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In 1970 a most success ful meeting of the Eucarpia Fodder Crops Section 
wa s held at Lusignan. With memories of that meeting still fresh in 

members minds it was the unanimous wi sh of members that we accept the kind 

invitation of Dr C Poisson of Station d'Amelioration des Plantes 

Fourrageres to hold ou r 1987 meeting at Lusignan. 

Such is the magneti c attraction of Lusignan to fodder crop breeders 

that a reco rd number of 120 memb er s and guests from 23 different countries 

gathered together for the meeting held from the 21s t t o 24th September , 
1987. 

Th e ma in theme of the meet ing was "Natural Variation and Breeding for 

Ada ptat ion". Thi s report contai ns the t exts of the plenary and short 

pape rs presented during the various sess ions together with a summary of 

the posters. 

In contrast to earli er mee tings of the Sec tion, Workshop sess ions were 

introduced to provide a greater opportu ni ty for discussion on a range of 

topics alli ed to the main theme of the meeting . A synopsis of these 

workshops i s als o recorded here . 

During the course of the mee tin g t wo vis its were arranged, the first 

visit wa s t o the !NRA Stat ion at Lu s ignan to see some aspects of the 

current researc h and breeding work. Although showery rain unfortunately 

inter rupted the vi sit to the exper ime ntal fi elds it did noth i ng to dampen 

the enthusia sm of the participants for the resea rch on view. 

The seco nd visit to the Marais Poitevins was to an environmenta ll y 

sensitive region of low lying marshland. The prob l em of management of 

such areas was cl early presented and their importance to the pattern of 

farming well exemplified. 

The meeting was most e ffi c i en tly organised by Dr C Poisson and 
co l leagues to whom we extend our thanks. It is a pleasure also to 

acknowledge the support of the Counc il of Lu signan for the use of their 
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excellent civic facilities and to the following organisations for 
financial support. 

The Groupment National Interprofessional des Semences et Plants 
The members of the Council of the Poitou-Charentes Region 
The Xavier BERNARD Foundation Council 
The Agri-Obtentions Administration Council. 

M D Hayward 
President of the Eucarpia Fodder Crops Section 
Aberystwyth 
Wales 

October 1987. 
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Description and distribution of natura1 variati on 
i n forage grasses 

B. F . TYLER 

AFRC I nstitute for Grassland and Animal Product i on , 
Welsh Pl ant Breeding Station , Pl as Gogerddan, 
Aberystwyth , Dy f ed , SY23 3EB, U. K. 

SUMMARY 

For ages are unique i n that wild ecotypes have similar 
morpho - physiologica l characters to the more advanced crop 
cu l tivars and thus provide a wealth of genetic variat i on 
which can relatively easily be uti l ised for breeding. This 
variation in the form of differences i n growth rhythm and 
to l erance to stress is found in the contrast i ng 
macro - climates of Europe and as discontinuous variation in 
microhabitats. 

Tentative reasons can often be given to expla i n 
part i cular dist r ibution patterns and thus provide information 
to help predict the location of specific variation. Even so , 
many unexplained anomolies remain, some of which can be 
resolved by more intensive characterisation of the collection 
env i ronment and the ecotype itself. 

Detailed characterisation of naturally occurring diploid 
and tetrap loid Festuca pratensi s suggested that the 
altitudinal d istribution of the t wo cytotypes could be 
explained by their cont rasting seed physiology , seedling cold 
tolerance and g rowth r hythm . 

Colle c tion and characterisation of forage genetic 
variation has been in progress fo r over 25 years at the Welsh 
Plant Breeding Station (llPBS), and al though only a small 
proportion of the collected ma terial has p roved valuable , 19 
reg istered varieties have been deve loped using exotic wild 
ecotypes. 

I NTRODUCT I ON 

All b reeding act ivities rely on genetic variation t o 
p r ov i de the r aw mate ri a l for va rietal construction . Cereal 
and horti cultural c rop b reede rs rely largely on land r aces 
and o l d varieties as their source of genetic variation and 
only use putat ive ancestors and wild relatives as a last 
resort. However , forage grass breeders have the opportunity 
to ut ilise naturally occurring ecotypes and relatives of 
cult i vated species, as these are often little differentiated 
from , and a l most always cross fertile with , the relatively 
unsophisticated forage cultivars . This provides a seemingly 
limitless genepoo l of variation on which the breeder can 
d raw. I n the past 25 years staff of the WPBS have samp l ed 
thi s genepool and afte r characterisation have utilised a 
number of these exotic populations in cultivar construction . 

The temperate forage grasses are mostly outbreeders , 
with t h e major agronomi c cha r acte r s controlled by large 
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numbers of additive genes. Adaptation to environmental 
p ressures have resulted in the evolution of contrasting 
ecotypes within a species and these display physiological 
variation expressed as differences in flowering date, growth 
rhythm and resistance to stresses such as low temperature, 
drought and disease. Adequate characterisation of this 
variation is difficult as the expression of genetic variation 
often varies with the environment, leading to a large 
genotype/environment interaction . Practically, however, we 
have studied these ecotypes both under field conditions as 
spaced plants or small plots for agronomic characters, and in 
controlled environments for reaction to stress. Where data 
have been collected over a number of years comparisons are 
made with relevant standard cultivars that are included every 
year. Thus our evaluation, data may only be applicable to our 
own environment and extrapolation to other situations would 
appear to be difficult. This is illustrated by data (not 
shown) from a 1983 multi-site trial on seasonal growth of 
Loli um pe r enne landraces , where none of the popu lations had 
consistent spring growth characterisation over the four 
environments. Parnir, the Italian landrace, for example was 
characterised as only intermediate to good in UK and Belgium, 
good in Ireland but good-very good in the Netherlands. 
Sir:iilar contrasting expression of variation has been shown 
for data on mean stern length and mean emergence date (TYLER 
1985) . 

From this we may conclude that the degree of expression 
of genetic variat i on is dependent on the environment of 
evaluation. However , if data are compared from one 
environment only some useful indications of the extent of 
genetic variation should be possible . 

VARIATIOl< IN QUALITATIVE CHARACTERS 

Although most characters in forage grasses are 
quantitatively inherited one of considerable i mportance, the 
chromosome number, is qual itative . Characterisation of all 
our Festuca col le ct ions fo r chromosome number has made it 
possible to construct a d istribution map , which p rovides 
considerable information on the location of the var i ous 
chromosome races. 

Figure 1 shows that the hexaploid form of F . arundinacea 
and diploid F . pratensis are the common forms throughout 
lowland l'1. \/ . Europe . F. pratensis extends further north and 
F.arundinacea further -south; a rhizomatous form of the 
hexaploid being confined to the l'1.H . Iberian peninsular. 
Tetraploid arund inacea subsp. fenas appears to be confined to 
mid and high altitudes in a more or less continuous band fror:i 
the Cantabrian mountains in N.Spain th~ough the Py re nees to 
the French, Swiss and Italian alps. The tetraploid subsp. 
F.pratensis subsp. apennina , again a mountain c1totype,has 
been recorded over all .the Alpine massive, the Appennines and 
Carpathians. In N.Africa a softer leaved form of the 
hexaploid occurs in Tunisia and Algeria but not to our 
knowledge in Morocco, where the octoploid var. atlanti gena 
and the decaploid letourneuxiana is foun d at al 1 altit udes 
along stream sides in the Atlas mountains. 



p Colltctlon zont wt th !_.orattn1h only 

PA Colltct1onzont•tthbothf..p,.•tt-nds1nd!_.~ 

Acoll"tlon1ontwltll!:~only 

• !_.arund1nacu !Rhhooutou s fol"lll) 

• f.~1ub1p ~{• Var 7hucucen11co11~t1onuu 

T !. • ruMfn.cu vu . letourntu.dana co\1tct1on 1rt1 

+ !_.orHensh subip. 1oennfn1 co11tct1on aru 

15 

FIG. 1. Distribution of chromosome races of 
Festuca section Bovinae 

There are a number of obvious gaps in our data, firstly 
the easterly limi~ of subsp. fenas and secondly the westerly 
distribution of subsp. apennina. The mountains of 
Yugoslavia, Greece and Bulgaria have not been explored and 
would ap9ear to be fertile areas for these cytotypes. 

VARIATION IN QUANTITATIVE CHARACTERS 
Clinal variation 

The initial search for variation was concerned with 
major diffe rences in growth rhythm and it was considered that 
this was likely to be found in the major climatic zones of 
Europe . The main determinant of growth rhythm differences is 
the time of onset of reproductive activity and is usually 
measured as mean emergence date. It is a generally held 
opinion that flowering is earlier from material originating 
from the South and later from northern latitutes. This i s 
illustrated in Table 1 which shows data from 173 populations 
of Fcstuca arundinacea and it can be seen in general that the 
above does hold true and a cline exists from North to South. 
However, high altitude populations from low latitude are 
considerably later than populations from low altitudes at the 
same latitude. Also considerable variation exists within 
re<Jions, s uggesting that factors other than macroclima tc arc 
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influencial. Of some interest is the average coefficient of 
variation of individuals within populations for the different 
zones . Again , a cline appears to exist from North to South 
with considerably lower within population variation being 
shown in northerly than southerly populations . It is 
suggested that in the harsher environments of the north and 
at high altitudes, the less well adapted genotypes have been 
selectively eliminated resulting in populations with low 
variability, in contrast to popu lations from the more benign 
climate of southern Europe which retain g reater genet~c 
variqbility. Thus for maximising the collection of genetic 
variation , we might expect more success in the south than the 
north . 

TA.BLE 1. Tirre of inflorescence erreroence and within population 
variaum of Fest.uca ani.."Yiinacea fmn different ong.tns 

A~rage within 
Latitude No . of Mean errergence date p:::pulation C'C'.Ji?ft. Range between p:::pulations 
(degrees) pq:iulations (days fron 1 April} of variati.cxi (%) (Cays fran l Aprill 

Scan::linavia 60 21 74.9 4.4 78 . 3--69. 7 
High altit.lXle FAA/ITA 45 20 64. 7 6.2 75.1-50.l 
N.E. Europe 53 10 64.J 5 . 9 70.8-47 .4 
N.W. France 49 11 56 . 1 9.4 71.5-36.8 
Hunqary 47 6 53.l 14.1 68.0-U.J 
N.W . Spain 43 9 ~3.4 13.J 59.1-47.0 
tl.E . Spain 43 5 47 . 2 14 .4 52.7-43.8 
s. France 43 26 36.6 17.2 52.5-24 . 4 
c . Spain 42 3 40.9 26 .4 47 . 9-37 . l 

Tunisia 36 39 39.B 14.8 58.3-23.5 
Morocco {2n=56) 33 7 44.4 19.6 47. 6-38. 7 
Morocco ( 2n=70) 33 16 36.5 26.6 57.2-24.8 

The association between latitude, and thus macroclimate , 
and flowering time is reflected in the growth rhythm of 
populations. Scandinavian and North and East European 
populations generally display poor spring g rowth, good summer 
growth but a rapid decline in autumn and winter. At the 
oth er extreme, populations in close proximity to the 
Mediterranean have good spring growth fol l owed by a summer 
depression and good autumn and winter growth. Between these 
two extremes there is a clinal situation, with small 
differences being found associated with gradua l changes in 
c limate. Although this general relationship of growth rhythm 
and climate is valuable, prediction of specific growth 
characters often involves more detailed climatic 
consideration. Spring growth data obtained (not shown) in 
Aberystwyth for a range of Dactylis ecotypes showed no 
relationship with spring temperature at the origin, as might 
hav e been anticipated. However, if winter tempe rature of 
origin was a l so considered some pattern could be discerned . 
PopuL:itions originating from regions either with extremely 
co l d o r warm winters gave poor spring yields even though 
spri nq temperatures of origin were high. This is probably 
due to winter se nesce nce in the former and winter g rowth, 
c.-iusinq dep l etion of food reserves, in regions of warm 

.winter s . l'opulations from regions with intermediate winter s 
s h owe d .·1 l ineilr relationship between spring yield and spring 
tcmpcr<1ture of o ri q in. 
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Using this information, in 1971 an expedition was 
p lanned to collect variation in spring growth of ~.perenne by 
making a north to south transect from·Belgium to Switzerland, 
which represented an intermediate winter climate, avoiding 
the milder winters of S. H. France and Iberia and the 
relatively extreme winter temperatures of Central and Eastern 
Europe. Altitudinal transects were made along this 
latitudinal transect to increase the variation in spring 
temperatures. The results of characterisation showed a 
similar association to that found in the intermediate zone 
with Dactylis but with one notable exception. The popula ­
tions collected in the Zlirich uplands all had considerably 
more spring growth than would be anticipated from their 
spring temperature of origin. In fact they gave the amount of 
growth that would be expected from regions such as the north 
Italian plains (TYLER & CHORLTON 1979). These anomalous 
populations illustrate a commonly found occurrence; that 
general overall relationships between macroclimate and growth 
attributes are usually found but that exceptions to this rule 
are by no means uncommon. Such abrupt deviations from the 
clinal pattern suggest that features of the environment, 
other than climatic , can have considerable influence. 

Discontinuous variation 

In the course of plant collection more or less sharp 
environmental differences are often observed within a short 
distance. These may be contrasting managements in closely 
adjacent fields, abnormally high environmental pressure in 
restricted areas within a field, for example a traversing 
path , field entrances or drinking troughs, or other distinct 
micro-habitats. Obviously all observed environmental 
variation does not necessarily indicate genetic 
dissimilarity, and only by restricted sampling, separate 
multiplication and characterisation can genetic differences 
be confirmed. In a number of instances considerable variation 
has been observed in ecologically differentiated situations. 

During collection in the plains of northern Italy in 
1967 two contrasting managements in the same macro­
environment were sampled; one from a non-irrigated and the 
other an irrigated Italian ryegrass meadow . When compared in 
a common field environment in the UK the non-irrigated 
collection reflected more nearly the prevailing 
macroenvironment, good spring growth followed by a dramatic 
reduction in summer regrowth - typical of the growth rhythm 
observed from populations with summer water stress and high 
temperatures. However, material collected from the irrigated 
meadow gave a lower spring peak but showed a plateau of high 
production in the summer. It appeared that centuries of 
summer irrigation under high light and temperature conditions 
had led to the evolution of an ecotype with very high summer 
growth rates. Other apparently associated disadvantageous 
features such as disease susceptibility and poor seed 
retention were observed in this material and considerable 
breeding effort was required before this valuable summer 
regrowth character could be utilised in a commercially viable . 
cultivar (TYLER 1970). 
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At an even spatially closer level a hay meadow 
population in the Valtellina was compared with a sample 
collected from a path that traversed the same meadow . The 
results in Table 2 s how differences of the magnitude one 
would expect from populations drawn from the north and south 
of Europe. Thus within one meadow genetic variation was 
present that covered a considerable range of the variation 
that exists in the species as a whole. 

Path 

TABLE 2 . Characteristics of perennial ryegrass progeny 
obtained from plants collected f r om a hay meadow in N. Ital y 

Date of 
flowering 

31 May 

Spring growth 
(kg/ha/'l:lay) 

3.7 

Seedling height 
(cm) 

6.5 

% Survival 
after freezing 

92 

Meadow 1 May 20.5 11.4 57 

Two main conclusions can be drawn from these and a 
number of other similar examples of microhabit 
differentiation (TYLER & CHORLTOtl 1976). Firstly, that 
sampling in areas with extreme contrasts in environment even 
within the same general habitat is likely to provide a wealth 
of genetic variation, and that grassland management can be a 
major environmental force in contributing to this variation. 
Sampling in microhabitats is therefore a major feature of our 
collection strategy. Secondly, if this type of variation is 
ignored and sampling covers the whole range of variation 
considerable problems are likely to be encountered at the 
seed multiplication stage. For example in the previous 
example the 30 day range in flowering date would at best lead 
to assortative mating between early and late genotypes and at 
worst lead to the elimination of probably the late flowering 
genotypes resulting in considerable genetic change even over 
one generation of multiplication . This was observed in the 
regeneration of a group of L.perenne populations collected in 
Romania, when the original - collected seed was compared with 
seed derived from only one seed generation. Although the 
majority of populations which were derived from one seed 
generation showed no difference to plants deriv ed from 
original seed , one population with much the highest variance 
in the original sample showed a 5-day shift in flowering date 
and a consequent narrowing of variability. 

These are just a few examples of the extent of geneti c 
variation encountered in over 25 years of plant collection 
and evaluation. The most dominant feeli.ng is t h at t he exte n t 
of va riation in natural and semi-natural eco ty pes fa r exceed s 
that encountered in both old and modern varieties. Second ly, 
the variation is often; but certainly not alway s associ a ted 
with and can be explained by, considerations of climate a nd 
local management. Many of the anomolies are unresol ved, and 
would require considerable detailed investi gation t o fi nd a 
plausible explanation. 
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This is illustrated by an attempt to explain the 
distribution of a naturally occurring cultivated diploid 
forage species ~.pratensis and a related wild tetraploid 
relative F.pratensis subsp. apennina found in the Swiss and 
Italian Alps (TYLER et al. 1978) . As indicated on the 
distribution map (Fig-;- lT. both cytotypes occur in the 
Alps , however their ecological and altitudinal distribution 
are somewhat different. Ecologically apennina was found in 
habitats with high moisture conditions conferred by a 
combination of northerly or westerly aspects, shade, damp 
soilp or standing water. The diploid appeared to have a much 
wider ecological tolerance . The altitudinal distribution was 
that only apennina was present at altitudes above 1800 m and 
only diploid pratensis below 1100 m, with a wide overlap zone 
between the two altitudes where both were found including a 
number of sympatric populations. The mater ial was 
characterised in an attempt to explain the altitudinal 
distribution. 

The germination behaviour of seed collected from these 
populations showed that tetraploid apennina had a low 
temperature pre-treatment requirement for optimum 
germination , whereas the diploid responded normally. 
Constituents of mixed seed collections could be separated by 
the differential germination responses. Further work on 
germination using pre-treated seed, on a temperature gradient 
bar showed considerably different responses to temperature 
(LINlHNGTON et a l. 1979). The diploid s h owed a typically 
broad response curve over the 20 - 30°C r ange, with a r apid 
fall off in germination over 30°C. The optimum temperature 
was 2G°C. The tetraploid had a higher optimum temperature, 
29°C, and a much narrower germination curve , showing higher 
sensitivity to temperatures below the optimum. Examination 
of seedling cold tolerance using three increasi ngly severe 
tests showed that apennina seedlings were consistently and 
considerably less cold tolerant than the diploid. 

Finally , g rowth rhythm studies on the two cytotypes 
showed apennina to have a strongly summer o rientat ed rhythm 
with 70~ of its D.M . production occurring in th e June - August 
period compared with less than soi in the diploid. This was 
followed by complete senescence in ape nnina from October to 
May whereas diploid pratensis retained a p r oportion of green 
l eaf and gave some D.M . production (TYLER & CHORLTON 1974). 

Using the above characterisation, the following 
hy pothesis was mad e to explain the distribution of the two 
cytotypes . Relevant features of the alpine climate were 
o btai ned from ROLLER ( 1967). In January, temperature 
decreases with altitude from approximate l y - 3.0°C at 900 m to 
approximate ly - 8 . 5°C at 2000 111, snow cover is present from 
mid December to ear ly March at low altitudes anJ increases 
witil illtitude from late October to late May at hi gh 
il l t ilucl c . Early frosts, on average, are expected i n 

, 1.iid-Uclober ul low a ltitudes but are prevalent in late Au9ust 
,-,t hi q ll C>lt i tudes . Lute frosts do not occur on average l ater 
t11.•n tile end o[ /\pril a t low altitudes but can continue int o 
.J11 n c .rnd .July Clt lliqh a ltitude. 

l,.rrnn the c h <1ruc t e risation data 
d ipl o i d ll;i s no co ld requirement 

it is concluded that 
for germination and 

the 
is 
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therefore an autumn germinator, seed will germinate shortly 
after shedding in mid August. At low altitudes seedlings 
could be 9 weeks old by the first frost and 3-4 months old by 
the first snowfall . Seedling cold tests suggest that 
survival should be possible at low and intermediate altitudes 
but unlikely at very high altitudes . 

In contrast the tetraploid has seeds with a cold 
requirement and will remain dormant overwinter and germinate 
in spring in the rather open habitats of high altitude . Seed 
dormancy in the popu lation will be favoured by the death of 
any seedlings ge rminating in autumn. Mature apennina plants 
senesce during late autumn and winter thus escaping winter 
frost . 

These alternative life-styles: spring versus autumn 
germination, winter growth versus winter senescence offer 
reasons for the p resence of tetraploids and absence of 
diploids at high altitudes. Furthermore, the high optimum 
germination temperature of apennina together with its 
relatively narrow temperature range for germination would 
tend to delay ge rmination until the warmer weather arrives in 
early summer afte r the departure of late frosts . 

The absence of the tetrap loid at alt itudes below 1000 m 
may be explained by its very late s pring germination, putting 
it at a competitive disadvantage in closed mixed communities 
prevalent at low altitudes . Survivors of the 'seedling stage 
could a lso be at a competitive disadvantage here as adult 
p lants, since they are winter dormant and growth starts some 
6 wks later than the diploid in spring . 

The two cytotypes meet at mid - altitude , again in r athe r 
open habita ts where the survival strate gies are maintained, 
and it is likely that a dynamic situation exists between tne 
two forms depending on the severity of the previous winters . 
After hard winters the tetraploids are likely to be favoured 
and after mild th·e diploid. This can only be a hypothesis 
and would require detailed field observations to confirm, or 
otherwise , our explanation. 

Since this work was completed it has been found that 
many of the Festuca populations at mid-altitude are triploid 

presumably apennina x pratensis hybrids. Thi s was only 
revealed by a change in sampling technique from seed to 
vegetative , a nd illustrates that the degree of genetic 
variation detected can often be limited by sampling method s . 
Of interest is the possibility that backcrossing between 
pa rti a lly female fertile triploids and either diploid or 
tetraploid plants may occur, fol l owed by chromosomal 
stabilis a tion to e ither 14 or 28. There would then be the 
possibil i ty of gen.e flow between the two cytotypes l eadi ng to 
inc r eased ge netic variation in both pratensis and apennina in 
the neighbourhood of triploid populations. 

Ut il isation of genetic variation 

Identification, collection and characterisat ion of 
ge netic resources are the necessary precursors to 
u tilisation. After characterisation, 'elite' ecotypes are 
identified and utilised by the breeders by whateve r br eedi ng 
technique appea rs appropriate. The proportion of collected 
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ecotypes that have been utilised are of course very low. 
Approximately 2000 forage g rass and legume ecotypes have been 
collected between 1964 and 1981 and have contributed to 19 
registered varieties, so that appro.ximately only 1% of the 
collections have proved valuable as breeding material. This 
is probably the sort of utilisation percentage found by most 
forage genetic r esources workers and raises the question of 
what happens to the other 99% . 

As forages exhibit considerable genotype/environment 
interaction it is likely that certain populations, 
unacceptable in one environment, may prove valuable in 
another. Consequently, the WPBS has been active in seed 
exchange activities for many years providing a seed exchange 
list as the means of communication. Recently, however, the 
ECP/IGPGR has taken the initiative to encourage institutes to 
collabora-te in the construction of an European inventory of 
forage genetic resources. The aim is to provide a catalogue 
of all resources available for exchange, and also to indicate 
deficiencies in resources and where they exist , to encourage 
plant collecting expeditions. 

RESUME 

Les fourrages sent uniques en ce que les ecotypes 
sauvages ont d es caracteres morpho - physiologiques semblables 
aux cultivars de recolte plus avances et offrent ainsi un 
vaste potentiel de variatio~ genetique qui peut ~tre utilise 
sans g ros p roblemes pour la selection. Cette variation sous 
forme de differences dans le rythme de croissance et la 
resistance est attestee dans les rnacro-climats contrastes 
d 'Europ e et de fa~on discontinue dans des micro-habitats . 

On peut souvent tenter d'expliquer les modeles pratiques 
de distri b ution et ainsi etre en mesure de prevoir 
!'emplacement de variations specifiques . De nombreuses 
anomalies , demeurent inexp liquees , certaines peuvent ~tre 
resolues par une caracterisation plus intensive de 
l'environnement de collectage et de l'ecotype m~me. 

Une c arac terisation detaillee de Festuca · pratensis 
d iploi d e et tetraploi de existant naturellement suggere que la 
distributio n altitud inale des deux cytotypes pourrait ~tre 
exp liquee par la physiologie contrastee des graines , la 
tolerance d es semis au froid, et le rythme de croissance . 

Depuis p lus de 25 ans , la Welsh Plant Breeding 
Station (I/PBS ) , s' interesse au collectage et a la 
caracterisation de variation genetique pour le fourrage et 19 
varietes d eposees ont ete developpees en utilisant des 
eco t ypes sauvages exotiques, bien que seule une petite 
p roportion du materiel collecte se soit revelee utile. 
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THROUGH A MULTIVARIATE APPROACH ( ;,) 
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( 1 ) Istituto di Miglioramento Genetico Vegetale, Universita degli 
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Universita degli Studi di Sassari, Sassari (Italy) 
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(ICARDA), Aleppo, Syria 

SUMMARY 

Fi fty -eight access i ons of perennial ryegrass (Lolium perenne 
L.) collected from North to South I taly, were analyzed using a 
mul tivaria t e approach a pplied to a set of 8 quantitative traits . Two 
princ ipal component s were found to explain more than 60% of t he total 
variability i n the dependence structure. Heading time, forage dry matter 
yie ld and plant height appeared t o be the maj or sources of diversity 
among populations. On the basis of the two principal component s, sim{la r 
populations were clustered acco rd i ng to t he UPGMA method; three clusters 
were ide ntif ied . The r esults of cluster analys i s confi rmed t he pr esence 
of a r emarkable diversity within t he germplasm collection and , on t he 
who l e, the multivariate a pproach appeared to be a valid sys t em for 
perennial ryegrass germplasm eva l uation. 

INTRODUCTION 

Perennial ryegrass (Loliun pe renne L.) is an outb reeding 
dip l oid s pecies (2n=2x=l4) belonging to t he tribe Festuceae whicl1, as 
other her bage grasses, comes from Europe and Western As ia (1\,,1-.-i \ \ . 
1976). !=_.:_ pe r enne js us ually referred to as a coo l -season grass anti it i s 
cons ide 1· e d typical of mois t, coo l e nvironment s without seve 1·e wintl' r ~ 111d 

sl umne r I empe ral ure.s; neve rthe less, it appears we l 1 adapted and C\.)ll\llh.Hl i '.'' 

sponlan.,ous in lhe Mediterranean region (Neal-Smith, 1965). As a 
n)11se q ul' 1H : (~, It ;-i J ian breeders are interested in perennial ry e gras s with 

!lit> .-iim t o s ynthet ize, start ing from l oca l materials, varlet iPs l\.l lw 

( ,·q Hl'sl''1rt·il suppt11·1.,,\ by l he Nati onal Research Council of ltal v , 
s1><•t·i;1 I g1·;inl 1.1'.H.A. , Subject 1 . 5.1. 
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used both for pasture and turf establislunent in a wide range of climatic 
and edaphic environments, from low to high altitude, provided that soil_s 
with adequate moisture content are available . This is not the only reason 
to collect, maintain, catalogue and evaluate the Italian germplasm of 
1=..:_ perenne. Besides, as recently stressed by a working group of IBPGR on 
forages (1984), the danger of genetic erosion and the need for germplasm 
conservation is very present for perennial ryegrass of Italian origin 
probably as a consequence of the large amount of seed of non-adapted, 
North-European varieties which are commercialized in Italy every year 
(Lorenzetti and Falcinelli, 1987). 

On the basis of the above remarks, the objective of this 
study was to evaluate and to classify perennial ryegrass populations 
collected all over the Italian peninsula. Results recently reported by 
Veronesi and Falcinelli (in press) showed the multivariate analysis to be 
a valid system to evaluate an Italian germplasm collection of Festuca 
arundinacea Schreb . , a species related to 1=..:_ perenne. The same approach 
was used to deal with the set of morpho-physiological and agronomical 
data available on 1=..:_ perenne. 

MATERIALS AND METHODS 

Fifty-eight perennial ryegrass natural populations were 
collected at sites ranging from North (45°58 ' North Latitude) to South 
(39°05' North Latitude) in the Italian peninsula in 1982; 16 populations 
will be referred as Northern, 25 as Central and 17 as Southern 
populations (Fig. lJ. The division of the Italian peninsula into North, 
Central and South is not an artificial one; as a matter of fact, from a 
climatic point of view, in general, the Northern part of Italy, up to Po 
valley, is characterized by less severe summer drought stress and winter 
minimum temperatures lower than those typical of Central and Southern 
Italy. In turn, the climate of Central Italy can be considered to be sub­
Mediterranean while only from Rome Southward is a real Mediterranean 
climate approached. Sampling techniques recommended by Hawkes (1980) were 
applied. All populations were tested at Perugia (43°05' North Latitude). 
Two hundred seeds of each population were germinated in Petri dishes in 
Autumn 1982 . Seedlings were planted in Jiffy pots and grown in a 
glasshouse . Eighty randomly chosen plants were transplanted in the field 
(60x40 cm) in March 1983 using a completely randomized design . The 
following characters were recorded during 1984-85 on a single plant 
ba s is: 
- heading time (days from April 1, 1984 and 1985); 
- plant height (cm) at heading time, 1984 and 1985; 
- length and width of flag leaf (cm) at heading time, 1984 and 1985; 
- 1984 dry matter yield (g/plant) at heading time; 
- 1985 seed yield (g/plant) and 1000 seed weight (g). 
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Figure 1. - Collection sites of the 58 examined populations. 
Numbers 1 to 16 refers to Northern populations, 
numbers 17 to 41 to Central populations, and 
numbers 42 to 58 to Southern populations. 
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For the purpose of s tatistical analysis, data relative to 
heading time , plant height, length and width of flag l eaf , in which 
differences were not s ignif icant between 1984 and 1985, were averaged 
over years . 

Data relative to 60 plants per population, randomly chosen 
among s urv ivors at the end of the e xperiment, were checked across t he 
populations for homogeneity of within population variances and normality 
within the populations. They were then submitted to a nested mode l of 
analys is of variance (Sokal and Rohlf, 1981) with origins (North, Central 
and South Italy), populations within origins and plants within 
populations as sources of variation. After this preliminary analyses, 
average values of each population for each trait, standardized to zero 
mean and unit variance , were subjected to principal component analysis 
(PCA). Two r otated orthogonal component s (varimax met hod of rotation) 
were extracted and t he re l ative scores determined . From these scores, 
squared euclydean distances were establ ished , cluster analysis (UPGMA 
method) performed and a tree di agram drawn . 

RESULTS AND DISCUSSION 

Average values and range of variation of population means for 
each character are reported in Table l for Northern, Centra l and Southe rn 
populations together with ranges of variation relative to latitude, 
altitude and climatic characteristics of collection sites . A wide range 
of variation was present for all analyzed characters. I n parti cular, 
Northern populations appeared to be the most variable for seed yield and 
1000 seed weight; Central populations for heading time and plant height 
and Southern populations for dry matter yield , while length and width of 
flag leaf did not show clear differences in variability among orig ins. 

Res ults of the analysis of variance are reported in Table 2 . 
The sour ce of variation "Populations within origins" was always 
significant while the mean square relative to "Origins" was significantly 
higher than the mean s quare relative to "Populations within origins" for 
plant height and length of flag leaf. Therefore, only for 2 out of the 7 
analyzed characters was it possible to differentiate perennial r yeg rass 
accessions on the basis of their Northern, Central and Southern origin . 

Variation was further studied by nfeans of PCA. A principal 
component matrix, after orthogonal rotation for the 7 biological 
variables, is given in Table 3 . Using PCA these 7 variables were grouped 
into 2 components with eigenvalues greater than l which explained 60.53% 
of the total variation . For the purpose of interpretation , only those 
component coefficients greater t han 0.5 were empirically considered 
important . Component l was strongly associated with plant height, length 
and width of flag leaf, seed yield and 1000 seed weight, accounting for 



Table 

CHARACTERS 

HEADING TIME 
PLANT HEIGHT 
LENGTH OF FLAG LEAF 
WIDTH OF FLAG LEAF 
DMY 
SEED YIELD 
1000 SEED WEIGTH 

NORTH LATITUDE ( 0
') 

ALTITUDE (m a . s. l.) 

RAINFALL (mm year) 
AVERAGE MIN. T. ( °C) 
AVERAGE MAX. T. ( °C) 

Average values (x) and range of variation of populations means for each 
character evaluated in Northern, Central and Southern populations, 
followed by ranges of variation relative to latitude, altitude and clima­
tic characteristics of the collection sites. 

NORTHERN 

x RANGE x 

31. 80 23.10 - 42.40 35.30 
55.90 51.30 - 60.10 51. 30 
15.00 12 . 50 - 18.00 12.80 
0.53 0 .45 - 0.60 0.51 

145.00 99.00 -186.00 158.00 
12.60 3.10 - 18.00 11. 20 

1. 55 1. 27 - 2. 12 1.44 

45°58 ' - 44 • 1s• 
10 - 640 

576 - 1146 
-4.0 ; +0.9 

- +28.1 : +30 .4 

POPULATIONS 

CENTRAL 

RANGE 

11. 30 - 42.80 
47.10 - 61.40 
10. 70 - 15.70 
0 . 45 - 0.58 

93.00 -235.00 
5.80 - 16.30 
1. 16 - 1. 90 

44°06' - 42°00 ' 
10 - 1450 

526 - 1375 
-3 .5 ; +5.5 

+20.6 : +32.5 

SOUTHERN 
-------------
x 

35 . 20 
49.10 
12.50 
0.50 

130. 00 
10.40 

1. 39 

RANGE 
------------

28.40 - 43 . 00 
44. 50 - 52.40 

9 .80 - 15.40 
0.40 - 0.56 

47 . 00 -223 . 00 
6.30 - 18.20 
1. 13 - 1.65 

41°48'- 39°05' 
10 - 1050 

464 - 2051 
-0.3 ; +6.0 

+26.9 : +33.7 

N ...., 



Table 2 - Mean squares for 7 characters in Northern, Central and Southern 
populations. 

MEAN SQUARES 
CHARACTERS ---------------- ---- -- -- -----------

ORIGINS POPULATIONS PLANTS WITHIN 
(df=2) WITHIN ORIGINS POPULATIONS 

(df=55) (df=3422) 
--- - ---------

HEADING TIME 4144.90 ns 2297.80 ** 
PLANT HEIGHT 11880.50 ** 249.00 ** 
LENGTH OF FLAG LEAF 1889.50 ** 171.20 ** 
WIDTH OF FLAG LEAF 0.30 ns 0. 10 ** 
DMY 241505.80 ns 113486 . 50 ** 
SEED YIELD 1189.50 ns 640. 40 1<* 

1000 SEED WEIGHT 6.00 ns 2.14 *1< 

---------

not significant; ns 

** significant at 0.01 probability level. 

24.80 
49.00 
8.50 
0.01 

4672. 40 
25.40 
0.02 

N 
CX> 



Table S Principal component matrix after orthogona l rotation for 
characters of t he 58 examined ~ perenne populations. 

COMMON COMPON ENT COEFFI CIENTS 
CHARACTERS COMMUNALITY 

COMPONENT 1 COMPONENT 2 

HEADJNG TlME -0 . 42588 0.80126 0.823 39 
PLANT HEl GH'J' 0.83979 0.02142 0.70571 
LENGTH OF FLAG LEAF o. 71025 0.33357 0 .61571 
WIDTH OF FLAG LEAF 0 . 74533 0.25253 0 .61928 
UMY 0 . 00 190 0 .85659 0.7 3375 
SEEU YlELD 0.5 5620 - 0.01 573 0. 30960 
1000 SEEU WEJGHT 0 . 63831 - 0.14 844 0.42947 

El CENVAUJES 2 .66338 1.57353 

PCT. OF VARJANCE 38 .05 22. 48 

CUM. PCT. 38 . 05 60.53 

N 

"' 
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38 .05% of the total variation. Populations with high scores in component 
1 were characterized by tallness, wide and long flag leaves, high seed 
y i e ld and 1000 seed weight. Component 2 was made up of heading time and 
dry matter y ield, accounting for 22.48% of the total variation. 
Increasing values of this component are shown by early heading and high 
forage yielding populations . On the whole, considering the loadings 
relative to the 1st a nd 2nd component, it can be inferred that heading 
time , dry matte r yie ld and plant height are the maj or sources of 
diversity among t he ana l yzed !=..:_ perenne populations. 

In order to establish a taxonomic connection among germplasm 
accessions , similar populations were clustered according to the UPGMA 
method on the basis of the mean values of the 2 principal components. The 
phenogram obtained for the 58 perennial ryegrass populations is reported 
i n Figure 2. I n cor r espondence to 50% phenon (in taxonomic context, a 50% 
phenon connotes a group of populations affiliated at no lower than 50% on 
the similarity scale used in analysis, Sneath and Sokal, 1973), 3 
c lusters represented homogeneous groups. The first one was formed by 
populations 5, 10, 17, 18, 24, 26, 27 , 28, 30 , 31, 33 , 34 , 39 , 41, 46, 
49, 53 and 56 ( clus t er A), the second by populati ons 22 , 23 , 32, 36 , 40, 
43, 44, 47, 48, 50, 51 , 52, 54 and 58 (cluster B) and t he third by 
populations l , 2 , 3 , 4, 6, 7, 8 , 9 , 11, 12 , 13, 14 , 15, 20 , 21, 25 , 29 , 
35 , 37, 38 , 42 , 45 , 55 and 57 (cluster C) . Two populations , 16 and 19, 
did not belong to any cluster . 

In figur es 3 , 4 and 5 clusters A, B and C are s hown 
super i mposed on t he map of collection sites ; average values and range of 
variation of population means for each clus ter are reported i n Table 4 . 
Cluster A (Fig. 3 ) inc ludes mainly Central Italian types com ing from 
collection sites characterized by an average of 500-550 m a . s .l . and 
rainfall higher than 1000 mm per year . These populations show lateness in 
heading time (i=39 days from April 1) , high dry matter yi eld (i=l73 
g/plant) and low seed yie ld (i=9.7 g/plant) . Cluster B (Fig. 4) includes 
Ce ntral and Southern Italian populations coming from collect ion sites 
with altitudes and rainfalls lower t han those typi cal of cluster A (on 
the average 220-270 m a . s .l. and 700-800 nun per year , respect ivel y) . 
These accessim1s are characterized by early heading ti me (i=31 . 9 days 
from April 1) , low dry matter yield (i= 108 g/plant) and low seed yield 
(x=9.6 g/plant) . Cluster C (Fig . 5) includes 13 Nor t hern, 7 Cen t r al and~ 
Sout l1er 11 populations, coming f r om co llection sites si1nila r i 11 altitude t0 
those of cluster B with rainfall close to 900 •un per vear . Populations 
belo 11 gi r1 g to cluster C are i11termediate wi th respect to t l1 ose of cluste 1· s 

A and B for heading time (x=33 .6 days from April 1) and dry matter vield 
(x=l54 g/plant) whi le they show the highest seed yield (i=l3 . 6 g/pla11t) . 

On the whole , from Tables 1 and 4 , it is possible to note that 
the multivariate approach proved to be efficient in that it produced 
c lusters much more differentiated compared to the initial Norther11, 
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Table ~ 

CHARACTERS 

Average values (x) and range of variation of populations means for each 
character evaluated in populations belonging to clusters A, B and C. 

CLUSTERS 

A B c 

x RANGE x RANGE x RANGE 
----------- -- -----

HEADING TIME 39.00 33 . 00 - 43.00 31. 90 28.40 - 39.30 33.60 25.00 - 40.80 
PLANT HEIGHT 50.40 44. so - 56. 40 47.70 44 .80 - 53.10 55.70 45.00 - 61.40 
LENGTH OF FLAG LEAF 12.60 11.20 - 15 . 70 12.00 9.80 - 13.60 14.90 12.50 - 18.00 
WIDTH OF FLAG LEAF 0.49 0.47 - 0.54 0.48 0.40 - 0.53 0.54 0.46 - 0 . 60 
DMY 173.00 139.00 - 235.00 108.00 47 .00 - 148.00 154.00 117 .oo - 220.00 
SEED YIELD 9.70 3.10 - 16.30 9 . 60 6. 40 - 13. 90 13.60 7.20 - 18.20 
1000 SEED WEIGTH 1. 34 1. 13 - 1.54 - 1. 36 1.16 - 1. 71 1. 53 1. 27 - 1. 90 

-----------

w 
w 
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Central and Southern groups . Furthermore , t he clustering process made it 
possible to discriminate between populations that, according to 
traditional procedures, would be considered quite similar (for example 
accessions 8 and 10, 23 and 24, 29 and 31, which are geographically close 
but fall into different clus ters). Some clear discrepancies in the 
general correlation between clusters and locations, should be more 
precisely investigated, as for example populations 18, 33 and 41 of 
cluster A which came from collection sites at low altitudes and close to 
the sea. At the same time , popu lations 16 and 19 which are highly 
di\ferentiated and do not find a place in any cluster, may be regarded as 
cases of peculiar adaptation or genetical introgression . 

As already reported for r:_ arundinacea (Veronesi and 
Falcinelli, in press), the multivariate approach appeared to be a valid 
system to illuminate the intraspecific variation of perennial ryegrass, 
allowing a detailed characterization of populations in terms of 
adaptation and productivity , with a higher dis criminant capacity in 
comparison to single trait analysis . Last but not least, the results seem 
to show that, even in the presence of large amounts of non-adapted 
varieties on the Italian seed market, h perenne Italian germplasm does 
not seem to have already undergone a heavy process of genetic 
introgression similar to that clearly shown by r:_ arundi nacea in North 
Italy (Veronesi a nd Falcinelli , in press). 

This phenomenon is probably a consequence of: 
a) h perenne imported seed i s utilized in Italy , prevalently for 
turf establishment while F. arundinac ea seed is exclusively utili zed 
in forage production; 
b) results of previous research (Lorenzetti and Falcinelli, 1976; 
Falcinelli and Ceccarelli, 197 7; Falcinelli and Lorenzetti, 1980) 
clearly show that the persistence of foreign varieties of h 
perenne does not exceed 2 years while !....:_ arundinacea varieties of 
foreign origin, as well as Italian ecotypes under t he usual forage 
management techniques, persist for several years. 

On the basis of these results a11d cons ideratio11s , a11d becat1se 

this species could be more utilized in pasture establislunent, it seems 
useful to increase efforts in collect ing and maintaining the Italian 
germplasm of h perenne in an attempt to avoid the danger of genet it· 
e rosion which could take place in the nea r future. 
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RESUME 

Cinquante -huit accessions de Lolium perenne L. collectiones du 
nord au sud d'Italie sont analyses a travers une analyse multivariee, 
appliquee ·a un groupe de huit caracteres quantitatifs. Deux composantes 
principales qui expliquent plus du 60 p. 100 de la variabilite totale 
dans la structure de dependance, sont trouvees ~ L' epiaison, la production 
de matiere seche et l ' hauteur des plantes resultent etre la fonte princi ­
pale de diversite des popolations. Sur la base des deux composantes prin ­
cipales , les memes popolations sont regroupees en accord a la metode 
UPGMA ; trois groupes sont identifies. Les resultats de la Cluster Analy ­
sis confirment la presence d'une diversite remarquable au sein de la col ­
lection de materiel genetique et, l'approche multivariee semble etre un 
sisteme efficace pour l 'evaluation du materiel genetique de.!=.:.. perenne. 
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GENETIC VARI ATION AMONG FRENCH WILD POPULATIO~S OF PERENNIAL RYEGRASS 

G. CHARMET, F. BALFOURIER* , A. BION 

INRA , Station d ' Amelioration des Pl antes, 63039 Clermont-Ferrand Cedex 
*INRA . Demaine experimental fourrager, Le Pin au Haras, 61130 Exmes , 

France. 

Sununary : 
A set of 226 wild populations of perennial ryegrass was col­

lected in France in 1983 and studied from 1984 to 1986 in 9 nurseries of 
various locations. Agronomic traits were scored on a 1-9 scale and sub­
mitted to a mul tivariate variance analysis to obtain the main population 
effects . These were used for a multivariate hierarchical clustering ad­
ding a geographical contiguity constraint. 

This method yields 14 classes each of them grouping popula­
tions having similar agronomic behaviour and a common origin. They are 
presented on France maps and shortly described on the main factorial 
axes . The usefulness of such a method for genetic resources management 
is discussed. 

INTRODUCTION : 

226 seed samples of wild population of perennial ryegrass 
(Lolium perenne L.) were collected from various regions in France in 
1983 . This work was part of a cooperative program between 3 plant 
Breeding Stations of the National Institute for Agronomic Research (INRA) 
and 8 breeders companies. 

Thus 11 different teams participated to the collection 
following a same protocol : information about locality, soil, environ­
ment was collected and will be used as illustrative variates . The po­
pulations were implanted in 1984 as spaced plant nurseries in nine lo­
cations (3 INRA and 6 private breeders) and as turf plots in three other 
locations. Data from spaced plant nurseries only will be considered 
he re. Each population was represented by a single plot of 30 plants 
disposed in an incomplete block design (6 commercial varieties being 
replicated three times as control). Several traits of agronomic value 
were recorded, most of them on a 1-9 visual scale, the lower values being 
g iven t o the desired characteristics : unalternative, frost and disease 
resistant , vigourous plants . Only the heading date was expressed in the 
rank of the day . 
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Data were submitted to a multivaria t e variance analysis 
using the following model 

y = Mu + li + 1 x b lij + POPk + eps ijk 

where li is the effect of the ith location l x blij the effect of 

the jth bloc with i n the ith location and POPk the main effect of 

the kth population . Estimation of these effects were obtained through 
the BLUP (Best Li near Unbiaised Predictor) method (MANGIN et al , 1986) . 

Main 
all l oc,tions) for 
(S PAD , 1985) . 

population 
each trait 

ef fects (i . e . the average behaviour in 
were used for multivariate stat istics 

- A principal component analysis using normalized data . 
- A hierarchical clustering method using the euclidian 

distance on the factorial variates . 
- A geographical contiguity constraint allowing two po­

pulations to belong to the same cluster only in they are declared to be 
contiguous : A primary contiguity matrix is built by joining the popula­
tions not so far from each other than 50 km, then a secondary matrix is 
calculated by relating each element of the network to its second nearest 
neighbour . 

RESULTS AND DISCUSSION : 

Wild populations of perennial ryegrass generally have 
higher values than controls, indicating that unselected material appears 
to be poorly adapted to agronomic management . Some populations however 
do present some .interesting characteristics as regards natural adapta­
tion : frost or disease tolerance. 

The principal components summarize this overall informa­
tion from agronomic traits. Correlations between t he first tw~ new com­
ponents and the initial variates are illustrated on figure 1. 
The first component is positively correlated with frost resistance , 
spring growth , sununer aspect and persistency . According to the scale , 
the interesting populations are thus on the negative side of axis 1 . The 
second component is positively correlated with reheading , autumn growth 
and alternativity and negatively with heading date. Again the more inte­
resting features are on the negative side of axis 2 : late, unalterna­
tive populations . 

These two components explain 55 % of the total inertie. 
The follo wing components are much less explicative and will not be 
presented here . Illustrative var iates exhibit much lower correlations 
with the principal components than active variates do and must be 
considered with care. The most significant ones are along the axis 1 : 
altitude , grassland and pasture management on the negative side , 
roadside and sandy soil on the positive one . (Figure 1 ). 



From hierarchical clustering with contiguity cons­
trainst, we have chosen a partition into 14 classes. The barycentres of 
each class on the plan defined by the first 2 main axes have been re­
ported on figure 1. 

In fact, most classes largely overlap on each others, but 
the segregation appears more clearly when considering separately the 
groups of populations from a same region. This is shown on Figures 2-6. 

In the south west region (figure 2), three classes are 
cohabiting : 1, 2 and 3. These three classes are clearly distinct in the 
main plan 1-2 : 

~ (1) is characterised by alternativity, low frost resis-
tance and spring growth , but on the other hand by a quite high level of 
disease tolerance. 

(2) groups alternative, very early heading populations 
having a poor autumn regrowth and persistency. 

Populations belonging to the class (3) are persistant 
early heading, green in summer but disease susceptible. 

Geographically, populations from c lass (1) are mostly 
l ocated in the west part and those from class (2) in the east part o f 
this subpyranean region. The average altitude for (2) and (3) is 366 m 
and 294 m respectively whereas it is 679 m for populations belonging to 
( 3). 

In the middle west region of France (figure 3), there are 
three c la sses of populations too : 

class (4) gathers populations having quite average values 
for a ll traits, except relatively good d is ease resistance and tille­
ring. 

Populations from class (5) behave relatively bad in sum­
mer and autumn, show multiple heading and poor tillering. 

We found in class (6) only 5 populations showing interme­
diate heading date and disease resistance but bad sununer aspect, fr os t 
suscep~ibi lity and short persistency. 

No ecological variate significantly differentiates one 
class from each other : ( 6 ) is loca ten in the west wetlands and ( 4) more 
south wherea s (5) is widespread upon th e r eg ion. 

Two 
the Massif Central 
disease s usceptible 

classes only have been built with populations from 
(figure 4) class (7) is made of semi late headiny, 
populations , whereas class (8) comprise.s inter-

mediate 
gourous , 
la tions. 

heading , pers.istant, 
remaining yreen in 

frost resistant, spring and outumn vi­
summer, but disease susceptible popu-



40 

Altitude and the type of living area are quite discri­
minant factors between these two sympatric classes. Populations of class 
(7) mainly come from roadsides and an average altitude of 490 m whereas 
populations o f class (8 ) are f o und in grassland at an average height o f 
80 0m. 

In north-west of France (figure 5), there are again three 
c lasse s of populations which pratically do not overlap on the map. 

Class ( 9 ) is found in middle Brittany and Anjou : their 
populations show i nte rmediate values for heading date and other traits 
except a nearly bad persistency and summer appearance . 

Populations of c l a ss (10) coming from west and south 
Br ittany, are intermediate t o late for heading, quite v igourous in 
autumn but show a poor tillering. 

The l as t one , class (11) is located in Normandy and asso­
ciates early heading , non alternative nor re-heading , frost resistant 
populations showing a good vigour in spr ing and summer. 

North- East France a r ound Paris also hosts three classes 
(figure 6 ). 

Cl ass (12) is made of ear ly, non alternative populations 
Showing interesting values for frost res i stance , spring growth, summer 
aspect and persiste ncy. 

Populations of c l ass (13) are late a nd unalternative but 
are l ess vigourous in summer and autumn. 

Finally , Clas s (14) gathers late, unalternative , persis­
t ant populations showing a good a utumn regrowth. 

Ecological factor s can be invo lved in differentiating 
classes (1 2 ) and (14): the populations of the former are mainly found in 
pasture grassland ~n chalky soil whereas those of the latter grow on 
l oamy and silty soils . 

DISCUSSION AND CONCLUSION 

What could be the usefulness of such a partition using 
both agronomic traits and map coordinates ? 

First l y , the constitution of our i nit ia l germpl asm for 
genet i c resources conse rvation can be supported by this classification. 
It is possible to multip l y , separately or in bulk, populations sampled 
in each c lass . Thus the chance of preserving various sources of genes in 
enhanced. 

Indeed the introduction o f the geographical contigui ty 
cons train t prevents us , in the eventual ity of a convergent evolution , 

orig inal source of genes leading to a same ideotype than 
pool . The plant breeder can therefore use various indepen­

in c r osses and thus fin d interesting transgressions~ 

to miss an 
another gene 
dant e ntries 



In addition, the r esults of this method may be helpful 
in the understanding of evolution an differentiation within the 
species Lolium perenne : 

- Are the various ideotypes of ryegrass randomly distri­
buted or in relation to specific ecological fac t ors ? 

Although the 226 populations studied do not c over the 
totality of France, we tried to search f or the existence of clinal 
variation among french populations of ryegrass. For this purpose we 
mapped the values of the first and second principal components, each 
being divided into four classes. Remind that the first component 
summarize the genera l vigour throughout the year, the lower values 
denoting the most vigourous ~pulations and the secund component is a 
precocity axis. 

Figures 7 and 8 present the maps for components 1 and 2 
respectively. No s impl e clinal figure appears for both components. Vi­
gourous populations (low values for the first component} can be found in 
at least three different l ocat ions Normandy Auvergne and Bassin 
Parisien. A trend to later heading date of populations from south to 
north of France could be seen , with the exception of Normandy as an 
island of precoc ity. 

Thus no single variate o r even principal component can 
give a satisfactory image of the differentiation of Lolium perenne. The 
method we used artificially cut classes which are l ocated in restricted 
areas . But there is no proof that this coincidence is really the con­
sequence of a spec ific evolution and diversification. This would imply 
the study of genes themselves in state of quantitative characters (for 
example those encoding for isozymes}. 

When particular i deotypes can be related t o specific 
ecological factors, they could be called "ecotypes". This may be the 
case for the classes (3) in the Pyrennees and (8) in Auvergne as 
'' altitude ecotypes 11

• 

But many other ecological variates have to be taken into 
account, like climatic or edaphic data .•. This will be done in further 
studies. 

As a conclusion, the method we used on an incomplete 
sample of french populations may be of i nterest for the plant breeder as 
an aid for genetic resources management and f or the ident ification o f 
the most valuable classes having separate origins . 
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Re·sume 226 populations naturelles de ray grass perenne ont ete 
collectees en France en 1983 et etudiees de 1984 a 1986 en pepinieres 
dans 9 lieux. Des caract6res d'interet agronomique furent notes selon 
une echelle de 1 a 9 et les donn8es soumises ~ une analyse de variance 
pcur obtenir des effets principaux pcpulations. Ceux-ci furent utilises 
pour une classification hi8rarchique ascendante sous contrainte de 
contiguite geographique. 

Cette m8thode aboutit a une partition en 14 classes , 
chacune regroupant des populations ayant des cornportements agronomiques 
similaires et un e ori g ine commune . Ces classes sont pr8sent8es sur des 
cartes d e France et brievement d€crites sur le plan factorial principal. 
L'apport d ' une tell e rn€thode pour la gestion des ressources g€n8tique s 
est discute. 
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Aspects of the variability of subterranean 
their implications in breeding. The 
on flowering time. 

E. PIANO 

Istituto SperimentaLe per Le CoLture Foraggere 

clover populations and 
environmental influence 

Sezione O.P. di Cagliari, via MameLi 118, 09123 CagLiari, Italia 

SUMMARY 

Two collections of Sardinian native strains of subterranean 
clover, previously examined for flowering time at Perth (Australia), were 
also examined for flowering time in Sardinia (Italy). The first, at one 
location, and the second at four climatically differentiated locations. 

The results obtained indicated that the overall variability 
in flowering time was largely an expression of phenotypic plasticity. This 
plasticity was likely to be promoted by differences in temperatures and 
the length of the cold season among the environments in which the strains 
were examined. 

The average flowering time of the collections was progressive­
ly retarded on increasing the length of the cold season. The range of va­
riability observed at Perth was remarkably shortened in Sardinia, as early 
lines were much more retarded than late lines. 

The variability among strains related to the climatical varia­
bi 1 i ty of their collection sites was better discriminated at Perth than 
in Sardinia. The implications on selection models framed for selecting 
cultivars suited to Sardinian environments are discussed. 

I NTR ODUCTIO N 

The time of flowering is a characteristic •of key adaptative 
significance in annual self-reseeding legumes such as subterranean clover 
(TrifoLium suhterraneum L. sensu lato). The survival of these plants, and, 
as consequence, the annual regeneration of their pastures, is primarily 
associated to the seed yield, and this is largely influenced by the time 
of flowering. As regards to persistence from year to year and productivity, 
the essential requirement is that a variety to be grown in a given envi­
ronment must flower early enough for adequate seed to be produ ced before 
the advent of the dry and hot sea son , but not too early to imply a marked 
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loss in the potential for dry matter yield allowed by the environment. 
Ultimately, the maturity grading of the varieties must be "adjusted" to 
the climatical conditions of the environment in·which they will be grown. 

Consideration of the maturity characteristics of the genotypes 
in relation to the length of the growing season of the environments, is 
therefore of critical importance in any breeding program aimed at develo­
ping high yielding and persistent cultivars. A similar program, based on 
selection of native populations, has been established in Sa rdinia recently 
(PIANO, 1984). For the success of this program, selection models are re­
quired on the most suitable flowering time of the varieties to be develo­
ped for the different climatic environments in Sardinia . 

This kind of knowledge can be obtained in studying the rela­
tionships of the maturity characteristics of the native populations with 
environmental characteristics of their collection sites related to the 
length of the growing season, such as annual rainfall, temperature regimes, 
etc .. Due to the obvious implications on fitness, we can in fact assume 
that time of flowering of the native strains is largely "adju sted" to the 
environments in which they grow naturally . 

Ho1;ever, tirne of flO\;ering of subterranean clover s ·trains is 
certainly characterized by some level of plastici t y. In fact, even in an 
uniform edaphic environment, a pla stic flowering behaviour should be of 
considerable adaptative va lue, because of t he marked fluctuations of cli­
matic conditions from year to year. The reliability and the successful 
utilization of a selection model obtained in relating the maturity charac­
teristics of the native populations, with t he climatical characteristics 
of their collection sites, is therefore expected to be influenced by the 
environment in which flowering time is observed. 

On the basis of the above considerations , the question arises 
to what extent the maturity grading observed in one environment can re­
flect t he maturity grading in another, and to what extent the variabi lity 
of the strains in relation to the climatica l variability of their natural 
habitats is better expressed in one environment rather than in another. 

The aim of this work is to study the environmental influence 
on "flowering time expression" of subterranean clover genotypes and its 
implications on br eeding programs specifically designed to develop culti­
vars adapted to Sardinian conditions. 

MATERIALS AND METHODS 

A wide co llection of natu ral populations of subterranean clo­
ver orig inating from 144 sites in Sardinia was examined by the author at 
Perth (Western Australia) during 1981-82 . Fr om these populations 1260 pure 
lines were singled out , 723 of which were classified as belonging to the 
ssp. subterranewn L. sensu stricto (PIANO, 1984). All the lines were also 
characterized for flowering time, which in Perth conditions ranged from 
83 to 190 days (days from sowing to first flower). 
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During 1982-83, the lines singled out were examined at Ussana , 
near Cagl iari (South Sardinia); time of flowering of each 1 ine was recor­
ded. In both Ussana and Perth the materials were grown in single rows 2m 
apart and approximately 2m long. Considering the inversion of the seasons 
In the two localities, the sowing took place at similar dates: early May 
in Perth and early No vember In Ussana. 

During 1982-83, an examination of 14D lines of ssp . suhterra­
newn was also carried out in 4 climatically differentiated localities in 
Sardinia: Abbasanta, Enas, Planu Sanguni and Ussana . These lines were par­
tly provided by the Western Australian Department of Agriculture (but ori­
ginated fr om Sardinia), and the r°"st chosen from the main collection. In 
this experiment the lines were grown in small plots of 4 rows, 1m long 
and 20 cm apart in a complete randomized block with 2 repli cations. The 
sowings took place during t he last 10 days of October 1982, at approxima­
tely t he sa me da tes for the four localities. 

An anal ysis of va riance was conducted for ea ch experiment and 
a subsequent combined ana 1 ys is for the four experiments whi ch i nv o 1 ved 
the coll ect i on of 140 lines. By a linear regression analys is the rela tion­
ship between flowering time at the different Sardinian loca liti es and fl o­
wering time at Perth was studied for the two co llections examined. Fur­
the rmore , f or the lines of the main co llect ion, th e fl owering times obser­
ved at Perth and Ussana were regre ssed on the ave rage annual rainfall of 
the co ll ect i on sites . As annual rainfall is in Sardinia positively co rre­
l ated with the length of the growing season, t his kind of rela tionship 
ca n provide useful guidelines in se lecting cultivars with a maturity gra­
ding suited to t he different environments. 

The results reported here refer exclusively t o the lines of 
the ssp. s uhterranewn, the only ones which were examined in all t he 5 
l ocalities. 

RESUL TS AN D DI SC USS I ON 

For the mai n collection of lines the frequency di st ri bution 
of flowering time at Us sa na and Perth is reported in fi gu re 1. 

The difference between early and la te l ines 1;as much less at 
Ussana than at Perth. I n fact, the 1;ide range of var iabil i ty obse rved in 
Western Australian conditions (105 days) 1;as shortened to only 55 days 
in Southern Sa rdini a . Furth e rmore , the average flowering time of the col­
lection was delayed by about 13 da ys at Ussana. 

These resu 1 ts i ndicat e a cons iderab 1 e en vi ronmenta 1 influence 
on flowering time exp ress i on . . However, i t is al so evident that the changes 
induced by the env ironment are not homogeneous for the l ines of different 
matur ity grading regi ste red at Perth. Since, if the delay had affected 
equally all the lines, t he extent of the range of va ria t i on should have 
been similar in the two localities. This i s clea rl y shown in figure 2a. The 
flowering delay which occurs at Ussana does not invol ve all the lines. 
It is magnified in very early lines (up to 35 days), but progressively 
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Figure 1 - The flowePing time fPequency distl'ibution in a Sal'dinian 
coLLection of subterranean clovel' Lines when {!l'OlJn at Ussana 
(SGPdinia) and Perth (Western Austl'alia). 

s hortens on i nc r eas i ng ·~ he maturity g r ading of the 1 ines at Perth, so that 
the latest genotypes flower earlier than in Western Australia. 

Considering the main envi r onmental factors involved in flowe­
ring time expression · (AITKEN, 1955; MORLEY and DAVERN, 1956; EVANS, 1959; 
MORLEY and EV ANS, 1959), these r esults might be related to differences 
in temperatu r e during t he g r owing season between the two sites. These dif­
ferences are likely to affect both the stages from sowing to flower 
initiation, and from flower initiation to first flower appearance (MORLEY 
and DAVERN, 1956). Due to the colder and longer Sardinian winter season, 
early genotypes,whose cold requirements for flower initiation are general ­
ly limited, are strongly delayed in flowering by the slowing effect of 
the cold in the post-initiation phase. On the other hand, very late geno­
types can be hastened, presumably because their normally higher cold re ­
quirements for flower initiation are satisfied earlier in . Sa rdi nia and, 
as the season advances, the temperatures wh ich occur during thei r post­
initiation phase become progressively suited for a rapid flower development. 

lf this interpretation is correct, on increasing the length 
of the cold season, early lines should be further retarded in flower ing , 
and the slow ing effect of the co ld in the post-initiation phase should 
invo l ve a pro9ressive ly increasing pr opor tio n of lines. Thi s assuroption 
ha s been corroborated by the results obtained in evaluating the collection 
of 140 1 ines at four Sardin ian sites. Jn these sites, the temperatu res 
during the growing se~son decreased acco r d i ng to the order: Ussana >Enas > 
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Fig.· 2 - Relationship bet:lileen flowering times in Sa:I'dinia and 
Western Australia for: a) a collection of 723 lines examined at 
Perth (W.·Austra liaJ and Ussana ( Sa:I'dinia); b J a co Uection of 140 
lines examined at Perth and at four Sa:I'dinian localities (Us = 
Ussana; En = Enas; Ab = Abbasanta; Ps = Planu Sangun.i).· 

Abbasanta > Planu Sanguni . For istance, during the months of March and April 
the mean mont l y temperatures were 9 . 6 and 13.1 at Ussana,while at Planu 
Sanguni the means were 6. 1 and 9.2 respectively. 

As expected, on lengthening the · cold season the average flowe­
ring time of the collection was prog re ssive l y retarded, the proportion 
of lines which delayed in respect to Perth increased and, at the coldest 
envi r onment, also the latest lines flowered later than in Perth (tab le 
1, fig. 2b) . In Sardinia, also this collection halved the variability ob­
served at Perth. However, the range of variation r egistered at Ussana (the 
warmest locality) was not significantly shortened at the colder localities 
as it remained around 45 days (table 1). Thi s derives from the fact t hat , 
as the environments became colder and co l der, t he increasing flowering 
delay of the early limits was accompanied by an increasing delay of the 
late limits . 

The results of the combined analysis of variance indicated 
that a 11 the sources, "Lines", "Environments", and "Lin es x Environments" 
were higly s ignificant (P < 0.005), but only a minor part of the total va­
riance was attributable to the component "Lines x Environments". 

From the results of the r Elgression analysis given in table 
2 , can be clearly deduced that the "deviation" was negligible for all the 
regress ion s examined. In effect, the response of lines with a similar ma­
turity grading at Perth was quite homogeneous within each environment 
in Sardinia. Furthermore, we never found lines with flowering time relati­
vely "stable" on varying the environmental conditions. 

The results obtained indicate that a date of flowering in one 
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Site Mean Li mi t s Range C. V. 
% 

Perth 137 83-1 78 95 16 . 4 

Ussana 144 115- 164 49 8 . 1 

En as 154 128- 173 45 7 . 1 

Abbasanta 159 133- 179 46 6 . 6 

P . Sanguni 168 140- 189 4 3 6 . 7 

Tahle 1 - Mean fLowering time (days) 
and parameters of variability in the 
coUection of 140 lines examined at 
different sites .· 

Site Regression Deviation 
(1"1ean sauare s) 

R2 

Ussana 18784 . 9** 2 . 7 0 . 96 

Enas 15934 . 4** 6 . 9 0 . 94 

Abbasanta 14054 . 7** 8 . 7 0 . 92 

P . Sanguni 16819 . 0** 7 . 7 0 . 94 

Tahle 2 - Results of t he regression 
analysis of fLowering time at foUP 
Sardinian localities on flowering 
time at Perth.· (** P < 0.·005) 

location may be an inexact index of 
the date in another. For the lines 
examined , a c l ear relationship 
cou l d be, however, drawn on the 
behaviour of a genotype in one en­
vironment when grown in another . 

At the first stages of a se­
lection program, when hundreds of 
lines must be sc reaned, flowering 
time data are necessarily recorded 
at one central location, although, 
in doing so , "genotype x environ­
r.1en t " interaction is neglected. 
Ju t , for the Sardinian strains da ­
ta recorded in two environments 
are available . The question arises 
if either the data of Perth or Us­
sana must be considered in framing 
selection models for the maturity 
requirements of subte rranean c lo­
ver cultivars in Sardinia. 

The relationship bet1;een 
flowering time of the lines and 
annual rainfall of their collec ­

tion sites , is shown for both data from Pe r th and Ussana, in figure 3. 
ln both cases , the limits of the regression curves (1;hich indicate the 
average flowering time of the lines originating from t he driest · and wetest 
environments) are far away from the limits observed in the flowering time 
frequency distribution, which were about 85 -1 90 days at Perth and 115-170 
days at Us sana ( fig. 1 ) . Thi s derives from the fact that early lines and 
late lines do no t all necessarily originate from dry and wet . environments, 
respectively. Jn parti cular, very early lines are often found in very wet 
environment s and , anyway , the variability among ~y~p~tric lines is consi~e­

rable (PIANO, in press) . 

Neverth e l ess , it is clear from figure 3 that the rela t ionship 
ba sed on Perth data allows a better discrimination of the variability in 
fl owering time related t o the rainfall variability of the "habi ~ a t s". ln 
fa ct , the range between the two 1 imi ts of the regression curve is 30 days 
us ing fl owering time data from Ussana, and 45 days using data from Perth . 
Th e r efore, Perth environment allows us to better evidentiate the variabi-
1 ity among lines expressed by their phenotypic plasticity. 

This latter aspect may be of relevance when selecting for ap­
pr op riate earliness . As already sho1vn, the delaying effect of Sardinian 
c li mate declines on increasing the maturity grading of the lines (fig. 
2) . ln respect to Perth, the differences in flowering time among genotypes 
are co nsequently more shortened in the early range of maturity than in 
t he late. Within t he early range, strains which at Pe r th vary by about 
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30 days (similar to the cultivars "Dwalganup" and "Seaton Park") vary by 
about 12 days only at Ussana. Therefore, remarkable differences may be 
neglected i f the se lection for earliness i s based on data fr om Sardinia. 

However, whether or not excessive enphasis on earliness must 
be put in selecting culti va rs for short season environments in Sardinia, 
is a matter of discussion, conside ring that eve n in Ussana which experien­
ces one of the shortest and warmest growing seasons, ve ry early lines are 
strongly retarded in flowering. Nevertheless, these 1 i nes, which better 
expressed their earliness in Perth, mainly originated from similar envi­
ronments. 

Long term su r viva l of subterranean clover strains greatly de ­
pends on their ability to escape pre vention of seed setting in occasional 
adverse seasons , and not onl y to produce adequate seed in ordina ry sea­
sons. Earliness is, therefore, important . As l ong term persistence is an 
essential requirement for the agronomical utilization of the species, this 
also applies to the cultivated varieties. 

The results obtained have indicated that subterranean clover 
strains have a high plastic flowering behaviour, no matter of t heir matu ­
rity grading. The ability to hasten or delay flowering time is a pr operty 
of clea r adaptati ve significance to avoid limitations of seed setting when 
the hot season comes early, or the cold season is prolonged. As regards 
the implications in breeding, what emerges from our results is t hat th e 
variabi lity in fl owering t i me is largel y expressed in terms of phe no ty pi c 
plasticity and that this must be adequatel y considered in planning sel ec­
tion programs . 
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RESUME' 

Aspects de La v=iabilite des popuLations de La trefle soute:r­
rain et ses consequences su:r le travail d 'amelioration.· £'influence du 
milieu ambiant BUJ" l 'epoque de floraison. · 

Un vaste ensemble de genotypes sardes de trefle souterrain 
a ete examine en ce qui concerne sa date de floraison a Perth (Australie) 
et a Ussana (Sardaigne - ltalie) ainsi qu'un ensemble plus restreint a 
Perth et dans 4 localite s differentes de la Sa rdaigne. 

Les resul tats obtenus ont indique que la variabi lite quant 
a l 'epoque de floraison est grandement liee a la plasticite phenotipique 
et que cette plastici te est determinee par les differences de temperature 
des milieux dans le sque ls les genotypes sont examines. 

L'epoque de floraison moyenne de !'ensemble a ete progressive­
ment retardee suivant I 'augmentation de la duree de la saison fl oide. De 
plus, le "range" de variabilite observe a Perth a ete fortement ra ccourci 
en Sa rdaigne ca r le s 1 igne s precoces etaient beaucoup plu s en retard que 
les lignes tardive. 

La variabi lite parmi les genotypes associee a la variabi 1 i te 
c l imatique de leur s mi lieux d 'origine est appa rue plus distinctement a 
Perth qu'en Sardaigne. 
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Levels of variability in cocksfoot ( Dactylis glomerata L. 

P. JACQUARD 

CNRS Unite B2P Centre Louis Emberger , 
34033 , Montpellier Cedex, France. 

SUMMARY 

Some aspects of the available ge ne t ic resources 
are prese nted , wi t h e xamples of t he structuration of 
diversities in the Dacty lis complex . The use of genetic 
markers a t t he molecular leve l is described . 

In troduction 

In a preceding mee ting of the Fodder Crop Section 
(JACQUARD , 1982) , we h ave presented some aspects of the 
available genetic re sources in cocksfoot In the presen t 
pa per , we intend to up date the knowl edge o f variability a t 
the light of new results or interpretations (JACQUARD , 
1986) . 

The variability or heritable variation ca n be 
observed at 3 l evels : 

1 . molecular, variation of iso lated genes a s 
revealed by electrophoresis (allozymes) or other biochemica l 
technic , like chromatography (i.e . flavonoids), or wi t h the 
aid of technics of mol ecu lar biology (analysis of aminoacid 
sequences in proteins or base sequencies in DNA , as i n 
c - DNA; at this level the determinism is mono or oligogenic ; 

2 . phenotypic , variation for physiological or 
morpholog i cal characteristics , mainl y ~nder t he control of a 
large number of ge nes , its genetic bas i s has been revealed 
by artificial selection and quantitative ge ne tic s ; 

3 . fitness , of which the varia-tion is the ul ti mate 
parame ter of population genetics , expressed in terms of 
fecundity a nd surviva l, that is to say the last j•_! dg Pme n t 
which determines t he selective forces acting on phenotypes 
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and genes 

Some authors (SCHARLOO et al. , 19 77 SCHARLOO , 
1984) have combined t hese levels in the " Magic Triangle 
of evolutionary genetics , including the interactions with 
t h e envi ronment . The environme n t may acts on the molecul e ­
phenotype connexion but influences mainly the expression 
of trait in terms of fitness , and strongly acts on t he 
fitness -molecul e connexion if the variants are no t neutral . 

These levels of variability are observed t hou gh 
ge netic , physiological and demographic approaches. The 
description of the hereditary variability or genetic 
diversity at the s~veral levels allows to study t h e 
structure of the biological samples , at contrasti ng scales 
of space (from the microsite to the continent) and time 
(from one generation to geological dimension) in view to 
integrate the two point of view biogeography ar>d 
evolution . 

The most used markers of molecular variation are 
still the e n zymes revealed by monodimensional 
electrophoresis . This technics gives a valuable information 
on the diversity of structural genes to be used in the study 
of mating systems and of the gene flows But , the number of 
accessible loci is however limited , and the attempt to 
characterize the heterozygosity of t h e populations on the 
basis of very few loci are sometimes of doubtful value , then 
the interest on the bi - dimensional electrophoresis that 
reveals the diversity of regulatory genes . The flavonoids 
allow an another type of access to the polymorphism at a 
more advanced stage of the metabolism . Another type of 
markers of very great interest are the restriction fragments 
(RFLP ' s) . It seems that the majority of structural markers 
are neutral , and , in fact , we need to use neutral markors 
if we want to know the evolutionary history a"d the 
relationships within and between biological entities . 

Examples of the structuration of diversities in the Dactylis 
glomerata L . complex ) 

The diversity of cocksfoot has been 
large number of samples and at several scales 
and co - workers. These studies include 
populations along clines . 

1. Molecular variation 

studied on a 
by R. LUMARET 
analysis of 

The polymorphism of many systems of enzymes has 
been studied : 

Glutamate - oxaloacetate - transaminase (1 locus ) 
GOT 
Acid phosphatase ( 1) : Ac PH 
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Peroxydase ( 1 ) : PX 
Ma late dehydrogenase (1) : MDH 
Tetrazolium-oxydase (1) : TO 
Phosphoglucose - isomerase (2) PGI 
Alcool dehydrogenase (2) : ADH 

ROY and LUMARET ( 1987) have studied the variabi ­
l ity for 4 systems (GOT , PX, PGI, AcPH) for 9 popu l ations 
collected along a water stress cline of hundreds of 
kilometers The geographic location of t h e populations 
genetically analysed r anges from Scotland to Morocco The 
allelic distribut i on fo r the 4 e n zyma t ic systems have been 
re l ated to an aridity index of the p lace of origin . Two to 
four alleles per population were found at the GOT 1 locus 
The proportion of al l ele 1 . 00 increased sharply wi t h 
decreasing aridity and was part l y compensated by a decre as e 
in allele 0 . 72 . A more extensive study of t h e polymorphism 
at this locus in nearly 100 populations confirms th i s result 
(LUMARET , 1984) As an e xample , we give a comparison in 
three pairs of closed l ocalities (Table 1) 

Table 1 

Comparison of alle li c distributions at the GOT locu s in 

three pairs of close localities near Montpellier (So u th of 
France) . The first site is the driest and the second the 
wettest. Allelic frequencies are 1n parenthesis (Adapted 
from LUMARET, 1984) . 

Locality and 
site 

Col de Moureze 
(South face) 
(North face) 
Aumelas 
(shallow soil) 
(deep soi l) 

Nb 
plants 

39 
29 

59 
4 7 

Causse de la Selle 
(open habitat) 36 
(closed habitat) 39 

1.00 

28(18) 
57 (4 9) 

14(06) 
26( 14 ) 

20 ( 14) 
36 ( 2 3) 

alleles 
0 . 72 0 . 38 

90 ( 58) 22 ( 1 4 ) 
49( 42 ) 0 6 ( 0 5) 

99( 4 2) 9 7 ( 41 ) 
6 4 (3 4 ) 79 (42 ) 

58 ( 4 0) 50(35) 
37(2 4 ) 69(44) 

0 .10 

16 ( 10) 
04(04) 

26 ( 11) 
19 ( 10) 

16 ( 11) 
14 ( 09) 

c h i 
square 

33 . 16 

8 . 72 
* 

11 . 86 
* 

-- -- --- --- ------------ --------------------------------------
* ** Levels of significance : = p 0.05 ; = p 0.01 

The polyphenol ic compounds ( f lavonoids) ha ve been 
also used as chemical ma rke rs of genetical diversity betwee n 
and within natural populations ( ARDOUIN" et al. 1985) . In 
the ordinations obta ined by F.A.C. o f H. P.L.C. flavonoid 
data concerni ng 1 20 individuals of 20 diploid population s 
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and 9 4 individuals of 12 tetraploid 
glomerata the axes 1 and 2 account for 
variation , for the 2 samples . 

2 . Phenotypic variation 

populations of D. 
33 % of the totai 

Phenotypic variation described in terms of leaf tissue 
water relations , turgor pressure or potential against total 
water potent i al (ROY & LUMARET , 1987), for individuals 
samp,led in a contrasting habitat along a 40 m cline (dry and 
wet sub-site) reveals a discrimination as strong as for a 
cline of 1300 km between Morocco and a mountain site in the 
Massif Central (France) 

In that case , simultaneous variation ha s been 
established between a clinal variation in l eaf tissue water 
relations and allozyme polymorphism of some populations. 
Very few examples of such a research have been presented 
before . But no link between the enzyme function and the 
physiological parameters was established . Proving such links 
is necessary to increase our understanding of the processes 
of plant evolution by joined physiological and allozyme 
studies . 

Variabi li ty of other physiological or morphological 
characteristics can be exemplified in cocksfoot (ROY , 1982) : 

a . seasonality of leaf demography in M~diterranean 
natural population from a xeromorphic sward in the French 
" garrigue (D 'H ERBES 1979) and Septentrional natural 
population of Nor t hern Franc e , 

b . growth rate of the seedling leaves , in 
relationship with the latitude of origin of the populations 
(BROUE et KAWANABE , 1967) , 

c . relative growth rate (EAGLES , 1971) . 

d . morphogenesis , using the modula r and met amer ic 
model of plant growth the pattern of morphogenesis is 
e ntirely determined by the phyllochrone , t h e number of 
phyllochrone at a given time t , the number of tillers 
(modules) and t h e number of leaves (metameres) ['.)er t'ille1·. 
Thi s type of variation has been no tab ly studied for 
individuals from populations growing in contrasting habitats 
(Table 2) (GA RNIER & ROY 1987), and the resulting 
co nse quences in terms of photosy n t hetic area. The ge netic 
var i ability of the dynamics of modular growth in cocks foot 
has been al s o studied for the progenies of 3 crosses between 
J individuals of the hispanica form. The general pattei·n of 
v;nidt ion hils bee n described u si ng t he ordinat i on , obtainecl 
i> y F.l\.C. of morphogenesis and g rowth data concerning 98 
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individuals of the 3 progenies . The 2 axes account for 64 . 8 
% of the variation . Three contrasting types of morphogenesis 
can be defined using the main contributing variables : slow, 
medium and fast growing type. The r~spective characteristics 
of the 3 types are : 

- for the slow, a long mean duration of the phyllochrone 
(PHY) from 142 to 230 °c , a number of phyllochrones on 
the main stem ( NTY) of 10 or minus , a number of 
t lllers/phyl lochrone (TAL) of 1 . 7 to 3 . 0 ; 

- for the medium , PHY between 139 °c to 142 °c , NFY of 11 , 
TAL between 3 . 0 et 6 . 1 ; 

-fo r the fast , PHY under 139 °c, NFY of 12.0 , TAL upper 6.1. 

Table 2 

Morphogene sis variation between 2 habitat s 
(Mean from Oct ob er to Aug u s t ) 

Number of modules/plant 

Number of metamere/modules 

Green ar2a/leaf 
( cm ) 

D.g. 
a . e . 

O.q. 
B . e . 

[). q. 
il.l'. 

Open 
s wat·d 

10.5 
l 2 . 9 

1. 8 
2 . 3 

1. 0 
1. 9 

D. g . = Dactylis glomerata ; ll.c . = Bromus erectus 

Under 
story 

7 . 4 
9.8 

2 . 3 
4. 4 

1. 4 
2 . 8 

In the same s tudy , despite the fact that 2 parents are 
closely rela te d , cont 1·ast ing responses between 2 crosses 
have been observe d 111 the allocation of resources for a 
given level of nit 1·oqcn, and 2 levels of water supply, t h e 
progenies from 01w cross invest preferentially in the size 
of t he metamercs (mean weight of a l eaf) and progenies from 
an other c 1·oss invest preferentially in the number of 
modul es ( ti l k1·s) . 

3 .F it ncss va riati on 

In terms of ressource a lloc ation, populations from 
abandon e d and controled environment ha ve been compared 
(JACQUARD & HEIM, 1983). Th e partitionning of the dry matter 
harvested from aerial parts at flowering between leaves , 
s t ems and panicles differs according to the origin . The 
reproductive effort is higher in the natural population than 
in the " domesticated " population . 

For fecundity and survival, it seems that there is a 
positive relationship between the performance and the 
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diversity s tatus at the autotetraploid level . The plants 
that possessed the highest leve l of heterozygosity ( 3 or 4 
all e l es per locus) have statistically the greatest longevity 
and the highest annual production of see ds (LUMARET , 1984). 
Examples of such results are presented in table 3 
(unpublished data from TOMEKPE) . 

Conclusions 

We have now at our disposal a 
markers at the molecular level in 

wide range of genetic 
majority neutral. They 

can be used to 

1 . study the genetic structure 
units of evolution and selection 
population , metapopulation , species , 

of the hierarchical 
neighbourhood 

complex of species 

2 . to check the gene flow in natural conditions or in 
controled conditions (family synt he tic) or to check the 
mating (crosses , selfing , polycrosses) . 

At t h e phenotypic and fitness level , considering a 
as a population of tillers and leaves 
variation, of potential use , for modular 

grass cover 
there is a 
parameters 
parameter 
allocation 

(as Integrated Physiological Unit) , metameric 
(mainly for the phyllochrone duration) , biomass 
at the whole plant level , and survival . 

But it is still very risky to use a low number of 
structural loci to estimate the he terozygosity and the 
supposed associated " vigour '' , despite the fact that there 
is some evidence of statistical connexion between the three 
levels of variability . 

RESUME 

Que l ques aspects des res sources genetiques sont 
presentes avec des e xemples de srtucturation de la 
dive rsite dans le complexe Dactylis L'utilisation de 
marqueurs genetiques au niveau mol eculaire est decrite . 
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Table 3 

Average number of panicles l plant and average · leaf 
weight / plant accordi n g to the genotyp e at 3 loci (M 
monogenic; SD s implex-digenic DD duplex-digenic 
TRI: trigenic ; TET : tetragenic ) in a Dactyli s population 
from the south of France . 

------ ------------------------------------------------------
' 

Number of 
plants(N) 

Number of 
panicles/ 

Genotypic classes Significant 
--------------- ----------------------- differences 

M DS DD TRI TET 

GOT 1 

46 161 124 116 5 

plan t (P) 17 . 76 19 . 54 20 . 99 23 . 81 26 . 50 M- TRI 
S- TRI 
D-TRI 
M- TET 
S- TET 

Leaf 
weight/ 
plant(L) 

N 

p 

L 

N 

L 

0 . 95 

25 

18.81 

0 . 89 

239 

20 . 71 

1. 2 6 

1. 28 1. 33 

PX l 

129 95 

18.83 20 . 94 

1. 2 2 1. 21 

AcPH 1 

154 59 

20 . 23 23.52 

1. 3 2 1. 2 5 

1. 3 5 1. 5 4 

192 11 

22.52 21. 90 

1. 41 1. 30 

M-D 
M- TRI 
M-S 
M-TET 

M- TRI 
S-TR I 

M-TRI 
S-TRI 
D-'l'RI 

M-D 
S-D 
NS 
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La germinat i on des graines dans la gousse : facteur d e 
"perennite" des populations naturelles des esp eces annue lles 
du genre med icago L . 
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Faculte des Sciences de Tunis . Campus Universitaire. Le 
Be l vedere 1060 Tunis . Tunisie 

Resume 

La gousse des especes du genre Medicago L . repre­
sente ! ' e l ement essentie l de la propagation de ces especes . 
Dans les conditions naturelles , les graines germenta l ' inte ­
rieur de la gousse qui reste fixee au collet de l a plante . 
Toutefois la germination n ' interesse pas la totalite des grai ­
nes de l a gousse ; celles qu i n ' on t pas germe , genetiquement 
appa r entees aux premieres , conservent leur prouvoir germinatiL 
Des conditions favorables a l.a germination , suivies de tempe ­
rature ou d ' humidite non satisfaisantes pour l a croissance de 
la p lantule , ainsi gue le surpaturage peuvent etre a l ' origine 
de ! ' elimination des individus issus de la premiere vague de 
germination . Les graines non ge rmees constituent done une re ­
serve de semences aptes a J.a reinstallation de la population 
des le retour a des conditions favorables. Ce mecanisme permet 
de conserver le stock de g raine s a nn niveau suffisant dans le 
sol et favor ise le maintien " in situ" des populations naturelles . 

Introduction 

De nombreuses especes de Medicago annuelles exis ­
tent en Tunisie a l ' etat spontane dans divers milieux edaphi ­
ques et taus l es etages bioclimatiques . A chaque cycle de 
vege tation les plantes de luzernes annuelles produisent indi ­
viduellement une ~rande quantite de gausses et de grainesdures 
L ' existence des graines dures permet a ces especes de survivre 
a certains phenomenes catastrophiques tel que le feu et le gel , 
de meme cette qualite leur confere une bonne resistance a 
!'ingestion par les animaux . 
FRIEDMAN et ORSHAN (1972) ant observe gue 85 % de graines de 
Medicago laciniata agees de vingt ans germent apres quarante 
huit heures. Cette observation r evele que les graines de 
Medicago annuelles peuvent avoir une grande longevite . L ' ele ­
ment .de dissemination des Medicago annuelles est la gousse : 
elle est indehiscente et dans l es conditions naturelles une 
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graine germe a l'interieur de la gousse qui r este fixee au cor 
let de l a plante . Dans certains cas on observe deux ou trois 
plantes a des stades de developpement differents emergeant 
d'une meme gousse. Une germination des graines d ' une meme 
gousse echelonn ee dans le temps evi teraitla competition spa­
tiale ainsi q ue l ' elimination possib l e , sous l'action de di ­
verses contraintes particulierement climatigues , des plantules 
qui en emergeraient simultanement . 
Ce mode d 'installation des differentes especes de Medicago 
a nnuelles dans une aire donnee a des repercussions sur la 
genetique et la dynamigue des populations nature lles . Les 
graines d 'une meme gousse sont au mains demi - freres sinon 
pleins freres sachant que l'ensemble des especes annuelles est 
repute autogame . 
Si, apres des conditions favorables a la germination et a un 
debut de developpement de la plantule, une periode de seche­
resse s ' installe , les individus issus de la premiere vague de 
germination sont elimines . Les graines non germees appartenant 
aux memes gausses peuvent prendr e le relais en germant des le 
retour a des conditions fav o rabJ_es (f ig. 1) 

Conditions 
Favorables 

Secheresse 
stress hydrigue 

Nouvelles 
Conditions 
Favorables 

Fig .1 - Mode de germination des graines dans 
la gousse en fonction de l ' alternanc e 
conditions favorables - stress hydrique. 

Ce mode de ge rmination echelonne dans l e temps perrnet done de 
maintenir relativement stable la structure genetique des popu­
l ations naturelles. 
L ' objet de cette note est d ' apporter quelques arguments en 
faveur de l ' hypothese d ' un systeme d ' installation des popula ­
tions naturelles de Medicago annuelles adapt e a des regions 
caracterisees par l'irregularite des precipitations . (particu­
lierement le climat mediterraneen) . 
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Materiel et Methode 

Quatre especes, largement repandues en Tunisie , ont e t e rete ­
nues pour cette e~:perience . Chaque espece est representee par 
deux populations d ' origines differentes : 

Medicago truncatula, 0 1, se retrouve dans t o usles etages 
bioclimatioues a llant de l'humide au saharien . Elle est 
r epresentee .. par les ::.'opula tions : 
- 009 . 01 Etage ~u'.J-·humide a hiver doux avec une pluvio­
metrie p > 500 nun . 
'- 32 1. 0 1 : Etage ser,1i- aride superieur a hiver tempere 
avec une p luviometrie 400 < p < 500 mm. 
Medicago polymorpha, 03 , s ' adapte a taus les mil i eux . 
Elle est represent ee par les populations 
- 005 . 03 Etage sub- humide a hiver doux avec une pluvio­
metr i e p > 500 mm . 
- 32 1. 03 : Etage semi- aride super i eur a hiver tempere 
avec une p l uv iometrie 400 < P < 500 mm . 
Medicago orbiculari s , 04 , est une espece inerme dent 
l' aire de repartition s ' etend de l 'humide au semi- aride . 
Elle est representee par l es populations : 
- 010.04 : Etage semi- a r ide superieur a hiver tempere 
avec une pluviometrie 400 < P < 5oomm. 
- 326.04 : Etage semi- aride superieur a hiver doux avec 
un e p l uviometrie 500 < P < 600 mm . 
Medicago minima, 06 , est l ocalisee entre les etages 
semi- aride e t saharien. Elle est representee par l es 
popu l ations : 
- 113. 06 : Etage aride superieur a hiver tempere avec une 
pluviometrie 200 < P < 250mm . 
- 32 1. 06 : Etage semi - aride superieur a hiver tempere 
avec une pluviometrie 400 < P < 500 mm . 

En Tunisie , l e semi-ar ide ainsi gue l ' aride superieur r epre­
sentent les zones ou les Medicago a nnuelles peuve n t etre uti-
1 isees pour l'amelioration des parcours et la valorisation des 
jacheres. 
Les huit populations differentes proviennent de six sites. Le 
sol des stations numerotees 009 , 113 , 32 1, 326 est defini , 
selon la classification francaise , comme peu evo lue . Ce sont 
des sols d ' appor ts modaux sur sable fluviatile . Les stations 
numerotees 005 et 0 10 ont des so l s calcomagnesimorphes . 

Remarque : une station est def inie par l es trois p r emiers 
chiffres ; le 4eme et l e 5eme chiffres representent l'indica ­
tif de l'espece. Ainsi ce code permet de distinguer une popu­
lation en indiquant sa position geogr aphique et l'espece a 
laque lle elle appartient. 
D;ins chaquc popu lation un echant illon de quatre vingt huit 
gausses de l ' annee est tire au hasard. Toutes les gausses 
proviennent de la col l ecte effectuee au cours de l' ete prece ­
dent l ' e xperimentation . 
Cet 6ch;intillon est reparti en 3 lots au hasard. 

- Un lot de 22 qousses sert de temoin. 
- Un second lot . de 22 qousses subit un traitement a 

1'0zote liquidc. Les. gausses sent immerqees pendant 5 
m.inutcs di:rnS l'azote liquide afin de realiser l a 
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scarification des graines a l ' interieur des gousses . Cette 
operation est necessaire pour lever l ' inhibition tegumen ­
tair e des graines dures et faciliter leur germination . 

- Un troisieme lot de 44 gousses est destine a subir un 
stress hydrique sous certaines conditions . Les gousses 
qui ont donne au moins une plantule sont soumises a un 
stress hydrique par arret de l ' arrosage pendant deux 
semaines. 

Chaque gousse est enfouie dans un Jyffipot plein de terreau 
a un centimetre de l~ surface. L ' arrosage par aspersion est 
quotidien. L ' experience est menee dans un compartiment d ' une 
serre en verre . 

Discussion 

Apres traitement a l ' azote liquide 50 a 100 % des 
gou sses , ayant subi cette scarification par le froid , donnent 
trois a dix plantules qui emergent par gousse selon les espe­
ces considerees Tableau 1. 

Tableau 

N.B : 

2 

germination des graine s dans la g ousse. 

Frequence des gousses ayant donn e une plantule 
au mo ins . 
Nombre moyen des plantules par gousse . 

S i l'ensemble des graines d ' une meme gousse est scarifie 
c o rrectement celles- ci peuvent germer simultanement sans pre­
juge r des phenomenes de competition entre plantes qui pour ­
r a ient apparaitre ulterieurement. 
Dans la nature la scarification peut- etre obtenue par les 
g randes amplitudes thermiques (Nuit - jour ) de la saison chaude. 



67 

Les graines d ' une meme gousse ont subi en prin c i pe un meme 
traitement indispensable a leur levee. Toutefois une seule 
graine germe par gousse , rarement deux ou trois graines et 
exceptionnellement plus de trois graines germent pa r gousse . 
Or l e nombre moyen de graines par gousse , que l que soit l ' espece 
a laquelle on s ' adresse , est nettement superieur a celui des 
graines qu i germent par gousse a une Saison donnee (sauf pour 
Medicago lupulina et Medicago rugosa ) Tableau 2 . 

Nombre : Nombr e ) 
( Espece moyen de : Espece moyen de ) 

< ---------------~--r9ELQ __ ~------------ -- ~- - -9E LQ ___ l 
lM.truncatula ~ 5 - 8 ~ M. minima ~ 3 - 6 : 

l ~~~~~~~~;;~~---~ - - ~ -=-~--;-~~~;~~~:~~; ~;;~~-=;~ ----~ 
l ~~~:;:~~~~ -- - ---- - ------- '. -~~;:~~;~--- --;- ~ -=- ; ----: 

Tableau 2 - Nombre moyen de graines par gousse chez 
different es especes de ~edicagoannuelles 

C ' est pourquoi nous avons verifie l ' existence de graines via ­
bles a l ' interieur des gausses prelevees dans la nature et 
ayant donne in situ au mains une plante. Au cours de cycle 
veaetatif (au printemps ) des plants de Medicago annuelles ont 
ete preleves dans des populations nature lles en prenant soin 
d ' arracher la plante avec sa gousse accrochee au collet. 
Le denombrement des graines dans ces gausses ainsi que le nom­
bre moyen de plantes qui en emergent , pour les deux especes 
Medicago truncatula et Medicago ciliari s sont presentes au 
Tableau 3 . 

) 
Espece Nombre moyen Nombre moyen ) 

- - - - - -- -- -- ---- - ~-~=:~~=-~:: _~-- ~ -~::=~= -~:: _~ ___ ) 
~M . ciliaris : -~~ = 1 , 46 : 22?= 2 , 98 ~ 
(--- ---- --- -- - -- -: ------- -------- :---------------- ) 
(M . truncatula 140_ 343 _ ) 
( 100- 1,40 100- 3 , 43 ) 
( ) 

Tableau 3 - Nombres moyens de plantes et de graines 
observes dans les gousses , ayantdonne au 
mains une plante, prelevees dans la nature 

Les graines extraites de ces gausses ~ont scarifiees mecaniaue ­
ment puis placees dans des boites de petri sur du papier filtre 
imbibe d ' eau distillee. L ' ensemble est installe dans une etuve 
reglee a 20° C ± 1 °C. Au bout de 48 heures , 90 % de ces graines 
germent . Il apparait evident que les graines , provenant de 
gausses ayant donne au mains une plante, garden t leur pouvoir 
germinatif et restent viables . 
Par ailleurs nous avons constate chez la p lupart des especes 
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de ~edicago annuel l es que le taux de germin a tio n des graines 
non scarifiees atteint rarement 20 % apres 10 jours d 'incuba ­
tion, alors que l es graines scarifiees ayant le meme age ger­
ment a 95 % au bout de 48 heure s. 
La scarification , e n l evant l'inhibition t egumenta ire, est 
indispensable pour la germination des graines dures . 
Le troisieme lot, forme par l es gausses n' ayant pas subi l e 
traitement a l'azo te liquide , fournit les resulta ts presentes 
au tableau 1. 
Entre 30 % e t 50 % des gausses de Medicago polymorpha et de 
Medicq.go truncatula donn e nt entre une et deux p l antu l es pa r 
gousse ; par contre seul 5 % des gausse s de Medicago orbicu­
laris et ~edicago mi nima fournissent une p l a ntule par gousse . 
Certains auteurs , Mc COMB e t ANDREWS 1974, IBN TATOU 1981, se 
sont interesses au rang de l a g r a ine qui ger me a l' i nterieur 
de l a gousse . En o r ientant la gouss e par rapport a son p lan 
equato r ial on peut def inir deux extremi t es dis t ales et p roxi­
males. Ils ont pu montrer que l e poucentage de graines germees 
d 'un r a ng donne est plus eleve aux deux extr emites et diminue 
graduellement l o r squ ' on s ' e l oign e de ce lles- ci.I l s qual ifient 
ce mode de ge rmination de sequentielle . 
Les gausses q ui ont.donn e au mains une plantule sont soumises 
a un str ess hydrique par a rret de l' ar r osage pendant deux 
semaines et e t cela quatre mois apres l eur mise e n place dans 
les Jyffipots . Apres ce s tress hydrigue l es a rrosages reguliers 
sont repris. Par cette operat ion n ous voulons savoir si des 
graines , appartenant a ux memes gausses , peuvent ge r mersuccessi ­
vement e t donn er des plantules . 
Medicago truncatula et a un moindre degre Med icago polymorpha 
donn e nt des reponses (Tab l eau 1) qui semblent aller dans le · 
sens d ' un mode d ' installation adapte a un climat caracterise 
par l es irregu l arites des precipitations et de l o n gues perio­
des de secheresse . Le cas de ~edicago minima et Medicago orbi ­
cu l aris n ecessite un temps d ' o b servation plus l ong , c ' est pour­
quoi il est important de pou rsuivr e l' experience pour donne r 
une ass i se correcte a notre hypothese. 

Conclusion 

La dur e t e des g r a ines et la germinat i on eche l onnee 
dans l e temps des g raines d ' une meme gousse forme nt deux 
caracteristiques qu i, associees a u regime de reproduction au ­
togame des Medicago a nnuel l es a insi gue la tolerance de cer­
taines especes a la secheresse , const ituent un ensemble de fac ­
teurs leur conferant la q u a lite d'especes pionni e res et en tant 
que tel l es e lle s peuvent coloniser des habitats va ries et plus 
o u mains perturbes . 
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Summary 

The spiral pods , spiny or not, of Medicago species 
are not dehiscent. They represent the main propagatory e l ement 
of the species . In natural conditions, part of the seeds ger ­
minate within their pods attached to the mother plant . Yet,not 
all pod's seeds germinate. The other seeds that remain in the 
pod without germination are genetically related to the first 
ones , these latter keep their germinat i on power . Favourabl e 
conditions on the one hand fo ll owed by nasty ones such tempe­
rature and humidity and over - grazing (a quite natural pheno­
menon in arid areas) might be the cause of the elimination of 
the p l cnts issued from the first wave of germination . Ungermi ­
nated seeds constitute a valuable stock of seeds ready to be 
reused as soon as favourable conditions are met. This mecha ­
nism enables to keep the stock of seeds at a good l evel in the 
soil and contributes to the in situ conservation of natural 
populations. 
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Summary 

The paper describes an efficient experimental design with 
blocks within replicates, and the statistical model for 
genotype - location- year (GxLxY) experiment s using this design. 
Results from a large scale clonal experiment with natural 
populations (6) and cultivars (2) of timothy (Phleum p r ate nse 
L.) and red fescue (Festuca rubra L.), o riginating from the 
northernmost part of Norway (69-70°N), are also presented. 
Genotypic variation for seed production is large both within 
cultivars and natural grass populations, and the variation is 
equally large within cultivars and populations. Heritabilities 
for seed yield characters are high. Estimates of variance 
components and correlations vary a lot both with test site and 
plant material. GxY-interactions are generally much smaller 
than GxL-interactions, while GxLxY - interactions are pronoun­
ced. Genotype x environment - interactions are much larger in 
timothy than in red fescue. Variance component methods (i.e. 
genetic correlations and ecovalence) and cluster analysis for 
studying stability and specific adaptation facilitate the 
ranking of the stability of individual genotypes . 

Introduction 

Why do we conduct experiments with clones? Although some form 
of progeny test normally is used nowadays for the identif i ­
cation of superior parents for synthetic varieties, there will 
always be a need for selecting genotypes by means of clonal 
tests, especially in the beginning of a breeding program. 
Since outlined by BURTON & deVANE (195~), clone tests have 
been extensively used . in the breeding of forage grasses. Based 
on the assumption that the variation we observe between clones 
is essentially genotypic in origin, some of the objectives of 
a clo.nal test are: 1) to identify phenotypically superior 
genotypes, 2) to compare the average effects of populations, 
3 ) to estimate components of the genotypic and environmental 
variation, with as high precision as possible. 
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Experimental design 
In conventional replicated trials with a large number of 
randomized entries it will often be difficult to control the 
random error variance within large replicates. Incomplete 
blocks have been used widely to cope with this problem. A 
special type of incomplete block design has been developed and 
used at our department (AASTVEIT 1977). Contrary to a conven­
tional incomplete block design, the blocks contain the same 
genotypes in all replicates and at all locations. In an 
experiment wi th•r replicates, each replicate is divided into b 
number of blocks~ Each population must be represented with an­
equal number of genotypes in each block. Sequences of n 
genotypes are drawn randomly from each of E populations and 
put together in each block. Each block is uniq and made up of 
.12..:..!! genotypes. Genotypes are randomized within each block, and 
the blocks are randomized within replicates at each location. 
It has been shown theorethically that, if the number of 
genotypes in the test is large, this design will give better 
estimates of the genetic variation than similar randomized, 
complete block designs (AASTVEIT 1977). 

Statistical model 
Data from experiments with clones of perennial species are 
correlated over years because observations are taken on the 
same plot each year. A combined analysis over years can be 
done by assuming a split-plot in time model with years as 
subplots (STEEL & TORRIE 1980). Table 1 presents the expec­
tations from a combined analysis of variance of a split-plot 
in time design with blocks within replicates. The model is a 
mixed nested model. Blocks are nested within replications and 
locations, and genotypes are nested within blocks and popula­
tions. All effects, except the population effect were 
considered random . Mean square expectations are presented only 
for the genotypic effects . 

Plant material 
Three of the most promising natural populations, collected in 
the northern part of Norway as a part of a national herbage 
breeding program, and in additon one c ul tivar of timothy and 
red fescue have been used in the present investigation on the 
genetics of seed production. The origin of the populations and 
the cultivars are shown in Table 2. Except form the red fescue 
cultivar 'Leik' , they all originate at 69-70°N latitude . 100 
genotypes from each of the populations and the cultivars were 
laid out in block designs as described earlier, at the 
following locations in Norway: Southern - As (60°N), Inter­
mediate - Kvithamar (63°30 'N) and Northern - Bardu (69°N). 
Seed yield and other characters were observed for 2 years . 

RESULTS AND DISCUSSION 

1. Genotypic variation 
Variation between genotypes (G / B/ P), and the genotype x 
loca t ion (G / B/ PxL) and genotype x year x location effect we r e 
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highly significant. Genotype x year interaction (G/B/PxY) was 
significant only in timothy, but much smaller than the GxL­
interaction. 

Table 1. Co m b~ n ed a n aly-0~-0 06 va~~a nce ave~ populat~o n-0 , 
yea~-0 and locat~on-0 06 a -O pl~t - plo t ~ n t~ m e de-0~gn · w~t h 
y ea~-0 a-0 -0ubplot-0 and blocQ-O w~t h ~ n ~epl~cate-0. 

soom OF VARIATION 

LOCATION (LJ 
RIP /L • 

YIARS (YJ 
y I L 
y I RIP /L 

df UPICTATIONS OF KIAH SQDARIS 

BLOCIS/RIP/L (B/RIP/L) 24 
y I B/RIP /L 24 

POPDLATIONS (P) 3 
p I L 6 
P I RIP /L 9 
p I B/RIP /L 72 

p I Y 3 
PILIY 6 
P1Y1RIP/L 9 
p I y I B/RIP/L 72 

GINOTYPIS/BLOCKS/POP(G/B/PJ 180 air t ya1,1 t ra1,Lr 1 ryalCL 1 rlaln 1 rlyal 
G/B/P x L 360 air 1 yal" 1 ral,Lr 1 ryal'L 
G/B/P I RIP/L 540 air 1 yal" 

G/B/P x Y 
G/B/P l L I y 
G/B/P I y I RIP /L 

TOTAL 

180 air 1 ralHr 1 rlalH 
360 air 1 ral,L r 
540 air 

2399 

(1:3 locations, y:2 years, r:2 replications uith 5 blocks uithin each 
replicate , I populations , and 50 genotypes uithin each population) . 

Table ? . 0~1g1n 06 pla nt malr~1al . 

Timothy (Phle um pratense L.) 

POPULATION 

Lakselv 
Kautokeino 
Karasjok 
cv . ' Engmo' 

ORIGIN 

Finnmark, N-Norway 
Finnmark, N-Norway 
F innmark , N-Norway 
Troms, N-Norway 

LATITUDE 

70°N 
69°N 
69°30'N 
69•tt 
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Red fescue (Festuca rubra L . ) 

POPULATION 

Alta 
Gibostad 
Storf j ord 
CV . 'Leik 1 

ORIGIN 

Finnmark, N- Norway 
Troms, N- Norway 
Troms, N-Norway 
Oppland, S- Norway 

LATITUDE 

70°N 
69°N 
69°N 
61°N 

Table 3 presents estimates of variance components for each o f 
the three natural timothy- and red fescue populations and the 
cul ti vars. 

Ta.ble 3. Eb.t.<.ma..te.o 06 va.1t.<.a. ri c.e c. amparieri.t.o 601t .oeed y.<.eld 
.<.ri Na1tv 1eg.<.a.ri .t.<.ma.thy a.rid 1ted 6e.o c. ue pap ula.t.<.ari.o. 

SPiC!KS / 
POPOLAT ION Sl; SlGL SlGf SlGLT irrorI irrorl 

Ti1otby : 
Kamjoi 127.5111 94.0111 10. 7 55 .9111 126. 6 120. Jiii 

Kautokeino 151.8111 78. 3111 16. 6 35.5111 171.1 95.7111 
Lais eh 186. 81" 75.9 11 21.6 90. 4111 175 . l 193 . 6111 
CV. · ing10 · 110.4 111 90 .1" 1 17.41 48 . 9111 92 .5 149. 5111 

x..l) 6.40 DS 1. 63 DS 1. 811 29.6111 21.5111 26 .0111 

Red fescue: 
Alta 115.1111 20. 9 62 . 61 114 .3111 3H.l 10 . l 
Gi bos tad 152.7"1 224.6111 3095 
Storfjord 116. 7111 39. 51 17.2 76.811 240 . 2 
cv. 'Leik' 176. 7111 45 .81 165. 7111 289. 8 

~3) 2. 98 DS 27 . 95 111 Ul DS 

irrorl : Whole-plo t error (Genotypes 1 year 1 reps /loci 
irrorl : Sub-plot error (Genotypes 1 reps / loc i 

Except from the GxY-variance, all components are highly 
significant in timothy. The genotypic variation for seed 
production is equally large within both the natural popula­
tions and the cultivar. Both the error variances and the 
three-factor interaction are significantly different . A more 
thourough discussion of the genetic variation for seed 
production in timothy can be found elsewhere (ROGNLI 1987a). 
In red fescue, highly significant var iance components were 
only recorded for genotypes and the three-factor interaction. 
The genotypic variation for seed yield was not different 
within the red fescue populations either. 

Measured by the genotypic coefficient of variation (GCV%), the 
character seed yield / plot showed on a verage the largest 
genotypic variation (GCV%=24.8 in timothy and 33.0 in red 
fescue). The heritability in broad sense was also high for 
this character (0.64 in timothy and 0.72 in red fescue). Date 
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of ear emergence has a higher heritability in timothy (0 . 86) 
than in red fescue (0.59). The characters seed yield/panicle, 
fertility and 1000 - seed weight, measured in red fescue, are 
also highly heritable (h2b=0.65 - 0 . 89) and genetically vari ­
able. 

Table 4 presents mean values, heritabilities and genotypic 
coefficients of variation for each popu l ation at each loca­
tion. In addition the combined estimates over populations are 
also presented. 

Tab.f.e 4. Mean va.f.u.ei> ,, b1toad -0en-0e he1t-i_tab-i_.f.,{_,(:,i,e;, and 
genotyp-i_e, coe66-i_c-i_en;t-0 06 va1t-i_a;t-i_o n ( GCV% I 601t -0eed y-i_e.f.d 
-i_n Jted 6e-0cu.e, e-0;t-i_mated a;t d-i_66e1ten;t .f.oe,a;t-i_on-0. 

LOCATIONS 

SOUTHKRN Immorm NORTHKRN 

POPULATION Mm Hl1 GCVX MUN Hl 1 GCU MUN Hl1 GCVX 

Alta 31.8 O,JO JU 29,5 0, 51 JU JU 0, SJ JU 
Gibostad JU 0,26 28,2 2U 0,60 42.2 29.5 0,55 42 ,J 
Storfjord J54 0, 42 29.4 29,8 0, 49 JU JU 0,78 4U 
CV, 'Leik' 57.4 0, 55 30,2 SU 0,72 JU J0,2 0,49 2U 

Co1bined 
es ti.ate JU 0.40 JU JU 0,61 JU 322 0,61 J95 

On average the genotypic coefficients of variation and the 
heritability are lower at the southern location than at the 
intermediate and the northern location . There is a tendency 
that the genetic variation in the populations are expressed to 
the greatest extent in or near their site of origin. This 
means that they have a high heritability and a large GCV% in 
environments near their origin. The intermediate location 
seems to possess a climate that is well balanced for the 
expression of a large genotypic variability in both species, 
both in populations from the north and from the south. 

Fertile tillers, which were scored visually , had the highest 
genotypic correlation with seed yield. Seed yield/plot could 
be best predicted by a regression model including only fert i le 
tillers as the independent vari able. 

2) Pheno typic stability 
Why is stability important in relation to seed production? 
Breeding and seed multiplication is difficult in northern 
marginal regions of Europe due to a wet and short growing 
season . Genetic shifts may occur if the breeding of northern 
plant material is located in regions further south. By 
studying the environmental stability of the reproductive 
system one may be able to identify breeding sites that 
minimiz e the risk of genetic shifts. 
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It has been stated that it is very difficult to use any of the 
most useful stability parameters for selection be cause they 
give very d ifferent rankings in different years (HEINE & WEBER 
19 82). Norway has a very variable climate, and it is necessary 
to breed for wide adaptation in order to keep the number of 
cultivars at a reasonable level. At our department we have 
adopted the following strategy (see AASTVEIT & AASTVE IT 1984): 
If GxY- and GxL-inte ractions are mainly c aused by the same 
factors of climatic nature, coul d we select for stability by 
conducting a one year test at two or three l ocations repre­
senting maximal climatic differences within the geographic 
region of interest? There are results that support this 
hypothesis (AASTVEIT & AASTVEI T 1984; ROGNLI 19 87b). The 
variance component approach makes the ranking of the stability 
responses fairly easy. A.special form of this approach, that 
has been very little used, is to consider a character 
estimated at three locations as three diffferent characters, 
and estimate the genotypic corre lation between them by using 
the genotypic v ariance components (FALCONER 19 81). 

Ta.b.ee 5 . Geno:typ-i.c CO !llle.£a.;t,(_ 0 Yl!.J b etwee n e n v-i.!lo vtm ui:t J.i 
0 Oil :the cha.!la.c:tell J.i eed y-<.e.ed -<. Yl :t -i. mo:t hy . 

iN VIRON KiNT POPOLATION 

OF ORIGIN AND : KARASJOK mmrno LAKSiLV CV. "iNGKO ' 

Intenediate 
envi ron1ent 
(63 'JO 'N) 0. 78 0. 64 LOO 0. 70 

Southe rn 
envirou ent 
(60"N) 0. 31 0. 89 0.63 0. 28 

Table 5 shows the results of the correlation between the 
environment of origin, which is the northern l ocation, and the 
other environments for the c haracter seed yield in timothy. 
Except fo r o ne population, 'Kautokeino', the correlation is 
higher between the northern and intermediate location than 
between the northern and the southern. Thi s pattern was the 
same for all characters . A h igh genetic correlation between 
the character in different environments means that the 
character is determined by nearly the same genes in these 
environments. The risk of genetic shifts will probably be 
lowest i f the plant material is transfered between such 
environments. 

Ecovalence (WRICKE 1962) , is defined as the relative contri ­
bution of each genotype to the total genotype x environment­
interaction sum of squares. Estimation of the GxL-interaction 
by means of ecovalence has shown that a large majority of the 
genotypes, both within the natural populations and the 
cultivars are phenotypically stable, while a smal l part of 
them are responsible for the interaction, both in t i mothy 
(ROGNLI 1987b) and in red fescue. 
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HAYWARD et al. (1982) and CLEMENTS et al . (1983) used pattern 
analysis in the study of stability in perennial ryegrass and 
cocksfoot, respectively. In order to study the specific 
adaptation of genotypes, a pattern analysis has been run on 
the GXL-matrix of residuals for each genotype at each location 
(see Table 6 . ) 

nmomm 

CLOSTIR 
GROOP 

SOUTHm nmmrm IORTHm PROPORTION AVIRAGi 
(60°N) (63"30'N) (69"N) or moT . (l) SSG1L 

I -39. 2 30. 4 8. 8 3.8 254 
II 21.5 - 2. 5 -19.5 12 . 3 830 

III - 5. 6 -34.1 39. 7 3. 0 2770 
IV 8. 3 21.8 13. 5 10 . 8 726 
v -44.6 - 3. 7 48 . 3 I. 0 4336 

VI -19. 4 0. 8 18 . 7 11.5 73 1 
VII - 1.0 3. 9 - 2. 9 29. 5 25 

VIII 37.5 -24. 9 -12.6 8. 5 2185 
II -17.2 25 . l - 7. 9 17.8 988 
I 48 . 0 -49. 8 1.8 2.0 4787 

Residuals : (fij-fi. -Y . jlf .) 
i:genotypes j:en•irouents 

Table 6 presents tne means of cluster groups after clustering 
on the residuals of seed yield of red fescue in 1983. The 
total interaction sum of squares are the squared residuals, 
summed over all genotypes and locations, which also form the 
basis for the estimation of ecovalence. Therefore there is a 
direct connection between this cluster groups and the eco­
valence concept (see ROGNLI 1987b). The cluster group with the 
smallest average residual at every location simultaneously 
will comprise the most stable genotypes. In this case it is 
cluster group IIV which also is the largest group with 29.5% 
o f the genotypes. The number of cluster groups have arbi­
trarily been set to 10, which was found to give a good 
separation of the groups. Genotypes in for excample group 5 
have a low phenotypic stability, and they are high yielding in 
the northern environment, while about average yielding at the 
intermediate location and very low yielding in the south. 
Except from a few of the groups, all populations are repre­
sented within the groups. This means that within the popula­
tions there are large variation in the enyironmental 
responses. 

Resume 
Une modele experimentale avec des blocs an dedans des repli­
cations pour !'analyse statistique des interactions genotypes 
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x locations x annees, est descrit dans cette papier. Les 
resultats des experiences d'une grande echelle avec des clones 
de Phleum pratense L. et Festuca rubra L. des populations 
d'origine naturelle (6) ou cultivee (2) de la Norvege du nord 
(69-70°N) est presentee. Sur la base des donnees de 100 
genotypes (clones) par population et 4 ramets/case dans 2 
replications et 3 locations diverses en Norvege (60°, 63°30', 
69°N) pendant 2 annees, la variation genotypique et la 
stabilite phenotypique de la rendement des semences est 
estimee. 
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Agronomic ~d t 'eeding value of Italian Ryegrass (Loli um multi­
florum L.) populations collected in the Po valley 

P. Rotili , L . Zannone , C. Scotti , G. Gnocchi , S . Proietti 

Istituto Sperimentale per le Colture Foraggere, Lodi, Italy 

SUMMARY 

In the irrigated plains of Lombardy the continuous e l imi ­
nation of permanent meadows and their replacement with maize 
imposes the collection and conservation of Lolium mu l tiflorum . 
Thirty populations were collected in the Milano-Lodi - Cremaarea. 
All the collected material was studied in greenhouse, in con­
crete boxes with the useful sizes of 150 x 40 x 25 cm, at the 
density of 350 plants per square metre . The study was divided 
into three experiments , conducted under the same methodology . 
Dry matter yield , ear l iness , mortality and crude prote in con­
tent were evaluated . In the first and third experiments the 
material was studied during 25 cuts (three years) while in the 
second one it was studied during 17 cuts (two years) . If com­
pared with the tester c ultivars Asso and Barmultra , the co l le~ 

ted populations showed a greater stability, a good yielding c~ 
pacity and a higher persistency . Some co llected populations 
showed a lso a good a l ternativity. These characteristics , com­
bined with a good forage qual ity make this material a suitable 
genetic resource for the creation of cultivars to be exploited 
in the Northern and Central Italy plains. The plants selected 
on the basis of yielding capacity were cloned and submitted to 
selfing and to crossing. Progenies s

0 
and S were studied in 

greenhouse under the same conditions of par~ntal populations . 

INTRODUCTION 

In the irrigated plains of Lombardy (Italy) permanent me~ 
dows are continuously e liminated and replaced with maize . This 
imposes the collection and conservation of Lolium multiflorum 
and other species typical of these meadows (dactylis, bromus 
spp. etc . ). Many expeditions were made by the Forage Crops In­
stitute of Lodi, together with English colleagues as well as 
colleagues from Belgium, Holland, Japan and France. Beside 
the objective of contrasting the disappearence of the genetic 
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source, our collection has a breeding objective , chiefly con­
cerning stability and persistence . At present , Lolium multi­
florum is extensively used as catch crop , sown in autumn and 
harvested in spring , before sowing maize. But we consider this 
plant useful for artificial meadows, able to gi ve a full pro ­
duction for two years and one spri ng harvest in the third 
year, before a new maize sowing. For that purpose , persis te nce 
and yielding stability through the seasons are the most impor ­
tant traits . Moreover , we think that the materials selected 
from the collected populations are very useful for binary mi x­
tures with lucerne and wh ite clover because of their high per ­
sistence. 

MATERIALS AND METHODS 

Three collection groups were made. The first one includes 
10 popu l ations collected in 1982 in the Milano - Lodi - Crema 
area, 5 of which were from permanent meadows and 5 from "mar ­
ci te" , more than 80 years old. The second consisted of 17 po ­
p u lations collected in 1983 in the Crema region only . The 
third one consists of 8 populations collected in 1983 in the 
Lodi-Crema district . In the said area, (about 40 Km x 25 Km) 
either permanent meadows, summer irrigated, or "marcit e ", sum­
mer and winter irrigated, have complex systems of irrigation 
with water supplies every 15 days over the growing season . The 
summer temperatures are rather high , the mean of maximum tem­
peratures in the second part of July being 30°C . Usually the 
number of cuttings per year is 5- 6 for the meadows and 9-10 
for the "marci te ". About 100 inflorescences wer2 collected 
from each population inside an area of 300- 400 m . The colle~ 
ted populations were studied in g reenhouse, in concrete boxes 
150 cm long, 40 cm high and 25 cm wide . The mean of maximum 
temperatures in greenhouse were, on average , 5- 7 degrees hi ­
gher than the corresponding field values , in the spring a n d 
summer months , while the average minimum values were about the 
same in . both situations. 

The sowing was made in Petri dishes in January , and the 
seedlings were transp lanted in the boxes at the first leaf ap ­
pearance~ at the distance of 2 . 5 cm on the row , that means 350 
plants/m . I ndividual plants were identified by means of pla­
stic separators. Concerning fertilization, K

2
o = 200 Kg/Ha, 

P 0 = 100 Kg/Ha were supplied before transplanting. As for N, 
66 ~g/Ha at transplanting and 30 Kg/Ha after each cut were SU£ 

plied too . 
Experimental design: randomized blocks, with plots of 2 

rows including 54 plants (27 + 27) . Replicates: 13 for the 
first group , 4 for the 2nd a"d 3rd group. 

Dry matter yield , no. of inflorescences at differents cu! 
tings, and mortality were recorded . Samples from one replicate 
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of some harvests were analyzed for crude protein and total su­
gar content in leaves and stems. The three g roups of col l ec ­
ted popu l ations were studied in three different experiments 
but with the same technical procedures . The tester cu l tivars 
were Asso for all the three groups , and Barmultra for the se ­
cond and third group only . The first group was stu died for 
three years (25 cuts), the second one for two years ( 17 cuts) 
and the third group for three years (25 cuts) . At the end of 
the experiments the plants resulting the most vigorous with a 
good yielding stability through the seasons, were chosen , clo­
ned and transplanted in pots . Each selected plant ~as submit ­
ted to selfing and to crossing . The cross was realize d as a 
genera l polycross of all the selectec materials. The proge ­
nies , either of the polycross or of the sel f ing , were studied 
in the same technical condition s as ': he parental popu lation s . 
In total , 48 polycross progenie s and 10 selfing progenies were 
studied. All this material was established in three rep l ica­
tes . Another series of cross and !;elfing was realized in the 
1987 . On 119 p lants s ubmitted to s~lf~ng , 60% were autosteri ­
le , 24% gave from 10 to 50 seeds , 8% from 50 to 100 seeds and 
8% more than 100 seeds. 

RESU LTS 

Dry matter yield 

In all the thre e experiments the collected populations 
show a stab ility , through the seascns a nd years , much higher 
than the tester cultLvars Asso a nd Barmultra. In each experi ­
ment , a very poo r variation was detected among the collected 
populations , while there was a highly significant difference 
be t ween the collected populations and the tester cultivars. 
This difference was in favour of Asso at the first cut of each 
year , while at the following cuts , and chiefly between J une 
a nd September , the difference was in favour of the collected 
populations. Ba rmul t ra is similar to t he collected populations 
at t he first cut of each y ear , while it performs like Asso at 
the subsequent cuts . The dry matter yield 
trend o f pol ycross progenies and tester cultivars s hows that , 
at each c ut , some progenies yield more than control c u ltivars. 

On t he a ve rage o f 7 cuts , 6 out of 48 progenies 
ove ryi elded Asso by more than 10%, while 11 progeni es show to 
be hierircr yieldinr, than Darrnultra b y 20 to 30% . Beside the 
advuntaec concc~n ing product ivity , an improvement was reached 
o ri Lhe stability of prod uction through the seasons. In fact , 
while the coefficient of variation through t he c u ts was in I.he 
coll ected populations between 40 and 60% , in the progeni es iL 
was between 15 and 25% . 
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Number of inflorescences at differents cuttings 

The number of inflorescences was measured per plot at the 
second and-third cut of first and second year. At first, we 
observe the ability of cv Asso to give a high number of inflo­
rescences/plot at each cut. On the contrary, cv Barmultra 
shows a low heading ability, even with l ower value s than the 
minimum ones of the collected populations. Among these last, 
2 populations in Group 2 and one in Group 3 show, at the third 
cut, values which are not different from cv Asso. The statist~ 
cal analysis shows significant differences among the collected 
populations and, at the same time, an interaction with the se~ 
son. The same situation was observed in the polycross proge­
nies. The maximum values for progenies are similar or superior 
to those of Asso, while Barmultra confirms its lower heading 
ability trough the different cuttings. 

Mortality 

The percentage of dead plants was registered at the end 
of the first year for all the three groups. For the collected 
populations, mortality after 8 cuttings was on average 5%,whi­
le for Asso and Barmultra was 36% and 31% rispectively. Al l 
the five "marcite" populations are better persistent and hi­
gher yielding. 

Crude protein and total sugar content 

The analysis of crude protein and total sugar content was 
made on the collected populations and tester cultivars, sepa­
rately on l eaves and stems, in two different seasonal situa­
tions: July and October . In the autumn no stems were present 
of course . Both analyses were made with an Autotechnicon ana-
lyser, II generation A fairly high variability was 
observed in leaf crude protein conten t , either in July or in 
October, while the variability was very poor in the stems , in 
which the average content was very poor too. So it seems pos ­
sible to select positively for leaf crude protein content, but 
its interaction with seasons reduces this possibility. In July, 
stems show a greater sugar content and a greater variability 
than l eaves . The leaf sugar content increases , in average and 
in variability, from July to October . The vari'ability of total 
sugar content in stems suggests the possibility of positive r~ 
sults in selection. The correlation between crude protein and 
total sugar content was always negative when a same part of 
the plant (leaves or stems) was considered: highly significant 
for leaves (r=- 0.70**) but not significant for stems (r=- 0.28) 

CONCLUSION 

The continuous elimination of very old permanent meadows 
imposes the collection and conservation of Lolium multiflorum 
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and other species typical of these meadows. The presented re­
su l ts show an opportunity for breeding purposes . In fact, it 
seems possible to obtain an improvement in forage yield, as 
well as in persistence and in stability of yield through t he 
seasons . With regard to crude protein content, the good varia­
bility recorded in the leaves could not give successful re­
sults in a selection work , because its in te r action with season . 
As to total sugars content, the presented resul ts suggest that 
selection may be effective when working on stems. This fact is 
important for the creation of varieties rich in energy to be 
adopted in binary grass - legume a s soci ations, in view of a bet­
ter utilisation of legumes by t he ruminant animals . Finally it 
must be un derlined that some of t he selfed families don ' t seem 
to sh~w an inbreeding depression . For th is reason t wo ways of 
varieties creation should be t ried: 
1) synthetic varieties an d 2) " semi - hybr id " var ietie s , by ex ­
ploiting poll e n compe tition . By the second way it shoul d be 
possible to cumulate vi g our linked to the maximum heterozigo­
si ty with vigour linked to ttie qu a li t y of genes, gene combina­
tions and "linkats ". 

RESUME 

L ' e limination des prairies pe rmanen te s en f'av eur du mais , 
de plus en plus frequente , demande la collecte e la conserva­
tion du Lolium multi flo rum qui est une des especes domi nante s 
des prairies des p l ai ne s irriguee s de la Lombardie. Trente po­
pulations on ete collettees dans les t erri toires qui forment 
le t riangle Milano- Lodi-Crema. Le materiel a ete etudie en ser 
re sur parcelles ayantes les dimensions utiles 150x25x40 cm . 
De nsite de la pa r c elle: 350 p lan tes par metre carre . Les cara£ 
teres mesures etaien t les sui vants : matiere seche , precocite , 
mortalite, teneur en proteines et en glucides . Les coupes ont 
ete 25 pour le premier et le t roisieme e xperimen t (trois ans) 
tandis que le s ec ond e x periment a ete etudie pendant 17 coupes 
(deux ans) . En comparaison avec les culti vars Assa (Institut 
de Lodi) et Barrnultra , les populations collectees resultent , 
en rnoyenne , superieures pour le rendernent, la persistence et 
la stabilite de rendemen t . Ces resultats indiquent que a par ­
tir de ce ma teriel on pe u t constituer de nouvelles varietes 
performantes su r to u t en melanges binaires avec une legumineuse 
( luzerne , t refle violet , trefle blanc ) . Les plantes choisies 
ont e t e croisees et autofecondees . Il est remarquable qu' on a 
t r ouve des individus dont les familles autofecondees n ' accu­
saint pas la chute de rigueur. 
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Table lstDry forage yield (gf plot) . First gro~g : 9 cuts 1983 + 8 cuts 
th 7th 1984 (1 cut not collected) + 8 cuts 1985 ( 5 , 6 ' cuts 1985 not 

collected) 

Day 18 17 8 29 19 11 7 3 12 x 
Month A M J u Ju J A s 0 D 1983 

Collected 
max 98 95 53 39 25 27 42 38 34 48 

x 92 89 51 35 24 25 39 35 30 47 
Populations 

min 83 78 46 31 23 22 37 32 27 44 

CV As so 120 99 43 18 17 10 27 27 36 44 

15 14 12 6 6 5 13 x 
M Ju J A s 0 N 1984 

max 76 58 49 33 44 31 18 43 
x 70 52 46 31 42 29 17 41 

min 63 50 43 30 38 25 15 39 

CV As so 76 48 36 21 29 20 13 35 

19 17 6 26 22 x 
A M Ju Ju 0 1985 

max 42 40 36 19 68 40 

x 39 38 31 14 59 36 

min 34 34 26 10 48 33 

CV As so 40 37 24 9 44 31 



·:abl~ 2 . J :·y !0ra,;e yield (,;/ Plo t) . Second group : 8 c u ts 1984 + 9 cu t s 198 5 

ilay 
i·lonti1 

Co ll ected 
popu l a tion 

30 29 19 13 6 6 5 13 x 19 17 6 26 19 22 12 18 5 x 
A ;.; J u J A S 0 N 1984 A M J u Ju J A S 0 D 1985 

ma x 55 58 50 35 30 42 29 19 38 
x 48 55 46 32 28 40 26 16 36 

min 42 49 42 28 25 38 24 14 34 

42 43 40 22 23 28 35 37 18 30 
35 37 36 20 19 24 31 31 15 28 
33 32 32 19 16 20 28 27 12 24 

cv . Asso 75 64 34 19 9 26 16 14 32 
48 52 27 22 17 32 18 10 28 

4 6 43 24 9 8 10 16 23 13 21 
33 29 13 5 6 10 14 15 9 15 CV. aa r mu l tra 

Table 3 . Dry forage yield ( g/p lo t) . Third g roup: 9 cuts 1984 + 8 cuts 1985 + 8 cuts 1986 

Day 
Month 

Collected 
population 

10 18 8 25 13 6 3 5 13 x 17 6 26 19 13 12 18 5 x 
A M J u Ju J A S 0 N 1984 M Ju Ju J A S 0 D 1985 

max 77 103 94 86 56 47 62 58 27 64 175 57 35 47 55 59 69 28 60 
x 57 96 83 80 49 41 58 52 25 60 130 52 32 43 48 54 63 26 56 

min 40 90 78 72 34 26 55 48 22 57 120 49 25 32 38 39 53 22 52 

10 8 26 16 9 25 25 x 
A M M J u J A A S 1986 

93 30 48 40 36 38 40 48 42 
73 29 43 35 30 33 34 45 40 
60 24 38 26 20 20 24 36 36 

cv . Assa 81 112 76 62 25 22 51 52 31 57 180 50 20 28 30 28 46 25 51 134 28 36 24 13 14 20 27 37 
cv . Barmultra 56 115 65 67 25 31 59 50 23 55 178 37 21 30 39 45 60 27 53 91 24 34 23 16 20 22 29 32 

OJ 

"' 



Table 4 . Dry forage yie l d (g/pl ot) . Polycross progenies: 7 cuts 1987 

Day 18 10 30 29 22 17 10 x 
i·lonth M A A M J u J A 1987 

max 42 37 45 55 47 35 28 37 
Polycross x 29 31 36 44 38 29 24 33 
Progeni es 

min 21 26 30 38 31 24 20 30 

CV As so 40 35 35 47 34 27 12 33 
cv Barmultra 26 30 36 43 27 21 18 29 

Tab le 5 . Percen t content of crude protein and total sugars in co llected populations and testers 

CRUDE PROTEIN (%of D. M.Y.) 
LEAVES STEMS 

J uly October Jul .:z: October 

max 22 25 7 = Collected x 20 17 4 = popu lation 
r:iin 13 16 3 = 

-;v /..sso 20 20 6 = 
C'J G.srr:iu l tra 20 24 6 = 

TOTAL SUGARS(% of D.M . Y. ) 
LEAVES STEMS 

July October J ul;z- October 

6 13 10 
3 7 5 
2 5 

2 7 4 
2 5 3 

00 
a-



DESCRIPTION OF NATURAL VARIABILITY AND MANAGEMENT 

OF GENETIC RESOURCES 

WORKSHOPS 
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Workshops were organized for the first time during an annual 
meeting of the Eucarpia Fodder Crops Section. A few years 
ago, in Freising-Weihenstephan, the idea of workshops was 
put forward by section members who wished to encourage 
1 i vel ier discusions amongst the participants. In fact, the 
informal exchange of experiences and critical observations 
may be very fruitful for practical plant breeders as well as 
for those who are engaged in theroretical research. 

For practical reasons , the four workshops had to be 
organised simultaneously but in different rooms. The groups 
were formed more or less according to the field of interest 
of the participants. Consequently the approach to the 
problem of genetic variability which was the central point 
of the discussion, was very different in each group . 

The group leaders offer below a short summary of these 
discussions. This is followed by a more general conclusion. 

S. BADOUX 
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GENETIC RESOURCES FOR MEDITERRANEAN AREA 

F. LORENZETTI (1), U. SIMON (2) 

(1) Istituto di Miglioramento Genetico Vegetale, Universita 
degli Studi di Perugia, Facolta Di Agraria, Borgo XX Giugno, 
06100 Perugia, Italy 

(2) Lehrstuhl fur Grii.nland und Futterbau der T.U. Mii.nchen, 
,8 050 Freising-Weinhenstephan, Germany 

1. Reasons for a workshop on genetic resources for the 
Mediterranean area 

a) The Mediterranean environment has peculiar climatic 
conditions, from an agronomic point of view, which can be 
summarized as follows (ASCHMANN, 1973) : 

1) at least 65 % of the rainfall occurb between November 
and April ; little or no rainfall in June/September. 

2) the total number of hours of sub-zero temperature is 
less than 262 (3 %) each year. 

b) The Mediterranean area has a sequence of favourable and 
unfavourable periods for plant growing, which is not found 
anywhere else and which calls for tailor-made improvement 
programmes capable of matching crop requirements to the 
climate. 

c) In such a situation, it is particularly true that the 
"best adapted ecotype within a given species may be better 
than the least adapted variety". 

d) In the Mediterranean area there is a unique richness of 
variability in fodder grasses and legumes, which is not 
found in other areas with a Mediterranean climate 
(Australia, California, Chile, South-Africa). 

2. In some Mediterranean areas, Italy for example, landraces 
of red clover, lucerne, sainfoin, white clover, are in 
danger of extinction. Urgent steps are necessary to locate, 
collect and store these landraces (IBPGR, 1984). 

~ 
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3. Most of the seed of annual forage species (vetches, 
crimson clover, Egyptian clover, Persian clover) used in 
Mediterranean rotations is of unspecified origin these 
species should receive more careful attention in order to 
provide specified varieties of known agronomic value to the 
farmers. 

4. In many Mediterranean countries, most pastures are based 
on natural flora. These pastures are a very important source 
of genetic variability which can be preserved with planned 
grazing. 

5. Sowing new pastures (e.g. in abandoned land) requires a 
careful choice of species and varieties, fitting a well 
defined farming system, which is often based on using high 
productive pastures and marginal land. The knowledge of the 
system in which the species will be used is a prerequisite 
for the collection strategies and breeding work, helping to 
reduce the number of species on which to focus attention. 

6. Grass species useful for the less severe Mediterranean 
environments are Festuca arundinacea, Dactylis glomerata and 
Lolium perenne. For these species, there is a risk of 
genetic erosion due to massive introduction of seed of 
Northern varieties and there has been a claim for genetic 
conservation by IBPGR ( 1984) . The main characters required 
for Mediterranean conditions are : 1) the ability to grow in 
the winter and, 2) to be dormant in the summer (i.e. the 
exact opposite of the varieties presently available on the 
market) . Some warm-season grasses and self-reseeding annuals 
(Lolium rigidum) should receive major consideration. 

7. In Mediterranean pastures, 
legumes is much higher than 
pastures ; it has been spoken 
with grassland. 

the relative importance of 
in more Northern European 

of as lequmeland in contrast 

a) The possibility offered by perennial species 
birdsfoot trefoil, white clover, sainfoin, sulla) 
known. 

(lucerne, 
are well 

b) Annual clovers and medics (Trifolium campestre, '.!:_,_ 
subterraneum, T. resupinatum, T. er,hinatum, T. balancae, 
Medicago arabica, M. polymorpha, M. orbicularis, M_,_ 
rigidula, M. truncatula, M. hispida, etc.) are very common 
in Mediterranean natural pastures· but their role in sown 
pastures is not so clear as it is, for example, in the 
Australian ley-farming system. A careful study of their 
possible contribution to forage production and distribution 
is necessary if an effort of collection, breeding and seed 
production has to be done. 
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INTRODUCTION OP NEW VARIABILITY, ESPECIALLY FOR VIGOUR, INTO 
A HIGH LEVEL GENETIC MATERIAL 

P. ROTILI (1), J. PICARD (2) 

(1) Istituto Sperimentale per le Colture Foraggere - Viale 
Piacenza 25 - 20075 Lodi, Italy 

( 2) 4, rue du 8 Mai - Neuvy-Pailloux 
France 

36100 Issoudun, 

The concept of vigour referred to forage plants was the 
starting point for discussion. Many different definitions 
were proposed. This led to the following remarks : 

1. One unrestrictedly valid definition of vigour cannot be 
found. Each definition is sound according to the adopted 
landmarks. Its validity is measured by its effectiveness in 
the breeding work. One must consider that forage plants may 
be either annual or perennial and may be submitted to one or 
more cuts per year. 

2. The definition of vigour cannot leave the way the vigour 
is measured out of consideration. The influence of the 
considered cut, the plant biological stage, the plant 
density and other factors affecting the measurement of 
vigour in many experiments were recalled. The need to 
measure the vigour in conditions as close as possible to the 
ones of the target environment of the future variety was 
also stressed. 

3. Dry forage yield is a good expression of vigour in 
classic forage crops (legumes and grasses). Taking into 
account the reported remarks, the following definition of 
vigour was accepted : Vigour is the capability of the plant 
to draw the available environmental resources and to 
transform these resources into biomass within a range of 
time which is defined according to farm practices. Finally, 
a reflection upon the concepts of potential vigour and 
actual vigour was suggested. The following discussion 
pointed out that selection is more effective when the 
breeder is working on the actual vigour. 
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The debate upon the variability for vigour can be resumed as 
it follows : 

1) In forage plants, a high variability either for vigour 
or for the main morpho-physiological characters is still 
available nowadays. Because of that, at present priority 
must be given to the study of better methods and 
techniques for the exploitation of the existing 
variability. 

2) The values of the variability for vigour vary in 
relation to the adopted methods and techniques. 

3) Creating new variability 
important even thowgh it is 
guidelines are the following : 

for vigour is 
not a priority . 

a) exploitation of material already improved 

certainly 
The main 

b) introduction of new characters by crossing between 
different origines 

c) utilisation of vitro culture techniques 

d) utilisation of selfing phase. 

Experimental results in alfalfa show that the mean of some 
single cross families increased with inbreeding. This 
increase was transmitted to Syn 2 generation of synthetic 
varieties, indicating that selection for vigorous plants 
within vigorous progenies during the selfing phase was 
successful in competitive conditions. Finally, it must be 
underlined that in some grass species some of the selfed 
families do not seem to show any inbreeding depression . 
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NATURAL VARIABILITY IN STRESS TOLERANCE 

M.O. HUMPHREYS (1), O.A. ROGNLI (2) 

(1) Welsh Plant Breeding Station Plas Gogerddan 
Aberystwyth - SY23 3EB Dyfed, United Kingdom 

(2) Department of Genetics and Plant Breeding - Agricultural 
University of Norway - P.O. Box 20 - 1432 AS - NLH, Norway 

Outline plan/agenda 

The following plan was adopted to form the basis of the 
workshop : 

Stress factors 

Physical 

Biotic 

Edaphic 

Management 

Sources of variation 

Light 

Temperature 

Water 

Pests 
Diseases 
Grazing animals 

Minerals (salinity) 
pH 
Nitrogen 

Species 
Ecotypes 

high 

low (freezing) 

drought 

waterlogging 

Relationships between stress tolerance and yielding ability 
- total and seasonal. 

The role of polyploidy in stress tolerance. 
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Discussion 

Only two main stress factors could be considered in the time 
available. These were : winter cold 

summer drought 

In general species ranked as 
, general stress tolerance : 

follows in terms of high-low 
Dactyl is 
Festuca arµndinacea 
Poa pratensis 

Ryegrasses were generally poor while white clover was widely 
adapted. 

Within species or between closely related species there were 
often very distinct types. For example, summer versus winter 
growth forms in Dactylis or the range from perennial to 
annual types in the Lolium complex (perenne-multiflorum­
rigidum). 

Winter hardiness 

When growth is not required extreme adaptation to winter 
conditions is achieved by lack of growth complete 
senescence - dormancy. Material from high latitude/altitude 
slows growth in the autumn it may be very disease 
susceptible in milder climates. 

The major problem is to combine winterhardiness with 
potential for growth in late autumn/early spring especially 
in a fluctuating climate. A plastic response is required 
which allows growth at low temperatures but not in mid­
winter when dehardening effects can be a problem a 
photoperiod response may be useful in this situation. It was 
agreed that it is very necessary to defini• limits in terms 
of amounts of growth compatible with winter hardiness. Light 
(daylength and intensity) also has an important role in 
hardening. Transfer of material from extreme Northern and 
Southern latitudes to intermediate areas may produce 
undesirable changes in hardening response. 

The spatial and temporal variation found in th• Alps at 
intermediate latitude should be a source of useful breeding 
material both for qr••••• and whit• clover 

There appears to be no direct genetic relationship between 
freezing tolerance and tolerance of winter diseases although 
there is evidence of co-adaptation in some material. Some 
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kind of hardening response appears necessary in both cases 
which involves many physiological changes including changes 
in cell membranes, which also have a role in conferring 
drought tolerance. 

Drought tolerance 

Again where stress is severe, as in parts of Southern Europe 
or North Africa, adaptation is extreme in terms of summer 
dormancy or an annual life cycle. In less severe conditions 
growth may occur but at a reduced rate. Thus again it is 
necessary to define limits in terms of growth compatible 
with survival. In order to maintain yield under drought 
str-ess it is necessary to maintain leaf area though leaf 
expansion which requires maintenance of leaf water 
content/turgor. Leaf adaptations (ridging, folding, etc.) 
which affect stomata! behaviour provide useful selection 
criteria. The relative water content of leaves is also a 
simple but effective trait for selection. 

Root systems are also important and wide species differences 
exist. Tall fescue has deep roots which can avoid water 
stress (and also waterlogging problems) al though this can 
result in low nutrient uptake and hence yield reductions. 
Dactylis has an extensive but shallow rooting system which 
assists in drought survival without loss of nutrient uptake 
capacity. The situation in white clover is complicated by 
initial production of a tap root followed later by a number 
of shallow roots. 

The role of polyploidy 

Great care must be taken not to generalize too broadly. For 
example, tetraploid ryegrasses appear less · frost tolerant 
than diploids but have better resistance to low temperature 
fungi. However they do have the potential to build up high 
levels of heterozygosity which may be important in 
conferring a high degree of general adaptability. 

Topics not discussed but considered important 

Effects on quality 
Nitrogen deficiency 
Genetic stress 

In general, high levels of stress tolerance require some 
reduction in yield potential. It is considered desirable to 
discuss with Testing Authorities how they may give due 
recognition to this in their trials and recommendations. 
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MANAGEMENT OF GENETIC VARIABILITY 

A.J.P. VAN WIJK (1), B. DENNIS (2) 

(1) D.J. van der Have B.V. - . P.O. Box 4410 Rilland, The 
Netherlands 

(2) Department of Crop 
Agricultural University 
Denmark 

Science 
Agrovej 

Royal 
10 

Veterinary and 
2630 Taastrup, 

1. The evaluation and description of the created genetic 
variability 

1. 1 Description of plant accessions for inclusion in gene 
banks. Most important information : 

- species 
- place of origin with precise description 

(altitude, latitude, etc.) 
- reliability of collection (how many plants 

collected ?) • Other information is welcome but 
is not a necessity. 

1.2 Breeder's evaluation of plant collections 

Mostly desired 
requires seed 
is the risk 
extremes), but 

: evaluation under sward conditions, but this 
multiplication. During multiplication, there 
of loosing genetic variability (loss of 
this fear might be academic. 

An alternative to sward testing is the testing in row which 
requires less seed. Evaluation as spaced plants is of little 
value. Time of ear emergence and chromosome number are 
considered to be the most relevant registration 
characteristics at this early stage of the breeding 
programme. Thousand grain weight is also of value as a 
characteristic determining establishment (important in 
warmer climates). Agronomic data should always include 
control varieties in order to express the performance of the 
collected material relative to these. 
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2. Maintenance of the created genetic variability 

There were two opinions : 

- Not all material should be conserved. Only maintain the 
best material. This material has gone into the created 
varieties. It is thought that the existing varieties possess 
sufficient variation within themselves. Conservation of 
these is therefore a secure source of new genetic 
variability . By recombination gene blocks can be broken up. 

- Therefore material should be collected as much as possible 
and maintained in order to cope with any eventualities in 
future. 

There was complete agreement as to the need for conserving 
genetic variability in natural sites in the regions of 
origin (representative areas and selection pressure). 
Eucarpia members should actively lobby their relevant 
political bodies with a view to setting up such conservation 
areas. 

3. New advances in breeding methods 

Some of the workshop participants felt the need 
operative efforts to study and improve current 
methods. The majority of the participants were 
less) satisfied with methods currently available. 

for co­
breeding 
(more or 
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CONCLUSIONS 

S. BADOUX 

Station Federale de Recherches Agronomiques de Changins -
Route de Duillier Case postale 254 CH-1260 Nyon, 
Switzerland 

Fodder plant breeders are fortunate enough to still be able 
to directly utilize variation from natural ecotypes. However 
this variation is only easily available for breeding purpose 
if it is correctly described. The characterization of 
populations is now less difficult due to the general use of 
computerization and powerful methods such as multivariate 
analysis. 

Breeders are usually not in a position to maintain large 
seed collections. This is to a greater extent the task of 
governmental agencies which, however, are not just acting as 
seed museums, but have to co-ordinate collection, 
regeneration and registration of the material as well as to 
identify eventual gaps. They have to insist on the correct 
and complete registration of passport data which should 
include the description of the collection site and its 
environmental factors. 

Due to its peculiar climatic conditions, the Mediterranean 
area is characterized by a very large variability of its 
grasses and legumes genetic resources. For this reason, it 
needs special consideration. Two different factors may 
contribute to the genetic erosion in this area : 

- several landraces, especially annual 
legumes, are in danger of extinction 

and perennial 

- genetic pollution may be due to the massive introduction 
of seeds from other regions which contribute to spoil the 
original populations which are mostly winter growing but 
summer dormant. 

It was concluded that an effort of collection, description 
but also of breeding and seed multiplication has to be made 
in favor of the Mediterranean area. 
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Breeders are mainly interested . in the agronomic data of new 
accessions. Time of ear emergence is considered as the most 
important characteristic in this connection but other 
morphological and physiological characters may also be 
relevant. 

It is interesting to note that evaluation of single plants 
is in general not considered as satisfactory therefore 
testing in rows or sward condition may be necessary. To 
facilitate the exchange of information between breeders, the 
necessity of comparing new accessions with control varieties 
(such as the reference varieties proposed by the IBPGR, 
EPC/GR forage working group) was emphasized. 

Variability is necessary to improve yield, quality and also 
hardiness of plants. As a consequence, a workshop was 
devoted to the introduction of new variability, especially 
for vigour, into high level genetic material, and another 
one to the natural variability in stress tolerance. 

Unfortunately it is not easy to have a simple definition of 
vigour, but it is clear that it can only be described in 
relation with the environmental and management conditions in 
which the future variety will be grown. Variability is 
sufficient to breed high yielding varieties. The problem is 
to a greater extent to find methods suitable to exploit it 
and to introduce it in new varieties : this is in fact the 
art of breeding . 

As the question of the utilization of natural variability 
when breeding for stress tolerance is very broad, only 
winter hardiness and drought tolerance could be considered 
during the workshop. Ecotypes are usually well adapted to 
their natural conditions, but they may be stressed when they 
grow outside their original area . 

Frequently the breeder wishes to combine characters which 
are opposite from the physiological point of view, e.g. 
winterhardiness and early spring growth or drought tolerance 
and summer production. In such cases, it is necessary to 
definie limits in terms of growth compatible with plant 
survival . 



BREEDING FOR ADAPTATION TO NATURAL ENVIRONMENT 

AND TO MANAGEMENT 

P A P E R S 
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Ec.ophysio1ogica1 approach to p1ant g::ro~th.­

Conse.q'-1.en.ces for breeding strategies f o::r fora­

ge species in contrasting conditions and diffe­

rent ma.r'l.a..ge.ment.s _ 

G. LEMAIRE, C. VARLET-GRANCHER, F. GASTAL, J.L. DURAND. 

INRA, Station d'Ecophysiologie des Plantes Fourrageres, 

86600 LUSIGNAN, France. 

In.t:rod'-1.c. ti on .. 

Models of plant growth can be used either as a predictor of 
yield of forage crop in a given situation (descriptive model) or as a tool 
to understand how the environmental factors interact with the plant popu­
lation (explanatory model) as defined by TORSSELL (1984). In fact, very 
often, the models used by agronomists are intermediate between these two 
types. Predictive models may be based only on statistical relationships 
between environmental factors and components of yield . Such a model may be 
used as predictor only in the range of conditions in which it has been 
established. Explanatory models are based on series of processes intc>.grated 
in a mechanistic system and they can used with more accuracy as a predictor 
of crop growth in a wider range of situations. 

So for breeding strategies which aim to adapt genotypes to 
very different conditions of environment and different types of management, 
these models can help the breeder to define more closely the ideotype of 
plant he must select. 

I .. A general approach to plant gro~th modelling 

A geAeral explanatory model of crop growth can be used for 
analysing the effect of environmental parameters. This model can be divided 
in two submodels 

a trophic model which involves all processes of light interception, 
C0 2 assimilation and respiration. These processes have been mathematically 
described by several authors (MONTEITH, 1972 ; GOUDRIAAN, 1982 ; JOHNSON 
and THORNLEY, 1984). The first variable to consider is the L.A.I: which 
determines the quantity of energy absorbed by the crop and susceptible to 
be converted in organic matter • 

. a morphogenetic model of aerial parts which involves all processes 
o f growth and developpment of the different organs : leaf appearance rate, 
l eaf elongation rate, tillering or branching, stem elongation etc ... The 
main output which can be estimated by this model is the leaf area expansion 
rate. 

The connexion of these two submodels implies hypothethis on 
the partitioning of assimilates in the different organs of the plant. This 
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problem has been studied in different ways. BROUWER (1983) developped the 
concept of "functional equilibrium" between shoot and root. JOHNSON (1985) 
has proposed a partitioning coefficient based on N and C concentration in 
each compartment. GILLET 'et al. (1984) have proposed for perennial forage 
crops a more general hypothesis to account for the effect of different 
e nvironmental factors like temperature, nitrogen, water stress or light on 
shoot/root ratio. This hypothesis implies t he existence of hierarchy for 
assimilate use in favour of aerial parts. A programme of morphogenesis of 
aerial parts can be determined by internal factors (like floral induction) 
and by external factors (temperature, water deficit, quality of light) and 
exp~essed in terms of leaf elongation rate, leaf appearance rate, stem 
elongation rate etc ... Each day, such a programme defines a demand in car­
bo-hydrates and proteins for its realization. With this concept C and N can 
be only considered as material for morphogenesis. It is fundamental to 
know, in a given situation, if the growth rate is limited by the morphoge­
netic programme itself or by the material C or N. In the case of non-limi­
ting nitrogen it should be possible to define the maximum demand in C re­
quired by the morphogenesis of aerial parts and to compare it with the 
amount of available C resulting from light interception and photosynthetic 
processes . 

If t he offer in C is higher than the demand of aerial parts, 
the residual assimilates can be used for root growth or synthesis of C re­
serves. If the morphogenetic programme of ·the plant is increased by any ex­
ternal factor (like temperature, water status) or by an internal factor 
(like floral induction) the demand for C rises and if C supply remains un­
changed the part devoted to root decreases. Conversely if the morphogene­
sis of aerial parts is limited by nitrogen deficiency or by drought, for 
the same amount of available C the part devoted to root system increases 
and carbo-hydrates c an be eventually stored as reserves. 

With this very simple hypothes is it is possible to account 
for some apparently contradictory results on the effect of nitrogen s upplv, 
irrigation or tempe rature on the s hoot/root ratio because these effects are 
mainly dependant on the level of available C. GASTAL and SAUGIER (1986) 
showed that nitrogen def iciency promotes r oo t growth only at high light 
intensity . 

This general scheme indicates that the effect of any envi­
ronmental factor (N, water, temperature) must be studied simultaneously on 
the morphogenetic processes (C demand) a nd on t he photosynthetic pr ocesses 
(C s upply) . The effect of these factors on leaf area expansion must be par­
ticularly studied because an increase of L.A.I . leads to a higher C supplv. 
So it is necessary to discriminate the direct effect of environmental fac­
to r s on convers ion e fficien cy of light from the indirect effect on int e r­
ception eff icie ncy. The major difficulty in building and validating such a 
model i s t he determinati on of the C demand. 

Morphogenetic processes are usually described as the rat e o f 
inc 1·ease of plant size expressed in unit of length o r area or voltune. The 
C demand would be determined by the quantity of C required by the plant t ,, 
Ind Id one volume expansion un it. This demand includes both structural ca r­
bon and the r espi ratory cost associated with new plant tissues elaborali'"'­
Som" es t imat.ioms have been made on a dry weight basis (PENNING de VRIES. 
19 711) but we have little information about these costs expressed in term ,,f 
11n i f l} f size. 
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II - A simple model for crop gro~th analysis 

1) POTENTIAL GROWTH IN NON-LIMITING CONDITIONS 

By applying the approach of light conversion efficiency de­
velopped by MONTEITH (1972) it is possible to relate total dry matter 
growth to the quantity of intercepted radiation. The slope of the linear 
relationship obtained is the conversion efficiency of intercepted energy 
in organic matter. The difficulty to estimate changes in root biomass in 
field conditions leads t o consideration sole ly of the aerial biomass. In 
this case the s lope of the regression is affected by the partitioning coef­
ficient of assimilates between shoots and roots. As shown by GOSSE et al 
(1986) low variability exists between species for a given metabolic pathway 
(table 1). 

Speclu 

Sug•r , .. 
P•n1 cumsp . 

~ species 

:~~~:;j:~:.~P· 
\linter upe 
Spring r•p• 
J.,rusahm •rtlc ho k 

'°" leg~ speclesC
1 

Vi9n~ ... 
Lucerne 
Vl ei • (d>.o 

...,, ....... ci 

Nu.cber Regress i on 
o f 

" 2.'9 

" 2.65 

" 2.39 
2.!'11 

" l.89 
20 1.88 

" 2.00 
JO 1.8l 

" l.95 

" l.94 
1.9) 

" l.M 
l7 1.11 

' 1.5' 
1. 11 

St andard e rro r 
of 

regresslon coe f f \c!•nt 

0.06' 
0.061 
0.0,Q 
0.1) 

0.01.1 
0.08 

St•tlst\caltl'>•r • tlerl 1t lc 1 of lLnea rr e1r1tu l on; 
HS a • f ( a bs orbed radlnlon) 

CarutirlHL Q\JU s tHlstLquu du •Just~nt1 

HS••f (PIJl • bsorb41) 

So genotypic differences in yield observed at field level in 
non-limiting conditions would be mainly due to differences in morphogenetic 
processes and particularly in leaf area expansion which determines the 
quantity of intercepted radiation. For lucerne and tall fescue the data 
presented in table 1 have been obtained during the period of highest growth 
rate. For these species seasonal variabil ity of growth rate can be analy ­
sed. For lucerne crop (GOSSE et al., 1984) spring and summer regrowth are 
described by a common linear regression, but for autumn regrowth the slope 
is significantly lower (figure 1). · 
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0 autumn regrovth : 0. 75g OH.KJ-l) 

Relation entre la production de ir.at U:re 1>eche aerienne et la 

quantiti de rayonnement vhlble intercepti par W\e culture de 

lut.eme . ( • printecps et iti : l.8g MS.KJ-l ; 

O auto111ne: 0.75g HS.KJ-l) 
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This discrepancy between seasons cannot be explained by a 
difference in conversion efficiency . If we take into account the changes 
in root biomass we obtain the same relationship over all seasons and on 
total biomass basis we found also the same slope, inc l uding the growth of 
lucerne after sowing. The conversion efficiency of intercepted P.A.R. in 
organic matter is equal to 2.5 g.DM/MJ and very close to that mentioned by 
CHARLES -EDWARDS (1986) for othe r species. In autumn the stem elongation is 
strongly reduced by low night temperature and ( or ) by photoperiod. So the 
available carbon largely exceeds the demand of aerial parts and consequen­
tly supplemental assimilates can be used for root growth and reserve stora ­
ge . 

A large "geneti c variability exists for the aptitude of l u ­
cerne to elongate internodes in autumn specially when we compare European 
and mediteranean types. Breeding for this aptitude could be a way to in­
crease the annual yield of the lucerne crop . But the risk of frost sensibi ­
lity can limit the possibility of use of such a plant material. 

The root biomass remains relatively constant during sp ring 
and summer. The pattern of evolution of root dry matter during r egr owth is 
always the same during this period , i . e. a large decrease duri ng the first 
half of regrowth and a recovery of initial biomass at the end . This recove­
r y i s achieved at the population level but a large disparity exists between 
individual plants and high growth rate is associated with high mortality of 
individual plants which have not recovered their initial root biomass (GOS ­
SE et al., 1987). The higher the growth rate, the higher is t he competition 
for light between individual plants . 

This phenomenom is very important to take into account . It 
implies that we cannot hope to increase the potential yield of lucerne du­
ring spring and summer by an increase of shoot/root ratio. In a dense cano ­
py like a lucerne c rop, individual plants cannot express their morphogene­
tic capacity because the quantity of light is physically limited. This fact 
explains why genetic variability observed on isolated plant is not expres• 
sed in dense crop. 

The same model applied to a tall fescue sward allows to dis ­
tinguish reproductive growth in spring fr om vegetative regrowth in summer 
(figure 2) . 
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Similarly to lucerne the seasonal difference of the slope : 
1 . 9 to 1 . 5 g.DM/MJ cannot be attributed to photosynthetic capacity of lea­
ves (GASTAL, unpublished data). In spring the flowering induction is accom­
panied by an increase of leaf elongation rate as de scribed on perennial 
ryegrass by PARSONS and ROBSON (1980) and l eads to rapid stem elongation. 
So the demand for carbon is higher for reproductive growth than for vegeta­
tive growth and the difference of the slope between seasons could be a re­
sult of the difference in assimilate partitioning. This hypothesis is con­
firmed .by data of ALCOCK and AL JUBOURY (1981) showing an increase of root 
biomass during summer. One other hypothesis would be a change in canopy 
geometry between spring (short and erect leaves) and summer (long and bent 
leaves). 

These results on lucerne and tall fescue indicate that du­
ring the season of higher growth (spring for grasses , spring and summer for 
lucerne) the C0 2 assimilation could be a major limiting factor because only 
a small part of assimilates are allocated to roots. In this case, yield can 
only be increased by an increase of photosyntheti c efficiency or a reduc ­
tion of respiration losses. Attemps have been made to raise the rates of 
light saturated photosynthetis by breeding, but without much s uccess (ROB­
SON and WOOLEDGE, 1981). 

For respiration losses of mature living tissues WILSON 
( 1975 , 1982) obtained a variation of about 30% between low and high selec­
tion lines from Lolium perenne cv . S23 . ROBSON (1982) showed that half of 
the extra dry weight produced by the "low" l ine is explained by a more sa­
ving use of C, the rest could be due to a 25% higher number of tillers 
which enable a faster leaf area expansion and. a greater amount of intercep­
ted radiation . 

The selection for low respiration rate of mature tissues 
might be a way to increase the potential yield of species. The problem of 
using such a cr iteria in a breeding programme is to know if any penalties 
such as sensibility to stresses are associated with the low respiration 
rate (ROBSON, 1982) . 

During a period of lower growth rate (autumn for lucerne , 
summer and autumn for grasses) the C0 2 balance could be in excess compared 
to demand and it might be possible to use more carbon in aerial parts if 
its morphogenesis programme is enhaced. The response of leaf elongation 
rate or stem elongation rate to temperature would be a good criteria for 
earlie r growth in spring or later growth in autumn. The use of meditera­
nean ecotypes of tall fescue or cocksfoot for their aptitudes to maintain 
high l eaf elongation rate at l ow temperature has been successful. But this 
genetic progress is limited by the frost sensibility. 

2) GROWTH IN LIMITING CONDITIONS 

Radiation level and temperature can be considered as the 
two basic climatic parameters which determine the potential growth of a 
genotype in a given situation. Other factors like available water or nitro ­
gen and mineral nutrition determine the lever of actual growth. 

In this paper we only discuss water stress and nitrogen nu­
trition which are the more limiting f actors of pasture production . 

2.1) Effect of drought 

The general plant growth mode l can be used f or stud y ing t.he 
sensibil ity of a crop to a shortage of water . Figure 3 allows separation 
o f the effect of water stress on l ucerne growth in thre e ways . 
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The first is t he reduction of leaf a rea expans i on. For the 
first s ummer regrowth water stress occurred 20 days after cutting where t he 
L.A . I. was c l ose to 2.5, so the quantity of intercepted PAR wa s not affec­
ted. By contrast in t he second regrowth with an earlier drought, the i nter­
cepted PAR was drastically reduced. The second way is the r educ ti on of stem 
elongation . I n condition of water stress C assimilates are produced in ex ­
cess fo r the g r owt h of aerial parts and may be used for root growt h and r e­
se rve sto rage i n the tap root (DURAND , 1987). The t hird way is t he reduc­
tion of the convers ion efficiency which appeared t o have been affected onl v 
at t he e nd of t he first regrowth . 

These r esu lts indicate that three wa ys o f improvment o f lu ­
ce rne adapta tion to drought must be cons idered : 

- se nsibi lit y of leaf area expansion to water stress, especially at 
i.11<' beginn i ng of regrowt h when light interception is limite d by a l ow 
I .. A. I. 

- sp ns i bi I i t y o f inte rnode elonga tion to water stress ; 

- s<• ns i hi I i I y and adaptat i on of photosynthesis to water stress. 
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For grasses similar results have been observed. LEAFE et 
al. (1978) showed that water stress affects more deeply the leaf elongation 
rate than photosynthet ic activity per unit of leaf area. It is the reason 
why during drought period an increase of carbohydrate reserves can be ob­
served. This storage of sucrose can lead to a supplemental growth after re­
watering as shown by HORST and NELSON (1979). 

The sensibility of leaf elongation rate to water deficit 
would be a good criterion for breeding genotypes adapted to moderate 
drought. Another possibility would be to select plant having high recovery 
after rewatering as shown by NORRIS and THOMAS (1982). 

It i s also evident that for grass species a selection for 
deeper roots and dense hairy roots should be engaged. It is possible to 
observe differences between species at field level . But t he intraspecific 
variability-will be more difficult to observe . 

2 . 2.) Effect of nitrogen deficiency 

The effect of s hortage of nitrogen on plant growth can be 
analysed using the same model. So we are able to separa te t he effect on 
C0 2 exchange and the effect on morphogenes is . 

On figure 4 we observe a large effect of ni trogen nutrition 
on dry matter growth in spring : 50% of thi s ef fect can be exp la ined by a 
higher quantity of intercepted radiation with high level of nitrogen due t o 
a more rap i d leaf area expansion. The rest of the variation could be attri­
buted to an effect of nitrogen on conversion efficiency of inte rcepted ra ­
diation and (or) to an effect on the partitioning of assimilates between 
roots and shoots. 
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The effect of nitrogen deficiency on photosynthesis must be 
analysed at leaf level and at canopy level. GASTAL and SAUGIER (1986) found 
that the light saturated leaf photosynthesis can be reduced by 30% by a ni­
trogen shortage . But at canopy level these differences are smaller . It is 
necessary also to take into account an increase of maintenance respiration 
with higher nitrogen content. So it appears the effect of nitrogen nutri-
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tion on the slope of the linear relationship between dry matter and accumu­
lated P.A.R. is probably due in major part to a difference in repartition 
of assimilate. At lower nitrogen nutrition the morphogenesis of aerial 
parts is reduced by a lack of N for protein synthesis and the surplus of C 
can be used in roots. This explanation is in agreement with many results 
obtained in controlled environment (BROUWER, 1983) but few data are obtai­
ned at field level. 

This explanation shows that if any genetic variability on 
the sensibility to nitrogen deficiency exists it must be at the morphogene­
sis level rather than at photosynt~esis level. It is necessary at this sta­
ge of research to determine the major component of leaf area expansion of 
a sward and to study their relationships with the level of nitrogen nutri­
tion . 

Leaf elongation ~ate is very sensitive to the level of ni­
trogen nutrition as shown in figure 5. So it should be possible to study 
the relationship between L.E . R. and nitrogen content of expanding leaf and 
to look for the genetic variability. In other words does any genotype ex­
pand leaves at the same rate but with a lower nitrogen requirement ? 
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III- A model for nitrogen ~se by p1~nts 

A simple model of nitrogen uptake by grasses has been deve­
lopped by SALETTE and LEMAIRE (1981). This model is based on a close rela­
tionship between N content and dry matter increase of aerial parts during 
a regrowth : 

N% ; a(DM)- ~ ( 1) 

This equation represents the "dilution" of nitrogen in the 
dry matter . It is possible with the equation (1) to deduce the relation­
ship between nitrogen uptake and dry matter growth : 

Nup. kg.ha- 1 ; lOa (DM t.ha- 1 ) 1 - ~ (2) 
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In this equation the coefficient 10 a represents the quanti­
ty of nitrogen used to produce the first tonne of dry matter and the coef­
ficient 1- S is the ratio between relative rate of nitrogen uptake and re­
lative growth rate. 

Figure 6 shows each level of nitrogen nutrition is characte­
rized by one particular curve . LEMAIRE and SALETTE (1984a, b) have shown 
that f or a non-limiting level of nitrogen nutrition this relation is stable 
whatever the site, the year, the season and the genotype. For a large range 
of species the coefficients 10 a and 1-S are very close. GREENWOOD et al. 
(1986) obtained similar relationship on wheat and on very large range of 
vegetables and it is possible to conclude that for c 3 species no great va­
riability exists for the quantities of nitrogen required for a given yield. 
For C4 species as sorghum or maize we obtain lower value for a. 
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So the genetic variability in nitrogen requirements to ob­
tain the ma_ximum dry matter growth rate is very small. It appears a l so that 
in non-limiting conditions of nitrogen nutrition, nitrogen uptake is main­
ly determined by the rate of C0 2 assimilation. GASTAL (1984) s hows in con­
tro lled conditions that nitrogen absorption is c losely linked to C0 2 assi­
milation. Such a result explains the stability of the relationsh i p between 
N uptake and DM yield in a large range of environmental conditions . The 
equation (1) expla ins also why breeding for high nitrogen content of plant 
leads very often to a negative effect on dry matter yield. 

In c onditions of nitrogen deficiency it could appear a more 
important genetic variability. When we compare tall fescue and cocksfoot 
(figure 7) it a ppears that at lower nitrogen supply a difference exists 
between t he two genotypes. This difference does not appear at higher nit. ro -
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gen supply. This result indicates that cocksfoot is more efficient than 
tall fescue for taking up nitrogen from the soil in case of deficiency. 

Objectives for breeders could be to increase the efficiency 
of nitrogen supply under non-limiting level. This efficiency can be descri­
bed by the following equation : 

E LI DM 
n~ ~x LI Nupt . 

LINupt. 
Nf. 

were En is the nitrogen fertilizer efficiency 
LI DM is the supplemental DM yield 

Nf is the level of nitrogen supply 
LINupt is the supplemental nitrogen uptake. 

The global nitrogen efficiency can be subdivided in two com-
ponents 

and 

Em ~ LI Nupt. represents the "metabolic efficiency" 

E t _ LI Nupt. 
up . - Nf. is the "uptake efficiency". 
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The figure 7 allows to separate differences due to '~ptake 
efficiency" and to "metabolic efficiency". The difference between the t wc' 
genotypes studied in this example are essentially due to diffe renc es in 
"uptake e ffi c i ency". In this experiment "metabolic efficiency" is similar 
and equa l to 18 kgOM/kgN . Such a model could be used to study the variabi-
1 il.y in a wider range of genotypes. But this work will be very heavy to 
dn in a 1>1·eeding programme and i't would be necessary to use more analyt kal 
<Ti I Pr ia Pa s ier to measure on a great number of genotypes. 

For "metabolic efficiency" we have previously indicated that 
I Ill' '"'"s i bi Ii ty of l eaf elongation rate to nitrogen deficiency would be a 
gund er i I l'r inn. For "up take efficiency" the structure of root system is ce1·-
1ai11 I y I h<' ma i11 parameter to take into account. In the case presented in 
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figure 7 cocksfoot has a more dense hairy root system in the upperlayer of 
the soil than tall fescue. The selection for this character is difficult in 
field conditions but perhaps some correlations could be found with parame­
ters measured in artificial substrates. A breeding programme including such 
an objective would be able to increase the uptake of other elements like P 
and K. 

IV - Morphogenetic ~<l~pt~tion to different type 

of m~n~gement 

In practice grasses are used in different wa ys : cutting for 
silage or hay, continuous grazi~g or intermittent grazing . Sometimes the 
same sward can be successively used by each of different manners. For exam­
ple in a grazing system, half part of the area devoted t o grazing in summer 
must be harvested for silage in spring because of the difference of growth 
rate between - the two seasons. 

So we can wonder if it is necessary to specialize more dee­
ply the genotypes for each type of management. Certainly in practice we 
must distinguish systems where cutting is predominant and systems where 
grazing is predominant. In the last case it is also necessary to distin­
guish between continuously stocked system and rotational grazing . 

The general pattern of regrowth after cutting can be descri-
bed as follows 

first : exponential growth which corresponds to a limiting L.A.I. 
for interception of light, 

second : linear growth which corresponds to a full interception of 
light, 

third : decrease of growth rate due to an increase of respiration 
losses and the beginning of senescence o f the first leaves emerged after 
cutting. 

According to the model we have presented before , the growth 
rate when full light is intercepted canno t be changed very largely between 
genotypes. So only the first and the third part of the growth curve can be 
modified. 

For grazing management the speed rate of L. A.I. recovery is 
the most important parameter. This point mainly depends on the leaf area 
remaining after grazing, but also on the leaf expansion rate per tiller and 
the tiller density. These two parameters vary greatly between genotypes but 
unfortunately there is a negative correlation between them (RYLE, 1964 ; 
NELSON and ZARROUGH, 1981 ; ZARROUGH et al. , 1984) . In the case of conti ­
nuous grazing the results obtained by HODGSON (1981) and BIRCHAM and 
HODGSON (1983) indicate that the optimum leaf area index at equilibrium 
must be obtained with 4 or 6 cm of sward height. This structure of the 
sward corresponds to the best comprom i se between growth of sward and losses 
by senescence. On perennial ryegrass such a sward structure leads to a 
very high tiller density (30 000 to 40 000 tillers.m- 2). So for each type 
of grazing management the aptitude of genotype to maintain a high density 
of tillers would be a good objective for breeding adapted varieties . 

The first genetic control of tillering rate is the rate of 
production of buds which corresponds in fact to the leaf appearance rate. 
The leaf appearance rate can be expressed by the phyllochrone interval in 
degree days. For perennial ryegrass one leaf is produced each 110 degree 
days (DAVIES and THOMAS, 1983) and on tall fescue 220 degree days (LE-
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MAIRE , 1985). We can explain the reason why the tillering density of peren­
nial ryegrass is always higher than tall fescue. It should be very easy to 
analyse the intra-specific variability on this character in isolated 
plants. So we could define the potential tillering rate of genotypes . In 
dense sward tillering rate is lower than potential tillering because of 
shading of the sheath bases (DAVIES et al. , 1983). SIMON and LEMAIRE (19 
87) showed for Italian and perennial ryegrass and for tall fescue that the 
tiller production ceases when the L.A . I. is higher than 3. This cessation 
of tillering is mainly determined by a change of light quality as the sha­
ding increases. Perhaps a genetic control of the sensibility of tillering 
to the quality of light could be detected. So it would be possible to ob­
tain genotypes which maintain high tiller density despite a lower frequency 
of defoliation. 

For silage cutting systems, genotypes must have a delayed 
senescence to maintain linear growth during a long time. In grasses there 
is a strict relationship between leaf appearance rate and leaf senescence 
rate. As result of that, the maximum number of mature living leaves per 
tiller is more or less constant = about 3 for perennial ryegrass (DAVIES 
and THOMAS, 1983) about 2 for tall fescue (LEMAIRE, 1985) . 

So the time between one cut and the beginning of senescence 
can be estimated for e ach genotype if we know the phyllochrone interval and 
the maximum number of living leaves per tiller. For perennial ryegrass the 
beginning of senescence occurs 3 x 110 = 330 degree days after cutting and 
for tall fescue we obtain 2 x 220 = 440 degree days. So with a low frequen­
cy of cutting (5 or 6 weeks) the yield of tall fescue is higher than peren ­
nial, but with a high frequency of cutting (3 or 4 weeks) it does not exist 
any differences between the two species. 

It would be necessary to study the components of morphogene­
sis for a large range of genotypes and to evaluate both the primary growth 
and the turnover rate of leaf material. In this aspect, the leaf appearance 
rate appears to be the key parameter because it defines both the tillering 
rate, the leaf size and the leaf turnover . So the structure of the sward 
and the optimum management are mainly determined by this parameter, which 
is relatively easy to measure . 

The problem is to know if the leaf elongation rate is stric ­
tely negatively correlated to tillering rate. We can imagine an increase of 
t he leaf elongation rate without decrease the leaf appearance rate and con ­
seque ntly to maintain the same potential tillering rate. But the risk is to 
obtain a lower site-filling and to decrease the actual tillering rate. ROB­
SON (1974) showed that the assimilates are preferentialy used for expanding 
leaf to the detriment of tiller buds . So in low light intensity an increase 
of leaf expansion rate could decrease the tillering rate. This phenomenom 
could explain the negative correlation between L.E.R. and tillering. But 
in a situation of larger quantities of available assimilates this correla ­
tion is not observed. So ROBSON (1982) indicates that the economy of C of 
"low" respiration lines of perennial ryegrass leads to an increase of til­
lering rate with unchanged leaf elongation rate. 

It would be necessary to take into account the variability 
of lamina width. So for a similar leaf elongation rate a higher l amina 
width leads to a faster leaf area expansion . For Dactylis glomerata a large 
genetic variability for this parameter exists (MOUSSET, pers . comm . ) and 
further studies are in progress to find out the co rrelation with other pa ­
rameters of L.A.I. expansion. 

Finally for grazing use it would be necessary to study the 
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variability of lamina sheath ratio. BIRCHAM (1981) reported that in conti ­
nuously grazed sward only the lamina part is removed by sheep. So genotypes 
with smaller sheaths could be more adapted to high grazing pressure. 

Con.c. lus ion. 

Some major points can be underlined to conclude this paper. 
The first point is that under non-limiting conditions for nitrogen nutri­
tion and water consumption the potential dry matter growth is directly re­
lated to the quantity of intercepted light. No great differences appear 
between a large range of species. This indicates that the potent ia l yield 
is phy~ically limited and no sign i ficant genetic progress can be considered 
for the future. 

The second point is that the nitrogen requirement for poten ­
tial growth is the same for a large range of species. As for the first 
point the genetic variability of nitrogen efficiency is very low when the 
plants are at optimum level of nitrogen nutrition. These two f i rst conclu ­
sions leads to consider that breeding for increased potential yield of fo­
rage species could be unsuccessfull for near future. 

The third point is the fact that both nitrogen deficiency 
and d r ought have a more marked effect on the morphogenesis of the pfant 
than on the photosynthetic activity. Studies on the genetic variability of 
the sensibility of leaf and stem elongation to water or nitrogen restric­
tion must be more developed in the future to breed varieties adapted to 
poor conditions. 

The fourth point concerned with t he adaptation of genotypes 
to intense defoliation in grazing system or to silage cutting. It appears 
that more attention should be payed on the " turnover" of leaf material (du­
ration of leaf life). 

In conclusion we must encourage a deeper relationship bet­
ween genetical and ecophysiological approaches to develop more accurate 
criteria of selection. 
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SUMMARY 

White c l over fora ge y i eld depends o n interactions with 
several o the r o rganisms ; the companion grass , grazing animal 
and Rhizob i um bacterium . This paper describes how an 
understanding o f the bases of these interact i ons is essential 
for the development of e ffe c tive selection c riteria to improve 
yie ld a nd reliability o f y i e l d in this specie s . The 
imp licati o ns of the inte ra c ti o ns in eva luat ing whit e c l o ver 
breeding ma t er ial and varieties are discussed . 

INTRODUCTION 

The herbage yield of white clover is generally r ega rded as 
unreliable both within a nd betwee n yea r s . This unreliability 
may ofte n be a result of inappropriate management or incorrect 
choice o f variety . However , i n realistic agronomic conditions 
th e per-fo rm ance of a white clover vari e ty i s sub je c t t o 
interactions with three biotic factors, viz the companion 
g rass, Rh i zob ium bacter- ium, and graz ing animal as well as 
e nviro nm e ntal factors. All these inter a c tio ns ma y contribute 
to unpredictability a nd must be taken into accou n t in 
for-mulating breedi ng objectives and developing breeding 
tech ni ques f o r white clover . 

This paper desc ribes breeding objectives a nd progress , 
together with supporting st r ateg i c resea rch, designed t o 
develop more prod uct i ve and r-eliable va rieties of white 
c l over- . 

COMPANION GRASS 

White clove r- is almost universally g r o wn with a compa ni o n 
gr-ass , most commonly Lolium perenne L. However, trad itio na lly 
whit e c l ove r and g r asses h ave bee n b red sepa r a t e l y without 
regar-d to the mode of use o f clove r, a nd the fact that 
aggress iv e gr-ass varie ti es can seve r e ly suppress c l o ver 
gr-owth . 

Recent research has demonstrated that large differ- e nces 
e xist in the compa tib il ity o f g r-as s and cl ove r cultivar-s 
(Table 1 ). 

Us ing tw o late flowering L.perenne va ri eties S . 23 and 
Per-ma as compa ni o n g rasses, it was f o und that Bl anca wa s t he 
most pr-oductive clove r with Perma and l owest yielder with 
S . 23 . With the latter grass Alice was the mo st productive 
c l over . 
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TABLE l -1 
Annual Dry Matter Yie l d of Clover (t ha ) grown in 

mixture wi t h L. pe renne va r i eties 

S . 23 Perma 

Cl over 
S . 184 4.4 3.9 
Menna 4 . 6 3.9 
S . 100 4 . 3 4 . 3 
Alice 4 . 8 4 . 0 
Ol wen 4 . 5 4 . 3 
Blanca 4 . 2 4. 8 

LSD b e twe e n clover varieties p = 0 . 05 0 . 4 

Studies by EVANS , HILL , WILLIAMS & RHODES (19 8 4) have 
further d e mo nstra t ed that g rass a nd clover populations which 
have co- existed t oge ther for many years, may develop specific 
compatibility rel a tionships, such that clover yie ld and t o tal 
mixture yield were greater in mixtures o f co-adapted grasses 
and clovers than wh e n an "alien" grass was used. 

Interestingly howev e r a grass ( Ba 9462) bred for 
characters which may b e associated with compatibility , i e 
erect habit of growth , permitted a greater y i eld of al l c l over 
populations , a nd grea ter total y i e ld than with the "alie n" 
grass S . 23 . These results indi cate that it may be possib le t o 
breed for a more ge nera l compati b ility . 

In th ese latt er studies th e pa ir s of grass and clover 
populations were derived from a wi de r a nge of enviro nments . 

TABLE 2 D M Yield of whit e clover populati o n s grown with 
four compani o n grasses (R P Co llin s unpubli s h ed data) 

Clover 

Ac 3789 
Ac 3 785 
Menna 

t ha - l 

' Co- ex i st ing ' 

3 .44 
3 . 1 2 
2 . 1 7 

Companion grass 

Aurora 

2 .0 3 
2 . 86 
3 . 23 

Mell e 

2 .94 
2.56 
2 .17 

Talbot 

3 . 07 
1 . 23 
2 . 4 3 

One of us ( R P Co l l in s ) has recently estab li shed st lllii es 
in which clove r populations from within a mo r e restrict ed area 
(of Switzer l a nd) have been grown with th e i r co - ex i st ing grass 
a nd three ot her .!:: · r e renn e varieties. Stro ng int e ra ctions an' 
evide nt betwee n grass variety and clover population s . In 
rart. i c ular two c l over populations of s imilar l eaf s i ze and 
phy s i o l ogi ca l character i stics (Ac 3785 and Ac 37 8 9) we r: e both 
product i ve with thei r ' co - ex isting ' grasses and with Me ll'' · 
ll n wl' vt'r wh il st o ne c l ov~ l Ac 3789 was eq ua ll y productive with 
'1',1 l i>o l (.1pprox 1 .1 t h a annum) the seco nd clover produced a 
y i P l <i on o nl y 1.27 t with Talbot ( Tab l e 2). It is o f int eres t 
I " 1101 <' 1· '1 ,1t Talbot is the varie t y currentl y us ed as .1 

,·.,mp;111io11 qr·.1ss for Nat i o na l and Recommended List t est ing in 
I ht • I I~ . 
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These results have important implications for forage 
breeding. Firstly the large differences in yield which are 
obtained by mixing compatible grasses and clovers , emphasise 
the importance of breedi ng for compatibility in c l over and 
grass breeding programmes . Secondly the evaluation of clover 
var i eties by official bodies for Nat i onal and Recomme n ded 
Lists, may be misleading if o nly o ne compa ni o n grass is used . 

To breed effectively for improved compatibility it is 
essential that strategic research i s carr i ed out to identify 
the plant characters associated with compatibility which may 
then be used as selection criter ia. 

In broad terms , two types of compat ibility can be 
identified , viz , spatial and t empora l (RHODES 1984). Spatial 
compatibility arises through th e possess i o n (by the compo nents 
of the mixtures) of characters which permit a g reater 
utilisation of e nviro nmen t al factors such as water , light and 
nutrients at a given tim e . By contrast temporal compatib il ity 
arises from the compo nents having comp l e mentary growth 
rhythms . 

In simple terms it seems likely that a more upright g rowth 
habit in the grass may confer spatial compatibility , however 
many of the competitive effects in grass clover swards cannot 
be ascribed to competition for light and may occur between 
root systems . No information exists on root characteristics 
associated with compat i bility. Preliminary work has been 
commenced by one of us (R P Collins) to quantify the role of 
root competition in compatib i lity relationships of 
grass/clover mixtures , including co- existing comb i nations . 

The bases o f temporal compatibility relationships may be 
much mo r e subtle . It is important to note that the general ly 
accept e d seasonal growth curves for white clover in mixtures 
with ryegrass in UK condit i o n s , ie with peak growth rates in 
July/August, contrasts with that in monoculture . In the 
latt e r the l o west growth rates occur in the July/August period 
(RHODE S & MEE 1984; GLENDINING 1987) . 

The implications of these contrasting seasonal growth 
rhythm s is that clover yield in a mixture is l argely 
controlled by competiti o n from the grass , rather than as a 
direct r e sponse to environmental factors . Subtle changes in 
seasonal growth and development (eg flowering date) may 
therefore be important in controlling compa tibility. 
Competitive ab il ity of grasses dec lin es with the onset of 
flowering (RHODES 1970) this may account for the increase in 
clover yields in July/August in mixture with perennia l 
ryegrass . 

Recent work (SEWAYA 1987) has shown that no relationship 
existed between grass monoculture yield and clover yield in 
mixture with a range of .!:_.perenne breeding materia l. These 
results suggest that it wi ll be possible to breed productive 
g rass varieties which are also compatible with white clover . 

With the importance of the competitive env i ronment in 
c o ntrolling clover y i e l d , it is c l ea r that breeding for 
response to any environmenta l factor should also confer a 
competitive advantage to the clover to permit full expression 
o f the cha rac te r. An example of b r eeding f o r re sponse t o an 
environmental factor , l ow temperature, is described in the 
next section . 
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CLOVER GROWTH AT LOW TEMPERATURE AND COLD HARDINESS 

White clover grows more slowly than ryegrass in spring , 
and is thus placed at a competitive disadvantage , which may 
lead to suppression of clover yield not only in spring , but 
throughout the year. Until recently it has not been possible 
to obtain genetic resources of white clover which combine good 
growth at low temperature with cold hardiness. However, 
material possessing both these characteristics is now being 
utilised in the WPBS white clover breeding programme. The 
material has been studied in controlled environments and in 
mixed and monoculture swards under field conditions . Some of 
the characteristics of this material are summarised in 
Table 3. The measure of cold tolerance used is the loss of 
stolon in mixed swards over the winter period . 

It is clear that this improved l ow temperature growth and 
spring yield is also associated with substantial improvements 
in annual yield over the most commonly grown variety, 
Grasslands Huia. 

TABLE 3 Low temperature growth and sward characteristics 
of some clover populations 

Leaf and Stolo Q2wt Spring Annual 
Pe ti o le per g m Sward Sward 
Unit Stolon Nov. March Yiel<;jl Yiel<;jl 
l eng t.bi t ha t ha 
mg mm Cut 1 Cut 2 

Ac 3785 3 . 51 136 74 .15 1.10 4.26 
Ac 3789 2.50 169 52 .15 0.86 4.14 
Grasslands 2.00 103 29 . 04 0.64 2.69 

Hui a 

LSD p = 0.05 0.40 18 .07 0 . 20 0 .4 9 

*Mean of 6°c and 9°c treatments 

GRAZING ANIMAL 

Under farm conditions white clover may be cut for 
conservation and / or more commonly grazed by cattle and sheep 
at various intensities. These practices contrast with those 
used in testing procedures for National List and Recommended 
List testing in the UK , where on l y cutting evaluation is used . 

Using systems of cutting, lax rotational sheep gra zing and 
co ntinuous sheep grazing EVANS & WILLIAMS ( 19 86) have shown 
that yield ranking of clover varieties can be reversed unde r 
cont inuo u s grazi ng when compared to the o ther two treatments 
which gave similar results (Table 4). 

That experiment compared clover varieties across the three 
leaf size categor ies, but it is now clear that similar 
interactions can occur within a l eaf size category . 

It seems unlikely that frequent l ow cutting treatments can 
simulate the continuous grazing or intensive rotati o nal 
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grazing by sheep, where stolon is often removed and varietal 
differences may occur because o f variation in amounts and 
anchorage of stolon. 

However, recent results confirm that cutting treatments 
give a good indication of relative varietal performance under 
cattle grazing systems (not shown). 

TABLE 4 Yield of clover varieties expressed as a percentage 
of variety S.100 

Variety Leaf Size Cutting Continuous Grazing 
by Sheep 

Olwen 115 33 
Katrina Large 112 37 
Alice 100 61 

Menna 94 103 
Ac 3160 Medium 89 91 
S.100 100 100 

S.184 Small 81 105 

Actual yield of S.100 t ha 
-1 

4. 8 2.3 

RHIZOBIUM 

MYTTON (1984) pointed out that full phenotypic expression 
of nitrogen fixation i s a fu nction of complex reactions and 
interactions between plant ge notype , Rhizobium genotype and 
the environme nt . Superior combinations of plant and Rhizobium 
can be i de ntified in vitro but it remains difficult to 
introduce the Rhizobiurn---rnto soils where strong natural 
pop ul ations ex ist . 

Recently MYTTON (1~ 8 7) has indicated that when grown with 
natural populations of Rhizobium white clover shows her itable 
variat i o n in nitrogen fixation. Most clover geno types are N 
limi ted , but some are not. Identification and elimination of 
non N limited ge notypes sho uld facilitate better genetic 
adva n ce , by ensu ring that fixation is not rate limited by 
demand for it s product. 

CONCLUSIONS 

Ge netic resources of white clover are exte nsive a nd 
largely untapped . However in utilising these resources 
attention must be given t o th e interactions between th e clover 
pl a nt , companion grass , grazing animal, Rhizobium bacterium as 
well as environme ntal factors. 

Clearly c l over performance in a mixture i s l ar<Je ly 
determined by the competitive environment, and an excitin<] 
development in breedi ng will be the production of compatihle 
vari e ties of grass and clover which are also adapted to 
various grazing managements. 

Our research has shown that attenti on to th e se 
interactions will permit substantial improvements in yield and 
reliahility of white clover. However relevant evaluation 
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techniques must be developed to quantify these improvements 
und er realistic agronomic conditions. 

RESUME 

Le rendement en fourrage du t ref l e b l a n c depend des 
interactions avec p lu s i eurs au tres organismes . L'herbe 
environna nte , !' animal qui pa1t e t l a bacterie Rhizobium. Cet 
artic l e souligne l ' importa nce d ' une bonne c omprehension des 
bases de ces interact i ons pour le developpement de criteres de 
se l e~t i on efficaces afin d'ameliorer le rendement et la 
fiabili t e du rendement dans cette espece . L'article traite 
des implications des interactions pour l'evaluation select i on 
du materiel de et select i on des varietes de trefle blanc . 
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INTRODUCTION 

Evolutionnary stable 

When we asked several scientists ( 1
) about their feelings 

on the eventual relationships that might exist between 
evolutionnary biology studies and plant breeding strategies, 
we got very different answers: 

1) "No connection ! " (this answer should not be taken too 
seriously) 

2) "They are asking similar questions: evolutionnary 
biologists are trying to explain how so much diversity can be 
maintained under the force of natural selectio~ while plant 
breeders are trying to maintain as much diversity as they can 
under artificial selection". 

3) "The goal of the plant breeder is to undo what natural 
selection has done; God was a reductionnist, agronomists are 
holistic". 

This paper is a discussion about the usefulness of 
evolutionnary studies for plant breeding, and why we think 
that plant breeders should care about the general goals and 
means of natural selection. 

I 1 J Chris Gliddon, Pierre-Henri Gouyon, and John Harper 
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Obviously, natural and artificial selection do share 
similar mechanisms . In natural selection the selected 
advantage of a given genotype is measured by its fitness or 
selective value , that is the number of copies of its genes 
that it transmits from one generation to the next. It depends 
on viability (i . e . , juvenile survival), fecundity, and adult 
survival in the case of iteroparous (perennial) species . The 
theory of evolution by natural selection depends strongly on 
the concept of fitness . Notice that the fitness value, in 
population genetics is valid for a given genotype or 
phenotype, in a given population, in a given environment, at a 
given time; it is therafore different from the "genotypic 
value" of plant breediny, which, on the other side, is trying 
to give an average value, across the maximum number of 
different environments, of a genotype. 

As Roughgarden (1979) stated in his book (writen 
essentially for graduate students), 

"Al though genes are made of DNA, which is, of 
course, a chemical, genes cannot simply be stored in 
bottles on shelves. The only storage place for different 
genes at this time is living organisms themselves. A 
reservoir of genetic variation is needed in any species 
to allow it to adapt to new environments ( ... ) . It is 
importan t to know how much genetic variation would be 
good insurance for expected changes in the environment 
and how perhaps to carry out agriculture in ways that 
would maintain enough variation in crop plants to meet 
those expected changes in the environment. ( . .. ). 
Population genetics is sometimes applied to plant and 
ani mal breeding to produce a desired phenotype by 
artificial selection. The theory exists to predict 
roughly how much change in phenotype will occur in the 
next generation as a function of the intensity of 
artificial selection that is applied." 
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I - Individual versus Group Selection: ESS and Optimum 

In order to show that individual selection may act 
against the good of the whole, we will take two examples: the 
sex-ratio and mixtures of genotypes. 

1) Sex-ratio 

The limiting factor to offspring production is usually 
not the number of male gametes. On the opposite, the female 
function must insure not only the production of female 
gametes, but also that of the zygotes, such as the seeds, 
which is a real limiting factor to the population growth. 
Therefore, since the fitness of the population is the total 
number of offspring it produces, the optimal strategy for a 
population would be to be constituted with many females and a 
few males, in necessary and sufficient number to fertilize all 
the females. This strategy is obviously unstable, since the 
first rare genotype which would produce more males than the 
rest of the population would be selected for in such a 
population because males transmit more their genes than 
females . The only stable strategy within the ~opulation is to 
produce as many males as females, because this is the only one 
allowing equal fitnesses of the two sexes . The total fitness 
of such 
at least 
fixed in 

a population is then far from the maximum, but it is, 
in the general case, the only strategy which can be 
natural populations . It is obvious that Nature does 

not need as many males as it creates : simply consider the fact 
that most male animals have a "harem" . .. The sex-ratio is still 
one at birth, because of sexual selection. Even animal 
breeders and farmers know that, when they use for instance one 
bull for many females. It is less well known by plant 
breeders, although the same process works among hermaphroditic 
plants for instance . Evolutionnary theory (Charnov 1982) 
predicts an equal resource allocation towards female and male 
function, unless the species has a certain selfing rate . In 
this case, sexual selection is less intense (in the absence of 
inbreeding depression), and inbreeding species should produce 
a lower pollen / ovule ratio... which is what is actually 
found in natural populations . 
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2) Associations of different genotypes: 
competition does not maximises total yield 

It is a well known fact that the yield of a mixture is 
not equal to the average yield of both constituents in pure 
stands, it is often higher. This is in particular true for the 
dry matter in associated forage crops. It is also often true 
for the number of seeds per plant in a self-fertilizing 
speQies, and is a good argument in favour of composite species 
in wheat for instance (Allard & Adams 1969) . The explanation 
is very simple, and is related to the fact that inter­
genotypic competition might be less intense that intra­
genotypic competition, because of niche differences between 
genotypes (or species) for instance . If this is the case, we 
are in a case of apostatic selection (i . e . , frequency­
dependent selection with advantage to the rare genotype). As 
Cohen (1985) has noticed, the composition of a population made 
of different varieties of wheat (or different species) evolves 
like that . of a haploid population until, at equilibrium, the 
proportions of each genotype are such that the mean yield per 
plant of each variety are equal to each other and therefore to 
the overall mean yield per plant . In general, the maximum 
total yield will not be obtained for the same genotypic 
frequencies, as is shown hereafter in the simple case of two 
genotypes. 

Let Wij be the number of seeds produced by a plant with 
the genotype i when it is surrounded by plants of the genotype 
j, and assume that the process us is additive, i. e . that the 
fitnesses of each genotypes i surrounded by a mixture of the 
two genotypes, in frequencies pi and J;:i:., is the sum 
(piWii + p2Wi2). Equilibrium frequencies (pi* and p2*} are 
obtained for the equality of the fitnesses, that is for 

p1*W11 + p2*W12 = p1*W21 + p2*W22 

or 
pi* = (Wi:> - W22) I (Wi:> + W:>i - Wii - W22) 

A necessary and sufficient condition for a polymorphism 
to occur is 

0 < pi* < 

Thi s polymorphism is stable if, and only if, each 
genotype has a higher fitness in mixture than in pure stand, 
o r if there is total symetry between the two genotypes : 
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W12 > W22 and W21 > W11 

or w21 and w11 

The frequencies for 
maximum are p1 and 
dW / dp1" = 0 for p = p1" . 

which the 
p2", such 

We can write 

average 
that, at 

yield, W, is 
equilibrium, 

W = p1 (p1W11 + p2~12) . + p2 (p1W21 + p2 W22) 
W = p1 2 (W11-W12-W21+W22) + p1 (W12 + W21 - 2W22) + W22 

dW 2p1 (W11-W12-W21+W22) + (W12 + W21 - 2W22) 
dW = O for p1 = p1" if and only if 

P> = (W12 + W21 - 2 W22) I 2(W12 + W21 - W22 -W11 

The two values, p1 * and p2 ' 
are equal only when there is 

symetry, when W12 = W21 . When. ~12 > W21, p1 * is higher than 
p1 ' and the yield of the mixture is no more at the maximum 
(dW/ dp < O). Natural selection does create equilibrated 
"natural composites", not optimal ones . 

3) A plant breeder is selecting at all 
levels, from the individual to the species 

It finally appears that for most traits of the genetic 
systems, the evolutionnary stable state (when it exists) will 
not be an optimum (when there is one). In other words, the 
agronomist is looking for the good of the whole, while natural 
selection operates through individuals, and is therefore 
acting for the good of the individual, given the others (i . e., 
given the genetic environment) . In most cases, this process 
will even act against the good of the whole . 

II - Selection index and fitness in changing environments 

Plant breeders and population geneticists share at least 
one common problem: defining the goal of the selection. In 
case of artificial selection, the problem will be to construct 
a selection index. In case of natural selection, one has also 
to use fitness in a such a way that it allows prediction. The 
p r eceeding examples have shown that there cannot exist one 
va lue of fitness, since its value depends on what the others 
are d oing. Howeve r , even when selection is not apostatic, the 
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environment may be variable for other reasons, such as spatial 
and temporal heterogeneity. Again arises the problem of 
defining fitness, or of selection index. In most cases, the 
classical "fitness" will not be the function to maximise for a 
genotype to invade. For instance, population geneticists 
(Haldane & Jayakar, 1963) have shown that a genetic 
polymorphism in a one locus, two alleles model, in a 
temporally variable environment, will be protected 

- when there are three phenotypes (A1A1, A>A2, and A2A2) : 
if there is overdominance on the geometric means of fitnesses 
in the different environments (with Wij,t=fitness of genotype 
A,A2 at time t: 

(Wi2, iW12, 2 ••. W12, or) l./T ) (W11, 1W11, 2 . , W11, -r) l. / T 

and (W12, iW12, 2 ... W12, T) l./T > (W22, iW22, 2 .. W22 , or) l./T 

- when there is complete dominance (two phenotypes: A and 
a): if the arithmetic mean of the recessive phenotype is 
higher, and its geometric mean is lower, than those of the 
dominant phenotype : 

T 
( l / T) l: Wa, t. 

t=l 

and 

T 
> ( 1 /T) l: WA, t 

t=l 

(Wa, iWa, 2 ... Wa, -r) l. / T ( (W.A, 1WA, 2 .. WA., or) l. / T 

A higher geometric mean for fitness, other things being 
equal (in particular the arithmetic means), means that the 
genotype is less variable . 

This example shows that what population geneticists call 
"fitness" is a concept to be considered for one genotype (or 
phe notype), in one particular genotypic environment 
(population), and in one type of environment . In the 
preceeding examples, the "index of natural selection" was 
sometimes the geometric mean of fitness over time . In the case 
o f spatial heterogeneity of the habitat, it is sometimes the 
harmonic mean (Levene 1953), although in this case the 
quantity which is maximized can be shown to be the total 
geometric mean. 
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Evolutionnary biologists have indeed adressed the problem 
of selection in a changing environments (Levins 1968): the 
knowledge of the fitnesses of a given genotype in different 
environments allows to predict the kind of "strategy" (set of 
rules defined a priori, as are the set of possible phenotypic 
expressions of a genotype) (Maynard Smith 1982) which will be 
selected for in a given heterogeneous environments. There may 
exist the possibility for a polymorphism to be maintained 
under certain circumstances, either as a genetic polymorphism 
with different pure strategies (i.e., different genotypes with 
only one phenotype each), or as a mixed strategy with only one 
genotype - (having different possible phenotypes, each more or 
less adapted to one environment), which can be called a 
"plastic" genotype. 

The methods which are used can easily be applied to 
artificial selection, they should even be more useful, because 
the plant breeder usually knows exactly where he is going to 
grow his varieties. For instance, the knowledge of, say, 

1) the optimal date of flowering in different 
environments, that is the one which provides the maximum yield 
of a given species in the different environments (this maximum 
is completely theoretical, and may be often approximately 
calculated), associated with the knowledge of 

2) the cost of plasticity (difference between the maximum 
yield of a plastic phenotype and the overall theoretical 
maximum yield) , 

3) the frequencies of the different environments, 
will tell us something about the kind of genotypes that 

we should be looking for: for instance, either o_ne genotype 
for each environment ("specialists"), or one common genotype 
which will have an average phenotype, or which will respond to 
the different environments ("generalist", or "plastic", which 
may be either homeostatic or variable (Heyer et al, in 
prep. ) ) . 

Of course, the selection index will not only include the 
crop environment, but also the genetic correlations, between 
characters. Then the fitness itself can be considered as an 
index of natural selection. The same approach can be used by 
considering the maximum theoretical yield which would be 
brought about if an individal was investing all of its 
photosynthesis products towards one of the two characters 
considered: for instance, disease resistance versus insect 
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resistance, or versus frost tolerance, etc. The knowledge of 
the genetic correlations between these two characters, of the 
probability of occurence of the desease, or the frost, or the 
insect in the different habitats, and of the variation of the 
correlations with habitats, will help to the decision making. 

As it is in evolutionnary biology, game and optimization 
theory can be used with great profit in plant breeding. One 
only needs to have an "evolutionnary thinking" (Charnov, 1982) 
in mind . On the other hand evolutionnary biology may also 
profit from "artificial selection thinking". Indeed, 
quantitative genetics i~ now being used with success by 
evolutionnary biologists. 

Not only this kind of thinking is useful for the 
definition of selection index, but also for the prospection of 
genetic variability within natural populations: population 
biology tells us a lot about the genetic structure of natural 
populations, as is shown in the next section. 

III - Spatial population structure and the maintainance of 
genetic diversity: neighbourhood and metapopulation: 

In this section we would like to show how the knowledge 
of pollen and seed dispersal, and of selfing rate influence 

1) the sampling strategy of natural 
populations, in order to maximize the genetic diversity of the 
samples . 

2) the designs for polycross 
3) the maintainance of genetic diversity under 

artificial selection 

Felsenstein (1976) has realized an excellent review on 
the population genetics of the consequences of the spatial 
structuration of the landscape on the effects of mutation, 
selection, migration and drift . Briefly, population 
geneticists have often distinguished between two kind of 
spatially structured populations (Olivieri et Prosperi 1986): 

- populations which are a priori divided into panmictic 
sub-units, exchanging genes through a common pool of migrants 
("island model") or though intermediate, closer uni ts 
("stepping-stone model") 
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continuous populations, in which gene flow is 
restricted through distance, as in the stepping stone model, 
but where no sub-units may be a priori defined. 

Results on the first type of populations indicate that, 
in the absence of selection, genetic differenciation will 
occur between the sub-units under certain circumstances 
(effective size times migration rate very low). (Wright 1940, 
Kimura and Maruyama 1971). The second type of populations 
involves the introduction by Wright (1965) (see also Levin and 
Kerster 1971, Crawford 1984, Cahalan and Gliddon 1985) . of the 
concept of neighbourhood area: this is defined as the area 
within wh~ch the parents of the central individual have a high 
probability to be located, and from which these parents can be 
considered as drawn at random. Assuming a normal distribution 
of seed and pollen dispersal, the neighbourhood area is easily 
calculated from the parent-offspring dispersal variance of 
pollen (Op 2 ) and seeds (0. 2 ), and from the outcrossing rate 
(t) (Gliddon and Salem 1985): 

Wright has shown 
within that area (the 
differenciation within 
not occur. This will 
of prospection of 
populations . 

that, depending on the effective size 
neighbourhood effective size), genetic 

that continuous population will or will 
obviously influence the optimal methods 

the genetic variability in natural 

It will also influence our designs for polycross or seed 
multiplication, since the neighbourhood area or effective size 
is also the larger panmictic unit (when the proportion of 
deviation to Hardy-Weinberg frequencies due to selfing is not 
considered), and should therefore be known when random mating 
is desired. It is actually sometimes implicitely taken into 
account (plant breeders do sometimes measure pollen dipersal 
distances) . 

One can inversely consider a subdivided population such 
that between populations migration rate is very low, and then 
arrive to the concept of metapopulation (Levins 1968, Slatkin 
and Wade 1979, Olivieri and Gouyon 1985, Couvet et al 1985). 
This model considers another factor, namely the probability of 
local extinctions . There is therefore two different process, 
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one at the population level (classical populat ion genetics), 
and one at the metapopulation level (regular extinctions and 
creations of new populations from the extant populations). If 
we then add selection within that metapopulation, it can be 
shown, by simulation methods (Olivieri, in prep) that, for 
instance , the selection pressure on some characters such as 
high reproduction, precocity, high migration rate, will be 
different depending on the time from foundation, i . e., the age 
of the population. Therefore, if one is looking for, say, 
characters of juvenile vigour, one should first look for young 
populations, instead of some ecological characteristics of the 
habitat, although it is often possible to relate both, unless 
seed dormancy is importa~t . Indeed, in a survey of 20 natural 
populations of Medicago lupulina, and 8 of subclover (grown in 
an experimental nursery), we found almost no correlation 
between quantitative characters related to fitness (seed 
production, life-cycle) and ecological data from the original 
population (Olivieri, in prep. ) . We suspect that the age of 
the population might be the primary factor determining the 
type of life-cycle that we will observe in a particular site. 

This has implication for the maintainance of genetic 
variability as well : it has been shown for instance (Couvet et 
al 1985) that cytoplasmic male-sterility in Thymus vulgaris 
was maintained in young populations through the combined 
effects of selection (much higher fertility of females 
compared to hermaphrodites) and restricted gene flow (no 
restauration genes in the neighbourhood of females). As 
populations get older, restauration genes finally arrive and 
are strongly selected for, given the high proportions of 
females (up to 90%). Therefore, if one wanted to maintain a 
reservoir of variability for cytoplasmic male-sterility, the 
last thing to do would be to create a large, undisturbed 
"natural" populatio~ because the male-sterility would be then 
surely lost . Obviously, the same process arises with the 
ma intainance of genetic variability for longevity in pasture 
plants : in the absence of disturbance, only the very prennial 
genotypes will be maintained, all of the annuals will 
disappear . 

There is a great deal of discussion in the world around 
this aspects of conservation and others such as about the 
landscape fragmentation (is it good or bad ? ) . The onl y 
reasonnable answer w.e can think about is II it depe nd s o n t he 
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species, and even worse, on the .genotypes you want to 
preserve 

In conclusion, it appears that natural selection may 
sometimes act in a favorable sense, sometimes in a unfavorable 
one, but it is never neutral . .. and therefore it should be 
worthwhile to know about it in the first place. 
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The use of lucerne in a modern rotation is based on the 
improvement of forage feeding value through intensive management, both 
under dryland and irrigated conditions. Weed free, leafy green material 
is needed to produce a high quality lucerne crop harvested as baled 
hay, haylage , ventilated hay, ensilage, greenchopped, cubed or dehydrated 
forage . The increase in forage quality cannot be detrimental to yield 
levels in order to maintain l ucerne as a competitive crop; at the same 
time, the duration of the stand under intensive management often 
determines lucerne profit potential. Cutting at early stages, which is 
required for modern lucerne exploitation, hastens stand decline (Feltner 
and Massengale, 1965; Robinson and Massengale, 1968) and decreases total 
dry matter yield (Veronesi et al., 1981) . 

On the basis of the above reported information, one of the main 
targets of lucerne breeding is the synthesis of varieties adapted to 
modern utilization technology , which requires long - lived stands, able to 
give qualitatively and quantitatively good results when the cutting 
interval is shortened. 

The objective of this investigation was to evaluate the effects 
of 2 cycles of phenotypic recurrent selection for tolerance to frequent 
harvest on persistence and dry matter yield over a 3 year period. 

MATERIALS AND METHODS 

In 1980 sixteen plants, derived from 2 cycles of phenotypic 
recurrent selection (PRS) for high forage yield under frequent cutting 
regimes , carried out within the Italian ecotype ' Casalina ' (Veronesi et 
al., 1986), were intercrossed by hand under a pollination cage. Equal 
amounts of cross seed were taken from each plant and mixed to produce a 
selected seed lot. 

Cuttings of 120 plants from the selected seed lot and 60 plants 
from the original seed lot of ' Casalina ' (control) were established in a 
glasshouse in the Spring of 1981. Seventy-two randomly chosen c lones from 
the selected materials and 36 clones from the control were transplanted 
into a nursery in April of 1982; a split-plot design with 3 replications 
was used. Three different cutting frequencies were applied, under dryland 
conditions, on the main plots; selected and control materials were grown 
in the subplots where each genotype was represented by 2 plants (a total 
of 18 cuttings per genotype). The experimental design permitted each of 
the 108 clones (72 selected and 36 checks) to be subjected to the 
following harvest treatments during the 1983 -85 growing seasons : i) very 
frequent (VF), cut when plants were 25 to 35 cm high (20 cuts); ii) 
frequent Cr), cut when plants were 40 to 50 cm high (17 cuts) and iii) 
infrequent (I), cut at 1/10 bloom stage (1 3 cuts). 
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For each treatment, data were collected on: a) ~ matter yield 

(g/plant) per cut, b) harvest tolerance, measured as number of live 

plants at the end of each growing season (a last evaluation of the number 

of live plants was performed in the Autumn of 1986) and c) regrowth rate, 

measured as plant height (cm) 14 days after the cutting in August 1983, 
1984 and 1985. Arcsin transformation was performed on the percentage of 

surviving plants. Data are reported in actual units. 

RESULTS AND DISCUSSION 

Average percentages of surviving plants at the end of the 

growing seasons in the 1983-86 period are reported in Fig. l; in 1983 
survival of the different materials ranged from 60% (VF harvest 

treatment, control) to 78% (I harvest treatment, selected); from 58% (VF, 

control) to 76% (I, selected) in 1984; from 39% (VF, control) to 72% (F, 

selected) in 1985 and from 30% (F, control) to 56% (I, selected) in 1986. 
Fig. 1 shows that within each growing season there were no significant 

differences among survival percentages of selected materials. On the 

contrary, in control materials, survival percentages under infrequent 

harvest treatment appeared significantly higher than VF harvest treatment 

beginning in the. Autumn of 1983 and were also highe'r than F harvest 

treatment beginning in the Autumn of 1984. Looking at the differences 

between selected and control materials submitted to the same harvest 

treatment, a significant difference was present at VF harvest treatment 

in the Autumn of 1983. In 1984 significant differences were present both 

for VF and F harvest treatments while significant differences between 

selected and control materials were present at all harvest treatments 

beginning in the Autumn of 1985. In agreement with our previous findings 

(Veronesi et al., 1986), selected materials appeared to have a higher 

average survival over time and to be less subjected to the negative 

effect of the increase of cutting frequency on persistence than control 

materials. 

Regrowth rates after the 1983, 1984 and 1985 August cuts are 

reported in Tab. 1 in relation to the 3 different harvest treatments. 

Even if the average values of selected materials were always higher than 

those of controls, the differences were significant only in 1984 for VF 
(x 19.5 vs x; 17,5 cm) and I (x ;34.2 vs. x; 29.0 cm) harvest 

treatments. Therefore, our data are only in partial agreement with the 

results of Bocsa et al. (1983) who, looking at the regrowth of lucerne 

plants tolerant to frequent cutting, found height values remarkably 

higher than the average of control plants. 

Concerning the differences among cutting frequencies, in 1983 
the average regrowth of materials under I harvest treatment was similar 

to those of materials under F and VF harvest treatments while both in 

1984 and 1985 I harvest treatment showed average regrowth significantly 
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Figure 1. - Survival percentages (100 7. = number of live 
plants at 1983 spring) of selected and control 
materials under 3 different harvest treatments. 



141 

Table 1. - Regrowth rates measured as plant height (cm) 14 days after 
cuts made in August 1983, 1984 and 1985 in relation to the 3 
different harvest treatments. 

Years 
Cutting !requencies Materials 

1983 1984 1985 

Control 25.5 17.5 11. 7 
Very frequent (VF) n.s. n.s. 

Selected 27 .2 19.5 12.1 

26.4 18.5 11. 9 

Control 26 . 1 21.1 12.9 
Frequent (F) n. s. n.s. n.s. 

Selected 27.8 22 . 0 13.5 
----- ----- -- --- - ----- - -- - - - - -- -

x 27.0 

Control 24 . 6 
Infrequent (I) n . s. 

Selected 26.3 

25.5 

LSD 0.01 among harvest treatments means (x) 

21. 6 

29.0 

34.2 

31. 6 

5.3 

13.2 

18.8 
n.s. 
20.1 

19.5 

4.7 

n.s. = not significant; * = significant at 57. leve l ; ** = significant at 
17. level. 
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higher than F and VF both for selected and control materials. 

Looking at the behaviour of materials over time, average 

regrowth under VF harvest treatment decreased from 26.4 cm in 1983 to 

18.5 cm in 1984 and to 11.9 cm in 1985; it decreased from 27 cm in 1983 

to 21 . 6 cm in 1984 and to 13.2 cm in 1985 (F harvest treatment) while, 

under I harvest treatment it increased from 1983 (25.5 cm) to 1984 (31 . 6 

cm) and decreased in 1985 (19 . 5 cm). As regrowth after top removal is 

connected with accumulated carbon compounds (Brown et al ., 1972), the 

more pronounced decrease of average regrowth under VF and F harvest 

treatments compared with I harvest treatment is probably a consequence of 

the higher number of cut~ which have been found to reduce the 

carbohydrate reserves (Demarly, 1957; Cooper and Watson, 1968; Talamucci, 

1970) . Generally speaking, the results show that the 2 cycles of PRS 

which produced a clear increase of persistence under frequent cutting 

regimes did not greatly affect the capacity for fast recovery under the 
same cutting conditions both within and among years. 

Total dry matter yield of surviving plants per clone (sums of 

1983 + 1984 + 1985 cuts) in relation to the 3 different harvest 

treatments are reported in Fig. 2. As expected, I harvest treatment 

resulted in the largest total DMY; yield reduction for selected materials 
from I to F and from F to VF harvest treatments were 39 . 57. (5459 vs. 3304 

g/clone) and 39.37. (3304 vs. 2007 g/clone), respectively and for controls 

the yield reductions were 50.57. (4337 vs. 2148 g/clone) and 70.87. (2148 

vs. 964 g/clone), respectively. Selected materials appeared significantly 

more productive than controls within each harvest treatment; in 

particular, selected materials yielded 25 . 97. more than controls under I 

harvest treatment, 53.47. more under F and 108.27. more under VF harvest 

treatment. As a consequence, selected materials under VF and F harvest 

treatments yielded 36 . 87. and 60 . 57. compared with the same materials under 

I harvest treatment while controls under VF and F harvest treatmen ts 

yielded 22.27. and 49 . 57. of the controls under I harvest treatment. 

Therefore, selection produced a general increase in DMY under all harvest 

treatments and was successful in decreasing the negative influence of 

frequent cutting regimes on DMY. At the present time, it is our 

hypothesis (to be assessed through research) that the better performance 

of selected materials could be partially due to an unintentional 

selection for resistance to bacterial or fungal diseases. Nevertheless, 

even if this hypothesis needs to be corroborated by experimental results, 

it helps to explain the higher survival and total DMY of selected 

materials but does not explain the decrease of DMY differences among 

harvest treatments in selected, with respect to DMY differences among 

control materials. Consequently, a growth analysis is needed to 

understand when, in the growt h cycle, the selected materials show a 

different behaviour. 

On the basis of these res ults, PRS for tolerance to frequent 
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Figure 2 .- Total dry matter yield (DMY) of selected and control 
materials (g/clone) in relation to the 3 different 
harvest treatments . 
** Means within harvest treatment are significantly 

different at 17. level. 
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harvest of lucerne appears to be a breeding scheme able to allow both 
direct responses on persistence and correlated responses of agronomic 
interest in DMY. Besides, it is interesting to evaluate t he possibility 
of a further decrease in the yield gap between F and I harvest 
treatments. In Autumn 1986, 10 clones of selected materials, which had 
maintained at least 12 out of 18 cuttings alive from transplants made in 
Spring 1982, were transferred in the glasshouse; we are presently in the 
process of intercrossing them to produce a new lot of seed. Average 
values of survival percentage and total DMY (g/clone) of these 10 clones 
are reported in Tab. 2, together with the relative selection 
differentials (S) . 

Table 2. - Survival percentages (Autumn 1986) and total dry matter yield 
(g/clone) of selected materials in relation to the 3 different 
harvest treatments; x and selection differentials (S = x - x) 
with a selection pressure of 14 p. 100 (10 clones selected out 
of 72 clones evaluated) are reported. 

Harvest 
treatment 

Survival percentage 
(Autumn 1986) 

X:s s 

Very frequent 52 71 19 

Frequent 53 87 34 

Infrequent 56 83 27 

Tota l dry matter yie ld (g/clone) 
(1983 + 1984 + 1985) 

s 

2007 2536 529 

3304 449 1 1187 

5459 6112 653 

Due to the noteworthy S levels for survival percentage (ranging 
from 197. to 347.) and to the good response to selection for this trait, we 
expect a further increase in persistence of the selected materials. At 
the same time, the 10 clones show total DMY se lection differentials 
ranging from S = 1187 g/clone (F harvest treatment) to S = 529 g/clone 
(VF harvest treatment). Lastly these clones produced, under F harvest 
treatment, 73.57. of DMY produced under I harvest treatment (4491_:,cs. 6112 
g/clone) while, as already shown, the 72 clones produced, unde r F harvest 
treatment, no more than 60.57. of DMY under I harvest treatme.nt. 
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I I 

RESUME 

Pour la lucerne (Medicago sativa L.), une etude a ete faite 
pour evaluer les effects de deux cycles de selection phenotypique 
recurrente sur la tolerance a la coupe frequente du fourrage, sur la 
persistance et sur la production de substance seche. 108 clones (72 pour 

le materiel selectionne et 36 pour les controles) ont ete transplantes 
sur les champs au printemps 1982. Un schema experimental capable de 
soumettre les 108 clones (18 plants par classe), pendant la periode 
d ' essai 1983-85, aux rythmes de coupe suivants a ete adopte: tres 
frequent (20 coupes), frequent (17 coupes), peu frequent (13 coupes). 

Les resultats obtenus ont demontre que deux cycles de selection 
phenotypique recurrente augmentent la persistance et la production de 
substance seche de la lucerne et ceci pour chaque rythme de coupe. De 
plus, la diminution de la production de substance seche augmentait avec 

la frequence de coupe, mais elle etait mains remarquable, meme si elle 
etait consistante, pour le materiel selectionne que pour le controles. 

En general, la selection phenotypique recurrente pour la 
resistance a la coupe frequente semble etre une methode d'amelioration 

genetique qui permet d ' avoir, pour la lucerne, des responses directes et 
des responses en correlation avec un interet agronomique. 
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Further results in breeding lucerne for frequent cutting 

I. BOCSA - J.SAROSI 

GATE Agricultural Resear ch In st itut~,3356 . l<ompo lt, Hungary 

Summary 

In four fenotypical selection cycles spaced plants 
were cut in a 21 day cutting period. 

Ac cording to our results, the withering within the 
vegetation period was less, and the winter survival was 
higher in the selected population, than those of the 
control population. 

In every selection cycle the starting material was 
selected from the plants showing the best regrowth after 
the 4th, 5th and 6th cuts of the previous cycle. These 
plants were significantly higher, than the average height 
of the se lected population. However, the relative advantage 
(expressed by the ratio of the ~verage height cif the 
selected population and the height of the plants with an 
outstanding regrowth) of the selected plants decreased from 
cycle to cycle as the average height of the population 
increased. 

The winter-survival, by thif end of the 4th se lection 
cycle, of the selected population was significantly higher, 
than that of the control, which may indicate a positive 
effect of this type of selection on the per s i s tence. The 
extent of destruction during the vegetation period was the 
same or higher (due to the effect of frequent cutting), 
than the wint er de struction. 

Introduction 

Earlier attempts to producing a lucerne variety 
tolerant to frequent cutting were prima rily aim ed at 
increasing the protein yield of lucerne. However, these 
endeavours did not lead to spectacular result s , therefore 
the researchers ' attention turned to other aspect s of 
tolerance to frequent cutting. It was s o that the tolerance 
to dise a s e s (B6c s a et al. 1976), further the competition 
and the phy s iological ba s es (Rotili 1979, B6csa et al. 
1983), and a poss ibl e i ncreas e in persistence (Cha~terton 
et al. 1977 , Verone s i e t al. 198 1, 1982 , 1986) became the 
main s ub j ect e of inve s tigation. Veronesi et al. (1982 ) 
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found significant differences in persistence after a single 
cycle of phenotypic selection, and after two cycles even 
the yield could be increased, though it did not compensate 
f or the yield-reducing effect of frequent cutting compared 
to th e control, a tr e atment with a nor mal number of cutting. 
In the pre sen t paper the increase in persistence and plant 
height a s well ae in the proportion of plant s with 
extremely rapid growth und e r conditions of frequent cutting 
is di scusse d. 

Materials and methods 

The wide spa c e d plants were cut 6 -7 times a year, 
every 21 days, always in the 2nd year of four cy cle s of 
phenotypic selection. In the end of the ~ nd ye a r from the 
number of plant s in sp ring and of tho se left by the a utumn 
the effect of frequent cutting, while in the s pring of the 
3rd year from the proportion of surviving plant s 
per s istence were determined. Only after the s econd cutting 
in the 3rd year th e plants found be s t in regrowing ability 
~ere ope n pollinated, and their seed formed th e initial 
material of the next cycle. After th e 4th, 5th and 6th 
cutting of e a ch cycle the plant s were measured for height 
instead of weight, and the proportion of those quicke s t to 
regrowth compared to the whole selected population was 
recorded. Two kinds of control were used: for the effect of 
frequent cutting and for survival in winter the average of 
3 known varieties, while for the height of plant and the 
proportion of rapidly regrowing plants our own selected 
population. 

Results and discussion 

The proportion of surviving plants after s tressi ng, 
was the lowest, i.e. destruction the highest a ft e r cycle 
1. As a result of a cycle of selection survival after cycle 
2 . in the selected material was s ignificantly better than 
in the control. After cycles 3. a nd 4. the dif fe renc e 
between the se lected populatbn a·nd the control furth e r 
increased, the control practically remained at the s ame 
level (Tabl e 1.). It s hould be noted th at und e r t he 
in f lu en c e of s tress ing the difference in spring- an d a utumn 
plant numb e r s in cycle 4 . was very great between the 
se lected popul atio n and the control in favo ur of th e former. 
I t was also fo und that the extent of destruct ion during the 
vegetation period generally was th e same as or higher than 
th e winter de str uc~ion. 
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Earlier (B6csa et al. 1983) we reported a lower than 1 
per cent proportion of plants showing extremely rapid 
regrowing in a population. Thi s proportion increased to 
3,48 per cent by the end of cycle 4. (Table 2 .). The 
cytoquinine-sy nthetizing ability in these very rapidly 
regrowing a nd growing plant s i s essentially higher than in 
the control. The growth of number of these plants, though 
apparently little , i s s ignificant, r1hich indicates an 
average increase in the vigour and persistence of the 
population. 

After the 4th, 5th and 6th cutting the height of the 
rapidly- regro111i.ng and growing plants s ignifican tly 
exceeded the height of the control plants on the 2 1st day 
in each re s pective cycle. At the same time, the difference 
in the rate of growth between the se lected population and 
the control (no n-out s tanding) plants decreased in the 
course of th e s uccessive cyc l es , which can be explained by 
the effect of se lection~ namely, in th e regrowing ability 
and height of th o whole population increas e d (Table 3.). 

As for the increase in persistence we obtained 
practically the same re s ult s as Veron es i et al. (1982 ) after 
one and two cycles of se lection, respectively, with the 
difference that we left the dry matter production out of 
consideration and only measured the plant height, which in 
spite of the known positive correlation of height (fre sh 
1·1eight does not allow dra1ving far-reLlching and final 
conclusions). However, s inc e tl1 e effect of se lection for 
tolerance to frequent cuttins can be seen afte r th r ee or 
four cycles only, 1·1e thou ght o ·I- scttino up the close-space 
performance experiments only afte r cycle 4., in the eyn-3 
generation. 

06 csa I., 

B6 csa I., 
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Table l. 

Destruction in respon s e to frequent cutting and wi nt er 
s tress 

Samples 

Breed ing 
material 
for 
frequent 
cutt ing 

Control 

u;o 5/6 

Table 2. 

Sta r ting 
plant 
number 
in the 
4th c ycle 

6294 

378 

Llestruct io n 
during the 
vegetation 
period {CF 
effect) ~6 

( l) 

14, 4 

46,4 

Destruction 
du ri ng 
wi nter 

c l 
/Q 

( 2 ) 

14,2 

16 ,l 

Total 
de s truction 

% 
(1+2 ) 

28,6 

62 ,5 

17,6 

Plant number per cycle and percentage p~oportion of 
outstanding plants 

Numb er of Pe r cent of Numb er of 

cyclus out s tanding surviving 
plants plants 

l (1976) o,82 5755 

2 (1979 ) l, 24 2441 

3 (1982 ) 2,26 5374 

4 (1985 ) 3,48 43o4 
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Table 3. 

Height rates of rapidly regrowing plants marked out in the 
5th, 6th and 7th growth s 

5th 6th 7th 
c y c l u s growths before cutting 

Ya 

l (1976) 134 137 147 

2 (1979) 143 146 140 

3 (1982 ) 125 121 125 

4 (1985) 126 122 124 

x 132 131 134 

LSD 5% 8,8 
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Genotype/management interactions for plot dry matter yield 
in Lolium perenne 

P. W. \'/ILKINS 

AFRC Institute for Grassland and Animal Production, 
Welsh Plant Breeding Station, Plas Gogerddan, 
Aberystwyth, Dyfed, SY23 3EB, U.K. 

SUMMARY 

The extent of genotype/management interactions for 
annual dLy matter yield in Lolium perenne and their 
prediction from standard single-management plot trials is 
discussed with special reference to recent trials at 
Aberystwyth. It is concluded that such interactions can be 
important but that the performance of genotypes with similar 
ear emergence dates under a wide range of managements can be 
predicted to a large extent from data on yield at the 
reproductive and vegetative stages of growth, on persistency 
and on nitrogen content of herbage. However, more research 
on genotype/nitrogen rate interactions and on the possible 
importance of wear tolerance for performance under grazing is 
required. 

INTRODUCTION 

Breeding for improved productivity in perennial ryegrass 
(Lolium perenne L.) is complicated by the possibility of 
genotype/management interactions. The main management 
variables affecting annual dry matter yield in most of 
Western Europe are: the frequency, timing and height of 
defoliation, the level of applied nitrogen, the method of 
harvesting, and the frequency of resowing. Grassland may be 
cut only three or four times during the year to maximize dry 
matter yield, or, at the other extreme, grazed continuously. 
Levels of applied nitrogen vary from 0 to 500 kg/ha/year with 
only 6% of UK grassland farmers applying more than 
400 kg/ha/year. Under grazing however, levels of available 
nitrogen are higher than the figures on applied nitrogen 
would suggest due to return both through the animals and 
through decay of uneaten herbage. At high stocking rates, 
the benefits of nitrogen recycling can be offset by the 
detrimental effects on yield of severe defoliation and 
treading, treading being generally the less important of the 
two factors (CURL & WILKINS, 1986). Pastures may be ploughed 
two years after sowing or left indefinitely, with the result 
that the influence of persistency on yield will vary greatly. 

In the long term, improvement of the crop depends on 
genetic recombination and the accompanying necessity to 
evaluate large numbers of genotypes or families in a limited 
time: a difficult enough task using even a single 
management. It is therefore, important to assess the degree 
of genotype / management interactions and to understand their 
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origins so that genotype performance under the full range of 
conditions can be predicted adequately from the results of 
standard single-treatment trials . 

The influence of flowering date 

Perennial ryegrasses vary widely in flowering date and 
this has a profound effect on the optimum timing of both the 
first conservation cut and any early spring harvest. 
BERENCLONE ( 1984) found that the ranking in total annual 
yield of cultivars with different flowe r ing dates was 
reversed when they were cut at different dates. This makes 
data on genotype/management interactions very difficult to 
interpret in any terms apart from flowering date. One 
possible solution to this problem is to cut each genotype at 
a particular morphological' stage of growth . During 1986 at 
the Welsh Plant Breeding Station (WPBS), simulated plots (300 
plants/square meter) of a very early- flowering clone 
originating from the uplands of Northern Italy (Ba 8596), a 
late- flowering cv. Perma clone , and an Fi hybrid clone (also 
early-flowering) were compared in an orthogonal randomized 
split-plot trial with two levels of applied nitrogen (200 and 
600 kg/ha/year) and two cutting treatments (6-cut and 
19-cut). In the 6- cut treatment, the first cut was in April 
and the next at 7 days after 50% ear emergence ( 23 May, 
3 June and 23 June). Differences in mean total annual yield 
among clones were not significant, but there was a 
significant clone/cutting frequency interaction (Table 1). 

TABLE 1. Mean annual dry matter yield (t/ha) of an extremely 
early-flowering clone (Ba 8596), a late-flowering 
clone (Perma) and an F1 hybrid clone . Numbers in 
brackets=yield as a percentage of the Perma clone 

Cutting frequency 
Clone 6 cuts 19 cuts Mean 

Ba 8596 11. 28 (88) 4 . 70 (101) 7.99 (91) 
Perma 12 .86 (100) 4.66 (100) 8 .76 (100) 
F1 11. 85 ( 92) 5 . 31 ( 114) 8.60 (98) 

SED 0.506 (4) 0 .127 ( 3) NS 

Under frequent cutting the F1 hybrid yielded 
significatly more than the two parental clones, but under 
infrequent cutting the Perma clone gave the highest yields. 
This interaction could be attributed entirely to the very 
high yield of the Perma clone at the first conservation cut 
(cut 2 under the 6-cut treatment) which more than compensated 
for poor yields of vegetative growth in the other cuts and 
was much greater than the total annual yield of any clone in 
the 19-cut treatment (Fig. 1). It does not follow that 
late-flowering ryegrasses necessarily are better for making 
silage or hay since th·e higher temperatures prevailing later 
in the year result in increased fibre content and decreased 
digestibility at any particular morphological stage o f 
growth. 
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Conservation Other 
cut cuts 

: ·. 

.. 

.. 

D 
D . . 
~ 

= Ba 8596 

= Penna 

Dry matter yield under the 6-cut treatment of three 
clones of perennial ryegrass at cut 2 and over the 
other 5 cuts. Ba 8596 and F i clones are very 
early -flowering and the Perma ·clone late-flowering 

Spring Suirme r 
Autumn 

D· 8a8596 

u·Pemia 

Seasonal distribution of dry matter yields of three 
c l o nes of perennial ryegrass under the 19-cut 
treatment. Ba 8596 and F1 clones are very 
early-flowering and the Perma clone late-flowe ring 
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Time of flowering also has a marked effect on the 
seasonal distribution of yield under frequent cutting (Fig. 
2). Total annual yields of such contrasting genotypes could 
be influenced by several factors including the timing of 
nitrogen applications (early application favouring the 
early-flowering types and late application the late-flowering 
types), and water shortage in late summer (favouring the 
early types). So it is clear that in order to achieve a 
better understanding of genotype/management interactions it 
is essential to compare material of similar ear emergence 
dates. 

Genotype/harvesting frequency interactions 

The existence of genotype/harvesting frequency 
interactions in material of similar flowering date is 
acknowledged implicitly in the use of two cutting frequencies 
in UK National List Trials. Such interactions have been 
attributed primarily to growth habit and its effects on light 
interception (e.g. RHODES 197 1). However, the importance of 
light interception as a factor limiting yield under practical 
conditions is questionable. In the UK at least, plot yield 
often increases linearly with increasing nitrogen application 
up to 800 kg/ha /year (e.g . LAZENBY & ROGERS 1965) - a level 
far in excess of those used on most farms showing that 
nitrogen rather than light is the primary factor limiting 
annual yield in most situations. 

At WPBS, a trial is in progress comparing the 
performance of four perennial ryegrass varieties with similar 
ear emergence dates: Ba 10761, S .32 1, Talbot and the 
tetraploid variety Tove. Ba 107 61 was derived from hybrids 
between North Italian upland ecotypes and selected clones of 
cvs Melle Pasture and S.23 (WILKINS 1986) . S. 32 1 was b red at 
WPBS and released in 1964 while Talbot and Tove both are 
recommended for general use in England and Wales. The trial 
is orthogonal with two cutting frequencies (infrequent and 
very frequent), three levels of applied nitrogen ( 200, 400 
and 600 kg/ha/year) and two wear treatments (with and without 
wear applied with a wear machine following each cut of the 
6-cut treatment). In the first harvest year ( 1986 ), 
cultivar/wear and cultivar/nitrogen interactions were not 
significant. There were highly significant differences 
between cultivars in mean yield and also a highly significant 
cultivar/cutting frequency interaction (Table 2) . 

TAOLE 2. Va riet /cuttin fre uenc interaction for 
mean annual dry matter yield (t ha) 

Cut ting frequency 
6 cuts 19 cuts Mean 

S . 3 21 11. 61 (102) 4.18 (100) 7.90 (102) 
Talbo t 11. 34 (100) 4.19 (100) 7.77 (100) 
T o v e 12.27 (108) 4 . 45 (106) 8.36 (108) 
n.--. 1076 1 11. 66 (103) 4.91 ( 117) 8.29 (107) 

S Eil 0.158 ( 2) 
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Ba 1076 1 o utyie l ded Talbot by 17% when harvested f requently 
b ut by on l y 3% wh en h a r vested infr equent l y . So f a r t h i s 
year , result s have been similar except that S. 321 and Tove 
have performed re l ative l y poo r ly, wh i ch was expected because 
of their poore r pe r sis t ency. The cultivar/cut t ing frequency 
i nteraction was att r ibutable ent i re l y t o the r elatively poor 
yield of Ba 10761 under both managements during May and 
June . Gr owth dur i ng this reproduct i ve period accounted fo r 
mo r e than ha l f of t h e tota l annual yie l d under the 6 - cut 
management but on l y about one quarter of the total under the 
19-cut management . Ba 10761 was similar to Talbot in 
leaf: stem ratio at the first conservation cut (cut 2 under 
the 6-cut treatment) . Such genetic independence of 
vegetative and reproductive growth has been report ed i n 
Festuca arundinacea but, un l ike the present case , it was 
associated with differences in the ratio of fertile to 
vegetative ti l lers (NELSON , SLEPER & COUTTS 1986). A further 
generation of fam i ly se l ection for plot yield from within the 
same gene pool which produced Ba 10761 r evealed families with 
good y i e l ds during both vegetative and reproductive phases of 
growth (Table 3) . Thus it may prove possible to breed 
directly for high yield using a single 6 - cut management in a 
way which will give good performance under both infrequent 
and frequent harvesting systems . 

TABLE 3. Mean p lot d ry matter yield (t / ha) of two selected 
half-sib families and three control cultivars over 
two sites (I/PBS and East Craigs, Edinburgh) and two 
harvest years (1985 and 1986) 

Cul ti var Conservation Other 
or family cut cuts Mean 

Talbot 6 . 11 (100) 8. 72 (100) 7 . 42 (100) 
Tove (tet) 6 . 67 (109) 8. 33 ( 95) 7.50 (101) 
Fantoom (tet) 6. 5 7 ( 107) 9 . 07 (104) 7.82 ( 105) 
Family 13 7.0 1 ( 115) 9 .60 ( 110) 8 . 31 ( 112) 
Family 79 6.86 ( 112) 9. 77 ( 112) 8 . 31 ( 112) 

SED 0 . 206 ( 3) 

Other genotype/management interactions 

In the trial with Ba 10761 cultivar/nitrogen level 
interactions for annual d r y matter yield were not 
significant. Severa l other trials have produced the same 
res u lt (e . g. COPEMAN & SWIFT 1966) . However, significant 
inte ractions have been repo r ted from trials employing N 
level s outside the ' nor mal' range . Over a five - year period, 
cv . Melle Pasture gave similar yie l ds to six other perennial 
ryegrass va rieties at 212 kg / ha of N but significantly higher 
yields of both dry matter and nitrogen than all the othe r s at 
425, 637 and 1062 kg/ha of N (LEE, DAVIES, ARMITAGE & HOOD 
1977). ALCOCK & HARVEY (1965) compared the productivity of 
cvs S.23 and Melle Pasture at four levels of nitrogen (0 , 
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100, 200 and 400 kg/ha/year of N). In this trial, S.23 
yielded significantly more dry matter and more nitrogen than 
did Melle Pasture at 0 and 100 kg/ha/year of applied N but 
not at 200 or 400 kg/ha/year. The relevance of these low 
levels of nitrogen applied to cut plots to grazed pastures is 
a matter for debate but taking the two trials together it 
seems that genetic differences in response to nitrogen do 
exist in perennial ryegrass. 

Differences in yield of nitrogen could be important 
under grazing because the higher the proportion of nitrogen 
taken up by the crop, the greater the amount available for 
recycling. This is a possible source of genotype/harvesting 
method interaction . Bu~ it is wrong to assume that increased 
dry matter yield automatically results in increased yield of 
nitrogen . At some cuts in the Ba 10761 trial, Ba 107 61 and 
cv. Tove had significantly lower nitrogen contents than cvs 
Talbot and S . 32 1 but since nitrogen analyses are incomplete 
it is not yet known if there were genetic differences in 
annual yield of nitrogen. Another possib l e source of 
genotype / harvesting method interaction is differences in 
tolerance of treading by grazing animals. Perennial ryegrass 
cultivars do differ in their tolerance of severe wear applied 
with a wear machine, as shown by amenity grass trials (ANON 
1986) . However , superior performance under grazing of 
wear-tolerant cultivars compa red with less tolera nt cultivars 
of similar yield potential has yet to be demonstrated. 
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Cet a rticle conce rne le degre d 'i nteractions entre le 
genotype et l'explo itat ion pou r le r endement annuel en 
matiere seche pour Lolium pe renne et les previsions a partir 
d ' essais en parcelles standard a exp l oitation unique , en se 
referan t plus particulierement aux recents essais menes a 
Abe r y s twyth. En conclus ion, on note que de telles 
interactions p euvent gtre importantes, mais qu' il est 
possib le dans une l a r ge mesure de prevoir la performance de s 
genotypes soumis a dif ferents types d ' exploitation avec des 
da t es semblables quant a l'apparition de l'inflorescence . 
Ces p re visions sont effectuees a partir de donnees sur le 
rendement aux stades r epr oductif et vegetatif , sur la 
pe rsistance et sur . le contenu en azote de l ' herbage. Il 
serai t cependant ne ces saire d' ef fectue r des recherches sur 
1 ' interaction entre l e genotype et le taux c1 ' azote et sur 
1 'importance possible de la resistance a 1 ' usure pour une 
meilleu r e performance en tant que p~turage . 
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SUMMARY 

The effects of winter on grasses influences sward yields 
during the following spring and even well into summer. In­
creasing winter hardiness through breeding can therefore make 
a very important contribution to efficient livestock farming. 

Winter damage may result from a range of environmental 
factors including low (freezing) and fluctuating 
temperatures, low light intensities, dessication, wind, snow 
and ice cover, frost heaving, pests and disease. The 
relative importance of these factors depends on local 
climatic conditions and on sward management. Consequently 
when breeding grasses for good winter hardiness a broad range 
of adaptations must be incorporated into varieties. However, 
some understanding of the physiological and genetical 
relationships between relevant plant characteristics is 
essential when using such a multitrait approach. 

Well designed breeding trials which incorporate suitable 
screening techniques provide good estimates of genetic 
parameters and correlations for relevant traits. These can 
be used in multivariate analyses to develop further research, 
identify useful sources of breeding material and aid in the 
construction of selection indices for improving winter 
hardiness. 

INTRODUCTION 

Winter conditions can have a severe and long lasting 
effect on the growth of grass. Sward damage sustained during 
the winter, ranging from complete plant death to chronic 
inhibition of growth as conditions improve in spring, results 
in reduced herbage yields in spring and even well into summer 
(MUNRO & DAVIES 1973 ). In terms of costly resowing or 
expensive extra feed requirements, the economic effects of 
winter are very important factors in determining the 
efficiency and hence the profitability of grassland farming. 

Despite its obvious importance, breeding for improved 
winter hardiness in grasses is generally not well developed . 
In many breeding programmes, natural survival is used to 
p r ov i de the necessary selection pressures together with 
visual est imates of plant damage. Even with multi-site 
trials it is unlikely that local natural selection will, in 
the long term, produce sufficient adaptation to the range of 
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winter conditions which grass varieties may experience in an 
expanding world market. However, in order to develop more 
sophisticated breeding strategies it is necessary to have 
some understanding of plant attributes which are relevant to 
improving winter hardiness and their physiological and 
genetical inter-relationships . 

Winter hardiness depends on an ability to tolerate a 
wide range of environmental stresses including freezing, 
rapidly fluctuating temperatures, low light intensities, 
dessication, wind, snow and ice cover and disease. The 
relative importance of these factors depends on local 
climatic factors as well as management practices. In 
northern and eastern parts of Europe, where snow cover 
exceeds 2- 3 months , diseases such as Fusarium nivale (pink 
snow mould), Typhula .incarnata (grey snow mould) and 
Sclerotinia borealis (snow scald) can cause considerable 
damage . In parts of central and western Europe, where snow 
cover is more sporadic, the effects of freezing. wind and 
dessication become important . The occurrence of occasional 
frosts and rapidly fluctuating temperatures can be damaging 
to winter growing grasses in southern Europe while in 
northwestern maritime areas mild, wet, low light intensity 
conditions can cause problems. The ability to survive these 
various stresses often depends on the development of 
resistance through a process of hardening (TRONSMO 1984). 

Hardening is induced by low temperatures (2°C to S°C) 
(KACPERSKA-PALACS 1978) and is assisted by high light 
intensities, short days and a decrease in plant and soil 
water content. It results in complex changes in plant 
metabolism (LEVITT 1980) involving plant hormones, water 
relationships, enzymes, nucleic and amino acids, proteins, 
sugars, pH, protoplasmic viscocity, phospholipids and fatty 
acids, cell membranes, pigments and available energy. The 
physiological state of a plant, particularly in terms of 
growth activity and accumulation of energy reserves, will 
affect its hardening response. Therefore , winter hardiness 
must be considered in the context of overall g r ass g rowth 
during the winter which is also affected by the autumn growth 
and management of swards (HUNT et al. 197 6). 

HUMPHREYS AllD EAGLES (1987-r- estimated the freezing 
tolerance, in te~ms of ~T so • of 86 Lolium perenne (perennial 
ryegrass) accessions using a glycol bath freezing test on 
tillers from naturally-hardened field p lants . A range of 
other characters relevant to the winter growth and hardiness 
of these accessions were also measured and this paper briefly 
discusses relationships between them. 

MATERIALS AND METHODS 

Details concerning the origins of the 86 perennial 
ryegrass accessions studied are given in HUMPHREYS & EAGLES 
( 198 7). They represent a wide range of winte r conditions 
from areas such as S.W.England, N.Italy , Belgium, 
Switzerland, Netherlands, France, Poland and Hungary. The 
accessions were grown during 1981 and 1982 as spaced plants 
at 0. 6 m spacings in 20 plant plots in each of 2 blocks. 
Their management and the measurements made on them are listed 
in Table 1. 



163 

TABLE 1. The management of spaced plants of 86 perennial 
ryegrass accessions and the assessments made 

Date 

1981 
23 Feb. 
14 Apr. 
14 May 
22 May 

7 Sept. 

10 Sept. 
11 Nov. 

1982 
19 Jan . 

2 Feb.-
2 Mar. 
4 Mar. 

1 8 Mar. 

4 May 

April -June 

June-Aug. 

12 Oct . 

Action 

Plants sown in heated glasshouse . 
Seedlings cut. 
Plants transferred to field. 
Application of 377 kg/ha 20:10:10 NPK fertiliser . 
Plants cut to 10 cm and fresh weight yield 
g/plant recorded (SEPT81YLD). Analysis of % 
nitrogen on dried, ground samples (SEPT81%N). 
Application of 377 kg/ha 20:10:10 NPK fertiliser. 
Crown rust scored on 1 (low infection) - 5 (high 
infection) scale (NOVDIS). 

Green (undamaged) leaf scored on a 1 (little) 
- 5 (lot) scale (JANLF) . 
Tillers removed for freezing tests (~T5ol-

Green (undamaged) leaf scored on a 1 (little) 
5 (lot) scale (MARLF). 

Plants cut to 10 cm and dry weight yield g/plant 
recorded (MAR82YLD). Analysis of % nitrogen 
(MAR82%N) and % water soluble carbohydrate. 
(MAR82%WSC) on dried samples . 
Spring growth scored on a 1 little 

5 lot scale (SG). 
Third ear emergence recorded as number of days 
after 1 April (HDATE). 
Three monthly cuts each followed by an 
app lication of 377 kg/ha 20;10:10 NPK fertiliser 
- final cu t 11 August. 
Plants cut to 10 cm and dry weight yield g/plant 
recorded (OCT82YLD). Analysis of % nitrogen 
(OCT82%N) and% water soluble carbohydrate 
(OCT82%WSC) on dried samples. 

For 13 of the characters measured (excluding LT 5o 
estimates), the presence of significant genetic variation 
between populations was tested by a two-way analysis of 
variance. LT5 0 s were estimated and tested using probit 
analysis. Analyses of covariance were s::arried out on all 
possible pairs of characters and genetic correlations were 
calculated using appropriate components of variance and 
covariance. Principal components analysis was carried out on 
the genetic correlations. 
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RESULTS 

There was significant genetic variation between populations 
for all 14 characters measured. The genetic correlations 
between characters are shown in Table 2. 

TABLE 2. Genetic correlations between 14 characters rreasured in 1981 
and 1982 (character abbreviations as described in 7able 1). 
Levels of significance (84 df); 0.2-5% P; 0.3-0.1% P. 

1 SEPT81YLD 
2 SEPT81%N 
3 NO\TDIS 
4 JANLF 
5 LT50 
6 MARLF 
7 MAR82YLD 
8 MAR82%N 
9 MAR82%WSC 

10 93 
11 HDATE 
12 OCT82YID 
13 OCT82%N 
14 OCT82%WSC 

13 OCT82%N 
14 OCT82%\'ISC 

1.0 
-{).4 1.0 
-0.9 0.2 1.0 
0.4 0.3 -{).8 1.0 

-0.1 -0.4 0.2 -0.4 1.0 
-0 .1 0.2 o.o 0.7 - 0.3 
0.9 o.o -0.9 1.0 -0.4 

-0.4 0.3 0.5 -0. 4 0.3 
-0.9 0.5 0.7 -0.2 -0.1 
0.4 -0.4 -{).2 0.1 0.2 
0.5 0.4 -0.6 0.7 -0.5 
1.0 -{).3 -0.8 0.6 o.o 

-{).5 o.o 0.8 0.6 0.5 
0.4 -0.1 -0.4 0.6 -0.3 

1 2 3 4 5 

1.0 
-0.7 

13 
1.0 

14 

Table 2 shows that: 

1.0 
0.6 1.0 
0.0 -{).3 1.0 
0.3 -0.5 o.o 
0.3 -0.4 0.5 
0.2 0.6 -0.5 
0.2 1.0 -0.1 

-0.3 -0.5 -0.4 
0.3 0.6 0 .6 

6 7 8 

1. 0 
o.o 
0.0 

-{).8 
0.4 
o.o 

9 

1.0 
-0.4 1.0 
0.3 0.4 
0 .6 -0. 7 

-0.1 0 .7 
10 11 

1. 0 
-0.5 
0.6 

12 

a) JANLF was strongly negatively cor r elated with NOVDIS , a nd 
strongly positively correlated with MAR82YLD, OCT8 2YLD and 
HDATE. Thus, high January greenness was associated with 
active autumn and winter growth generally shown by later 
heading populations. The correlation of JANLF with LT50 was 
negative but relatively low (-0.4). 

b) Corresponding correlations with MARLF were mainly lowe r . 
In particular the correlation with NOVDIS was reduced to O. 
However, the correlation with SG was increased and that with 
MAR82%WSC changed from negative to positive. It appears that 
in March, greenness was dependent on spring growth factors as 
well as winte r effects . Again the correlation of MARLF. with 
LT5 0 was negative but low (-0 .3 ). 

c ) Crown rust infection (NOVDIS) was highly negatively 
correlated with SEPT81YLD, OCT82YLD and HDATE, but highly 
posit ive ly correlated with MAR82%WSC. Thus those populations 
which showed most c rown rust infection were early heading, 
they showed little autumn/wi nter growth but had high water 
soluble carbohydrate contents in March. It follows that 
MAR D2iwsc showed strong negative correlations with SEPT81YLD, 
MAR C2YLD ~nd OCT02 YLD i . e. populations with high water 
so luble contents at the end of winter showed little 
.-iutumn / winter growth. 
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OCT82%WSC were correlated 
other cha r acters , but 

and MAR82%WSC were much 

in 
the 

more 

e) Relationships between freezing tolerance (LT50) and other 
characters were complex. Nearly all had a significant effect 
in some way . In an attempt to elucidate these patterns of 
correlation further, a principal components analysis was 
carried out (LAllLEY & MAXWELL 1971). The results are given 
in Table 3. 

TABLE 3. Loadings for the first three principal components 
derived from genetic correlations between 14 
characters measured in 1981 and 1982 

1 2 3 

SEPT81YLD 0.29 -0.40 ·-o .11 
SEPTGl it.I 0 . 04 0.35 0 . 02 
NOVDIS - 0.34 0.28 0.08 
JANLF 0 . 34 0.07 0 . 36 
LT50 -0.30 - 0.51 0 . 13 
MARLF 0 . 12 0.17 0 . 64 
MAR82YLD 0 .29 - 0 .12 0.31 
MAR82%N -0.17 -0 .0 2 0 . 30 
MAR82%WSC - 0 . 12 0.42 0.13 
SG - 0 . 01 - 0.12 0.28 
HDATE 0.48 0.22 - 0.29 
OCT82YLD 0.22 -0.29 0.19 
OCT82%N - 0.28 - 0 . 04 0.17 
OCT82%WSC 0.3 1 0 . 09 0.07 

% Total variance 49 21 10 

Principal components represent uncorrelated variates 
derived from the original correlated variables. The 
relationship between them is indicated by the size and sign 
of the loadings of the original variables on the derived 
components. Interpretation of component loadings requires 
considerable caution although they can prove helpful in 
attempts to i dentify broad patterns of character 
relationships . For example, the first component shown in 
Table 3, which accounted for nearly half of the variance over 
all 14 characters measu red, could be identified in terms of 
g_eneral winter growth factors.. HDATE , JANLF AND MAR82YLD 
loaded heavily in a positive direction while NOVDIS loaded 
heavily in a negative direction. This suggests that good 
winter growth was associated with late heading and low autumn 
di sease infection. The second compgQent , which accounted for 
21% of the total variance, appeared to describe _general 
~interhar~ess . . Freezing tolerance (LT50) loaded heavily on 
this component as did MAR82%WSC. SEPT81YLD and OCT82YLD also 
loaded quite heavily on it but in the opposite direction to 
MAR82%WSC. Thus good freezing tolerance appeared to be 
associated with low autumn growth and high water solub l e 
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ca r boh ydr ate con tent i n March . Loading s for both JANLF and 
MARLF we r e l ow wh i c h suggests that leaf damage was not a good 
ind i cator of ha r d i ness . The third conponent was r elated to 
_aspects of sp r ing g r owt h s Gch as e~-r lyheading elate and g r een 
le a f in MarCh~ogether 'these first 3 p r incipal compone nts 
ac c ount ed fo r SO~ of the total variance in the origina l 
data . Fl. s catter diag r am of the 86 accessio ns i n terms of 
the ir scor es on the first p rinc ipal component plotted against 
the ir scores on the second ? r i n ei?al component is shown in 
Figu r e 1. 

F i rs t 

w int e r j 
hardin ess 

• 
princip a l 

com pone nt 

• 
• 

A 

Seco n d p ri ncipa l compone nt 

D 

• • 
• • • • • • • • • w int e r grow th -

• • • • • • 
• 

• 
• • • 

• • • 
• B 

• 
FIG . 1 . A 3cattcr J iagran ~asccl 011 first an tl second ~rinci 2al 

c0mponent scor 2s for ::G 1) e r en~ial rye ·:; r .:is.s accossions 

~our g rou cs of accessions which showed contrasting 
responses to autunn and win ter conditions are ringe d in 
Figu re 1. Grouo A consisted of accessions with little 
autumn/winter g r owth and ?OOr winte r hardiness . They were 
ve r y e a rl y heading , susceptible to autumn crown rust 
infection and originated mainly from ll. Italy. Gr oup B had 
good autumn / winter g r owth but ve ry poo r winter ha r diness. It 
con:>rised accessions fr om New Zealand and selections fron the 
olc wi n ter g r owing cul ti var Abe r ystwyth Tei lo wh ich 
o r ig i na ted fr om ma terial collected in No r mandy . Group C 
showed good winte r g r owth and ave ra ge winter ha r diness. It 
comprised late heading cultivars from Belgium and the 
Netherlands such as Melle, Ch ie f tai n and Perma. Group D had 
average winte r g rowth bu t excellent winter hardiness. As 
well a s accessions from Hungary and the Pays de Herve in 
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Belgium , it included some ame n ity cul ti va r s f r om the 
Netherlands (~lajestic and Sprinter) . 

DISCUSS IOU 

Unlike previous 1mrk on winter - hardiness related characte r s 
( TH0~1PSON 197"), in the present paper genetic cor r e l ations 
1·1ere used for m:1ltivariate analysis ra t he r than phenotypic 
correlations . Ce cause measu r ement errors as well as other 
environmental effects arc large l y removed in th i s appr oach , 
clearer relationships are obtained . \'/hen based on genetic 
correlations, the first three principle components accounted 
for 80% of th e total variance; while they accounted for only 
62~ of the total variance when derived from phenotypic 
correlations. Genetic correlations also provide more 
relevant information ;:on_ce.rning dec i sions on b r eeding 
strategy in order to maximise response to se l ection, for 
example , in a selection index approach . 

The results described here agreed with those of TII0~1PSON 
(1974) in showing that visual estimates of winter bu r n were 
not good indicators of winter hardiness. In some populations 
leaf damage due to autumn d isease infect i on certainly reduced 
winter hardiness. flowe ver , in other po?ulations a natural 
decline in auturr.:-i g rowth, <1ith a consequent build ur of 
senescent leaves , resulted in good winter hardiness. On the 
other hand freezi n g tests indicated that act i vely growing 
winter green popu lations could be severely damaged by late 
winter/early spring frosts. 

The identification of a winter hardiness component which 
was independent of a winter g rowth component is of interest. 
It suggests potentia l for combining both traits by breeding. 
'l'hus winter hardy cultivars, if the climate allowed, woul d 
p roduc e useful grm1th at 10'1 tempera tures in late autumn and 
in early sprinq. 'i'he amount of water sol ub le carbohydrate 
ma intai ned through the winter appears critical . Factors 
1vhich reduce carbohydrate reserves such as auturrn d isease or 
disease under snow cover, forced autumn growth through high 
nitrogen application, late cuttin0. , or uncompensated 
respiratory loss through growth at low light intensities, can 
all seriously reduce winter hardiness. If carbohydrate 
l eve ls can be maintained during pe riods of 1vintcr c;rowth a 
decline in hardine ss may not occur . 

It is through a combination of field and l aborator y 
measurements including assessment of freezing tolerance, 
analysis of carbohydrate content and determination of 
potential for growth at low temperatures that progress in 
breeding for improved winter hardiness is likely to occur . 
Principal component scores a re a crude method of indexing 
Popu lations . As more information becomes available on genetic 
and physiological relationships between characters and their 
role in winter survival, it should prove possible to define 
character weights more realistically in a biological sense 
and proceed further with an index approach to selection at 
the population, family and single plant level. 

RESU11E 
Les rigueurs de 

repercussions en ce qui 
l'hiver 

concerne 
sur 
les 

les herbes 
rendements des 

ont des 
prairies 
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gazonnees au cours du printemps sui vant et m~me 
l'ete . Une resistance accrue aux rigueurs de 
selection, peut contribuer de fa)=On importante 
l'efficacite de l'elevage. 

jusque dans 
1 'hiver par 
a accroi tre 

L ' effet de l'hiver peut ltre dG a divers facteurs dans 
l'environnement: temperatures basses (gel) et variables , 
basses intensites de lumiere, dessechement, vent, couverture 
de neige ou de glace, effets du gel sur le sol, parasites et 
maladies. L'importance relative de ces facteurs depend des 
conditions climatiques locales et de 1 'exploitation de la 
prairie gazonnee. En consequence, il est necessaire 
d'incorporer dans les varieties un vaste choix d'adaptations 
si l'on veut selectionner des herbes resistant bien aux 
rigueurs de l ' hiver. Cependant, il est essentiel, quand on 
utilise une approche a traits multiples , de comprendre les 
rapports physiologiques et genetiques entre les 
caracteristiques des plantes concernees. 

Des essais de selection bien concus, faisant appel a des 
techniques appropriees de depistage, permettent d'obtenir de 
bonnes estimations quant aux parametres genetiques et aux 
correlations pour les traits interessants . Ceux-ci peuvent 
~tre utilises dans des analyses a variance multiple en vue de 
recherches plus poussees, en vue de !'identification de 
sources utiles de materiel de selection, et en vue de la 
construction d' indices de selection pour 'ameliorer la 
resistance aux rigueurs de l'hiver. 
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BREEDING HERBAGE SPECIES FOR NORTHERN SCANDINAVIA 

Brian De nni s and As laug Helgadottir* 

De pt. of Crop Sc ience, Roya l Veterinary and Agricultura l Unive rs it y, 
Taastrup, De nmark and The Agricultu ral Researc h Institute, Ke ldnaho lt, 
Ice land 

SUMMARY 

In the northern regions of Scandinavia agriculture is to a la rge ex ten t based on 
herbage production, both from long-term pastures a nd leys. He rbage species bred 
for more souther ly regions have proved t o be poorly adapted to the severe c li matic 
conditions in northern Scandinavia, and the breeding of loca ll y adapted vari e ties 
with high yie ld pot enti a l is an important facto r in improv ing g rass land produc tivity 
in these a reas. 

Thi s pape r out lines a joint Scandinavian breeding project set up in 198 1 to develop 
herbage varieties with the a bility to give a high and st ab le production throughout 
the region, a nd desc ribes some preliminar y results from the more than 80 fie ld trials 
se t up unde r the project, invo lving some 60 varieties or populations of Fes tuca 
pratens is , F. rubra, Phleum pr a tense, Poa pratensis a nd Tri fo li um pr a t e nse. 

INTRODUCTION 

Grassla nd plays a dominant role in the agriculture of northern Scand inavia, a nd 
lives tock fa rming is the most profitab le farming en t e rpri se in this region. However, 
both climate and management place heavy demands on the pla nt material grown in 
thi s region . Winte rs a re long, often with severe frost and prolonged snow cove r. 
Summe rs are short , but with long days, and consequentl y plant growth during this 
period is very intensive. 

The prob lems confron ting herbage production in these no rt her ly regions are to a 
large extent of the same nature. Apart from a short and va ri able growing season, 
winter damage is the most common cause of grass failure in these regions, even 
though different causal facto rs can be involved, such as ice encasement, snow mould 
fungi, e t c . Herbage varieties bred fo r more southerly regions have proved to be 
poorly adapted to these harsh conditions and, hence, a breeding effort based on 

Presented on behalf of the NORDGRASS project group: B. Dennis , K. J. 
Frandsen (Denma rk) ; K. Egede (Greenland); S. Ravantti, O. Nissinen (Finland); A. 
Helgadotti r , T. Tomasson (coordinator) (Iceland); A. Lar sen , I. Schjelderup (Norway); 
E. Lindva ll, A. Wiberg (Sweden). 
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locall y adapted material of high yie ld potential is themost efficient means of 
improving grassland productivity in these areas. 

Breeding loca ll y adapted herbage varieties has ·for many years received high priority 
in the northern Scandinavian coun tries. However, the seed market in each coun try 
is small and the individual breeding projects are relativel y expensive . As a conse­
quence a joint breeding project was started in I 98 I, under the auspices of the 
Nordic Counci l of Ministers, with the aim of developing herbage varieties adapted to 
Northern Scandinavia (MANNER 1983 ). Thi s paper gives an outline of the project, 
its present status and future work, and briefly describes some of the preliminary 
results. 

CLHviAT~ AND SPECIES 

Plant breeders from the following research and exper imenta l stations are currentl y 
taking part in the project : 

Denmark 

Finland 

Greenland 

Iceland 

Norway 

Sweden 

The Royal Veterinary & Agricultural Unive rsity, 
The Experimental Station H¢jbakkegilrd, Taastrup 

The 1\gricultural Research Centre, The Experimenta l 
Station for Lappland, Apukka 

The Experimental Station in Upernaviarssuk 

The Agricultural Research Institute, Keldnaholt 

The State Experimental Stations, V!lg¢nes and Holt 

Svaltlf AB, The Northem Branch, Rtlb!lcksdalen 

The geographic location of experimental stations and trial sites are shown in Figure 
I. With the exception of H¢jbakkegilrd in Denmark, all locations lie north of the 
63°N latitude, and the northernmost station, Holt in Norway is at 69° N . 

The c limati c conditions at the main centres are listed in Table l. The photoperiod 
varies to some extent from station to stat ion, particularly in the autumn and winter. 
HEIDE (l 985) has reviewed a number of physiological aspects of adaptation to high­
latitude environments, and has emphasized the importance of photoperiodic effects 
for plant productivity in the northern areas . 

Prec ipitation is considerably greater in northern Norway than in Finland and 
Sweden, especial l y in winter, whereas the precipitation in Iceland lies somewhere in 
between these two extremes . Similarly, the temperature during winter is lower in 
Finland and Sweden than in orway and especially in Ice land. In general, the 
summers are shorter but warmer in Norway, Sweden and Finland than in Ice land. 
The different conditions during winter at the research stations lead to different 
causes for winter kill. In Finland and Sweden the ground remains frozen through­
out winter and snow cover is prolonged . Snow mould fungi, therefore, often cause 
damage to grasses . In Norway and Ice land, on the other hand, where winters are 
relative ly mild and wet, repeated freeze-thaw cycles often lead to ice cove r that 
can remain up to three months causing extensive winter kill. Wher e the ground 
remains without a snow cover fo r lengthy periods severe frost damage can occur. 

The main breeding objectives in herbage spec ies are dry matter product ivity, yield 
stability, persistency and nutritive value, but different emphasis is placed on these 
c riteri a in the northern regions than would be the case in more southerly environ­
ments. 
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Dry matter productivity per se is not the major breeding objective in the northern 
areas, where high light intensities can g ive extreme l y high biomass production rates 
(SIMONSEN l 985). Under these conditions yie ld stabili t y and per sis tency are of 
much great er significance, and the most impor t an t breeding object i ve in the Nordic 
countries is winter su rviva l capacity. LARSEN & ARSVOLL (1984) have r ev iewed 
the biotic and abiotic factors responsib le fo r winte r damage in the Nord ic region, 
and conc luded that the shorte r the growth period and the more severe the winter, 
the more important is the use of well-adapted, resistant varieties , coup led wi th 
management fo r ms enab ling the plants to store sufficient reserves for winter sur­
vival. 

Grasses form the predominant pa rt of anima l feeds in the northern regions and 
nutritive value is obviously of importance . H igh light intensi ties and l ow t empera­
tures, however , t end to improve digestibi I i ty (D E IN UM 1985 ), and consequen tl y 
somewhat less emphasis can be"ptaced on this factor than in more sou therl y areas . 

Of the herbage species c ulti vated in these areas, timothy (Phl eum pratense) is by 
far the most importan t , a lthough meadow grass (Poa pratensis) and red fescue 
(Festuca rubra) are also grown throughout the whole area. Red c lover (Tr ifolium 
pratense) is common l y grown in mixtures with timothy and meadow fescue (Festuca 
pratense) in northern Sweden, Finland and Norway, but not in Ice land , Green land 
and the Faeroes, where the non-adapted p lant materia l previously grown has genera­
lly shown insufficient winter hardiness. 

\ 

' Upernov1a r ssuk 

Greenland 

•Q 

• 
Faroe Isl. 

Figure I. 
Geographic loca tion of 
experimental stations 
and trial si t es. 
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Table I. Climatic condi tions at t he research s t ations. 

FINLAND ICELAND NORWAY SWEDEN DENMARK 
Apukka Korpa V~g0nes Holt R~bMcks- H0jbakke-

dalen g~rd 

Latitude 66°35 ' 64°09' 67°17 ' 69°39' 63°49' 55°44 ' 

Photoperiod , h 
June 23.8 21.0 24 ·.o 24.0 20.5 17 .4 
December 2.6 4.3 l. 3 0.0 4.3 7. l 

Precipitation, mm 

May - Sept 287 258 410 365 279 265 
Oct- April 229 593 632 629 322 332 
Total 512 851 1042 994 601 597 

Temperature, oc 
May-Sept 10 . 6 9.0 10.4 8. 7 11.8 14.0 
Oct- April - 6.8 l. 5 0.5 -1. 3 - 3. l 3.0 

THE NORDGRASS BREEDING PROJECT 

During the initial stages the pro ject concentrated on cooperative Nordic trial s in 
which both ear ly and more advanced breeding material was tested at all the ex­
perimen ta l s t a tions . In thi s way it was possib le to s tudy t he response of different 
species to the contrasting c li mat ic conditions at the var ious locations . As the 
project developed emphas is was placed on evaluati ng material at an ea rlier stage in 

·the breed ing process in order to obtain varieties of greater s t abi li ty for the north­
ern regions . To meet thi s ob jective a cooperative bree ding programme was in itiated 
in timo th y a nd genotypes from all the part icipant s tations were pooled in a joint 
po lycross . 

In addition to these two ma in projec ts, seed production characteristics of northerly 
varieties have been studied at H¢ jbakkegi\ rd in Denmark and genecological stud ies 
are be ing initiated in connection wi th the breeding programme in timothy . 

Cooperative trials 

The joint var iety trial s began in 1982 and have included local populations and ad­
vanced breeding mate r ials as we ll as earl y breeding ma teria l fo r further selection, 
e.g . after topcross, polyc ross or pair crosses. The tr ials wi th the advanced mater­
ials have, in genera l, been sown at all the partic ipating stations, of t en in more than 
one locat ion and year, whereas the testing of the earl y material has been more 
reqri c ted . Tria ls have been car ried out with timothy (Phleum ratense), meadow 
g r a~s (Poa pratensis), meadow fesc ue (Festuca pratense), red fes cue Festuca rubra ), 
coch foo t (f)ac t yli s glomerata) and red clover (Trifo lium ratense). In a ll 88 separ­
ate experiments with a total of 4480 plots have been sown Table 2), but not all of 
these plots have been harvested as a result of poor winter survival. /\s a rul<" 
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each experiment is ha rvest ed fo r three years. Dry matter yie lds in two cuts a re 
determined and the plots are score d for va rious c haracters, such as type and degree 
of winter damage, botanical composition, disease a ttac k, e t c . Jn addition, quality 
factors, such as digestibility, protein and fibre content, are determined. 

Table 2. Summary of the herbage va ri e ty tria ls sown in 
the Nordgrass project. 

Species No. of varieties No . of experiments No. of plots 

Phleum pratense 10- 21 23 1139 
Paa pratensi s 12- 15 19 872 
Festuca pratensis 9-21 12 487 
Festuca rubra 12-14 15 850 
Tri folium pratense 10- 12 17 728 
Dactylis glomerata 48 2 384 

Total 88 4460 

As a supplement to these tri a ls the potentiality of other he rbage species is also 
be ing assessed. Tria ls a re curr e ntly in progress with Be rings hairgrass (Deschampsia 
be ringensis ), a species which in terms of winter survival, yield and quality has 
shown promise under Ice landic conditions (TOMASSON 1984). 

The statis tical a na lyses of data collected from the ma in variety trials are as yet far 
from complete . For the presen t purpose we have selecte d a number of trials with 
timothy, meadow grass a nd meadow fescue over two harves t yea rs, a nd standa rd 
analyses of variance have been carr ied out for to t a l dry ma tter yie lds (Table 3). 

The result s fo r timothy show that the varieties di ffe,red signi f icantly in yield, but 
the re were no s ign if icant inte rac tions be tween va rieties and locations or variet ies 
and yea rs; va ri e t ies generally showed the same rank ing orde r in all environments, 
desp ite varying growing cond itions. Fo r meadow grass and meadow fesc ue, on the 
o ther hand, the re were significan t interactions between varieti es and locations and 
between vari e ties , loca tion s a nd yea rs. This differential response of varieties t o 
condi t ions at the va rious locati ons during the two yea rs is not totally unexpected in 
meadow grass, which is an apomict and the refore does not possess the same buffer­
ing capacity as an outb reeding species, such as timo th y. Meadow fescue, howeve r, 
a lthough an outbreeder, did no t show the same degree of plasticity as timothy. It 
is possible t ha t meadow fescue is not as sui ted to these areas as timothy, as de­
monst rated by the fact that the former species is unab le to su rvive the harsh 
cond ition s that prevail fo r example in Iceland, and is the refore more sensitive to 
ext reme condi tions at the test sites . 

The Nordgrass timothy programme 

The varieties that have been inc luded in the coopera ti ve yie ld trials have been bred 
in northern regions where climatic conditions a re harsh but sti ll vary f rom location 
to locat ion. The s ta ti stical analyses from the tri als with timothy demonstrate, 
however, that in cont rast to the other two species stud ied, the relative performance 
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of the varieties is not affec ted by the growing conditions a t each location . In 
other word s, the genotype x environment inte rac tion is ve ry small fo r thi s species. 
With th is in mi nd the project group decided to se t up a joint breeding programme 
in timothy based on pooled germplasm from a ll the participating research stations. 

Table J. Ana lys is of va ri a nce for total dry matter yie lds in 
variety trials with timothy, meadow g rass a nd meadow fesc ue . 

Phleun pratense 

Loca tions (L) 
Varieties (V) 
L x V 
Blocks within locations (B) 
Error 

x Years 
v x Years 
L x v x Years 
B x Years 
Error 

Poa pratensis 

Locat ions (L) 
Varieties (V) 
L x V 

Blocks within locations (B) 
Error 

x Years 
V x Years 
L x v x Years 
B x Years 
Error 

Festuca pratense 

Locations (L) 

Varieties (V) 

L x V 
Blocks within locations (B) 
Error 

L x Years 
v x Years 

L x v x Year s 
B x Years 
Error 

DF MS 

5 413.4731*** 

8 1 . 3049*** 
40 0.3600 
15 1 . 5090*** 

113 0 . 4472 

132.3747*** 

8 o. 5941 
40 0.4324 

15 1. 3189*** 
113 o. 2430 

153 . 2879*** 

11 2 . 7303 

44 1. 6863*** 
12 1 . 7972*** 

132 o. 2513 

4 95 . DOOO*** 

11 1. 0874 
44 0 . 5361 *** 
12 1 . 2717*** 

132 0 . 1636 

3 241 . 2433*** 

9 3 . 1439** 
26 D. 9638*** 

11 1. 9893*** 

96 0 . 4160 

3 94 . 4150*** 
9 o. 8550 

26 o. 6050*** 

11 1.1231 *** 

96 o. 2965 



17 5 

The aim of the breed ing programme is, firstly, to develop variet ies of t imothy that 
possess a broad adaptation to a range of Nordic c limates and managements, and thus 
can be grown throughout the northernmost part of Scand inav ia. Secondly, the 
progra mme is expected to provide information on ecological and physiological factors 
that a re important fo r adaptation t o the growing conditions that prevai l in the 
northern areas. Thirdl y, the deve lopment of a joint breed ing programme of thi s 
type wi th ti mothy as a model is expected to lead to s imilar Nordic b reeding progr­
ammes in other species . 

Finland Sweden Iceland Norway Norway 
Apukka R~bMcks - Ra la Holt V~g0nes 

dalen 

I I I I 

I 
12 selected genotypes 
per station, total 

60 genotypes 

I 
I I 

Denmark Denmark 
H0jbakkeg~rd: H0jbakkeg~rd: 

Vegetative Polycross 
propagation 

I I 
I 

Evaluation Genotype. 
of 60 poly- evaluation 
cross lines in spaced 
in ·yield plant 
trials trials 

7- 8 l ocalities 

I 
Selection of parent 
clones, lntercrosslng 

I 

Figure 2. The joint breeding programme in t imothy . 
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The breeding programme is outlined in Figure 2. Each participating researc h st a ­
tion o rigina ll y contributed 12 genotypes of timoth y giving a total of 60 genotypes. 
These genotypes were planted out for evaluation in a spaced plant trial at a ll the 
experimental stations in the spri ng of 1985. At the same time a polycross was set 
up at H¢jbakkeg11rd in Denmark. Seed was obtained a lready in autumn 1986 and the 
half-sib families were sown out at the research s tations the following spring. On 
the basis of results obtained from these field trials, parent clones wil l be selected 
and intercrossed to form synthetic populations. After comparable testing of the 
synthetic populations a new variety wi ll hopefully emerge . 

SEED PRODUCTION ASPECTS 

The Danish climate is far more favorable for grass seed produc tion than in the 
more northerly areas of Scandinavia. For this reason the joint timothy polycross 
and studies of seed production c harac teristics in timothy, cocksfoot , red fescue, 
meadow fescu e and meadow grass have been located at H¢jbakkeg11rd. Additionally, 
a number of Ice landic populations of red fescue, meadow grass and red c lover are 
under multip lica tion , and several red fescue and meadow grass populations collected 
in south Greenland are current ly being stud ied . 

Despite the different origins of the populations s tudied, only limited differences 
have been found in ear liness (date of ear emergence) with in species. OEEC trials 
with perenn ia l ryegrass, cocksfoot and meadow grass in 1955-57 showed that dif­
ferences in ear liness became more pronounced the more sou ther ly the comparisons 
were made (E UROPEAN PRODUCTIVITY AGENCY 1960). A similar tendency has not 
been found amongst the se lected timothy genotypes, a factor of importance in 
connection with the joint polycross desc ribed earli er. 

In seed produc tion tri a ls at H¢jbakkeg1\rd, northern varieties of timothy have given 
high seed 'yie lds and have in severa l cases outyielded the adapted Dani sh control 
variety, partic ularly in the first harvest yea r , as shown below: 

Seed yields, kg/ha: 

Tillllthy 1st year 
2nd year 

Meadow grass 1st year 
2nd year 

Northern varieties Danish control 

848- 1206 

618- 899 

3- 258 
401- 898 

606 
768 

199 

526 

Acceptable seed yields have also been obtained from red fescue and meadow fescue. 
Northern varieties of meadow grass, however, do not generally give reasonable seed 
yie lds until the second harvest year under Dani sh conditions. 

Seed production under c limatic conditions differing from those to which the plan t 
material is adapted can result in changes in earl iness and productivity. Photo­
period and temperature are amongst the major factors determining reproductive 
growth, and differential responses of genotypes to changes in environmental condi­
tions can result in changes in the genetic s tructure of the population . Experiments 
have recentl y been started to determine the extent of genetic shift in a composite 
timothy population as a result of seed production under Danish cond itions. 
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CONCLUSION 

To achieve a high degree of adaptation a nd hence a stab le produc ti on under varying 
c lima t es a nd managemen t s it is essentia l that breeding mate ri a l is t ested under a 
wide range of environmental condi t ions . The Scandinavian experimental stations 
participating in the Nordg rass project cover a range of env iro nments varying from 
mar iti me t o con tinenta l a nd from 63°N t o 69°N, which gives a va luable interaction 
be tween temperatu re and photoperiod . These different environmen t s can only with 
difficu lty be obtained within the individua l coun trie s, a nd the Nordgrass project has 
cont ributed significantly to a wider and more efficien t testing of plant materia l 
from the participating coun tries. 

In its late r phases the pro jec t has formed the basis for a joint breeding programme 
with timothy as a model species. The programme aims at developing timcthy variet­
ies with tne broadest possibl e stability within northern Scandinavia, a nd wil l subse­
quently be adapted fo r use with o ther herbage species. 

The cooperation achieved through the Nordg rass project has made possib le a joint 
eva luation of some of the many mutual problems facing herbage breeders in these 
northernmost regions in Scandinavia . An example of this is a recent ly s tarted 
genecological study which aims at investigating the effects of diffe rent cl imates, 
managements and seed produc tion conditions on the genetic s tructure, adaptabi li ty 
and st ability of northern timothy genotypes . 
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LUCERNE BREEDING FOR ADAPTATION TO COOL SUMMER ZONE 

z. STASZEWSKI, z. BODZON 

IHAR Plant Breeding and Acclimatization Institute, Radzikow 
05-870 Blonie, Poland 

SUMMARY 

Selection for seed settin~ in lucerne grown for 3-4 
weeks in unfavourable conditions l6-14° C)in the field and cli­
matized chambers was carred out. Honey bees and hand pollina­
tion were employed for pollination. The trials were set in 
April and October when the temperature did not exceed 14°c 
otherwise phytothrone chambers were used. Pod and seed setting 
were evaluated. The clones which set pods in 90 per cent of 
the flowers produced were selected f rom "Varminska 11 (PL) x "Du 
Puits" derivates. 

GCA of seed yield character was evaluated for 47 sele­
cted clones using five top-cross testers. In addition plant 
vigour was recorded.The field trial was performed for 3 years. 

The best performing nine clones were used to produce a 
new synthetic population RAH 183. Syn 2-RAH 183 produced seed 
yield surplussing the standards by 15-25 per cent. The seed 
set was doubled compared to initial variety grown ·under 140C 
temperature. The great physiological variability of lucerne 
enables selection of the strains with lower temperature requ­
irements for seed production. 

Lucerne produces 10-16 t of dry matter in three to 
four cuts per year in Poland. But this crop is not entirely 
adapted to the Polish climate because the periods with unfavo­
urable conditions for seed setting often occur at the summer 
time. JABLONSKI (1977) stated that the best conditions for seed 
setting were when air temperature was 25-35°C and relative 
humidity 50-60%. In the field trials seed yield decreased by 
50% at the temperature 18oc as compared to that 20°c.rn Poland 
temperature of 16oc is the limiting factor causing that seed 
production of grown varieties reaches only 10-20% of mean yield 
that is usually obtained in optimal growth conditions. Melitta 
leporina Panz., Eucera longicornis L., Megachile Latr., Rophi­
toides canus Ev., Taeniandrena Hed., and Bombus Latr. are the 
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main pollinators of lucerne in Poland (DYLEWSKA et.al. 1970 ). 
Most of them are inactive at temperature below 18°C(JAB!:.ONSKI 
1973). Blondon et al. (1979) and STASZEWSKI et al• (1979) also 
found strong effect of temperature on lucerne fertility. 

The aim of this work was the selection of the clones 
for obtaining a synthetic population which would be less sus­
ceptible to cool and rainy periods of Polish summer• 

MATERIAL AND METHODS 
The initial material consisted of 112 families of F4 

progeny which were improved with respect to Verticillium wilt 
resistance and set setting. They were selected from the stock 
resulted from cross cultivars Varminska x Du Puits. Varminska 
was bred in Olsztyn regi~n which is characterized by severe 
and cool winters. The study was completed in the following steps; 
- Evaluation of the families in field trials and selection of 

247 clones from the best performing ones. 
Selection of the cloges with 90% seed setting grown in the 
temperature below 14 c. Crossing the clones with 5 testers 
to obtain F1 progeny. 

- Evaluation of GCA of selected clones with respect to yields 
and observations of plant vigor in the field trials. 

- Seed multiplication of the synthetics RAH 183 consisting of 
9 clones which displayed highest GCA. Evaluation of RAH 183 
yield in field trials and seed setting in the greenhouse and 
phytothrone under low temperature. 

RESULTS 
The weather conditions at Radzikow are unfavourable 

for lucerne production (Table 1). 

Table 1. Mean temperature and rainfalls at Radzikow 

Mean dav-temoerature in months 
Month Years 

19:>1 I 1977 1 1978 1 1981 1 1982 I 1983 11 98411985 -1 980 
April 7.5 5 . 3 6 . 3 5. 6 5 . 4 9 . 6 8 . 8 8 . 1 
J une 17.0 11.0 15 .5 16.9 15 . 6 17.2 14.4 14.9 
J uly 18.1 16 . 0 16 . 0 17 . 4 18. 7 19 . 5 15 . 6 17.5 
August 17 .4 16 . 2 15.9 16 . 4 18 . 7 18 . 1 18.1 17 . 9 
October 8 . 4 12.7 8 . 6 8 . 8 8 . 8 8 . 7 10 .5 8 .1 

The sum of rainfalls (mm) 

April 34 41.9 40. 4 11.2 22.4 44 .8 13.2 36.3 
June 64 39.4 48 . 1 105.4 91 . 4 23 . 0 54.9 64 . 7 
July 76 94.4 75 . 0 133 . 8 12.8 28 . 9 81 . 4 74 . 5 
August 58 203.1 114.o 34 . 2 45 . 6 42.9 5 . 5 78 . 9 
October 39 40.5 34.4 57.0 20.5 22.3 11 . 0 13 . 7 

Mean temperature i n the summer is about 6-10°c lower then in 
France. Frequent rainfalls and low temperatures occuring in 
July and August have negative effect on insect pollination, 
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seed setting and also cause flower falling. However these con­
ditions are conducive for selection of plants superior with 
regard to seed setting. • 

In 1976 field trials for evaluation of seed yields of 
116 families were set. Seed yields were evaluated in 1977 and 
1978, which were rainy and cool. Twenty two families proved to 
have good seed yields (Fig.1). Single plants exibiting excell-

Fig. 1. The distribution of seed yields of families 

Number 
of families 

§- data 
30 0- data 

20 

10 

for 1977 

for 1978 

y. 

y. 

These families 
were used for 

selection 
the .clones 

I , 

141- 160 161-180 >180 
Seed yield clas ses in per cents-Varminska 100% 

ent seed setting and upright and strong stems were selected 
from those 22 families. Each selected plant was cloned and 
planted in three pots: two plants per 6 kg pot. 

The next step of selection was performed with respect 
t o seed setting and was carried out concurrently in pot and 
field conditions in the following manner.The investigated clo­
nes were grown in the greenhouse under optimal conditions 
until October '78 (first growth) and April '79 (second growth) 
when they reached flowering stage. Then the plants were tran­
sferred for 4 weeks to the place near bee hives in the orchard.. 
Honey bees collecting pollen pollinated plants intensively.Air 
temperature was as low as 8.6-6.5°C,then the plants were moved 
to the greenhouse again for six weeks to produce seeds. Seed 
s e tting on the same clones were scored ty.ro times (Table 2). 

These trial enabled to select 47 clones that showed 
excellent seed setting. Subsequenty selected clones were 
used for crossing in order to obtain F1 progeny. The crossing 
were perf ormed in the greenhouse. Each clone was hand pollina­
t ed by 5 testers to obtain 400 seeds !or each top-cross combi­
nati on . 
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Table 2. Pod setting on selected clones under low temperature. 
-

Total Number of clones in the groups 
number 

Variant of Per cent of flowers whi.ch set pods 
clones 

<20 l21-4o l41-6ol 61-8o l81-9oj > 90 

I test-October '78(8.6°C): 
Clone's 247 20 39 67 63 21 47 
Varminska-cv. 40 25 14 1 
II test-April '79(6.5°C): 
Clones 247 28 33 60 55 20 51 
Varminska-cv. 40 29 6 2 3 

The field experiment for GCA evaluation were set in 
spring 1980. Two months old seedlings (140) were planted in 
each plot (10 m sq.) in two replications. The best nine clones 
were intercrossed in the greenhouse in the winter ~1 to obtain 
Syn-1. The seeds of Syn-2 were reproduced in the field in 1982 
under the name RAH 183. 

Table 3. GCA of selected clones 

Number Mean seed GCA Plant vigour 
of clone yield 2 effects in % of the 

g/10 m standard 

127/1 591.0 209.6 111.8 
304 533.4 152.0 102 . 8 
126/1 521.2 139.8 104.2 
328 517.8 136.4 117 . 8 
399 501.0 107 .1 102.0 
423 494.8 113.4 98.7 
518 493.0 113.0 101.3 
327/2 435.2 96.2 97.5 
337 422.4 71.0 94.5 

Vertibenda 173.8 100.0 
Europe 212.0 106.6 
Verminska 265.0 100.0 
Diff. 
at alpha =0.05 67.52 67.52 

The greenhouse phytothrone and field experiments were 
carred out to compare new population with the standard varie­
ties . The plants for greenhouse and phytothrone experiments 
were grown under optimal conditions in pots until they reached 
full f lowering stage. The groups consisted of 20 plants repre­
sented: RAH 183 Syn-1, Syn-2 and Varminska cv. In each group, 
50 flowers of each plant were pollinated with the mixture of 
pollen. I mmediately after pollinations pots with plants were 
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l ocated i n phytot hrone (Variant 1 ) and greenhouse chamber ( Va­
r iant 2) . The pl ant s during seed setting period were grown for 
3 weeks in the fol l owing conditions (December ' 86): 

mean temp. 
air humidity rel . 
light intensity 
16 kl ux 

Pgytothrone: greenhouse : 
14 (constant) 14°( 9 . 5 n ight , 18.5°day) 

75 % 70 % 

18 h 18 h 

Table 4 . Pod and seed setting of RAH 183 Syn- 1 and Syn- 2 

No of Number of clones in the~rouus Pod Seed 
plan- 1-'er cent of n.owers set- num-

Ol)jeGt ts which set Pods , ting ber 
per per 

> 20 21-40 41 - 60 61 - 80 91> 100 pod 
flo-
wer s 

Variant 1 Phy-
to throne 
Varminska cv. 20 7 13 30 0 . 7 
RAH183- Syn. 1 20 6 6 3 6 61 1 . 4 
RAH1 83- Syn.2 20 2 8 4 4 2 53 1.2 
Variant 2 Gre-
enhouze 
Varminska 20 1 2 10 7 56.3 2 . 9 
RAH183- Syn.1 20 5 6 9 77.0 3. 2 
RAH183- Syn. 2 20 2 3 8 7 77 . 4 3. 4 

Subsequently plants were moved to the greenhouse where 
were maintained for 6 weeks in favourable conditions for pod 
development. These results are given in table 4. Both Syn- 1 
and Syn-2 plants displayed better then initial variety Varmin­
ska pod and seed setting. The constant 14° temperature proved 
more unfovonrable then variable 14°( 9 . 5-18 0 50c). · . 

Table 5. Seed and dry matter yields of RAH 183 and standards 

Seed yields Dry mat-
ter yield 

Ob j ect Years 9 cuts 

1983 1 1984 I 1985 I 1986 I Mean 
( 3 years 

RAH 183 5.57 2 . 8? 0 . 98 2. 20 2 . 90 11 2 •. 1 
Kle s zczewska 3.52 1.79 o. 31 1. 70 1.83 109 .• 0 
Varminska 3.61 2 .00 0.55 1. 74 1. 72 108 .0 
Ko meta 2.34 1.31 0.23 1.15 1.26 100.8 
Europe 3.77 2.56 o.67 1.42 2.11 107._4 
Verti benda 2.49 1.34 o.48 1.06 1.34 

Diff. 
8 .34 at alpha = o .o5 1.25 1.30 0.32 1.05 
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The field trials aimed at evaluation of seedproduction 
were carried out employing 20m2 plots in 5 replications accor­
ding to complete block design. Seeds were sown in rows o.5 ~ 
apart (150 seeds/m sq. and 0.2 m for forage (400 seeds/m sq.). 
In the several trials RAH 183 produced seed yields by 15 - 25% 
higer then standard variety. Dry matter yield of the new 
synthetics proved equal to that of the standard cultivars 
(Table 5). 

The great physiological variability of lucerne enables 
selection of the strains with lower temperature requirements 
for seed production. 

L'AMELIORATION DE LUZERNE ADAPTtE POUR LA RtGION 
DE LA •TEMPERATURE BAISStE 

SOMMA IRE 

La selection pour la formation des semences a etemenee 
en mettant le s plants qui etaient dans la periode de la flo­
r a i s on et de la creation des semences dans de s conditions 
infavorabl e dans les 4 semaines. La pollination a ete fait a main OU en utili sant l es abeilles. La temperature de 140 a 
ete a s sure en dehors au mois d'avril et au moi s d'octobre et 
dans le phytotrone. La formati on de s semences et des gausses a 
ete bien analyse. Les c~o~e s qui a~aient form~ les 9e~ences 
dans 90% de fl eurs ont eteselectione s de la 4eme generation 
"Varminska" ( PL) x "Du Puits". 

On a fixe GCA pour 47 clones en utilisant 5 testeurs 
de l a me t hode top-cross . On a analyse le rendement de semences 
et l a mati ere seche dans la periode de 3 ans. 

On a cree une nouvelle population synthetique RAH 183 
de 9 meilleurs clones . Syn 2 RAH 183 a donne le rendement de 
semences qui eta ient superieure s qui les variete s de controle 
de 15- 25% ainsi qu'il a forme de semences dans les c onditi ons 
de 14° deux f ois meil leurs que la variete de bas e . 
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Breeding for adaptation of perennial grasses to binary 
mixtures with lucerne <Medicaqo sativa L.). 

M. D. CASLER 

Department of Agronomy, University of Wisconsin-Madison, 
Madison, WI, U.S.A. 53706 

Seventy-eight cultivars and experimental populations of 
four genera [cocl:sfoot, Dactylis glomerata L.; smooth 
bromegrass, Bromus inermis Leyss.; ryegrass, Lolium perenne 
L. and~- hybridum; and FestuloliumJ were evaluated for 
persistence and competitive ability in binary mixtures with 
lucerne. Entries were seeded in 3-m single row plots, 
spaced 0.9 m apart, at Arlington (Wisconsin, U.S.A.), and 
overseeded with 'Saranac' lucerne (Medicago sativa L.> in 
April 1983. A second experiment consisted of 114 
grass / legume mixtures: 19 grass culti vars in factorial 
co mbination with six legume cultivars [two each of lucerne, 
r ed cl over (Trifolium pratense L.l, and birdsfoot trefoil 
(Lotus corniculatus L. ) . All plots were managed for 3 years 
following the seeding year by taking three cuttings at late 
bud to early flower of lucerne before 1 September. 

Maturity, vigor prior to cutting, recovery after 
cutting, and ground cover differed significantly for entries 
within each genus, except for maturity of smooth b ro megrass. 
Vigor, recovery, and ground cover of cocksfoot entries 
tended to decrease with later maturity. Selection for 
increased persistence of smooth bromegrass was successful, 
and due mainly to increased vigor and faster recovery. 
Differences amo ng ryegrass entries was related mainly to 
s peci es and ploidy. The intermediate ryegrass and 
Festulolium entries had the greatest vigor and recovery; the 
Festulolium en try had the greatest ground cover. 

Thr ee-y ear mean forage mi x ture yields did not differ 
among g rass entries for any of the three-legume species. 
Ryegrass cul ti v ars differed in percent age ground cover after 
3 years of growth in mixture with legumes; this variation 
was not closely related to ground co ver of the legume 
companion . Sufficient variation appears to exist in 
ryegrass to breed for greater persistence in binary mi xtur e 
with legumes. 
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Grass/legume forage mixtures are important to animal 
agriculture. They offer several potential advantages over 
pure grasses or pure legumes, such as erosion and weed 
control and prolonged stand longevity <DROLSOM and SMITH, 
1976). On the negative side, differences in growth habit, 
regrowth potential, and physiological growth requirements 
among components of an interspecific mixture often preclude 
the effective use of management practices to maintain 
components in the mixture. Even if both components can be 
maintained in a binary mixture, it may be difficult to 
maint~in each component at a specified level <SMITH et al., 
1986). This becomes an even more difficult proposition when 
management of the mixture is based on factors related to 
only one component of the mixture (SMITH, 1968>. 

Cocksfoot (Dactylis glomerata L.} is more competitive 
in binary mixtures with lucerne than smooth bromegrass, 
Bromus inermis Leyss., <SMITH et al., 1973> and perennial 
ryegrass, Lolium perenne L . , (JUNG et al., 1982; 
SOLLENBERGER et al., 1984a and 1984b}. Excessive 
competitiveness with lucerne is partially responsible for a 
decreased popularity of cocksfoot in some regions of the 
U.S.A. Poor persistence of smooth bromegrass ( DROLSOM and 
SMITH, 1976> and perennial ryegrass <CASLER, 1987, 
unpublished data} in mixture with lucerne have made this 
trait an objective of breeding programs on these two 
species. Genetic variation for persistence with lucerne is 
known to exist in smooth bromegrass <DROLSOM and SMITH, 
1976), while cultivars were known to var y in persistenc e 
under the old two-cutting system <CHURCHILL, 1947 ; WILSIE, 
1949 ) . Cultivar variation exists for perennial r yegrass 
competiti v eness with white clover, Trifolium repen s L., 
<EVANS et al., 1985>, but is not documented for luc erne. 

The objective of this research was to e valuate a broad 
r ange of cultivars and experimental populations from four 
perennial grass genera for performance differenc es in binar y 
mixtures with lucerne. Cocksfoot was chosen to determine if 
entries with less competitive effects than those used in 
publishe d s tudies can be identified and targeted fo r 
mixtures with lucerne. Smooth bromegrass was chosen to 
e v aluate the recent populations developed from genetic 
selection for increased persistence with lucerne. Ryegra s s 
(~. perenne L. and~· hybridum> and Festulolium were c hosen 
b ec au s e of th e r ecent interest in their use as fo r age c r ops 
in t e mperat e North America and because of greater potential 
nut r itional value than cocksfoot (JUNG et al. , 1982>. 

MAT ERIALS AND METHODS 

Sevent y- e i ght culti vars and e xper imental populations 
(40 c o c ks f oot , 20 smooth bromegrass, and 18 r y egrass> were 
seed ed i n Ap ri l 19 83 at Arlington, WI. Cocksfoot and 
ryegrass en t ries varied in adaptation to Wisconsin 
env iro nme n ts . Cocksfoot entries were separated into earl y , 
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medium, and late maturity classes. Smooth bromegrass entries 
were grouped based on their selection history for improved 
persistence with lucerne <selection vs. no selection). 
Ryegrass entries were grouped according to a) maturity: 
medium vs. early, and b) ploidy and species. 

Plots consisted of a single 3-m row, with rows spaced 
0.9 m apart in six randomized complete blocks. Species were 
whole plots and entries within species were sub-plots in a 
split-plot restriction on randomization. Seeding rates for 
each 3.0-m row approximated the amount of pure live seeds 
expected in a 0.3 x 3.0-m broadcast area, with seeding rates 
of 13.4 kg ha-• for smooth bromegrass and ryegrass and 8.1 
kg ha-• for cocksfoot. Rows were spaced 0.9 m apart for 
convenience and to maintain genetic integrity of each row. 
Immediately after seeding, the entire experimental area was 
broadcast with 16.8 kg ha-• of 'Saranac' lucerne. 

Plots were clipped twice in the establishment year and 
three times <late May, mid-July, and late August) before 1 
September, usually when lucerne was in the late bud to early 
flower stage, in each of the 3 following years. Fall 
fertilization with P and K in each year was according to 
soil test recommendations for lucerne. 

Vigor prior to each cutting was determined as the 
height of grass tillers minus the height of the lucerne 
canop y , r eco v er y after each cutting was determined as plant 
height 2 weeks after cutting, and ground co ver was visually 
rated in fall and e xpressed as a percentage of ground cover 
after seedl i ng emergence. 

A second e xperiment including 15 of the abo v e r yegrass 
entries, 'Baylor' smooth bromeg r ass, ' Hallmark' cocksfoot, 
' Palaton ' reed canar y grass <Phalaris arundinacea L.), and 
'K Y31 ' tall fescue CFestuca arundinacea Schreb.) was seeded 
ad j a c ent to the fi r st study. Grass entries were drilled in 
five rows, 15 cm apart, in 0.9 x 4.6-m plots. Plots were 
o v e r s e eded with si x legume cultivars [two each of lucerne, 
red c lo v er <Tr i fol i um pratense L.), and birdsfoot trefoil 
<Lotus corniculatus L . >J. Binar y mixtures were created with 
t he s ix legume c ulti v a r s arranged in factorial combination 
with t h e 19 g r ass culti vars. The 19 grass cultivars were 
a lso seeded i n two r andomized complete blocks without a 
legume c ompa n ion and fertilized with 56 kg N ha -•. 

Fo rage y ield was measured on three cuttings in each of 
the 3 y ea r s following establishment. Percentage ground 
c o ve red b y the grass and legume components was rated in fall 
198 6 , the end of the third production year. 

RESULT S AND DISCUSSION 

En t ries within species differed significantly for all 
t r a it s exc ep t matur i ty for smooth bromegra5s <Table 1> . 
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Previous studies have also reported a lack of significant 
differences in maturity among smooth bromegrass entries (eg. 
REICH and CASLER, 1985). Entry x year interactions were 
significant for v igor, reco ver y , and ground co v e r of all 
species and for maturity of cocksfoot and r yegrass. Entr y x 
y ear interactions were mainl y due to changes in ranking 
within the categories listed in Table 1. The relati v e 
performance of most traits in most categories was similar 
for each year. 

Cocks\oot 

This species was the most diverse of the three included 
in the study <Table 1). Maturit y of indi v idual ent r ies at 
first cutting ranged from earl y boot to anthesis, a v eraged 
o ver 3 yea r s. Some entries were so poor in v igor that as 
little as 1-2 cm of growth appeared abo ve the lucerne can op y 

Table 1. Three-year mean performance of perennial grass 
culti v ar s and e xperimental populations, e v aluated in mi x ture 
with lucerne. Ent r ies are grouped into meaningful 
categories for purposes of data reduction and 
generalization. 

Species and 
categor y 

Cocksfoot 
Early 
Medium 
Late 

Sm. bro me 
Selected 
No n s el. 

Ryeg ra s s 
Ear l y 
Me d ium 

2 xLp + 
4xL p 

Lh + 
FL 

18 
16 
6 

8 
12 

7 
11 

7 
9 

Vigort Recoveryt 

--- - - - c m -------

37a 17 a 
2 3 b 15b 
16b 11 c 

24i 9 i 
17 j 6j 

11 m 13m 
6n 12m 

4t ! Ot 
7 t 13s 

3 0 r !Br 
16s 16r 

t V i g o r = s u m over t hree cutt i ngs, recover y 
th ree c ut t ings , matu r it y : 1 = vegetative, 
= f ul l e l o ng ation, 7 = anthes i s . 

Ground 
Matu r ityt co ver 

% 

6. 0a 127a 
3 .9b 140a 
2.4 c 9 4b 

4. 0 i 97 i 
4. 0 i 6 9j 

3 . 0 m 55m 
1 . 6 n 5 0 m 

1 . 9 s 41u 
2.3r 5 5tu 
2.6r 57st 
2.2s BB r 

mean o v er 
3 = late boot , 5 

f 2xLp = dip l o id Lol i um perenne L., 4xLp = tetraploid ~ . 

~renne L . , Lh = ~ - h ybr i dum, and FL= Festulol i um . 
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at each cutting; other individual entries grew up to 40 cm 
above the lucerne canopy at first cutting and 25 cm at later 
cuttings. Vigor and recovery were highly correlated with 
maturity differences, early maturity leading to greater 
vigor at cutting and faster recovery after cutting, the 
opposite for late maturity. 

Early and late maturing entries averaged 9 and 33X 
lower ground cover than medium maturing entries, 
respectively. Late entries were poor mainly due to their 
poor regrowth potential and subsequent shading by lucerne. 
Early entries may have been poorer than medium entries 
because of a greater susceptibility to stand loss due to 
cutting at a more advanced reproductive growth stage <SMITH 
et al., 1986). Data to explain this observation in a more 
definitive manner were not collected during this experiment. 

Ten cocksfoot entries had less ground cover at the end 
of the experiment than at the beginning. Eight of these 
entries typically have forage yie lds Jess than BOX of the 
highest yielding cultivar at Arlington <CASLER, 1981-87, 
unpublished data). Each of these eight entries were bred 
outside the North Central U.S.A. These observations may 
indicate agronomic potential for low-yielding or relatively 
unadapted cultivars i n binary mi x tures with Jucerne. 

Smooth bromegrass 

The eight populations previously selected for increased 
persistence with lucerne averaged 7 cm greater vi gor over 
all cuttings, 3 cm greater recovery after cutting, and 28 
percentage units greater ground cover than the 12 unselected 
populations. Apparently selection for increased persistence 
with lucerne was successful, and was at least partiall y due 
to improved v igor and regrowth potential of the selected 
populations. 

Ryegrass 

Some ryegrass entries were not visible prior to any 
cutting in any year. The cultivars with the greatest vigor 
were similar to the most v igorous cocksfoot entries in 
second and third cuttings. The most vi gorous cultivar at 
second cutting was 'B ison ', which attempted to reproduce 
during the second growth period each y ear. High and low 
cultivars for recovery after each cutting had v alues s imilar 
to tho se for cocksfoot. Most cultivars were still 
v egetati v e at the time of first cutting, with the earliest 
maturing cultivar just emerging from the boot stage . 

Medium maturing cultivars were slightly less v igorous 
prior to cu tting than early cultivars <Table 1>. There were 
no other significant d ifferences between early and medium 
cult i vars in this study. The cultivars representing the 
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Festuloliums ('Tandem') and the intermediate ryegrasses 
<Bison) tended to have the greatest vigor prior to cutting 
and the greatest recovery after cutting. Diploid perennial 
ryegrasses tended to have slightly poorer recovery than 
tetraploid ryegrasses. In general, these differences were 
closely related to ground cover ratings. Tandem Festulolium 
had the best ground cover <88%> . Bison intermediate 
ryegrass was similar to the average tetraploid perennial 
ryegrass, and ranked higher in ground cover <57%> than the 
seven diploid perennial ryegrasses. 

Three-year mean forage yields of grass/legume mixtures 
did not differ significantly (Table 2>. Ryegrass / legume 
mixtures were similar in forage yield to those of the other 
perennial grasses. Differences in ploidy, species, or 
inherent yielding ability in pure stands did not influence 
ryegrass / legume mixture yields. This was similar to results 
of CASLER and DRDLSOM <1984> for smooth bromegrass, tall 
fescue, and cocksfoot. Pure legume means were near the 
median value for grass / legume mixtures of each legume 
species. 

Large differences were observed for percentage grass 
ground cover of the grass / legume mixtures <Table 2>. 
Cocksfoot and tall fescue competed well against each legume, 
while smooth bromeg r ass was a poor competitor. Ryegrass 

Table 2. Forage y ields ( 3 -year mean ) and percentage grass 
ground co v er after 3 years for binar y mi xt ures of grasses 
with th ree legume species (lucerne =Ms, red clover= Tp, 
and birdsfoot trefoil= Le>. 

Mi xt ure y ield Grass ground cover 

Gr ass entry Ms Tp Le Ms Tp Le 

Mg dr y matter ha- 1 ----- % ------

Ryegrass 
High cultivar 16.8 10 .8 11. 0 15 49 45 
Low culti v ar 15.8 9.6 9.5 5 24 14 

Sm. bromegrass 15.6 9.7 10 .3 11 5 
Cocksfoot 16.0 9.8 9.4 64 81 81 
Reed canarygrass 16.6 9.6 10.7 13 24 64 
Ta 11 fescue 16.8 10.8 11.2 43 70 91 

No grass 16. 1 10 . 2 10 . 2 2 0 5 

LSD (0.05) ns ns ns 8 17 21 
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cultivars did not compete well against lucerne, but several 
competed well against red clover and birdsfoot trefoil. 
There was only a slight negative relationship between 
ryegrass and legume ground cover in binar y mixtures Cr = 
-0.36 for lucerne, r = -0.49 for red clover, and r = -0.25 
for birdsfoot trefoil, all nonsignificant). Sufficient 
variabi lit y appears to exist among cultivars to provide a 
basis for selection for improved persistence in binary 
mixtures with legumes. 

RE:SUME: 

Soixante dix-huit varietes et pppulations 
experimentales de quatre genres de graminees (dactyle: 
Dact ·1 lis glomerata L.; brome: Bromus inermis Leyss; ray­
grass: Lolium perenne L. et ~· hybridum; et Festulolium> ant 
ete etudies pour leu r perennite et leur aptitude a la 
competition en association avec la luzerne <Medicago sativa 
L.). Chacune des varietes et populations a ete semee en une 
ligne de 3 m Cavec 0,9 m entre chaque ligne), a Arlington 
<Wisconsin, Etats-Unisl en avril 1983. La luzerne variete 
Saranac, a ete semee a la volee par-dessus les semis de 
graminees. Une deuxieme experience a consiste a realiser 114 
associations binaires: 19 varietes de graminees en 
combinaison factorielle avec 6 varietes de legumineuses 
Cdeux de chacune des especes suivantes: luzerne, Trifolium 
pratense L.; et botus corniculatus L. ) . Toutes les 
parcelles ant ete cultivees pendant trois ans apres l'annee 
du semis, avec trois coupes annuelles realisees entre le 
stade fin bourgeonnement et le stade debut floraison de la 
luzerne. 

Le stade phenologique, la vigueur avant !es coupes, le 
redemarrage apres coupe, et la couverture du sol different 
significativement pour !es differents genotypes au sein d 'un 
meme genre, excepte pour le stade phenologique du brome. La 
vigeur, le redemarrage, et la couverture du sol des 
differents genotypes de dactyle ant tendance a decroitre 
avec la tardivite de la culture. La selection pour une 
perennite accrue du brome a ete efficace; elle est due 
essentiellement a une augmentation de la vigueur et de la 
vitesse de redemarrage . Les differences entre !es genotypes 
de ray-grass sont dues principalement a l'espece et au 
niveau de ploidie. Les genotypes de ray-grass hybride et de 
Festulolium presentent les meilleures vigeur et reprise, et 
le Festulolium possede la couverture du sol la plus 
importante. 

La moyenne sur trois ans du rendement fourrager des 
associations ne varie pas selon les graminees pour chacune 
des trois especes de legumineuses. Les varietes de ray­
grass different par le pourcentage de couverture du sol 
apres trois annees de culture en association avec des 
legumineuses. Cette difference n'est pas liee avec la 
c ou v e r ture du sol de la legumineuse associee. Une 
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variabilite suffisante semble exister dans le ray-grass pour 
permettre une selection pour une meilleure perennite en 
association avec une legumineuse. 
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A selection strategy for persistency-testing of grasses on 
hydroponics. 

A.H.C.M. Schapendonk and A.L.F. de Vos 
Foundation for Agricultural Plant Breeding 
P.O. Box 117 6700 AC Wageningen 
The Netherlands 

ABSTRACT 

The present study discusses a nutrient-flow system 
(hydroponics) as a utility for plant breeding, specially 
related to breeding for persistency. 

The regrowth of shoots and roots after frequent cutting 
was studied.The cutting of the roots hardly influenced the 
growth of shoots.The heritabilities of the cumulative harvested 
dry matter were 0.77 (shoots) and 0.40 (roots). Comparison 
with field experiments showed a significant correlation between 
the root regrowth on hydroponics and the ratings for 
persistency in the field. 

Nitrogen limitation caused a decrease of the nitrogen 
content of the leaves but the variation coefficient was only 
3.2 %. The correlation between yields under optimal and 
limiting nitrogen supplies was 0.86. 

Drought stress can be simulated by addition of 
Poly-Ethylene-Glycol to the nutrient solution. The advantage 
of these treatment above drought experiments in soil is the 
better defined control of water potential in the rooting zone. 
This is illustrated by an experiment with 6 grass species. 

INTRODUCTION 

Persistency of grasses is the result of various 
morphological and physiological processes. Selection for 
persistency in field trials is often impeded by the complex 
interference of many individual processes with environmental 
factors . In addition it is very difficult to study the 
functioning of the roots in field trials or pot experiments. 
The use of a nutrient flow system, widely used in physiological 
research, provides the possibility to quantify both root and 
shoot responses to environmental variations. Numerous 
applications of nutrient solut.ions have been reported in 
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literature both as hydroponic systems (STEINER, 1983) and with 
solid substrates (SMITH et al.,1983). For plant breeding, 
however, this technique is hardly used as a practical selection 
environment.Nevertheless the flexibility of the hydroponic 
system provides a challenge for a combination of breeding 
methods and physiological research. 

MATERIAL AND METHODS 

The growing system. 
A diagram of part of the experimental growing system is shown 

in F~g. 1. The nutrient solution ~s supplied from four 
reservoirs with a capacity of 0.2 m 3ach. Four series of 15 
containers with a capacity of 0.035 m are connected in 
parallel with eac2 res~1voir. The solution flow through each 
container is 2 dm min . The inlet is connected with a 
perforated frame mounted at the bottom of the container to 
establish a homogeneous flow past the roots.The flow through 
each individual container is maintained at a constant and equal 
rate by the introduction of glass capillaries with a resistance 
25 times higher than the resistance in the remaining circuit. 
Seedlings are growing on tubes (d =2.8 cm; 1=5 cm) filled with 
rockwool, pierced through the covers of the containers.The 
lower tube edges are in contact with a flowing nutrient 
solution. The solution is drained from a hole at the top of 
the backside of the container and recirculated to the main 
reservoirs. To compensate for water losses due to 
transpiration and evaporation, the level in the reservoirs is 
maintained automatically within a narrow range, governed by a 
simple electrode system that switches a valve to let tap water 
in, below a minimum level. The pH in the main reservoirs is 
measured each minute in a bypass cuvette and deviations from 
the setpoint are automatically readjusted by small peristaltic 
pumps injecting acid into the reservoirs. The added amount is 
registered by a data-acquisition system connected with a 
personal computer. In a similar way anorganic nitrate is 
added. The addition rate is controlled on line by a computer 
system and as such it can be made dependent on the measured 
light intensity or on other desired control-algorithms. 

Irradiance is measured at the west and east side of the 
greenhouse just below the greenhouse cover and photosynthetic 
active radiation is measured at plant height by quantum flux 
meters integrating over a length of 1.2 m. To improve the light 
distribution in the greenhouse reflecting aluminium foil is 
attached to the side walls. In addition each container is 
surrounded by a reflecting aluminium screen adjustable to the 
height of the simulated swards. This appears a satisfying 
solution to improve the light distribution within individual 
subplots. 

The temperature distribution in the greenhouse and in the 
nutrient solutions are recorded by Pt-100 sensors. 

Plant material 

Seeds of 22 populations of timothy (Phleum pratense) , 
sel e cted from field experiments and two varieties were sown in 
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small pots. After germination they were transplanted to the 
hydroponic system. The planting scheme was designed as a split 
plot, with 60 subplots each containing all 24 entries, 
randomized within each subp~ot. The 24 plants in each subplot 
occupied an area of 0.145 m . The main plot was divided in 
five blocks. Leaves were harvested at three weeks time 
intervals. Besides the leaves, roots were harvested from half 
of the 60 subplots, randomized in each block. Dry matte0 of 
leaves and shoot was determined after oven drying at 80 C. 
The total amount of nitrogen was determined according to method 
2.058 and NO according to method 7.041. The latter was 
slightly modlfied adopting a continuous flow technique. The 
numbers refer to the Official Methods of Analysis of the 
Association of Official Chemists, 13th edition, 1980, 
Washington D.C. 

RESULTS AND DISCUSSION 

Growth analyses 

The pattern of shoot regrowth after different harvests is 
summarized in Fig 2. The growth rates of leaves on hydroponics 
appears to be rather indifferent for dissecting the roots, 
indicating that for plants growing on nutrient solution, the 
major part of the roots in fact is superfluous. Similar 
results were obtained for ryegrass by KLEINENDORST AND BROUWER, 
1969. This however, does not implicate that the observed rate 
of root regrowth would be irrelevant to the achievements of 
genotypes in the field. In general, plants showed different 
growth strategies for soil culture and hydroponics (Table 1). 

Table 1 Relative growth rate of shoots 

Harvest nr Soil Hydro + roots Hydro - roots 

1 0.050 0.130 0.132 
2 0.097 0.141 · 0.129 
3 0.132 0.172 0.176 
4 0.224 0.221 0.215 
5 0.231 0.172 0.163 
6 0.251 0.215 0.202 

Plants on hydroponics settled very fast in comparison with 
plants on solid substrate.According to the classical growth 
analyses, the RGR in the exponential growth stage is the 
resultant of the net assimilation rate and the leaf area ratio 
(LAR) . The LAR is mainly dependent on the unit leaf area that 
can be made from a unit structural dry matter, reflected by the 
SLA. The SLA was consistantly higher for plants grown on 
hydroponics (44 m2/ kg) than for plants grown in soil (37 
m2/kg) . This resulted in a proportional effect on the RGR. The 
advantage of a high SLA is mainly due to the acceleration of 
the rate of canopy closure. A similar tendency was found for 
the dry matter percentage. Leaves grown on hydroponics 



196 

contained more water than those grown in soil. 
The RGR preceding the fifth harvest was considerably 

higher for the soil than for hydroponics, despite the high SLA 
in the latter. The period preceeding the fifth harvest was 
five weeks instead of three weeks and the average height of the 
swards was more than 60 cm. The big harvest apparently caused a 
delayed regrowth on the hydroponics but did not so in soil. It 
has been well established that the interaction between 
environmental conditions and the storage of non-structural 
carbohydrates is a dominant factor for regrowth of grasses 
after cutting. To overcome the temporary shortage of 
assimilates, enough storage should be available for a fast 
expansion of new leaves to restore photosynthesis. Under 
sub-optimal growth conditions (soil), carbohydrates are 
accumulating and thus, teleologically, enlarging the 
opportunity to survive. The optimal conditions in a nutrient 
solution tend to an optimi~tic investment of assimilates in 
growth, which consequently leads to a relatively strong 
depression after cutting. 

Nitrogen limitation 

The hydroponic system provides an excellent opportunity to 
study genetical variation of nitrogen utilisation. The 
nitrogen supply can be directed by "on-line" calculations of 
the momentaneous demands. Accordingly, the supply can be 
limited to realize a controlled deficit. This is illustrated 
by Fig.3, which shows the shoot production of the genotypes 
relative to the population mean for the fifth cutting (optimal 
nitrogen supply) and the sixth cutting (limited nitrogen 
supply). In the latter case nitrogen was supplied every 30 
minutes based on calculations to reach a nitrogen content of 
1.5% in the leaves. The average nitrogen concentration 
realized under these conditions was 1.93% (control) and 1.76% 
(plants with dissected roots). The measured concentration 
under optimal supply was 5.75% and 5.5% respectively. These 
preliminary results tend to the conclusion that nitrogen 
limitation provokes essentially different responses for 
different genotypes . Whereas some genotypes tend to maintain a 
constant value, others are more or less sensitive to nitrogen 
deficiency. Nevertheless, the correlation between both 
harvests was high: r=0.86 (treated) and 0.9 (control), which 
indicated that plants which perform well under limiting 
nitrogen supply also tend to produce well under optimal 
nitrogen supply. There was no significant correlation between 
the organic nitrogen content and shoot production. The 
coefficient of variation for the organic nitrogen content 
actually was low: 3.2% (limi ted supply) and 1.9 % (optimal 
supply) . This shows that several feedback mechanisms are 
operative. In pot plants the coefficient of variation was 7% , 
which can be attributed to heterogeneous c onditions i n the 
soil. 

In conclusion it seems possible to select genotypes that 
are efficient nitrogen consumers in a sense that they produce 
relatively well under limited nitrogen supp ly, though caution 
should be taken to base selection procedures on the organic 
nitrogen contents. 
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Drought tolerance 

Drought tolerance is an essential component of 
persistency. In a growing season (representative for dutch 
conditions), 30% of the production might be lost due to 
drought, illustrated by Fig. 4a, which shows the results of a 
simulation model (Schapendonk and Spitters in prep.) based on 
the reduction of co2 assimilation due to a reduced soil-water 
potential. 

Selection procedures for drought resistence are difficult 
because numerous physiological processes are involved and 
because drought conditions in the soil are very hard to control 
in terms of quantified water potentials. Furthermore 
differences in transpiration rates cause unwanted variations of 
the water potential in the root zone. Fig.4b depicts the 
transpiration of different grass species, measured on nutrient 
solutions. From the data,it is evident that Phleum pratense 
would exhaust an imaginary soil much faster than Lolium perenne 
or Festuca ovina. The consequent differences of the water 
potential in the rooting zone will lead to different stress 
conditions. To avoid variations of the water potentials in the 
rooting zone, Poly-ethylene-glycol can act as a substance that 
simulates drought in a nutrient solution by lowering the water 
potential. This assures a constant, reproducible stress 
condition. Fig. 4c shows the relative water content of the 
leaves after 8 days on nutrient solution with two 
concentrations of PEG. The stress condition was essentially 
equal for all species,which greatly facilitates the 
interpretation of the results. For further details see 
SCHAPENDONK (1987). 

Correlation with field experiments 

The ultimate goal of the present study is a selection 
strategy, based on individual processes. Simulation modeling 
should support the synthesis of different components into a 
production model, that is capable of predicting the effect of 
individual genetical improvements. Nevertheless it seems 
worthwhile to consider the dry matter production as a whole and 
to look for correlations between the production in the field 
and on the hydroponic system. Fig.Sa shows the production of 
individual plants of Phleum pratense , planted in a sward of 
Lolium perenne. There were S4 families and two commercial 
varieties in four replicates. Each replicate consisted of 20 
plants. There appears a considerable variation for the 
observed production and the difference even exceeded a factor 2 
between the best producing family and two commercial varieties 
(solid black squares). In is therefore possible to obtain much 
better progenies by appropriate selection. Table 2 summarizes 
the coefficients of variation, the heritability (h2) and the 
standard error (se) in the field experiment and the hydroponic 
system. 

Fig.Sb shows the correlation between the ratings for 
persistency in the field (autumn 1986) and the regrowth of · 
roots on hydroponics. There was a significant correlation 
coefficient of 0.44. Similar calculations did not yield 
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significant correlations for shoot productions.The results of 
the field experiments at the end of this year (second year of 
production) , should be awaited before we can draw any firm 
conclusions. 

Table 2 Coefficients of variation ( mean :g OM/ plant) 

field shoot hydro root 

se 0.694 0.265 0.047 
eve• 0.228 0.473 0.712 
CVe(mean) 0.114 0.086 0.130 
CVg 0.222 0.158 0.107 
CVp 0.249 0 . 180 0.168 
h2 0.790 0.770 0.402 
mean 6.082 3.062 0.363 

se;standard deviation of means CVe';coefficient of variation of 
individual plants (hydroponics) or individual plots with 20 
plants (field). CVe(mean) ;coefficient of variation between 
families. CVg;coefficient of genetic variation between 
families. CVp; coefficient of phenotypical variation 
h2;heritability. 

REFERENCES 
-Ennik, G.C. and Baan Hofman, T., 1983. Variation 
in the root mass of ryegrass types and its ecological 
consequences. Neth. J. Agric Sci 31, 325-334 
-Kleinendorst, A. and Brouwer, R.,1969. Growth responses of 
two clones of perennial ryegrass to excission of roots or 
shoots. Jaarb. IBS, 19-26. 
-Schapendonk, A.H.C.M . , 1987. Chlorophyll fluorescence: a 
method for testing drought resistance in plants. In: Drought 
resistance in plants. Physiological and genetic aspects. L. 
Monti and E. Porceddu (eds . ) Report EUR 10700 EN. pp. 
265-276. 
-Steiner, A.A.,19 8 3. The possibilities and restrictions of 
soilless culture.Pree. International seminar on new 
technologies in food product i on for the eighties and beyond . 
Trinidad & Tobago . 
-Smith, G.S., Johnston, C.M. and Cornforth, I.S.,1983 
Comparison of nutrient solutions for growth of plants in sand 
culture. New Phytol . 94, 537-548 . 



~ 
0 

E 

199 

light 

~ :I: p ~H-control I 
._/ 

E20- supply J --c=~~~-1--l> ... -c:==::J--l> 
~s. comp I jNitrogen-control l --c==J--l> • ! mainframe 

' I stat. analyses heat exchanger 

I cooling sytem j 

L s-

--c==J--l> 
-c==::J--1> 

nutrient 
solution 

Fig . l . A diagr am o f the e xpe rime ntal s e t up. 

450 .00 

400 00 

350.00 

300.00 

250.00 

200 00 

150.00 

100 00 

50 00 

0 00 

l 

1 00 

0 + roots 

3.00 

harvest number 

- roots 

5.00 

. o soil 

Fig.2 Dry matter of shoots at the successive harves ts of 
plants grown in soil (diamonds) , in nutrient solution with 
intact roots (open square?) and in nutrient solution when roots 
were removed at each harvest (crosses). 



G 
c 
~ 
0 
E 

" G 
c 

.Q 

8 
'8 
a 
] 
G 

.2 
;; 

"' 

200 

18 

1.7 - + 

16 + 

ts D D 

14 D 

13 + + + !fl 
D + 

1.2 D 
+ CJ D 

t1 D D + !!l 
D + D 

D D 

0.9 + a + 
0.8 D D + 

D + D + 
0.7 + 

+ + 
0.6 D CJ Q 

0.5 

0.4 + 
D 

0.3 

0.2 

0.1 

0 

0 4 8 12 16 20 24 

Acceaaion no. 

D Optim•I N + N doficionl 

Fig.3 Shoot dry matter production of selected populations of 
Timothy , relative to the mean shoot dry weight, under optimal 
and suboptimal nitrogen supply. 



b 

a 

>. . .,, 
' 1 
' "' .~ 
~ 
0 

g 
V) 

34 

31 

~ 

l! 

26 

24 

n 
lO 

201 

Photoayntheaia loptimal-1tre1aedl 

400 

300 

200 

100 

0 -+-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~----< 

60 100 140 

,.....,. 

,, 

180 

DAY 

c 

220 260 300 

IXI 

gg 

91 

97 

16 

95 

94 

93 

92 

II 

• 
N - RIG •is 

Fig.4. a) simulated assimilation of a sward of ryegrass in 1982. 
The black area corresponds with the simulated losses in 
ass imilat ion due to drought. b) Transpiration rates for 5 
grass species: Phl, Phleum pratense; Fa, Festuca arundinacea; 
Pt, Poa trivialis; Dg, Dactylis glomerata; Lp, Lolium perenne; 
Fo, Festuca ovina. c) Relative leaf water content of the 
species in b . , after a drought treatment of 8 days on PEG (15% 
and 20%) 



202 

a b 
l•Q44 

~I 

0 !.! 

rf ~I 0 0 0 
0 

0 5.2 

0 0 Do 0 

0 0 
0 

0 

0 0 0 

0 rAPo 0 0 
0 0 0 0 0 0 

0 0 

0 0 

u 
u 0 0 

H 

0 0 42 
rn 0 0 0 0 

0 0 0 Qi 
l! 

0 I 
0 0 

I 0 
l6 

11 

ll 

21 

2.6 

0 11 

0 20 II ll.02I QIDI QDl6 ODI llD44 ODii ~ 

-· , ........ Ill/,.. 

Fig.5 a) Dry matter of 54 selected families (open squares) and 
two commercial varieties (black stained squares) in the spring 
of 1987. b) Relation between ratings for persistency in the 
field in autumn 1986 and root regrowth (sum of three successive 
harvests in the hydroponic system (spring 1987). 



P 0 S T E R S 

ABSTRACTS 





205 

Electrophoretic variation in Festuca ovina 

P. Weibull1 , B. O. Bengtsson2 , L.Ghatnekar 2 , I. Frykman2 

1 Weibullsholm Plant Breeding Institute, Box 520, 
S-261 24 Landskrona, Sweden 

2 Dept. of Genetics, University of Lund, S-223 62 Lund, 
Sweden 

Sheep's fescue, Festuca ovina L., is a diploid 
(2n = 14), allogamous grass, which is widely distributed in 
Scandinavia and occurs in a variety of habitats. 

Four populations from South Sweden were sampled, 
two from Oland and two from Scania. 4 panicles were taken 
from each population, producing 10 offspring each. 

Starch gel electrophoresis was carried out on leaf 
samples. 

The following enzyme systems were studied: ACO, ACP, 
ADA, ADH, ALD, DIA, ES, GAPDH; GOT, G-6-PD, GP!, GPT, IDH, 
MDH, PEP, 6-PGD, PGM, SDH, SOD, TPI and lN-ES. Various 
buffer systems were investigated to obtain optimum 
separation. 

Four enzyme systems, GPI, 6-PGD, PGM and TPI were 
found to be suitable for routine analysis because they 
showed distinct bands, were polymorphic and had a banding 
pattern which was possible to interpret. These systems will 
be used for future studies in Festuca ovina. 
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Variability of some physiological characteristics 
in lucerne plants regenerated by somatic embryogenesis 

B. NEDBALKOVA, P. BINAROVA~ M. PTACKOVA, A. BYSTRICKA, 
D. KONECNA 

Oseva, Research and Breeding Institute of Forage Crops , 
664 41 •Troubsko, Czechoslovakia 

+Czechoslovak Academy of Sciences Prague, Institute of 
Experimental Botany, 772 00 Olomouc, Czechoslovakia 

The variability of chlorophyl content, water 
holding capacity, total and cuticular transpiration as well 
as the number of ovules and pollen stainability was 
evaluated in lucerne plants which regenerated from callus 
cultures by means of somatic embryogenesis. The evaluation 
was made on the field conditions in the phase of flowering. 

Callus cultures were derived from one plant of 
lucerne. Seven plants regenerated from callus cultures were 
cloned and some physiological characteristics were evaluated 
with the whole experimental material / 40 plants/ . 

We didn't find differences in pollen stainability 
and in number of ovules by means of confidence interval 
estimation. 

The values of some chosen physiological 
characteristics were significantly higher or lower in 
compari son with the average of the set . 

It appears from that the selection of drought 
r esistant and high-yielding plants is possible and the system 
of somatic embryogenesis is promising for sel ection of such 
improved lucerne genotypes. 

A. BYSTRJCKA, M. PTACKOVA: Transpiration of selected cloryes 
in lucerne. Sbornik vedeckych praci, Oseva, VSUP 
Troubsko 9 , 17-25, 1985 

F. J . NOVAK, B. NKDBALKOVA , D. KONECNA: Somaticka embryogeneze 
u vojtesky a moznosti jejiho vyuziti pri mnozeni 
a s lechteni. Sbornik UVTIZ, Genetika a slechteni 
?0 : 69- 7 6, 1984 
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The ECP/GR Forages Working Group 

P.M. PERRET 

ECP/GR-IBPGR, c/o FAO. via delle Terme di Caracalla, 00100 Rome, Italy 

The Forage Working Group of the European Cooperative Pro­
gramme for the Conservation and Exchange of Crop Genetic Resources 
<ECP/GR) is dealing with major forage temperate crops. 11 Institutes 
have accepted to act as European forage data base and have ,col Lated for 
Bromus, Dactylis, Festuca, Lolium, Medicago, Pea, Phalaris, Trifolium 
and Vicia most essential passport data on accessions held in European 
collections. More than 20,000 accessions are actually registered and 
the work is now aimed towards completion of passport information for 
each accession, so that breeders may have comprehensive Lists <under 
print-out or computerized form) of available forage genetic resources 
in Europe. At Long-term each European forage data base should play a 
Leading role for its species of concern by identifying genetic diversity 
not yet collected and enhancing collaborative action. 

To facilitate comparison of evaluation data between 
countries, Lists of reference varieties are under implementation. 

A programme or urgent collecting missions to rescue dis­
appearing material was issued and many Institutes have undertaken col­
lecting in accordance with these recommendations. 

Training courses were organized in Welsh Plant Breeding 
Station, Aberystwyth, UK, and Servicio de Investigaci6n Agraria, HHA, 
Badajoz, Spain. 
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Genetic variation in reed canarygrass (Phalaris arundinacea 
L.) populations of different origin. 

L. 0STREM 

Fureneset Research Station , N- 6994 Fure , Norwa y 

10 0 pure gramine genotypes from 10 populations were 
planted in a two-repl icated trial in 1983, two ramets per 
plot . The populations originated from Western Norway (6 
local pop .), USSR (2 pop.), USA (MN-76) and Canada (Castor) 

Gramine genotypes (grarnine is the less harmful indole­
alkaloid in reed canarygrass), existed as a greater proportion 
of all populations studied . 5 pop. were pure graminetypes. 
Low alkaloid genotypes were accessible in all pop ., and suffi ­
ciently high heritabilities were found to expect progress from 
selection. The observations of alka loid concentration cor res­
ponded with lognormal distributions. 

The local populations were high yielding , but they were 
inferior to all the other populations as to quality , estimated 
as lab-IVDMD and NIRS-IVDMD , CP and CF. Moderate heritabili­
ties were obtained for yield and quality characters . _ Geno­
typic correlation between lab- and NIRS - IVDMD was 0 . 88 . High 
negative genotyp ic correlations were obtained between UIRS ­
IVDMD and grassyield and between NIRS-IVDMD and CF. 

A very late heading date characterized the Norwegian 
populations. As to their seed y ielding capacity they were 
inferior only to Castor , which was superior in all seed char­
acters. The WIR-populations showed genetic instability. High 
heritabilities were found for earliness , moderate to low for 
seed yield , No. of panicles and seed yield per panicle . 

Concerning the total investigation wide genotypic vari­
ations were obtained in all populations fo r most of the char­
acters studied. Clear differences were revealed between the 
local adapted pop., still with wild type characters, and the 
selected pop .. No significant relationship were found between 
the alkaloid concentration and the other characters studied , 
but the popula tions were different in this aspect. 



209 

Genetic resources of berseem (Trifoliun alexandrinunL.) 

A. DOVRAT 

Facult y of Agric ulture , He bre w University, Rehovot 76404, Israel 

Be rseem or Egyptia n clove r is a major annual forage c rop c ultivated in 
severa l Mediterra nean a nd Near Eastern countries, and in some W. Europe an 
countr ies for green manure and/or forage . Variation is found between varieties 
with respec t to regrowth after harvesting, including growth form, response 
to temperature, susceptibility to disease a nd growth rate. Va riation is also 
found in seed weight and flowering time . 

Germplasm of be rseem is conside red under the 4 eco-ge ne tica1 groups: 

1. Culti va rs - Single and multi-cut va rieties a re commerc ially avai lable from 
Egypt, Greece, Israel, Italy, Morocco a nd USA. 

2. Land races - Genetically di ve rse farm-grown popula tions. The genetic 
diversity between and within these populations is poorly assessed nor are 
t he re attempts t o collec t and preserve thi s important ge rmplasm. This 
category is c urrently highly vulne rable to displacement. 

3. Wild re latives - Four wild Easte rn Me diterranean t axa of Trifolium have 
been ide ntified, all of which inte rcross with berseem. T. berytheum and 
T. salmoneum are conside red to be closely related to the wi ld progenitor 
of berseem (PUTIYEVSKY, KATZNELSON and ZOH ARY, 1975. Theor. 
Appl. Genetics 45 : 355-62). Additional taxa may also be va luable fo r 
inter-specific hybrid ization. The extent to which these germplasm 
resources a re enda ngered needs to be ascertained. 

4. Wild-growing T. alexandrinum - Considered sponta neous fo rms o riginating 
from cultivation and now prone to extinc tion . 

The collection, docume ntation and preservation of the ge rmplasm was 
init ially supported by IBPGR. The mate rial stored in the genebanks has not 
as yet been evaluate d. IBPGR also initiated the establ ishment of a Berseem 
data base. 
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GENETIC RESOURCES OF THE GENUS MEDICAGO 

J. M. PROSPE RI - I. OLIVIERI - M. ANGEVAIN - P. MANSAT 

INRA - Centre de MONT PELL IER 
Station d'Amelioration des plantes 

Domaine de Melgueil 
F - 34130 MAUGUIO 

An important part of the worK of the forage plant 
breeding laboratory is concentrated on co llection and 
evaluation of genetic resource s. Priorit y is actually given to 
the genus Medicago (annual and perennial species) 

The research programs on the geneti c resource s are based 
on: 

- studies of the caracteristi cs of natural 
populations through a better Knowledge of the rel a ti o n ships 
between the geneti c variabilit y of plants (e st imated in 
experimental plots) and the environment a l factors (ecological, 
ph ys ical or human disturbance, . .. ) of the sites. 

- studies of gene flow between wild plant s (such as 
Medicago glomerata or Medicago falca~) and c ulti vat ed plant s 
( Medicago sativa). 

- studie s on the influence of the 
(e s timated from the parent - offspring dispersal 
seeds, pollen and from th e se lf i ng rate) o n 
structure of natural p o pulat io ns. 

Thi s work is bas ed on co lle c tion mi ssio n s 
realized in mediterranean area. Act ually se veral 
alr eady been done in different co untrie s (S pain, 
Fran ce ) . 

neighb ou rh ood 
va r iance o f 
the genetic 

th o t wi ll be 
missi ons hove 
Algeria and 

For in s t a n ce , for the biogeographic survey o f the genus 
Medi cago in S pain , with the co llaboration of I. DELGADO ( I NIA 
of Zaragoza ), di ff e r e nt point s ar e already quite c l ea r: 

- th e distribution areo of perenniol Medicago and 
annual Medica g o are different : perennials in high plateaux in 
edst ~nd ce n te r of Spoin, onnuol s rother in south-w~st of 
Spai n especia lly for very frost sensitive species such ns 
Medicago sc utellato, Med i c ogo ci lioris or Medi c ogo inter tex to . 

- t h e distribution of annual medics is quite 
c n r re l aled with the level of frost of the site . Medi c ag o 
r i_gi . .!!.LJ.L~ has a lar2er 2eo2raphic distribution than other 
S JJP.c i e s , fur in st once Me di c ogo oculeoto . 

f1l'lt {.,, 

1: 1i111 : I u !~ions 
dna l ysis is 
C rin be dra wn 

in pro2ress, 
so far. 

50 that no f i no I 
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Genetic Resources of Lathyrus (Fabaceae ) 

M.DELBOS et D.COMBES 

I.B .E . A.S., U.A. CNRS 340 - Unive r s ite de Pau et des Pays de l'Adour, 
Avenue de l' Universite 
64000 PAU 

Genetic resources of Lathyrus species of economic value are being 
studied in Pau . These species include : 

- L. syivestris (flat pea, pois syl vestre), which i s use<;} as a forage , for 
stabilization of distutbed and bare areas and constitutes an effective co­
ver on roadbanks, ski s l opes, mine spoils,etc ... This species is adapted 
to droughted soils, l ow fertil i ty and very cold c limate . 
628 accessions are registered. 

- L. Iatifoiius (perennial pea, pois vivace), which is used in seed mixtu­
r e to establish cover in eroding areas, along roadsides for beautifica -
tion and also constitutes a food for wildlife. It grows well in silt l oam 
t o fine sandy soils with fair t o good drainage. 
286 accessions are regi stered. 

- L. sativus (grass pea, pois carrel and the wild form L. cicera, which are 
used as forage crops. Pulses a r e eaten from sout hern France to India , whe~ 
re it is an article of d i et for the poor in time of famine. But t he ir 
overconsumption rises t he problem of toxici ty (lathyrism). 
202 accessions are registered 

- L. tuberosus (earth nut, macusson). I ts tubers have been consumed by man 
until XIXth century i n Europe and Asia. It is consumed by wild beasts , 
particularly wild boars. 
231 accessions are registered. 

A database for t hese species is being realized with the passport 
data. This is an agreement with I.B . P.G.R. and in cooperation with F.BISBY 
(I.L.D.I.S . , Univers i ty of Southampton) who is ~n charge of the other spe­
cies of the genus (about iSO). 
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Influence of environnemental factors on the comportement 
of diffe rent heading date perennial ryegrass 

D .L ECONTE 

~NRA , Domaine ExpArimental 
61310 EXMES, France 

Fourrager , Le Pin au Haras , 

For many years, 
growt h of late heading 
wet and cold soils. 

we have determined the bad sta rting 
perennial ryegrass implanted on 

ti on in 
program . 

It seemed to be 
connection wi th 

interesting to specify this 
our perennial ryegrass 

In our trial, 29 varieties 

observa ­
breeding 

on 2 types of soil a sound soil on 
have been studied 
which grass early 

in which maximum grow , and a sodden and hydromorphic soil 
spring ' s temperatures are l.3°C lower. 

Leaf starting growth is not correlated wi t h 
heading date on sound soils , while late h eading date varieties 
have a later sta rtin g growth on cold and sodden soils . 
Further , in such lands , blades have a r educed mean length . 

For any type of soil, the number of living leaves 
per tiller is maximum for intermediate h eading varieties . 

Tillering , which is already consider-able for 
late heading varieties, is reduced on wet and cold soils . 
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Variability of enzymatic systems in natural populations 

of Festucaarundinace a Schreb. from Morocco 

Z. ZWIERZYKOWSKI ; A. KALINOWSKI; J. JADAS-HECART2 

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

2 I NRA, Sta tion d'Ame lioration de s Plantes Fourrageres, 
86600 Lusignan, France 

Isoenzyme pattern s studies provi de a rap i d and easy 
too l fo r natural popu l ation s var i abi li ty a na l ys i s as we ll as 
for inferring on p h y l ogenetic relati onshi ps a mo ng r elated 
taxa. Description of tal l fescue natural popu l at i ons with 
different ploidy levels and geographical orig i n us ing t he 
isoenzyme stud i es is the main a im of our pro j ect . 

In the first stage twenty two natura l popu l a t ion s of 
Festuca arundinacea Schreb . f r om Morocco (7 octoploi d 
populations - F. arund i nacea var . at l antigena f . pseudomaire i 
2n=8x=56 and 15 decaploid population s - F . arundinacea var . 
letourneuxiana and c i rtensis 2n=l0x=70) were invest i gated . The 
seeds were collected by J. JADAS - HECART i n 1984 . Isoen zyme 
patterns in three enzyme systems : esterase (EST) , peroxidase 
(PX) a nd acid phosphatase (AC PH) were a nalysed in l eaves of 7 
week - old seedl i ngs . Two diffe r ent elect r ophoretic methods were 
used : thin l ayer isoelectrof ocusing (EST a nd PX) and 
horizontal polyacry l amide ge l electrophoresis (ACPH). Stat i s ­
tical analysis of electrophor etic data was carr i ed out . 

Great variabil i ty of al l analysed enzyme systems was 
observed withi n a nd between pop u lat i on s . The highest variabil i ty 
between popu l ations was observed in the esterase isoenzyme 
patterns (all the studied populations d i ffered significantly 
at 0 . 05 level and 19 of them - at 0 . 01 l evel) . In the case of 
acid phophatase the variabil i ty was the lowest (only 4 popu­
lation s differed at 0 . 05 leve l and 2 - at 0 . 01) . No significant 
relationships were found between the stud i ed isoenzymat i c 
systems variabil i ty and popu l a tions ploidy levels or their 
geographical locations . 
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The use of Hordeum spontaneum in breeding for se1£-regenera­
ting pasture barley 

A. HADJICHRISTODOULOU 

Agricultural Res e arch Institute, Nicosia, Cyprus 

In dry Mediterranean climates there is a shor ta ge of 
roughages , caused by the low precipitation and th e long dry 
summers . Low fertility marginal lands and hilly or rocky un­
cultivated areas can become more productive by growing a pas­
ture crop,, which is able to rege nerate itse lf. The traditio­
nal crops used to improve s uch pastures, name ly medics and 
loliums, have b een te sted in some areas but with littl e or no 
succe ss, especially in the most dry Me diterranea n areas. 

The wild proge nitor of barley, Hord eum sEE_nta~~um, is 
a native crop in mo s t Me diterrane an islands and countries 
and it is adapted in the very dry areas be tter tha n other 
crops. It grows v e ry fast after the first autumn rains , i t 
competes with weeds more efficiently than medic s and it pro­
duces large quantiti es . of forage for grazing. The dry mat­
t e r at tillering to stem elongation stages contains 20-3 0 \:, 
c rud e protein , comparable to that of l eg um e pasture cro1's. 
In addition it r egenerates itself b eca use of an ef f ici c~t 

seed dispersal mechanism, mainly its brittl e rachis and 
s hrunk e n k ernels. There is significant genet ic v ar i ab i l ity 
between and within !! . spontaneum popOla ti ons for many traits. 
Jn Cyprus and othe r countries, progenies of natura l outcros­
ses between!:!..:_ spontan e um and!!· vulgare "'e re f ound , all 
having a brittle rachis and the seed type of !!· .~?~1~2nCL'.1_l!.1t 
is very easy to cross the two species and their progenies are 
f e rtile. 

l\ breedi ng programme was initiated at the Institute 
in 1 983 , which aims at developing self rege nera ti ng pa"'turc> 
l>.irl cy oy cross ing!!· sp_~nta~~um with!!· vul_garc:...:_ Th e 
avai l ab l e da t a are v ery encouraging. The best F famili es 
'-'<'re hulkc'd and will b e evaluated in hilly and r.ocky areas in 
ordc·r to i n c r case the ir animal carrying capa city. 
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Bio-agronomic study on white clover cvs of different origins 
grown for seed and forage 

R. Paoletti 

Istituto Sperimentale per le Colture Foraggere, Lodi(MI),Italy 

The results are given of two experiments carried out at Lodi 
(1982-1987) on White Clover cvs from different W.Europe coun­
tries and U.S.A.,in comparison with the local ecotype "Gigante 
Lodigiano", grown for seed and forage . 
The experiments were a split-plot layout with four replicates 
having cultivars as main plots and two defoliation treatments 
(A: no defoliation or B : 1 defoliation before cutting forse 
ed-) as sub-plots . -
Data on establishment, dry matter yield and percentage of gro­
und cover were recorded in the first year ( 1982,Trial 1 and 
1985, Trial 2 ). Percentage of ground cover, seed yield compo­
nents, actual seed yield and dry matter yield were recorded in 
the subsequent two years of culture . 
Particular emphasis is given to the following characters ; flo 
wer number per m2at harvest , florets per flowering head and 
seed set/floret . 
The analysis of the presented data shows significant or even 
highly significant differences among the 14 tested cultivars 
With regard to seed yield components, actual seed yield, dry 
matter yield and ground cover best performing cvs prove to be 
Espanso, Lune de Mai, Gigante Lodigiano, Regal (Ladino types) 
and Olwen and Merwi (Hollandicum types). 
Seed and dry matter yield is influenced by the origin of cvs 
and for a great extent by management techniques ( in particu­
lar by defoliation or not before the seed harvest ). 
The choice of Italian Ladino cultivars for seed as main crop 
and forage as by-product is advisable for our modern dairy fa£ 
mers . On the contrary, foreign cvs perform b~tter without ~e­
foliation and are therefore not useful in our country . 
Since actual seed yield is moderate or low, even in the plot, 
modern tec hniques of management must be investigated. In part! 
cular the optimum doses of irrigation water, the optimum rates 
of mineral fertilisation and the optimum density of h i ves sho­
uld be defined with priority . 
The breeding of a new Italian Ladino cult~var with a higherse­
ed yield potential, vigourous and persistent might be very use 
ful too . 
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Selfing effects in s
1

, s
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and s
3 

generations of Dactylis glome 
rata measured in competitive conditions 

P . ROTI LI, L. ZANNONE, C. SCOTTI , G.GNOCCHI , S . PROIETTI 

I stitu to Sper i mentale per l e Colture Foraggere 
25 Via Piacen za, 20075 Lod i , Italy 

Selfing combined with selection in competitive conditions 
was utilized to create Dactylis glomerata cultivars suitable 
for intensi ve managemen t systems l ike i r riguou s p l ai ns o f Nor­
t hern and Central Italy . Such a method was proved efficient in 
lucerne (Rotili 19 70 , Rotili et al . 1980- 1982) in allowing a 
sufficient homogeneization of the physio logical traits , in co~ 
serving such homogeneity in the subsequent generations o f the 
new cu l tivars and in increasing selection efficiency for t he 
additive traits by unmasking genes , gene combi nations and 
" linkats " (Demarly 1977) favourable to vigour . 

Two parental populations were utilized: Dora , derived by 
mass selection in the Lodi area, and Mon tpell ier , selected in 
South France . 4000 plants of each population were studied in 
greenhouse at a de nsity of 250 plants pe r square metre . Green­
house allows the evaluation of yield capacity during the sum­
mer , at temperatu res over 35° C. 

After 8 cuts the plants sel ec ted on dry matter yield a n d 
e ar l iness basis were cloned and submitted to selfing as well 
as to crossing . s

0 
and S families were studied in t he same 

condi tions and the same 6riteria were adopted for plants selec 
ted in s l and s2 families. 

The existance of either tole ran t or sensi tive p l a nt s to sel 
fing was confirmed, t hi s sensitivity·reaching its maximum le ­
vel in the summertime . 

Two ways of varie ty creation should the refore be t ried: 
1) synthetic varieties and 2) " semi - hybrid " v ar ie ties, by ex ­
ploiting pollen comp e t i tion. By the secon d way it should be 
possible to comu l ate vigou r li n ked to the maximum heterozigo­
si ty wi t h vi gou r lin ke d to the quality of genes, gene combina­
tions and "linkats" . 
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Resistance to winter stress-factors in Norwegian timothy 
ropu lations. 

ANNE N.'IRTE TRONSr.;o 

Norwegian Plant Protection Institute, De~artment of Plant 
Pathology , aox 70, 1432 fS-NLH, Norway 

In Norway a co-ordinated breeding program for 
forage crops was started in 1930 (MARUM 1984). Good winter 
survival is a crucial trait in our perennial crops, and the 
basic breeding material is therefore tested for resistance 
to winter stress-factors. 

A major part of the breeding mater ial in timothy 
for southern Norway is local ecotypes which in this presen­
tation is grou~led accoreing to their origin in 3 'regions '. 
The ~l=nt material was tested for resistance to freezing and 
to the snow reould fungi TyrJhulc. ishika riansis and ~us2ri~i= 

nivale , in controlled environGent . The r2sis~ence ~e2~ to 
eci.ch stress-factor d<_d not vary sic_-nificantly ~etl-.•een 

regions, but the fre~uency distribution curves for resis~-
2.nce to T. ishikariensis and to !':_,_ nivc.le clearly shov:ed 
d ifferen t ~atterns in the 3 re s ~ons. 

?or the 1;l-iole :' lc:nt :::ateri2. l ( 122 ;:-;o::u l ations) the 
resistance to T. ishi1~ariensis \1as sisnificc. ntly correlated 
1;ith resistanceto ?. i"livale (r = 0.42). This indicates thc:t 
se lection for resistance to one of the funsi also should 
improve resistance to the other . 

The 
resistance to 
resistance to 
Thi s reflects 
factors in the 

resistance to freezing was correlated with 
F. nivale in 'East' (r = 0 .3 5) and with 

T. i~iensis in 'Tnmdelac;' (r = 0.32). 
acoadartation to predominant winter stress­
regions . 

No correlation between resistance 
stiess-factors and latitude of origin was found 
timothy-populations . 

to winter 
for these 

R e f e r e n c e 
Maru;:i , P . 1984: Berbac;e breecinc; in tlorway. Bree c~ ins· 

p rocedure and basic breedinc; oaterial. Report from 
~eetinq of the EUCARPIA ?odder Crops Section. 
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GENETIC VARIATION FOR SEED YIELD COMPONENTS IN WESTERWOLD 
RYEGRASS (LOLIUM MULTIFLORUM VAR. WESTERWOLDICUM) . 

A. ELGERSMA AND A.P.M. DEN NIJS 

FOUNDATION FOR AGRICULTURAL PLANT BREEDING SVP, P.O. BOX 
117, 6700 AC WAGENINGEN, THE NETHERLANDS 

Genetic variation for seed yield components was 
studied in Westerwold ryegras. The possibility was 
considered of using Westerwold ryegrass as a model crop 
for genetic studies of seed yield components in perennial 
ryegrass. 

Four diploid varieties were used: Wewo, Weldra, 
Merwester and Baroldi. Per variety 19 genotypes were 
grown in the field in two clonal replications. The 
following characters were determined: i~florescences per 
plant (infl), spikelets per inflorescence (spkl) and 
florets per spikelet (fl), floret site utilization (fsu), 
1000-grain weight (tgw) and seed yield per plant (y) . 
Floret site utilization was calculated as fsu = (seeds / 
florets)*100 %, and averaged over three spikes per plant. 
Path models were calculated according to the formula 
y = infl * spkl * fl * fsu * tgw, after logtransformation 
and standardization of the characters . 

Within v arieties, we found large variation in seed 
yield, but not significant differences for yield were 
present between varieties. For most seed yield components 
large varia tion was found within and between v arieties . 
Path model analys i s revealed, that relationships between 
seed yield components differ to a great extent between 
varieties. Fsu was a major yield component in three of 
the four varieties. There was ample opportunity for 
genetic improvement of seed yield in all varieties. 

Large heterogeneity in inflorescence maturity and seed 
shattering tendency precludes the use of Westerwold 
r yegrass as a modeL crop for genetic studies of seed 
yield components in perennial ryegrass. 



219 

Multilocal r e curre nt selection of perennial ryegrass in France 

F . BALFOURIER* , A.BION**, G.CHARMET** 

*INRA , Domaine Experimental Fourrager, 61310 Le Pin au Haras, France 
**INRA , Station d ' Amelioration des Plantes , 63039 Clermont- Ferrand, 

France 

Every year , France imports about 10 . 000 tonnes of perennial 
ryegrass seeds , for pasture and amenity utilisations . There are practi ­
cally no french perennial ryegrass varieties, and often, foreign varie­
ties are not well adapted to our environnemental conditions. 
To reduce the importation of seeds , one of the objectives of the plant 
breeding programme is to develop varieti es better adapted to our own 
conditions . 
The plant breeding programme is conducted at Le Pin au Haras and 
Clermont- Ferrand. Le Pin au Haras , in Normandy , has an oceanic climate . 
The Station of Clermont- Ferrand , in Massif Central, has two locations : 
t he first one, near the town, on Limagne plain , (semi - continental 
climate) , and the second one in the mountains (cold and weit climate) , 
near Bourg- Lastic (840 m asl) . 
The selection method employed is a multilocal recurrent selection . 
For each cycle of selection (4 years) , the choice of the best mother­
plants is made independantly in each of these three locations . This 
method consideres the r esults of individual plants and their family. 
The best mother plants a re crossed inside big polycrosses according 
to their heading date. The new families descended from these polycrosses 
form genetic material for a new cycle of recurrent selection . 
Selection objectives are to improve the value of broad populations 
and to create French varieties adapted to our environnemental conditions. 
Diseases resistance is evaluated in plants nurseries at the 3 locations. 
Dry matter production is calculated on mi crop l ots in Le Pin au Haras, 
and macroplots in Bourg-Las tic. Drougth resistance and autumn regrowth 
are estimated on row trials in Clermont- Ferrand , while cold t o leranc e 
and persistency in mountain conditions are studied at Bourg- Lastic. 
The Station of Le Pin au Haras allows the observation of perenn lcll 
ryegrass under good conditions. 
Adaptation f o r grazing (plants able to withstand poaching and soil 
compaction) is also one of our objectives . Finally compat.ibili ty with 
white clover will be conside red at the three locations . 
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AN EFFICIENT PLANT TEST TO SCREEN FOR RESISTANCE TO 
DRECHSLERA POAE IN KENTUCKY BLUEGRASS (Poa pratensis L.) 

A.P.M. DEN NIJS AND G.D. WINKELHORST. 
FOUNDATION FOR AGRICULTURAL PLANT BREEDING (SVP), 
P.O. BOX 117, 6700 AC WAGENINGEN, THE NETHERLANDS. 

Persistency under turf conditions is a major selection cri­
terium in breeding of Kentucky bluegrass (Poa pratensis L.). 
Persistency under a close cutting regime in a wet and cool 
climate depends heavily on resistance to the melting out 
disease, caused by Drechslera poae (Baudys) Schoem, formerly 
known as Helminthosporium vagans (Drechsl.) Resistance to this 
disease varies between cultivars and is usually assessed as 
part of the total persistency score during field trials over 
several years. Seedling inoculation tests have been described 
but they have not proved reliable enough to introduce into prac­
tical breeding programs. An efficient and reliable screening test 
was developed which screens individual plants in seedling boxes 
within a six months period. 

Pre-germinated seedlings are transplanted in the boxes, esta­
blished and regularly trimmed to promote turf development. 
Seedlings are inoculated two months after transplanting by 
spreading shredded dried diseased leaf litter uniformly across 
the boxes. Four months later plants are individually rated 
according to a disease severity scale of O - 9 (9 - resistant) • 

Seedlings of 37 breeding lines and 11 cultivars were assessed 
in the plant test in boxes, with four replicates (rows) of six 
plants each. The breeding lines were derived from interspecific 
crosses with Poa longifolia and Poa chaixii, both of which have 
excellent resistance to Drechslera. 

The same 48 objects with different degrees of resistance were 
sown in a field trial in 4 replicates. Each replicate consisted 
of 3 sown rows, covering 0.5 x 1 m., with border rows of red fes­
que The trial lasted two years. 

There is a close correlation between the ratings of the plants 
in the boxes test and the field trial (r - 0.82 **),as well as 
with the long year average rating in the field. Therefore the 
plant test can be effectively used in a breeding program. 
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CYTOLOGY OF SEED ABORTION AND SEED SHATTERING IN 
PERENNIAL RYEGRASS (LOLIUM PERENNE L.). 

A. ELGERSMA 

FOUNDATION FOR AGRICULTURAL PLANT BREEDING SVP, P.O. BOX 
117, 6700 AC WAGENINGEN, THE NETHERLANDS 

In grasses, realized seed yield is much lower than 
potential yield. A major cause of low seed yield is low 
floret site utilization (FSU). Degeneration of ovules and 
abortion of seeds cause low biological FSU; losses during 
harvesting and cleaning cause low economical FSU 
(Elgersma, 1985). Cytological research was carried out to 
study seed abortion (Sniezko and Elgersma, 1988) and the 
machanism of seed shattering (Elgersma et al., 1988). 

Seven genotypes of Lolium perenne with contrasting 
seed yield and seed retention were grown in the field. 
Spikes were fixed at weekly intervals and microtome 
sectioned . 

About 25 % of the ovules degenerated very shortly 
after anthesis, and a few percent aborted either before 
anthesis , or during later developmenta l stages. Genetic 
differences for seed abortion frequency correspond with 
differences for seed yield. Although abortion occurred 
especially in apical florets, aborted ovules were found 
at a ll floret positions within the inflorescence. 

Seed shattering is caused by abscission . Abscission 
layers are located just below each individual floret 
and are already present at heading. 3-4 Weeks after 
anthesis abscission layers break mechanically, opening 
initially from the epidermis. Although the genotypes had 
contrasting seed retention, no genetic differences were 
found for the mechanism of seed shattering. 

-Elgersma, A. 1985. Floret site utilization in grasses: 
definitions, breeding perspectives and methodology. J. 
Appl. Seed Prod. 3:50 -54. 
-Elgersma, A., J.E. Leeuwangh and H.J. Wilms. 1988. 
Abscission and seed shattering in perennial ryegrass 
(Lolium perenne L.). Crop Science (in press) 
-Sniezko, R. and A. Elgersma. 1988. Cytology of ovule 
degeneration and seed abortion in perennial ryegras s 
(Lolium perenne L.). Crop Science (in press) 
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