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The research was carried out in 2003-2011 at the Institute of Agriculture, Lithuanian Research
Centre for Agriculture and Forestry. The fresh forage, dry matter (DM) and seed yields of red clo-
ver diploid and tetraploid populations and cultivars were determined. In total 58 diploids and 35
tetraploids were evaluated during four cycles in the study period. The average DM yield of dip-
loids was 16.6 t ha™' and of tetraploids was 17.8 t ha'. The tetraploid average DM yield sur-
passed that of diploids by only 6.5%. The seed yield Was very low over the period. The average
seed yield of diploids was 110.4 kg ha'. The average seed yield of tetraploids was 94.9 kg ha -

The diploid average seed yield was h/gher than that of tetraploids by 16.3%. The highest negat/ve
impact on seed yield was due to wet weather in the seed harvest year, which was favourable for
development of diseases on above-ground plant parts. The study showed that tetraploid red clo-
ver had no significant advantage over diploid red clover in DM yield under Lithuanian conditions.
Variation in seed yield showed that production of diploid red clover seed is less problematic. It
seems that only directed disease resistance breeding can improve seed yield as well as forage

yield of red clover.
Key words:

INTRODUCTION

Red clover (Trifolium pratense L.) is widely grown in the
temperate climate zone as a forage legume. Red clover is
adapted to a wide range of soil types and fertility, climatic
conditions and land-use patterns. It is an excellent nitrogen
source, and a couple of centuries ago it was the main nitro-
gen source in Europe (Taylor, 2008). The yield potential of
some genotypes exceeds that of non-improved lucerne culti-
vars. It possesses superior forage quality. However, its pres-
ent area has highly decreased compared to the area before
50-60 years. One of the main factors for this was low nitro-
gen fertilisers cost at the end of 20" century (Taylor and
Quesenberry, 1996). On the other hand, in Europe there
have been many efforts to develop sustainable and environ-
mentally friendly agriculture. Therefore, farmers have a
more positive attitude to use of red clover in crop rotations
at present (Helgadottir et al., 2000; Black et al., 2009; Tav-
las, 2009; Zuk-Golaszewska et al., 2010). Organic farming
has become popular, and productivity in crop rotations of
this system is highly dependent on red clover. Red clover as
a catch crop is one of the most yielding among forage crops
(Marcinkevic¢iené and Boguzas, 2011). However, relative
high seed price does not make this plant very attractive for
such use.
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Trifolium pratense, grass, dry matter, seed yield.

Although the red clover growing area has declined, breed-
ing efforts have not been suspended. As a result, red clover
cultivars with higher yield, better persistence due to im-
proved disease resistance are available. Both di- and tetra-
ploid forms are widely available to growers (Anonymous,
2009). The tetraploid form was developed, as it was consid-
ered that a higher ploidity level should increase yield. The
majority of investigations have shown that tetraploid culti-
vars are more productive in forage and dry matter yield than
diploid cultivars. However, many researchers have noted
generally lower seed yield in tetraploid cultivars (Muntean
and Savati, 2003; Drobna, 2009; Onal, 2011). Cultivars of
both ploidy forms are registered in Lithuania. Nine cultivars
of red clover with different earliness and disease resistance
have been bred. Eight cultivars have been registered, of
which five are diploid and three are tetraploid forms.

The aim of the present work was comparison of forage dry
matter and seed yield of red clover di- and tetraploid geno-
types under Lithuanian conditions.

MATERIAL AND METHODS

The study was carried out at the Institute of Agriculture,
Lithuanian Research Centre for Agriculture and Forestry in
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a field utilizing a six-year crop rotation of forage crops in
during 2003-2011. The soil of the experimental site was a
Endocalcari-Endohypogleyic Cambisol CMg-n-w-can (pH
7.2-1.3, P,O5 201-270 mg kg'1 and K50 101-175 mg kg_l,
humus 2.0-2.46%). Red clover was sown after black fallow
without a cover crop in July. Fertilizers PgoKg, were ap-
plied before sowing once. Breeding nurseries and cultivar
testing trials of perennial legumes were used for two years.
The E)lots were sprayed with herbicide (Basagran 480, 2
I ha ') when red clover developed the first true leaf in a
sowing year. All genotypes were sown in 17 m? (10 x 1.7
m) plots in three replications by a special sowing machine
Hege 80 at seed rate 10 kg ha'!. In total, 58 diploid and 35
tetraploid cultivars and populations were evaluated during
four cycles of the study period. The first cycle was started
in 2003 and was evaluated in 2004-2005. The second cycle
started in 2005 and was evaluated in 2006-2007. The fur-
ther cycles followed this pattern. Nurseries were established
in the first growth year. Forage and seed yield was evalu-
ated in the second year and only forage yield was evaluated
in the third year. Harvest was made three times per year.
Forage was harvested at the same growth stage each year —
at the beginning of flowering. Dry matter (DM) yield was
calculated from total forage yield using fresh plant samples
of 500 g weight. The obtained forage and DM yield were
I‘CC&]CLlllated to t hal. Seed yield was recalculated to
kg ha™.

The testing period included years with very different
weather conditions, characterised as follows:

2003: dry and hot summer, germination was uneven, plants
finished germination in September; rather cold and dry au-
tumn;

2004: medium cold winter, low snow cover, dry spring, wet
summer, normal autumn, warm December;

2005: warm January and cold February, normal spring, red
clover crop was heavily damaged by Sclerotinia trifoliorum
and Fusarium spp., warm summer, very warm and dry au-
tumn;

2006: cold winter with medium snow cover, dry spring, dry
and hot summer, warm autumn;

2007: winter with short cold period, normal spring, summer
and autumn;

2008: very warm winter, rather dry spring and first part of
summer, normal autumn;

2009: warm winter, normal spring, wet summer; normal au-
tumn;

2010: very hard winter, normal spring, wet and hot summer,
normal autumn;

2011: hard winter with very heavy snow, red clover crop
was heavily damaged by S. trifoliorum and Fusarium spp.,
cold first part of spring, dry and hot May and June, wet in
remaining part of summer (data from the Dotnuva Weather
Station).
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The data were processed by means of ANOVA statistical
analysis.

RESULTS

The average red clover diploid and tetraploid fresh forage
and DM yield were lowest in the 2003 sowing year and
highest in the 2007 sowing year (Table 1). Forage and DM
yield of red clover tetraploid genotypes was slightly higher
compared with that of diploid genotypes (Tables 1-4). Dif-
ferences in forage yield were higher than those in DM yield.
The average forage yield of tetraploid red clover was higher
compared with that of diploid clover by 12.3%. The average
DM yield of tetraploid red clover compared with that of the
diploids was higher only by 6.5%.

Table 1

STATISTICAL CHARACTERISTICS OF DIPLOID AND
TETRAPLOID GENOTYPE FORAGE AND DRY MATTER YIELD

Statistics | Grass | DM | Grass | DM | Grass | DM | Grass | DM
2003 2005 2007 2009

Average 10.28 243 13.04 3.11 16.08 331 149 3.16
Variance 277 526 235 134 285 207 297 6.06

Standard 526 229 485 1.16 534 143 7.06 2.50
deviation

Minimum 1.2 026 43 094 64 0.8 495 037
Maximum  21.6 27.67 274 7.02 336 7.5 413 19.36

Coefficient 51.1 944 372 373 332 435 528 589
of variation

Table 2

RED CLOVER DIPLOID AND TETRAPLOID GENOTYPE FORAGE
AND DRY MATTER YIELD IN 2004 AND 2005, SOWING YEAR 2003

Ploidy \ I \cv,% il \CV,% il \CV,% Total

2004

Grass yield, t ha’!
Diploid, *n=12 14.77 20.03 1294 16.55 5.23 32.1 3291
Tetraploid,n=6 17.65 9.57 1647 10.04 7.06 13.60 41.18
Rys 0.917 1.569 0.806

Dry matter yield, t ha’!
Diploid, n = 12 463 1216 338 10.61 2.00 2494 10.01
Tetraploid,n=6 5.10 9.66 4.12 10.08 237 12.66 11.59
Rys 0.528 0.634 0.451

2005

Grass yield, t ha!
Diploid,n=12 1294 1436 7.65 20.58 1.88 2526 2247
Tetraploid,n=6 11.77 13.96 9.71 11.04 247 17.12 23.95
Rys 0.810 0.515 0.223

Dry matter yield, t ha'!
Diploid, n = 12 3.06 1147 191 1515 045 1879 542
Tetraploid,n=6 247 1324 233 7.06 054 147 534
Rys 0.222 0.341 0.060

*n, number of varieties and populations
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Table 3

RED CLOVER DIPLOID AND TETRAPLOID GENOTYPE FORAGE
AND DRY MATTER YIELD IN 2006 AND 2007, SOWING YEAR 2005

Table 5

RED CLOVER DIPLOID AND TETRAPLOID GENOTYPE FORAGE
AND DRY MATTER YIELD IN 2010 AND 2011, SOWING YEAR 2009

Ploidy ‘ 1 ‘CV %‘ 11 ‘CV %‘ 111 ‘CV %‘Total

Ploidy \ I \CV,% il \cv,% I \CV,%

Total

2006 2010

Grass yield, t ha'! Grass yield, t ha™!
Diploid, *n=18 16.88 21.96 12.90 1542 - - 27.78 Diploid, *n=12  25.00 16.69 8.18 38.05 9.35 26.37 4253
Tetraploid,n=11 2239 920 11.78 11.81 - - 34.17 Tetraploid,n=6 2895 19.66 10.53 24.82 11.00 2141 50.48
Rys 0.799 0.567 Rys 2.768 2.976 1.920

Dry matter yield, t ha! Dry matter yield, t ha’!
Diploid, n = 18 445 1656 4.69 11.89 - - 9.14 Diploid, n =12 623 853 143 2352 205 2158 9.71
Tetraploid,n=11 5.76 1047 3.68 9.17 - - 9.44 Tetraploid,n=6 6.71 16.14 152 1828 227 17.36 10.50
Rys 0.249 1.694 Rys 0.642 0.401 0.481

2007 2011

Grass yield, t ha’!
Diploid, n =18 1749 17.10 13.88 26.50 9.70 12.08 41.07
Tetraploid,n=11 20.21 11.30 12.57 20.87 11.19 8.61 4397
Rys 1.262 1.193 0.551

Dry matter yield, t ha™!
Diploid, n =18 388 11.00 3.19 1438 196 848 9.03
Tetraploid,n=11 448 1041 294 1200 2.09 491 951
Rys 0.361 0.344 0.110

*n, number of varieties and populations

Table 4

RED CLOVER DIPLOID AND TETRAPLOID GENOTYPE FORAGE
AND DRY MATTER YIELD IN 2008 AND 2009, SOWING YEAR 2007

Ploidy ‘ 1 ‘CV,%‘ 11 ‘CV,%‘ 111 ‘CV %‘Total

2008

Grass yield, t ha’!
Diploid, *n=14 21.77 13.80 15.82 2142 9.57 8.77 47.16
Tetraploid,n=7 24.02 1826 17.42 19.80 10.20 11.37 51.64
Rys 1.663 1.512 0.441

Dry matter yield, t ha’!
Diploid, n = 14 511 771 316 1150 2.08 9.73 1035
Tetraploid,n=7 537 1078 276 1047 208 7.84 10.21
Rys 0.359 0.767 0.105

2009

Grass yield, t ha™!
Diploid,n=14  19.48 23.71 1191 2257 16.20 1091 47.59
Tetraploid,n=7 20.58 13.67 14.01 17.06 17.41 11.17 52.00
Rps 1.565 1.193 0.834

Dry matter yield, t ha’!
Diploid, n = 14 469 1380 150 1485 359 625 978
Tetraploid,n=7 493 894 175 995 3.66 8.62 10.34
Rps 0.325 0.147 0.186

*n, number of varieties and populations

Weather had high impact on yield of both red clover ploidy
types. The nurseries of the sowing year 2005 and 2007
yielded very similarly in both years in 2006-2007 and in
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Grass yield, t ha’!
Diploid, n = 12 377 4580 4.52 43.02 6.68 29.57 14.90
Tetraploid,n=6  6.18 39.11 6.00 4235 8.00 19.82 20.38
Rys 2.561 2.730 2.400
Dry matter yield, t ha’l
Diploid, n = 12 092 2363 085 29.67 138 2582 3.5
Tetraploid,n=6  1.35 21.85 1.05 34.62 1.68 11.89 4.08

Rys 0.365 0.426 0.389

*n, number of varieties and populations

2008-2009. The highest difference was found for the 2009
sowing year cycle when heavy damage by Sclerotinia trifo-
liorum and Fusarium spp. occurred in 2011. Forage and
DM yields of diploid red clover genotypes were about 75%
in 2010 and 25% in 2011. Forage and DM yields of tetra-
ploid genotypes were about 70 and 30%, respectively. Simi-
lar but slightly lower differences, also due to the same rea-
son, were observed in fields sown in 2003 and harvested in
2004-2005. Fresh forage and DM yields of both diploid and
tetraploid red clover genotypes were about 65 in the 2004
harvest year and 35% in 2005. 2006 was much dryer than
2007 and forage yield was considerably higher in the wetter
2007. However, DM yield was almost the same for both
years and both genotypes.

The average forage and DM yields were verey similar for
diploid and tetraploid genotypes when averaged over all
years. Of the annual harvest, the forage and DM yields of
the 1% cut were about 50%, the yields of the 2" Cut were
about 30% and the yields of the 3™ cut were about 20%.

However, some considerable variation was observed among
some years. The proportion yield of the first cut % for for-
age and DM were the most stable, and ranged from 43.5 to
50.1% for forage and from 45.9 to 55.6% for DM for dip-
loids. For tetraploids, it ranged from 43.0 to 54.5% for for-
age yield and from 44.7 to 55.6% for DM yield. The rela-
tive yield % of the 2™ cut differed more among years,
ranging from 22.1 to 38.9% for forage yield and from 17.7
to 43.4% for DM yield for diploids, and from 23.3 to 40.2%
and from 17.6 to 38.1%, respectively, for tetraploids. The
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yield of the 3™ cut was also highly variable. Relative forage
and DM yield varied from 12.8 to 27.2% and from 10.8 to
28.2% for diploids, respectively. Tetraploid forage and DM
yield varied from 14.3 to 26.8% and from 11.0 to 27.9%, re-
spectively.

Coefficients of variation showed that differences among
genotypes were not high in years favourable for plant sur-
vival. CV tended to range from about 10 to 20% for the 15
and 2" cuts among genotypes of both types. The 3™ cut
yields varied up to 30% in some cases. The most variable
was crop sown in 2009, and for which CV exceeded 40%
among genotypes in 2011.

The seed yields were very low over the period (Table 6).
The seed yields of diploid genotypes were 58.0, 124.7,
217.0, 41.9 kg ha™! with an average of 110.4 kg ha™'. The
seed yields of tetraploid genotypes were 161.8, 68.8, 120.0,
28.8 kg ha'! with an average 94.9 kg ha™' (2004, 2006,
2008, 2010 years, respectively). The average seed yield of
the diploid population’s was higher than that of tetraploid
populations by 16.3%. The highest negative impact on seed
yield was due to wet weather, which promoted development
of diseases on above-ground plant parts. CV among diploid
genotypes varied from 33.3 to 60.3% in experimental years.
Similar variation was observed among tetraploid genotypes:
range from 18.8 to 70.6%.

Table 6

RED CLOVER DIPLOID AND TETRAPLOID GENOTYPE’S SEED
YIELDS IN 2004, 2006, 2008 AND 2010

Sowing year 2003 2005 | 2007 | 2009 |Average
Harvest year 2004 | 2006 | 2008 | 2010

Diploid, seed yield kg ha’! 58.0 | 1247 | 217.0 | 419 | 1104
CV, % 3791 | 33.29 | 52.50 | 60.26
[Tetraploid, seed yield kg ha!| 161.8 | 68.8 120.0 | 28.8 94.9
CV, % 18.76 | 43.23 | 65.90 | 70.59

Ros 18.018 | 21.192 | 44.456 | 13.517 | 10.282

2003: diploid n = 12, tetraploid n = 6; 2005: diploid n = 18, tetraploid n =
11;

2007: diploid n = 14, tetraploid n = 7; 2009: diploid n = 12, tetraploid n = 6

DISCUSSION

Traditionally, red clover is cut twice a year when it is at
50% bloom or greater. With this harvest system farmers end
up cutting too late to obtain maximum forage quality. More
recently, farmers have been cutting red clover three times
during the summer to obtain higher quality forage. How-
ever, with a three-cut system, farmers are concerned that
they may give up yield and persistence (Wiersma and Bolen
2000). In our investigation, a three cut system was used,
exceptin in 2006 year. In 2006, forage was cut twice be-
cause of drought.

The variation of forage and DM yield showed that DM is a
more reliable criterion for evaluation of yield of red clover
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genotypes. This was especially evidentc for tetraploids due
to their higher content of water. Some investigations have
shown that forage yield of tetraploid can be higher more
than 50% in cases when DM yield is higher only by up to
10% (Leto et al., 2004; Zuk-Golaszewska et al., 2010). Our
results confirm this relationship, as forage yield of
tetraploid genotypes was higher by 12.3%, compared that of
with diploid genotypes, while DM yield was higher by only
by 6.5%. The water demand for tetraploids is higher, as the
yield is lower than for diplods in dry years (Graman, 1988).
A similar but not as evident relationship was observed in
our trials. DM yield of tetraploid red clover was lower in
2005 and 2008 when some water deficiency occurred. How-
ever, DM yield of tetraploid red clover was slightly higher
in 2006 when severe water deficiency occurred due to
drought and precipitation deficit in the previous year. The
results of our study show that tetraploid red clover did not
have a significant advantage over diploid red clover in DM
yield under Lithuanian conditions. The main constraint of
high and stable forage and DM yield for both ploidy types
were fungal pathogens S. trifoliorum and Fusarium spp.,
which caused plant death during winter. Such a situation oc-
curred in 2005 when the second year yield decreased twice
compared to first year yield. An even more severe yield de-
crease (three times) occurred in 2011. The causal agent of
clover rot, S. trifoliorum is economically one of the most
important pathogens of young red clover stands in Europe
and North America. Clover rot may completely destroy
large patches in red clover fields during winter. Root rot,
mainly caused by Fusarium spp. causes severe injuries in
older red clover crops (Yli-Mattila et al., 2010). Svirskis
and Juknevicius (2006) considered that new Lithuanian red
clover cultivars have good disease resistance. However, se-
vere decreases of yield in years favourable for pathogens
showed that red clover of both types require directed im-
provement for disease resistance under Lithuanian condi-
tions. Climate change has resulted in milder winters with
shallow snow, which promotes plant infection by diseases
causing root and crown rots, especially S. trifoliorum. The
consequences of climate change weree seen from our study,
when forage and DM yield decreased three times compared
to first year yields in 2011. Therefore, disease evaluation
and establishment of special fields should be one of priori-
ties for successful red clover cultivar development. Red clo-
ver cultivars with improved disease resistance are character-
ized by high persistence. Such cultivars can be productive
for three and even four years (Abberton and Marshall, 2005;
Taylor, 2008; Hejduk, 2011). Many researchers have shown
that visual evaluation of yield is effective and in many cases
is highly correlates with conventional evaluation of forage
yield. Visual evaluation is even more effective when indi-
vidual plants are evaluated (Choo, 1984; Jaluvka et al.,
2009; Riday, 2009; Lugic et al., 2010). Sowing of plants as
separated individuals in fields should be utilized, consider-
ing the highly negative effect of diseases damaging all parts
of plats under Lithuanian conditions. Sowing as plots
should be established only after very comprehensive evalua-
tion for disease resistance and other desirable traits. This
evaluation scheme is in accordance with low to medium
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variation of tested genotypes by forage and DM yields that
are highly affected by diseases, particularly considering the
low general progress world-wide (Taylor, 2008) and not
high genetic variability of grown cultivars (Campos de
Quiroz and Ortega-Klose, 2001).

The variation in seed yield showed that production of dip-
loid red clover seeds is less problematic. One of the reasons
why tetraploids yield lower seed can be longer floral tube
together with genetic peculiarities related to seed set (Tay-
lor and Quesenberry, 1996). Under Lithuanian conditions,
the only honey bee race ‘Caucasian’ is available as an effi-
cient pollinator of red clover. The other honey bee races are
inefficient pollinators due to a shorter tongue. The lower
flower number per flower head also can negatively influ-
ence seed yield of tetraploids (Muntean, 2008). Seed yield
of diploids was twice higher than that of tetraploids in three
years of four. Seed weight was twice higher for tetraploids.
Therefore, seed number of tetraploids was lower by four
times. This indicates that seed set in tetraploids is very
problematic. Decrease of plant number after winter should
not highly negatively influence seed yield. Diseases damag-
ing above ground parts of red clover is much more harmful
for seed production than that for forage yield due to a much
longer period of diseases development on seed crop. The
high level of disease is very harmful to red clover under
Lithuanian conditions. Seed yield of cultivars susceptible to
many diseases can be lost totally in years favourable to dis-
eases. In many cases these favourable conditions are due to
rainy weather. These conditions also cause severe lodging
of crops which in turn complicates harvesting the remaining
seeds. It seems that only directed disease resistance breed-
ing can help to improve seed yield of red clover. Visual
evaluation of individually grown plants should allow select-
ing the most resistant plants possessing a complex of desir-
able traits also in the case of selection for forage yield.
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DIPLOIDA UN TETRAPLOIDA SARKANA ABOLINA RAZAS STARPIBAS LIETUVA

Tetraploidam sarkanam abolinam Lietuvas apstaklos nav lielaka sausnas raza, salidzinot ar diploidam formam, bet kopuma zemaka séklu

raza.
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