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rAbstract- An experiment was conducted to mitigate the impact of salinity stress on blackgram through seed soaking with plant growth regulators viz., jasmonic acid (50\
M), gibberellic acid (10 mM), benzyl amino purine (50 ppm),ascorbic acid (100 ppm),salicylic acid (100 ppm) and nutrients like KCI (1%) and CaClz (0.5%) under in-
vitro condition. Salinity was imposed at125mM NaCl and seeds of TNAU (Blackgram) CO 6 were used in this study. The results revealed that salt stress caused
detrimental effect on seed germination and seedling growth. Among the ameliorants, jasmonic acid showed significantly highest germination percentage of 86.50,
vigour index of 771.58 and stress tolerance index of 39.38 per cent. Salinity reduced the root length up to 71.93 per cent compared to absolute control. The highest root
length of 2.92 cm was registered by jasmonic acid followed by ascorbic acid (2.36 cm) which is on par with KCI (2.31 cm). However, salicylic acid recorded the least
sodium/potassium ratio (0.320) followed by KCl (0.328), CaClz (0.329) and jasmonic acid (0.332). Jasmonic acid (5.55) and salicylic acid (5.85) showed their supremacy

on increased catalase activity which protect the plant under saline condition.
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Introduction

Pulses are important next only to food grains in terms of area, production and
productivity in Indian Agriculture. Blackgram (Vigna mungo Linn.) is one of the
most important prized pulse crops grown in almost all parts of the country. It
contains protein, vitamins and richest source of phosphorus among pulses which
are very essential for human beings. Due to its nutritional quality, blackgram called
as “King of Pulses” [1].

Salinity is one of the most urgent problems of farmers in the world. Nearly 20% of
the world's cultivated area and nearly 50% of the world’s irrigated lands are
affected by salinity [2].In India, about 6.73 Mha land is salt affected [3]. Salinity
stress is a serious problem in arid and semi-arid tropics and recognized as major
constraint in the crop production where 50 mM NaCl can cause yield losses more
than 70 per cent [4]. Blackgram is very sensitive to salinity especially at early
stage of growth and affects the ability to utilize water which causes reduction in
germination and growth rate as well as plant metabolic processes [5]. Salt stress
causes physiological drought which is responsible for delayed seed germination,
seedling establishment and reduced growth and yield of any crop [6]. To
overcome this problem, salt tolerance cultivars and seed treatments with PGRs
and nutrients can be used as alternative strategies [7]. External applications of
PGRs optimize physical metabolic conditions for seed germination [8], when
endogenous hormones affected by environmental stress. Under high salt
concentrations, natural hormones may be suppressed and seed soaking with
PGRs supplies sufficient hormones for normal growth. Incorporation of PGRs
during pre-soaking, priming and nutrient treatments in many vegetable crops have
improved seed performance, nutrient reserves through increased physiological
activities and root proliferation and yield under stress condition [9].

Exogenous application of Jasmonic acid improved recovery of salt-stressed rice

seedlings. Jasmonic acid content in salt sensitive cultivar plants was lower than
salt-tolerant cultivar plants [10]. Exogenous application of salicylic acid increases
the survival rate, shoot growth and photosynthesis in tomato and barley plants
during salt stress conditions [11]. Ascorbic acid is one of the most effective growth
regulators and protecting biologically important macromolecule from abiotic stress
[12]. Hence, the present study is conceived to mitigate the salinity stress effect by
investigate the effects of PGRs and nutrients on blackgram through presoaking
method.

Materials and Methods

The experiment was carried out in petridishes under in-vifro condition. The
petridishes were sterilized using 0.01 per cent HgCl2 and 70 per cent ethanol and
finally washed with distilled water. The petridishes were cleaned thoroughly with a
cotton swab. The salinity was created by using NaCl at125 mM concentration.
PGRs and nutrient solutions were prepared separately includes jasmonic acid (50
uM), gibberellic acid (10 mM), benzyl amino purine (50 ppm), ascorbic acid (100
ppm), salicylic acid (100 ppm) and nutrients like KCI (1%) and CaClz2 (0.5%).
Seeds of blackgram variety TNAU (Blackgram) CO 6weresoaked in above
mentioned plant growth regulators and nutrients solutions for 12 hrs. After, the
seeds were dried under shade for 4 hrs. Later the treated seeds were placed on
filter paper in each petridish separately, untreated seeds in control and absolute
control. The petridishes were kept in laboratory under room temperature. The
seeds were allowed to germinate by pouring 125mM NaCl solution of 10 mL each
once in three days. Distilled water was used for maintaining the absolute control
and experiment was carried out with one genotype imposed with nine treatments,
replicated thrice and statistics of completely randomized block design.

The germination was recorded at every 24 hours interval up to 15 days. Seeds
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were considered germinated when the radical was at least 2 mm long. Finally,
germination percentage was calculated by using following formula and expressed
as per cent. Germination per cent = (Number of germinated seeds/Number of
seeds kept for germination) X 100. On 15t DAS, seedlings from each replication
were carefully removed at random. Root length of the seedlings was measured
from the base of the stem to the tip of the longest root and expressed as cm.
Length of shoot was measured from the collar region to the tip of the longest leaf
and expressed as cm.

Five seedlings were chosen randomly and the shoot dry weight of the seedling
was measured after kept in hot air oven at 80°C for 48 hrs. Vigour index of the
seedlings was calculated using the following formula [13]. Vigour Index = (Shoot
length + Root length) x germination percentage. Stress tolerance index (STI) was
calculated using the following formula [14] and expressed as per cent.

STl = (Vigour index of the treated seedling / Vigour index of the control seedling) X
100.

Catalase activity in seedling was determined by fitration method using potassium

permanganate [15] and expressed as ug H202 g min-'. Sodium and potassium

contents in the seedlings were estimated by using atomic absorption spectrometer

and Na*/K* ratio was calculated. The data on various parameters were analyzed

statistically [16].

Result and Discussion

Seed germination is one of the most fundamental and vital phases of growth cycle
that determine plant establishment and the yield of the crops [17]. Germination
percentage was reduced under saline condition. In the present study, 34.67 per
cent reduction of germination occurred under saline condition. This reduction
might be due to, salinity creating osmotic stress which prevents the water uptake
and by toxic effects of ions on embryo viability as well as oxidative damage.
Current result was coinciding with the earlier finding reported that the increased
salinity concentration progressively decreased the germination percentage of
blackgram [18]. Under salt stress condition germination percentage reduced up to
40 per cent in greengram [19]. Sodium ion could be a toxic factor that results in
reduced germination because it causes impaired water uptake, secretion of
hormones and modifies the activity of enzyme such as malate dehydrogenase and
glucose 6-phosphate dehydrogenase [20].

Pretreatment of seeds with different type of plant growth regulators is much
effective in alleviating stress effects of salinity on the plants at different stages
especially at early stage and it has been shown to improve seed germination
under salt stress [21]. In this present investigation, jasmonic acid restores the
salinity stress and increases the germination percentage up to 33.08 per cent
followed by gibberellic acid (31.53%) compared to control [Table-1]. Similar result
was noticed earlier and stated that, methyl jasmonates increases germination
percentage of Ocimum basilicum under saline conditions [22].The positive effect
of jasmonic acid on germination might be due to involvement in the loosening of
seed coat for water uptake and activation of gibberellic acid.GAs enhanced the
oxygen uptake and increased a-amylase activity, efficiency of mobilizing nutrients
from the cotyledons to the embryonic axis [23] resulting increased germination
[19]. The present study confirms the earlier findings.

Table-1 Effect of PGRs and nutrients on germination and seedling characters of

blackgram under salinity.
Germination Root Shoot length
Treatments %) length (cm) (cm) ‘

Absolute control (Without salinity) 99.50 6.52 13.07
Control (Salinity) 65.00 1.83 3.62
Jasmonic acid (50 uM) 86.50 2.92 6.00
Gibberellic acid (10 mM) 85.50 2.19 6.14
Benzyl amino purine (50 ppm) 83.00 1.85 3.90
Ascorbic acid (100 ppm) 75.33 2.36 4.75
Salicylic acid (100 ppm) 80.00 2.05 5.05
KCI (1%) 7535 2.31 5.65
CaClz(0.5%) 70.00 1.83 4.75
SEd 1.87 0.05 0.12
CD (P=0.05) 3.93 0.10 0.26

Root and shoot lengths are important parameters that determine the growth and
development of plants. Measurement of root length is the most important indicator
of salt stress because roots are in direct contact with the salt. The salinity reduced
the root length up to 71.93 per cent compared to absolute control. It might be due
to toxic effects of NaCl and decreased turgor and cell elongation caused by
physiological drought.

In this present investigation, salinity reduced the shoot length up to 64 per cent. It
is corroborated with the earlier findings reported that the root length was reduced
up to 60 per cent and shoot length was 35.7 per cent by salinity in greengram [19].
This reduced shoot length by salinity might due to inhibitory effects of salt on cell
division in the growing points. Similar result was found earlier and explained that
salt stress inhibited the efficiency of translocation and assimilation of stored
materials and might have caused a reduction in shoot growth [24]. Under saline
condition, gibberellic acid treated seeds showed increased the shoot length of
69.61 per cent followed by jasmonic acid (65.74%) compared to control [Table-1].
The present study confirmed with the earlier findings reported that the root length
was increased by GAs treatment by 25.6 per cent [19]. This might be due to
enhanced Ca concentration and restored membrane integrity in shoot. These data
agree with the finding [25] stated that pre-soaking with gibberellic acid increased
the germination percentage, shoot and root length in wheat under saline condition.
Similar result was observed earlier [26] and reported that, both root and shoot
lengths were reduced with increased NaCl concentration, but the root was more
damaged compared to shoots. Root was more sensitive than shoot under saline
condition. In this present investigation, jasmonic acid treated seeds improved the
root length up to 59.56 per cent compared to control. This might be due to
jasmonic acid induced cell division process under salinity. Salt stress reduced the
root length up to 75.27 per cent in pepper while methyl jasmonic acid treatments
significantly minimized the reduction percentage [27].

Salt stress caused significant reduction in shoot dry weight. This reduction of
shoot dry weight might be due to turgor limitation leads to limiting extension
growth. The salinity reduced the shoot dry weight up to 44.33 per cent compared
to absolute control. This observation was supported and reported that salinity
decreases growth parameters such as fresh and dry weights of plants [21]. In this
present study, jasmonic acid increases the shoot dry weight up to 32.76 per cent
[Fig-2]. This is probably by increasing the efficiency of water uptake. Gibberellic
acid also significantly increased the shoot dry weight (24.29%) under saline
condition. Pre-soaking with GAs increases the germination potential, fresh and dry
matter yield in wheat under saline condition [25].

Vigour index of the seedling is well established parameter to assess stress
tolerant capacity of the crop. The vigour index was significantly inhibited by salinity
stress and improved by the PGRs and nutrients. In the present study, around 82
per cent of vigour index reduction was recorded by salinity. Among the treatments,
jasmonic acid registered highest vigour index (771.58) when compared to control
(354.25) [Fig-1]. All the treatments showed improved vigour index as compared to
non-treated seeds which was due to increased germination, shoot and root length
of seedlings by PGRs and nutrients.

Vigour index

1 T2 13

I ¢ 17 I§8 19

Treamments

Fig-1 Effect of PGRs and nutrients on vigour index of blackgram under
salinity

International Journal of Agriculture Sciences
ISSN: 0975-3710&E-ISSN: 0975-9107, Volume 10, Issue 4, 2018

||BioinfoPublications||

5200



Sivakumar R. and Jaya Priya S.

Shoot diy weaghr (mg)

In n 13 W I8 T6 17 T8 19
Trestments

Fig-2 Effect of PGRs and nutrients on shoot dry weight of blackgram under
salinity

T1: Absolute control (Without salinity); T2: Control (Salinity); Ts: Jasmonic acid (50 uM); Te:
Gibberellic acid (10 mM); Ts: Benzyl amino purine (50 ppm); Ts: Ascorbic acid (100 ppm);
Ty: Salicylic acid (100 ppm); Ts: KCI (1%); To: CaClz(0.5%).

In the present investigation, Na*/K* ratio was increased under salinity while pre-
soaking with PGRs and nutrients reduced the Na*/K* ratio in the seedling [Table-
2]. Among the PGRs and nutrients, salicylic acid registered lowest Na* /K* ratio
(0.320) followed by KCI (0.328), CaClz (0.329) and jasmonic acid (0.332). This
might be due to enhanced calcium concentration by salicylic acid and KCI
treatments whish restored the membrane integrity under saline conditions. Seeds
soaking with salicylic acid and KCI reduced the Na*/K* ratio in green gram [19]
was reported earlier. Seeds primed with CaClzmaintaining the germination under
saline conditions due to the influence of calcium on membranes [28]. Calcium
protects the plants from adverse effects of salt stress and improves the growth of
plants under saline conditions by decreasing Na*/K* ratio as found in this study.
Salicylic acid reduced the Na*/K* ratio as compared to control under salt stress.
This result is corroborated with the finding stated that exogenous salicylic acid
applications inhibited Na accumulation, but stimulated Ca uptake in cucumber
[29]. An increase in concentration of K and Ca in plants under salt stress could
ameliorate the deleterious effects of salinity on growth and yield [30].

Table-2 Effect of PGRs and nutrients on Na* / K* ratio and STI of blackgram under

salinit
Treatments Na‘/Kratio | STI(%)

Absolute control (Without salinity) 0.052 -

Control (Salinity) 0.326 18.08
Jasmonic acid (50 M) 0.322 39.38
Gibberellic acid (10 mM) 0.364 36.35
Benzyl amino purine (50 ppm) 0.331 24.36
Ascorbic acid (100 ppm) 0.348 21.33
Salicylic acid (100 ppm) 0.330 2899
KCl (1%) 0.338 30.60
CaClz(0.5%) 0.339 23.51
SEd 0.01 049
CD (P=0.05) 0.02 1.03

STl is a more stable character and can be considered as a useful tool to identify
stress tolerant genotypes [31] and categorizing the tolerant and susceptible plants.
In this present study, jasmonic acid recorded highest STI (39.38) followed by
gibberellic acid (36.35) over control [Table-2]. The reason attributed for higher
stress tolerance index was due to increased germination percentage and seedling
height, which were not affected in PGRs and nutrients treated seeds showing
tolerance to salinity stress compared to control.

Catalase is an important cellular antioxidant enzyme that nullifies the effect of
H20.. Higher activity of catalase decreased the H20 level in cell and increases
the stability of membranes and protects the plant under any abiotic stress
condition. Lower the value of hydrogen peroxide implies the higher catalase
activity, and plants can withstand the abiotic stress. In this experiment, catalase
activity was increased in saline condition up to 36.19 per cent compared to
absolute control. Among the treatments, jasmonic acid increased the catalase
activity up to 32.43 per cent followed by salicylic acid (25.64%) over control [Fig-

3]. Jasmonic acid treatment reduces the amount of lipid peroxidation and
stimulates the synthesis of antioxidant enzymes [32]. This result was supported
by early findings which reported that salicylic acid regulates physiological and
biochemical processes in plants and can be used as a potential growth regulator
to improve plant growth under saline conditions [33].

Catalmse sctivity {ug H,0, /g / min)

m A2 3 L) T4 s T ™ ™ L4 ]

Traatmants

Fig-3 Effect of PGRs and nutrients on catalase activity of blackgram under
salinity

T+ :Absolute control (Without salinity); T2: Control (Salinity); Ts:Jasmonic acid (50 uM);Ta:
Gibberellic acid (10 mM); Ts: Benzyl amino purine (50 ppm); Te: Ascorbic acid (100 ppm);
Tr: Salicylic acid (100 ppm); Ts: KCI (1%); Ts: CaClz (0.5%).

Conclusion

Presoaking of blackgram seeds with jasmonic acid (50uM) showed its supremacy
for enhanced seed germination and other seedling characters under salt stress
condition. Root length was improved by jasmonic acid and KC. In addition to
salicylic acid and KCI decreased the Na*/K* ratio and jasmonic acid increased
catalase activity. It is concluded that treatments with jasmonic acid (50 pM),
salicylic acid (100 ppm) and KCI (1%) have the ability to reduce the severity of the
salinity effect and can be used as amelioration under salt stress condition.

Applications of Research
1. Mitigation technology for salinity effect on blackgram has been identified
2. Suitable PGR for alleviation of salinity impact on blackgram has been
identified

Research category: Crop Management

Abbreviations

PGRs - Plant Growth Regulators
GA; - Gibberellic acid

KCl - Potassium Chloride

CaClz - Calcium Chloride

DAS - Days after Sowing

H202 - Hydrogen Peroxide
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