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ABSTRACT. Experiments were performed to examine the effect of salt stress and GA;-priming on initial
growth of two rapeseed cultivars, one tolerant and one sensitive to salt stress during germination. Seedlings
from seeds germinated in salty (as NaCl) and non salty substrate were grown in salty and non salty
hydroponics. Salt stress reduced seedling growth of the two genotypes consistently with their degree of
stress tolerance during germination. Seedlings from stress sensitive seeds germinated under high salinity
showed a rapid recover of growth in non stressing conditions. The eftect of salt stress on shoot/root ratio
was controversial, increased for lab and decreased for greenhouse experiments, probably due to different
timing of stress application and additional experimental conditions. Salt stress decreased leaf photosynthesis
and increased thermal dissipation in sensitive seedlings (decrease of ®PSII and ¢P, increase of NPQ). The
GA;-priming did not affect seedling growth of the stress sensitive cultivar subjected to stress, while it
greatly improved the performance of the stress tolerant cultivar.

Keywords: NaCl, GA;, root, shoot, fluorescence, stomatal conductance.

Efeito da salinidade e condicionamento osmoético sobre o crescimento das plantulas em
colza (Brassica napus var oleifera Del.)

RESUMO. Os experimentos foram realizados para examinar o efeito de sal e o perfodo de condicionamento
osmoético do GA; sobre o crescimento inicial de duas cultivares de colza, sendo uma tolerante ¢ uma sensivel ao
estresse salino durante a germinagio. As mudas provenientes de sementes germinadas em meio salino (como
NaCl) e nio salgado foram cultivadas em hidroponia na presenga ou auséncia de salinidade. O estresse salino
reduziu o crescimento das plantulas dos dois genétipos de forma consistente com o seu grau de tolerncia ao
estresse durante a germinagio. As mudas provenientes de sementes sensiveis germinadas sob alta salinidade
mostrou uma recuperagio ripida do crescimento em condi¢des nio estressantes. O efeito do estresse salino sobre
relagio parte aérea / raiz foi controverso, aumentando em condigdes laboratoriais e diminuindo para os
experimentos em casa de vegetagio, provavelmente devido a épocas de estresse e outras condi¢des experimentais.
O estresse salino reduziu a fotossintese foliar e aumentou a dissipagio térmica em mudas sensiveis (queda de
®PSII e qP, aumento do NPQ). O condicionamento osmético do GA; nio afetou o crescimento das plantulas
da cultivar sensivel estresse submetido ao estresse, a0 mesmo tempo que melhorou significativamente o
desempenho da cultivar tolerante estresse.

Palavras-chave: NaCl, GA;, raiz, parte aérea, fluorescéncia, condutincia estomitica.

Introduction

High salinity in the soil during rapeseed (Brassica
napus var. oleifera Del.) crop establishment may occur in
semi-arid and coastal environments like the
Mediterranean regions, where the species is mainly
cultivated in fall-winter with late summer-early
autumn sowing. Recently, Pace et al. (2012) examined
the effect of salinity and low water potential induced by
PEG on germination of one stress tolerant and one
stress sensitive rapeseed cultivar and evaluated several
priming techniques as a tool to improve germination in
those conditions.

Since salinity in the soil, also due to drought, may
last after germination and crop emergence, the effect of
salt stress and priming on seedling growth seems worth
to be studied. In fact, the stress tolerance (or sensitivity)
of one cultivar during germination does not necessarily
implicate tolerance (or sensitivity) during seedling and
plant growth (ALMANSOURI et al., 2001; LUTTS
et al., 1995). Moreover, the germination condition may
affect the next seedling and plant growth (UNGAR,
1995). Thus, for example, a seed germinated in
stressing condition might have been damaged or
hardened and as a consequence the seedling growth in
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either stressing or optimal conditions might be
worsened or improved.

The osmotic stress associated to salinity may cause
a decrease in leaf area and photosynthetic rate
(KAUSER et al., 2006; LAWLOR, 2002; SHAH, 2007)
in relation to stomatal closure (MARTINEZ et al,
2007), alteration of the light phase of photosynthesis
(GARCIA-MORALES et al., 2012; QIU et al., 2003)
or decrease in Rubisco activities (PARRY et al., 2002).
Moreover, salinity causes either a nutritional imbalance
due to ions and low soil water potential in both uptake
and translocation processes or a toxic effect due to
accumulation of Na® and CI ions in the cytoplasm
(VILLALTA et al,, 2008). To limit this eftect, plants
evolve a great variety of adaptation mechanisms, from
reduced leaf growth, early senescence and abscission of
older leaves (ATHAR; ASHRAF, 2005) to osmotic
adjustment, selective ion uptake and vacuolar ion
compartmentation (MUNNS; TESTER, 2008).
Salinity reduces shoot growth more than root growth
(MUNNS, 2002). Consequently, many studies
devoted to salt stress in Brassica species reported a
decrease of the shoot/root ratio (BADRUDDIN et al.,
2005; MAGGIO et al.,, 2004; JAMIL et al., 2005),
although there are also opposite evidences (JAMIL
etal., 20006).

Seed priming is widely adopted as a tool to improve
seed germination under both optimal and adverse
conditions, but benefits have also been found for
subsequent seedling growth (CALISKAN et al., 2012).
In Brassica napus, hydropriming and osmopriming with
polyethylene glycol have been found to improve
growth parameters in non stressing conditions
(BASRA et al, 2003) while halopriming had a
beneficial effect on seedling growth under salt stress
(FARHOUDI, SHARIFZADEH, 2006).
Hormopriming with gibberellic acid has been found to
improve germination and seedling growth of sugar
beet under salt stress (JAMIL; RHA 2007) and of
rapeseed under drought stress (LI et al., 2010). To the
best of our knowledge, no data are available concerning
the impact of hormopriming on the growth of salt
stressed seedlings in Brassica napus.

The present study was therefore carried out to
determine the effect of salt stress on seedling growth of
two rapeseed cultivars, one tolerant and one sensitive
to salinity during germination, and to test hormo-
priming with GA; as a tool to improve initial plant
growth under salt conditions.

Material and methods

Seeds of two rapeseed cultivars, that were found to
be tolerant (Exagone, Monsanto) or sensitive (Toccata,
Maisadour Semences) to salt and water stresses during
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germination (PACE et al., 2012), were incubated in
distilled water (0 mM) and in NaCl solution (250
mM). For each treatment, seven replicates of 70 seeds
each were incubated on absorbent paper (Whatman no.
1) in 9-cm-diameter Petri dishes placed in a
controlled-temperature chamber at darkness at 20°C.
Four days after the start of incubation (i.e. one day after
germination), seedlings were transferred in plexiglass
boxes with drilled lid and walls (21 holes of 3 mm ©)
for slant test (WURR; FELLOWS, 1985). 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 vertical 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.
Seedlings from each treatment (i.e. Exagone and
Toccata germinated in either 0 or 250 mM NaCl) were
placed in boxes containing distilled water (0 mM) or a
NaCl solution (100 mM), both added with Flory 9
(Agrimport), a liquid fertilizer for hydroponics.
Therefore the following four combinations for
“germination-growth” conditions were obtained for
each cultivar: optimum-optimum (O-O); optimum-
stress (O-S); stress-optimum (S-O); stress-stress (S-S).
The lower concentration of NaCl in the growth
medium (100 mM) with respect to that of the
germination medium (250 mM) was necessary because
concentration higher than 100 mM caused weakness
and death of most seedlings few days after plant
transfer. The boxes for the slant test were placed in a
growing room for 14 days at day/night temperature of
25/15°C with a photoperiod of 14 hour light and 10h
darkness. A randomized block design with three
replicates 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 4, 7, 11, 14 days after the start of incubation.

In another experiment, the effect of hormo-
priming with GA; on initial growth was investigated.
Seed of each cultivar were primed with 1 mM
gibberellin for 12h following the method reported by
Pace et al. (2012). The short priming duration was
necessary to avoid premature seed germination before
re-drying and justifies the high gibberellins
concentration adopted. The early seedling growth of
primed seeds was then evaluated by the slant test
protocol described above with the
combinations for ‘germination-growth’ conditions (i.e.
0-0, O-§, S-0O, S-S). The same measurements of the
first experiment were carried out at the same time

same four

intervals.
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A third experiment was carried out in greenhouse.
Seedlings of each cultivar obtained from seeds sown in
pots containing soil were transferred (7 days after the
start of incubation, i.e. 4 days after germination) in
hydroponics with Hoagland’s solution added with no
(control) or 100 mM NaCl (stress) starting from 7 days
after plant transfer (i.e. 11 days after germination). A
randomized block design with two replicates (of 24
plants each) per treatment (cultivar x growing
conditions) was adopted. The lengths and fresh and
dry weights of root and shoot were recorded at 0, 7, 14
days after salt application. Stomatal conductance and
chlorophyll fluorescence were measured at mid-day on
6 leaves per treatment after 0, 4, 7, 14 days of treatment,
by using a porometer (AP4, Delta-T Devices,
Cambridge, UK) and a fluorescence monitoring
system (Hansatech Instruments), respectively. To
measure chlorophyll fluorescence a leaf, dark-adapted
for 30 min. by leaf-clips (PEA/LC, Hansatech
Instruments), was initially exposed to a modulated
measuring beam of far-red light (LED source with
typical peak at wavelength 735 nm). Initial (F;) and
maximum (F,)) fluorescence were measured under
weak modulated red light (<0.5 wmol m?s™) with 1.6
s pulse of saturating light (18,000 wmol photons m™s™)
and auto-calculated by FMS software for Windows®.
The efficiency of photosystem II photochemistry
(®PSII), the photochemical quenching (¢P, that gives
an indication of the proportion of PSII reaction centres
that are open) and the non-photochemical quenching
(NPQ, proportional to the constant rate of thermal

A
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energy dissipation) were calculated according to
Maxwell and Johnson (2000).

Data on seedling growth were analyzed by
Student’s t-test. Means were compared between
cultivars and treatments by LSD (least significant
difference) at the 0.05 confidence level, using the
software R Development Core Team (2010).

Results and discussion

Similar trends were observed in Exagone and
Toccata for the 4 combinations of ‘germination-
growth’ conditions for either shoot and root length or
total plant fresh and dry weight (Figure 1). The O-O
treatment showed the highest values at all dates after
seedling transfer, while S-S always showed the lowest
ones. The S-O treatment showed a progressive
recovery for all parameters while O-S generally
showed slight variations, so that values of the former at
the end of the experiment were always higher than
those of the latter. The ratio between shoot and root
length was increased in both cultivars in response to
NaCl at any time of stress occurrence (i.e. O-S, S-O
and S-S treatments). Such an increase was however,
from a relative point of view, always higher for Toccata
than for Exagone, especially in S-S treatment. In fact, at
the last sampling date, this ratio was 0.88 for O-O in
Exagone and increased by 20, 37 and 220% for O-S, S-
O and S-S, respectively, while it was 0.83 for O-O in
Toccata and increased by 40, 93 and 444% for O-S, S-
O and S-S, respectively.
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Figure 1. Shoot and root lengths and total plant fresh and dry weights in seedlings of Exagone (A) and Toccata (B) for the four
combinations of “germination-growth” conditions (O-O, O-S, S-O, S-S): O (optimum) corresponds to 0 mM NaCl for both

germination and growth conditions, S (salt stress) corresponds to 250

mM NaCl for germination and 100 mM NacCl for growth. Values

are means of 3 replicates. Bars on data points represent = SEs of the mean.
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In hydroponics shoot length was reduced by salt 704 70
stress in both cultivars, while root length was not o0 & o 60
significantly affected (if not increased in Exagone) § 50 § 501
(Figure 2). Thus the shoot/root ratio was reduced in g 2
both cultivars: -32% in Exagone and -15% in Toccata, 3 22 | / g ZZ:
as compared to their unsalted controls (0.88 in Exagone % ol 104
and 0.81 in Toccata). 0J 0J
The effect of salt stress was substantially the same 0 2 4 6 8 101214 0 2 4 6 8 1012w
for fresh weights while some discrepancies were B
. . . 70 5 70 4
observed for dry weights (Figure 3): salt stress indeed o] 8 o o
did not affect shoot and root dry weight in Exagone but £ 501 50
markedly reduced them in Toccata. As a consequence, £ 40 £ 40 §¢§/§
the shoot/root ratio estimated on a dry weight basis was 5 0+ 5 i % 30
not affected by salt stress & 20 204
The similar response of Exagone and Toccata for 12 1 101

seedling growth in any of the four combinations of
germination-growth conditions (Figure 1) was not
expected, standing their different salt stress tolerance
during germination (PACE et al., 2012). On the other
hand, the reduced growth of Toccata in the
greenhouse experiment (Figure 2) as compared to
Exagone indicates that the higher sensitivity of Toccata
is present also during seedling growth and not only at
the germination stage. Indeed, Ashraf and McNeilly
(2004) observed that Brassica species present different
response to salinity at different plant developmental
stages, but maintain their relative degree of salt
tolerance throughout plant ontogeny. These data
suggest that in rapeseed, in contrast to what occurs in
other plant species such as rice (LUTTS et al. 1995),
screening for salt resistance may be performed at the
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Figure 2. Shoot and root lengths in Exagone (A) and Toccata (B)
grown in hydroponics with a NaCl concentration of 0 (control)
and 100 mM (stress). Values are means of 2 replicates. Bars on
data points represent * SEs of the mean.

Differences between our two experiments are
probably due to the timing of stress application (1 vs
11 days after germination in the slant test and
greenhouse experiment, respectively) which should
affected Exagone more than Toccata
performance. In fact, regardless of Toccata, it was
seedling sensitivity of Exagone in the slant test
experiment that was not expected and that was then
disproved by the greenhouse experiment (i.e.
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Figure 3. Shoot and root fresh and dry weights in Exagone (A) and Toccata (B) grown in hydroponics with a NaCl concentration of 0
(control) and 100 mM (stress). Values are means of 2 replicates. Bars on data points represent = SEs of the mean.
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One possible explanation would be that 11-days old
plants already differentiated an efficient endodermis
barrier that could limit toxic ion translocation to the
shoot, in contrast to young clongating root in
germinating seeds.

With regard to Toccata, since the recovery of
seedling growth for the S-O treatment was good and
similar to that of Exagone (Figure 1), it can be argued
that even a very high salinity during germination (i.c.
about 23 dS m™ EC, or -1.28 MPa) did not cause any
irreversible  damage to stress sensitive  seeds.
Almansouri et al. (2001) demonstrated that salt-
induced inhibition in durum wheat seed germination
was directly linked to Na® and CI° accumulation
within embryonic axes and that these damages are
irreversible. We hypothesize that the situation could be
different in rapeseed since early seedling growth was
not drastically compromised after the stress relief.

The reduced growth of seedlings in salt stress
conditions observed for both cultivars is in line with
findings of Badruddin et al. (2005) who observed a
total plant dry weight at the highest stress intensity (i.e.
EC= 15 dS m™") corresponding to 25% of that
observed in the unsalted control.

Also the increase of shoot/root length ratio with
salinity in the slant test experiment (Figure 1) was then
disproved by the reduced ratio recorded in the
greenhouse experiment (Figure 2), although the ratio
did not vary on a dry weight basis (Figure 3). Actually,
a higher decrease of shoot length as compared to root
in salt stressed plants is a common evidence in many
species (MUNNS, 2002), and Jamil et al. (2005)
obtained similar results in three Brassica species
including Brassica oleracea and Brassica napus at NaCl
concentration up to 14.10 dS m™. Similarly, on a dry
weight basis Badruddin et al. (2005) found that the
shoot/root ratio was more than halved with a salinity of
15 dS m™ EC. On the other hand, Jamil et al. (2006)
observed an increase of shoot/root ratio in two Brassica
species, including Brassica oleracea at 14.10 dS m™ and
Kaya and Ipek (2003) observed a similar result in
safflower at 23 dS m™. Differences found in literature
and between our slant test and greenhouse
experiments are probably due to additional
experimental conditions (e.g. light and temperature
regimes, air and water stirring) and the timing of stress
application. A low air humidity was also shown to
increase Na™ and CI translocation from the root to the
shoot. Nevertheless, the ability of the considered
cultivar to close stomata did not appear to be an
exhaustive criterium of salt resistance in the present
work, and the maintenance of the gas exchange in
relation to photosynthesis may be crucial for plant
survival in salt conditions.
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The chlorophyll fluorescence parameters are
shown in Figure 4. In Exagone, salt-induced decrease
in ®PSII and ¢P recorded after 4 days of treatment
were followed by a progressive recovery after 6 days of
stress. On the contrary, salt stress permanently reduced
®PSII and ¢P with respect to control and caused a
slight increase of NPQ wuntil 7 days after salt
application (Figure 4B).

The leaf stomatal conductance of salt stressed
plants was slightly reduced in Exagone (Figure 5A),
while the reduction was much greater in Toccata
except for the measurement at 7 days after salt
application (Figure 5B).

The decrease of ®PSII and ¢P and stomatal
conductance and the increase of NPQ in salt
stressed  Toccata confirm the higher salt
sensitivity of this cultivar, where salinity
compromises the light phase of photosynthesis
and induces an increase of thermal dissipation in
order to avoid photodamage. In contrast, Exagone
only transiently suffered from light phase
inhibition and was able to trigger efficient
adaption allowing plant to re-increase both ®PSII
and 4¢P
osmoprotectants,

after an initial decrease. Several

especially
quaternary ammonium compounds are known to

carbohydrates or

protect photosystem from the deleterious impact
of salt accumulation within chloroplasts (QIU
et al,, 2003). Further studies are required to
identify those compounds in our tested material.

The effect of seed priming with GA; on
seedling growth was different in the two cultivars
(Figure 6). In Exagone there was a general
increase of shoot and root length and total plant
weight in all treatments except in O-O, in which
no sensible variation was observed (Figure 6A). In
Toccata, the benefit was observed only in O-0O,
while there was a general worsening of growth
parameters for other treatments (Figure 6B).

The positive effect of GA;-priming on the
initial growth of salt stressed Exagone was not
expected since this treatment was found to have
only marginal impact on the germination of this
cultivar under salinity Pace et al. (2012). On the
other hand, the lack of effect of GA;-priming on
the initial growth of salt stressed Toccata suggests
that the salt sensitivity of this genotype was not
directly related to the deleterious impact of
salinity on gibberellins synthesis. An alternative
explanation could also be that the positive effect
of GA; on cell elongation, mainly due to Ca
redistribution between symplasm and apoplasm,
was not anymore able to occur in the salt sensitive
genotype, but was still efficient in the salt
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resistant genotype. In any case, the overall effect
of GA;-priming on the whole germination-initial
growth process comes out positive for this
cultivar either for optimal or salt stress
conditions. With this regard, our results are in

Benincasa et al.

line with those obtained in other experiments
(JAMIL; RHA, 2007) where similar GA,
concentrations (100 and/or 200 mg L") for
priming and salt concentrations (10-20 dS m™ of
EC) for the growing medium were adopted.
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Figure 4. Time-course variation of photosystem II efficiency (®PSII), photochemical quenching (¢P), and non-photochemical
quenching of fluorescence (NPQ) in Exagone (A) and Toccata (B) grown in hydroponics with a NaCl concentration of 0 (control) and
100 mM (stress). Values are means of 2 replicates. Bars on data points represent + SEs of the mean.
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Figure 5. Time-course variation of stomatal conductance in Exagone (A) and Toccata (B) grown in hydroponics with a NaCl
concentration of 0 (control) and 100 mM (stress). Values are means of 2 replicates. Bars on data points represent = SEs of the mean.
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Figure 6. Shoot and root lengths and total plant fresh and dry weights of seedlings from seeds of Exagone (A) and Toccata (B) primed in
distilled water with GA; 1 mM for the four combinations of “germination-growth” conditions (O-O, O-S, S-O, S-S): O (optimum)
corresponds to 0 mM NaCl for both germination and growth conditions, S (salt stress) corresponds to 250 mM NaCl for germination
and 100 mM NaCl for growth. Values are means of 3 replicates. Bars on data points represent + SEs of the mean.

Conclusion

Salt stress reduced seedling growth of the two
genotypes consistently with the degree of stress
tolerance observed during germination, although a
very early application of severe stress to seedlings
strongly compromised growth also for the tolerant
cultivar. The salt sensitive seedlings subjected to
stress showed a decrease in light capture efficiency
and a concurrent increase of thermal dissipation as
indicated by the chlorophyll fluorescence
parameters and stomatal conductance. On the other
hand, scedlings from stress sensitive seeds
germinated under very high salinity levels showed a
rapid growth recovery if non stressing conditions
were applied, indicating that salinity did not cause
any irreversible damage to germinating seeds. The
effect of salt stress on shoot/root ratio was
controversial in the two experiments (increased for
slant test and decreased for greenhouse), probably
due to the different timing of stress application and
additional experimental conditions. The GA;-
priming did not affect seedling growth of the stress
sensitive cultivar subjected to stress, while it greatly
improved the performance of the stress tolerant
cultivar.
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