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Seed priming improves the emergence potential, growth
and antioxidant system of Moringa oleifera under saline conditions
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Abstract Moringa oleifera is a multipurpose plant which
is now being promoted as a fodder crop. The present study
was conducted to induce the tolerance in moringa plants to
emerge and grow under saline conditions. For this, moringa
seeds were primed with aerated water (hydropriming) and
moringa leaf extract (MLE) for 12 and 24 h and studied for
its emergence, potential growth behaviour, mineral com-
position, chlorophyll contents and antioxidant activities in
comparison with unprimed seeds to investigate the physi-
ological changes in moringa plants under saline conditions.
The seeds were sown in plastic pots filled with acid washed
sand at four salinity levels (3, 6, 10, 14 dS m™') in a
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completely randomized design with three replications. It
was found that salinity >6 dS m~' reduced the emergence,
growth and vigour of moringa plants but hydropriming
(12 h) enhanced moringa emergence at 10 dS m~' fol-
lowed by MLE priming (12 h). Maximum aboveground
biomass and photosynthetic pigments were recorded when
the seeds were hydroprimed (12 h) but maximum root
length and number of roots were found in MLE primed
(12 h) moringa plants. Significant decrease in K*:Na™*
ratio with increasing salinity levels resulted in low K* and
Mg*" uptake and Na™ toxicity in moringa leaves which
resulted in reduced chlorophyll contents at 14 dS m™' but a
significant increase in chlorophyll a and b contents and
total phenolics were found in hydroprimed seeds (12 h)
while the antioxidant activities of superoxide dismutase,
peroxidase and catalas were improved by MLE priming
(12 h). This study concludes that moringa emergence and
growth performance can be improved by hydropriming
under saline conditions.

Keywords Catalase - Chlorophyll - Hydropriming -
Minerals - MLE priming - Peroxidase - Superoxide
dismutase - Total phenolic contents

Introduction

Salinity affects seed emergence, plant growth behaviour
and its development through disturbing the physiological
and cellular processes due to decrease in soil water
potential resulting less absorption of water by seeds
(Munns 2002; Jafar et al. 2012). The responsible factor for
these problems is the accumulation of sodium (Nat) and
chloride (C17) in soils that results in declined growth and
less productivity of plants. This accumulation induces
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osmotic stress which hinders water absorption and uptake
of essential minerals by plants and also provokes ion tox-
icity which ultimately affects the plant growth and yield
(Munns and Tester 2008). The adverse effects of salinity
like low yield of crops have been reported in many crops
like wheat (Afzal et al. 2008), maize (El-Tayeb 2005) and
cotton (Sattar et al. 2010). Moringa oleifera (here after
only moringa) is not an exception. No doubt, it can tolerate
moderate saline conditions (up to 8 dS m™") but at this
level, mild reduction in plant growth, chlorophyll contents
and mineral composition have been recorded (Nouman
et al. 2012a). Beside this, the importance of moringa as a
field or fodder crop, vegetable, crop growth enhancer,
biopesticides, alley crop, medicines, water purifier, biogas
etc. cannot be neglected (Foidl et al. 2001). Its leaves are
rich in digestible proteins, calcium, potassium, magnesium,
iron, and vitamins (Makkar and Becker 1996; Nouman
et al. 2014). Moreover, these are also rich sources of
cytokinin, ascorbic acid, vitamins, phenolics, flavonoids
and antioxidants which make it usable for physicians and
nutritionists to combat malnutrition problems especially
making up vitamin A deficiency (Makkar and Becker 1996;
Nambiar 2006). The presence of enzymatic and non-
enzymatic antioxidants has been reported in moringa
leaves make it a good source of strengthening the immune
system (Nouman et al. 2013). Keeping in view the
importance of moringa, there is a need to induce tolerance
in moringa plants to tolerate saline conditions with less
decrease in its growth, biomass and mineral composition.

Recently, different strategies are employed to induce
tolerance in different plants under saline conditions.
Among these, seed priming is considered as an important
strategy to mitigate the adverse effects of salinity (Jisha
et al. 2013). Afzal et al. (2008, 2012) reported hydropri-
ming, CaCl,, KCl, NaCl and Kinetin as effective priming
agents which can alleviate the adverse effects of salinity in
various crops. Being a rich source of calcium, potassium,
ascorbic acid and zeatin (cytokinin), moringa leaf extract
(MLE) is also being used as natural plant growth enhancer
which improves the germination of various range grasses
(Nouman et al. 2012b), wheat (Yasmeen et al. 2012) and
Maize plants (Afzal et al. 2012). Previously, hydropriming
and MLE priming have been used improving the stand
establishment and nutritional quality of moringa plants
under normal and stress conditions (Santos et al. 2011;
Nouman et al. 2012c) but no study has been yet reported
describing the improvement in growth, mineral composi-
tion and antioxidant system of moringa plants under
salinity by inducing seed priming techniques. Keeping in
view these findings, the present investigation was carried
out to explore the increase in plant biomass, photosynthetic
pigments, mineral contents and improvement in antioxidant
system of moringa plants under saline conditions.
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Materials and methods
Plant material

Moringa leaves were harvested from mature trees after-
noon from the nursery of the Department of Forestry,
University of Agriculture Faisalabad, Pakistan and were
washed thoroughly with water. The leaves were analyzed
for their enzymatic (SOD, POD, CAT) and non-enzymatic
antioxidants (ascorbic acid and total phenolics) and mineral
contents (Tables 4, 5). These analyses were conducted on
overnight frozen leaves which extract was further used in
priming.

MLE extraction

The overnight frozen moringa leaves were pressed in a
locally fabricated machine to extract its juice. The extract
was filtered by passing through cheesecloth and 30 times
diluted with distilled water (Nouman et al. 2012b,
Yasmeen et al. 2012).

Seed material

Moringa seeds were collected from the Department of
Forestry, University of Agriculture Faisalabad-Pakistan
and their initial germination percentage (67.33 %) was
recorded by placing moringa seeds between Whatman filter
paper No. 1 in petri dishes at 32 + 2 °C.

Seed priming treatments

Shelled moringa seeds were soaked in aerated solution of
MLE i.e., MLE priming (Nouman et al. 2012b) and aerated
water i.e., hydropriming for 12 and 24 h. Unprimed moringa
seeds were used as control. After priming, seeds were rinsed
with distilled water and dried to their original weight under
shade at 28 + 2 °C temperature (Basra et al. 2002).

Seed emergence and plant vigour evaluation

The experiment was carried out under wire-house condi-
tions at temperature 32 & 2 °C and 16 h daylight and 8 h
night conditions. Primed and unprimed seeds were sown in
acid washed sand filled pots (15 x 30 cm) (20 seeds per
pot). The experiment was conducted in completely ran-
domized design (CRD) with two factor factorial arrange-
ment (salinity and seed priming) with three replications in
nursery of the Department of Forestry, University of
Agriculture Faisalabad, Pakistan. Salinity levels (3, 6, 10,
14 dS m™"') were induced at the start of the experiment
with NaCl. The water (pH 6.9) was applied to pots when
required. After complete emergence, Hoagland solution
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was applied to provide the nutrients for plant growth.
Emerging seeds were counted daily according to AOSA
(1990). Final emergence percentage (FEP) values ranged
between (<30 and >70 %), so, angular transformation of
the FEP was calculated using the formula arcsine\/ FEP
(Gomez and Gomez 1983). Time taken to 50 % emergence
(E50) was calculated according to Farooq et al. (2005) and
mean emergence time (MET) was calculated by using the
equation of Ellis and Roberts (1981) while emergence
index (EI) was calculated following the formula given by
AOSA (1983). After final emergence, six seedlings per
replication/pot were maintained for investigating plant
vigour and biochemical analyses. After 3 weeks of emer-
gence, the plants were harvested for analyzing growth,
physiological and mineral parameters. Three plants were
randomly selected for growth parameters and mineral
analyses while the remaining plants were used for bio-
chemical assays.

Growth parameters

Growth parameters like shoot length, root length, number
of leaves and roots were recorded by using standard pro-
cedures after three weeks of emergence.

Photosynthetic pigments

The protocol devised by Nagata and Yamashta (1992) was
used for the quantification of chlorophyll a, b, and B-car-
otene contents in moringa leaves. One gram moringa fresh
leaves were ground in 10 mL of acetone (80 %) and fil-
tered through Whatman filter paper No. 1 and stored in
falcon tubes. The absorbance was recorded at 663, 645, 505
and 453 nm by using UV spectrophotometer (UV-4000,
ORI Germany). The contents were quantified by using the
absorbance readings according to protocol.

Total phenolic contents

The protocol devised by Singleton and Rossi (1965)
revised by Waterhouse (2001) was used for calculating
total phenolic contents in moringa leaves. The absorbance
of gallic acid standards (100, 150, 250, 500 mg L_l) and
moringa samples was noted at 760 nm by using UV
spectrophotometer (UV-4000, ORI Germany).

Antioxidants’ assay

Firstly, total soluble proteins were determined by using
Bradford assay (Bradford 1976). For enzymatic antioxi-
dants determination, fresh moringa leaves were harvested
before sunrise and stored at —80 °C to avoid heat and light
effect on enzymatic antioxidants. One gram leaf sample

was ground in 10 mL of 50 mM cooled phosphate buffer
(pH 7.8) and centrifuged (15,000 rpm) at 4 °C. The
supernatant was stored in Eppendorf tubes for enzymatic
antioxidants’ assay. Superoxide dismutase (SOD) (EC
1.15.1.1) activity was noted at 560 nm by using UV
spectrophotometer (UV-4000, O.R.I. Germany) according
to procedure described by Giannopolitis and Ries (1977).
Peroxidase (POD) (EC 1.11.1.7) and catalase (CAT) (EC
1.11.1.6) activities were determined by following the pro-
cedure of Chance and Maehly (1955) at 470 and 240 nm
wavelength, respectively.

Mineral analysis

Moringa leaves were oven dried at 60 °C to a constant
weight and ground to pass 2 mm sieve. The samples were
digested by using HNO3z; and HCLO, (2:1) by following the
procedure adapted by Rashid (1986). The presence of
sodium (Na*) and potassium (K*) contents were recorded
using flame photometer (Jenway PEP-7) (Chapman and
Pratt 1961). Magnesium (Mg) contents were determined by
atomic absorption spectrophotometer (Model: Z-8200).

Statistical analysis

The significance of variance (p < 0.05) was determined for
the data by using MSTAT-C Computer Program (MSTAT
Development Team 1989). LSD test at 5 % level of
probability was used to test the differences among mean
values (Steel et al. 1997).

Results

Salinity affected moringa seeds’ emergence significantly
by reducing final emergence percentage from 55.0 to
16.7 %. Moringa seeds which were soaked in water for
12 h showed increasing trend in FEP at all salinity levels
but it was more effective till 10 dS m™"', where moringa
seeds exhibited 70.0 % FEP while unprimed seeds showed
only 43.3 % (Table 1). Hydropriming (24 h) and MLE
priming (12 h) were also effective in improving emergence
under saline conditions. Maximum emergence index (17.6)
was observed in hydroprimed seeds (12 h) at 3 dS m™!
which remained effective till 10 dS m~". Salinity at 14 dS
m ! drastically reduced EI (2.7) which was not effectively
improved by priming techniques. Hydropriming (12 h) was
followed by MLE priming (12 h) in improving EI of mo-
ringa seeds (Table 1). MET under moderate saline condi-
tions (10 dS m ") was maximally reduced by hydropriming
(12 h) which was statistically at pat with hydropriming
(24 h) and MLE priming (12 h) at 3 dS m~'. Similar
observations were recorded in case of ESO when seeds
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were priming with hydropriming for 12 h at 6 dS m™',
hydropriming (12 h) was statistically similar with MLE
priming (12 h) (Table 1).

All priming treatments significantly improved seedling
vigour of moringa seeds till 10 dS m~'. Maximum shoot
length (27.6 cm) was recorded at 3 dS m™~' when moringa
seeds were subjected with hydropriming (12 h) (Table 2).
This treatment remained effective significantly till 10 dS
m~' but at 14 dS m™', it could not give good results.
Hydropriming (12 h) was mostly effective in improving
number of leaves (52.0, 45.3 and 31.0) at 3, 6 and 10 dS
mfl, respectively (Table 2). No doubt, the number of roots
increased with increasing salinity levels without any
priming treatment (9.4—14.6), but primed moringa seeds
exhibited significant effect on moringa roots elongation
and increment in number of roots. Maximum root length of
moringa seedlings (23.4 cm) was recorded under normal
saline conditions (10 dS m_l) when the seeds were primed
with MLE for 12 h was followed by hydropriming (12 h).
No priming treatment could improve number of leaves
under high salinity level (14 dS m™"). MLE priming (12 h)
was more effective at all salinity levels (Table 2). Maxi-
mum roots (29.4 and 24.6) were found at 10 and 14 dS
m~ ', respectively.

Seed priming significantly (p < 0.05) affected the
uptake of sodium (Na™), potassium (K*) and magnesium
(Mg”>*) contents in moringa leaves. Likewise, K™:Na™*
ratio also exhibited significant difference among treatments
at different salinity levels. Maximum K% contents
(3,289.5 mg kg~ ') were recorded in moringa leaves when
primed with MLE for 12 h at 6 dS m™' followed by hy-
dropriming (12 h) under same saline conditions i.e., 6 dS
m~' (Table 3). No priming treatment could improve or
maintain K* contents in moringa leaves at 14 dS m™".
Maximum Na™ contents (1,011.7 mg kg ") were found in
moringa leaves at 14 dS m~' when no seed priming
treatment was applied to moringa seeds followed by hydro-
and MLE priming (12 h). Even at 10 dS m™', no seed
priming treatment could reduce the uptake of Na* contents
(Table 3). The decreasing K™ contents and increasing Na
contents with increasing salinity levels result in decreasing
K*:Na" ratio (Table 3). MLE priming (12 h) significantly
improved Mg>" contents (11,730.3 mg kg™") followed by
MLE priming (24 h) (10,856.9 mg kg~") at 6 dS m™*
(Table 3). The least Mg2+ contents were exhibited at 14 dS
m~' and no seed priming treatment could effectively
improve or maintain the uptake (Table 3).

Hydropriming (12 h) also improved chlorophyll a con-
tents. Maximum chlorophyll a contents were recorded in
hydroprimed (12 h) seedlings under 10 dS m™"' salinity
level (23.0 pg g~ ') which was statistically at par with same
priming treatment under 6 dS m~' (22.7 pg g~ ') (Fig. 1).
No priming treatment could improve chlorophyll a contents

in moringa leaves grown at 14 dS m™' salinity level.

Chlorophyll b contents were also significantly affected by
salt stress. The most severe damage was observed when
moringa seedlings were subjected to 14 dS m~'. Maximum
chlorophyll b contents were found in moringa seedlings
grown at 10 dS m™' (Fig. 2). At 3, 6 and 10 dS m™', hy-
dropriming (12 h) was the best priming treatment in
improving TPC while no improvement in TPC was
observed in primed seeds at 14 dS m~! (Fig. 3). Maximum
TPC were recorded in hydroprimed (12 h) moringa seed-
lings (869.4 ng g~ ') followed by MLE priming (12 h)
under same salinity level (816.8 pug g ).

Enzymatic antioxidants (CAT, POD and SOD) were
significantly affected under saline conditions and seed
priming treatments. Maximum CAT activity (124.9 unit
mg ' protein) was recorded in MLE primed (12 h) mo-
ringa seedlings under 10 dS m™' which was followed by
hydropriming (12 h) at same salinity level (11.2 unit mg_l
protein). Similar trend was observed at 3 and 6 dS m™'
salinity levels (Fig. 4). Maximum POD and SOD activities
were recorded in MLE primed (12 h) moringa seedlings
(1,301.5 and 478.1 unit mg~"' protein, respectively) fol-
lowed by MLE priming (24 h) (1,062.1 and 390.5 unit
mg ' protein, respectively) at 10 dS m~'. MLE priming
(12 h) also improved SOD activity (340.2 unit mg~" pro-
tein) followed by hydropriming (12 h) (291.0 unit mg™"
protein) under normal saline conditions (6 dS m ). No
priming treatment could improve antioxidants system at 14
dS m™' (Figs. 5, 6).

Discussion

Soil salinity adversely affects the seed emergence, plant
growth and its establishment by disturbing the physiolog-
ical and metabolic activities along with cellular processes
of plants (Munns 2011; Wakeel 2013). The adverse effects
of salinity can be observed from the destruction of photo-
synthetic system and protein synthesis which ultimately
reduce the seed emergence and weaken the plant devel-
opment. The salt induced growth reduction is generally
attributed to water deficit or osmotic stress, specific ion
toxicities, nutritional imbalance and oxidative stress
(Munns 1993; Afzal et al. 2008).

In present study, moringa seeds’ emergence was sig-
nificantly affected by salt stress but seed priming improved
the emergence performance of moringa seeds up to 10 dS
m~! (Table 1). The adverse effect of salinity might be due
to the excessive Na™ and C1~ accumulation in root medium
which induces toxic effect, nutritional imbalance and oxi-
dative stress (Munns and Tester 2008). No doubt, moringa
plants have strong self defense system to overcome abiotic
stress (Nouman et al. 2012a) but this tolerance can be
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Fig. 1 Effect of seed priming techniques on chlorophyll a contents of moringa leaves affected under different saline conditions (3, 6, 10 and 14
dS m™"). & vertical bars represent standard errors. Data were computed from three replications each containing three plants, LSD (5 %): 3.17
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Fig. 2 Effect of seed priming techniques on chlorophyll b contents of moringa leaves affected under different saline conditions (3, 6, 10 and 14
dS m™"). & vertical bars represent standard errors. Data were computed from three replications each containing three plants, LSD (5 %): 3.86
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Fig. 3 Effect of seed priming techniques on total phenolic contents
LSD (5 %): 12.29

(TPC) of moringa leaves affected under different saline conditions (3,
6, 10 and 14 dS m_l). =+ vertical bars represent standard errors. Data
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Fig. 4 Effect of seed priming techniques on catalase (CAT) activity of moringa leaves affected under different saline conditions (3, 6, 10 and 14
dS m™"). % vertical bars represent standard errors. Data were computed from three replications each containing three plants, LSD (5 %): 12.83

priming, respectively. In primed seeds, water imbibition
triggers the accumulation of sugars, minerals and organic
compounds in the start of seed metabolic processes
resulting in rapid and synchronized emergence (Bradford

improved by seed priming techniques as has been reported
in wheat (Afzal et al. 2008). Tedonkeng et al. (2004) and
Nouman et al. (2012c) reported the improvement in mo-
ringa seeds emergence by employing hydro- and MLE
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Fig. 5 Effect of seed priming techniques on peroxidase (POD)
activity of moringa leaves affected under different saline conditions
(3, 6, 10 and 14 dS m™ ). £ vertical bars represent standard errors.
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Fig. 6 Effect of seed priming techniques on superoxide dismutase
(SOD) activity of moringa leaves affected under different saline
conditions (3, 6, 10 and 14 dS m_l). + vertical bars represent

1986; Castro and Hilhorst 2004). MLE priming has been
proved for its significance in improving seed emergence of
moringa seeds after hydropriming in the present investi-
gation. MLE being rich in minerals, ascorbate and zeatin
contents, activates the physiological and cellular processes
in moringa seeds under saline conditions which improves
stand establishment. Moreover, it might be due to the
regulation of plant growth regulators like kinetin which can
mitigate the abiotic stress conditions during seed emer-
gence by inducing changes in enzymatic activities of car-
bohydrate metabolism (Kaur et al. 2002). So, primed seeds
can overcome the adverse effects of salinity on moringa
seeds emergence behaviour as found in the present
investigation.

Regarding shoot attributes, hydropriming (12 h) maxi-
mally improved the shoot length and number of leaves of
moringa plants under salt stress conditions but at 14 dS
m~' no priming technique could improve these attributes
(Table 2). This reduction in plant biomass at 14 dS m!
manifested the drastic effects of salinity on moringa growth
behaviour. This might be due to osmotic stress, reduced
cell division and ethylene production. Moreover, the salt
accumulation in growing medium causes toxic ion accu-
mulation which hinders the uptake of water and essential
nutrients by roots for crop growth (Munns and Tester
2008). Maximum root length was observed when the plants

Hydropriming (24 h) ®MLE Priming (12 h)

Hydropriming (24 h) ®MLE Priming (12 h)

MLE priming (24 h)

a

o

. fehi i defgh gp;
- -
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Data were computed from three replications each containing three
plants, LSD (5 %): 119.17

MLE priming (24 h)

EC (dSm™)

standard errors. Data were computed from three replications each
containing three plants, LSD (5 %): 44.73

were grown under moderate saline conditions (10 dS m ),
which was further reduced at 14 dS m™~' (Table 2). The
increase in root length at moderate salinity level might be
due to less osmotic pressure as it permits root elongation in
the search of water and essential nutrients but reduces leaf
area and plant height (Hsiao and Xu 2000). Such behaviour
of moringa roots i.e., elongation and expansion has also
been reported previously in moringa plants by Nouman
et al. (2012a) at moderate saline conditions (8 dS m™").
The shoot length reduction and root elongation is a survival
strategy of plants to reduce transpiration through leaves
and improved water uptake through roots avoiding salt
uptake (Jefferires and Rudmik 1991; Houle et al. 2001). It
is obvious from the current study that hydropriming (12 h)
improved the emergence of moringa seeds and the same
technique increased the shoot length and number of leaves
under saline conditions but MLE priming (12 h) was more
effective in improving the root length and number of roots.
Nouman et al. (2012b, c) also reported MLE efficacy in
improving the root length of moringa plants and range
grasses, respectively.

In the present study, moringa leaves showed decreasing
K™ and Mg®" contents with increasing salinity levels while
Na™ contents were found increasing (Table 3). K" is an
essential nutrient for plant growth and survival while Na™
concentration results in cell death and ionic imbalance.
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K*:Na™ ratio is a good indicator to assess the plant growth
rate and K™ homeostasis which is also important to activate
enzymatic reactions in cytoplasm. Moreover, the addition
of external K™ supply to Jatropha curcas plants, showed
stability in photosynthesis and reduced Na™ toxicity to
plants (Rodrigues et al. 2013). Low K* and high Na*
contents in plants represent stress conditions which affects
the plant growth and vigour (Luan et al. 2009). Higher Na™
and lower K* contents in plants under saline conditions
might be attributed to the uptake competition specifically
through high-affinity potassium transporters (HKTs) and
nonselective cation channels (NSCCs). Na™ toxicity causes
membrane depolarization which hinders in K* uptake by
K* inward-rectifying channels (KIRs) which increases cell
K* leakage by activating potassium outward-rectifying
channels (KORs) (Wakeel 2013). Moreover, Chlorophyll
a and b contents were adversely affected under saline
conditions. Maximum chlorophyll contents were recorded
in hydroprimed (12 h) seedlings at 10 dS m™" salinity level
(Fig. 1). Akram et al. (2002) reported the reduction in crop
yield under saline conditions due to damage of photosyn-
thetic system. It might be due to more Na™ accumulation in
leaves which degrade the chlorophyll or reduce the syn-
thesis of magnesium (Mg”") (Rubio et al. 1995). Mg?* has
active role in plant metabolism, maintaining the integrity of
plant ribosomes and triggering about 300 enzymes to per-
form their catalytic reactions. Its deficiency may cause
damage to photosynthetic system and vascular tissues
(Hannick et al. 1993). The export of carbohydrates from
the source tissues was also affected due to Mg deficiency
(Mehne-Jakobs 1995; Sun and Payn 1999). ATP (adeno-
sine triphosphate) is considered as biologically active when
it is bound to Mg*" ion. The increase in Na™ accumulation
in leaves may inhibit the uptake of Mg>" by roots which
disturb the protein synthesis and inhibit the phosphorous
elimination from plant cells (Li et al. 2008). The decrease
in chlorophyll contents and Mg”" contents in moringa
leaves with increase in phosphorous contents has been
previously reported as growth retarding agents (Nouman
et al. 2012a). In the present study, chlorophyll a and
b contents exhibited different trends under saline condi-
tions and in the response of seed priming treatments. The
researchers are still trying to find out the factors which are
basically responsible for photosynthetic system damage
(Steduto et al. 2000).

Salinity causes oxidative stress in plants resulting in the
production of reactive oxygen species (ROS) like hydrogen
peroxide (H,0,), singlet oxygen (102) and hydroxyl radical
(OH') imbalancing the antioxidant activities (Herniandez
et al. 1993). ROS cause the damage to protein and lipid
molecules resulting in cell death. It was also reported that
the plants use most of their sources in improving their
antioxidant defence mechanism to avoid the damage

@ Springer

caused by oxidative stress (Athar et al. 2008; kolbert et al.
2012). The improvement in antioxidant activities in
response to increased levels of ROS generation under salt
stress have been reported in wheat, cotton, maize and rice
(Vaidyanathan et al. 2003). Under stress conditions, mo-
ringa also enhances its antioxidant activities to overcome
oxidative damage (Nouman et al. 2012a). In this experi-
ment, seed priming techniques improved the antioxidants’
activities but at 14 dS m~', these were badly damaged
(Figs. 3, 4, 5). It shows that moringa plants cannot with-
stand at higher salinity level even when seeds were primed.
The reduction in plant growth and development might be
due to the damage of antioxidant system which could not
scavenge ROS and induce tolerance against salinity (Mit-
tler 2002). It is evident from the present study that MLE
(12 h) primed seeds effectively improved SOD, POD and
CAT activities when grown at 10 dS m™~'. Moringa leaves
are rich in antioxidants which can mitigate the effects of
salinity and improve the defence system of plants.
Improvement in creeping bent grass under stress conditions
was recorded with increased SOD level when seaweed
extract was applied containing good concentration of
cytokinins (Zhang and Ervin 2008). The efficacy of MLE
to mitigate salinity effects on plants can be attributed to
higher KT, Mg2+, ascorbate, auxin, antioxidants and protein
contents (Makkar and Becker 1996; Nagar et al. 2006). The
analysis report presented in this study also supports this
information (Tables 4, 5). Moreover, moringa leaves have
been reported as a rich source of zeatin (5-200 pg g~ ' of
fresh matter basis) by Fuglie (1999), so its effectiveness
may also be attributed to cytokinin mediated stay green
effect. Hence, it has the potential to induce tolerance against
abiotic stress in plants. Previously, MLE has been used as
an effective natural plant growth enhancer for rangeland
grasses (Nouman et al. 2012b), late-sown wheat (Yasmeen
et al. 2012) and maize plants under stress conditions (Afzal
et al. 2012).

Seed priming duration play a vital role in its effective-
ness. Lee and Kim (2000) and Farooq et al. (2006) reported
poor germination and plant vigour when rice seeds were
primed for longer duration. Moringa seeds manifested good
germination and plant vigour when its seeds were primed
with less duration (Nouman et al. 2012b). In the present
investigation, similar trend was also recorded i.e., seed
priming for minimum duration (12 h) was found more
effective than 24 h priming.

Conclusion
Moderate to higher NaCl salinity has detrimental effect on

moringa germination and seedling growth and vigour as
well as on photosynthesis and antioxidants’ activities.
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Moringa seedlings can grow till 10 dS m™" salinity level

with a mild decrease in its vigour by executing its self
defense system. This reduction in biomass can be over-
come by employing seed priming techniques like hydro-
and MLE priming. Hydropriming was proved as the best
priming technique in improving emergence and shoot
vigour while MLE priming improved root length, number
of roots and accelerated antioxidant system to overcome
saline conditions. These both seed priming techniques are
environment friendly and can be easily adapted by farmers.

Appendix 1

See Table 4

Table 4 Enzymatic and non-enzymatic antioxidants in moringa leaf
extract (MLE)

Antioxidants Quantity/activity
SOD (unit mg’1 protein) 214.36 £+ 4.05
POD (unit mg_1 protein) 182.76 £+ 4.14
CAT (unit mg™" protein) 7277 + 2.51
Ascorbic acid (m mole gfl) 0.50 + 0.16
TPC (mg g~' GAE) 57.80 & 2.98

Appendix 2
See Table 5

Table 5 Mineral contents in moringa leaf extract (MLE)

Minerals Concentration (mg kg™")
Sodium 276.42 4+ 8.19
Potassium 2,872.90 4+ 9.36
Calcium 27,344.6 £ 36.12
Magnesium 28,760.5 + 47.25
Phosphorous 3,233.7 + 9.89
Boron 19.98 £+ 1.69
Zinc 28.56 + 2.28
Iron 436.97 + 6.16
Manganese 31.69 £ 1.59
Copper 1.35 £ 0.60
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