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The study of genetic diversity, based on alle le frequency has allowed to select the Sicilian wi ld
populations of Brassica deserving conservation priority. The measurement of allele richness
and the prcsence of local alleles have been used in order to describe genetic variation patterns
belonging to different hierarchicallevels. The allele structure at subspecies level contributes to
the total genetic diversity, the absolute contribution of a single population decreases with the
increase of the number of sampled populations. Planning conservation at section leve l is of
great advantage as regards conservation at subspecies level and can form the basis for the realization of the core collection. In order to preserve 37 a ll e les found in the Sicilian population s
studied, priority has been given to al B. rupestris subsp hispida (Borgetto) and of B. incana
(Gonato) popùlations for their allele richness b) B. macrocarpa population for the presence of
the rare and local all ele 5 at locus Lap-l. c) B. incana (Longi) e B. villosa subsp bivoniana
(Caltabellotta) for the presence of com mon and widely distributed alleles not captured in the
populations already described in a and b. The survi val percentage ofthe seedlings of B. macrocOlpa in nature is very low, thi s fact doesn 't allow the fruit ing planls to produce a population
able to maintain and preserve genetic diversity, for thi s rea so n ex situ conservation and reintroduction in the native habitat is advisable. The evaluation and monitoring of the quality of the
accession s before and during the storage period, in order to maintain a collection of vigorous
individuals, assume the knowledge of germ ination ecophysio logy and of the germ ination testing before storage in the seed bank.

Introduction

The germplasm bank of the Botanical Garden of the University of Palermo, founded in
1993, aims at preserving the genetic diversity of rare and threatened wild species and of
wild relative plants interesting for their economie potential. The method used for long term
seed conservation in this gene bank (Scialabba & Raimondo 1994) shows that the storage
procedure is simple, but requires multidisciplinary approaches conceming taxonomy, ecology, conservation biology, population genetics, collection management which interact in
order to select the most suitable and correct strategy of conservation.The first step for the
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creation ofthe collection is based on the knowledge ofthe distribution ofthe taxa and of
the individuals from which the seeds to be preserved should be picked out. The distribution of the species, the ecology of the sites and the morphological characters of the plants
should also be considered. In the laboratory the taxonomic identification based on the phenotypical characters is then undertaken.
The realization of the collection, for taxa of a particular interest, is based on the isozymatic loci allele frequency, on the knowledge ofthe germination ecophysiology and on the
quality of seeds before their conservation. Such a procedure requires a high economical
and human effort, therefore it is used for species requiring priority in conservation and for
those seeds whichform the core collection.The core collection idea, introduced by Frankel
& Brown (1984) and by Brown (1989 a, b), insures the conservation of the maximum
genetic diversity and the reduction of management costs in a genebank. The curators when
forming a core subset should consider the opti mal accessions number needed to retain an
acceptable proportion of alleles present in a given collection, and the method used to select
accessions (Crossa & al. 1993).
The optimum strategy for germplasm sampling requires the knowledge of: a) "target
allei es" distribution of the examined populations. In conservation genetics the measurement of genetic diversity is the allelic richness (Marshall & Brown 1975) but we suggest
that priority to local alleles should be given, as they are exclusive of a localized population in a specific site. From this point of view we ne ed a measurement of diversity at different hierarchic levels and at population level in order to optimise the sampling of "target
alleles"; b) native habitat of the taxa to be preserved in order to establish the conservation
strategy (in situ, ex situ); c) seed quality, seed vigour is in fact responsible for better tolerance to environmental stresses upon storage and germination (Scialabba & al. 1999a).
Sicily represent one of the main diversification centres of the Sect. Brassica of the
genus Brassica. Three species are strictly endemic (B. villosa Biv., B. rupestris L. and B.
macrocarpa Guss.) and two (B. incana Ten. and B. insularis Moris) are distributed in the
Mediterranean area (Raimondo & al. 1991). These populations belonging to the same
cytodeme of B. oleracea L. (Harbert 1972) are wild relatives of kale crops (Heywood &
Zohary 1995) and therefore represent an important genetic resource. The populations are
characterized by a considerable morphological variation (Raimondo & Mazzola 1997) and
show a strict genetic relationship (Geraci & al. 2002). Some of them are endangered
(Raimondo & al. 1994) or threatened by antropic factors, such as hybridization with cultivated forms . The allozymatic analysis carried out on 16 populations among the known
ones, concerns six populations of B. villosa (Scialabba & al. 2001), seven of B. rupestris.
(Geraci & al. 1998) two of B. incana and one of B. macrocarpa. Isozyme analysis ofgenetic diversity in wild Sicilian populations of Brassica Sect. Brassica has shown that the levels of inter- and intra- population diversity were comparable and that populations of B.
incana exhibit a clear separation from the villoso-rupestris populations; furthermore, B.
macrocarpa forms a separate clade and is differentiated from the other Sicilian species
(Geraci & al. 2002).
The present study aims at preserving the spectrum of genetic diversity of the Sicilian
populations of Brassica, within the germplasm bank of botanical Garden in Palermo capturing ali the different allelic forms and maintaining the genetic diversity.
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Materials and Methods
The wi ld populations of B. villosa Biv. subsp villosa, B. v. subsp. drepanensis (Caruel)
Raimondo & Mazzola, B. v. subsp. bivoniana (Mazzola & Raimondo) Raimondo &
Mazzola, B. v. subsp. tinei (Lojac.) Raimondo & Mazzola, B. rupestris Rafin. subsp.
rupestris, B. r. subsp. brevisiliqua Raimondo Mazzola, B. r. subsp. hispida Raimondo &
Mazzola, B. incana Ten. and B. macrocarpa Guss. were monitoring the originaI sites identifying the number of individuals of each population (size of population) and the number
offruiting individuals (Table l). Ten fruiting plants for each population were enc10sed into
a gauzed net inside which seeds were coIlected during the siliquae dehiescence (Fig. 1).

Table l . Quantitative reproductive data ofthe Brassica examined populations. PF (number of fruiting
plants), SP (number of seeds per plant), SS %(survival seedling percentage), PD (months ofprimary
dormancy), TD (thermo dormancy). *missing data.

Taxa
I. B. villosa subsp.
villosa
2. B. villosa subsp.
bivoniana
3. B. villosa subsp.
bivoniana
4. B. villosa subsp.
bivoniana

Ori gin

Sagana
(Palermo)
M.lnici
(Trapani)
Caltabellotta
(Agrigento)
Fontanarossa
(Trapani)
M.San
5. B. villosa subsp.
Giuliano
drepanensis
(Trapani)
6. B. villosa subsp.
Marianopol i
(Caltanissetta)
tinei
7. B. rupestris
M. Pellegrino
subsp. rupestris
(Palermo)
8. B. rupestris
R. Busambra
subsp. rupestris
(Palermo)
9. B. rupes tris
Stilo
subsp. rupestris
(Catanzaro)
IO. B.rupestris
San Ciro
(Palermo)
subsp. rupestris
II. B.rupestris subsp:
Isolidda
(Trapani)
brevisiliqua
12. B.rupestris
M. Pizzuta
subsp. hispida
(Palermo)
13 . B.rupestris
Borgetto
subsp. hispida
(Palermo)
Gonato
14. B.incana
(Palermo)
Longi
15. B. incana
(Messina)
Favi gnana
16. B.macrocarpa
(Trapani)

Size
(number of PF
individuals)

Seed
harvest
month

SP

SS
(%)

TD

PD

eq

Optimum
Germination
Temperature
(OC)

250

83

june

2000

0,17

3

-

15 ,25

750

173

end of
May

750

0,64

-

15 ,25

15, 15/30

1000

250

June

1900

0.21

-

-

15

30

*

*

*

*

*

*

1000

340

June

3700

0,09

-

25

15 , 25 , 15/3 0

750

263

June

9500

0,03

-

-

15, 25 , 15/30

1000

300

end of
Aprii

1100

0,33

I

25

15

1000

340

July

1050

0,31

-

-

15, 25, 15/30

*

*

lune

*

*

2

25 , 15/30

15

2450

0,45

4

-

15,15/30

2900

0,11

3

25, 15/30

15,25 , 15/30

endof
Aprii
end of
Aprii

75

8

75

25

1000

330

luly

3550

0,09

-

25

15 , 25 , 15/30

75

15

lune

4500

0,12

2

25

15,15/30

250

83

July

2000

0,17

-

15, 25

15, 25, 15/30

75

21

May

2600

0,15

I

15, 25

15,25

263

end of
May

4300

0,07

I

25

15, 25 , 15/30

75 0
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Fig l . Fruiting individuaI of B. rupestris enclosed into a gauzed net for seed harvest.

The seeds of each individuai were harvested and counted in the end period of April/July
and for each population the arithmetical mean was established (Table I). The seeds collected were stored at - 20 °C, at 6% moisture content. A lot of seeds for each population
were kept at room temperature for a year.
Germination test - Every month , germination tests of seeds kept at room temperature
were carri ed out in order to know dormancy and the maximum germinative response. The
germination test was carri ed out on four replicates of 25 seeds each placed on Petri dishes
on 4 layers of filter paper previously moistened with distilled water Cl O mi) at 15 °C, 25
°C and 15/30 °C in the dark. Other cultivation tests from seeds were conducted at the
Botanical Garden of Palermo in order to evaluate the vigour of seeds in a controlled condition of growth.
The estimated percentage of survival of the seedling in situ was calculated from the
ratio of the total number of individuals forming a single population and the total number
of seeds produced by the population (number of fruiting plants x medium number of seeds
produced by a single plant) (Table l). The number of individuals forming a population,
spread over un area less than 100 square metres, was counted in the populations with up
to 250 individuals. In the populations with more than 250 individuals and scattered over a
surface larger than 100 square metres, the number of individuals counted was that of those
present in 20 areas of one square metre. On these the arithmetical mean was calculated and
then multiplied by the total surface.
Allozyme analysis - The study of distribution of the genetic variability in the examined
populations (Table I) is based on published data, conceming the allozyme pattems
obtained from 35 plants for each population (Geraci & al. 2002). The same enzymatic sys-
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tems used for the genetie and nomenc\atural analysis of B. nigra, B. oleracea and B.
campestris (Chèvre & al.I 995) were tested: aeonitase (ACa, E.C.4.2.1.3.), leueine aminopeptidase (LAP E.C.3.4.11 .1), 6 phosphoglueonate dehydrogenase (6-PGD E.C. l.l. 1.44),
phosphoglueo-isomerase (PGI E.C.5.3.1.9), phosphoglueomutase (PGM E.C.2.7.5.1).
When more than one loeus was observed for the same isozyme, banding patterns were
reeorded by numbering them sequentially starting from the fastest migrating isozyme. The
first seedling leaves were erushed and eleetrophoresis was performed in stare h gel
(Kephart 1990; Shield & al. 1983).
Genetie diversity was quantifiedby allele frequeneies . The allelie diversity of individuai loei was reeognised in four c\asses based on allele frequeney and the relative distribution within the populations (Marshall & Brown 1975): a) eommon alleles with a frequeney > 0.05; b) rare alleles with a frequeney < 0.05; c) widely distributed alleles oeeurred in
many populations; d) loeal distributed allei es eonfined to one or few populations.
During sampling loeally eommon alleles deserve partieular attention beeause they
might refleet the effeets of isolation by distanee or they eould represent adaptive variants
whieh have been favoured by natural seleetion as verified by Brown (1978) reviewing the
role ofpopulation genetie data, mainly derived from the analysis of allozyme, in the exploration and eonservation of plant genetie resourees. Locally rare alleles are exc\usive of a
single population and have to be sampled beeause they eould be lost. The eommon wideIy distributed alleles ean be easily sampled beeause they eharaeterize more populations.
The number of plants (n) required in order to preserve at least a eopy of eaeh allele with
a probability (P) of 0.999 was ea\culated on the basis of alleli c frequeney (F): n=log(lP)/log(I-F) for self pollinated taxa and n=log(l-P)/log(I-F)2 for cross pollinated taxa
(Lawrenee & al. 1995). Brassica shows a mixed system of breeding in whieh allogamy
prevails.

Results and Discussion

Conservation oJgenetic diversity at population, species and section leve!. - 37 alleles in
eleven examined loei (Table 2) eharaeterise the 16 Sieilian populations studied.
Populations with greater allele riehness are: I) B. villosa subsp. villosa of Sagana, 2) B. villosa subsp. bivoniana of Mt. Iniei , 3) B. rupestris subsp. hispida of Borgetto, 4) B. incana
of Gonato (Table 2). Common and widespread allei es present in the seetion are eaptured
by sampling these four populations. The first one has the alleles present in the other three
populations, therefore sampling is not needed. The seeond has loeal alleles whieh must be
proteeted and is sampled aeeording to the methods reeorded in Table 4. The third population has allele l at Aco-3 loeus whieh is not present in the other three populations, its frequeney is 0.20, therefore following the ealeulation proposed by Lawrenee & al. (1995) 31
plants should be sampled. The fourth population has allele 1 at Pgm-2 locus. This is not
reeorded in the other three populations; its frequency is 0.143 therefore 45 plants should
be sampled. Unrecorded allei es in the four populations mentioned should be distinguished
into loeal alleles and eommon alleles. The first are eaptured during sampling of the populations as mentioned in Table 4; the seeond should be sampled from populations in whieh
they show the highest frequeney. Following the ealculation proposed by Lawrence & al.

478

Scialabba & al.: Biology and conservation strategies ...

Table 2. Frequencies ofthe allozymes detected in 16 wi ld Brassica populations analyzed with 5 enzymatic system. 1-6, B. villosa; 7-13, B.rupestris; 14-1 5, B.incana; 16, B.macrocarpa.
S1"1cm Locus Allele
PGI Pgi-2
I
2
3
4
5
I
PGM Pgm-3
2
Pgm-!
I
2
3
4
Pgm-2
I
2
3
4
5
ACO Aeo-!
I
2
3
Aeo-2
I
2
3
I
Aeo-3
l'

Aeo-4

LA?

Lap- !

6PGD 6Pgd-!
6Pgd-2

2
I
2
3
I
2
3
4
5
I
2
I
2

l

2

3

4

5

6

7

8

9

IO

Il

12

13

14
15
0.6 14 1.000
0.386

0.260
1.000 0.740 1.000 1.000 1.000 1.000 1.000 0.886 1.000 1.000 1.000 1.000 1.000
0.114
0.071
1.000 1.000 1.000 1.000 1.000 1.000 0.929 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
0.129
0.477
0.100 0.514
0.029
0.614 0.029
1.000 0.523 1.000 1.000 0.900 0.357 1.000 0.971 0.971 0.729 0.386 0.943 1.000 1.000 0.1 71
0.029 0.271
0.029
0.829
0.143 0.900
0.128
0.628 0.100
0.957 0.900 0.574 0.486
1.000 0.329 1.000 1.000
1.000 1.000
0.543
0.229
0.043 0.100 0.426 0.514 1.000 1.000
0.929
0.071
0.128
0.043
0.371
0.857 0.900 0.279 1.000 0.4 14 1.000 0.957 1.000 1.000 0.928 1.000 1.000 0.629 1.000 1.000
0.0 15 0.100 0.72 1
0.586
0.072
0.286
0.971 0.286 0. 147 0.571 0.1 29
0.271 0.571
0.029
0.029 0.714 0.853 0.429 0.871 1.000 0.729 0.429 0.514 1.000 1.000 1.000 0.614 1.000 0.971
0.100
0.486
0.441
0.186
0.429
0.343 0.057 0.200
0.914 1.000 0.559 1.000 1.000 0.686 0.357 0.471
0.529 0.657
0.643 0.500 1.000
0.086
0.129 0.643 0.529 0.571 0.471
0.943 0.157 0.500
0.914 1.000
0.086 0.27 1
0.857 0.271 0.382 1.000 1.000 0.200 0. 143 0.186 0.471
0.143 0.729 0.618
0.800 0.857 0.8 14 0.529 1.000 1.000 0.914 0.729 0.086
0.257
0.286
0.228 0.014 0.757 0.129 0.071 0.957
0.500 0.500 0.132 1.000 0.471 0.200 0.429 0.871
0.242 0.243 0.868
0.529
0.571 0.129 0.386 0.457 0.957 0.200 0.757 0.929
0.800
0.614 0.029 0.029 0.043 0.114
0.043
0.258

16

1.000
1.000

1.000

0.271
0.700
0.029

1.000
0.757
0.243

1.000
0.957
0.043
0.143
0.829

0.029
1.000 1.000 1.000 1.000 1.000 1.000 0.400 1.000 1.000 1.000 1.000 1.000 1.000 0.429 0.700 1.000
0.571 0.300
0.600
0.8 14 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.186
1.000

(1995), allele 4 at Pgm-l locus can be captured from 4 individuals of B. incana population
(Longi) where it shows a frequency of 0.829 and allele 3 at Aco-l locus can be sampled
by collecting 6 individuals of B. v. subsp. bivoniana population (Caltabellotta) where it
shows a frequency of 0.72.
Distribution analysis at a species leve l shows 4 local alleles set for B. V., 7 for B.r. , 9 for
B.i., 17 for B. m. (Table 3). A conservation project at a single species level requires therefore the protection of 37 alleles some of which are present in 2 or more taxa, as allele l at
Lap-l locus in B. v. subsp. bivoniana, B. r. subsp. rupestris and B. macrocarpa (Table 3).
Local all eles distribution at Brassica section level (Table 4) shows that only 6 alleI es are
local and in order to preserve a representative sample of the spectrum of the local genetic
variability sampling seeds from the number of plants shown in Table 4 are needed . .
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Table 3. Loeal alleles in populations of Brassica villosa (B.v.), Brassiea rupestris (B.r.), Brassiea
ineana and Brassica maeroearpa.
POPULATION

ALLELE, LOCUS

LOCALITY

B. v. subsp. villosa

l ,Aeo-l

Sagana (PA)

B. v. subsp. bivoniana

3, Pgi-2; I,Lap-l

M. lniei (TP)

B. v. subsp. finei

I,Pgm-l

Marianopoli (CL)

B. r. subsp. rupestris

I,Pgm-3; 2,6Pgd-l

M.Pellegrino (PA)

B. r. subsp. rupestris

5,Pgi-2

R.Busambra (P A)

B. r. subsp. rupestris

5,Pgm-2

Sti lo (CZ)

B. r. subsp. rupestris

3,Aeo-l ; I,Lap-l

San Ciro (P A)

B. r. subsp. brevisiliqua 2,Pgm-2

Isolidda (TP)

4,Pgm-l; l,Aeo-2; 4,Lap-l

B. ineana

Longi (ME)

2,Pgi-2; 4,Pgm-2; 2,Aco-3; 3,Aeo-4; 3,Lap-l;
B. incana

Gonato (PA)

2,6Pgd-2
5,Pgi-2; 2,Pgm-3; 3'pgm-l ; 2,3,4,Pgm-2; 2,Aeo-l;
1,2, Aeo-2;

B. maeroearpa

2,Aeo-3;

1,2,Aeo-4;

1,2,5,Lap-l; Favignana (TP)

1,6Pgd-l ; 2,6Pgd-2

Table 4. Distribution of loeal alleles (AL) in the examined Brassica seet. Brassiea populations, L
(loei), F (allele fre queney), Brassiea villosa (B. v.), Brassiea rupestris (B.r.), Brassica ineana (B.i.),
Brassiea maeroearpa (B. m.). P (proteeted site), NP (unproteeted site), n (number of plants required
to save a eopy of eaeh allele with a probability of 99% (P=0,999) in self-pollined (s I ), and eross-pollined (sO) taxa).
P(O,999)
AL

L

3

Pgi-2

I

F

POPULATION

Locality

n(sI)

n(sO)

0,26 B. v. subsp.bivoniana ~. Iniei (TP) - P

22

II

Pgm-l

0,12 B. v. subsp. tinei

54

27

l

Pgm-3

0,07 1 B.r. subsp. rupestris iM.Pellegrino(p A) - P

96

48

5

Pgm-2

0,071 Is.r. subsp. rupestris Stilo (CZ) - NP

96

48

2

Pgi-2

0,38 Is·i.

14

7

5

Lap-l

0,02

342

171

IB. m.

iMarianopoli (CL) - NP

Gonato (P A) - P
Favignana (TP) -p
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At species level, 3 rare alleles are present in B. V. , 9 in B. r., 2 in B. i., 3 in B. m. (Table 5).
A conservation project carri ed out at species level requires therefore the preservation of 17
alleles,3 ofwhich are present in more subspecies (alleles 2 and 4 at Pgm-llocus and allele
4 at Lap-l locus) and would involve sampling from a large number ofplants (Table 5). The
distribution analysis of rare alleles at Brassica section level shows that these alleles can be
easily captured from other populations in which they show frequency higher than 0.05
(Table 2). In the case of Brassica section rare alleles have a moderate weight but they
assume great importance only when a rare allele is also loca!. In our case within the
Brassica section only allele 5 at Lap-l locus of B. macrocarpa is rare (Table 5) and local
(Table 4) and requires therefore the maximum protection.

Conservation strategy - Local allei es with frequency lower than 0,20 in populations
which are found in unprotected sites deserve (B. v. subsp. tinei, B. r. subsp. rupestris ofStilo;

Table 5. Rare alleles (AR) of Brassica villosa (B. v.), Brassica rupestris (B.r.), Brassica incana,
Brassica macrocarpa. L (loei), F (allele frequeney), P (proteeted site), NP (unproteeted site), n (number of plants required to save a eopy of eaeh allele with a probability of 99% (P=0,999) in self- pollinated (si), and eross- pollinated (sO) taxa).
AR

L

F

POPULATION

4

Pgm-2

0,043

3

Aco-l

0,015

2

Aco-2

0,029

2

Pgm-l

0,029 B. r. subsp. rupestris

2

Pgm-l

0,029

4

Pgm-l

4

lE. v. subsp. villosa
lE. v. subsp. villosa
lE. v. subsp. villosa

Locality - kind of site

P(0,999)
n(sl)
n(sO)

Sagana (P A) - NP

157

79

Sagana (PA) - NP

457

229

Sagana (PA) - NP

235

117

R. Busambra (P A) - P

235

117

B. r. subsp. hispida

Pizzuta (P A) - P

235

117

0,029

B. r. subsp. rupestris

Stilo (CZ) - NP

235

11 7 •

Pgm-l

0,029

B. r. subsp. hispida

Pizzuta (P A) - P

235

117

l

Aco-l

0,043

B. r. subsp. rupestris

M.Pellegrino (P A) - P

157

79

2

Lap-l

0,014 B. r. subsp. brevisiliqua

solidda (TP) - NP

490

245

4

Lap-l

0,029

B. r. subsp. brevisiliqua

solidda (TP) - NP

235

117

4

Lap-l

0,029 B. r. subsp. rupestris

San Ciro (P A) - P

235

117

4

Lap-I

0,043

Pizzuta (PA) - P

157

79

I

Aco-2

0,029 B. incana.

Longi (ME) - P

235

11 7

4

Lap-I

0.043

B. incana

Longi (ME) - P

157

79

4

Pgm-2

0,029

B. macrocarpa

Favignana (TP) - NP

235

117

2

Aco-4

0,043

B. macrocarpa

Favignana (TP) - NP

157

79

5

Lap-l

0,029 B. macrocarpa

Favignana (TP) - NP

235

117

B. r. subsp. hispida
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Fig. 2. B. macrocarpa growing in field under standard conditions after two months (a) and after
fom months (b) from the germination.
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Fig. 3. Seedlings of B. villosa subsp. bivoniana (arrow) in their natural habitat
of Mt.Inici.The competition with the other species is visible.
Table 4) an integrated conservation program ex and in situ with particular attention for the
conservation ex situo Local alleles with a frequency higher than 0.20 which are located in
protected sites (B. V. subsp. bivoniana of Mt. lnici and B. incana of Gonato) can be preserved with an integrated program which requires both conservation ex situ and in situo
Ex situ conservation is realizable since the seed production for plant in the examined
populations is high (Table I). Seeds are of high quality because they give a germinative
response of90-1 00 % (un reported data) at an optimum germination temperature (Table I).
In the field , under uniform environmental conditions, the seedling development in a adult
pl ant is 95% (Fig. 2 a-b) while in the originaI sites the seedling forrnation (Fig. 3) is not
followed by the development in an adult plant. The 0.03-0.64 % of seeds produced by a
population could give origin to adult individuals (Table I) indicating that both the competition with other plant species and the cliff habitat (Fig. 4 a-b) do not allow big sized populations to occur. Therefore conservation in situ cou ld not insure the protection of examined taxa, while conservation of seeds in a gene bank can provide a useful support for a
possible reintroduction in the originaI sites. The genetic diversity for B. macrocarpa population could be preserved sampling from 342 plants (Table 4). Since fruiting plants are
263 (Table l) it is necessary to repeat sampling for severa I years.

Maintenance oJ genetic diversity through time - Seed collection in a gene bank has the
important role of preserving genetic diversity ()f populations. High seed vigour is an essen-
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Fig. 4. The competition between Brassica and other species in the limestone cliffs habitat. Fruiting
plants of B. rupestris in R. Busambra (a) and flowering plants of B. v. subsp drepanensis (b).
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ti al parameter of seed quality but long-term conservation can reduce seed quality causing
the modification of the genetic pool.
The germination percentage and the mean germination time of Brassica seeds
(Scialabba & al. 1999 b) allow to monitor the se ed vigour through time. Monthly germination tests conducted on Brassica seeds at different temperatures has shown that the optimum germination temperature is at 15 °C and/or 25 °C and/or 15/30 °C and that some populations are dormant for one month (B. rupestris subsp rupestris Monte Pellegrino, B.
incana di Longi and B. macrocarpa) some for two months (B. rupestris subsp. rupestris
and B. r. subsp. hispida) some others for three months (B. r. subsp brevisiliqua) and for four
months (B. r. subsp. rupestris of San Ciro) other are thermodormient at different temperatures (Table l). The knowledge of the germinative pattem has allowed to know under
which conditions of dormancy or thermodormancy seeds fiom single accessions have been
stored, and to establish the seed quality at the time of conservation. These parameters,
which integrate the passport data, are the initial reference in order to monitor the seed quality during conservation in the following years, to evaluate the collection status and to fix
the times for the regeneration of accessions.
Conclusions
The knowledge of allele frequency has been very useful in order to describe the genetic variation patterns in populations of Brassica wild relatives and will allow to monitor a
possible genetic erosion in situ, for rare allei es.
The genetic diversity spectrum within populations of Brassica has allowed to establish
that the section is the hierarchic level at which conservation should be done. The section
level conservation preserves "target alleles" in core collection and avoids the creation of
numerous accessions.
The analysis shows in the 16 examined populations the presence of 37 alleles, 17 of
which are rare and 37 are local. The distribution analysis at Brassica section level points
out that there is one rare allele and that local alleles are 6. The allele composition at subspecies level therefore contributes to the total genetic diversity and that the whole contribution of a population decreases with the increase of the number of populations sampled.
Local alleles which are found in unprotected sites (B. v. subsp. tinei of Marianopoli, B.
r. subsp. rupestris of Stilo) or in populations where they are also rare (allele 5 at Lap-l
locus of B. macrocarpa) deserve priority. The field collector in order to preserve at least
one copy for each one ofthe different alleles should sample:
a) two of the four populations with highest allele richness in order to capture the higher
quantity of common alleles (31 plants of B. rupestris subsp. hispida ofBorgetto and 45
plants of B. incana of Gonato);
b) the local alleles recorded in Table 4;
c) the common afleles not present in the populations mentioned in a) and b) can be captured sa~pling e 4 plants of B. incana of Longi and 6 of B. v. subsp bivoniana of
Caltabellotta.
The ex situ conservation is the most qualified for the preservation of populations placed
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in unprotected sites within a strategy of integrated conservation. For this purposes sampling the number of plants shown in Table 4 is necessary. The germplasm produced by the
studied populations is ofhigh viability at the harvest and can provi de vigorous individuals
which can be used for reintroduction in the originai sites. Long-term monitoring of seed
quality in the collection will be conducted following a germination testing programme.
Seeds stored on the basis of their viability can be monitored in the following years by the
use of appropriate conditions.
Conservation science is forced to treat distinct aspects of biological science and to balance them with economie and social aspects (SimberlotT 1988). The experiences carried
out on Brassica suggest that a bank can preserve successfully only limited groups ofplants
due to the care required and to ditTerent efforts in the knowledge of the area, the laboratory work, the elaboration of the conservation strategy and the management of a gene bank.
The present work is an attempt to optimise population sampling and to pIan conservation strategy for populations restricted to small area.
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