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Background

» Extreme rainfall events are increasing under climate change, raising the risk of soil

waterlogging and crop yield loss

Climate risk

Change in average precipitation (1986-2005 to 2081-2100)
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Phenology changes

« Earlier flowering
« Shorter growth duration

Photosynthesis inhibited

e Reduced photosynthetic rate
e Impaired nutrient uptake

Biomass & yield impacted

e Decreased biomass production
e Reduced grain yield
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Background

» Crop models are essential tools for evaluating agricultural adaptation strategies

» APSIM (Agricultural Production Systems Simulator) is a widely used process-based crop model

iIntegrating climate, soil and crop processes

Research gap:
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Objectives

‘ > ldentify key processes affected by waterlogging
m » Quantify the physiological and yield responses of barley
l genotypes to waterlogging
» Incorporate key waterlogging processes into APSIM
Modelling (2 P y wateroaging p
» Improve model performance in simulating biomass and yield

under waterlogging stress




Experimental evidence of waterlogging effects
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Experimental evidence of waterlogging effects

Treatment: *** Treatment: ***

Field experiment

» Delayed phenological development E
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The definition of soil waterlogging in APSIMX -

WFPS;Xroot length;
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« Wet root fraction (0-1):

« Stress triggered at wet root fraction > 0.8
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Phenology modification - Phyllochron

» In APSIM, flowering timing depends on final leaf number (FLN) and leaf appearance rate (phyllochron)
» Waterlogging does not change final leaf number

» Phyllochron is the thermal time between the appearance of successive leaves

Phyllochron = Leaf stage factor X Base Phyllochron X Photoperiod Effect (Eq.3)
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Radiation use efficiency modification - FOX

» Default APSIM does not explicitly represent waterlogging effects on RUE

» A waterlogging stress factor (FOX) was introduced to reduce RUE
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Radiation use efficiency modification — FOX legacy effect
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The negative impact of WL extended beyond the WL period

Persistent reduction implemented using exponential decay and moving accumulation

The final FOX value is derived by taking the minimum of PersistentReduction and FOXToday
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PersistentReduction:
This uses Y = exp (-0.01x) to
calculate a reduction factor.

Moving Sum Function:

This function accumulates values
over a moving sum of 30 days. It
relies on the ExpressionFunction,
which is calculated as:
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Extinction coefficient modification

» Waterlogging reduced canopy density, requiring R ExtinctionCoeff

adjustment of the extinction coefficient in the S VegetativePhase
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Grain number and grain size modification

» SumFOX dynamically adjusted grain number and maximum grain size

Default Updated
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Validation of the improved model

Validation dataset:

Ploschuk et al., 2021, J. Agron. Crop Sci.

Measured:
 C(Climate conditions
«  Waterlogging timing and duration

« LAI, biomass, grain number and yield

Treatments:
 Control — well-drained conditions
« Early waterlogging — vegetative stage

« Late waterlogging — reproductive stage

Yield

Yield

10000+

5000~

O_

» Grain yield

—Yield
Obs

Tgﬂ Tﬁﬁ% Tg#Q

ﬂ.‘ﬁ‘]'l D.l."_-"-r'?" 1{.]'-.'35 u‘} }'E*ﬁ'

10000 1

8000+

6000

4000 -

2000+

Barley Yield_Early WL

—Sim 1
Obs [

ol gt ooN
whed P e ﬁhﬁ‘ﬂ pud et

Barley.Grain.Number

Barley.Grain.Numrber

» Grain number

30000
—GN
Obs

20000 1

10000+

O, -

Gﬁ A% D#Q
e Dﬁ‘?’ W"@ L

Grain number_Early WL

—GN

200001 © O

15000+
10000+

5000+

“II “ll ﬂ ‘é» n.'?-‘
a9 N 79 A 70
Wl T ot gt e 1o Yo



Validation of the improved model
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Implications and future applications

Scaling up
Transferable framework 01
for other crops

\ Decision Support

Enabling mitigation
03 strategies and precise

quantification of yield

and economic loss

Future risk

(2  Integration with future
climate projections to
evaluate long-term
resilience
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