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Accelerate adoption of climate smart agriculture

Purpose

Create climate-resilient strategies using climate
smart agriculture
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Reminder of the objectives of the climate resilience work
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01 ldentify the biggest climate change risks and opportunities
which drive crop productivity

With this tool, users can:

Make the business case for
investment into climate-smart
agriculture practices that
incorporate regenerative
agriculture principles

Target climate smart agriculture
practices based on specific
seasonal and place-based climate
risks

Factor the effect of climate
change into planning processes
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Overall scope: eight crops covering more than 50 countries
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B Crop-country combinations in scope for the RFA
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Climate hazards quantified: heat, frost, drought and flood

I

Heat stress A Number of days with maximum temperature above a
predetermined threshold in the season

Frost risk %&f Number of days with minimum temperature under 0°C in the

season
Flood risk (% Maximum precipitation in five consecutive days in the season
Drought risk Combining temperature, precipitation, and evapotranspiration
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B Sample of climate smart agriculture practices for which

simulations will be available

?...r-‘_jj Adaptation options for heat stress and drought risk - Maize

. Risk mitigation . . Regen A
Practice g. Adaptations Adoption level g &
potential score
v v
. c . Cover crop, especially with legumes like clover helps improve soil health, and reduce the impacts of higher
Soil Cover High impact P, €sp Y . 8 . P P P B Moderately used 5
temperatures and more variable rainfall.
Watershed health management is the process of implementing land use practices and water management
Water High impact practices to protect and improve the quality of the water and other natural resources within a watershed such Rarely used 2.5
as wetland restoration, grassed waterways.
Drip irrigation improves water use efficiency and crop yields. Fertigation combined in the system helps to
Water High impact manage nutrients and water to obtain the maximum possible yields with the most efficient utilization of Rarely used 2
nutrients.
c . Heat resistant variety helps shield maize producers from severe yield loss due to heat stress and help them
Other High impact ) Y .p P y P Moderately used 2
adapt to climate change impacts.
Land management Medium impact Reduced tillage helps to improve soil structure, regulate soil moisture and reduce soil erosion. Rarely used 5
. . . Applying mulch to the surface of soil helps to improve the soil quality and makes growing conditions more
Soil Cover Medium impact PRIYINg ) ) P p " a v . " 8 8 Rarely used 4.5
favorable. This method is recommended along with "zero to reduced tillage".
Crop Diversity ST e Ir?tercroppi'ng maize with Iegume§ provides' good overall drought and flood resilience and conferred maize el 25
yield benefits even under suboptimal condition.
Other Medium impact Drought tolerant variety reduces crops' vulnerability to drought and improves food security. Moderately used 2
Water Medium impact Rainwater harvesting increases soil water availability and crop yields by increasing the rainwater collected. Rarely used
Soil moisture sensor allows monitoring of what is happening in the soil root zone with regard to water
Water Low impact infiltration during and after irrigations, and to water uptake by plants between irrigations, thus enabling Moderately used 1

informed irrigation decisions on when to irrigate and how much water to apply to avoid crop water stress.
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Create climate-resilient strategies using climate
smart agriculture
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n While in the United States oats has opportunity to expand
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https://geovis.easyclimatedata.com/climate/?country=United%20States

Canola in the United States
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Corn in the United States
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Oats in the United States
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Soybean in the United States
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Visualize the areas affected by the selected yield limiting factor

@j PepsiCo Climate Map

This map shows where future drought
risk will be a yield limiting factor for corn
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Match risks to practices that can reduce risk and improve
productivity
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Climate methodology
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Climate risk and opportunity assessment methodology (1 of 2)

) ) Identify climate models that best Project the impact of climate and
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Detailed version

Climate risk assessment methodology

Understand climate impacts eldentify climate models that best represent different countries’ e
on crop yields baseline and future climate

Project the impact of climate and adaptation
practices on yield to an interactive dashboard

Baseline and Select most robust Assign thresholds
future climate data model ensemble for each hazard
(CMIP6) for each country and crop

Production

Adaptation

practices areas

Crop/hazard ,  Impact [racte] "k niemion [ Adooeton [Roen
sensitivity onyield High impact
Medium impact
\/ Low impact
Thresholds Project the impact of
Key crops and Crop |Heat IFrost |Flood [Drought climate and adaptation

growing calendars practices on interactive

dashboard

Develop climate
hazard indices

Quantify greatest A\ Heat stress
. & Frost risk Map greatest
limiting factors N

&> Flood risk e limiting hazard

Drought risk |
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Annex List of literature

Crop calendars and data sources

Climate data (CMIP6)
Climate impacts on yields
Selection of climate models
Adaptation practices
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Annex A - Crop calendars and data sources

Country __________[Growing period

South Africa
South Africa
South Africa
Europe and Russia
Europe and Russia
Egypt

Egypt

Brazil

Brazil

Brazil

Brazil

India (Kharif)
Australia
Australia
Australia

us

us

us

us

us

Canada
Canada
Canada
Canada
Mexico
Mexico
Mexico
Mexico
Mexico

November- May
May- December
May- November
April- October
Jan-December
May- November
September- April
October-August
April- December
October- May
Jan-December
March- December
October-June
April- December
April- January
April-November
Jan-December
September-June
April-October
May-October
May- November
May- October
Jan- December
April- September
Jan-December
September- July
April-September
November- June
April- December

Maize
Oats
Wheat

Maize and Oats and Sugar beet and Soy and Sunflower

Wheat and Canola

Maize

Sugar beet

Maize

Wheat

Soybean

Sugarcane

Maize

Maize

Canola and Oats

Wheat

Maize

Oats and Wheat and Sugarcane
Canola

Sunflower and Sugar beet
Soybean

Maize and Soybean

Oats and Canola and Sunflower
Wheat and Sugarcane

Sugar beet

Maize and Sugarcane and Oats
Wheat

Sugar beet

Canola

Soybean and Sunflower

https://ipad.fas.usda.gov/ogamaps/cropcalendar.aspx

https://www.fao.org/giews/countrybrief/

https://www.nda.agric.za/docs/Brochures/Oats.pdf

https://americansugarbeet.org/who-we-are/what-is-sugarbeet/

https://www.actascientific.com/ASAG/pdf/ASAG-06-1090.pdf

https://www.uscanola.com/crop-production/spring-and-winter-

canola/

https://www.ifastat.org

https://api.ifastat.org/reports/download/13300

Sacks, W.J., D. Deryng, J.A. Foley, and N. Ramankutty (2010). Crop
planting dates: an analysis of global patterns. Global Ecology and
Biogeography 19, 607-620. DOI: 10.1111/j.1466-
8238.2010.00551.x.
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https://ipad.fas.usda.gov/ogamaps/cropcalendar.aspx
https://www.fao.org/giews/countrybrief/
https://www.nda.agric.za/docs/Brochures/Oats.pdf
https://americansugarbeet.org/who-we-are/what-is-sugarbeet/
https://www.actascientific.com/ASAG/pdf/ASAG-06-1090.pdf
https://www.uscanola.com/crop-production/spring-and-winter-canola/
https://www.uscanola.com/crop-production/spring-and-winter-canola/
https://www.ifastat.org/
https://api.ifastat.org/reports/download/13300

Annex B — Climate data

CMIP6

Eyring, V. et al. (2016) ‘Overview of the Coupled Model Intercomparison Project Phase 6 (CMIP6) experimental
design and organization’, Geoscientific Model Development, 9(5), pp. 1937—1958. Available at:
https://doi.org/10.5194/gmd-9-1937-2016.
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Annex C — Climate impact on yield

Oats
Chinnici, M. F., & Peterson, D. M. (1979). Temperature and Drought Effects on Blast and Other Characteristics in Developing Oats 1. Crop Science, 19(6), 893-897.
Department of Agriculture, Forestry and Fisheries. (2010). Oats Production guideline. https://www.nda.agric.za/docs/Brochures/Oats.pdf.

Gusta, L. V., & O’connor, B. J. (1987). Frost tolerance of wheat, oats, barley, canola and mustard and the role of ice-nucleating bacteria. Canadian Journal of Plant
Science, 67(4), 1155-1165.

Heuzé V., Tran G., Boudon A., Lebas F., 2016. Oat forage. Feedipedia, a programme by INRAE, CIRAD, AFZ and FAO. https://www.feedipedia.org/node/500 Last
updated on April 13, 2016, 16:26

Mushtaq, A., & Mehfuza, H. (2014). A review on oat (Avena sativa L.) as a dual-purpose crop. Scientific Research and Essays, 9(4), 52-59.

Mut, Z., Akay, H., & Erbas Kése, O. D. (2018). Grain yield, quality traits and grain yield stability of local oat cultivars. Journal of soil science and plant nutrition,
18(1), 269-281.

Reynolds, S. G., & Suttie, J. M. (Eds.). (2004). Fodder Oats: a world overview. Food and Agriculture Organization of the United Nations.

Xie, H., Li, M., Chen, Y., Zhou, Q,, Liu, W., Liang, G., & Jia, Z. (2021). Important physiological changes due to drought stress on oat. Frontiers in Ecology and
Evolution, 271.0ats

Xu, C. (2012). A study on growth characteristics of different cultivars of oat (Avena sativa) in alpine region. Acta Prataculturae Sinica, 21(2), 280-285.
Corn

Awika, J. M. (2011). Major cereal grains production and use around the world. In Advances in cereal science: implications to food processing and health
promotion (pp. 1-13). American Chemical Society.

Butler, E. E., Mueller, N. D., & Huybers, P. (2018). Peculiarly pleasant weather for US maize. Proceedings of the National Academy of Sciences, 115(47), 11935-
11940.

Hallauer, A. R., & Carena, M. J. (2009). Maize. In Cereals (pp. 3-98). Springer, New York, NY.
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Annex C — Climate impact on yield

Lobell, D. B., & Asner, G. P. (2003). Climate and management contributions to recent trends in US agricultural yields. Science, 299(5609), 1032-1032.
Lobell, D. B., Deines, J. M., & Tommaso, S. D. (2020). Changes in the drought sensitivity of US maize yields. Nature Food, 1(11), 729-735.

Ramadoss, M., Birch, C. J., Carberry, P. S., & Robertson, M. (2004). Water and high temperature stress effects on maize production. In Proceedings of the 4th
International Crop Science Congress, Brisbane, Australia (Vol. 26, pp. 45-49).

Schlenker, W., & Roberts, M. J. (2009). Nonlinear temperature effects indicate severe damages to US crop yields under climate change. Proceedings of the
National Academy of sciences, 106(37), 15594-15598.

Wilson, D. R., Johnstone, J. V., & Salinger, M. J. (1994). Maize production potential and climatic risk in the South Island of New Zealand. New Zealand Journal of
Crop and Horticultural Science, 22(3), 321-334.

Sugarbeet

Clarke, N. A. H. H., Hetschkun, H., Jones, C., Boswell, E., & Marfaing, H. (1993). Identification of stress tolerance traits in sugar beet. In Interacting stresses on
plants in a changing climate (pp. 511-524). Springer, Berlin, Heidelberg.

Hoffmann, C. M. (2010). Sucrose accumulation in sugar beet under drought stress. Journal of agronomy and crop science, 196(4), 243-252.
Hoffmann, C. M., & Kluge-Severin, S. (2011). Growth analysis of autumn and spring sown sugar beet. European journal of agronomy, 34(1), 1-9.

Jaggard, K. W., Dewar, A. M., & Pidgeon, J. D. (1998). The relative effects of drought stress and virus yellows on the yield of sugarbeet in the UK, 1980-95. The
Journal of Agricultural Science, 130(3), 337-343.

Moliterni, V. M. C., Paris, R., Onofri, C., Orru, L., Cattivelli, L., Pacifico, D., ... & Mandolino, G. (2015). Early transcriptional changes in Beta vulgaris in response to
low temperature. Planta, 242(1), 187-201.

Petkeviciene, B. (2009). The effects of climate factors on sugar beet early sowing timing. Agron. Res, 7, 436-443.

Pidgeon, J. D., Ober, E. S., Qj, A., Clark, C. J., Royal, A., & Jaggard, K. W. (2006). Using multi-environment sugar beet variety trials to screen fasmdrought tolerance.
Field crops research, 95(2-3), 268-279.




Annex C — Climate impact on yield

Reinsdorf, E., Koch, H. J., & Marlander, B. (2013). Phenotype related differences in frost tolerance of winter sugar beet (Beta vulgaris L.). Field Crops Research,
151, 27-34.

Taleghani, D., Rajabi, A., Hemayati, S. S., & Saremirad, A. (2022). Improvement and selection for drought-tolerant sugar beet (Beta vulgaris L.) pollinator lines.
Results in Engineering, 13, 100367.

Weeden, B. R. (2000). Potential of sugar beet on the Atherton tableland. A Report for the Rural Industries Research and Development Corporation, Project No
DAQ-211A.

Yolcu, S., Alavilli, H., Ganesh, P., Asif, M., Kumar, M., & Song, K. (2021). An insight into the abiotic stress responses of cultivated beets (Beta vulgaris L.). Plants,
11(1), 12.

Wheat

Barlow, K. M., Christy, B. P., O’leary, G. J., Riffkin, P. A., & Nuttall, J. G. (2015). Simulating the impact of extreme heat and frost events on wheat crop production: A
review. Field crops research, 171, 109-119.

FAO, F. (2018). The impact of disasters and crises on agriculture and food security. Report.

Farooq, M., Bramley, H., Palta, J. A., & Siddique, K. H. (2011). Heat stress in wheat during reproductive and grain-filling phases. Critical Reviews in Plant Sciences,
30(6), 491-507.

Frederiks, T. M., Christopher, J. T., & Borrell, A. K. (2008). Low temperature adaption of wheat post head-emergence in northern Australia.

Kulkarni, M., Soolanayakanahally, R., Ogawa, S., Uga, Y., Selvaraj, M. G., & Kagale, S. (2017). Drought response in wheat: key genes and regulatory mechanisms
controlling root system architecture and transpiration efficiency. Frontiers in chemistry, 5, 106.

Li, P. H. (Ed.). (2012). Plant cold hardiness and freezing stress: Mechanisms and crop implications (Vol. 2). Elsevier.

Maréek, T., Hamow, K. A., Végh, B., Janda, T., & Darko, E. (2019). Metabolic response to drought in six winter wheat genotypes. PLoS one, %lﬁtg‘ge), e0212411.




Annex C — Climate impact on yield

Marcellos, H., & Single, W. V. (1972). The influence of cultivar, temperature and photoperiod on post-flowering development of wheat. Australian Journal of
Agricultural Research, 23(4), 533-540.

Martre, P., Wallach, D., Asseng, S., Ewert, F., Jones, J. W., Rotter, R. P,, ... & Wolf, J. (2015). Multimodel ensembles of wheat growth: many models are better than
one. Global change biology, 21(2), 911-925.

Modarresi, M., Mohammadi, V., Zali, A., & Mardi, M. (2010). Response of wheat yield and yield related traits to high temperature. Cereal Research
Communications, 38(1), 23-31.

Pradhan, G. P, Prasad, P. V., Fritz, A. K., Kirkham, M. B., & Gill, B. S. (2012). Effects of drought and high temperature stress on synthetic hexaploid wheat.
Functional Plant Biology, 39(3), 190-198.

Sarto, M. V. M,, Sarto, J. R. W.,, Rampim, L., Rosset, J. S., Bassegio, D., da Costa, P. F., & Inagaki, A. M. (2017). Wheat phenology and yield under drought: a review.
Australian Journal of Crop Science, 11(8), 941-946.

Wheeler, T. R., Batts, G. R, Ellis, R. H., Hadley, P., & Morison, J. I. L. (1996). Growth and yield of winter wheat (Triticum aestivum) crops in response to CO2 and
temperature. The Journal of Agricultural Science, 127(1), 37-48.

Sugarcane

Adami, M., Rudorff, B. F. T., Freitas, R. M., Aguiar, D. A., Sugawara, L. M., & Mello, M. P. (2012). Remote sensing time series to evaluate direct land use change of
recent expanded sugarcane crop in Brazil. Sustainability, 4(4), 574-585.

de Carvalho, A. L., Menezes, R. S. C., Nébrega, R. S., de Siqueira Pinto, A., Ometto, J. P. H. B., von Randow, C., & Giarolla, A. (2015). Impact of climate changes on
potential sugarcane yield in Pernambuco, northeastern region of Brazil. Renewable Energy, 78, 26-34.

Flack-Prain, S., Shi, L., Zhu, P., da Rocha, H. R., Cabral, O., Hu, S., & Williams, M. (2021). The impact of climate change and climate extremes on sugarcane
production. GCB Bioenergy, 13(3), 408-424.
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Annex C — Climate impact on yield

Li, Y. R., & Yang, L. T. (2015). Sugarcane agriculture and sugar industry in China. Sugar Tech, 17(1), 1-8.

Narayanamoorthy, A. (2005). Economics of drip irrigation in sugarcane cultivation: Case study of a farmer from Tamil Nadu. Indian Journal of Agricultural
Economics, 60(902-2016-66811).

Santos, D. L. D., & Sentelhas, P. C. (2012). Climate change scenarios and their impact on the water balance of sugarcane production areas in the State of Sao
Paulo, Brazil. Revista Ambiente & Agua, 7, 07-17.
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