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Alfalfa is the main forage crop produced in temperate regions of the planet due to its strong vitality, high 

nutritional quality, high yields, high adaptability and multiple uses. Elite alfalfa cultivars not only must have high 

forage yields but also maintain their productivity and stands over several years to provide substantial economic 

benefits. Current and predicted climatic conditions pose a serious challenge for agricultural production 

worldwide, affecting plant growth and yield and causing annual losses estimated at billions of dollars. 

Transgenic crops provide a promising avenue to reduce yield losses and improve growth. Both economic 

importance of alfalfa and their biosafety features, make this forage an excellent candidate to conduct research 

and development of transgenic cultivars that can maintain the quality of this forage under unfavorable 

conditions.  

Our research group uses genetic engineering techniques/biotechnology to develop high performance 

transgenic alfalfa cultivars. In particular, the group has an extensive experience in alfalfa’s transformation and 

generation of transgenic events. We reported the Agrobacterium-mediated transformation of the alfalfa 

regenerative clone C23 (Garcia et al. 2014) (Figure1) and the high efficiency of the pPZP200BAR binary vector 

for rapid and low-cost production of large transgenic event libraries (Jozefkowicz 2016). Then we presented an 

alternative process for the production of transgenic alfalfa varieties using a single transgenic event containing 

the BAR transgene for tolerance to the nonsystemic herbicide glufosinate, where this gene was used as a 

selectable marker and also as gene of interest. We optimized a procedure to develop a synthetic transgenic 

minimizing time and cost, the strategy combines a high transgene expression of events, RTqPCR analysis to 

identify individual plants with two copies of the BAR transgene per genome to maximize the expression of 

transgenic traits into elite germplasm and suitable flowering-triggering greenhouse conditions.  

After the introgression process, backcrossing generations (T1–T5) to increase the transgene copy number, T5 

plants were randomly intercrossed by hand, producing a T6. T6 individual plants with two copies of the BAR 

transgene at a single locus were selected as parent plants from the synthetic variety of transgenic alfalfa using 

RT-qPCR assays. The random intercrossing of plants produces high amounts of the transgenic trait into its 

progeny. Both, the original regenerative alfalfa clone (C23) and its derivative transformed alfalfa clone, showed 

a non-elite low-vigor phenotype characterized by uniformly small leaves and short shoot growth, while 

backcrossing generations led to more vigorous plant growth. These results suggest the success in the 

incorporation of a transgenic trait into an elite alfalfa germplasm (alfalfa-BAR) (Figure2). The elite performance 

and the high expression of the transgenic trait of alfalfa-BAR was confirmed, by productivity and glufosinate 

tolerance assays under field conditions, comparing this herbicide-tolerant transgenic alfalfa variety with the 

individual conventional elite germplasm used in the introgression process. The levels of yield, regrowth and 

survival of alfalfa-BAR were similar to those of its genetic-related wild-type varieties, suggesting that this 

transgenic germplasm is a high-yielding, winter hardiness, healthy variety of alfalfa. These results further 

support the success of the introgression into elite alfalfa germplasm. In contrast to that observed for weeds and 

wild-type elite alfalfa plants, alfalfa-BAR transgenic plants showed high tolerance to glufosinate without toxicity 

effects, even in high doses of herbicide. In addition, exposure to increased doses of glufosinate (0, 2 and 3.5 

l/ha) led to enhanced yields in alfalfa-BAR, showing that the use of this herbicide not only does not damage the 
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transgenic plant but also improves its standard performance (Figure3). This synthetic is now throwing 

commercial deregulation process (Exp. S05:3543/15 CONABIA) (Jozefkowicz 2018). 

The main goal of our group is to develop high performance alfalfa cultivars by introducing biotechnological 

approaches to conventional improvements programs. Following the full process optimized for alfalfa-BAR 

synthetic, we identified critical aspects in alfalfa production that could be addressed by transgenic or editing 

approaches (Stritzler et al. 2018). Regarding weeds control we are working in the develop an alfalfa transgenic 

cultivar tolerant to ammonium glufosinate; glyphosate and ALS inhibitors.   

Alfalfa is an integral factor of crop rotation, adding fixed nitrogen to the soil and improving the soil structure for 

future crops (Lopes et al. 2015). However, similarly to that observed in other forage crops, weeds are often 

harvested along with alfalfa, reducing its potential protein content and feed digestibility. In addition, weed 

infestations normally result in a dramatic decrease in alfalfa yield, showing the need to generate novel 

technologies to control weeds in alfalfa (Rubiales 2014). Over the past 40 years, herbicides have improved crop 

yield and enabled the development of modern agriculture. However, the extensive use of herbicides has 

generated a strong selection pressure for the emergence of herbicide-tolerant weeds, threatening the 

sustainability of current agriculture. This selection pressure is particularly strong in systemic herbicides such as 

glyphosate, the most important and most widely used herbicide in world agriculture. Currently, it is well known 

that the success of an individual herbicide is only temporary, and that long-term weed control requires the 

continuous production of novel herbicide-tolerant cultivars. To this end, it is necessary to have rapid and 

inexpensive processes to incorporate different herbicide-tolerant traits into important crops, including cultivated 

alfalfa. Our group is working to develop a genetic modified alfalfa cultivar tolerant with tolerance to ammonium 

glufosinate, glyphosate and inhibitors of ALS enzyme. The fulfillment of this objective will bring us closer to the 

general objective of our group and offer a sustainable and effective weed control by allowing the rotation of 

herbicides with different mode of action, significantly reducing the possibility of the emergence of resistant 

weeds. 

The research and biotechnological advances strongly suggest that it is possible to generate in Argentina 

Alfalfa elite cultivars with improved performance in fields with high tolerance to herbicides.  

 

 

 

 

 

 

 

 

 

 

 

Figure1: Agrobacterium mediated alfalfa transformation. 
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Figure 2: Phenotypic analysis of the wild-type regenerative clone C23 (C23), superevent PL1 and 

representative individual plants from different transgenic generations (T1-syn).  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Alfalfa-BAR plants were grown without herbicide or exposed to two different doses of glufosinato to 

determine the expression of the transgenic trait under field conditions. A mix of wild-type elite varieties (WT) 

was included as an herbicide-sensitive control 
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