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Abstract

In mediterranean environments, rapeseed is grown in fall-winter with late-summer sowing and this implies that ger-
mination and initial seedling growth may occur in soils with low water content and/or high salinity.

Lab experiments were carried out to study the effect of the level and timing of salt and osmotic stress application
on the germination and seedling growth of rapeseed (Brassica napus var. oleifera Del.) cultivars with different stress
tolerance. After a preliminary screening on eighteen cultivars, four hybrids with different stress tolerance during
germination were chosen to study germination on Petri dishes at 14 increasing concentrations of PEG 6000 (ys up
to -1.5 MPa) and 12 increasing concentrations of NaCl (up to 600 mM). Seedlings from seeds germinated at 0 and
250 mM of NaCl were then grown into boxes for the slant test containing NaCl solutions 0 mM and 100 mM, while
seedlings from seeds germinated -0.8 and -0.03 MPa (PEG) were grown in pots containing siliceous sand with a
water content equivalent to field capacity or half of field capacity. In both experiments seedlings were grown for
11 days under controlled light/temperature conditions. Therefore, for both salt and osmotic stress experiments, the
following four combinations for “germination-growth” conditions were obtained for each cultivar: optimum-opti-
mum; optimum-stress; stress-optimum,; stress-stress. The following determinations were performed: final percentage
germination, time to 50% germination (T50), and base water potential of seeds; dry and fresh weights, and shoot
and root lengths of seedlings at the end of the growth period (i.e. 11 days after plant transfer to the growth medi-
um), and correspondent relative growth rates between the start and the end of the growth period.

The different degree of stress tolerance observed among rapeseed cultivars for germination was in the order of 150
mMol for NaCl concentration and 0.2-0.3 MPa for osmotic potential. Nonetheless, cultivars did not differ substan-
tially for growth parameters of seedlings exposed to stressing conditions, and in some cases cultivars with higher
tolerance during germination resulted even more sensitive during growth, especially under salt stress. The severe
stresses applied reduced seedling growth, and root more than shoot growth. Agronomic implications for the differ-
ent stress tolerance of cultivars are discussed.
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Introduction and seedling growth, with negative effects on
crop establishment, crop-weed competition, and
final grain yield (Blackshaw, 1991; Al-Thabet et

al., 2004; Willenborg et al., 2004; Andalibi et al.,

In mediterranean environments, rapeseed is
grown in the fall-spring period and sown in late
summer-early autumn to allow plants achieve a

suitable developmental stage to guarantee a
good cold resistance before the start of winter
frost. This implies that germination and initial
seedling growth may occur in soils with low wa-
ter content and high salinity (especially in case
of coastal regions) (Anastasi et al., 2003). This
may cause delayed and reduced germination

2005). Both drought and salinity reduce seed im-
bibition because of the lowered soil water po-
tential. In addition salinity may cause a toxic ef-
fect due to accumulation of ions (e.g. Na* and Cl)
in the cytoplasm (Kafkafi and Bernstein, 1996).
Once a seed has germinated, water and salt stress
may reduce seedling growth (Tei and Ciriciofolo,
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1997; Athar and Ashraf, 2005; Kauser et al., 2006),
although in case of salinity ions uptake and cyto-
plasmic or vacuolar ion compartmentation
(Blumwald, 2000) may partly mask the reduction
of organic matter accumulation in seedlings. Both
stresses would reduce shoot more than root
growth mainly due to the osmotic component
(Munns, 2002) and actually many studies on wa-
ter and salt stresses in Brassica species report a
decrease of the shoot/root ratio (Maggio et al.,
2004; Badruddin et al., 2005; Jamil et al., 2005), al-
though there are also opposite evidences for salt
stress (Jamil et al., 2006).

The genotype may play a crucial role in crop
establishment under salt and water stressing
conditions. It is known that in optimal condi-
tions, cultivars may differ much for germination
rate and final % germination (King et al., 1986),
but performances might be altered in case of
stressing conditions. Moreover, the stress toler-
ance (or sensitivity) of one cultivar during ger-
mination might not necessarily imply a concor-
dant level of tolerance (or sensitivity) during the
next growth phases. On the other hand the ger-
mination condition may affect the next seedling
and plant growth (Ungar, 1995). Thus, for ex-
ample, a seed germinated in stressing condition
might have been damaged or hardened and as
a consequence the seedling growth in either
stressing or optimal conditions might be wors-
ened or improved. Due to the very variable
rainfall regime in late summer-early autumn in

NaCl (350 mM)

mediterranean climates, the crop may experi-
ment all the possible combinations of soil water
availability (and thus saline concentration of the
soil solution) in the “germination-initial growth”
phases: the soil might be constantly dry (and like-
ly saline) or constantly wet (and likely less saline)
during both germination and seedling growth,
but it might also be dry during germination and
then wet during initial seedling growth thanks to
a rainfall, or the reverse might happen if an oc-
casional rainfall occurs before sowing not fol-
lowed by other rainfalls in the next weeks.

The present research was carried out to
study the effect of the level and timing of salt
and water stresses application on the germina-
tion and initial growth of rapeseed cultivars with
different stress tolerance.

Materials and methods

A preliminary screening was carried out on
seeds from 18 cultivars of rapeseed (Brassica
napus var. oleifera Del.) either hybrids or syn-
thetic varietes provided by different companies
(see legend in Fig. 1) in order to identify culti-
vars with different stress tolerance during ger-
mination. For each cultivar three replicates rep-
resented by 9-cm-diameter Petri dishes of 50
seeds each were incubated on absorbent paper
(filter paper circles, 8.5 cm diameter, Whatman
Grade 1) saturated with PEG 6000 solutions
equivalent to osmotic potentials of -0.7, -0.8, -0.9
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Figure 1. Arcsin square root transformed data of final percentage germination for seeds from the eighteen rape-
seed cultivars subjected to preliminary screening for tolerance to A) salinity (NaCl 350 mM) and B) low osmotic
potential (-0.9 MPa) of the solutions used to saturate the germination substrate. Values are means of 3 replicates.
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and -1.0 MPa or with NaCl solutions 250, 300, 350,
400 mM plus a control saturated with distilled wa-
ter (ie. 0 MPa and 0 mM NaCl). Dishes were
placed in a controlled-temperature chamber at
darkness at 20 °C. Germinated seeds were count-
ed everyday until 14 days from the start of the
experiment and the final percentage germination
was taken as indicator of stress tolerance degree.
A seed was considered germinated when radicle
extrusion was greater than 2 mm.

Among the eighteen cultivars, four hybrids
Exagone and Excalibur (Monsanto), tolerant to
both stresses, and Toccata (Maisadour Semences)
and Saturnin (Florisem), sensitive to both stress-
es during germination were chosen to deepen
the study on germination at 13 increasing con-
centrations of PEG 6000 solutions (equivalent
to -0.03, -0.15, -0.3, -0.4, -0.5, -0.6, -0.7, -0.8, -0.9,
-1, -1.1, -1.2, -1.5 MPa) and 12 increasing con-
centrations of NaCl (0, 50, 100, 150, 200, 250,
275,300, 325, 350, 400, 500, 600 mM), plus a con-
trol saturated with distilled water (i.e. 0 MPa
and 0 mM NaCl). The number of germinated
seeds was counted every day until 14 days from
the start of the experiment and used to calcu-
late the percentage germination. The time to
reach 50% germination (T50) was calculated ac-
cording to Coolbear et al. (1984). The base wa-
ter potential (1) was calculated according to
Bradford (1995), considering the intercepts on
x axis of the regression lines describing the vari-
ation of the germination rate (d') with water
potential for each germination percentile.

For the salt stress experiment, seedlings from
seeds germinated at 0 and 250 mM of NaCl
were then transferred in plexiglass boxes with
drilled lid and walls (21 holes of 3 mm @) for
slant test (Wurr and Fellows, 1985) containing
distilled water (0 mM) or a NaCl solution (100
mM), both added with Flory 9 (Agrimport), a
liquid fertilizer for hydroponics. Seedlings were
placed 1 cm apart in a horizontal row along the
long axis of 10 x 16 cm rectangular piece of
Whatman® n. 1 chromatography paper held on
10 x 18.5 cm clear plastic plate 3 mm thick. The
plate was held at an angle of 20° from the ver-
tical by a slotted rack in the base 20 x 30 cm
seed tray. The chromatography paper was kept
moist by dipping into solution in the tray. Each
plate held up to 10 seedlings and each tray held
10 plates for a total of 100 seedlings per box.

Similarly, for water stress experiment,

seedlings from seeds germinated in PEG solu-
tions at -0.03 and -0.8 MPa were then trans-
ferred in pots (10 per pot) containing 81 g of
siliceous sand with a water content equivalent
to field capacity (optimum) or half of field ca-
pacity (stress). The pots were contained in plex-
iglass boxes (12 per box) with a drilled lid (the
same used in slant test experiment for salt
stress) and were watered regularly every 2 days
to restore initial water content.

Therefore, for both salt and water stress ex-
periments, the following four combinations for
“germination-growth” conditions were obtained
for each cultivar: optimum-optimum (O-O); op-
timum-stress  (O-S); stress-optimum (S-O);
stress-stress (S-S). The lower concentration of
NaCl in the growth medium (100 mM) with re-
spect to that of the germination medium (250
mM) was necessary because concentration high-
er than 100 mM caused weakness and death of
most seedlings few days after plant transfer.

For both salt and water stress experiments,
the boxes were placed in a growing room for 11
days at day/night temperature of 25/15 °C with a
photoperiod of 14 hour light and 10 h darkness.

A randomized block design with three repli-
cates (boxes) per treatment (cultivar x growing
conditions) was adopted.

The root and shoot lengths and the total
plant fresh and dry weights of seedlings were
measured at regular intervals until 11 days af-
ter seedling transfer to the growth medium and
the correspondent relative growth rates (RGRs)
were calculated between the start and the end
of the growth period (i.e. between 0 and 11 days
after seedling transfer to the growth medium).

Statistical analysis

Data on germination and seedling growth were
analyzed by Student’s t-test. Means were com-
pared between cultivars and treatments by LSD
(least significant difference) at the 0.05 confi-
dence level. Percentage data were arcsin square
root transformed for analysis and graphs. Back
transformed means are given in the text wher-
ever appropriate.

Results

All the cultivars subjected to the preliminary
screening had very high percentage germination
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Table 1. Number of days needed to reach 50% germination (T50) for the four rapeseed cultivars sown on filter paper sat-
urated with distilled water (Control) and with solutions at increasing concentrations of NaCl (250, 325, 350, 400) and PEG
(corresponding to s = -0.7, -0.8, -0.9, -1.0 MPa). Values are means of 3 replicates.

Cultivar T50 (d)
Control NaCl (mM) PEG (MPa)
0 250 325 350 400 -0.7 -0.8 -0.9 -1.0
Exagone 2.5 2.5 2.5 2.6 52 2.8 41 5.1 8.2
Excalibur 2.5 2.5 43 6.0 7.3 2.9 4.4 59 8.9
Toccata 2.5 2.9 6.2 6.7 6.9 43 6.9 8.0 -
Saturnin 2.5 2.6 6.5 6.6 9.2 3.8 6.6 8.0 -

LSD (P = 0.05; d.f. = 40): NaCl = 2.99; PEG = 2.01

(> 93%, data not shown) in non stressing con-
ditions, while they showed a much different re-
sponse under salt and osmotic stress. The max-
imum variability of responses between cultivars
was observed at the saline concentration of 350
mM and the water potential of -0.9 MPa, with
no relation with seed weight (Fig. 1). Exagone,
Excalibur, PR46W31 and Ceres resulted quite
tolerant to both stresses, Fantasio, Makila, Toc-
cata, Saturnin, Hearty, Gamin quite sensitive
(Fig. 1).

Increasing salinity and osmotic potential re-
duced T50 and final percentage germination in

A Exagone
100

Excalibur

| VN4

all the four hybrids used to continue the ex-
periment, but the effect was much greater in
Saturnin and Toccata than in Exagone and Ex-
calibur (Tab. 1, Fig. 2). Exagone was the most
tolerant to both stresses, Saturnin the most sen-
sitive. These two cultivars also showed a much
different base water potential (), that ranged
between -1.207 and -1.036 MPa in Exagone and
between -0.887 and -0.853 MPa in Saturnin (Fig.
3). Based on percentage germination, T50 and
1,, differences between these two cultivars were
in the order of 150 mM for NaCl and 0.2-0.3
MPa for PEG (Figg. 2 and 3, Tab. 1). Excalibur

Toccata Saturnin
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Figure. 2. Arcsin square root transformed data of final percentage germination for seeds from the the four rape-
seed cultivars Exagone, Excalibur, Toccata and Saturnin subjected to increasing NaCl concentrations (A) and de-
creasing osmotic potential (B) of the solutions used to saturate the germination substrate. Values are means of 3

replicates. Bars indicate SEs.
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Table 2. Total dry and fresh weights (mg) and shoot and root lengths (mm) of seedlings from the four rapeseed cultivars at
11 days after seedling transfer to the growth medium for the four combinations of “germination-growth” conditions (O-O, O-
S, S-O, S-S) for both salinity and osmotic potential. In the experiment on salinity, O (optimum) corresponds to 0 mM NaCl
for both germination and growth conditions, S (stress) corresponds to 250 mM NaCl for germination and 100 mM NaCl for
growth; in the experiment on osmotic potential, O corresponds to -0.03 MPa for germination and to field capacity for growth,
S corresponds to -0.8 MPa for germination and to half of field capacity for growth. Values are means of 3 replicates.

Cultivar Salinity Osmotic potential

0-0 O-S S-O S-S 0-0 O-S S-O S-S

Total plant dry weight (mg)
Exagone 5.9 3.5 5.0 3.1 5.0 4.1 5.0 3.1
Excalibur 7.2 4.8 6.6 4.2 7.0 6.3 6.3 5.1
Toccata 8.2 4.8 5.0 3.6 4.8 3.9 4.7 3.1
Saturnin 73 4.4 6.2 5.1 4.4 3.8 4.0 3.7
Total plant fresh weight (mg)
Exagone 179 82 109 36 95 88 103 81
Excalibur 162 76 131 51 132 145 126 102
Toccata 218 87 118 61 85 54 73 49
Saturnin 159 86 107 54 93 92 84 77
Shoot lenght (mm)
Exagone 68 22 47 14 60 59 73 68
Excalibur 88 30 61 30 68 63 80 63
Toccata 64 28 49 13 66 61 68 56
Saturnin 67 33 45 13 60 48 67 50
Root lenght (mm)

Exagone 88 26 41 7 102 95 99 94
Excalibur 113 27 40 11 124 92 117 105
Toccata 97 34 54 6 105 94 94 80
Saturnin 110 41 48 5 121 73 118 102

LSD (P = 0.05; d.f. = 32): Dry weight: NaCl = 1.77; PEG = 1.24; Fresh weight: NaCl = 41.4; PEG = 17.7; Shoot lenght: NaCl = 11.9;

PEG = 22.2; Root lenght: NaCl = 11.6; PEG = 22.9

showed a quite good performance in both

stressing conditions, Toccata a quite bad one.
Concerning the seedling growth, differences

between cultivars at 11 days after seedling trans-
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Figure 3. Base water potential for the germination per-
centiles of seeds from four rapeseed cultivars Exagone,
Excalibur, Toccata and Saturnin.

fer to the growth medium were small and often
not significant for any of the four combinations
of “germination-growth” conditions in both salt
and osmotic stress treatments (Tab. 2). The to-
tal plant dry and fresh weights (Tab. 2) were
generally the highest in treatment O-O, and the
lowest in S-S in both stressing conditions. Treat-
ments S-O and O-S showed intermediate val-
ues, except for total plant fresh weights in the
experiment with osmotic potential that were
close to values observed in O-O. The effect of
salinity was much greater than that of osmotic
potential and in most cases treatment S-O per-
formed better than treatment O-S. The growth
of Exagone was markedly depressed under
stress, even more than that of Saturnin. In par-
ticular, in Exagone the final dry weight of
seedlings for the ever stressed control (S-S) was
reduced by 47% (salinity) and 38% (osmotic
potential) as compared to the dry weight of the
never stressed control (O-0O), while in Saturnin
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Table 3. Relative Growth Rates (RGRs) between the start and the end of the growth period (i.e. between 0 and 11 days af-
ter seedling transfer to the growth medium) calculated on the basis of total dry and fresh weights and shoot and root lengths
of seedlings from the four rapeseed cultivars for the four combinations of “germination-growth” conditions (O-O, O-S, S-O, S-
S) for both salinity and osmotic potential. In the experiment on salinity, O (optimum) corresponds to 0 mM NaCl for both
germination and growth conditions, S (stress) corresponds to 250 mM NaCl for germination and 100 mM NaCl for growth; in
the experiment on osmotic potential O, corresponds to -0.03 MPa for germination and to field capacity for growth, S corre-
sponds to -0.8 MPa for germination and to half of field capacity for growth. Values are means of 3 replicates.

Cultivar Salinity Osmotic potential

0-0 O-S S-O0 S-S 0-0 O-S S-O0 S-S

RGR on total plant dry weight (mg mg'd")
Exagone 0.054 0.006 0.032 -0.016 0.044 0.025 0.025 -0.024
Excalibur 0.029 0.021 0.015 -0.034 0.015 0.003 -0.012 -0.033
Toccata 0.071 0.018 0.026 -0.008 0.054 0.034 0.029 -0.012
Saturnin 0.073 0.024 0.030 0.012 0.044 0.031 -0.012 -0.020
RGR on total plant fresh weight (mg mg'd")
Exagone 0.147 0.069 0.149 0.032 0.101 0.094 0.211 0.180
Excalibur 0.123 0.047 0.164 0.069 0.093 0.094 0.194 0.173
Toccata 0.162 0.064 0.166 0.086 0.113 0.106 0.202 0.184
Saturnin 0.137 0.076 0.168 0.101 0.109 0.057 0.187 0.177
RGR on shoot lenght (mm mm™d")
Exagone 0.126 0.012 0.212 0.087 0.112 0.110 0.339 0.326
Excalibur 0.104 0.020 0.250 0.115 0.124 0.117 0.303 0.279
Toccata 0.157 0.046 0.255 0.171 0.137 0.127 0.358 0.346
Saturnin 0.137 0.065 0.272 0.145 0.166 0.142 0.286 0.256
RGR on root lenght (mm mm'd")

Exagone 0.044 -0.076 0.100 -0.079 0.070 0.066 0.183 0.177
Excalibur 0.063 -0.041 0.168 -0.058 0.112 0.109 0.196 0.183
Toccata 0.067 -0.075 0.101 -0.046 0.111 0.085 0.225 0.1970
Saturnin 0.086 -0.014 0.167 -0.065 0.153 0.099 0.240 0.226

LSD (P = 0.05; d.f. = 32): Dry weight: NaCl = 0.0325; PEG =0.0235; Fresh weight: NaCl = 0.0467; PEG = 0.0195; Shoot lenght: Na-
Cl = 0.0384; PEG = 0.0123; Root lenght: NaCl = 0.0361; PEG = 0.0196

the decrease of plant dry weight due to salt and
osmotic stress was of 30% and 15% (not sig-
nificant), respectively. However, differences be-
tween cultivars were smaller and often not sig-
nificant for the fresh weights of any stressed
treatment (i.e. O-S, S-O and S-S) as compared
to the fresh weight of O-O, especially in the ex-
periment on osmotic potential.

Stresses reduced total seedling length, and
root more than shoot length (Tab. 2). In partic-
ular, the root length was dramatically reduced
by salinity, with the S-S roots long less than 10%
of O-O ones in all cultivars. Thus, the ratio be-
tween shoot and root lengths was generally in-
creased in all cultivars by both salinity and os-
motic stresses at any time of stress occurrence
(i.e. O-S, S-O and S-S treatments), but the in-
crease was much higher for salinity than for os-
motic stress and maximum in S-S treatment (on
average, more than three-fold for salt and just
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+19% for osmotic stress as compared to the O-
O treatment). No relevant differences were
recorded between cultivars for the variation of
shoot and root length of any stressed treatment
(i.e. O-S, S-O and S-S) as compared to the nev-
er stressed control (O-0O).

The Relative Growth Rates (RGRs) calcu-
lated between the start and the end of the
growth period were always negative for dry
weights in both salt and osmotic stressed S-S
treatments and for root lenghts in salt stressed
S-S and O-S treatments (Tab. 3). The RGR for
dry weights was always lower in any stressed
treatment than in O-O in both experiments on
salinity and osmotic potential. On the contrary,
the RGRs for fresh weights and for shoot and
root lengths were always higher in S-O than in
O-0O in both experiments, and also in osmotic
stressed S-S than in O-O. The variation of RGRs
for any stressed treatment as compared to the
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correspondent RGRs of O-O often showed
slight differences between cultivars (Tab. 3). On-
ly the decrease of RGR for Excalibur dry
weight in both salt and osmotic stressed S-S was
much greater than for other cultivars. In gener-
al, Exagone RGRs in O-S and S-S as compared
to O-O decreased more than for Saturnin in the
experiment on salinity, while they decreased less
(O-S) or increased more (S-O, S-S) than for Sat-
urnin in the experiment on osmotic stress.

Discussion

The cultivars Exagone, Excalibur, Toccata and
Saturnin were chosen from the screening to con-
tinue the study due to multiple reasons. Each of
them showed a similar performance in both
stressing conditions (i.e. tolerance for Exagone
and Excalibur and sensitivity for Toccata and
Saturnin). The couple Exagone and Toccata had
almost equal seed size, and also Excalibur and
Saturnin seeds were not much different, so seed
size could not account for the different germi-
nation performance at least within each couple
(Pandya et al., 1973). An additional advantage
of this choice was they were all hybrids, thus
each of them was expected to be uniform and
easier to study also in case of future investiga-
tion on genetic aspects involved in the different
stress tolerance.

The cultivar Exagone was highly salt stress
tolerant, more than expected from previous ex-
periments with other rapeseed cultivars (Al-
Thabet et al., 2004) and halophytes (Vicente et
al., 2004). Its osmotic stress tolerance was also
high and in line with that reported by Willen-
borg et al. (2004) and Andalibi et al. (2005). As
compared to the same literature above, the sen-
sitivity of Saturnin was slightly lower for salin-
ity and much higher for osmotic stress. On the
same basis, Excalibur could be considered quite
tolerant, Toccata quite sensitive.

From an agronomic point of view, the dif-
ference of 0.2-0.3 MPa for germination between
Exagone and Saturnin would correspond to a
difference in soil water content of around 3-5
percent points (by volume), equivalent to 30-50
m? ha'! in the top 0.10 m soil layer (i.e. 3-5 mm
of water). Consider that in Italy, with a sowing
date in half September and an average evapo-
transpiration of around 0.5 mm d! (based on

average reference potential evapotranspiration
in September and considering a crop coefficient
of 0.35) (www.ucea.it) it takes around one week
to evaporate that water volume. This means that
the level of water stress tolerance of Exagone
would increase the chances for crop establish-
ment when sown in late summer in soils with
moderate water deficiency as it can occur after
an occasional rainfall in August-September,
and/or trusting in occasional/little rainfall after
sowing as it can be expected to occur in Sep-
tember. Similar benefits can derive from the
higher tolerance to salinity that is in turn relat-
ed to the soil water content.

Standing the different stress tolerance of cul-
tivars during germination, the slight differences
in their response to stress for seedling growth
was not expected (Tabb. 2 and 3). In particular,
it was the sensitivity of Exagone and that of Ex-
calibur that was not expected. On the other
hand the fairly good performance of Saturnin
and Toccata in the S-O treatment would indi-
cate that even a very high salinity during ger-
mination did not cause any irreversible damage
to stress sensitive seeds. The increase of RGRs
for fresh weights in S-O in both experients and
in osmotic stressed S-S as compared to O-O
suggests that an osmotic adjustment occurred
during germination in stressing conditions. Dif-
ferences in dry weights for the experiment of
salinity might be partly accounted for by dif-
ferences between cultivars on ions accumulation
(Blumwald, 2000). This hypothesis would be
suggested by the slighter differences recorded
between Exagone and Saturnin for fresh
weights of salted treatments and for dry and
fresh weights in the experiment on osmotic po-
tential. However, this assumption cannot be
confirmed in lack of analyses on the ions con-
tent of dry matter.

In any case, all growth parameters indicate
that Exagone seedlings were not the most stress
tolerant, rather their sensitivity to salinity was
quite high, while Saturnin seedlings were not
the most sensitive. For sure, Excalibur was the
most depressed by permanent stress (i.e. S-S)
under both salinity and low osmotic potential.

The reduced growth of seedlings in salt stress
conditions observed for the four cultivars is in
line with findings of Badruddin et al. (2005). The
reduction of growth in water stressed seedlings
reflects what observed for salt stress and is in
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agreement with findings by Issarakraisila et al.
(2007) on other Brassica species. However the
effect of water stress was slighter, in lack of the
additional toxic effect associated to ions uptake
(Kafkafi and Bernstein, 1996). The increase of
shoot/root length ratio with salinity would con-
firm findings by Jamil et al. (2006) on rapeseed
and by Kaya and Ipek (2003) on safflower but
is in conflict with other evidences reported for
many species (Munns, 2002), Brassica ones in-
cluded (Jamil et al.,, 2005; Badruddin et al.,
2005). Similarly, the increase of shoot/root ratio
in water stressed seedlings is in conflict with
most literature that reports a sensible reduction
of this ratio in Brassica species grown at low os-
motic potentials (Kauser et al., 2006; Maggio et
al., 2004).

Differences are probably due to the level
and timing of stress application and to addi-
tional experimental conditions (e.g. growth
medium, light and temperature regimes, air
RH%, etc.). In particular, the dramatic reduc-
tion of root growth in salted treatments is like-
ly due the toxic effect of the saline solution that
was directly in contact with roots, contrarily to
what it would happen if the growth medium in-
cludes matricial components that may have a
buffer effect. Similarly, for osmotic stressed
treatments, a certain shoot growth could have
been allowed by the high air humidity present
into the boxes, while root growth could have
been limited to the upper soil layer kept wet by
supplying the little water volume from the top
of the pot.

The negative RGR values for dry weights in
both salt and osmotic stressed S-S treatments
and for root lenghts in salt stressed S-S and O-
S treatments indicate that those stressing con-
ditions were extremely severe and would have
led to seedling death in short time (Tab. 3).

Conclusions

The different degree of stress tolerance ob-
served among rapeseed cultivars for germina-
tion was in the order of 150 mMol for NaCl con-
centration and 0.2-0.3 MPa for osmotic poten-
tial, and this may have important agronomic im-
plications. In fact, with tolerant cultivars like
Exagone the crop might have higher chances to
establish even when sown just after a scarce
rainfall and/or relying in a scarce or light rain-
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fall after sowing. Nonetheless, a higher stress
tolerance during germination not necessarily
implies a concordant tolerance during the next
seedling growth. With this regard, cultivars did
not differ substantially for growth parameters of
seedlings exposed to stressing conditions, and in
some cases cultivars with higher tolerance dur-
ing germination (i.e. Exagone and Excalibur) re-
sulted even more sensitive during growth, espe-
cially under salt stress. The severe stresses ap-
plied reduced seedling growth, and root more
than shoot growth.

Further studies had been planned and are
currently carried out to investigate on the phys-
iological and genetic aspects involved in the dif-
ferent tolerance of cultivars during both germi-
nation and seedling growth.
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