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Abstract
Lentil is an important winter-sown legume for semi-arid and temperate areas, food consumption of seed is consid-
erable in several countries of Mediterranean Basin. In Central and Southern Italy different lentil landraces are cul-
tivated within specific marginal areas and commercialized with a recognizable geographical indication of origin.
Considering the extensive germplasm and the economic importance of lentil in several rural areas, detailed knowl-
edge of existing genetic variation from different regions is the first important step both for conservation and ex-
ploitation of genetic resources, allowing to develop breeding programs.
In field experiments over three cropping seasons (2002-2005), 25 lentil accessions from Plant Genetic Institute of
National Research Council (Bari), representing part of a large germplasm collection from different areas, were car-
ried out at the University of Reggio Calabria in order to characterize the agronomic performances in a semi-arid
environment and to study genetic variability. For this purpose, 10 AFLP primer combinations and 6 SSR markers
were used.
The agronomic results highlighted the influence of different climatic conditions on phenological, biometrical and
yielding traits. A considerable production level of lentil (2,55 t ha-1) and a low yield variability in the three years
was observed, showing the high adaptability of the germplasm tested to semi-arid environment. The earliness and
the plant height appeared as the most important traits negatively correlated to grain yield; in particular the earli-
ness was confirmed as suitable mechanism of escape from abiotic stress.
Genetic characterization showed that a few number of microsatellites and primer combinations are able to provide
significant insights on genetic diversity combining the 25 accessions in 3 large clusters that mainly mirror their ge-
ographic origin. Principal Component Analysis that consider genetic as well as morphological and agronomic data
allowed the discrimination of groups with higher similarity and the Laird variety was far from all the other acces-
sions. The macrosperma accession MG 106401 from Algeria results the closest to Laird because of their late-flow-
ering. The fingerprinting of these elite genotypes and the evaluated suitability of agronomic traits could usefully
represent strategic tools for new targeted lentil breeding programs in Mediterranean area.

Key-words: agronomic performances, landraces, genetic diversity, yield components, AFLP, SSR.

Introduction 

The genus Lens Miller is included in the Vicieae
tribe with four diploid (2n = 14) species, L. culi-
naris ssp. culinaris (cultivated) which is sym-
patric with L. culinaris ssp. orientalis (wild), L.
odemensis, L. nigricans and L. ervoides (Ladizin-
sky, 1993). Both the cultivated and wild species
are native to parts of Asia, Africa and the
Mediterranean (Mayer & Soltis, 1994). Culti-
vated lentil (Lens culinaris Medik.) is a self-pol-

linating annual crop, important throughout
Western Asia, Northern Africa, Indian subcon-
tinent and North America (Webb and Hawtin
1981; Erskine 1997). Lentil, together with wheat
and barley, has hold a crucial function in the ex-
pansion and statement of Mediterranean-type
agriculture, becoming an important protein
source in the human diet. In world production
grain legumes rank third behind cereals and
oilseed crops, playing an essential role as a
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break crop that provides biologically fixed ni-
trogen in low input agrosystems, mainly on
small-scale farms (Graham and Vance, 2003).
Three millions and seventy-five thousands
hectares are cultivated with lentil worldwide,
with a production of 3.545.000 ton and a main
yield of about 0.9 ton per hectare (FAOSTAT,
2008). The lentil growing has undergone a rapid
decline in Italy, as decreasing from 20.000 ha in
the sixties to 1.816 ha in 2008 (FAOSTAT, 2008).
As consequence, Italy annually imports about
28.000 tons of grain lentil for its internal con-
sumption (FAOSTAT, 2007). Several causes
contributed to this decline as a low and variable
grain yield, a high production cost for the ab-
sence of modern agricultural techniques, the de-
population of farmed lands, and finally the lack
of researches to exploit and improve the most
appreciated landraces (Bacchi and D’Alessan-
dro, 1996, Piergiovanni, 2000; Venora et al., 2007;
Gallo et al., 2009; Piergiovanni et al., 2009).

Notwithstanding, the leguminous should be
reconsidered for its agro-ecologic role in mar-
ginal agrosystems, as good adaptable species in
dry areas (Monti et al., 1995), and for its nutri-
tional grain quality (Howieson et al., 2000). Fur-
thermore, the important role of pulses in the
eco-sustainable agriculture is amplified in the
organic farms, because of restoration and main-
tenance of fertility in degraded soils (Tallarico
et al., 2003; Gresta et al., 2009; Pacucci et al.,
2009).

Recently several classes of molecular mark-
ers have been developed showing that lentil has
relatively low levels of genetic variation (Eujayl
et al., 1997; Sonnante and Pignone, 2001). The
polymerase chain reaction (PCR) technique
have allowed to develop first of all RAPD
(Randomly Amplified Polymorphic DNA)
markers (Welsh and McClelland, 1990; Williams
et al., 1990) useful to characterize several grain
legume species (e.g. Menéndez et al., 1997; Eu-
jayl et al., 1998; Santra et al., 2000). AFLP (Am-
plified Fragment Length Polymorphisms) tech-
nique, based on PCR, is characterized by a high
degree of marker utility arising from its high
multiplex ratio (Powell et al., 1996). RAPD and
AFLP are now useful both for characterize
germplasm collection and for construct saturat-
ed maps in this species (Eujayl et al., 1998;
Rubeena et al., 2003; Duran et al., 2004; Fioc-
chetti et al., 2009). Inter-Simple Sequence Re-

peats (ISSR), that utilize microsatellite se-
quences to design primers in PCR analyses
(Gupta et al., 1994), have been used in lentil to
evaluate genetic variation in several germplasm
collections (Zàvodnà et al., 2000; Sonnante and
Pignone, 2001; 2007). Finally, microsatellites or
Simple Sequence Repeats (SSR) are reported
as the ideal genetic marker considering that are
abundant, polymorphic and reproducible and, in
addition, they usually fit a co-dominant
Mendelian inheritance (Morgante and Olivieri,
1993). Microsatellite markers have been devel-
oped in several crop species, including legume
species such as lentil (Zàvodnà et al., 2000;
Hamwieh et al., 2005), common bean (Hamann
et al., 1995; Yu et al., 2000), and soybean
(Akkaya et al., 1995; Powell et al., 1996). There-
fore, the use of molecular markers is crucial for
characterizing germplasm collections, taking in-
to account that morphological traits are not suf-
ficient to identify all different accessions.

In the present paper 22 selected landraces
from lentil germplasm collection maintained at
Plant Genetics Institute (National Research
Council – CNR – Bari) were evaluated for mor-
phologic traits and agronomic performances.
The 22 entries had been previously selected by
field experiments from a larger collection of 231
landraces (Di Prima et al., 1997, Monti et al.,
1999; Anastasi et al., 2007). All genotypes were
also characterized with AFLP and SSR markers
with the aim to obtain the genetic distances
among them that could support the choice of
parental genotypes for breeding programs in
marginal areas.

Materials and methods

Plant material 

A comparison among 25 lentil genotypes, in-
cluding 22 landraces from the collection main-
tained at Plant Genetics Institute (CNR-Bari),
1 commercial variety (Laird) and 2 improved
lines, previously selected for grain yield, from
the ICARDA’s Lentil International Screening
Nursery (LISN-S-1994) was carried out. The va-
riety and the two ICARDA lines were used as
testers and outgroup in agronomic and genetic
assessments, respectively. Eighteen out of 25 ac-
cessions, many of which coming from the
Mediterranean Basin, belong to the microsper-
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ma subspecies, while the remaining seven to the
macrosperma subspecies (Tab. 1).

Field experiments

The field experiments was carried out, during
the growing seasons 2002-03, 2003-04 and 2004-
05, at the experimental farm of the University
of Reggio Calabria located in Gallina (38° 10’
N., 15° 45’ E., 232 m a.s.l). The farming soil, clas-
sified as ‘Typic Haploxeralfs’ (USDA), has the
following physical-chemical and hydrological
features: sand 51.5%, clay 33.1%, silt 15.4%, re-
action 6.8 (pH in water), organic matter 1.1%
(Lotti), total N 0.9‰ (Kjeldhal), assimilable
P2O5 16.7 ppm (Olsen), exchangeable K2O 284.5
ppm (ammonium acetate); field capacity and
wilting point respectively 30.3% and 17.2% in
dry weight.

The soil, previously cultivated with wheat,
was prepared for sowing by ploughing in sum-
mer to a depth of 30 cm, followed in autumn by
harrowing. Before sowing 20 Kg ha-1 of N as
“starter” and 100 Kg ha-1 of P2O5 were applied.
Sowing was carried out manually during the sec-

ond decade of December in plots of 9 m2 (1.8
m x 5 m) in rows of 30 cm apart, sowing den-
sity was 200 germinable seeds per m-2. Weeds
were controlled manually before the canopy
was closed. Harvesting was carried out in June
at 75% of the ripeness.

The following traits were recorded: number
of plants at emergence, flowering time (days af-
ter sowing – das), plant height and first fertile
pod insertion, and grain yield were measured
onto two central rows of each plot; while pods
per plant, seeds per pod and seeds weight were
measured on a sample of ten plants for each
plot. A randomized blocks experimental design
with three replications was adopted. Considering
the different temperature-rainfall trends during
the field experiments, the year was included in
analysis of variance as random factor, and after
evaluating the homogeneity of variances
(Bartlett test), a combined analysis over three-
year was performed. The Student-Newman-Keuls
test was used to compare means of genotypes.
Finally, the relationships between phenological,
biometric and productive traits were examined
using simple correlation analysis.

Genetic analysis 

The 25 accessions were characterized for genetic
variability using two different classes of molec-
ular markers AFLP and microsatellites. DNA
extraction was carried out using young leaves
kept at -80 °C. The DNA was isolated from 2 g
of plant tissue, powdered using a mortar and
pestle in liquid nitrogen. Total DNA was isolat-
ed using the CTAB (hexadecyltrimethylammo-
nium bromide – Sigma) method following the
protocol reported by Doyle and Doyle (1987)
and modified by Rowland and Nguyen (1993)
taking into account the omission of the precip-
itation in polyethylene glycol. The DNA con-
centration was estimated using electrophoresis
with 1% agarose gel, and the λDNA as a mark-
er. The electrophoresis running using a constant
voltage and the gel, placed on an ultraviolet
trans-illuminator, has been photographed.

AFLP protocol (Vos et al., 1995), using the
method with fluorescent primers, was carried
out according to Aggarwal et al. (2002), with mi-
nor modifications. Total genomic DNA was di-
gested with an EcoRI/MseI restriction enzymes
combination and specific double-stranded adap-
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Table 1. List of lentil accessions evaluated in this study.

Accession No. Origin Material type

MG 106401* Algeria (Al)** Landrace
MG 106365 Algeria (Al) Landrace
MG 107516 Algeria (Al) Landrace
MG 112366 Cyprus (Cy) Landrace
MG 112377 Cyprus (Cy) Landrace
MG 112374 Cyprus (Cy) Landrace
MG 110830 Egypt (Eg) Landrace
MG 111819 Egypt (Eg) Landrace
MG 111820 Egypt (Eg) Landrace
MG 116218 Italy (It) Landrace
MG 116219 Italy (It) Landrace
MG 116221 Italy (It) Landrace
MG 111909 Libya (Li) Landrace
MG 112114 Morocco (Mo) Landrace
MG 112163 Morocco (Mo) Landrace
MG 106692 Tunisia (Tu) Landrace
MG 106746 Tunisia (Tu) Landrace
MG 107386 Pakistan (Pa) Landrace
MG 107420 Pakistan (Pa) Landrace
MG 106309 Ethiopia (Et) Landrace
MG 106315 Ethiopia (Et) Landrace
MG 106353 Ethiopia (Et) Landrace
ILL 7202 Icarda (Ic) Improved line
ILL 7535 Icarda (Ic) Improved line
Laird Canada (Ca) Commercial variety 

* the underlined genotypes belong to subspecies macrosperma.
** in the bracket the abbreviation for the country of origin.
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tors were ligated to fragment ends. Pre-amplifi-
cation was performed with 1-bp extension
primers (MseI primer+C; EcoRI primer+A). Se-
lective amplification of restriction fragments
was performed using primers with 3-bp selec-
tive nucleotides. Ten primer combinations were
used to screen for polymorphism among the
samples (Tab. 2). At the end of the reaction 0.5-
1.0 µl of each sample was analyzed on ABI
PRISM 3130 (Applied Biosystems) genetic an-
alyzer. Electropherograms in the 100-500 bp
range were then analyzed to classify the poly-
morphic bands (peaks). Genetic characteriza-

tion was also carried out with SSR markers us-
ing the primers listed in Table 3, the PCR con-
dition in order to obtain the amplicons were re-
ported on Hamwieh et al., 2005. One of the
primers of each pair was marked (fluorescent)
with the fluorochromes FAM, JOE or TAMRA,
the fragments obtained were separated by ABI
PRISM 3130 (Applied Biosystems). The data
obtained from 6 microsatellite loci (Hamwieh et
al., 2005) allowed to calculate the probability of
finding different genotypes with the same pro-
file and several genetic parameters such as num-
ber of alleles, expected and observed heterozy-
gosity by using IDENTITY software version 1.0
(Wagner and Sefc, 1999). An output matrix (0,
1) based on the presence or absence of each
specific amplified AFLP fragment was obtained.
The matrix for SSR was obtained considering
the alleles for each SSR locus in all the geno-
types analyzed. Matrices from AFLP and SSR
was analyzed by a statistical correlation test
(Mantel, 1967) showing a highly significant R2

(0.89). Genetic distances were calculated for all
pairs of genotypes using the Simple Match co-
efficient and cluster analysis was carried out and
UPGMA (Unweighted Pair-Group Method
with Arithmetical Averages) algorithm utilizing
NTSYS-PC package software version 2.02
(Rohlf, 1998). Cluster branch stability was ana-
lyzed by means of a resampling method with
1,000 bootstraps. Bootstrap analysis and Mantel
Test were performed by the PAST software
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Table 2. AFLP primer combinations utilized on 25 lentil ac-
cessions.

Primer Total Polymorphic Polymorphic
combination* fragment fragment fragment

No. No. %

P11 + M47 53 13 24.5
P11 + M48 42 9 21.4
P11 + M49 41 7 17.1
E32 + M47 55 16 29.1
E32 + M48 40 8 20.0
E32 + M50 43 12 27.9
E35 + M50 55 20 36.4
E35 + M59 39 10 25.6
E35 + M60 38 9 23.7
E35 + M62 47 13 27.7

Total 453 117 25.8

*Abbreviations indicate the restriction enzymes (P= PstI
E=EcoRI M=MseI);
the numbers are the extension bases considering an Interna-
tional Code.

Table 3. Primer SSR utilized in the microsatellite experiments carried out on lentil (from Hamwieh et al., 2005).

Name Primer sequence (5’→3’) Repeats Expected size Annealing 
(bp) temperature (°C)

SSR 107 for GCGGCGAGCAAATAAAT (TC)9+(AT)5C(AT)3 168 51
(GT)14A(TG)7

a

SSR 107 rev GGAGAATAAGAGTGAAATG
SSR 113 for CCGTAAGAATTAGGTGTC (AC)17(AT)13 211 51
SSR 113 rev GGAAAATAGGGTGGAAAG
SSR 323 for AGTGACAACAAAATGTGAGT (AT)22(CA)4 250 51
SSR 323 rev GTACCTAGTTTCATCATTG
SSR 156 for GTACATTGAACAGCATCATC (TC)2(TG)13 176 53
SSR 156 rev CAAATGGGCATGAAAGGAG
SSR 204 for CACGACTATCCCACTTG (TG)4+(AC)7

b 186 53
SSR 204 rev CTTACTTTCTTAGTGCTATTAC
SSR 317-2 for CACGTAACATCTTGCTTATG (TTG)2(AT)2A(AT)2 120 53

G(TA)14ATC(GT)4
SSR 317-2 rev GTAGCAATAATTACACCCAC

a (TC)9TATCGATCATCTG(AT)5C(AT)3(GT)14A(TG)7
b (TG)4CTTAAGCCTAGGTAGGAGGCTTATCTCTCAAGTAAAACACCCATAACCTAACAAT(AC)7
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(Hammer et al., 2001). Principal component
analysis (PCA) was finally carried out taking in-
to account the data from agronomic evaluation
(average of the three-year) and the genetic dis-
tance matrix obtained from SSR and AFLP da-
ta. It was not possible to depict an unique den-
drogram starting from agronomic and genetic
data due to a non statistically significant R2 val-
ue in the performed Mantel Test (Mantel, 1967).

Results and discussion

Climatic data

Differences in climatic trends during the 3 crop-
ping seasons are shown in Table 4. The thermal
trend over the three years was similar to the
plurennial mean: temperature never below 5 °C
in the coldest months, except in February in the
first year, and maximum temperature, on aver-
age, above 20 °C from May onwards. It is im-
portant to emphasize the very high temperatures
during ripening in 2003. The rainfall was charac-
terized by a high variability, overall in distribu-
tion. The fifteen-year mean rainfall at the exper-
imental site was 527 mm, much less than total
annual precipitation over the studied period.

Field experiments

The average plant density was 182, slightly less
than the planned number (Tab. 5). The number
of plants per m-2 at harvest was higher for mi-
cro- compared to macro types. Among micros-
perma, MG 116218 (Italy) and MG 106746

(Tunisia) had the highest plant density, closest
to the planned number (196 and 194 plants per
m-2, respectively), while the macrosperma MG
106401 (Algeria) and Laird (158 and 164 plants
per m-2 respectively) resulted considerably low-
er than other accessions.

As showed in Table 5, agronomic perfor-
mances were significantly affected by different
climatic conditions. The mean value of earliness
was 127 days after sowing, the lowest and high-
est values were observed in the accession
MG106309 (Ethiopia) (121 das) and in the
Laird variety (142 das), respectively; microsper-
ma accessions showed a greater earliness (-5
days) than macrosperma. Flowering time was
negatively correlated with grain yield (r = -
0.521; P ≤ 0.01) confirming the importance of
this trait in semi-arid environment for the adap-
tation to abiotic stress.

Microsperma MG 107420 from Pakistan
showed the lowest mean value (36.6 cm) for
plant height and Laird variety the highest one
(58.0 cm). This trait was higher in macrosperma
accessions than microsperma; macrosperma
mean value was influenced by the presence in
this group of Laird variety that was 15 cm taller
compared to the mean of the field.

Mean height of the first fertile pod was 24.2
cm, following the same trend of plant height:
higher values in macro than micro types were
recorded. Laird variety had the highest mean
value (41.6 cm), significantly higher than MG
106401 (Algeria), MG 112366 and MG 112377
(both from Cyprus) belonging to the macros-
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Table 4. Weather condition (monthly means) during the three cropping seasons (2002-2005), and the long-term average
(1991-2005).

October November December January February March April May June

Minimum T. (°C)
2002/03 15.3 13.3 9.8 8.7 4.7 7.2 10.1 15.9 21.0
2003/04 13.9 13.5 9.6 7.3 7.9 8.3 11.3 12.7 18.4
2004/05 17.4 11.8 10.8 6.4 5.4 8.5 9.8 15.0 18.8
15-years average  16.2 12.3 9.4 7.1 6.7 8.2 10.0 14.5 18.9
Maximum T. (°C)
2002/03 22.3 19.3 14.2 14.1 11.0 14.2 17.6 24.0 30.3
2003/04 21.3 19.6 14.6 12.6 14.1 14.7 17.9 20.9 27.2
2004/05 24.7 18.4 15.8 12.2 12.1 16.1 17.2 23.4 26.8
15-years average  22.9 18.0 14.3 13.1 13.3 16.6 18.0 23.3 28.1
Rainfall (mm)
2002/03 38.6 42.2 260.4 93.7 62.2 41.4 97.8 43.2 6.9
2003/04 89.7 106.3 154.7 59.4 10.1 101.6 43.2 16.8 36.4
2004/05 10.3 70.5 168.5 61.0 50.9 63.4 77.0 89.7 20.8
15-years average  64.3 68.4 107.5 89.8 58.2 46.6 47.4 31.6 13.5
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Table 5. Morphological and agronomic traits observed on 25 genotypes of lentil.

Accession Plant Flowering Plant First pod Pods Seeds 1000 Seed
No. density (das) height height plant pods weight

(No. m-2) (cm) (cm) (No.) (No.) (g)

MG 106401 (Al) 158 J 139 B 51.3 B 30.8 B 30.0 I 1.02 I 66.2 A
MG 106365 (Al) 185 DF 126 EF 40.5 FG 23.2 FG 35.9 EH 1.56 B 31.0 I
MG 107516 (Al) 187 CF 126 EF 39.3 G 21.7 GJ 48.6 A 1.62 A 25.1 L
MG 112366 (Cy) 174 H 129 D 43.8 CD 29.5 B 37.4 DG 1.04 I 53.7 C
MG 112377 (Cy) 177 GH 126 EF 50.3B 30.5 B 28.6 IJ 1.07 I 47.0 D
MG 112374 (Cy) 185 DF 127 EF 44.2 CD 27.3 C 27.7 IJ 1.20 H 46.4 D
MG 110830 (Eg) 180 FG 128 E 43.6 CD 19.7 J 38.2 DF 1.48 BE 28.0 K
MG 111819 (Eg) 180 FG 127 EF 42.3 DF 19.9 IJ 35.2 FH 1.46 CE 29.2 JK
MG 111820 (Eg) 178 GH 128 E 42.9 CE 21.1 GJ 39.3 DE 1.49 BE 27.9 K
MG 116218 (It) 196 A 127 EF 41.2 EG 21.8 GJ 26.1 J 1.62 A 30.3 IJ
MG 116219 (It) 183 EG 124 GI 43.9 CD 24.0 EF 26.0 J 1.55 B 34.1 G
MG 116221 (It) 185 DF 126 FG 44.1 CD 24.5 EF 30.6 I 1.64 A 29.2 JK
MG 111909 (Li) 185 DF 125 FH 39.6 G 20.2 IJ 38.3 DF 1.50 BD 23.8 LM
MG 112114 (Mo) 189 BE 126 EF 43.6 CD 25.2 DE 42.4 BC 1.23 H 43.2 E
MG 112163 (Mo) 192 AC 126 EF 44.8 C 25.4 DE 36.1 EH 1.30 G 43.3 E
MG 106692 (Tu) 178 GH 126 EF 40.4 FG 22.7 FH 38.2 DF 1.52 BC 22.2 MN
MG 106746 (Tu) 194 AB 126 EF 39.2 G 21.1 GS 43.7 B 1.52 BC 21.5 N
MG 107386 (Pa) 191 AD 126 EF 39.7 G 22.0 GI 38.3 DF 1.43 E 22.9 MN
MG 107420 (Pa) 182 FG 137 C 36.6 H 23.2 FG 26.2 J 1.54B 22.6 MN
MG 106309 (Et) 181 FG 121 K 39.1 G 19.9 IJ 35.7 EH 1.37 F 32.5 G
MG 106315 (Et) 182 FG 123 J 42.8 CE 21.7 GJ 33.6 H 1.44 DE 34.3 G
MG 106353 (Et) 181 FG 124 HJ 43.6 CD 21.2 GS 34.0 GH 1.51 BD 30.7 IJ
ILL 7202 (Ic) 184 DF 124 IJ 42.3 DF 26.3 CD 35.9 EH 1.35 FG 35.1 G
ILL 7535 (Ic) 190 BE 124 HJ 40.4 FG 20.8 HJ 40.1 CD 1.34 FG 38.3 F
Laird (Ca) 164 L 142 A 58.0 A 41.6 A 21.1 K 1.03 I 63.3 B

Mean 182 127 43.1 24.2 34.7 1.39 35.3

ssp - macro 177 131 48.0 30.0 31.9 1.13 51.9
ssp - micro 185 126 41.2 21.9 35.8 1.50 28.8

In each column values followed by the same letter are not significantly different at P ≤ 0.01 (capital letter); Student-Newman-Keuls test.

Figure 1. Grain yield of 25 tested genotypes of lentil
(mean over three years). Vertical bars indicate ± stan-
dard error of the mean. Horizontal lines indicate the
SNK test. The underlined genotypes belongs to the
macrosperma group.

perma too. The height of both plant and first
fertile pod are negatively correlated to grain
yield (r = -0.448, P ≤ 0.05; r = -0.467, P ≤ 0.05
respectively).

The yield level of lentil in this environment,
meanly over 2 tons per hectare in the triennium,
showed the adaptability of tested genotypes to se-
mi-arid environments of southern Italy. The mean
value of accessions ranged between 2.94 and 1.66
t ha-1: the highest values were found for MG
112163 and MG 112114 (both from Morocco),
MG 116218 (Italy) and MG 112374 (Cyprus) sta-
tistically similar among them. The Laird variety,
selected for an environment different from the
Mediterranean Basin, showed the lowest grain
yield, always below 2 t ha-1. Variability in grain
yield among genotypes was observed, but differ-
ences between macro and microsperma groups
were not found; the yield level does not appear
influenced by geographic origins (Fig. 1).
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Pods per plant, mainly important in deter-
mining the grain yield (Preiti et al., 2009), were
higher in microsperma (+3.9 micro vs. macro).
The significantly highest value (48.6) was
recorded for MG 107516 (Algeria). The lan-
draces MG 106746 (Tunisia), MG 112114 (Mo-
rocco) and the improved lines ILL 7535 (ICAR-
DA) showed a number of pods per plant high-
er than 40; Laird variety showed the lowest
mean value (21.1). Pod per plant was the only
yield components significantly correlated with
grain yield (r = 0.397, P ≤ 0.05).

Seeds per pod showed significant differences
between genotypes and macro and micro types.
Among all accessions values ranged from 1.64
in MG 116221 (Italy) to 1.02 in MG 106401 (Al-
geria). The lowest values, significantly not dif-
ferent among them, were recorded in 5 out of
7 macrosperma, including the Laird variety.

One thousand seeds weight (mean value 35.3
g) was higher in macrosperma than microsper-
ma types (51.9 and 28.8 g respectively), as ex-
pected. Among macro types, values ranged from
43.2 g (MG 112114, Morocco) to 66.2 g (MG
106401, Algeria), in micro types from 21.5 g

(MG 106746, Tunisia) to 38.3 g (ILL 7535,
ICARDA), 1,000-seed weight was negatively
correlated to seeds per pod (r = -0.896, P ≤
0.01).

Genetic characterization

An average of approximately 45 fragments for
primer combination were amplified and 117 out
of 453 (25.8%) were found to be polymorphic.
The level of polymorphism identified (Tab. 2) is
comparable to the first published data on lentil
(Eujayl et al., 1998; Duran et al., 2004), but in
contrast with a recent paper (Fiocchetti et al.,
2009), that reports a higher percentage of poly-
morphic fragments.

The accessions were also tested with 6 mi-
crosatellites and 25 different genetic profiles
were found (Tab. 6). This result was expected
since the probability of finding different geno-
types with the same profile is extremely low
(Probability of Identity = 1.21x10-6). The num-
ber of alleles (n), size range and allele frequen-
cy for each SSR locus are shown in Table 7. The
total number of alleles per SSR locus varies
from 3 to 14 with an average of 9.16. The main
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Table 6. Genetic profiles of the accessions at the six microsatellite loci studied.

Accessions SSR SSR SSR SSR SSR SSR SSR SSR SSR SSR SSR SSR
number 107_1 107_2 113_1 113_2 323_1 323_2 317-2_1 317-2_2 156_1 156_2 204_1 204_2

MG 106401 (Al) 156 156 209 209 272 298 130 132 176 182 181 181
MG 106365 (Al) 148 152 209 209 276 276 136 138 176 182 181 183
MG 107516 (Al) 148 148 211 217 288 288 128 134 176 182 181 183
MG 112366 (Cy) 158 164 213 225 302 302 114 116 176 176 183 183
MG 112377 (Cy) 156 156 213 225 302 302 124 124 176 176 183 183
MG 112374 (Cy) 156 156 213 225 298 302 112 124 176 176 183 183
MG 110830 (Eg) 156 158 213 213 268 268 116 118 176 176 183 183
MG 111819 (Eg) 156 156 213 213 268 268 114 116 176 176 183 183
MG 111820 (Eg) 156 158 209 213 274 274 114 118 176 176 183 183
MG 116218 (It) 142 150 207 207 274 274 134 136 176 178 181 181
MG 116219 (It) 154 154 223 227 274 298 114 132 176 178 181 183
MG 116221 (It) 150 150 211 211 274 274 136 138 176 178 181 189
MG 111909 (Li) 156 156 213 213 272 272 128 130 178 182 183 183
MG 112114 (Mo) 158 158 215 219 272 292 118 120 176 182 185 189
MG 112163 (Mo) 156 164 215 215 310 314 118 120 176 182 189 189
MG 106692 (Tu) 164 168 207 211 270 272 116 118 176 182 189 189
MG 106746 (Tu) 164 168 207 211 270 272 116 118 176 178 189 189
MG 107386 (Pa) 168 168 235 235 268 268 116 118 178 182 189 189
MG 107420 (Pa) 156 166 213 213 270 272 114 118 178 182 189 189
MG 106309 (Et) 156 156 219 219 302 302 124 126 178 178 185 189
MG 106315 (Et) 158 158 209 217 292 292 118 120 178 178 189 189
MG 106353 (Et) 164 168 219 219 292 292 120 122 178 178 185 189
ILL 7202 (Ic) 158 168 225 225 272 274 118 120 176 178 189 189
ILL 7535 (Ic) 158 158 221 221 272 272 128 130 176 178 189 189
Laird (Ca) 164 164 223 223 304 304 114 118 176 178 181 189
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genetic parameters such as expected (He) and
observed (Ho) heterozygosity, estimated null al-
lele frequency (r) and Probability of Identity
(P.I.) are also shown in Table 7. The 25 acces-
sions, which showed different profiles, are char-
acterized by high expected heterozygosity val-
ues (from 0.61 to 0.88; mean 0.78), compared
with observed values (from 0.32 to 0.96; mean
0.52) as expected considering that the species
studied is an autogamous species. Starting from
the genetic similarity coefficients obtained by
AFLP and SSR data, a Mantel Test was carried
out to test correlation among the two classes of
molecular markers. Considering the significant
correlation of the Test (R2 = 0.89), a dendrogram
was created using the Simple Matching coeffi-
cient (SM) and Unweighted Pair-Group Method
with Arithmetical Averages (UPGMA) algo-
rithm (Fig. 2) which shows 3 main clusters. The
first cluster in the upper part of Figure 2 in-
cludes the Italian (3) and Algerian (3) acces-
sions and the Laird tester variety which is found
in the same branch of an Italian accession (MG
116219). The second cluster is below the first
one and includes accessions from Cyprus (n =
3), Egypt (n = 3), Libya (n = 1) and Pakistan (n
= 1). The third large cluster located in the low-
er part of Figure 2 has 3 sub-cluster. The upper
sub-cluster includes an Ethiopian accession, the
2 ICARDA genotypes and the 2 Moroccan ac-
cessions, the central sub-cluster an accession
from Pakistan rather similar to 2 Tunisian ac-
cessions that may be considered almost syn-
onymous (different name, same genetic profile)
as they are different in only 8% of AFLP and
SSR bands analyzed. Finally, the lowest of the
3 sub-clusters includes 2 accessions from

Ethiopia. Therefore, a small number of AFLP
and SSR markers are able to highlight clusters
that appear to be highly influenced by geo-
graphic origins. As expected, genetic distances
between accessions are clearly evident and it is
possible to distinguish groups of different origin
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Table 7. Genetic parameters obtained from 6 SSR loci analyzed on the 25 lentil accessions.

Locus Allele Allele Expected Observed Frequency Probability 
No. range size heterozigosity heterozigosity of null allele identity

(bp) (He) (Ho) (r) (PI)

SSR 107 10 142-168 0.81 0.44 -0.206 0.100
SSR 113 12 207-235 0.87 0.40 -0.255 0.046
SSR 323 12 268-314 0.87 0.36 -0.275 0.051
SSR 317-2 14 112-138 0.88 0.96 -0.037 0.039
SSR 156 3 176-182 0.61 0.64 -0.015 0.370
SSR 204 4 181-189 0.67 0.32 -0.210 0.293
All loci 55 - - - - -

Mean 9.16 - 0.78 0.52 Total 1.21x10-6

Figure 2. Dendrogram of genetic relationships among 25
lentil accessions utilizing SM coefficients and UPGMA
cluster analysis using the SAHN-clustering and TREE
program.
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in the Mediterranean Basin. There is a clear ge-
netic relationship between the 3 Italian acces-
sions analyzed and the Algerian accessions,
while the Tunisian accessions are not in cluster
with the Italo-Algerian group. There is not clear
genetic relationship between macro and mi-
crosperma accessions in any of the clusters or
sub-clusters shown in Figure 2. Principal Com-
ponent Analysis (PCA) was carried out to de-
scribe the distribution of the accessions studied
on a plane of Cartesian axes, taking into account
genetic as well as morphological and agronom-
ic data. The first two Principal Components
(PC1 and PC2) were used to simply describe on
a plane the distribution of the 25 accessions an-
alyzed (Eigen values indicated that 89% of to-
tal variability is described by the first two com-
ponents). The PC1 is mainly affected by pods
per plant, while the PC2 is strongly affected by
flowering time and 1.000 weight seed. Both the

PCs are not affected by molecular markers da-
ta. As a consequence, in the left part of the Fig-
ure 3 are positioned all the macrosperma geno-
types. The figure also shows the positioning of
the Canadian variety, Laird, far from all the oth-
er accessions except the Algerian macrosperma
(MG 106401), this adjacent sites could be justi-
fied by belonging to macrosperma subspecies
and by their latest-flowering (the parameters
mainly involved in the PC2).

This combined analysis on biodiversity based
on morphological and molecular data showed a
central area in which are present the accessions
from Egypt, Tunisia, Ethiopia and Libya and the
others dispersed in the figure with the groups
from Italy, Cyprus (two out of three accessions)
and Morocco. The information obtained will
contribute to future breeding programs in order
to obtain well suitable varieties for the Mediter-
ranean environment.
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Figure 3. Principal Component Analysis on 25 lentil accessions based on morpho-agronomic and genetic data.
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Conclusion 

The agronomic results highlighted the influence
of climatic conditions on phenological, biomet-
rical and yielding traits. Under favourable tem-
perature regime during pod filling, lentil al-
lowed a suitable seed production level, improv-
ing pod per plant and 1,000 seed weight. This
behaviour confirmed an adaptability to the se-
mi-arid environment of the assessed germplasm.
The evaluated landraces over yielded commer-
cial variety Laird, obtained from a breeding pro-
gram for temperate climate, and the two im-
proved lines from ICARDA.

The negative correlation between earliness
and grain yield confirmed even for the lentil the
importance of time flowering as effective mech-
anism of escape from drought; these observa-
tions were remarked on all genotypes tested
during the field experiments.

The height both of plant and first fertile pod
resulted negatively correlated with grain yield,
as expected. Pod per plant, positively correlat-
ed with grain yield, plays an essential role on
the yield determinism in lentil.

The genetic analysis performed by AFLP
and SSR markers demonstrated as a small num-
ber of AFLP and SSR markers are suitable to
describe 3 main clusters highly influenced by ge-
ographic origins. The closed genetic relationship
between the Italian and the Algerian accessions
is not surprising, while it is amazing that the
same cluster did not include Tunisian accessions.
The genetic analysis shows clearly that clusters
are not affected by for agronomic performances.
Finally, it is evident that macro and microsper-
ma groups are not distinguishable with the ge-
netic information collected from AFLP and SSR
data.

The PCA analysis that allows to utilize mor-
phological and genetic data, even if confirmed
several of the clusters obtained by AFLP and
SSR data, showed a different behaviour in the
clustering among groups. In particular, it is im-
portant to note that the analysis (strongly in-
fluenced by important agronomic traits, such as
flowering time, pod per plant and 1.000 seed
weight) is able to distinguish the macro from
the microsperma. The central area of PCA
analysis figure showed a similarity among a
large group of accessions (small core) and the
others were dispersed on the basis of genetic

and morpho-agronomic traits. The resulted clus-
tering of accessions jointly with grain yield per-
formances will allow the choice of the best
genotypes, not close genetically. On the basis of
cluster analysis and PCA, it would be possible
to choice parental genotypes for breeding pro-
grammes pointed out both genetic distances and
most important agronomic traits.

The whole collection of 231 lentil accessions
(CNR genebank) have been already character-
ized in agronomic field experiments, resulting in
selected 22 landraces characterized both by
agronomic performances and molecular mark-
ers in the present first note. A genetic finger-
printing of the whole lentil germplasm collec-
tion will be carry out with the aim to include
all genetic variability in a defined lentil core col-
lection useful for future breeding programs in
semi-arid conditions.
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