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In some species, pre-germination treatments such as priming can increase germinability and the speed
of the process, besides conferring tolerance to abiotic stress. The central effect of priming is the slow
and controlled absorption of water in seed tissues, allowing the membranes to reorganize and
synthesize protective substances against stress. This study was performed to assess the effects of
priming on the invigoration of seeds and seedlings of Physalis peruviana subjected to salt stress.
Seeds of P. peruviana were primed in polyethylene glycol 6000 to -0.8 MPa and were germinated in
solutions with different salt concentrations (0, 4, 8 and 12 dS m™). In addition to the rate of radical
emergence, post-seminal development was also evaluated until the emergence of the cotyledons.
Germinability decreased with increasing salt solution concentrations in both types of seeds. Priming
appeared to alleviate the effects of salt stress in the early stages of development of P. peruviana. Total
dry mass of seedlings increased under saline conditions, suggesting possible physiological
adjustments induced by priming.
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INTRODUCTION

For many plant species, seeds are the main means of
dispersal. Germination and seedling establishment are
the most sensitive stages of development with regards to
environmental conditions, and affect the expansion of a
species in a new environment (Natale et al., 2010).
However, abiotic factors such as water availability and
salinity of soil water drastically affect this process. Plants
need minerals to grow and develop; however, salt in

excess can be extremely dangerous to plants (Xiong and
Zhu, 2002). The successful development of some
species subjected to salt stress depends on their ability
species to tolerate such conditions. Seeds with better
germinality and salt tolerance can survive more
effectively. Priming has been recommended as a pre-
germination treatment for the production of cultivars in
order to increase the rate of germination and seedling
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establishment under adverse conditions (Heydecker and
Coolbear, 1977; Bradford, 1986; Nakaune et al., 2012).
This technique involves the absorption of water by the
seeds followed by drying and rehydration when the early
stages of germination begin, at radicle protrusion (Basu,
1994; McDonald, 2000). Besides increasing germination
rate, the benefits of this technique include an increase in
uniformity and germinative process. According to De
Castro et al. (2000), the effects of priming are prolonged
growth and vigour of the seedling. This technique has
been successfully used in crops such as wheat (Igbal and
Ashraf, 2007), chickpeas (Kaur et al., 2002), sunflowers
(Kayaetal.,2006)and cotton (Casenave and Toselli, 2007).

Physalis peruviana L. (family Solanaceae) is a native
plant of the Andes and it is produced on a large scale in
Colombia and South Africa. The species is known as a
medicinal herb in Peru (Fischer et al., 2007; Mazorra et al.,
2006). Its fruit is considered a good source of natural anti-
oxidants and other components, e.g. vitamins A, B, C, E
and K1, phytosterols and essential minerals (Puente et al.,
2011).

In Brazil, the fruit of P. peruviana L. is considered exotic
and has a high market value (Lima et al., 2009). The fruit
ripens and acquires an orange color, and its persistent calyx
becomes papery and light brown. This adds aesthetic
value to the fruit which is sold primarily for decoration of
fine pastries, pies and jams or as a fresh fruit. In Brazil
other species of the genus, such as Physalis angulata L.,
have been widely studied in the Northeast region,
primarily for their medicinal potential (Souza et al., 2013).

There is potential for the cultivation of this species in
arid regions where excessive salt in the soil has been a
limiting factor in agriculture. Studies on the effect of
salinity on crop growth are gaining importance, and our
understanding of how the genus Physalis responds to
such conditions can add to this. Thus, this study
assesses the effect of seed priming on salinity tolerance
during germination and early development of P. peruviana.

MATERIALS AND METHODS

The seeds of P. peruviana used in the study were collected in June
2011, at the Horto Florestal Station at the Universidade Estadual de
Feira de Santana, Bahia, Brazil. They were removed from the fruit
under running water until complete separation of the pulp. The
seeds were dried in a desiccator containing super-saturated
calcium chloride solution at 20°C. Water content was determined on
a fresh weight basis by placing samples of 200 seeds for 17 h in an
oven set at 103°C (ISTA, 2007). Remaining seeds were placed in 5
ml tubes and stored at 4°C until further use.

Samples of 500 seeds of P. peruviana were primed by immersion
in polyethylene glycol solution (“PEG 6000”), with an osmotic
potential of -0.8 MPa, (Villela et al., 1991). This priming potential
was established according to the method developed for P. angulata
by Souza et al. (2011). The immersion was performed in 20 ml test-
tubes coupled with an artificial aeration system for 10 days at 25°C
in a germination chamber, adjusted for a 12 h photoperiod. The
osmotic solution was replaced every two days until day 10 when,
after the pre-germination period, the seeds were taken from the
solution and dried in an incubator saturated with calcium chloride

solution at 20°C for 4 h until the initial weight was reached.

For the germination experiments, 400 primed (P) and 400 non-
primed (NP) seeds were placed in Petri dishes made of glass
containing two sheets of germitest paper (sterilized in a drying oven
at 105°C for 4 h), moistened with solutions of different NaCl
concentrations (0, 4, 8 and 12 dS m'1). The concentration of each
solution was measured by electrical conductivity. The seeds were
kept in the germination chamber at 25°C, adjusted to a 12 h
photoperiod for 30 days. Daily observations were performed, with
seeds those that issued a radicle of at least 1 mm. recorded as
“germinated.” Each treatment consisted of four batches of 25 seeds.

The parameters assessed for germination were germinability (%),
relative frequency (%), average speed of germination (day™)
germination speed index of seeds (GSI) (seed.day™) and coefficient
of uniformity of germination (CUG). Daily the germinated seeds
were transferred to another Petri dish moistened with solutions of
different NaCl concentrations (0, 4, 8 and 12 dS m'1) for 10 days for
analysis of post-seminal development. Seedlings considered
normal according to internationally standardized rules (ISTA, 2007),
had the length of the radicle and shoots (from the insertion of the
cotyledons) measured with the aid of a digital caliper and placed in
a forced-air circulation oven at 40°C for 10 days to dry. After this
period, the samples were stored in a desiccator with silica and
subsequently weighed on a precision balance. The samples ranged
according to the germinability and normal seedlings per treatment.
The mass per replicate was determined in mg/seedling. To analyze
the post-seminal development, normal seedlings (%), total dry mass
of normal seedlings (mg/seedling) and ratio of the length
radicle/shoots were assessed. Data analysis of germination and
post-seminal development were performed using the SISVAR
computer program (Ferreira, 2011).

RESULTS

Germinability (%) of primed and non-primed seeds of P.
peruviana showed a negative quadratic trend, with a
decrease in the percentage as the concentration of the
salt solutions increased (Figure 1). In the solution with
electrical conductivity (EC) of 8 dS m™' seeds showed an
89% rate of germination when compared to non-primed
seeds with a rate of 58%. At the highest salt concentration
used in this assay (12 dS m'1) 41% of the primed seeds
of P. peruviana germinated versus 31% of the non-primed
seeds.

The germination speed index (GSI) increased signifi-
cantly in primed seeds (4.12) grown in a control solution
(0 dS m™) compared to non-primed (3.4 seed.day™') and
to salt concentration with EC of 8 dS m™ (2.4 and 1.3
seed.day’, respectively) (Table 1).

Therelative frequency polygon was polimodal in solutions
with electrical conductivity of 12 dS m™ and unimodal in
other concentrations (Figure 2). In unimodal polygons,
the peaks were higher in primed seeds versus non-
primed, reflecting a greater uniformity of germination,
supported by the uniformity coefficients presented in
control treatment (1.520 and 0.664, respectively).

During post-seminal post evaluation normal seedling
development of P. peruviana took place under low salinity
conditions (Figure 3A). The highest number of normal
seedlings came from primed seeds, regardless of electrical
conductivity (66.7 and 61.5% at EC of 0 dS m'1), and this
difference was significant for those kept in saline
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Figure 1. Germinability of seeds of P. peruviana L. originated from primed (P) and non-primed (NP) seeds.

*Significant at 5% probability.

Table 1. Average speed (day™'), germination speed index (GSI, seeds.day™) and coefficient
of uniformity of germination (CUG) of primed (P) and non-primed (NP) seeds of Physalis

peruviana L. under different salt concentrations.

NaCl concentration (dS m™)

Seed 0 4 8 12
Average speed (day™)

P 0.1632 0.120° 0.100° 0.081°
NP 0.137° 0.119° 0.084° 0.051°
GSI (seeds. day™)

P 4116 3.090° 2.365"* 0.846°
NP 3.429° 2.963? 1.300° 0.586°
CUG

P 1.520° 0.3882 0.1992 0.306°
NP 0.664° 0.540° 0.1382 0.086°

Means followed by the same letter in the line are not significantly different according Tukey test, at
5% probability. *Significant by Student’s t-test at 5% probability.

(70.5 and 48.1 at EC of 4 dS m™).

Data from the root:shoot ratio demonstrated that
seedlings from primed seeds showed a radicle length
3.15-fold greater than the shoots kept in the control
solution (0 dS m’1). However, in seedlings from non-
primed seeds this value was only 1.58, and this difference

is significant (Figure 4). Seedlings subjected to salt stress
had shoots of a greater length for both seedlings,
whether derived from primed or non-primed seeds (0.55
and 0.57). Under saline conditions, although the total dry
mass increased, the allocation of this mass was not
influenced by priming.



1958 Afr. J. Biotechnol.

100 1 0dSm!

Relative Frequency (%)

8 dSm!

20 - J

Relative Frequency (%)
= s
.,

0 5 10 15 20 25 30
Time (Days)

100 4dSm?

80

60

Relative Frequency (%)

15 20 25 30

L 12 dS m!
3
= 80
=
g 60
—a
g
= 40
[-7]
Z
3 20
o PP
0 T s T N N L = P
0 5 10 15 20 25 30

Time (Days)

Figure 2. Relative frequency polygons (FR%) of germination of Physalis peruviana L. for different salt concentrations.
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Figure 3. Percentage (A) and dry mass (B) of normal seedlings of Physalis peruviana L. from P (@) and NP (@) geeds and
post-germination in water and saline (4 EC). *Significant at 5% probability.

DISCUSSION

The 31% difference in germinability between primed and
non-primed seeds in saline with EC of 8 dS m™
demonstrates that priming induced higher salinity tole-
rance. During priming the metabolic energy in primed seeds
is greater than in non-primed seeds because increases in
adenosine triphosphate (ATP), energy charge (EC) and
ATP/ADP (adenosine diphosphate) ratio (Corbineau et
al., 2000; Varier et al., 2010).

Investigations using P. angulata have also demonstrated

that priming provides salt tolerance, even at high concen-
trations (Souza et al., 2011). However, at the highest salt
concentration (12 dS m™") used in the present assay, seeds
of P. peruviana demonstrated around half the germination
success of those of P. angulata (41% compared with 83%,
respectively), when kept in saline with the same electrical
conductivity.

Despite belonging to the same genus, P. angulata and
P. peruviana responded differently to the priming
technique, with a more significant effect on salt tolerance
in P. angulata. However, to a lesser extent, the benefits
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Figure 4. Ratio of length between root and shoot of Physalis peruviana L. seedlings from
P (@) and NP (@) geeds and posterior germination in water and saline (4 EC). *Significant at 5%

probability.

of priming were also observed in P. peruviana, which
confirms that this technique can be used as pre-germination
treatment.

Yildirim et al. (2011) observed that in seeds of P.
peruviana and Physalis ixocarpa the germinability (%)
decreased, and the average time increased, as the concen-
tration of saline the seeds were treated with increased.
According to the authors, P. peruviana is tolerant to salinity
during germination butit becomes sensitive during seedling
development.

Germinability (%), germination speed index (seeds.day™')
and average speed (day'1) results observed in the present
study are corroborated by Bradford (1986) and Nakaune
et al. (2012). They claim that, under saline conditions,
priming has a protective effect on oxidative damage caused
by the accumulation of sodium in the cell cytoplasm.

Data from seedling dry mass did not agree with those
presented by Yildirim et al. (2011), which indicated that the
salt stress affected the seedlings of P. peruviana and P.
ixocarpa adversely, with a decrease in dry mass as salt
concentration increased. However, according to Miranda
etal. (2010), plants of P. peruviana showed a positive effect
when subjected to saline at a concentration of 30 mM
(around 4 dS m'1). According to these authors, P. peruviana
is moderately salt tolerant, since the relative growth rate
was stimulated by moderate salt stress (30 mM, around 4
dS m™). This suggests possible physiological and
osmotic adjustments to maintain the water potential in the
tissues of the plant (Miranda et al., 2010).

As priming is a technique that promotes greater speed
and uniformity of germination, the positive effects were
also observed in the increase in the root:shoot ratio.
Primed seeds produced a radicle in a shorter time than
non-primed seeds. We suggest that cell elongation was
also faster, reflected in the fact that the radicles from
primed seedlings had a 3.15-fold greater length than the

shoots. According to De Castro et al. (2000), the activation
of genes that occurs during priming is maintained beyond
the seed and seedling stages, lasting into the adult stage.
As for the decrease in root length in seedlings kept in saline
(4 dSm™), this could relate to a strategy developed by plants
under such conditions to limit the absorption of toxic ions
such as Na* and CI" (Munns, 2002; Alarcén et al., 2006).
Priming was effective in the invigoration of seeds and
seedlings of Physalis peruviana under different saline
conditions; however, this response was less effective
when compared to other species of the genus in the same
conditions, especially during post-seminal development.
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