UDC 633.32:574.1
Acta Agriculturae Serbica, 27 (53), 57-65, 2022 doi: 10.5937/AASer2253057R

Publisher: Faculty of Agronomy Cacak

tOFAGRO
Acta 3 <
Agriculturae 3 g

Serbica | S =

1978. « CACAK *

www.afc.kg.ac.rs

Biodiversity of a red clover collection based on morpho-productive
traits

Irena Radinovi¢ 1%, Sanja Vasiljevi¢ 2, Gordana Brankovi¢ 1, Tomislav Zivanovic?,
Slaven Prodanovic?

1 University of Belgrade, Faculty of Agriculture, Department of Genetics and Plant Breeding, Nemanjina 6, 11080
Belgrade-Zemun, Serbia

2 Institute of Field and Vegetable Crops, Novi Sad - National Institute of the Republic of Serbia, Maksima Gorkog 30,
21101 Novi Sad, Serbia

*Corresponding author: calic@agrif.bg.ac.rs

Received 5 Januray 2022; Accepted 29 April 2022

ABSTRACT

Red clover (Trifolium pratense L.) is a meadow and pasture species in natural habitats and also a cultivated species used for
animal nutrition. The aim of this research was the assessment of the diversity of 46 red clover accessions based on morpho-
productive traits. The traits were investigated according to the UPOV descriptors for red clover - number of internodes, number
of branches, stem length, stem thickness, middle leaflet length, middle leaflet width, green matter yield and dry matter yield.
The principal components analysis (PCA) explained 74% of the variance of the standardized data and showed relationships
between 46 red clover accessions and eight morpho-productive traits, associations among traits and performance of accessions.
Among the determined Euclidean distances, the smallest value was obtained for the accessions Rotra and Titus (0.048), the
largest value was 1.099 for a pair of NCPGRU2 and Cortanovci accessions, and the average value was 0.380. Two clusters of 46 red
clover accessions were separated in the dendrogram based upon UPGMA (Unweighted Pair-Group Method with Arithmetic mean)
for eight morpho-productive traits. The first cluster included two subclusters, while the second cluster contained four
subclusters. The grouping of the accessions from the red clover collection by the UPGMA cluster analysis can be linked to the
geographical origin of the accessions: central and southern Europe for three subclusters and north-eastern Europe for one
subcluster.

Keywords: morpho-productive traits, red clover, variability, principal components analysis, cluster analysis.

M3BOJ

LipeeHa fertenuHa (Trifolium pratense L.) jecTe MBaJicKo-NallkayKa BPCTa Ha IPUPOJHUM CTAaHULITHMA, a M KYJTHBHUCAHA BPCTa
KOja ce KOPUCTH Yy UCXPAHM KUBOTHHaA. CBpXa OBOI MCTpakhBama je O6uJa NMpolleHa JUBep3nuTeTa 46 reHOTHUIOBA IpBeHe
JleTeJIMHe HAa OCHOBY MOPQOJIOMIKO-NIPOAYKTUBHUX ocobuHa. [IpoyyaBaHe cy oco6uHe Ha ocHoBY YIIOB peckpunrtopa - 6poja
HWHTepHO/AHYja, 6poja rpaHa, AyKUHe cTabJia, LIUPUHe CcTabJa, AyKHHe IleHTpasIHe JIMCKe, IIMPUHe LieHTpalHe JHUCKe, IpUHOoca
3eJileHe Mace U IpUHOCA CyBe MaTepuje. AHaJIM30M IJaBHUX KoMmoHeHTH (PCA) Mopdo-npoAyKTHUBHHUX OCOOMHA IjpBeHe
JleTeslMHe o6GjallllbeHO je 74% BapujaHCe CTaHAApAM30BaHUX MOJaTaka M IMpPHUKa3aHU Cy OJHOCH 46 TeHOTHUIIOBA IpBeHe
JleTeJIMHe U 0caM MOp¢OJIOLIKO-IPOAYKTUBHUX 0COOMHA, IIOBE3AaHOCT 0COOHMHA U NepdopMaHca reHoTUoBa. Mehy yTBphenum
EyxinoBuM JUcTaHIlaMa, HajMaka BpeHOCT je U3padyHaTa 3a reHoTunoBe Rotra u Titus (0,048), Hajseha je 6uaa 1,099 3a nap
NCPGRU2 u YopTaHoB1M, a npoceyHa BpeAHOCT je uaHocuaa 0,380. [I[puMeHOM HemoHJepUcaHOr MeToJa MapHUX rpymna ca
aputMeTnykuM npocenuma (UPGMA), menaporpaMoM 46 reHOTUIIOBA LpBeHE JieTeJWHE KOHCTPYHCAaHUM Ha OCHOBY OCaM
MOp¢O-TPOAYKTUBHUX 0COGMHA U3/IBOjeHa Cy JiBa KJacTepa. [IpBM KylacTep je cajipkao /iBa NOTKJIACTepa, JJOK Ce APYTH KJacTep
cacTojao oJf YeTHPU MOTKIAcTepa. ['pynucame reHoTunoBa LpBeHe JeTesnnHe nomohy UPGMA kiacTep aHanuse Morso ce
JIOBECTH y Be3y ca reorpadcKUM MOPEKJIOM TeHOTHIIOBA: LIeHTPasHa M jy»kHa EBpoma 3a Tpu moTkJjacTepa M CeBEpOMCTOYHA
EBpona 3a jeiaH noTk/acTtep.

K/byuyne peumn: mopdo-npoAiyKTHBHE 0oCOGHHe, LpBeHa JeTe/MHa, BapyjabU/IHOCT, aHa/JU3a TJIaBHUX KOMIIOHEHTH, KJacTep
aHanu3a.

1. Introduction mineral nitrogen fertilizers, red clover was of
importance in crop rotation and contributed to soil

Red clover (Trifolium pratense L) is a broadly fertility (McKenna et al., 2018). Red clover is able to fix
distributed and globally significant forage legume atmospheric nitrogen via symbiosis with Rhizobium
grown on approximately 20 million hectares leguminosarum bv. trifolii (IStvanek et al., 2017) and it
worldwide (Riday, 2010). Before the introduction of reduces the need for synthetic nitrogen fertilizers
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(Suwara et al,, 2016; Tomi¢ et al,, 2012). It is generally
used for the production of forage, including green feed,
hay and silage. Red clover can be established as a pure
stand or in grass/legume mixtures, as a pasture for
livestock. The cultivation of mixed grass/legume
grasslands has been increasing because of many
potential advantages in comparison to monocultures
(Arturi et al,, 2012). In Serbia, red clover is mostly
grown in pure stands on arable land, but it is also
seeded in grass mixtures, and occurs to a limited extent
in permanent swards (Simi¢ et al.,, 2013). An important
feature of red clover is the presence of the enzymes
polyphenol oxidases (PPOs), which reduce both
proteolysis and lipolysis during the ensiling of red
clover and improve protein absorption efficiency
during digestion in ruminants (Hejduk and Knot, 2010).
The main limitation of red clover is poor persistence,
which is related to high mortality of plants due to a
complex of biotic and abiotic factors (Ortega et al,
2014). Being rich in estrogenic isoflavones, red clover
also serves as a medicinal plant and a dietary
supplement, and can be used to prevent osteoporosis,
treat menopausal symptoms, and protect from
cardiovascular disease (Du et al.,, 2013). The main focus
of red clover breeding programs oriented to the
livestock sub-sector of agriculture has traditionally
been on improving forage yield and quality.

Red clover is a diploid (2n=2x=14) species with a
genome size of 420 Mb and it has a gametophytic self-
incompatibility system which makes it heterozygous
and difficult to inbreed without loss of viability and
vigor (De Vega et al, 2015). Molecular genetics
approaches can theoretically speed up red clover
breeding, but red clover’s outcrossing nature and high
level of heterozygosity make intensive genetic and
genomic analyses difficult (Repkova and Nedélnik,
2014). Nowadays, besides diploids, there are also
tetraploid red clover varieties. Tetraploid varieties are
grown mostly in Europe and, although they have high
forage yields, compared to diploids, they also have low
seed production, accompanied with high seed prices,
which limit their widespread use (Sattler et al., 2016).

Genetic variability is a foundation of plant
breeding, and genetic resources have a crucial role in

The selected material was studied based on a plant
trial sown during the 2011-2012 growing season and
laid out in a randomized block design with three
replications at a row spacing of 80 x 80 cm, and a
planting depth of 2.5 cm. A detailed assessment was
performed for the following morpho-productive traits:
number of internodes - NOI, number of branches -
NOB, stem length - SL, stem thickness - ST, middle
leaflet length - MLL, middle leaflet width - MLW, green
matter yield - GMY, dry matter yield - DMY, during the
first year of the trial. These morpho-productive traits
were determined by measuring 30 individual plants
(10 plants per replicate) according to the UPOV
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broadening the genetic base of plant breeding
programs and their associated biotechnology (Rivas et
al, 2015). To assess the level of genetic diversity and
identify diverse genotypes for developing improved
and new varieties, it is necessary to obtain diversity
information of the available germplasm, which is the
main background for breeders (Gupta et al, 2016).
Source material for red clover breeding can be of
different origin and includes wild clover populations,
landraces, local and foreign commercial varieties,
genetic populations, and artificial mutants (Jansone et
al, 2014). Data on genetic resources have to be
comprehensive and readily available to researchers, in
paper and/or electronic form so that samples with
desirable traits could be efficiently used in breeding
programs (Thormann et al, 2012). Evaluation of
genetic resources is based on morphological,
phenological and agronomic traits (Pelikdn et al,
2014). Although most of the agronomic traits exhibit
quantitative variation with a polygenic pattern of
inheritance, they are useful traits for the identification
of potential divergent heterotic groups for further
breeding (Ortiz Rios, 2015).

The main aims of this study on the red clover
collection of the Institute of Field and Vegetable Crops,
Novi Sad, were: 1) evaluation of variability among red
clover accessions for major morpho-productive traits;
2) estimation of genetic relationships and cluster
analysis of red clover accessions based on morpho-
productive traits; and 3) assessment of associations
among morpho-productive traits and their relation
with the red clover accessions.

2. Materials and methods
2.1. Plant material and field trial

Plant material was selected from the collection of
the Institute of Field and Vegetable Crops, Novi Sad,
and it included 46 diploid and tetraploid red clover
accessions, populations and cultivars classified by type
of ploidy, from 17 countries (Table 1).

descriptors (2001). After sowing, during the tillering
phase, the stand was thinned to one plant per hill. The
soil at the Rimski Sancevi site was chernozem with
exceptionally favorable pedological characteristics,
which provided optimal soil conditions for the survey.
Table 2 presents the agrochemical properties of the
Rimski Sanéevi soil sampled in 2011, based on data
from the Laboratory for Soil and Agroecology of the
Institute of Field and Vegetable Crops in Novi Sad. Soil
samples were slightly alkaline in reaction, moderately
rich in CaCOs, poor in humus, rich in total nitrogen, and
with a high content of readily available phosphorus and
potassium.
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Table 1.
Names, status, ploidy, and origin of the accessions from a red clover collection
Name Status Ploidy Origin
NCPGRU2 Population 2n Ukraine
NCPGRU3 Population 2n Ukraine
NCPGRU4 Population 2n Ukraine
NCPGRUS5 Population 2n Ukraine
Violeta Cultivar 2n Bolivia
Nessonas Cultivar 2n Greece
Mercury Cultivar 2n Belgium
Lemmon Cultivar 2n Belgium
SA1 Population 2n Australia
SA3 Population 2n Australia
SA4 Population 2n Australia
BGR1 Population 2n Romania
BGR2 Population 2n Romania
BGR3 Population 2n Romania
Diana Cultivar 2n Hungary
Dicar Cultivar 4n France
Nemaro Cultivar 4n Germany
Una Cultivar 2n Serbia
Avala Cultivar 2n Serbia
Marina Cultivar 2n Serbia
Amos Cultivar 4n Denmark
NS-Mlava Cultivar 2n Serbia
Italia centrale Population 2n Italy
Bolognino Population 2n Italy
Marino Cultivar 2n Germany
Renova Cultivar 2n Switzerland
Titus Cultivar 4n Germany
Rotra Cultivar 4n Belgium
Kora Cultivar 2n Sweden
Vivi Cultivar 4n Sweden
Lucrum Cultivar 2n Germany
Noe Cultivar 2n France
Violetta Cultivar 2n Belgium
Britta Cultivar 2n Sweden
Krano Cultivar 2n Denmark
Triton Cultivar 4n Germany
Lutea Cultivar 2n Germany
Bjorn Cultivar 2n Sweden
Bradlo Population 2n Slovakia
Cortanovci Population 2n Serbia
89 E-0 Population 2n Bulgaria
91 E-44 Population 2n Bulgaria
91 E-63 Population 2n Bulgaria
Sofia52 Population 2n Bulgaria
Fertody Cultivar 2n Hungary
Quinequeli Cultivar 2n Chile
Table 2.
The agrochemical analysis of the soil at Rimski Sancevi
Depth pH pH N P20s K20 CaCOs3 Humus
(cm) (H20) (KCD (%) (mg 100 g1) (mg 100 g1) (%) (%)
30 8.25 7.28 0.19 324 30.6 2.52 2.58
2.2. Statistical analysis of data The cluster analysis was performed based on the
mean values of the morpho-productive traits for red
The parameters of descriptive statistics - mean clover accessions. To construct dendrograms, an

value (X), standard deviation (o), the minimum value
(Min), the maximum value (Max), and coefficient of
phenotypic variation CVp (%) - were calculated for all
measured morpho-productive traits. The significance of
differences in the mean values of the measured traits
for red clover accessions was determined according to
the Tukey test (Table 3).
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Unweighted Pair-Group Method with Arithmetic Mean
(UPGMA) based on the Euclidean matrix was used.

The associations of the examined morpho-
productive traits were shown by the Principal
Component Analysis (PCA). The PCA method reduced
the number of variables to a set of new variables
(principal components), thus making it easier to
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understand the information contained in the measured
morpho-productive data. The results of the PCA are
graphically presented in a two-dimensional biplot. The
statistical analysis of the morpho-productive traits of
46 red clover accessions, including the construction of
a distance matrix for the pairs of accessions based on
Euclidean distances, the UPGMA hierarchical method of
clustering and design of dendrograms, PCA, was
performed using R program (R Core Team, 2015).

3. Results and discussions

The mean values of the morpho-productive traits
measured in 46 red clover accessions, along with the
standard deviation (SD) and the coefficient of variation
(CV), are shown in Table 3.

Table 3.
Mean values of morpho-productive traits of 46 accessions from a red clover collection
SL ST MLL MLW GMY DMY
Genotype NoI NOB (cm) (cm) (mm) (mm) (gplant1)  (gplantl)
NCPGRU2 5.45d 4.13ek 61.10ab 3.91b-h 40.102 19.63b 319.00a 60.432
NCPGRU3 5.86bh  4.67b¢ 41.27e0 2.63mno 22.67va 10.83ik 141.67dm 36.83bm
NCPGRU4 5.13f0  4.07ek 38.60nip 2.47no 22.67ra 10.77ik 191.00be! 51.47ad
NCPGRU5 5.88bh  423ck 56.50bc 3.51h1  31.20em 15.23¢h 230.33bc 49.33ah
Violeta 4.87t0  3.908k 36.00mp 4.01ch  32.90¢t 14.70deg 86.00k» 32.178hn
Nessonas 4.67'v  3.67MK 36.70ikp 3.42hm  29,03ho 13.0787 88.67fp 22.60imn
Mercury 48980  3.908k 36.10mp 3.85¢1 27.23ip 12.4087 138.00dn 36.47dm
Lemmon 4,950 3,97dk 38.30hip 3.95c¢h  27.60kp 14.40deg 101.00%p 27.43in
SA1 4.87t0 3,70 43.27e1 3.30bn  28.70h-o 15.03dei 118.671p 36.43dm
SA3 3.87» 2.83! 37.63skp 3.48hm  38.,33ab 23.40a 106.00p 35.804d-
SA4 4.83p  4.07eik 39.87hip 3.45hm 347701 16.83be 142.67dm 43.40a1
BGR1 8.002 6.602 59.002b 4.11ah 26.60-a 16.20¢f 112.00p 34.10den
BGR2 8.102 4.73bg 59.03ab 3.680h1 31.13¢! 16.304def 69.671p 24,1 7kmn
BGR3 8.532 7.472 65.272 4,79ad 27.23p 14.63deg 120.67¢ 40.2301
Diana 5.24b1  423ck 41.27e0 3.86¢1 28.13fo 13.67fk 101.67+p 26.90in
Dicar 4.93h0 390k 39.40hip 4.94a 30.43# 16.7Qbe 120.33i° 30.538n
Nemaro 4.691p 3.63iK 33.40mp 3.73Mml 26.20nq 12.20si 74.67hop 20.77mn
Una 5.91b-h  4.9(Qb-e 49.13cde 3.55h1 32.00ck 13.27¢7 155.33¢m 43.40ai
Avala 4.77p 3.80sk 41.77eo° 3.85¢1 32.73¢ct 14.47deg 117.00t» 32.30¢cen
Marina 5.10f0 4.07¢ik 45.27¢i 4.03c¢h 32.90¢t 15.27¢h 143.67dm 37.2Q0bm
Amos 5.81b 4.80b-h 44.40¢ek 4.7 4abce 31.80dk 16.27¢f 208.33bd 50.87acd
NS-Mlava 5.51bm  4.50b 45.63dsi 3.79¢1 33.53bh 14.47 deg 168.33¢! 46.132¢
Italia Centrale 5.33cl  4.30ck 40.23fp 3.82¢l 26.77 13.03 &1 175.33¢1 46.70adg
Bolognino 5.37d 4.33bk 39.40hip 3.93c¢h 25.030d 12.30 87 151.00¢m 39.67V!
Marino 5.31cl  4.30ck 38.23ip 3.81el 25.30ma 11.90 ¢ 80.33mop 23.00Q!mn
Renova 4.37ip 3.37i 33.67°p 3.43hm 25.070a 10.83 ik 47.670p 16.77n
Titus 5.29¢1  4.3(Qck 40.33fr 4.30aft 31.00e! 13.97¢ 92.678P 25.70in
Rotra 5.24bn  410ek  37.90 ke 4.54af 30.80¢! 14.30dese 97.00» 26.23in
Kora 6.00bcf  5.00bce 48.00df 4.00ch  36.23ad 14.63deg 200.00ve 55.47ab
Vivi 5.97bf  4.9(Qb-e 44.97ei 4.78ac 32.43ck 14.47deg 118.33ip 41.90ak
Lucrum 5.57b-m  4,53bj 41.90em 422+ 31.97dk 13.50f 101.334p 30.63en
Noe 4900 3908k 38.80nip 3.86e1  30.00fno 12.47¢7i 102.00+p 31.87ghn
Violetta 5.13fc  4.13ek  42.53em 3.87¢1  32.40ck 13.30f 102.334p 33.57den
Britta 4.50p 3,50 46.40dn 4.314f 35.60ze 17.00vd 112.671p 33.10dn
Krano 5.00d0 4,004k 32.67r 4.60ae 33.50vh 16.77Ve 97.33p 30.37en
Triton 5.96bf  4.97bce 46.03di 4.95a 30.10fen 14.57deg 260.002b 52.10abe
Lutea 4.481W 3.474 34.60mp 3.48hm 34 .43bf 15.17dei 99.33lp 27.77f
Bjorn 5.87bh  5.03bef 36.43kp 1.930 21.974 10.605 91.33g» 30.17en
Bradlo 6.17bc 5.17bec 40.00fr 4.03¢h  27.53kp 12.208i 77.67mop 30.67ghn
Cortanovci 4.62'»  3.63K 40.03fr 3.03I 27.57kp 13.07¢7 40.33» 17.33n0
89 E-0 5.50b-m  4,50b7 43.50e1 3.05i 22.10a 13.60f 60.00nop 19.10mn
91 E-44 4.30kp 3.474 37.60skp 3.50h1  29.23ho 15.13dei 61.33n0p 19.57mn
91 E-63 4.250p 3.371 33.730p 3.20gn 26.37'a 13.43Fj 56.000p 18.27ino
Sofia52 5.48bco 450D 45.43e 4.60a¢ 36.97ac 17.03bd 168.00¢! 51.20ad
Fertody 5.10fc  4.10ek 44.77¢] 4.32afk  3507b¢g 16.13¢f 138.33dn 46.3028
Quinekel 6.25¢ 5.27b 53.57bd 4.60a¢ 33.57bh 16.13¢f 162.00¢! 51.83abe
Mean value 5.39 43 42.8 3.85 30.2 14.5 124.9 35.2
St. Dev. 0.93 0.8 7.61 0.64 4.32 2.36 56 11.3
CV (%) 17.4 18.7 17.8 16.6 14.3 16.3 44.8 32.2

(NOI - number of internodes, NOB - number of branches, SL - stem length, ST - stem thickness; MLL - middle leaflet length;
MLW - middle leaflet width; GMY - green matter yield; DMY - dry matter yield; St. Dev. - standard deviation; CV - coefficient of

variation)
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The number of internodes ranged from 3.87 (SA3)
to 8.53 (BGR3), with the mean value of 5.39. The
smallest number of branches was measured for the
accession SA3 (2.83), the highest for the accession
BGR3 (7.47), and the mean value was 4.3. The
accession Krano had the shortest stem length (32.67
cm). The longest stem length was found for the
accession BGR3 (65.27 cm). The mean value for stem
length was 42.8. Stem thickness ranged from 1.93 cm
(Bjorn) to 4.95 cm (Triton), and the mean value was
3.85 cm. The value of middle leaflet length varied from
2197 cm (Bjorn) to 40.10 cm (NCPGRU2), and the
mean value was 30.2 cm. Middle leaflet width was the
highest in the accession SA3 (23.40 cm) and the lowest
in Bjorn (10.60 cm), with the mean value of 14.5 cm.
Green matter yield ranged from 40.33 g for the
accession Cortanovci to 319 g for the accession
NCPGRU2, and the mean value was 124.9 g. The
smallest value of dry matter yield was observed for the
accession Renova (16.77 g). The accession NCPGRU2
had the highest value of dry matter yield (60.43 g). The
mean value of dry matter yield was 35.2 g. The extent
of variation shown through CV was the smallest for
MLL (14.3%) and the largest for GMY (44.8%). A
medium coefficient of variation (10%-20%) was
shown for number of internodes, number of branches,

stem length, stem thickness, middle leaflet length, and
middle leaflet width, and a large coefficient of variation
(>20%) was obtained for green and dry matter yields .

Figure 1 shows a PCA biplot of 46 red clover
accessions based on eight morpho-productive traits.
The PCA biplot explained 74% of the variance of
standardized data. Green and dry matter yields were in
a strong positive association, and also positively
associated, but to a lesser extent, with stem length and
stem thickness. Moreover, green and dry matter yields
had a medium to strong positive association with
middle leaflet length and middle leaflet width. A
moderately strong positive association existed between
green and dry matter yields and the number of
internodes, while the association between green and
dry matter yields and the number of branches was also
positive, but less pronounced. Weak positive
associations were determined for stem length and
middle leaflet length, as well as for stem length and
middle leaflet width. Stem diameter and the number of
internodes were weakly negatively associated, as were
stem diameter and number of branches. Middle leaflet
length and middle leaflet width were negatively
associated with the number of internodes and the
number of branches.
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Figure 1. PCA biplot of eight morpho-productive traits measured in red clover accessions (NOI - number of
internodes, NOB - number of branches, SL - stem length, ST - stem thickness; MLL - middle leaflet length; MLW -
middle leaflet width; GMY - green matter yield; DMY - dry matter yield)

The PCA biplot encompasses 7 groups of
accessions from the red clover collection. The first
group consists of accessions characterized by high
green and dry matter yields , as well as by above-
average values of stem thickness, stem length, number
of internodes, number of branches, middle leaflet
length and middle leaflet width. The accessions of this
group are NS-Mlava, Amos, Kora, Vivi, NCPGRUS5,
Quinekel, and Triton.

The second group comprises accessions that
achieved high values of green and dry matter yields,
and above-average values of stem thickness, middle
leaflet length, and middle leaflet width. The genotypes
in this group are Marina, Fertody, Sofia52, and
NCPGRU2.

The third group includes the accessions Una, BGR2,
BGR1, and BGR3, which achieved high values of green
and dry matter yields, and above-average values for

61



Radinovic et al.

the number of internodes, number of branches and
stem length.

The fourth group consists of accessions with
average values for green matter yield and dry matter
yield, above-average values for middle leaflet length
and middle leaflet width, and below-average values for
number of internodes and number of branches. This
group includes Avala, Violeta, Dicar, SA4, Krano, Britta,
Lutea and SA3.

The fifth group encompasses accessions with the
below-average yields of green and dry matter, and
below-average values for stem thickness and stem
length. The accessions in this group are Renova,
Cortanovci, Nemaro, Nessonas, 91 E-63, and 91 E-44.
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The sixth group consists of accessions with below-
average values for green and dry matter yields, stem
thickness, middle leaflet length and middle leaflet
thickness, and above-average values for the number of
internodes and number of branches. The genotypes of
the sixth group are Bolognino, Marino, Bradlo, 89 E-0,
NCPGRU4, NCPGRU3, and Bjorn.

The seventh group comprises accessions that had
below-average or average values for most of the
observed traits, and they were grouped near the
coordinate center of the biplot. This group includes the
accessions Rotra, SA1, Lemmon, Titus, Violetta, Noe,
Mercury, Lucrum, Diana, and Italia.

|§qaur;'\o
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Figure 2. UPGMA dendrogram of red clover accessions based on eight morpho-productive traits (accessions by
geographical origin: red - Australia and South America; green - eastern Europe; light blue - southern Europe; purple
- Central Europe; yellow - northern Europe; dark blue - western Europe)

The UPGMA dendrogram of 46 red clover
accessions, based on eight morpho-productive traits,
separated two distinct clusters (Figure 2).

The first cluster includes accessions grouped into
two sub-clusters: Ia (Renova, Cortanovci, 91 E-44, 91 E-
63, 89 E-0) and Ib (Violeta, Krano, Lutea, Lemmon,
Diana, Titus, Rotra, Lucrum , Nessonas, Nemaro,
Marino, Bradlo). The second cluster contains accessions
grouped into four sub-clusters: Ila (BGR1, BGR2,
BGR3), IIb (Mercury, Bolognino, SA4, Marina, Fertody,
Una, NS-Mlava, Italia centrale, SA1, Avala, Noe, Violetta,
Dicar , Britta, Vivi, SA3), Illc (NCPGRU3, NCPGRU4,
Bjorn) and IId (NCPGRU2, NCPGRU5, Amos, Triton,
Kora, Sofia52, Quinekel). The grouping of the

62

accessions from the red clover collection by the UPGMA
cluster analysis can be linked to the geographical
original of the accessions: central and southern Europe
for three subclusters and north-eastern Europe for one
subcluster.

To assess the genetic distance of 46 red clover
accessions based on eight morpho-productive traits,
the Euclidean distance (Figure 3) was calculated for the
pairs of accessions. The smallest value of the Euclidean
distance was determined for the pair of Rotra and Titus
accessions (0.048). The largest value of the Euclidean
distance was related to the pair of NCPGRU2 and
Cortanovci accessions (1.099). The average value of the
Euclidean distance of the pairs of genotypes was 0.380.
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Figure 3. The Euclidean distance matrix for 46 red clover accessions based on eight morpho-productive traits (red
clover genotypes are designated by the numbers 1-46, and the Euclidean distance is represented by the color scale,

which corresponds to the values 0-1)

Morphological characterization is the first step in the description and classification of genetic resources (Smith

and Smith, 1989). Kolliker et al. (2009)
emphasized the indispensable role of genetic diversity
and detailed characterization within grassland species,
concerning the importance of genetic resources for the
improvement of agronomically important traits. The
present study comprised 46 diploid and tetraploid red
clover accessions which were evaluated to provide a
comprehensive database for selecting and validating
the best accessions of red clover and to identify the
most promising material with the best morpho-
productive traits for further breeding. The practical
implementation of this study would mean to pick out
populations with favorable morphological traits and
high genetic potential for yield to be included in future
programs for the selection and creation of new
varieties as well as for the purpose of broadening the
genetic base and improving existing cultivars.

Analyzing 48 red clover populations, collected
from 20 different locations in the Black Sea Region, Asci
(2011) found that the number of internodes ranged
from 5.75 to 16.25, more widely than in this study. The
reported intervals of variation in stem diameter and
middle leaflet length were similar to the ones in our
study. The average values of middle leaflet width as
well as CV for this trait were higher in this study than
those determined by Tucak et al. (2013). Van
Minnebruggen et al. (2012) analyzed six red clover
genotypes and, based on the number of branches, found
that populations were uniform, with CV inside
populations ranging from 11% to 27%, while the CV of
the same trait in this experiment was 18.7%. Tucak et
al. (2009) analyzed 30 red clover cultivars and
populations from 11 countries, including two
populations from Croatia, and found a high level of
variation for green matter yield, as in our study. In our
investigation, lower minimum and maximum values
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were observed for dry matter yield (16.77-60.43 g
plant-1) than in Tucak et al. (2009) (99.47 to 142.70 g
plant-1). Stem length is a very important yield
component. Some researchers (Kuhbanc and
Voigtlander 1981; Vasiljevi¢ et al., 2006) have found
significant correlations between green forage yield and
stem length in red clover, which suggests that selection
for a longer stem may lead to increased green matter
yields. The average stem length for all analyzed
cultivars and populations (Tucak et al, 2009) was
53.98 cm and varied from 32.65 to 66.69. Asci (2011)
found a wider range of variation for plant height
(46.20-92.0 cm) than in our study.

Various authors identified different groups of
populations based on the contribution of morpho-
agronomic traits. Based on the study of 10 morpho-
agronomic traits (flowering time, plant height, stem
number per plant, number of nodes, main stem
diameter, shape of medial leaflet, density of hairs in the
main stem, width of medial leaflet, length of medial
leaflet and dry matter yield per plant), the genotypes of
red clover studied by Asci (2011) were grouped into
eight basic groups, with genotypes from regions close
to each other clustered in the same groups. Studying 30
varieties and red clover populations based on seven
morpho-agronomic properties (yield of green mass,
plant height, the yield of dry matter, dry matter
content, persistence, flowering time and seed yield per
plant), Tucak et al. (2009) determined the existence of
a total of six clusters. They concluded that the most
promising materials have high yield potential and good
persistence, and are present in two clusters. Rosso and
Pagano (2005) stated that the green matter and seed
yields of red clover were of highest importance for
explaining the variability in 39 introduced and
indigenous populations. Based on the study of
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morphological traits (green matter, dry matter, plant
height, number of stems, number of lateral branches,
number of internodes, middle leaflet length and middle
leaflet width) in 17 wild red clover populations,
Petrovi¢ et al. (2014) grouped genotypes into three
clusters. They found that the traits having the biggest
influence on the grouping were: green matter, plant
height, and middle leaflet length and width, and
determined populations that could be of interest to the
process of breeding.

In the principal components analyses of 22 red
clover accessions, performed by Pagnotta et al. (2011)
on seven statistically significant morpho-physiological
traits, the first (PC1) and the second (PC2) axes
accounted for 57 and 22 % of the total variation,
respectively, 4% more of total variation of standardized
data in comparison with our study on eight morpho-
productive traits. Trait eigenvectors indicated that PC1
was mainly a positive indicator of erect habit as well as
of characteristics contributing to high medium-term
forage yield and high seed yield (tall and numerous
stems, large leaves, many flowers per inflorescence),
reflecting the significant correlations found among
these traits. PC2 was mainly a positive indicator of late
flowering and a high frequency of plants with leaf
marks. Similarly, in our research, PC1 was a positive
indicator of green matter yield, dry matter yield, stem
thickness, and stem length, and PC2 was a positive
indicator of number of internodes, number of branches,
middle leaflet length, and middle leaflet width. Petrovic
et al. (2014) grouped 9 wild populations of red clover
in a PCA biplot in the same cluster B based on increased
values of middle leaflet length and middle leaflet width
as we did in our study by grouping 8 genotypes in
cluster IV and four genotypes in cluster II. The same
authors grouped the two wild populations of red clover
into cluster A based on higher values of number of
branches and number of internodes, similarly as in our
research, where four genotypes were grouped in
cluster III based on the same two traits.

4. Conclusions

Medium variation was shown for number of
internodes, number of branches, stem length, stem
thickness, middle leaflet length; and middle leaflet
width, and large variation was obtained for green and
dry matter yields. The grouping of the cultivars and
populations from the red clover collection by the
UPGMA cluster analysis encompassed 7 distinct
subclusters and can be linked to the geographical origin
of the accessions: central and southern Europe for
three subclusters and north-eastern Europe for one
subcluster. Promising cultivars/populations at the
diploid level were separated for further breeding
programs (NS-Mlava, Kora, NCPGRU5 and Quinekel) by
virtue of their high green and dry matter yields, and
above-average values of stem length, number of
internodes, number of branches, middle leaflet length
and middle leaflet width. These findings could be
beneficial and of practical use for red clover growers as
well as for the development of new high-yielding
varieties in the future breeding process.
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