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Abstract

Intensified salt stress is an acute hindrance to crop cultivation, whereas plant signaling molecules can efficiently prompt
salinity tolerance. Therefore, this study was accomplished to explore the potential salinity stress-mitigating effect of differ-
ent signaling molecules in rice. The rice (cv. BRRI dhan29) seeds were immersed in 20 mM KNO;, 0.15 mM H,0,, 0.8 mM
AsA (ascorbic acid) and 10 mM CaCl, solutions for 24 h. Eventually, primed seeds were exposed to 75 mM NaCl in Petri
dishes during germination. Moreover, 14-day-old rice seedlings were pretreated with different agents, viz., KNO;, H,0,,
AsA and CaCl, (concentrations were same as previous), for 2 days. Primed and non-primed seedlings were grown for 4 days
under 75 mM NaCl stress condition. The result revealed that salt stress caused reduced germination indices and pre-seedling
and seedling growth inhibition and impaired photosynthetic capacity, whereas catalase (CAT), ascorbate peroxidase (APX)
and peroxidase (POX) activities were decreased in salt-treated plants. However, application of the four signaling molecules
promoted the germination indices and growth and resisted chlorosis. Pretreatment with CaCl, and AsA was observed to be
relatively more efficient in conferring salinity tolerance of rice as reflected from the significant enhanced germination and
growth in the saline medium by increasing reactive oxygen species (ROS) scavenging capacity, both at germination and
seedling stage. All the selected signaling molecules significantly detoxified excess ROS, i.e., H,0, and O and reduced lipid
peroxidation by up-regulating the enzymes, CAT, APX and POX. Moreover, H,0O, and KNOj; pretreatment also mitigated
salt-imposed oxidative stress and enhanced growth performance of rice seedlings. Overall, the study confirms that CaCl,
and AsA pretreatment were more effective than H,0, and KNO; priming to improve salt tolerance in rice.
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significant impact on grain crop production (Rengasamy
2006). Nearly 397 million ha lands are exposed to soil salin-
ity worldwide (FAO 2010). It is also considered as a very
crucial environmental stressor that hinders rice cultivation
in Bangladesh, where about 0.223 million ha (26.7%) new
land is affected by various degrees of salinity during about
the last four decades (Soil Resource Development Institute
(SRDI) 2010).

More or less all growth and developmental stages of
rice plants are injured by salt stress. However, among those
stages, particularly germination of seeds and establishment
of seedling stages are mostly vulnerable to salt-induced
stress (Kochak-zadeh et al. 2013). Numerous physio-bio-
chemical changes occur in plants when subjected to excess
salt concentrations including reduced absorption of water
(Park et al. 2016), ionic imbalance (Jaleel et al. 2008),
reduction of enzyme activities (Hiitsch et al. 2016), disrup-
tion of nitrogen metabolism (Lorenzo et al. 2001), reduc-
tion of photosynthetic pigment content (Pessarakli 2016)
and accretion of compatible biological solutes, for instance
some soluble carbohydrates and amino acid proline (Yancey
2005). Salinity induces imbalance in cellular redox result-
ing in accelerated accumulation of reactive oxygen species
(ROS) and the most common ROS are hydrogen peroxide
(H,0,), superoxide radical (O;) and hydroxyl radical (OH’)
(Apel and Hirt 2004). These changes ultimately trigger the
deterioration of many vital processes within the plants cell
and eventually inhibit or postpone the germination, increase
the plant mortality rate, arrest growth and finally reduce crop
productivity (Ambede et al. 2012).

Rice is considered as a staple food and widely grown
cereal crop in Bangladesh. It occupies approximately 80%
of the country’s arable lands with an annual production of
33.98 million metric tons (BBS 2014). It is known to be a
salt-susceptible crop, and as a result when the soil salt con-
centration level increases above 4 dS m~! EC its productiv-
ity is substantially diminished (Munns et al. 2006). So, it is
not possible to cultivate rice in salinity-affected areas and
thus these become fallow areas. So, salinity management is
necessary to improve productivity under saline conditions.

Until now, several endeavors have been taken to upgrade
the salinity tolerance in rice through conventional breeding
program; however, progress has been quite slow with inad-
equate commercial success (Fita et al. 2015). Exogenous
protective chemical application modulates endogenous
defensive mechanisms and alleviates salt-induced damages
in the vegetative tissues of rice. The protective role of such
chemicals on the reduction of salinity-induced damages
is linked with the stimulated action of oxidant scavenging
enzymes and compatible osmolyte accumulation (Wahid and
Shabbir 2005; Afzal et al. 2012).

Priming with exogenous chemicals is an easy and efficient
method that is regarded as a practical approach to overcome
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the salinity-induced growth hindrance of plants (Wahid and
Shabbir 2005; Paul and Roychoudhury 2016). It enhances seed
performance by conferring positive physiological amendment
leading to faster and more harmonized germination of seeds
(Patade et al. 2009) apart from inducing early resistance. There
are adequate reports showing that priming causes change of
different cellular, subcellular and molecular processes in seeds,
consequently boosting germination and growth of various
plants under diverse environmental stress conditions (Beck-
ers and Conrath 2007).

The positive effects of various signaling molecule prim-
ing have been reported in some crop plants such as Triticum
aestivum (wheat) (Igbal and Ashraf 2007), Saccharum offici-
narum (sugarcane) (Patade et al. 2009) and Helianthus ann-
uus (sunflower) (Moeinzadeh et al. 2010). Previously, priming
with KNO; showed salinity and drought stress mitigation in
sunflower (Kaya et al. 2006). Exogenous H,0, application
enhanced salinity resistance in rice seedlings (Roy et al. 2016),
and pretreatment with H,O, also prevented the oxidative dam-
age of wheat seedlings (Wahid et al. 2007).

As an antioxidant molecule, ascorbic acid (AsA) plays a
prominent function against oxidative stress and also protects
the photosynthetic process under stressful conditions (Ashraf
et al. 2008). It performs a wide range of physiological and
biochemical functions in plants which eventually regulate the
growth, differentiation and metabolism of plants under adverse
conditions (Khan et al. 2011). Exogenous AsA application
alleviates salt-induced negative effects in plants, as it increases
endogenous AsA content, improves chlorophyll contents and
enhances proline accumulation (Roy et al. 2016). The salt
tolerance in crop plants also can be improved by using salt
solutions such as CaCl, for priming (Afzal et al. 2008). Afzal
et al. 2012 described the positive effect of CaCl, on salinity
stress mitigation of aromatic rice. Moreover, seeds presoaked
in these chemicals might be utilized to ensure superior growth,
mostly in stressful environments (Yazdanpanah et al. 2011).

The effects of pretreatment with different signaling mol-
ecules and growth regulators on different plant species have
been reported from time to time; however, few reports exist on
the comparative effects of priming with KNO;, H,0,, AsA and
CaCl, on germinated pre-seedlings and seedlings of rice under
salinity stress. Considering the above facts, the experiment
was undertaken to explore the potential roles of pretreatment
with KNO;, H,0,, AsA and CaCl, to ameliorate the oxidative
stress-induced impairments in the germinated pre-seedlings
and seedlings of rice subjected to salt stress.
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Materials and methods

Experimental growth conditions and treatments
at the germination stage

The present investigation was accomplished at the Depart-
ment of Biochemistry and Molecular Biology, Bangla-
desh Agricultural University, Mymensingh, under growth
chamber condition (temperature and relative air humidity
were 25.6+1.0 °C and 73.2 +3.0%, respectively) using
BRRI dhan29, a high yielding salt-susceptible rice cultivar.
Initially, uniform size rice seeds were treated with 0.10%
mercuric chloride for 3 min, followed by washing several
times with double-distilled water to sterilize the seeds.
After that, those seeds were carefully de-husked.

Firstly, for priming, the de-husked seeds were soaked
in KNOj3, H,0,, AsA and CaCl, in separate screw-capped
bottles and the seeds were immersed in double-distilled
water in case of control treatment. After that, the treated
rice seeds were kept in the dark for 24 h. Subsequently,
after washing seeds several times with double-distilled
water, the seeds were positioned on 9 cm Petri dishes
having three layers of Whatman filter papers and incu-
bated for 7 days for germination study. Each Petri dish
contained 50 rice seeds. 20 ml of 75 mM NacCl solu-
tion was poured into each Petri dish for salt treatments.
A Petri dish containing 20 ml distilled water acted as a
control in the experiment (non-saline conditions). After
every 2 days, the solutions were renewed. The follow-
ing treatments were maintained: C, control; S, 75 mM
NaCl (salted control); K, distilled water +20 mM KNO,
primed seed; S + K, 75 mM NaCl 420 mM KNO; primed
seed; H, distilled water+0.15 mM H,0O, primed seed;
S+H, 75 mM NaCl+0.15 mM H,0, primed seed;
A, distilled water + 0.8 mM AsA primed seed; S+ A,
75 mM NaCl+ 0.8 mM AsA primed seed; Ca, distilled
water + 10 mM CaCl, primed seed; S+ Ca, 75 mM
NaCl + 10 mM CacCl, primed seed.

At 12 h interval, the number of germinated seeds was
recorded up to the 7th day after sowing (DAS). Seeds were
counted as germinated when the radicle length was 1 mm
or more. Shootlet samples were collected for further bio-
chemical analysis. The experiment was performed in com-
pletely randomized block design with three independent
replicates.

Germination indices and pre-seedling’s growth
measurements

The morphological parameters (rootlet length, shootlet
height) at the germination stage were calculated on the
7th DAS. Germination percentage (GP) (Afrin et al. 2019),

germination indices (GI) (Tiquia 2010), vigor index (VI)
(Hangarter 1997) and mean germination time (MGT)
(Matthews and Khajeh Hosseini 2006) were computed
according to the given equations:

number of germinated seeds

GP (%) = 100,

total number of seeds placed in germination

Germination indices (GI)
_ (%relative seed germination X % relative root growth)
B 100

b}

where,

% Relative seed germination

number of seeds germinated in salted condition % 100
" number of seeds germinated in control condition ’

mean root length in salted condition 100

% Relative root growth = - —
mean root length in control condition
Vigorindex (VI)
_ seedling length (cm) X germination percentage (%)
B 100 ’

Y. Dn
dn

Here, n indicates the number of germinated seeds on Dth
day, D indicates the number of DAS.

Mean germination time (MGT) (day™') =

Seedling stage experiment

Uniformly germinated rice seedlings were grown in hydro-
ponic condition using Cooper’s nutrient solution (Cooper
1988) with some modifications in 250 ml plastic pots. The
nutrient solution had been prepared by adding the follow-
ing nutrients to 10 1 distilled water: KH,PO, 2.63 g, KNO,
5.83 g, Ca(NO;),-4H,0 10.03 g, FeSO,-5H,0 2 g, MgSO,
0.79 g, MnSO, 0.061 g, H;BO; 0.017 g, CuSO,-5H,0
0.004 g, Na,MoO, 0.003 g, ZnSO, 0.0044 g. After every
3 days, the nutrient solutions were renewed. Around 150
rice seedlings were placed in each plastic pot. After 14 days,
seedlings were pretreated with different signaling molecules,
viz,. KNO;, H,0,, AsA and CaCl, (concentrations are same
as germination stage) for 2 days. Subsequently, the rice seed-
lings were exposed to salt stress (75 mM NaCl) and grown
for 4 days. Thus, the treatments of the present experiment
were: control (C), 75 mM NaCl (S), 75 mM NaCl + 20 mM
KNO; (S+K), 75 mM NaCl+0.15 mM H,0, (S+H),
75 mM NaCl+0.8 mM AsA (S+A), 75 mM NaCl+ 10 mM
CaCl, (S+Ca). All treatments were replicated three times
in an identical growth environment. After 4 days of salt
exposure, morphological data were obtained and the study
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of biochemical change the second leaves of seedlings were
collected.

Salinity-induced growth impairment measurements
of seedlings

Through the precise examination and assessing dry weight
(DW), the salt-induced growth impairment of rice seedlings
was measured. Seedlings were collected and dried at 60 °C
for 4 days to determine DW and stated as mg seedling™".
To determine plant height, the distance of the shoot base
to the tip of the longest leaf of ten seedlings was measured
and averaged.

Assessment of leaf chlorophyll contents of rice
pre-seedlings

The total photosynthetic pigment, viz., total Chl content of
rice pre-seedlings was measured using spectrophotometer
(Shimadzu, UV-1201, Kyoto, Japan) following the proto-
col as described by Metzner et al. (1965) with some minor
modifications. The 0.5 g sample was taken in a screw-capped
tube and 10 ml 80% (v/v) aqueous acetone was added and
kept for 7 days for extraction of pigments. The plant acetone
extract was centrifuged for 10 min at 4000xg and the super-
natant was used for spectrophotometric absorbance reading
at 644 and 663 nm wavelengths. The following equations
were applied to compute the chlorophyll contents and the
total Chl content was determined as the sum of chlorophyll
a and b content and expressed as mg g~ fresh weight (FW):

Evaluation of lipid peroxidation and hydrogen
peroxide of pre-seedlings and seedlings

Lipid peroxidation of rice leaves was quantified by means
of assessing malondialdehyde (MDA) according to the pro-
tocol as described by Heath and Packer (1968) with some
modifications. The rice leaves (0.1 g leaves) were ground
in 5.0% (w/v) trichloroacetic acid (TCA) and subsequently
centrifuged at 11,500xg for 10 min at 4 °C. The superna-
tant was collected in a screw-capped tube, followed by the
addition of 4 ml 20% TCA having 0.5% of thiobarbituric
acid. Afterward, screw-capped tubes were incubated in a
hot water bath and heated at 90 °C for 15 min. The screw-
capped tubes were immediately transferred in an ice bath
and centrifuged again at 11,500xg for 12 min. The absorb-
ance of the chromophore was measured in a spectrophotom-
eter (Shimadzu, UV-1201, Kyoto, Japan) at 532 nm. MDA
content was estimated using the extinction coefficient of
155 mM~! cm™! and denoted as nmol of MDA g~! FW.
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Leaf tissue H,0, content was estimated following the
method of Velikova et al. (2000) with some modifications.
Rice leaves (0.1 g) were ground with 1.0 ml of 0.10% TCA
and centrifuged at 11,500 g for 12 min at 4 °C temperature.
The 0.5 ml supernatant was taken in a test tube, 10 mM
potassium phosphate buffer (pH 7.0) (0.5 ml) and 1.0 M
potassium iodate (1.0 ml) were added and the mixture was
incubated under dark condition for 60 min. The absorb-
ance was quantified at 390 nm wavelength (Shimadzu,
UV-1201, Kyoto, Japan) and H,O, content was stated as
nmol g~! FW.

Histochemical detection of superoxide ()

Localization of O rice seedling leaves was spotted by
means of nitroblue tetrazolium chloride (NBT). The col-
lected leaves of rice seedlings were cleaned thoroughly
with dH,O to eliminate the extraneous material associated
with the tissues. The selected leaves of each treatment were
dipped into 0.10% NBT solution, prepared by dissolving
0.05 g NBT with 50 mM potassium phosphate buffer (pH
7.5), in a Petri dish. Afterward, the Petri dish was wrapped
completely with aluminum foil and incubated at room tem-
perature for 24 h. The leaves were decolorized by immersing
in boiling ethanol (90%) for 10 min. The photograph was
taken in 60% glycerol.

Assessment of ROS scavenging enzymes activity

To assess the ROS scavenging capacity, different antioxidant
enzymes’ activity were determined. The catalase activity
(CAT, EC 1.11.1.6) was estimated following the method as
described by Tahjib-Ul-Arif et al. (2018a). The absorbance
of the reaction mixture was noted at 240 nm wavelength for
120 s and the activity of CAT was calculated employing
the extinction coefficient 40 M~! cm™!. Another antioxidant
enzyme, namely ascorbate peroxidase activity (APX, EC
1.11.1.11), was quantified using the method developed by
Nakano and Asada (1981), with the extinction coefficient
2.8 mM~em™!, Lastly, the peroxidase (POX, EC 1.11.1.7)
activity was also assessed using guaiacol as a substrate cor-
responding to the method of Nakano and Asada (1981) using
26.6 mM~! cm™! as extinction coefficient.

Evaluation of osmolyte proline accumulation

The method of Bates et al. (1973) was employed to deter-
mine the proline content of rice leaves with some modifica-
tions. The collected fresh leaves (0.5 g) were ground with a
mortar and pestle in 10 ml of 3.0% sulfosalicylic acid solu-
tion. After that, the extract was centrifuged at 4000xg for
10 min to separate the plant debris. The supernatant (2 ml)
was taken in a screw-capped tube, 2 ml acid ninhydrin
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Table 1 Effects of different signaling molecules (KNO;, H,0,, AsA and CaCl,) on germination indices and growth of pre-seedlings at the ger-
mination stage in BRRI dhan29 under 75 mM NaCl stress

Treatments Germination indices Morphological parameters
MGT (day™") GP (%) GI VI SL (cm) RL (cm)

C (Control) 5.87+£0.49™ 76.66+5.00™ - 6.55+0.76* 4.68+0.01%** 3.91+£0.32%*
S (NaCl) 6.68+0.18° 68.32+4.45¢ 49.43 +4.59¢ 3.57+0.09¢ 3.06+0.12¢ 2.18+0.22¢
K (KNOy) 7.18+0.06™ 77.77 £6.66™ 87.60+19.81™ 6.28+£0.90™ 4.67 £0.25%* 3.35+0.18*
S+ K (NaCl+KNO3) 7.56+0.43" 77.77£0.00™ 86.02 +4.90™ 5.16+0.07" 3.30+0.09™ 3.28+0.44*
H (H,0,) 5.81+0.06™ 100.0 £ 0.00%* 11343 +12.12% 8.45+0.35%* 5.04+0.19%* 3.41+0.36*
S+H (NaCl+H,0,) 5.00+1.13* 100.0 £ 0.00%* 74.40+10.29™ 6.17+0.17™ 3.93+0.13™ 2.24+0.31"
A (AsA) 6.06+0.06™ 96.66 +1.11%* 197.21 £3.99%* 11.29+0.20%* 5.54+£0.27%* 6.14 +0.80%*
S+ A (NaCl+ AsA) 6.81+0.31" 95.55+0.00%* 100.44 +10.31™ 7.11+£0.50* 4.28+0.20%* 3.16+0.17*
Ca (CaCl,) 4.69 +0.06* 100.0+0.00%* 138.00+7.47* 9.34 +0.20%* 5.18+0.02%* 4.15+£0.22%%*
S +Ca (NaCl +CaCl,) 6.44+1.69™ 98.88 £ 1.11%** 117.76 £17.09* 8.04+0.74%* 4.54 +0.43%* 3.53+0.44%*

Data are represented as mean of three replicates + standard error (SE). In each column, “*’ indicates statistical differences at P <0.05 and “**’
indicates P<0.01 and ‘ns’ indicates non-significant differences and ‘c’ indicates the salt-stressed control to which all other treatments are com-

pared

MGT mean germination time, GP percent germination, G/ germination indices, VI vigor index, SL shootlet length, RL rootlet length

solution and 2 ml of glacial acetic acid were added, and
the mixture was kept at 100 °C for 1 h to start the reac-
tion. Immediately after heating, the tubes were cooled in
an ice bath and the chromophore was extracted in toluene.
Finally, the absorbance was computed at 520 nm (Shimadzu,
UV-1201, Kyoto, Japan).

Statistical analysis

Analysis of variance was done by applying the Dunnett’s
method for multiple comparisons with Minitab 17.0 sta-
tistical software. Means of different treatments were com-
pared with only salt-stressed treatment (S) and statistical
differences were expressed either at the 5% or 1% level of
probability.

Results

Seed priming improves germination and growth
characters of pre-seedlings under salt stress

The impacts of different signaling molecules on germina-
tion and growth parameters of rice pre-seedlings under
75 mM NaCl stress are presented in Table 1. GP, GI and
VI varied considerably among the treatments. Salinity
reduced GP by 11% compared with that of the control
condition. In both saline and non-saline environments,
priming with KNO; did not show any significant effect on
GP, whereas priming with H,0,, AsA and CaCl, showed a
significant increment of GP compared to control and salted
rice seedlings. Again, the lowest GI was recorded under

the saline condition and priming with different agents
increased GI. Under normal conditions, pretreatment
with H,0,, AsA and CaCl, significantly increased GI,
but only AsA and CaCl, priming increased GI by 51 and
58%, respectively, under saline condition compared to the
salt-treated condition. Salt stress significantly decreased
VI (45%), whereas under salt stress priming with AsA
and CaCl, increased VI (by 99 and 125%, respectively)
significantly. On the other hand, KNO; and H,O, priming
increased VI non-significantly compared to salt-stressed
condition. Under salt-stressed condition, only H,0,
priming significantly reduced MGT and no significant
change of MGT was evident on employing other signal-
ing molecules.

To evaluate the consequences of salt stress and stress-
alleviating functions of different signaling molecules on
the growth parameters of pre-seedlings, we monitored the
shootlet and rootlet length (SL and RL, respectively) change
(Table 1; Fig. 1a). Salt stress significantly reduced shootlet
and rootlet length by 34 and 44%, respectively, in rice pre-
seedlings compared with the control condition. The priming
with AsA and CaCl, significantly increased the shooltet length
in salt-stressed pre-seedlings by 40 and 48%, respectively, in
comparison with salt-treated only plants. Moreover, under
NaCl stress conditions, seed priming with KNO; and H,0,
enhanced shootlet length non-significantly. Likewise, KNO;,
AsA and CaCl, priming increased rootlet length significantly
by 50, 45 and 62%, respectively, compared to saline condition
but H,O, priming did not show any significant effect on root
length elongation. Also, under non-stress conditions, AsA,
CaCl,, and H,0, enhanced SL. The highest shootlet length
and rootlet length under salt-stressed condition were recorded
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c S S+K S+H S+A S+Ca

Fig. 1 Phenotypic appearance of rice a pre-seedlings and b seedlings
under different treatments. Control (C), 75 mM NaCl (S), 20 mM
KNO; (K), 75 mM NaCl+20 mM KNO; (S+K), 0.15 mM H,0,
(H), 75 mM NaCl+0.15 mM H,0, (S+H), 0.8 mM ascorbic acid
(A), 75 mM NaCl+0.8 mM ascorbic acid (S+A), 10 mM CaCl,
(Ca), 75 mM NaCl+ 10 mM CaCl, (S +Ca)

from the seedlings receiving CaCl, priming, followed by AsA
priming (Table 1).

Priming enhances the growth of rice seedlings
under salt stress

As shown in Fig. 1b, NaCl stress in rice seedlings for 4 days
displayed toxicity symptoms, including chlorosis, yellowing
and death of leaf tips. Salinity also caused arrested growth, as
witnessed by a lower plant height under salt-stressed condi-
tion (Fig. 2a). Salt-induced stress decreased plant height and
biomass production significantly by 33 and 44%, respectively,
compared to that of control. Priming with KNO;, H,0,, AsA
and CaCl, to the salt-stressed rice plants noticeably reinstated
plant growth and dry weight compared to the only salt-stressed
seedlings. However, among these agents, the maximum plant
length enhancement under salinity stress condition was
observed as a result of pretreatment with AsA followed by
CaCl, (Fig. 2).

Priming adjusts ROS accumulation and lipid
peroxidation

The NaCl-induced oxidative stress triggered over-accu-
mulation of ROS in the rice seedlings both at germination
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Fig.2 Effects of different signaling molecules (KNO;, H,O,, ascor-
bic acid (AsA) and CaCl,) on a plant height and b plant dry weight
in BRRI dhan29 rice cultivar under 75 mM NaCl stress. Data are the
mean value (n=3) +standard deviation (SD). The SD in each case is
represented by the vertical bar in each graph. Here, ‘asterisk’ indi-
cates statistical differences at P<0.05 and ‘double asterisks’ indi-
cates P<0.01 and ‘ns’ indicates non-significant differences and ‘c’
indicates the salt-stressed control to which all other treatments are
compared based on Dunnett’s multiple comparison method. Control
(C), 75 mM NacCl (S), 75 mM NaCl+20 mM KNO; (S +K), 75 mM
NaCl+0.15 mM H,0, (S+H), 75 mM NaCl+0.8 mM AsA (S+A),
75 mM NaCl + 10 mM CaCl, (S +Ca)

and seedling stage, leading to increased lipid peroxidation.
The tissue H,O, content significantly increased by 23.6 and
33%, correspondingly, in the salt-treated rice seedlings at
germination and seedling stage, relative to the stress-free
control seedlings. However, treating salt-stressed rice seed-
lings with KNO;, H,0,, AsA and CaCl, contributed to the
significant reduction of H,0, by 44.8, 40, 40 and 38.2%,
respectively, at germination stage, whereas at seedling stage
only AsA and CaCl, significantly decreased endogenous
H,0, content by 46 and 54%, compared with salt-stressed
only plants (Fig. 3b). The salinity stress imposed oxidative
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Fig. 3 Effects of different

a
signaling mol.ecul.es (KNO;, _35.0 60.0 -
H,0,, ascorbic acid (AsA) and S c
CaCl,) on a MDA content and R ns
b H,0, content in BRRI dhan29 5 28.0 50.0 - ns ns
rice cultivar under 75 mM NaCl o .
stress. Data are the mean value © 40.0 A
(n=3) + standard deviation £ 21.0 o
(SD). The SD in each case is - 30.0 4
represented by the vertical bar T 14.0
in each graph. Here, ‘asterisk’ aqé ’ 20.0 -
indicates statistical differ- o
ences at P<0.05 and ‘double : 7.0 10.0 -
asterisks’ indicates P <0.01 and a )
‘ns’ indicates non-significant s
differences and ‘c’ indicates 0.0 0.0 -
the salt-stressed control to
which all other treatments are b
compared based on Dunnett’s
multiple comparison method. E 30.0 A c 120.0 -
Control (C), 20 mM KNO; (K), T8 ns
0.15 mM H,0, (H), 0.8 mM T 240 - 100.0 - ¢ ns
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75 mM NaCl (S), 75 mM © L .. 80.0 H **
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75 mM NaCl+0.15 mM H,0, - ** 60.0 - o
(S+H), 75 mM NaCl +0.8 mM € *k
AsA (S+A), 75 mM £12.0 1 40.0 -
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6.0 20.0 -
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T 0.0 A 0.0 A

At Germination stage: 7t" DAS

stress which caused severe damage of cellular membrane
that can be measured in terms of lipid peroxidation prod-
uct MDA content in the leaves of rice seedlings. Similarly,
salt stress enhanced MDA content both at germination and
seedling stage by 110 and 18.7%, respectively, relative to
control plants (Fig. 3a). All the signaling molecules reduced
the level of MDA compared with salt-treated plants, both
at germination and seedling stage. However, a significant
reduction of MDA content was recorded due to the priming
with KNO; (31.9%), AsA (73%) and CaCl, (68.6%) at the
germination stage, and with H,O, (25%) and AsA (36%) at
seedling stage in comparison with only NaCl-stressed treat-
ment. At the germination stage, under normal conditions,
priming with all four agents did not affect endogenous H,0O,
and MDA content significantly (Fig. 3).

We also carried out the histochemical detection of O
in fresh rice leaves at the seedling stage under salt-stressed
and non-stressed conditions as shown in Fig. 4. Frequent
dark blue spots appeared in the salt-treated rice leaves
when stained with NBT. Priming with KNO;, H,0,, AsA
and CaCl, remarkably diminished the NBT-stained spots
in salt-stressed rice seedlings relative to only salt-stressed

S v 9%&%8‘42”0"’

v 9 2
‘,g?l~ %x‘b ‘.oxv;ox(;
At seedling stage

seedlings. Moreover, almost no spots were visible in the leaf
lamina of rice seedlings pretreated with AsA.

Priming modulates antioxidant enzyme activities

We also examined the governing role of these selected
signaling molecules on some selected oxidant scavenging
enzymes such as CAT, APX and POX, both at germina-
tion and seedling stages (Fig. 5). The results of the present
experiment uncovered that salt stress caused a decrease of
CAT activity both at germination and seedling stage by 13.8
and 80.7%, respectively, relative to salt-free control condi-
tions. In contrast, KNO;, H,0,, AsA and CaCl, pretreat-
ment prior to salt stress rescued CAT activity by 77.4, 77, 42
and 77.4%, respectively, at the germination stage and by 82,
82.1, 63 and 56.5% at the seedling stage (Fig. Sa).

The rice pre-seedlings and seedlings exposed to NaCl stress
had decreased APX activity by 14.8 and 28.5%, respectively,
compared with control (Fig. 5b). Among the signaling mol-
ecules, the only pretreatment with AsA at the germination
stage significantly decreased and KNO; at the seedling stage

@ Springer
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Fig.4 Histochemical detection of superoxide (O}) in the leaf of rice
seedlings under 75 mM NaCl stress. Control (C), 75 mM NaCl (S),
75 mM NaCl +20 mM KNOj; (S +K), 75 mM NaCl+0.15 mM H,0,
(S+H), 75 mM NaCl+0.8 mM AsA (S+A), 75 mM NaCl+ 10 mM
CaCl, (S+Ca)

significantly increased APX activity in NaCl-treated seedlings
in comparison with only salt-treated plants.

Salt stress did not alter POX activity at the germination
stage, but significantly decreased (40.3%) at the seedling stage
compared with the control. Priming with all four agents signif-
icantly decreased POX activity in salt-stressed pre-seedlings,
but enhanced in salt-stressed seedlings in comparison with
NaCl-treated only plants (Fig. 5c). Under salinity stress-free
conditions, only H,0O, priming extensively decreased CAT
activity and increased APX activity, whereas KNO;, AsA and
CaCl, priming significantly enhanced CAT activity and did
not display any noteworthy effect on the activity of APX, rela-
tive to control. In contrast, POX activity significantly reduced
because of pretreatment with all the signaling molecules com-
pared with control (Fig. 5).

Priming of signaling molecules amplifies
photosynthetic pigment in rice seedlings under salt
stress

A considerable variation of chlorophyll pigment content
was observed as a result of salt stress (Fig. 6a). A sharp
decrease in total chlorophyll content (60.5%) in rice leaves
was noticed in salt-stressed seedlings compared to the
non-stressed control seedlings. Prior to salt-stress treat-
ment, increased leaf total chlorophyll pigment content was
recorded due to priming with KNO,, H,0,, AsA and CaCl,.

@ Springer

The maximum total chlorophyll content under salinity stress
condition was observed with CaCl, priming treatment.
These agents increased total chlorophyll contents to more
than that in the control condition. Under non-saline condi-
tions, KNO;, AsA and CaCl, pretreatment improved total
chlorophyll content significantly compared with stress-free
control plants.

Priming maintains osmoprotection

Salinity stress triggered a considerable accumulation of
proline in the rice leaves compared with control (Fig. 6b).
Under salt stress, KNO; and CaCl, reduced proline content
by 52.7 and 15.6%, respectively, compared to NaCl-treated
only seedlings. Conversely, AsA priming increased and
H,0, priming did not cause a significant change of proline
content in comparison with only salt-treated plants. Under
normal conditions, priming with all those agents increased
proline accumulation in the leaves of rice seedlings in com-
parison to control conditions.

Discussion

Application of various exogenous protectants to minimize
the unfavorable consequences of environmental stressors
has enormous inferences equally from theoretic and func-
tional viewpoints (Uchida 2003; Sivritepe et al. 2005). The
usefulness of different pretreatment application techniques
depends on the emergence and establishment of seedlings.
Therefore, in the present experiment, the effects of KNO;,
H,0,, AsA and CaCl, on inducing salinity tolerance of rice
were examined at the germination and seedling stage. Vari-
ous parameters such as germination, growth, physiologi-
cal attributes, ROS accumulation and antioxidant activity
in primed seeds and seedlings were studied under NaCl-
induced salinity stress.

It is an established fact that seed germination as well
as plant growth severely hindered by salt-induced stress
and seed priming could be used to improve the salt-stress
tolerance of rice seedling (Ashraf and Harris 2004; Afzal
et al. 2006). A similar phenomenon was also noticed in our
experiment, where salinity showed deleterious effect on
germination and growth performances of rice pre-seedlings
(Table 1). Seed priming with KNO;, H,O,, AsA and CaCl,
has previously been testified in different crops to recover
crop growth under various stressed conditions (Gondim
et al. 2010; Ramzan et al. 2010; Azooz et al. 2013; Farooq
et al. 2008). In our current experiment, seed priming with
these signaling molecules efficiently mitigated the harmful
consequences of salt-induced stress on germination of rice
seeds as apparent from notably shortened MGT by H,0,,
increased germination percentage by CaCl,, AsA and H,O,,
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increased VI by CaCl, and AsA and increased GI by CaCl,
priming. In addition, all these signaling molecules increased
germination percentage, VI and GI than in the salted condi-
tion (Table 1).

In this study, priming with CaCl, proved to be superior
to other treatments in alleviating salinity-induced inhibi-
tion of germination percentage, VI and GI (Table 1). This
finding is in concordance with earlier reports, which dem-
onstrated that CaCl, priming effectively altered the detri-
mental consequences of salt stress on wheat (Farooq et al.
2008), Zea mays (maize) (Ashraf and Rauf 2001) and rice
(Afzal et al. 2012) seed germination-related parameters. This
positive stimulus of CaCl, priming on germination-related
parameters of rice might be as a result of the enhancement
of expression, stability and activity of a-amylase, a key
germination enzyme (Afzal et al. 2012). Moreover, under
NaCl stress conditions, plants were exposed to excess Na™

At seedling stage

ions, whereas Ca®* can counteract the uptake of Nat and
eventually mitigate the deadly influence of excess Na* ions
on germination of seeds (Anil et al. 2005). Alternatively,
the priming with H,O, and AsA significantly alleviated salt
stress-induced growth inhibition by increasing the germina-
tion indices (Azooz et al. 2013; Kilic and Kahraman 2016).
It might be due to either by reestablishing osmotic equi-
librium or intensifying the uptake and transfer of essential
minerals nutrients (Kaya et al. 2010).

At germination stage, priming with all four agents
increased growth, i.e., shootlet and rootlet length of rice pre-
seedlings in saline condition. Shootlet length increased more
pronouncedly due to CaCl, and AsA, whereas rootlet length
increased due to CaCl,, AsA and KNO; (Table 1; Fig. 1a).
The growth-enhancing effect of KNO,, CaCl, and AsA
priming were in agreement with previous studies on Cap-
sicum annuum (hot pepper) (Amjad et al. 2007), Solanum

@ Springer
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Fig.6 Effects of different signaling molecules (KNO;, H,0O,, ascor-
bic acid (AsA) and CaCl,) on a total chlorophyll content and b pro-
line content in BRRI dhan29 rice cultivar under 75 mM NaCl stress.
Data are the mean value (n=3)+standard deviation (SD). The SD
in each case is represented by the vertical bar in each graph. Here,
‘asterisk’ indicates statistical differences at P<0.05 and ‘double
asterisks’ indicates P<0.01 and ‘ns’ indicates non-significant dif-
ferences and ‘c’ indicates the salt-stressed control to which all other
treatments are compared based on Dunnett’s multiple compari-
son method. Control (C), 75 mM NaCl (S), 75 mM NaCl+20 mM
KNO; (S+K), 75 mM NaCl+0.15 mM H,0, (S+H), 75 mM
NaCl+0.8 mM AsA (S+A), 75 mM NaCl+ 10 mM CaCl, (S+Ca)

lycopersicum (Farooq et al. 2005), Cuminum cyminum
(Shahi-Gharahlar et al. 2010) and sunflower (Bajehbaj
2010) under saline condition. Moreover, salt stress at rice
seedling stage also led to a decline of the growth and bio-
mass production (Figs. 1b, 2a, b), perhaps by disturbing the
enzymatic functions and cellular metabolic processes that
suggested salt-induced toxicity in plants. However, pretreat-
ment with KNO;, H,0,, AsA and CaCl, boosted the rice
seedling’s overall growth performances under NaCl-stress
conditions, indicating the protective role of these signaling
molecules in alleviating salt-induced toxicity, where AsA
and CaCl, priming showed relatively better results (Fig. 2).

@ Springer

Parallel findings have also been reported in several crop spe-
cies under drought and salinity stresses (Shalata and Neu-
mann 2001; Alhasnawi et al. 2015; Rahman et al. 2016).
These signaling molecules might fuel cell proliferation in
root apical meristematic tissues, amending plant growth
(Farooq et al. 2006). The increased seedling growth due
to the CaCl, and KNO; pretreatment might be because of
the amplified nuclear copying in dividing cells (Mavi et al.
2006). Calcium ions are interconnected with numerous vital
mitotic incidents, mainly in the metaphase—anaphase transi-
tion and breakdown of nuclear membranes (Hepler 1994).
The Ca* level is intimately linked to the inception of cyto-
plasmic division (Chang and Meng 1995). It also activates
calmodulins and increases cytokinin production, which can
augment cell division (Snedden and Fromm 2001). Excess
Na* has mitodepressive effect and lowers the cell number
entering mitotic division (Teerarak et al. 2009). Exogenous
K* counteracts excess Na* uptake (Abbasi et al. 2014) and
K* channel is crucially in favor of normal progression of
the cell division cycle. K™ is also involved in alkalization of
cytoplasm and regulation of intracellular osmotic pressure
which increases the cell division rate (Sano et al. 2007).
Seed priming considerably upgrades rootlet growth (Has-
sanpouraghdam et al. 2009). Priming with AsA alleviates the
growth-inhibitory effects of salinity stress successfully and
enhances the protein translation process (Garg and Kapoor
1972), by stabilizing the cell membranes (Rodriguez-Aguil-
era et al. 1995) and modulating oxidant scavenging capacity
(Ejaz et al. 2012).

A common symptom of salt stress is annihilation of
chlorophyll pigments that leads to impaired photosynthesis
(Mishra et al. 2013), as also observed in our study (Fig. 6a).
More importantly, it was observed previously that the total
chlorophyll content of NaCl-stressed rice seedlings increased
significantly as a result of pretreatment with CaCl, (Farooq
et al. 2008; Afzal et al. 2012), AsA (Azooz et al. 2013),
H,0, (Wahid et al. 2007) and KNO; (Nawaz et al. 2017)
priming, where reduction of over-accumulation of ROS pro-
tects chlorophyll from degradation during stress (Sevengor
et al. 2011; Hayat et al. 2012; Wani et al. 2016). A similar
result was also found in our present experiment (Fig. 6a).
The increment of chlorophyll pigments is expected to permit
higher rates of photosynthetic activity to meet plant nutri-
tional requirement under salinity (Afzal et al. 2012).

Under various environmental stresses, accumulation of
ROS in plants is a well-known phenomenon (Miller et al.
2010; Gill and Tuteja 2010; Anjum et al. 2011). Our present
study demonstrated that increased levels of O; and H,0,
(Figs. 3b, 4) were definitely linked to the NaCl-induced oxi-
dative surge in rice seedlings. The salinity-induced excess
ROS generation interrelated with the peroxidation of lipids
as reflected by considerably higher MDA content in salt-
stressed rice seedlings (Fig. 3a), which also indicated the
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extent of membrane damage and also a similar outcome was
reported in maize plant grown in saline medium (Tahjib-Ul-
Arif et al. 2018b). When salt-stressed rice seedlings were
pretreated with KNO;, H,0,, AsA and CaCl,, a lower ROS
production and MDA content were observed both at germi-
nation and seedling stage, which reflects the potentiality of
those signaling molecules on direct ROS scavenging (Fig. 3)
and adjustment of oxidants scavenging mechanisms in abol-
ishing ROS (Fig. 5). Among the exogenous protectants, AsA
most effectively eliminated ROS followed by CaCl,, both
at the germination and seedling stage (Fig. 3). Our experi-
mental findings are also in line with several previous stud-
ies (Shalata and Neumann 2001; Ashraf et al. 2015; Rah-
man et al. 2016). AsA is a front-line oxidant scavenger that
promptly extinguishes excess ROS produced within the cells
(Gill and Tuteja 2010) and CaCl,, KNO; and H,0, stimulate
antioxidant enzymes (Saed-Moocheshi et al. 2014; Ashraf
et al. 2015; Rahman et al. 2016).

Plants possess a distinct antioxidant defense system:
for instance, CAT, POX and APX that scavenges toxic
ROS and protects plants from oxidative damage (Anjum
2015). It is clear that salt tolerance in plants is closely
associated with elevated levels of antioxidant capacity
(Tahi et al. 2008). Excess H,O, is toxic for plants and
CAT converted it to non-toxic H,O and O, which has the
highest turnover number of all enzymes (Sanchez-Casas
and Klessig 1994). In our current experiment, the NaCl-
stressed rice seedlings exhibited a significantly decreased
CAT activity (Fig. 5a). Several previous reports showed
similar results in rice under salt stress (Mishra et al. 2013;
Woutipraditkul et al. 2015). The decreased CAT action in
salt-stressed seedlings might be as a result of over-accu-
mulation of H,0, (Fig. 3b) that was elevated when plants
were subjected to NaCl-imposed oxidative stress and par-
allel findings were documented in earlier reports (Mishra
et al. 2013; Hasanuzzaman et al. 2014). Exogenous appli-
cation of KNO;, H,0,, AsA and CaCl, stimulated CAT
activity in salt-treated rice pre-seedlings and seedlings
along with lowered the accumulation of H,O, (Figs. 3b,
5a). Analogous outcomes were also narrated by Saed-
Moocheshi et al. (2014), Ashraf et al. (2015) and Rah-
man et al. (2016) in maize and rice crops. Moreover, the
APX activity also decreased both at the germination and
seedling stages under salinity-induced stress conditions,
whereas the POX activity only decreased at the seedling
stage (Fig. 5b), which is in harmony with earlier results
in rice (Mishra et al. 2013; Hasanuzzaman et al. 2014).
However, when the NaCl-stressed rice seedlings were
treated with exogenous CaCl, and H,O, it further acceler-
ated POX activity (Fig. 5¢) along with other antioxidant
enzymes activity which might detoxify H,O,, leading
to lower APX activity (Fig. 5b). The current results are
also in concordance with preceding findings (Mohammad

2013; Rahman et al. 2016), where they reported that treat-
ment with Ca®* and H,0, promoted the activity of sev-
eral antioxidant enzymes under environmentally stressful
condition. On the contrary, KNO; and AsA pretreatment
increased APX and POX activity at the seedling stage,
which was supported by Saed-Moocheshi et al. (2014)
and Alhasnawi et al. (2016). AsA mitigates the toxic ROS
generated due to NaCl-induced salinity stress and oxidizes
to dehydroascorbate in this process of ROS detoxification
(Noctor and Foyer 1998; Razaji et al. 2012). This also
resulted in lower antioxidant enzymatic activity (Fig. 5).

Proline, an osmolyte, plays a crucial function in plant
osmotic adjustment and is often considered as an important
marker of salt-stress tolerance (Elham et al. 2011; Uddin
et al. 2012). Salinity stress increased the proline content in
rice plants (Fig. 6b), which is substantiated by some ear-
lier experiments (Ain-Lhout et al. 2001; Azooz et al. 2013).
Only AsA priming increased proline content under salt stress
and improved plant growth. A parallel result was also found
in durum wheat (Triticum turgidum) by Azzedine et al.
(2011). On the contrary, several previous reports suggest
a negative relation between proline accumulation and salt
tolerance and considered proline accumulation as a symp-
tom to salinity stress (Kanawapee et al. 2012). On the other
hand, seed priming with KNO; reduced proline content
(Fig. 6b), which is in agreement with Anosheh et al. (2011)
who reported that higher proline accumulation negatively
affects the growth of maize plants. Surprisingly, H,0, and
CaCl, priming induced no change in proline content in salt-
stressed rice plants. A completely different result was found
by Gondim et al. (2010) and Tamimi (2016). Further study
is required to clarify this issue.

Therefore, among the signaling molecules, CaCl, and
AsA were found to be promising candidates in augment-
ing salinity tolerance of rice plants owing to their functions
in supporting plant growth and the protection of photosyn-
thetic pigment loss. Activation of antioxidant enzymes and
detoxification of ROS due to pretreatment with CaCl, helped
the plants to overcome adverse effect of salinity, and thus
plants maintain lower proline content. On the other hand,
AsA pretreatment also maintained enhanced plant growth
maybe by stimulating POX, maintaining higher proline con-
tent and acting as ROS scavenging antioxidant. That is why
plant may maintain relatively lower CAT and APX content.
Moreover, H,0, and KNO; pretreatment alleviates salinity-
induced adverse effects by modulating the oxidant scaveng-
ing mechanisms, but is less effective in maintaining plant
growth compared to CaCl, and AsA pretreatment.
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