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SUMMARY — The paper summarises the results of a Medicago-Sinorhizobium germplasm survey and
collection carried out in the island of Sardinia (Italy) in 1998/99 and subsequent laboratory isolation of
microbial strains, soil sample analyses and determination of Medicago species. According to a stratified
sampling methodology, the major ecological characteristics of island's habitats were taken into account,
collecting and surveying mostly in natural or semi-natural habitats (no roadside sites nor cultivated
fields were sampled).

Forty-six sites, widely distributed in semi-natural representative areas of Sardinia, ranging from sea
level to above 1,000  a.s.l., were sampled and 24 were surveyed to gather additional data on species dis-
tribution. Root nodules were collected from 15 species (13 annuals) out of the total 21 Medicago species
recorded in Sardinia. Isolation of root nodule bacteria accessions and identification of 29 strains were
achived. A total number of 17 species were surveyed and mapped.

The present study gives a first contribution to the knowledge of the present distribution of the species
of the genus Medicago in Sardinia with special concern to the species recorded or sampled during the sur-
vey and highlights the presence of Medicago biodiversity hot spots.

Key words: Medicago-sinorhizobium symbiosis, Sardinia.

INTRODUCTION controversial (SMALL et al., 1990; SMALL et al.,
1992) such as the debate over whether the
The genus Medicago L. genus Medicago should be considered a com-

Medicago L. (Leguminosae), a predominantly  paratively small one of less than 60 species,
Mediterranean genus, comprises a high  based primarily on the character of fruit coil-
number of species, annual herbs, herbaceous  ing, or a larger one of more than 80 species.

perennials and rare shrubs, many of which Many species of the genus have significant
are markedly polymorphic. SMALL and Jom-  and wide-ranging agricultural and environ-
PHE (1989) in their synopsis on this genus  mental applications, e.g. M. sativa L. (IRwIN et
have delimited it into 12 sections and eight  al., 2001). Moreover, annual medics are of
subsections composed of 85 species and 18  great importance in Mediterranean pastures,
infraspecific taxa. More recently, they have  as well as in South-western Australian and
increased the total number by adding the South American rangelands. Biological ni-
new taxon M. fruncatula Gaertn. f. laxicycla E.  trogen fixation, by symbiotic rhizobia within
Small (SMALL et. al., 1991) and proposed that  root nodules, may lessen the use of nitrogen
M. rigidula be split into two separate species, fertilisers, thus providing a suitable tool for
namely M. rigidula e M. rigiduloides. Delimi- ~ “biological” farming and for reducing envi-
tation of Medicago from its close relatives in ~ ronmental nitrogen pollution. The “self-re-
tribe Trifolise subtribe Trigonellinae remains  seeding” capability of annual medics is fea-
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ture that leads to low input agricultural tech-
niques, but also explains medics behaviour
as invasive aliens outside their natural range
(OLvER! et al., 1991). Invasiveness is espe-
cially typical of most annual species with
spiny coils, although invasive legumes may
often fail at colonisation attempts within
habitats where mutualist partners, the spe-
cific rhizobia, are scarce (PARKER, 2001). Seed
physiology might be another invasive trait,
as stated by SipHU and Cavers (1977) for M.
lupulina. The world-wide distribution of M.
lupulina may also be promoted by the pres-
ence of simple and gland-tipped trichomes
that provide various kinds of physical and
chemical protection against herbivores, par-
ticularly insects (GOERTZEN and SMaALL, 1993).

The genus Medicago L. in Sardinia

In spite of different studies and collection
surveys for agricultural and rangeland man-
agement purposes on the Medicago species
present in Sardinia, there is not any compre-
hensive study on the presence and distribu-
tion pattern of the species of this genus in the
Island. Furthermore, historical records of lo-
cal floras and collection surveys have to be
carefully verified.

According to the main Flora of Italy (Pic-
NATTI, 1982) 21 species and 5 subspecies of
the genus Medicago L. are present in Sar-
dinia. In addition, DesoLE (1945) has record-
ed M. solerolii Duby on a small island along
the Sardinian North-West coast and the
same species was later recorded by DE Mar-
1is and Lor (1989) in the South of Sardinia.
ABDELGUERF and GUITTONNEAU (1989) have
determined as Medicago heterocarpa Spach a
herbarium specimen coming from the
North of Sardinia, dated 1882 and they re-
garded it as synonymous to M. sphaerocarpa
Bertol. var. ovalis Moris (1837). In a more re-
cent paper GiLLesplE and McComs (1991)
have rejected the names M. heterocarpa
Spach and M. lesinsii Small and suggested
use of the name M. murex Willd. for
2n=2x=16 species and M. sphaerocarpos
Bertol. for 2n=2x=14 species inside the
highly variable M. murex group.
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According to. Lesins and Lesins (1979),
SMALL and JompHE (1989) and the Med-Chek-
list (GREUTER et al., 1989) the 26 taxa present in
Sardinia as recorded by PiGnarTI (1982) corre-
spond to 23, 21 and 22 taxa, respectively. If
we also consider the records of Authors after
Pignatti (see above) the total number of taxa
reaches, 25, 24, 25 respectively (see Table 1).

For many species LesiNs and Lesins (1979)
refer to the varieties introduced by HeyN
(1963) to account for the great variability of
many species in the genus (e.g. 3 subspecies
for M. polymorpha), while SMALL and JOMPHE
(1989) have attempted to reduce the number
of taxa. The “simplification” proposed by
Small and Jomphe is of great operational
help in identifying plant samples.

Symbiotic root nodule bacteria of Medicago
sp.pl.

Rhizobial nodulation of legumes is species
and strain specific. Sinorhizobium meliloti
(formerly Rhizobium meliloti; JorDAN, 1983)
and especially S. medicae (Rome et al., 1996)
are the most restrictive in nodulation prefer-
ence, normally nodulating only the legumes
belonging to the three genera Medicago,
Melilotus and Trigonella. The variability of
these symbiotic bacteria is seemingly at least
as great as Medicago variability. There is evi-
dence of the presence of different strains,
within both the Sinorhizobium species, with
high specificity to different accessions in the
same Medicago taxa (BRockweLL et al., 1988;
PArreTTI €t al., 1996; JEBARA et al., 2001), as well
as variable adaptability to different soil con-
ditions, especially to soil pH (Benccu and
O’HARa, 1996; HowiesoNn and Ewing, 1986;
HowiesoN et al., 1993; Kawurl and O’'Hara,
1998), salinity and drought, besides different
degrees of nodulation ability and survival.

Previous collections of Medicago and Rhizobi-
um germplasm in Sardinia

Sardinian Medicago-Rhizobium germplasm
has already been taken into account in previ-
ous collecting surveys.

In 1977 Francis and GiLLespie (1977, 1981)
collected seeds of Lupinus sp. pl. and of oth-
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TasLE 1. — The synoptic chart compares the Small and Jomphe (1989) taxonomic scheme that applies to the species present in Sardinia according to Pignatti (1982) with the nomen-
clature adopted by other Authors. According to Pignatti, table reports also the status (in=native, end=endemic, ext=neophyte, arc=archeophyte), the distribution in Sardinia(com-

mon, rare), the maximum elevation m a.s.l. (in Italy).

Flora d'ltalia Flora d'Italia Med Checklist Monography Monography
El Fr Status Pignatti Greuter Small & Jomphe Lesins & Lesins
M. aculeata Willd. 600 C IN X M. doliata Car. M. doliata Car. M. doliata Car.
M. arabica (L.) Hudson 600 C IN X X X X
M. arborea L. 300 R EXT X X X X
M. ciliaris (L.) All. 300 C IN X X X - M. ciliaris (L.) Krocker
M. heterocarpa Spach M. murex Willd. [M. lesinsii Small] [M. lesinsii Small]
M. hispida Gaertner 1000 C IN X M. polymorpha L. M. polymorpha L. M. polymorpha L.
M. intertexta (L.) Miller 600 C IN X X X X
M. intertexta (L.) Miller
var. tubercolata Moris X
M. italica (Miller) Fiori M. tornata X + M. italica subsp. tornata (L.) X M. tornata (L.) Miller
(L.) Miller Emb. et M.
M. litoralis Rohde 600 C IN X M. litoralis Loisel. M. litoralis Rohde M. litoralis Rohde
ex Lois. ex Lois.
M. lupulina L. 2000 C IN X X X X
M. lupulina L. var. cupaniana
(Guss.) Boiss. C IN X X
M. marina L. 0 C IN X X X X
M. minima (L.) Bartal. 1600 C IN X M. minima (L.) L. X X
M. minima (L.) Bartal. var. recta
(Willd.) Burnat X M. minima (L.) Bartal.
var. minima Heyn
M. monspeliaca (L.) Trautv. T. monspeliaca L.
M. murex Willd. 600 C IN X X X X
M. orbicularis (L.) Bartal. 1300 C IN X X X
M. orbicularis (L.) Bartal. var. biancae
(Tod.) Urb. X
M. praecox DC 300 R IN X X X X
M. praecox DC var. pontificialis
(Gennari) Urb. R END X
M. rigidula (L.) AlL 1200 C IN X X X X
M. rotata Boisser EXT [X] [X] [X] [X]
M. rugosa Desr. 800 C IN X M. rugosa Desr. in Lam. X X
M. sativa L. subsp. sativa 1900 C  ARC X X X X
M. scutellata (L.) Miller 600 C IN X X X X
M. soleirolii Duby 100 R EXT X1 X1 X1 [X]
M. sphaerocarpos Bertol. M. murex Willd.
M. tenoreana Ser. 1900 R IN X M. tenoreana DC X M. tenoreana Ser. in DC
M. tornata (L.) Miller 0 R IN X M. italica (Miller) Fiori subsp. M. italica (Miller)
tornata (L.) Emb. et M. Steud. ex F. X
M. truncatula Gaertner 850 C IN X X X X
M. tuberculata (Retz.) Willd. 600 R IN X X M. turbinata (L.) All. M. turbinata (L.) AllL.
Total number of taxa 26 [28] 22 [25] 21 [24] 23 [25]

[1 = Non recorded by Pignatti (1982) for Sardinia
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er forage species, from acid and sandy soils,
in order to derive plant materials specifical-
ly adapted to South-Western-Australian
soils. Thirteen species of annual medics (M.

polymorpha, M. arabica, M. littoralis M. trun-

catula, M. minima, M. orbicularis, M. murex,
M. praecox, M. rigidula, M. rotata, M. rugosa,
M. tornata, M. turbinata) from 162 collecting
sites were sampled. The survey was part of a
broader Mediterranean collection pro-
gramme that covered Italy, Portugal, Spain,
Turkey, Greece, Crete. The collected
germplasm was used for a breeding pro-
gramme that ended with the release of the
M. murex cv “Zodiac”. The record of M. rota-
ta should be carefully verified, being the
species normally present only in the Eastern
part of the Mediterranean basin.

Piano et al. (1982) collected germplasm of
the following 8 species in 208 sites in Sar-
dinia: M. orbicularis (21% of the collection
sites), M. truncatula (11%), M. murex (21%),
M. turbinata (7%), M. minima (9%), M. poly-
morpha (54%), M. arabica (36%), M. intertexta
(6%) stating the role of soil type and pH on
species distribution.

In 1989 root nodule and legumes of the
species M. polymorpha (mainly M. polymorpha
L. var. vulgaris Shin.) were collected by
PorQuEDDU et al. (1992) on 49 sites, differing
considerably for altitude (from 10 to 1,040 m
a.s.l.), edaphic conditions and substrate (pH
range from 4.9 to 8.8). The accessions from
mountain districts were more likely to be de-
termined as M. polymorpha var. vulgaris Shin.
and those from coastal districts and lower al-
titudes as M. polymorpha var. polymorpha
Heyn (Lot et al.,1995). According to these au-
thors, a difference in distribution such as
that may support HeyN’s (1963) contention
that there are different varieties and suggest
that they may have ecological significance. A
more detailed study on 10 accessions of the
previous collection was performed by Lor et
al. (1993) to asses the diversity of responses
to winter temperature and soil pH and the
relationship between genotype response and
environmental traits of the site of collection.
Genotypes of M. polymorpha collected from
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high altitude sites were more plastic in re-
sponse to temperature, while no strong rela-
tionship was found between the degree of
tolerance to acid conditions in the nodula-
tion phase and the pH of the site of collection
suggesting that general adaptation to acidity
may be a characteristic of certain species
rather than of ecotypes.

In 1993, Howieson and Lor (1994) sampled
legumes and nodules of M. arabica, M. sphae-
rocarpa, M. aculeata, M. murex, M. polymorpha,
M. rigidula, on 24 collecting sites, mainly lo-
cated on acid substrates of North Central
Sardinia. M. polymorpha was collected from
sites with pH range of 5.5-8.5.

In 1997 BuLLtta et al. (1998) collected dif-
ferent pasture species on 20 sites on the is-
land of the Asinara National Park, in North-
West Sardinia. Six annual medics were sam-
pled: M. aculeata , M. arabica, M. littoralis M.
orbicularis, M. polymorpha, M. truncatula and
24 bacterial strains were isolated.

The nomenclature cited quotes the names
of the medics as referred in the single publi-
cations.

The aim of the present study is to make a
contribution to the knowledge of the distrib-
ution-pattern of Medicago-sinorhizobium sym-
biosis in the island of Sardinia, to collect an-
nual and perennial Medicago L. species and
their relative symbiotic bacteria and to create
a sinorhizobial collection derived from differ-
ent species collected in different Sardinian
sites. To single out Medicago-sinorhizobium
distribution patterns adapted to specific pe-
do-climatic conditions by analysing the gen-
eral environmental parameters of each site of
origin, such as pluviometry, mean tempera-
ture, soil characteristics (e.g. pH and organic
matter), land use. The collected bacterial
strains, after laboratory and field evaluation,
may be used as inoculum for legumes in pas-
ture improvement programmes and restora-
tion of degraded sites of particular environ-
mental interest (e.g. National Parks, Protect-
ed Areas ex Dir. n. 43/92/EEC “Habitat” efc.).

The research and collection survey inten-
tionally differed from previous studies be-
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cause: (i) the germplasm collected and the
records about species distribution does not re-
fer to a single Medicago species but to most of
the annual/perennial medics present in the is-
land, taking into account also some species
that have never been collected /studied before
(e.g. M. marina); (ii) collection sites where
there was more or less strong evidence of hu-
man habitat modification/degradation were
avoided; (iii) the collection aimed to investi-
gate the “natural” distribution pattern, the
ecological behaviour of species and their sym-
biosis, and was not therefore concerned with
a specific agricultural purpose.

MATERIALS AND METHODS

Survey and collection site distribution
The collection was carried out in Sardinia in
March-May 1998. It (39-41° Lat. N, 8-10°
Long W, Italy) comprises some 24,000 km?,
with soils very variable in origin, composi-
tion and depth. Aru et al. (1991) have de-
scribed 35 Landscape Units with different as-
sociations of dominant soils and inclusions
and, consequently, soil capability classes. Al-
though the climate of Sardinia is typically
Mediterranean, annual rainfall is not uni-
form over the island and within years, with
an average of 350-400 mm on the Eastern
South coast in contrast to an average of
1,000-1,300 mm in the central mountains.

The collection was followed by laboratory
isolation of root nodule bacteria, identifica-
tion of Sinorhizobium strains infective on
Medicago polymorpha, analysis of soil samples
and determination of herbarium specimens
of Medicago sp pl. according to SMaLL and
JompHE's (1989) identification guide reported
in their monograph on the genus and ac-
cording to their following papers and studies
(SMaALL et al., 1990; 1991; 1992; 1999). The Med-
icago species/plant samples were deter-
mined, when possible, in the field or, after-
wards, in the laboratory.

During following surveys (May-August
1998/99) in the same sites, the presence of
other Medicago species not collected was
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recorded. A second network of sites was sur-
veyed in order to have additional data on
Medicago species distribution.

Sampling and surveying were stratified ac-
cording to major ecological characteristics
such as geological groups and soils, landform,
altitude, vegetation types, climatic parame-
ters, land-uses that occur within the Island of
Sardinia and its main surrounding islets (Zon-
NEVELD, 1988; MADRrAU, 1997). We collected in
mostly natural or semi-natural habitats, in or-
der to sample and record the highest number
of native (non-cultivated) Medicago species
and root nodules. Naturalised populations of
M. sativa and root nodules were also collected,
yet avoiding roadsides, although the species
is frequently present in this man-made habitat
with many other Medicago species. More at-
tention was oriented in sampling peculiar en-
vironmenta] sites (National Parks, Sites of Eu-
ropean Concern ex Dir. n. 43/92/EEC “Habi-
tat” etc.).

The Regional Soil Map (1:250,000 - USDA
Soil Taxonomy classification) was used as the
main reference while planning the field ac-
tivities at landscape scale (Aru et al., 1991)
and allocating sampling sites. The Universal
Transverse Mercator coordinates (according
to the European Datum fixed in 1950) of the
sites were quoted from the IGMI National
Map (Italian Military Geographic Institute,
scale 1:25,000) or measured by GPS (Global
Positioning System) and then stored in a GIS
(Geographical Information System) software
as point features (Arc View, ESRI).

Plant, root nodule and soil collection

Each sample was composed of the whole
plant (shoot and root system) and ca. 1 dm®
of the soil surrounding the root zone, ex-
tracted after digging a circular hole around
the plant, taking care not to collect when dif-
ferent species of Medicago or other legumes
were growing in too close vicinity. After lab-
oratory manipulation, the plants were stored
as herbarium specimens. The old legume, of-
ten present and still attached to the root sys-
tem of annual species, was a useful tool for
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identification, especially when plant phenol-
ogy was not advanced enough for accurate
species identification. Taking differences due
to altitude into account, the March-May peri-
od in Sardinia is generally good for collect-
ing samples with vital rhizobia and ad-
vanced enough plant phenology for determi-
nation.

Isolation of root nodule bacteria

Microbiological assays concerned the isola-
tion of bacteria from the root nodules of Med-
icago plants collected in the field and, subse-
quently, from root nodules of the Medicago ax-
enic plants used for the nodulation test
(AA.VV,, 1986). Eight to ten intact nodules per
plant were obtained by cutting the roots, pre-
viously cleaned under running water, 1-2 mm
above the point of attachment of the nodule,
with sterile blades. The nodules were surface
sterilised by immersion in 95% ethanol solu-
tion for approximately 1 minute, then trans-
ferred to a 3% hydrogen peroxide solution for
2-4 minutes, depending on the dimension of
the nodules, and then washed five times in
distilled sterile water. The nodules were then
crushed in 1 ml of sterile water using a flamed
glass rod and various dilutions (1/10, 1/100
and 1/1,000) of the suspension were streaked
on YMA (Yeast Mannitol Agar) plates (Vin-
cent 1970) containing 0.01 g I of Congo red,
and incubated in the dark at 27 °C for 2-5
days, till colonies appeared. When necessary,
the colonies were purified.

The bacterial cultures which showed typical
rhizobial morphology, as described by Jordan
in Bergey’s Manual of Systematic Bacteriolo-
gy (Jorpan, 1983), and little or no Congo red
absorption on YMA, were stored at —80 °C in
ultra-freezer after incubation in YM broth at
27 °C for 2 days, centrifugation at 4,000 rpm
for 15 min, and suspension of cultures in Ep-
pendorfs containing YM broth and 15% glyc-
erol.

Nodulation tests

All isolates were tested before being in-
cluded in the Medicago-nodulating rhizobial
collection. Confirmation is dependent on
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demonstration of nodule forming ability on a
test host legume under bacteriologically con-
trolled conditions (JorRDAN, 1983).

For this aim non-scarified seeds of Medica-
go polymorpha cv “Anglona” (a cultivar re-
leased by the National Research Council of
Sassari and obtained from Sardinian
germplasm collected in 1989) were surface
sterilised in a 95% ethanol solution for 2-3
min and in a 3% hydrogen peroxide solution
for 3 min. After five washes with sterile dis-
tilled water, the seeds were left to soak for
half an hour, scarified with pincers and then
left to germinate on water soaked blotting
paper for about 2 days at 24 °C, in the dark.

The seedlings were then aseptically trans-
ferred in 15 x 2 cm glass tubes containing
sterile plant nutrient media (Norris and
Date, 1976) with 6 g I'" agar. The plants were
grown for 8 days in daylight and then inocu-
lated with 1 ml rhizobial suspension, ob-
tained by incubating each strain in YM broth
at 27 °C for 48 hours. Foil was used to protect
the roots from direct sunlight. Plants were
grown for one to two months, checking roots
twice a week to evaluate nodulation.

Each test was carried out by inoculating 4
plants for each strain. Non-inoculated con-
trols were also cultivated.

Soil analyses

The soil samples were stored at 4 °C before
chemical analysis. The determination for
each collection site of pH, total organic mat-
ter and humic fractions (fulvic acids, humic
acids and non-humified compounds) was
performed on soil samples collected at the
root level.

After two days of air desiccation, each soil
sample was sifted with a 2 mm diameter
sieve. Determination of pH was carried out
with the potentiometric method of soil sus-
pensions, obtained by stirring 10 g of soil
with 25 ml of distilled water in a beaker, af-
ter 24 hours settling. The pH was determi-
nated on a Basic 20 Crison pH meter.

Total organic matter was determined using
Walkley and Black’s (1934) volumetric
method. The humic fractions, i.e. fulvic acids
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(FA), humic acids (HA) and non-humified
compounds (NH) were determined after
CIAVATTA et al. (1990). Humification index, HI
=NH / (HA + FA), and the degree of humi-
fication DH (%) = [(HA + FA) / TECIx100
were also determined.

RESULTS AND DISCUSSION

A total number of 70 (46 + 24) sites were tak-
en into account, widely distributed in Sar-
dinia as shown in Fig. 1 and Tab. 2. Forty-six
sites were more detailed analysed, being the
sites used for the Medicago-Rhizobium
germplasm collection, while additional 24
sites were only surveyed to gather further
data on species distribution without collect-
ing samples (e.g. to preserve rare species
such as M. intertexta that has been found on-
ly in one site).

Table two reports sites distribution accord-
ing to Land Unit (soil), type of vegetation
physiognomy or land-use, altitude, UTM co-
ordinates referred to the European Datum
(ED50). Sites are distributed over 18 different
land units. These land units differ greatly in
terms of soils, land uses, elevation, soil water
balance. The pH range is 5.14 — 8.48, organic
matter content range is 0.34 — 24.53, N range
0.02-1.23 (Tab. 3).

The distribution of the sites is plotted in
Figure 1, with reference to the used coordi-
nate system, collection sites are marked with
a circle (o), while survey sites are marked
with a cross (x).

Nodules were collected from 15 species
(M. arabica, M. ciliaris, M. italica, M. littoralis,
M. lupulina, M. marina, M. minima, M. murex,
M. orbicularis, M. polymorpha, M. praecox, M.
rigidula, M. rugosa, M. sativa, M. truncatula).
Thirteen of the 15 sampled species are annu-
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als. More precisely we sampled 14 native
species out of the 21 native Medicago species
(M. arborea L., M. soleirolii Duby and M. sati-
va L. subsp. sativa are considered aliens to
Sardinian flora). Nodules were collected
from the 100% of the perennial native species
of Sardinia. We observed the presence of sev-
eral nodules in all samples collected from
March to May.

Although the microbiological data has yet
to be collectively analysed, some qualitative
trends can be identified. One hundred and
twenty-five bacterial colonies with sinorhi-
zobial morphology were isolated from plant
nodules of different Medicago species sam-
pled in the 46 collecting sites. Seventy-four
percent of them were isolated from four
plant species and precisely from M. littoralis
(13.6%), M. murex (21.6%), M. polymorpha
(23.2%) and M. truncatula (16%). Nodulation
tests confirmed 29 strains as belonging to the
Sinorhizobium medicae species, as they were
capable of inducing nitrogen fixing nodules
in the Medicago polymorpha host plants (Rome
et al., 1996) and they were included in the fi-
nal microbial collection.

The relative high number of negative iso-
lates may reflect the high presence in the
nodules of saprophytic non-rhizobial bacte-
ria, or the specifity of the symbiotic relation-
ship between S. medicae strains and M. poly-
morpha. Moreover only one cultivar of the
species M. polymorpha was used as host plant
for the confirmation of isolates coming from
such different taxa. The use in inoculation
trials of M. sativa will definitely enable us to
identify the S. melioti isolates and to compare
the distribution of the two bacterial species.

Evaluating the collected data and consid-
ering that isolates which originate from such
distant and diverse locations are unlikely to
be genetically identical, the common ability
of S. medicae strains to nodulate does not
seem to be related to soil pH, pedological or
climatic parameters and plant of origin.
Nodulating strains weren’t collected in soils
with particular pH, organic content or alti-
tude. In particular, strains extracted from
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Medicago polymorpha did not nodulate more
than strains extracted from other species.
This might confirm the strain specificity for
Medicago subspeciespreviously reported by
other Authors

The limited number of S. medicae isolates
that responded positively to nodulation tri-
als might be related to the difficulties that
bacterial cultures experience in artificial con-
ditions.

During the survey we collected useful in-
formation on the distribution of 17 Medicago
species in Sardinia.

The collected data on Medicago distribu-
tion patterns confirm that many species of
the genus easily adapt to different soil types
(in terms of pH, organic matter content, soil
water balance efc.) and land uses, and spread
even in degraded habitats due to their
greater adaptability, to the presence of spiny
coils and to human intervention [e.g. M.
polymorpha L., M. arabica (L.) Hudson, M.
truncatula Gaertn.]. Medicago polymorpha has
been found on pH range of 5.91-8.37, this is
in accordance to its known tolerance to acid
conditions in the nodulation phase (EwiNG
and Rosson, 1990; Howieson and EWwING,
1986, 1989). It is the most abundant species
in Sardinia with a distribution pattern simi-
lar to other Mediterranean countries and is-
lands (Francis and KATzZNELSON, 1977; ADEM,
1989; ProsperI et al., 1989; ABDELGUERF ef al.,
1988). It is a common ruderal species and it
grows in various habitats and land uses, but
usually, prefers open spaces.

Even if very abundant and probably ex-
panding their ranges near main island settle-
ments, road network and agricultural areas,
M. polymorpha, M. truncatula and M. arabica
can be considered as patchily distributed at
different scales. This is in good accord with
the patchy nature of the different habitats
that are present in Sardinia, with the pres-
ence of barriers, diverse frequency and in-
tensity of grazing pressure, patchy and un-
predictable disturbances both natural and
anthropogenic (e.g. fire regimes), traditional
land uses, climatic variability.
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TaBLE 2. — List of collection (c) and surveying (o) sites in Sardinia.

N. Soil Vegetation phisiognomy o/C Altitude UTM-E UTM-N Tot n.
/ Land Use (m a.s.l.) Taxa
1 D15 Rangeland with sparse shrubs o/C 350 32T 447580 4484520 5
2 D15 Rangeland with sparse trees of o/C 450 32T 451160 4482830 2
cork oak
3 G23 Herbaceous rangeland o/C 90 325 481950 4384900 2
4 G23 Rangeland with sparse shrubs o/C 95 325 482050 4384000 1
5 M33 Sand dunes o/C 10 32S 544800 4329500 1
6 C9 Coastal shrubland o/C 40 325 545200 4329250 1
7 126 Abandoned field o/C 10 325 544700 4329400 4
8 Al Coastal garigue o/C 55 325 513500 4338000 2
9 C10 Clearings inside wood o/C 800 325 523100 4358100 3
10 C10 Clearings inside wood o/C 800 325 523150 4358150 1
11 C10 Clearings inside wood o/C 800 325 523200 4358600 1
12 C10 Clearings inside wood o/C 800 325 523200 4358400 1
13 C10 Grassland at riparian site o/C 450 325 537100 4353900 1
14 C10 Grassland at riparian site 0O/C 450 325 537150 4353950 0
15 126 Retrodunal grassland o/C 5 325 551400 4358600 1
16 M33 Sand dunes o/C 2 325 551800 4358200 2
17 E19 Rangeland with sparse trees o/C 530 325 497800 4400800 3
and bushes
18 E19 Rangeland with sparse trees o/C 530 325 499050 4399950 2
and bushes
19 G22 Rangeland with sparse leaf o/C 250 325 494200 4398800 2
shedder oaks
20 G22 Rangeland with sparse leaf o/C 250 325 495600 4398500 3
shedder oaks
21 M33 Coastal shrubland o/C 20 32T 536500 4566700 3
22 C8 Coastal shrubland o/C 20 32T - 536400 4566600 2
23 Cc8 Coastal shrubland o/C 20 32T 535800 4567750 1
24 Ccs8 Coastal garigue o/C 35 32T 538500 4563500 1
25 M33 Stabilised sand dunes o/C 2 325 487900 4303800 2
26 M33 Stabilised sand dunes o/C 2 325 487900 4303850 3
27 M33 Retrodunal grassland 0/C 5 325 487400 4303950 4
28 C9 Coastal garigue o/C 5 325 487350 4303900 3
29 128 Abandoned field o/C 4 325 489000 4305500 3
30 B4 Coatal shrubland o/C 100 325 478200 4308800 4
31 N34 Halophilous grassland o/C 4 325 464500 4322000 1
32 M33 Sand dunes 0o/C 5 325 435900 4330250 2
33 D15 Coastal garigue o/C 8 325 436500 4329500 4
34 B4 Holm oak wood at riparian site o/C 340 325 465600 4358300 3
35 Mine Pool Mine sedimentation pool o/C 450 325 462200 4361150 1
36 Al Coastal garigue o/C 25 32T 432600 4502950 3
37 127 Clearings inside Pinus wood o/C 30 32T 434100 4502900 4
38 M33 Grassland at lake banks 0/C 45 32T 434200 4503800 4
39 Al Garigue and rock outcrops o/C 1300 32T 535400 4441150 4
40 B4 Holm oak wood o/C 916 32T 534100 4441500 2
41 Al Garigue o/C 950 32T 539000 4444800 3
42 Al Grassland at archeological site o/C 835 32T 540400 4447000 1
43 M33 Sand dunes o/C 5 32T 436900 4540700 2
44 M33 Stabilised sand dunes 0/C 2 32T 436800 4540750 4
45 C9 Coastal shrubland o/C 2 32T 436800 4540200 2
46 9 Coastal shrubland o/C 2 32T 436600 4539800 3
47 M33 Sand dunes o/C 2 32T 443100 4551000 1
48 B4 Clearings in holm oak wood o 8 32T 441600 4549500 3
49 B4 Halophilous grassland (¢] 10 32T 441200 4546200 1
50 A2 River bed O 2 32T 553200 4453100 1
51 Al Coastal shrubland o 50 32T 553000 4455000 2
52 B5 Clearings in holm oak wood (e] 900 32S 516400 4423150 3
53 M33 Sand dunes (¢] 3 32T 557830 4527420 2
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N. Soil Vegetation phisiognomy o/C Altitude UTM-E UTM-N Totn.

/ Land Use (m a.s.l) Taxa
54 C8 Coastal shrubland (0] 50 32T 558550 4527460 4
55 D15 Coastal shrubland (0] 50 32T 456460 4459400 1
56 Al Garigue (0] 1000 32T 536000 - 4457000 8
57 Al Garigue (0] 200 32T 542500 4456500 5
58 126 Sand dunes (0] 10 32T 557780 4521140 2
59 Al Coastal garigue o 80 32T 429050 4491500 4
60 Cc8 River bed (0] 30 32T 493600 4542300 6
61 Al Garigue (0] 1050 32T 514400 4423100 6
62 D16 Coastal garigue (0] 8 325 438984 4327798 1
63 N34 Coastal shrubland (6] 15 325 439500 4328900 1
64 M33 Sand dunes 6] 2 325 452338 4317037 1
65 N34 Halophilous grassland (6] 10 325 464200 4319100 2
66 C10 Rangeland with sparse bushes o 500 32T 512600 4442900 4
67 C9 Coastal shrubland O 15 32T 548300 4531750 3
68 Al Garigue o 900 32T 555750 4491300 4
69 B3 Coastal shrubland 0] 10 32T 531500 4572150 1
70 B4 Garigue (¢) 750 32T 520050 4414000 1

M. arabica is often associated with M. poly-
morpha, yet it seems to prefer grassy, moist
places and relatively more shaded unlike
most other Medicago species, but, as already
remarked, it is found in a variety of habitats
and land uses.

On the contrary, other species are greatly
site/habitat dependent and, consequently,
it not expanding but narrowing their range,
being more threatened by anthropisation
and habitat fragmentation/degradation:
e.g. M. marina L. (rare), M. intertexta (L.)
Miller (very rare), M. ciliaris (L.) All. (local-
ly frequent) and M. rugosa Desr. (locally fre-
quent).

M. marina L. grows exclusively on
seashores, very close to the sea, usually in
loose sand with pH > 7.5 and it is the only
Medicago of such habitat requirement, though
seashore soils of more solid consistency and
lower pH may be inhabited by other species,
such as M. littoralis (common) and M. italica
(rare). M. marina therefore endangered by
tourism, cleaning of seashores, competition
with exotic invasive species often used as or-
namental along the coast (e.g. Carpobrotus sp.
pl., Cortaderia sp. pl), trampling and, some-
times, even by grazing.

M. lupulina prefers moister soils and cool-
er temperatures than the expressly annual
Medicago species; in warmer arid sites within
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the region (e.g. Asinara island in the Sardin-
ian North-West coast) it occurs at higher alti-
tudes where moisture and temperature are
more suitable for it. It has always been found
in clearings in holm oak (Quercus ilex L.)
woods or fissured limestone and dolomite
Mesozoic rock outcrops, archaeological sites.
Seems to be usually annual and only bienni-
al to perennial (rare) at higher altitudes, i.e.
above 1,000 m a.s.1.

M. rugosa requires heavy clay soils with
pH > 7 and this may be partly responsible
for its sporadic occurrence. Also spineless
pods with only a few seeds may not be ad-
vantageous for a wider distribution on the
island and in rangelands.

M. ciliaris is found mainly in heavy loamy
soils (pH 7-8), in most soils and only at low
altitudes (< 300 m a.s.1) and in the warmer
sites. It may be common at the borders of
wetlands and it is therefore threatened by
habitat fragmentation and soil reclamation
for agricultural purposes.

M. sativa is a very common ruderal species
in Sardinia, even if patchy distributed, and it
is mainly present along road network. It may
be regarded as an archeophyte and the
processes of naturalisation and expansion in
habitats different from the roadside network
are locaily present but very rare. On the con-
trary its perennial habit, the high pod and
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TABLE 3. —

N. Soil pH SO N
1 D15 7.10 2.06 0.10
2 D15 6.15 10.94 0.55
3 G23 7.00 191 0.09
4 G23 6.78 5.57 0.28
5 M33 7.74 3.08 0.15
6 C9 8.48 0.62 0.03
7 126 7.64 1.69 0.09
8 Al 8.28 324 0.16
9 C10 6.69 6.68 0.33
10 C10 8.05 0.79 0.04
11 C10 6.10 3.87 0.19
12 C10 8.01 1.32 0.07
13 C10 6.55 1.90 0.10
14 C10 6.25 6.51 0.33
15 126 7.91 0.34 0.02
16 M33 7.32 0.51 0.03
17 E19 591 10.89 0.54
18 E19 6.41 22.01 1.10
19 G22 6.07 9.40 0.47
20 G22 7.40 341 0.17
21 M33 7.70 0.85 0.04
22 C8 6.43 5.55 0.28
23 C8 7.33 11.64 0.58
24 C8 592 24.53 1,23
25 M33 7.98 0.65 0.03
26 M33 7.67 1.94 0.10
27 M33 6.93 0.51 0.03
28 9 6.46 4.54 0.23
29 128 8.37 0.82 0.04
30 B4 7.00 4.38 0.22
31 N34 7.59 3.89 0.19
32 M33 8.39 0.54 0.02
33 D15 6.77 3.70 0.18
34 B4 7.89 1.23 0.06
35 Mine Pool  7.49 249 0.12
36 Al 793 2.87 0.15
37 127 8.23 0.52 0.03
38 M33 790 1.01 0.05
39 Al 7.58 8.13 0.41
40 B4 6.25 8.36 042
41 Al 7.21 798 040
42 Al 7.15 4.35 0.23
43 M33 8.10 0.50 0.03
44 M33 7.67 3.55 0.18
45 Cc9 5.14 9.45 047
46 9 5.39 1.07 0.05

seed production, the propagule pressure due
to agricultural uses as forage species and the
tolerance to mowing and grazing give this
species the possibility to persist along road-
sides. This tolerance increases the competi-
tion ability in comparison to other species
that are less resistant to the periodical inter-
ventions of road cleanings (normally per-
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formed by cutting-mowing or with con-
trolled fire, that are normally required by
law during summer as wild fires prevention
method).

M. minima and M. praecox grow mainly in
dry soils, M. praecox seems to be less fre-
quent and to grow only at lower altitudes
and higher pH values in comparison to M.
minima.

M. orbucularis, M. murex and M. rigidula
distribution in Sardinia can be described as
species locally common. M. murex seem to be
more adapted to very different soils, while
M. orbicularis prefers lower altitudes and pH
values in comparison to M. rigidula.

M. turbinata has been observed only at
Monte Albo (site n. 68 in Table 2) were it was
also recorded in the past by CamarDA (1984)
as a common species. Although not recorded
in other sites during the survey, it might be
present in similar limestone habitats in Sar-
dinia (and landscape units), that are indeed
quite rare and difficult to scout, requiring re-
ally time consuming surveys by foot.

M. intertexta is described (LEsiNs and LEsiNs
1979) as a species that grows mainly in
heavy moist soils, in more mesic fertile habi-
tats in comparison to the other annual
medics. During the survey it has been found
in only one site (site n. 55, Table 2), that is re-
ally too little information about habitat re-
quirements. In any case the Sardinian site fits
the above description being localised in the
D15 Land Unit (Landscapes on acid effusive
rocks, with Lithic Xerorthents soils) along
the West coastline.

M. doliata has not been found during the
present survey although there are some his-
torical records, e.g; CAMARDA et al. (1993) for
the South of Sardinia, where it is indicated as
locally common in a local florulas. The other
species that have not be collected or ob-
served during the survey are M. arborea, M.
scutellata, M. tenoreana, M. lesinsii, M. rotata,
M. soleirolii. Apart from M. arborea and M. ro-
tata that are undoubtedly exotic to Sardinian
flora, the presence of the other species or
their historical records must be very careful
analysed, e.g. M. soleirolii can be easily con-
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fused with M. ifalica and some records of M.
scutellata might be related to very variable
specimens of M. orbicularis.

We would remark that many species, such
as M. polymorpha, M. minima, M. arabica, M.
truncatula, M. littoralis, show a high degree of
morphological and phenological diversity,
which might confirm and be related to dif-
ferent performances described in literature
in terms of phytomass and seed production,
root systems, suitability for and resilience to
grazing and browsing, content of medica-
genic acid glycosides (Jurzysta et al., 1988),
hardseedness (PorRQUEDDU et al., 1996), heter-
oblastic development (DamervaL and
CHAKaSs, 1985), capability of soil restoration
from heavy metals. For many of the above
species it was possible, during the survey, to
recognise most of the different forms indi-
cated by Hevn (1963, 1970) and Ursan (1873),
e.g. for M. minima on the basis of length of
the spines, shape of the pods, plant hairi-
ness, for M. polymorpha and M. littoralis. Also
the presence/absence and size of antho-
cyanin-colored patch and white flecks in the
leaves may be quite variable.

Mountainous limestone-dolomite (Paleo-
zoic-Mesozoic) areas can be regarded, in nar-
rower sense, as hot-spot areas sensu MYERs
(1986; 1989) inside the Mediterranean global
hot-spot area (MITTERMEIER et al., 1999), with
regard to medics distribution in Sardinia
(A1, A2 in Table 2). In these areas there is
normally the highest Medicago species rich-
ness and they face exceptional degrees of
threat due to overgrazing, fires, soil erosion.
The soils present in these landscape units,
and often patchily distributed with rock out-
crops, are Lithic and Typic Xerorthents, Lith-
ic and Typic Rhodoxeralfs, Lithic and Typic
Xerocrepts. Soils may be very variable in
depth and normally neutral, saturated. A
similar situation, even if with a lower species
richness can be remarked for sandy
seashores, wetlands, dry coastal areas and
Sardinian islets, rangelands with sparse trees
on acid effusive rocks land units.
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The general variability of the materials ex-
amined, the adaptation to a wide range of dif-
ferent habitats, the high habitat selectivity of
some species, must be a warning that the in-
troduction of exotic Medicago-Sinorhizobium
germplasm in rangeland ecosystems or other
semi-natural habitats, may lead to a harmful
reduction of total biodiversity. Interventions
for rangeland improvement should always be
carefully assessed and performed using native
materials, above all when they are planned in
sensitive environmental areas such as Natural
Parks or Sites of European Concern (ex Dir. n.
92/43/EEC “Habitat”) or Medicago hot-spot
areas. The use of selected competitive au-
tochthonous materials, rather than genetically
modified organisms is desirable.

There can be genetic exchange between
rhizobial strains in soil, as demonstrated by
the identification of strain recombinants of
R. leguminosarum biovar. trifolii nodulating
T. ambiguum and T. repens usually (ELLIOT et
al. ,1996). Rhizobium symbiotic DNA located
on a Sym plasmid (vaN RHIN and VANDER-
LEYDEN, 1995), can be transferred between
strains or even be lost, so that non-nodulat-
ing phenotypes may appear (HARRISON et al.,
1988). Besides, recombination of chromoso-
mal DNA may occur between closely relat-
ed bacteria strains (RonsoN, 1995). Genetic
exchange of symbiotic DNA in the rhizobial
soil population may suggest the problemat-
ic introduction of selected, non-indigenous
strains in an environment containing in-
digenous rhizobia.

On the other hand, the recombination be-
tween indigenous and inoculated strains
may lessen the effectiveness and persistence
of the introduced rhizobial populations.

The conservation of plant and microbial
genetic resources is one of the main objec-
tives of the Reg. n. 94/1467 /EU. Its first arti-
cle stresses the importance of genetic plant
resources and in particular forage plants,
plants belonging to native flora with possi-
ble farming applications, and micro-organ-
isms. The co-ordination and promotion of
collecting activities, conservation, evaluation
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and utilisation of plant and microbial genet-
ic resources represent an essential aid in
achieving the main priorities of European
Agricultural Policies.

Agriculture in relation to biodiversity is a
critical issue, since it is the largest single hu-
man activity impacting on global diversity.
Modernisation of agricultural practices over
the past few decades has played a significant
role in the rapid decline in biodiversity.

This study adds some useful ecological in-
formation on most of the annual and peren-
nial species of the genus Medicago in Sardin-
ian and the symbiotic rhizobia and consti-
tutes the starting point for a more detailed
analysis of the biodiversity and physiologi-
cal characteristics of the strains included in
the final Sinorhizobium collection and of Med-
icago-Sinorhizobium symbiosis in Sardinia.

There is yet limited information and more
accurate surveys are required for some
species and for some part of the island (e.g.
limestone areas, coastal areas, small islets).
Future monitoring and geo-coding of histor-
ical data and herbarium samples will give a
great help in the study of the genus distribu-
tion in the island of Sardinia. Monitoring
provides data that lead to better understand-
ing of long-term changes, which in turn con-
tributes to more effective management of en-
dangered species.

The data might be updated and improved
in the future being stored in GIS format.

ACKNOWLEDGEMENTS

The Authors would like to thank Claudia
Pistidda for her invaluable help in dealing
with all the laboratory soil analyses of the
samples collected. We gratefully acknowl-
edge the assistance of Stefania Meloni for
field surveys and data collection.

45

REFERENCES

AA.VV.: Manual para la evaluacion, seleccion y
manejo de la simbiosis leguminosa-rizobio para
aumentar la fijacion de nitrogeno, Vol B: Metodos.
Centro Internacional de Agricoltura Tropical
(CIAT) Cali, Colombia (1986).

ABDELGUERFI A., CHAPOT ].Y., CONESA A.P:
Contribution a la repartition des luzernes an-
nuelles spontaneés en Algerie selon certains fac-
teurs du milieu. Fourrages 113, 89-106 (1988).

ABDELGUERFI A., GUITTONNEAU G.G.: Mor-
phologie, écologie et répartition du Medicago hete-
rocarpa Spach ( = M. lesinsii Small) en Algérie, es-
péce méditerranéenne du complexe M. murex
Willd. Candollea 4, 423-433 (1989).

ADEM L.: Synthese de la recherché sur les espéces an-
nules de Medicago en Algérie. In ‘Proceedings of
the 16 International Grassland Congress, Nice,
France, pp. 227-228 (1989).

ARU A, BALDACCINI P, VACCA A.: Nota illustrati-
va alla carta dei suoli della Sardegna. (Eds A. Aru,
P. Baldaccini, A. Vacca). (Regione Autonoma della
Sardegna: Cagliari, Italy) (1991).

BECK D.P,, MATERON L.A., AFANDI FE.: Practical
Rhizobium-Legume Technology Manual 19. Inter-
national Center for Agricultural Research in the
Dry Areas (ICARDA), Aleppo, Syria (1993).

BENGGU Y.I., O'HARA G.W.: The significance of
adaptive pH tolerance responses in root nodule
bacteria. In Proceedings of ‘The eleventh Aus-
tralian Nitrogen fixation conference, 22-27 Sep-
tember 1996. Perth, Australia (1996).

BROCKWELL J., HOLLYDAY R.A., DAOUD D.M,,
MATERON L.A.: Symbiotic characteristics of a
Rhyzobium- specific annual medic, Medicago rigidu-
In L. All. Soil Biology and Biochemistery 20, 593-600
(1988).

BULLITTA P, BULLITTA S., MELONI C., PILUZZA
G.: Risorse genetiche foraggere sullisola dell’Asi-
nara (Distribuzione, conservazione e moltipli-
cazione in situ). In ‘L’isola dell’Asinara. L'ambi-
ente, la storia, il parco’. (Eds M Gutierrez, A, Mat-
tone, F Valsecchi) pp. 223-229. (Poliedro, Nuoro,
Italy) (1998).

CAMARDA I.: Studi sulla flora e sulla vegetazione
del Monte Albo (Sardegna centro-orientale). 1. La
Flora. Webbia 37(2): 283-327 (1984).

CAMARDA L., LUCCHESE E, PIGNATTI S., WIKUS-
PIGNATTI E.: La flora di Pantaleo-Gutturu Man-
nu-Punta Maxia nel Sulcis (Sardegna sud-occiden-
tale). Webbia 47(1): 79-120 (1993).

CIAVATTA C., GOVI M., ANTISARI V,, SEQUI P:
Characterization of humified compounds by ex-
traction and  fractionation on  solid
polyvinylpyrrolidone. Chromatographia 22, 141-146
(1990).



AGRICOLTURA MEDITERRANEA

DAMERVAL C., CHAKASS M.: Le développement
hétéroblastique chez quelques espeéces annuelles
de Medicago L. Bull. Soc. Bot. Fr. 132 Actual. Bot. 2,
19-27 (1985).

DE MARTIS B., LOI M.C.: La flora della laguna di
Santa Caterina (Sardegna Sud-Occidentale) Collo-
ques Phytosociologique 19, 329-341 (1989).

DESOLE L.: Studio floristico e fitogeografico delle
piccole isole della Sardegna nord-occidentale. Pri-
ma nota: l'isola Piana. Studi Sassaresi 23, 94-109
(1945).

ELLIOT R.M., LOWTHER W.L., RONSON C.W.: Evi-
dence of genetic exchange between Rhizobium
leguminosarum biovar trifolii strains nodulating
Trifolium ambiguum and Trifolium repens in soil
(1998).

EWING M.A., ROBSON A.D.: The effect of solution
pH and external calcium concentration on the ear-
ly growth and nodulation of several annual Med-
icago species. Australian Journal of Agricultural Re-
search 41, 933-939 (1990).

FRANCIS C.M., KATZNELSON ].S.: Observations on
the distribution and Ecology of subterranean
clover, some other clovers, and medics in Greece
and Crete. Australian Plant Introduction Review 12,
17-25 (1977).

FRANCIS C.M., GILLESPIE D.].: Ecology and distrib-
ution of subterranean clover and Medicago species
in Sardinia. A report based on seed collection.
Western Australian Department of Agriculture
(1977).

FRANCIS C.M., GILLESPIE D.J.: Ecology and distrib-
ution of subterranean clover and Medicago species
in Sardinia. Australian Plant Introd. Review 13, 15-
25 (1981).

GILLESPIE D.J.,, MCCOMB J.A.: Morphology and dis-
tribution of species in the Medicago murex com-
plex. Canadian Journal of Botany 69, 2655-2662
(1991).

GOERTZEN L.R., SMALL E.: The defensive role of tri-
chomes in black medic (Medicago Ilupulina,
Fabaceae). Plant Systematic Evolution 184, 101-111
(1991).

GREUTER W., BURDET H.M., LONG G.: Med-Chek-
list. (Eds W. Greuter, H.M. Burdet, G. Long). (Ed.
des Conservatoire et Jardin botaniques de Genéve:
Swiss) (1989).

HARRISON S.P, JONES D.G.,, SHUMANN PH.D.,
FORSTER J.W., YOUNG J.P.W.: Variation in Rhyzo-
bium leguminosarum bv trifolii sym plasmids and
the association with effectiveness of nitrogen fixa-
tion. Journal of general microbiology 134, 2721-2730
(1988).

HEYN C.C.: The annual species of Medicago. Scripta
Hierosolymitana 12, 1-154 (1963).

HEYN C.C.: Medicago. In: Davis, Flora of Turkey 3:
494-510 (1970).

46

HOWIESON J.G., EWING M.A.: Acid tolerance in the
Rhizobium meliloti-Medicago symbiosis. Australian
Journal of Agricultural Research 36, 55-64 (1986).

HOWIESON J.G., EWING M.A.: Annual species of
Medicago differ greatly in their ability to nodulate
on acid soils. Australian Journal of Agricultural Re-
search 40, 842-850 (1989).

HOWIESON ].G., LOI A.: The distribution and pre-
liminary evaluation of alternative pasture
legumes and their associated root-nodule bacteria
collected from acid soils of Greece (Serifos), Mo-
rocco, Sardinia and Corsica. Agicoltura. Mediter-
ranea 124, 170-186 (1994).

HOWIESON J.G., ROBSON A.D., EWING M.A.: Ex-
ternal phosphate and calcium concentration, and
pH, but not the products of rhizobial nodulation
genes, affect the attachment of Rhizobium meliloti
to roots of annual medics. Soil Biology and Bio-
chemistry 25, 567-573 (1993).

IRWIN J.A.G., LLOYD D.L., LOWE K.E: Lucerne bi-
ology and genetic improvement - An analysis of
past activities and future goals in Australia. Aus-
tralian Journal of Agricultural Research 52, 699-712,
2001.

JEBARAM., MHAMDIR.,, AOUANIM.E,, GHRIR R.,
MARS M.: Genetic diversity of Sinorhizobium pop-
ulations recovered from different Medicago vari-
eties cultivated in Tunisian soils. Canadian Journal
of Microbiology 47: 139-147 (2001).

JORDAN D.C.: Genus I Rhizobium Frank 1889 - 338. In
'Bergey’s Manual of Systematic Bacteriology’, vol
1. (Eds. NR Krieg, JG Holt) pp. 235-242. (Williams
- Wilkins: Baltimor, London) (1983).

JURZYSTA M., SMALL E., NOZZOLILLO C.: Hemol-
ysis, a synapomorphic discriminator of an ex-
panded genus Medicago (Leguminosae). Taxon
37(2), 354-363 (1988).

KAWURI R.,, O'HARA G.W.: The importance of
growth pH for survival of root nodule bacteria
inoculants in acid soils. Proceedings of ‘The
eleventh Australian Nitrogen fixation confer-
ence’ 22-27 September 1996. Perth, Australia
(1998).

LESINS K.A., LESINS I.: Genus Medicago (Legumi-
nosae). A Taxogenetic study. (Dr. W. Junk bv Pub-
lishers: The Hague - Boston - London) (1979).

LOI A., HOWIENSON ].G., COCKS P.S., CAREDDA
S.: The adaptation of Medicago polymorpha to a
range of edaphic and environmental conditions:
effect of temperature on growth, and acidity
stress on nodulation and nod gene induction.
Australian Journal of Experimental Agriculture 33,
25-30 (1993).

LOI A, PORQUEDDU C., VERONESI E, COCKS PS.:
Distribution, diversity and potential agronomic
value of Medicago polymorpha in Sardinia. Journal of
Agricultural Science 124, 419-426 (1995).



G. BRUNDU, 1. CAMARDA, M. CAREDDA, ET AL.

MADRAU S.: Una caratterizzazione pedoclimatica
per la valutazione dell’atitudine al miglioramento
dei pascoli. Genio Rurale 12, 40-48 (1997).

MARY P, DUPUY N., DOLHEMIREMON C., DE-
FIVES C., TAILLIEZ R.: Differences among Rhizo-
bium meliloti and Bradirhizobium japonicum strains
in tolerance to desiccation and storage at different
relative humidities. Soil Biology and Biochemistry
26, 1125-1132 (1994).

MITTERMEIER R.A., MYERS N., GIL PR., MITTER-
MEIER C.G.: Hot spots, Earth’s richest and most
endangered terrestrial ecoregions. Agrupacion
Sierra Madre, S.C., Mexico City (1999).

MORIS ].J.: Flora Sardoa Vol 1. Taurinii ex Regio Ty-
pographeo, Turin, Italy (1837).

MYERS N.: Tropical deforestation and a mega-extinc-
tion spasm. In: ‘Conservation biology, the science
of scarcity and diversity’. (Ed. Soulé M) pp. 394-
409 (Sinauer, Suderland, Massachusetts) (1986).

MYERS N.: Threatened biotas: “hot spots” in tropical
forests. Environmentalist 8: 187-208 (1988).

NORRIS D.O., DATE R.A.: Legume Bacteriology. In:
Principles and Methods. C.A.B. Bull. 51, Comm.
Bureu of Pastures and Field Crops, 134-174 (1976).

OLIVIERI I, GOUYON P.H., PROSPERI ].M.: Life cy-
cles of some Mediterranean invasive plants. In
‘Biogeography of Mediterranean invasions’. (Eds
RH Groves, F Di Castri) pp. 145-157. (Cambridge
University Press, Cambridge) (1991).

PAFFETTI D., SCOTTI C., GNOCCHI S., FANCELLI
S., BAZZICALUPO M.: Genetic diversity of an
Italian Rhizobium meliloti population from differ-
ent Medicago sativa varieties. Applied and Environ-
mental Microbiology 62(7), 2279-2285 (1996).

PARKER M.A.: Mutualism as a constraint on invasion
success for legumes and rhizobia. Diversity & Dis-
tributions 7(3), 125-136 (2001).

PIANO E., SARDARA M., PUSCEDDU S.: Observa-
tions on the distribution and ecology of subter-
ranean clover and other annual legumes in Sar-
dinia. Rivista di Agronomia 12, 273-283, 1982.

PIGNATTI S.: Flora d’ltalia, Vol 1. Edagricole,
Bologna, Italy (1982).

PORQUEDDU C., LOI A., COCKS PS.: Hardseedness
and pattern of hard seed breakdown in Sardinian
populations of Medicago polymorpha under field
conditions. Journal of Agricultural Science 126, 161-
168 (1996).

PORQUEDDU C., LOI A., VERONESI E: Collection
and agronomic characterization of Medicago poly-
morpha populations in Sardinia. In ‘Proceedings
Eucarpa Medicago sativa Group Meeting’. (Eds P.
Rotili, L. Zanone) pp. 460-465. (Lodi, Italy) Eu-
carpa (1992).

PROSPERI ].M., GENSOLLEN V., OLIVIERI I,
MANSAT P.: Observations sur la repartition et I'é-
cologie de luzernes annuelles et de tréfle souter-

47

rain en Corse. In ‘Proceedings of the 16 Interna-
tional Grassland Congress’ Nice, France, pp. 295-
296 (1989).

ROME S., FERNANDEZ M., BRUNEL B., NOR-
MAND P, CLEYET-MAREL J.C.: Sinorhizobium
medicae sp. nov., isolated from annual Medicago
spp. Internationa Journal of Systematic Bacteriology
46, 972-980 (1996).

RONSON C.W., SULLIVAN ].T., PATRIK H.N.,
LOWTHER W.L.: Evolution of nodulating strains
of Rhizobium loti through chromosomal symbiotic
gene transfer in the environment. In ‘10th Interna-
tional Conference of Nitrogen Fixation’, St. Peters-
burg, Russia (1995).

SIDHU S.S., CAVERS P.B.: Maturity-dormancy rela-
tionships in attached and detached seeds of Med-
icago lupulina L. (black medic). Botanical Gazette
138 (2), 174-182 (1977).

SMALL E., BROOKES B., LASSEN P.: Circumscrip-
tion of the genus Medicago (Leguminosae) by seed
characters. Canadian Journal of Botany 68, 613-629
(1990).

SMALLE., JOMPHE M.: A synopsis of the genus Med-
icago (Leguminosae). Canadian Journal of Botany 67,
3260-3294 (1989).

SMALLE., JOMPHE M., BROOKES B.: Medicago trun-
catula £. laxicycla (Leguminosae), a new taxon with
loose fruit coiling promoting rapid germination of
the fruit-retained seeds. Plant Systematic and Evo-
lution 174, 37-46 (1991).

SMALL E., WARWICK S.I, BROOKES B.: Isozyme
variation and alleged progenitor-derivative rela-
tionships in the Medicago murex complex
(Fabaceae) Plant Systematic and Evolution 181, 33-
43 (1992).

SMALL E., WARWICK S.I, BROOKES B.: Allozyme
variation in relation to morphology and taxonomy
in Medicago sect. Spirocarpos subsect. Infertextae
(Fabaceae). Plant Systematic and Evolution 214, 29-
47 (1999).

URBAN I.: Prodromus einer monographie der gat-
tung Medicago L. Verh. Bot. Ver. Prov. Brandenb.
15, 1-85 (1873).

VAN BERKUM P, BEYENE D., BAO G., CAMPBELL
T.A., EARDLY B.D.: Rhizobium mongolense sp. nov.
is one of the three rhizobial genotypes identified
which nodulate and form nitrogen-fixing symbio-
sis with Medicago ruthenica (L.) Ledebour. Interna-
tional Journal of Systematic Bacteriology 48, 13-22
(1998).

VAN RHIJN P, VANDERLEYDEN J.: The Rhizobitm-
Plant Symbiosis. Microbiological Reviews 59, 124-
142 (1995).

VINCENT J.M.: A manual for the practical study of
the root nodule bacteria. IBP Handbook no. 15.
(Blackwell Scientific Publishers: Oxford, UK)
(1970).



AGRICOLTURA MEDITERRANEA

WALKLEY A., BLACK IA.: An examination of the
Degtjareff method for determining soil organic mat-
ter, and a proposed modification of the chromic acid
titration method. Soil Science 37, 29-38 (1934).

Received: 11/02/2003

48

ZONNEVELD 1.S.: Sampling. In: ‘Vegetation Map-
ping’. (Eds. A.W. Kiichler and LS. Zonneveld) pp.
215-222. (Kluwer Academic Publishers, Dor-
drecht, The Netherlands) (1988).

Accepted: 21/06/03



	Citazione
	Copertina
	A Contribution to the study of the distribution of Medicago-Sinorhizobium symbiosis in Sardinia (Italy)
	Pagina 34
	Pagina 35
	Pagina 36
	Pagina 37
	Pagina 38
	Pagina 39
	Pagina 40
	Pagina 41
	Pagina 42
	Pagina 43
	Pagina 44
	Pagina 45
	Pagina 46
	Pagina 47
	Pagina 48




