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Abstract

Abiotic stresses are more often to occur because of poor drainage system resulting in agricultural land contaminations.
Salt stress is one of the abiotic stresses which highly effects the growth and yield of cereal crops especially maize (Zea mays
L.). The current experiment following completely randomized design (CRD) along with three replicates of each treatment was
performed in the Botanic Garden, Government College University, Faisalabad to evaluate the effect of salt (70 mM NaCl)
stress on maize (Zea mays L.) plants raised from seeds treated with riboflavin (RF). The temperature range in whole experiment
was 30°C - 43°C. This study appraised riboflavin (0, 50 and 75 ppm) role in stress effect mitigation by enhancing growth,
enzymatic (SOD, POD, CAT, APX and GPX) and non-enzymatic (flavonoids, phenolics and anthocyanin) antioxidant
activities, and by scavenging ROS (MDA, H20») effect and maintaining osmotic level. Salt (70 mM NaCl) subjected plants
showed reduced growth and photosynthetic rate, while increased ROS production (more in Sadaf compared to Pearl).
Riboflavin is a novel vitamin which can be used to treat the salinity stress effected plants. Seed priming with RF (vitamin B2)
significantly reduced salt stress effects by enhancing growth rate, photosynthesis, increased osmolytes accumulation and
improved antioxidant defense system, while decreasing oxidative stress (MDA and hydrogen peroxides). Plants raised from
seeds treated with riboflavin showed a significant increase in total leaf area, total free proteins and total soluble sugars than
plants without riboflavin application. Gradual increase in RF concentration showed more improved growth under salt stress.
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Abbreviations: RL- Root length, SL- Shoot length, RFW- Root fresh weight, RDW- Root dry weight, SFW- Shoot fresh weight, SDW-
Shoot dry weight, LA- Leaf area, RWC- Relative water contents, Chl.- Chlorophyll, T. Chl.- Total Chlorophyll, MDA- Malondialdehyde,
Antho.- Anthocyanin, Flavo.- Flavonoid, Phenol.- Phenolics, Pro.- Proline, T.Pro.- Total proteins, TSS- Total soluble sugars, SOD-
Superoxidase dismutase, POD- Peroxidase, Cat.- Catalase, APX- Ascorbate peroxidase, GPX- Guaiacol peroxidase, RF- Riboflavin

Introduction

Soil salinity is the global issue, threating the food
production and environmental health by affecting about
954 million hectare of land worlwide (Diaz et al., 2021;
Wei et al., 2021). Increased salinity concentration of either
rootzone or surface area decreases the soil fertility rate and
ultimately decreases plants production rate (Fu et al.,
2020). This salinity hinders water intake and results in
erosion (Gorji et al., 2020) and effects agricultural growth
and decreased crop production (Sing, 2022).

Salinity is threating abiotic factor which limits the
growth, development, yield and expansion of plants (Zhao
et al., 2020, Hadia et al.,2022). Salinity stress induce
several morphophysiological changes that results in
decreased shoot and root lengths, fresh and dry weight of
plant (Dikobe ef al.,2021). It is the main growth reducing
factor which delays the germination time and causes
disruption in nutrients uptake resulting in plant nutrient
deficiency (Shiade & Boelt, 2020). Soil salinity subjected
plants showed reduced Chl. ¢, b and total chlorophyll
contents. Increased soluble sugar accumulation is followed
by decreased starch level (Hassanein et al., 2002; Waheed
AL-Mayahi, 2016). Salt stress causes accumulation of
hydroxyl radical and hydrogen peroxide which is signal of
oxidative stress in plants that might be the reason of cell
damage and if there is no appropriate defence mechanism;
cell dies. So plant’s antioxidative machinery is activated to
mitigate stress effects (Nadarajah, 2020; Abd El-Samad et
al., 2017). Both enzymatic and non-enzymatic antioxidants
help the plants to detoxify reactive oxygen species (ROS)

effect (Hasanuzzaman ef al., 2020). Soil salinity stimulate
activities of superoxide dismutase, peroxidase, ascorbate
peroxidase and catalase enzymes to mitigate stress effects
(Lee et al., 2001).

Maize (Zea mays L.), a member of family Poaceae, is
the 2" most demandingly produced cereal crop worldwide
(Santpoort, 2020; Vaughan et al., 2018). It is known as the
king of cereal crops. It is produced in 116 countries all over
the world (Ahmad et al., 2021; Waqas et al., 2021).
Environmental changes have a deleterious effect on Z
mays growth and yield ultimately decreasing the food
availability and leading to corn deficiency (Wichelns &
Qadir, 2015). There is a reduced production rate of Z. mays
and it looks hard to increase its production rate to fulfil the
deficiencies (Zahra et al., 2020; Kaya et al., 2020).

Vitamins have ability to protect plants from singlet
oxygen and hygrogen peroxide species which are produced
during photosynthetic process. Vitamins are important for the
improvement of photosynthetic rate and antioxidant enzymes
activities (Chi et al., 2021). These are also important for any
plant for their growth, yield production and metabolism
improvement. These may be fat or water-soluble (Garg et al.,
2021). Many biological responses are highly affected by
vitamins and vitamin B; is highly produced in green leaves of
vegetables (Yoshii et al., 2019). Vitamins are important for
competing the environmental biotic and abiotic stresses,
especially vitamin B are the base of metabolic cofactors but
any harsh stress level may cause decrease in B group vitamins
in plants. To mitigate such conditions exogenous vitamin
application is practised (Abdulhamed et al., 2020). Seed
soaking technique is one of the best treatments for seeds to



compete against stress conditions by adapting physiological
improvements (Hadia et al., 2022). This is a cost effective
technique and give great results. This technique positively
increases seed maturation and plant growth rate (Kazemi &
Eskandari, 2012; Hafeez et al., 2021).

Riboflavin is known as a water-soluble vitamin B2
(Jiadkong et al., 2023). Its importance in every field either
food production or medicine is dramatically increased due
to its participation in health nutrition (Zhou et al., 2021).
Riboflavin due to its anti-oxidative characteristic plays an
important role in competing the salinity effect by
improving osmotic pressure and ultimately enhances
abiotic stress resistance (Abdulhamed et al., 2020; Singh,
2022). When plants are exposed to salinity stress,
exogenous vitamin application activate antioxidant defense
system that increase stress tolerance in maize, tomato and
rice plants (Alayafi, 2020, Khatun et al., 2016).

In order to check the role of riboflavin (vitamins B,)
in decreasing salt stress effects; a pot experiment was
performed, where two salt stressed maize cultivars were
treated with riboflavin.

Experimental Design: A sand pot (8L) experiment was
conducted in the Botanic Garden, Government College
University, Faisalabad. Day to night humidity was 61%-
70% and day to night temperature was 30°C-43°C. Maize
(Zea mays L.) seeds of two varieties (Sadaf, Pearl) were
collected from Ayub Agricultural Research Institute
Faisalabad and Maize and Millet Research Institute,
Sahiwal. A completely randomized design (CRD) was
followed and two salt stress levels (0 and 70 Mm NacCl)
were used to check the effect of salt stress. After gentle
wash seeds of both varieties were primed with three
riboflavin (vitamin B;) levels (0, 50 and 75 ppm) for 12
hours and seed sowing was done in form of six
experimental sets.

Sampling and data collection: After uniform
germination, at four-leaf stage, salt stress was applied
along with full strength Hoagland’s nutrient solution.
Hoagland’s solution was applied every 3™ day throughout
the experiment. During the fourth week of germination,
plants were uprooted, well washed and air dried to wipe out
excessive water. Root and shoot fresh weights and lengths
were measured. After that shoot and root of each plant
sample were placed in an oven for 48 hours at 72°C for dry
mass measurement. Total Leaf area per plant was
calculated using the method of Carleton & Foote (1965).
For the determination of physiological and biochemical
parameters, leaves were packed in plastic zipper bags and
kept in freezer at -20°C.

Plant analysis

Relative water contents (RWC) (%): Fresh leaves of
each plant were taken and weighed. Then, soaked the
leaves in de-ionized water for 24 hours. Weight of soaked
leaves was measured and these leaves were placed in an
oven at 80°C for 48 hours.

And dry weight was measured (Jones & Turner, 1987).

RWC% = [(FW - DW)/ (TW - DW)] x 100
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Chlorophyll contents: For the determination of
chlorophyll contents the protocol of Arnon (1949) was
used. Fresh leaves (0.5 g) were taken, chopped and ground
in 10 ml of 80% acetone (20 ml water and 80 ml acetone)
and left these at -4°C for one night then centrifuged these
samples at 10,000 rpm for 5 minutes. Then the supernatant
was used to measure chlorophyll contents at wavelengths
of 480 nm, 645 nm and 663 nm through a
spectrophotometer (IRMECO U2020).

The following formula was used to measure chl. a, chl.
b contents.

Chl. a =[12.7 (OD 663) -2.69 (OD 645)] x V/1000 x W
Chl. b =[22.9 (OD 645) -4.68 (OD 663)] x V/1000 x W
V = Volume of the extract (mL),

W = Weight of the fresh leaf tissue (g)

Malondialdehyde (MDA) contents: Malondialdehyde
(MDA) contents were estimated by following the protocol
of Cakmak & Horst (1991). To 0.5 g fresh leaf material
added 10 ml of 0.1% w/v TCA (trichloroacetic acid) during
grinding. Then centrifuged this solution at 12,000 rpm for
10 minutes and took 1 ml of extract and to it added 4.5 ml
of 0.5% TBA (thiobarbituric acid). The mixture was heated
in a water bath for 30 minutes at 95°C, cooled in an ice bath
and again centrifuged. The readings of above samples were
observed at 532 nm and 600 nm wavelengths on a
spectrophotometer (IRMECO U2020).

Hydrogen peroxide (H:02): For the estimation of
hydrogen peroxide contents method purposed by
Velikova et al., (2000) was used. Leaf sample of 0.5 gram
was ground by adding 5 ml of 0.1% w/v trichloroacetic
acid (TCA). Mixture was centrifuged at 12,000 rpm for
15 minutes. Phosphate buffer of neutral pH (7.0) was
added with 0.5ml concentration after that 1ml of KI
(potassium lodide) was added and absorbance was noted
at 390 nm wavelength on UV visible spectrophotometer
(IRMECO U2020).

Anthocyanin contents: For anthocyanin estimation
method of Zhang et al., (2009) was followed. According
to this method fresh leaves (0.1 g) were ground in 5 ml of
phosphate buffer and then centrifuged. Values of samples
were noted at 600 nm with a spectrophotometer
(IRMECO U2020).

Flavonoids: For flavonoids determination protocol of
Karadeniz et al., (2005) was used, fresh leaves (1.0 g) were
taken from each of the plants and then ground with a pestle
and mortar by adding 20 ml of 80% ethanol. Samples were
filtered through Whatman's filter paper 42. In a test tube
0.5 ml filtrate and 3 ml deionized water along with 3 ml of
0.5% NaNO; and 0.6 ml of 10% AICl; was also added and
left the samples for 6 minutes. Added 2ml of 1M NaOH.
Deionized water was added to make the volume of each
test tube up to 10 ml. The reading of flavonoid at 510 nm
was noted with a spectrophotometer (IRMECO U2020).
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Phenolic content: Total phenolic contents were determined
by the protocol of Julkunen-Titto (1985). Leaf sample (0.05
g) of each replicate was taken and ground with 10 ml of 80%
acetone. After homogenizing the leaf sample with acetone,
it was centrifuged at 10,000 rpm for ten minutes. Removed
supernatant and a little portion of aliquot (100 p) were
treated with 1 ml of Folin-Ciocalteau’s phenol reagent and
then 2.0 ml of distilled water was added. After that, 5 ml of
Na,COs (20% wi/v) was added. Deionized water was added
to make the volume up to 10 ml, solution was shaken and the
values were observed at 750 nm on UV visible
spectrophotometer (IRMECO U2020).

Free proline estimation: Free proline contents were
estimated by the method given by Bates et al., (1973). A
fresh leaf sample (0.5g) was taken and ground in 10mL of
sulphosalyslic acid (3%) and was left for 5 minutes. Filtered
it, 2mL of filtrate, 2mL acid ninhydrin and 2 ml of glacial
acetic acid were poured into the test tube and heated at 100°C
for one hour. The sample was cooled in an ice bar. Then 4mL
of toluene was added, stirred and passed through the air for
2 minutes. The values were observed at 520 nm absorbance.
Toulene was run as blank. Proline concentration was
observed through the standard curve.

Total soluble Proteins: Total soluble proteins were
determined by the protocol given by Bradford (1976).
Fresh leaves (0.5g) were well ground in 10 mL (50 mM)
phosphate buffer in a prechilled environment, then
centrifuged at 6000 rpm for five minutes at 4°C. 0.1 mL of
supernatant and 2mL of Bradford reagent were introduced
and this mixture was left for five minutes. Absorbance was
noted at 595 nm absorbance using a spectrophotometer.

Total soluble sugars: Total soluble sugars were
determined by the method of Yemm & Willis (1954). Dried
plant material was ground and passed through sieves of
Imm. The extracted material (0.1 gram) was mixed with
80% acetone (10 mL each), shaken for 6 hours and the
extract was used for the determination of soluble sugars,
0.1 mL plant extract and 3mL of anthrone reagent were
poured into a 25 mL test tube. Then, heated at boiling
temperature for 10 minutes and was cooled it for 10
minutes. Incubated for 20 minutes at room temperature and
absorbance was noted at 625 nm using a spectrophotometer
(IRMECO U2020).

Determination of antioxidant enzymes activities: Under
super chilled conditions, 0.5 gram of fresh leaves were ground
in 10 ml (5 mM) phosphate buffer with 7.8 pH, centrifuged at
12000 rpm at 4°C (20 min) and again centrifuged this at 15000
rpm for 10 minutes. Stored this enzyme extract at -20°C for
antioxidant enzyme activity analysis.

Superoxide dismutase (SOD): Enzyme inhibition of
photochemical reduction of nitroblue tetrazolium (NTB)
was determined by the method of Giannopolitis & Ries
(1977). For this purpose, a reaction mixture was prepared.
This mixture contained 250uL (50 mM) of phosphate
buffer, 400uL distilled water, Methionine (100uL), 50 uM
NBT, 50 uM riboflavin and 50uL of enzyme extract. Then
values were noted at 560 nm absorbance on UV visible
spectrophotometer.

Peroxidase (POD) and catalase (CAT): Activities of both
POD and CAT were determined by following the method
of Chance & Maehly (1955). For CAT determination, a
mixture was prepared to consist of 1.9 mL (50 mM) with
pH 7, 5.9 mM of hydrogen peroxide (I mL) and 100 uM
of enzyme extract. Readings were noted at 240 nm on a
spectrophotometer. Readings were monitored every 20s for
2 minutes. While for POD estimation, a reaction mixture
was prepared to contain 250 pL (50 mM) of phosphate
buffer, 100 uL (20 mM) guaiacol, 50 pL enzyme extract
and distilled water. The enzyme activity change was
observed every 20s at 470 nm.

Ascorbate peroxidase (APX): A reaction solution (3mL)
which was consisting of 50 mM phosphate buffer with 7.0
pH, 0.5 mM hydrogen peroxide and 0.5 mM ascorbic acid
was prepared (Asada, 1992). The reaction was started after
adding hydrogen peroxide. The absorbance was recorded
at 390 nm for 2 minutes.

Guaiacol peroxidase (GPX): The determination of GPX
was done by using (3 mL) guaiacol solution containing 10
mm (K,H,PO4 at 7 pH, 20 mm guaiacol, 0.5 mL crude
extract and 20 mm guaiacol and values were noted at 436
nm (Chance & Maehly, 1955).

Acid digestion for ion analysis (Allen ef al., 1985): The
dried material (0.1 g) was placed in a digestion flask and 2
ml of sulphuric acid (H2SO4) was added. The mixture was
left for over night at 25°C. On the next day, 0.5ml of
hydrogen peroxide was added and heated at 150°C. then
placed the flasks on hot plate at 250°C temperature. The
fumes emission and coloration were observed. When the
solution turned colorless, volume of the solution was up to
50 ml by adding water. It was filtered and was run on flame
photometer for the determination of ions (K, Ca and Na).
Cl-was determined by AgCI precipitation and titration
procedure following the method of Johnson & Ulrich (1959).

Statistical Analysis

The collected data was subjected to analysis of
variance (ANOVA) using CoStat software version 6.303
and mean values were compared by least significant
difference (LSD) test at 5% level of significance.

Results

Growth traits: The current experiment was conducted to
check the effect of seed priming with riboflavin (RF) i.e.,
0 ppm, 50 ppm and 75 ppm on two maize (Zea mays L.)
varieties (Sadaf and Pearl) under two levels of salt (0 and
70 mM NaCl) stress. Root and shoot length of Sadaf
showed more reduction than Pearl under salt stress (70
mM). Shoot length showed comparatively more reduction
rate than root length (p<0.001) and pre-treatment with
riboflavin exhibited improved plant (p<0.01) response
under salt stress. Highly reduced root and shoot fresh
weight was observed in the variety Sadaf than that of Pearl.
However, this reduction was less in plants raised from the
grains treated with RF. The dry mass of Sadaf was less than
that of Pearl. Variety Sadaf showed high (p<0.05) reduction



rate in dry mass under salt stress and RF treated plants were
significantly tolerant to salt stress (p<0.01). The Sadaf
variety has a greater response under salt stress (p<0.01) in
terms of leaf area, however, RF treated plants exhibited a
less salt stress effect (p<0.05). Overall, all growth attributes
i.e., root and shoot fresh and dry weights, shoot and root
lengths, and total leaf area per plant (p<0.001) have
decreased under salt stress, while pre-sowing seed
treatment with riboflavin improved these growth attributes
of both maize varieties under salt stress or non-stress
conditions. Pearl was higher in growth parameters than
Sadaf variety of maize (Fig. 1, Table 1).

Relative water contents (RWC) and chlorophyll
contents: Leaf RWC was decreased (p<0.001) under salt
stress in both maize varieties (Fig. 1, Table 1). Pre-sowing
seed treatment with 50ppm and 75ppm riboflavin b
significantly (p<0.001) increased RWC in both varieties,
Pearl variety showed more RWC than Sadaf (Fig.1, Table.
1). Total chlorophyll, chlorophyll a and chlorophyll b
contents significantly (p<0.001) decreased under 70 mM
NaCl stress in both maize varieties i.e., Pearl and Sadaf
(Fig. 2; Table 1). Pre-sowing seed treatment with 50ppm
and 75ppm riboflavin b significantly (p<0.001) increased
chlorophyll (Chl. a, Chl. b and total chlorophyll) contents.
Pearl variety of maize accumulated more chlorophyll
(»p<0.001) contents than variety Sadaf (Fig. 2, Table 1).

Hydrogen peroxide (Hz20 2), malondialdehyde (MDA),
anthocyanin, flavonoid and total phenolic contents: In the
current study, H,O,, MDA, flavonoid and total phenolic
contents were increased (p<0.001) under salt stress in both
the varieties (Fig. 2; Table 1). These Riboflavin treated
plants showed decreased (p<0.001) H>O,, MDA contents,
while flavonoid and total phenolic contents (p<0.001) were
increased in both of the varieties under salt stress (Fig. 2;
Table 1). Where as more accumulation was observed in
Sadaf than of Pearl because this accumulation was the
indication of stress exposure. RB application reduced this
accumulation rate gradually to minimize stress effect on
plant (Fig. 2, Table 1). Anthocyanin contents did not change
significantly under salt or riboflavin treatment) in both maize
varieties (Fig. 2, Table 1). Total phenolics and flavonoids
increased (p<0.001) under salt stress in both the varieties. RF
treated plants showed increased phenolic and flavonoid
contents in both maize varieties. However, Pearl showed
higher accumulation of total phenolic and flavonoid contents
than variety of Sadaf (Figs. 2 & 6; Table 1).

Free proline, total proteins and total soluble sugars:
Proline accumulation was high under salt stress (p<0.001) in
both varieties. Total proteins and total soluble sugars were
decreased (p<0.001) under NaCl stress, however, riboflavin
treated plants showed increased accumulation of free
proline, total proteins and total soluble sugars (p<0.001) in
both the varieties. However, Pearl variety was higher in free
proline, total proteins and total soluble sugars under both
control and 70 mM NaCl stress (Table 1; Figs. 3 & 6).
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Antioxidant enzymes activities: Activities of antioxidant
enzymes ie., SOD, POD, CAT, APX and GPX
significantly increased under salt stress in both maize
varieties (Pearl and Sadaf). Thus, Pearl was higher in the
activities of antioxidant enzymes compared to Sadaf
variety. Pre-sowing seed treatment with riboflavin further
enhanced the activities of antioxidant enzymes. Riboflavin
played its significant role in the improvement of
antioxidants activation rate (p<0.001) (Table 1; Fig. 3).

Ton analysis: Salt (NaCl) stress increased Na* and CI" ions
in root and shoot of both varieties, however, its
enhancement rate was greater in Sadaf variety than that of
Pearl. Salt stress decreased nutrient ions (K™, Ca®) in both
maize varieties. Their reduction rate was more in root than
shoot. Seed priming with riboflavin played vital role to
mitigate the adverse effect of salt stress on nutrients (K*,
Ca") ions (Table 2; Fig. 4).

Multivariate analysis

Principal component analysis (PCAs): Principal
component analysis were conducted for growth,
photosynthetic pigments, biochemical of maize under salt
stress and Riboflavin (RF) applications. The distance
between eigenvectors and values of positive or negative
values demonstrated the effect of applied applications. The
PCAs for these traits showed a cumulative variability of
87.5%. Both varieties exhibited strong association by
overlapping the eclipses. As a result of a higher saline level
of 70 mM and RF supplementation (T3-75ppm), the organic
osmolytes TSS, TSP, and Pro were significantly enhanced
and strongly associated with each other by loading to the
PCAL1 side and showed higher positive eigenvalues. Both T3
and 70 mM NacCl were strongly interlinked with each other.
The GPX and Flavo corresponded with higher positive
eigenvalues. The Ribo (T2) exhibited strong relation with
MDA contents under influence of 70 mM NaCl treatments.
However, the SFW and RDW were associated with the T1
and 0 mM NaCl levels (Fig. 5a).

Pearson correlation matrix: The Pearson correlation
matrix showed a significant (p<0.05) correlation for
growth, photosynthesis and biochemical traits of maize
plants under different NaCl and riboflavin treatment (Fig.
5b). The photosynthetic pigments (Chl a, b and T. Chl)
were strongly and positively associated with the plant
biomass (SFW, RFW, SDW, RDW) and growth traits such
as LA, RL and SI. The organic osmolytes (Prol, TSS, TSP)
were strongly correlated with the anthocyanin and weakly
associated with the antioxidant enzymes (SOD, POD).
Photosynthetic and growth traits were negatively
correlated with the MDA and H,O, contents.

Clustered heatmap: A cluster heatmap was constructed to
demonstrate the influential response of traits and varieties
under salt and riboflavin treatments (Fig. 6). The growth
traits (RL, SDW, SL and RDW) were strongly correlated
with T3 and S2 of both varieties. The MDA and H,O,
contents were negatively associated with photosynthetic
and growth traits with higher negative values.
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Table 1. Mean square values of riboflavin induced modulation in growth, physiological and biochemical
traits of maize (Zea mays L.) under salt stress.

SOV Varieties NaCl RF VxNaCl VxRF NaCIxRF  VxSxRF Error
RL 327.00%**  207.8***  497.5%** 0.562ns 68.430* 8.763ns 0.541ns 8.60
SL 2523.4***  636.7***  3576.2***  364.81*** 74.57ns 184.97** 44.28ns 13.56

RFW 83.11***  32.30***  160.17*** 0.0802ns 0.802 ns 0.295ns 1.082ns 0.732

SFW 12425™"  2730.0™"  727.86*** 5.062ns 21.00%** 79 53*** 9.301 ns 2.968

RDW 13.08***  137.3***  18.370*** 0.667* 0.2205ns 0.2ns 0.004ns 0.136

SDW 11.33***  13.44***  36.015*** 0.071ns 1.160ns 4.6838** 0.037 ns 0.413
LA 347.9%*%*  194.9*%**  62.80*** 10.69** 2.310ns  1.33147ns 5.210* 305.1

RWC 1591.1*%**  449.02**  165.301* 56.52 ns 14.58ns 5.8790ns  6.456 ns 44,51

Chl. a 0.162***  0.484***  (0.005*** 0.000 ns 0.000ns 0.000ns 0.0006ns 0.000

Chl.b 0.069***  0.018***  0.0033*** 0.001*** 0.000***  0.000***  0.0005** 0.000

T. Chl 0.444***  0.126***  0.0171*** 0.0014* 0.000ns 0.0012* 0.002*** 0.0002

MDA 15.24ns 759.7%**  202.829* 2.911ns 2.927ns 34.514ns 8.311ns 51.94

H20; 1.7463***  13.09***  2]1.23*** 0.194ns 1.053*** 0.2618* 0.543*** 0.074

Antho 0.0207ns 1.695ns 0.5691ns 0.000ns 0.137ns 7.5453** 1.256 ns 1.281

Flavo.  0.1514***  1.124***  (0.0028*** 0.000ns 0.000ns 0.0000ns  0.0002ns 0.000

Phen 10.696***  26.58***  6.7551*** 0.052 ns 0.608 ns 0.0142ns  0.0730 ns 0.039
Prol 35.979* 57.49** 92.46*** 0.342ns 5.546ns 3.9849ns  1.4137 ns 4.826
TSP 135.6***  9.428***  2.677*** 0.5161* 0.354* 0.0487ns 0.3023* 0.0862
TSS 5474.6*%** 1888.1*** 226.51***  77.438*** 59, 75%** 0.440ns 1.0859ns 0.5823

SOD 0.3434ns  4.7930***  1.0687*** 0.256 ns 0.001ns  0.0044ns  0.0721ns 0.0807

POD 483.01ns  2042.5*** 1312.4***  138.01*** 0.230ns 72.1630* 12.32ns 120.32

CAT 469.5%**  2070.5***  1333.9*** 113.10* 0.1236ns 79.801* 7.6705ns 23.26

APX 0.1036*  0.8453*** 0.090* 0.000ns 0.013ns 0.0055ns  0.0027 ns 0.0178

GPX 26.310***  222.4***  12.65*%** 1.5365 ns 4,157 * 1.734 ns 1.258ns 1.168
Df. 1 2 2 1 2 2 2 24

*, ** and *** = Significant at 0.05, 0.01 and 0.001 levels respectively; ns = Non-significant; df = Degree of freedom.

Abbreviations: RL - Root length, SL - Shoot length, RFW - Root fresh weight, RDW - Root dry weight, SFW - Shoot fresh weight, SDW -
Shoot dry weight, LA - Leaf area, RWC- Relative water contents, Chl. - Chlorophyll, T. Chl. - Total Chlorophyll, MDA - Melondialdehyde,
Antho - Anyhocyanin, Flavo. - Flavonoid, Phenol. - Phenolics, Pro. - Proline, T.Pro. - Total proteins, TSS - Total soluble sugars, SOD -
Superoxidase dismutase, POD - Peroxidase, Cat - Catalase, APX - Ascorbate peroxidase, GPX- Guaicol peroxidase, RF - Riboflavin

Table 2. Mean square values of riboflavin induced modulation in ion contents of maize (Zea mays L.)
under salt stress.

SOV Varieties (;,\tlfgs:l) RF V x NaCl VxRF |NaClxRF|VxSxRF Error
Shoot Na*  658.7***  44.44***  100.0*** 1.777ns 17.36** 1.361ns 1.361ns 2.055
Root Na*  744.6*** 46.6*** 111.4%** 2.25ns 23.69*** 0.861ns 1.75ns 1.833
Shoot CI-  73.25***  3185.25*** 119.75***  15.069* 0.583ns 1.083ns 2.027ns 3.277

Root CI 61.36***  2826.7***  186.86*** 34.027***  2.1945** 13.36ns 2.027ns 2.334

Shoot Ca?* 9.0** 560.11***  72.86***  0.000*** 3.583ns 0.194ns 2.583ns 1.111

Root Ca?*  18.77*%**  544.44***  72.69*** 0.111ns 3.6944* 1.861ns 0.8611ns 1.055

Shoot K*  1708.45*** 53, 77***  48.69*** 1.778ns 3.027ns 0.361ns 0.3611ns 1.583

Root K*  1808.4*** 54, 77***  49,094***  1.787ns 2.927ns 0.359ns 0.3591ns 1.493
df 1 2 2 1 2 2 2 24

*, ** and *** = Significant at 0.05, 0.01 and 0.001 levels respectively; ns = Non-significant; df = Degree of freedom.

Abbreviations: RL - Root length, SL - Shoot length, RFW - Root fresh weight, RDW - Root dry weight, SFW - Shoot fresh weight, SDW -
Shoot dry weight, LA - Leaf area, RWC- Relative water contents, Chl. - Chlorophyll, T. Chl. - Total Chlorophyll, MDA - Melondialdehyde,
Antho - Anyhocyanin, Flavo. - Flavonoid, Phenol. - Phenolics, Pro. - Proline, T.Pro. - Total proteins, TSS - Total soluble sugars, SOD -
Superoxidase dismutase, POD - Peroxidase, Cat - Catalase, APX - Ascorbate peroxidase, GPX- Guaicol peroxidase, RF - Riboflavin
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Fig. 1. Morpho-physiological attributes of maize (Zea mays) plants seeds of which were pre-treated with different riboflavin levels.
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Fig. 2. Biochemical attributes of maize (Zea mays) plants seeds of which were pre-treated with different riboflavin levels.
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Discussion

Salt stress is ubiquitously threatening factor for crop
growth, development and yield. Salt containing soils
consist of large amount of soluble salts and exchangeable
sodium ions in root area. Sodium chloride stress restricts
the growth rate of commercial crops; as it harms more than
800 million ha of land worldwide (Anon., 2000). Salt stress
reduces plant growth as it provokes oxidative stress, ion
imbalance and many secondary stresses like oxidative
stress and lack of nutrients (Deinlein et al., 2014). In this
experiment, two maize cultivars were examined to measure
the morpho-physiological responses against saline soil (salt
stress) and mitigating effect of vitamin B,. A significant
reduction in the plant growth and dry weight along with
leaf area was noticed with exposure of salt stress to these
maize cultivars. But riboflavin (RF) priming showed
enhanced plant growth rate and biomass (Fig. 1, Table. 1).
The mechanism behind this growth, leaf area and relative
water content (RWC) is low amount of water uptaking by
plant which causes slow plant growth. Another reason
might be entrance of salt in the plant cell and cause cell
injury and cell death (Munns, 2005). The limited supply of
water, aeration and nutrients due to salt stress leads to
decline in plant biomass (Attia ez al., 2008). Another reason
of growth suppression under salt stress is the shrinkage of

cell, imbalanced supply of nutrients and damages to
membrane integrity (Akhtar et al., 2015, Sobhanian et al.,
2010). Vitamins play important role to enhance plant
growth rate and biomass by reducing reactive oxygen
species (ROS) production and enabling plants to uptake
essential nutrients (Kaya ef al., 2015). Similar results were
defined by Safdar et al., (2019).

Photosynthesis is important food producing process
in plants. Plants subjected to salinity stress show reduced
photosynthetic rate. Present study depicted reduced
photosynthetic pigments (chl. a chl. b and total
chlorophyll) after plants subjected to salinity stress.
However, riboflavin application played a positive role to
enhance these photosynthetic pigments (Fig. 2, Table. 1).
Chlorophyll reduction may be due to increased
cholorophylase, a chlorophyll degradation enzyme
produced as a result of elevated salinity level (Noreen &
Ashraf, 2009). Another reason might be stomatal closure
due to water deficiency by increased nutrient uptake in
presence of high salt level (Chatrath et al., 2000). One
more reason for reduced photosynthetic rate might be
decreased efficiency of PS-Il and reduced photon yield
under salinity stress (Yang & Lu, 2005; Chu-Um &
Kirdmanee, 2009). Vitamins showed positive response in
increasing chlorophyll contents by increasing stomatal
opening time and supressing production of chlorophyll
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degradation enzyme in salt subjected plants (Wahid &
Jamil, 2009). Same findings were observed in pumpkin
(Sevengor et al., 2011).

Malondialdehyde (MDA) is the indicator of stress
exposure, which results in membrane impairment when
plant is exposed to salt stress (Katsuhara et al., 2005). In
this experiment, MDA and hydrogen peroxide were
accumulated under salinity stress and RF application
decreased this accumulation rate (Fig. 2; Table 1).
Membrane breakdown, ion leaking, lipid peroxidation and
difficulty in nutrient uptake may be the reason of
accumulated MDA (as membrane damage is associated
with MDA accumulation) and hydrogen peroxides in plants
to compete with increased production of oxidative stress
indicators (Sacata, 2017). Vitamins decrease ion leakage
and membrane breakdown because they act as growth
regulator. Exogenously applied vitamin to seeds showed
reduced accumulation of MDA and hydrogen peroxide
under salinity stress (Tunc-Ozdemir et al., 2009). Khan et
al., (2002) also concluded that MDA and H,O, are
accumulated in rice on salinity stress exposure. Same
findings were observed in sorghum (Huang, 2018).

Anthocyanin and flavonoids are water soluble
pigments the accumulation rate of which varied in plants
exposed to abiotic stresses. Anthocyanin accumulation
decreased, while flavonoids accumulation was increased
in vegetative tissues of plants that were subjected to
salinity stress. The current study showed that anthocyanin
were accumulated under non stress conditions, while
flavonoids were accumulated under salt stress conditions.
RF application increased their accumulation rate (Fig. 2,
Table. 1). Both anthocyanin and flavonoids play crucial
role towards oxidative stress (Pervaiz et al., 2017) under
salinity stress. When vitamins are applied exogenously,
they show positive response to compete stress in order to
produce increased anthocyanin and  flavonoid
concentration (Bahmani et al., 2015). When a plant is
exposed to abiotic stress, reactive oxygen species are
generated as a stress signal and ultimately activation of
flavonoid and anthocyanin is regulated. This differential
accumulation is due to increased oxidative stress and
enhanced ROS which result in reduced osmotic damage,
photo-protection and quenching of ROS.

Plants are adaptive to face many abiotic stresses i.e.,
salinity stress (Zhoa et al., 2020). This ability is increased
due to metabolites (phenolics) in plants (Ali et al., 2006).
Phenolics are important non enzymatic antioxidants having
ability to donate hydrogen ions and ultimately accumulated
under salinity stress (Posmyk et al., 2009). In this study,
increased total phenolic content was observed in both Z.
mays cultivars. Under salt stress Vitamin application
showed positive accumulation of phenolic concentration
under stress conditions (Fig. 3, Table 1). Phenolics have
ability of ROS scavenging and hinders the conversion of
H,0, to free radicals under salinity stress (Pearse et al.,
2005). Phenolics protect plasma membrane by reducing the
oxidative stress effect of ROS and increasing the
production rate of antioxidants. Navarro et al., (2006)
conducted similar studies on pepper plant.

Prolines are water soluble compatible solutes. These
are member of amino acid group the accumulation of
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which is elevated under salinity stress resulting in
osmotic potential regulation. This is key amino acid in
scavenging free radicals (Ashraf & Harris, 2004).
Present experiment showed that free proline
accumulation under salt stress and riboflavin (vitamin)
application improved its accumulation rate (Fig. 3, Table
1). Plants facing high salinity stress accumulate more
proline contents in order to resist abiotic stresses and to
produce plant tolerance against these environmental
stresses. Proline accumulation might be due to osmotic
adjustment, and maintaining plant cell structure under
salinity stress (Turan et al., 2009). Another possible
reason of increased free proline accumulation might be
the upregulation of pyroline-5-carboxylate and down
regulation of PDH (proline dehydrogenase enzyme).
Proline plays an important role in radicle detoxification
and enzyme protection (Ashraf & Foolad, 2007).
Increaesd proline accumulation under salinity stress was
also observed in tomato (Amini & Ehsanpour, 2005) and
in wheat (Turan et al., 2007). Application of vitamin (vit.
B,) showed positive improvement in proline content.
Tuna et al., (2013) studied the effects of vitamins (vit.
B2) on proline accumulation in maize under salinity
stress. Similar findings were observed in sunflower
(Sayed & Gadallah, 2002).

Soluble proteins are the stress indicators in plants. In the
present study, total soluble proteins showed an increase
under salt stress in both maize cultivars, more accumulation
was observed in salt tolerant variety than sensitive one. It has
been described that after vitamin application plants species
accumulate greater contents of protein under salinity stress
(Fig. 3, Table 1). This protein accumulation might be due to
synthesis of osmotin like protein which are involved in cell
wall modification under abiotic stress condition to enhance
osmotic adjustment and plant survival rate (Abdel Latef,
2010). Same results were concluded under salinity stress in
wheat and in maize (Ali ef al., 2022).

Data of current study showed increased soluble
sugars accumulation under salt stress, however, maize
plants raised from seeds treated with RF showed further
accumulation in order to combat with salt stress
conditions (Fig. 3; Table 1). This increase in total
soluble sugars might be due to increased osmotic
potential and increased water absorption after salinity
induction (Abdelgawad et al., 2016, Nemati et al.,
2011). It is an important feature of any plant to
accumulate sugars under salinity exposure (Ashraf &
Harris, 2004). Vitamins play antioxidant role in plants
to mitigate deleterious effect of salinity stress. Soluble
sugars are increased due to vitamin priming thus
strengthening osmotic potential (Sayed & Gadallah,
2002). Similiar findings were reported in tomato (Shibli
et al., 2007; Turan et al., 2007) and in Brassica napus
(Ahmadi et al., 2018).

Abiotic stresses produce reactive oxygen species in
plants resulting in membrane damaging, deoxyribose
nucleic acid damage, loss of carbohydrates and lipids
ultimately result in oxidative stress. Present study
showed increased antioxidant enzymes (POD, SOD,
CAT, APX and GPX) activities under sodium chloride
stress and riboflavin pre-treatment showed more
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increase in the activities of these antioxidant enzymes
(Fig. 3; Table 1). Antioxidant enzymes (SOD, POD,
CAT, APX and GPX) are able to scavenge deleterious
effect of ROS, where POD has hydrogen peroxide
scavenging ability and SOD has singlet oxygen
scavenging ability. Antioxidant enzymes i.e., CAT and
APX with their high activity rate decrease the hydrogen
peroxide level in plant cells resulting in improved
stability of membrane and carbon dioxide fixation,
because many chloroplast consisting of Calvin cycle
enzymes are sensitive to H.O, (restrict carbon dioxide
fixation) (Yamazaki et al., 2003; Esfandiari et al.,2007).
Increased antoxidative activities of enzymes are closely
related to decreased oxidative stress (Candan & Tarhan,
2003). A high level of H,O, directly inhibits CO,
fixation. Antioxidant enzymes showed increased
activities after vitamin (vitamin B2) treatment to seeds
(Chi et al., 2021). Because vitamins act as coenzymes in
metabolic pathways (Goyer et al., 2010) to protect the
plant from abiotic stress by increasing tolerance level of
plants against oxidative stress (Ahn et al., 2005). Similar
results were also recorded in potato (Sattar ef al., 2021)
and tobacco (Wang et al., 2010).

This excessive increase in Na* and Cl ions results in
nutrients imbalance, effects osmotic regulation which
ultimately results in ion toxicity (Katerji et al., 2004;
Arzani, 2008). Uptaking mechanism of ions is disturbed in
membranes which results in increased Cl translocation in
shoots (Yousif et al., 1972; Yong et al., 2020). In this study,
salt stress increased the sodium and chloride ion
concentration in roots and shoots which ultimately
disturbed growth rate and proper functioning of plant.
Same results were observed by Chavan & Karadge (1986)
and Turan et al., (2007). With the increase in salinity level,
potassium is decreased in root and shoot because plasma
membrane is depolarized by sodium ions and results in
potassium ion leakage (Cramer et al., 1985). In current
study, potassium ions decreased under salt stress. Similar,
results were observed by Karmoker et al., (2008).

Conclusion

Present study concluded that salt stress exerted drastic
effect on growth of maize plants by increasing reactive
oxygen species concentration. Pre-sowing seed treatment
with riboflavin showed positive response in improving salt
stress tolerance in maize cultivars (Pearl and Sadaf). Of all
the studied attributes including shoot and root fresh and dry
weight and shoot and root length, chlorophyll contents,
flavonoids, total phenolics, total soluble sugars, total
soluble proteins, free proline and activities of catalase,
ascorbate peroxidase and guaiacol peroxidase and mineral
ions (K" and Ca®") Pearl variety of maize than that of Sadaf.
The results obtained showed were higher in variety Pearl
was more tolerant to salt stress compared to Sadaf.
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