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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 local organising coRITiittee 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 coRITion 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 prograR1Tie 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 (TRHOLIUM 

ALEXANVRINUM L.) VARIETY FAHL. 

BARY R. BAKHEIT 

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

SUMMARY 

Modified mass and family selection for seed yield of berseem clover 
(TJr..l6o .U.um a.l.e:xa.nd11..lnum L.) c.v. Fahl were applied for two gene­
.rations. Two hundred plants ( 5% intensity of selection) were 
selected for seed yield in the first season, 1985/86. In the 
second season, .1986/87 • selection between and within half-sib 
families was practiced. In addition, equal parts of seeds fr.om 
ea.ch of the 200 selected plants were bulked to ' form the C1 modi­
fied mass selection. After establisbilig the same procedure was 
adopted to form the c2 generation. The cycles 1 and 2 of half­
sib families and modified mass selection along with the base 
population were evaluated for fora(i$ and seed yields. The rea­
lized gains from modified mass sell!ction were 6.03 and 9.51% for 
fresh forage yield, 5.57 and 10.86% for protein yield and 13.23 
and 16.19% for seed yield in cyaies 1 and 2, respectively, over 
the base population. The realized gain from family selection 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 w;i;th each other, 
correlations be.tween 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 sow~ng 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. Ther~fore, Egyptian · clover breeders have 
used mainly selection procedures for improving forage and seed 
yield in their breed'ing programs. · . 

Mas& 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; 
Qnara and Hussein, 1982; Radwan et al., 1983; Bakheit-;-1985; 
Younis et al., 1986; Mikbiel, 1987):- In addition, Qnara and 
Hussein-;-(1982) and Ba.kheit (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,L· Very little in­
formation is a~ailable 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, report@d t .ile 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 $eed yields in MiskaW}', 
Saidi, anli Fahl variety of Egyptian clover, respectively. 

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

llATERIALS 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 tbis study. In 198.5/86 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 bill. The. spacings used throughout this investigation 
were 15 cm between plant1:1 ~ithin rows and 20 cm between rows 
e:J1:cept for the last season (evaluation seasQn), All eultural 
practices wel;'e' carried out at optimum level for maximum product­
ivity. The best p1antES 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 plan-ts 

were bulked · to form the first cycle of modified mass sel_ection 
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(C1>· The same cultural practices, se'lection procedure ~nd int­
ensity of selection were adopted as the same as described -pre­
viously. Equal parts of seeds from each of 200 selectedj)lants 
were bulked again to form the subsequent cycle cc2). 

For estimating the response to selection the base -populat­
ion and two mass selection cycles (C1 and C2) were compared in 
1987/88 season in a randomized complete block design with siK 
replications, three for forage yield characters and the other 
three replications for seed yield characters. Plot size was 
four square meters. Seeds were band-drilled iIL rows, 20 cm ap­
art, at a seeding rate of 4000 seeds for each replicate equiva­
lent to 35 kg/hectar. All cult~ral practices ·were applied 
according to the recoDDDendations of berseem cloyer production. 
Ninety days from sowing the plots for forage yield were clipped 
back bJ hand sickle and data were recorded on fre$h forage yieldl 
plot and were converted into tons/hectar. Dry matter percentage 
was determined from plot samples of about 300 gm of jresh forage. 
Protein percentage was determined by the micro,...B:jeldahl. method _ as 
outlined by A.O.A.C. (1980) to estimate the total nitrogen. 
Nitrogen percentage was multiplied by 6.25 to obtained crude pro-
1;_ein. At seed maturity stage, the plots were harvested and data 
were recorded on seed yield/plot and were converted to kg./hectar 
Data were stat:l.st.ically analysed according to Steel an,d TQrrie 
( 1980). Duncan's Mu'l tiple Range Test wa.s used for comparisons 
among means. 

Family selection procedure: 
In 1986/87 season, each of the 200 selected plants were es= 

tablished as half;..sib faDlilies. Each ;f·amily consisted of 22 
spaced plants. The best ten pl11.nts ill seed yield from the best 
ten families were selec'ted out of the 200 families (first ~ycle 
of ·family selection c1). 

In 1987/88 season, base population and the selected ten 
families were evaluated in a randomized complete block design 
wi1;h six replieations, three blocks for forjl.ge yield ch_aracters 
and the other three replications for seed yield cha?acters. Plot 
size was a half square ' meter (1 m x i 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 character.s 
were recorded as described in mass selectiQn 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 (o2 ) and the phenotypic (a~) variance& were calc­
ulated accordinggto Al-Jibouri et al. (19!>8). Phenotypic (P,.C. 
V. > and genotypic (G.C. V. > coefficients of variability were · 
calculated according to Burton (1952) ancl heritabiiity (broad 
sense) was estimated as h 2 = o2 /o2 x 100·. Genotypie, phenotypic 
and environmental correlationgcogfficients were calcul.ated frOlil 
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 b 2 whereas, 11he 
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correlated1response in trait {Y) when selection is applied to 
(X) (seed yield/plant) is CRy= i hx hy rA Opy according to 
Falconer (1960), whe,re CRy= the correlat response of the trait 
(Y}, i= the intensity of selection = a.063, hx= the square root 
of the heritability of the trait" (X}, hy= the square root of the 
heritability of the trait {Y), rA= the genetic correlation bet­
ween {X) and (Y) traits, and, opy= the phenotypic standard divi­
ation of the tr~it (Y). 

RESULTS AND DISCUSSION 

a. Modified mass selection for seed yield: 

The analysis of variance showed no significant differences 
in forage yiel,d 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.a6 and 9.06% in dry for­
age yield, 5.57 and 10.86% in protein, yield and 4.7a and 5.56% 
in seed index in cycles 1 and a, respectively over the base pop­
ulation (Tabl~ 2). While comparison between seed yield of the 
base and Ci popu'lations indicates that a significant J;'esponse to 

T11ble 1.. The an11lysis of v11ri11nce of forage 11nd seed yield of the 
b11se, first (Cl) and second (Ca) cycles of mass select­
ion of the Fab v11riety of berseem clover. 

Source of 
v11riation 

Replic11tion 
Ba.se Vs. 
selection 

C1 vs . Ca 
Error 

d.!. 

a 

1 

1 

4 

Fresh 
Tons/ 
ha. 

4.ao 

9.18 

1.36 
4.99 

Forage 

Dry 
Tons/ 
ha 

0.37 

0.45 

0.05 
o.a6 

Me11n squ11res 
yields Seed 

Protein Seed 
kg/ha yield 

kg/ha 

15840 36581** 

330ao 44400•• 

6730 1396 
14056 1117 

•• Singi;fic11Jit at the U level of prob11bili ty. 

yield 

Seed index 
(1000-seed 
weight 

0.008 

0.067 

o.ooa 
0.033 

selection has been 11chieved. A genetic advance of 13.a3X 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 CC1> and second (Ca) 
cycles of selection. The genetic advance computed as a percent­
age of the means of the base and the Ca 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 reflect i on of the correlation between forage an<l seed 
yields • . The present results for seed yield are in general agree­
ment with those obtained by Omara and Hussein (198a), where 
significant response to mass selection for forage yield was 



- 17 -

obtained after the first cycl e of select ion. However, no signi­
ficant differences were detected between the first and second 
cycles of selection , Othe rwise, these results for forage yield 
are in general agr eement with those obtained by Johnson and 
Goforth (19 53) in sweet c l over, Abou-El-Shawareb (1971), Ali 
(1971), Radwan et al. (1 972) and Bakheit (1985) in Miskawy ber­
s eem clover . ~ ~ 

Table 2. Means and realized gain (%) of forage and seed yield 
for different generat i ons of mass se1ection of the Fahl 
variety of berseem clover grown in the 1987/88 season . 

Generations 

Base population 

First cycle of 
mass selection 

Seconc cycle of 
mass selection 

tRealized gain % 

For cycle 1 

For cycle 2 

from cycle 1 

from base 
population 

Forage yield 

Fresh 
Tons/ 
ha 

27 .55a 

29 .21a 

30 .17a 

6 . 03 

3.29 

9.51 

Dry 
Tons/ 
ha 

6.07a 

6.45a 

6.62a 

6.26 

2.64 

9.06 

Protein 

kg/ha 

149la 

1574a 

1653a 

5. 57 

5.02 

10.86 

Seed yield 

Seed 
yield 
kg . /ha 

1013a 

1147b 

1177b 

13.23 

2.62 

16.19 

Seed index 
(1000-seed 
weight,g) 

3 .60a 

3.77a 

3. 80a 

4.72 

0 . 80 

5.56 

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

tRealized gain % for c1= cl - c0tc0x100; c0= mea n basp population 

for c2= c; - Cl/ClxlOO; from cycl e 1 

for c2= c; - c0tc0x100 ; from base populat1on. 

b. Family selection 

The a na!yses of varianc e of the f orage and seed yields of 
the ten families and their base population, revealed that signi­
ficant or highly significant diffe r ences were present among the 
selected families (Table?>· Si gnificant differences were ob­
served between the base populat i on and the mean of selected 
families for protein and seed yield, but not for fresh and dry 
forage yields and seed index . 

Fresh forage yie ld of the ten sel ected f amilies 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 



- 18 -

Table 3 .. The analysis of var iance of for age and seed yields t ·o r 
the base, and t e n sel ected families of the Fahl varie ty 
of bersee~ clover grown i n the 1987/88 season . 

Source of 

variation d .f . 

Mean s quares 
Forage yields 

Fresh Dry Prote1n 
Tons / Tons/ kg. Iha ha ha 

Seed y i e l d 

Seed Seed i ndex 
yie ld ( 1000-seed 
kg/b:a we i ght ) 

Replicat i on 2 0. 57 0 . 28 17891 269 47 0 . 07 5 
Families 10 81. 41** 4 . 54** 300722** 53336* 0 .083* 

26.8 1 1.36 10730 1* 8628 6* 0 . 03 5 Bas e vs . 1 s e l ected fam. 

87 .47** 4. 88** 32 2210** 49705* 0.088* Between 9 familie s 
Error 20 7.09 0.40 23024 17592 0 . 026 

* and ** Significant at the 5% and 1% leve l of probabilitv. 

family selection. With r e gard to dry forage yield it ranged 
from 4.79 to 9.36 ton/hec. with an avera ge 6.77 and the three 
families i.e., 2, 6 and 9 were significantly higher than their 
base popul ation (Table 4). In addition, seed yield and 1000-
seed weight for the ten selected famil ies ranged from 1005 to 
1379 kg/ hec. with an average 1190 and from 3.57 to 3.93 g. with 
an ave rage 3.71, res pectively . Furthe rmore, three families, 
namely, 3, 5 and 6 for seed yield and two fami l i es (3 and 6) for 
seed index were significantly highe r t han the base population 
after one cycl e of f amily sel ection (Tab l e 4). 

Table 4. Me ans of forage and seed yi elds for the b as e populat ion 
and the t en sel ected f ami l i e s o f t he Fahl variety of 
ber seem clover . 

Family Forage yields Seed yie ld 

cod Fres h Dry Pr ot e i n Seed Seed i ndex 

number t ons/ha Tons/ha kg . Iha yie ld (10 00-seed 
kg/ha weight,g .) 

1 21.50a 4.79a 11 73a 1 t13abc 3.63ab 
2 35.31e 7. 79e 1978e 1039a 3.77bc 
3 30.00bcd 6.64cde 1630cd 1379c 3. 93c 
4 31.50cde 6.67cde 1645cd 1110ab 3.37a 
5 27.62bc &.14bcd 1556bcd 1330bc 3.57ab 
6 40.24f 9.36f 233 9f 1323bc 3.93c 
7 25.l'lab 5.43ab 1336ab 1005a 3.77bc 
8 33.81de 7.19cde 1823de 1095ab 3 . 80bc 
9 33.50de 7.3lde 1826de 1211abc 3.73bc 

1 0 28 .lObc 6.36bcd 1590bcd 1237abc 3. 63ab 
Base popu- 27.55bc 6.07bc 149lbc 1013a 3.60ab 
lat ion 
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. 
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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
c.hed 17. 47% from the base population. Likewise, the expected 
gain from sel.ection based on the superior 5% plants in C1 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 i,g4% in 10.00-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 reaUzed gain in >:1eed yield. But for forage yield and 
seed index, the realized response was large than the expcted one. 

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

Traits 
Forage yield Seed yield 

Corre-
lat ion Dry Prot- Seed Seed- i n ex 

( 1000-seed 
ein yield weight) 

r 0.987 p 0.986 0 .124 0.400 

r 0.997 1.010 0 . 100 0.362 g Fresh forage yield 
r 0.876 0.702 0.271 0.675 e 

r p 0.998 0.219 0.452 

Dry forage yield rg 1.007 0.214 0.455 

re 0.907 0.308 0.484 

rp 0.202 0.445 

Protein yield rg 0.175 0.473 

re 0.400 0.334 

rp 0.254 
Seed yield r g 0.277 

re 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 affeQted 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 gharacters in · question·. 
However, -contrary results were obtained for correlations between 
seed and forage yields. Although, all five traits had positive 
correlation .with each other, how.ever, 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 u. (1969) 'and Schaaf _et al. (1962). 
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Br••4inq for continuous qrasinq 1 
Genetic variabi lity for veqetativ• qrowth rate paraaeter• 

in cocJtsfoot (Dactylis glomeraJa L) 

SUMMllY 

M. GHESQUIERE, C. MOU;s:>ET, L. BUREAU 
INRA, Station d'AmelioraJion des Plantes Fourrageres 

86600 LUSIGNAN (France) 

As LEMAIRE pointed out in the last meetinq at Lusignan, 
more attention should be payed on the turn oVer o'f the leaf 
material to improve the qenetic adaptation of ~odder qrasses 
for qrazinq : what are the qenetic variability and reilations 
between the qrowth parameters as leaf appearance rate (I.AR) , 
leaf elonqation rate (LER) and leaf expansion duration · ? to 
what extent are they determininq of the yield components 
(lamina lenqth, width, surfacic mass and weiqht, tiller weiqht) 
and what is their stability towards environmental conditions. 

A first approach has been done durinq the r8C)rowth 
cycle of 31 qenotypes 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 qrowth criteria are not so 
variable than the direct components of laJRina weiqht but llUch 
more influenced by temperature, mainly LER, brinqinq on 
siqnificant qenotype x temperature effects. So, in the 
experimental eonditions of the trial, lailina weiqht r-ined 
better explained by components as lenqth o:r ·aera laaina tu. 
growth parameters. However, the lack of correlation betweela r.;lt 
and LER suqqests to go on obserV'ations but this time, in ~ 
and according to a frequent cuttinq manag-ent, takillCJ into 
account the relations with tillering rate. 

IllTRODOCTIOJil 

More and more breeding works on fodder crops try now to 
have a better interpretative physiological approach of the 
qenetic variability analysis. In a review on tall fescue 
breeding, SLEPER (1985) mentionned some novel ways of breeding 
for yield increasinq, i.e. the carbon exchange rate, the dark 
respiration and the leaf 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 
ryeqrass has been related to higher tillerinq rate (WIIsON, 
1975 : ROBSON, 1982) • Finally, selection for high leaf area 
expansion rate has also been successfully associated to leaf 
elonqation rate, lamina width and tiller yield but negatively 
to tillering r .. te (ZARR0tJGH et al., 1984). 

In this last way, LEMAIRE ( 198 7) also pointe<l out in 
last meetinq 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 be.tween dey matter 
growth and int,ercepted radiation amount in non-lilliting 
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 qenetic 
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 
vheiie 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). 

DTBIUBL UD DTBOD8 

31 genotypes of cocksfoot (Dactylis glomerata L.) screening a 
large range of variability for tillering, leaf length and 
width, have been chosen in. the nursery of Lusignan Station. 
After cloning, plants were disposed in two oulture cells, each 
at a controlled temperature and light intensity of 7" c· - 850d 
lux and 14" c - 10000 lux respectively, both under a 16 hours 
photoperiod and according a 4 randomized block design. The 
substrate was a sterili~ed mixture of compost, sand and silt­
clay soil. Any nutritive supply was given during the 
experi-nt. 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 (LERl), 
- cumulated lamina elongation rate of a tiller 

(LERt), calculated by adding the length of the sheath with all 
its alive lamina, · 

- Mean duration of lamina elongation of a tiller 
(LED) I 

- Leaf appearence rat:e 
emergence of two successive 
phyllochrone. 

(LAR), as time spacing 
leaflets, i.e. leaflet-

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 (UIS) 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 effect• have been ~tell wi'tb 
analy•b of variaric:e. Genotypic and 9enotype x ~ature 
variance, within and between tuperature resp. , . 'have ~ 
estillated froa corre•ponding aean square ~t.ton. (alk 
effect• considered a•· randOlll) and ·expre88ed u geac¢ypf0 
(9cv t) and genotype x temperature (gtcv •> c:OeUicient. of 
variation. CorrelatioM between tuperaturu _... between 
variate• are phenotypic. 

U8VLT8 

.. uure of powtll rate 

Given the exper!Mntal observations, the luf ~ovtn 
rate wa• taken aa linear until leaflet ... qence after vbklh. 
growth very quickly •top•. 

To characterize th• genotype l .. f CJrovth rate, 
cUJ1ulated 1-ina ~owth rate of a tiller (LBRt) bas been 
preferred. Thi• aea•ur•, including leaf appearance rate, aay 
give better e•tillation of the tiller ability of a 9enotype to 
recover rapidly an ~portant leaf area after cuttinq. Moreover, 
th88e two variate• remain well correlated at both teaperature• 
as well a• with the last value of LERt (LERf) (table 1). $0, a 
single .... ure of all the preaent 1-ina and sheath ~ the end 
of a re""9X"owth cycle would qive a quite satisfyinq e•tillation 
of the leaf growth of a tiller. 

Teaperature effect 

Temperature increasing st;.-ongly influence• the ~owth 
rate of leaves (table 2). Like •i•, leat elonqation rate i• 
more than doubled as temperature increa .. • from 1• C to 14" C 
while leaf expansion duration and leaf appearance rate are more 
than half reduced. an the •ize and 4ry ISltter weight 
components, the temperature effect i• v.alter. Du• to this 
antagonism effect of temperat\119 on leaf growth rate 
parameters, ·1amina length and area have been found just 
slightly larger at 14" c than at 7• c. on the other hand, 
lamina surfacic mass has decreased, which explain• 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 qenotype x temperature ef fet• 

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 accordinq to the parameters : 
low for leaf appearance rate, elongation rate and leaf 
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 l eaf elonqati on r ate and tiller weight, it is highly 
increased at 14 " c whereas for l eat appearance rate, qenotypic 
effect i s no aore significant. It i• possible that the 
observation• . f requency (three ti .. • a week) ha• not been 
sufficient , given the high growth rate at 14" c, to accurately 
estillate the l eaf appearance rate at this tellper~ture. 
Siailarly, th• non significant effect of the leaf •lODCJation 
rate at 7• C would be a l so due to axperillental error but, this 
tiae, in the 1-ina lenght aeaauru in slow growth rate 
conditions . Por tiller weight, we have to suppose that 
teaperature not only enhances the contribution of sheath in the 
tiller yield but also increases its variability, so that sheath 
and lamina weight variations would be al:aost independent with a 
large part of uncontrolled variation• at 14" c for the former. 

The growth rate par ... ters, as well as surfacic aa•• to 
some extent, are once more aainly at the origin of th• largest 
genotype x t-perature effects, with phenotypic correlat1on 
coefficients.between tmaperatures aoaeti11e• significant du• to 
low errors (I.AR - LED - IMS). For leaf •lODCJation rate, the 
correlation remains highly significant becauH the venotypic 
effect is much more important than the genotype x ta.peratu,re 
effect at 14 • c. Among the laaina size par ... ter•, 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 
1· c but not at 14" c proving, as mentionned above, that sheath 
weight contributes for a large part to t iller weight but 
independently of lamina weight and with a rather important non­
genetic var iation. 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 
1 • C so t hat lamina weight appears more directly close related 
to lamina length than to area. As the lamina width and surfacic 
mass contr i butions to lamina area and weight resp. have not 
increased, i t 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 pos i tive) 
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 eaergence, 
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 elongat ion. 
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DHCU88IO• 

The results show that the growth ra~ par-ten of 
leaves in this experiMnt on coclcsfoot exhibit not_ a so large, 
although s011etilles substantial~ genotypic variability tban the 
more composite traits as Lulina siz• or wttbt. Jloreover, the 
main characteristic of the growth rate vallates is to b9 very 
sensitive to ,teaperature increasing, whi.clll was not ~ed 
from para.aeters highly dependent of sua Of t811P9rature; 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 laJlina yield than direct cOlipOnents 
as lenght or area lamina. The light intensity, :aainly at 14" c, 
may have been little insufficient to allow optiaua 
photosynthesis. Indeed, there wa• a balancing effect of thel 
size and weight lamina coaponents between teapenatures, 
furthermore, leaf senescence has not been observed at th• end 
of toe re-growth. so, added to rather large errors of laaina 
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 al•o, to soae 
extent, responsible of the apparent independence between aost 
of the components variations, especially those of leaf 
appearance and leaf elongation rate, instead of close negative 
expected correlations. The lacJt 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 auch aore reduced than the leaf elongation rate (LEMAIRE, 
1985). So, to observe actual ftegative correlation, we would 
have had probably to work at a higher level of carbon supply as 
ZARROUGH et al. (1984) did it on tall fesaue, showing a 
negatively associated effect of leaf 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 ryegraE;s 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 heritab-ilicy 
of the components are to be expected, breei;ling strategy wiil.l 
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 conditions (temperature, nitroqen and water 
supply),. tiae (early stage -adult relations) and space 
(isolated plants .. - sward relations). Fro• thia l••t point of 
view, aeasures of leaf growth rate are often ti .. - con9Uaing 
and the feasibility will not be the least iaportant factor. 

In conclusion, all plant breeders are dealing with 
breeding .. thod optiaization and are involved in genetic 
variability researches. But, about fodder grasses, aore than 
anybody have we not to ignore the physioloqical point of view 
and the liaits of genetic variabilJ,ty that it implies. The 
aorphoqenetic 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 aind, continuous grazing and cinetic of optimWll 
leaf area index recovering would be a quite interesting field 
of application. 

mmm 
Lora du dernier Congres Eucarpia • Lusignan, LEMAIRE 

avait souligne l'importance qu'il faudrait accorder • la 
vitesse de renouvellement du couvert foliaire pour ameliorer 
l'adaptation au p!turage des graminees fourra~res : Quella est 
la variabilite genetique et les relations entre des parametres 
de croissance foliaire comme la vitesse d'apparition des 
feuilles, leur vitesse d'elongation et leur ·duree d'expansion? 
dans que1le mesure determinent-ils lea composantes du rendement 
(longueur, largeur, surface, masse surfacique et poids du liabe 
ainsi que le poids total des talles) et quelle est leur 
stabilite vis-a-vis des conditions environnementales ? 

Une premiere approche a ete realisee pendant un cycle 
de repousse de 31 genotypes de dactyle cultive en plantes 
isolees et en conditions artificielles a 2 temperature, 7" c et 
14" c, avec 4 repetitions par temperature. 

Les resultats montrent que les criteres de croissance 
sont moins variables que les composantes directes du poids du 
limbe mais beaucoup plus influences par la temperature, 
conduisant ainsi a des interactions genotype x temperature 
significatives. Dans nos conditions experimentales, le poids du 
limbe est done reste mieux explique par des composantes comme 
la longueur ou la surface plut6t que par les parametres de 
croissance foliaire. Neanmoins, l'absence de correlation entre 
la vitesse d'elongation et d'apparition des feuilles suggere de 
poursuivre les observations, en conditions denses et sous un 
regime de coupes frequentes cette fois, en prenant en compte 
les relations avec le tallage. 
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Temperature 

LER 1 

LER t 

LER f 

Table 1 : 

LER 1 

0,81 

0,85 

7'C 
LER t 

0,84 
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LER f LER 1 

0,91 

0,81 

14 ' C 
LER t 

0,85 

LER f 

Phenotypic correlaJions between three estimates of leaf elimgalion rale : per lamina (LERI) 
per tiller (LERt), per tiller al the end of the regrowth cycle (LER/), for two tempPlllllTes. 

Temperature 7' c 14' c p 

LAR (days) 23 9 1855,66** 
LER t <-/day} 5,1 13,7 1100,17** 
LED (day) 37 16 11'64,88** 

LL (mm) 206 253 71,72** 
LW (111:111) 6,2 6,0 l,68NS 
LSM (m9/cm2 ) 4,0 3,1 191, 12** 

LA (cm2) 8,80 11,38 50,80~ 
.LDMW (mq) 34,4 35,1 0.,06 

TDMW (1119) 69,0 160,0 23,96** 

Table 2. 
Effect t!f temperalure on ·mean •alues for growth rale, size and dry matter weight components 
of lea•es in cocksfooJ, 
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7• c 14" c interaction 

e CV % g CV % e CV % g CV % gT CV % r 

LAR 7,1 3,5~ 6,5 2,_3NS 8,2* 0,31NS 
LER t 13,5 1,9 s 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** 1,6NS 0,61** 
LW 6,7 6,7** 6,0 6,3** 312NS 0,72** 
LSM 13,3 8,1** 6,1 5,2** 6,6** 0,40** 

LA 15,6 9,8** 12,6 10,2** 6 6NS 0,50** 
I NS 

LDMW 23,9 15,4** 16,7 11,8** o, 0,68** 

TDMW 16,1 10,2** 59,1 25,4* 23,4NS 0,17NS 

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 
matter weight components of .leaves in cocksfoot cultivated at 7" C and 14" C. 
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LAR LER t LED LL LW LSM LA LDMW TDMW 

LAR 
LER t 0,01 
LED 0,46** 0,39* 

LL 0,22 Q.12•• 0,56** 
LW -0,21 0,21 0,15 0,17 
LSM 0,16 0,15 0,41* 0,22 0,12 

14° c 
LA 0,1! 0,69** 0,58 .. w•• 0,54•• 0;15 
LDMW 0,19 0,68** 0,66** 0,83** 0,50** o,s2•• 2.21** -
TDMW -0,03 0,02 0,19 0,20 . 0,12 0,24 0,17 0,22 

LAR 
LER t -0,20 
LED 0,12•• 0,14 

LL 0,13 Q.11** 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** ~·· 0,67** 0,50 0,14•• -
TDMW -0,02 0,61** 0,27 0,15•• 0,63** 0,29 0,67** ~·· -

Table 4. 
Phenotypic correlations between growth rate, size and dry matter weight components of leapes 
in cocksfoot at 7" C and u· C. 

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



- :n -

Breeding_ for Vigour 

Gerd Kobabe 
Institut fur Pflanzenbau und PflanzenzUchtung 

Abteilung fUr FutterpflanzenzUchtung 
von-Sielbold-Stra.J3e 8 , (D) 3400 GBttingen 

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 variet~es 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 resour6es and to transform these · 
resources into biomass within a range of time which is defiaed 
according to farm practices "(ROTILI and PICARD 1987). While 
the object of that meeting was the explo~ 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 just 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 heterozygosity favours plant growth and 
vigour. Besides that it is well known that most of the forage 
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 . Further 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 degree of heterozygosity 
without worsen uniformity. 

Nearly all cultivated .species of forage crops have been 
examined for heterotic effects ancf . there is no doubt that 
increased ·vegetative growth can be observed in many Fl 
progenies (cit.in KOBABE 1983). The highest degree of 
heterozygosity is td be expected in the Fl generation and the 
propability to obtain good vigour is highest in Fl varieties. 
If the parents are well selected the Fl offspring wi ll be 
homogene too. So far a Fl va~iety is an ideal cultivar but 
unfortunately in most cases the breeding systems of the f orage 
plants do npt allow an economic production of Fl 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 just 
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 GBttingen , 
Stuttgart-Hohenheim and elsewhere. The regeneration of 
plantlets from young inflorescences or buds makes it possible 
to multiply each genotype. 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 qe kept stable . 
Three thousend clones of inbred genotypes achieved by tissue 
culture have been selfed. in a ·trial in Gottingen . Inbreds were 
invo lved because segregations due to mutations c an 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 vigour. Since JENKIN (1931) 
described a pollen sterile type in Lolium perenne and Nn·zsCHE 
(1971) found a male sterile phenotype in Tapioszele/Hungftry 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 
perhaps compensate the genetic controlled rates of selfings. 
Theoretical calcuiations have shown that this effect of 
compensation depends upon the inheritance of the male 
sterility (genie, cytoplasmatic or both) and of the rate of 
selfing (KOBABE 1978) . 

Computer calculations us ing a one gene and a two gene model 
indicated that the efficiency of male sterile clones in 
synthetics is rather low. If, f or 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 
percentsse of heterozygous genot:imes in the followin!L.Syn-~­
generations will approach 33 % only . But after chang~ne­
coinposition of the Syn-0 to l AA nor mal : 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 ; tho lower the l atter the lower 
the response of heterozygosity. Further, t his system is 
restricted to male sterility which i s inherited 
cytoplasmatically. Restorer genes will destroy this system 
very quickly. 

In spite of al l eff orts ever mad• to utiliz e male sterility in 
fodder gras s breeding in order to produce. v igorous ~1 
varieties the number of certified Fl cultivars are low . 
Instability of the male steri lity under different environments 
and the difficulty t o maintain and to multiply male steri le 
progenies generatively may be the reasons why Fl varieties are 
not releas ed 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 
self incompatibility 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 thoroughful ly and must carefully avoid contami nation 
with pollen comming from el sewhere . Since the increase of 
vigour and grain yield is much more i mportant in cereals than 
i n forage crops this system is now attempted to be applied on 
rye (WRICKE 1986). Simultaneously the development of pure Fl 
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 Fl 
cultivar of Lolium uti liz ing .male sterility this seems to be 
an uncertain way. In any case there was no convincing success 
until now and the production of Fl seed in an commercial 
scale is as expensive as before. FOSTER (1973a,b ) proposed a 
less expensive method of producing vigorous Fl hybrid 
varieties of herbage grasses. The seed of two parental 
populations which give superior Fl hybrids should be sown in 
a 1:1 blend. The seed grower 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 Fl 
hybrids. The remainder are seeds of each parental population. 
Since 50 % are hybrids such a variety is also called semi 
hybr id variety or chance hybrid variety. The percentage of Fl 
hybr id see<1s are dependent upon several factors affecting 
fertilization. First of all the coincidence of flowering t i lb!e 
of the two parental components is very important . Further t h e 
number of inflorescences , t he number of florets per spike let, 
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 c an 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 dispell ed. 

Ii;i. order t o get some practical information an experiment with 
Lolium multifl orum was carried out at the Department for 
Forage Crop Breeding in Gotting.en. Equal portions of 
germinable Fl 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 
plots in a randomized block design with three replications . 
The morphological habit of the components used in thi.s 
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 cm. 
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 
shoot·s were potted and later planted into the field. After a 
few months the adult plants could be identified very easi ly . 
The results indicate clear su~eriority of the hybrids (Fig. 1) 
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Fig . 1 Percentage of surviving hybrids (Fl) 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 
iri the spaced planted rows the single plants could be 
identified over the whole period of vEli(etatiao. ~- was not 
necessary to cultivate single shoots . After tile •econd cut 
nearly 99 % of the hybrids have survived while onl7 58.7 % of 
the inbreds were still alive (Fig. 2). Some weeks later after 
the third cut these figures read 95 Sand 23 S (Fil(. 3). The 
spaced planted trial does not appraoch practical usal(e but it 
shows clearly the superior vigour of the hetrozygoQs hybrids. 
The procedure for identification of the components .. of the 
tightly sown plots is certainly tedious and length)' and it 
depends upon the ability and readiness of the si.,n«le tillers 
to develop roots. By the application of tissue culture SOiie 
difficult i es can be overcome because it is much more eas7 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 wil l be the application 
of electrophoresis. Experiments are planned to be carried out. 
in GBttingen . 

Wide c r ossings 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 t o synthesise a new amphiploid speci es. 
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Fig. 2 Percentage of surviving hybrids (Fl) and inbred s ( I) 

of four plots with mixed single plants (1:1) after 
the second cut 
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Fig. 3 Percentage of surviving hybrids (Fl) and inbreds (I) 
of fou~ plota with mixed single plants (1 : 1) after 
the third cut (KOBABE and KOCKELMANN 1988) 
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These new g enotypes are vigorous and of agronomic value, but 
meiotic irregularities lead to ohromosoIDe loss and subsequ_ent 
genetic instabi lity in later generations . Another c andidate 
for species crossings in grass breeding ist giant fescue 
(Festuca gigaotea}. Encouraging experiments were recentl)I 
carried out in Aberystwyth (MORGAN, THOMAS and ~EWIS 198~} 

Although wi d e crossings are to be expected to result in 
vigorous progenies, only th-e ~roducts 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 tetrasoinic 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 i n_the fields 
of plant breeding and genetics to investigate the ne.w chances 
for increasing vigour by the means of tissue and cell cultur. 

Zusammenf assung 

Auf der Tagung der EUCARPIA-SektionFutterpflanzen imJahre 
1987 in Lusignan hat sich gezeigt , dal3 eine eindeutige 
Definition van Wilchsigkeit (vigour} nicht gegeben werden· kann . 
Im vorliegenden einfilhrenden Referat. werden Zuchtverfahren: 
angespraphen, durch deren Anwendung wilchsige Sarten entwickelt 
werden konnen. Letzten Endes filhrt naturlich auch die Zuchtung 
auf Res istenz. gegen Krankheiten und Schadlinge sowie gegen · 
ungunstige Witterungsbedingungen und auf Anpassungsfahigkei t 
an Nutzungssysteme (z . B. haufiger Schnitt) zu ertragreichen 
Sorten . Aber eine resistente Sorte ist·kaum brauchbar, wenn 
sie ni cht wuchsig genug ist ; kraftiges Wachstum ist als 
Varaussetzung fur eine gute Sorte anzusehen. Es werden daher 
e inige Aspekte uber Zuchtverfahren bei Futterpflanzen 
insbesondere bei Grasern dargestellt, wabei synthet i sche 
Sarten, ma.nnliche Sterilitat, die Entwi cklung van Chance­
Hybriden und llrtkreu zungen berucks ichtigt we.rden . 
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VIGOUR, HIGH YIELD ANO QUALITY OF BRASSICA FODDER PLANTS. 
IS IT POSSIBLE TO COMBINE? 

Waleria Mlyniec 

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

A b s t r a c t 

The most succesful form of interQrop in Polish climatic 
and soils condition is winter catch crop cultivation. Besides 
the traditionally cultivated winter rye and vetch, plants from 

the Brassies genus could be used in this sequence of crop 
rotation (Jelinowska, Jelinowski, Sypniewski, 1968; Renius, 
LUtke 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 napus, campestris and oleracea sp. especially (Balicka, 
Barcikowska, Chwalek, Mlyniec, 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 gr-een and O.M. yield, 4. Quality of green 

matter: 4.1. High O.M. %, 4.2. High protein % of O.M..., 4.3. Low 

N-N0 3 % of O.M. 4.4. Low ~ukosinolates contens uM/g O.M. 
The description of each form based on spaced plants 

g<own 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 Radzik6w near Warsaw, on the field of Plant 
Genetic Institute in Poznan. We are working in close collabora­

tion with Plant Cultivation, Manuring and Soil Science in Pula­

wy. 

Results , some are still in elaboration show that: 
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1/ High evaluat i on of vigour in autamn is, in general not 
combined wi t h good win te rhardiness and high.evaluation of 
vi gour in spring. It concerns especially fo r ms of B. cam­
pestris ssp, pekinensis and hybr i ds derived from crossings 
where ssp . pekinensis was the fe male parental form ( Mi yniec 
R8hm- Rodo wald, Zieli rt s ka, 19 82) 

2/ Low content of glukosi nolates i n green parts of plants is 
genera lly s peaki ng combi ned with l ow vigour ( specially i n 
spr ing) i n general wi th l ow winte r hard i ness and rath~r 

poor de as eases and pes ts resistance ( it concerns mainly 
B.napus t ypes ) Mlyni ec , He i mann 19 65) 

3/ As f ar as hi trate s (N-N03) con tent i s conce rnd - vigou r 
seems to be combined with higher r ate of nit r ogen metabo~ 
lism i n pl ants and i n cons equence - lower cont ent of N-ND1 
in green matter. B. campes tris f or ms can be used as the bes t 
example . It seems also , tha t the di f fer ences in nitrate 
content depends in Brassi ca plants not only on the r ate on 
nit r ogen fer ti liza t i on, bu t is also gene t ical ly conditioned 
(Ml yniec , Blaim, Plosz yrtski 1966) . 
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'l1IB EPFBCT OF SBLBC'l'I(lf FOR DISBASB RESISTANCE ON VIOOUR OF RED CLOVER 

(Trifoliua pratense L.) AND ITALIAN RYBOOASS (Loliua llUltiflol'IDI Laa.) 

Dr. B. NUesch 

Swiss Federal Research Station for Agronomy, CH-8o46 Zurich-Reckenholz 

At the Swiss .Federal Research Station for Agronomy several fodder 

plants are s.elected for resistance against the following diseases: stem 

nematodes, powdery mildew and sclerotinia root rot on red clover; powdery 

mildew, snow mould and crown rwit 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 diseases of grasses 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 (Ditylenchu!J dipsaci [KUhn] 

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 gi'aminis 

D.C. ex Mllrat), Drechslera leafspots (Drechslera dictoides [Drechsler] 
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Shoemaker and Drechsle~ siccans [Drechsler] Shoemaker) and sn<>W mould 

(Fusarium n:i.vale (Fr.) Cea.) of ryegrass.. 

Clover root rot, clover stem nematode and vas.c.ilar 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 fooder quality. Crown 

rust, powdery mildew and Drechslera .leafspot weaken the planta and reduce 

fodder yield, quality and palatability • 

. In 11<>st cases, breeding for resistance iaposee a severe 11election 

pressure on a plant population. The rate of surviving plants cu be below 

one Ptn·cent. It is possible that a vigourous selection for ·resistance 

influences other caracters trough linkage with unfavourable gen,es, epiata­

sis er other genetic interactions. In this connection yield, quality, 

endurance and palatability are very important. 

The following investigations emphasize the influence of SOiie resi­

stance selecti.ons on yield and endurance of our breeding liaterial using 

red clover (type of Swiss Mattenklee) and Italian ryegrass (descendants of 

Sw1sa ecotypes). 

'lbere is practically no literature on this subject in fodder plants. 

2. llethoda 

Table 1 lists the disease nurseriee which are routinely used in .the 

selection process. Trials were done .in . the field by C0911U";lnir the 

resiBtanee selections with the variety fiom which they originated (I• 

standard). Plots 1119re 1;5 x 6 • with · four replications per treat;ment. 

'lbree locations in the Swilis plateau were used, n&Mly Reckenholz (1.urich) 

and Oensingen (Solothurn) at 450 • and Blligha'118811 (Thurgovie) at ·560 •· 
a.a.I. Oensingen ia 75 kll west, Blligbausen 65 kll east· fri:lll Reckenholz. 

Table 2 shows the results of the cuts .in the planting year (A), -the 

first year (H
1

) and the secOQd year (H2). The llUllben are · 'NlatiV. 
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values (s t andard equals t OO). I n red clove r they represent the sum of 

three cut s f''lr A, f our cut s for H
1 

and one to three cuts for H
2

. In 

I t alian r yegrass they represent three, six and one t o four , respectively . 

The yiel d in _H2 i s an. expression df endurance, becaus e it is positive ly 

correlated with the number of plant s per uni t of surface. 

3.1. Red clover (Table 2 and Figure 1) 

3 . 1 . 1 . The selections for resistance to stem nellatode devel opped 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 di$tributions of the yearly yield 

sums in A and H1 were cle~ly on the lower side of the unselected 

-terial . In H2 there were some very good results from the selec­

tions, shwing the influence of better endurance . 

3.1.2, The selection for mildew resistance lead to lower yields in A and 

H1 • However in H2 they matched the unselected material. The 

total remained two percent below the unselected material. 

3 . 1.3. In the selections for root rot resistance the 2n clover was less 

vigourous ir. A but equal to the unselected material in H1 • The 4n 

red clover matched the unselected material in A and H1 . Bo.th 

showed a higher yield in H2 , indicating a s uccessful selection 

for Sclerotinia resistance and endurai:ice. 

3.2 . Italian ryegrass (Table 2 and Figure 2) 

3.2 . 1. The selections for mildew resistance were equal to the unselected 

material in all respects. 

3 . 2.2. In the snow mould selections some populatlons develo}lped slower 

with a relative mean yield in A of only 97 %. However they sur­

passed unselec ted material by three percent in H2 . Overall they 

yielded t wo per~ent more than the unselected material. 
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3. 2.3. The resistance selections for C ' ' :. rust and vascular wilt., were 

~arried out on the same plants . In the greenhouse plants were first 

inoculated with Xanthomonas graminis. Surviving plants were then 

inoculated with ·Puccinia col'Onata. Only in H
1 

the selections 

compare favourable with the unselected material. 

4. Discussion 

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

covered in the first year of full use (H1). In the second year (H
2

) 

only , the selections of Italian ryegrass that c011bine resistance to c~ 

rust and vascular wilt we,re clearly inferior to the unselected material. 

·I t seems that· most resistance selections consist of genotypes that develop 

slower, endure longer and yield equal to the unselected material.. 'lbe 

selections contain interesting variability . that could be exploited to get 

outstanding material •. Recurrent selection for resistance and vigour has ' to 

be use.d ,. Successful examples are our new tetrapioid varietie~ Vanessa : (red . 

clover), Cervus and Ellire (ltali!!ll ryegrass} with increased yield and 

good levels of resistance against different diseases (Figure 3 and 4, 
NtlEsCH i987a and 1988b). Concerning fodder quality DODM (Digestible Organ­

ic Dry Matter) and protein analyses ·were done. No particular differences 

between resistance selections and unseleeted mater.illl were found, except 

for the usual fact, that yield and qulllity are negatively correlated. 

5. Zusammenfassung 

In der FutterpflanzenzUchtung an der Forschungsanstalt Reckenholz werden 

die folgenden Resistenzslektionen durchgefUhrt: Stenfrellllchen, Mehlt;au· ~ 

Kleekrebs bei Rotklee; Mehltau, Schneeschimmel, Kronenrost und Bakterien-, . 

. , , welke bei ltalienisch-Raigras. Diese Selektioneri ' fUhren meistens zu l&riJ~ 

samerer Entwicklung im 'Aussaatj!lhr (A), zu normalen Ertrligen im ersten , 

Hauptnutzungsj!lhr (H1 ) und, mit Ausn!lhme der kombinierten Kronenrost-/ 

Xanthomonasresistenz, zu besser ausdauernden Best!lnden (H2 ). 

wiederholte Selektion i n . aufeinanderfolgenden Generationen dUrfte zum 

Die 

·, .:. ' 
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Uberwinden des mangelhaften Ertragspotentials und der ungentigenden Ausdau­

er ftihren, und es konnen Sorten entstehen, die sowohl beztiglich Resistenz 

als auch Ertrag verbessert sind. 

6. Literature 

NUESCH, B;, 1987. Ellire, eine neue schweizerische Sorte des tetraploiden 

Italienisch-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 ~lover and 

Italian ryegrass 

crop 

red clover 

Italian 
rye grass 

patho~n 

Ditylenchus dipsaci 

.Erysiphe trifolii 

Sclerotinia trifoliorum 

Erysiphe graminis 

l'usilrium nivale 

Puccinia coronata 

Xanthomonas graminis 

inoculum source 

artifiCial in greenh()use .. 
(ca. 40 nemat.odes per 
seedling) 

natural, greenholUle or 
field 

art:l,ficial, mycelial 
suspension, greenhouse 

natural, greenhouse 

natural (Einsiedeln 
altitude 900 m) 

artificial and natural, 
greenhouse and field 

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 arid Italian ryegrass (unse lected 
material = standard = 100) 

Selections 

1. Red clover 

1.1. Stem nematode 
1.2. Powdery mildew 
1.3 . Clover root rot 

2n material 
4n material 

2. Italian ryegras 

2.1. Powdery mildew 
2.2. Snow mould 
2.3. Crown rust and vascular 

wilt combined 

year of plantirig 
first full year 
second year 
sum of all cuts 

Relative values of yield in: *) 
A .H1 H2 A-H2 

96 
97 

95 
99 

101 
97 
98 

97 
97 

99 
101 

100 
103 
101 

101 
101 

103 
104 

99 
101 
93 

97 
98 

99 
101 

100 
102 
99 

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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Figure 3 Comparisor:i of 4n red clover VANESSA with 4n TEMARA. A 1.:...rrr 

yield in planting year (q OM/ha/cut), H1 I-IV= cuts I to IV 

in first year, H2 I first cut in second y~ar, VOS =yield Of 

digestible organic matter (q/ha) , RPR = on rough protein, 

APO= -on protein absorbed in intestine (kg/ha), NEL =net 

energy fot milk production (MJ/ha), ME= attack of powdery 

mildew, 1 = no attack, 5 = medium. 
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III 

LIPO 

CERVUS 

Figure 4 Comparison of 4n Italian ryegrass cv. CERVUS with LIPO. 

A I-III yield in planting year ·1q DH/ha), cuts I to III, 

H1 I-IV . firsll ye•rs yield of cuts one to sil< , KR= attack 

of crown rust. BF • leaf spots. SS • snow mould, 1 • n.o 

~ttack, 5 • med.i,um. 
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Text for Figures 

Figure 1 Relative yield of resistance selections in red clover 

{unselected material = lOQ) 

Figure 2 Relative yield of resistance selections in Italian ryegrass 

{unselected material = 100) 

Figure 3 Comparison of 4n red clover VANFSSA with 4n TF.MARA; 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 = yiel<1 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/na), ME= attack of powdery mildew, 1 ~no 

attack , 5 = medium. 

Figure 4 Comparison of 4n Italiaa ryegrass cv. CERVUS with LIPO. A I-III 

yield in planting year (q DM/ha), cuts I to III, H1 I-IV first 

years yield of cuts one to six, KR = attaclc of crown rust, BF • 

leaf spots, SS = snow mould, 1 • no attack, 5 = medium. 
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PfWBLEMS OF BREED·ING FOR VIGOUR IN FORAGE GRASSES AND CLOVERS 

IN FINLAl\JD 

SAIJA RAVANTTI 

. Agricultural Research Centre 

Department of Plant Breeding 

31600 Jokioinen, Finiand 

Summary. The natural prerequisites for grassland farming are 

quite good in Finland. However, growing conditions limit the 

number of mowings to two or three, even in the intensive 

cultivation oof Vigorous varieties. Animal husbandry that is 

based on grassland farming has also long been the mai. 

production line throughout the whole country. The situation has 

been altered by measures to restrict overproduction in an.imal 

husbandry. Currently, the ar.ea of grasses is only 33 % of 

arable land area. The majority of grasses are situated in 

eastern, c_entral .and northern Finland where the possibilities 

for cereal cultivation are limited. The breeding objective for 

grass plants has long 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. cul tu re assurance, 6. adapt at ion to 

mechanical cultivation technique; and 7. good · chem'ical · quality. 

The problems in breeding work are: 1. region11-l variation of 

weather conditions during winter and the growing season; 2. 

l .imited resources; 3. lim.ited gene pool; 4. universally little 

re1:1earch 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 o,f 

.r.egional selection. 

Introduction 

Finland is the world's northernmost country which 

intensively practices agriculture up to the 67 degree parallel 

of latitude.. The natural prerequisites for grassl.and farming 

are favorable. S:tnce the 1970s, animal husbandry based on 
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grassland farming has been the main production line throughout 

the entire country, also. Overpr.:>duc-tion of da-iry products and 

meat in Finland, as in other de11eloped countries, h~s led to 

strict measures to reduce production. In 19.67, the are.a of 

forage grass was still 49 %, or 1.3b2.000 hectares of _..ble 

land. In 198,7, the corresponding area was 33 "• e.r· 726. 000 

hectares of arable land. Agricultural poli~ has directed 

animal production to north of the Kokkola-Imatra line where at 

present, the major grass areas a·r-e (Figure 1L Aiv>g with the 

decrease in grass area, there has been a concurrent increase in 

yield levels of fqrage grasses due to the common cultivation of 

short-lived gr·asses and varieties better suited to prevailing 

conditions, and to improved cul ti vat ion technique. Extensive 

research during the 1960s showed 4-6 year pasture leys and 3'--4 

year silage and hay grasses to be economically more pr6fitable 

in Finnish conditions (e.g., JlNTTI and HUOKUNA 1965). 

Practical cultivation has confirmed these results. 

Finnish breede·rs of forage grass plants rarely me'ntion 

vigour as a breeding objective, al though it is .. actually the 

principle character heading the list o.f the more important 

breeding targets which are: 1. hardiness; 2. large, leafy main 

harvest and aftermath; 3. good seed yield; 4 .. resistance to 

foliage diseases and virus diseases; 5. resistance to pests; 6. 

culture assurance, of adaptation to (a) varying weather 

conditions during different growing seasons ( b) adaptation to 

mixed cultivation (c) cultivation on diffe·rent 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 Qrass plants; 

3. limi.ted g&f'.Ul oool; 4. universal paucity of research into the.. 

breedi~g technology. of forage plants. 

Weather conditions in winter and the growing season 

Finl~na· is long in length. As one goe'S further horth 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 longe r and 

the winter colder, the growing season is shor ter an d the 

effective temperature sum is lower (Figure 2 ) . During the 

growing "eason, 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 

central and eastern Finland and peat soils to Lapland. The 

1111.riety 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) . Intensive 

arassland fa~ming 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 th~ entire country, meadow fescue for cultivation zones I­

rv , 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 l. 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 long 

and they thus become the target of winter damage, which, for 

its part, varies in different areas of the country. Regional 

breeding must therefor·e be attempted. There are further more 

considerable variations in the average weather conditions 

between diff~rent years. 

In silage production, the intensive growth of forage 

grasses 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 !:)reeding of grass plants was l:)eg1.1.n by t1'le Han'kkija 

Inatit.ute 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 fa r m practiced b r e ed i ng from 

1964 to 1967. Since 1967, it ha~ had an agreement on 

cooperation with the Swedish Sval:of Plan t Breeding Insti tute 

conc e r ning their materials for selection in F'inni s h conditio ns. 

The bre ed i ng i nstitutes have on e breeder who i s r e s pon ~i. le 

for the bre ed ing o f all f o r a .ge cro ps. As of March 1 988 , t.h.e 

Departme n t o f Pl a n t Bre eding has empolyed a second plant 

br eeder who i s based at the Kainu Resea rch Station (Figu r e 1). 

The main emphas is i n actu a l breedi ng ha s been on cereals . Grass 

pl a nt mat e r ials ha ve been and s t ill are relative l y small, 

especially pe r o ne s pec i e s. Many plants have been subjected to 

b reeding . At pr e s ent, a gre ater at t emp t is being made to 

concen t rat e o n t he most i mportant p lant species: timothy, 

meado w f e scue, cock s foot , Engl is h rye-grass and red clover. The 

br eedi ng objective h a s been to breed d ifferent varieties for 

sou t hern and c e ntra l Finland , as we ll a s for northern Finland. 

S ince 1966, Hankkija has had breeding mat e rials at the Viskaal 

e x p~ r imental field at Muhos , a nd th e Depa~tment of Plant 

Bre e d ing has had materials s i nce 1977 at its Lapland and Kainu 

Resear c h Stations, and since 1983, 9 o t her research stations 

have had small amounts ·of reference materials for breeding 

(Figu r e 1 ) . Beginning this year, the Department of Plant 

Breeding ' s actual breeding materials for timothy, meadow fescue 

and re d clover will be in Sotkamo and in Jokioinen, which- also 

has c ocksf oot and English rye-grass materials. The h.elp of 

otber research stations i s still needed for se~ection of 

population, seed culture as well a~ for preliminary and 

official testing. 

In breeding for vigour, the ·order of importance of various 

breed i ng 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 

be.en possible to a very l ·imi ted extent. An attempt to ·expand 

breeding for resist.ance using laboratory methods is plan.ne~· · ·• 

Tissue culture methods have so far not been applied to grass 

plants . 

Since 1928, 13. varieties of 5 grasses and 8 varieties of 

grassland legumes have be e n put on i he market. Of these 

varie t ies, 14 are on the Na t i onal Board of Agri?ulture's 1988 
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List of Re c ommended Variet i es . It is to be mentioned that 

fodder brome grass, white clover and alfalfa are species not 

recommende d for cultivation in Finland . The varieties have been 

mai n ly deve l o pe d by mass, individual and family breeding 

methods, an d a l so some po l ycross testing has been employed to 

estimate t ransmissio n ability . 

Th e available gene pool 

Becau s e winter - hardiness is the primary breeding objective 

to be taken into account, it is natural that an attempt has 

been mad e to primarily utilize the material of Finland's 

c l imate o r t~ ~t of a corresponding climate ( Table 2). If the 

materials of countries with mor e fa vorable 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 throug h 

natural selection . In natural se lection, the most winter-hardy, 

viable and reproductive individuals remain alive, though t hese 

a r e nearly a l ways not the best of fodder crops. This is often 

the case for l ocal Finnish varieties of timoth{ and red clover . 

The lack of local varieties of English rye-grass and cocksfoot 

is a problem when breeding for winter-hardiness. Where are the 

genes fo r wi n ter-hardiness to be found? In individual 

materials, all plants subjected to breeding show considerable 

variation in their growth types, leafiness, 

utility in crop productivity is generally not 

etc. Selec t ion 

to be expected. 

It is greater at first but lower later. Are t he reasons for this 

a balancing effect by natural sel~ction and the nature of the 

ge ne action responsible for the character and the association 

of this genetic control wit h the fitness of population (HAYWARD 

a nd AaDULLAH 1985) . 

Universally l itt l e researc h into the technology of breeding 

grass plants 

The technology of practical plant breeding is the p rac tical 

application of t h e research results of the sciences of genetics 

and plant breedi n g . J ust as the p r oduct development department 
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of an industry must produce a new and good product at the least 

pos.sible cost, in breeding, a .,.ariety is to be prO'duced. 

Because of perennation in grass p.lant.s, research into a working 

technology is very expensive and time-consuming. Therefore, 

research, in the actual sense of the word, is very limited. 

Each breeder must only try to optimally utilize the resotH'ces 

at hand and trust in practical experience, even in the absence 

of scientifi~ proof. 

Conclusion 

In future t .he value of vi-gorous grass plants has increased 

based on their economic profitability to farms which continue 

production. Iri spite of the problems, there are good 

possibilities for Finnish p1ant breeding to breed suitable 

varieties for areas where grassland farming is practiced in 

Finland. Sele6tion 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 

Co9tributory objective for 
viaour breeding 

1. winter-hardiness 

2. a. large, leafy main harvest 
b. af.termath 

3·. aood seed yield 

timothy meadow cocks- Eng. 

++ 

+ 
+++ 

+ 

fescue •foot rye-

++ 

+ 

++ 

++ 

+++ 

+ 
+ 

+++ 

grass 

+++ 

+ 
++ 

++ 

red 
clover 

+++ 

+ 
++ 

+++ 

4. resistance to foliage diseases and 
virus diseases ++ ++ ++ +++ +++ 

5. resistance to pests 

6. culture assurance - adaptation 
a. to variations in weather 
b. to mixed cultivation 
c. to cultivation on different 

soil types 

+ 

++ 
+ 
++ 

+ 

++ 
+ 
++ 

++ 
+++ 

++ 

+ 

+++ 

+ 
+++ 

++ 

+++ 

++ 
++ 

7. adaptation to mechanical cultivation + + + + ++ 

8 . good chemical quality H- ++ +++ ++ ++ 

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

Table 2. The gene pool for breeding finni sh herbage plants (order of importance 
1 - 5) 

11. -Finnish material I 
J, 

Developed varieties 
Native varieties 
Natural varieties 
Natura l plants 

3. Canadian and north russian 
material 

12. Scandinavian material I 
J 

El ite individuals from old 
swards and grass fields 
Breeding lines and populations 
Mutation an.d polypl oidy material 

4. Ma terials from extreme boundries 
of grassland is comparable to finnish 
climati c conditions 

Such improved varieties, native varieties, natural plants , breeding lines and 
populations having properties desired for transfer to finn is'h material . 

5. Region~l global grass plant iRaterials other than those mentioned in l - 4 . 
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ARC 
1 . Department of plant husbandry 
2. Department of plant breeding, Jokioinen 

~esearch stations 
3. South-West Finland, Mietoinen 
·4. Satakunta, Kokem<iki 
5. Kymenlaakso, Anjala 
6. Hiime , P<ilkline 
7. Sata-H<ime, Mouhijarvi 
8. South Savo, Mikkeli 
9. North Savo, Maaninka 

10. Central Finland, Lauksa 
11. South Ostrobothnia, Ylistaro 
12. Karella, Tohmajarvi 
13. Central Ostrobothnia, Toholampi 

, 14. North Ostrobothnia, Ruukki 
f 15. Kainuu a) Vaala (Former), b) Sotkamo (Present) 

16. Lapland, Rovaniemi 

PRIVATE UNITS 
A Hankkija Plant breeding institute, Anttila, Hyryla 
N Nikkila 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 . 

' '· .. 
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10.5 °C " 

south, N = north, F Finland 

900 ....... 

1000 .... .... 

... 
'2~mowings' limit 

.... 
' 3-mowings' 1 imi t 

Figure 2. ·Effective temperature sum accumulation 
in different parts of Finland according tci 
SOLANTIE (1987) 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) utili zed 
in the estimate of the genetic parameters; 

We consider the lucerne 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 interfe rence. 
Aim of the breeder is to improve the lucerne 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 
the structure of the 
of lucerne breedit1g 
as well. 

of the plant and the ideal model of 
lucerne crop are presented. The scheme 
for vigour and quality is presented 

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 val.ue; on the contrary, 
it can be confounding if its meaning is not clearly defined. 
In the glossary of genetics and cytogenetics (a") 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 heterozygo~ic stimulation of which the 
hybrid vigour is a manifestation. Practically, the term 
heterosis is almost always utilized as a synonimous of "liybrid 



vigour". According to Shull, heterosis (hybrid vigour) is· 
the superiority of heterozygous genotypes with respect to 
one or more characters in comparison whi th 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: vi gour is the 
!2.J.omass productive capabi ~i ty __ ~~ 11=not:1~~::?bserve~ 
e:_.l)..V JrQ__nmental~conditions_.,_ This definition is valid for the 
cultivated plants. On the contrary, for wi ld populations, 
we conside r the vigour as synonimous of reproductive value 
or fitness. 

II. - Estimate of vigour 
The vigour is a property of the genotype as a whol·e, 

and it is more than the sum of the values of its constitutive 
genes. Vigour is a c oncep t and as concept is not measurable. 
It is possible to estimate the vigour by measuring different 
traits. Bu t the total dry matter yield, being the result 
of t he act i vity o f the whole genome, can be considered the 
best estimation o f v i gou r. 

There are ma ny and different criteria to estimate vigour 
by the dry mat t e r y i eld. Among them, the 
based on the following rule: the vigour 
a breeding program mus t be estimated in 
management conditi ons as close as pos sible 
the future variety will be utilized. 

most precise is 
of a genotype in 

pedoclimatic and 
to those in which 

Therefore , first of all a clea r defini tion of the type 
of variety to constitute is needed: fo r instance, a lucerne 
for grazing, for cutting, for de hydration, 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 
condi tions , so that as spaced plant . In l'act, t h e criterion 
of spaced plants i s normally employed. But for ' i;he breeder 
it is not important to know a l l the yielding possibilities 
of a lucerne plant in non-limit i ng condi tions; for the breeder 
is useful to know all the y i elding capacities of the lucerne 
plant related t o the luce r ne c rop, that means as an element 
of the lucerne crop system. In the lucerne crop there is 
at l e ast one limi t ing fac tor that can not be eliminated: 
the light. This factor consti t u tes pe rha ps the mai n difference 
between spaced plants and luce r ne c r op. 

At the surface of t he lucerne crop, the ligh t is neve r 
a limit i ng f ac to r ; but when the height of the plants r e aches 
70-80 cm, at their base and i n t he lowe st layers of the 
c rop s tructure ( 20 ·-30 cm) , the il'l ten s i ty of ·t he l ight decreases 
til l 500- 1000 lux , wi th e ffects on the c o lour and pe r sistence 
of the l eave s in t h e f i rst 40 cm and a l s o on the number 
o f stems a t the r e growth . One o f the most impor t ant task 
in t he b reedin g for vigour i s t o i nven t the t echnical solutions 
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a). lowing to simulate at the best the conditions of the plant 
in the different types of lucerne crop . These techniques 
are much mor e effective than the traditional ones in the 
practical selection work and , in addition, al l ow a better 
estimation of some genetic parame ters . 

III. The effect of density on the estimate o f 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 mate.rials 
(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 ve ry important, when speaking about density, to define 
exactly t he number of plants per square mete r . The two characters 
more important for yield, number of stems, and plant height, 
respond di f ferently 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 plant s/m2 . 

As for the regrowth after the cut, in spac e d plants 
the production of new stems is continous till the emi ssion 
of t he first flowers; at 100 plants/m2 the maxima l emi ssion 
of new stems i s aroun d the eleventh day after the cut . When 
t he ba s e of t he p lants enter i n s hadow , t he produc tion of 
new stems drast i cal ly de c rease s. 

In conc lusion , in spac e d plants the principal factors 
o f forage production are the pl ant he i ght and t he number 
of stems, whi le i n dense sward, i n t he condition s of a good 
lucerne crop, t he ma i n f actors are t he pl an t he ight and 
t he size of the s t ems . fn a wel l s tructur e d l uce r ne crop 
the empty space l e f t by t he dead plants is totally u t il ized 
by the contiguous plants ; thi s c apaci t y is a va r i eta l charac­
t eristic pertai ning t o the homeos tati c qual i ties that assure 
to l ucerne c r op system a relative s t ab i l ity for forage yield . 
When t hes e spa t ial limits ar e overc ome, because of a h igh 
mo r tali. t y, the number of stems become s very important through 
the cuts and years alsc in dense sward. This can explain 

.. '!(tie low correspondence found beb!e~n t he ranking of clones. 
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~r progenies in spaced plants and in dense sward as far' 
as dry matter yield was concerned. Finally, we have to underline 
that the cutting effect on persistence is ~arly 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 technique·s: 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 breeding method. In forage 
crops, either at the level of methodological ,;·esearch 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 val\~e 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 limiting 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 forag~ 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 traits and to estimate their 
genetic parameters. When obtaining different results using 
di'fferent criteria, which one can we take as true? 

Theoretically, all the results are true if the pi:-oct::dures 
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 cul ti var defined in 
relation to the natural and artificial environmental conditions. 

IV - The lucerne crop system 
Vigour of the plants and vigour of the lucerne crop: 

is the vigour of a lucerne 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 limits, 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 element s plus the whole of relation­
ship 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 the expression 
of the relationships between them at level of different 
morphological characters. These relationships change either 
thrrugh 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 P£ 
sitive results is possible only if both the constitutive 
parts of the system are improved: the plants and the structure. 
Indeed, an optimal struc ture of the lucerne crop is necessary 
but not sufficient i n order to secure a high forage total 
yield. The same is true for the plants: a good genotype 
is indeed necessary but not sufficient. So, primarily a 
breeder has to know the lucerne crop system; then he can 
work at improving both the genotype and the structure. We 
have studied many experimental lucerne crops (some hundreds, 
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in several research programs) in orde r· 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 i t fol lows : 
1) the lucerne 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 pe1·sistency of an individual 
plant is conditioned by either its vigour or its position 
inside the lucerne crop system. The death of a plant 
is the final result of the negative effects 0f interplant 
interference cumulated through the cuts. 

2) The mortality in a lucerne crop is a function of the 
genetic heterogeneity of the populations: all the mixtures 
presented a higher mortality than the corresponding compo­
nent s 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 longevity of 
a plant is determined, at a great extent, by the level 

afreserves 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 level of recovery are, on average, more sensitive 
to cutting effect. Such effe.cts can cumulate through 
the time bringing to the death of the plant. But while 
all the plants seem to have the same persistfmce 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 t o 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 evolut ion of a luc e r ne crop and their 
causes. 

In orde r to know the n a t ure of t h e rel a tionship between 
plants in the lucerne crop, we divi ded i t 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 (26) 
domination (+ , -), cooperation (+ , +), opposition (- , -), 
neutralism (o , o) . Several lucerne populations have been 
studied associated following an exper imental 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 life of the lucerne crop. Afterwards, the 
cumulation of the negative effects of domination brings 
little by little 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 overc ome s the most performing 
partner io pure stand; 

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

4) the rank of tile 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 dominat i on ability. 

Such hypothesis doesn't seem in agreement with the 
experimental data: we have seem that a plant in association 
increases or decreases its 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 biological 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 lucerne crop is the 
ratio of the actual biomass to the potential biomass (11,12). 

Actual ·biomass (demand of individuals) 
Biological density=-~~~~~~~~~~~,---~~~~~~~~~~~~~ 

Potential biomass (avai labili ty of physical , 
b iological and tecnical environment) 

This rat io varies from 0 to 1 during a cycle of production; 
the zero value corresponds to the moment immediately after 
the cut, when the aerial biomass is still absent. The value 
1 (one) is the result of the fact that the effective biomass, 
at a given time, exploits all the availabili ties present 
in the environment. At values near 1 the plants rapidly 
ente r in crisis and consequently the growth of biomass is 
stopped. In these conditions, it is possible to observe 



- 71 -

a lower growth of a limited 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 light, its availability for each plant of the lucerne 
crop is a function of its height. The plants that are very 
small if compared with their neighbourings receive a quantity 
of light strongly reduced. These individuals are not in 
condj.tion 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 
·exteriorisation 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 lucerne crop? After each cut, among the plants 
of a same group of interference. The individuals 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 limit 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 
genetic al 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 mode l 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 variability 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 biologica! 
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 last 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. '£ime of internode elongation 
3. Time of the green bud stage 

B. Maximum homogeneity of individual plants for: 

1. Resistenc e 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 lucerne 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 r esistence 
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: under 1000 lux 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 
per main stem 
elongation. 

production of the 
associated with 

first 
a li t ,tle 

10 leaves 
internode 

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 firs,t 
6-8 nodes. 

VII - Scheme of breeding for vigour and quality 
The models of plant and lucerne crop structure are 

reuristic models; they are point of orientation, pole star, 
never realizable at the empiric level. The scheme tn" 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 
the tolerance to inbreeding 
plants. A good level in this tolerance 
of a semi-hybrid variety similar to 

to take into account 
in the choice of 

could allow the building 
double hybrid; in any 
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qase it is useful in synthetic varieties narrow based ( 4-6, 
pai:ental clones). 

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

4 ) At the So and Sl levels no mother plant reacted 
positively to selection , while at t he S2 level all the plants 
responded positively. In succeeding generations, further 
progress in accumulation of favorable genes and gene combina­
tions appeared t o stop . An explanat ion may be found by analyzing 
fertility. our data has shown 80% of 285 vigorous plants 
at the 53 level to be almost selfsterile (14). At the S2 
level thi 3 percentage was only 38% . It is evident, therefore, 
that self-sterility drastically limits i nbreeding 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 c oncentration of favorable genes for vigour and 
self+sterility as well . Presumably selection in S3 and S4 
simply maintains heterozygosi ty. According to this hypothesis, 
in order to accumulate favorable genes and gene combinations 
.after two generations of selfing, a high degre e of heterozygosi­
ty would have to be reconstituted by crossing. After that, 
s election and selfing could be made again. 

5) Theoretically, t he 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 se lection 
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 underline d that the new cul ti vars have to be constituted 
with four to six parenta l clones S2 derived from at least 
three different parental populations. Our recent resul ts 
have al lowed 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 s ynthetics 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 re spec ti ve 
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 level of heterozigosity is reached for som~ 

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 in 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. 

Resume 

La vigueur, en tant que concept, n'est pas mesurable; on 
peut seulement l'extimer. Chez la luzerne la production 
de matiere seche est la meilleure extime de la vigueur. 
Les resultats experimentaux concernant les points suivants 
sont discutes: 1) la validi te de la prevision de la vigueur 
en col ture dense a partir des pl antes isolees; 2) 1 1 importance 
de la densi te, des techniques experimental es et du materiel 
utilise (clones ou fami lles) dans l 'extimation des parametres 
genetiques. 

La luzerniere est etudiee en tant que systeme. Un systeme 
est defini comme un ensemble d'elements plus les rapports 
qui s'installent entr'eux. La totalite de ces rapports est 
appelee structure du systeme . Dans la luzerniere les elements 
sont les pl antes; la structure est l 'expression des rapports 
entre les plantes au niveau des differents characteres morpholo­
giques. Ces rapports changent so it au cours des differentes 
phases phenologiques de chaque cicle productif soi t a travers 
les successifs cicles productifs de l'annee. 

Le but final de la se l ection est l'amel i oratio~ de 
la luzerniere . L'efficacite de la selection est liee a !'amelio­
ration des deux composants du systeme: la plante et l a structu­
re. Les models ideals de l a structure sont proposes; un 
schema de selection pour la vigueur et la quali te est propose 
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

1
, s

2 
etc.:density 400 plants per squ~ 

re metre 
5. Choice of the plants within the families s

1
, s

2
, etc. af­

ter 7-8 early cuttings 

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 earl y cutting (50% green bud) in 

two -years 
4. Constitution of new populations by hand without emascula­

tion: 

Al; Bl; Cl; ......•...•. 

AlBl; AlCl; .•.....•••.• 

1--~-N_e_w~P_o~p_u_l_a_t_i_o_n_s~-i A1B1c1 ; A1B1D1 ; ...•..•• • 

AlBlClDl; AlBlClE1······ 

Technical procedures 

new experimental 
cultivars (4-6 
parental clones 
derived from at 
least 3 different 
parental popula­
tions. 

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 useful sizes: 
80 cm long, 25 wide, 60 cm heigh . At the stage of cotyledons 
well opened the seedlings are transplanted at the density 
o f 400 plants square metre . The first cut i s made at sixty-se­
venty percent of flowering. The other s uccessive cuts are 
made at fifty percent of green bud. 
Light density : under 1000 lux at the soil level at the f ifty 
percent of green bud. 
The choice of plants within the parental population and 
within each in the subsequent generations is base on the 
values )/ x + 2s concerning dry matter weight, height and 
number of stems . 
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THE RECENT RESULTS OF ALFALFA BREEDING 
FOR RESISTANCE AT THE RESEARCH INSTITUTE FOR IRRIGATION 

Dr. E. T6TH 
Research Institute for Irrigation 

Szarvas, Hungary 

summary 

In addition to selection for productivity the 11ost 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 i•portant is the 
resistance to drought, frost, frequent cutting and other 
stress factors attached to intensive utilization e.g. 
irrigation. According to domestic clai11s recently we have 
analysed the germplasms registered in the USE . Establishing 
of strains which are resistant, to the above-11entioned f ungi, 
to Corynebacterium insidiosum, to Phytophthr>ra 11egasperma 
and from aphid to Acyrthosiphon pisum, to Therioaphis 
maculata, and \\hich 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 establish i ng of combined resi stant st r a ins t o fungi, 
causing the wi l t ing d i sease , ha s been pe r f ormed f or t en 
years now toget her with a breeding t eam f rom GDR. 
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Materials and Methods 

Progenies of 28 field resistant plants were selected for reshta11ce 
to Verticillium in the GDR. Seeds ob~ained from Verticilliu• ' 
reshtant plants were sent to our institute for producing of" 
cOllbined resistant strains. Seedlings were selected here for 
Fusariu• resistance under laboratory and field conditions. _ 
Fr011 each Verticilliu• 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 experi•ent together with 
their contrels. Fr011 the control plants only the •ost 
vigorous ones -were planted. 

Results 

For easier •urvey six strains, repsesenting the average, 
were picked out fro• the 28 breeding lines. 
As Figure I shows, there were leas 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 sum•er, 
to frost sensibility of i••ature 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 Fusari-um. The degree of infection was 
si'gnificant in ce11parison to the controls, but it was more 
significant in relation to the original strains (5-25 % 
depending on strain). LSD=O,Ol % 
The stand of spring 1988 was corresponding to that of 3uly 
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 
mich 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 19"86. 
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 ~xaminations, 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 diytributJon 
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 
varie t y. We are going to try whether this method can be 
used in the case of Fusarium. 



THE NUMBER OF PLANTS IN FIELD RES I ST,·\NCE EX PERIMENT . 

PERCENTAGE. 

O/o 

100 t rm rm rm ~ rm rm 
LEGEND 

90 0 The number of seedlings, 

planted to the field 1986 

80 

70 

N 

so i ~ - I~ ~ I ll!Ill The number of plants 
CD 

1n spring 1987 

so 

I 
40 + j,j,!,y IA1 1:$;11 111111 1 

mall I 30 + ma111 11 11 1 f:lal llll ll l mml 
1111111 1 1111111 1 

Ill The number of plants 

11 .. ,, . in spring 1988 

20 + ~ 

II 1 11 10 t - li!llP ltllilllL'IW 11111111 p -'/> inoc. '/> 1noc '/> inoc . '/> inoc . '/> inoc . '/> inoc . 
t us. klon Diallel ius.k lon f us.kl 6n Diallel f us. kl6n 

2 8 59 8302890 45 8303835 8304456 



- 83 -

References 

Bahy Raghib Bakheita - candidate (Ph.D.) Theel• Results 
of breeding ln lucerne for reslatance to 
fusarium and Verticllliu• wilt - 1980. 

a. R. Chriatle, Y. A. Papadopoulos, and L.v. Buach~ 
Genetic• and breeding for reaiatance to 
verticilll1111 wilt ln altalfa. 
can. J. Plant Pathol 7: 2o6•2lo. 1985. 

Bekhelt, e.R. - T6th E.1 Ujabb adatok a lucerna reziazten­
c ia ne•es1t6s6hez VertlcilliUll hervad6aaal 
az•ben. 
N6v6nyv6del... 8. •Z• 328•331. 1981. 

T6th sn6 - Het6nyi E. 1982: Hervad6aoa •egbeteged6aael 
aze•ben reziaztencia n .. eslt6a. •Ap.5• 6gazatl 
c6lprogra•. 1981·82. 6vi ered•6nyel. 9-lo. old. 
G6doll6 - KOMpolt. dee. 14. 

T6th S6ndorn6 (1982)1 Lucerne rezlaztencia ne•ealt6a •6daze­
re 6a eredm6nye Fuaariu• app-vel aze•ben. 
KGST KOMpolt. 25-31. old. 

T6th S6ndorn6 (1982)1 Lucerne reziaztenc ia neaes1t6a ered•6-
nye l fua6r iu•oa 6s verticilliU1Roa hervad6asal 
aze11ben . 1982. Apr. 5-6. N6v~nyv6del• i Tud0116-
nyoa Napok - Budapest. 

T6th E. - Bakhelt , B. R. (1983)1 Results of reatatance bree­
ding in alfal fa II. Resiatance to Verticill iu• 
wilt. 
Acta Agron011ica Acad. Sci., Hungariae TOM. 
32 . 78•85. P• 



.. 84 -

Bakheit, B.R. - T6th E. (1983)& Results of resistance on 
alfalfa breeding I. Reeietance to FuaarlU11 wilt. 
Act a Agron. sci. Hungarlae Tom 32. 
424-429. P• 

T6t h S6ndorn6 (1984): A lucerna t6panyagell6totte6ga 6a a 
FuaarlU11 epp-vel aze•beni ellen6116a6ga kozotti 
oaazefCiggb vizagUata Ovegh6zi 6a ezabadfoldl 
k la6r letekben. 
Nw6nyv6del•I TudoiHnyoa Napok ' M. 

T6t h Sn6 dr. 1984: A lucerna tapanyagell6totta6ga 6a a 
Fuearlum app-vel azembenl ellen6116a6ga kozottl 
oaazefugg6a vlzag6 l ata Ovegh6zl 6a azabadfoldl 
k la6r letekben. 
N6v6nyv6del••• xx. 6vf. s. az. 268 P• 

E. T6th - K. l ze6kl s The effect of cutting tl•e on the 
ylel f and chemical compoeltlon of different l ucerne 
varletlee and ate••· 
Eucarplas Bulg6rla, Pleven. 1986. 116jua 12-16. 



-i " ' " - .85 - . 

·t,... • 

~CAL PERFOBHMCES OF ALFM;FA Ct£DICAGO SATIVh L.) AS AFFECTED . ~ 

DJFFERENT NOlfI'S OF INBBED SEEDS iN THE INITIM. SEED LOT." 

F. Veronesi Cl>, M. Falcinelli (2), F.Lorepzetti C?> 

(1) 

(2) 

Istituto di Agronontia genez>ate e Cottivaaioni erbacee. Universita degti . 
Studi di Sassari. via E. De Nico'l.a. 0?100 Sassari. Itaty. 

IstitUto di MigUoramento genetico vegetate. Univer81-tti degU Studi di 
Perugia. Borgo XX giugno N. 74. 06100 Perugia. Itaty. 

SU!W.RY 

A study was conducted at Perugia (Italy) in 1983-85 to evaluate the 

agronomical performance of alfalfa (Medicaao sativa L.) as affected by a 

wide range of inbred seed percentages. Nine seed mixtures h<l.ving ·ratios of 

inbred seed to hybrid seed CS1:F1> of 1:9, 2:8, 3:7, 4:6, ?:5, 6:4, 7:3, 

8:2 and 9:1 plus two controls (100% Si seed and 100% F1 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: dry matter yield · 

per plot 30 Hay and seed yield per plot 19 Aug. 

Sharp decreases in dry matter yield per square meter became evident 

only when . the S1 percentage in the initi,al 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 ven;ion of this lecture will be submitted for publication 

elsewhere. Research suPp<>rted by the National Rersearch Council of Italy, 

Centro di Studio per il Miglioramento Genetico delle Piante Foraggere · 

(Director: Prof. Franco Lorenzetti) c/o Istituto di Miglioramento genetico 

vegetale, ~iversita degli Studi di. Perugia, Borgo XX giugno N,74, 061!>0 
. 'L 

-Perugia, Italy. 



- ll6 -

INTRODUCTIOO 

Alfalfa (Medicaao sativa L., 2n-4x•32) is considered. to be a. widely 

'allQgamous species in nature. Early studi.es 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 VEROOESI 

(1981), VEROOESI nID 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· envi"ronmental and agronomical factors. 

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

~ange of mixtures of inbred and hybrid seed on agronomic performance 

(forage and seed yield; of alfalfa. 

W.TERIALS MID 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 <St> 

to hybrid seed <F1> ·Of 1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 7:3, 8:2 and 9:1 plus 

2 "Contt"ols (100% S1 seed and 100% F1 seed). Seeds were sown 15 Apr. 1983 

i .n micro-plots (60 x ·40 cm) at a seeding rate of 1,600 seeds m-2 (32 

.kg·ha-1), the seed density normally used in Italian alfalfa stands. The 11 

entries will be referred to as A (100% F1>. B (10% s1 >, C (20%. s1 ), D (30% 

S1), .E (40% st>. F (50% st>. G (60% Si>., H (70% S1), I (80% St>• J {90% 

Si) and K (100% S1). Controlled Si and Fi seed lots were produced from 30 

vigorous plants chosen from a three-year-old stand according to the 

procedures referred to by VERao!ESI 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 ~loyed. 

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·m-2) .20 Aug. 

In 1985 data were collected on: 
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-dry matter yield per plot (g·m- 2) 30 May; 

-seed yield per plot (g·m-2) 19 Aug. 

RESULTS 

Total dry matter yield (DMY) per square. meter (sum of 5 cuts) is 

reported in Fig. lA; it ranged from 1,504 g ·m-2 (K) to 2,332 g·m- 2 (A); 

therefore plots seeded with 100% S1 (K) produced 67% of the plots seeded 

with 100% F1 (;>,). On the basis of the statistical analysis, two groups of 

entries were clearly evident, a more productive group (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 sqilare meter (sum of 2 years, 1984 and 1985) 

is reported in Fig. lB; it ranged from 124 g.m-2 (K) to 306 g.m- 2 (C). The 

entries fell into the same two groups as al ready reported for DMY (Fig. 

lA); entry K (100% s1) yielded 46% of entry A (100% Fl), confirming tne 

presence of a strong depression connected with the inbi;ed origin of the 

plants. 

DISCUSSION AND CONCLUSIONS 

The lower dry matter yield (l)MY) of S1 with respect to Fl plants is-\" 

very clear, since the S1 plants of entry K (100% s1) gave a DMY of 67r 

with respect to that of Fi plants of entry A (100% Fl)· The high level of 

inbreeding effect is in accordance with the data reported by c;i.RNNiAN and 

PADEN (1967), KEHR (1976) and VERONESI et al. (1985). A sharp decrease in 

DMY becomes evident only when the S1 percentage in the initial seed lot 

reaches or exceeds 70"/o of the total (entries H, I, J a.nd K). It is worth 

noting that, as reported in the introduction of the present paper, several 

investigations have shown that the percentage of S1 • seed in open 

pollinated 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% Fl) to G (60% S1) the SY is not 

statistically different while the depression of entry K (100% s1 ) 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 S1 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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Figiue 1 - A: total d:ey matter yield per square meter (sum of 5 cut s) ; 
B: total seed yield per square meter (sum of 2 years ) . 
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level of selfing of the seed crop in whi ch t he seed lot is produced. 

, , 
RESUME 

Une recherche a ete menee a Perouse (Italie) au cours des annees 1983 -

85 pour evaluer l'influence qu'exerce un pourcentage different de plantes 

pour l 'autofecondation sur les caracteres d' interet agronomique. dans la 

luzerne. 

On a seme, sur des microparcelles ayant .une densite d ' ensemencement de 

1600 graines par m2, neuf mela)'lges de graines ayant des rapports de 

graines pour l ' autofecondation (S1) a graines de croisement <F1) 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 S1 et 100% de graines Fi respectivement). 

Les donnees relatives a la production de substance seche par unite de 

surface ant ete relevees trois fois au cours de l ' annee 1983 (le 21 Juin, 

le 20 Juillet et le 2 Septerrbre), une fois au cours de l'annee 1984 (le 16 

Mai) et une fois au cours de l'annee 1985 (le 30 Mai) tandis que le 20 

Aout 1984 et le 19 Aout 1985 ont'ete relevees les donnees relatives a la 

production de graines par unite de surface. 

Des diminutions substantielles dans la production de la substance 

seche ant ete relevees seulement quand le pourcentage des graines s1 dans 

le lot de graines initial etait superieur OU egal a 70% .. Par consi§quent on 

peut dire que les productions de fourrage et de graines d'une culture de 

luzerne ne sent pas etroitement liees a la quantite de graines pour 

autofecondation presentes dans le lot de graines utilisees pour faire la 

plantation merne. 
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Environment and the selection for vigour 

Workshop session Nr. 

Chairman: J. Sjodin 

- Selection for herbage and seed yield 

It was generally felt t hat seea 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 l ost 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 i ndustry. 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 selection 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. 



Workshop session Nr. 2 

Chairman: H. Scheller 

Topics: 
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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 breeding stations was discussed. 

It seems, that espflcially 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. 



Workshop session Nr. 3 
Chairman: F. Veronesi 
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1. Several participants gave statements about pr9blems, mainly with vigour 
caused by climatic conditions. Limits are very often .caused by lack of 
winterhardiness, .so, we disoussed methods to increase freezing resistanee. 

2. Considering vigour as a COfllJOSite trait, it is necessary to ·select, if 
possible, under real conditions . .However, it. could be very useful te 
make a broad improved population lllhere all researchers could make Use Of 
the material for specif~c adaptation. 

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

All participants agreed on the passibility of giving nDre ti111e in future 
conferences to this kind of workshop but the topic to be.discussed 111Jst be 
more concrete and specific. 
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EFFECT OF RHIZDBIUM STRAIN S ON THE GROWTH IN VITRO OF 

FUSARIUM OXYSPORUM VAR. MEDICAGINIS 

Ilona APONYI - Crop Protection and Soil Conservari on 

Service, Budapest 

Eva BAKDNDI-ZAMORY - Crop Protection and Soil Conser­
va t i on Se rvic e , Budapest 

Borbala KDVARI - Research In st itu te for Fodder Produc­

tion, Bicserd 

Erzse bet TOTH - Research I nstit ut for Irrigation, 

Szarv as 

Effects of 7 Rhizobium meliloti strains and 2 Rhizobium 

japoni cu m strains ( Rm- 1, Rm-2, Rm -3. Rm-4. Rm-5, Rm-6, 

Rm-7, Rj-1, Rj-2) on the growth of Fusarium oxysporum 

var. medica ginis were in vitro studied. 

The Rhizobium strains were solved in potato dextrose 

agar and poured into Petri dishes. Di s cs of 5 mm 0 cut 

from the Fusarium oxys poru m var. me dicaginis culture 

were placed on the s olid agar surface inoculated with 

Rhizobium. Four discs we re put into each Petri dish. 

Cultures were asses se d after 7 days of incubation. 

Growth of Fusarium oxysporum var.medicaginis colonies 

was measured. It was found in the screening te~t that 
the Rm-6 and Rm-7 st rains fully inhibited growth of 

Fusarium oxys porum var. medicaginis. On the other hand, 

the other 5 Rhizobium meliloti and 2 Rhizobium japonicum 

strains showed only partial antagonistic effect . 

Rhizobium st rains s howing full inhibition in vitro will 

be further tested under glasshouse and in the field. 
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IRBl?D:IH> MFAIXM FBSCUB l'(R VIOOJR l\NO PERSISTEOCY 

S. Badoux and D. Schmidt, Federai Research Station for Agricuiture 

Changins , CH - L260 Nyon, Switzer fond 

Meadow fescu!i ( Fes tuca pratensis L. 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 stmner 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 campestria p.v. 

grcurrinis), leafspot (Dreahs Lera sp in particular D. sorokiniana ) and 

crn\o.'11 rust (Pucainia coronata ) can be responsible for poor persistency. 

In the recurrent selection prograntre conducted at Changins, seedlings are 

inoculated in the greenhouse with crown r ust and bacterial wilt; only 

tolerant plants are transferred to the field for observation during three 

years. Drechs Lera seems to be endemic in the breeding garden. 'lhe best 

plants are then cloned and observed again for two years before being 

intercrossed in a polycross. Progenies are evaluated in microplots at 

three locations. 'lhe best families are used as basic material for a new 

cycle of selecticn . 

Tanperature and drought influence the yield and also the content of non 

structural carbohydrates . In the field a relation between drougth period, 

growth stage and persisterx::y was observed. However further investigations 
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are necessary to understand the mechanisms which affect the survival of 

plants during sumner. 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 canpetitive 

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) , Pi er-Paolo Roggero (1) Fabi o Veronesi (2) 

(1) Centro di Studio sul Miglior-amento della Pr-oduttivita dei Pascoli del 
C.N.R. , Sassar-i, Italy. 

(2) Istituto di Agronolitia gener-ale e Coltivazioni eroacee, Univer-sita di · 
Sassar-1, Italy. 

Alfalfa -(Medicago sativa L., 2n=4x=32) tan play an important r-ole in 

Sardinian for-age pr-oductfon if a few varieties adapted to the typical Medi-

ter-r-anean environment of the island ar-e available. The aim of the present 

research is to synthetize such varieties starting from local adapted mate-

r i als once ascertained if genetic variabi lity for trai t s 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 comparative trial previously carried out at 

the Agronomy InsUtute, University of Sassar-i. In sl.Dllller- 1987 Half-Sib (HS) 

seed was produced on 100 randomly chosen plants out of the 535 plants at 

disposal. 

One-hundred HS seed lots wer-e sown in April 1988 Cl linear meter plots, 

replicated three times, raws spaced 50 cm apart and a seeding rate of 50 

viable seeds per- linear meterl . Due t o the lar ge ntll'ltler- of entries , a tr-i-

ple lattice desi gn was used . 

In surn:ner- 1988 data wer-e collected t wi ce (July 1st and August 2nd, r-e-

spectively) on dry matter- yield (DMY, g pe> linear meter- ), flowering score 
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o=minimum, 9=maximum) and average hei ght (cm) of the HS entries . 

Analysis of variance showed the presence of significant differences (p 

<= 0.01) among entries for all the traits, with DM'i 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 DM'i and flowering sc.ore 

(rs0.43), between DHY and heiat>t (rs0.61) and between floweri'ng 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 WIJiTER HARDINESS 
AND DROUGHT RESISTANCE IN SIBERIA 

P. L. Goncharov 

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

smauRY 
The specific genofond of winterhardy and drought-resistant fod­
der gr~ses has been formed in Siberia. There have been deve­
loped s~lect,ion varieties, with local ones also widespread. 
Widely used are provocative backgrounds to produce winterhardy 
forms. The ultra-early ripening varieties combining high bio­
mass and seed .productivity hBTe been bred ii1 the zones with a 
short frost-tree 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 h!Uf of summer) and the sub-taiga and taiga 
regions lacking warmth. A short frost-free period in combina­
t ion with unfavourable hydrothermal conditions result in a low 
bioclimatic potential which is 0.46 to 0.64 of the mean index 
existing i n the USSR. Sharp temperature drops in winter, a 
thin snow cover and return spring frosts in restoration of pe­
rennial grass es vegetation often lead to their death. 
A number of local and selection varieties showing fair~y high 
resistance to unfavourable environmental conditions has been 
bred in Siberia. Generally recognized are the varieties: 
alfalfa - Om,skaya 8823, Flora, Barnaulskaya 17 Ksmalinskaya 
930, Kamalinskaya 530, Tayozhnaya, Tulunskaya Gibridnaya, Ono­
khoyskaya 6 and Zabaikalka; awnless bromegrass - SibNIISKHoz 
189, Kemalinsky 14, Tulunsky, Antey, Ostaninsky. 
The majority of' varieties has been developed on the basis of 
local wild-growing forms, with varieties from another regions 
introduce'd in hybridization to improve the quality and produc­
tivity level. When br eeding for cold resistance, promising 
proved to be the specimens from: in the chambers - the Khakass 
.Autonomous Region l98%), Novosibirsk Region (96%), the Buryat 
.Autonomous Soviet Socialist Republic (88%), Omsk Region and 
Altai Territory (85%); under field conditions - The Buryat · 
.Autonomous Soviet Socialist Republic and the Khakass .Autono­
mo_us _Region (98%), Kr asnoyarsk Territ ory (96%), Novosibirsk 
Region {95%). The cold-resistant mat erial revealed i n t he pre­
l i minary stages of' breeding is to be additionally tested 
against provocative backgrounds . For example, our vari eties 
of alfalfa Tayozhnaya and Tulunskaya Gibridnaya , awnles s bro­
me Tulunsky and Antey have been s elected agains t speci al pro­
vocati ve backgrounds. 
The varieties grol'Jl in the arid st~ppe regions of' Siberia and 
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Transbaikal usually show fairly high resistance to Siberian 
drought • .Among them are: alfalfa - Omskaya 8823 and Flora 
(Omsk Region) , Barnaulskaya 17 and Biyskaya 3 (Altai Territory), 

TIC- 8 (Novosibirsk Region), Onokhoyskaya 6 (the Buryat Autonom­
ous Soviet Socialist Republic), Zabaikalka (Chi ta Region); 
awnless brome - SibNIISKHoz 189 (Omsk Region) , M-78 (Novosi­
birsk Region) t Ostaninsky (the Buryat Autonomous Soviet Socia­
list Republic J. 
Winter hardiness and drought resistance are concurrently shown 
by the varieties bred and grovm in the southern steppe areas 
of Omsk Region, Kulunda zone of Altai Territory and the Minu­
sinsk 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 
develop~d 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-resistant 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 t he Khakassia), Kormovoye 45 (Altai 
Territory), velvet mohar - Omsk.y 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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INFLUENCE OF SEED WEIGHT ON SEEDLING VIGOR OF TWO ACCESSIONS OF 
BIRDSFOOT TREFOIL (LOTUS CDRNICULATUS 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 (x=l. 312 
g), a -high productive population from Central Italy, and PI 
302921 (i=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 1st 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 1=minimum to 9=maximum, 
5) Dry Matter Yield (g/plant) evaluated at the end of June. 
Significant differences were found between populat ions for all 
vigor i ndeces ·except for green mass -,at the 1st and 2nd sampling 
dates. Great variability was also found within each population. 
Significant correlations between seed weight and all r ecorded 
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 R2s 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 0. 
In conclusion, since low correlation coefficients between seed 
weight and seedl ing vigor indeces are present only in Polcanto, 
it is better to select for vigor indeces ~ .!!..!!. • The wi de 
variat i on wit hin Polcanto for recorded vigor indeces suggests 
that progress can be achieved in a breeding program aimed t o 
increase seedling vigor. 
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ENZYMATIC POLYMORPHISM IN COCKSFOOT (Dactylis glomerata L.) 

PROGENIES AT DIFFERENT LEVELS OF INBREEDING 

M. OOOAROI, M.O. 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 S
0 

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 S
0 

(Fig. 1), and the dist~ibution 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 S
0 

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 s3 (F1g. 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 self!.ng) for Family n° 5. 

ENZYMATIC 
SYSTEMS 

GOT-1 

PGI-2 

PI-1 

ALLELES 

2 

4 

3 

HOMOZYGOUS 
Heterozygous: 
- balanced 
- unbalanced 

HOMOZYGOUS 
Heterozygous: 
- balanced 
- unbalanced 
- triallelic 

HOMOZYGOUS 
Heterozygous: 
- balanced 
- unbalanced 
- triallelic 

* probably unrepresentative satple size. 

So 

23.53 12.50 * 33 .33 

11.76 50.00 33.33 
64.70 87 .50 50.00 33.33 

25.00 100.00 100 .00 100.00 

70.83 
4.16 

58.33 41.66 42.86 * 

29.16 16.66 14.29 16 .66 
12.50 41.66 42.86 83.33 
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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 
SYSTEMS 

GOT-1 

PGI-2 

PI-1 

ALLELES 

3 

3 

3 

HOMOZYGOUS 
Heterozygous: 
- balanced 
- unbalanced 
- triallelic 

HOMOZYGOUS 
Heterozygous: 
- balanced 
- unbalanced 
- triallelic 

HOMOZYGOUS 
Heterozygous: 
- balanced 
- unbalanced 
- triallelic 

t unrepresentative saaple· size. 

So 

45.45 100 .00 100.00 100.00 

18.18 
36.36 

3.70 15.38 58.97 * 
18.52 5.13 
33.33 65.38 33.33 
44.44 19.23 2.56 

50.00 62.50 35.14 * 
33.33 37.50 27.02 
16.66 24.32 

13.51 
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Table 3 - Distribution and frequency of alleles in the 3 isozyme loci among different 
generations tested (polycross and self ing) for Family n° 12. 

ENZYMATIC 
SYSTEMS 

GOT-1 

PGI-2 

PX-1 

ALLELES 

3 

4 

3 

HOMOZYGOUS 
Heterozygous : 
- balanced 
- unbalanced 
- t:iallf'lir. 

HOMOZYGOUS 
Heterozygous: 
- balanced 
- unbalanced 
- triallelic 

HOMOZYGOUS 
Heterozygous: 
- balanced 
- unbalanced 
- triallelic 

* probably unrepresentative Sillple size. 

So 

30.43 

30 .43 
39.13 

40.00 

5. 71 
42.85 
11.43 

53.85 

26.92 
15.38 
3.85 

* 15.38 * 

22.73 23.08 ., , , 
l . . oo 

50 .00 61.54 83.33 
27.27 

6.06 .. 3 .57 

18.18 30. 77 42 .85 
75.75 69.23 53.57 

24.07 15.38 14.81 

29.63 53.85 48.15 
37.04 37.04 
9.26 30. 77 



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

THREE FAMILIES ANALYZED. 
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SCREENING OF VIGOUR OF PHLEUM PRATENSE L. UNDER GREENHOUSE 

AND FIELD CONDITION 

s. Proiiczuk, J. Neugebauer, M. Pronczuk, J .Kaszuba 
Plant Breeding and Acclimatization Institute Radzik6w, Fbland 

PROBLEM 
Rapid screening methods are helpful in the lopg 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 ~erformance 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 planted. 5 cutting system of utilization 
per season has been used. In the greenhouse 16000 lux for 16hr/day 
have been conducted. 'lhe 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 

a x c 
b x c 

Yield 
1979 1980 1981 

0,58 0,54 0,21 
o,e4 o,67 0,81 

Tillering 
1979 1980 1981 

o,53 o,48 0 , 19 
0,70 0,51 0,74 
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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 
7 
8 

9 
10 

+ + + + + + 

+ + + + 

+ + + + 
+ + + 

+ + 

+ + + 

+ + 

+ + + + 

+ 

+ + + 

+ among the groub of 10 best clones 
- below the 10 best clones 

By using screening methods in Plant Breeding and Acclimatization 
Institute Exp.Station ~rhtzek new variety Phleum pretense "Kaba" 
was bred and registered in1988. 

CONCLUSION 
1. One year field test generally quite well predicts the yielding 

and tillering of Fhleum pratense clones compering to 3 years 
utilization. 

2. Greenhouse test might be informative for the breeder but results 
strongly depend on genotype, 

REFERENCES 
1. Badaux S.(1977) Pree.XIII Inter. Grass.Cong. Section 1-2 :443...45\ 
2. Scheijgron W,,Vos H, (1960) Proc,VIII Inter.Grass.Cone. :118-12 
3. Tomaszewsl-;i z. (1967) Biul. Inst.Hod.! Akl.Rosl. 5 : 57-59 
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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 Ita.lian 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 ROO'I;:. IN LUCERNE. DRY MATTER 
YIELD. ~OTAL 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 lucerne crop have 

been studied in a series of experiments at the Institute 
of Lodi. On these basis, a model of the lucerne crop and 
lucerne plant was defined (Rotili, 1988). The research program 
was developped in recent years in order to improve these 
models as long as the role of root reserve recovery ,fo,r 
forage production and persistency is concerned; 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 \'.:lifferent 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 m::i.tter yield. Early cut regime: the trend of aerial 
biomass production shows a general decrease fr~m the 1st 
to the 8th cut for all the cultivars. The drop is particularly 
sharp from the first to the second cut (reduction of 50~7-0%). 

Within each productive cycle, the production at regrowth 
stage is higher for Equipe and Victoria; 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 least 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 Victori a show the greatest values in root D.M., 
Sewa the l owest. It is noticeable that an important and 
early regrowth is accompanied by a marked decrease in root 
D.M . . Equipe shows the most e f fective 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 .. 



Normal cu t regime: a general decrease in aerial D. M. from 
the fi rs t to the last cut is evident in both years . This 
dec rease is slighte r in Equipe than in other cv.; a t the 
end of the first year (oc tober), the Egypt ian cv. Sewa shows 
the hi ghest 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. 
~s for the root D.M. we can distinguish two groups : Sewa 
and Julus, with low 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 cut ting. The sampling in wintertime shows 
that a part of the root D.M . is lost (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 is 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: to tal sugar content of the roots shows 

a variati on around 9% through the cuttings. Within each 
productive cyc le , a significant decrease at the regrowth 
is evident at the first cut and after the 4th Crude protein 
conten t 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 is found between green and blue bud stage. 
The crude protein conten t has a trend similar to that of 
root D.M.. Only a slight decrease is observe d at the regrowth 
stage, while the lower value of crude protein content is 
fo und at the green bud stage. 

Mortality 
The cut at the green bud stage causes a very high mortali­

t y in al l cultivars excepted Equipe, which was selected 
fo r the resistance to early cutting. When cut at the flowering 
stage, Equipe and Vic toria 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 resul ts of thi s experiment show 
that there is a large 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 Interspecif ic 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 formg 

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 photoperioo 

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 we~e 
produced when perennial ryegrass was crossed with meadow fescue. Was impossi1'1.'e 
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 (lOx). 

lnterspecific 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 t he 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 cont:Jinations among inbred lines. For example the EFll 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 
nunt:Jer 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 hybrids (with in group I). 

The comparison. of the means of 4 best and 4 worst F1 hybrids and their progeny 
i s given on Fig.l. .No correlation has been found between yields of F1 hybrids 
and i t s progeny . It may prove that yields of hybrids were high due to non -

a±titive 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 compar ison t o t he standard 
variety . 



Hybrid 
formula 

518 x 127-1 
127-1 x 328 
126-1 x 518 
337 x 398 
398 x 304 
126-1 x 127-1 
73-1 x 127-1 

127-1 x 304 
398 x 423 
328 x 423 
327-2 x 304 
304 x 327-2 
327-2 x 127-1 
75-5 x 171 

LSD (p=0.05) 

Tula 
Ko111E:ta 
Radius 
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Table 3 

GCA of hybrids F1 ( clone x clone ) 

Seed sett ing of hybrids Fl 
Seed yield Seed yield Pod No. Seed No. 
per 50 atems per 50 racemes per raceme per pod 

g GCA g GCA No GCA No 

39.0 20.2 8.9 4.6 17.8 3.0 4.1 
32.0 13.2 5.6 1.3 19.0 4.2 3.3 
22.0 3.8 4.8 0.5 16.0 1.2 2.7 
22.0 3.8 4.4 0.2 17.4 2.6 2.5 
20.5 1. 7 3.6 -0.7 12.9 -1.9 2.6 
17.0 -1.8 4.6 0.3 13.6 -1.2 3.3 
14.0 -4.8 4.5 0.2 14.8 o.o 3.1 
8.0 -10.8 2.9 -1.4 12.4 -2.4 2.4 

22.0 3.8 5.4 1.1 18.1 3.3 3.0 
18.0 -0.8 3.4 -0.9 13.8 -1.0 2.4 
19.5 0.7 4.1 -0.2 14.8 o.o 2.8 
16.0 -2.8 3.4 -0.9 15.5 0.7 2.4 
7.5 -11.3 2.5 -1.8 10.1 ~4.7 2.7 
5.0 -13.8 2.5 -1.8 10.6 -4.2 2.3 

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 
3y. , 4 locations 
in Poland 

110-530 kg/ha 
100 % 

156 % 

Mean dry matter 
yields, 3y. , 
4 locations 

102 % 

100 % 

100 % 

GCA 

1.3 
0.5 

-0.1 
-0.3 
-0.2 
o.5 
0.3 

-0.4 
0.2 

-0.4 
0.0 

-0.4 
-0.1 
-0.5 
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Seed setting of F1 hybrids and Syn 1 progenies 
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R - coefficient of correlation 
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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 
Radzik6w, POLAND 

Introduction 
Male sterility has peen investigated in different species of fo­
dder grasses.Spontaneous 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 h~ve also studied seed 
setting of self pollinated clones with respect to maintain male 
sterility. 
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
pection~ The 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 F1 offsprings,while part of them were selfed to be a co­
ntrol.Plants Fj were grown up to flowering to detect . segregation 
for male fertiie and male sterile phenotypes . The plants werg 
grown in ~eenhouses under two different temperatures~8-20 C 
and 25-30 c. 
Results 
In 1987 three of male sterile /MS/ and four of partialy male stc 
rile /PMS/ clones were selected /table 1/.'i'he 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~Wheg 
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 F1 ~MS and 
MF ,Plants were scored in F /table 27.Presence of MS plants in 
F1 s generation proved thai 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 or those clones were selr-sterile and set 
from 0 to 3 seeds per bagged head.Although,several of clones 
with relai..ively good self-fertility were selected /table 3/. 
Summary 
In 1987 three of male sterile c~ones of tall fescue were sele­
cted.Male sterility of those

0
clones re~ined stable when che­

cked under temperature 15-20 anu 25-30 C.Male sterile plants 
produced seeds when crossed to pollen producing plants. It was 
proved that male sterility is inherited in generation F1 ~Par• tial male sterility observed in four clones could be a result 
or heterozygvus stage or 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 $elected at Radzik6w in 1987 

·1~~:::-::~F~:::-:;~;:---1;~:::~;::-F~2ll;~;!!;t;t!!ii:!~~~:: 
f--:;559---.:.i;;;;;;:1;;g-;t;;1~ .. ----M5-----.:.--12=;2-f ___ .;. __ gi:~Q_f.._ 
I from Radzik6w 
I 1570 ft MS 0 0 
I 1586 ft MS 0 0 I 1510 Hokuryo PMS 8 25 

1511 breeding strain PMS 5 15 

1542 

1567 

.from Skrzeszo-
wi ce 
breeding strain 
from Radzik6w 

ft 

PMS 10 30 

PMS 10 25 

-------------------------------------~------------------------
Table 2. 
Fertility of first generation obtained on male sterile clones. 

----------------------~---------------------------------------
Cross 1------~~:-~=-!=~:::=~-~=~:~_:1_ _____ _ 

• Total ! MS . MF ----------------------------------------------------------
·11569 MS x MF plants 98 34 64 

Percent 100.0 34.7 65.3 
1 1570 MS x MF plants 102 27 75 

I Percent 100.0 26.5 73.5 I 
158.6 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. 

,-------------t----------------------r--3;;~;~;;;-~~;--------, 
Cl.c,,1~ no. i Clone origin j---E2fifi~!LhT2!L ______ _ 

-------------~----------------------~-----~2:.---~----~------1485 Demeter 27 .5 30.0 
1477 K0-4 ecotype no.39 22.4 24.5 

1478 

1543 
1495 
1503 
1546 
1486 
1529 
1532 

from Konczewice 
SE-1 stock no.131 
from Szelejewo 
Brudzyt5.ska 
Hokuryo 
K0-2 ecotype no.144 
Aberystwyth 
Tawn 
Brudzyt5.ska 
Brudzynska 

Average of 47 clones 
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CALLUS FORMA~ION 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 inflore·scence 

segments of field grown plants · from two Polish culti var.s: 

"Skrzeszowicki" and "Tur". The inflorescences (1 - 10 cm l.n 

length l were cultured on Murashige and Skoo.g medium (MS) 

supplemented with 4 

( 2 ,4-D) .• 

mg/l 2,4-dichlo~ophenoxyacetic acid 

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 

sof,t, yellow-greenish, hydrated one. 

Calli which regenerated multiple shoots usually grew faster 

than those non-regeneruting. rhose call j which started 
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regeneration fro• roots usually did not produce shoots, even · 

under prolonged culture. The frequency of phenotypic variants 

among the regenerated plantlets increased with the tiae of 

callus culture before the regeneration. 144 and 30 noraai ;· 

green plants from "Tur" and "Skrzeszowicki", respectively, 

were regenerated. Regenerated plants originated both via 

differentiation of shoot priaordia and somatic eabryoa. 

After the plants were established, root tips were examined for 

somatic chromosome number. 26 diploid• (2n = 14) and 4 

tetraploids (2n = 28) in "Skrzeszowicki" and 102 diploids and 

42 (29.2 "' tetraploids in "Tur" were found. The doubled_ 

chromosome number 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 r•nged fro• 82.0 " to 99.0 ") and 

set seeds under open pollination .(between plan~ at the same 

ploidy level). However, seed set in tetraploids wa_s relatively 

low ( 2. 3 - 32. 5 ") when compared to that of diploids 

(22.7 - 78.9 "l· 
CONCLUSIONS 

1. Young inflorescence segaents are excellent explants for 

obtaining callus efficient for pl11nt regeneration, 

2, Tissue culture aethod appear to be a proaising tool for 

chromoaoae doubling in diploid italian ryegrass. 
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