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ABSTRACT

From the first to third growing season in the field test carried out at the Experimental Station of Soybean (Pavlikeni,
Bulgaria) was observed 12 genotypes of red clover, including two Bulgarian diploid varieties Nika 11 (standard) and Sofia
52, four local diploid populations and next six foreign tetraploid varieties, i.e. Kvarta, Astur, Carbo, Elanus, Fregata and
Larus. The goal of study was to determine the effect of ploidity level of the varieties as well as the effect of adaptive
variability of local populations on fresh mass yield, dry mass yields and their persistence in an agro-ecological area with
lower summer moisture assurance for red clover. The highest total dry mass yield was observed for varieties Sofia 52
(2n), Nika 11 (2n), Kvarta (4n) and Astur (4n). The productivity of tetraploids Kvarta and Astur strongly varies depending
on the season and the year, as well as the age of sward. According to the obtained comparative production data for cuts
and years, the tetraploid germplasm has a stronger adaptation to the limiting moisture. In summer drought, typical for the
plains of Northern Bulgaria, tetraploids stop growing and do not compensate for their limited vegetative growth, despite
the excellent moisture guarantee in the late summer, as well as in the spring the next growing season. Local wild-type
germplasm of the species is characterized by a rapid development and lower yield of fresh and dry forage mass compared
to the diploid standard when growing in conditions of optimum moisture but relatively high productivity in the dry
conditions of the summer months. The differences in the genotypic productivity response under dry conditions reported
in this experiment also suggest that the abiotic limit studied can be successfully responded by the genotype factor.
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PE3IOME

OT nbpBa A0 TpeTa BeretTauus B MOJICKM eKCnepuMeHT, u3BedeH B OnuTHa cTaHuma no cosata - [laBinkeHu, 6sxa
HabntogaBaHn 12 obpasela YepBeHa AeTesinMHa. B ToBa uncno 6sxa BKAKOYEHM ABaTa ObArapCku AUNJIOMAHM copTa
Huka 11 n Coduma 52, yeTrpu MeCTHWN AMBOPACTALLM MOMNYNALLMN, KAKTO U CIeQHUTE LIeCT TeTpanionaHu copta: Kvarta,
Astur, Carbo, Elanus, Fregata un Larus. CopT Huka 11 e nsnonseaH KaTto cTaHgapT. LlenTa Ha HacTosWoTO U3ceaBaHe
e fa ce onpenenn edpekTa Ha HMBOTO Ha MJIOMAHOCT HA COPTOBETE, KaKTO U edeKTa Ha afanTMBHATA U3MEHYMBOCT
Ha MeCTHUTe nonysaumm Bbpxy ¢yparkHaTa NMPOAYKTUBHOCT WM AbJITOTPAMHOCT Ha M3MOJI3BaHE Ha TpeBOCTOUTE
B arpoeKoJIorMyeH paMoH C MO-HWCKa JISTHa BJIArOOCUIYPEHOCT 3a 4epBeHaTa JAeTesnHa. Hal-Bucoka obuia
NPOAYKTUBHOCT Ha cyxa dyparkHa Maca e HabatofaBaHa 3a 6barapckute gunaonaHm coptose Codus 52 n Huka 11,
KaKTo 1 3a TeTpanaounante Keapta 1 AcTyp. [poayKTUBHOCTTa Ha NOCOYEHUTE TETPANIOUAHN COPTOBE MHOMO CUJTHO
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Bapupa B 3aBMCMMOCT OT MOAPAcTTa, CE30HA M Bb3pacTTa Ha pacTeHusTa. Cnopen nNoyvyeHUTe CPaBHUTENHN OaHHU
3a NPOAYKTUBHOCT MO NoApacTy U roAuHU, TeTparsionaHaTa reHniasmMa MMa no-cUaHO aJanTaluMOHHO OrpaHUYeHune
KbM BOAHO-AedULMTEH CTPEC cnpsaMo aunaonaHaTa. [pu naTHO 3acyllaBaHe, TUMMYHO 33 PaBHUHHUTE YC/I0BUS Ha
CeBepHa bbarapus, TeTpanjongHnTe COPTOBE He NOAPACTBAT M HE KOMMEHCMPAT OrPaHNYEHMS CU BEreTaTMBEH PacTeXx,
BbMPEKM OT/IMYHATA 06e3MeYeHOCT C BJlara Npes KbCHOTO JISITO, KaKTO M Mpe3 MposieTTa Ha c/efiBallaTa Beretauus.
MecTHaTa AMBOpacTsLLA reHMn1a3Ma OT BUAA Ce XapaKTepusmpa ¢ 6bp30 pa3BUTHE U MO-HUCHK A0OMB Ha CBEXa U cyxa
dyparkHa Maca B CpaBHEHMe ¢ gMnIoMaHUs cTaHaapT Huka 11 npu oTpacTBaHe/nogpacTBaHe B YC/IOBUS HA ONTMMasIHa
BJIAXKHOCT. 3a ABe OT MonyslaumMmTe e oTYeTeHa CPaBHUTE/THO BUCOKA NMPOAYKTUBHOCT MPWU ASTHO NofpacTBaHe U Te
MoraT ga 6b4aT M3Mo13BaHM 3a OTOOP Ha pacTeHUs C FeHOTUNMHA LLeHHOCT B CeNleKUMsATa HU 3a cneundmryHa aganTaums
Ha Ky/ITypaTa KbM Cyxu ycnoBusi. OTYETEHUTE B HACTOALLMS EKCNIEPUMEHT U3Pa3eHN Pas/IMKK B FreHOTUIMHATA peaKkLums
no MpPoAyKTUBHOCT MpU YC/IOBUS Ha 3acyllaBaHe JlaBaT OCHOBaHME Jla Ce CUYMTa, Ye Ha MPOoy4BaHOTO abUOTUYHO
orpaHunyeHme MoXKe yCreLHo ga 6bae OTrOBOPEHO Ype3 reHOTUMHUS aKTop.

Kno4osu gyMu: HepseHa feTesinHa, aunaonam, 4o6ms, Nonysaumm, COpToBe, CYXOYyCTOMYMBOCT, TETPanIonam

INTRODUCTION

Red clover (Trifolium pratense L.) refers to leguminous
forage plants with high productivity and quality. It is
grown in pure swards or as a basic legume component
in medium-term mixtures for combined use (Bozhanska,
2017). The most suitable for its development are
moderately humid habitats with good soil fertility and
low soil acidity. In the plain and hilly areas of Northern
Bulgaria the soil conditions meet the requirements of
the species but its productivity and longevity are limited
by the summer water deficit. For economically justified
growing of red clover in temporary grasses, annual rainfall
amounts of at least 700-750 mm with sufficient summer
rainfall are required (Ostrowskiand tabedzki, 2011; Verma
and Ahmad, 2017). For Northern Bulgaria such humidity
is only present in the fore-mountain and mountain areas,
but there are limiting factors for the species - very low

levels of phosphorus content in the soil and high acidity.

So far, a great number of red clover genotypes have
been tested for the fore-mountainous conditions of
Bulgaria with a breeding and introductory purpose,
including modern European varieties with a practical
significance and distribution (Goranova, 2002; Goranova
et al., 2003; Mihovsky et al., 2003, 2005; Mihovsky and
Naydenova, 2017). In these studies, the effect of ploidity
level of the varieties as well as the effect of adaptive
variability of local populations on fresh and dry mass

yields, long-lasting grassland utilization, reproductive

performance, and feed quality were identified. The
present study is also aimed at assessing the effect of
these factors, but in an agro-ecological area with lower
summer moisture assurance for red clover.

MATERIALS AND METHODS

The experiment was carried out at the Experimental
Station of Soybean (Pavlikeni, Bulgaria) during the period
of 2014-2016. From the first to third growing season
was observed 12 accessions/ genotypes of red clover,
including two Bulgarian diploid varieties Nika 11 and
Sofia 52, four local diploid populations with the numbers
in the experiment LP1, LP2, LP3, LP4, respectively and
next six foreign tetraploid varieties, i.e. Kvarta, Astur,
Carbo, Elanus, Fregata and Larus (Switzerland originated).
The Nika 11 variety was used as standard. The genotypes
were sown in nursery inling, at a line length of 1.5 m with
0.5 m spacing between the rows and with a sowing rate
of 1,000 seeds per row. The field trials were laid out with
a randomized block design with two replications. Mineral
fertilization and inoculation with Rhizobium bacteria were
not applied. After sowing, the area was rolled. Herbicides
and cover crops were not used as well.

In the sowing year, plants were harvesteded once
- at the end of July (27 July 2014). In the second and
third vegetation the plants were harvested in budding -
beginning of flowering stage at a height of 40 mm, and in
the second vegetation three cuts were harvested, and in
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the third vegetation - one cut, respectively. By cuts and
genotypes the results for fresh mass yield (FMY) (kg/m)
were recorded. The fresh mass of each row/replication
is weighed immediately after cutting. For determination
of dry matter content (%) and calculation of dry mass
yield (DMY) (kg/m) samples of 200 g from each row/
replication was taken and dried in laboratory conditions
to constant weight at at 105 °C. Data have been recorded
for formation of every harvested gut. The growth habit
was determined immediately prior to the harvesting of

the first cut in the three vegetations.

Agro-climatic and soil characteristics of the area of study

The physic-geographic conditions for the Pavlikeni
area are typical of the hilly-plateaus of Northern Bulgaria.
The altitude is 144 m. The average annual rainfall over a
ten-year period covering the study period is 602.3 mm
and the vegetation rainfall sum - 401.4 mm (Figure 1).

The maximum monthly rainfall is in June.

Compared to the fore-mountainous conditions of
Central North Bulgaria, annual and vegetative rainfall are
respectively 241 and 200 mm less. The average monthly
rainfall for the summer period is also significantly lower,
51.3 mm compared to 87.5 mm in the optimal conditions
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for growing the crop. During the years of the experiment,
both, spring droughts (second vegetation) and strong July
or August soil and atmospheric droughts were observed
(Table 1).

The soil type is chernozem, 40-50 cm humus horizon,
with good water holding capacity, 47% porosity and
15.2% quench humidity. The soil reaction is neutral (pH
7.05), the humus content is 3-4%, the stock with mobile
phosphorus (5.3 mg/100 g), and nitrogen (0.23%) is
medium and with potassium is good (48.4 mg/100 g).

data were analyzed with ANOVA
procedures using Statgraphics Plus for Windows software

Experimental

package. Degree of influence of the studied factors in the
dispersion of FMY and DMY was determined through
(n?).

standard

correlation relationship Differences between

cultivars/populations and cultivar were
evaluated by Fisher's Least Significant Difference (LSD)

test at 0.05, 0.01 and 0.001 level of probability.

RESULTS

In the year of sowing, the diploid and tetraploid
varieties studied form only leaf rosettes. Three out of the
four tested local populations (LP1, LP2 and LP3) until mid-
summer also form generative stems, showing a prostrate

@ Mountain area E Flat area

Average monthly rainfall
for the summer period

Figure 1. Characterization of the area of study relative to a mountainous area through the average rainfall for a ten-year period
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Table 1. Meteorological data for the vegetation period (April to October) during the years of study

First year Second year Third year

Months t Rainfall t Rainfall t Rainfall

°C mm °C mm °C mm
April 13.2 67.8 12.2 39.7 16.2 514
May 17.8 93.3 19.8 66 16.6 105.9
June 21.6 90.6 21 86.4 237 67.6
July 234 105.8 25.6 20.4 25 254
August 243 11.6 248 72.3 23.8 66.9
September 18.3 115.2 19.9 46.8 19.7 371
October 124 94.1 11.6 374 114 38.4

growth habit. Genotypic differences in fresh and dry mass
yield for the only harvested cut are significant (P<0.05,
Table 2) and they due to the differences in the biological
and morphological pattern of the genotypes.

In the second vegetation the periods in which the
genotypes enter the harvest stage are as follows: 4-21
May for the first cut, 15-25 June for the second cutand 17-
27 July for the third cut. The tetraploid specimens in July
stopped to grow up. From the diploid Bulgarian varieties
and local populations third cut was harvested. The period
for formation of spring cut is 34 to 51 days, and for the
summer cut 31 to 42 days, respectively (Table 2). The
observed differences in growth and growth rates are not
related to the level of ploidity. The local populations with
the number LP 2 and LP 4, as well as the tetraploid variety
Elanus were found the earliest. According to the analysis
of the variance of fresh and dry mass yield, the genotypic
influence is significant for the three cuts harvested in the
second vegetation. In the first and second cuts, under the
conditions of optimum humidity, the highest fresh and
dry mass yield with an unproven difference to the Nika 11
standard was recorded for the diploid Bulgarian variety
Sofia 52. The tetraploid varieties Kvarta, Astur, Carbo
and Fregata fall into homogeneous group with the diploid
standard and the tetraploid Elanus, as well as the studied

local populations, yielded with significant differences
(P<0.05).

In the harvesting of third cut under the conditions of
drought, the highest yield from the diploid specimens
was observed again for Sofia 52, as the Nika 11 gives
him an insignificant difference. LP1 and LP2 populations
are aligned with the standard by the fresh mass yield, but
yield significantly to their dry mass due to the lower dry
matter content.

In the third growing season one cut was harvested
between 27 April and 12 May period. Spring growth
of local populations is significantly faster than that of
varieties (27 days versus 42 days). After the harvesting of
the spring cut a significant plant dropout was observed,
with line dilution being stronger in the tetraploid
germplasm. The productiveness of tetraploids drops
sharply in this vegetation and as a result the differences
in favor of the diploid Bulgarian varieties were found the
highest. The highest fresh and dry mass yield are obtained
from the standard Nika 11, as the Sofia 52 and LP 2 yield
with unproven differences.

The growth habit of the populations during spring
growth is from prostrate to semi-prostrate, and in summer

growth - semi-prostrate. The tetraploid varieties and the
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Table 2. Fresh and dry mass yield, dry matter content and period of grow-up/growing for diploid and tetraploid red clover genotypes

First year Second year Third year
I cut I cut Il cut Il cut | cut
Cultivars/
populations
FMY DM DMY FMY DM DMY Terms FMY DM DMY Terms FMY DM DMY  Terms FMY DM DMY  Terms
(kg/m) (%) (kg/m)  (kg/m) (%) (kg/m) (days) (kg/m) (%) (kg/m) (days) (kg/m) (%) (kg/m) (days) (kg/m) (%) (kg/m) (days)
Nika 11 St 1.33 288 0.38 141 22.7 032 51 1.08 241 0.26 34 046 301 014 32 146 203 0.3 42
Sofia 52 157 255 0.4 1.68 256 043 51 1.3 226 0.29 34 056 328 0.18 32 137 219 0.3 42
LP1 124 266 0.33 0.65 229 0.15 44 057 243 014 31 0.38 29.6 0.11 42 076 217 0.16 27
LP 2 1.07 274 0.29 0.75 23.5 0.18 34 0.68 28.6 0.2 41 036 266 0.09 42 1.23 209 0.26 27
LP3 082 252 021 0.64 254 0.16 48 025 236 0.06 37 0.2 315 0.06 32 0.66 187 0.12 27
LP4 0.37 259 0.1 1.09 222 024 34 0.75 262 0.2 41 0.32 318 0.1 42 043 225 0.1 27
Kvarta 1.62 263 043 1.55 23 0.36 51 1.08 200 0.22 34 082 184 0.15 42
Astur 134 253 034 1.49 20.4 0.3 44 1.21 222 027 41 0.7 20.1 0.14 42
Carbo 1 245 025 1.58 229 0.36 44 1.04 231 0.24 41 0.64 211 0.14 42
Elanus 0.9 22.2 0.2 0.97 19.9 0.19 34 0.59 224  0.13 41 0.45 188 0.09 42
Fregata 0.78 224 0.18 1.51 23.2 0.35 44 0.93 234 0.22 41 0.78 17.5 0.14 42
Larus 0.55 23.8 0.13 11 222 024 44 1.15 215 0.25 31 0.68 195 0.13 42
LSDO0.05 0.3 0.08 0.27 0.06 0.22 0.04 0.11 0.01 0.29 0.06
Mean for diploids 1.064 26.6 0.284 1.035 23.7 0.246 44 0.77 249 0.191 36 0.378 304 0.115 37 0.983 21  0.206 32
Mean for tetraploids 1.032 24.1 0.253 1.364 219 0.301 44 0997 221 022 38 0.678 192 0.130 42

FMY - fresh mass yield; DM - dry matter content; DMY - dry mass yield; Terms - days for cut formation.
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diploid standard variety Nika 11 are characterized by
upright growth habit in all cuts and years. The growth
habit of Sofia 52 is semi-erected. The forage biomass
from the tetraploid varieties has higher humidity in all
harvested cuts, with the difference between the mean
values of the diploid and tetraploid indices remaining

constant over seasons and years (Table 2).

Genotypic differences in total productivity of fresh and
dry vegetative mass are significant (P<0.001) (Table 3).
Table 3. P-values from the analysis of variance of the total

fresh and dry mass yield and degree of factorial influences
n? (%)

Year, cut and age of

The seasonal agro-climatic differences in cuts formation
and plant age also have a significant effect on the
variation in fresh and dry mass yields (P<0.001; P<0.01).
The values of the main indicator n? for estimating this
factorial influences on the forage productivity are 15.2
and 21.9%, respectively compared to 51.7 and 47.1% for
the genotypic factorial influences (Table 3).

The highest total dry mass yield was observed for
Sofia 52 variety (2n), with insignificant differences being
inferior to the standard variety Nika 11 (2n) and tetraploid
varieties Kvarta and Astur (Figure 2). It is important to
note that the productivity of these tetraploids strongly

Genotype sward varies depending on the season and the year, as well as
the age of sward.
Fresh mass yield ok *
Degree of factorial DISCUSSION
. 51.7 15.2
influences n? (%) . . . .
Red clover is a species with a low basic chromosome
number(n=7),whichisafacilitatorof autopolyploidization.
Dry mass yield The natural polyploidization of forage grasses is
Degree of factorial considered first as a mechanism for adaptation to
. 24.3 11.6
influences n? (%) . ..
unfavorable or new environmental conditions (Fawcett
**P<0,01; ***P<0.001.
DMY Total =Variance
1,8 - - 0,03
—
1,6 -
- 0,03
1,4 -
P = % - 0,02
£ % ¥ b * Q
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Figure 2. Total dry mass yield for the trial period (*,**,*** Significance of differences to the standard Nika 11 diploid variety: * Signif-
icance level is 0.05; ** Significance level is 0.01; *** Significance level is 0.001)
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and Van de Peer, 2010). However, although red clover has
a very wide distribution range, so far a natural polyploid
form has been found only by Elci (1982) in a mountainous
region of Eastern Turkey. It can be assumed that the
adaptability strategy for this species is not related to
polyploidization, but according to Goranova (2002) and
Taylor (2008) - to a large biological and morphological
polymorphism. For a very long time there have been well-
established breeding techniques for inducing polyploid
forms of red clover by treatment with colchicines, N,O
or by sexual polyploidization through unreduced gametes
(Sattler et al., 2016). The tetraploid varieties registered
in Europe do not give up on the practical distribution
of the diploid. This is based on characteristics such as
high forage productivity, increased stress resistance and
persistence (Hejduk and Knot, 2010). However, according
to a number of studies, the tetraploid varieties did not
show any significant superiority over the diploid ones
by dry mass yield (Liatukas and Bukauskaité, 2012), by
resistance to powdery mildew and sclerotia (McKenna et
al., 2016), as well as by forage quality (Zuk-Golaszewska
etal., 2010).

According to the Bulgarian studies conducted so far
in the fore-mountain area, the tetraploid germplasm has
no significant advantage over the diploid (Goranova et al.,
2003; Mihovsky et al., 2005; Mihovsky and Naydenova,
2017). The tendency observed for these studies to lower
total productivity of tetraploid varieties compared to
diploid under the conditions of the present experiment,
is very strong. According to the comparative production
data for cuts and years, the tetraploid germplasm has
a stronger adaptation to the limiting moisture. In this
respect, the results of the analysis of the variance for
fresh and dry mass yield can be interpreted as well. While
under mountainous conditions it is predominantly due
to the seasonal differences in climatic conditions and
the age of the plants/swards (Mihovsky and Naydenova,
2017), under plain conditions, the genotypic factorial
influences, including the level of ploidity is significantly
stronger. In a comparative study of perennial leguminous
forages in a flat Central European region with insufficient
vegetation rainfall, Lang and Vejrazka (2012) found the

highest susceptibility to soil moisture deficiency during
the secondary growth/summer growing season for red
clover, more pronounced in tetraploid varieties than
diploid. This is in agreement with the results obtained in
the present study. In addition, the tetraploid germplasm
in summer drought, typical for the plains of Northern
Bulgaria, stops growing and does not compensate for
its limited vegetative growth, despite the excellent
moisture guarantee in the late summer, as well as in the
spring the next growing season. The conclusion about
reduced productivity and persistence of tetraploids on
dry conditions or uneven distribution of rainfall during
vegetation is also supported by Leto et al. (2004).
Contrary to empirical evidence of high adaptive potential
for water-deficient stress of tetraploid varieties but
manifested as high forage yields in the first and second
crop year, published by Tucak et al. (2016) and Novoselov
et al. (2017).

There is little research on the mechanisms and
genetic basis of drought tolerance in red clover, and
in most of them the reaction to drought is traced in a
controlled environment or concerns juvenile stages of
the crop (Loucks, 2017). Naydenova and Georgiev (2013)
found the increased tolerance to summer drought was
associated with a higher degree of hairiness of the leaves
with non-glandular trichomes. As mentioned, there is a
large variation between modern varieties of red clover
in tolerance to insufficient moisture. The differences in
the genotypic productivity response under dry conditions
reported in this experiment also suggest that the abiotic
limit studied can be successfully responded by the
genotype factor. Genetic center of origin and shaping
of red clover refers to Southeast Europe and Asia Minor
(Smith et al., 1995), i.e. the geographic centers of genetic
diversity for this species include areas with more dry
conditions, and there is, therefore, ecotype variability
that has potential in the drought resistance breeding.
According to Annicchiarico and Pagnotta (2012), the
adaptive variability in wild red clover populations has a
significant effect on performance by productivity and
persistence in dry conditions. According to the results
presented, wild-type germplasm of the species grown
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under the Mediterranean climate with long-term summer
droughts, are equalized for the production of forage
with the approved adapted varieties. Such results for
productivity during the summer were observed for two
of the populations (LP1 and LP2) included in this study.
In another study, in a flat area for a local grazing red
clover population significantly higher forage productivity
was observed compared to the Sofia 52 variety under
severe summer drought conditions (Naydenova et al.,
2015). The population has already been used to select
plants with genotypic value in the selection for specific
crop adaptation to dry conditions. This approach has
been successfully used by Claydon et al. (1993), which
incorporate the high dry resistance of a wild-type
germplasm of Mediterranean origin to a cultural, thereby

creating a sustainable variety for pasture use in Australia.

Data showed the flowering in the year of sowing as
well as the earliness by vegetation are not associated
with lower longevity, as claimed by Choo (1984). Ford
and Barrett (2011) and Annicchiarico and Pagnotta
(2012) also found a positive relationship between
earliness and persistence in dry conditions. The rapid
development reported for local populations in the study
can be considered as an adaptive biological feature
that avoids drought as a stress factor. In addition, early
flowering has been shown to facilitate invasiveness
(Pysek and Richardson, 2008) and such a characteristic
of the local germplasm can be accepted as validated
by natural breeding to provide self-sowing and self-
maintenance of populations in the swards. Loucks et al.
(2018) suggest that under conditions of water stress,
red clover populations with different growth habit have
different strategies of tolerance or survival. The observed
change in the growth habit of local populations by cuts
can be explained as a modifiable variability in response to

changing climatic conditions in seasons.

The tetraploids Astur, Larus and Fregata varieties
included in the study were created by colchicines
treatment, the diploid varieties created on the basis of the
Central European ecotype ("Mattenklee type"), i.e. they
contain adaptive variability, transferred and recombined
at tetraploid level (Boller et al., 2001, 2004). According to

studies carried out in Central and Northern Europe, these
genotypes are characterized by persistence, high and
even in season's productivity, both alone and in mixed
cultivation (Lehmann et al., 1998; lepema et al., 2006;
Hoekstra et al., 2018). This gives reason to believe that
if polyploid forms based on wild-type germplasm, which
has a natural specific adaptation to water deficiency, it
can be considered that a high degree of dryness at the
tetraploid level could also be achieved.

It is also important to note that, according to the
results of the present study, the Bulgarian diploid varieties
Nika 11 and Sofia 52, created by a recurring phenotypic
breeding of family groups on long-term living and high
summer productivity in the fore-mountain areas, show an
adaptive potential for conditions of lower humidity than
the one in which the breeding process was carried out.
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