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ABSTRACT: The germination and growth of melon (Cucumis melo L.) plants can be severely affected by excess salts in the soil or irrigation
water; however, negative effects of salt stress can be attenuated using appropriate methods of seed priming. Thus, effects of osmopriming as
inducer of salt stress tolerance in melon seeds exposed to salinity levels were investigated in this study. Seeds were soaked for 22 h at 25 °C
in the dark in distilled water (hydropriming) or 0.5% KNO3 solution (osmopriming), and after drying, were distributed in plastic boxes with
blotter paper containing different NaCl solutions prepared with osmotic pressure of 0.0 MPa (control), –0.3 MPa (mild stress), and –0.6
MPa (severe stress). Unprimed dry seeds were taken as control. The plastic boxes were kept into a seed germinator, at 25 °C for 14 days. A
completely randomized design in a 3 × 3 factorial schemes with four replicates of 25 seeds was used. Results showed that the seed priming with
water and KNO3 may be successfully applied on melon seeds to alleviate the adverse effects of saline stress in initial stages of plant growth.
However, under severe salt stress conditions, hydropriming should be used because it results in higher germination and initial growth rate
of the seedlings when compared to the osmopriming. Use of unprimed seeds should not be adopted in cultivation areas affected by salinity
because they result in low germination rate and reduced initial plant growth.
Key words: Cucumis melo L., salinity, hydropriming, osmopriming, salt tolerance.

Condicionamento de sementes melhora a germinação e a taxa de crescimento das plântulas de
melão sob estresse salino
RESUMO: A germinação e o crescimento de plantas de melão (Cucumis melo L.) podem ser severamente afetadas pelo excesso de sais no
solo ou na água de irrigação. No entanto, os efeitos negativos do estresse salino podem ser amenizados com o uso de métodos adequados
de condicionamento das sementes. Assim, este estudo objetivou investigar os efeitos do osmocondicionamento como indutor da tolerância
ao estresse salino em sementes de melão expostas à níveis de salinidade. As sementes foram imersas por 22 h à 25 °C em água destilada
(hidrocondicionamento) ou em solução de 0,5% de KNO3 (osmocondicionamento). Após secagem, as sementes foram distribuídas em caixas
plásticas com papel mata-borrão contendo as diferentes soluções de NaCl preparadas com potencial osmótico de 0,0 MPa (controle), –0,3
MPa (estresse suave) e –0,6 MPa (estresse severo). Um tratamento com sementes secas não condicionadas foi utilizado como controle. As
caixas plásticas foram mantidas em germinador de sementes, a 25 °C por 14 dias. O delineamento experimental foi inteiramente casualizado,
em esquema fatorial 3 × 3, com quatro repetições de 25 sementes. Os resultados mostraram que o condicionamento de sementes com água e
KNO3 pode ser aplicado com sucesso em sementes de melão para amenizar os efeitos adversos do estresse salino durante o estágio inicial de
crescimento das plantas. No entanto, sob estresse salino severo, o hidrocondicionamento deve ser utilizado por resultar em maior percentagem
de germinação e maior taxa de crescimento inicial das plântulas quando comparado ao osmocondicionamento. O uso de sementes de melão
sem condicionamento prévio não deve ser adotado em áreas de cultivo afetadas pela salinidade, pois resultam em baixa taxa de germinação
e reduzido crescimento inicial das plantas.
Palavras-chave: Cucumis melo L., salinidade, hidrocondicionamento, osmocondicionamento, tolerância à salinidade.

INTRODUCTION
Brazil is the largest melon (Cucumis melo
L.) producer in the world. However, as more than 95%
of its production is concentrated in the semiarid region
of northeastern Brazil (IBGE, 2018), the profitability
of melon production is often limited due to the excess
of salts in the soil or in irrigation water (PEREIRA et
al., 2017). Salinity is one of the major abiotic stresses
that limit growth and yield of crops in the semiarid
Received 07.23.18

areas of Brazil and the world. This is owing to the
inappropriate management of irrigation and drainage,
low precipitation, high evaporation and irrigation with
saline waters (MUNNS & TESTER, 2008). A soil
is saline when the electric conductivity (EC) of the
saturated paste extract reaches 4.0 dS m–1 (equivalent
to 40 mmol L–1 NaCl), generating an osmotic pressure
of about –0.2 MPa (MUNNS & TESTER, 2008).
Seed germination and seedling growth are
two critical stages for the establishment of crops and
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are the most sensitive stages to salinity (FULLER
et al., 2012). Salinity may adversely affect seed
germination and stand establishment through osmotic
stress, ion-specific phytotoxic effects and oxidative
stress (ACOSTA-MOTOS et al., 2017). These
effects cause adverse changes in the physiological
and biochemical of seed germination. High saline
levels may inhibit the water uptake of seeds, making
germination not possible, while the lower level of
salinity induces a state of dormancy (IBRAHIM,
2016). Delayed and reduced seedling emergence
causes non-uniform stand establishment, which
results in reduced crop yields (LAWLES et al., 2012).
Among the strategies used to mitigate the
salinity-induced adverse effects, the priming of seeds
within organic salt solutions (osmopriming) or water
(hydropriming) are cited as the most appropriate,
efficient and economic techniques to enhance the
rate and the uniformity of germination under saline
conditions (SINGH et al., 2015; MATIAS et al.,
2018). Research indicates that nitrate-containing
compounds may function more efficiently than other
salts as priming agents. Indeed, the priming with
potassium nitrate (KNO3) solution has been shown
to have beneficial effects on germination and growth
rate of a wide range of vegetable crops under stressful
environments, as in eggplant (NASCIMENTO &
LIMA, 2008), tomato (EBRAHIMI et al., 2014),
and pepper (BATISTA et al., 2015). The beneficial
effect of the KNO3 application on seed germination
is due to the synthesis of substances that release nitric
oxide (NO). These substances NO-liberating act in
cell membrane permeability, preventing or reversing
the damage caused by abiotic stresses (PEREIRA et
al., 2010) and; therefore, has potential to improve
the germination process under salinity conditions
(OLIVEIRA & STEINER, 2017). According to
SANZ et al. (2015), nitric oxide is a molecule that
acts as a signaler in higher plants and it is involved in
numerous physiological processes that regulate plant
growth in response to abiotic stress.
Conversely, MATIAS et al. (2018)
recommended the soaking of seeds in water to
improve the tolerance of sunflower plants under
saline conditions. These authors argued that the
hydropriming stands out for its practicality and requires
low investments in reagents, compared with the other
methods, besides avoiding interference of substances
that are harmful to the seeds during soaking. However,
the effectiveness of priming of melon seeds with KNO3
or water is still incipient and inconclusive.
The study was carried out to investigate the
effects of osmopriming and hydropriming as inducers

of salt stress tolerance in melon (Cucumis melo L.)
seeds exposed to salinity levels.
MATERIAL AND METHODS
Plant material and treatments
Seeds of melon (Cucumis melo L., cv.
Gaúcho Casca de Carvalho Comprido) were surface
sterilized in 2% (v/v) sodium hypochlorite solution
for 5 minutes and rinsed three times in distilled water.
The sterilized seeds were then primed by soaking
with 5 g L–1 KNO3 solution (osmopriming) or
distilled water (hydropriming) for 22 hours at 25 °C.
After priming, seeds were removed and washed with
tap water and then put to dry at room temperature
(23–28 °C) for 48 hours. A set of unprimed dry seeds
was taken as control.
To compare the effect of priming
treatments on plant tolerance to saline stress, the
seeds were exposed to 0.0,–0.30 and –0.60 MPa
iso-osmotic solutions with NaCl. The concentration
of NaCl required to obtain the osmotic pressure of
–0.3 and –0.6 MPa was calculated by the van’t Hoff
equation (HILLEL, 1971): Ψs = –RTCi, where Ψs
is the osmotic pressure (MPa); R is the ideal gas
constant (0.008314 MPa mol–1 K–1); T is the absolute
temperature (273.15 + ºC); C is the concentration in
molarity of the solute (mol L-1); and i is the van’t Hoff
factor, the ratio of amount of particles in solution to
the amount of formula units dissolved [i.e., for NaCl
this value is 2.0 (Na+ and Cl–)].
Treatments were arranged in a completely
randomized design in a 3 × 3 factorial: three priming
treatments [hydropriming (water), osmopriming
(0.5% KNO3) or unprimed seeds] and three salt stress
levels [0 MPa (control), –0.3 MPa (mild stress) and
–0.6 MPa (severe stress)] with four replicates.
Germination and growth conditions
The germination test was carried out using
gerbox plastic boxes (11.0 × 11.0 × 3.5 cm), where
four replicates of 25 seeds were evenly distributed
on a sheet of blotting paper, properly moistened
with the salt solutions of each treatment, at a volume
equivalent to three times the weight of the dry paper.
Boxes were capped and maintained in a germination
chamber under 12/12 h photoperiod (light/darkness),
photosynthetic photon flux density (PPFD) of 180
μmol m−2 s−1 and temperature of 25 °C for 14 days.
Thiram fungicide was added to the solutions at a
concentration of 0.2% (v/v) to limit fungal growth.
Seeds were considered germinated when radicle was
longer than 5.0 mm. Germinated seeds were recorded
every 24 h for 14 days.
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Measurements of germination and seedling growth
Number of germinated seeds was recorded
daily, and as the seed germination process was delayed
by salinity conditions, the final germination percentage
was evaluated at 14 days. The germination rate index
(GRI) was calculated using Maguire’s equation
(MAGUIRE, 1962): GRI = Σ (ni/ti), where ni is the
number of germinated seeds on a given day, and ti is
the time in days from the sowing day (0). The mean
germination time (MGT) was calculated using the
equation of LABOURIAU (1983): MGT = (Σniti) / Σni,
where ni is the number of germinated seeds on a given
day, and ti is the time in days from the sowing day (0).
Hypocotyl length (HL, in cm) and primary
root length (RL, in cm) was measured in ten normal
seedlings randomly obtained after count of the total
germination (14th day) using meter scale. The shoot
dry matter (SDM, in mg) and root dry matter (RDM,
in mg) were recorded after oven drying at 65 ºC for
72 h. To determine root: shoot ratio (RSR), root dry
matter obtained was divided by the shoot dry matter.
The data of germination percentage,
seedling length, and seedling dry matter were used
to calculate the seedling vigor and drought tolerance
indices. Seedling weight and length vigor indices
in each treatment were calculated using following
equations, as suggested by ABDUL-BAKI &
ANDERSON (1973): SLVI = [seedling length (cm)
× seed germination (%)] and SWVI = [seedling dry
weight (mg) × seed germination (%)].
The salt tolerance index was calculated
using the equation of BOUSLAMA & SCHAPAUGH
(1984): YSI = YS / YC, where YSI is the yield stability
index, YS and YC is the total dry matter yield (mg per
seedling) under saline stress and non-stress conditions
(control), respectively.

3

Statistical analyses
The normality of data was previously tested
by the Kolmogorov-Smirnov test at the 5% level and
then data were submitted to analysis of variance
(ANOVA), and means of seed priming and stress
levels were compared by Fisher’s Least Significant
Difference (LSD) test at the 0.05 confidence level. For
statistical analysis, the data expressed in percentage
. The
were previously transformed into arcsin
analyses were performed using Sisvar® version 5.6
software for Windows (Statistical Analysis Software,
UFLA, Lavras, MG, BRA).
RESULTS AND DISCUSSION
Results of the analysis of variance showed
significant effects (p<0.05) for the main effects
of seed priming and salinity levels, as well as for
interaction, for all measured traits (Table 1). The
significant interaction between the main effects of
priming and salt stress indicated that the germination,
growth, and vigor of melon seedlings from seeds
submitted to priming with water (hydropriming) or
KNO3 (osmopriming) and unprimed seeds have a
distinct response when exposed to different saline
stress levels.
Effect of seed priming and salt stress on germination
Seed priming methods do not interfere in
the germination process of melon seeds under saltfree control conditions (Figure 1). Under control
conditions, the germination percentage ranged from
88 to 94%, whereas the germination rate index and
mean germination time ranged from 3.87 to 4.53 seed
day–1 and 5.8 to 6.6 seed day-1, respectively. These
results indicated that the germination response of
melon seeds has not been improved by hydropriming

Table 1 - Summary of the analysis of variance for the measurements of germination traits, initial growth, dry matter partitioning and vigor
indexes of melon seedlings for the effects of seed priming and saline stress.
Source of
variation
Priming (P)
Salinity (S)
P×S
CV (%)

Probability>F
GC
0.001
<0.000
<0.000
10.20

GRI
<0.000
<0.000
0.001
11.36

MGT
<0.000
<0.000
<0.000
4.19

HL
<0.000
<0.000
0.003
7.96

RL
0.025
<0.000
<0.000
10.13

SDM
<0.000
<0.000
<0.000
5.32

RDM
<0.000
<0.000
<0.000
10.23

TDM
<0.000
<0.000
<0.000
5.05

RSR
0.017
<0.000
0.011
12.24

SLVI
<0.000
<0.000
<0.000
11.24

SWVI
<0.000
<0.000
<0.000
11.04

GC: germination capacity. GRI: germination rate index. MGT: mean germination time. HL: hypocotyl length. RL: radicle length. SDM:
shoot dry matter. RDM: root dry matter. TDM: total dry matter. RSR: root: shoot ratio. SLVI: seedling length vigor index. SWVI:
seedling weight vigor index.
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Figure 1 - Effects of salt stress levels on germination (a),
germination rate index (b), and mean germination
time (c) of melon (Cucumis melo L., cv. Gaúcho
Casca de Carvalho Comprido) from seeds submitted
to priming with water (hydropriming) or 0.5% KNO3
solution (osmopriming) and unprimed seeds. Bars
followed by the same lower-case letters, between the
priming techniques or same upper-case letters, for
the salt stress levels, are not significantly different
by Least Significant Difference (LSD) test at the 0.05
level of confidence.

and osmopriming when seeds are exposed to nonstressful environments. Therefore, these priming
techniques do not need to be adopted by the
vegetable growers when sowing the melon is carried
out in salinity-free conditions.

Conversely, when seeds were submitted
to mild or severe salt stress the germination rate
was significantly greater with hydropriming and
osmopriming, and lower for unprimed seeds (Figure
1a). These results showed that priming of melon
Ciência Rural, v.49, n.7, 2019.
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seeds with water or KNO3 was efficient to improve
the germination capacity under salinity conditions.
Therefore, in field or greenhouse conditions where
the soil or substrate is affected by salinity, the
growers should use melon seeds primed with water
or KNO3 to obtain higher germination percentage and
germination rate index, and lower mean germination
time (Figure 1).
An improvement in the germination
process with seed pre-priming has been commonly
reported in several crops. EBRAHIMI et al. (2014)
reported that the osmopriming may enhance the seed
germination and growth rate of tomato cultivars
under salt stress conditions. BATISTA et al. (2015)
reported that both hydropriming and osmopriming
improved germination and seed germination rate
index of pepper seeds compared to unprimed seeds.
Matias et al. (2018) indicated that hydropriming
improved tolerance of sunflower plants under
saline environments. According to KUBALA et
al. (2005), the priming can improve germination
rate through metabolic activation involving the
synthesis of proteins, nucleic acids, and enzymes,
and increasing water uptake, respiratory activity,
and reserve mobilization.
Germination rate index (GRI) of melon
seeds was reduced with the increase of the salt stress
level; however, this negative effect can be fully
reversed with the hydropriming and osmopriming
under mild salt stress (Figure 1b). Under severe salt
stress, the GRI ranged from 0.99 to 3.10 seed day–1,
and was significantly greater when the seeds were
primed with water, followed by KNO3 priming, and
lower for unprimed seeds (Figure 1b).
The reduction in the germination (Figure
1a) and GRI (Figure 1b) of melon seeds with the
increase of the salt stress level was due to increase
of external osmotic pressure which affects the
water absorption by the seeds, and, also due to the
accumulation of Na+ and Cl– in the embryo which
may lead to an alteration of the metabolic processes
of germination and subsequently causing cells death
in the embryo (MAHER et al., 2013; ACOSTAMOTOS et al., 2017). Osmotic stress affects the
starch synthesis reactions and energy production
process (adenosine triphosphate – ATP) through
respiration (MARCOS-FILHO, 2015), resulting in
reduced of germination (Figure 1a), germination rate
index (Figure 1b) and thus in delay of germination
time (Figure 1c).
The mean germination time (MGT) was
delayed with the rise of salt stress levels, except for
hydroprimed seeds (Figure 1c). Under severe salt
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stress, the MGT was delayed in 2.5 days (from
6.6 to 9.1 days) for the unprimed seeds, in 1.7
days (from 6.0 to 7.7 days) for the seeds primed
with KNO3, against 0.3 days (from 5.8 to 6.1
days) for the hydropriming compared to the NaClfree control. The delay of germination was due to
salinity affect the water uptake of the seeds, which
is the first step to occur germination process (i.e.,
imbibition). According to MARCOS-FILHO
(2015), it is necessary that seeds reach an adequate
level of hydration during the imbibition phase,
to occur reactivation of seed metabolic processes
and growth of embryonic axis. Seeds subjected to
osmotic stress require more time to adjust internal
osmotic potential in accordance with the external
environment (MUNNS & TESTER, 2008). Highly
negative osmotic pressure may affect the seeds water
uptake, making germination not possible (MENESES
et al., 2011). Additionally, the osmotic potential of the
external medium can affect the enzymatic reactions
in the seed; therefore, the delay in germination is due
to delay of enzymatic reactions (MARCOS-FILHO,
2015), caused by the break of the imbibition period.
The most common responses of plants to the reduction
of osmotic pressure are a delay in initial germination
and a reduction in the rate and total germination
(EBRAHIMI et al., 2014; OLIVEIRA & STEINER,
2017; MATIAS et al., 2018).
Effect of seed priming and salt stress on initial
seedling growth
The initial growth of melon seedlings was
significantly influenced (p<0.05) by the seed priming
and salt stress levels (Figure 2). The hypocotyl and
primary root length were inhibited by the increase
of salt stress level (Figure 2a and 2b). The hypocotyl
length of seedlings ranged from 3.16 to 3.74 cm
in the NaCl-free control treatment, whereas under
severe salt stress the hypocotyl length ranged from
1.75 to 2.65 cm. Primary root length decreased from
1.34–1.82 cm in the control treatment to 0.74–1.07
cm under severe salt stress. These results indicated
that there was a mean reduction in the hypocotyl and
primary root length of 36% and 43%, respectively.
At high salt levels an irreversible impairment
of the photosynthetic apparatus, associated with a
reduction of ribulose-1,5-bisphosphate carboxylase/
oxygenase (Rubisco) activity, occurs when the stress
is prolonged, and salt continues to accumulate in the
shoots (ACOSTA-MOTOS et al., 2017). In addition,
the observed decrease in the hypocotyl and root
length could be due to the negative effect of salt on
the changes in enzyme activity (that subsequently
Ciência Rural, v.49, n.7, 2019.

6

Oliveira et al.

Figure 2 - Effects of salt stress levels on hypocotyl length (a), primary root length
(b), shoot dry matter (c), root dry matter (d), total dry matter (e) and
root: shoot dry matter ratio (f) of melon (Cucumis melo L., cv. Gaúcho
Casca de Carvalho Comprido) from seeds submitted to priming with
water (hydropriming) or 0.5% KNO3 solution (osmopriming) and
unprimed seeds. Bars followed by the same lower-case letters, between
the priming techniques or same upper-case letters, for the salt stress
levels are not significantly different by the Least Significant Difference
test at the 0.05 level of confidence. Data refer to mean values (n = 4)±
mean standard error.

affects protein synthesis), and also the decrease in
the carbohydrate levels and growth hormones, both
of which can lead to inhibition of the plant elongation
(QADOS et al., 2011).
Hydroprimed seeds have greater hypocotyl
length when grown under salt-free conditions and
under severe stress, whereas under mild salt stress
the greater hypocotyl length was obtained for seeds
primed with water and KNO3 (Figure 2a). This
evidenced that the seed priming, especially with
water, improved the shoot growth of the melon
seedlings in non-stressful and stressful conditions.
Conversely, the higher root length in the control
treatment was obtained with the unprimed seeds, and
under severe salt stress, the greater root length was
obtained when the seeds were primed with water and

KNO3 (Figure 2b). Under mild salt stress, the seed
priming treatments did not significantly affect the
primary root length.
Research has reported that the effects
of seed priming on the seedling elongation are still
contradictory. BARBOSA et al. (2016) reported
that the priming of watermelon seeds with water
and KNO3 produced seedlings with the same
shoot length, while hydroprimed seeds resulted in
seedlings with greater radicle length compared to the
osmopriming. EBRAHIMI et al. (2014) showed that
the seed priming with KNO3 may enhance the shoot
growth rate of tomato seedlings under high salinity
conditions. During the priming period, several
processes including activation and synthesis of a
number of enzymes, proteins and nucleic acids, repair
Ciência Rural, v.49, n.7, 2019.
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and build up, ATP synthesis, and the cytoplasmic
membrane repair in treated seeds will all start to
develop (KUBALA et al., 2015), which may increase
the relative growth rate of the seedlings. However,
OLIVEIRA & STEINER (2017) showed that the seed
priming with water or KNO3 did not affect the shoot
and root length of cucumber seedlings under saline
stress conditions.
The accumulation of shoot dry matter
obtained from unprimed seeds was severely reduced
by the mild and severe stress levels; however, this
effect was fully reversed with the use of seed priming
with water or KNO3 (Figure 2c). These results
reported that mild or severe saline stress did not
inhibit the shoot dry matter production of seedlings.
This suggested that the seed priming improved the
shoot growth of the melon plants exposed to salinity.
IBRAHIM (2016) reported that seed priming can
develop different defense mechanisms in seeds
against salinity stress. OLIVEIRA & STEINER
(2017) showed that the priming with water or KNO3
induced osmotic adjustment activity in the cucumber
plants exposed to low salinity levels, resulting in
higher plant shoot growth; however, high salt levels
in the growth medium caused severe inhibition of
plant growth.
Conversely, root dry matter production
was reduced with salt stress levels for both primed
seeds and unprimed seeds; however, primed seeds
were less negatively affected by salinity (Figures 2d).
Unprimed seeds resulted in higher root dry matter
production when grown under salt-free conditions,
whereas under mild salt stress the higher root dry
matter was obtained for seed priming with water
and KNO3 (Figure 2d). Under severe salinity, the
higher root dry matter production was obtained for
hydroprimed seeds. These results suggested that the
seed priming only has capacity of better the dry matter
allocation in the roots under salinity conditions. This
is because the seed priming can develop different
defense mechanisms in seeds against salinity stress
(IBRAHIM, 2016). Efficiency of seed priming
with water or KNO3 in improving root dry matter
accumulation under stressful conditions was also
reported in watermelon in eggplant (NASCIMENTO
& LIMA, 2008), tomato (EBRAHIMI et al., 2014),
and sunflower (MATIAS et al., 2018).
The total dry matter production obtained
from unprimed seeds was severely inhibited by the
mild and severe salinity levels; however, this effect
was fully reversed with the use of seed priming with
water or KNO3 (Figure 2e). This showed that seeds
primed in water or KNO3 were not negatively affected
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by salt stress, or were more able to adjust to the
increase of salinity level (Figure 2e). Contrary results
were reported by OLIVEIRA & STEINER (2017),
who reported that inhibiting action of salt stress on the
initial growth of cucumber seedlings was increased
with the rise of salinity levels, and the exposure of
seeds to severe salt stress resulted in the decrease of
total dry matter in 34% and 41% when compared to
the NaCl-free control treatment, respectively, for the
seed priming with water or KNO3.
The root: shoot ratio is one of several
ratios, which give estimates of dry matter partitioning
into roots and shoots, and it is a good indicator for
abiotic stress effects on root and shoot dry matter
(BOUTRAA et al., 2010). The root to shoot ratio of
melon seedlings was reduced with the rise of salinity
levels both for primed and unprimed seeds (Figure
2f). An increase in the root to shoot ratio was expected
to be a common response of plants to salt stress
(ACOSTA-MOTOS et al., 2017). The greater root
proportion under salt stress can favor the retention of
toxic ions in this organ, controlling their translocation
to the shoots. This response can constitute a typical
mechanism of plant resistance or survival under saline
conditions (MUNNS & TESTER, 2008; ACOSTAMOTOS et al., 2017). Results presented here suggest
that the genotype of melon used in this study does
not have the capacity to prioritize its allocation
of photoassimilates to the roots in detriment to the
aerial part and, thus, to improve its tolerances to
saline stress. Assimilate partitioning is a complicated
process that can be controlled simultaneously by
sources and sinks (TAIZ et al., 2017).
The length vigor index (SLVI) of melon
seedlings ranged from 473 to 89, and was drastically
reduced with the rise of salt stress levels (Figure 3a).
These results evidenced the negative effect of salinity
on the elongation of melon seedlings, as reported by
the lower length of the hypocotyl (Figure 2a) and
primary root (Figure 2b). The seed priming with
water or KNO3 only has a beneficial effect under salt
stress conditions. Under mild salinity conditions,
the priming with water and KNO3 resulted in higher
SLVI when compared to unprimed seeds. Under
severe salt stress, the SLVI was significantly greater
for hydroprimed seeds, followed by KNO3 priming,
and lower for unprimed seeds (Figure 3a). Responses
similar to the SLVI were verified for the seedling
weight vigor index (SWVI), where seed priming
resulted in higher SWVI under salt stress conditions
(Figure 3b).
Seedling vigor index has been used as
a tolerance index to evaluate the effect of salinity
Ciência Rural, v.49, n.7, 2019.
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Figure 3 - Effects of salt stress levels on length vigor
index (a) and weight vigor index (b) of melon
(Cucumis melo L., cv. Gaúcho Casca de
Carvalho Comprido) seedlings from seeds
submitted to priming with water (hydropriming)
or 0.5% KNO3 solution (osmopriming) and
unprimed seeds. Bars followed by the same
lower-case letters, between the priming
techniques or same upper-case letters, for the
salt stress levels, are not significantly different
by Least Significant Difference (LSD) test at
the 0.05 level of confidence. Data refer to mean
values (n = 4) ± mean standard error.

level on seedling growth (ASHKAN & JALAL,
2013). Seedling vigor is a measure of the extent of
damage that accumulates as viability declines, and
the damage accumulates in seeds until the seeds are
unable to germinate and eventually die (MARCOSFILHO, 2015). Lower seedling vigor index obtained
under salinity conditions, especially under severe
stress, was due to the salinity inhibit the initial growth
of seedlings. Reduction in seedling vigor index under
stressful environments is usually reported by other
research (ASHKAN & JALAL, 2013; SINGH et al.,
2015; OLIVEIRA & STEINER, 2017).

The yield stability index of melon
seedlings ranged from 0.60 to 1.03 and 0.56 to 1.05for
the seeds exposed to mild and severe saline stress,
respectively (Figure 4). The yield stability index
was suggested by BOUSLAMA & SCHAPAUGH
(1984) and has been considered a good salt tolerance
index. When yield stability index (YSI) in response
to saline conditions is greater than 1.0 indicates the
high genotype tolerance to salt stress. Therefore, our
results clearly showed that seed priming with water
or KNO3 was efficient to improve the tolerance of
melon plants to salinity. Thus, growers should use
Ciência Rural, v.49, n.7, 2019.
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Figure 4 - Effects of salt stress levels on the yield stability index
(YSI) of melon (Cucumis melo L., cv. Gaúcho Casca de
Carvalho Comprido) seedlings from seeds submitted to
priming with water (hydropriming) or 0.5% KNO3 solution
(osmopriming) and unprimed seeds. Bars followed by the
same lower-case letters, between the priming techniques
or same upper-case letters, for the salt stress levels, are
not significantly different by Least Significant Difference
(LSD) test at the 0.05 level of confidence. Data refer to
mean values (n = 4) ± mean standard error.

melon seeds primed with water or KNO3 to obtain
higher germination percentage and seedling growth
rate under saline conditions.
In summary, the results presented here
demonstrate that the seed priming with water and
KNO3 may be successfully applied on melon seeds to
alleviate the negative effects of salinity in the initial
stages of plant growth. However, in conditions of
severe salt stress, the use of hydropriming should be
preferred because it results in higher germination rate,
greater dry matter accumulation, higher vigor index
and lower mean germination time when compared to
the osmopriming. This better performance of melon
seeds with direct immersion in water (hydropriming)
may be due to the absence of substances harmful
to the process of imbibition and seed germination,
as can occur with the use of KNO3 salts. According
to MARCOS-FILHO & KIKUTI (2008), the
hydropriming induces the reduction of the mean
germination time and; consequently, increases the
germination rate of the seeds. These authors argued
that in stressful environmental conditions, such as
in saline soils, the use of hydropriming techniques
propitiates the maintenance of the viability and vigor

of the seeds. Therefore, the hydropriming stands out
for its practicality and requires low investments in
reagents, compared with the other methods, besides
avoiding interference of substances that are harmful
to the seeds during soaking (MATIAS et al., 2018).
CONCLUSION
Seed priming with water (hydropriming)
and KNO3 (osmopriming) may be used to improve
seed germination and growth rate of melon seedlings
under mild salt stress conditions. Under severe saline
conditions, the use of hydropriming should be preferred
because it results in more vigorous seedlings.
The use of unprimed seeds should not
be adopted in cultivation areas affected by salinity
because they result in low germination rate and
reduced initial plant growth.
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