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STELLINGEN

1 De meest effectieve manier ¢en genenbank te gebruiken ligt in het zorgvuldig ordenen
van de accessies naar herkomst, en dasrna het aaphouden van een set verschillende
monsters binnen deze goed gedefinieerde herkomsten, en het aan de varedelaar
beschikbaar stellen die de set onder lokale omstandigheden kan evalieren.

1.P. Peeters, H.G. Wilkes en N.W. Galwey. TAG 80: 110-112 (1990).

2. Het herhaaldelijk omroepen van vertragingen van drie kwartier bevordert het klant- 1
vriendelijke imago dat de NS beogen niet. |

kR De vitgave van de eerste aio-onderwijsgids in het najaar van 1993 wont aan hoe goed
voorbereid men aan de invoering van het aio-siclsel begonnen is in 1986.

4, "Een gevolg van data-communicatie is de inflatie van kennis. Nu we alles kunnen
opvragen, hoeven we niets meer te weten. Wie dat nog wel wil is de klos: de assistent-
in-opleiding (aio) die voor zijn onderzoek elke letier wil lezen. Hij weet wat er te koop
is, maar beseft dat hij dit nooit zal kunnen verwerken".

Prof. E. Andriessen, Volkskrant 5 maart 1994,
5. Het op basis van het weglaten van onderscheidende kenmerken in de

verwantschapsanalyse concluderen dat twee taxa mnauw verwant zijn, betekend
manipulatie van de conclusie.

n.a.v. Z. Bulinska-Radomskaen R.N. Lester. Plant Sys. & Evol. 159: 217-227 (1986).

6. Het verzamelen van vegetatief materiaal van Engels raaigras leide tot een betere
afspiegeling van de populatiestructuur dan het verzamelen van generatief materiasl.

B.F. Tyler, K. Chorlon en I. Thomas, 1984, IBPGR (raining courses.
1. Het succes van biochemische markers in biodiversiteitsstudies kan gedeeltelijk
voorspeld worden aan de hand van het compatibiliteitssysieem van de te bestuderen

soort.

8. Stellingen maken is ccn mooie traditie, atleen voor wie is nog niet bekend,

Stellingen behorende bij het proefschrift “The genus Lolium; taxonomy and genetic resources”
Wageningen, 8 april 1994, Birgit P. Loos.
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GENERAL INTRODUCTION

The grass genus Lolium is mainly
characterized by the spike. The individual
spikelets are placed edgewise, alternating in
the concavities of the rachis. All spikelets,
except the terminal one, only bear the upper
glume (Figure 1). This typical shape of the
spike is the reason that the genus Lolium is
distinguished, and prevents it from being
merged in the genus Festuca. However some
authors (e.g. Stebbins, 1956) argue that the
differences of the inflorescence are too small
to justify separation of the genera. Some
authors present experimental data {e.g. Essad,
1954; Bulinska-Radomska & Lester, 1988) to
justify the merging of both genera, but for all
practical purposes both taxa are still
recognized. This thesis focuses on the inira-
generic variation of Lolium. Special attention
has been given to the taxonomy of the genus
and the genetic resources of Lolium perenne L.

Taxonomic subdivision of the genus Lolium

During the past centuries various authors
subdivided the genus Lolium into several
taxonomic groups above the species level, such
as subgenera and sections. In 1823 Dumortier
published three sections within the genus
Lolium. Two of these sections were named by
the author; section Ctenium Dum. and section
Dolathera Dum. The third section has first
been given generic rank by Schrank (1739);
sect. Craepalia (Schrank) Dum. Section
Ctenium is described as having unawned
flowers, section Deolathera has a flexuous

Figure 1: drawing of L. multiflorum, typical
for the genus Lolium (Valdes et al., 1987)

rachilla and section Craepalia is described as
having flowers with straight awns. This does
not agree with the description Schrank (1789)
gave of the genus Craepalia, which differs
from Lolium as all spikelets bear both glumes.
This fact gives rise to the notion that Schrank
describes a plant from the genus Festuca, and
confuses it with a plant known at that time as
Lolium temulentum L. Godron and Grenier
(1848) described two sections within the genus
Lolium: section Craepalia (Schrank) Godr. and
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a new section: Eulolium., The latter is
diagnosed by the elliptic shape of the spikelets,
the former has lanceolate spikelets. L. perenne
L. and L. multiflorum Lam. are considered
part of the section Ewlofium, L. temulentum
belongs to section Craepalia. DGH (1857)
divided the genus Lolium in two subgenera:
Lobeter and Dasycholo, based on the
difference in life cycle. Subgenus Lobeter
contains the annual species, subgenus
Dasycholo the perennial. Ascherson and
Graebner (1902) distinguished four sections:
again section Craepalia and section Eulolium,
and two new sections, section Cryptirus (Link)
Asch. & Grab. and section Monerma (Beauv )
Asch. & Grab. Section Crypturus refers to a
generic name introduced by Link {1843}. Link
mentions Rortboellic as a synonym of
Crypturus. In 1914 Rottboellia was put into
synonymy of Lolium loliaceum by Handel-
Mazzetti. The section Monerma is diagnosed
by the single flower in cach spikelet. Terrell
(1968) calls this a superfluous name.

In Russian literature the genus Lolium is
not only divided in secttons, but also in series
(Nevski, 1934). Two sections are recognized:
Craepalio and Eulolium. Section Craepalia
contains one series: Temulentae Nev.,
diagnosed as having glumes longer than or
equal to the spikelet, 1.2 - 3.0 cm long.
Section Eulolinm contains three series: Rigidae
Nev., Muliiflorae Nev. and Perennes Nev.
This section is described as having thin,
herbaceous, lanceolate lemmas. The three
series are separated on basis of the length of
their life cycle and the presence or absence of
awns,

The characters used for the recognition of
divisions above the species level within the
genus Lolium, are scldom clear-cut, Characters

as presence of awns, shape of the spikelets etc.
alsc show considerable variation within
populations of the Lolium species. This makes
consistent use of these subdivisions difficult.
The relationship between the several species
within this genus is so close (Terrell, 1968;
Chapters 2, 3 and 4, this thesis) that it seems
hardly appropriate to use any of these
divisions.

Species within the genus Lofium

More than 480 names of various rank
have been published during the last two
centuries to classify the variation found within
the genus Loliwm. Terrell (1968) has put an
enormous amount of work in reordering the
species and recognizing synonyms, superfluous
names, etc. His revision of the genus Lolium
is the latest treatment of the genus. Starting
point for the description of the species names
used in this thesis starts from the classification
as given by Terrell (1968). He recognises
eight species within the genus Lolium: L.
perenne L., L. multiflorum Lam., L. rigidum
Gaud., L. remotum Schrank, L. temulentum
L., L. persicum Boiss. & Hoh., L. subularum
Vis. and L. canariense Steud. One of these
species, L. rigidum, is subdivided into two
varieties: L. rigidum Gaud. var. rigidum and
L. rigidum var rottbollioides Heldr. ex Boiss.
All these species are treated chronologically,
to elucidate their names in this thesis.

L. perenne L. and L. temulentum L.

The first species recognized in the genus
Lolium are L. perenne and L. temulentum.
Both these species are originally described by
Linnaeus in the Species plantarum (1753, Ed.
I). The description of these species by Terrell
{1968) is satisfactory. The typification of both
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species is reported in Chapter 1, as part of the
Linnacan Plant Name Typification Project
(Cannon et al., 1983).

L. multiflorum Lam.

In 1778 Lamarck described a third
Lolium species, L. multiflorum. According to
Lamarck the main character separating it from
the other two species is the higher number of
florets within a spikelet. In the description of
this new species the robustness of the plants is
pointed out, referring to the larger culm
length, larger foliage and greater number of
spikelets. Also the awns on the florets are
mentioned, a remark is made on the fact that
the figure from Vaillant (1727) cited as a
synonym, pictures a specimen with much more
and larger awns than the specimen of
Lamarck. This illustrates the fact that already
at that time considerable variation existed for
a character which is nowadays used as
diagnostic for the species. The type specimen
(P) is a lectotype, and is illustrative for the
higher number of florcts and the awns. The
other diagnostic characters, such as the
robustness of the plants and the larger foliage
cannot be seen due to the absence of leaf
material on the sheet.

L. remotum Schrank

In 1789, a fourth species has been
recognized, L. remotun Schrank. The distant
location of each spikelet in the spike and the
very short sceds are used as diagnostic
characters. In the further description of the
species only the compact structure of the
spikelets and the fact that a spikelet contains 5-
8 florets are mentioned. No type specimen is
known for this specics name.

L. rigidum Gaud., L. subulatum Vis, and L.
{oliaceum Hand.-Mazz.

L. rigidum was added to the gemus by
Gaudin in 1811. Diagnostic characters for this
species are the spikelets with only few florets,
the long glumes, the long culms, the broad-
spreading ears and the annual growth habit. In
the extensive description a.o. the red-colouring
of the culm, the compression of the spikelets
against the spike and the unawned florets are
mentioned. The holotype of this species is in
the herbarinm of the Musée Botanique
Cantonal in Lausanne (LAU). Terrell (1968)
described two varieties of L. rigidum : L.
rigidum var. rigidum and L. rigidum var.
rottbollioides Heldr. ex Boiss. for which
Routboeliia loliacea Bory & Chaub. is cited as
a synonym. A part of L. loliacewm Hand.-
Mazz. is also referred to as a synonym by
Terrell (1968). In the diagnostic key to these
two varieties he mentions the thicker rachis,
and the shorter culms with, generally, a more
prostrate growth habit of L. rigidum wvar.
rotthollioides.

L. subulatum was first described by
Visiani in 1842. Terrell (1968) cites L.
loliacewm pro parte as synonym. The
diagnostic characters given in the Flora
Dalmatica (1:90) are the oblong-lanceolate
form of the spikelets, the three florets within
the spikelets without awns, the glume that
presses strongly against the rachis and the
annual growth habit. The description of the
specimen by Visiani is very extensive and
mentions a.0. the length of the spike compared
to the total culm length. The figure of L.
subulatum (Fl. Dal. 1: pl. 3 ) agrees well with
the description. The type sheet of L. rigidum
var. rotthollioides (G), which is also the type
for L. loliacewm and is originally used as the

The genus Lolium; taxonomy and genetic resources 3



type for Rowtboellia loliacea. Terrell (1968)
indicates that on this sheet the specimen on the
left agrees with his perception of L. rigidum
var. rottbollioides, but the specimen on the
right seems more of an intermediate between
this variety and L. subulatum. Studying the
description Terrell (1968} gave of both taxa
and the herbarium specimens listed in his
description, no solid criteria on which both
taxa can be distinguished are found. Generally
L. rigidum var. rontboilioides is shorter, but
occasionally specimens are as tall as L.
subutatum. Other differences reported are; L.
subulatum has 1-2 nodes below the spike, L.
rottbollioides is supposed to have 2-4 nodes.
Again this character shows some overlap
between the taxa and is difficult to observe,
The length of the spike is also mentioned as
distinguishing character. L. rigidum var.
rotthoilioides should have a spike of about 3 -
11 (-20) ¢ long, L. subulatum has 16 - 25.5
cm long spikes. Again, the studied herbarium
specimens (most of them determined by
Terrell (1968)) show overlap in this character.
A difference in habicat is reported (Terrell,
1968) between L. subulatum and L. rigidum
var. rottbollioides. The former is found in
fields and waste places in Cyprus, .Israel,
Lebanon, Syria and former Yugoslavia. The
latter is found in the Mediterranean region, the
Middle East and north Africa, along roadsides,
waste places but also on sandy areas, often in
maritime  habitats. In conclusion, the
delimitation of both taxa is not clear, it can be
questioned whether L.
rotthollioides and L. subulatum are not merely

rigidum  var.

the smaller and larger version of the same
taxon. As the environmental variation within
the Lolium species is known to be large, one
can argue that the found variation is due to

differences in growth habitat. Several authors
(e.g. Bor, 1968, 1970; Kloot, 1983) treat both
taxa as one with the name L. lofiaceum (Bory
& Chaub.) Hand.-Mazz. Von Handel-Mazzetti
described this species in 1914, and refers to
Rotthoellia loliacea Bory & Chaub. as
basionym and L. subulatum as synonym. The
holotype is in Geneva (G).

Jenkin (1954) gave a description of L.
lofiacewrn as it was used in his crossing
experiments. This description agrees well with
the present concept of L. loliaceum. The most
important conclusion that can be drawn from
this publication is that L. lofiaceum is a self-
fertilizing species, which makes the status as a
species instead of a variety of L. rigidum
clearer, Specimens examined, determinated by
Terrell (1968):

L. rigidum var. rottbollioides Heldr.ex Boiss.

ISRAEL: Judean Mountains, Agua Bella, D.
Zohary, 3 May 1951, FL. Pal. 11954 (HUJ);
Mit, Carmel, Shumarigh, Naftolsky, 1[5 May
1929, Fl. Pal. 11953 (HUI).

ex-YUGOSLAVIA: in arenosis maritimus ad
pagum Fasana, Freyn, 3 June 1877 s.n. (W).

GREECE: Leros, in Pharmacusarum, Heldreich, 6
May 1877 (W); Rhodos, in arenosis
maritimus a promont., K.H. & F. Rechinger

8390 (W).
L. subulatum Vis.

ISRAEL: Jerusalem, M. Zohary, 3 March 1924,
LA8 (HUJ); Ammon, env. of Ein Suella, Eig,
Zohary, & Feinbrunn, 8 May 1927, L52
(HUD); Gile’ad, Wadi Warran, Eig, Zohary,
& Feinbron, 10 May 1927, L50 (HUD;
Gile'ad, Wadi Warran, Eig, Zohary, &
Feinbrun, 10 May 1927, L41 (HUI); Judean
Mits., Jerusalem, in wheat ficlds, Zohary, 2
April 1941, L267 (HUJ); Ammon env. of
Ein Suella, Eig, Zohary & Feinbrun, 8 May
1927, L42 (HUJ).

LEBANON: In arenosis firope flun. Beyrouth,
Peyron, 17 May 1887, Fl. Syrica N1183 (G);
Libano: Aley, Peyron, 17 July 1888, Fl.
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Syrica N1183 (G).

L. persicurn Boiss. & Hoh.

L. persicun was first described by
Boissier & Hohcnacker (1853). It is described
as erect growing, having 5-7 spikelets
scattered on the rachis, awned florets and a
glume equal or almost equal to the spikelet.
The isotype specimens (G) are very immature,
which has probably led to the somewhat small
dimenstons used to originally describe the
species. Terrell (1968) also describes mature
specimens.

L. canariense Steud.

The last species listed by Terrell (1968)
is L. cangriense Steud. Steudel (1854)
described the species as an annual awned
species with glumes somewhat shorter than the
spikelet and with a very restricted distribution
area: the Canary Islands. Terrell (1968) added
to this rather poor description the facts that the
florets are long and narrow, the great length of
the awns and the glume. He cited two names
as synonyms; L. gracile Parl. and L. inflex
Rouv. The lectotype specimen (P) agrees well
with the description, but it is also very similar
to the immature specimens used as isotypes for
L. persicum (G). The specimen used as
lectotype for L. gracile (FL) cited as synonym
for L. canariense, also looks like an immature
L. persicum plant. Terrell (1968) mentioned
that the status of L. camariense can be
doubted, he stated that it has most affinities
with some L. multiflorum types. At present it
appears that the affinities are closest to L.
persicum. The breeding behaviour of L.
cenariense, presently unknown, can give an
indication whether L. canariense has most

affinity with either L. wmultiflorum or L.
persicum, as the former is a cross-breeding
species and the latter an inbreeding species.

In general, Terrell’s (1968) classification
of the genus Lolium is followed, with few
exceptions, There are three crossbreeding
species: L. perenne, L. multiflorum and L.
rigidum. Description and typification of these
species are according to Terrell (1968). There
are four inbreeding species: L. remotum, L.
temulentum, L. persicum and L. lofiaceum.
For L. remotum and L. persicum the
description and, if possible, the typification of
Terrell (1968) is followed. The description of
L. temulentum is according to Terreli (1968),
but the typification is changed (see Chapter 1).
L. loliaceum is composed of the two taxa
described by Terrell (1968) as L. rigidum var.
rottbollioides and L. subulatum. This species
is based on Rottboellia loliacea, holotype in
(G). The status of the L. canariense is not
known, further research should clarify whether
this taxon should be given a separate status, or
if it should be included in ancther Lolium
species. As no seeds of L. canariense were
available during earlier parts of this study, no
decisions on the status of this species can be
made here. Only in the studies, reported in
Chapter 4, using seed morphology and seed
protein data, one population of L. canariense
was available. These results seem to indicate
that L. canariense is a separate species,

To illustrate and define the variation
within the several Lolium species, herbarium
specimens in the British Museum (BM) and in
Kew herbarium (K) were studied as reference
material.

The genus Lolium; taxonomy and genetic resources 5



L. perenne L.

BULGARIA: In graminosis ad Sophia. 12 July
1922, V. Grigorieff s.n. (BM).

CRETE: Distr. Hierapetra: Montes Aphendi
kavusi; inter vineas ad Thriphti, substr.
schist. ca 800 m. K.H. Rechinger 13258
(BM).

DENMARK: On dry siope. East of Madum S at
Rold forest. 15 July 1969, 8. Jeppesen & P.
Pedersen s.n. (BM).

EGYPT: Baharia oasis, garden of Iran company
resthouse. 20 January 1979, M.M.A.
Elghaim s.n. (K).

GERMANY: Kappeln, Lehnwiesen. 29 Juni 1886,
E. Fuchs s.n. (BM).

HUNGARY: Comit. Pest. ad vivas prope pagnum
Szent-Ivan, alt. 190 m. 25 May 1900, A. de
Degen & C. de Flatt 288 (BM).

ITALY: Tirol austral. in loc. incultis arenosis pr.
Riva ad Benacum. 30 May 1870, leg. rev.
Porta s.n. {(K}.

POLAND: Polonia meridionalis ditic Cracoviae:
suburbium Bielany. In confino silvae et agri,
ad semitan. 28 June 1973, T. Tacik & J.
Negka 520 (BM).

ROUMANIA: In pascius siccus, ad pag.
Corbeanca, alt. 80 m. 2 July 1956, S.
Dinulescu & El. Dobrescu s.n. (BM).

SARDINIA: arrondissement de Tempio. 3 July
1882, Asfossade, marais 271 (BM).

SWEDEN: Skine: Limnhamn. 22 June 1900, Th
Nilsson s.n. {BM).

L. multiflorum Lam,

BRITISH ISLES: Oxfordshire, Wolvercote Oxford;
on publish trip, 16 July 1945, B.E. Hubbard
12853 (K).

DENMARK: Jutland, Bjtstrup at Kal6. 8 August
1969, S. Jeppesen 579 (BM).

EGYPT: El Atf. district El Rahmaiya. March
1923, Ahmed Juref Cff. 2149 (K).

FRANCE: Maine-et-Loire, pres d"Angers. 1 June
1868, Heeren s.n. (BM).

GERMANY: Auf Kieeickern bei Ettlingen in
Baden und auf Schiittpliitzen bei Karlsruhe in
Baden. 2 July 1906, A. Kneucker 716 (K).

GREECE: near the edge of lake Kastoria. 24 May
1983, M. Damanakis 1168 (K).

HUNGARY: Comit. Pest. secus viam ferream
prope Aquincum, alt. 110 m. 1 July 1900, C.
de Flatt 290 (BM).

NETHERLANDS: Cultivated fields on 1ss soil,

above Gulpen {prov. Limburg) sub-
spontaneous. 4 June 1952, K.U. Kramer &
E.A. Mennega,s.n. (K).

SICILY: Caltanisetta ¢ 20 km S of Piazza Armeria,
alt. 100 m. 17 May 1979, D. Davis & S.
Sutton 63268 (BM).

SWEDEN: Skine, Malmo. August 1876, B.
Jonsson & E.W. Cedervall s.n. (K).

L. rigidum Gaud.

BRITISH ISLES: Newport, Isle of Wright: waste
ground. 9 July 1928, R. Snelville s.n. (K).

FRANCE: la Echaubrugue, Vendée. 30 June 1869,
G. Genevier s.n. (BM).

IRAQ: 2 km N of Saediya, alt. 105 m. 9 April
1976, Al-Kaisi 44226 (K).

JORDAN: east Jordan. 29 April 1963, J.B. Gillet
15944 (K).

MALTA: vicinity of St. Paulus bay. May 1972, J.
Silverwood s.n. (K).

PORTUGAL: coast near Estoril, 5 June 1933,
S.C. Atchley s.0. (K).

SICILY: Siracusa; 6 km SE of Pachino Capo
Pessaro, sea level. 13 May 1979, D. Davis &
S. Sutton D63013 (BM).

SPAIN: dry fields of Cartagena. 26 April 1926, E.
Ellman & N.Y. Sandwith 414 (K).

SWITZERLAND: Cieta inter efetes ampeluta ad
dabyrintum, in campus Coltac per Gortynae
ruinas. May 1846, Heldreich s.n. (K).

TURKEY: in patches of barley among the ruins of
Elacussa Secbaste, 40 km W of Mersim. 22
April 1964, C.C. Townsend 640422/24 (K).

L. loliaceum Hand .-Mazz.

AFGHANISTAN: Obey springs, 100 km E of
Herat in mountain valley near water, alt.
2100 m. 13 July 1969 386 (K).

BRITISH ISLES: 12 North Hants, Blackmore:
introduced with wool "shoddy”. 22 May
1961, M. McCallum 5418 (K).

CRETE: Creta dist. sitia Guduras, in lapidosis ad
sinum Mawrijalos. K.H. Rechinger 12815
(K).

CYPRUS: near Dhicrios, 900 fi. by comnfield. 25
March 1962, R.D. Meikle 2338 (K).

EGYPT: Burg al Arab near El-Iskandariya
(Alexandria), cultivated fields and orchards
an sandy soil near sea level, 20 March 1990,
T.A. Cope, A.G. Fahmy & 1. A. El-Garf 260
K).

GREECE: Attica pr. Porto Raphti. May 1929, F.
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Guiol 605 (BM).

HUNGARY: Croatia litoralis, In litoralibus prope
pagnum Martinscica sol aren alt. 1-2 m. 7
June 1903, T. Vadocz & A. Smequina 291
(BM).

SLOVENIA: in arenosis maritimus ad pagnum
Fasana, Istriae aust. Solo calc. alt 2 m. 3
Juno 1877, 1. Freyn s.n. (K).

L. temulentum L.

AFGHANISTAN: Prov. Takhar: Badam-darrah,
siidlich von Talugan, 1000 m. 19 June 19635,
D. Podlech det. N.L. Bor 1141% (K).

BELGIUM: Moissons & Visé (Ligge). 13 July
1869, E, Marchal s.n. (BM).

BULGARIA: Bulgaria occidentalis: in cultis prope
pag. Bunovo dist. Sophia. 6 July 1965, B.
Kuzmanov & D. Peev s.n. (BM).

CYPRUS: Kambvli, cornfield weed. 30 April
1957, L.F.H. Merton 2989 (K).

FRANCE: dans les champs a Pontailles sur Sadne,
Cote d’Or. 20 July 1873, Dr. Bonnet s.n.
(K}.

GERMANY: Osnabriick, auf Schutt am Hafen. 10
October 1931, Dr Preufs s.n. (K).

LUXEMBOURG: plateau a I'est de Bofferange,
champ d'Avena sativa sur Grés de
Luxembourg. 14 August 1956, L. Reichling
s.n. (K).

PORTUGAL: Beira: near Coimbra south of Rio
Mondego. 28 May 1936, A.W. Maxwell
1031 (BM).

SPAIN: prepirineos aragoneses, between
Sabifianigo and Fiscal: Basarin, in arable
land on slopes above village. 9 July 1956,
N.Y. Sandwith 4673 (K).

SWEDEN: in agris ad Kalmar, Smalandie
frequenter. July 1868, F. Ahlberg s.n. (BM).

SWITZERLAND: Chaumont, sur Neuchatel, 24
September 1871, Sire s.n. (K).

TURKEY: Manisa: 12 km south of Dermirei, alt.
600 m, roadside. M.J.LE. Coode & B.M.
Jones s.n. (K).

L. remotum Schrank

BELGIUM: Champs de lin a St Troud. July 1867,
H. Vandenbom s.n. (K).

BRITISH ISLES: Co. Donegal Letterkenny in flax
field. 4 August 1929, Mrs Wedgewood s.n.
(K).

ESTONIA: Near Tartu, Raadi, as weed in a flax
field. 27 August 1924, E. Lepik s.n. (K).

FINLAND: Isthmus karelicus par Sakkola, in agro
lino consito prope templum. 1 August 1897,
H. Lindberg s.n. (K).

HUNGARY: in agris Lini usitatissimi circa
Jarvorow, solo arenoso, 235 m, Woloszczak
s.n. (BM).

SPAIN: Castilla: Bujedo champs de lin. 16 June
1907, H. Elias 4694 (BM).

SWEDEN: Vistergétland, viske klefva. July 1911,
R. Vallquist s.n. (BM).

SWITZERLAND: prés Perney Vaud Suisse, dans
les lins, vers 800 m. August 1880, Past.
Cruchet s.n. (BM).

L. persicum Boiss. & Hohen.

AFGHANISTAN: SE Afghanistan, Kandahar: in
arenosis deserti registan prope Bhagat, 600
m. 1968, 30°32°N 63°52’E, N.L. Bor s.n.
(K).

CANADA: from quite bad infestation, believed 1o
have been introduced in 1943, Northmark,
Alta, 22 July 1943, G.W. Shewchuk s.n.
®.

CHINA: Tsinghai: Hsining, shady roadside under
trees. 3 August 1944, J.L. Keng, s.n. (K).

IRAN: Khamseh; Qazvin to Hamadan, 4000 ft.
alt,; at edge of cultivated fand. 27 June 1960,
Furse & Synge 684 (K).

TURKEY: Prov. Marag dist. Goksun: Hobek dag,
1700 m. Cornfield weed. 21 July 1952,
Davis, Dodds & Cetik 20197 (K).

L. carariense Steud.

CANARY ISLANDS: Pi. canariense (1855} ex
itenere secundo no 1565, Teneriffa: in udis
convallium opacarum. 24 April 1855, Guimar
{K); Gomera, San Sebastian, damp spots in
lateral barranco off Barranco de la villaca. 6
km from town. 19 April 1977, S.A.
Renvaize 2795 (K); Hierro, forest above
Frontera, track through Erica arborea forest,
21 April 1977, S.A. Renvoize s.n. (K).
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Genetic variation in Lofium species

The classification of the species within
the genus Lofium has undergone many changes
during the last centuries. It is obvious that
species limitations are often blurred, which is
reflected in the complex classification systems
used. Two important factors cause this. First
the adaptability of Lolium species to the
environment, This adaptability causes the great
variation of forms known within almost each
Lolium species, and which often have been
identified as new taxa in the past, The second
cause is the fact that the cross-breeding species
can interbreed, which can lead to the existence
of hybrid forms in nature. This implies that
the taxonomic/morphologic species concept is
used in this thesis and not the biological
species concept.

In a merphologicat study the populations
of the several Lolium species, except L.
canariense, arc compared in a field trial under
the same environmental condittons. This was
done to determine the amount of variation
found within each species under the same
environmental conditions, to determine the
relationships between the several Lolium
species and to evaluate some diagnostic
characters. In Chapter 2 the results from this
study are reported, and compared with
experimental results from literature. Next to
the morphological variation, a study on the
allozyme variation in the several Lolium
species is performed. A selection from the
populations used in the field trial is analyzed
to enhance the comparability of both studies.
In Chapter 3 the results from this study are
described and compared with the results from
Chapter 2. Next to the differences in
morphology of the whole plant, Terrell (1968)
also uses seed characteristics as diagnostic

characters for some  Lolium species. In
Chapter 4 the results are described of the
comparison of the seed morphology of the
same populations from several Lolium species
used in Chapter 2. This was done to gain
insight in the diagnostic wvalue of these
characters, and to look at the intraspecific
variation for these characters. Also, seed
protein patterns are compared, and the
diagnostic value of these patterns s

determined.

L. perenne: a variable fodder ctop
From an ecomomical point of view L.

perenne is the most important species within
the genus Lolium. It has been cultivated for
such a long time by man that its centre of
origin is not known. According to Terrell
(1968) it is indigenous in parts of Europe,
Asia and north Africa. But its original
distribution area covers the whole of Europe,
temperate Asia and north Africa. It has been
introduced to almost all the rest of the world.
Europe is generally considered as a cenire of
variation for this species.

There are reports (Beddows, 1953) that
in 1677 seeds of L. perenne were collected and
sold in England. By 1855 Lawson lists ten
different populations of L. perenne for which
seeds can be supplied to sow and improve
grassland. Differences in winter hardiness,
habitus, spring growth, abundance of foliage,
broadness of the leaves and leaf colour are
used to describe these ten populations which
carry names such as *Evergreen’, *Spreading’,
"Stickney’s” and Pacey’s’. Even advice for
which purposes the populations seem most
suitable is given, making it look quite like a
cultivar list as used in present times. Breeding
activities within this species have been for
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some time, and still are, very extensive. As
breeding largely depends on the genetic
diversity available, it is of interest to analyze
this diversity. Developments in the last century
gave rise to the idea that also for this
widespread species pgenetic diversity is
reducing. One of the postulated causes is the
very intensive practice of sowing and resowing
of grasslands with cultivars. An other cause is
the drastic reduction of non-cultivated land in
the last decades. In this study the attention has
been focused on the genetic diversity for L.
perenne in the Netherlands. The both causes
mentioned are certainly valid for the
Netherlands, as there is hardly a country
where agricultural practice is so intensive, and
where, due to a.o. urbanisation hardly any
space is left for the existence of natural
populations. Raygrass covers no less than 1.3
million ha of production grassland, that is the
largest area of any crop in the Netherlands.

Genetic resources conservation mainly
focuses on the most efficient way to preserve
genetic diversity. This means optimizing the
amount of genetic diversity in a population
sample that should be as small as possible.
This leads to the formulation of three research
questions:
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CHAPTER 1;
THE TYPIFICATION QF LOLIUM PERENNE L. AND LOLIUM TEMULENTUM
L. (POACEAE)
B. P. Loos and C.E. Jarvis
Botanical Journal of the Linnean Society (1992), 108:399-408

Summary

The typification of the Linnaean species
Lolium perenne and Lolium temulentum has
been studied. Lolium perenne is typified by
material in LINN, as proposed by Terrell, but
it has been necessary to select a lectotype for
L. temulentum, and material in the Burser
herbarium (UPS) has been chosen for this
purpose. The study shows that although
Linnaeus used awns as a diagnostic character
to distinguish the two species, he was aware of
the intraspecific variability in this character.

Introduction

A project, studying variation in natural
populations of Lofium in relation to variation
in cultivated plants of the same genus is in
progress. The Centre for Genetic Resources,
the Netherlands (CGN), the Centre for Plant
breeding and Reproduction research (CPRO-
DLO) and the Department of Plant Taxonomy
of the Agricultural University in Wageningen
are taking part in this project. Part of this
work involves a study of species delimitation
in the genus Lolium because in agricultural
practice today the distinctions between species
are blurred. Characters such as the presence of
awns which were originally used for species
identification are no longer restricted to the
species for which they were supposed to be
diagnostic. This problem necessitates an

unambiguous typification of the Lolium
species, and accordingly, a study of the
typification of Lolium perenne L. and Lolium
temulentum L. has been made in collaboration
with the Linnaean Plant Name Typification
Project (Cannon, Jarvis & Robson, 1983;
Jarvis, 1986).

In the first edition of his Species
Plantarum, Linnaeus (1753) described two
species in the genus Lolium, L. perenne and L,
temulentum. Loliwm temulentum is known
under the common name of Darnel and used to
be a widespread weed of cereals, Darnel has
been known to man for a very long time,
Dioscorides having described tts medicinal use
in the first century A.D, (Gunther, Goodyer &
Dioscorides, 1934: 133). Loliwm perenne is
known as perennial ryegrass, andd has probably
been used as a fodder crop for quite some
time. Early botanists such as Ray (1724) had
mentioned its feed value for cattle.

Elements of L. perenne
The first valid publication of the name L.

perenne was in the Species Plantarum ed. 1
(1753: 83; Text 1)

Linnaeus provided a new diagnostic phrase-
name which characterized the species on the
absence of awns. He also cited three
synontyms. The first was from his own Horfus
Cliffortianus (Linnaeus 1738), also cited via
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Text 1: Protologue Species Plantarum ed ¥ (1753) p 83, L. perenne

1. LOLIUM fpica mutica.

Loliam fpicis muticis; radice perenni, Here: cliff. 144 perame.

FL. fuec. 104. Rovi lugds. 69.

Lolium fpicis compreffis, radice perenni. FI. lapp- 31.

Gramen loliaceum, anguftiore folio & fpica. Bawh. prx.
9. theatr. 127: Scheich. gram. 25. -

Habitas i Eutopd ad agroram verfuras folo fertili. ©

his Flora Suecica (1745) and the Prodromus of
Adriaan van Royen (1740). The second
synonym was from Linnaeus’ Flora Lapponica
(1737), and the third from Bauhin (1671), also
cited via Bauhin (1658) and Scheuchzer
(1719). The annual sign (&) was inserted in
the text due to an error and was corrected to a
perennial sign (%) in the Appendix of the
work.

In the Linnaean Herbarium {LINN, see
Savage 1945), there are four sheets bearing
material that has been identified as L. perenne.
Sheet 99.3 is from the Middie East and
appears to be a post-1753 addition to the
herbarium, whereas sheet 99.4 is not annotated
by Linnaeus at all. We do not regard either of
these as original material. However, sheets
99.1 (Fig. 1) and 99.8 both bear Eurcpean
material which appears to have been in
Linnacus® possession in 1753 and which is
original material. The Linnaean Herbarium in
Stockholm (8) contains two sheets bearing
material referred to this taxon, but neither is
annotated by Linnaeus and we do not regard
them as bearing original material.

Turning to the synonyms, there is no
relevant material in the Clifford Herbarium
(BM), but there is a good specimen (Fig. 2) in
the van Royen herbarium (sheet no. 912.356-
230, L). Linnaeus worked closely with
Adriaan van Royen during the winter of 1737-
1738 on a new system for arranging the plants
in the Leiden Botanic Garden (Veendorp &
Baas-Becking 1938). We regard this sheet as
original material. There is no relevant material
extant associated with Linnaeus’ second
synonym, from his Flora Lapponica (1737}
entry for this taxon, The third synonym, from
Bauhin (1671), can be associated with macterial
(vol. I: 115} in the Burser Herbarium (UPS-
BURS). This herbarium was arranged
according to Bauhins’ Pinax and as the
specimens were in Uppsala throughout
Linnaeus’ life they served as a voucher
collection for Bauhin’s names. Linnagus also
provided determinations for most of these
specimens (see Stearn 1957). The material of
I: 115 has been identified by Linnaeus (in ms.,
see Savage 1937) as belonging to a species of
Bromus; the material on sheet I: 114 is rather
small, bears small awns and has been
determinated by him as L. perenne, but the
Bauhin polynomial on this sheet is not cited in
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Figure 1: Specimen LINN 99.1: Lolium perenne. The lectotype of L. perenne designated by Terrell (1968).
(Photo by BM)
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Figure 2: Specimen no. 912.356-230 Adriaan van Royen herbarium (L}.
Lolium. "Lolium spicus muticus, radice perenni”.

(Fig. 3) depicting a plant
with large glumes dissi-
milar to sheet 115 in
UPS, and Scheuchzer
(1719).

It is noteworthy that
although absent from his
1753 treatment, Linnaeus
earlier (1738, 1745) cited

- an iltustration from Mori-

son (1699) in the synony-
my of this species. This
plate (Fig. 4) is a good
picture of the species and
the abnormaiities found
within it. However, it
does not constitte a type
element.

In his revision of
Lolium, Terrell (1968)
considered the typifica-
tion of L. perenne and
selected the material on
sheet 99.1 (LINN) as the
tectotype. He noted that
it was not typical, but we
agree with him that it
constitutes  "original
material". Accordingly,
his choice of type must
stand as it appears to be
the earliest such designa-
tion. It has been treated
as such by Mill in Davis

the protologue of L. perenne. In addition, (1985), and Sherif & Siddigi (1988: 20) also
being awned, the material conflicts with indicate this collection as the lectotype.

Linnacus’ diagnosis.

More extensive descriptions of Bauhin’s
plant can be found in the accounts cited by
Bauhin (1658), where there is an illustration
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/STIORE FOLIO ET SPICA SEV. .
ﬁmmx DIOSCORIDIS. "

Figure 3: Plate * Gramen loliaceum angustiore folio et spica seu Phoenix dioscoridis” (Bauhin, 1658: 128).
(Photo by AU in Wageningen.)
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