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Potato and Climate Extremes
- Exploring Responses at Different
Scales -
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Presentation Outline

&

& Investigate influence of abiotic factors on . B
crop growth and development ) s - -

Washington, DC

& A summary of experimental responsesto C x T

¢ Quantify crop responses with mathematical
algorithms and ‘explanatory’ crop models

¢ Integrate empirical knowledge into process-level
prediction tools

& Decision support on effects of climate,
management, genetics, and other factors on
agricultural production systems
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¢ Use of models for scientific inquiry, impact
assessments, adaptation studies, and food
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Why Potato?

& The U.S. is the 5" largest producer in terms of yield

& Knowledge lags behind other major commodities such as maize, soybean, rice, and
wheat

& Significant knowledge gaps exist regarding interaction of abiotic factors (C x T x W)
¢ C3 biochemistry shows positive responses to increasing C levels

¢ Drought and T sensitive and is highly susceptible to changes in climate and in-season
weather oscillations

& Tremendous genetic resources

& Accuracy of existing decision support tools need to be improve to facilitate studies
involving food security — not just in the U.S. but globally!
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Experimental
Responses

Aggregated C,Cx T,C x W
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Soil-Plant-Atmosphere-Research (SPAR)

® SPAR Research Facilities

& Natural sunlight and soil volume

& Control and monitor aerial and soil
environments

& C, T, W, RH, Nutrients
& SRAD, Gas Exchange

& Monitor whole canopy gas
exchange

& Photosynthesis; Transpiration

& C, T, W studies
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Typical SPAR Data

Leaf gas exchange

¢ Photosynthesis

¢ Transpiration / Conductance
Canopy-level gas exchange

& Photosynthesis

& Transpiration
Destructive measurements

& Biomass, leaf area, leaf senescence
Phenology

¢ Expansion; Elongation; Tasseling; Leaf Counts; Grain Fill
C-H-N contents

& C:N ratios for select tissues

Time-series & End-of-
Season data collected
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Leaf Scale - Gas Exchange Response

-20 0 20

Increase from ambient (%)

Data normalized wrt ambient C and aggregated across all treatments
(P, p) from two SPAR experiments, cv Kennebec

Leaf-level responses normalized
with respect to ambient C (n = 2)

Responses similar to other C3

Crops.
Aleaf: +16%
gs. -27%

Photosynthetic acclimation :

- Enrichment effect on net
photosynthetic rate persistent
over duration of studies
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Plant Scale — Diurnal Gas Exchange Response

Light response curves
Canopy Ag versus PAR

Two different dates

Ambient, 100% | ————— Ambient 100% . Two different water regimes
Elevated, 100% Elevated, 100%
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Leaf-level responses to C are
reflected to canopy level at
different W levels

Not 1:1 scaling throughout

Ambient, 25% ‘

Ambient, 25%
—— Elevated, 25% |

Clevated. 25% - About 14% increase at high PAR
1000 1500 2000 O 500 1000 1500 2000

PPF (umol PAR m?s )

Diurnal net photosynthesis versus PAR at different dates, cv
Kennebec
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Plant Scale — Diurnal Gas Exchange Response
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Time of day (h) Time of day (h)

Diurnal ET at 4 water treatments, cv Kennebec

.

PPF (uwmol PAR m

Diurnal ET (45 DAE)
Four different watered treatments
Transpiration reduced under C

Less for all W treatments

About 8% reduced ET across
multiple experiments



lIl Foro Internacional en Cambio Climatico: “Impacto en la agricultura del Perd” INIA-MINAGRI

Plant Scale — Seasonal Gas Exchange Response

Daily Canopy Anet
Well watered (top)
25% ET (bottom)
Maintenance of Anet apparent TC

(next slides)

Days after emergence

Seasonal Canopy Anet versus DAE at 2 water treatments, cv
Kennebec
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Plant Scale — Seasonal Gas Exchange Response

An-post - Whole plant / Canopy responses
Aggregate of 8 SPAR studies

Leaf-level responses to C are
reflected to canopy level

An-pre

WUE-tub _ _
Not necessarily 1:1 scaling

Anet: =7 to 9% increase due to 1C
ET. =8% reduction
WUEtotal: =22% increase

20 40 - WUEtuber: =45% increase

Increase From Ambient (%)

Aggregated response to C across multiple C, C x T, C x W studies (cv.
Kennebec, Harley Blackwell, Snowden)
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Plant Scale — Seasonal Production

- Whole plant responses
Aggregate of 9 SPAR studies

- Majority of biomass increase due
to 1"C was allocated to tuber sink

Total: =18% increase

HI: = 17%

Haulm: = 4%

Tuber: = 39%

0 20 40 - Area (mid-season): = 14%

Increase from ambient (%)

Aggregated response to C across multiple C, C x T, C x W studies (cv.
Kennebec, Harley Blackwell, Snowden)
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Plant Scale — Morphological Response

- Whole plant responses
e . Aggregate of 6 SPAR studies

eaf num - Conflicting evidence in literature
regarding morphological and
canopy development responses

- SPAR Results

leaf area - Height: =16% shorter

lat num

Leaf Area: =14% increase in mid-season

-10 0 - 3 - Other responses likely not significant

- - A e FOL Y . . .
Increase From Ambient (%) - Did not see differences in senescence rates

Aggregated response to C across multiple C, C x T, C x W studies (cv.
Kennebec, Harley Blackwell, Snowden)
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Plant Scale — Specific Interactions

50

0
12 14 16 18 20 22 24 26 28

Average 24-h air temperature (C)

80
60
40
20

0
12 14 16 18 20 22 24 26 28

Average 24-h air temperature (C)

C x T response for mid- (HB variety top), and late- (SN variety bottom)
maturating cultivars

A (O

- P C somewhat offset high T response on
yield but also stimulated relatively more
biomass (reduced HI)

- Cultivars differed in response!

- General thought is that 1C may
exacerbate T stress at higher levels due
to effect on stomatal conductance

. CxW

- P C conferred better WUE enabling
higher yields under droughted
conditions
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vapotranspiration

Photosynthesis

Light interception l l l 3

/Heot fransport

Nifrogen dynamics

Infiltration

Water and nutrient uptake

Water flow in soil % Solute fransport

Crop Modeling

Explanatory crop
modeling?

+ Higher potentialto increase
potato production in northemn
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Conceptualize G x E x M Processes

Model processes Model inputs Key model outputs

Phenological development Meteorological variables Grain yield
Light interception and utilization Soil properties

Growth allocation to crop organs Cultivar parameters

Root distribution Management

Soil water dynamics

Soil nutrient dynamics

Evapotranspiration

Environmental stresses

Effects of elevated CO,
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State Variables and Rate Processes

Rain/lrrigatio>q D<Evaporation

Soil Water

Carbon Pool

>{ Leaf Expansion) —

{

Root water uptake

Leaf Area




lIl Foro Internacional en Cambio Climatico: “Impacto en la agricultura del Perd” INIA-MINAGRI

Example — Leaf Photosynthesis

Enzyme limited Electron transport
(PEPC, Rubisco) limited

| Vo

-
. T C

C+K_(1+0/K_)’

W, —

Net phontsynthesis (pumol m? s'1)

200 400 600 800 1000 1200 1400 1600

Intercellular CO, concentration (umol mol'1)

109 + Jmax = VUaP + Jmax)® — 4613Q)max

20
(Farquhar et al., 1980; Harley et al., 1992; de Pury and Farquar, 1997)
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Example - Stomatal Conductance

¢ Regulation of stomatal conductance using Ball, Woodrow, Berry model
(1987):

g, = b+m(Ah./C,)

g.. Sstomatal conductance for water vapor
b, m: empirical coefficients

A: net CO, assimilation rate

hg: relative humidity at leaf surface

C.: leaf surface [CO,]
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Example - Energy Balance

R, = L+H+AE

R,,s: Absorbed radiation
L: Long-wave radiation
H: Sensible heat loss

AE: Latent heat loss
(evaporative cooling)

Use linearized Penman model:
T, R, Wind, VPD, Geometry

Evaporative cooling Rips — €O T,* — Ae D/ P,
TI_, — T,l + — - — ——

cplgn + &) + Al(des(T,)/dT)/P,)g,
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Example —Photosynthesis Calibration

¢ Parameterize model sub-components from Scale from leaf to whole canopy
experimental data

1
14/10°C 171129¢

. Measured
Simulated
PPF
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200 400 600 800 1000 1200 1400

10 12 14 16 18 20 4 8 10 12 14 16 18 20

Time of day (h




lIl Foro Internacional en Cambio Climatico: “Impacto en la agricultura del Perd” INIA-MINAGRI

Model calibration and validation

¢ Parameterize model sub-components from Scale from leaf to whole canopy
experimental data

o
14/110%C 17112°C

e Measured
o Simulated
PPF
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200 400 600 800 1000 1200 1400

10 12 14 16 18 20 4 8 10 12 14 16 18 20

Time of day (h
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odel calibration and validation
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Crop Modeling

Application
Examples

Climate Assessments
& Food Security
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Phenological development Meteorological variables  Grain yield
Light interception and utilization Soil properti

Growth allocation to crop organs Cultivar parameters V
Root distribution Management 0
Soil water dynamics

Soil nutrient dynamics

Evapotranspiration

Environmental stresses

Effects of elevated CO,
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Rain / Irrigation i N 15¢ Water Demand

Soil Water

On-station Famers

Yield type

. Irradiance

. Wind speed

. Temperature

. Canopy structure
. Leaf area index Stomatal conductance

. Stomatal conductance to water vapor and CO;

Potential
transpiration
demand (ET)
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Point Level Climate Impact Assessment

RCP4.5 Results

harleyblackwell snowden

RCP8.5 Results

harleyblackwell snowden

Calibration Calibration
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2010 2030 2040 2050 2080 2010 2030 2040 2050 2080
Year

SPUDSIM model forecasting cultivar yields under current and future climate scenarios in two locations in the
U.S.
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Multi-Factor Assessments
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Temperature offset from baseline (°C)

Ensemble (n = 10) of calibrated potato models across 4 locations showing response surface of relative
predictions of C at different T x W in the AgMIP Potato Pilot
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Geospatial Application

ArcGIS Interface

Weather - NOAA
anagement - NASS

AV

7

DAL SR
3 N

Yz
g/

iy 4 ) \i- l
A 2220 2040 80 120
N, e — O km
A g ) \
Climate Spatial Data Layer
[:] Maine Counties
< NOAA Weather Station

[] miessen Polygons _

Python Interface

¢ Input Variables

Land Use

Modeling Units (MUs)

%h“ﬁp

Weather Model Daily Weather Data
CLIGEN > Soil Profile Data

Management Data

Crop Models
SPUDSIM
MAIZSIM
Soil Model
2DSOIL

Output Variables

Plant Dry Mass
Water Uptake
Nitrogen Uptake
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Potato Yields & Future Climate

Water-limited
Potato Yield (Mg ha-1)

V222 Not Modeled
[_10-12
[C113-16
B 17 - 21
B 22 - 25

I 26 - 29
I 30 -

300

Non-limited
Potato Yield (Mg ha-1)
PZZZ Not Modeled
[—Jo-12
B 13 - 16
17 - 21
22 .25
B 26 - 29
- 36

300

Water-limited
Potato Yield (Mg ha-1)

2 Not Modeled
[]o0-12

[ 13 - 16
B 17 - 21
I 22 - 25
I 26 -
I 20 -

Non-limited
Potato Yield (Mg ha-1)

Y2 Not Modeled
=] 0- 12

[ 113-16
B 17 - 21
B 22 - 25
I 26 -

300

Percent Yield Change

State | WL NL s

ME -45 =i -45

Al -94 -10 -54

RI -79 -19 -7/9

NH | 54 | -9 | -54

VN B e e e 7

CT -/6 -21 -/6

NY -/5 -9 -5

PA -/8 -22 -/8

NJ -91 -27 -27

MD -90 -21 -21

B]= -92 -21 -21

wv | -81 -20 -20

VA -87 -20 -20

MEAN| -75% | -18% | -50%
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SUMMARY
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Summary

& Experimental data (still) needed to fill knowledge gaps regarding abiotic factors on
potato

¢ Knowledge at leaf or small spatial scale needed to understand responses at whole plant level

¢ Data drives testing of conceptual hypothesis in the soil-plant-atmospheric continuum
and developing of process-driven mathematical models

¢ More mechanism requires more knowledge

¢ Models are needed to understand and respond to impacts at different spatial scales
¢ Single field locations

¢ Local / Regional / Global scales

& Model accuracy depends on appropriate data, quantification methods, and scaling
across different spatial (and temporal) state variables
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