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Under drought, considering traits affecting yield vi a.
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Leaf growth
IN response to drought conditions



Leaf expansion in maize under drought conditions
Response to temperature and soil and air water deficit
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LER landscape for a ‘base’ genotype

LER (mm/d it
1( — Rare combinations of temperature, RH
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‘base’ genotype:
a=4.8 mmcd
b =-1 mm<dtkPatl
C=6 mmudivpat Tbase = 10<

LER = (T-T,) (a - bVPD,, -c W)



LER landscape for a ‘base’ genotype

LER (mm/day)
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APSIM

A modular crop model
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A general cropping system simulation
for plant development
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Experimental design

Exp. Location Sowing date ~ TreatmentRadiation Rain Temperature VRReristem
(MJ m?) | (mm) (°C) (kPa)
GR92ap Grignon, North of France April 27,1992 contro| 1. 62 15.6 1.098
GR92ap Grignon, North of France April 27,1992 watdiaite 21.1 0 15.6 1.111
MP94jl Montpellier, South of France  July 19, 1994 coht 20.7 30 24.8 2.551
MP94jl Montpellier, South of France  July 19, 1994 wateficit 20.7 30 24.8 2.66
MP95ma  Montpellier, South of France  May 16, 1995 antr 22.7 39 20 1.49
MP95jn Montpellier, South of France  June 20, 1995  robnt 23.9 13 24 1.95
MP95jn Montpellier, South of France  June 20, 1995 wdédicit 23.9 13 24 2.054
MPI5jl Montpellier, South of France  July 10, 1995 coht 21.6 88 24.7 2.066
MPI5jl Montpellier, South of France ~ July 10, 1995 wateficit 21.6 88 24.7 2.086
MA97ma Mauguio, South of France May 14, 1997 control 119 151 19.5 1.359
MA97jn Mauguio, South of France June 18, 1997 control  1.32 65 22 1.596
MA98ma Mauguio, South of France May 20, 1998 control 23 47 21.1 1.7

& 11 field situations: well-water / water-deficit
= Measurement:

- leaf elongation since initiation
- rate of leaf initiation, appearance and end of elongation
- final leaf number




Leaf number

Developmental leaf model

= Stable patterns over a large
range of environmental
conditions provide a time
frame for leaf development

Thermal time since emergence (Td)
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Developmental leaf model

Leaf number

Lamina length (cm)

1 = Stable patterns over a large range
1 of environmental conditions provide
{ atime frame for leaf development

1 =Leaf elongation is characterized by
1 - an exponential period followed by

| - alinear period of elongation
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Developmental leaf model

Leaf number

Lamina length (cm)

40
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» Stable patterns over a large range
of environmental conditions provide
a time frame for leaf development

= Leaf elongation is characterized by
- an exponential period followed by
- a linear period of elongation
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Developmental leaf model

Leaf number

Lamina length (cm)
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initiation tip app. ligule app.
\beginning elong.\end elongation /

0.2 0.4 0.6 0.8 1.0
7 Normalized LER

= Leaf elongation rate is maximum
for the longest leaves

Thermal time since emergence (Td)
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Model functionning

Weather data

v

Leaf Environment (T, VPD, psi)
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MODEL OF LEAF GROWTH AND DEVELOPMENT V
Timing of leaf development Environmental responses of leaf 6 expansion rate LER profile
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Model functionning

Weather data

v

Leaf Environment (T, VPD, psi)
|

Leaf #

Thermal time

Hypothesis:

the phenology is not affected by the water deficit
i.e. same period of expansion (beginning and
duration)

MODEL OF LEAF GROWTH AND DEVELOPMENT v

Environmental responses of leaf 6 expansion rate
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Model functionning

Leaf #

Leaf n |

+ b VPD

air-leaf —

Hypothesis:

- the expansion during the exponential
phase is not affected by the water deficit
- water deficit affect the LER to the
same extend whether the leaf is hidden
in the whorl or visible

Weather data
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MODEL OF LEAF GROWTH AND DEVELOPMENT v
Timing of leaf development Environmental responses of leaf 6 expansion rate LER profile
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Model functionning

Weather data
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Leaf Environment (T, VPD, psi)
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Hypothesis:

LER is modified by a factor depending on
leaf rank,

l.e. the 3 parameters (a, b, c) are all
modified to the same extent by leaf rank.
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Timing of leaf development Environmental responses of leaf 6 expansion rate LER profile
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Model functionning

Hypothesis:

leaf width is not affected by environment

Weather data
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Model functionning
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Model functionning

Calculation of predawn leaf
water potential: W = f(6)

Volumetric water 6 (%)
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Test of the model
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Simulation of the weather variables
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Test of the leaf model

Exp. Location Sowing date TreatmentRadiation Rain Temperature VRPheristem

(MJ %)  (mm) (°C) (kPa

GR92a Grignon, North of Franc April 27,1992 contro 21.1 62 15.€ 1.09¢
GR92a Grignon, North of Franc April 27,1992  water defici 21.1 0 15.€ 1.111
MP94jl Montpellier, South of Franc | July 19, 199. contro 20.7 30 24.¢ 2.55]
MP94jl Montpellier, South of Franc | July 19, 199. water defici 20.7 30 24.¢ 2.6€
MP95m:  Montpellier, South of Franc = May 16, 199! contro 22.7 39 20 1.4¢
MPO5jr Montpellier, South of Franc | June 20, 19€ contro 23.€ 13 24 1.9t
MP9O5jr Montpellier, South of Franc ' June 20, 19S water defici 23.€ 13 24 2.05¢
MP95jl Montpellier, South of Franc = July 10, 199 contro 21.€ 88 24.7 2.06¢
MP95jl Montpellier, South of Franc = July 10, 199 water defici 21.€ 88 24.7 2.08¢
MA97 M io, South of F 14,199 19.1 1.35¢

MA98me \Mauguio, South of Fran May 20, 199: contro 23 47

- 1 situation => Parametrisation of the model
- 11 situations => Test of the model




Test of the model

- Major leaf development stages -

Number of leaves

initiation tip app. ligule app.

beginning elong. \ end elongation/
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1 symbole = 1 experiment
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Test of the model

- Evolution of leaf elongation -

Lamina length (cm)
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Test of the model

- Effect of high and low VPD environment -

Leaf number (#)
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Test of the model

- Effect of water deficit -

Predawn leaf water potential (MPa)

Leaf number (#)
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Test of the model

- Effect of water deficit -
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Test of the model

- Effect of water deficit -

Leaf number (#)
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Test of the model

- OQverview -
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Integrated test of the model
using field data

31



Integrated test of the model

= 3 field experiments in Gatton (Australia)

= Pacific HyCorn53 (sub-tropical hybrid)
higher early vigour than Déa (old European hybrid)

Exp. Location Sowing date TreatmentRadiation Rain Temperature VER. cristem
(MJ m?)  (mm) (°C) (kPa)

Exp 1 Gatton, Australi February 19, 19¢  well-watel 16.¢ 10¢ 23.4 1.3¢€

Exp 2 Gatton, Australia September 16, 1999 well-water 0.41 156 20.1 1.278

Exp 3 Gatton, Australia  January 4, 2001 well-water 21.6204 25.6 1.71
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Integrated test of the model

Biomasse (g m®)
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Integrated test of the model

Simulated biomasse (g m?)
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Influence of QTL
on leaf development
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LER

Leaf expansion in maize under drought conditions
QTL related to environment responses
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Modelling Influence of QTL
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Simulation of QTL impact in different scenari

= Simulation of virtual genotypes

- Genotypes characterised from their leaf elongation rate variables (a, b & ¢)
- Estimation of a, b & ¢ from the 5 major QTL identified for each variable
(Welcker et al. 2007)

- Generation of genotypes with
. high/low leaf elongation rate
. high sensitivity/tolerance to VPD and water deficit

= Environments
- High/low evaporative demand (Grignon/Montpellier)
- Water deficit during the vegetative / vegetative & flowering / flow. periods

graphe FTSW
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Influence of QTL on leaf development

Environment
_ low VPD (Grignon)  high VPD (Montpellier)
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Influence of QTL on leaf development
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Influence of QTL on leaf development

Environment
_ low VPD (Grignon)  high VPD (Montpellier)
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Influence of QTL on leaf development

Environment
_ low VPD (Grignon)  high VPD (Montpellier)
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Influence of QTL
on reproductive development
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Reproductive development

= Common QTLs for ASI

and the response of leaf ch2 ch

elongation under water

deficit

ASI-WD
[ ]

= Effect of the QTLs of ASI integrated in APSIM.

Welcker et al. 2007
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Reproductive development

= Estimation of grain number

Hybrid Dekalb 636
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Andrade et al. 1999



Reproductive development

Genetic variability for drought treatments

Grain number per plant (G
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Influence of QTL on leaf & silk development
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Integrating QTL information on leaf and silk growth response
Into a crop simulation model - Summary

Leaf development module

QTL . . QTL
phyllochrone leaf expansion lamina width ASI

}

/ parameter: a, b, ¢

Leaf number Lamina length Lamina width

Plant leaf area
Y.
G

Transpiration

v

'
Biomass /@
|
v v
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Summary - Perspectives

= |Leaf development

- Observation: QTL found for the response of leaf expansion rate to
temperature, evaporative demand, soil water deficit
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Summary - Perspectives

= |Leaf development

- Integration of the leaf expansion model in the crop simulation model
APSIM (scale integration).
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Summary - Perspectives

= |Leaf development

- Correct simulations:

. for leaf expansion in contrasted French environments with or without
water deficit,

. and for LAI, biomass accumulation and yield in well-watered conditions

51



Summary - Perspectives

= |Leaf development

- Integration of the QTL impact in APSIM
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Summary - Perspectives

= Reproductive development

- Observation: Common QTL for the growth parameters of leaf and silk, in
well watered and water deficit conditions
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Summary - Perspectives

= Reproductive development

- Integration in APSIM to test the effect of the QTL of ASI under different
drought scenarios (Mexico data, virtual situations)
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