
Physiological traits involved in grazing  
tolerance of alfalfa genotypes

Mariana Rockenbach de Ávila¹*, Raquel Esteban², Miguel Dall’Agnol³ and José F Morán4

1Embrapa Clima Temperado, Pelotas, RS, FAPEG, Brazil

²University of the Basque Country (UPV/ EHU), Spain

³Department of Forage Plants and Agrometeorology, Federal University of Rio Grande do Sul, Brazil.
 4Department of Sciences, Institute for Multidisciplinary Research in Applied Biology (IMAB), Public    University of Navarre (UPNA), Spain

Submission: November 24, 2020;  Published:December 08, 2020
*Corresponding author:  Mariana Rockenbach de Ávila, Embrapa Clima Temperado, Pelotas, RS, FAPEG, Brazil

Agri Res & Tech: Open Access J 25(2): ARTOAJ.MS.ID.5562303 (2020) 001

Research Article
Volume 25 Issue 2 - December 2020
DOI: 10.19080/ARTOAJ.2020.25.556303

Agri Res & Tech: Open Access J
Copyright © All rights are reserved  by Mariana Rockenbach de Ávila

Introduction

Livestock for beef and dairy in the southern of Brazil are 
commonly produced on grazing rangelands [2] or on cultivated 
grasslands [3]. In the context of grassland intensification, 
Medicago sativa L. (alfalfa) is one of the most largely distributed 
forage legume species in the world and it is used on more hectares 
than any other forage legume [4]. Alfalfa is adapted to grow in dry, 
cool, or warm climates, being tolerant to extreme temperatures 
[5]. The quality of its herbage has a marked influence on the 
performance of the grazing livestock. The effects of plant maturity 
and nutritive value have been evaluated by numerous researchers 
[6]. Forage legumes boost the quality of forage intake for grazing 
livestock conferring multifunctional benefits to animal production 
[7]. In this context, alfalfa is a perennial legume of high interest, as 
it is rich in protein, calcium, phosphorus, and vitamins [8]. 

This species is also widely used as hay, though another way 
of using this legume is by incorporating it to grass pasture seeds. 
This mixture presents benefits by means of its high yields and its 
ability to fix nitrogen [9]. Mixtures of alfalfa and grasses reduce 
the risk of bloat for grazing ruminants [4] and promote a high-
quality diet [10]. In southern Brazil, alfalfa grazing is increasing 
– even if slowly – due to farmers’ investments in soil fertility and 
the protein efficiency valorization offered by this legume. Even 
so, alfalfa production in this region is still limited by the low 
persistence of alfalfa, especially when used for grazing [11]. Alfalfa 
area could expand in this region if grazing-tolerant cultivars could 
be developed. Several alfalfa cultivars cannot withstand long-
term continuous defoliation and must be rotationally grazed to 
maintain stands [12].
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There is evidence of specific adaptation of decumbent alfalfa 
to severe continuous grazing [13]. Herbivory or removal of plant 
tissue can be simulated by treatment with jasmonic acid, which 
is a natural elicitor of defenses against herbivores [14,15]. It is 
well already known that plant responses to biotic and abiotic 
stress stimuli are controlled by defense related hormones [16]; 
among them, jasmonic acid (JA) is responsible for the elicitation 
of defenses against attack from herbivores [17]. Furthermore, 
ecophysiological variables have a great influence not only on 
the vegetative behavior of cultivated plants but also on their 
performance regarding productive characteristics [18], being 
an efficient tool for studying the behavior of plants in response 
to stress [19]. Assessment of leaf physiological characteristics 
(chlorophyll content) complement with other analysis [20] was 
shown to be relevant for the identification of genotypes with 
differential tolerances to short-term stress [21].

The adaptations to stress can be assessed by instantaneous 
measurements [22] that provide information about chlorophyll 
accumulation [23], or desirable agronomic and morphological 
traits [24], and are usually being applied to assess alfalfa. Besides, 
the gains of alfalfa yield appear to be primarily due to improved 
disease resistance [25]. Therefore, some of the genotypes used 
in this study are the results of a selection of two types of leaf 
diseases, which were performed by Ávila et al. [26] in field and 
greenhouse. The objective of this paper was to evaluate and 
select grazing-tolerant germplasm by evaluating genotypes (pre-
selected in previous studies) by physiological measurement and 
methyl jasmonate application. This selection was made based on 
resistance and susceptibility towards two diseases in foliar and 
forage production.

Materials and Methods

 Genotypes

These were the genotypes evaluated: 1= CRAltS; 2= ECAltRC; 
3= CRCurSC; 4= ECCurRC; 5= CRCurRC; 6= CRAltRJ; 7= ECAltSC; 
8= ECCurSC. The genotypes with the abbreviation AltR mean that 
they were previously selected for resistance to the leaf pathogen 
Alternaria alternata and AltS are susceptible (S=Susceptible) to 
this disease [27]. The same description and abbreviations occur 
for the genotypes selected for the pathogen Curvularia geniculata 
(CurR and CurS) [28]. The abbreviation ‘CR’ stands the genotype 
Crioula, which is the most widely used commercial genotype of 
alfalfa throughout Brazil [29]. The E1C4 genotype (abbreviation 
‘EC’) was selected for the length of first short internode (E1) and 
selected during 4 cycles (C4). This second genotype (EC) is based 
on selections previously made for grazing tolerance [30].

Experimental design 

Eight alfalfa genotypes were grown in two different and 
simultaneous experiments from January to July 2016 at the Institute 
for Research in Multidisciplinary Applied Biology (IMAB) (IdAB) 
and Universidad Pública de Navarra (UPNA), Spain. The alfalfa 

seeds were sterilized, mechanically scarified with sandpaper to 
break dormancy and then placed on water-agar plates in a growth 
chamber at 25°C until the radicles of the seedlings were about 10 
mm long. Subsequently, seedlings were transferred to water-agar 
plates for seven days and lastly, transferred to their respective 
experiments (plates or pots) with a nutritive solution. Two 
experiments were performed. The Experiment ‘A’ was developed 
in a growth chamber and seedlings were evaluated on plates 
with a nutrient solution. They were subcultured in Murashige–
Skoog (MS) liquid medium [31] enriched with calcium nitrate (Ca 
(NO3)2) and with pH adjusted to 6.5. The growing conditions were 
the same as for Esteban et al. [42]. The variables evaluated were:

i.	 Chlorophyll content

ii.	 Sum of lateral roots and shoot (Control and Jasmonate)

iii.	 Length of the first (1st) internode at the vegetative stage. 

The plants and treatments from experiment ‘A’ were arranged 
at random (n= 20), with five plates and four plants on each plate, 
and every seedling was considered as one replicate of each 
genotype. To investigate the grazing tolerance, seedlings alfalfa 
were grown and evaluated in the greenhouse (Experiment ‘B’), 
and the variables measured were: 1) Growth habit and variables 
were measured: 1) Growth habit and 2) Fungal foliar diseases 
(Curvularia geniculata and Alternaria alternata), in order to 
monitor the pre-selected susceptibility or resistance [26]. Three 
repetitions for each genotype (total 8) were evaluated (n = 24) 
using the same type of substrate (organic waste, vermiculite, 
NPK and Limestone in the composition), temperature (maximum 
temperature 25 degrees) and irrigation.

Methyl Jasmonate (MeJa) Treatment

After conducting pilot tests according to Bruinsma et al. [40]
and Mantyla et al. [44], finally was obtained a final solution of MeJa 
containing purity >95%.

Experiment ‘A’: growth chamber

The evaluated characteristics in the experiment ‘B’ were: 1) 
Chlorophyll content; 2) Sum of lateral roots and shoot (Control 
and Jasmonate) and 3) Length of the 1st internode.  The radicles 
alfalfa was transferred into a plate containing nutritive solution 
with nitrate as nitrogen source.

To assess the length of the internode and Sum of Lateral 
roots pictures were taken after 7 days after transfer to nutritive 
solution plates to measure the size of the first (1st) internode and 
cumulative sum of Lateral roots and shoot (length in millimetres) 
from all alfalfa genotypes. Resources of ImageJ software was 
used to measure both variables. The software’s image analysis 
techniques allow to accurately measure all parts of the plant [31]. 

Shorter internode lengths were considered positive because 
they are indicative of adaptation to grazing. with this character 
considered as a complementary morphological marker to select 
alfalfa populations more adapted to grazing [32].
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On the 7th day after transfer to nutritive solution plates, 
chlorophyll content measurements were measured for the alfalfa 
seedlings. The chlorophyll content was measured at the end of the 
study because the seedlings were in petri dishes and we needed 
to manipulate them. A chlorophyll meter (CCM 200, ADC, UK) was 
used and three readings from each seedling (three leaflets).

Experiment ‘B’: greenhouse 

Seed of all genotypes (n=24) were germinated in petri dishes 
and later transplanted for pots grown with commercial substrate 
and kept in greenhouse with controlled temperature and humidity. 
All received the same substrate and irrigation management. 

Growth habit 

Two measurements of growth habit were realized in all plant 
at different weeks and stages of plant development (both seedlings 
with vegetative stage), after 30 and 45 days of cultivation (two 
measurements) in a controlled environment. Visual estimation 
was used to assess for erect or decumbent phenotypes.

Leaf lesions

It was established the visual scale methodology for the 
foliar disease. The percentage of leaf area damaged was visually 
estimated for all leaflets on each seedling, being eight genotypes 
and 3 repetitions (n=24). For each seedling, the average of all 
leaflets was used. This monitoring was carried out to ensure the 

resistance or susceptibility existing in the genotypes used for use 
in this study.

Statistical analysis

Statistical analysis was performed by analysis of variance 
(ANOVA) using the statistical package SAS software V. 9.1. When 
statistical differences were detected in the analysis of variance at 
P<0.05, means were compared by the Tukey significant difference 
(HSD) test at 5% of significant level. The variables were tested for 
a normal distribution using the Shapiro-Wilk test at P > 0.05.

Results and Discussion

The results demonstrated a difference between genotypes 
(P<.001) in both experiments ‘A’ and ‘B’. That is, the results related 
to the growing habit of the alfalfa seedlings evidenced that the 
genotypes Crioula AltR and Crioula AltS had genetic variability for 
decumbent habit, ideal when selecting for grazing tolerance. 

Furthermore, this genotype obtained higher rates in the 
evaluation of chlorophyll, even with the inclusion of treatment 
with jasmonate (Figure 1C). In relation to experiment ‘A’, there was 
no presence of leaf lesions in any of the seedlings (zero), therefore, 
the data are not presented. It is noteworthy, however, that 
inside the greenhouse, the temperature and water factors were 
controlled, which allowed excellent sanity in the plants (100%).

Figure 1: Figure 1-A) Evaluation of the growth habit of alfalfa genotypes grown in greenhouse under controlled environmental conditions. 
Genotype Criuola (A), being that ‘R’ corresponds to Resistant and ‘S’ to susceptible; B) The same as in A, but for the genotype E1C4

C) Chlorophyll content in alfalfa contrasting eight genotypes with control and jasmonate treatment: 7 days after nutritive solution (n=20) 

D) Length in centimeters (cm) of lateral roots, for control and jasmonate treatments  (n=20).  Graphic code.: 1= CRAltSC Crioula Alternaria 
Susceptible Control; 2= ECAltRC E1C4 Alternaria Resistant Control; 3= CRCurSC Crioula Curvularia Susceptible Control; 4= ECCurRC 
E1C4 Curvularia Resistant Control; 5= CRCurRC Crioula Curvularia Resistant Control; 6= CRAltRJ Crioula Alternaria; 7= ECAltSC E1C4 
Alternaria Susceptible Control; 8= ECCurSC E1C4 Curvularia Susceptible Control; 9= CRAltSC Crioula Alternaria Susceptible Jasmonate; 
10= ECAltRC E1C4 Alternaria Resistant Jasmonate; 11= CRCurSC Crioula Curvularia Susceptible Jasmonate; 12= ECCurRC E1C4 
Curvularia Resistant Jasmonate; 13= CRCurRC Crioula Curvularia Resistant Jasmonate; 14= CRAltRJ Crioula Alternaria; 15= ECAltSC 
E1C4 Alternaria Susceptible Jasmonate; 16= ECCurSC E1C4 Curvularia Susceptible Jasmonate.
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Another promising genotype, for both variables, is the E1C4 

AltR, which in addition to being selected in previous studies 
for grazing tolerance, also showed variability for decumbent 
habit and intermediate values for chlorophyll. Improved grazing 
tolerance is often an important goal in forage breeding programs 
[32]. It is also important to note that this genotype also has 
the characteristic of resistance to foliar disease (AltR), adding 
favourable characteristics. Alfalfa has some problems for achieving 
high production and persistence, some of them related to damage 
caused by foliar diseases [33,34]. Therefore, it is important to 
select a genotype that has this resistance characteristic already 
fixed. Without jasmonate treatment, all genotypes developed 
the better behaviour in terms of the maximum production roots, 
except the susceptible genotype with code 8 (Figure 1D). The 
genotype E1C4, is the result of a selection using the length of the 
1st t seedling internode as a morphological marker. With four 
selection cycles for the shortest trait of the 1st internode, it was 
possible to identify progress and genetic gain in the selection of 
this alfalfa germplasm [28].

One of the factors that contributed to the low persistence 
of forage legumes is the little attention of breeding programs 
regarding their use for grazing [35], that is why the importance 
of this work. The Crioula cultivar is  the most used in the country 
for decades, however, it is s considered hay type due to its habit 
of erect growth and limited tolerance to severe defoliation 
[36], needing to evolve at that point to expand its use (grazing). 
According to same author, the length of the seedling internode 
can be used complementarily to select alfalfa populations with 
greater grazing aptitude, which would make it possible to obtain 
populations with higher forage  production,  drought tolerance  
and persistencel [37-39]. The CRAltR genotype showed most 
promising results (P<0.005) for both length of the 1st internode 
(0.429 cm) at the last day of evaluation. This genotype will be used 
for subsequent research and selection cycles in the Universidade 
Federal  do  Rio Grande  do  Sul (UFRGS), Experimental Station in 
Brazil. Taken together, our results showed that there is a high 
variability in Crioula lfalfa genotypes, which has been proven in 

studies from different countries [40-45].
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