roots in dry
layers die

O

eep seeds are too
ar from soil surface

ALOMYSYS
(Colbach et al., 20064, b) N. Colbach — ENDURE — May 2008



Length (mm)

Differences between species

160
OSR (Colbach et al. 2007)
140 - FY
- - _‘ __________________
120 4 e -~ 'y
s A —
/ s
100 -\ eed beet ; E 2
__(Sester et al. 20095) ; =
----- oy - =———_
60 - , ;
40 ~ -
blackgrass
20 - I (Colbach & Durr 2003)
L1
0 = .
0 50 100 150 200

Thermal time



Sensitivity to solil clods

100

90 buried clods

80 -
70 -

50 | surface clods

50 -
40
30 -
20 -

% plantules bloguées

10 A

O e I I I
0 20 40 60 80 100

Colbach et al 2006 Longueur mottes en mm h — ENDURE — May 2008




Mortality as a function of soil structure

compact soil structure

o fine earth

O \ \ \ \ \ \ \
0 20 40 60 80 100 120 140

Seed depth (mm)
Colbach et al. 2007 S



b~
- O

g mortality (%)

e

- Seedlin

o o

sensitivity to soll structure

weed beet
(Sester et al. 2005)

blackgrass
(Colbach et

oilseed rape volunteers
(Colbach et al. 2007)

20 40 60 80 100 120
Seed depth (mm)

140




Parameter list

« Mortality: % of seeds disappearing each day

 Dormancy:
% non-dormant seeds = f(season, age, light)

« Germination:
— speed = f(season, age, light)
— base temperature
— base soil water potential
— variation = f(seed depth)
* Pre-emergent growth
— maximal shoot and root length (optimal conditions)
— sensitivity to soil clods

N. Colbach — ENDURE — May 2008



Multi-specific modelling with life-traits

300,00
d
S
c 250,00
7)) Weronique
e
c
O .~ 200,00
S
O &
& ~ 15000 - Cérani ;
GIJ 5 eramum
(@)} T
CI’_J C @ EBctierave adveniice
o o) 100,00
I 4 Yulpin
®
—
- 50,00
_'G_,J Matricaire
x
Dcz P.-u*at:uid{':upsis
0,00 : : : :
] 0.5 2 25 2 3.5

New species gjght (mg)
1. Choose easy-to-measure life-history trait

2. Choose contrasted but representative model species for experiments
3. Fit regression and introduce it into the model

4. To add a new species to the model, determine seed weiaht onlvy
N. Co Gardarin et Colbach, 2007



Potential pre-emergent growth

300 -

250 -

N
o
o

150 -

100 -

Maximal shoot length (mm)

50 -

0 I I I I I I I I I I |
0 2 4 6 8 10 12 14 16 18 20
Seed dry weight (mg)

Gardarin, Durr, Colbach 2008 N. Colbach — ENDURE — May 2008



Sensitivity to soil clods

A
AV EFA

N
o

E GALAP

10 -

CSO0 parameter (mm) - Buried clods

B dicotyledons A monocotyledons

0 T T T T T T 1
0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40

MonOCOt: y - 29 X — 83 Shoot diameter (mm)
Dicot: y =29 x + 3.3

R?=0.87

Gardarin, Durr, Colbach 2008 N. Colbach — ENDURE — May 2008




Multi-specific model structure: precision

Model Species

parameters and Blackgrass\Weed |[Ambrosia IChenopodium|... |Virtual
weed traits beet [artemisiifolia falbum species
Parameters

max shoot length|x X

Traits

seed weight X X X X X
shoot diameter |x X X X

v v

Model parameters  Model parameters
entered directly  estimated from traits

\ \

High precision Lower precision

N. Colbach — ENDURE — May 2008



Evaluation: critical stage = emergence

Seeds buried immediately after maturity — fragmented soil structure

Timing of emergence flushes

Ranking ability 0.82 (weighted Pearson)
Modelling efficiency 0,99 (weighted r?)

700 I
;.- mn
600 .
NE | ]
B 500 e % 22
(@) ]
é "] ] mE BN
§ 400 - J
) _'--
300 - *
e 0“ 00 *°
200 g m 83
u . “ :z LR
o 0O
100 | | o= ::f“
0 .f?s;adwn%!l!

28/6 6/10 14/1

Part -Models CS = bioagressor

p— -.'-—ﬂ-l-- |

.

OO0 0000000 ¢
0”
LR 4 ’

QOO OO0V VOO0

o0

2% 2222 222 20 %4

seeds on soil surface

[ = e

II.-

seeds buried at 4 cm

0 00 000 00
00 000 00000 000

00 000 N0 9O QO Y0 OO OO O 0O
GO OO0 VOO0 GO 00 OO 0O O 00
OO O O 00

00 000 00000 o 0 o

24/4 2/8
Date

seeds burled at 8 cm

v v AA
A A AAA AAM AA AAA AA

10/11 18/2 29/5

6/9

(Colbach et al., 2006b)



Prediction of surviving seed bank

1600 min
E%mean observed value eeds in bags

max * at 30 cm

N —_ -
o N I
o o o
o o o
T
:

800 r

600 |

400 r

>
Seeds in soil at
:q: Oto4 cm

Observed seed bank (seeds/m?)

200 |- 2T
0 -;' “"4'”‘ |EE. R _

O 200 400 600 3800 1000 1200 1400 1600 1800 2000 2200 2400

Simulated seed bank (seeds/m?




Evaluation: global model

baley  wheat  wheat rape wheat  barley

pea  wheat

1000 ;
P P P P P

Simulations with
minimum/maximum

o = herbicide efficiency Velry Igrgg
_ variablity in
= 10
v observed data
[ —
-
< - 1 _
D_ . |
® 9 [ T L
0.11
. -
Observations .
(mean xstandard-efror) 5
ol | || | L[ jeeie - et .
rr -ttt trrr+trtrrtr -t tr -t rr 1T 1T T\ i 11 1 [ 1 1T
U%ﬁ" "é‘ﬁ Vé/.’ "é‘ﬁ ‘Z/.’ ‘éh ‘Z/.’ ‘éh ‘é/.’ ‘éh Vé/.’ “é‘ﬁ ‘éfz ‘éh “%ﬁf ‘{90 ‘é‘
o0
4

Ranking ability = 0.93 (weighted Pearson)
Modelling efficiency = 0.99 (weigthed r?)

Part -Models CS = bioagressor
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Effect of sowing date
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—
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Colbach et al., 2005¢c
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Effect of soil structure

Daily emergence (plants/m?2)
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Tillage tool as a function of previous crop

700 [ . 664
< crop = winter wheat

= objective = minimise emergence

superficial tillage

m

7))
= wheat/superficial/wheat
S 500 |
)
&)
S 400 |
>
O 301
& 300
)
D mouldboard plough 491
= 200
=
g 100 36 /_/plough+skim-coulter154
O e __
it el
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26/9 15/11 4/1 LoiL | 4/ 2/0

Date  \ colbach — ENDURE — May 2008



Frequency of risky crops (winter wheat)

140
O year

R
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2120 |

% Time since last winter wheat
=100 |
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" BARLEY BARLEY pea
LAJ

Intensive strategy: low-input strategyinimising blackgrass
superficial tillage superficial tillage plough before cereals

100 - early sowing early sowing late sowing

high density low density high density

frequent herbicides few herbicides herbicides if necessary
0 high nitrogen low N high N

Plants/m2

A\

! ! ! !
L 7 7 S Y A S 74 (v
Y b Y h Y

Gy % % %

I N

|

A

%
% % % %

!
o
%

(Colbach et al., 2007) N. Colbach — ENDURE — May 2008



BARLEY
barley pea

Plants/m2

BARLEY pea

barley pea

low-input strategies

minimising blackgrass

ottt

& % %

(Colbach et al., 2007)
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Application: méthodologie de simulation |

Systeme de culture contrastés et

représentatifs
' \ N\
System 1 System 2 System N

Pl

Simulation de la situation

R

Simulation de changements =
f(contraintes ferme)

{

Cahier de charge
Reégles de décision

ﬂ 7 oct.

Distribution fréquentielle

>

0 100 200 300 400 500
Part I-Models CS = bioagressor Levée cumulée du vulpin (plantes/m?)



Application. Evaluation et conception de

systemes de culture integrés

Simulation: optimisation d'une technique

Date de semis
du blé d'hiver

30 Sept.
7 Oct.
14 Oct.
21 Oct.

Colbach et al., 2005c

Cumulated emergence (plants/m?)
o
o

300

N
(o)
o

N
o
o

50

30/8

2002
26 Sept.
3 Oct.
10 Oct.
17 Oct.
Semis du 29/10 28/11 28/12
blé d'hiver Date
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Application. Evaluation et conception de
_systemes de culture integrés

Simulation: optimisation d'une technique

A

Date de semis _ o| ﬂ ;it.
du blé d'hiver Climats 5| °* (1 A .

5
30 Sept. 1996 ;’g 30 sept.
7 Oct. >< 1997 =E>
14 Oct. é
21 Oct. 2004 & /

>

0 100 200 300 400 500
Levée cumulée du vulpin (plantes/m?)

Colbach et al., 2005¢ N. Colbach — ENDURE — May 2008



Application. Evaluation et conception de
_systemes de culture integrés

9\ ]
E 0
=L
o
< ]
o 1
Intensive strategy
1 minimising _
blackgrass low-input strategy
. .
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FLORSYS, Munier-Jolain et al 2005

w

pach — ENDURE —
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Evaluation des impacts environnementaux

6
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