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Abstract
The legume’s benefits are well-known and exploited in animal production systems, and the commercial availability of novel
clover cultivars is an important opportunity for Mediterranean climatic areas. However, the successful performance of a
legume species is strongly affected by the presence of specific rhizobia in the soil. The performances of 10 annual clover
cultivars belonging to nine species, both uninoculated and inoculated, were compared at two locations in Sardinia (Italy). The
rows (2 m length each) were established in autumn and seed inoculation with a selected commercial rhizobial strain was
performed at sowing. In the following spring, shoot length, the number of root nodules, shoot dry matter yield and nitrogen
concentration were determined on complete recovered plants. Inoculation affected shoot length, with significant differences at
each site. It ranged from 7.9 to 39.7 cm. The average shoot DM production in the two locations ranged from 0.21 to 1.92 g per
plant and there was a significant interaction of the location x cultivar. Inoculation significantly increased the growth of four
cultivars. However, a cultivar selected in Sardinia, Trifolium brachycalycinum ‘Antas’, was irrespective of both location and
inoculation, producing more shoot DM per plant than did the other clovers (about 1.80 g per plant). The results demonstrated
that the clover agronomic performances differed among cultivars and locations. In addition, they highlighted that inoculation
with a selected rhizobial strain is very useful for some clovers, suggesting that is preferable to ascertain at each site the need for
clover inoculation.
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Introduction

Overall legume benefits, such as nitrogen fixation
capacity, high nutritive value and voluntary feed intake,
persistency, etc., are known and economically exploited in the
animal production systems (Rochon et al., 2004; Frame,
2005). Forage and pasture legumes are basic components of
production systems in areas with Mediterranean-type climate
(Sulas, 2005). In addition to the well-known subterranean
clover and annual medic cultivars, a second generation of
annual pasture legumes has been developed in southern
Australia, for both domestic use and seed export (Nichols et
al., 2007). These cultivars belong to different genera, such as
Biserrula, Ornithopus and Trifolium, and have a strong
impact on the profitability and sustainability of southern
Australian farming systems (Loi et al., 2005). Second

generation forage legumes also include commercial varieties
from new clover species, such as gland clover (Trifolium
glanduliferum Boiss.), eastern star clover (T. dasyurum C.
Presl), bladder clover (T. spumosum L.), and/or improved
varieties of arrowleaf clover (T. vesiculosum Savi), Persian
clover (T. resupinatum L.), etc. (Nichols et al., 2007). In
meantime, the release of such novel cultivars represents an
important opportunity for the remaining Mediterranean
climatic areas of the world, where these cultivars are now
commercially available to be utilised for fodder and/or
multiple purposes, both in pure swards and in mixtures
(Ovalle et al., 2010; Porqueddu et al., 2010; Sulas, 2005). In
fact, annual legumes have the potential to be utilised in a
range of environmental conditions and farming systems of
Mediterranean areas because of the large number of species
and their relevant diversity.
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However, the successful performance of a legume species
depends on the presence of their specific N-fixing root nodule
bacteria (rhizobia) in the soil. In this sense, a suitable
matching of both plant and bacterial genotypes is crucial for
the development of an effective N-fixing symbiosis
(Howieson, 1999). Despite the co-evolution of legumes and
rhizobia in the Mediterranean basin, there is evidence that
this relationship is not always optimal in terms of N-fixation,
even if in the presence of background populations of rhizobia
(Garau et al., 2005; Howieson et al., 2000; Terpolilli et al.,
2008). Rhizobia are widespread according to the natural
presence or cultivation of legume species (Amarger, 2001).
On this regard, it is very important to evaluate if and where
seed inoculation with selected bacterial inocula (i.e., the
agricultural practice aimed at supplying the bacterial
microsymbionts to the legume seed at sowing) is necessary
(Date, 2001; Deaker et al., 2004; Howieson et al., 2005).
Increased attention has also been paid to the rhizobia role in
order to extend the cultivation areas of legumes in new
environments (Sulas et al., 1998) and optimizing legume
yields by the selection of superior N-fixing strains capable of
more effective symbioses (Amarger, 2001; Herridge et al.,
2002). In spite of the relevant potential benefits from legume
inoculation, very little information is available regarding the
actual symbiotic requirements of second-generation legume
cultivars established and grown in southern European
regions.
Within the framework of a general assessment of second
generation forage legumes carried out in Sardinia (Italy), the
specific aims of this work were (i) to evaluate the growth,
nodulation, forage and N yields of 10 annual clover cultivars,
and (ii) to ascertain the role and the agronomic effects of
clover inoculation with a selected Australian rhizobial strain.
Materials and methods

Location, experimental design and crop management
The research was carried out from autumn 2009 to spring
2010 at two locations in Sardinia (Italy): Bolotana and Olmedo.
These two sites differed in terms of soil characteristics (Table 1)
and field history. The former location has a sub-acid soil with a
lower content of soluble phosphorus and a higher content of
exchangeable potassium than does the latter, where soil is subalkaline. Moreover, in Bolotana, the soil has been left uncultivated
for the last 40 years, and the annual clovers were never sown. In the

soil of Olmedo, cereals and annual legumes were grown in the
recent years. Ten commercial cultivars belonging to nine Trifolium
species were compared at both locations. The list of clover species
and cultivars, and some detailed information regarding the
germplasm origin, cultivar selection and release, are reported in
Table 2. The clover cultivars were established at both locations in
October 2009, after soil ploughing and seedbed preparation, and
according to the sowing rates recommended for these species
(ranging from 0.6 to 1.6 g m-1). Before sowing, soil was fertilised
with 100 kg ha-1 of P2O5, using triple superphosphate. The 10
Table 1. Main soil and climatic characteristics of the two experimental locations
Location in Sardinia,
Italy
Bolotana
Olmedo
Latitude, Longitude
40°16’N, 8°58’E
40°40'N, 8°22'E
Altitude (a.s.l.)
200
40
Soil series (FAO, 2006)
Eutric, Mollic Fluvisols
Haplic Lixisol
Sand/Silt/Clay (%)
68/12/20
50/23/27
pH
6.1
7.8
10.0
9.5
Organic C (g kg-1)
Total N (g kg-1)
0.7
0.9
Assimilable P (mg kg-1)
3.5
7.3
Exchangeable K (mg kg-1)
141.6
81.7
Climatic
Climatic
Climate
2009-2010
2009-2010
mean
mean
Min temperature (°C)
9.4
10.3
11.5
9.6
Max temperature (°C)
23.5
24.7
20.4
21.1
Rainfall (mm)
580
528
582
752
Parameters

cultivars were manually sowed in 2 m length rows (with 1 m
pathway between each row), either uninoculated or inoculated
with the current Australian commercial inoculant strain for clovers
(Rhizobium leguminosarum bv. trifolii, group C, strain WSM
1325), which was kindly provided by the Department of
Agriculture and Food of Western Australia. Inoculation was
performed using a peat-slurry inoculant as described by Yates et al.
(2010). No fertiliser or herbicide was applied after sowing. The
experimental design was a randomised block with three
replications. Plant emergence was recorded one week after sowing
and it was regular. In spring 2010, about 150 days after sowing
(corresponding to start to early flowering stage for most of clovers),
a representative sample along the row containing plants (30 cm
length), plus a sample of soil (30 cm depth), was withdrawn. After
immersing the samples in water and then gently washing them,

Table 2. Information on annual clover cultivars imported from Australia
Species and
cultivar
T. dasyurum C. Presl ‘Sothis’*
T. glanduliferum Boiss. ‘Prima’*
T. hirtum All. ‘Hykon’
T. michelianum Savi ‘Paradana’
T. resupinatum L. ‘Prolific’
T. resupinatum L. ‘Turbo Plus’

Species common
name
eastern star clover
gland clover
rose clover
balansa clover
Persian clover
Persian clover

Native**
in Sardinia
no
no
no
yes
yes
yes

Germplasm origin of
cultivar
Greece
Israel
Mediterranean basin
Mediterranean basin Turkey
Turkey
Mediterranean basin

subterranean clover
yes
Sardinia
T. brachycalycinum Katzn. et Morley ‘Antas’
subterranean clover
yes
Sardinia
T. subterraneum L. ‘Denmark’
bladder clover
yes
Cyprus
T. spumosum L. ‘Bartolo’*
arrowleaf clover
no
Southern Europe
T. vesiculosum Savi ‘Zulu’*
* The first cultivar commercially available for the species; ** According to Pignatti (1982)

Selection and
release
Australia
Australia
Australia
Australia
South
Australia
Italy
Australia
Australia
South Africa

References
Loi et al., 2007
Nutt and Loi, 2002
Bailey, 1966
Anon., 1999
Snowball and Evans, 1998
Belair Technology Pty Ltd, 2004
Piano et al. 1997
Oram, 1992
Loi et al., 2008
-
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Table 3. Shoot lengths (cm) of uninoculated (U) and inoculated (I) clovers at the two locations
Location
Species and cultivar
T. dasyurum ‘Sothis’
T. glanduliferum ‘Prima’
T. hirtum ‘Hykon’
T. michelianum ‘Paradana’
T. resupinatum ‘Prolific’
T. resupinatum ‘Turbo Plus’
T. brachycalycinum ‘Antas’
T. subterraneum ‘Denmark’
T. spumosum ‘Bartolo’
T. vesiculosum ‘Zulu’
Average
CV%

Bolotana
I
26.3bc
29.9ab
22.7c
34.0a
25.6c
23.3c
32.8a
24.7c
17.6d
30.4a
26.7
8.3

U
21.2de
28.6ab
25.0bd
24.6bd
22.5cd
16.5ef
33.1a
28.8bc
14.6f
27.9b
24.1
11.6

Olmedo
I
39.7a
27.9cd
31.2c
31.2c
33.2bc
37.4ab
25.0d
11.2f
25.6d
19.8e
28.2
10.1

U
35.5a
23.5cd
23.1cd
23.3cd
33.9ab
29.2ab
20.3cd
7.9e
25.4cd
15.0de
23.7
22.8

ns
*
ns
ns
*
*
ns
ns
*
ns

LxC
ns
ns
ns
ns
ns
*
*
ns
ns
ns

***
ns
ns
ns
***
***
***
***
***
***

P
P
P
Cultivar
***
***
Inoculation
***
***
Cultivar x Inoculation
**
ns
Location
ns
Location x Inoculation
ns
In the column of locations, means followed by the same letter are not different at P ≤0.05 (Duncan’s test).
In the rows, LSD test for seed inoculation effect in each cultivar inside the locations. The last column shows the location x cultivar interaction.
* = P≤0.05, ** = P≤ 0.01, *** = P ≤ 0.001, ns = not significant.

Table 4. Root nodules (no. per plant) of uninoculated (U) and inoculated (I) clovers at the two locations
Location
Species and cultivar
T. dasyurum ‘Sothis’
T. glanduliferum ‘Prima’
T. hirtum ‘Hykon’
T. michelianum ‘Paradana’
T. resupinatum ‘Prolific’
T. resupinatum ‘Turbo Plus’
T. brachycalycinum ‘Antas’
T. subterraneum ‘Denmark’
T. spumosum ‘Bartolo’
T. vesiculosum ‘Zulu’
Average
CV%
Cultivar
Inoculation
Cultivar x Inoculation
Location
Location x Inoculation

Bolotana
I
14.0cd
9.0d
11.7cd
18.7ab
15.7bc
19.0ab
25.0a
25.0a
11.7cd
7.7d
15.7
22.2

U
12.3d
6.0e
13.0cd
17.7bc
13.0cd
11.0de
20.3b
32.0a
8.7de
8.3de
14.2
19.7
P
***
ns
ns

*
ns
ns
ns
ns
ns
ns
ns
*
ns

P

Olmedo
I
19.0b
9.3cd
16.7b
18.7b
21.0b
40.3a
16.0bc
23.0b
8.0d
8.3d
18.0
21.8

U
16.0ac
5.7d
14.7bc
14.7bc
22.7a
20.0ab
13.0bc
14.0bc
5.3d
8.7cd
13.5
29.0

LxC
ns
ns
ns
ns
ns
*
ns
*
ns
ns

ns
ns
ns
ns
**
***
**
***
ns
ns

P
***
***
**

ns
ns

In the column of locations, means followed by the same letter are not different at P ≤0.05 (Duncan’s test).
In the rows, LSD test for seed inoculation effect in each cultivar inside the locations. The last column shows the location x cultivar interaction. * = P≤0.05, ** = P≤ 0.01,
*** = P ≤ 0.001, ns = not significant.

complete plants with recoverable roots and root nodules (wet
sieving) were separated. For each sample, shoot length and the
number of root nodules were determined. Shoot sub-samples were
dried in an oven-dryer at a temperature of 65 °C to determinate
the dry matter yield and its N concentration (Kjeldhal).
Statistical analysis
All data were analysed by GLM procedures using the SAS
statistical package (SAS, 2002) with the factors species and location
as fixed effects. Differences between clover cultivars in each
location within inoculation treatments were assessed with
Duncan’s test for the separation of means (P ≤ 0.05) and the effect

of the differences between inoculation treatments was evaluated
within each location and species using a LSD test (P ≤ 0.05). A P
value of the interaction between the studied factors was also
calculated.
Results and discussions

During the years 2009-2010, temperatures slightly differed
from the long-term values at both sites (Table 1). Compared to
the climatic values, the annual rainfall was 9% lower and 28%
higher in Bolotana and Olmedo, respectively. The annual rainfall
in Olmedo was 220 mm higher than in Bolotana.
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Table 5. Shoot dry matter (g per plant) of uninoculated (U) and inoculated (I) clovers at the two locations
Location
Species and cultivar
T. dasyurum ‘Sothis’
T. glanduliferum ‘Prima’
T. hirtum ‘Hykon’
T. michelianum ‘Paradana’
T. resupinatum ‘Prolific’
T. resupinatum ‘Turbo Plus’
T. brachycalycinum ‘Antas’
T. subterraneum ‘Denmark’
T. spumosum ‘Bartolo’
T. vesiculosum ‘Zulu’
Average
CV%

U
0.39c
0.38c
0.45c
0.58c
0.24c
0.21c
1.79a
1.12b
0.44c
0.45c
0.60
40.16

Bolotana
I
0.63b
0.36b
0.41b
0.73b
0.33b
0.45b
1.85a
0.77b
0.62b
0.61b
0.68
33.48

Olmedo
I
1.22b
0.42de
0.82c
0.35e
0.71cd
1.24b
1.68a
0.88c
0.57ce
0.47de
0.84
21.32

U
0.89b
0.35c
0.62bc
0.24c
0.58bc
0.56bc
1.92a
0.34c
0.39bc
0.24c
0.61
42.98

*
ns
ns
ns
ns
*
ns
*
ns
*

LxC
ns
ns
ns
ns
ns
*
ns
*
ns
*

***
ns
*
*
*
***
ns
*
ns
ns

P
P
P
Cultivar
***
***
Inoculation
ns
**
Cultivar x Inoculation
ns
ns
Location
ns
Location x Inoculation
ns
In the column of locations, means followed by the same letter are not different at P ≤0.05 (Duncan’s test).
In the rows, LSD test for seed inoculation effect in each cultivar inside the locations. The last column shows the location x cultivar interaction.
* = P≤0.05, ** = P≤ 0.01, *** = P ≤ 0.001, ns = not significant.
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Root nodulation
The number of root nodules per plant did not significantly
differ between the locations and the interaction of the location x
inoculant was also not significant (Table 4). However, in
different cases the interaction of the location x cultivar was
significant. Overall, T. resupinatum ‘Turbo Plus’ and ‘Prolific’
roots exhibited a significantly greater number of nodules in
Olmedo, whereas T. subterraneum ‘Denmark’ and T.

brachycalycinum ‘Antas’ had the higher number of nodules in
Bolotana. Significant differences in the number of nodules per
plant of clover cultivars were highlighted within the location and
inoculation treatment. In Bolotana, inoculation caused a
significant increase in the number of nodules per plant in T.
dasyurum ‘Sothis’ and T. spumosum ‘Bartolo’. On average, the
number of root nodules per plant ranged from 6 to 32 in the
uninoculated plants and between 9 and 25 in the inoculated
plants. In the former, T. glanduliferum ‘Prima’ produced the
lowest number of nodules per plant, whereas T. subterraneum
‘Denmark’ produced the highest. Inoculated plants of T.
subterraneum ‘Denmark’ and T. brachycalycinum ‘Antas’
showed the highest number of root nodules per plant. In
Olmedo, the inoculation caused a significant increase in the
number of nodules per plant for T. subterraneum ‘Denmark’,
and T. resupinatum ‘Turbo Plus’. The latest cultivar doubled the
number of nodules per plant compared to the uninoculated
plants. In this location, uninoculated plants showed values

Relative variation

Shoot length
The statistical analysis did not show significant differences
between the sites (Table 3). On the contrary, the interaction
between the location x cultivar was significant, as highlighted by
the greater shoot length of T. dasyurum ‘Sothis’, T. resupinatum
‘Turbo Plus’ and ‘Prolific’, and T. spumosum ‘Bartolo’ grown in
Olmedo, and by T. brachycalycinum ‘Antas’, T. subterraneum
‘Denmark’ and T. vesciculosum ‘Zulu’ in Bolotana.
In many instances, inoculation significantly affected shoot
length at both sites. In the Bolotana site, the average lengths were
24.1 cm and 26.7 cm for uninoculated and inoculated plants,
respectively, whereas in Olmedo, they were 23.7 and 28.2 cm.
The significant shoot length increases due to inoculation are
summarised in Fig. 1. In Bolotana, the inoculated plants of T.
glanduliferum ‘Prima’, T. resupinatum ‘Prolific’ and ‘Turbo Plus’
and T. spumosum ‘Bartolo’ showed a significantly greater shoot
length compared to the uninoculated plants. In this site, greater
lengths were observed in T. michelianum ‘Paradana’ (34.0 cm),
T. brachycalycinum ‘Antas’ and T. vesciculosum ‘Zulu’ (30.4 cm)
for the inoculated treatment, whereas with regard to the
uninoculated treatment, T. brachycalycinum ‘Antas’ showed the
greater shoot length. In Olmedo, the shoot length of T.
resupinatum ‘Turbo Plus’ and T. brachycalycinum ‘Antas’ was
significantly affected by inoculation, while greater lengths were
observed in inoculated T. dasyurum ‘Sothis’ plants, which
reached almost 40 cm and T. resupinatum ‘Turbo Plus’ (37.4
cm).

Fig. 1. Significant variation in shoot length (P ≤ 0.05, LSD test) of
inoculated clover plants at Bolotana and Olmedo. Value 1 is the baseline
for shoot lengths of uninoculated plants
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Table 6. Shoot nitrogen (mg per plant) of uninoculated (U) and inoculated (I) clovers at the two locations
Location
Species and cultivar
T. dasyurum ‘Sothis’
T. glanduliferum ‘Prima’
T. hirtum ‘Hykon’
T. michelianum ‘Paradana’
T. resupinatum ‘Prolific’
T. resupinatum ‘Turbo Plus’
T. brachycalycinum ‘Antas’
T. subterraneum ‘Denmark’
T. spumosum ‘Bartolo’*
T. vesiculosum ‘Zulu’*
Average
CV%

Bolotana
U
7.33c
6.89c
8.52c
12.19c
5.19c
5.55c
39.42a
28.08b
9.70c
11.77c
13.46
39.94

Olmedo

I
11.96bc
6.45c
7.79c
15.37bc
7.22c
11.74bc
40.69a
19.18b
13.67bc
15.85bc
14.99
33.20

*
ns
ns
ns
ns
*
ns
*
ns
*

U
20.42b
8.64 b
17.29b
5.70b
15.45b
17.83b
51.48a
8.91b
10.86b
6.53b
17.63
48.76

I
28.91c
10.52ef
20.82ce
9.02f
19.44ce
38.86b
49.45a
26.34cd
16.67df
13.23ef
23.33
23.44

LxC
ns
ns
ns
ns
ns
*
ns
*
ns
*

***
ns
**
ns
**
***
**
ns
ns
ns

P
P
P
Cultivar
***
***
Inoculation
ns
**
Cultivar x Inoculation
ns
ns
Location
*
Location x Inoculation
ns
In the column of locations, means followed by the same letter are not different at P ≤0.05 (Duncan’s test).
In the rows, LSD test for seed inoculation effect in each cultivar inside the locations. The last column shows the location x cultivar interaction.
* = P≤0.05, ** = P≤ 0.01, *** = P ≤ 0.001, ns = not significant.

R ela tive va riation

3.0

Bolotana

Olmedo

2.5
2.0
1.5
1.0

lu'
Tv

'Z
u

k'
'D
en
m
Ts

oP
Tr

'T
u

rb

Tv

ar

lu

s'

lu'
'Z
u

k'
ar
'D
en
m
Ts

rb
'T
u
Tr

Td

'So

oP

th

lu

s'

i s'

0.5

Fig. 2. Significant variation in shoot DM (P ≤ 0.05, LSD test) of
inoculated clover plants at Bolotana and Olmedo. Value 1 is the
baseline for shoot DM of uninoculated plants

ranging from 5.3 to 22.7 nodules per plant in T. spumosum
‘Bartolo’ and T. resupinatum ‘Prolific’, respectively and from 8 to
40.3 nodules per plant in the inoculated plants of T. spumosum
‘Bartolo’ and T. resupinatum ‘Turbo Plus’, respectively.
Shoot dry matter
The effect of location and the interaction of the cultivar x
inoculation and the location x inoculant were not significant;
however, significant interactions of the location x cultivar on
shoot dry matter were recorded in many instances (Table 5). In
fact, T. dasyurum ‘Sothis’, T. hirtum ‘Hykon’ and T.
resupinatum ‘Prolific’ and ‘Turbo Plus’ produced significantly
more DM per shoot in Olmedo, whereas T. michelianum
‘Paradana’ and T. subterraneum ‘Denmark’ produced a higher
amount in Bolotana.
The inoculation positively affected the growth of T.
subterraneum ‘Denmark’ in Olmedo and T. resupinatum
‘Turbo Plus’ in both locations and more than doubled the

shoot DM (Fig. 2). Similarly, inoculated plants of T. dasyurum
‘Sothis’ in Bolotana and T. vesiculosum ‘Zulu’ in Olmedo had a
considerable gain in dry matter production. On the other hand,
T. subterraneum ‘Denmark’ grown in Bolotana, demonstrated
a significantly decreased amount of shoot DM after rhizobial
inoculation.
T. brachycalycinum ‘Antas’ produced much more shoot
DM than did the other clover species (1.82 and 1.80 g per plant
in Bolotana and Olmedo, respectively, as an average of
uninoculated and inoculated plants), and it was irrespective of
both location and inoculation treatment.
The less productive cultivars were T. resupinatum ‘Prolific’
and ‘Turbo Plus’ in Bolotana and T. vesiculosum ‘Zulu’ and T.
michelianum ‘Paradana’ in Olmedo. The latter cultivar was
confirmed to be less productive in inoculated plants too (0.35 g
per plant).
Shoot nitrogen content
On average, the N concentration was higher in Olmedo
than in Bolotana (27.5 vs. 22.0 g kg-1 DM, respectively,
P<0.001). In the same way, the average content of nitrogen in
shoots (Table 6) showed higher quantities in Olmedo than in
Bolotana (20.48 vs. 14.23 mg per plant, respectively). In
particular, five cultivars (T. dasyurum ‘Sothis’, T. hirtum
‘Hykon’, T. resupinatum ‘Prolific’ and ‘Turbo Plus’ and T.
brachycalycinum ‘Antas’) showed a higher shoot nitrogen
content in plants grown in Olmedo than in Bolotana, as
indicated by a high significant interaction of the location x
cultivar (Table 6).
In Bolotana, T. dasyurum ‘Sothis’, T. resupinatum ‘Turbo
Plus’ and T. vesiculosum ‘Zulu’ showed a significantly higher N
content in the inoculated plants. On the contrary, and
consistent with the results of DM production, T. subterraneum
‘Denmark’ demonstrated a smaller shoot nitrogen amount in
inoculated plants than it did in the uninoculated plants,
reaching 28.1 mg per plant, which is twice the average value. In
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Olmedo, this cultivar had an opposite behaviour producing
almost triple the nitrogen quantity in the inoculated plants
(‘Denmark’, 26.3 mg per plant). This result was consistent with
the recorded performances in terms of DM and the number of
root nodules per plant. At the same site, plants of T.
vesiculosum ‘Zulu’ and T. resupinatum ‘Turbo Plus’ gained
more than twice the N content, and the latter was characterised
by the highest N concentration in the shoots (on average, 31.4
g kg-1 DM). The significant increases in shoot N content due to
inoculation are summarised in Fig. 3.
Producing the highest content of DM in all treatments and
locations, T. brachycalycinum ‘Antas’ had the highest content
of nitrogen per shoot, with significant differences when
compared to all other clovers. Finally, a positive significant
linear regression (R2 =0.55; P<0.001) was found between the
number of nodules and the nitrogen content per plant, as
highlighted in inoculated cultivars only (Fig. 4). The research
allowed for elucidating agronomic performances in a wide
range of clover cultivars and Trifolium species at two
contrasting locations of Sardinia. Location affected the
performances of several clover cultivars under comparison, as
revealed by the significant interaction for the location x cultivar.
In fact, T. dasyurum ‘Sothis’ and T. resupinatum ‘Prolific’ and
‘Turbo Plus’ produced more than twice the shoot DM in
Olmedo than it did in Bolotana. In contrast, T. michelianum
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Fig. 3. Significant variation in shoot N content (P ≤ 0.05, LSD test) of
inoculated clover plants at Bolotana and Olmedo. Value 1 is the
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‘Paradana’ and T. subterraneum ‘Denmark’ produced
considerably more DM in Bolotana than in Olmedo.
Moreover, shoot length, root nodulation and shoot nitrogen
content were also affected. These results could be attributed to
the differences between sites for environmental characteristics
that are mainly related to the edaphic conditions and climatic
trends (Table 1).
At both locations, root nodulation was also recorded in
uninoculated plants of all cultivars (Table 4). This result is not
surprising and suggests (i) the presence of a native population
of infective (i.e. capable of nodulation) Rhizobium
leguminosarum bv. trifolii in both soils, and (ii) the very likely
competition for nodule occupancy between the applied
inoculant rhizobia and the indigenous bacterial populations
(Brockwell et al., 1982). However, the locations are not similar
regarding the natural distribution of annual clover species
(Piano et al., 1982, 1997), and this may be a factor affecting the
strain composition of autochthonous clover rhizobia (Graham,
2008). The aforementioned competition between inoculant
strain and resident rhizobia also highlights the need of studies
for strain fingerprinting and species identification in root
nodule bacteria (Muresu et al., 2005), even if such activities are
outside the scope of this paper. Despite the fact that most
clover cultivars did not demonstrate improvements, some of
them benefited from inoculation with the selected rhizobial
strain. In four out of the 10 clovers, significant positive effects
of inoculation were clearly detected. On the other hand, T.
subterraneum ‘Denmark’ experienced decreased shoot DM
when inoculated in Bolotana. However, these latter results
could be explained because spontaneous T. subterraneum,
absent in the Olmedo area and in soils with a similar pH value
(Piano et al., 1982), is native and very common in natural
pastures of Bolotana (Salis et al., 2013). Therefore, the presence
in this location of highly effective and competitive populations
of R. leguminosarum bv. trifolii adapted to T. subterraneum can
be reasonably assumed. Importantly, this is supported mostly
by nodulation data and shoot N content and may explain the
poor results of the selected inoculant with T. subterraneum
plants in Bolotana. Moreover, this is in agreement with recent
findings indicating a large diversity in the symbiotic capacity of
clovers with naturalised soil rhizobia in Spain (Ramirez-Bahena
et al., 2009) and Australia (Drew et al., 2011). Overall, the
different response to inoculation recorded at the two sites do
not allow us to indicate an univocal effect of inoculation which
mostly appeared species and cv. and site dependent.
Key factors and their interrelationships, even if they were
not the aim of our experiment, could contribute to the
explanation of the abovementioned outcomes. In fact, the
different clover germplasm origins (Table 2), the clover species
distribution in Sardinia (Piano et al., 1982), the occurrence of
background rhizobia populations, the different edaphic
conditions (Table 1) and the field history in the experimental
locations could have affected the symbiotic performances of the
investigated clovers.
It is worth noting that among the four clover cultivars
belonging to species exotic to Sardinia, only two benefited from
the inoculation, indicating an effective symbiosis with the
selected strain. However, the native T. brachycalycinum ‘Antas’
(selected in Sardinia), had the best performance in terms of
shoot DM and nitrogen yield at each location, yet was not
affected by the inoculation.
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Taken together our data indicate a partial effectiveness of References

the commercial inoculant at our experimental conditions. This
was due to the presence of resident rhizobial populations at
both sites, which allowed clover plant growth without
inoculation. In the case of T. subterraneum ‘Denmark’ in
Bolotana, resident rhizobial populations also appeared
significantly more effective in increasing DM and N yields.
However, the positive regression between the number of
nodules and the nitrogen content per plant highlighted in the
inoculated cultivars could suggest a substantial contribution of
the inoculant in development of active root nodules.
Unfortunately, comparisons with other results from similar
experiments are not possible due to the overall lack of
information for southern European Mediterranean areas, to
our knowledge. Even if legume inoculation is a routine practice
in other Mediterranean areas of the world, such as in south and
Western Australia, comparisons with our results may be
difficult to elucidate because annual clovers and related rhizobia
are not native there. On the contrary, inoculation is very
unusual in Sardinia, where several clover species are
autochthonous. Our research contributes to clarify the role, in a
southern European area, of a commercial rhizobial strain
selected in Australia, indicating a sub-optimal performance of
the selected strain with many of the tested clover cultivars.
Interestingly, the plant selection is being considered as a
potential tool to overcome sub-optimal N fixation associated
with poorly effective soil rhizobia (Drew et al., 2011).
Conclusions

Environmental differences in the locations and seed
inoculation with a commercial rhizobial strain affected
growth and productive performances of the clover cultivars.
In 4 out of the 10 cultivars under investigation, significant
positive effects of inoculation with a group C inoculant were
clearly detected. In fact, T. resupinatum ‘Turbo Plus’ and T.
vesiculosum ‘Zulu’ produced more than twice the shoot DM
in both locations, whereas T. dasyurum ‘Sothis’ and T.
subterraneum ‘Denmark’ in a single location only,
experienced a relevant DM gain caused by inoculation.
However, the locally selected T. brachycalycinum ‘Antas’,
irrespective of inoculation, showed the best performance in
terms of shoot DM and nitrogen yield at both locations,
highlighting its good adaptation ability, whereas inoculation
significantly decreased the shoot DM in T. subterraneum
‘Denmark’ in the location where this clover species is very
common as autochthonous plant. The results pointed out
that, in our experimental conditions, seed inoculation with
the selected rhizobial strain can be useful only for some
clovers therefore suggesting a careful site-by-site evaluation of
the inoculum effectiveness with different clover cultivars and
possibly the need for superior inocula more adapted to our
pedoclimatic environments.
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