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Abstract

Different abiotic stresses create noticeable
changes in plant growth and development
and plant under such condition reduced its
yield. Different ions and growth regulators
are very important and play key role for
creation of stress tolerance in plants. This
project was proposed to evaluate the
performance of gibberellic acid and silicon
on germination and seedling establishment
stage of wheat under salinity. Experiment
was completely randomized design, in which
seeds were sown in petri plates, which were
irrigated with different concentration of
NaCl (control, 50mM and 150mM), GAs
(50ppm and 100ppm), silicon (5mM and
10mM) and combination of silicon and GAs
(50ppm GA3 x 5 mM Si and 100ppmGAs; x 10
mM Si). After 7 days experiment was
terminated and shoot length, root length,
fresh weight, dry weight, vigor index, RWC,
RSR, SWR and RWR were measured. Shoot

length, root length, Fresh weight and dry
weight, Vigor index, RWC, SWR, RWR and
different physiological indices were reduced
with increasing salt (50mM and 150mM) as
compare to control. Result indicated that
different concentration of salt significantly
increased RSR as compare to control plant.
Further investigations revealed that under
non-saline conditions application of GAs,
silicon, and interactions showed increase in
studied parameters except vigor index, RWR
which decreased after foliar applications as
compare to without GA3 and silicon applied
plants. Additionally, under saline conditions
foliar applications of GAs, silicon and
interactions increase root length, shoot
length, fresh and dry weight, RSR, RWR,
SWR and stress tolerance indices.
Consequently, the results suggested that
these chemicals under studied doses can act
as an effective strategy to cope up the
deleterious effects of salt in wheat at
germination and seedling growth stages.
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Introduction

Different a-biotic stresses creates a range
different variations in environment in which
plant is grown and this phenomenon in-turn
negatively affect plant growth, physiology
and overall performance (Vinebrooke et al.,
2004). These adverse effects on plants
become more serious when these a-biotic
stress factors produce combinatorial effect
(Mittler, 2006). Among a-biotic stress factor
presence of salt in soil/water is a major one
which significantly reduce the crop yield
globally with 20% loss of cultivated lands
around the world (Zhao et al., 2015; Zhu,
2001). There are different causes of salinity
in soil medium, but main factors of this
problem are saline water irrigation and poor
drainage of that water (Ezlit et al., 2010).
When plant exposes to salinity, different
important metabolic processes e.g. lipid
metabolism, photosynthesis, lipid
metabolism and protein synthesis were badly
affected in plants (Parida and Das, 2005).
After exposure to salinity, plant first faced
water stress which resulted reduction in
expansion of leaf. Another factor that plant
faced was osmotic effect, due to which cell
expansion process inhibited with retarded
cell-division and stomatal closure (Munns,
2002; Flowers, 2004).

Wheat is a cereal crop and it is used as
strategic and first crop by world population.
36% world population used this crop as
essential food crop. This crop is used
extensively by humans and many countries
focused on it as their primary production.
This crop contains different elements which
medicinally important, e.g. inner bran of this
plant contains phosphorus and other mineral

salts. Entire wheat grain contains different
elements that are important for healthy
human body. Movement of bowl becomes
easier after intake of indigestible outer bran.
Different vitamins (e.g. vitamin B and E) and
proteins are part of germ and very important
for tissues (formation and repairing) of
muscles. Refining process of wheat-flour
cause destroys different vitamins and
minerals present in it and create many
digestive and nutritional disorders. Whole
grain with all parts of wheat provides
protection against different diseases e.g.
obesity, diverticulum, heart diseases,
constipation and diabetes

(Hadjivassiliou et al., 2003).

Different plant hormones (e.g. IAA,
GA3 and kinetin) are known to be involved
for providing protection against toxic effects
in plants when exposed to salinity. Foliar
application of said hormones ameliorates
negative effects of saline environment in
plants. Gibberellins are the biggest group
among commercial planthormones, with
tera-cyclic  di-terpenoid acid  structure
(Martin et al., 2001). This group used in
different physiological and developmental
processes of plant body (Crozier et al.,
2000). This group considered as natural
growth regulator and supposed to be involved
in germination of seed through stimulation of
hydrolytic enzymes-production (e.0.
stimulation of camylase in aleuron-layer).
Study of physiological and phenotypic
characters of mutants in which the
biosynthesis of GA was reduced, shown that
in the elongation of internode GA plays an
important role. Both division and expansion
of cell is stimulated in reaction to light or
dark (Feng et al., 2008, Alabadji et al., 2008).

Silicon (Si) is the 2" most abundant
element present on earth crust; it is present
mostly in the form of silicon dioxide and
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other silicon bearing minerals (Sommer et
al., 2006). Silicon is recognized as
polysiloxanes, belongs to organo-silicon
compounds. This element is considered most
important and needed for normal plant
growth and functioning among 15 different
minerals. Compounds containing this
element are use in different medicinal
products, different devices used for internal
use and in different pharmaceutical products.
Benefits of this element nutrition in plants
comprehensively reviewed (Epstein, 2009).
In plants, this element improves plant
growth, development, vyield, different
mechanical properties effect (e.g. resistance
to lodging, exposure of leaves to light etc.),
reduction in transpiration and enzyme
activity. It helps the plant different biotic and
abiotic stress conditions e.g. enhance
resistance to different metals toxicity,
pathogen, salinity and drought. This element
is present in different monocotyledons and
di-cotyledons species in equal/higher amount
than magnesium and phosphorus (Fauteux et
al., 2005). Considering in view the
importance of silicon and gibberellic acid for

designed to evaluate the performance of
gibberellic acid and silicon alone and in
combination on wheat plant on germination
and seedling establishment stage when plants
grown under normal and saline conditions.

Materials and Methods

Seeds of Wheat (Triticum aestivum)
were obtained from Agriculture Research
Institute, TERNAB Peshawar. Germination
and seedling growth experiment was
performed in Plant Physiology Laboratory,
Department of Botany, Abdul Wali Khan
University Mardan, Pakistan. Experiment
was designed in completely randomized
manner with 63 plates divided into 7 sets.
Each set was divided into three subsets on the
basis of NaCl treatment (control, 50mM,
150mM). Three replicas were maintained for
each treatment (control, 50mM, 150mM).
One set was kept spray control while other
six were moisture  with  different
concentration of silicon (5mM and 10mM),
gibberellic acid (50ppm and 100ppm) and
combination of gibberellic acid and silicon

Detail of application of NaCl, GA3 and silicon in seven sets is given below:

Treatments and sprays
Set 1 | Control 50mM NaCl 150mM NaCl
Set 2 | Control +50ppm GA3 | 50mM NaCl + 50ppm GAsz | 50mM NacCl + 50ppm GA3
Set 3 | Control + 100ppm 50mM NaCl +100ppm GA3z | 150mMNaCl +100ppm GA3
GAs3
Set 4 | Control +5mM Si 50mM NaCl + 5mM Si 50mM NaCl + 5mM Si
Set 5 | Control + 10mM Si 50mM NaCl + 10mM Si 50mM NaCl + 10mM Si
Set 6 | control+50ppmGA:x | 50mM NaCl+| 150mM
5mM Si 50ppmGA:x5mM Si NaCl+50ppmGAsx5mM Si
Set 7 | control+100ppmGA3z | 50mMNaCl+100ppmGAsx | 150mMNaCIl+100ppmGA3zx10
x10mM Si 10mM Si mMSi

plant growth, development and yield under
normal and stressed conditions this study was

(GA: x Si).
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Seeds of wheat were sterilized with 0.1%
mercuric chloride solution for 1 minute and
washed thoroughly three times with distilled
water. Sterilized plates lined with two layers
of filter papers. Five seeds of wheat were
placed in each sterilized petri plate. Then 5ml
of NaCl concentrations (50mM, 150mM)
were applied in each Petri plate whereas 5ml
distilled water was applied for control
treatment. Each treatment replicated three
times. All replicates were kept in incubator at
25°C for germination. After 24 hours
germinated seeds were counted.

After 8 days, experiment was terminated and
germination percentage, seedling growth,
seedling length, seedlings biomass relative
water content, vigor index, RSR, SWR and
RWR were recorded. The average value of
shoot length and root length were recorded in
cm, after measuring the length of root and
shoot, the seedlings were separated and
seedlings fresh weight was measured and
then plant samples were kept in oven at 50°C
for 2 days and then dry weight was recorded.

Relative Water Content

Relative Water Content (RWC) was
determined and calculated through a method
described by Barrs and Weatherly (1962).
RWC (%) = (FW-DW) / (TW-DW)*100

Vigor Index
Seedling vigour index (VI) was
calculated in experimental seedling through a
method described by Abdul-Baki and
Anderson (1973).
Vigor Index (VI) = (Mean root
length + Mean shoot length) x germination
percentage.

Different Ratios

Different ratios in experimental seedling
were calculated through different formulas,
described by Hunt (1982). Root shoot ratio
(RSR) = Root dry wt/

Shoot dry wt
Shoot weight ratio (RWR) = Shoot dry wt/

Total dry wt
Root weight ratio (RWR) = Root dry wt/

Total dry wt

Stress Tolerance Index

Stress Tolerance Index (STI) of different
parameters of experimental seedling were
calculated through different
formulas described by Ashraf and Harris
(2004).

Plant Height Stress Tolerance Index
(PHSI) = (Plant height of stressed plants
/ plant height of control plants) x 100

Root Length Stress Tolerance Index (RLSI)
= (Radicle length of stressed plants /
radicle length of control plants) x 100

Shoot Fresh Weight Stress Tolerance Index
(SFSI) = (Shoot fresh weight of stressed
plants / shoot fresh weight of control
plants) x 100

Root Fresh Weight Stress Tolerance Index
(RFSI) = (Root fresh weight of stressed
plants / root fresh weight of control
plants) x 100

Shoot Dry Weight Stress Tolerance Index
(SDSI) = (Shoot dry weight of stressed
plants / shoot dry weight of control
plants) x 100

Root Dry Weight Stress Tolerance Index
(RDSI) = (Root dry weight of stressed
plants / root dry weight of control plants)
x 100
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Reduction Percentages
Reduction percentages of different

parameters of experimental seedlings were

calculated through different formulas as

described by Raun et al., (2002).

Shoot Length Reduction Percentage
(SLRP %) = [1 - (shoot length sait stress /
shoot length contro1)] X 100

Root Length Reduction  Percentage
(DWPR %) = [1 - (root length sait stress /
root length contror)] x 100

Fresh Weight Reduction Percentage
(DWPR %) = [1 - (fresh weight sait stress /
fresh weight contro1)] X 100

Dry weight Reduction Percentage (DWPR
%) = [1 - (dry weight sait stress / dry weight
control)] x 100

Statistical Analysis

Data analysis was carried out through
SPSS (Version 21) statistical software, where
one way analysis of variance (ANOVA) was
applied while mean values were compared
through Duncan’s Multiple Range Test
(DMRT) at 5% probability level.

Results and Discussion

Shoot Length

In plant life cycle, when seed germinate
an out-growth arise in the form of radicle and
plumule which results in development of root
and shoot respectively. As present results
indicate, salt stress negatively influenced
shoot length of seedling as compare to
control, in all sets of experiment (Figure 1).
Hussain and Rehman, (1997) also observed
same results in their studies and discussed it
as reduction of shoot length caused by the
accumulation of different toxic ions (e.g.
sodium and chloride) in cell which create
harmful effects in shoot and root as

imbalanced uptake of nutrients and their
translocation. In another study, Bayuelo-
Jiménez et al, (2002) also observed
reduction in root and shoot length under salt
stress  condition and discussed this
phenomenon as a result of disturbed and low
water uptake through roots.

Presently, gibberellic acid application @
50 and 100 ppm alone as well as combination
with silicon concentrations (50ppm GAs X
5mM Si and 100ppm GA3; and 10mM Si)
cause promotive effect for shoot length under
non-saline environment, while under saline
stress condition this application had
unaffected condition for said parameter
(Figure 1). Ashraf et al., (2002) observed
reduced shoot length after application of
gibberellic acid on plants and they attributed
this reduction due to lower uptake of
nitrogen. In another study, Yasar et al.,
(2016) observed same inhibitory results in
growth parameters in egg plants while Uzal,
(2017) discussed observed inhibitory effects
of shoot length after application of
gibberellic acid in normal and saline
environment, as a result of enhancement of
selective ions absorption especially toxic
ions like chlorides and sodium ions.

During present study addition of silicon
@ 5mM had positive influence while higher
dose of this element @ 10mM had negatively
influenced seedling shoot length under
normal and saline stress environment when
comparing with set without any silicon
application (Figure 1). Rezende et al., (2018)
grew Cape gooseberry plants in saline
environment and further applied with silicon;
they noticed that silicon application cause
ameliorative effect and reduced negative
impact of salinity. Similarly, Chrysargyris
et al., (2018) grow
Lavandula angustifolia in salinity stress
environment with application of different
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ions. They observed that foliar application of
zinc; potassium and silicon with different
concentrations  improve  shoot length
reduction process which was occurring as a
result of salt stress response.
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Figure 1. Effect of different concentration of
GAg;, Silicon and their interaction on shoot
length of Brassica napus germinated under
different salt levels.

Root Length of Seedling

Plant root play an important role for soil
as they hold soil particles together and also
protect it from erosion. They are also
important for plant itself because they absorb
water and nutrients from soil for plan’s
proper growth. As present results indicate,
salt stress negatively influenced root length
of seedling as compare to control, in all sets
of experiment (Figure 1). Naz et al., 2015,
grew Capsicum Annuum under different
salinity levels and observed reduction in root
length of seedlings. Simon, 1984; Werner
and Finkelstein, 1995, explained that when
seed sown and exposed to stress environment
reduced water uptake of seed observed which
in-turn cause reduction in germination and
root elongation of seedlings. Romero-
Aranda et al., (2006) also observed same

result of reduction in different parameters of
seedling growth sunflower genotypes, while
(De Pascale et al., 2005; Keutgen and
Pawelizik, 2008) explained it after their
studies that reduction of root development
occur due to excessive absorption and
presence of sodium and chloride ions in
plants which create imbalanced nutrient
status in plant necessary for proper growth of
plant.

Presently, gibberellic acid application @
50 and 100 ppm alone cause promotion while
combination with silicon concentrations
(50ppm GA3x 5mM Si and 100ppm GAs and
10mM Si) cause reduction in root length
under non-saline environment and saline
stress condition (Figure 1). This result is
confirmed by Maggio et al., (2010), worked
on tomato plant under salinity stress
condition and further applied with gibberellic
acid and observed that this hormone was
unable to improve plant growth with
reference to different studied parameters.

During present study addition of silicon
@ 5mM had positive influence while higher
dose of this element @ 10mM had negatively
influenced seedling root length under normal
and saline stress environment when
comparing with set without any silicon
application (Figure 1). Plant at low
concentration of silicon showed positive
response in amelioration the effect of
salinity. Bao-shan et al., (2004) worked on
larch seedling and raised them under
different salt levels; further silicon applied in
the form of SiO2 and observed reduction in
seedling root-length and total chlorophyll
while silicon application improved these
parameters and helps plant to alleviate stress.
In another study, Soundararajan et al.,
2015, also observed same results when
worked on tomato seedlings. In contrast, Lee
etal., (2010) observed no alleviative effect of
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application of high concentration of silicon
on root growth of studied plant.
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Figure . Effect of different concentration of
GA;, Silicon and their interaction on root
length Brassica napus germinated under
different salt levels.

Biomass of Seedling

In plant life cycle, dry-matter production
considered as an effective parameter for use
and acquisition of resources in plants. When
we analyze plants on the basis of salinity
response, biomass is a good indicator for it.
As present results indicate, salt stress
negatively influenced fresh and dry biomass
of seedling as compare to control, in all sets
of experiment (Figure 2 & 3). Cicek and
Cakirlar (2002) done experiments on maize
plants under different salinity levels while,
Ahmad and Jhon, (2005) raised plants
under salt stress condition and all of them
observed reduction in total biomass (fresh
and dry basis) under stressed environment.
Mer et al., 2000, discussed that reduction in
biomass under stress caused by production of
osmotic potential as under such condition
water absorption capacity of roots low or
retarded. Further, presence of toxic ions in

high level causes restriction of essential ions
entry which necessary for proper growth of
plant. Essa, (2002) also observed that shoot
biomass production is more sensitive than
root while (Bayuelo-Jiménez et al., 2002)
also discussed these results of reduced
biomass as caused through reduced water
uptake from soil and this reduced process
cause further reduction in shoot and root
elongation of plant. Under saline stress, plant
absorbs toxic ions more and accumulation of
these ions in cells cause inhibition of normal
growth mechanism of plant (Hakim et al.,
2010).

Presently, gibberellic acid application @
50ppm alone as well as combination with
silicon concentrations (50ppm GAz; x 5mM Si
and 100ppm GAs; and 10mM Si) cause
promotive effect while 100 ppm GAS3 cause
reduction for seedling fresh and dry biomass
under non-saline environment and saline
stress condition (Figure 2 & 3). Experiments
of Shaikha et al., 2017, on Portulaca
grandiflora and Igbal and Ashraf (2013) on
wheat performed under stress condition and
with application of gibberellic acid exhibited
ameliorative effect of applied hormoneand
biomass production increased in normal and
salt stressed conditions. Hamayun et al.,
2010, also observed same ameliorative
results of gibberellic acid application on
soyabean plants grown under salt stress
condition. Parasher and Varma, 1988,
discussed  their results of biomass
improvement of maize plant under normal
and tressed conditions through GA3
application caused by enhanced cell division
and cell elongation process in plants. The
inhibitory effect of salt on plant is
ameliorated by GAs treatment. This result is
according to previous literature e.g. Tuna et
al., (2008) applied 100 ppm GA3 on maize
plant and found increase in dry mass in the
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stress condition. Different plant hormone is
used to overcome the negative effect of salt
stress and one of them is gibberellic acid. The
main focus of scientist is gibberellic acid

(Basalah and Mohammad, 1999;
Hisamatsu et al.,
2000).
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Figure . Effect of different concentration of
GA;, Silicon and their interaction on stem fresh
weight of Brassica napus germinated under
different salt levels.

During present study addition of silicon
@ 5mM had positive influence while higher
dose of this element @ 10mM had negatively
influenced seedling fresh and dry biomass
under normal and saline stress environment
when comparing with set without any silicon
application (Figure 2 & 3). Yinetal., (2013)
observed reduction in biomass production of
sorghum plant under salt stress condition
which further improved through application
of silicon. While, in another study, Tahir et
al., 2006, also observed same pattern of
results in two wheat genotypes. According to
Gong et al., (2005) application of silicon on
plants cause improvement in different
metabolic and physiological processes of
plant under normal and  stressed

environment. Results of Hamayun et al.,
(2010) exhibited enhanced fresh and dry
biomass of soybean plants after foliar
application of silicon (separately +
combination with salt).
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Figure . Effect of different concentration of
GA;, Silicon and their interaction on root fresh
weight of Brassica napus germinated under
different salt levels.
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Figure . Effect of different concentration of
GA;, Silicon and their interaction on total fresh
weight of Brassica napus germinated under
different salt levels.
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Figure . Effect of different concentration of
GA;, Silicon and their interaction on root dry
weight of Brassica napus germinated under
different salt levels.
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Vigor Index

Vigor index considered as an important
parameter to evaluate the effect of stress
environment and confirmed harmful effects
of stress on plants using this parameter.
Bewley et al., 2013, defined this parameter as
the measure of damaging ability
accumulation, that cause viability decline of
any seed or seed is unable to germinate/die.
As present results indicate, salt stress
negatively influenced the vigor index of
seedlings as compare to control, in all sets of
experiment (Figure 4). Nasim et al., 2008,
observed reduction in seedling growth and
vigor index of seedlings under salinity stress
conditions. They explained that reduction in
studied processes occur as a result of reduced
absorption of different nutrients mainly
potassium and phosphorus. Further Prisco et
al., 1981 explained this phenomenon occur in
saline environment as a result of reduction in
water absorption from soil followed by
reduced absorption of important nutrients
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which in turn results in reduction in
imbibition process in seed and weak seedling
establishment as well as toxic nutrient uptake
cause harmful change in physiology and
biochemistry of seed. Ghosh et al., (2015)
studied mung bean plant under saline
environment and reported reduction in vigor
index of seedlings. Reduced vigor index with
weak seedlings under saline environment
observed as a result of limited water in plant
body which affects hydrolysis of food reserve
from storage tissues Prakash, (2017).
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Figure . Effect of different concentration of
GA;, Silicon and their interaction on vigor
index of Brassica napus germinated under
different salt levels.

Presently, gibberellic acid application @
50 and 100 ppm alone as well as combination
with silicon concentrations (50ppm GAs X
5mM Si and 100ppm GAsz and 10mM Si)
cause non-significant negative effect for
seedlings vigor index under non-saline
environment and saline stress condition.
During present study addition of silicon @
5mM had positive influence while higher
dose of this element

@ 10mM had negatively influenced seedling
vigor index under normal and saline stress
environment when comparing with set
without any silicon application (Figure 4).
Aziz et al., (2016) studied wheat germination
and seedling establishment under salinity
stress and silicon, they observed protective
role of silicon seed germination process and
help plant to avoid stress condition and grow
properly. In another study, Momordica
charantia plant when raised under saline
environment application of silicon improves
its germination rate and vigor index of
seedlings (Wang et al., 2010).

Relative Water Content

Plant growth and physiology depend on
relative water content present in it, so relative
water content of any plant exhibits hydration
level of different tissues within plant while
high relative water content level in essential
for plant better growth (Campos et al.,
2012). As present results indicate, salt stress
negatively influenced relative water content
of seedling as compare to control, in all sets
of experiment (Figure 4). Reduced relative
water content under stressed environment
was observed in many crops worked by
different researchers like Yurekli, (2004)
worked on Phaseolus vulgaris, Gadallah,
(1999) on Vicia faba and Sharma and Garg,
(1983) on wheat while Ghoulam et al.,
(2002) on sugar beet. According to studies of
Katerji et al., (1997), they observed
reduction in relative water content in plants
grown under salinity stress, they discussed
that reduction occur as a result of loss in cell
turgor leading to limited water availability
for cell extension process.

Presently, gibberellic acid application @
50 and 100 ppm alone as well as combination
with silicon concentrations (50ppm GAs X
5mM Si and 100ppm GAsz and 10mM Si)



27 National Journal of Biological Sciences, (2021), Volume 2, Issue 1l

cause promotive effect for relative water
content under non-saline environment and
saline stress condition (Figure 4). Tuna et al.,
(2008) grew maize plant under salinity stress
and further applied with gibberellic acid, they
observed reduction in relative water content
under stressed condition while application of
gibberellic acid seems to be ameliorative
agent for plant under such stressed condition.
Another aspect which was noticed that
50ppm application cause much increase as
compare to 100 ppm gibberellic acid
application. So, it was discussed that
ameliorative capacity of gibberellic acid for
plant growth is dose dependent. Further,
Modi et al.,, (2011) observed in their
experiments that application of gibberellic
acid cause reduction in this parameter, so this
point had been explained, as gibberellic acid
applied on plant it cause increase cellular
biomass in leaf which results in reduction in
cell water content. Similarly, Subedi and
Bhattarai (2007) also noticed same results
and argued that due to application of
gibberellic acid under such condition dry
biomass of all growing axis considerably
increased. During present study addition of
silicon @ 5mM had positive influence while
higher dose of this element @ 10mM had
negatively influenced seedling relative water
under normal and saline stress environment
when comparing with set without any silicon
application (Figure 4). As reduction in RWC
observed in salinity stressed plants and
hypothesis of ameliorative role of silicon
under normal and stressed conditions with
reference to mentioned parameter was
observed by Habibi, (2016) in maize, by
Kaya et al., (2006) in corn and by Gunes et
al., (2008) in sunflower leaf.
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Figure . Effect of different concentration of
GA;, Silicon and their interaction on relative
water content of Brassica napus germinated
under different salt levels.

Ratios (RSR, SWR and RWR)

Ratio between the quantities of tissue of
plant which function as growth to tissues
having supportive functions. Increasing the
proportion of plant shoot helps in capturing
extra light energy, whereas root help in
uptake of more nutrients efficiently from soil.
As present results indicate, salt stress cause
promotion in RSR while reduction was
observed in SWR and RWR of seedlings as
compare to control, in all sets of experiment
(Figure 5). Result showed that increasing the
concentration of salinity
(50mM and 150mM) increased RSR as
compare to control plant. According to
Prakash (2017), increased values of root to
shoot ratios in saline medium grown plants
plant took adaptation for water absorption in
high amount thus increase their root lengths.
While (Hsiao, 2000) considered this
increased / decreased root to shoot ratio in
stressed condition as a common factor in
plant related to water factor. Cassaniti etal.,
2009, also explained this increased root
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length as important adaptation of plant under
stress condition to control absorption and
translocation of toxic ions in plants as well as
to other parts of the plant. The said response
gave strength and ability to plant survives
under such stress condition. Exposure of
plant to salinity stress with increasing
concentrations  plants show  different
responses, like, Munns, and Tester, 2008)
observed reduced growth of plants, Cramer

in 2002, noticed inhibition of leaves
expansion while Tattini et al., (2005)
observed relationship-changes in under-

ground and above-ground parts of plant.
Zekri, and Parsons, 1989, explained that
when plant exposed to any stress condition
dry biomass increase as compare to shoot
biomass resulting in increased values of root
to shoot ratio and also exhibited improved
source-sink ratio. As according to results,
reduced values of SWR were noticed under
salt stress condition. Tatar et al., (2010)
worked on two Oryza sativa cultivars and
grew them under salinity stress condition;
they observed increased values of root weight
ratio. This ration depends upon salinity stress
level as salt increased in the medium this
ratio decreased. Increase in this ration mostly
observed in plants when nitrogen availability
reduced and plant roots initiate to increase
biomass. Different nutrients for this purpose
absorbed through roots from soil through
process of diffusion and mass flow.
Presently, gibberellic acid application @
50 and 100 ppm alone as well as combination
with silicon concentrations (50ppm GAs X
5mM Si and 100ppm GAs3 and 10mM Si)
cause promotive effect for all ratios under
non-saline environment and saline stress
condition (Figure 5). When Neelam bari
and Mandavia, (2018) performed
experiments they observed high level of root
to shoot ratio in plants under different salt

concentrations.  During  present  study
addition of silicon @ 5mM had positive
influence while higher dose of this element
@ 10mM had negatively influenced different
ratios of seedlings under normal and saline
stress environment when comparing with set
without any silicon application (Figure 5).
Kaya et al., 2006, observed reduced shoots
as compare to root in salinity grown plants,
thus noticed increase in root to shoot values
under such conditions. In  another
experiment, Wang et al., (2015) observed
enhanced root to shoot ratio values after
application of silicon on saline environment
grown plants.
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Figure . Effect of different concentration of
GA;, Silicon and their interaction on root shoot
ratio of Brassica napus germinated under
different salt levels.
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Salt Tolerance Index
It is well known and common
phenomenon that salt application on plants

cause reduction in plumule and radicle
length, biomass and plant height. When
different varieties of wheat were grown under
salt stress, genotypic-variation was evaluated
after estimation of different physiological
parameters with the help of different growth
parameters. As present results indicate, salt
stress negatively influenced physiological
indices (SLSI, RLSI, SFWSI, RFWSI,
FWTI, SDWSI, RDWSI and DWSI) of
seedlings as compare to control, in all sets of
experiment.  Presently, gibberellic acid
application @ 50 and 100 ppm alone as well
as combination with silicon concentrations
(50ppm GA3zx 5mM Si and 100ppm GAs and
10mM Si) cause promotive effect on all
calculated salt tolerance indices under non-
saline environment and saline stress
condition. During present study addition of
silicon @ 5mM had positive influence while
higher dose of this element @ 10mM had
negatively influenced different physiological
indices of seedlings under normal and saline
stress environment when comparing with set
without any silicon application (Table 1). So
application of gibberellic acid and silicon
improves seedlings salt tolerance indices and
helps the plant to grow well under stress
condition. Farooq et al., 2015; Parihar et
al., 2015, worked on different crops under
stress condition and observed reduced seed
germination and seedling growth with huge
variation of genotypes in response to applied
stress. Munns, 1993, 2005, observed
reduction in growth of varieties under stress
condition, could be possible as a result of two
reasons. Firstly, under stress condition plants
are unable to absorb water properly through
soil as a result of water deficit or osmotic
stress created after applied stress. Secondly,
absorption of toxic ions as chlorides and
sodium which transported and entered the
transpiration stream and injure cells in leaves
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and ultimately reduce photosynthetic rate and
growth.
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Table 1. Physiological stress tolerance indices of Brassica napus treated with GAs, Silicon, their
interactions and different salt treatments.

Treatments/ PHSI RLSI SFSI RFSI FSTI SDSI RDSI DSTI
Saliniy Levels

50 mM NaCl

Control 948+126 | 7693 96.4+24 | 948+95 | 952+6.8 |100.7+83 | 755+3.8 | 828+8.3
GA3 (50ppm) 772+7.2 | 948+32 | 921+78 | 56.1+94 | 635+7.3 [87.8+152 | 419+45 | 469%6.1
GA3 (100ppm) 86.2+56 | 87.8+56 | 504+4.4 | 114+146 | 899+32 | 645+29 | 932+95 | 78187
Silicon (5SmM)

119.8+6.2 | 87.2+6.8 |100.3+6.4 | 48.6+7.3 | 589+6.7 |117.9+28 | 323+36.7 | 235+ 23.7

Silicon (10mM)

GA3 x  Silicon
(50ppm x 5mM) 65.3+48 | 614+35 | 73.6+49 | 732+84 | 704+9.2 | 33.7+96 | 1271+11 | 63.6+48
GA3 x Silicon
(100ppm x 10mM) | 78.7+7.9 |81.4+105 | 821+3.7 | 555+2.7 | 61.2+32 | 762+44 | 27.1+72 | 296+7.7

594+79 | 571+82 | 488+27 |547+10.8 | 51.9+7.3 | 365+85 | 414+15 | 41.2+36

150 mM NacCl

Control 744+98 | 576+13 | 669+6.1 | 53.1+23 [581+115| 879+9.4 323+8 484 %29
GA3 (50ppm) 58.7+52 | 784+3.9 7294 602+78 | 61.7+3.8 | 86.2+21 | 389=%21 432+3
GA3 (100ppm) 64.5+9.6 8155 813+31 | 51.1+36 | 616+51 [101.6+6.3 | 43.7+3.1 | 50.7+2.8
Silicon (5mM) 82.1+52 | 747+73 | 63.6+51 | 357+3.1 | 404+46 | 884+39 | 40.7£3.9 | 42329
Silicon (10mM) 442+81 | 316+£51 | 803+£82 | 36.2+21 | 452+51 | 524+26 | 624+3.7 | 59.6+3.2
GA3 x  Silicon

(50ppm x 5mM) 413+6.1 | 406+£52 | 465+22 | 644+74 | 56.2+6.1 | 17.2+6.9 | 112+10.2 | 45.7+1.3
GA3 x Silicon

(100ppm x 10mM) | 451+7.9 | 554+10 | 59.2+9.2 | 498+16 | 505+6.9 | 941+9.7 | 17.1+6.8 | 208+7.2

In columns values are treatment means with + SD.

PHSI = Plant Height Stress Tolerance Index, RLSI = Root Length Stress Tolerance Index, SFSI =
Shoot Fresh Weight Stress Tolerance Index, RFSI = Root Fresh Weight Stress Tolerance Index, FSTI =
Total Fresh Weight Stress Tolerance Index, SDSI = Shoot Dry Weight Stress Tolerance Index and RDSI
= Root Dry Weight Stress Tolerance Index, DSTI = Total Dry Weight Stress Tolerance Index.
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The reduced SLSI and RFSI values of
germinated Wheat-seedlings as a result of
different concentration of salt in growth
medium caused by negative effects of salt on
growth with reference to osmotic stress in
plants due to toxicity of ions in cell, ionic
imbalance, deficiency of nutrients and
oxidative stress (Zhu, 2002). From present
study, it can also be observed that gradual
reduction occur in RLSI and SDSI with
increase in salt concentration in growth
medium. This reduction was attributed as a
result of accumulation of salt in root zone
which cause reduction in efficiency of roots
to absorb water from soil (Warrence et al.,
2003). Obtained results revealed steady
decrease in SFSI and RDSI after exposure
them to saline environment with different
concentration. Reduction in values of SFSI
caused by reduction in cell’s turgor pressure
and inhibition of shoot and root growth. Due
to accumulation of toxic ions in plants e.g.
sodium and chloride cells are unable to
divide properly and normally specially in
germination and seedling establishment stage
(Hirtand Shinozaki, 2003).

Conclusion

This study concluded that salt stress has
negative effects on wheat seedling
establishment. However, GA3 and Silicon
application was not so good for seedlings
shoot and root length but overall, biomass
and other stress markers improved. So, it is
recommended that GA3 and silicon at low
level can be recommended for wheat
seedling establishment in stress condition.
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