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Abstract 

 

Understanding the temporal changes in species composition and within species genetic 

diversity in mixed swards is important for the development of field management approaches 

that exploit the whole potential of the combined species. Here we present the changes in SSR-

locus diversity over time in populations of perennial ryegrass and red clover. Standard 

commercial varieties of both species were sown either in monoculture or in bi-specific 

swards. Field plots were managed according to standard practice, with 3-5 cuts per year. SSR 

markers were used to determine the genetic composition of the original and the survivor 

populations. Genetic shifts over a period of three years were in general small. Over time, 

perennial ryegrass populations became differentiated from each other in a predictable way. 

The behaviour of red clover populations was more unpredictable, indicating that local and/or 

random selection effects played a more relevant role for this species. 
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Introduction 

 

The production of forage ‘on farm’ is an important aspect of sustainable livestock production. 

Red clover (Trifolium pratense L.) and perennial ryegrass (Lolium perenne L.) are two of the 

most used forage species in temperate regions. In Flanders, mixed swards of these crops can 

render annual dry matter yields of 13.0-18.9 ton/ha (De Vliegher, 2007) of a forage with 

excellent nutritive properties of crude protein. One of the main uncertainties associated to 

these bi-specific swards is the persistence of the individual species over time. In particular, 

red clover displays low persistence (Boller et al. 2010). Although perennial ryegrass is more 

persistent than red clover, probably only a subset of the genotypes will persist over several 

growth seasons, while others will disappear. The dynamics of both species in mixed swards 

depends on the properties of the varieties chosen and inter-specific interactions, but 

environmental and random effects also play a role in the determination of the genetic 

composition at a given moment in time. This can have an influence on the sward yield and its 

spread over the growth season. We have investigated the temporal genetic shifts experienced 

by bi-specific swards of these two species over a period of 3 years, and compared it to the 

dynamics of monocultures. Commercial varieties with contrasting properties expected to 

affect the performance of the plants in the sward were chosen for analysis.   

 

Materials and methods 

 

The perennial ryegrass varieties Merks (high tillering) and Meloni (low tillering), and the red 

clover varieties Crossway (creeper, highly branched) and Lemmon (erect, medium branched) 

(Cnops et al. 2010, Saracutu et al. 2010, VanMinnebruggen et al. 2014) were used (Table 1). 

Field plots (6 m x 1.4 m) were established in April 2011 at ILVO, Merelbeke (51°00’N 

3°48’E, on sandy loam soil) in two replications (A and B). The plots were harvested three 

(2011), four (2012) or five (2013) times during the following seasons with a Haldrup forage 



harvester at a height of 6 cm. Ryegrass and clover weight proportions were determined in a 

subsample of 300-500 g. Dry matter yields were calculated after drying in a ventilated oven 

(Vötsch) at 75°C for 48 hours. 

 
Table 1. Initial composition of the plots. Mono- and bi-specific plots were sown according to agricultural 

practice (70% grass: 30 clover). Figures represent the percentage of each species at sowing. Between brackets, 

the estimated number of viable seeds per m
2
 is given. 

  

Plot 

Lolium perenne Trifolium pratense 

Merks Meloni Crossway Lemmon 

M01 1.0 (1400) 
   

M04 
   

1.0 (700) 

M06 0.35 (490) 0.35 (490) 
 

0.3 (210) 

M07 0.7 (980) 
 

0.15 (105) 0.15 (105) 

 

In the spring of 2011 (T1) and 2013 (T5) leaf samples were harvested for SSR-analysis. In 

monocultures of red clover (M04) 40 leaf samples were taken at each sampling moment, in 

monoculture ryegrass (M01) 60 samples, and in the mixtures (M06 and M07) 40 ryegrass and 

30 clover samples were taken. These proportions were determined according to the different 

number of seeds of each species used for the establishment of the plots (Table 1). SSR 

analysis in perennial ryegrass was carried out using a set of 12 primer pairs, amplified in two 

multiplex sets. For SSR analysis in red clover we used a set of 18 primer pairs, amplified in 

two multiplexes. FSTAT 2.9.3.2 was used to estimate the alleleic richeness (Ar) and pair-wise 

FST values; observed heterozygosities (1-Qintra) were calculated in GENEPOP 4.2; Pair-wise 

FST values were used to construct a UPGMA tree in STATISTICA 11. 

 

Results and discussion 

 

Immediately after establishment (T1) most bi-specific plots were dominated by L. perenne, 

with the exception of M06A, in which serious weed contamination occurred (e.g. weeds 

represented 40.2% of the dry weight at T1 in M06A). Three years later (T5) the opposite 

relation was observed, with all plots dominated by T. pratense. This was confirmed when all 

the cuts of 2013 were combined (results not shown), indicating a high persistence of the red 

clover variety(-ies) used in this experiment. 
 

Table 2. Genetic diversity at two sampling times. ‘Ar’: allelic richness, ‘1-Qintra’: observed heterozygosity. 

‘%Lp’ and ‘%Tp’: dry weight contribution of each species to the spring cut. 

Time Plot L. perenne T. pratense 

  Ar 1-Qintra % Lp Ar 1-Qintra %Tp 

T1 M01A 4.78 0.79     

M01B 4.78 0.72     

M04A    7.04 0.63  

M04B    6.85 0.35  

M06A 5.75 0.75 14.1 7.04 0.43 45.7 

M06B 5.50 0.65 66.8 6.66 0.47 25.3 

M07A 4.57 0.81 61.9 7.39 0.51 21.6 

M07B 4.88 0.76 58.0 7.83 0.61 28.7 

T5 M01A 4.93 0.78     

M01B 5.12 0.70     

M04A    7.48 0.60  

M04B    7.15 0.54  

M06A 5.80 0.44 47.2 7.13 0.50 52.8 

M06B 5.18 0.63 39.3 7.28 0.55 60.7 

M07A 4.54 0.77 42.1 7.03 0.54 57.9 

M07B 4.81 0.67 26.8 6.90 0.48 73.2 

 



In general terms the allelic richness changed little over time (Table 2), as confirmed by non-

significant t-test results obtained in comparisons of allelic richness at T1 and at T5 (L. 

perenne P=0.94; T. pratense P=0.89). In both species, the highest allelic richness at T1 was 

found in the plots in which two varieties were combined (M06 for L. perenne and M07 for T. 

pratense), but the differences were not large. At T5 this was still the case only for ryegrass. In 

both species t-tests demonstrated that heterozygosity levels were similar at both sampling 

moments (L. perenne P=0.14; T. pratense P=0.47), confirming that no large reductions in   

diversity had taken place over three years. Remarkable exceptions were L. perenne in M06A 

and T. pratense in M07B, in both cases plots in which two varieties of the corresponding 

species were combined. It might indicate selective loss of one of the varieties over time. This 

is probably not the most plausible explanation for ryegrass as if this was the case a 

differentiation between the M06A and M06B plots at T5 would be expected, but this  was not 

observed (see Figure 1A and further in the text). In contrast, for red clover the M07A and 

M07B plots became clearly differentiated at T5 (see Figure 1B and further in the text). 

 

In general pair-wise FST values were low and only in some cases significant (results not 

shown). To investigate the general patterns of genetic differentiation among plots and 

sampling moments, UPGMA trees were derived from the FST values (Figure 1). In perennial 

ryegrass, T1 and T5 were clearly differentiated, and plots with only Merks (M01 and M07) 

clustered separate from plots in which Merks and Meloni were combined (M06). The pattern 

was more complicated in red clover. In this case, the M07 plots at T1 (Crossway and Lemmon 

combined) were clearly different from others. At T5 M07A had become genetically similar to 

plots in with only Lemmon (M04 and M06), what could indicate that Crossway might have 

disappeared over time. Comparison of A and B in figure 1 suggests a larger influence of 

random factors for red clover than for perennial ryegrass, with larger divergence over time 

between A and B plots of the same treatment in red clover. 

 

 
Figure 1. Genetic relationships at two sampling moments (T1 and T5), based on pair-wise FST values. A) L. 

perenne; B) T. pratense. Note: be aware of the breakpoints in the X-axes. 
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