
 

Instituto Nacional de Tecnología Agropecuaria 151 

 

Response of alfalfa to climate change 

Jégo, G.*, Bélanger, G., Bertrand, A., Thivierge, M.-N. 
 

Agriculture and Agri-Food Canada, Quebec Research and Development Centre 

 

*e-mail: Guillaume.jego@agr.gc.ca 

 

KEYWORDS: alfalfa; climate change; yield; nutritive value; persistence 

 

INTRODUCTION: Predicted changes in temperature, precipitation, and atmospheric CO2 concentration [CO2], 

as well as their interactions (Hatfield et al., 2011) are expected to affect crop growth. Because they cope with 

climatic conditions in both summers and winters, perennial field crops, such as alfalfa (Medicago sativa L.), will 

be particularly affected by climate change in terms of yield, nutritive value, and persistence (Bélanger et al. 

2002; Bertrand, 2012). Approaches used to study and quantify the potential impact of climate change on crops 

include growth chambers (e.g. Bertrand et al., 2007a, 2007b; Kettunen et al., 2007; Baslam et al., 2014), free-air 

carbon dioxide enrichment (FACE) (e.g. Ainsworth et al. 2008), open-top chambers (e.g.Sgherri et al., 1998; 

Messerli et al., 2015), and crop modeling (e.g. Hunt et al., 1991; Parton et al., 1995; Riedo et al., 1999; 

Thivierge et al., 2016). 

Results from those studies indicate that, although the increase in [CO2] will likely have a positive effect on 

alfalfa yield, temperature increases and precipitation changes along with their interaction with the increase in 

[CO2] might result in contrasted effects on alfalfa yield, nutritive value, and persistence. We present here an 

overview of these potential effects of climate change on alfalfa production along with potential adaptation 

measures at the farm level with a focus on northern production areas.  

 

Yield 

Temperature increases combined with elevated [CO2] is expected to increase alfalfa yield in most regions 

(Aranjuelo et al., 2006; Sanz-Sáez et al., 2012). This is true in most parts of Europe (Ergon et al., 2018) where 

alfalfa is expected to perform better than grasses under future climate conditions, with expected yield changes 

varying from -4% to +27% (Ruget et al., 2013). This is also the case in eastern Canada where yield increases 

between 9 and 21% are predicted for pure alfalfa stands in the upcoming three decades (2020-2049) (Figure 1; 

Thivierge et al., 2016); this expected yield increase is mostly due to the possibility of harvesting additional cuts 

due to the lengthening of the growing season. Alfalfa yields are also expected to increase in the eastern regions 

of the United States, but to decrease in the central regions due to more frequent and severe drought events 

(Izaurralde et al., 2011).  

The response of alfalfa to increasing temperatures and [CO2] will be modulated by changes in precipitation 

regimes and the associated risks of water deficit as can be seen by regional differences in the expected 

response to climate change in the United States and Europe. Izaurralde et al. (2011) concluded that the overall 

effect of climate change on rainfall pattern might affect alfalfa yield across the United States more than changes 

in [CO2] or temperature. In Canada, forage yields of the summer regrowth of alfalfa-timothy mixtures are 
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expected to decrease because of a higher occurrence of water stress (Thivierge et al., 2016). Increased [CO2], 

however, will likely improve plant water use efficiency by inducing a partial closure of the stomata, resulting in 

reduced transpiration. In their review, Soussana and Lüscher (2007) concluded that elevated atmospheric [CO2] 

reduces the sensitivity to low precipitation in grassland ecosystems.  

Large increases in temperature and changes in precipitation, however, might offset the positive crop response 

to elevated [CO2] (Morgan et al., 2004; Hatfield et al., 2011; Izaurralde et al., 2011; Lee et al., 2013; Piva et al., 

2013).  For instance, in eastern Canada, although annual alfalfa yields are generally expected to increase with 

temperature increases and elevated [CO2], a yield decrease is expected if changes are more drastic such as 

those predicted by the distant future scenario of high greenhouse gas emissions represented by the 

representative concentration pathway 8.5 (RCP 8.5; 2050-2079; Thivierge et al., 2016). 

 
Figure 1. Predicted annual DM yield and DM yield at each cut of pure alfalfa for reference (1971-2000; ref.), near future 

(2020-2049; NF), and distant future (2050-2079; DF) periods under representative concentration pathways (RCP 4.5 and 

8.5) in two contrasted areas of Canada (Quebec East and Quebec Southwest). Values were predicted by the Integrated 

Farm System Model (IFSM; Thivierge et al., 2016). 

 

Nutritive value 

Forage nutritive value is also likely to be affected by climate change but few studies have been conducted to 

assess this potential impact. Increased temperatures were shown experimentally to reduce forage or pasture 

nutritive value (Wan et al., 2005; Thorvaldsson et al., 2007; Lee et al., 2013), including the in vitro dry matter 

digestibility of alfalfa (Sanz-Sáez et al., 2012). Elevated [CO2] is expected to decrease the crude protein 

concentration and to increase non-structural carbohydrate concentration of forages (Polley et al., 2000; Körner, 

2002). On an annual basis, however, crop simulations have shown that increased temperature and changes in 

precipitation in eastern Canada are not expected to affect significantly the forage digestibility and the crude 

protein concentration of alfalfa-timothy mixtures if an adaptation strategy consisting of a modified harvest 

schedule with additional forage cuts is implemented (Figure 2; Thivierge et al., 2016). Changes in temperature 

and [CO2] might affect the nutritive value of alfalfa on a given day or even for a regrowth period but the 

integration over the whole growing season along with an adaption of the harvesting schedule tends to offset this 

effect.  

 



 

Instituto Nacional de Tecnología Agropecuaria 153 

 

 
Figure 2. Predicted annual total digestible nutrients (TDN) concentration of an alfalfa-timothy mixture under a reference 

climate (Ref) and for two representative concentration pathways (RCP 4.5 and 8.5) in near (NF, 2020-2049) and distant (DF, 

2050-2079) futures, with and without an adapted harvest schedule in two contrasted areas of Canada (Quebec East and 

Quebec Southwest). Values were predicted by the Integrated Farm System Model (IFSM; Thivierge et al., 2016). 

 

Persistence 

Persistence is a crucial attribute of perennial forages that enables them to supply feed for animals cost-

effectively for several years. Alfalfa tolerates drought quite well (Barnes et al., 1988), as was shown after a 

severe drought in Australia (2006-2007) and the United States (2011) (Marshall et al. 2008; Bouton, 2012). 

However, its persistence can be adversely affected by intensive grazing or severe cutting management and by 

harsh winter conditions. While little information is available on the combined effect of climate change and 

grazing or cutting management on alfalfa persistence, the expected temperature increase in winter under future 

climate conditions in northern regions will likely affect winter survival of perennial forage crops such as alfalfa 

(Bélanger et al., 2002). Alfalfa winter survival can be compromised by unsuitable conditions for winter hardening 

during the fall, inadequate snow cover during the winter, and/or ice encasement of plants and anoxia damage 

caused by the formation of an ice layer at the soil surface (Bélanger et al., 2002, 2006; Castonguay et al., 

2006). Alfalfa is particularly sensitive to harsh winter conditions (Bélanger et al., 2006; Castonguay et al., 2006). 

In addition, elevated [CO2], as predicted in future scenarios, reduces alfalfa freezing tolerance (Bertrand et al., 

2007a). 

 

Adaptation at the farm level 

Climate change is expected to affect alfalfa management at the field and farm levels. In most regions, forage 

growth is expected to begin earlier and stop later in the season and the predicted increase in daily temperature 

might reduce the number of days between forage cuts, hence allowing for an increase in the number of cuts 

harvested each year (Ruget et al., 2012; Jing et al., 2013, 2014; Thivierge et al., 2016). Therefore, modifying the 

forage harvest schedule with the possibility of additional cuts is an important climate change adaptation 

strategy. Alfalfa is often used in mixtures with grasses and climate change could modify the proportion of each 

species within these mixtures. As a legume with N fixing capacity, alfalfa may benefit more than grasses from 

the future growing conditions (Thivierge et al., 2016), while the increased uncertainty of alfalfa survival during 

winter may reduce its persistence in the mixture. This could result in more variability of the proportion of alfalfa 

and grasses in the harvested forage mixture under the future climate and, thus, in more uncertainty regarding its 

nutritive value that may make more complex the feeding strategy at the farm level. The increased yield of alfalfa 

or alfalfa-grass mixtures combined with the adapted harvest schedule could influence crop rotations at the farm 
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level. A smaller area would then be required to feed the same number of animals, making available areas for 

other crops (e.g. cash crops) as shown by Thivierge et al. (2017). Adaptation will also be required to address 

the issues of increased risks of winter damage to alfalfa in northern areas along with the increased possibility of 

growing annual feed crops such as corn silage in those areas.  

 

BIBLIOGRAPHY  

 

Aranjuelo, I., Irigoyen, J.J., Perez, P., Martinez-Carrasco, R. and Sanchez-Diaz, M. 2006. Response of 

nodulated alfalfa to water supply, temperature and elevated CO2: Productivity and water relations. Environ. Exp. 

Bot. 55: 130–141. 

Ainsworth, E.A., Beier, C., Calfapietra, C., Ceulemans, R., Durand-Tardif, M., Farquhar, G.D., Godbold, D.L., 

Hendrey, G.R., Hickler, T., Kaduk, J., Karnosky, D.F., Kimball, B.A., Körner, C., Koornneef, M., Lafarge, T., 

Leakey, A.D.B., Lewin, K.F., Long, S.P., Manderscheid, R., McNeil, D.L., Mies, T.A., Miglietta, F., Morgan, J.A., 

Nagy, J., Norby, R.J., Norton, R.M., Percy, K.E., Rogers, A., Soussana, J.F., Stitt, M., Weigel, H.J., and White, 

J.W. 2008. Next generation of elevated [CO2] experiments with crops: A critical investment for feeding the future 

world. Plant, Cell and Environment. 31(9): 1317-1324. 

Barnes, D.K., Goplen, B.P., Baylor, J.E. 1988. Highlights in the USA and Canada. In ‘Alfalfa and alfalfa 

improvement’. (Eds Hanson, A.A., Barnes, D.K., Hill, R.R. Jr.) pp. 1–24. (American Society of Agronomy: 

Madison, WI). 

Baslam, M., Antolín, M.C., Gogorcena, Y., Muñoz, F., Goicoechea, N. 2014. Changes in alfalfa forage quality 

and stem carbohydrates induced by arbuscular mycorrhizal fungi and elevated atmospheric CO2. Ann. App. 

Biol. 164: 190–199. 

Bélanger, G., Rochette, P., Castonguay, Y., Bootsma, A., Mongrain, D., Ryan, D.A.J. 2002. Climate change and 

winter survival of perennial forage crops in eastern Canada. Agron. J. 94: 1120–1130. 

Bélanger, G., Castonguay, Y., Bertrand, A., Dhont, C., Rochette, P., Couture, L., Drapeau, R., Mongrain, D., 

Chalifour, F.-P., Michaud, R. 2006. Winter damage to perennial forage crops in eastern Canada: Causes, 

mitigation and prediction. Canadian Journal of Plant Science. 86: 33-47. 

Bertrand, A., Prévost, D., Bigras, F.J., Castonguay, Y. 2007a. Elevated atmospheric CO2 and strain of rhizobium 

alter freezing tolerance and cold-induced molecular changes in alfalfa (Medicago sativa). Ann. Bot. 99: 275–

284. 

Bertrand, A., Prévost, D., Bigras, F.J., Lalande, R., Tremblay, G.F., Castonguay, Y., Bélanger, G. 2007b. Alfalfa 

response to elevated atmospheric CO2 varies with the symbiotic rhizobial strain. Plant Soil. 301: 173–187. 

Bertrand, A. 2012. Perennial Field Crops. In: Storey and Tanino (eds) Temperature adaptation in a changing 

climate. Nature at risk. CABI Climate Change Series No.3. Wallingford, UK. 

Bouton, J.H. 2012. Breeding lucerne for persistence. Crop and Pasture Science. 63(2): 95-106. 

Castonguay, Y., Laberge, S., Brummer, E.C., Volenec, J.J. 2006. Alfalfa winter hardiness: A research 

retrospective and integrated perspective. Adv. Agron. 90: 203–265. 

Ergon, Å., Seddaiu, G., Korhonen, P., Virkajärvi, P., Bellocchi, G., Jørgensen, M., Østrem, L., Reheul, D., 

Volaire, F. 2018. How can forage production in Nordic and Mediterranean Europe adapt to the challenges and 

opportunities arising from climate change? Eur. J. Agron. 92: 97-106. 

Hatfield, J.L., Boote, K.J., Kimball, B.A., Ziska, L.H., Izaurralde, R.C., Ort, D., Thomson, A.M., Wolfe, D. 2011. 

Climate impacts on agriculture: Implications for crop production. Agron. J. 103: 351–370. 



 

Instituto Nacional de Tecnología Agropecuaria 155 

 

Hunt, H.W., Trlica, M.J., Redente, E.F., Moore, J.C., Detling, J.K., Kittel, T.G.F., Walter, D.E., Fowler, M.C., 

Klein, D.A., Elliott, E.T. 1991. Simulation model for the effects of climate change on temperate grassland 

ecosystems. Ecol. Modell. 53: 205–246. 

Izaurralde, R.C., Thomson, A.M., Morgan, J.A., Fay, P.A., Polley, H.W., Hatfield, J.L. 2011. Climate impacts on 

agriculture: Implications for forage and rangeland production. Agron. J. 103: 371–381. 

Jing, Q., Bélanger, G., Qian, B., Baron, V. 2013. Timothy yield and nutritive value under climate change in 

Canada. Agron. J. 105: 1683–1694. 

Jing, Q., Bélanger, G., Qian, B., Baron, V. 2014. Timothy yield and nutritive value with a three-harvest system 

under the projected future climate in Canada. Can. J. Plant Sci. 94: 213–222. 

Kettunen, R., Saarnio, S., Silvola, J. 2007. N2O fluxes and CO2 exchange at different N doses under elevated 

CO2 concentration in boreal agricultural mineral soil under Phleum pratense. Nutr. Cycl. Agroecosyst. 78: 197–

209. 

Körner, C. 2002. Grassland in a CO2-enriched world. pp. 611-624. In J.-L. Durand, J.-C. Emile, C. Huyghe, and 

G. Lemaire (ed.) Multi-function grasslands : Quality forages, animal products and landscapes. Grassland 

Science in Europe, EGF. 27-30 May 2002, La Rochelle, France. 

Lee, J.M., Clark, A.J., Roche, J.R. 2013. Climate-change effects and adaptation options for temperate pasture-

based dairy farming systems: A review. Grass Forage Sci. 68: 485–503. 

Marshall, E.M., Humphries, A.W., Kobelt, E.T., Rowe, T.D., Auricht, G.C. 2008. Drought response of lucerne in 

South East and Mallee environments in SA.  Available  at:  

www.sardi.sa.gov.au/__data/assets/pdf_file/0003/116553/Persistence_Drought_response_of_Lucerne.pdf 

(accessed  30 December 2011). 

Messerli, J., Bertrand, A., Bourassa, J., Bélanger, G., Castonguay, Y., Tremblay, G.F., Baron, V., Seguin, P. 

2015. Performance of low-cost open-top chambers to study long-term effects of carbon dioxide and climate 

under field conditions. Agron. J. 107(3): 916-920. 

Morgan, J.A., Pataki, D.E., Körner, C., Clark, H., Del Grosso, S.J., Grünzweig, J.M., Knapp, A.K., Mosier, A.R., 

Newton, P.C.D., Niklaus, P.A., Nippert, J.B., Nowak, R.S., Parton, W.J., Polley, H.W., Shaw, M.R. 2004. Water 

relations in grassland and desert ecosystems exposed to elevated atmospheric CO2. Oecologia. 140: 11–25. 

Parton, W.J., Scurlock, J.M.O., Ojima, D.S., Schimel, D.S., Hall, D.O. 1995. Impact of climate change on 

grassland production and soil carbon worldwide. Global Change Biol. 1: 13–22. 

Piva, A., Bertrand, A., Bélanger, G., Castonguay, Y., Seguin, P. 2013. Growth and physiological response of 

timothy to elevated carbon dioxide and temperature under contrasted nitrogen fertilization. Crop Sci. 53: 704–

715. 

Polley, H.W., Morgan, J.A., Campbell, B.D., Stafford Smith, M. 2000. Crop Ecosystem responses to climatic 

change : Rangelands. p. 293-314. In K.R. Reddy and H.F. Hodges (ed.) Climate change and global crop 

productivity. CAB International, New York. 

Riedo, M., Gyalistras, D., Fischlin, A., Fuhrer, J. 1999. Using an ecosystem model linked to GCM-derived local 

weather scenarios to analyse effects of climate change and elevated CO2 on dry matter production and 

partitioning, and water use in temperate managed grasslands. Global Change Biol. 5: 213–223. 

Ruget, F., Clastre, P., Moreau, J.C., Cloppet, E., Souverain, F., Lacroix, B., Lorgeou, J. 2012. Possible 

consequences of climate changes on forage production in France. I. Estimation based on modelization and 

critical analysis. Fourrages. 210: 87–98. 



 

Instituto Nacional de Tecnología Agropecuaria 156 

 

Ruget, F., Durand, J.L., Ripoche, D., Graux, A.-I., Bernard, F., Lacroix, B., Moreau, J.-C. 2013. Impacts des 

changements climatiques sur les productions de fourrages (prairies, luzerne, maïs) : variabilité selon les régions 

et les saisons. Fourrages. 214: 99-109. 

Sanz-Sáez, Á., Erice, G., Aguirreolea, J., Muñoz, F., Sánchez-Díaz, M., Irigoyen, J.J. 2012. Alfalfa forage 

digestibility, quality and yield under future climate change scenarios vary with Sinorhizobium meliloti strain. J. 

Plant Physiol. 169:782–788. 

Sgherri, C.L.M., Quartacci, M.F., Menconi, M., Raschi, A., and Navara-Izzo, F. 1998. Interactions between 

drought and elevated CO2 on alfalfa plants. J. Plant Physiol. 152(1): 118-124. 

Soussana, J.F., Lüscher, A. 2007. Temperate grasslands and global atmospheric change: A review. Grass 

Forage Sci. 62(2): 127-134. 

Thivierge, M.N., Jégo, G., Bélanger, G., Bertrand, A., Tremblay, G.F., Rotz, C.A., Qian, B. 2016. Predicted yield 

and nutritive value of an alfalfa–timothy mixture under climate change and elevated atmospheric carbon dioxide. 

Agron. J. 108(2):   585-603. 

Thivierge, M.N., Jégo, G., Bélanger, G., Chantigny, M.H., Rotz, C.A., Charbonneau, É., Baron, V.S., Qian, B. 

2017. Projected impact of future climate conditions on the agronomic and environmental performance of 

Canadian dairy farms. Agric. Sys. 157: 241-257. 

Thorvaldsson, G., Tremblay, G.F., Kunelius, H.T. 2007. The effects of growth temperature on digestibility and 

fibre concentration of seven temperate grass species. Acta Agric. Scand. Sect. B - Soil & Plant Sci. 57: 322–

328. 

Wan, S., Hui, D., Wallace, L., Luo, Y. 2005. Direct and indirect effects of experimental warming on ecosystem 

carbon processes in a tallgrass prairie. Global Biogeochem. Cycles 19: 1–13. 

 

 

 

 

 


