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GENETIC VARIATION OF ALFALFA SEED YIELD IN THE ESTABLISHMENT YEAR 

Đura Karagić1,*, Dragan B. Milić1, Snežana M. Katanski1, Branko R. Milošević1, 
 Miroslav Z. Zorić1, and Bernadette Julier2

Abstract
In Serbia, alfalfa (Medicago sativa L.) is grown on about 140,000 ha, out of which 3–7% are intended for seed 
production. Climatic factors (amount and distribution of precipitation) are the main determinants of alfalfa 
seed yield. Average alfalfa seed yield in Serbia is about 250 kg ha-1, and seed production is characterized by 
huge variation (15–800 kg ha-1). The most challenging year for seed production is the establishment year, i.e., 
the first year of plant life. To be successful on the market, new alfalfa varieties are selected for high forage 
production, quality of forage, and persistence. However, outstanding seed-yield potential is also needed. Even 
if breeding for seed yield is not prioritized, genetic variation among cultivars is known. In order to explore 
genetic variation for alfalfa seed yield and its components in the establishment year, a trial with 400 accessions 
was established at the experimental field of the Institute of Field and Vegetable Crops, Novi Sad, Serbia, on 
May 21, 2018. The genotypes were tested in a partially replicated design. For the purpose of this study, we 
extracted model best linear unbiased predictions (BLUPs) for 20 populations, which represent a part of the 
European alfalfa core collection. The plot size was 6 m2. Seed yield and its components were recorded for 
each plot. The 2018 field season was not favorable for alfalfa seed production in Serbia, but the results clearly 
demonstrate differences among varieties for total seed yield and its components in the establishment year. 
Seed yields varied from 31.8 kg ha-1 for the variety ‘Tereza’ to 96.7 kg ha-1 for the variety ‘Etincelle’. Higher 
seed yields were obtained with less dormant varieties (dormancy ratings 5–6), while lower yields were 
recorded with more dormant varieties (dormancy ratings 3–4). Analyses showed that, even under unfavorable 
conditions, genetic variation could be important for alfalfa seed production in the year of establishment.

Keywords: alfalfa, seed yield, variety, genetic variation

Introduction 
In Serbia, alfalfa (Medicago sativa L.) is grown on about 140,000 ha, out of which 3–7% are intended 
for seed production. Climatic factors (amount and distribution of precipitation) are the main determinants 
of alfalfa seed yield. Average alfalfa seed yield in Serbia is about 250 kg ha-1, and seed production is 
characterized by a huge variation (15–800 kg ha-1). The most challenging year for seed production is the 
establishment year, i.e., the first year of plant life. To be successful on the market, new alfalfa varieties are 
selected for high forage production, high quality of forage, and persistence. However, outstanding seed-
yield potential is also needed. Even if breeding for seed yield is not prioritized, genetic variation among 
cultivars is known. 

The main goals of the research were to: (1) evaluate seed yield and its components in one part of the 
European alfalfa core collection in the year of establishment, (2) analyze phenotypic correlations among 

1Institute of Field and Vegetable Crops, Novi Sad, Serbia
2INRA–French National Institute for Agricultural Research, Lusignan, France
*Email: djura.karagic@ifvcns.ns.ac.rs
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the main seed yield traits, and (3) compare distribution of the examined traits in total genetic variation. 
The probability of exploring genetic variation in breeding programs is considered. 

Methods
In order to explore genetic variation for alfalfa seed yield and seed-yield components in the establishment 
year, a trial with 400 accessions was established at the experimental field of the Institute of Field and 
Vegetable Crops, Novi Sad, Serbia on May 21, 2018. The experimental site was located in northern 
Serbia, at 45°20ʹ N, 19°51ʹ E, at 80 m above sea level. This area has a continental semiarid to semihumid 
climate, a mean monthly air temperature of 11°C, annual total precipitation of around 600 mm, and a 
highly uneven distribution of precipitation. The genotypes were tested in a partially replicated design. The 
design grid size was 10 rows by 44 columns. The proportion of replicated genotypes was 0.14. The data 
on the measured traits were analyzed by the ASReml-R package mixed model approach (Butler et al., 
2009). 

Furthermore, the subsets of best linear unbiased predictions (BLUPs) from the model were used for 
visualizations by means of simple scatter plot graph and multivariate principal component analysis (PCA) 
technique. The biplot graph was used as visual display of the genotype-by-trait relationship.

For the purpose of this study, we extracted model BLUPs for 20 populations, which represent a part 
of the European alfalfa core collection: 11 from France (‘Artemis’, ‘Dorine’, ‘Etincelle’, ‘Flamande’, 
‘Galaxie’, ‘Lusiante’, ‘Luzelle’, ‘Mezzo’, ‘Milky Max’, ‘Sanditi’, ‘Timbale’), 4 from Serbia (‘Banat VS’, 
‘K22’, ‘K28’, ‘Nijagara’), 3 from the Czech Republic (‘Holyna’, ‘Niva’, ‘Tereza’), 1 from Sweden 
(‘SW Nexus’), and 1 from Denmark (‘Creno’), with dormancy ratings of 3 to 6. The plot size was 6 m2. 
Seed yield (SY, kg ha-1) and its components (plant height in full flowering, (PHF, cm), stems m-2 (SM), 
fertile stems m-2 (FSM), number of inflorescences per stem (IS), number of pods per inflorescence (PI), 
seeds per pod (SP), and 1,000-seed weight (TSW)) were recorded for each plot.

Results and Discussion
The results clearly demonstrate the influence of weather conditions on alfalfa SY and its components in 
the establishment year. Average SY in the trial was 64.4 kg ha-1. The highest seed yield was recorded with 
variety ‘Etincelle’ (96.7 kg ha-1), while the lowest yields were found in variety ‘Tereza’ (31.8 kg ha-1). 
A huge SY variation was recorded in the trial, from 7.8 kg ha-1 within varieties ‘Lusiante’ and ‘Tereza’ 
to 140.2 kg ha-1 within the variety ‘Sanditi’. There is a strong correlation between alfalfa seed yield and 
unfavorable agroecological conditions. The average number of SP was 2.6, while the mean value for PI 
was 7.6. The average number of FSM was 254.7. Mean PHF was 79.3 cm, ranging from 69 cm to 93 cm.

The highest positive phenotypic correlations were found between SY and PI, FSM, and SP (Table 1) in 
the year of establishment. Also, the highest positive correlations in the trial were found between SM and 
FSM (0.78), as expected. Similar phenotypic correlations between seed yield and seed yield components 
were reported by Karagić (2004), with one main difference regarding climatic conditions; Karagić’s 
observations were reported for the year 2000, which was favorable for alfalfa seed yields in Serbia in 
terms of weather conditions. 

Figure 1 depicts the relationship between SY and PI. These two traits are the most important for 
successful alfalfa seed production. Bolaños Aguilar et al. (2000) reported strong high positive correlations 
between these two traits in alfalfa. Figure 1 clearly shows that populations were divided into four groups. 
The upper right quadrant contains the accessions that have high SY and a high PI (‘Etincelle’, ‘Mezzo’, 
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‘Artemis’, ‘Timbale’, ‘Galaxie’, ‘Niva’, and ‘Nijagara’). The lower left quadrant includes genotypes with 
the lowest SY and PI in the year of establishment. 

The PCA biplot in Figure 2 shows the relationship between genotypes and SY and its components. The 
biplot explains about 60% of the total phenotypic variation. Most of the populations are concentrated on 
the right side of the first dimension. These genotypes (‘Galaxie’, ‘Nijagara’, ‘Mezzo’, ‘Holyna’, ‘Sanditi’) 
were characterized by high values of highly correlated traits (SY, IS, SP, FSM, SM, and TSW), based on 
the biplot pattern. On the negative side of the first dimension are the genotypes ‘Tereza’, ‘SW Nexus’, 
‘Milky Max’, and ‘Creno’, which present more dormant varieties (dormancy ratings 3–4) in the trial. 
Moreover, the biplot shows overall negative correlations among PHF and the groups of highly correlated 
traits. The lack of relationship between PHF and other traits is due to the unfavorable weather conditions 
during the trial, as well as the relation between plant height and lodging in alfalfa. 

Table 1. Phenotypic correlations (Pearson coefficient) between seed yield and seed yield components.1,2

PHF SY SM FSM IS PI SP TSW

PHF 1.000
SY -0.055 1.000
SM -0.115 0.491* 1.000
FSM -0.054 0.589** 0.781*** 1.000
IS -0.137 0.406 0.155 0.253 1.000
PI 0.382 0.649** 0.249 0.441 0.522* 1.000
SP -0.128 0.575** 0.270 0.457* 0.599** 0.516* 1.000
TSW -0.108 0.205 0.116 0.154 0.228 -0.167 0.218 1.000

1 PHF = plant height in full flowering; SY = seed yield; SM = stems m-2; FSM = fertile stems m-2; 
IS = inflorescences per stem; PI = pods per inflorescence; SP = seeds per pod; TSW = thousand-seed weight 
2Significance levels: *0.05; **0.01; ***0.001

Figure 1. Relationship between seed yield (SY) and number of pods per 
inflorescence (PI) of the examined alfalfa varieties.
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Conclusion
The relationships between SY and SY components presented in this paper are in line with previous 
research related to alfalfa seed yield performance. Breeding objectives should take into account alfalfa 
SY per se, but also PI and SP. To an extent, genetic variation in alfalfa is likely to be very dependent on 
climatic conditions in a particular year.

Higher SY was obtained from the less dormant varieties (dormancy ratings 5–6), while lower yields were 
recorded in the more dormant varieties (dormancy ratings 3–4). Overall, the analyses showed that, even 
under unfavorable conditions, genetic variation could be important for alfalfa seed production in the year 
of establishment. Further analyses are needed to reach a final conclusion and carry out tandem selection 
for both forage yield traits and seed yield. 
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