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VARIATION OF EUROPEAN ECOTYPES OF PERENNIAL RYEGRASS
(LOLIUM PERENNE L.)

ABSTRACT

The cre ation of new pe ren nial ryegrass va ri et ies is im pos si ble with out in stant ac cess to wide range of nat u ral
vari a tion i.e. to the ecotypes orig i nat ing from dif fer ent re gions. The main goal of de scribed ex per i ment was to
com pare num ber of mor pho log i cal, phenological and use ful traits of Eu ro pean core col lec tion of pe ren nial
ryegrass ecotypes in cli ma tic con di tions of Po land. To tal num ber of 156 ob jects (incl. 4 stan dard va ri et ies) orig i -
nated from dif fer ent re gions of Eu rope were ex posed to two man age ment re gimes (con ser va tion and fre quent cut -
ting). Dur ing three sub se quent years 22 qual i ta tive and quan ti ta tive traits de scribed vari a tion of ‘main col lec tion’.
Fur ther, on the ba sis of clus ter anal y sis ‘sub-col lec tion’ of 28 ecotypes from 9 clus ters was se lected and evaluated
for 71 traits in field in similar management regimes as ‘main collection’. 

On the ba sis of ecotypes vari a tion de scribed it is pos si ble to in di cate fol low ing re gions of eco type or i gin in Eu -
rope: South Eu rope, West Eu rope, North-Mid dle Eu rope and Ro ma nia and Hun gary. None of tested ecotypes ex -
posed better yield for ma tion than con trol va ri et ies, how ever few ecotypes ap peared to have better par tic u lar traits
(better win ter per for mance, faster spring regrowth etc.). Traits as so ci ated with in flo res cence mor phol ogy (dis tance 
be tween flo rets in spikelet and dis tance be tween spike lets in spike, length of spikelet) seems to be the most sta ble
traits, as con trary to abun dance of in flo res cen ces, ten dency to pro duce in flo res cen ces in year of sow ing and green
mat ter yield of first cut. High dif fer en ti a tion of ecotypes ex am ined in di cate ex is tence of many botanical varieties
as well as ecotypes of transition nature. 
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INTRODUCTION

Germplasm is one of man’s most valu able nat u ral re sources as an el e ment of
nat u ral di ver sity (Bur ton 1979). The prac ti cal use of ge netic re sources as an aid
to de vel op ment of ex ist ing va ri et ies can only be achieved through wise man age -
ment of ge netic di ver sity. It is well known that dur ing germplasm stor age some
dam age to ge netic in for ma tion may oc cur (Breese 1989a, b). Stored ac ces sions
should be there fore re gen er ated but in large col lec tions it could be a great prob -
lem. Re cog nis ing that the size of germplasm col lec tion could de ter its use, it
was pro posed that it could be pruned to a ‘core col lec tion’ (Brown 1995, af ter
Frankel 1984). The core col lec tion would rep re sent ‘with min i mum re pet i tive -
ness, the ge netic di ver sity of a crop spe cies and its rel a tives’.
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In view of above prob lems a core col lec tion strat egy was pro posed dur ing
meet ings of ECP/GR For age Work ing Group in 1991 and 1994 and it was de -
cided to de velop Eu ro pean core col lec tion for pe ren nial ryegrass (Lolium
perenne L.) ecotypes (IPGRI 1992, Gass et al. 1995). 

Pe ren nial ryegrass orig i nated from Med i ter ra nean re gion and west Asia and
is dis trib uted through out Eu rope to North ern Scan di na via and in parts of Asia
and North Af rica (Balfourier et al. 2001, Bennett 1997). It is one of the ma jor
grass spe cies in Eu rope and is widely bred and cul ti vated as a for age, turf or
soil-bind ing grass (Góral and Góral 1981, Meyer and Funk 1989, Mitchley et al.
1996). De spite of its high qual ity, pe ren nial ryegrass is rather sus cep ti ble for
low tem per a ture, sum mer syn drome ef fect (drought and heath) and dis eases
(Jurek 1987, Wilkins 1991, Proñczuk and Proñczuk 1993).

The cre ation of new pe ren nial ryegrass va ri et ies is im pos si ble with out in stant
ac cess to wide range of nat u ral vari a tion i.e. to the ecotypes orig i nat ing from
dif fer ent re gions. In view of lit er a ture pub lished hith erto, in Po land there were
no ex per i ments car ried on pe ren nial ryegrass ecotypes col lected from dif fer ent
re gions of Eu rope. Some stud ies were made only on Pol ish ecotypes (Osiñski
1979, Jargie³³o and Mosek 1988, Jargie³³o and Sawicki 1991, Sawicki and
Jargie³³o 1994, Martyniak and ¯y³ka 1997, ¯urek and Proñczuk 1997, Sawicki
1999). 

The Pe ren nial Ryegrass Core Col lec tion was de vel oped in 17 Eu ro pean coun -
tries, hold ing ryegrass col lec tions. One hun dred and fifty four ecotypes with 4
con trol va ri et ies (‘main’ core col lec tion) were planted, cul ti vated and eval u ated 
ac cord ing to meth od ol ogy given by Sackville Ham il ton et al. (1997) and
Marum et al. (1998).

The prin ci pal goal for core col lec tion eval u a tion in Bydgoszcz was to ex am -
ine vari a tion of Eu ro pean ryegrass ecotypes in con di tions of Po land, with wider
range of traits than ac cepted for ‘main’ core col lec tion.

MATERIALS AND METHODOLOGY

‘Main’ core col lec tion

Seed ac ces sions of 152 ac ces sions were pro vided by cu ra tors of Lolium
perenne col lec tions from 17 Eu ro pean coun tries. In the spring of 1995 seeds of
ecotypes, to gether with con trol va ri et ies (Arion, Fran ces, Tal bot and Vigor)
were sown to re ceive seed lings that were fur ther planted into small pots and
grown from March to June in cold green house. In July young plants were
planted in the filed in 4 rep li cates, in 1,5 m long rows with seven plants at 25 cm
in ter vals and 75 cm be tween the rows in split-plot de sign. Two rep li cates were
sub jected to con ser va tion man age ment, with a cut when the last ac ces sion has
50% anthesis. Other two rep li cates were sub jected to fre quent cut ting man age -
ment (sim u la tion of pe ri odic graz ing) with cuts ev ery 3 -5 weeks, as ap pro pri ate 
for the eval u a tion site.

The eval u a tion pro to col was based on IBPGR descriptor list (Sackville Ham -
il ton et al. 1997, Marum et al. 1998). Fol low ing scores were ob served:
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Cuts in con ser va tion man age ment were ad justed to the de vel op ment phase (i.e. ear li -
ness) and were made 5 times per first cut (28.05.96, 03.06.96, 21.06.96, 25.06.96,
01.07.96), one time per sec ond cut (01.09.96) and one time per third cut (15.10.96). Es -
ti ma tion of yield in fre quent cut ting man age ment were made 6 times ca. one month
from 15.05.96.

Win ter 1996/1997 dam ages af fected ma jor ity of above col lec tion so strongly that
fur ther eval u a tion would be in ef fec tive. It was than de cided to re de fine above core col -
lec tion on the ba sis of re sults from 1995 and 1996 and to pro vide pre cise eval u a tion on
so-called ‘sub-col lec tion’. Clus ter anal y sis (UPGA and Eu clid ean dis tance) was per -
formed on 22 char ac ters and sub-col lec tion of 28 ecotypes from 9 clus ters was se -
lected. Such meth od ol ogy of se lec tion of sub-sam ples for fur ther anal y sis was sim i lar
to Charmet et al. (1990) and Casler (1995). 

Sub-col lec tion

Con trol va ri et ies were the same as in ‘main’ core col lec tion and two Pol ish va ri et ies
were added: Nadmorski and Arka.

Seed from se lected ac ces sions were sown in Au gust of 1997, and young seed lings
were planted into pots in the hot-bed, and planted in the field at the end of Sep tem ber of 
1997. Six rep li ca tions were used (3 rep li ca tions in fre quent cut and 3 rep li ca tions  in 
conservati on  man age ment)  with 10 plants  per  rep li ca tion. Eval u a tion and mea sure -
ments were per formed in 1998 - 1999. 

Apart from traits sim i lar to ‘main’ col lec tion ad di tional eval u a tion were done on:
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heading tendency  — tendency to produce inflorescences  in year
of sowing (in scale 1 = none to 9 = high),

winter damage  — estimated % of dead tillers (in scale 1 =
minimum to 9 = maximum),

heading date — no. of days form 1st of April to inflorescence
emergence,

plant habit  — tiller angle (in scale 1 = horizontal/prostrate to
9 = vertical/erect),

leaf blade width at heading   — (in scale 1 = very narrow to 9 = very wide),

young seedlings in pots  — no. of leaves (4 weeks after planting in pots), no. of 
tillers and seedling dry matter weight [grams per
seedling] (8 weeks after planting) and average dry
matter of tiller [total plant dry matter weight / no.
of tillers],

plants in the field  — abundance of inflorescences at frequent cut, plant
height and length of steam leaf at the beginning of
heading in conservation management,



Anal y sis of vari ance on 71 char ac ters (one-way ANOVA) was per formed. To de -
scribe vari a tion of se lected ecotypes in dif fer ent con di tions re sults from ‘main’
core col lec tion were com pared to re sults from sub-col lec tion. For sub-col lec tion
re sults, Per son cor re la tion co ef fi cients (r) were cal cu lated for the same traits eval u -
ated in dif fer ent years. If r was high (more than 0.6) mean value from both years
were ac cepted for fur ther cal cu la tions. Fur ther, prin ci pal com po nent anal y sis
(PCA) with varimax ro ta tion and clus ter anal y sis (UPGA and Eu clid ean dis tance)
were per formed. 

RESULTS

‘Main’ core col lec tion

For ecotypes from ‘main’ core col lec tion ana lysed on the ba sis of coun try of or i -
gin dif fer en ti a tion for all 20 traits were sig nif i cant for ecotypes from: France, Great 
Brit ain and Swit zer land. The low est trait dif fer en ti a tion was ob served for ecotypes
form Czech Re pub lic (4 traits), Bul garia (6) and Greece (7). 

Clus ter anal y sis se lected 9 groups of ecotypes. Clus ters were char ac ter ised as
fol lows (Ta ble 1): 
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dry plants (cut at the
heading phase)

— for three longest stems per plant following traits
were measured: height, length of inflorescence, no.
of spikelets per inflorescence, no. of florets per
spikelet, length of spikelet (mm), intensity of spike
branching (in 1-9 scale were 1 is no branching, 3 -
branching only on a few stems, 5 - branching on
some spikes, 7 - numerous branching on few stems,
9 - very numerous branches on numerous stems),
distance between florets in spikelet and distance
between spikelets in spike, no. of main stem
branches,

1st clus ter  — the ear li est ecotypes, with high per cent age of head ing in sow ing
year and with high abun dance of in flo res cen ces, high rust
in fes ta tion af ter the sec ond cut;

2nd clus ter  — a no head ing in the sow ing year, low win ter dam age and good
yield ing, the high est value of abun dance of in flo res cen ces at the
sec ond cut;

3rd clus ter — early head ing, the nar row est leaves and pros trate habit;

4th clus ter — high green mat ter yield es ti mated in first cut in fre quent cut ting
man age ment, no head ing in a sow ing year, high rust in fes ta tion
of the third regrowth, good yields es pe cially at spring cuts;

5th cluster — low per cent age of head ing in a sow ing year and at the sec ond
and third regrowth, good yields of au tumn cuts;



As a re sult of clus ter anal y sis on coun try mean val ues fol low ing groups were se -
lected: first group - one el e ment - Bul garia (n=6); sec ond group - Med i ter ra nean coun -
tries (It aly, Spain and Greece, n=17); third group - one el e ment - Swit zer land (n=4);
fourth group - rest of Eu rope (n=130). In the last group some sub groups also ap peared:
Czech and Po land; Ger many, Bel gium and Neth er lands; Great Brit ain and France.
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6th clus ter  — low win ter dam age and good yields, wide leaves and erect habit;

7rd clus ter — good yields, the lat est ecotypes with low per cent age of
head ing in a sow ing year;

8th clus ter — the high est val ues of win ter dam age and the low est yields,
pros trate habit and the high est per cent age of head ing in
a sow ing year;

9th cluster — no head ing in a sow ing year, rather late, pros trate habit, high
rust in fes ta tion of the third cut.

Ta ble 1
Clus ter char ac ter is tic of ecotypes from Eu ro pean core col lec tion of pe ren nial ryegrass

Trait
Cluster number

 1 2 3 4 5 6 7 8 9

Tend. to produce infloresc. in sowing  year 1995[(%] 0.35 0.00 0.48 0.00 0.03 0.00 0.00 0.95 0.00

Winter damage (scale) 5.8 4.5 6.4 3.7 5.9 4.3 4.9 8.1 6.1

Heading date (of days form 1
st

 April) 52.9 60.1 56.4 62.0 63.8 63.6 69.1 63.7 66.8

Plant habit (scale) 5.5 5.4 3.7 4.2 4.6 6.8 4.6 3.9 3.6

Leaf blade width (scale) 5.0 5.1 4.5 5.1 4.8 6.0 5.5 4.7 4.6

Bulks - 1
st

 cut in conservation management (kg ×m
-2

) 1.0 2.0 0.8 2.1 1.7 2.5 2.7 0.3 1.4

Bulks - 2
nd

  cut in conservation management (kg ×m
-2

) 1.7 1.9 1.2 2.0 1.9 2.1 2.1 0.8 1.5

Bulks - 3
rd

  cut in conservation management (kg ×m
-2

) 1.5 1.4 1.1 1.4 1.9 1.7 2.1 1.2 1.5

Total bulks - in conservation management (kg ×m
-2

)* 4.2 5.3 3.2 5.5 5.4 6.4 6.9 2.3 4.5

Rust infestation at 2
nd

 cut in conserv. manag.  (scale) 5.6 5.2 5.2 5.4 4.3 4.7 4.1 4.1 4.7

Rust infestation at 3
rd

 cut in conserv. manag.  (scale) 6.1 5.9 5.8 6.2 5.7 5.8 5.7 4.3 6.2

Abund. of infloresc. at 2
nd

 cut in conserv. manag. (scale) 6.5 7.4 6.6 7.2 3.7 5.2 2.8 6.7 3.7

Abund. of infloresc. at 3
rd

 cut in conserv. manag. (scale) 2.4 3.1 3.3 2.4 1.3 2.2 1.4 4.5 1.4

Bulks - 1
st

  cut in frequent cutting (scale) 3.6 4.5 2.8 4.8 3.6 4.5 4.3 1.5 2.9

Bulks - 2
nd

  cut in frequent cutting (scale) 3.7 4.5 2.9 5.0 4.0 4.9 4.8 1.8 3.5

Bulks - 3
rd

  cut in frequent cutting  (scale) 3.5 3.8 2.4 4.3 3.7 4.2 4.6 2.0 3.4

Bulks - 4
th

  cut in frequent cutting  (scale) 3.6 4.0 2.7 4.5 4.0 4.3 4.8 2.0 3.9

Bulks - 5
th

  cut in frequent cutting (scale) 3.8 3.7 2.8 4.0 4.3 4.1 5.1 2.3 3.8

Bulks - 6
th

 cut in frequent cutting (scale) 4.0 3.4 2.7 3.2 3.9 3.6 4.4 2.8 2.9



Sub-col lec tion

As com pared to con trol va ri et ies, ecotypes from sub-col lec tion showed higher val -
ues of co ef fi cient of vari a tion for: dry mat ter weight per stem, win ter dam ages, fresh
mat ter yield of the last con ser va tion cut, yields in fre quent cut ting, abun dance of in -
flo res cen ces at: con ser va tion man age ment in 1996, third and fourth regrowth in fre -
quent cut, rust in fes ta tion in 1996 and in fre quent cut ting in sub-col lec tion, in ten sity
of spike branch ing, plant habit, length of spikelet in 1998, av er age dis tance be tween
flo rets in spikelet and width of leaves in 1996 and 1999.

Prin ci pal com po nent anal y sis se lected 5 com po nents (Ta ble 2). First com po nent
ac counted for 19.3% of vari a tion and was mostly re lated to veg e ta tive de vel op ment.
It was neg a tively cor re lated with fol low ing traits: abun dance of in flo res cen ces at
both treat ments and num ber of flo rets in spikelet in 1999. Pos i tive cor re la tion was
found for num ber of days to head ing. Sec ond com po nent (yield abil ity) ac counted
for 22.4% of vari a tion and was strongly pos i tively cor re lated with: yields from both
treat ments (es pe cially for first cuts), height of plants at head ing, length of leaves and
in flo res cen ces. Neg a tive cor re la tion was found be tween sec ond com po nent and win -
ter dam ages, es pe cially in first year of ex per i ment. Third com po nent (rust in fes ta -
tion) ac counted for 9.8% of to tal vari a tion. Fourth com po nent was cor re lated with
width of leaves and length of spike, no. of flo rets in spikelet in 1998. Fifth com po -
nent, ac count ing for 8.7% of vari a tion, was highly cor re lated with seed ling dry mat -
ter weight, av er age dry mat ter of tiller and win ter dam ages in 1999. 
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Ta ble 2
Prin ci pal com po nent anal y sis for sub-col lec tion of pe ren nial ryegrass ecotypes

Traits iinvestigated Factor number

 On young seedlings (pots 1997) 1 2 3 4 5 6 7 8 9

No. of leaves 0.11 -0.10 -0.25 0.01 0.28 0.80 0.08 -0.10 0.04

No. of tillers 0.12 -0.10 -0.11 -0.14 0.05 0.73 -0.31 -0.40 -0.07

Average dry matter of tiller 0.02 -0.11 0.02 0.06 0.83 0.32 0.00 -0.13 0.00

Seedling dry matter weight -0.02 -0.15 0.13 0.15 0.81 -0.18 0.23 0.23 0.08

Winter damage

In year 1996 0.23 -0.70 0.28 -0.05 0.44 0.18 -0.15 0.03 -0.04

In year 1997 in conservation management 0.39 -0.52 0.12 -0.01 0.53 0.18 -0.07 -0.09 0.02

In year 1997 in frequent cutting -0.01 -0.71 0.29 -0.11 0.39 0.19 0.12 0.07 -0.02

In year 1998 0.21 -0.82 0.25 -0.02 0.33 0.11 0.06 -0.07 0.10

In year 1999 in conservation management 0.33 -0.44 0.00 0.06 0.71 0.13 0.17 0.03 -0.14

In year 1999 in frequent cutting 0.29 -0.30 0.36 0.08 0.62 -0.04 -0.05 0.39 -0.12

In conservation management Bulks

1
st 

cut* 0.27 0.85 0.07 0.19 -0.22 0.13 -0.08 0.05 -0.06

2
nd

 cut in year 1998 0.14 0.86 0.01 -0.11 -0.11 0.04 0.00 0.00 -0.34

2
nd

 cut in year 1999 -0.60 0.25 0.06 -0.32 -0.01 -0.33 0.27 -0.23 -0.03

3
rd

 cut* 0.28 0.47 0.51 -0.16 0.28 0.08 0.04 -0.11 -0.32

sum cuts* 0.23 0.90 0.12 0.06 -0.14 0.09 -0.03 0.01 -0.17
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Ta ble 2
Prin ci pal com po nent anal y sis for sub-col lec tion of pe ren nial ryegrass ecotypes 

(con tin ued)

Traits investigated
Factor number

1 2 3 4 5 6 7 8 9

In frequent cutting Bulks

1
st 

cut* -0.26 0.80 -0.20 -0.01 -0.18 -0.10 -0.15 -0.24 0.16

2
nd

 cut* 0.25 0.91 -0.10 0.05 -0.02 -0.08 -0.06 0.11 0.04

3
rd

 cut* 0.22 0.90 0.08 -0.07 0.14 -0.13 0.04 0.08 0.09

4
th

 cut* 0.23 0.61 0.39 -0.28 0.31 0.15 0.18 0.07 0.26

sum cuts* 0.15 0.92 -0.04 -0.02 0.09 -0.11 -0.03 0.12 0.07

In conservation management   Rust infestation

2
nd

 cut in year 1996 -0.59 0.05 -0.28 -0.23 -0.17 0.03 0.22 -0.21 0.32

2
nd

 cut in year 1998 -0.25 -0.28 -0.75 -0.24 -0.12 0.09 0.05 -0.11 -0.09

2
nd

 cut in year 1999 -0.54 -0.19 -0.52 -0.05 0.10 -0.39 0.02 -0.13 0.03

3
rd

 cut in year 1996 0.01 0.35 -0.72 -0.24 -0.23 0.13 0.18 -0.03 0.13

3
rd

 cut* -0.19 0.12 -0.85 0.21 -0.18 0.08 -0.07 0.15 0.00

In frequent cutting     Rust infestation

3
rd

 cut in year 1998 0.42 0.26 -0.70 0.07 0.13 0.14 -0.29 -0.07 -0.07

3
rd

 cut in year 1999 0.34 -0.12 -0.73 -0.21 0.18 0.19 0.04 -0.17 0.14

4
th 

cut* -0.02 0.46 -0.67 0.28 -0.09 -0.12 -0.09 0.03 -0.35

Phenology

Heading date in year 1996 0.71 0.23 0.29 0.26 -0.09 0.01 -0.07 0.27 -0.25

Heading date* 0.71 0.30 0.26 0.38 -0.10 0.06 -0.14 0.27 -0.01

In conservation management* Abundance of inflorescences

2
nd

 cut in year1996 -0.87 -0.01 0.02 0.08 -0.23 0.03 0.02 -0.08 0.24

2
nd

 cut* -0.90 -0.15 0.02 -0.15 -0.18 -0.11 0.03 -0.08 -0.12

3
rd

 cut in year 1996 -0.76 -0.18 0.18 0.37 -0.25 0.03 -0.06 0.09 0.17

3
rd

 cut in year 1998 -0.83 -0.11 0.11 -0.13 -0.12 -0.08 0.05 -0.14 0.00

In frequent cutting     Abundance of inflorescences

2
nd

 cut* -0.89 -0.26 -0.12 0.02 -0.03 -0.08 0.00 -0.08 0.01

3
rd

 cut in year 1999 -0.81 0.03 0.23 0.16 -0.36 -0.04 -0.04 0.12 -0.20



When plot ting them over first and sec ond and first and third com po nents (Fig. 1)
it is vis i ble that: ecotypes no. 26 and 29 from Bel gium, ecotypes no. 83 from the
Neth er lands and 134 from Swit zer land were of low rust in fes ta tion, high yield abil -
ity and low abil ity to pro duce flow er ing stems (high veg e ta tive de vel op ment). The
high est yield abil ity were noted for eco type 51 from Hun gary, and the low est yield -
ing - for eco type 67 from Spain. Va ri ety Vigor ex posed the low est abil ity to pro -
duce flow er ing stems (the high est veg e ta tive de vel op ment) as con trary to ecotypes
from Spain and Hun gary (ecotypes: 71 and 55, re spec tively). Eco type from Swit -
zer land (134) were of the lower rust in fes ta tion as con trary to eco type 34 from Swe -
den. Ex cept Vigor, vari a tion of all ecotypes in sub-col lec tion were wider than
con trol va ri et ies.
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Ta ble 2
Prin ci pal com po nent anal y sis for sub-col lec tion of pe ren nial ryegrass ecotypes 

(con tin ued)

Traits investigated

Factor number

1 2 3 4 5 6 7 8 9

Morphological traits

Plant height (beginning of heading in 1998) 0.52 0.47 -0.02 0.57 -0.04 0.15 -0.08 0.18 -0.01

Plant height (beginning of heading in 1999) 0.01 0.82 0.10 0.10 -0.08 0.30 0.19 -0.19 0.05

Height at the heading phase* 0.39 0.63 0.16 0.39 -0.24 0.32 -0.18 0.06 0.05

Length of steam leaf (beginning heading)* 0.41 0.69 -0.04 0.43 0.01 -0.04 -0.02 0.08 -0.06

Steam  leaf blade width  (beginning heading)* 0.32 0.00 -0.03 0.75 0.37 -0.13 0.08 0.22 0.03

Length  of  inflorescence* 0.26 0.59 0.21 0.61 -0.28 0.01 -0.06 0.06 -0.03

Length  of  spikelet* -0.29 -0.04 0.01 0.84 0.20 -0.01 0.08 -0.22 0.04

No. of spikelets per inflorescence * 0.37 0.54 0.06 0.43 -0.25 -0.12 -0.15 0.46 -0.02

Distance between spikelets in spike* -0.35 -0.19 0.10 0.12 0.05 0.19 0.22 -0.74 -0.06

No. of florets per spikelet in year 1998 0.02 0.20 -0.01 0.70 -0.04 0.00 -0.58 0.12 -0.11

No. of florets per spikelet in year 1999 -0.82 -0.11 -0.13 0.20 0.34 0.07 0.04 -0.04 -0.09

Distance between florets in spikelet u in 1998 -0.03 -0.22 0.19 -0.14 0.06 -0.11 0.78 -0.12 0.20

Distance between florets in spikelet in 1999 0.70 0.01 0.11 0.26 -0.04 -0.04 0.37 -0.30 0.21

Intensity of spike branching in year 1998 0.14 -0.20 0.18 0.33 0.14 -0.22 -0.12 0.76 0.05

Intensity of spike branching in year 1999 0.02 0.11 0.03 -0.15 0.35 0.08 0.32 0.58 -0.39

Branches of main stem in year 1998 0.56 0.28 0.36 -0.01 0.00 0.30 -0.33 0.16 0.27

Plant habit* -0.12 0.18 -0.16 0.08 0.19 0.00 0.76 0.01 -0.26

Eigen value 10.21 11.85 5.18 4.39 4.59 2.37 2.64 2.92 1.30

Total variation explained [%] 19.3 22.4 9.8 8.3 8.7 4.5 5.0 5.5 2.5

* Mean value from year 1998 to 1999
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Fig. 1. Prin ci pal com po nent anal y sis - sub-col lec tion. Ex pla na tion: num bers and names near dots 
on graphs - no. of ecotypes and names of va ri et ies
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For 7 clus ters shown on the Fig. 2 mean val ues for se lected traits were cal cu lated. 
Ecotypes in clus ters were char ac ter ised as fol lows (Ta ble 3):
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Ta ble 3
Clus ter char ac ter is tic of sub-col lec tion of pe ren nial ryegrass ecotypes

Traits
Cluster number / Number of ecotypes

1 / 3 2 / 7 3 / 8 4 / 7 5 / 1 6 /1 7 / 3

Average dry matter of tiller [mg] 219.7 207.9 216.1 233.0 146.0 213.0 243.0

Seedling dry matter weight [mg per plant] 13.4 13.4 15.1 14.9 14.8 21.0 17.2

Winter damage in year 1998 [scale] 7.3 4.1 3.9 5.8 3.4 8.8 7.2

Total bulks in conserv. manag.* [kg×m
-2

] 1.91 2.60 3.27 3.01 2.83 0.27 1.27

Spring bulks - first cat 1 in frequent cut* [kg×m
-2

] 0.27 0.80 0.74 0.53 0.64 0.05 0.36

Sum bulks in frequent cut* [kg×m
-2

] 1.46 2.71 3.43 2.83 3.58 0.21 1.34

Rust infestation in 3
rd

 cut in frequent cut* [scale] 6.0 6.6 6.5 5.9 7.7 6.3 6.1

Heading date* [days from 1
st

 April] 59.0 51.9 59.3 65.8 65.0 58.9 43.1

Infloresc.abund. ( 2
nd

 cut in conserv. manag.)* [scale] 4.1 6.2 4.4 2.2 1.6 5.9 6.2

Height at the heading phase* [cm] 50.3 57.2 62.2 67.7 60.9 48.2 40.6

Steam leaf length  (beginning heading)* [cm] 18.6 19.3 22.4 21.7 24.2 17.4 16.4

Steam leaf blade width ( beginning heading)* [mm] 6.2 6.0 6.4 6.4 7.2 7.3 5.7

Length of spike* [cm] 19.7 22.1 22.9 23.7 24.6 21.8 16.9

No. of spikelets per inflorescence * 20.8 21.4 24.0 24.1 28.5 23.8 15.4

Distance between spikelets in spike* [mm] 9.60 10.43 9.74 9.92 8.77 9.40 11.1

Plant habit [scale] 4.2 4.4 4.7 4.4 5.9 3.6 5.1

* Mean value from year 1998 to 1999

1st clus ter  — (ecotypes from Western Eu rope). low yield abil ity, high win ter
dam ages and low dry mat ter of seed lings;

2nd clus ter  — (ecotypes from Hun gary and one from Ro ma nia, Nor way and
France). Low dry mat ter yield of seed ling, low win ter dam age,
high yield abil ity, the high est yield of fresh mat ter in early spring
cut, high ten dency to abun dance of in flo res cen ces at sec ond
regrowth;

3rd clus ter — (va ri ety Tal bot, ecotypes from: Po land (3) and one from France,
Neth er lands, the Czech Re pub lic and Ro ma nia). High yield abil ity 
and low win ter dam age;

4th clus ter — (va ri ety Vigor, ecotypes from Bel gium (2) and one from France,
Neth er lands and Ger many). High dry mat ter yield of seed lings,
good yield ing, late head ing and the high est plant at head ing;

5th cluster — (an eco type - 34. from Swe den) - high yield abil ity in fre quent cut
man age ment, wide and long leaves, the high est num ber of flo rets
per spikelet, high in ten sity of spike branch ing and low dry mat ter
of seed lings,



DISCUSSION AND CONCLUSIONS

Win ter dam ages af fected all char ac ters ex am ined. Ob ser va tions taken on pe ren -
nial ryegrass core col lec tion win ter dam ages in Nor way and Czech Re pub lic gave
sim i lar re sults (Sackville-Ham il ton et al. 1997). Dif fer ent re ac tion was ob served in
Great Brit ain and Ger many where prac ti cally no win ter dam ages were ob served
and even win ter yield was mea sured. As con trary, the low est rat ings were as signed
to ecotypes that ex posed low win ter dam ages in Czech Re pub lic and Nor way.
Range of win ter dam ages is there fore close re lated to the or i gin of eco type with
high est val ues in re gion clos est to place where the eco type was orig i nally col lected. 

The dif fer en ti a tion of win ter dam ages es ti mated in the sec ond year was lower for
con ser va tion man age ment (higher mean value of trait) than for fre quent cut ting. It
could be due to weaker con di tion of plants re sult ing from cuts made in later phases
than in fre quent man age ment. 

Anal y sis taken on yields in di cated that ecotypes from north-east and east Eu rope
(es pe cially from Ro ma nia) were of higher yield po ten tial in spring cuts. Sim i lar re -
sults were ob tained for Ro ma nian ecotypes by Ty ler et al. (1984) and Charmet and
Balfourier (1991). Dif fer ences in yield were ob served for dif fer ent cuts and man -
age ment. But, as it has been said be fore, win ter dam ages af fected them mostly.
High, neg a tive cor re la tion was cal cu lated be tween first cuts and win ter dam ages
for ‘main’ core col lec tion (Schmidt and Kaszuba 1997). How ever, de creas ing
value of cor re la tion co ef fi cient in later cuts could be the ef fect of high re gen er a tion
abil ity of ecotypes.

Ob ser va tion taken by Sadowski et al. (1997) on rust in fes ta tion in ‘main’ core
col lec tion in di cated Puccinia coronata Corda as an ca sual agent of 60% of rust vis -
i ble symp toms and Puccinia graminis Pers for the rest of symp toms. The high est
dif fer en ti a tion of ecotypes ac cord ing to rust in fes ta tion symp toms were ob served
in sum mer, at the ini tial stage of dis ease. Eco type from Swe den (no. 34) was in -
fected at the high est level in both ex per i ments. Chorlton and Thomas (1987) re -
ceived sim i lar re sults in lab o ra tory ex am i na tion on sus cep ti bil ity of ryegrass
ecotypes for Puccinia coronata in fes ta tion where Swed ish ecotypes ex posed low
rust re sis tance. 

It is worth to in di cate that in our ex per i ment none of tested ecotypes ex posed
lower in fes ta tion than Pol ish va ri ety Arka. 
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4th clus ter — an eco type - 67 from Spain). High yield abil ity in fre quent cut
man age ment, very low plants dur ing head ing, short and wide
leaves,

5th cluster — (va ri et ies Arion and Fran ces, and an eco type 111. from Great
Brit ain). Very early head ing, high win ter dam ages, high
abun dance of in flo res cen ces at the sec ond cut, short and nar row
leaves, short in flo res cence, low in ten sity of spike branch ing and
high seed ling dry mat ter.



Abun dance of in flo res cen ces was neg a tively cor re lated with num ber of days to
head ing and it was also in di cated that ecotypes orig i nat ing from north Eu rope pro -
duced lower amounts of heads. It is prob a bly due to dif fer ent life strat e gies of
ecotypes orig i nat ing from dif fer ent re gions (Lorenzetti et al. 1971, Breese 1989 af -
ter Breese and Ty ler 1986). Ecotypes from Ro ma nia ex posed high val ues of abun -
dance of in flo res cen ces af ter first cut sim i larly to re sults of Charmet and Balfourier
(1991).

The key role of or i gin in over all eco type per for mance, as in di cated in above
work, was also sug gested by Lorenzetti et al. 1971, Balfourier and Charmet 1991,
Charmet et al. 1993, Loos 1994, Casler 1995, Amin and Thomas 1996. 

Pre lim i nary ob ser va tions on mean head ing dates and win ter dam ages, re ceived
in other in sti tu tions co-op er at ing in pe ren nial ryegrass core col lec tion (Marum et
al. 1997) as well as con clu sions com ing from other re search ers (Charmet et al.
1990, Elgersma 1990 a,b, Charmet and Balfourier 1991, Solberg et al. 1994)
strongly sup port the multisite eval u a tion of col lec tions. It is es pe cially rec om -
mended for traits of low heritability, with high de pend ence on en vi ron men tal con -
di tions. There fore, to re ceive more com plete in for ma tion on the na ture of vari a tion
of Eu ro pean pe ren nial ryegrass ecotypes and its in ter ac tion with en vi ron ment, it is
nec es sary to dis cuss joined re sults from other coun tries.

Above re sults strongly sup port de vel op ment of core col lec tion for other spe cies
stored in Eu ro pean gene banks. 

Fur ther con clu sions from pe ren nial ryegrass core col lec tion eval u a tion in
Bydgoszcz, Po land are as fol lows:

1. it is pos si ble to in di cate fol low ing re gions of eco type or i gin of men tioned spe -
cies in Eu rope: south Eu rope, west Eu rope, north-mid dle Eu rope and Ro ma -
nia and Hungary;

2. none of tested ecotypes ex posed better yield for ma tion than con trol va ri et ies,
how ever few ecotypes ap peared to have better par tic u lar traits (better win ter
per for mance, faster spring regrowth etc.);

3. high dif fer en ti a tion of ecotypes ex am ined in di cate ex is tence of many bo tan i -
cal va ri et ies as well as ecotypes of tran si tion nature;

4. traits as so ci ated with in flo res cence mor phol ogy (dis tance be tween flo rets in
spikelet and dis tance be tween spike lets in spike, length of spikelet) seems to
be the most sta ble traits, as con trary to abun dance of in flo res cen ces, ten dency
to pro duce in flo res cen ces in year of sow ing and green matter yield of first cut.
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