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Abstract: Alfalfa (Medicago sativa L.) is one of the most important forage crops in the world.  
In Bolivia it is cultivated in different parts of the High Andes and in the Interandean 
Valleys.  The species is affected by several fungal diseases which reduce production, but 
before 2016 hardly any mention had been made of virus disease in the region. The aims of 
the present work were: 1) to describe the symptomology of this apparent viral disease, and 
ii) determine its effects on the yield of different alfalfa cultivars available from the CIF-
UMSS. In 2016, a plot was established at Tiquipaya (Dept. of Cochabamba) (altitude 2480 
m) was planted with 12 alfalfa cultivars. Disease incidence values were estimated and the 
area under the disease progress curves (AUDPC) calculated. The disease progress curves 
themselves were analyzed using logit functions for polycyclic diseases, and yields were 
determined. Disease symptoms included deformation of the folioles, thickened veins, the 
presence of vein enations and papillae on the abaxial leaves, reduced plant size - all 
symptoms of infection apparently caused by Alfalfa Dwarf Virus. The different cultivars 
returned different incidence values. They also returned different apparent infection rates 
ranging from 0.072/day for Cóndor, to 0.113/day for Tamborada. The different cultivars 
returned different dry weight yields, with yields inversely related to the AUDPC. In 
conclusion, based on the foliar symptoms registered, the viral disease is associated with 
the Alfalfa Dwarf Virus. The twelve cultivars evaluated presented different incidence 
levels of the viral disease. 
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1. Introduction 

Alfalfa (Medicago sativa L.) is one of the most important forage crops in the world. In 
Bolivia it is grown in the High Andean Puna area (3800 - 4200 m), on the Altiplano (3800 
m) and in the Inter Andean Valley (2000-2700 m).  Alfalfa is cultivated in Bolivia with the 
purpose of seed production and fresh by the cattle consumption [1]. The cultivated 
varieties were introduced, mainly, from Peru, North America, Argentina and other 
countries [2,3,4]. Crops are generally produced from locally produced or imported seed.  
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The local seed supply (part of the official seed production program) is produced by the 
Centro de Investigación en Forrajes (CIF-UMSS and the Forage Crop Research Centre) and 
the university company Semillas Forrajeras (SEFO) in inter-Andean valleys areas; small 
private companies provide the imported seeds of the other Latin-Americans countries.  

Different alfalfa diseases have been reported in Bolivia, usually fungal in nature [5,6] 
virus diseases were hardly ever referred to [6]. However, alfalfa is not without its viral 
pathogens.  The most commonly reported are Alfalfa Enation Virus-AEV, Alfalfa Mosaic 
Virus-AMV, Bean Leaf Roll Virus (BLRV), Lucerne Transient Streak Virus-LTSV, Pea Streak 
Virus (PeSV), and Red Clover Vein Mosaic Virus-RCVMV [7]. In 2010, a new viral disease, 
named Alfalfa dwarf disease-ADD, was identified in Argentina [8,9]. Recently, reports Alfalfa 
Enation Virus-AEV and ADD have come from Argentina and other countries of Alfalfa 
crops suffering from viral disease [9,10]. Subsequently, ADD was identified as rhabdovirus 
infecting alfalfa [11] and were characterized as a new nucleorhabdorivus from alfalfa [12]. 
In Argentina, this viral disease decrease of up to 38% in seed production in interaction with 
AMV followed by ALCV [9].  

Alfalfa viral diseases in Bolivia could be due to the traditional seeds introduction. 
According to Rojas and Gilbertson [13], with increasing global trade, the emergence of a 
virus in a new geographical region may be initiated by the introduction of infected plant 
materials (e.g., plants, propagative materials or seeds). The alfalfa seed production in 
Bolivia is located in the Inter Andean region as Cochabamba valley where environmental 
conditions favor the alfalfa cultivation but also favor the pests and diseases development 
and spread. At present there are no reports on alfalfa viral evaluations and its effect. But, 
in the Inter Andean Valleys of too plants with deformed leaves reminiscent of viral disease 
have been detected [5]. The aims of the present work were: 1) to describe the 
symptomology of this apparent viral disease, and ii) determine its effects on the matter dry 
yield of different alfalfa cultivars available from the CIF-UMSS.  

2. Materials and Methods 

2.1. Experimental plot 
This work was performed in an alfalfa plot established 24th January 2010 at the 

Centro de Investigaciónen Forrajes “La Violeta” (CIF-UMSS), Tiquipaya (in the Central Inter 
Andean Valley at an altitude of 2480 m, Province of Quillacollo, Dept. of Cochabamba), 
twelve alfalfa cultivars were planted, using seed provided by the above Centre’s 
multiplication program.  The random block design of the study involved four repetitions, 
10 rows per experimental unit (8 m long, 0.2 m between rows).  The sowing density was 
25 kg/ha.  

 
2.2. Virus symptoms description  

Symptoms were recorded during the growth cycle, and are here described taking 
into account the indications of Samac et al. [7]. given the presence of enations, folioles were 
collated for stereomicroscope examination.  

 
2.3. Disease incidence; area under the disease progress curve  
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The incidence of the suspected viral disease was determined for each cultivar on the 
basis of its typical symptomology between the 8th and 29th of April 2016 during the 
phonological phase prior to flowering, examining a 1 m2 area of each experimental unit for 
four times and every seven days according to the following equation: Incidence (%) =

୒୭ ୮୪ୟ୬୲ୟୱ ୡ୭୬ ୴୧୰୭ୱ୧ୱ

୒୭ ୲୭୲ୟ୪ ୢୣ ୮୪ୟ୬୲ୟୱ
𝑥 100 [14]. The area under disease progress curve (AUDPC) for each 

cultivar was then determined as follows: AUDPC = ∑(
୷୧ା୷ଵାଵ

ଶ
)(𝑡𝑖 − 1 − 𝑡𝑖)  [14,16]. The 

disease progress curve (CPE’s) were linearized using the logistic (ln (y/1-y)) and Gompertz 
(-ln[-ln(y)]) functions for their analysis infection rate [14,15,16].  

 
2.4. Matter dry Yield (t.ha-1) 

Fresh and dry yields were estimated by harvesting the 1 m2 cut in the center of the 
experimental unit, plants were cut 5 cm above the ground. The entire sample was used to 
determine the fresh yield.  Dry yield (expressed in tons by ha and by only cut) was de-
termined using 150 g subsamples of the cut material; plants were placed in a fan oven at 
105ºC until a constant weight was reached (at 24-48 h).  

3. Results and discussion  

     3.1. Disease symptoms  
The disease affected the entire aerial part of the plant. The most notable symptom 

was the deformation and wrinkling of the folioles (Fig. 1 a,c). On the underside of the 
folioles, the main and secondary veins were thickened and covered in small wart-like 
structures. As the plants developed, this part of the petiole became more brittle similar to 
enations (Fig. 1d). In general, foliole deformation was most notable towards the apical part 
of the plants (Fig. 1b). Plants were also small (dwarfs) (Fig. 1a) and showed slight 
yellowing (depending on the variety) of the nerves and folioles, vein enation and papillae 
on the abaxial surface of leaves.  All these aerial symptoms are similar to Alfalfa Dwarf 
Virus-ADV, previously ADD, those described by researchers [7,9].  
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     3.2. Disease incidence and area under the disease progress curve 

The different cultivars returned different values for disease incidence (Fig. 2). In 
general, up until the 4th examination (29/04/2016), the viral incidence ranged between 45 to 
68% (Fig. 2a). At the beginning of foliar development after cutting, in all varieties, the 
disease was mild, but, at the fourth reading end (beginning of flowering), the disease 
reached high levels of incidence. In the disease progress curves analysis, the AUDPC 
estimated for cultivars show different levels of the viral disease, showing the lowest levels 
the Tamborada, UMSS 2001 and Altiplano cultivars; in contrast, the Africana, Gilboa and 
Cóndor cultivars the highest levels show (Fig. 2b).  

According to the linearization analysis of the disease progress curves, all cultivars 
shown high determination coefficients (R2) and different “apparent infection rates” (r) 
(Table 1). The R2 indicates the proportion of the variation in the response (y) 7. According 
these R2 the Logistic and Gomperzt models having a similar fit and are adequately describe 
of all disease progress curve (Fig. 3).  

 

c d 

a b 
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Figure 2: Alfalfa dwarf disease intensity and AUDPC values. a: Viral disease Incidence of the twelve  
alfalfa cultivars; b: Twelve alfalfa cultivars AUDPC. Cochabamba Valley, Bolivia.  

 
Table 1. Coefficient of determination and  
apparent infection rate of Alfalfa Dwarf  
Virus of twelve alfalfa cultivars. Cochabamba,  
Bolivia.  

 

Cultivar   

R2 

(Coeff.) 

r  

(r/day) 

Condor 0.9789 0.072 

Gilboa 0.9930 0.083 

Moapa 0.9947 0.084 

UMSS 2001 0.9798 0.084 

Monarca 0.8443 0.084 

Ranger 0.9647 0.091 

Valador 0.9732 0.093 

Bolivia 2000 0.9893 0.094 

Jusk'umolle 0.9622 0.094 

Africana 0.9927 0.102 

Altiplano 0.9927 0.112 

Tamborada 0.9954 0.113 
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Figure 3: Disease Progress Curve Linearization. a. Condor cultivar linearized with Logistic equation; b. 
Condor cultivar linearized with Gompertz equation; c. Tamborada cultivar linearized with Logistic equation; 
d. Tamborada cultivar linearized with Gompertz equation. Lower infection rate (Condor cultivar) and High 
infection rate (Tamborada cultivar). Cochabamba, Bolivia.  

 
In the upper end of Table 1 (gray color) the Condor (0.072 / day) and Gilboa (0.083 / 

day) cultivars the lowest rates are found and in the lower end the Africana (0.102 / day), 
Altiplano (0.112 / day) and Tamborada (0.113 / day) cultivars the highest apparent infection 
rates. The apparent infection rate estimates the average rate of disease increase over time 
[15,16]. According to the obtained results, in 28 days approximately, the viral disease 
reaches 0.072 to 0.113 /day rates. By the obtained infection rates, they suggest that the 
disease viral has a polycyclic character [16]. On the other hand, according to Madden et al. 
(2007), infection rates are also having a probable relation with the plant genetic resistance 
because is related with disease quantity (y) too [15]. Thus, it can be suggested the probable 
genetic resistance degrees in the evaluated cultivars, especially in the Cóndor, Gilboa, 
Moapa, UMSS 2001 and Monarca cultivars are higher, and lower resistance in the Altiplano, 
Africana and Tamborada cultivars (Table 1) (Fig. 3).  
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3.3. Dry matter yield (t.ha-1) 

Cultivars show different yield levels in dry matter (Fig. 4a). There is statistical 
difference (0.05) between Condor (2,29 t.h-1) vs. Tamborada (2,65 t.ha-1), Jusk’uMolle (2,81 
t.ha-1) and Altiplano (2,83 t.ha-1) cultivars. Comparing this data to 1997 yields with Lazarte 
and Delgadillo [4] obtained, a yield reduction in all varieties is observed ranging between 
3 to 11%. Apparently alfalfa cultivars viral infection in could be causing reduction in yield 
dry matter. However, seed transmission of Argentine Alfalfa Virus-AAV and Alfalfa Dwarf 
Disease-ADD evaluated by Trucco et al (2018) was recorded only for Alfalfa Mosaic Virus-
AMV (3.75%); thus, no seed transmission of ADD was observed. Therefore, the viral 
disease ADD presence in Bolivia is still a subject of wide discussion. By other hand, there 
are a negative correlation between dry matter and AUDPC is demonstrated, i.e., at higher 
AUDPC dry matter decreases (Fig. 4b).  

  
Figure 4: a: Dry matter yield of twelve alfalfa cultivars. Cochabamba, Bolivia, compared with result yield in 1997 
(Lazarte y Delgadillo 1997); b: Dry matter yield and AUDPC correlation in twelve alfalfa cultivars. Cochabamba, Bolivia. 

4. Discussion 
Authors should discuss the results and how they can be interpreted from the per-

spective of previous studies and of the working hypotheses. The findings and their impli-
cations should be discussed in the broadest context possible. Future research directions 
may also be highlighted. 

5. Conclusions 

In conclusion, based on the foliar symptoms registered, the viral disease is associated 
with the Alfalfa Dwarf Virus and the twelve cultivars evaluated presented different 
incidence levels of the viral disease and, on the base of this results this viral disease could 
have an impact on yields to all alfalfa varieties of grown in Bolivia.  
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