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Tolerance induction to saline stress in papaya seeds treated with 
potassium nitrate and sildenafil citrate
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Abstract

Papaya fruit (Carica papaya) is a species of great commercial agriculture importance. Although has a 
saline stress sensitivity. Potassium nitrate (KNO3) and nitric oxide are substances that inducing saline 
stress tolerance. The aim of this study was evaluate the effects of sildenafil citrate (SC) and KNO3 
on the papaya seeds germination of under saline stress. Papaya seeds of hybrids Calimosa and JS12x 
Waimanalo were immersed in distilled water or KNO3 solutions and SC and followed germinated in 
distilled water or NaCl solution –0.3 MPa. Seeds of the hybrid JS12x Waimanalo had higher percentages 
of germination and normal seedlings. The controls of the two hybrids did not show saline stress tolerance 
during germination. Seeds of the hybrid JS12x Waimanalo, when treated with KNO3 or SC showed 
stress tolerance. The growth regulators tested were important in the induction of saline tolerance in 
papaya seeds.
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Resumo

O mamão (Carica papaya) é uma espécie agrícola de grande importância comercial. Porém apresenta 
sensibilidade ao estresse salino. O nitrato de potássio (KNO3) e o oxido nítrico são substancias capazes 
de induzir tolerância ao estresse salino. O objetivo deste trabalho foi avaliar os efeitos KNO3 e do 
citrato de sildenafrila (CS) na germinação de sementes de mamão sob estresse salino. Sementes de 
mamão dos híbridos Calimosa e JS12 x Waimanalo foram tratadas por imersão em água destilada, em 
soluções KNO3 e de CS e, em seguida, colocadas para germinar em água destilada ou em solução de 
NaCl –0.3 MPa. As sementes do híbrido JS12 x Waimanalo apresentaram maiores porcentagens de 
germinação e plântulas normais. Os controles dos dois híbridos não apresentaram tolerância ao estresse 
salino durante a germinação. As sementes do híbrido JS12 x Waimanalo, quando tratadas com KNO3 ou 
CS apresentaram tolerância ao estresse. Os reguladores de crescimento testados foram importantes na 
indução à tolerância ao estresse salino em sementes de mamão.
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Brazil is the largest producer of papaya fruits 
(Carica papaya L.) in the world, with a production 
of 18 million tons in 2009 and moving 1.34 billion 
Brazilian Reais (IBRAF, 2012). However, the 
production and development of papaya trees are 
compromised in environments that present higher 
salinity, since papaya is a sensitive species to the 
concentration of salts in the soil (KOTTENMEIER 
et al., 1983).

The saline stress changes the physiology of the 
plants due to the ionic toxicity, osmotic stress and 
increased reactive oxygen species (ros) (MITTLER, 
2002), leading to a gradual peroxidation of the lipids 
and inactivation of antioxidant enzymes (TANOU; 
MOLASSIOTIS; DIAMANTIDIS, 2009). The salt 
stress with NaCl inhibited the emergence and initial 
development of papaya seedlings (CAVALCANTE 
et al., 2010) and these alterations can cause losses in 
the decrease in fruit productivity.

The nitric oxide (NO) in plants under saline 
stress modulates the production of the ros and 
reinforces the activity of the antioxidant enzymes 
(SINGH et al., 2008). It is considered an important 
growth regulator, which develops in the plants the 
tolerance to saline and hydric stress. This is due to 
the increased activity of antioxidant enzymes such 
as superoxide dismutase (SOD) and catalase (CAT) 
(KOPYRA; GWÓZDZ, 2003). One of the ways to 
release NO in cells is through the sildenafil citrate 
(SC), the active chemical in Viagra®, a medicine 
used in the treatment of male erection, as a donor of 
NO (SIEGEL-ITZKOVICH, 1999).

The nitrate is the biggest source of nitrogen for 
plants. In high doses, it can help to correct nutritional 
unbalance and promote plant growth even under 
saline stress (SONG et al., 2006). It is claimed that 
the effects of the nitrate on the development of plants 
is the combination of the osmotic effect with the 
acquisition of water by the plant and the nutritional 
effect with the protein synthesis (MCINTYRE, 
1997).

The aim of this work was to assess the 

germination of papaya seeds treated with potassium 
nitrate and sildenafil citrate under saline stress. 

The work was performed at the Seed Analysis 
Laboratory of the Center for Agronomic Sciences 
(Laboratório de Análises de Sementes do Centro 
de Ciências Agrárias), UFES, Alegre- ES, Brazil, 
using papaya seeds (Carica papaya L.) Calimosa 
and hybrid JS12 x Waimanalo. The seeds were 
obtained from hermaphrodite fruits collected in 
maturation stage 5 (mature, with more than 75% 
of the external surface in yellow), as per Aroucha 
et al. (2005). After extracted from the fruits, the 
seeds were kept under refrigeration (3 oC) for eight 
months until the beginning of the experiment.

The seeds were initially immersed in distilled 
water, in solution or 100 g L-1 of KNO3 or 500 mg 
L-1 of sildenafil citrate (SC), for 60 min, followed 
by rinsing under current water, previously to the 
germination trial that was conducted in towel paper 
moisturized with distilled water or solution of NaCl 
with potential of –0.3 MPa, equivalent to 2.5 times 
the mass of the dry paper, to simulated the absence 
or presence or salt stress.

Rolls were made and kept in a BOD type 
germinator under isotherm of 20 ºC, in the dark, 
for germination experiment. The treatments were 
composed by the following combinations:[genotypes 
(2) x growth regulator (3)] in the absence and 
presence of saline stress (NaCl –0.3 MPa).

The germination was daily assessed during 30 
days, and the seeds regarded as germinated were 
the ones presenting a primary root protrusion with 
length ≥ 2 mm. In addition, it was assessed the 
number of normal seedlings, seedlings that presented 
aerial portion with length ≥ 2 cm and overall length 
of ±5 cm. Germination percentages were recorded 
at 14 and 30 days after seeding (BRASIL, 2009). 
Data obtained from daily counts were used in the 
calculation of the germination speed index (GSI), as 
per Maguire (1962). 

The design of experiments used was the fully 
randomized, with four repetitions per treatment. The 
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results were submitted to variance analysis and the 
averages obtained for each treatment were compared 
through the Tukey test, with 5% probability level.

There were no differences between the 
germination of Calimosa seeds in the absence or in 
the presence of saline stress. The highest percentage 
of germination in Calimosa seeds occurred when 
treated with KNO3, suggested as an effective 
method to promote the germination of such seeds. 
According to Tokuhisa et al. (2007), the nitrate, in 
the concentration of 1 mol L-1 per 60 min is one 
of the best treatments to overcome numbness and 
accelerate the germination of papaya seeds. 

Seeds from the hybrid JS12 x Waimanalo 
resented the highest percentages of germination 
when germinated in the absence of saline stress. 
This occurs because the papaya is very sensitive to 
the saline and hydric stress (KOTTENMEIER et al., 
1983). When seeds were kept under saline stress, 
there was a lower germination in the absence of 
KNO3 or sildenafil citrate (Table 1). 

Calimosa seeds treated with KNO3 and not 
submitted to saline stress presented higher 
percentages of regular seedlings. However, higher 
percentages of regular seedlings were generated 
by hybrid seeds of JS12 x Waimanalo, when not 
exposed to growth regulators and in the absence 
of saline stress. The seeds of the hybrid JS12 x 
Waimanalo, when not treated with growth regulator 
and saline stress, presented a decrease of 55 
percentage points regarding the control. However, 
when treated with KNO3 or SC, they increased 
19 percentage points under saline stress, without 
growth regulators (Table 1).

The highest tolerance of papaya seeds under 
saline stress may be associated to the increased 
activity of the antioxidant enzymes or increased 
seeds respiratory rate (KOPYRA; GWÓZDZ, 2003; 
ZHENG et al., 2009). 

Growth regulators used in the seeds of hybrid 
JS12 x Waimanalo, kept under saline stress, 
presented reduced germination regarding the control. 
The nitrate as inhibitor of the enzyme superoxide 
dismutase (VIKTOROVA et al., 2010) might have 
enabled the increase of free radicals, thus reducing 
the percentage of regular seedlings. Also, since the 
NO increases the respiratory rate (ZHENG et al., 
2009) consequently there is a higher accumulation 
of ros, which may damage the seeds’ cells and cause 
peroxidation of membrane lipids.

Another factor that influences the reduction of 
regular seedlings treated with KNO3 is the hydric 
and/or saline stress, since the concentration of 1 mol 
L-1 (hydric potential of –4.46 MPa), which was used 
during 60 min, may have caused damages to the 
seeds. The germination of papaya seeds is inhibited 
under salinity levels of 2500 to 3200 mg L-1 of 
KNO3, with hydric potential of about –0.22 MPa 
(KOTTENMEIER et al., 1983). 

The highest values of germination speed index 
(GSI) and germination percentages after 14 days 
of seeding (firs germination count) were obtained 
from the seeds of the hybrid JS12 x Waimanalo, 
but, when those were kept under saline stress, they 
presented lower GSI and germination values in the 
first count (Table 1).

Seeds previously treated with KNO3 or SC 
presented higher GSI values and first germination 
count if compared to non-treated seeds and seeds 
kept under saline stress. KNO3 and SC are growth 
regulators that induce the plants to tolerance and 
development in saline environments, as observed for 
corn (ESCOBAR et al., 2010) and wheat (ZHENG 
et al., 2009).
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Table 1. Germination (G), normal seedlings (NS), germination 14 days after sowing (FC) and germination speed 
index (GIS) of papaya seeds Calimosa and JS12 x Waimanalo treated with potassium nitrate (KNO3) and sildenafil 
citrate (SC) ) in the absence and presence of saline stress (NaCl –0.3 MPa).

Trat. G (%) NS (%) FC (%) GSI
-NaCl +NaCl -/NaCl +NaCl -NaCl +NaCl -NaCl +NaCl

T1 60bA* 58bcA 0dA 0cA 0bA 0bA 0.54cA 0.51bA
T2 81aA 74abA 13cdA 0cB 9bA 0bA 0.85bA 0.66bB
T3 51bA 51cA 0dA 0cA 0bA 0bA 0.46cA  0.45bA
T4 88aA 51cB 82aA 27bB 76aA 10bB 1.98aA 0.65bB
T5 88aA 86aA 19cB 47aA 76aA 34aB 1.94aA 1.37aB
T6 88aA 79aA 67bA 45aB 72aA 27aB 1.88aA 1.15aB

*Means within columns followed by different lowercase letters and within line uppercase differ at Tukey test (P≤0.05). n = 4 ± SE. 
T1: Calimosa +H2O; T2: Calimosa + KN03; T3: Calimosa + SC;4: JS12 x Waimanalo + H2O, T5: JS12 x Waimanalo + KN03 ,T6: 
JS12 x Waimanalo + SC.
Source: Elaboration of the authors.

The papaya seeds are sensitive to saline stress 
during the germination, although JS12 x Waimanalo 
genotype can be reversed the deleterious effects 
with the use of sildenafil citrate or potassium nitrate.
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