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1. Evolution of alfalfa in dairy systems  

Argentina is one of the few countries that maintain most of its livestock production under grazing-based 

conditions throughout the year, with the benefit of lower production costs; however, there is still a large margin 

for improving its productive efficiency. In the particular case of the Argentine dairy systems before the '80s, 

cows fed mostly on annual winter [oats (Avena sativa) and summer forages [sorghum and foxtail millet (Setaria 

italica)] without the regular use of concentrates and with insufficient amount of hay. As a result, milk production 

was very variable and strongly subject to environmental conditions. In the early '80s, an incipient intensification 

of dairy farming began - or at least the foundations of it - with the introduction of the alfalfa cultivar CUF 101, 

which was rapidly and widely adopted. This non-dormant cultivar stood out amongst other legumes and grasses 

due to its higher dry matter production, longer growing season, aphid resistance, adaptation to various 

environmental conditions and good forage quality (protein, digestibility, palatability, etc.).  

As a result, the introduction of non-dormant alfalfas started a dramatic change in the dairy systems due to their 

ability to be grazed throughout the year (8-9 harvests), provided that an adequate rotational system was used in 

order to assure productivity and persistence. In doing so, the proper management was founded on one concept: 

alfalfa tolerates intense defoliation (up to 80% of grazing efficiency with high instantaneous stocking rates, like 

for instance 160 milking cows ha-1 day-1 in daily grazing strips), as long as they are not frequent (i.e., having 

resting periods of approximately 24 days in summer, 28 days in spring, and more than 40 days in autumn; in 

winter, the moment of grazing is defined by the development of basal regrowth). Nevertheless, this initial use of 

non-dormant improved varieties did not immediately translate into a significant increase of productivity (liters of 

milk ha-1 year-1). Although the high feed value of alfalfa it was widely recognized, the use of a large proportion of 

this legume relative to the total animal intake originated protein/energy unbalances and bloat problems. In this 

context, unfavorable consequences on animal health and milk production were commonly observed.  

In the '90s, the intensification of the dairy systems was more clearly expressed, presenting an annual 7% 

increase of the overall rate milk production. This was mainly the result of two facts: a) the large adoption of 

maize or sorghum silage (whole plant), which allowed a high and stable stocking rate throughout the year; and 

b) the implementation of a basic crop rotation system in the vast majority of dairy areas that included 3-year 

alfalfa pastures (60% of the area) + 2-year maize paddocks (both years for silage). To prevent contingencies 

that could affect the production of alfalfa in its third year, the use of winter (oats for grazing) or summer crops 

(soybeans for grazing or millet for hay) was implemented in most of the dairy farms as a "safety valve". As a 

result, not only a greater seasonal and inter-annual stability of forage supply was achieved, but also an increase 

of the stocking rate during autumn-winter. Complementarily, it was also possible to maintain a higher stability on 

diet components, and therefore diminishing the overall participation of alfalfa relative to other feed sources. In 

consequence, dairy production efficiency (liters ha-1 year-1) increased not only significantly (> 30%) but also 

sustainably. 

During the 2005/2015-period, the process of intensification was characterized by adjustments on feeding 

strategies towards the increasing use of partial or total cow confinement. The latter was generally associated 

with a larger scale; the purchase of concentrates (i.e. not produced on the farm), that became 25 to 43% of the 

total DM consumed by dairy cows; and an increase in feed supply expenses (feeding pens), that represented 
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about 8% of the gross milk production income. In addition, the trend for decreasing alfalfa participation in the 

diet was strongly emphasized, going from 50% to 27% of the DM consumed by cows. However, this should not 

be interpreted as a trend towards alfalfa pastures disappearance in the near future. On the contrary, grazing 

alfalfa will keep playing an important role on dairy production in Argentina because of two main reasons: 1) it 

allows an adequate nutrient balance, not only as a source of energy, protein, vitamins and minerals, but also as 

a great possibility for combining with other feeds; and 2) it reduces feeding costs and therefore provides good 

economic results for the entire system. 

Research generated by the Dairy Unit at INTA Rafaela (Comerón et al., several publications) concluded that 

using grazing-based dairy systems in combination with supplementation (typical system: 30% concentrate:30% 

alfalfa pasture:30% corn or sorghum silage:10% alfalfa hay) were able to produce up to 7,000-7,500 liters 

lactation-1 and maintain Holstein cows with adequate body condition for 305 days. If these results are combined 

with a stocking rate of 1.5 cows ha-1 year-1, then productivity levels as high as 11,000 liters ha-1 year-1 can be 

achieved.  

The central dairy region of Argentina is the largest in Latin America. In there, and particularly in the Santa Fe 

and Córdoba provinces, alfalfa finds excellent soil and climatic conditions to grow at the most of its potential as 

well as it improves soil fertility through the biological Nitrogen fixation along the 3 to 5-year stand persistence in 

dairy systems. In this context, the use of alfalfa under grazing or chopping (soiling) reduces operation costs and 

minimizes degradation of natural resources, contributing therefore to environmental and economic sustainability.   

2. The effect of fresh alfalfa on milk quality, dairy products and antioxidant composition 

As it was mentioned above, alfalfa acts as a source of important nutrients that improve the concentration of 

beneficial compounds such as vitamins, carotenoids, fatty acids and antioxidant capacity, while diminishing 

susceptibility to oxidation. When analyzing the inclusion of different proportions of grazed alfalfa in Partially 

Mixed Rations (PMR), a direct correlation between alfalfa proportion and concentration of beneficial compounds 

in milk and dairy products -such as cheese and powdered milk- was found. These valuable traits are important 

for differentiating milk qualities produced under variable presence of fresh alfalfa in PMR strategies. 

At INTA Rafaela, after 20 days of feeding 70% fresh alfalfa (fresh weight basis) vs. sorghum silage and hay, 

higher concentrations of vitamin A (retinol), vitamin E (alpha-tocopherol) and carotenoids (beta-carotene) were 

found, as well as a higher antioxidant capacity and therefore, less susceptibility to oxidation (Rossetti et al, 

2010). In addition, better sensory qualifications for organoleptic traits, such as color and aroma, were also 

obtained as a consequence of the inclusion of pasture feeding. Since a high proportion of fresh (green) alfalfa 

on the diet is not always possible, an experiment to compare medium to high alfalfa proportion was conducted 

at INTA Rafaela (Descalzo et al, 2012). It was concluded that approximately 50% of alfalfa on the diet (fresh 

weight basis) was enough to obtain the same results in milk quality as with the use of higher alfalfa proportions. 

As stated before, it is also important to analyze the impact of fresh alfalfa on dairy products. In doing this, 

composition of whole powdered milk and ripened cheese (Reggianito-type) made with milk obtained from the 

above mentioned studies was assessed. Same as milk quality, results showed a higher better nutritional 

composition of dairy products when adequate proportion of fresh alfalfa is included on the diet. The overall 

conclusion is that nutritional value of milk and dairy products can be naturally improved by using fresh alfalfa in 

the feeding strategies. 

3. Environmental impact   

Although alfalfa is widely used in Argentine dairy production, very few studies on the environmental impact of 

grazing dairy systems have been conducted. Tieri et al. (2017) analyzed between July 2014 and July 2015 a 

total of 116 dairy farms in terms of nitrogen use efficiency (NUE) and greenhouse gas emissions. It was 

possible to identify a number of farms that combined high production and low environmental impact. Regarding 

NUE, the mean value was 24.6 ± 7.7 %, which is similar to those values reported by Gourley et al. (2012) for 

Australia and USA, but higher than the one estimated by Nevens et al. (2006) for dairy farms of the Flemish 

Region. Nevertheless, 60.3% of the dairy farms in the study exhibited a NUE around 30%, quite close to the 

acceptable threshold proposed by Powell et al. (2010). Total greenhouse gas emissions per unit of product were 

estimated using the IPCC methodology (Carbon Footprint = CF, in kg CO2eq kg milk-1). Results indicated that 
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CF for all farms were within recently estimated ranges for UK and USA, i.e. 0.6-2.8 kg of CO2-eq kg of milk-1 

(DairyCo 2012; Thoma et al., 2013). The mean CF (0.92 ±0.24 %) was within the lower range of international 

evaluations (Opio et al. 2013) and was similar to the value of 1 kg of CO2-eq/kg of FPCM (fat and protein 

corrected milk) calculated for Irish dairy systems by studies (Leip et al., 2010; Yan et al., 2013). The mean value 

found in Argentina is also very similar to the 0.84-0.90 range reported by O´Brian et al. (2014) for UK, Irish and 

USA dairy farms.  

CONCLUSIONS 

There are productive and economic evidences that justify the use of alfalfa pastures as a part of PMR (grazed 

alfalfa + silage + hay + concentrate) in dairy production. These systems imply lower investment and lower 

operation costs, being therefore more suitable for small to medium (≤ 3,500 liters day-1) Argentine dairy farms. 

In addition, alfalfa pastures contribute to a more stable (less risky) feeding structure and to the improvement of 

nutritional value of milk and dairy products. Furthermore, they produce a lesser impact on the environment 

(NUE and CF) compared to confined systems. However, there is still a need for identifying new indicators for a 

more thorough evaluation of dairy performance, as well as new studies for the improvement of nutrient use 

efficiency, nutritional composition and sustainability of dairy systems.  
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