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Water stress 9K (Abdelhakim et

al., 2021)
© (Ainsworth and
Rogers, 2007)

X (Rijal et al., 2020)
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Heat stress Water stress Increased [CQY]
Heat stress O (Lal et al., 2022) O (Shah and 9 (no study to
Paulsen, 2003) confirm)

Water stress
Increased [CQ]

9 (Rijal et al., 2020) 9 (Wall et al., 2006)
O (Wall et al., 2006)
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Simulates G; Osimpact Locations Other effects
Model Name effectg by Short- Long applied considered Citations
2t RUDE term term
DOsSE Stomatal flux Y Y Europe Drought (Nguyen et
Crop* China - al., 2024)
(Pande et al.,
2024a)
DSSAT Concentration Y Y Mexico Temperature, (Guarin et al.,
NWheat* rainfall, CO,  2019a)
Globally - (Guarin et al.,
2024)
WOFOST Stomatal flux Y Y Europe Drought (Nguyen et
0O3* al., 2024)
LINTULCC2* Stomatal flux Y Y Europe Drought (Nguyen et
al., 2024)
LPJmI Stomatal flux Y Y Globally Temperature, (Schauberger
water et al., 2019)
MCWLA* Stomatal flux Y Y China Temperature, (Tao etal.,,
rainfall, CO,, 2017)
radiation
TEMIR* Stomatal flux Y N Globally CO; (Tai et al.,
2021)
DLEMAg* Concentration Y N China Drought (Tian et al.,
2015; Ren et
al., 2007)
CLM5.0* Stomatal flux Y N - - (Zhou et al.,
2018)
GLAMROC  Concentration Y N India - (Droutsas,
2020)
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APSIM* Concentration N N China Temperature, (Xuetal.,
rainfall, CO,, 2023)
radiation
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Crop parameters & site characteristics
Leaf physiology, phenology, carbon coefficients,

lat/long, elevation etc..

JULES Crop
Osborne et al. (2015)

Meteorological data
Thermal ) .
. Irradiance, temperature, relative
time humidity, precipitation, air pressure. [ Yield H
. 4 , ie
*day wind speed, etc..
! NPP
Ozone data, Czg.¢
= R,
=
<
.
% Ry 0; damage model
= irradiance LAl Ewert & Porter (2000)
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Average wheat consumption
per capita (kg per month)
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(A2.6) The N required by the stem for growth (Soltani and Sinclair, 2012)

(A2.7) The N partitioned to the leaf and stem Soltani and Sinclair(2012)and adapted
if the stem has a N deficiency and N to remove leaf senescence releasing N
uptake is not great enough to meet it  in this study

(A2.8) The N required for leaf area expansion (Soltani and Sinclair, 2012)
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(A2.9) The N going into the leaf pool if N (Soltani and Sinclair, 2012)
uptake met the stem N deficit

(A2.10)  The N leaving the stem to maintain leal Soltani and Sinclair(2012)and adapted
areaexpansion under no stem N in this study to ensure stem N does not
deficit go below its minimum
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N uptake post anthesis is
moved to the stem for storage
(eq.A2.12)

Leaf senescence releasesN,
proportional to the decrease in green
LAI, which is moved to the stem for
storage (eq. A2.11 and A2.12)

(b)

N storedin stemis

available to grain ’
(2) Brown leaf with (eq. A2.13) :

Green leaf minimum Nitrogen

’_)ﬂ — o Sigmoid function used to o
O

oo determine how much of the

available N goes to the grain
Some N All available N
released associated with (eq' A2'14)

green LAl released l
N transferred to the grain, stem
pool is updated accordingly
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(A2.12) N released from Based on the equations irSoltani & Sinclair

senescing leaves (2012)describing release of N from the leaves,
but adapted for this study to match desired
variables
(A2.12) Update stem N pools (this study)
(A2.13) Calculate available Nin  Based on the equations irSoltani & Sinclair
stem (2012)describing release of N from the stem, but

adapted for this study to match desired variables
and incorporate post anthesis N uptake

(A2.14) Grain N sigmoid function  (this study)
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Parameter Value used in this study Source
| 23 (this study)
i 1.2 (this study)
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(A2.15)  The fraction of N remaining in the leaf and _
stem at harvest that was there atinthesis (this study)

(A2.16)  Ozone effect on minimum leaf N
concentration

(A2.17)  Ozone effect on minimum stem N
concentration

(this study)

(this study)

Ne HYiaw@®Ace 1 ¢ GUqI Rt ¢ qRYUIOYN1OGE | ¢1dqaiaid HO¥AE HD t ROIFIRE Ry UKD IEHER | G OGS HIHDRY
91 YG 1GYT Wi
Parameter Value Source
a 0.798 (this study)
a 0.0138 (this study)
&) 10.89 (this study)
&) 0.2293 (this study)
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Comparison NASA (WRF ¢ deviation (%) WRFChem deviation (%)

Canopy-level O; compared +40.6% +0.6%
with non-gap filled G; data
from Varanasi (9am5pm)

Canopy-level O; compared +228% +131%
with gap-filled observed data
Canopy level Q compared +59.3% +0.33%

with gap-filled observed data
for daylight hours only (9am

4pm)

Temperature -17.6% -20.4%
Wind speed 23.7% -96.9%
Air pressure -0.9% -0.8%
PAR +11.3% +33.3%
RH +10.3% +55.6%
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The large differences in RY, RP and RPC between risk assessment methods and input data
sources highlight the importance of data and method selection to accurately capture impacts
on crop quality and yield. Both the present study andai et al. (2021jound that risk
assessment choice introduced greater variability on RY estimates than input data choice
Currently, most methods used to estimate RY losses in India have been concentratidrased
studies, which generally estimateshigheryield losses than fluxbased studies(Tarannum et al.,
2024; Tai et al., 2021; present study)Therefore, it is unsurprising that the RY estimates using
the flux-response and crop modelling method in this study show lower RY losses than presently
reported in the literature for India. The flubased and DQSECrop model gave the lowestyield
losses but were consistent with each other. The complimentary results obtained by the DSE
Crop model and fluxbased methods, in comparison with the differing flux and crop model
results obtained byTai et al. (2021)are likely due tathe data availability that allowed DQSE
Crop and the multiplicative DQSE model to be well parameterised for Indian whegSection 3
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of this thesis and section 2.4.2) Nevertheless, while the DQSE-Crop model is more
mechanistic than the flux- or concentration-based studies, parameterisation is key to ensure
realistic plant response.
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Given that the fluxresponse and crop modelling approaches, which consider meteorological
variables in addition to Q, gave the lower RY losses (18.8% versus 28.3% when including
concentration-response results), it is clear environmental conditions modified the @that the
plant was exposed to(Emberson, 2020; Fischer, 2019; Kobayashi, 2022)his could be because
of temperature and RH effects on VPD, reducing the stomatal conductance in the fltbased
and DO;SECrop approaches, limiting Q uptake. Thiseffect was also found byTang et al.
(2013)in their estimates of Q loss under greater temperatures and VPD using fluBased
approaches. Alternatively, it could be due to the wind speed affecting the dispersal of;0
throughout the canopy(Section 4.5.2) Or a combination of these effects.

NMIOPWOEIRY G YNRAC T WG YHIL L Ut WadcqWRU] 2 WURIIWHI Y
q6JRI W 2 At e DU qWRG Ge Hat WYUWHI YGWNI Y5 q6

Risk assessment methodsthat accurately capture anthesis and senescence timing, such as
DO,SE9 | YGAWRCcUWG!I Y2RT JWI Rt ¢ Wt qRAG ¢ aqldt Wad e qlud YI 13wl I
to Os. Increased O concentrations, however, accelerate senescence, as seen in the OTC
dataset, wheregreater Q accumulation led to earlier senescence, shortening the grainfilling
period (Pande et al., 2024a; Ewert and Porter, 2000) the NASA (WRF ¢ dataset, the
temperatures were lower than the Field dataset, whicldelayed development and senescence,
despite total accumulated Os; being similar (Figures 8.11 and $1.12) (Pande et al., 2024a; Savin
and Slafer, 1991) Senescence onset was earlier in the OTC run compared with the Field run as
total Os accumulation was greater. Grain DM of the OTC run was reduced comparative to the
Field run due to the reduced GPP (section 4.3.8nd accelerated senescence shortening the
grain filling period.Delayed phenological development in the WREhem andNASA (WRF €)
runs extended photosynthesis duration compared to theOTC andField runs. In combination,
extended photosynthesis, greater stomatal conductance, and greaternterior leaf CO,
concentrations bl [ R N 24l10) 84114186d S1.15)led to greater GPP and LAl in tHeéASA (WRF
0O;) and WRFChemruns. These details are not captured by the concentratiosresponse

methods and are not captured in a mechanistic way by the flukesponse methods.However,
they illustrate how the inter-connected and complex nature of plant response to stress and
environmental conditions can be incorporated in risk assessments to provide more biologically
realistic estimates.

Generally, the DQSECropN model reproduced the RPC ranges, except when using tiNASA
(WRF Q) data for the HUW234 cultivar, where delayed anthesis and later senescence reduced
protein deposition to the grain. Thee large differences in RP and RP{llustrate the importance
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of phenology and senescence on protein deposition and protein yields, which cannot be
captured by concentration-response models, and cannot be captured mechanistically by flux
response methods. Capturing stomatal conductance, photosynthetic, phenological ad
senescence processes is essential for ensuring risk assessments more realistically capture the
effects of climate and O; on wheat yields and quality for more reliable risk estimates.
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Parameter Factor
Temperature 1/1.1
Relative Humidity 1/0.84

Shortwave down radiation

Wind speed

Air pressure

Os

Precipitation and soil water

1/1.18 (factor derived for PPFD but
conversion factors cancel)

1/0.92

1

1/1.01

Zero water stress assumed so no scaling
factor applied. Precipitation assumed zero
and soil water content kept constant at 0.297
m3m-3
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