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Introduction 

 Alfalfa production and climate change 

Monfreda et al., 2008 

Annual mean surface air temperature change 

IPCC, 2013 



Introduction 

 More variability and uncertainties concerning 

precipitation. Increase, decrease or stability 

depending on the location and the time of the year. 

Seasonal mean 
percentage 

precipitation change  
(RCP 8.5) 

IPCC, 2013 



Objective 

 Overview of potential effects of climate change 

on alfalfa production 

 Yield 

 Nutritive value 

 Persistence 

 Potential adaptations 

Hay and Forage Grower 



Methods 

 Growth chambers  

 Open-top chambers 

 Free-air carbon dioxide 

enrichment (FACE)  

 Crop modeling  

And other models … 
(Messerli et al., 2015) 



Yield 

 Experiments under controlled 

conditions show an increase in 

yield with increased temperature 

and [CO2] 

 Modeling studies confirm this 

increase, but suggest that it will be 

modulated by changes in 

precipitation. 

 

 

Shoot Dry Matter (SDM) 

(Sanz-Saez et al., 2012) 

(Izaurralde et al., 2011) 

Simulated changes in alfalfa yields with respect to baseline climate in two US regions and changes in annual 
temperature and precipitation under three climate change projections around 2030 (from Izaurralde et al., 2003 
and Thomson et al. 2005) 



Yield 

 

 Longer period close 

to optimum growth 

temperature 

explains the 

positive effect of 

temperature on 

yield. 

 Longer and more 

severe periods of 

water stress explain 

the modulation of 

yield increase. 
(Thivierge et al., 2016) 



Yield 

 Yield increases are expected in most parts of Europe (Ergon 

et al., 2018; Ruget et al., 2012), Canada (Thivierge et al., 2016), 
Eastern US (Izaurralde et al., 2011) and Southeastern Australia 
(Pembleton et al. 2016). 

 

 

 

 

 

 Large increases in temperature and changes in 
precipitation, however, might offset the positive crop 
response to elevated [CO2], especially in regions with 
warm and dry climates (e.g. South Western US). 

Variation of annual alfalfa yield in 18 sites in 8 
regions of France for 3 three climate 
scenarios:  
Near future A2  
Distant future B1 
Distant future A2 
(Ruget et al., 2012) 
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Nutritive Value 

 Less studies available 

 
 Increased temperatures were 

shown experimentally to reduce 
forage or pasture nutritive value. 
 

 Elevated [CO2] is expected to 
decrease crude protein 
concentration and to increase 
non-structural carbohydrate 
concentration of forages (Polley 
et al., 2000; Körner et al., 2002). 

(Sanz-Saez et al., 2012) 

IVDMD = In Vitro dry Matter 
Digestibility 



Nutritive Value 

 Modeling studies showed that, on an annual 

basis, a modified harvest schedule with 

additional forage cuts can contribute to maintain 

forage nutritive value 

(Thivierge et al., 2016) Ref = Reference climate (1971-2000) 
NF = Near Future (2020-2049) 
DF = Distant Future (2050-2079) 

4.5 = RCP 4.5 
8.5 = RCP 8.5 
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Persistence 

 Alfalfa tolerates drought quite 

well. That explains partly why 

alfalfa is expected to perform 

well under future climate 

conditions even if water stress 

increases. 
(Bouton et al., 2012) 

Tall fescue Alfalfa 

Autumn recovery after summer drought 
(Oklahoma, USA) 

 Alfalfa is sensitive to harsh winter conditions. The 

expected temperature increase in winter under future 

climate conditions in northern regions will likely reduce 

winter survival of alfalfa. 

 ice encasement of plants and anoxia damage  

 



Persistence 

 unsuitable conditions for winter hardening during the 

fall 

 

 

 

 

 inadequate snow cover during the winter 

Net accumulation of cold degree 
days (5°C base temperature) 
during fall hardening for 5 
regions in eastern Canada under 
reference and future climates. 

(Bélanger et 
al., 2002) 

Number of days at risk under 
reference and future climate 
conditions in Eastern Canada.  
Day at risk = snow cover <  10 cm and 
minimum air temperature < -15°C 

(Bélanger et al., pers. com.) 

Region 1 2 3 4 5 



Adaptations 

 Modified harvest schedule with additional cuts 

Example: harvest schedule in southern Quebec (Canada) 

under reference and future climate (Thivierge et al., 2016) 

March April May June July August September October 

Beginning of growth Cut 1 Cut 2 Cut 3 

450 GDD 520 GDD 520 GDD 

First frost 

>500 GDD 

November 

1
9

7
1

 -
2

0
0

0
 

March April May June July August September October 

Beginning of growth Cut 1 Cut 2 Cut 3 
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520 GDD 520 GDD 

Cut 4 Cut 5 

(Bélanger et al., 2002) 

Carbohydrate reserves in taproots of 
alfalfa harvested either twice in 
summer or with a third harvest in fall 
(400, 500 or 600 GDD after second 
harvest). 



Adaptations 

 Alfalfa in legume-grass mixture 
 + As a legume with N fixing capacity, alfalfa may benefit 

more than grasses from the future growing conditions  

 - Increased uncertainty of alfalfa survival during winter in 
northern areas  

 

 

 

 

 

 

 Genetic improvements 
 Cold tolerance (presentation of Bertrand et al.) 

 Drought tolerance (presentation of Butler et al.) 

 

 

More variability of the proportion of alfalfa and grasses in the 
harvested forage mixture under future climate? 
What is the best grass species to be included in the mixture? 
For example, we have currently a project aiming at determining if timothy 
is still the best grass species to be used in mixture with alfalfa in eastern 
Canada. 

 



Conclusions 

 Overall alfalfa should not be negatively impacted by 

climate change. 

 An adaptation of the harvest schedule is required to 

increase annual yield while maintaining nutritive value. 

 In regions where water deficit is predicted to increase, 

irrigation may be a beneficial adaptation when possible. 

 In northern regions, using alfalfa in mixture with winter 

tolerant grass appears to be a relevant strategy to 

prevent yield loss due to alfalfa mortality which may occur 

more often under future climate conditions. 

 Simulations for distant future under high emissions 

scenarios show possible yield decrease in Europe 

and North America.  



Thank you! 
 

Questions? 



Annex - Yield 

 Annex 

 

 



Annex - Persistence 



Annex - Persistence 

 Alfalfa tolerates drought 

quite well. 

 Alfalfa is sensitive to grazing 

or severe cutting 

management 

(Bouton et al., 2012) 

Tall fescue Alfalfa 

Autumn recovery after summer drought 
(Oklahoma, USA) 

(Bélanger et al., 2002) 

Carbohydrate reserves in taproots of 
alfalfa harvested either twice in 
summer or with a third harvest in fall 
(400, 500 or 600 GDD after second 
harvest). 



Annex - Adaptations 

More variability of the proportion of alfalfa and grasses in the 
harvested forage mixture under future climate? 

(Messerli et al., 2015) 

(Bertrand et al., 2016) 

Open top chambers experiments in 
Quebec (Canada) showed an 
increase of the proportion of 
alfalfa in a timothy-alfalfa mixture 
under elevated [CO2] and 
temperature 

Simulation results with the Integrated Farm System model confirm this results 
with an increased proportion of alfalfa in an alfalfa-timothy mixture comprised 
between 7 and 31% in Eastern Canada under future climate conditions (Thivierge 
et al., 2016). 


