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� Julius Kühn (1825-1910) is one of the forefathers of 
agronomic research in Germany (phytomedicine)

� Federal Research Centre for Cultivated Plants

� 17 Institutes; >300 Scientists

� Ensure current and future food security

� Develop integrated concepts for plant cultivation

Julius Kühn -Institut (JKI)



� There is no single answer

� Variety of crops

� Regional differences in CC

� Interactions of different components of CC within the plant-soil-
athmosphere continuum

Impact of CC on crops



NOAA, 2015

Climate change is evident



Climate change is evident

Reference line: 
Average T 1961-90

Average temperature during summer (April-October) in 
Potsdam, Germany during 1893-2014 

� It gets warmer
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Lüttger et al., 2015



Climate change is evident

Difference in the average number of precipitation free days longer than five days
compared to the reference period 1901-1930

1931-60 vs. 1901-30 1961-90 vs. 1901-30 1991-2010 vs. 1901-30

� It gets dryer

Lüttger & Feike, 2016



Climate change impact
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� Increasing yield variability

County level yield development in Teltow-Fläming, NE-Germany
Lüttger et al., 2015



Climate change is evident

Fig. 1. Average temperature during summer (April-October) in 
Potsdam, Germany during 1893-2014 
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Lüttger et al., 2015



� GHG emissions driven by future developments

Future climate projections

IPCC, 2001



Future climate projections



Future climate projections

IPCC, 2007 & 2014



IPCC, 2014

Temperature development



Projected difference in July mean surface ozone concentrations (ppbv) between 2000 and 
2100

Pyle et al., 2007

Surface -O3 development



CO2-concentration development

IPCC, 2014



Precipitation development

NOAA, 2013



�Future climate projections

�Experimental approaches to understand/define
crop reactions

�Historic data analysis + statistical models

�Process-based crop models

Climate change impact research



Temporal aspects of CC

� E.g. increase in average T by 2°C

� Daily: daytime (Max) and/or nighttime (Min)

� Seasonal: e.g. warmer winters and/or warmer summers

� Interannual: continuous increase vs. increased variability

� Impact studies require long-term assessment

e.g. 20 years

Climate change impact research



� Temperature increase (Mean & Max)

� Surface ozone increase

� CO2-level increase

� Increasing variability and extreme events

� Increasing maximum temperatures & heat stress

� Precipitation – drought, floods, water logging, field inaccessibility

CC impact on crop production



� Experimental facilities:

� Climate chambers

� Climatrons, Terracosms, Ecotrons, etc

CC impact assessment

Images: Terracosm, OSU; Macrocosms: CNRS



� Experimental facilities:

� Climate chambers

� Climatrons, Terracosms, Ecotrons, etc

� FACE – Free Air Carbon Dioxide Enrichment

� + Rain-out shelters

� + Infra-red heating

CC impact assessment

Image: Thünen Institut



Cardinal temperatures

Hasanuzzaman et al., 2011 



Cardinal temperatures

Tb:   base temperature

To1: lower optimum temperature

To2: upper optimum temperature

Tc:   ceiling temperature



Cardinal temperatures

Cardinal temperatures



Hatfield et al., 2011

Cardinal temperatures



Potential changes (%) in national cereal yields for the 2020s, 2050s and 2080s (compared with 
1990) under the HadCM3 SRES A2c scenario without CO2 effects

Impact of temperature increase

Parry et al., 2004



Hypothetical functions for growth rates of three species in a tritrophic system at constant 
resource across temperature (after Guiterrez, 2000).

Tmean increase crops & pests

Fuhrer, 2003



Cardinal temperatures

Impact of heat stress increase

� Sensitive growth phases

� Esp. Anthesis (Hatfield et al., 2011):

>27-31°C in wheat

>35°C maize

>39-47°C in soybean

>33-40°C in rice

�Pollen viability and fertilization impeded



Cardinal temperatures

Impact of heat stress increase

Images: oklahomafarmreport.com (left); Hasanuzzaman et al. (2011) 

Effect of heat stress during flowering in Kansas

Sterile spikelets of rice



� Increased aound 6-fold in US (Ashmore, 2005)

� Toxic at acute and chronic levels � decrease

photosynthesis, DM & yield

� Estimated yield losses due to O3 increase � 10% in 
wheat and soybean; 3-5% in maize (van Dingenen et al., 

2009)

Impact of Ozone increase



� CO2-fertilization effect:

� Increased photosynthesis:

6CO2 + 6H2O + (solar) energy � C6H12O6 + 6O2

� Increased dry matter production

� Negative effects on quality

�Protein & microelements↓

�Carbohydrates ↑

Impact of CO 2-level increase

Image: Wikipedia



Impact of CO 2-level increase



C3 vs C4-crops

Lara and Andreo (2011)

Simplified scheme of carbon fixation pathways operating in C3 and C4 plants.

Abbreviations: C3, three-carbon organic acids; C4, four-carbon organic acids; C5, ribulose-1,5-
bisphosphate; PCR, Photosynthetic Carbon Reduction Cycle; PEPC, phosphoenolpyruvate carboxylase; 
Rubisco, Ribulose-1,5-bisphosphate carboxylase/oxygenase.



Photosynthesis (A) response to intercellular CO2 concentration (ci) under light saturation 

Leakey, 2009

C3 vs C4-crops
C3

C4



� CO2-fertilization effect:

� Decreased stomatal conductance

� Increased water use efficiency

Impact of CO 2-level increase

Images: Flickr.com



� C3-crops vs. C4-crops + rainfed vs. irrigated

Impact CO 2-level increase

Wing et al., 2015

wheat

cotton

soybean
maize

sorghum



Hatfield et al., 2011

C3 vs C4-crops 



� CO2-fertilized crops � lower ET � higher T compared to ambient
conditions

Impact CO 2-level increase

Leakey, 2009



�CO2 ↑ � ET↓ � WUE & ASM↑

�Beneficial under moderate water scarcity

�But not effective under severe drought

CO2 and drought increase

Images: commons.wikimedia (left; Texas, US, 2011), flickr / D. Kelleher (right; Victoria, AU, 2006)



Fuhrer, 2003

Impact of elevated CO2 and temperature on wheat yields

CO2 and temperature increase



Parry et al., 2004

Impact of temperature + CO2

Potential changes (%) in national cereal yields for the 2020s, 2050s and 2080s (compared with 
1990) under the HadCM3 SRES A2c scenario with and without CO2 effects



IPPC – AR5 CC impact summary

IPCC, 2014



Interactions CO 2-Temp-ET

Leakey, 2009



Figure 1 from Impact of heat stress on crop yield—on the importance of considering canopy temperature
Stefan Siebert et al 2014 Environ. Res. Lett. 9 044012 doi:10.1088/1748-9326/9/4/044012

Interactions CO 2-Temp-ET

Siebert et al., 2014



Cardinal temperatures

Adaptation - passiv

Rezaei et al. (2015)

�Wheat in Germany 1951-2009

� Increasing Tmean accelerates phenological 
development

� 14 days earlier day of heading

�Avoid (increased) heat stress during anthesis



Cardinal temperatures

Adaptation - activ

�Adjust cultivation period

�Cultivar choice + breeding

�Crop choice

�Supplemental irrigation

�Crop diversification

�…



Summary

� Impact of CC on crops is evident

� Neg. more common, pos. only for high lat.

� Rising T (Tmax) and O3 adverse

� Precipitation on coutry scale important but uncertain
predictions

� CO2-fertilization positive (C3 vs C4; C3 weeds)

� Interactive effect of CO2↑+O3↑ +temp↑+pp↓ challenging

� Adaptation options exist; need to be tailored

� Consideration of canopy temperatures

� Consideration of phenological shifts



Thank you
for your attention





Percentage changes from 1980–1999 to 2080–2099 in multimodel ensemble mean soil-
moisture content in the top 10 cm layer (broadly similar for the whole soil layer) simulated by 
11 CMIP5 models under the RCP4.5 emissions scenario. Stippling indicates at least 82% (9 
out of 11) of the models agree on the sign of change.

Soil moisture development

Dai, 2013



Trnka et al. (2016)

Additive negative CC effects





Climate impact


