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ABSTRACT: Several species of Trifolium are widely cultivated as forage for animals and green manure. This
work aimed to characterize and estimate through morphological and agronomic traits the genetic diversity of
natural populations of T. riograndense, an important forage legume from native pastures of the state of Rio
Grande do Sul, Brazil. Plant height and diameter, number of primary and secondary stolons, stolon length,
number of nodes per primary stolon, internode length, primary stolon diameter, leaf area, petiole length and
dry matter production were analyzed in 29 accessions. The first five attributes and dry matter production were
evaluated twice. A broad phenotypic variability was observed for almost all characteristics. Positive correlations
occurred between petiole length and leaf area (r = 0.68), petiole length and plant height in the first evaluation
(0.63), stolon length and plant height (0.58), total dry matter and plant diameter (0.61), and total dry matter
and plant height in the second evaluation (0.55). The two most divergent accessions were collected in the same
physiographic region and the two less divergent ones in different regions. A dissimilarity dendrogram separated
four groups. Accessions collected in a region where 7. riograndense is abundant were found to belong to
different groups outlining the great variability of this native forage legume. Dry matter production in the first
cut was the characteristic that most contributed (20.80%) to accessions divergence followed by number of
secondary stolons (12.30%), leaf area (11.07%), and number of nodes per primary stolon (10.93%).
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Varia¢io morfoagrondmica em populag¢des naturais de Trifolium
riograndense (Burkart)

RESUMO: Varias espécies de Trifolium sio extensivamente cultivadas como forragem ou adubo verde.
Caracterizaram-se e estimaram-se, por meio de atributos morfolégicos e agronomicos, a diversidade genética de
populagdes naturais de 7. riograndense, importante leguminosa forrageira nativa dos campos naturais do Rio
Grande do Sul. Estatura e diametro das plantas, nimero de estoldes primarios e secundarios, comprimento do
estoldo primario, nimero de nds por estolio, comprimento dos entrends, diametro de estolio, area foliar,
tamanho do peciolo e produgio de massa seca foram avaliados em 29 acessos. Os cinco primeiros atributos e a
producdo de massa seca foram avaliados duas vezes. Ampla variabilidade fenotipica foi observada para quase
todas as caracteristicas. Ocorreram correlagdes positivas entre tamanho do peciolo e area foliar (r = 0,68),
tamanho do peciolo e estatura (0,63) na primeira avaliagio, e comprimento do estolio e estatura (0,58), massa
seca total e didmetro da planta (0,61) e massa seca total e estatura (0,55) na segunda avaliagdo. Os dois acessos
mais divergentes foram coletados na mesma regiio fisiografica e os dois menos divergentes em regides diferentes.
O dendrograma de dissimilaridade genética separou quatro grupos. Acessos coletados em uma regiio onde 7.
riograndense é abundante pertenciam a diferentes grupos, o que real¢a a grande variabilidade dessa leguminosa
forrageira nativa. A producio de massa seca no primeiro corte foi a caracteristica que mais contribuiu (20,80%)
para a divergéncia dos acessos, seguida pelo nimero de estoldes secundarios (12,30%), area foliar (11,07%), e
nimero de nés por estoldo (10,93%). Palavras-chave: leguminosa forrageira, variabilidade genética, morfologia,
melhoramento
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Introduction

The genus Trifolium L. (Leguminosae,
Papilionoideae, Tribe Trifolieae) has its center of ori-
gin in the Mediterranean region with around 255 annual
and perennial, autogamous and allogamous species, dis-
tributed in temperate and subtropical areas. Several of
these species, such as T. repens L., T. pratense L., T.

hybridum L. T. vesiculosum Savi and T. incarnatum L, are
widely cultivated as forage for animals and green ma-
nure. (Zohary and Heller, 1984). T. riograndense Burkart,
popularly known as “trevo riograndense”, an important
component of natural pastures of Southern Brazil, is a
perennial, diploid (2n = 2x = 16) (Schifino, 1983; Schifino
and Moraes-Fernandes, 1988), allogamous and versatile
(may also self-pollinate) species (Becker et al., 1987). Be-
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sides growing during winter and providing a good qual-
ity forage for cattle in this period, improves soil fertil-
ity by nitrogen fixation. The quality that most attracts
agronomists and plant breeders is its tolerance to acid,
aluminum and manganese rich soils. Natural popula-
tions are widespread in Southern Brazil (Kappel, 1967).
The present focus in sustainable cattle raising plus
the difficulty to obtain interspecific hybrids in Trifolium
is raising the interest to evaluate locally adapted species
(Ellison et al., 2006) and T. riograndense is included in
this context. In order to obtain a wider utilization and
breeding of this species it is necessary to characterize
its variability and productive potential. Despite previ-
ous works with the species (e.g. Becker et al., 1987;
Schifino and Moraes-Fernandes, 1987, 1988; Souza et al.,
1988; Moraes et al. 1989) no comprehensive study to as-

sess its genetic variability has been made. Therefore, this
work aimed to characterize and estimate through mor-
phological and agronomic traits the genetic diversity of
natural populations of 7. riograndense.

Material and Methods

Seeds from several populations (accessions) of T.
riograndense were collected in different areas of its natu-
ral distribution in Southern Braziland were kept as part
of a germplasm collection. From these, 29 accessions,
representative of the area of the species distribution and
with enough number of seeds for the experiment, were
analyzed (Figure 1, Table 1).

In May 2008, 25 to 30 seeds of each accession, after
mechanical scarification, were germinated in Petri dishes

Table 1 - Accessions of T. riograndense analyzed, including place of collection (municipality) and respective physiographic

Physiographic region**

region.
Accession Place of collection*
01 S. F. Paula (29°26' S, 50°35' W)
03 Mormacgo (28°41'S, 52°41' W)
10 Lagoa Vermelha (28°12'S, 51°31' W)
11 S.F.Paula (29°26' S, 50°35' W)
15 Passo Fundo (28°15'S, 52°24' W)
17 Seberi (27°28'S, 53°24' W)
18 Frederico Westphalen (27°21' S, 53°23'W)
19 Tenente Portela (27°22'S, 53°45' W)
20 Bom Jesus (28°40' S, 50°25'W)
21 Passo Fundo (28°15' S, 52°24' W)
23 Boa Vista das Missdes (27°39' S, 53°18' W)
29 Muitos Capdes (28°18'S, 51°10" W)
30 Tio Hugo (28°34' S, 52°35' W)
33 Palmeira das Missdes (27°53' S, 53°18" W)
41 Lagoa Vermelha (28°12' S, 51°31'W)
42 Frederico Westphalen (27°21'S, 53°23'W)
43 Palmeira das Missdes (27°53' S, 53°18' W)
45 Panambi (28°17' S, 53°30" W)
46 Cruz Alta (28°38'S, 53°36' W)
47 Tupanciretd (29°04'S, 53°50' W)
49 Itaara (29°36' S, 53°45' W)
50 Lajeado Grande (29°26' S, 50°35' W)
53 Lajeado Grande (29°26'S , 50°35' W)
59 Lajeado Grande (29°26' S, 50°35' W)
64 Tainhas (29°26' S, 50°35' W)
66 Tainhas (29°26' S, 50°35' W)
67 Tainhas (29°26' S, 50°35' W)
71 Tainhas (29°26'S, 50°35' W)
72 S. F.Paula (29°26' S, 50°35'W)

C. Cima da Serra
Planalto Médio
C. Cima da Serra
C. Cima da Serra
Planalto Médio
Alto Uruguai
Alto Uruguai
Alto Uruguai

C. Cima da Serra
Alto Uruguai
Planalto Médio
C. Cima da Serra
Planalto Médio
Planalto Médio
C. Cima da Serra
Alto Uruguai
Planalto Médio
Planalto Médio
Planalto Médio
Planalto Médio
D. Central

C. Cima da Serra
C.Cima da Serra
C. Cima da Serra
C. Cima da Serra
C. Cima da Serra
C. Cima da Serra
C. Cima da Serra
C. Cima da Serra

*S. F. Paula: Sdo Francisco de Paula municipality; *Tainhas and Lajeado Grande are districts from S3o Francisco de Paula; **C. Cima

da Serra: Campos de Cima da Serra; D. Central: Depressio Central.
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Figure 1 - Map of Rio Grande do Sul State, Brazil, with the
collection sites of 7. riograndense accessions detailed
in Table 1: 01 - Sio Francisco de Paula (accessions
01, 11, 50, 53, 59, 66, 67, 71, 72), 02 - Mormago
(accession 03), 03 - Lagoa Vermelha (accessions 10,
41), 04 - Passo Fundo (accessions 15, 21), 05 - Seberi
(accession 17), 06 - Frederico Westphalen (accessions
18, 42), 07 - Tenente Portela (accession 19), 08 -
Bom Jesus (accession 20), 09 - Boa Vista das Missdes
(accession 23), 10 - Muitos Capdes (accession 29),
11 - Tio Hugo (accession 30),12 - Palmeira das
Missdes (accessions 33, 43), 13 - Panambi (accession
45), 14 - Cruz Alta (accession 46), 15 - Tupanciretd
(accession 47), 16 - Itaara (accession 49).

lined with moist filter paper. Seedlings were transferred
to styrophoam containers with commercial substrate and
later to plastic cups with garden soil. In August the
young plants were transferred to plastic pots with 1.25
kg of garden soil. Finally at the end of September, they
were planted in plastic boxes (34 cm x 14 cm x 11.5
cm) with garden soil, one plant per box. The boxes were
arranged in a field area (30° 02’ S, 51° 13’ W) in Porto
Alegre, state of Rio Grande do Sul, Brazil, in a com-
pletely randomized design, with ten repetitions. Each
box was considered as an experimental unit.

The following characteristics were evaluated: plant
height (PLH), plant diameter (PLD), number of primary
(STL1) and secondary stolons (STL2), primary stolon
length (STL1L), number of nodes per primary stolon
(NN), internode length (INL), primary stolon diameter
(STLD), petiole length (PEL), leaf area (LEA) and dry
matter production (DMP). Length and height measure-
ments were made with a centimered rule. Internode
length was calculated dividing each primary stolon length
by its number of nodes. Primary stolon diameter was
measured with a pachymeter, at the beginning of the first
internode. For leaf area, four leaves (12 leaflets) were mea-
sured per plant with a LICOR 3100 optical planimeter.

Two evaluations were performed (separated by a cut
in the 25" and 26" October): in the second week of Oc-
tober 2008 and in the second week of December 2008.
Characters PLH, PLD, STL1, STL2, STL1L, NN, INL,
STLD, PEL and LEA were assessed in the first evalua-
tion. In the second evaluation (named B), plant height
(PLHB), plant diameter (PLDB), primary (STL1B) and
secondary (STL2B) stolons number, primary stolons
length (STL1LB) were determined.

Dry matter production evaluation was performed by
two cuts, the first at 25" and 26™ October (DMP1) and
the second (DMP2) in the middle of December, imme-
diately after the end of the second measurements evalu-
ation. The plants were individually cut at 2.0 cm from
the soil, and kept in paper bags at 60°C for 72 h.

The data was analyzed by a multivariate analysis
taken in account all the traits studided, using the Genes
Program (Cruz, 2001) generating a dissimilarity matrix
using the Mahalanobis distance. The relative importance
of each characteristic was established by the method of
Sing and afterwards the accessions were grouped by their
similarity by the method of Tocher. A simple linear cor-
relation analysis (Pearson) was made using the average
values for each characteristic analysis employing the
SANEST (Alves et al., 1993) statistical package. A den-
drogram of genetic dissimilarity based on all the ana-
lyzed characteristics was generated based on the aver-
age Euclidian distance with the aid of the NTSYS-PC
(Numerical Taxonomy and Multivariate Analysis Sys-
tem) (Rolfh, 2001) program.

Results and Discussion

The collection of T. riograndense accessions had a
broad phenotypic variability for most of the examined
characteristics (Tables 2 and 3). For example, leaf area
ranged from 2.02 to 4.30 cm” and the accessions could
be classified by leaf size in three groups: “large leaves’
(more than 3.12 cm’), including accessions 17, 43, 46, 49,
50 and 71, “intermediate leaves” (between 2.50 and 3.12
cm’), with accessions 1, 15, 21, 23, 29, 33, 41, 42, 47, 59,
67 and 69, and “small leaves” (less than 2.50 cm’), with
accessions 3, 10, 11, 18, 19, 20, 30, 45, 53, 64, 66 and 72.
Accessions in the group of large leaves presented larger
petioles while those of the small- leafed group had
smaller petioles. Leaf area also allows classification
(Bortolini et al., 2006) of populations in groups in other
species, as in white clover (7. repens). Analyzing a col-
lection of 78 populations of white clover, Bortolini et
al. (2006) separated the accessions in three groups: “large
leaves” (more than 11.20 cm’), “intermediate leaves” (4.09
to 11.20 cm’) and “small leaves” (up to 4.09 cm’).

The results of the present work will be discussed,
when possible, in comparison to those on white clover
(Trifolium repens L.). The reasons for this kind of com-
parison are manyfold: (i) there are no similar studies as
the present one for 7. riograndense; (ii) both species have
similar growing habits, are stoloniferous and perennial;
(i) white clover is widely cultivated around the world
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Table 2 — Average values for the characteristics analyzed in 7. riograndense in the first evaluation.

Accession  GR  PLH PLD STL1  STL2 STLIL NN LEA STLD PEL DMP1
————————— cm - cm cm? mm cm g
1 1 4.3 9.5 4.0 1.5 5.1 5.1 2.55 2.0 4.05 0.74
3 6 4.2 11.8 3.9 1.7 6.20 5.0 2.35 1.9 3.27 0.52
10 2 3.3 11.4 3.8 1.3 6.0 5.3 2.02 1.5 2.85 0.38
11 3 4.1 6.8 2.5 0.1 3.8 3.7 2.15 1.5 3.42 0.28
15 4 3.4 7.1 1.9 0.5 3.4 3.4 2.55 1.3 3.9 0.41
17 7 6.0 15.5 4.2 2.1 7.3 5.4 3.92 1.9 5.17 0.89
18 2 4.7 9.4 3.8 1.8 5.2 5.2 2.47 1.8 3.8 0.61
19 3 4.6 12.4 4.7 3.3 7.2 6.0 2.22 1.8 3.5 0.61
20 6 3.0 9.7 3.1 1.3 5.3 5.2 2.27 1.8 2.97 0.44
21 11 4.6 5.0 1.9 0.1 2.4 2.5 297 1.2 3.87 0.28
23 9 5.8 14.9 3.8 3.6 7.2 5.2 3.05 2.0 4.6 0.75
29 1 4.4 6.3 2.9 0.1 3.1 3.4 2.82 1.9 3.85 0.44
30 5 4.9 10.6 3.8 1.4 5.6 5.3 2.47 2.0 3.82 0.59
33 4 4.8 6.9 2.3 0.0 4.0 4.0 2.8 1.9 4.0 0.47
41 2 3.8 9.9 2.4 0.8 5.3 4.4 2.55 1.7 3.87 0.58
42 1 5.0 11.5 3.9 3.5 6.0 5.1 3.12 1.9 3.82 0.71
43 7 6.2 20.5 4.7 9.8 11.6 8.0 4.3 2.0 4.87 1.7
45 3 3.7 4.5 3.1 1.5 3.5 3.6 2.3 1.9 3.65 0.31
46 10 6.8 14.9 3.6 5.5 8.0 6.2 3.62 2.0 5.27 1.07
47 5 4.3 11.6 3.7 2.2 6.6 5.2 2.52 2.0 3.92 0.54
49 8 5.9 16.1 4.6 2.8 8.2 5.7 3.75 21 4.75 1.11
50 5 4.7 233 4.9 14.8 12.8 8.8 3.27 1.9 4.0 1.44
53 2 3.9 21.6 4.5 8.4 12.2 8.0 2.4 1.8 3.55 0.65
59 1 3.9 19.4 3.4 5.2 9.9 7.1 2.9 1.9 4.4 0.88
64 9 4.6 11.1 4.4 3.6 5.9 5.6 2.25 1.9 3.5 0.49
66 1 4.4 14.5 4.6 4.4 7.5 6.3 2.3 1.8 3.65 0.8
67 12 5.6 19.1 4.7 10.6 9.6 7.7 3.0 1.8 4.87 1.45
71 8 4.3 28.20 4.5 19.3 15.6 10.4 3.65 2.0 4.22 2.0
72 13 3.3 11.2 3.1 3.6 5.7 5.7 2.57 1.9 3.30 0.6

GR: Tocher groups; PLH: plant height, PLD: plant diameter; STL1: number of primary stolons; STL2: number of secondary stolons,
STL1L: primary stolon length; NN: number of nodes; LEA: leaf area; STLD: stolon diameter; PEL: petiole length; DMP1: dry

matter production, first cut.

and is a well studied and characterized species
(Nabinger, 1980; Alcantara and Bufarah, 1988; Mather et
al., 1995; Jahufer et al., 2002; Schneiter et al., 2009).

For primary stolon length (STL1), in the first evalu-
ation, the higher values were found for accessions 71, 50
(large-leafed group) and 53 (small-leafed group) (15.6, 12.8
and 12.2 cm, respectively), which also presented the
higher number of nodes per primary stolon (NN) (10.4,
8.8 and 8.0 nodes, respectively). Accessions 71 e 53 also
had the highest internode length (INL) (1.5 cm for both).
These three accessions were those with smaller plant
height in the second evaluation (Table 3), which agrees
with Bortolini et al. (2006) for white clover, who reported
that genotypes with a higher number of nodes had a pros-
trate habit. The smaller stolon lengths were found in ac-

cessions 21 and 29 (2.4 and 3.1 cm, respectively) and the
smaller number of nodes in accessions 21 (2.5 nodes),
15 and 29 (3.4 nodes) (Table 2). Stolon diameter (STLD)
varied little among accessions ranging from 1.3 mm to
2.0 mm. In white clover stolon diameter is more vari-
able: 1.4 mm to 3.7 mm (Rosso and Pagano, 2001), 2.0
mm to 3.0 mm (Flores et al., 2004), 1.5 mm to 2.8 mm
(Bortolini et al., 2006) and plants with thicker stolons
tend to be higher, with larger leaves and flowers (Flores
et al., 2004). In the present study, no relation between
stolon diameter and plant or leaf size could be detected.
Plants of T. riograndense are generally more prostrate
and smaller than those of white clover.

In the first evaluation, accessions with the highest
plant height (PLH) were 46, 43 and 17 (6.8, 6.2 and 6.0
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Table 3 — Average values for the characteristics analyzed in T. riograndense in the second evaluation (B).

Accession GR PLHB PLDB STL1B STL2B STL1B DMP2 TDMP
cm cm g

1 1 4.1 52.0 4.9 30.4 25.61 5.8 6.5
3 6 5.4 55.8 5.4 354 28.83 5.51 6.03
10 2 5.1 53.7 5.6 37.4 30.0 3.54 3.92
11 3 5.8 52.4 5.0 36.4 26.5 4.6 4.88
15 4 5.9 46.1 4.1 232 23.61 5.63 6.04
17 7 57 46.9 4.4 26.2 24.8 4.32 5.21
18 2 5.2 62.9 5.5 39.8 32.83 3.09 3.7
19 3 5.8 46.4 5.1 28.5 25.0 4.9 5.34
20 6 5.0 55.1 5.2 30.8 28.33 3.19 3.47
21 11 5.4 39.1 4.1 25.5 22.5 571 6.46
23 9 5.4 64.5 4.9 349 32.25 3.61 4.05
29 1 5.9 46.7 4.6 30.4 26.13 6.76 7.35
30 5 7.0 56.3 5.4 33.7 27.08 6.52 6.99
33 4 6.6 61.1 4.8 33.8 32.44 8.15 8.73
41 2 6.1 59.5 4.7 32.4 29.72 5.11 5.82
42 1 5.3 48.5 4.6 28.6 25.15 4.63 6.33
43 7 6.0 50.5 3.7 24.4 25.3 4.18 4.51
45 3 4.5 43.0 4.3 25.9 22.05 6.15 7.22
46 10 6.5 62.4 5.2 38.0 32.4 6.26 6.8
47 5 6.8 64.3 5.7 39.9 333 5.15 6.26
49 8 6.3 63.0 5.1 35.6 32.0 4.15 5.59
50 5 4.2 56.3 4.8 30.3 27.44 2.26 291
53 2 3.8 45.4 3.9 20.7 24.57 4.28 5.16
59 1 4.6 61.8 4.5 344 30.5 3.24 3.74
64 9 5.4 41.1 4.4 22.8 21.35 6.12 6.92
66 1 6.8 55.3 5.6 34.4 28.1 5.97 7.43
67 12 5.8 57.1 5.3 31.1 27.6 6.33 8.33
71 8 5.0 61.7 5.3 36.8 30.83 3.08 3.68
72 13 4.1 39.9 4.0 233 23.38 4.41 5.02

GR: Tocher groups; PLHB: plant height; PLDB: plant diameter; STL1B: number of primary stolons; STL2B: number of secondary
stolons; STL1B primary stolons length; DMP2: dry matter production, second cut; TDMP: total dry matter production.

cm, respectively) and those with smaller plants were 72,
10 and 15 (3.3, 3.3 and 3.2 cm, respectively) (Table 2). In
the second evaluation, considering regrowth after the
first cut, plant height values (PLHB) were the highest in
accessions 30, 66 and 47 (7.0, 6.8 and 6.8 cm, respectively)
and the lowest in accessions 1, 53 and 72 (4.1, 3.8 and 4.1
cm, respectively) (Table 3). Accession 72 also presented
a small plant diameter and a low number of primary
stolons (39.9 and 4.0 cm) when compared with the other
accessions (Table 3). The accessions with the tallest
plants in the first evaluation (46, 43 and 17) were of the
large-leafed group, but two of the accessions with the
tallest plants (30 and 66) are of the small-leafed group.
These results indicate the plasticity of this characteris-
tic (height) in T. riograndense.

The highest average values for plant diameter in the
first evaluation (PLD) were observed in accessions 71,
50 and 53 (28.2, 23.0 and 21.6 cm, respectively) and in
accessions 23, 47 and 49 (64.5, 64.3 and 63.0, respectively)
in the second evaluation (PLDB) (Tables 2 and 3). Ac-
cession 47 also presented the highest number of primary
(5.7) and secondary (39.9) stolons in the second evalua-
tion (Table 3) and 71 the highest number of secondary
stolons (19.3, Table 2) in the first evaluation. The low-
est plant diameters were recorded in accessions 45 and
21 (4.5 and 5.0 cm, respectively) in the first evaluation
(Table 2) and in accessions 21 and 72 (39.1 and 39.9 cm,
respectively) in the second evaluation (Table 3). In the
first evaluation, the highest number of primary stolons
(STL1) was found in accessions 50 (4.9) and 67, 43 and
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19 (4.7) and of secondary stolons (STL2) in accessions
71, 50 and 67 (19.3, 14.8 and 10.6, respectively) (Table 2)
while the lowest values of STL1 and STL2 in the first
evaluation were observed in accessions 15 and 21 (1.9)
and 12 (2.5), and 11, 21 and 29 (0.1), respectively (Table
2). In the second evaluation the lowest values of STL1
and STL2 were found in accessions 43, 53 and 72 (3.7,
3.9 and 4.0) and 53, 64 and 15 (20.7, 22.8 and 23.2) respec-
tively (Table 3).

Considering dry matter production (DMP1 and
DMP2) in the two evaluations, accessions 43, 50 and 71,
all of them of the large-leafed group, were the most pro-
ductive in the first cut (1.70, 1.44 e 2.00 g DM, respec-
tively) (Table 2) but not in the second cut (4.18, 2.26 and
3.08 g) nor in the total (DMT) production (4.51, 2.91 and
3.68 g) (Table 3). A possible explanation is that these ac-
cessions would have an earlier vegetative cycle com-
pared to the others. The accessions with a total dry mat-
ter production over 7.0 g per plant were 33, 67, 66, 29
and 45 (8.73, 8.33, 7.43, 7.35 and 7.22 g), included in the
intermediate and small-leafed groups. Data suggests that,
in T. riograndense, accessions precocious in production
have larger leaves and less total dry matter. In white clo-
ver, Bortolini et al. (2006) verified that plants starting to
produce earlier where those with higher total dry mat-
ter production.

Correlation coefficients analysis (Table 4) disclosed
positive correlations between stolon length and plant di-
ameter (r = 0.93), number of nodes per stolon and sto-
lon length (r = 0.88) and number of nodes per stolon
and plant diameter (r = 0.83) in the first evaluation, in-
dicating that stolon growth leads to an increase in plant
diameter and number of nodes per stolon as was already
mentioned by Souza et al. (1988) in five accessions of 7.
riograndense. Stolon growth and its ramifications are
linked to plant persistence and percentage of soil cover-
ing, as reported by Moraes et al. (1989) in T. riograndense
and Thomas (1980) in white clover. In field conditions,
shorter internodes characterized white clover plants with
shorter stolons and, consequently, shorter stolons per
area unit, favouring persistence, as a higher number of
nodes increases rooting and vegetative propagation
(Flores et al., 2004). However, longer internodes would
avoid photosynthesis limitation by shadowing from as-
sociated species (Albert and Simms, 2002).

White clover persistence is mainly due to stolons
growth, therefore persistence of the species requires an
adequate management to keep a certain stolon length and
size (Sanderson et al., 2003). This could be also applied
to T. riograndense as this species is found in the natural
pastures associated with other species, such as summer
grasses, and its persistence is related to a continuous pro-
duction of stolons and seeds (Nabinger, 2006).

Table 4 - Simple linear correlations among the analyzed characteristics im 7. riograndense: first evaluation: PLH (plant
height), PLD (plant diameter), STL1 (number of primary stolons, STL2 (number of secondary stolons), STL1L
(primary stolons length), NN (number of nodes per stolon), INL (internode length), STLD (stolon diameter),
LEA (leaf area), PEL (petiole length), DMP1 (dry matter production, first cut); second evaluation: PLDB (plant
diameter), PLHB (plant height), STL1B (number of primary stolons), STL2B (number of secondary stolons),
STL1LB (length of primary stolons), DMP2 (dry matter production, second cut) and TDMP (total dry matter

production).

PLHPLD STL1 STL2 STL1L NN INL STLD LEA PEL PLDBPLHB STL1BSTL2BSTL1LB DMP1 DMP2 TDMP

PLH 0.09 0.16* 0.06 0.07 0.01 0.17* 0.19* 0.53* 0.63* 0.10 0.21* 0.05 0.05 0.10 0.33* 0.13* 0.21*
PLD 0.52* 0.76* 0.93* 0.83*0.60* 0.24* 0.30* 0.18* 0.18%-0.02 0.04 0.10 0.12* 0.74* -0.00 0.13*
STL1 0.43* 0.50* 0.56*0.37* 0.36* 0.37 -0.00 0.02 -0.00 0.06 0.00 -0.01 0.44* 0.01 0.04

STL2 0.75* 0.77*%0.30* 0.12* 0.23* 0.11* 0.04 -0.08 -0.01 -0.04 -0.00 0.71* -0.01 0.07

STL1L 0.88*0.67* 0.28* 0.27* 0.15* 0.17*-0.00 0.08 0.09 0.12* 0.71* -0.00 0.13*
NN 0.38* 0.30* 0.15* 0.02 0.12*-0.04 0.04 0.05 0.06 0.66* 0.03 0.10

INL 0.44* 0.26* 0.23* 0.20* 0.08 0.16* 0.15* 0.18% 0.41* -0.00 0.14*
STLD 0.19* 0.14* 0.15* 0.05 0.10 0.09  0.13* 0.21* 0.09 0.10

LEA 0.68* 0.15* 0.13* 0.02 0.08  0.14* 0.54* 0.13* 0.23*
PEL 0.14* 0.13* 0.03 0.04 0.11* 0.38* 0.12* 0.20*
PLDB 0.58* 0.75* 0.83* 0.91* 0.26* 0.43* 0.61*
PLHB 0.58* 0.50* 0.58* 0.12* 0.39* 0.55*
STL1B 0.79* 0.70% 0.14* 0.33* 0.49*
STL2B 0.77* 0.17* 0.39% 0.54*
STL1B 0.20* 0.37* 0.56*
DMP1 0.18* 0.39*
DMP2 0.78*

*Significant at 5% probability, t test (p < 0.05).
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Petiole length and leaf area (r = 0.68) and petiole
length and plant height (r = 0.63) were also positively
correlated in the first evaluation (Table 4). Bortolini et
al. (2006) reported a positive correlation between plant
height and leaf area in white clover suggesting that
plants with larger leaf area also had higher petioles. In
red clover, Dias et al. (2008) verified that plants with
larger leaf area were higher. Other works with white
clover also showed correlation between leaf area and
petiole length (Gustine et al., 2002) and between leaf
length and plant heigth (Mather et al., 1995). Rosso and
Pagano (2005) reported that white clover populations un-
der grazing have small leaves and low stature.Stolon di-
ameter was poorly correlated with plant height (r = 0.19)
but had a high correlation with leaf area (r = 0.53) (Table
5). In white clover Bortolini et al. (2006) found a high cor-
relation between stolon diameter and plant height and
leaf area and stolon diameter.

In the second evaluation, a positive correlation was
found between stolon length and plant height (r = 0.58,
Table 4). This is an example of a significant correlation
with a low biological significance. Total dry matter was
also positively correlated with plant diameter (r = 0.61),
plant height (r = 0.55), number of secondary stolons
(r = 0.54) and stolon length (r = 0.56) (Table 4). In
white clover Bortolini et al. (2006) also found that
plants with lengthier stolons produced more total dry
matter and Eisinger and Paim (1994) verified that plants
that grew less in height produced less dry matter. The
high and positive correlation found in T. riograndense
between total dry matter and plant diameter and total
dry matter and number of secondary stolons indicate
that wider plants with many secondary stolons produce
more total dry matter. On the other hand, leaf area and
total dry matter were poorly correlated (r = 0.20, Table
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4), contrary to what was verified in white clover (Rosso
and Pagano, 2001; Bortolini et al., 2006).

Genetic divergence analysis (Mahalanobis distance,
detailed results not presented) showed accessions 11
(small leaves, few stolons and nodes, low DM produc-
tion in the first cut, intermediate in the second) and 71
(large leaves, many stolons and nodes, good production
in the first cut but low in the second) (Tables 2 and 3)
to be the most divergent (71.11 divergence) both col-
lected in the same region (Table 1). The smallest diver-
gence was 1.30 between accessions 19 and 64, collected
in two distinct regions. Both accessions were very simi-
lar in both evaluations (Tables 2 and 3).

Tocher method, using the genetic similarity ex-
pressed by Mahalanobis distance, produced 13 groups
(Tables 2 and 3), one with five accessions (1, 29, 59, 42
and 66), another with four (10, 41, 53 and 18), two with
three accessions (11, 19 and 45; 30, 47 and 50), five with
two accessions (15 and 33; 3 and 20; 17 and 43; 49 and 71;
23 and 64) and the other four with one accession each,
reflecting the high variability of T. riograndense, what is
to be expected in a wild allogamous species.

The dendrogram of genetic dissimilarity based on the
Euclidian distance separated four groups when the av-
erage distance (0.90) was used as cutting point (Figure
2): group 1 (accessionsl, 18, 30, 23, 42, 49, 46, 19, 64, 3,
47, 66, 20, 10, 11, 33, 41, 45, 15, 21 and 29), group 2 (acces-
sions 17, 72, 59, 67 and 43), group 3 with two accessions
(50 and 71) and group 4 with only one accession (53).
Accessions belonging to different groups (50 and 71,
group 3; 53, group 4; 72, 59, and 67, group 2; 1, 11, 64 and
66, group 1), were all collected in the same area (Table
1), outlining the high variability of T. riograndense in the
region where the species is more common and abundant.
On the other hand, very similar accessions such as 3 and
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L |

67 —————

43
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71 s

G4:

53

T T T T T T T T T
0.19
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Figure 2 - Dendrogram of genetic dissimilarity based on Euclidian distance, for 29 accessions of 7. riograndense. The dashed line
points to the average distance and cutting point. G1, G2, G3 and G4 indicate the four groups.

Sci. Agric. (Piracicaba, Braz.), v.67, n.6, p.675-684, November/December 2010



682 Conterato et al.

Table 5 - Relative contribution of each characteristic for divergence among 7. riograndense accessions.

Characteristic

Value (%)

Dry matter production, first cut

Number of secondary stolons, first evaluation
Leaf area

Number of nodes per primary stolon

Length of primary stolons, first evaluation
Plant diameter, first evaluation

Internode length

Plant height, first evaluation

Number of primary stolons, second evaluation
Petiole length, first evaluation

Dry matter production, second cut

Plant height, second evaluation

Number of primary stolons, second evaluation
Stolon diameter

Number of secondary stolons, second evaluation
Length of primary stolons, second evaluation

Plant diameter, second evaluation

20.8
12.3
11.1
10.9
8.7
8.5
6.3
5.1
4.6
2.7
1.9
1.8
1.6
1.2
1.1
0.7
0.4

47, 42, 49 and 46 (Figure 2) were collected from small
populations more or less near urban areas, where agri-
culture is very intensive, indicating a reduction of ge-
netic variability. As an exception the similar accessions
1 and 18 were collected far apart (Table 1, Figure 1).
Therefore, in T. riograndense, geographic diversity not
necessarily implies in genetic diversity. The same was
found by Bortolini et al. (2006) for white clover, but in
other species as red clover (7. pratense), accessions were
grouped according to their geographic origin (Greene et
al., 2004; Rosso and Pagano, 2005).

Dry matter production in the first cut was the char-
acteristic that most contributed (20.80%) to accessions
divergence followed by number of secondary stolons
(12.30%), leaf area (11.07%), and number of nodes per
primary stolon (10.93%) (Table 5). The characteristics
that less contributed were plant diameter (0.40%) and
length of primary stolon (0.74%) in the second evalua-
tion. Dry matter production, number of nodes per pri-
mary stolon and number of secondary stolons in the first
evaluation and leaf area contribute with 55.10% for the
accessions divergence indicating that these characteris-
tics together can discriminate the accessions and should
be priorized in future works as they can reduce the time
and resources needed to select desirable accessions and
at the same time improving selection success. Choosing
more divergent and with interesting agronomic charac-
teristics accessions, for controlled crosses, would opti-
mize the search for superior genotypes in a plant breed-
ing program. On the other hand, those characteristics
with little contribution to accessions divergence should
not be considered. In white clover, Bortolini et al. (2006)
reported that leaf area, plant height, flowering intensity

and dry matter production contributed more to discrimi-
nate accessions. Flores et al. (2004) considered phenol-
ogy, plant height and diameter and Caradus et al. (1989)
indicated leaf area and cyanogenesis as the most impor-
tant aspects to differentiate groups.

In the present study, the great contribution of dry
matter production and number of secondary stolons in
the first evaluation, to accessions divergence could be
related to an earlier beginning of forage production in
some accessions, which is an interesting charateristic to
select aiming at the species improvment. As the plants
did not flower during the experimental period, it is not
possible to conclude about the importance of flowering
to accessions divergence in 7. riograndense. The absence
of flowering in the present work was not totally unex-
pected as from previous observations when T.
riograndense seeds were germinated in December, the
derived plants flowered in October, but when germina-
tion ocurred in May-June the plants flowered only the
next year. Therefore, 7. riograndense probably needs a
certain amount of degrees-day to be able to turn from
the vegetative to the reproductive stage.

Plant height did not contribute much (5.08%, Table
5) to accessions divergence reflecting the generally pros-
trate habit of the species and its relatively low stature
when compared to other Trifolium species. Plants were
cultivated isolated, and it favoured diameter growing,
due to the absence of competition, as already mentioned
by Flores et al. (2004) for white clover.

Leaf area may be a good indirect parameter to select
accessions with good dry matter production and persis-
tence. In the present study, however, accessions with large
leaf area and high petioles length were not those with the
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highest total dry matter production (Tables 2 and 3). On
the other hand, accessions with intermediate leaf area and
medium petiole length (67, 47, 42, 33, 29 and 1), together
with two accessions with small leaves (64 and 66) were
those with highest total dry matter production, indicat-
ing a negative correspondence between leaf size and num-
ber. Those accessions with highest dry matter production
in the first cut, therefore more precocious (71, 67, 50 and
43, all with large leaves except 67) had a lot os senescent
material at the end of the experimental period.

This is the first time that a large number of T.
riograndense accessions are assessed for a broad range
of characteristics, even if only in one year of evaluations.
The results clearly show that in Southern Brazil pastures
there is an invaluable native germplasm pool of a native
legume forage species. This resource must be better stud-
ied (as with field plots and longer evaluations) in order
to effectively select accessions with superior forage char-
acteristics, to include these accessions in plant breeding
programs and possibly, in a not far future, develop T.
riograndense cultivars. And, as important as the utiliza-
tion of the species, should be its conservation. For both,
use and conservation, the integration of traditional tech-
niques with modern ones, as molecular markers, would
be outstanding.
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