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The 14th meeting_of the Fodder Crops Section of Eucarpia was held
at Szarvas, Hungary from the 5th to the 9th of September 1988. This
was the first full section meeting to be held in Hungary and was at
the kind invitation of the Institute for Irrigation Research.

The Tlocal organising committee had arranged a comprehensive
programme of scientific papers and posters on the theme of the
meeting "Breeding for vigour in forage crops". This topic attracted
fifty-three participants from sixteen different countries. ‘The
meeting, which was opened by a welcoming address from Dr Marjai, the
Director of the Institute for Irrigation Research and Dr Szucs, the
Deputy Assistant Under-Secretary of the Ministry of Agriculture and
Food, was held in the University of Agriculture. Excellent
facilities were provided for the lectures, poster sessions and
workshops. For the workshops a common topic "The environment and
selection _for vigour" was discussed. All participants appreciated
the opportunity that these sessions provide to freely discuss
problems of mutual interest.

As well as the scientific proceedings visits were made to the
grass and lucerne breeding field laboratories of the Institute to see
some of the research and breeding work in progress. The necessity
for adaptation of genetic material to the environmental conditions of
the Great Hungarian Plain was very clearly demonstrated.

In addition to the scientific programme our hosts arranged visits
to local places of interest to see some of the natural and cultural
heritage of Hungary, notably the gallery of Ruzicskay, the Arboretum
of Szarvas, the State Farm of Mezohegyes and the National Park of
Oroshaza. We most gratefully acknowledge the generous hospitality
and efficient organisation that went into the making of a most
successful meeting.

M D Hayward, )
President, Eucarpia Fodder Crops Section,
Aberystwyth,

Wales

September 1988
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SELECTION FOR SEED YIELD IN EGYPTIAN (BERSEEM) CLOVER (TRIFOLIUM
ALEXANDRINUM L.) VARIETY FAHL.

BAHY R. BAKHEIT

Agronomy Department, Faculty of Agriculture, Assiut University,
Assiut, Egypt.

SUMMARY

Modified mass and family selection for seed yield of berseem clover
(Trigolium alexandrninum L.) c.v. Fahl were applied for two gene-
rations. Two hundréd plants (5% intensity of selection) were
selected for seed yield in the first season, 1985/86. 1In the
second season, 1986/87, sélection between and within half-sib
families was practiced. In addition, equal parts of seeds from
each of the 200 selected plants were bulked to form the Cy modi-
fied mass selection. After establisbing the same procedure was
adopted to form the C, generation. The cycles i and 2 of half-
sib families and modi%ied mass selection along with the base
population were evaluated for forage and seed yields. The rea-
lized gains from modified mass selection were 6.03 and 9.51% for
fresh forage yield, 5.57 and 108.86% for protein yield and 13.23
and 16.19% for seed yield in cycles 1 and 2, respectively, over
the base population. The realized gain from family sélection as
a percentage from the base population mean amounted to 11.32,
13.35, 17.47 and 3.15% for forage yield, protein, and seed yield
and seed index, respectively. )

The broad sense heritability as estimated from the variance
components were 89.66, 63.03, and 76.67% for dry forage, and
seed yield and seed index, respectively.

Although, all five traits (fresh, dry, protein, and seed
yield and seed index) had positive correlation with each other,
correlations between seed and forage yields were weak. Further-
more, close association were found among forage yields.

INTRODUCTION

Egyptian clover, Fahl cultivar is one of the essential win-
ter forages in Egypt. It is a single cut cultivar, hence is grown
as a catch crop before sowing cotton. It is valued for superio-
rity of dry matter production during the short period of growth,
because of its rapid growth and large forage yield in comparison
with the first crop from multicut varieties.

Although plant breeders have made significant improvement
in yields of many crops, however, limited work has been done on
seed production or forage yield potential in Egyptian clover.
This may be due to small floral parts which makes artificial
hybridization difficult. Besides, large self~sterility limits
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the use of inbreeding. Theré&fore, Egyptian clover breeders have
used mainly selection procedures for improving forage and seed
yield in their breedlng programs.

Mass selection was recommended to be effective in improving
highly heritable characters (Bennett, 1959), while it was not
efficient with the characters of low genetic variance (Allard,
1960). Several workers reported that mass selection was effect-
ive for the improvement of forage yield in multi-cut Egyptian
clover varieties (Abou-El-Shawareb, 1971; Koraiem et al., 1980;
Omara and Hussein, 1982; Radwan et al., 1983 Bakheit, 1985;
Younis et al., 1986; Mikhiel, 1987), In addition, Omara and
Hussein, (1982) and Bakheit (1985) found that family selection
was more rewarding than mass selection for forage yield in Mesk-
awi Egyptian clover.

. Forage crops in Egypt especially clovers should produce for-
age and seed yields during its growing season), Very little in-
formation is available about the relationship between seed and
forage yields in Egyptian clover as well as the effect of selec-
tion for seed yield and related fodder characters. Burton and
DeVane 1953; from an investigation with tall fescue concluded
that if selection pressure was exerted for the highest possible
seed yield, it could only be achieved at the expense of some of
the forage yield. However, Cowan (1955) working with tall fes-
cue, reported tne possibility to select for high seed yield,
with high forage yield, within the same clones. Schaaf, Rogler
and Lorenz (1962) found that in crested wheat grass there was no
significant positive correlation between seed yield and forage
production. El-Hattab et al. (1969) obtained weak correlation
of 0.26, 0.21 and 0.42 between forage and seed yields in Miskawy,
Saidi, and Fahl variety of Egyptian clover, respectively.

The present work describes the results of two different
methods of phenotypic directional selection (mass and family
selection) for seed yield and related forage yield characters in
Fahl Egyptian clover.

MATERIALS AND METHODS
Parental materials:

A seed sample of Fahl variety obtained from Forage Crops
Section, Field Crops Res. Institute, Agricultural Research Cen-
ter was used for this study.  In 1985/86 season at the experim-
ental Farm of Assiut University, seeds of Fahl variety were sown
in 200 rows (plots) 3.15 m long. Seedlings were thinned to one
plant per hill. The spacings used throughout this investigation
were 15 cm between plants within rows and 20 cm between rows
except for the last season (evaluation season). All eultural
practices were carried out at optimum level for maximum product-
ivity. The best plants in each plot or row (5%) for seed yield/
plant (200 plants) was saved.

Modified _mass selection procedure

Equal parts of seeds from each of the 200 selected plants
were bulked to form the first cycle of modified mass selection
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(C1). The same cultural practices, selection procedure and int-
ensity of selection were adopted as the same as described pre-
viously. Equal parts of seeds from each of 200 selected plants
were bulked again to form the subsequent cycle (02).

For estimating the response to selection the base -populat-
ion and two mass selection cycles (Cy and Cy) were compared in
1987/88 season in a randomized complete block design with six
replications, three for forage yield characters and the other
three replications for seed yield characters. Plot size was
four square meters. Seeds were hand-drilled in rows, 20 cm ap-
art, at a seeding rate of 4000 seeds for each replicate equiva-
lent to 35 kg/hectar. All cultural practices were applied
according to the recommendations of berseem clover production.
Ninety days from sowing the plots for forage yield were clipped
back by hand sickle and data were recorded on fresh forage yield/
plot and were converted into tons/hectar. Dry matter percentage
was determined from plot samples of about 300 gm of fresh forage.
Protein percentage was determined by the micro-Kjeldahl method as
outlined by A.0.A.C. (1980) to estimate the total nitrogen.
Nitrogen percentage was multiplied by 6.25 to obtained crude pro-
tein. At seed maturity stage, the plots were harvested and data
were recorded on seed yield/plot and were converted to kg./hectar
Data were statistically analysed according to Steel and Torrie
(1980). Duncan's Multiple Range Test was used for comparisons
among means.

Family selectiqn prpcedure:

In 1986/87 season, each of the 200 selected plants were es=
tablished as half-sib families. Each family consisted of 22
spaced plants. The best ten plants in seed yield from the best
ten families were selected out of the 200 families (first eycle
of family selection Cl)'

In 1987/88 season, base population and the selected ten
families were evaluated in a randomized complete block design
with six replications, three blocks for forage yield characters
and the other three replications for seed yield characters. Plot
size was a half square meter (1 m x % m). Seeds were hand-
drilled in rows, 20 cm apart, at a seeding rate of 500 seeds/
plot (35 kg/hectar). Data for forage and seed yield characters
were recorded as described in mass selecti6tn in 1987/88 season.

The analysis of variance and the expected mean squares for
all traits were performed as outlined by Miller et al. (1958).
The genotypic (02) and the phenotypic (o03) variances were calc-
ulated according to Al-Jibouri et al. (19g8)1 Phenotypic (P-.C.
V.) and genotypic (G.C.V.) coefficients of variability were
calculated according to Burton (1952) and heritability (broad
sense) was estimated as h%?= c'é/oz x 100. Genotypic, phenotypic
and environmental correlation cogfficients were calculated from
the components of variance and covariance as outlined by Johnson
et al. (1955).

The predicted response from selection of the superior 5%
plants in C1 families was estimated at i op h? whereas, the
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correlated \response in trait (Y) when selection is applied to
(X) (seed yield/plant) is CRy= i hx hy rp Opy according to
Falconer (1960), where CRy= the correlat response of the trait
(Y), i= the intensity of selection = 2.063, hx= the square root
of the heritability of the trait (X), hy= the square root of the
heritability of the trait (Y), rp= the genetic correlation bet-
ween (X) and (Y) traits, and, opy= the phenotypic standard divi-
ation of the trait (Y).

RESULTS AND DISCUSSION

a. Modified mass selection for seed yield:

- The analysis of variance showed no significant differences
in forage yield between the base population and the mass selec-
ted populations (Table 1). However, there were an increase of
6.03 and 9.51% in fresh forage yield, 6.26 and 9.06% in dry for-
age yield, 5.57 and 10.86% in protein yield and 4.72 and 5.56%
in seed index in cycles 1 and 2, respectively over the base pop-
ulation (Table 2). While comparison between seed yield of the
base and C; populations indicates that a significant response to

Table 1. The analysis of variance of forage and seed yield of the
base, first (C;) and second (Cg) cycles of mass select-
ion of the Fahi variety of berseem clover.

Mean squares

Source of

variation d.f. Forage yields Seed yield
Fresh Dry Protein Seed Seed index
Tons/  Tomns/ ke/ba yield (1000-seed
ha. ha g kg/ha weight
Replication 2 4.20 0.37 15840 36581** 0.008
Base Vs. 1 9.18 0.45 33020  44400%* 0.067
selection
C1 vs. Cg 1 1.36 0.05 6730 1396 0.002
Error 4 4.99 0.26 14056 1117 0.033

i*-Singificant at the 1% level of probability.

selection has been achieved. A genetic advance of 13.23%7 from
the mean of the base population was obtained after one cycle of
phenotypic directional selection. However, no significant diff-
erences were detected between the first (C1) and second (Cs)
cycles of selection. The genetic advance computed as a percent-
age of the means of the base and the Cg populations was 16.19%.
No significant gain was observed from mass selection for forage
yields, that could be attributed to selection for seed yield.
Hence, a significant response to mass selection for seed yield
was obtained after the first cycle of selection. Such response
could be a reflection of the correlation between forage and seed
yields. . The present results for seed yield are in general agree-
ment with those obtained by Omara and Hussein (1982), where
significant response to mass selection for forage yield was
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obtained after the first cycle of selection. However, no signi-
ficant differences were detected between the first and second
cycles of selection. Otherwise, these results for forage yield
are in general agreement with those obtained by Johnson and
Goforth (1953) in sweet clover, Abou-El-Shawareb (1971), Ali
(1971), Radwan et al. (1972) and Bakheit (1985) in Miskawy ber-
seem clover.

Table 2. Means and realized gain (%) of forage and seed yield
for different generations of mass selection of the Fahl
variety of berseem clover grown in the 1987/88 season.

Forage yield Seed yield
Generailons Fresh Dry Protein Seed Seed index
Tons/ Tons/ ke/ha yield (1000-seed
ha ha g kg./ha  weight,g)
Base population 27.55a2 6.07a 1491a 1013a 3.60a
First cycle of
HhsE Selection 29.21a 6.45a 1574a 1147b 3.77a
Seconc cycle of
mass Saleation 30.17a 6.62a 1653a 1177b 3.80a
'%ealized gain ¥
For cycle 1 6.03 6.26 5.57 13.23 4.72
For cycle 2
from cycle 1 3.29 2.64 §.02 2.62 0.80
from base
population g.51 9.06 10.86 16.19 5.56

Means followed by the same letter in the same column are not
significantly different at the 5% probability level as deter-
mined by Duncan's Multiple Range test.

TRealized gain % for Cy= c, -

1 C&/C&XIOO; Ca= mean base population
for C,= CE - CI/CZXIUO; from cycle 1

for C,= C, - C,

2 OICEXIOD: from base population.

2

b. Family selection

The analyses of variance of the forage and seed yields of
the ten families and their base population, revealed that signi-
ficant or highly significant differences were present among the
selected families (Table 3). Significant differences were ob-
served between the base population and the mean of selected
families for protein and seed yield, but not for fresh and dry
forage yields and seed index.

Fresh forage yield of the ten selected families ranged from
21.50 to 40.24 ton/hec. with an average of 30.67, while protein
yield ranged from 1173 to 2339 kg/hec. with an average of 1690.
Furthermore, four families namely; 2, 6, 8, and 9 were signif-
icantly higher than the base population after one cycle of
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Table 3. The analysis of variance of forage and seed yields for
the base, and ten selected families of the Fahl variety
of berseem clover grown in the 1987/88 season.

Mean squares

Source of = to1d prm ¥
orage yi s i
variation d.f ey Set e
e Fresh Dry Protein Seed Seed index

Tons/ Tons/ T yield (1000-seed

ha ha g kg/ha weight)
Replication 2 0.57 0.28 17891 26947 0.075
Families 10 81.41%% 4,54%*x 300722%* 53336% 0.083%
Base vs.
selected Tam 1 26.81 1.36 107301%* 86286%* 0.035
Between
families 9 87.47%% 4,88%% 322210%% 49705% 0.088%
Error 20 7.08 0.40 23024 17592 0.026

* gnd ** Significant at the 5% and 1% level of probabilitv.

family selection. With regard to dry forage yield it ranged
from 4.79 to 9.36 ton/hec. with an average 6.77 and the three
families i.e., 2, 6 and ¢ were significantly higher than their
base population (Table 4). In addition, seed yield and 1000~
seed weight for the ten selected families ranged from 1005 to
1379 kg/hec. with an averdge 1190 and from 3.57 to 3.93 g. with
an average 3.71, respectively. Furthermore, three families,
namely, 3, 5 and 6 for seed yield and two families (3 and 6) for
seed index were significantly higher than the base population
after one cycle of family selection (Table 4).

Table 4. Means of forage and seed yields for the base population
and the ten selected families of the Fahl variety of
berseem clover.

Family Forage yields Seed yield
cod Fresh Dry Protein Seed Seed index
yield (1000-seed
number tons/ha Tons/ha kg./ha kg/ha weight,g.)
1 21.50a 4.79%a 1173a 1173abc 3.63ab
2 35.31e 7.7%e 1978e 10392 3.77bc
3 30.00bcd 6.64cde 1630cd 1379¢ 3.93¢c
4 31.50cde 6.67cde 1645cd 1110ab 3.37a
5 27 .62bc 6.14bcd 1556bcd 1330be 3.57ab
6 40.24¢F 9.36f 2339f 1323be 3.93¢c
7 25.17ab 5.43ab 1336ab 1005a 3.77bc
8 33.81de 7.19cde 1823de 1095ab 3.80bce
] 33.50de 7.31de 1826de 121iiabe 3.73be
1a 28 .10be 6.36bcd 1590bcd 1237abc 3.63ab
Base popu- .7 sspe  6.07bc  1481bc 1013a 3.60ab
lation

Meazns followed by the same letter in the same column are not
significantly different at the 5% probability level as deter-
mined by Duncan‘s Multiple Range Test.
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Expected and realized gains from selection of seed yield
are presented in Table 5. The results indicated that, after one
cycle of family selection, the realized gain for seed yield rea-
ched 17.47% from the base population. Likewise, the expected
gain from selection based on the superior 5% plants in C; family
selection was 16.61%. The realized correlated response to sele-
ction for seed yield reached 3.12, 7.08, and 6.05% in fresh, dry
and protein yields, respectively, and 1.94% in 1000-seed weight
after one cycle of family selection. Comparing the results of
expected and realized gain from selection, it could be concluded
that, generally there was a quite good agreement between predic-
ted and realized gain in seed yield. But for forage yield and
seed index, the realized response was large than the expcted one.

Table 6. Phenotypic (r,), genotypic (r_ ) and environmental (rg)
correlation coefficients among . .characters in ten selec-
ted families of the Fahl variety of berseem clover.

. Forage yield Seed yield
Traits Corre-
lation Dry Prot- S?ed ?nggfgzzd

ein yield weight)

rp 0.987 0.986 0.124 0.400

Fresh forage yield rg 0.997 1.010 0.100 0.362
P 0.876 0.702 0.271 0.675

rp ) 0.998 0.219 0.452

Dry forage yield rg 1.007 0.214 0.455
r, 0.907 0.308 0.484

rp ’ © 0.202 0.445

Protein yield rg 0.175 0.473
ry 0.400 0.334

rp 0.254

Seed yield ) rg 0.277
T 0.208

Phenotypic, genotypic, and environmental correlations bet-
ween each pair of the five attributes were computed and presen-
ted in Table 6. The results indicated that the genotypic corre-
lation coefficients between each pair of traits of forage yields
(fresh, dry, and protein yields) were higher than their corres-
ponding phenotypic correlations. These results revealed that
the environmental factors affected both variables taken at a
time at random indicating lack of association at environmental
level. High genotypic correlations also suggested that there
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was inherent relationship between the characters in question.
However, :contrary results were obtained for correlations between
seed and forage yields. Although, all five traits had positive
correlation with each other, however, a weak correlations were
found between seed yield -and forage yields (0.12). Furthermore,
close association were found among forage yields traits (0.99).
These results are in agreement with those reported by El-Hattab
et al. (1969) and Schaaf et al. (1962).
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Breeding for continuous grazing :
Genetic variability for vegetative growth rate parameters
in cocksfoot (Dactylis glomerata L)

M. GHESQUIERE, C. MOUSSET, L, HUREAU
INRA, Station d’Amélioration des Plantes Fourragéres
86600 LUSIGNAN (France)

SUMMARY

As LEMAIRE pointed out in the last meeting at Lusignan,
more attention should be payed on the turn over of the leaf
material to improve the genetic adaptation of fodder grasses
for grazing : what are the genetic variability and relations
between the growth parameters as leaf appearance rate (LAR),
leaf elongation rate (LER) and leaf expansion duration ? to
what extent are they determining of the yield components
(lamina length, width, surfacic mass and weight, tiller weight)
and what is their stability towards environmental conditions.

A first approach has been done during the regrowth
cycle of 31 genotypes of cocksfoot cultivated in spaced plants
and under artificial conditions at two temperatures, 7° C and
14° C, with four replications by temperature.

The results showed that the growth criteria are not so
variable than the direct components of lamina weight but much
more influenced by temperature, mainly LER, bringing on
significant genotype x temperature effects. So, in the
éexperimental ¢onditions of the trial, lamina weight remained -
better explained by components as length or aera lamina thap
growth parameters. However, the lack of correlation between IAR
and LER suggests to go on observations but this time, in meaxd
and ac¢cording to a frequent cutting management, taking into
account the relations with tillering rate. 3

INTRODUCTION

More and more breeding works on fodder crops try now to
have a better interpretative physiological approach of the
genetic variability analysis. In a review on tall fescue
breeding, SLEPER (1985) mentionned some novel ways of breeding
for yield increasing, i.e. the carbon exchange rate, the dark
respiration and the 1leaf area expansion rate. No clear
relations with yield have been yet found for carbon exchange
rate, although consistent genetic variability and heritability
have been displayed. With dark respiration, low selection on
ryegrass has been related to higher tillering rate (WILSON,
1975 ; ROBSON, 1982). Finally, selection for high leaf area
expansion rate has also been successfully associated to leaf
elongation rate, lamina width and tiller yield but negatively
to tillering rate (ZARROUGH et al., 1984).

In this last way, LEMAIRE (1987) also pointea out in
last meeting of Lusignan that more attention should be payed by
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breeders on morphogenetic processes to improve more adapted
genotypes. Due to quite close relation between dry matter
growth and intercepted radiation amount in non-limiting
conditions, rather poor genetic improvements have to be
expected by breeding for total yield (GOOSE et al., 1986). But,
before canopy reaches its optimum leaf area index, the genetic
variability of the leaf area expansion rate could be valorized,
for instance, by genotypes selected for high leaf material turn
over if grazing has to extend in the future.

This paper reports first results found in cocksfoot
where large variations exist for some components of the leaf
area expansion rate. The aim of the experiment was to determine
during one cycle of regrowth what are the genetic variability
and relations between some leaf growth rate parameters, to what
extent are they determining of the yield components and what is
their stability towards environmental conditions, specially
temperature variations (HUREAU, 1987).

MATERIEL AND METHODS

31 genotypes of cocksfoot (Dactylis glomerata L.) screening a
large range of variability for tillering, 1leaf length and
width, have been chosen in. the nursery of Lusignan Station.
After cloning, plants were disposed in two oculture cells, each
at a controlled temperature and light intensity of 7° C - 8500
lux and 14° C - 10000 lux respectively, both under a 16 hours
photoperiod and according a 4 randomized block design. The
substrate was a sterilized mixture of compost, sand and silt-
clay  soil. Any nutritive supply was given during the
experiment. For each design, the plants were set out at
intervals of 15 cm on 21 cm spaced rows.

Observations were made along a re-growth cycle (33 days
at 14° C, 66 days at 7° C) allowing to survey the growth of
four successive leaves, at a 3 observations per week rate, on 2
marked tillers per plant. Observations included the measures of
‘lamina and sheath length as well as leaf and leaflet date of
emergence. So, could be determined :

- Lamina elongation rate (LER1),

- Cumulated lamina elongation rate of a tiller
(LERt), calculated by adding the length of the sheath with all
its alive lamina,

- Mean duration of 1lamina elongation of a tiller

(LED)

! - Leaf appearence rate (LAR), as time spacing
emergence of two successive leaflets, i.e. leaflet-
phyllochrone.

At the end of the re-growth cycle, 5 adult lamina were
cut off on the highest leaf level of each plant. The length
(LL), width (LW), area (LA), dry matter weight -(LDMW) and
surfacic mass (LMS) were measured. Dry matter weight per tiller
(TDMW) was°*then infered from the number of tillers per plant
(by counting) and total dry matter weight of plant.
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All the controlled effects have been tested with
analysis of wvariance. Genotypic and genotype = ature
variance, within and between temperature resp., been
estimated from corresponding mean sguare .xpocutxm (alke
effects considered as randon) and - expressed as genotypio
(gcv ) and genotype x temperature (gtcv %) coefficients of
variation. Correlations between temperatures and# hetween
yvariates are phenotypic.

RESULTS
Measure of growth rate

Given the experimental observations, the leaf growin
rate was taken as linear until leaflet emergence after whith
growth very quickly stops.

To characterize the genotype leaf growth rate,
cumulated lamina growth rate of a tiller (LERt) has been
preferred. This measure, including leaf appearance rate, may
give better estimation of the tiller ability of a genotype to
recover rapidly an important leaf area after cutting. Moreover,
these two variates remain well correlated at both temperatures
as well as with the last value of LERt (LERf) (table 1). So, a
single measure of all the present lamina and sheath at the end
of a re-growth cycle would give a quite satisfying estimation
of the leaf growth of a tiller.

Temperature effect

Temperature increasing stpongly influences the growth
rate of leaves (table 2). Like this, leaf olongation rate is
more than doubled as temperature increases from 7° C to 14° C
while leaf expansion duration and leaf appearance rate are more
than half reduced. On the size and dry wmwmtter weight
components, the temperature effect is weaker. Due to this
antagonism effect of temperatum® on leaf growth rate
parameters, lamina length and area have bkeen found just
slightly larger at 14° C than at 7° C. On the other hand,
lamina surfacic mass has decreased, which explains that the
lamina weight remains inchanged at the two temperatures. Tiller
weight has been strongly increased at 14° C, but, given the
stability of lamina weight, it would be due to an important
.increase of sheath weight.

Genotypic and genotype x temperature effets

A quite important genotypic variability is displayed at
the two temperatures, highly significant for most of the
variates (table 3). However, the range of the genotypic
variation is more or less large according to the parameters :
low for 1leaf appearance rate, elongation rate and 1leaf
expansion duration, intermediate for lamina lenght, width and
surfacic mass, high for lamina area, lamina and tiller weight.
Temperature also acts on the range of genotypic variability.
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For leaf elongation rate and tiller weight, it is highly
increased at 14° C whereas for leaf appearance rate, genotypic
effect is no more significant. It is possible that the
observations frequency (three times a week) has not been
sufficient, given the high growth rate at 14° C, to accurately
estimate the leaf appearance rate at this temperature.
Similarly, the non significant effect of the leaf slongation
rate at 7° C would be also due to experimental error but, this
time, in the lamina lenght measures in slow growth rate
conditions. Por tiller weight, we bhave to suppose that
temperature not only enhances the contribution of sheath in the
tiller yield but also increases its variability, seo that sheath
and lamina weight variations would be almost independent with a
large part of uncontrolled variations at 14° C for the former.

The growth rate parameters, as well as surfacic mass to
some extent, are once more mainly at the origin of the largest
genotype x temperature effects, with phenotypic correlation
coefficients,between temperatures sometimes significant due to
low errors (LAR - LED -~ IMS). For leaf elongation rate, the
correlation remains highly significant because the genotypic
effect is much more important than the genotype x temperature
effect at 14° C. Among the lamina size parameters, width
strikingly appears as a quite constant genotypic variate, not
influenced by temperature. :

The correlations between variates show there is a
general tendency of the components to explain better the
immediately next composite parameters than more physiologically
distant ones, but with some differences according to
temperature (table 4). Tiller and lamina weight are related at
7° C but not at 14° C proving, as mentionned above, that sheath
weight contributes for a large part to tiller weight but
independently of lamina weight and with a rather important non-
genetic variation. At 14° C, a set of successive parameters,
LERt - LL - LA, are determining better and better the lamina
weight. But this axis is broken off at the lamina area level at
7° C so that lamina weight appears more directly close related
to lamina length than to area. As the lamina width and surfacic
mass contributions to lamina area and weight resp. have not
increased, it suggests that the lamina area determination under
slow growth rate condition is rather bound to important error
variation. At a same level of contribution of the tiller yield
(growth, size, weight) most of the components seems to be not
or just slightly, correlated. Even between leaf appearance rate
(estimated as phyllochrone so that the correlation is positive)
and leaf expansion duration, and given the lack of significant
genotypic effect of LAR at 14° C, the significant but non
absolute correlations show that the number of growing leaves
per tiller can vary around two in cocksfoot. In fact, there is
a highly significant genotypic effect for the delay between
leaflet appearance of the n leaf and n + 2 leaf emergence,
ranging of - 0,41 to + 3,45 days. The lack of correlation
between leaf appearance rate and leaf elongation rate is even
much more striking, it would mean that tillering rate, at least
potential tillering rate, would be independent of the rate of
leaf elongation.
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DISCUSSION

The results show that the growth rate parameters of
leaves in this experiment on cocksfoot exhibit mot a so large,
although sometimes substantial, genotypic variability than the
more composite traits as Lamina size or wefght. Moreover, the
main characteristic of the growth rate veyiates is to be very
sensitive to temperature increasing, which was not unexpected
from parameters highly dependent of sum of temperature, with a
mainly interactive genotypic variability. So, under the
artificial conditions of the trial, growth rate was not a so
good predictor of tiller or lamina yield than direct comsponents
as lenght or area lamina. The light intensity, mainly at 14° c,
may have been 1little insufficient to allow optimum
photosynthesis. Indeed, there was a balancing effect of the!
size and weight lamina components between temperatures,
furthermore, leaf senescence has not been observed at the end
of the re-growth. So, added to rather large errors of lamina
and mainly tiller weight, it could explain that direct
phenotypic relations between growth rate and dry matter yield
have not been more obviously displayed. In this way, the non-
optimum photosynthesis conditions could be also, to some
extent, responsible of the apparent independence between most
of the components variations, especially those of 1leaf
appearance and leaf elongation rate, instead of close negative
expected correlations. The lack of correlation between these
two leaf growth rate variates is probably more due to lack of
leaf appearance rate genotypic variability than actual
independence. Moreover, it checks that in carbon supply
limiting conditions, in the same way than just after cutting,
the leaf appearance rate and consequently the tillering rate,
is much more reduced than the leaf elongation rate (LEMAIRE,
1985). So, to observe actual negative correlation, we would
have had probably to work at a higher level of carbon supply as
ZARROUGH et al. (1984) did it on tall fescue, showing a
negatively associated effect of 1leaf area expansion rate
selection on leaf appearance rate and tillering rate. Another
evidence of the trophic competition meaning of the correlation
is also provided by ROBSON (1982) : sparing carbon in low dark
respiration selected lines of perennial ryegrasss breaks off the
correlation so that tillering rate can increase but without be
followed by any change of leaf elongation rate.

Tillering rate could not be accurately estimated in
this short-time experiment but we will have to take into
account this variate for next trials ‘which could be
consequently done on long-term observed swards under intense
defoliation rate. So, more unambiguous conclusions could be
drawn about the relations between tillering, leaf appearance
and leaf elongation rate and their contribution to total yield.
For breeding purposes, heritability of each component has also
to be considered. Some successfull previous attempts to select
high or low leaf area expansion rate indicate a significant
part of additive genetic effects (REEDER et al., 1984). But, as
no a priori relations between yield contribution and heritability
of the components are to be expected, breeding strategy will
have to be optimized. One aspect of this will be to know what
is the stability of all these relations, according to
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environmental conditicns (temperature, nitrogen and water
supply), time (early stage - .adult relations) and space
(isolated plants - sward relations). From this last point of
view, measures of leaf growth rate are often time - consuming
and the feasibility will not be the least important factor.

In conclusion, all plant breeders are dealing with
breeding method optimization and are involved in genetic
variability researches. But, about fodder grasses, more than
anybody have we not to ignore the physiological point of view
and the 1limits of genetic variability that it implies. The
morphogenetic approach with a comprehensive genetic study of
its components as suggested above could be promising to know to
what extent can we valorize genetic variability of forage
grasses, for what agronomic purposes and with what selection
tests. In this mind, continuous grazing and cinetic of optimum
leaf area index recovering would be a quite interesting field
of application.

Lors du dernier Congrés Eucarpia & Lusignan, LEMAIRE
avait souligné 1‘’importance - qu’il faudrait accorder a 1la
vitesse de renouvellement du couvert foliaire pour améliorer
1’adaptation au pidturage des graminées fourragéres : Quelle est
la variabilité génétique et les relations entre des paramétres
de croissance foliaire comme 1la vitesse d’apparition des
feuilles, leur vitesse d’élongation et leur ‘durée d’expansion ?
dans quelle mesure déterminent-ils les composantes du rendement
(longueur, largeur, surface, masse surfacique et poids du limbe
ainsi que 1le poids total des talles) et gquelle est leur
stabilité vis-a-vis des conditions environnementales ?

Une premiére approche a été réalisée pendant un cycle
de repousse de 31 génotypes de dactyle cultivé en plantes
isolées et en conditions artificielles a 2 température, 7° C et
14° C, avec 4 répétitions par température.

Les résultats montrent que les critéres de croissance
sont moins variables que les composantes directes du poids du
limbe mais beaucoup plus influencés par la température,
conduisant ainsi a des interactions génotype x température
significatives. Dans nos conditions expérimentales, le poids du
limbe est donc resté mieux expliqué par des composantes comme
la longueur ou la surface plutét que par les paramétres de
croissance foliaire. Néanmoins, 1l’absence de corrélation entre
la vitesse d’élongation et d’apparition des feuilles suggére de
poursuivre les observations, en conditions denses et sous un
régime de coupes fréquentes cette fois, en prenant en compte
les relations avec le tallage.
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Temperature 7°C

E 14°C
LER 1 LER t LER £ LER 1 LER t LER f
LER 1 - -
LER t 0,81 - 0,91 -
LER f 0,85 0,84 - 0,81 0,85 -
Table 1: :

Phenotypic correlations between three estimates of leaf elongation rate : per lamina (LERI)
per tiller (LERt), per tiller at the end of the regrowth cycle (LERf), for two temperatures.

Temperature 7° C 14° C F

LAR (days) 23 9 1855,66%%
LER t (mm/day) 5,1 13,7 1100,17%%*
LED (day) 37 16 1164 ,88%%
LL (mm) 206 253 71,72%%
e (mm) 6,2 6,0 1,68
LSM (mg/cm“) 4,0 : 3,1 191,12%*
LA (cmz) 8,80 11,38 50,80%%
LDMW (mg) 34,4 35,1 o,
TDMW (mg) 69,0 160,0 23,96%*

Table 2.

Effect of temperature on mean values for growth rate, size and dry matter weight components
of leaves in cocksfoot.



.

7° C 14° C interaction

e CV % gCvVs eCVs% gcCV i gTcv s r

LAR 7,1 3,5% 6,5 2,38 g, 2« 0,31N8
LER t 13,5 1,988 9,1 7,2%%  5,2%%  0,56%*
LED 7,1 5,4%% 6,6 3,8%% 18,5%% 0,37%

LL 10,8 8,6%% 9,0 8,4%x 1,6N5 0,614
W 6,7 6,7 6,0 6,3%* 3,2N5 o 72%s
LSM 13,3 8,1%** 6,1 5,2%% 6,6k  0,40%*
1A 15,6 9,8%*% 12,6 10,2%** 6,685 0,50%*
LDMW 23,9 15,4%% 16,7 11,8%* 0, N5 o, ,e8%*
TDMW 16,1 10,2%* 59,1 25,4% 23,485 o,17NS

Table 3. :

Error (e CV %), genotypic (g CV %), genotype x temperature effect (gT CV %) coefficients
of variation and phenotypic correlations (r) between temperature for growth rate, size and dry
tter weight p ts of leaves in cocksfoot cultivated at 7° C and 14° C.
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LAR LERt LED LL LW LSM LA LDMW TDMW

LAR -
LERt 0,01 -
LED 0,46** 0,39* -

LL 0,22 0.72** 0,56** -
LWV -0,21 0,21 0,15 0,17 -
LSM 0,16 0,15 0,41* 0,22 0,12 -

14° C
LA 0,15 0,69** 0,58** (.87** 0,54** 0,15 -
LDMVW 0,19 0,68** 0,66** 0,83*¢ 0,50** 0,52** 09]** -
TDMW -0,.03 0,02 0,19 0,20 0,12 0,24 0,17 0,22 -
LAR -
LER t -0,20 -
LED 0,72** 0,14 -
LL 0,13 0.78** 0,38**¢ -
Lw -0,12 0,39¢% 0,09 0,26 -
LSM -0,05 0,32 0,23 0,37* 0,23 -
7 C
LA -0,01 0,50** 0,37 0,53** 0,63** 0,04 -
LDMW 0,10 0,68** 0,47** 0.86** 0,67** 0,50 0,74%¢ -
TDMW -0,02 0,61** 0,27 0,75** 0,63** 0,29 0,67%* 0.86** -
Table 4.

Phenotypic correlations between growth rate, size and dry matter weight components of leaves
in cocksfoot at 7° C and 14° C.

The closest correlations between components determining step by step the tiller or lamina
weight are underlined.
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Summary

At the meeting of the fodder crop section of EUCARPIA in
Lusignan in 1987 a valid definition for vigour could not be
found. In this review some breeding methods which may result in
vigorous cultivars are described. High yielding varieties can
be achieved too by breeding for resistance against diseases
and pests, harsh climatic conditions, cutting management etc.
But a resistant variety is useless unless it fails to grow
vigorously. Vigour is the prerequisite for successful
cultivars. This paper therefore presents some aspects of
breeding for vigour in forage crops especially in grasses
considering synthetics, male sterility, and the developing of
chance hybrids and amphiploids.

At the meeting of the fodder crop section of EUCARPIA in
Lusignan in 1987 an attempt was made to define vigour. After
intensive discussion the following definition of vigour was
accepted: "Vigour is the capability of the plant to draw the
available environmental resources and to transform these
resources into biomass within a range of time which is defimed
according to farm practices "(ROTILI and PICARD 1987). While
the object of that meeting was the exploition of variability
for adaptation the main theme of the meeting in Szarvas is:
Breeding for vigour in forage crops. This is a comprehensive
title,  for many breeding methods have been developed in order
to increase the vigour of the plants including the improvement
of resistance against diseases, harsh climatic conditions,
cutting management etc. But since a resistant cultivar is
nearly useless unless it is vigorous the prerequesite for
successful breeding is vigour. Although a resistant variety
may be vigorous Jjust because of its resistance this paper does
not deal with all those methods breeders have applied to
improve resistance against those factors just mentioned. This
review is rather restricted to some aspects of breeding
methods by which viability, plant growth or vigour in a narrow
sense of the word can be improved.

Vigour is a quantitative trait controlled by many genes and it
is well known that heterozydosity favours plant growth and
vigour. Besides that it is well known that most of the foragde
crops are more or less crosspollinators. Consequently the
knowledge of quantitative and population genetics should be
taken under consideration when new breeding methods shall be
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developed. Ffurther the requirements of the official
institutions must not be neglected. A new cultivar will not
get its certification unless it is uniform and stable. In
conclusion a vigorous variety can be established if the
breeder is able to increase the dedree of heterozygoslty
without worsen uniformity.

Nearly all cultivated species of forage crops have been
examined for heterotic effects and there is no doubt that
increased vegdetative growth can be observed in many F1
progenies (cit.in KOBABE 1983). The highest degree of
heterozygosity is to be expected in the Fl1 generation and the
propability to obtain good vigour is highest in F1 varieties.
If the parents are well selected the F1 offspring will be
homogene too. So far a Fl variety is an ideal cultivar but
unfortunately in most cases the breeding systems of the forage
plants do npt allow an economic production of F1 seed.
Therefore one has to look for alternative methodes. Because of
their operational simplicity synthetic varieties are wide
spread in fodder crops. Using a polycross the general
combining ability is exploited. Although polycrosses are
convenient they still have disadvantages. Different degrees of
selfpollination of the genotypes could cause bias. The number
of genotypes that enter the synthetic vary but scientists
recommend 5-10 components (SIMMONDS 1979).

The production of synthetics can not work sufficiently when
the selected genotypes fail to multiply identically. The
components must therefore be inbred lines or plants which can
be propagated vegetatively very easily as for instance
perennial ryegrass. Inbred lines can exist only if
selffertilizing is possible. But selfcompatibility is Jjust
that trait which has to be avoided by the breeder. That is why
breeders prefere to work with clones which can be maintained
over years as long as it is necessary. But the disadvantage is
that there are several species which are not perennial. The
vegetative propagation of Lolium multiflorum is rather
cumbersom. It is hardly impossible to store selected genotypes
over a longer period. This problem can be solved by tissue
culture as it is practised in Aberystwyth, in Gb&ttingen,
Stuttgart-Hohenheim and elsewhere. The regeneration of
plantlets from young inflorescences or buds makes it possible
to multiply each denotype. Another advantage of this technique
is the possibility to store the plantlets for months in a
refrigerator. So the space for keeping the basic genotypes for
a synthetic becomes very small. Before utilizing this
technique for producing synthetics it is necessary to
investigate the liability to somaclonal mutation. If there
occur those mutations they likely will change the general
combining ability and. the synthetic can not be kept stable.
Three thousend clones of inbred genotypes achieved by tissue
culture have been selfed in a‘'trial in Gdttingen. Inbreds were
involved because segregations due to mutations can be detected
best when the parents are homozygous. The result, however, can
only be presented next year.
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In an ideal synthetic selfcompatibility must not occur. But in
practice it can not be excluded. that some clones used as
components are partial selffertile. Obviously selffertility
favours inbreeding and reduces v1gour Since JENKIN (1931)
described a pollen sterile type in Lolium perenne and NITZSCHE
(1971) found a male sterile phenotype in Tépidszele/Hungsery in
Lolium multiflorum the discussion is still going on whether
male sterility can successfully be utilized in forage grass
breeding. The level of crosspollinating can probably be
increased by male sterility, when selfpollinating of those
clones which form the synthetic can not be excluded
completely. The introduction of male sterile clones may
prerhaps compensate the genetic controlled rates of selfings.
Theoretical calculations have shown that this effect of
compensation depends upon the inheritance of the male
sterility (g€enic, cytoplasmatic or both) and of the rate of
selfing (KOBABE 1978).

Computer calculations using a one gene and a two gene model
indicated that the efficiency of male sterile clones in
synthetics is rather low. If, for example, the basic Syn-0
generation consists of two clones with the genetic
constitution AA and aa and if the rate of selfing is 0.5, the
percentage of heterozygous genotypes in the following syn—

% ns.will a ich 33 % only. But after changing the
compos i ion of the Syn 0 to 1 AA Hormal : 1 aa normal : 4 AA
male sterile : 4 aa male sterile the heterozygotes will
increase up to 47 %. The rate of increasing of hybridity
depends upon the selfing rate; the lower the latter the lower
the response of heterozygosity. Further, this system is
restricted to male sterility which is inherited

cytoplasmatically. Restorer genes will destroy this system
very quickly.

In spite of all efforts ever made ko utilize male sterility in
fodder grass breeding in order to produce vigorous F1
varieties the number of certified F1 cultivars are low.
Instability of the male sterility under different environments
and the difficulty to maintain and to multiply male sterile
progenies generatively may be the reasons why Fl1 varieties are
not released into the market in a broader scale. ENGLAND
(1976) has made a very interesting proposal at the meeting of
EUCARPIA 1976 in Budapest. He presented a method using the
selfincompatibility in Lolium and he has shown how to
propagate desired genotypes although they are highly
selfsterile. But when applying this system breeders have to
work very thoroughfully and must carefully avoid contamination
with pollen comming from elsewhere. Since the increase of
vigour and grain yield is much more important in cereals than
in forage crops this system is now attempted to be applied on
rye (WRICKE 1986). Simultaneously the development of pure F1
variety in rye by the help of male sterility has nearly
finished (GEIGER 1986, GEIGER and SCHNELL 1973).
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Although some years ago a Dutch breeder has released a F1
cultivar of Lolium utilizing male sterility this sesms to be
an uncertain way. In any case there was no convincing success
until now and the production of F1 seed in an commercial
scale is as expensive as before. FOSTER (1873a,b) proposed a
less expensive method of producing vigorous Fl1 hybrid
varieties of herbage grasses. The seed of two parental
populations which give superior F1 hybrids should be sown in
a 1:1 blend. The seed drower will not distiguish between this
mixture and seeds for the multiplication of a normal variety.
The seed product harvested from the two blend populations
will consist of up to 50 ¥ so called interpopulational F1
hybrids. The remainder are seeds of each parental population.
Since 50 % are hybrids such a variety is also called semi
hybrid variety or chance hybrid variety. The percentage of F1
hybrid seeds are dependent upon several factors affecting
fertilization. First of all the coincidence of flowering time
of the two parental components is very important. Further the
number of inflorescences, the number of florets per spikelét,
the gamete frequence etc. can reduce the ratio of hybrid
seeds. Since in grass mature grains do not remain in the ears
as they do in cereals different extent of seed shattering is
another factor which can influence the percentage of
hybridity. Serious objections have been. made by WRIGHT
(1972). There is obviously no difference between a chance
hybrid variety and a synthetic. The mean performance of a
semi hybrid and a synthetic is expected to be equal by reason
of the rules of population genetics. But forage crops are
usually sown very tightly in order to get swards. Competition
will therefore occur in the establishment phase of grass
sward. Since the hybrid plants of the chance variety are much
more vigorous, they soon will eliminate the weaker parental
fraction. Theoretically this kind of competitions can also be
observed in common synthetics and the critical objections are
not yet dispeliled.

In order to get some practical information an experiment with
Lolium multiflerum was carried out at the Department for
Forage Crop Breeding in Gottingen. Equal portions of
germinable F1 hybrid seed produced by crossing a male sterile
clone with an inbred pollinator were mixed with seeds of an
inbred line. Four such different blends were sown in small
prlots in a randomized block design with three replications.
The morphological habit of the components used in this
experiment was, of course, well known. Simultaneously, both
components of each combination were sown separately in order
to get young plants. These seedlings were planted alternately
in rows ( hybrid, inbred, hybrid, inbred etc.) spaced 4 cn.
Sowing and plantig took place in autumn. The next year after
cutting a piece of 30 cm length out of each plot was taken
and these clusters were separated into single tillers. These
shoots were potted and later planted into the field. After a
few months the adult plants could be identified very easily.
The results indicate clear superiority of the hybrids (Fig.1l)
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Fig. 1 Percentage of surviving hybrids (Fl1) and inbreds (I)
of four mixed seed samples (1:1) after the first cut

In average there were only 15.1 ¥ of the inbreds left. Since
in the spaced planted rows the single plants could be
identified over the whole period of vegetation. it was not
necessary to cultivate single shoots. After the second cut
nearly 99 % of the hybrids have survived while only 58.7 % of
the inbreds were still alive (Fig. 2). Some weeks later after
the third cut these figures read 95 ¥ and 23 ¥ (Fig. 3). The
spaced planted trial does not appraoch practical usage but it
shows clearly the superior vigour of the hetrozygolds hybrids.
The procedure for identification of the components of the
tightly sown plots is certainly tedious and lengthy and it
depends upon the ability and readiness of the single tillers
to develop roots. By the application of tissue culture some
difficulties can be overcome because it is much more easy to
regenerate a plantlet from a fertile shoot than to achieve
rooted shoots from adult plants after digging them up.
Apparently the method of the future will be the application

of electrophoresis. Experiments are planned to be carried out
in G8ttingen.

Wide crossings especially between georaces and different
species have been made to combine complementary traits of the
two parents. The aim, however, is not only the combination of
distinct characters but also the development of cultivars
which exhibit. high vigour. This expectation is due to the
wide genetic distance between the two partners. Breeders and
scientists were often led into temptation to cross tall
fescue (Festuca arundinacea) and Italian ryegrass (Lolium
multiflorum) in order to synthesise a new amphiploid specjes.
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of four plots with mixed single plants (1:1) after

Fig. 3 Percentage of surviving hybrids (F1) and inbreds (I)
the third cut (KOBABE and KOCKELMANN 1988)
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These new genotypes are vigorous and of agronomic value, but
meiotic irregularities lead to thromosome loss and subsequent
genetic instability in later generations. Another candidate
for species crossings in grass breeding ist giant fescue
(Festuca gigantea). Encouraging experiments were recently
carried out in Aberystwyth (MORGAN, THOMAS and LEWIS 1983)

Although wide crossings are to be expected to result in
vigorous progenies, only the products of near related species
(Lolium perenne and Lolium multiflorum) are on the market.
Theoretically a higher degree of hybridity can be achieved,
when the parents of such crossings are tetraploid hybrids,
each of them with two different alleles in one locus. If the
inheritance is disomic and if the rate of selfing ist 0.5,
half of the offspring will be tetra-allelic while the others
will be di-allelic. The latter will, of course, reduce the
degree of heterozygosity. In case of complete self-
incompatibility all the genotypes will have four different
alleles. Assuming tetrasomic inheritance in addition to the
tetra-allelic plants tri-allelic types will occur in the
offspring. The percentage of di-allelics will be very low and
the desirable multi-allelic plants will approach up to 90 %

depending upon the rate of selfing (BREESE, LEWIS and EVANS
1981, LEIN 1988).

New :techniques were developed in the last years. Tissue
culture became routine in plant breeding. Somaclonal variation _
due to genetic changes. during the callus phase in tissue
culture may be utilized in the near future. The next step is
plant regeneration from cell suspension cultures, protoplasts
fusion and gene transfer. Perhaps the selection of disease
resistant cells in a petri dish will soon be possible in
forage crops. But the question is if these modern techniques
will support breeder’s work to increase vigour. It is a
challenge of today for all those who are working in the fields
of plant breeding and genetics to investigate the new chances
for increasing vigour by the means of tissue and cell cultur.

Zusammenfassung

Auf der Tagung der EUCARPIA-Sektion Futterpflanzen im Jahre
1987 in Lusignan hat. sich gezeigt, daB eine eindeutige . = .
Definition von Wichsigkeit (vigour) nicht gegeben werden kann.
Im vorliegenden einfiilhrenden Referat. werden Zuchtverfahren
angesprochen, durch deren Anwendung wiichsige Sorten entwickelt
werden konnen. Letzten Endes flhrt natirlich auch die Zichtung
auf Resistenz gegen Krankheiten und Schidlinge sowie geden
ungiinstige Witterungsbedingungen und auf Anpassungsfshigkeit
an Nutzungssysteme (z.B. hsufiger Schnitt) zu ertragreichen
Sorten. Aber eine resistente Sorte ist:-kaum brauchbar, wenn
_sie nicht wilichsig genug ist; kraftiges Wachstum ist als
Voraussetzung flir eine gute Sorte anzusehen. Es werden daher
einige Aspekte iiber Zuchtverfahren bei Futterpflanzen
insbesondere bei Grisern dargestellt, wobel synthetische
Sorten, mdnnliche Sterilitit, die Entwicklung von Chance-
Hybriden und Artkreuzungen berilcksichtigt werden.
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VIGOUR, HIGH YIELD AND QUALITY OF BRASSICA FODDER PLANTS.
IS IT POSSIBLE TO COMBINE?

Waleria Miyniec

Polish Academy of Sciences, Institute of Plant Genetics,
Poznari, Laboratory in Warsaw, POLAND

Abstract

The most succesful form of intercrop in Polish climatic
and soils condition is winter catch crop cultivation. Besides
the traditionally cultivated winter rye and vetch, plants from
the Brassica genus could be used in this sequence of crop
rotation (Jelinowska, Jelinowski, Sypniewski, 1968; Renius,
Ltke Entrup 1985).

The need of the new plants suitable for winter catch crop
makes the main point of evaluation of our Brassica collection
and hybrids obtained in the result of interspecific crossings
among népus, campestris and oleracea sp. especially (Balicka,
Barcikowska, Chwalek, Miyniec, Szyld 1978, Zwierzykowska 1981).

Following are the main features of plants connected with
their utilization as winter catch crops: 1. Vigour, 2. Winter
hardiness, 3. High green and D.M. yield, 4. Quality of green
matter: 4.1. High D.M. %, 4.2. High protein % of D.M., 4.3. Low
N—NO3 % of D.M. 4.4. Low dukosinolates contens uM/g D.M.

The description of each form based on spaced plants
grown in the field and glass house and also in dense sowing
in field experiments: on the field of the National Genetic
Resources Department of the Plant Breeding and Acclimatiza-
tion Institute in Radzikdéw near Warsaw, on the field of Plant
Genetic Institute in Poznari. We are working in close collabora-
tion with Plant Cultivation, Manuring and Soil Science in Puta-
wy.

Results, some are still in elaboration show that:
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High evaluation of vigour in autumn is, in general not

_combined with goed winterhardiness and high evaluation of

vigour in spring. It concerns especislly forms of B. cam-
pestris ssp, pekinensis and hybrids derived from crossings
where ssp. pekinensis was the female parental form (Miyniec
R8hm-Rodo wald, Zielirska, 1982)

Low content of glukosinolates in green parts of plants is
gererally speaking combined with low vigour (specially in
spring) in general with low winterhardiness and rather
poor deaseases and pests resistance (it caoncerns mainly
B.napus types) Miyniec, Heimann 1985)

As far as nitrates (N—NOB) content is concernd - vigour
seems to be combined with higher rate of nitrogen metabo-
lism in plants and in consequence -~ lower content of N—NEI3
in green matter. B.campesiris forms can be used as the best
example. It seems alsao, that the differences in nitrate
content depends in Brassica plants not only on the rate on
nitrogen fertilization, but is also genetically conditioned
(Miyniec, Blaim, Ploszydski 1986).
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THE EFFECT OF SELECTION FOR DISEASE RESISTANCE ON VIGOUR OF RED CLOVER
{(Trifolium pratense L.) AND ITALIAN RYEGRASS (Lolium multiflorum Lam.)

Dr. B. Nilesch

Swiss Federal Research Station for Agronomy, CH-8046 Zurich-Reckenholz

Summary

At the Swiss Federal Research Station for Agronomy several fodder
'plants are selected for resistance against the following diseases: stem
nematodes, powdery mildew and sclerotinia root rot on red clover; powdery
mildew, snow mould and crown rust combined with vascular wilt on Italian
ryegrass. Most selections show a slower development in the planting year,
recover in the first year of full production and yield even better in the
second year compared to the population from which they were selected.
Recurrent selections can lead to varieties with resistance to several
diseases and improved yield.

1. Introduction

It is well known that di v of gr and forage legumes cause
losses of yield and quality. Since it is not commun to treat fodder crops
with pesticides breeding for disease resistance is very important. In
Switzerland the most important disease are clover root rot (Sclerotinia
trifoliorum (Erikss.), clover stem nematode (Ditylenchus dipsaci [Kihn]
Filipjev), vascular wilt of ryegrass (Xanthomonas graminis Egli, Goto and
Schmidt), crown rust of ryegrass (Puccinia coronata Corda) powdery mildew
of red clover (Erysiphe trifolii Grev.) and ryegrass (Erysiphe graminis
D.C. ex Mérat), Drechslera leafspots (Drechslera dictoides [Drechsler]
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Shoemaker and Drechslera siccans [Drechsler] Shoemaker) and snow mouid
(Fusarium nivale (Fr.) Ces.) of ryegrass.

Clover root rot, clover stem nematode and vascular wilt and snow
mould kill the plants rapidly and often cause high yield losses. Weeds
grow in the open spots leading to a reduction in fodder quality. Crown
rust, powdery mildew and Drechslera leafspot weaken the plants and reduce
fodder yield, quality and palatability.

In most cases, breeding for resistance imposes a severe selection
pressure on a plant pepulation. The rate of surviving plants can be below
one peccent. It is possible that a vigourous selection for resistance
influences other caracters trough linkage with unfavourable genes, epista-
sig er other genetic interactions. In this connection yield, quality,
endurance and palatability are very important.

The following investigations emphasize the influence of some resi-
starice selections on yield and endurance of our breeding material using
red clover (type of Swiss Mattenklee) and Italian ryegrass (descendants of
Swiss ecotypes).

There is practicﬂly no literature on this subject in fodder plants.

2. Methods

Table 1 lists the disease nurseries which are mutimli used in the
selection process. Trials were done in the fj.eld by comparing the
resistance selections with the variety from which they originated (=
standard). Plots were 1,5 x 6 m with four replications per treatment.
Three locations in the Swiss plateau were used, namely Reckenholz (Zurich)
and Oensingen (Solothurn) at 456 m and Ellighausen (Thurgovie) at 560 m
a.s.1. Oensingen is 75 km west, Ellighausen 65 km east from Reckenholz.

3. Results

Table 2 shows the results of the cuts in the planting year (A), the
first year (Hl) and the second year (Hz). The numbers are velative
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values (standard equals 100). In red clover they represent the sus of

three cuts far A, four cuts for H1 and one to three cuts for H

5 In

Italian ryegrass they represent three, six and one to four, respectively.

The yield in _H2 is an expression of endurance, because it is positively

correlated with the number of plants per unit of surface.

3.1. Red clover (Table 2 and Figure 1)

3.1.1.

3.1.2,

3.1.3.

3.2.2.

The selections for resistance to stem nematode developped slower,
reaching the unselected material only in the third year and giving
a relative total production of 97 %. Single plants tillered equally
or even better than unselected ones. but their stems were shorter.
As can be seen from Figure 1, the distributions of the yearly yield
sums in A and Hl were clearly on the lower side of the unselected
material. In Hz t_here were some very good results from the selec-
tions, showing the influence of better endurance.

The selection for mildew resistance lead to lower yields in A and
Hl' However in HZ they matched the unselected material. The

total remained two percent below the unselected material.

In the. sélections for root rot resistance the 2n clover was less

vigourous in A but equal to the unselected material in Hl’ The Un
red clover matched the unselected material in A and H,L. Both
showed a higher yield in HZ' indicating a successful selection

for Sclerotinia resistance and endurance.

Italian ryegrass (Table 2 and Figure 2)

The selections for mildew resistance were equal to the unselected

material in all respects.

In the snow mould selections some populations developped slower
with a relative mean yield im A of only 97 %. However they sur-
passed unselected material by three percent in HZ' Overall they
yielded two percent more than the unselected material.
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3.2.3. The resistance selections for c¢r. 1 rust and vascular wilt were

carried out on the same plants. In the greenhouse plants were first
inoculated with Xanthomonas graminis. Surviving plants were then
inoculated with Puccinia coronata. Only in Hl the selections
compare favourable with the unselected material.

4. piscussion

Most . selections for disease ‘resistance in redclover and Italian'
ryegrass had lower yields in the planting year (A). Except for resistance
selections of red clover to powdery mildew and stem nematode, they .re-
coi;ered in the first year of full use (H ). In the second year (H
only .the selections of Italian ryegrass that combine resistance to crown
rust and vascular wilt were clearly inferior to the unselected material.
‘It seems that most resistance selections consist of genotypes that develop
slower, endure longer and yield equal to the unselected material. The
selections contain interesting varia_bility. that could be exploited to get
outstanding material. Recurrent selection for resistan;:e and vigour has to
be used. Successful examples are our new tetraploid varietieg Vanessa;(red.
clovex;)-. Cervus and Ellire (Italian ryegrass) with increased yield and
good levels of resistance against different diseases (Figure 3 and 4,
NUESCH 1987a and 1988b). Concerning fodder quality DODM (Digestible Organ-
ic Dry Matter) and protein analyses were done. No particular differences
between resistance selections and unselected .nater.inl were found, except
for the usual fact, that yield and quality are negatively correlated.

5. Zusammenfassung

In der Futterpt’lanzenzﬂcﬁtung an der Forschungsanstalt Reckenholz werden
} die folgenden Resistenzslektionen durchgefihrt: Stengel!lchen. Mehltau 'up&
Kleekrebs bei Rotklee; Mehltau, Schneeschimmel, Kronenrost und Balcterién-v ;
_welke bei Italienisch-Raigras. Diese Selektionen fllhren meistens zu lahg’v- '.
samerer Entwicklung im Aussaatjahr (A), zu normalen Ertr#gen im ersten
Hauptngtzungsjahr (Hl) und, mit Ausnahme dér kombinierten Kronenrost-/ ‘
Xanthomonasresistenz, zu besser ausdauernden Best#nden (Hz). Die

wiederholte Selektion in aufeinanderfolgenden Generationen dlirfte zum
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Jlberwinden des mangelhaften Ertragspotentials und der ungeniigenden Ausdau-
er fihren, und es kénnen Sorten entstehen, die sowohl beziiglich Resistenz

als auch Ertrag verbessert sind.

6. Literature

NUESCH, B., 1987. Ellire, eine neue schweizerische Sorte des tetraploiden
Ttalienisch-Raigrases. Mitt. Schweiz. Landw. 10, (35), 249-259.

NUESCH, B., 1988a. Vanessa, eine neue Sorte des tetraploiden Mattenklees.

Landwirtschaft Schweiz 1 (3), in press.

NUESCH, B., 1988b. Cervus, eine weitere Sorte des tetraploiden

Italienisch-Raigrases. Landwirtschaft Schweiz 1 (4), in press.
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Table 1 Nurseries for disease resistance selection in red clover and

Italian ryegrass

crop pathogen

inoculum soéurce

red clover Ditylenchus dipsaci

artificial in greenhouse

(ca. 40 nematodes per
seedling) .

Erysiphe trifolii

natural, greenhouse or
field

’ Sclerotinié trifoliorum

artificial, mycelial
suspension, greenhouse

Italian Erysiphe graminis
ryegrass

natural, greenhouse

Fusarium nivale

natural (Einsiedeln
altitude 900 m)

Puccinia coronata

artificial and natural,
greenhouse and field

Xanthomonas graminis

artificial by cutting
plants with infected
scissors, greenhouse
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Tabelle 2 Mean yield in relative numbers of different selections for
resistance in red clover and Italian ryegrass (unselected
material = standard = 100)-

Selections Relative values of yield in: ¥)

A . H1 H2 A—H2

1. Red clover

1.1. Stem nematode . 96 97 101 97
1.2. Powdery mildew 97 97 101 98
1.3. Clover root rot
2n material 95 99 103 99
4n material 99 101 104 101

2. Italian ryegras

2.1. Powdery mildew 101 100 99 100
2.2. Snow mould 97 103 101 102
2.3. Crown rust and vascular 98 101 93 99

wilt combined

*) year of planting
first full year
second year

sum of all cuts

> I >

1
=

i

As each of these numbers comes out as a mean of many different trials it is
not possible to give indications of significance.
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TEMARA

VANESSA

<210 .oso’

vaS H2 1

Figure 3 Comparison of 4n red clover VANESSA with 4n TEMARA. A I-III
yield in planting year (q DM/ha/cut), Hy I-IV = cuts I to IV
in first year, Hy I firs‘t cut in second year, VOS = yield of
digestible organic matter (q/ha), RPR = on rough protein,
APD = on protein absorbed in intestine (kg/ha), NEi- = net
energy for milk productionv(MJ/ha) . ME = attack of powdery

mildew, 1 = no attack, 5 = medium.
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e CERVUIS

Figure 4 Comparison of 4n Italian ryegrass cv. CERVUS with LIPO.
A I-III yield in planting year (q DM/ha), cuts I to III,
H) I-IV first years yield of cuts one to six, KR = attack
of crown rust, BF = leaf ipots, SS = snow mould, 1 = no

attack, S = medium.
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Text for Figures

Figure 1

Figure 2

Figure 3

Figure 4

Relative yield of resistance selections in red clover
(unselected material = 100)

Relative yield of resistance selections in Italian ryegrass
(unselected material = 100)

Comparison of Un red clover VANESSA with 4n TEMARA. A I-III =
yield in planting year (q DM/ha/cut), H1 I-IV = cuts I to IV
in first year, H2 I first cut in second year, VOS = yield of
digestible organic matter (q/ha), RPR = on rough protein, APD =
on protein absorbed in intestine- (kg/ha), NEL = net energy for
milk production (MJ/ha), ME = attack of powdery mildew, 1 = no
attack, 5 = medium.

Comparison of 4n Italian ryegrass cv. CERVUS with LIPO. A I-III
yield in planting year (q DM/ha), cuts I to III, Hl I-IV first
years yield of cuts one to six, KR = attack of crown rust, BF =

leaf spots, SS = snow mould, 1 = no attack, 5 = medium.
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PROBLEMS OF BREEDING FOR VIGOUR IN FORAGE GRASSES AND CLOVERS
IN FINLAND

SATJA RAVANTTI

. Agricultural Research Centre
Department of Plant Breeding
31600 Jokioinen, Finland

Summary. The natural prerequisites for grassland farming are
quite good in Finland. However, growing conditions 1limit the
number of mowings to two or three, even in the intensive
cultivation eof vigorous varieties. Animal husbandry that is
based on grassland farming has also 1long been the mai

production line throughout the whole country. The situation has
been altered by measures tobrestrict overproduction in animal
husbandry. Currently, the area of grasses is only 33 % of
arable land area. The majority‘ of grasses are situated in
eastern, central and northern Finland where the possibilities
for cereal cultivation are limited. The breeding objective for
grass . plants has 1long been targets that affect vigour: 1.
winter-hardiness; 2. large, leafy main harvest and aftermath;
3. good seed yield; 4. resistance to foliage diseases, virus
diseases and pests; 5. culture assurance, 6. adaptation to
mechanical cultivation technique; and 7. good chemical quality.
The problems in breeding work .are: 1. regional variation of
weather conditions during winter and the growing season; 2.
limited resources; 3. limited gene pool; 4. universally little
research into the technology of breeding grass plants. These
problems are not insurmountable. Breeding can develop vigorous
varieties for grassland farming areas, above all, by means of
regional selection. '

Introduction

Finland is the world's northernmost coéuntry which
intensiiely practices agriculture up to the 67 degree parallel
of latitude. The natural prerequisites for grassland farming
are favorable. Since the 1970s, animal husbandry based on
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grassland farming has been the main production line throughout
the entire country, also. Overproduction of dairy products and
meat in Finland, as in other developed countries, has led to
strict measures to reduce production. In 1967, the area of
forage grass was still 49 %, or 1.352.000 hectares of ahable
land. In 1987, the corresponding area was 33 %, er 726.000
hectares of arable 1land. Agricultural poliey has directed
animal production to north of the Kokkola-Imatra line where at
present, the major grass areas are (Figure 1). Alcng with the
decrease in grass area, there has been a concurrent increase in
yield levels of faorage grasses due to the common cultivation of
short-lived grasses and varieties better suited to prevailing
conditions, and to improvéd cultivation technique. Extensive
research during the 1960s showed 4-6 year pasture leys and 3-4
yeéar silage and hay grasses to be economically more profitable
in Finnish conditions (e.g., JANTTI and HUOKUNA 1965).
Practical cultivation has confirmed these results. A

Finnish breeders of forage grass plants rarely mention
vigour as a breeding objective, although it is_actually the
principle character heading the list of the more important
breeding targets which are: 1. hardiness; 2. large, leafy main
harvest and aftermath; 3. Qood seed yield; 4. resistance to
foliage diseases and virus diseases; 5. resiétance to pests; 6.
culture assurance, of adaptation to (a) +varying weather
conditions during different growing seasons (b) adaptation to
mixed cultivation (c) cultivation on different soil types; 7.
adaptation to current mechanical cultivation technique; 8. good
chemical quality from the feeding aspect.

when attempting to develop +vigorous grass plants the
difficulties are: 1. variable weather conditions throughout
different parts of. the country during winter and the growing
season; 2. limited resources for the breeding of qarass plants;
3. limited gene pool; 4. universal paucity of research into the.
breeding technology. of forage plants.

Weather conditions in winter and the growing season

Finlana is long‘ih length. As one goes further north from
the southern coast or further east from the western coast, the
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thermal autumn is shorter, the period of snow cover longer and
the winter colder, the growing season 1is shorter and the
effective temperature sum is lower (Figure 2). During the
growing season, rainfall is smallest on the southwestern and
southern coasts. Clay soils are predominant in the southernmost
part of Finland and lighter mineral soils are characteristic to
centiral and eastern Finland and peat soils to Lapland. The
variety of plant species diminishes northwards and the
importance of grass plants increases, as a lower heat sum and
daily mean temperature and shorter growing season and low
evaporation suffice for grasses as opposite to cereals (MUKULA
and RANTANEN 1987, RANTANEN and SOLANTIE 1987). 1Intensive
grassland farming is limited, however; by both the short
growing season, thermal autumn and long winter. Of the most
commonly cultivated forage grasses, timothy can be recommended
for the entire country, meadow fescue for cultivation zones I-
IV, English rye-grass and cocksfoot only for zones I-II, as
well as red clover for zones I-IV and the southern part of zone
V (Figure 1). The limitations are chiefly due to insufficient
‘winter-hardiness. In Finnish conditions it is important for
grass plants to harden sufficiently well before the winter. In
intensive cultivation, vigorous plants often do not manage to
harden on time. Instead, their growth continues for too 1long
and they thus become the target of winter damage, which, for
its part, varies in different areas of the ctountry. Regional
breeding must therefore be attempted. There are further more
considerable variations in the average weather conditions
between different years.

In silage production, the intensive growth of forage
§rasses would be of advantage. However, growing conditions
restrict current grass plant varieties to 3 mowings at the
Oulujoki-Naarva line and to 2 mowings at the Muonio-Salla line
(Figure 2, PULLI 1984).

Resources for breeding grass plants

The breeding of grass plants was begun by tne Hankkija
Institute for Plant Breeding in 1913, and by the Agricultural
Research Centre Department of Plant Breeding in 1924. The
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Hahkiala teaching and experimental farm practiced breeding from
1864 to 1967. Since 19867, it has had an agreement on
cooperation with the Swedish Svaldf Plant Breeding Institute
concerning their materials for selection in Finnish conditions.

The breeding institutes have one breeder who is responsible
for the breeding of all Forage crops. As of March 1988, the
Department of Plant Breeding has empolyed a second plant
breeder who is based at the Kainu Research Station (Figure 1).
The main emphasis in actual breeding has been on cereals. Grass
plant materials have been and still are relatively small,
especially per one species. Many plants have been subjected to
breeding. At present, a greater attempt is being made to
concentrate on the most important plant species: timothy,
meadow fescue, cocksfoot, English rye-grass and red clover. The
breeding objective has been to breed different varieties for
southern and central Finland, as well as for northern Finland.
Since 1966, Hankkija has had breeding materials at the Viskaal
experimental field at Muhos, and the Department of Plant
Breeding has had materials since 1977 at its Lapland and Kainu
Research Stations, and since 1983, 9 other research stations
have had small amounts of reference materials for breeding
(Figure 1). Beginning this year, the Department of. Plant
Breeding's actual breeding materials for timothy, meadow fescue
and red clover will be in Sotkamo and in Jokioinen, which also
has cocksfoot and English rye-grass materials. The help of
other research stations is still needed. for selection of
population, seed culture as well as for preliminary and
official tesfing.

In breeding for vigour, the ‘order of importance of various
breeding objectives changes according to plant species (Table
1). Breeding for hardiness ‘and resistance has been chiefly via
natural selection in field conditions. Artificial testing has
been possible to a very limited extent. An attempt to expand
breeding for resistance using laboratory methods is planned.
Tissue culture methods have so far not been applied toAgraés
plants. '

Since 1928, 13 varieties of 5 grasses and 8 varieties of
grassland legumes have been put on the market. Of these
varieties, 14 are on the National Board of Agripulture's 1988
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List of Recommended Varieties. It is to be mentioned that
fodder brome grass, white clover and alfalfa are species not
recommended for cultivation in Finland. The varieties have been
mainly developed by mass, individual and family breeding
methods, and also some polycross testing has been employed to
estimate transmission ability.

The available gene pool

Because winter-hardiness is the primary breeding objective
to be taken into account, it is natural that an attempt has
been made to primarily wutilize the material of Finland's
climate or that of a corresponding climate (Table 2). If the
materials of countries with more favorable climates than that
of Finland's are utilized as cross parents or acclimatized, it
easily becomes necessary to perform many time-consuming back
crossings or await the long period of development through
natural selection. In natural selection, the most winter-hardy,
viablé and reproductive individuals remain alive, though these
are nearly always not the best of fodder crops. This is often
the case for local Finnish varieties of timothy and red clover.
The lack of local varieties of English ryé—gr#ss and cocksfoot
is a problem when breeding for winter-hardiness. Where are the
genes for winter-hardiness to be found? In individual
materials, all plants subjected to breeding show considerable
variation in their growth types, 1leafiness, etc. Selection
utility in crop productivity is generally not to be expected.
It is greater at first but lower later. Are the reasons for this
a balancing effect by natural selection and the nature of the
gene action responsible for the character and the association
of this genetic control with the fitness of population (HAYWARD
and ABDULLAH 1985).

Universally .little research into the technology of breeding

grass plants

The technology of practical plant breeding is the practical
application of the research results of the sciences of genetics

and plant breeding. Just as the product development department
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of an industry must produce a new and good product at the least
possible cost, in breeding, a W¥ariety 'is to be produced.
Because of perennation in grass plants, research into a working
technology is very expensive and time-consuming. Therefore,
research, in the actual sénse of the word, 1is very 1limited.
Each breeder must only try to optimally utilize the resources
at hand and trust in practical experience, even in the absence
of scientific proof. .

Conclusion

In future the valqe of vigorous grass blants has increased
based on their economic profitability to farms which continue
production. In spite of the problems, there are good
possibilities for Finnish blant breeding to breed suitable
varieties for areas where grassland farming is practiced in
Finland. Selection must take place in the areas in question.
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Table 1. Order of importance of the most important contributory objectives for
vigour breeding of forage grasses and clovers

timothy meadow cocks- Eng. red

Contributory objective for fescue 'foot rye-— clover
vigour breeding grass
1. winter-hardiness ++ ++ +44+ +4+4+ 4+
2. a. large, leafy main harvest + + + + +

b. w " aftermath +++ ++ + ++ ++
3. good seed yield + L+t +++ ++ +++
4. resistance to foliage diseases and

virus diseases ++ ++ ++ +++ +4++
5. resistance to pests + + + + ++
6. culture assurance - adaptation

a. to variations in weather ++ ++ ++ +++ 4

b. to mixed cultivation + + ++4 + ++

c. to cultivation on different ++ ++ ++ +++ ++

soil types

7. adaptation to mechanical cultivation + + + + ++
8. good chemical quality ++ ++ ++4 ++ ++

+ = important; ++ = very important; +++ = extremely important breeding objective

Table 2. The gene pool for breeding finnish herbage plants (order of importance
1 -05)

|1.'Finnish material ‘ 12. Scandinavian material]
Developed varieties Elite individuals from old
Native varieties swards and grass fields
Natural varieties Breeding lines and populations
Natural plants Mutation and polyploidy material
3. Canadian and north russian 4. Materials from extreme boundries
material of grassland is comparable to finnish

climatic conditions

N

Such improved varieties, native varieties, natural plants, breeding lines and
populations having properties desired for transfer to finnish material.

P

{5. Regional global grass plant materials other than those mentioned in 1 - 4.

i

W
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Department of plant husbandry
Department of plant breeding, Jokioinen
Research stations

South-West Finland, Mietoinen
Satakunta, Kokem#ki

Kymenlaakso, Anjala

Héme, Pdlkéne

Sata-Hdme, Mouhijédrvi

. South Savo, Mikkeli

North Savo, Maaninka

Central Finland, Laukaa

. South Ostrobothnia, Ylistaro

Karelia, Tohmajérvi

Central Ostrobothnia, Toholampi

North Ostrobothnia, Ruukki

Kainuu a) Vaala (Former), b) Sotkamo (Present)
Lapland, Rovaniemi

PRIVATE UNITS

A Hankkija Plant breeding institute, Anttila, Hyryl#&
N Nikkild experimental farm, Kangasala

M Viskaali experimental. field, Muhos

L Hahkiala, Hauho

P Potato research station, Lammi

-——~ = limit between cereals- and "grassland"-Finland

Figure 1. Cultivation zones I-V in Finland and ARC's research stations and
private breeding institutes and research stations which perform official
variety trials.

Length of winter

S -F 120 - 135D
N-F 164 - 203 D

Average temperatures

S - F 13.6 °C (V-IV)
N-F 10.5°C "

S = south, N = north, F = Finland

\2-mowings' limit

\3—mowings' limit

Figure 2. Effective temperature sum accumulation
in different parts of Finland according tao
SOLANTIE (1¢87) and number of mowings
recommended on the basis of temperature sum.
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THE CONCEPT OF VIGOUR AND ITS APPLICATION
IN A BREEDING PROGRAM OF LUCERNE
P. Rotili
Istituto Sperimentale per le Colture Foraggere, Lodi (Italy)

Summary

The concept of Vigour is discussed. As a concept, vigour
is not measurable. In lucerne, we assume the total dry matter
as a good estimate of vigour.

The results concerning the following points are discussed:

a) The prevision of forage yield in dense sward by
spaced plants observation;

b) The importance of the density, the experimental
arrangement and the material (clones or progenies) utilized
in the estimate of the genetic parameters;

We consider the 1lucerne crop as a system. In general,
it is considered as a system a set of elements plus the
whole of relationships between them. The whole of these
relationships is called structure of the system. In the
lucerne crop system the elements are the plants; the structure
is represented by the effect induced on the morphology and
physiology of the plants by their reciprocal interference.
Aim of the breeder is to improve the 1lucerne crop system.
A positive result is possible only if both the constitutive
parts of the system are improved: the plants and the structure.

The ideal model of the plant and the ideal model of
the structure of the 1lucerne crop are presented. The scheme
of 1lucerne breeding for wvigour and quality is presented
as well.

I. - Definition of vigour

The general theme of this meeting is breeding for vigour.
Looking at the whole of the contributions in program, it
results that breeding for vigour includes all the most impor-
tant traits and processes of the plant: forage yield, vegetative
growth, resistence to various stresses or diseases, seed
production and so on. The term vigour is therefor considered
as a big container in which all our activity can be put.

If so, this term has no informative value; on the contrary,
it can be confounding if its meaning is not clearly defined.
In the glossary of genetics and cytogenetics (g) this term
doesn't exist. There is, of course, the term heterosis,
proposed by Shull on 1940 during a conference at Gottingen.
Heterosis is the short form for heterozygosis; Shull used
it to express the heterozygotic stimulation of which the
hybrid wvigour is a manifestation. Practically, the term
heterosis is almost always utilized as a synonimous of "Hybrid




vigour". According to Shull, heterosis (hybrid vigour) is
the superiority of heterozygous genotypes with respect to

one or more characters in comparison whith the corresponding

homozygotes. On the contrary, speaking of breeding for vigour,

we use this term without adjectives as a synonimous of productive
value. We propose the following definition: vigour 1is the

biomass productive capability of a genotype’;g_ther'observed

environmental conditions. This definition is valid for the

cultivated plants. On the contrary, for wild populations,

we consider the vigour as synonimous of reproductive value

or fitness.

II. - Estimate of vigour

The vigour is a property of the genotype as a whole,
and it is more than the sum of the values of its constitutive
genes. Vigour is a concept and as concept is not measurable.
It is possible to estimate the vigour by measuring different
traits. But the total dry matter yield, being the result
of the activity of the whole genome, can be considered the
best estimation of vigour.

There are many and different criteria to estimate vigour
by the dry matter yield. Among them, the most precise is
based on the following rule: the vigour of a genotype in
a breeding program must be estimated in pedoclimatic and
management conditions as close as possible to those in which
the future variety will be utilized.

Therefore, first of all a clear definition of the type
of variety to constitute is needed: for instance, a lucerne
for grazing, for cutting, for dehydration, etc.

But it isn't sufficienty. It is necessary then to state
how to measure the dry matter yield of the plants. It is
generally assumed that in order to know all the productive
potentialities of a plant we have to study it in non-limiting
conditions, so that as spaced plant. In 7fact, the criterion
of spaced plants is normally employed. But for ‘ the breeder
it is not important to know all the yielding possibilities
of a lucerne plant in non-limiting conditions; for the breeder
is useful to know all the yielding capacities of the lucerne
plant related to the 1lucerne crop, that means as an element
of the 1lucerne crop system. In the 1lucerne crop there is
at least one 1limiting factor that can not be eliminated:
the 1light. This factor constitutes perhaps the main difference
between spaced plants and lucerne crop.

At the surface of the 1lucerne crop, the light is never
a limiting factor; but when the height of the plants reaches
70-80 cm, at their base and in the 1lowest layers of the
crop structure (20-30 cm), the intensity of the light decreases
till 500-1000 1lux, with effects on the colour and persistence
of the leaves in the first 40 cm and also on the number
of stems at the regrowth. One of the most important task
in the breeding for vigour is to invent the technical solutions
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allowing to simulate at the best the conditions of the plant.
in the different types of lucerne crop. These techniques
are much more effective than the traditional ones in the
practical selection work and, in addition, allow a better
estimation of some génetic parameters.

III. - The effect of density on the estimate of vigour and
genetic parameters

The first question we asked ourselves was about the
importance of the interference effects among the plants
in the evaluation of the phenotype.

In a series of experiments, different genetic materials
(clones, polycross progenies, inbred families, diallel cross
progenies) grown in spaced plants and dense sward were compared.

The results concern different aspects of the problem:

1) the prevision of forage yield in dense sward by
spaced plants observation: the value of the choice made in spa-
ced plants.

2) The importance of the density, the experimental
arrangement and the material (clones or progenies) used,
in the estimate of the genetic parameters.

Concerning the choice of the plants, our results show
a low correlation (r=0.4-0.6) between the spaced plants
and the dense sward values for the dry matter, plant height,
number of stems (12). Besides, the correlation coefficients
can change according to the different densities; so, it
is wvery important, when speaking about density, to define
exactly the number of plants per square meter. The two characters
more important for yield, number of stems, and plant height,
respond differently to the variation of density. The number
of stems reacts first and in a sharp way, while the height
is affected only at density of more than 300 plants/m2 .

As for the regrowth after the cut, in spaced plants
the production of new stems 1is continous till the emission
of the first flowers; at 100 plants/m2 the maximal emission
of new stems is around the eleventh day after the cut. When
the base of the plants enter in shadow, the production of
new stems drastically decreases.

In conclusion, in spaced plants the principal factors
of forage production are the plant height and the number
of stems, while in dense sward, in the conditions of a good
lucerne crop, the main factors are the plant height and
the size of the stems. In a well structured lucerne crop
the empty space left by the dead plants is totally utilized
by the contiguous plants; this capacity is a varietal charac-
teristic pertaining to the homeostatic qualities that assure
to lucerne crop system a relative stability for forage yield.
‘When these spatial 1limits are overcome, because of a high

ty, the number of stems becomes very important 3

and years alsc n dense sward. This

&
Fomd "y voam 1o S em
between the. ranking of




= BT o

er progenies in spaced plants and in dense sward as fars

as dry matter yield was concerned. Finally, we have to underline

that the cutting effect on persistence is early absent
in spaced plants cut at 50% blooming for the first 4-5 cuts.

On the contrary, in dense sward the cutting effect is very

selective with about the 20% of mortality at the same period.

As for the estimate of genetic parametres, our experiments

(13) showed that the value of heritability for dry matter

yield and plant height varied with:

1) the density: spaced plants or dense sward;

2) the experimental techniques: pure stand; mixture in alternate
row or on the same row;

3) the material used: clones or progenies;

4) the cutting management: cut at 50% flowering or at green
bud stage; syncronic for the whole material or at a
given biological stage for each clone or progeny.

The same was true for the combining abilities. The experimental
technique (spaced plants or dense sward) modified the relative
proportion of the different variances (G C A, S C A, error)
for dry matter yield (11). In particular, the percentage
of G C A variance calculated on the total variance is much
higher in spaced plants than for dense sward. As concluding
remarks on this part concerning the effect of density on
the estimate of vigour and genetic parameters, we would
underline some points.

During the last thirty years important theoretical
contributions to breeding methods have been produced also
for autotetraploid species as lucerne (1,3,4,5,7).

In my opinion, a point was under evaluated: the role
of the procedures to employ in order to verify the theory.
The conditions of the experiment can modify the nature of
conclusions and therefore the whole of conceptual and practical
decisions that constitutes a given breedingy method. In forage
crops, either at the level of methodological  research or
at the level of the applied selection, the plant is in condi-
tions (spaced plants) very different from those in which
the new variety will be situated. This too large gap and
a too dogmatic concept of the value of the method can explain
at a great extent the difficulties of obtaining positive
results in the breeding for vigour. Then must the technique
of spaced plants be completely discarded? It doesn't seem
the case. In some conditions it can be efficient.

In the difficult pedoclimatic environments the forage
production and chiefly the persistence are based on resistence
ability. On the contrary, in the easy environments, where
the man can counteract great part of the 1limiting factors,
the production is due to the capacity of the plant to transform
in biomass the natural and artificial availabilities. So
there are two different kinds of agriculture demanding two
different types of biological machineries: the first one
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has to resist to the environmental stress, the other has,
to exploit at its best the great resource of a rich habitat.
The tecnique of spaced plants can give positive results
when hardiness has a predominant role; but it is ineffective
in rich or non stressing conditions, where the resistence
factors play a secondary part in comparison with those directly
involved in the expression of forage production. In fact,
the factors of vigour are not the same in spaced plants
and in dense sward.

In conclusion, it is possible to employ different procedures
verify an hypothesis; furthermore, different criteria can
be used to measure quantitative trajts and to estimate their
genetic parameters. When obtaining different results using
different criteria, which one can we take as true?

Theoretically, all the results are true if the procedures
have been correctly applied; at the same time, not all the
true results have the same effectiveness in reaching the
chosen aim, that is a certain type of cultivar defined in
relation to the natural and artificial environmental conditions.

IV - The lucerne crop system

Vigour of the plants and vigour of the 1lucerne crop:
is the wvigour of a 1lucerne crop the direct consequence of
the plant vigour? To answer this question we can observe
that on a given surface the same forage yield can be obtained by
variating, within some 1limits, the plant number. Besides,
on a given surface and with a given set of plants it is
possible to get forage yields very different symply by modifying
the position of individuals and their spatial relationships.From
these considerations two concept come out, the concept of
totality and of autoregulation that allow interpreting the
lucerne crop as a system. What is a system. In general it
can be defined as a set of elements plus the whole of relation-
ship between them. The whole of these relationships is called
structure of the system. In the 1lucerne crop system the
elements are the plants; the structure 1is the expression
of the relationships between them at 1level of different
morphological characters. These relationships change either
throaugh the phenological phases within each productive cycle
or through the subsequent productive cycles as well. The
aim of the breeder is to improve the lucerne crop system. A po
sitive results 1is possible only if both the constitutive
parts of the system are improved: the plants and the structure.
Indeed, an optimal structure of the lucerne crop is necessary
but not sufficient in order to secure a high forage total
yield. The same 1is true for the plants: a good genotype
is indeed necessary but not sufficient. So, primarily a
breeder has to know the 1lucerne crop system; then he can
work at improving both the genotype and the structure. We
have studied many experimental 1lucerne crops (some hundreds,
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in several research programs) in order to know their productive,

factors. They were established with materials genetically

very different: cultivars, polycross progenies, selfed families,
studied either in pure stand or in mixture (11,13,17). We
can summarize the results as it follows

1)the 1lucerne crop appears to evolve through the cuts both
for the biomass production and for the number of constitutive
elements. At the -eighth cut, the modification of the
system concerns chiefly the number of elements; the most
performing plants at the first three cuts are on average
the most persistent as well. This means that mortality
doesn't occur at random: at a same degree of resistance
to deseases and stresses, the persistency of an individual
plant is conditioned by either its vigour or its position
inside the 1lucerne crop system. The death of a plant
is the final result of the negative effects of interplant
interference cumulated through the cuts.

2) The mortality in a 1lucerne crop is a function of the
genetic heterogeneity of the populations: all the mixtures
presented a higher mortality than the corresponding compo-
nents in pure stand. To explain these results we formulated
the following hypothesis: all the plants have the same
persistence when cut at flowering. The experimental verifi-
cation of such hypothesis showed that the 1longevity of
a plant 1is determined, at a great extent, by the 1level

of reserves cumulated in the roots (18, 19). This stoking
is maximum at the flowering stage. In a population, the
higher the genetic heterogeneity, the larger the phenotipic
variability in earliness. For this reason, at the cutting
time, the roots will present in such a population a level
of reserve recovery very different. The plant with a
low 1level of recovery are, on average, more sensitive
to cutting effect. Such effects can cumulate through
the time bringing to the death of the plant. But while
all the plants seem to have the same persisttnce if cut
at flowering, there is a great variability when cutting
is anticipated at the green bud stage. When we speak
about the root reserves, are referring to the total sugar
and to the crude protein content (19). The selection
can utilize such variability; our cultivars, Equipe and
Lodi, are indeed the result of a selection made in irrigous
conditions, at high density and in an early cutting regime
(50% green bud = about 5% blue bud).

V - Mechanisms of evolution of a lucerne crop and their
causes.

In order to know the nature of the relationship between
plants in the lucerne crop, we divided it in groups of interfe-
rence. A group of interference is formed by the whole of
individuals interferring each other by contiguity and shading
effects.
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The relationship existing among the individuals of
a group of interference can be of the following types (26f
domination (+ , -), cooperation (+ , +), opposition (- , =),
neutralism (o , o). Several lucerne populations have been
studied associated following an experimental scheme, defined
as "ecological diallel scheme'". The results showed that
the associations effects are similar to situation of domination,
generally said competition (11,12,13,17,21). This situation
present an almost perfect compensation during the first
period of the 1life of the 1lucerne crop. Afterwards, the
cumulation of the negative effects of domination brings
little by 1little to an high overcompensation that prelude
to the death of the weakest partners. The situations of
domination explain why:

1) the lucerne crop has a pluristratifed structure;

'2) a mixture of populations never overcomes the most performing
partner in pure stand;

3) the mortality is a function of the genetic heterogeneity
of the population;

4) the rank of the clones or populations is the same in
pure stand, binary mixture and global mixture.

According to the most diffused explications of the
phenomenon of domination, the gain in mixture compared to
pure stand is due to a high domination ability.

Such hypothesis doesn't seem in agreement with the
experimental data: we have seem that a plant in association
increases or decreases jits biomass according to the vigour
of its partners. Therefore, it doesn't exist individuals
more or less dominator in absolute value. Our hypothesis
on interference phenomenon is based on the notion of biological
density of which Yamada and Horiuchi (20) have given the
following definition: the bioclogical density is the numerical
density pondered by the vigour of individuals. Such a definition
is not satisfying because it takes into account only the
plant. We think that the environment as well must be taken
into account. For that reason, we have proposed the following
definition: biological density of a 1lucerne crop is the
ratio of the actual biomass to the potential biomass (11,12).

Actual biomass (demand of individuals)

Biolegical density=—rp r il bionass (avallabllity of physical,

biological and tecnical environment)

This ratio varies from O to 1 during a cycle of production;
the zero value corresponds to the moment immediately after
the cut, when the aerial biomass 1is still absent. The value
1 (one) is the result of the fact that the effective biomass,
at a given time, exploits all the availabilities present
in the environment. At values near 1 the plants rapidly

enter in crisis and consequently the growth of biomass is
stopped. In these conditions, it 1is possible to observe
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a lower growth of a 1limited numb. of individuals and at
the same time an important reduction of the number of plants.

It is noticeable that the action of environment is
often determined by a single factor (limiting factor), as
for instance water availability during the summer. As for
the 1light, its availability for each plant of the 1lucerne
crop is a function of its height. The plants that are very
small if compared with their neighbourings receive a quantity
of 1light strongly reduced. These individuals are not in
condition to increase their biomass: the value of their
biological density is 1. These individuals do not accumulate
but only consume their reserves till the death of the plant.
As a consequence, for the population well equipped from
the genetic point of view,the environmental availability
has to be high in order to exploit at the best their productive
potentialities, otherwise, the biological density, increasing
rapidly towards the value 1, would prevent the increase
of the biomass. So we could suppose that for each popolation
one optimal environment has to exist allowing the complete
2xteriorisation of their potentialities The same could
be said about the individual plants.

As a consequence of the above considerations, a plant
or a popoulation yields, in a given mixture, more than in
pure stand when it finds in that mixture a lower biological
density than in pure stand. It is not a question of domination
ability, it is a question of partner effect, the partner
being a component of the environment, displaying its effect
as density effect (11,21).

What is the mechanism of action of the biological density
inside the 1lucerne crop? After each cut, among the plants
of a same group of interference. The 1individuals with a
higher rate of growth during the first 10-15 days will take
an advantage. Such a plant will have a dominator role and
will 1limit more and more through the days the light to the
other elements of the group.

At the cutting time, the dry matter of the dominating
plant will be conditioned by the difference between the

biological density of the interference group the said plant
belongs to and the biological density of the theoretical
group made by individuals all identical to that we have
considered (pure stand). If such a dynamic in real, the
genetical heterogeneity, producing an infinite number of
micro-environments with the corresponding values of biological
density, is the main cause of the so called situations of
domination. Why does a given plant become dominating? Because
it approaches more than the other plants of its group to
the ideal model of plant for those given conditions of time,
space, interference and management. If we recall to mind
the concept of vigour as defined before, we can say that
the wvariability for vigour of the individual plants of a
group produces a variability of biological density values.
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In synthesis, the vigour appears to be the motor the biological
density as well as the result of it.

VI - Ideal models of plant and lucerne crop structure

The analysis of the relationship between plants in
the lucerne crop brings to some consequences on the lucerne
breeding. In particular, makes clear that one of the most
important objectives for the breeder is to improve the structure
This means to modify the relationship between individuals
from situations of domination (+ , -) to neutralism (o , o).
This 1last type of situation being always, an ideal standard
in autotetraploid and allogamous forage plants, allows us
to establish an ideal model of structure (monostratified
structure) as that reported in table 1.

TABLE 1

Some properties of the lucerne crop producing the ideal structure:

monostratifed structure

A. Total synchronism of individual plants for

1. Time of regrowth
2. Time of internode elongation
3. Time of the green bud stage

B. Maximum homogeneity of individual plants for:

1. Resistence to early cutting: 50% green bud

2. Number of stems and lenght of main stems after each
cut

3. Response to temperature and water supply thrqugh the
different seasons.

To improve the 1lucerne crop, it is necessary to work
on the two elements of the system: the structure and the
plant. The longevity of a lucerne crop is not only the result
of an improved structure but also of the degree of resistence
of the plant to early cutting (about 50% green bud). An
ideal model of the plant is proposed in table 2.
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TABLE 2

Some characteristics of the ideal model of the lucerne plant

for selection in irrigous conditions and early cutting regime

(density: 400 pl/m2; hight intensity: wunder 1000 1lux at

the soil level at fifty percent of green bud).

1. Green bud stage: early in spring and in successive
cuttings.

2. Regrowth: early and conspicuous after each cut.

3. Leaves: early production of the first 10 1leaves
per main stem associated with a 1little internode
elongation.

4., Main stem at the green bud stage: length over 80
cm at the summer cutting also.

5. Plant/Rhizobium symbiosis: high nodule production
from the spring to the autumn cuttings.

6. The highest resistence to early cutting (50% green
bud).

7. Very positive response to summer temperatures and
water supplies.

8. The highest persistence of the leaves in the first
6-8 nodes.

VII - Scheme of breeding for vigour and quality

The models of plant and 1lucerne crop structure are
heuristic models; they are point of orientation, pole star,
never realizable at the empiric level. The scheme ©f breeding
proposed in table 3 would give the possibility to improve
either the plant or the structure of the lucerne crop system.
This scheme has two main features the exploitation of interplant
interference effects during all the steps of selection and
the use of a phase of selfing. We have already explained the im-
portance of the interference effect. What ~about the role
of selfing? From our result (9,10,16):

1) the =selfing allows a sufficient homogeneity
of the morphophysiological traits. This fact is very important
for the structure of the lucerne crop;

2) tne use of selfing permits to take into account
the tolerance to inbreeding in the choice of
plants. A good level in this tolerance could allow the building
of a semi-hybrid variety similar to double hybrid; in eny
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gase it 1is useful in synthetic varieties narrow based (4—q
parental clones).

3) Both the means and the variability increased with
the level of inbreeding in diallel «crosses derived from
partly inbred parents. In the same materials, the GCA and
SCA variances increased untill the 8S2 1level and remained
stable at the S4 1level; GCA was always much higher than
the SCA.

4) At the So and S1 1levels no mother plant reacted
positively to selection, while at the S2 level all the plants
responded positively. In succeeding generations, further
progress in accumulation of favorable genes and gene combina-
tions appeared to stop. An explanation may be found by analyzing
fertility. Our data has shown 80% of 285 vigorous plants
at the S3 1level to be almost selfsterile: (14). At the S2
level this percentage was only 38%. It is evident, therefore,
that self-sterility drastically limits inbreeding and selection.
It would seem that when a given threshold of homogeneity
is reached, it becomes very difficult to select plants having
both a good concentration of favorable genes for vigour and
self+sterility as well. Presumably selection in S3 and 5S4
simply maintains heterozygosity. According to this hypothesis,
in order to accumulate favorable genes and gene combinations
.after two generations of selfing, a high degree of heterozygosi-
ty would have to be reconstituted by crossing. After that,
selection and selfing could be made again.

5) Theoretically, the vigour of single crosses between
autotetraploid parents should decrease as their degree
of inbreeding increases. However in our experiments, where
selection was practised, the mean of single crosses increased
with inbreeding. This gain was transmitted to the Syn 2
generation of synthetic cultivars, indicating that the selection
in interference conditions of vigorous plants within vigorous
progenies during the selfing phase was successful.

The last part of the scheme of breeding deals with the constitu-
tion of new populations and new synthetic cultivars. We
have underlined that the new cultivars have to be constituted
with four to six parental clones S2 derived from at least
three different parental populations. Our recent results
have allowed a deeper understanding of this problem (15)
Studying the evolution of vigour through the generations
of multiplication of different experimental synthetics,
we found that all synthetics increased in dry matter from
Syn 1 to Syn 2. On the contrary, in Syn 3 some synthetics
showed a decrease in yield when compared with their respective
Syn 2. No effect of the number of constituents was observed
on this trend. The evolution from Syn 1 to Syn2 is in agreement
with the theory concerning the autotetraploids, the loss
in Syn 3 can be explained with the assumption that in Syn
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2 the maximum 1level of heterozigosity 1is reached for some
synthetics., This depends on the allelic richness of the
whole set of parental clones we utilized. When the parental
clones derived from the same population are partially inbred
a greater, number of constituents may not be sufficient
to prevent inbreeding depression in SYN 3. It could
be necessary to use clones derived from parental populations
different 1in genetic origin. In this case, a narrow based
synthetic variety should be the best solution. Finally, these
results suggest that in autotetraploid plants the information
obtained by the progeny test has to be taken with caution
because of a possible different level of inbreeding of the
parental clones.

Resumé

La vigueur, en tant que concept, n'est pas mesurable; on
peut seulement 1l'extimer. Chez 'la 1luzerne 1la production
de matiére séche est 1la meilleure extime de 1la vigueur.
Les résultats expérimentaux concernant 1les points suivants
sont discutés: 1) la validité de la prévision de 1la vigueur
en colture dense & partir des plantes isolées; 2) l'importance
de la densité, des techniques expérimentales et du materiel
utilisé (clones ou familles) dans l'extimation des paramétres
génétiques.

La luzerniére est étudiée en tant que systéme. Un systéme
est defini comme un ensemble d'éléments plus 1les rapports
qui s'installent entr'eux. La totalité de ces rapports est
appelée structure du systéme. Dans la luzerniére les éléments
sont les plantes; la structure est 1l'expression des rapports
entre les plantes au niveau des differents charactéres morpholo-
giques. Ces rapports changent soit au cours des differentes
phases phenologiques de chaque cicle productif soit & travers
les successifs cicles productifs de 1l'année.

Le but final de 1la sélection est 1'amélioration de
la luzerniére. L'efficacité de la sélection est liée & l'amélio-
ration des deux composants du systéme: la plante et la structu-
re. Les models idéals de 1la structure sont proposés; un
schema de sélection pour la vigueur et la qualité est proposé
aussi.
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TABLE 3

Scheme of lucerne breeding for vigour and quality

—————% Parental Populations A, B, .......F

I - Selfing phase
1. Study of 2000 plants per parental population:

Density about 400 plants per square metre

2. Choice of mother plants after 7-8 early cuts (50% green
bud)

4, Study of families S
re metre

5. Choice of the plants within the families Sl’ S
ter 7-8 early cuttings

1’ 52 etc.:density 400 plants per squa

27 etc. af-
II- Panmictic phase
1. Polycross by hand without emasculation
2. Progeny test at the density 400 plants per square metre
3. Selection after 14-16 early cutting (50% green bud) in
two years
4. Constitution of new populations by hand without emascula-
tion:

—

Al; Bl; Cl; S e

A1B1; Alcl; 58 w118 (0 B Ue; e 0w

New Populations AIBlcl; AlBlDl;.........

A B CD ; ABCE ......| new experimental
i1 i1l cultivars (4-6
e e E Ll [

seswssvinwewaseswenwnses | derived from at
least 3 different
AlBlchlElFl parental popula-
L tions.

Technical procedures

The study of parental populations, selfed families
and polycross progenies is made in special cold greenhouse:
1200 m2, 4-6 metre high. Plots having the wuseful sizes:
80 cm 1long, 25 wide, 60 cm heigh.At the stage of cotyledons
well opened the seedlings are transplanted at the density
of 400 plants square metre. The first cut is made at sixty-se-
venty percent of flowering. The other successive cuts are
made at fifty percent of green bud.

Light density: under 1000 lux at the soil level at the fifty
percent of green bud.

The choice of plants within the parental population and
within each 1in the subsequent generations is base on the
values ¥ X + 2s concerning dry matter weight, height and
humber of stems.
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THE RECENT RESULTS OF ALFALFA BREEDING
FOR RESISTANCE AT THE RESEARCH INSTITUTE FOR IRRIGATION

Dr. E. TOTH
Research Institute for Irrigation
Szarvas, Hungary

Summary

In addition to selection for productivity the most important
purpose of our breeding work was the genetic progress in the
increasing of resistance level.

According to our program, besides the improvement of
resistance to Fusarium oxisporum and verticillium albo-atrum
causing the wilting disease, similarly important is the
resistance to drought, frost, frequent cutting and other
stress factors attached to intensive utilization e.g.
irrigation. According to domestic claime recently we have
analysed the germplasms registered in the USE. Establishing
of strains which are resistant, to the above-mentioned fungi,
to Corynebacterium insidiosum, to Phytophthora megasperma
and from aphid to Acyrthosiphon pisum, to Therioaphis
maculata, and which are suitable from an agronomic point of
view was also begun into Syn-1 generation.

According to Bakheits’ work, who was preparing his P.H.D.
thesis during 1977-1980, there was a significant progress

in the improvement of our breeding for resistance and in
production of numerous RV2 RF2 generations in our institute.
The establishing of combined resistant strains to fungi,
causing the wilting disease, has been performed for ten
years now together with a breeding team from GDR,
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Materials and Methods

Phogenies of 28 field resistant plants were selected for resistance
to Verticillium in the GDR. Seeds obtained from Verticillium )
resistant plants were sent to our institute for producing. of
combined resistant strains. Seedlings were selected here for
Fusarium resistance under laboratory and field conditions.

From each Verticillium resistant strain we prepared 300

seedlings for inoculation and a 100 ones for control.

In August of 1986 plants, belonging to groups I and II, were
reinfected after green-house inoculation and selection, then

they were transplanted in a field experiment together with

their contrels. From the control plants only the most

vigorous ones were planted.

Results

For easier survey six strains, repsesenting the average,

were picked out from the 28 breeding lines.

As Figure I shows, there were less stands in the infected
and in the control plots depending on the strains. Decrease
in the control plots was due to drought at the end of summer,
to frost sensibility of immature plants and to some infection
from the adjacent infected plots.

By July 1987 stand decreased remarkably, as a consequence of
effects of ecological stress factors and above all, the
inoculation of Fusarium. The degree of infection was
significant in comparison to the contrels, but it was more
significant in relation to the original strains (5-25 %
depending on strain). LSD=0,01 %

The stand of spring 1988 was corresponding to that of July
1987. In summer 1987 plots of each strain were separated isolated
and the most vigorous plants were crossed. Already in 1987
the progenies were considered as combined resistant strains
thich are resistant not only to the wilting disease but to
other stress factors (drought, frost). In our breeding
program, at the establishment of synthetic cultivars we use
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these strains as a component, in the belief that it is not
similar to the material which is considered classically
resistant. In our opinion, it is better in some agronomical
characteristics and we are not sure that his resistance level
is more lower than the resistance level of strains, produced by
the classical method. Examinations relating to this subject
are now going in. We perform the further evaluation of Syn-1
generation this year.

The recent results of our breeding for Fusarium resistance
confirm the previous experiences. Using the above-mentioned
resistant strains as a component in synthetics, we have
produced new cultivars which have a great productivity and
which are resistant to. ecological factors and to fungi
causing the wilting disease. Our new variety is OKI-1, which
was registered in 1986.

The proper productivity and the longevity of this cultivar

is explainable by the fact that eight out of its 36
components, have combined laboratory and field resistance

to Verticillium and Fusarium.

According to examinations carried out in GDR, this variety
has a lower susceptibility to Verticillium (Velke index)

then other Hungarian variety candidats and varieties.

The recent resistance research in Canada carried out in the
classical sense, has supported that progenies, obtained by
synthesizing of resistant plants, have a different resistance
level. According to examinations, there are real resistant
plants and so called “"escapes®, tolerant or sensitive plants.
These types were separated with biochemical methods by
Christie et al., working from the principle that some
fungicidal fenols are synthesized in alfalfa.

The pattern of accumulation of fenols an their diytribution
in plants is different, depending on the resistance level

to Verticillium. Christie found the highest level in the
resistant Vertus cultivar and the lowest one the Apollo
variety. We are going to try whether this method can be

used in the case of Fusarium.
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AGRONOMICAL PERFORMANCES GOF ALFALFA (MEDICAGO. SAT IVA L.) AS AFFECTED BY
DIFFERENT AMOUNTS OF INBRED SEEDS IN THE INITIAL SEED Lor.*

F. Veronesi (1), M. Falcinelli (2), F. Lorenzetti (2)

(1)_ Istituto di Agronomia generale e Coltivaaioni erbagée, Universita degli.
" Studi di Sassari, via E. De Nicola, 07100 Sassari, Italy.
(2) Ietituto di Miglioramento genetico vegetale, Universita degli Studi di
Perugia, Borgo XX giugno N. 74, 06100 Perugia, Italy.

SUMMARY

A study was conducted at Perugia (Italy) in 1983-85 to evaluate the
agrononucal performance of alfalfa (Medicago sativa L.) as affected by a
wide range of inbred seed percentages. Nine seed mixtures ‘having ratios of
inbred seed to hybrid seed (51.:5.‘1) of 1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 7:3,
8:2 and 9:1 plus two controls (100% Sy seed and 100% Fy seed) were sown in
micro-plots at a seeding rate of 1,600 seed m 2, In 1983 data were
collected on: dry matter yield per plot -:21 Jun., 20 Jul. and 2 Sep. In
1984 data were collected on: dry matter yield per plot 16 May and seed
yield per plot .20 Aug. In 1985 data were collected on: di*y matter yield
per plot 30 May and seed yield per plot 19 Aug.

Sharp decreases in dry matter yield per squafe meter became evident
only when. the S1 percentage in the initial 'seed lot. reached or exceeded
70% of the total. As a consequence, within broad limits it can be stated
that alfalfa forage and seed yield is not strongly related to the level of
selfing of the seed crop in which the seed lot is produced.

* An extended version of this lecture will be submitted for publication
elsewhere. Research supported by the National Rersearch ‘Council of Italy,
Centro di Studio per il Miglioramento Genetico delle Piante Foraégere‘
(Director: Prof. Franco Lorenzetti) c/o Istituto di Miglioramento genetico
vegetale,: Umversn:é degli ‘Studi di Perugia, Borgo XX g1ugno N .74, 06100
Perugia, Italy.
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INTRODUCTION

~ Alfalfa (Medicago sativa L., 2n-4x=32) is considered to be a widely
‘allogamous species in nature. Early studies using the recessive flower
color markers to measure the degree of crossing indicated that an average
of 15% of selfing generally occurs (LESINS, 1961; MAYER, 1962). The more
recent data of PEDERSEN (1967), KEHR (1973, 1976), LORENZETTI and VERONESI
(1981), VERONESI AND LORENZETTI (1982) and KOJS-et al. (1986) indicated
that the amount of selfing can reach 40-50% and can vary as a consequence
of both environmental and agronomical factors. )

the present research was conducted to study the influence of a wide

range of mixtures of inbred and hybrid seed on agronomic performance
(forage and seed yield; of alfalfa.

MATERIALS AND METHODS

During the three-year period, 1983-85, an alfalfa trial was conducted
at Perugia (Italy) using 9 seed mixtures having ratios of inbred seed (S7)
to hybrid seed (Fq) of 1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 7:3, 8:2 and 9:1 plus
2 controls (100% S; seed and 100% F; seed). Seeds were sown 15 Apr. 1983
in micro-plots (60 x 40 cm) at a seeding rate of 1,600 seeds m 2 (32
kg-ha“i). the seed density normally used in Italian alfalfa stands. The 11
entries will be referred to as A (100% Fy;), B (10% S;), C (20% S;), D (30%
1), E (40% S1). F (50% S;), G (60% Sp), H (70% S3), I (80% Sp), J (90%
Sy) and K (100% S3). Controlled S; and F; seed lots were produced from 30
vigorous plants chosen from a three-year-old stand according to the
procedures referred to by VERONESI et al. (1985). Seeds were scarified and
each seed was sown 1 cm deep in the centre of a square space (2.5 x 2.5
cm) according to the procedures referred to by VERONESI and LORENZETTI
(1983). Each micro-plot had 384 seeds arranged in 24 rows with 16 seeds
per row. Utilizing 4 rows around the perimeter as a border, it was
possible to sow 16 rows of 8 seeds each of experimental materials for each
micro-plot (5,632 seeds in total). A complete randomized block design with
four replications was employed.

In 1983 data were collected on:
-dry matter yield per plot (g-m 2) 21 Jun., 20 Jul. and 2 Sep.

In 1984 data were collected on:
-dry matter yield per plot (g-m~2) 16 May;
-seed yield per plot (g-m2) 20 Aug.

In 1985 data were collected on:
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-dry matter yield per plot (g-m'z) 30 May;
-seed yield per plot (g-m'z) 19 Aug.

RESULTS )

Total dry matter yield (DMY) per square meter (sum of 5 cuts) is
reported in Fig. 1A; it ranged from 1,504 g:m 2 (K) to 2,332 gm™2 (A);
therefore plots seeded with 100% S; (K) produced 67% of the plots seeded
with 100% F; (A). On the basis of the statistical analysis, two groups of
entries were clearly evident, a more productive groﬁp (entries A,B,C,D,E,F
and G) and a less productive group (entries H, I, J and K).

Total seed yield (SY) per square meter (sum of 2 years; 1984 and 1985)
is reported in Fig. 1B; it ranged from 124 g.m'2 (K) to 306 c_;.m'2 (C). The
entries fell into the same two groups as already reported for DMY (Fig.
1A); entry K (100% Sp) yielded 46% of entry A (100% Fq), confirming the
presence of a strong depression connected with the inbred origin of the
plants.

DISCUSSION AND CONCLUSIONS

The lower dry matter yield (DMY) of S; with respect to F; plants is+
very clear, since the S; plants of entry K (100% S;) gave a DMY of 67%
with respect to that of Fj plants of entry A (100% F1). The high level of
inbreeding effect is in accordance with the data reported by CARNAHAN and
PADEN (1967), KEHR (1976) and VERONESI et al. (1985). A sharp decrease in
DMY becomes evident only when the S; percentage in the initial seed lot
reaches or exceeds 70% of the total (entries H, I, J and K). It is worth
noting that, as reported in the introduction of the present paper, several
investigations have shown that the percentage of 5;,seed in open
pollihated alfalfa seed lots can reach but generally does not exceed 50%
and it is often lower.

The response of the entries for seed yield (SY) is quite similar to
that shown for DMY; from entries A (100% Fq) to G (60% S;) the SY is not
statistically different while the depression of entry K (100% Sq) with
respect to entry A is even higher than that relative to DMY.

In general, these results appear to demonstrate that alfalfa crops
seeded with seed lots characterized by quite high differences in S; seed
percentages show similar behaviour both for forage and seed production. As
a consequence, within broad limits and in accordance with KEHR (1976) it

can be stated that alfalfa forage yield is not strongly related to the
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level of selfing of the seed crop in which the seed lot is produced.

RESUME

Une recherche a été menée & Pérouse (Italie) au cours des années 1983-
85 pour évaluer 1‘influence qu’exerce un pourcentage différent de plantes
pour 1-autofécondation sur les caractéres d’intérét agronomique dans la
luzerne.

On a semé, sur des microparcelles ayant une densité d’ensemencement de
1600 graines par m2, neuf mélanges de graines ayant des rapports de
graines pour 1’autofécondation (S;) & graines de croisement (Fj) de 1:9,
2:8, 3:7, 4:6, 5:5, 6:4, 7:3, 8:2 et 9:1 ainsi que deux lots de graines de
‘controle (100% de graines S et 100% de graines Fi respéctivement).’

Les données relatives & la production de substance séche par unité de
surface ont été relevées trois fois au cours de 1 année 1983 (le 21 Juin,
le 20 Juillet et le 2 Septembre), une fois au cours de 1°année 1984 (le 16
Mai) et une fois au cours de 1°année 1985 (le 30 Mai) tandis que le 20
Aot 1984 et le 19 Aolt 1985 ont été relevées les données relatives a la
production de graines par unité de surface.

Des diminutions substantielles dans la production de la substance
séche ont été relevées seulement quand le pourcentage des graines Sq dans
le lot de graines initial était supérieur ou égal & 70%. Par conséquent on
peut dire que les productions de fourrage et de graines d’une culture de
luzerne ne sont pas étroitement liées a la quantité de graines pour
éutofécondation présentes dans le lot de graines utilisées pbur faire 1la
plantation méme.
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Environment and the selection for vigour

Workshop session Nr. 1

Chairman: J. Sjodin

Selection for herbage and seed yield

It was generally felt that seeu yield is a very important breeding objective.
However, the first priority is dry matter yield. During the process of
selection material with a high dry matter yield, but a low seed yield should
be rejected. One participant felt that growers should be paid more for a
variety with a low seed yield.

In some countries the problem exists that the seed cannot be produced in the
area where the variety was bred and is being used. The special characteristics
that were bred into the variety are lost because the variety is multiplied in
a different environment. The problem seems to be more serious if the variety
is moved in the north-south direction than in the west-east direction.

Breeding for specific or wide adaptation

There was a general consensus that varieties should be bred for a wide
adaptation in order to satisfy the wishes of the seed industry. One participant
felt that a variety with a specific adaptation was less prone to re-selection.
By breeding for wide adaptation, the performance of the variety is adversely
affected, but this is the price to pay. Varieties with a specific adaptation
are superior to varieties with a wide adaptation.

Geographic adaptation and adaptation to management are distinguished. An
example of the latter is the breeding of varieties for satisfying the
requirements for the inclusion in the various variety lists.

Breeding in monoculture or in mixture

Most breeding work is done in mono-culture as the variety will be tested in
monoculture by the official authorities to decide on the inclusion of the
variety in the national variety list.

However, the variety is mostly used in mixture and the performance in mixture
should therefore be incorporated during the process of selection. A balance
between the official requirements and the farmers requerements should be
found. Examples of breeding in mixtures are the setection of single plants of
one species in the sward of another species and the breeding for adaptation
to each other of ryegrass and white clover.
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Workshop session Nr. 2
Chairman: H. Scheller

Topics:

1. Reasons for limitation of fodder crop production in the different
regions of Europe.

The participants gave short statements about the conditions in their
home countries and the main reasons for crop limitation.

2. Correlation of environment of the breeding station and success of
breeding.

The influence of climate and soils of breéding stations was discussed.
It seems, that especially for extreme environments breeding work must be
done in comparable environment.

3. Breeding work for frost-resistance.
The participants emphasize the necessity of breeding for freezing tolerance
in grasses. Methods for testing were discussed.
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Workshop session Nr. 3
Chairman: F. Veronesi

1. Several participants_gave statements about problems, niainly with vigour
caused by climatic conditions. Limits are very often caused by lack of
winterhardiness, so, we discussed methods to increase freezing resistanee.

2. Considering vigour as a composite trait, it is necessary to ‘select, if -
possible, under real conditions. However, it could be' very useful to
make a broad improved population where all researchers could make use of )
the material for specific adaptation. ) '

3. Mass selection or phenotypic recurrent selection could be the most useful
methods to achieve this objective.

All participants agreed on the possibility of giving more time in future
conferences to this kind of workshop but the topic to be’ discussed must be
more concrete and specific.
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EFFECT OF RHIZOBIUM STRAINS ON THE GROWTH IN VITRO OF
FUSARIUM OXYSPORUM VAR. MEDICAGINIS

Ilona APONYI - Crop Protection and Soil Conservarion
Service, Budapest

Eva BAKONDI-ZAMORY - Crop Protection and Soil Conser-
vation Service, Budapest

Borbdla KOVARI - Research Institute for Fodder Produc-
tion, Bicsérd

Erzsébet TOTH - Research Institut for Irrigation,
Szarvas

Effects of 7 Rhizobium meliloti strains and 2 Rhizobium
japonicum strains (Rm-1, Rm-2, Rm-3. Rm-4. Rm-5, Rm-6,
Rm-7, R3j-1, Rj-2) on the growth of Fusarium oxysporum
var. medicaginis were in vitro studied.

The Rhizobium strains were solved in potato dextrose
agar and poured into Petri dishes. Discs of 5 mm @ cut
from the Fusarium oxysporum var. medicaginis culture
were placed on the solid agar surface inoculated with
Rhizobium. Four discs were put into each Petri dish.
Cultures were assessed after 7 days of incubation.
Growth of Fusarium oxysporum var.medicaginis colonies
was measured. It was found in the screening test that
the Rm-6 and Rm-7 strains fully inhibited growth of
Fusarium oxysporum var. medicaginis. On the other hand,
the other 5 Rhizobium meliloti and 2 Rhizobium japonicum

strains showed only partial antagonistic effect.

Rhizobium strains showing full inhibition in vitro will
be further tested under glasshouse and in the field.
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BREEDING MEADOW FESCUE FOR VIGOUR AND PERSISTENCY

S. Badoux and D. Schmidt, Federal Research Station for Agriculture
Changins, CH - 1260 MNyom, Switzerland

Meadow fescue ( Festuca pratensts L.) is a high yielding, palatable and
winter hardy fodder grass, which can be grown either in pure stand or in
mixture with white clover and other grasses. However meadow fescue is
sensible to sumer drought and not very persistent. Is it possible to
combine vigour and yield stability during the growing season and over the
years ?

Persistency is largely influenced by environmental conditions and it is
not easy to find an accurate and simple screening test for this
character. Diseases such as bacterial wilt ( Xanthomonas campestris p.v.
graminis), leafspot (Drechslera sp in particular D. sorokiniana ) and
crown rust (Pyceinia coronata) can be responsible for poor persistency.

In the recurrent selection programme conducted at Changins, seedlings are
inoculated in the greenhouse with crown rust and bacterial wilt; only
tolerant plants are transferred to the field for observation during three
years. Drechslera seems to be endemic in the breeding garden. The best
plants are then cloned and cbserved again for two years before being
intercrossed in a polycross. Progenies are evaluated in microplots at
three locations. The best families are used as basic material for a new
cycle of selection.

Temperature and drought influence the yield and also the content of non
structural carbohydrates. In the field a relation between drougth period,
growth stage and persistency was observed. However further investigations
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are necessary to understand the mechanisms which affect the survival of
plants during summer. Regrowth expressed as leaf appearance rate and
tillering capacity seems to be an important breeding criterion.

It should be noted that families and new varieties are tested in field
plots in association with white clover to asses their competitive
ability. Varieties bred according to the method described above appear to
be more persistent than the original material.
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BREEDING FOR VIGOUR IN A MEDITERRANEAN ALFALFA POPULATION: HALF-SIB PROGE-

NIES EVALUATION.

Simonetta Bullitta (1), PierPaolo Ruggero (1). Fabio Veronesi (2)

(1) Centro di Studio sul Miglioramento della Produttivita dei Pascoli del
C.N.R., Sassari, Italy.

(2) jetituto di Agronomia generale e Coltivazioni erbacee, Universita di
Sassari, Italy.

Alfalfa "(Medicago sativa L., 2n=4x=32) can play an important role m
Sardinian forage production if a few varieties adapted to the typical Medi-
terranean environment of the island are available. The aim of the present
research is to synthetize such varieties starting from local adapted mate-
rials once ascertained if genetic variability for traits of agronomic inte-
rest is present.

In spring 1987, 550 plants of the old local variety "Mamuntanas" were
collected at random in a three-year-old stand and spaced transplanted in a
field nursery. The "Mamuntanas" variety was chosen as the most suitable on
the basis of the results of a tomparative trial previously carried out at
the Agronomy Institute, University of Sassari. In summer 1987 Half-Sib (HS)
seed was produced on 100 randomly chosen plants out of the 535 plants at
disposal.

One-hundred HS seed lots were sown in April 1988 (1 linear meter plots,
replicated three times, rows spaced 50 cm apart and a seeding rate of S0
viable seeds per linear meter). Due to the large number of entries, a tri-
ple lattice design was used.

In summer 1986 data were ccllectéd twice (July 1st and August 2nd, re-

spectively) on dry matter yield (DMY, g per linear meter), flowering score



- 103 -

(1=minimum, 9=maximum) and average height (cm) of the HS entries.

Analysis of variance showed the presence of significant differences (p
<= 0.01) among entries for all the traits, with DMY ranging between 152.1
(entry N.2) and 295.4 g per linear meter (entry N.6), flowering score ran-
ging between 2.8 (entry N.57) and 6.8 (entry N.41) and plant height avera-
ging between 54.5 (entry N.76) and 70.6 cm (entry N.6). Positive and signi-
ficant (p<= 0.01) correlations were present between DMY and flowering score
(r=0.43), between DMY and heiaght (r=0.61) and between flowering score and
height (r=0.32).

These results seem therefore to point out the presence of quite a high
genetic variability within the "Mamuntanas" variety which could be suitably

utilized in breeding programs.
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BREEDING OF FODDER GRASSES FOR WINTER HARDINESS
AND DROUGHT RESISTANCE IN SIBERIA

P, L, Goncharov

Siberian Research Institute of Plant Growing and
Selection, VASKHNIL Siberian Division, Novosibirsk, USSR

SUMMARY

The specific genofond of winterhardy and drounght-resistant fod-
der grasses has been formed in Siberia. There have been deve-
loped selection varieties, with local ones also widespreade.
Widely used are provocative backgrounds to produce winterhardy
forms, The ultra-early ripening varieties combining high bio-
mass and seed productivity have been bred in the zones with a
short frost-free period.

The main crop-producing areas in Siberia are known to suffer
from severe frosts in winter-time, with the forest-steppe and
steppe regions being also deficient in moisture (especially
during the first half of summer) and the sub-taiga and taiga
regions lacking warmth, A short frost-free period in combina-
tion with unfavourable hydrothermal conditions result in a low
bioclimatic potential which is 0,46 to 0.64 of the mean index
existing in the USSR, Sharp temperature drops in winter, a
thin snow cover and return spring frosts in restoration of pe-
rennial grasses vegetation often lead to their death.

A number of local and selection varieties showing fairly high
resistance to unfavourable environmental conditions has been
bred in Siberia. Generally recognized are the varieties:
alfalfa - Omskaya 8823, Flora, Barnaulskaya 17, Kamalinskaya
930, Kamalinskaya 530, Tayozhnaya, Tulunskaya Gibridnaya, Ono-
khoyskaya 6 and Zsbaikalka; awnless bromegrass - SibNIISKHoz
189, Kamalinsky 14, Tulunsky, Antey, Ostaninsky.

The majority of varieties has been developed on the basis of
local wild-growing forms, with varieties from another regions
introduced in hybridization to improve the quality and produc-
tivity level, When breedimg for cold resistance, promising
proved to be the sgeeimens from: in the chambers - the Khakass
Autonomous Region (98%), Novosibirsk Region (96%), the Buryat
Autonomous Soviet Socialist Republic (88%), Omsk Region and
Altai Territory (85%); under field conditions - The Buryat
Antonomous Soviet Socialist Republic and the Khakass Autono-
mous Region (98%), Krasnoyarsk Territory (96%), Novosibirsk
Region (95%). The cold-resistant material revealed in the pre-
liminary stages of breeding is to be additionslly tested
againet provocative beckgrounds. For example, our varieties

of alfalfa Tayozhnaya and Tulunskaya Gibridnaya, awnless bro-
me Tulunsky and Antey have been selected against speeial pro-
vocative backgrounds.

The varieties grown in the arid steppe regions of Siberia and



= 105 =

Transbaikal usually show fairly high resistance to Siberian
drought. Among them are: alfelfa - Omskaya 8823 and Flora

(Omsk Region), Barnaulskaya 17 and Biyskaya 3 (Altai Territory),
1C-8 (Novosibirsk Region), Onokhoyskaya 6 (the Buryat Autonom-
ous Soviet Socialist Republic), Zabaikalka (Chita Region);
awnless brome - SibNIISKHoz 189 (Omsk Region), M-78 %Novosi—
birsk Region), Ostaninsky (the Buryat Autonomous Soviet Socia-
1ist Republic).

Winter hardiness and drought resistance are concurrently shown
by the varieties bred and grown in the southern steppe areas
of Omgk Region, Kulunda zone of Altai Territory and the Minu-
ginsk hollow of Krasnoyarsk Territory (the Khakassia) as well
as in the southern Transbaikal areas (the Buryat Autonomous
Soviet Socialist Republic and Chita Region). They have been
developed from the material naturally selected over a long pe-
riod of time under severe climatic conditions of the zone and
subjected to a prolonged breeding in the said areas, with in-
traspecific and interspecific hybridization widely used.

The following drought-resistent varieties have been bred to be
grown in Siberia under arid conditions: pea for fodder - Omsky
7 (Omsk Region), Kormovoy 50 (Altai Territory and the Buryat
Autonomous soviet Socialist Republic), millet for forage -
Chernosemyannoye 1 (Novosibirsk Region), Abakanskoye kormovoye
(Novosibirsk Region and the Khakassias), Kormovoye 45 (Altai
Territory), velvet mohar - Omsky 10 (Omsk Region), Stepnyak 1
(the Khakassia).

By way of interspecific hybridization of garden and field peas
we have managed to develop an ultra-~early variety of field pea
- Skorospely 16 (the Tulun Breeding Station) to be cultivated
in zones with a short frost-free period. It is famous for ear-
ly ripeness as well as for high potential productivity and re-
sistance to excess moisture in the period of maturation and
harvesting.
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BIRDSFOOT TREFOIL (LOTUS CORNICULATUS L.)

V. Negri* and M. Falcinelli *¥*

* Istituto di Miglioramento Genetico e Produzione Sementi,
Universita degli Studi, Torino, Italy

*% Istituto di Miglioramento Genetico Vegetale, Universita degli
Studi, Perugia, Italy

ABSTRACT

Aims of the work have been a) to assess the influence of seed
weight on seedling vigor in two accessions of birdsfoot trefoil
characterized by different 1000 seed weight: Polcanto (%=1.312
g), a ~high productive population from Central Italy, and PI
302921 (%=2.398 g), a highly vigorous population from Spain b)
to start a breeding program to increase seedling vigor in
Polcanto.
2002 seeds of Polcanto and 182 of PI 302921, singly weighed, were
randomly sown in jiffy pots (0.5 cm deep) at the beginning of
April 1987. The following vigor indeces were recorded on each
seedling:
1) Date of emergence of cotyledons (days from sowing date),
2) Date of emission of the 1st, 2nd, 3rd and 4th leaf (days from
sowing date),
3) Date of emission of the lst and 2nd couple of tillers (days
from sowing date),
4) Green mass evaluated each week from May 22 to June 12,
scoring each plant from l=minimum to 9=maximum,
5) Dry Matter Yield (g/plant) evaluated at the end of June.
Significant differences were found between populations for all
vigor indeces except for green mass.at the lst and 2nd sampling
dates. Great variability was also found within each population.
Significant correlations between seed weight and all recorded
characters were only found in Polcanto: a high seed weight
appeared to confer best vigor indeces. Though significant, these
correlations were of scarce statistical relevance since R's were
always low (from 0.09 to 0.01). Nevertheless, t tests for
significance of regressions of seed weight on recorded characters
showed that b s were always significantly different from O.
In conclusion, since low correlation coefficients between seed
weight and seedling vigor indeces are present only in Polcanto,
it is better to select for vigor indeces per se. The wide
variation within Polcanto for recorded vigor indeces suggests
that progress can be achieved in a breeding program aimed to
increase seedling vigor.
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ENZYMATIC POLYMORPHISM IN COCKSFOOT (Dactylis glomerata L.)
PROGENIES AT DIFFERENT LEVELS OF INBREEDING

M. ODOARDI, M.D. MARENGHT, N. BERARDO, C. SCOTTI
Istituto Sparimentale Colture Foraggere - Lodi (MI) - Italy

The segregation of the three isozyme genetic systems could be represented
by the different dry matter yields of the three families involved in this
study. In tables 1, 2 and 3 are summaryzed, separately for the three families
the distribution and the frequency of alleles in the 3 isozyme loci among the
diffeerent generations tested.

In particular for Family n® 5 (Tab. 1), in which dry matter yield was
more affected by inbreeding depression, we found a reduced number of alleles
in two (GOT-1 and PX-1) loci studied, and the PGI-2 locus always homozygous
in all the selfed progenies. The SD generation on the other hand appears to
be much more polymorphic, with 4 different alleles at the PGI-2 locus, 3 at
PX-1 and 2 at GOT-1.

Family n® 6 was very tolerant to selfing for dry matter yield over the
selfing generations with respect to So (Fig. 1), and the distribution of
alleles for PGI-2 and PX-1 was wide and rich various individuals showed 3
different alleles per locus after 2 cycles of selfing. Indeed for the
homozygous phenotype GOT-1, this was found in all selfed progenies. The SO
population showed a high degree of heterozygosity, with 3 codominant alleles
for GOT-1 and PGI-2, and 2 for PX-1.

In terms of dry matter yield, Family n® 12 was less affected by inbreeding
depression, since it scored the best performance in 5} (Fig. 1). The allelic
pool in this family was the richest found in our conditions, with a high
degree of allelic diversity for the 3 loci tested: 3,4 and 3 alleles for GOT-1,
PGI-2 and PX-1 respectively. In the S3 generation in particular, Family n® 12
presented the lowest frequency of homozygous phenotypes.

The results here presented seems to substantiate the potential usefulness
of the biochemical approach for analyzing the genetics of the vigour in the
out-pollinated species Dactylis glomerata, when submitted to weveral cycles of
selfing.

However for a better understanding of the effect of selfing in an
autotetraploid species like cocksfoot, it will be necessary to evaluate also
the progenies of subsequent generations of selfing.
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Table 1 - Distribution and frequency of alleles in the 3 isozyme loci among different
generations tested (polycross and selfing) for Family n° 5.

ENZYMATIC ALLELES So $, Sz 83
SYSTEMS
GOT-1 2 HOMOZYGOUS 23.53 12.50 * 33.33
Heterozygous:
- balanced 11.76 50,00 33.33

- unbalanced 64.70 87.50 50.00 33.33

PGI-2 4 HOMOZYGOUS 25.00  100.00  100.00  100.00
Heterozygous:
- balanced
- unbalanced 10,83
- triallelic 4.16

Pi-1 3 HOMOZYGOUS 58.33 41.66 42.86 *
Heterozygous:
- balanced 29.16 16.66 14.29 16.66
- unbalanced 12.50 41.66 42,86 83.33
- triallelic

* probably unrepresentative sample size.
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Table 2 - Distribution and frequency of alleles in 3 isozyme loci among the different
generations tested (polycross and selfing) for Family n° 6.

ENZYMATIC ALLELES So 51 52 Sa
SYSTEMS
G0T-1 3 HOMOZYGOUS 45.45  100.00  100.00  100.00
Heterozygous:
- balanced 18.18
- unbalanced 36.36
- triallelic
PGI-2 3 HOMOZYGOUS 310 15.38 58.97 *
Heterozygous:
- balanced 18.52 5.13
- unbalanced 33.33 65.38 33.33
- triallelic 4.4 19.23 2.56
PI-1 3 HOMOZYGOUS 50.00 62.50 35.14 *
Heterozygous: '
- balanced 33.33 31.50 21.02
- unbalanced 16.66 U.32
- triallelic 13.51

* ynrepresentative sample size.
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Table 3 - Distribution and frequency of alleles in the 3 isozyme loci among different
generations tested (polycross and selfing) for Family n° 12.

ENZYMATIC ALLELES So 1 52 83
SYSTEMS
GOT-1 3 HOMOZYGOUS 30.43 * 15.38 *
Heterozygous:
- balanced 30.43 2.13 23.08 15,86
- unbalanced 39.13 50.00 61.54 83.32
- triallelin 21.21
PGI-2 4 HOMOZYGOUS 40.00 6.06 * 3.57
Heterozygous:
- balanced 5.711 18.18 - 30.M 42.85
- unbalanced 42,85 15.15 §9.23 53.57
- triallelic 11.43
PX-1 3 HOMOZYGOUS 53.85 24,07 15.38 14.81
Heterozygous:
- balanced 26.92 29.63 53.85 48.15
- unbalanced 15.38 37.04 37.04
- triallelic 3.85 9.26 30.1

* probably unrepresentative sample size.



FIG. 1 - SELFING EFFECT ON DRY MATTER YIELD (g/plot) IN THE
THREE FAMILIES ANALYZED.

g/ PLOT
224

20- — ]

18- _ m7 e

16+

S S S, Ss

£ ramiLy ne s
[ raMiLy Ne 6

[ rFamiLy e 12

b



- 112 -

SCREENING OF VIGOUR OF PHLEUM PRATENSE L. UNDER GREENHOUSE
AND FIELD CONDITION

S.Proniczuk, J.Neugebauer, M, Proriczuk, J,Kaszuba
Plant Breeding and Acclimatization Institute Radzikéw, Poland

PROBLEM

Rapid screening methods are helpful in the long lasted breeding
process in grasses (1,2,3).From other hand, the grasses interact
very strongly with environment and management.The question was
how useful the results from greenhouse test and from short field
test could be for prediction of Phleum pratense performance during
3 years of utilization.
METHOD '

46 clones have been evaluated for green matter yield and tiller-
ing power using the following methods:

a) greenhouse trials during winter time

b) field trials during one vegetative period

c) field trials during 3 years utilization.
The technical arrangement of the testing has been the same in all
types of methods. Thirteen plants at 3 tillers in rows(7cm x 10cm)
at 4 replication have been pianted. 5 cutting system of utilization
per season has been used. In the greenhouse 16000 lux for 16hr/day
have been conducted. The correlation of the results between methods
have been calculated.

RESULTS
The relationship of results from different methods is presented
in tab.1

Table 1: Regression coefficient between methods of testing

Methods Yield Tillering
1979 1980 1981 1979 1980 1981
axec 0,58 0,54 0,21 0,53 0,48 0,19
bxc 0,84 0,67 0,81 0,70 0451 0,74 *
ro,05 0,28 To,01" 0,36
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The results were depended from genotypes (Tab.2). Some clones
have got exellent repeatability but in other clones the repeata=
bility was poor - specialy in method "a". Clone 1 was the best
in each methods.

Table 2: Ten most vigorous clones in "c" method and their repea-
tability in screening methods "a" and "b",

c a b

clones 1979 1980 1981 1979 1980 1981
1 + + + + + +
2 + - - + + +
3 + - - + + +
4 + + - ¥ - -
5 - - - - + +
6 - - + - + +
T - - + + - -
8 + + - + + -
9 - - - - - +

10 - - -

+ + o+

+ among the groub of 10 best clones
- below the 10 best clones
By using screening methods in Plant Breeding and Acclimatization
Institute Exp.Station Bartgzek new variety Phleum pratense "Kaba"
was bred and registered in 1988.

CONCLUSION

1. One year field test generally quite well predicts the yielding
and tillering of Phleum pratense clones compering to 3 years
utilization.

2. Greenhouse test might be informative for the breeder but results
strongly depend on genotype,
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FROST- AND WINTERTOLERANCE OF RYEGRASSES

Dr. Dirk REHEUL
Rijksstation voor Plantenveredeling, Burg. Van Gansberghelaan 109, 9220
Merelbeke, Belgium.

The relationship between winterdamage and dry matter (DM) yield of 348 se-
lections and varieties of perennial and Italian ryegrass was analysed du-
ring two consecutive years with a severe winter.

The main conclusions are :

1. In comparaison with normal winters, the yearly DM-yield dropped with
about a quarter after a long winter (negative soiltemperatures until
half March). This was mainly due to the delay of the spring growth
with two to four weeks.

2. The more the winterdamage was severe, the lower was the DM yield of the
first cut. However, the regrowth of the damaged plots was very well and,
at the end of the year, the total DM yield was almost independent of the

winterdamage.

A parent-offspring analysis with perennial ryegrass revealed a heritability

(narrow sense) of the wintertolerance of approximately 0.4.

A method of artificial testing of the frosttolerance was developped. The
relation between the (artificially tested) frosttolerance and the winter-
tolerance (fieldperformed) was fairly positive with diploid perennial rye-
grass. The most frosttolerant genotypes were generally the most winterto-
lerant and a high yield potential was maintained. Tetraploid genotypes
reacted otherwise : they coupled a good wintertolerance to a weak frost-
tolerance.

The length of the hibernation period influenced the frosttolerance of five
varieties of perennial ryegrass : the more spring came closer, the more

they came frostsusceptible.
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ANALYSIS OF AERIAL PART AND ROOT> IN LUCERNE. DRY MATTER
YIELD. ‘TOTAL SUGAR AND CRUDE PROTEIN CONTENT THROUGH PHENOLOGI-
CAL STAGES AND CUTTINGS.
P. Rotili, L. Zannone, G. Gnocchi, S. Proietti, C. Scotti
Istituto Sperimentale per le colture Foraggere, Lodi (Italy)

Introduction

The factors of productivity in the 1lucerne crop have
been studied in a series of experiments at the Institute
of Lodi. On these basis, a model of the 1lucerne crop and
lucerne plant was defined (Rotili, 1988). The research program
was developped in recent years in order to improve these
models as 1long as the role of root reserve recovery .for
forage production and persistency is concérned; some previous
results concerning the study of aerial part and roots of
lucerne crop was already discussed (Rotili et al. 1985).

Materials and Methods

Four cultivars of different origin: Sewa, Egypt; Equipe,
Lodi Northern Italy; Victoria, Spain; Julus, Sweden; ' are
studied in boxes/plot of 38 cm in diameter and 80 cm in
height (30 plants/box) for dry matter yield, total sugar
and crude protein content either in aerial part or roots.
Two regimes of cut are adopted: early cut (50% green bud)
and normal cut (50% flowering). Phenological stages of regrowth
(4-5 nodes in the main stems), green and blue bud are studied
as well on individual plant basis. The early cut management
was studied over 7 cuts of a year; the normal cut through
2 years (6 and 5 cuts respectively) plus 3 samples taken
in winter time.

Results

Dry matter yield. Early cut regime: the trend of aerial
biomass production shows a general decrease frem the 1st
to the 8th cut for all the cultivars. The drop is particularly
sharp from the first to the second cut (reduction of 50=70%).
Within each productive cycle, the production at regrowth
stage is higher for Equipe and Victoriaj; Julus reaches the
phenological stage of. 4-5 nodes more slowly than EQuipe
and Victoria. Finally, cv. Sewa shows, except for the first
cut, the 1least value at regrowth stage. As for the root
D.M., a general increase till the second and third cut is
evident, followed by a decrease in all cv. except Sewa.
Equipe and Victoria show the greatest values in root D.M.,
Sewa the lowest. It is noticeable that an important and
early regrowth is accompanied by a marked decrease in root
D.M.. Equipe shows the most effective response having an
important and early production both at the regrowth and
at the green bud stage, with the highest values in root
D.M..
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Normal cut regime: a general decrease in aerial D.M. from
the first to the 1last cut is evident in both years. This
decrease is slighter in Equipe than in other c¢v.; at the
end of the first year (october), the Egyptian cv. Sewa shows
the highest yield while Julus the lowest. Within each
productive cycle, Equipe is the most performing at regrowth
and green bud stage, except at the end of the growing season
when Sewa, less affected by the photoperiod, yields more.
As for the root D.M. we can distinguish two groups: Sewa
and Julus, with 1low values, and Equipe and Victoria with
high subterranean biomass. In general, root D.M. increases
all over the first year. In the second year it decrease
after the first cutting. The sampling in wintertime shows
that a part of the root D.M. is 1lost (22-40%). Within each
cycle, the root biomass decreases during the regrowth after
cutting and recovers after the blue bud stage. The complete
recovery of root D.M. during a productive cycles 1s never
achieved in the second year. The ratio between aerial and
root D.M. decreases from the first to the last cut at values
less than 1 at the end of the season, except for Sewa.

Total sugar and crude protein content of roots.

Early cutting: total sugar content of the roots shows
a variation around 9% through the cuttings. Within each
productive cycle, a significant decrease at the regrowth
is evident at the first cut and after the 4th Crude protein
content of roots decreases from the first to the second
cut. No evident decrease is observed at the regrowth.

Normal cutting: the root total sugar content doesn't
increase through the cuttings. Within each cycle the highest
sugar content 1is found between green and blue bud stage.
The crude protein content has &z trend similar teo that of
root D.M.. Only a slight decrease is observed at the regrowth
stage, while the 1lower value of crude protein content is
found at the green bud stage.

Mortality
The cut at the green bud stage causes a very high mortali-
ty in all cultivars excepted Equipe, which was selected

for the resistance to early cutting. When cut at the flowering
stage, Equipe and Victoria show a low mortality while Sewa
and Julus are more sensitive.

Conclusions

The early cut (50% green bud) rapidly brings the lucerne
crop to the destruction. The results of this experiment show
that there 1is a 1large variability for the resistence to
the early cut (green bud).
References
1) ROTILI, P. 1988. Eucarpia Fodder Crop Sect.Meet.Rep.,Szarvas.
2) ROTILI,P.,ZANNONE,L.,GNOCCHI,G. and SCOTTI C.,1986. Eucarpia

Fodder Crop Sect.Meeting Rep.,Svalov, 142-157.



A. Sliesaravicius
Production and charasteristic of Interspecific and
Intergeneric Hybrids between Lolium and Festuca

Utilization of rich in the aspect of selection varieties of genus Festuca
crossed with genus Lolium gives an opportunity to produce new plant forms

for practical selection.

Crossings were carried out with the castration of maternal plants, which.
were grown in Sherer's climatizer at temperature 24/18°C with a photoperiod
of 18 hours. Embryos were separated in the 11-12 th day after pollination

and when they were germinated on liquid nutrient medium 85 % of shoots were
produced when perennial ryegrass was crossed with meadow fescue. Was impossitile
to isolate embryos earlier than 8 days. In this case 4 days old ovaries were
separated, which produced 20 % of plants. By method of isolated embryos the
following hybrids were obtained: L.perenne L. (4x) x F.varia Haenke (6x),
L.perenne L. (4x) x F.arundinacea subsp orientalis (6x), L.multiflorum L. (4x)
x F.pratensis var.apennina (4x), L.multiflorum L. (2x) x F.arundinacea var.
cirtensis (10x).

Interspecific hybrids in combination perennial ryegrass x italian ryegrass
according to their fertility were not inferior to perennial ryegrass, they
were characterized by quick regrowth after mowings and according to the
productivity of fodder mass exceeded a regional variety of perennial ryegrass
"Veja".

Interspecific hybrids produced by crossing of meadow fescue with reed fescue
were almost sterile, their seed formation was 0,5-3,8 %.

Analysis of meiosis has showed a partial conjugation of these varieties,
which indicated their definite genotypical congeniality.

Intergeneric hybrids when tetraploid forms of meadow fescue were crossed

with perennial ryegrass were characterized by quick regrowth, hightened
leafliness, according to the productivity of fodder mass exceeded parental
varieties, were fertile.
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Zygmunt Staszewski and Zbigniew Bodzon
Heterosis of seed setting in lucerne

Summary

The significant heterotic effect in seed setting was observed in different
crossing combinations among inbred lines. For example the EF11 x EF2 hybrid
which produced the greatest quality of seeds was composed of rather low seed
setting parents (Table 1). The lowest seed setting and GCA were observed

when related components were crossed and triple hybrids in comparison with
double hybrids displayed lower GCA effects.

The values for topcross progeny are given in table 2. The clones in the
number of twenty selected in field conditions as a best setters displaved
great variability in seed setting and GCA values when evaluated in the tipcross.
Nine best clones shown positive GCA effects (Group I), four were even to
standard (Group II), and eight of them were significantly worse than standard
variety (Group III).

Seed setting characteristics of the hybrids composed of the clones belonging
to I and II groups were compared in tield trials to their Syn. 1 progeny
(Table 3, Fig. 1). Clones displaying higher GCA in general produced higher
yielding nybrids (with in group I).

The comparison.of the means of 4 best and 4 worst Fl hybrids and their progeny
is given on Fig.l. No correlation has been found between yields of Fl hybrids
and its progeny. It may prove that yields of hybrids were high due to non -
additive effects which were not transmitted to next generation.

Synthetic variety Radius composed of 9 best clones in three years lasted trials
in four locations produced seed yields 156 % in comparison te the standard
variety.



- 119 -

GCA of hybrids F, ( clone x clone )

Table 3

Seed setting of hybrids F1

Hybrid Seed yield Seed yield Pod No. Seed No.
formula per 50 stems per 50 racemes per raceme per pod
g GCA g GCA No GCA No GCA
518 x 127-1 39.0 20.2 8.9 4.6 17.8 3.0 4.1 1.3
127-1 x 328 32.0 13.2 5.6 1.3 19.0 4.2 3.3 0.5
126-1 x 518 22.0 3.8 4.8 0.5 16.0 1.2 2.7 -0.1
337 x 398 22.0 3.8 4.4 0.2 17.4 2.6 2.5 -0.3
398 x 304 20.5 1.7 3.6 -0.7 12,9 -1.9 2.6 -0.2
126-1 x 127-1 17.0 -1.8 4.6 0.3 13.6 -1.2 3.3 0.5
73-1 x 127-1 14.0 -4.8 4.5 0.2 14.8 0.0 3.1 0.3
127-1 x 304 8.0 -10.8 2.9 -1.4 12.4 -2.4 2.4 -0.4
398 x 423 22.0 3.8 5.4 1.1 18.1 3.3 3.0 0.2
328 x 423 18.0 -0.8 3.4 -0.9 13.8 -1.0 2.4 -0.4
327-2 x 304 19.5 0.7 4.1 -0.2 14.8 0.0 2.8 0.0
304 x 327-2 16.0 -2.8 3.4 -0.9 15.5 0.7 2.4 -0.4
327-2 x 127-1 7.5 -11.3 2.5 -1.8 10.1  -4.7 2.7 -0.1
75-5 x 171 5.0 -13.8 2.5 -1.8 10.6 -4.2 2.3 -0.5
LSD (p=0.05) 11.5 3.3 7.35 1.15
Table 4
Comparison of the yield of synthetic variety and
standards (1983-1986 y.)
Mean seed yield Mean dry matter
3y., & locations yields, 3y.,
in Poland 4 locations
Tula 110-530 kg/ha 102 %
Kometa 100 % 100 %
Radius 156 % 100 %
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MALE STERILITY IN TALL FESCUE /FESTUCA ARUNDINACEA SCHREB./

Staszewski Zygmunt, Salak-Warzecha Krystyna, Pawluk Anna
Plant Breeding and Acclimatization Institute

Genetics Department

Radzikéw, POLAND

Intreduction

Male sterility has been investigated in different species of fo-
dder grasses.Spontangous male sterile plants have been found in
orchard grass-Dactylis glomerata /MYERS 1946;FILION and CHRISTIE
1966 and CHRISTIE 1973/,timothy-Phleum pratense /JENKIN 1931;TO-
WNLEY=-SMITH 1969/,meadow fescue~Festuca pratensis /BURKERT and
SCHLENKER 1975;PAWLUK 1986/,ryegrass-Lolium perenne /BURKERT and
SCHLENKER 1975;NITZSCHE 1971;PIROG and PIASTKA 1977/.Male steri-
le sources have been developed by means of intergeneric crosses
/Lolium x Festuca,WIT 1973/,induced by chemical mutagens in Fe-
stuca pratensis,Phleum pratense and Dactylis glomerata /KULESZOW
and KREMNINA 1972 and 1973;KREMNINA and KULESZOW 1976/.To select
the spontaneous sources of male sterility in tall fescue and stu
dy its inheritance was aim of our work.We have also studied seed
setting of self pollinated clones with respect to maintain male
sterility. o ‘ .

Material and methods

The material used in this study consisted 54 of tall fescue clo=-
nes originated from different cultivars.Searching for male ste=-
rile plants was conducted at the time of anthesis,by visual ins-
pectioniThe plants with anthers shedding pollen were considered
to be male fertile.The plants having thin,light-green coloured
and indehiscent anthers were classified as male sterile.Male
sterile plants additionaly were examined under microscope for
pollen viability using acetocarmine stain.The heads of male fe-
rtile plants were selfed to check their seed setting ability.
Part of the heads of male sterile plants were open-pollinated to
produce F, offsprings,while part of them were selfed to be a co-
ntrol.Plaﬂts F, were grown up to flowering to detect.segregation
for male fertiie and male sterile phenotypes.The plants werg
grown in greenhouses under two different temperatures “18-20°C
and 25-307C,

Results

In 1987 three of male sterile /MS/ and four of partialy male ste
rile /PMS/ clones were selected /table 1/.The anthers of MS pla=-
nts contained the only small amount of sterile pollen grains
while the anthers of PMS had both sterile and fertile ones;WheB
the selected clones were grown under higher temperature /25-30-C/
MS plants unchanged the percent of unviable pollen grains while
fertility of PMS plants increased.PMS plants produced very small
amount of pollen while control male fertile /MF/ plants produced
reach amount of pollen.Selfpollinated inflorescences of MS and
PMS plants did not set any seeds.either in 1987 nor in 1988,but
pollinated with pollen of MF plants produced numerous F,.MS and
MF plants were scored in F /table 2/.Presence of MS plants in

F1 s generation proved tha% male sterility of selected clones is
a hereditary trait.In 1987,heads of 47 male fertile clones were
bagged before flowering to check their seed setting under self
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pollination.Majority ot those clones were selt-sterile and set
from O to 3 seeds per bagged head.Although,several of clones
with relaiively good self-fertility were selected /table 3/.

Summary :

In 1987 three of male sterile ciones of tall fescue were sele-
cted.Male sterility of thoseoclones regained stable when che=-
cked under temperature 15-20"ana 25-30 C.,Male sterile plants
produced seeds when crossed to pollen producing plants. It was
proved that male sterility is inherited in generation F,.Par=-
tial male sierility observed in four clones could be a résult
ot heterozyguus stage of genes restoring fertility.Self-ferti-
le clones were selected as a initial material for breeding of
nonrestoring inbred lines,

Table 1,

Male sterile /MS/ and partialy male sterile /PMS/ clones of
tall fescue selected at Radzikéw in 1987

1Clone no.|Clone origin  |Phenotypes -2911935313912332-395%--

! _ ! 15=20°C___! 25=30°C

1569 breeding strain MS 0] o]
from Radzikéw

1570 " MS 0 (o]

1586 . MS 0 (0]

1510 Hokuryo PMS 8 25

1511 breeding strain PMS 5 15

: from Skrzeszo-
wice

1542 breeding strain PMS ) 10 30
from Radzikéw

1567 " PMS 10 ‘ 25

Table 2. .

Fertility of first generation obtained on male sterile clones,
. No. of flowering plants Fﬁ
Cross T T

Total : MS ! MF

1569 MS x MF plants 98 34 64
" Percent 100,0 3447 65.3

1570 MS x MF plants 102 27 75
Percent 100.0 26.5 735

1586 MS x MF plants 115 45 70
Percent 100,0 39.1 60.9
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Table 3.
Seed setting selfed tall fescue clones.
Seeds’ per one
Cluae no. Clone origin bagged head
) No. 1 %
1485 Demeter 275 30.0
1477 KO=4 ecotype no.39 22.4 24,5
from Konczewice
1478 SE-1 stock no.131 20.2 22.1
from Szelejewo
1543 Brudzyriska 15.8 172
1495 Hokuryo 12.7 13.9
1503 KO=-2 ecotype no.144 11.8 12,9
1546 Aberystwyth 1043 1.2
1 L|>86 Tawn 9.0 9.8
1529 Brudzyriska 8.9 9.7
1532 Brudzyriska 8.3 9.1
Average of 47 clones 4.8 5.2
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CALLUS FORMATION AND PLANT REGENERATION FROM INFLORESCENCE

SEGMENTS OF ITALIAN RYEGRASS (LOLIUM MULTIFLORUM LAM.)

Z. Zwierzykowski, E. Zwierzykowska

Institute of Plant Genetics, Polish Academy of Sciences,
Strzeszynska 34, 60-479 Poznan, Poland

ABSTRACT

‘This study was aimed at recognition of callus formation and
plant regeneration possibilities in italian ryegrass (Lolium

multiflorum Lam. 2n = 2x = 14).

Callus cultures were initiated from young inflorescence
segments of field grown plants from two Polish cultivars:
"Skrzeszowicki" and "Tur". The inflorescences (1 - 10 cm in
length) were cultured on Murashige and Skoog medium (MS)
supplemented with 4 mg/1 2,4-dichlorophenoxyacetic acid
(2,4-D). ’

Callus induction frequency for "Skrzeszowicki" and "Tur"
explants was 68.5 % and 50.0 %, .respectively. The best
response was obtained from inflorescences 1 - 4 cm in length.
Callus was excised from primary explants after 4 - 5 weeks and
subcultured on MS medium with 2 mg/l 2,4-D. Two types of
callus were observed - a creamy compact nodular callus and

soft, yellow-greenish, hydrated one.

Célli which regenerated multiple shoots usually grew faster

than those non-regeneruting. Those calli which started
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regeneration from roots usually did not produce shoots, even:
under prolonged culture. The frequency of phenotypic variadnts
among the regenerated plantlets increased with the time of
callus culture before the regeneration. 144 and 30 normal,
green plants from "Tur" and "Skrzeszowicki", respectively,
were regenerated. Regenerated plants originated both via

differentiation of shoot primordia and somatic embryos.

After the plants were established, root tips were examined for
somatic chromosome number. 26 diploids (2n = 14) and 4
tetraploids (2n = 28) in "Skrzeszowicki" and 102 diploids and
42 (29.2 %) tetraploids in "Tur" were found.  The doubled
chromosome numbef was most frequently obtained in plants after
an 8 - 12 week subculture period in which callus approached
senescence.

Diploid and tetraploid regenerants produced viable pollen
grains (pollen stainability ranged from 82.0 % to 99.0 %) and
set seeds under open pollination (between plants at the same
ploidy level). However, seed set in tetraploids was relatively
low (2.3 - 32.5 X) when compabed to that of diploids
(22.7 - 78.9 %).

CONCLUSIONS

1. Young inflorescence segments ‘are excellent explants for
obtaining callus efficient for plant regeneration,

2. Tissue culture method appear to be a promising tool for
chromosome doubling in diploid italian ryegrass.
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