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Abstract
We explored how two pea varieties, Sarsabz (V1) and Meteor (V2), showed resistance to salt stress by modulating their mechanism 
under thiamine application. The experiment was performed to evaluate the effect of three levels of foliarly applied thiamine (0, 250, 
and 500 ppm) on biochemical and morpho-physiological parameters of pea varieties under salt stress (150 mM). Both morpho-
physiological and biochemical responses were examined such as growth attributes, chlorophyll contents, total sugars, total proteins, 
proline content, phenolic content, and antioxidant activities. One hundred fifty millimolar of salinity caused significant reduction in 
growth and photosynthetic pigments in both pea varieties. The highly significant effect was noted after application of 500 ppm of 
thiamine in V1 on shoot and root weights, lengths, and photosynthetic pigments as compared to the control. The V2 accumulated 
the highest Na+, Cl−, and Ca2+ under stressed conditions compared to V1; its homeostasis appeared to be more affected. The results 
indicated that 500 ppm alleviated the detrimental effects of salinity in both pea varieties by supporting different components of the 
defense mechanism. Both varieties differed significantly for total soluble sugars, proline, and phenolics. Our results showed that 
the mitigating effects of 500 ppm of thiamine against salinity proved to be more promising in comparison with other levels. The 
exogenous supply of thiamine not only protected growth and development but also supported biochemical attributes in terms of 
detoxification responses for fighting against the stressed conditions.
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1  Introduction

Semi-arid and arid regions generally contain higher salt contents 
in the soil across the globe. By the year 2050, approximately 50% 
loss in agricultural production is estimated as a consequence of the 
soil salinization of cultivated lands globally (Naheed et al. 2021). 
Physiological and biochemical attributes of plants are vulnerable 
to injurious effects caused by the elevated salt contents in the soil 
(Nabati et al. 2011). For instance, salinity causes a drastic decline 
in chlorophyll (Chl.) contents (Chl-a, Chl-b, carotenoids) and 
abnormalities in stomatal functioning leading to reduced photo-
synthesis and production of reactive oxygen species (ROS) (Abdel 
Latef 2010; Munns & Tester 2008). Similarly, oxidative stress also 
occurs as a result of the uptake of salt and the accumulation of Na+ 
and Cl− ions in different parts of the plants (Hamayun et al. 2010). 
Besides, plant solutes get concentrated and osmotic potential 
becomes disrupted by the accumulation of these ions which ham-
pers normal metabolic activities in plants (Brady & Weil 2002).

A diverse range of plant growth regulators control plant 
growth and development and help them to survive under 
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various environmental stressors. Recent findings revealed that 
vitamins such as ascorbic acid and thiamine are influential 
in coping with the lethal effects of biotic and abiotic stresses 
(Soltani 2017). Thiamine is a growth stimulus and acts as a 
cofactor in vital plant processes (Colinas & Fitzpatrick 2015). 
It is found to be involved in energy-generating processes like 
Calvin and Kreb’s cycles (Du et al. 2011) and also acts as an 
antioxidant that copes with the oxidative stress in plants (Subki 
et al. 2018). Antioxidant activities, photosynthetic pigments, 
and growth were found to be significantly increased with the 
foliar application of thiamine in different plants (Fallahi et al. 
2018). Thiamine also increases total sugars, proteins, and yield 
attributes in plants (El-Metwally & Sadak 2019).

Pea is one of the extensively grown leguminous crops worldwide 
(AL-Bayati et al. 2019). Seeds of pea plants are consumed as a veg-
etable due to their high nutritional quality and plentiful oil contents 
(Tayyab et al. 2016), and act as an excellent source of vital amino 
acids and mineral nutrients (Rebello et al. 2014). These plants also 
play an important environmental role in increasing soil fertility by 
fixing free nitrogen (El-Hak et al. 2012). Pea crop shows varying 
sensitivity to salinity at different growth stages. Previous studies 
have demonstrated that the germination attributes of pea plants like 
seed vigor, index, and germination rate considerably decline with 
increasing salinity (Ouerghi et al. 2016). Plant nutrients especially 
those present in plant leaves are highly affected by salinity (Bharti 
et al. 2013). Although thiamine has been proven to ameliorate the 
adverse effects of environmental stresses on plants, its role in the 
mitigation of salinity stress was unexplored. Therefore, this study 
was aimed to investigate the crucial role of different levels of foliarly 
applied thiamine on some morpho-physiological and biochemical 
traits of pea plants grown under saline soil conditions. The correla-
tion of thiamine and salinity applications with antioxidant defense 
responses of the pea plants was also studied.

2 � Materials and Methods

The experiment was performed to evaluate the effect of foliar 
application of thiamine on biochemical and morpho-physio-
logical parameters of pea varieties under saline conditions. 
The experiment was laid out in completely randomized design 
(CRD) with a two-factor factorial arrangement in the research 
area of Government College Women University, Faisalabad. 
Seeds of two pea varieties, namely Sarsabz (V1) and Meteor 
(V2), were procured from Ayub Agricultural Research Insti-
tute, Faisalabad, Pakistan, and subjected to salt stress and three 
levels of thiamine with the following schedule:

�0 = 0ppmthiamine + 0mMsalinity,�1 = 250ppmthiamine + 0mMsalinity,�2

= 500ppmthiamine + 0mMsalinity,�3 = 0ppmthiamine + 150mMsalinity,�4

= 250ppmthiamine + 150mMsalinity,�5 = 500ppmthiamine + 150mMsalinity

Thiamine was applied as foliarly while salinity was 
applied to the rooting media. Seeds of pea plants were sur-
face sterilized and ten seeds were sown in each pot filled 
with soil. Ten seeds were sown in each pot at about 1.5–2 cm 
deep from the surface of the soil. After 15 days of germina-
tion, thinning was done and the 3 plants per pot 10 × 10 × 10 
inches (L × W × H) were subjected to 0 mM and 150 mM 
salt stress and three levels of thiamine once a week. Three 
consecutive treatments were given. Salinity level was main-
tained at 150 mM in the soil by measuring electrical con-
ductivity with the help of an EC meter (HI 9835, HANNA, 
Nusfalau, Romania) and adding the required amount of 
salt solution. Fifteen days post treatment, the data were 
recorded for various morphological and physio-biochemical 
parameters.

2.1 � Plant Sampling and Morphological Attributes

Morphological attributes were recorded at the time of plant 
sampling, i.e. after 15 days of last treatment. Three plants 
from each replicate were harvested. Shoot and root lengths 
were measured using the scale while shoot and root fresh 
weights were measured using an electronic balance. The leaf 
area was recorded by measuring length and width of one leaf 
in individual plant from each replicate. These plants were 
then kept in an oven at 72 °C for 48 h. Completely dried 
samples were removed from the oven. Root and shoot dry 
weight of the dried samples was recorded. The samples were 
saved for further analyses.

2.2 � Chlorophyll Contents

Five hundred-milligram fresh plant leaves were extracted 
in 10 ml of 80% acetone. The extracted material was cen-
trifuged at 4000 rpm for 10 min and the supernatant was 
transferred to cleaned test tubes. The optical density of each 
sample was measured at 645 nm, 663 nm, and 480 nm for the 
determination of Chl-a, Chl-b, and carotenoids, respectively 
(Arnon 1949).

2.3 � Phenolics

Phenolics were assayed using a protocol devised by 
Julkunen-Tiitto (1985). Five hundred-milligram fresh pea 
leaves were extracted in 1 ml of 80% acetone and centrifuged 
for 15 min at 12,000 rpm. Five milliliters of Folin-Ciocalteu 
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reagent was added to the test tube containing 100 µl of 
supernatant. 2.5 ml of Na2CO3 was immediately added to 
each of the test tubes and was shaken vigorously. Distilled 
water was used to maintain the volume up to 5 ml. Then, 
test tubes were vortexed for a few seconds and kept at room 
temperature for 15–20 min for reaction stability and then 
the optical density of the sample was measured at 750 nm.

2.4 � Total Soluble Sugars

Total soluble sugars were determined using a method 
devised by Yemm and Willis (1954) for the sugar determi-
nation. The plant samples were completely dried using the 
oven and 100 mg of this dried plant material was ground 
with 10 ml of ethanol. The ground plant material was kept 
on an orbital shaker at 60 °C for 60 min. Three milliliters of 
anthrone agent was added after removing it from the orbital 
shaker and the aliquot was heated in a boiling water bath for 
10 min. The temperature of the water bath was adjusted to 
100 °C. The aliquots were directly transferred to an ice box 
for the reaction to stop. After removing from the icebox, 
the samples were kept at room temperature for 10–12 min. 
The optical density of the samples was determined through 
a spectrophotometer at 625 nm after running ethanol as the 
blank.

2.5 � Proline

The plant material was ground in 10 ml of 3% sulfo-salicylic 
acid (each sample) and filtered using filter papers. Dissolv-
ing of glacial acetic acid in orthophosphoric acid was facili-
tated through heating on a hot flame, following the addition 
of acid ninhydrin. The filtrate was transferred to the test tube 
and 2 ml acid ninhydrin was added to the test tube contain-
ing plant aliquot and heated in a water bath. After removing 
from the water bath, the samples were shifted to the icebox. 
The samples were vortexed for a few seconds after adding 
4 ml of toluene and then optical density was determined at 
570 nm using a spectrophotometer.

2.6 � Total Proteins

Protein extraction was done using a method devised by 
Bradford (1976). Fresh pea leaves were ground in 2 ml 
of potassium phosphate buffer. Centrifugation was per-
formed at 13,000 rpm for 10 min. Bradford reagent (5 ml) 
was added in 100 µl of the supernatant obtained from the 
plant material extraction. The aliquot was vortexed for a few 
seconds and absorbance was recorded at 595 nm through a 
spectrophotometer.

2.7 � Antioxidants

2.7.1 � Peroxidase

Chance and Maehly (1955) assay was followed for the per-
oxidase analysis. Ice-cold pestle and mortar was used for the 
grinding of fresh plant material. The grinding was facilitated 
using 5 ml of potassium phosphate buffer. The pH of the 
buffer was maintained up to 7.8. The ground plant sample 
was subjected to centrifugation at 12,000 rpm. The samples 
were centrifuged for 10 min and 2.7 ml buffer solution was 
further added to the supernatant. Later, 1 ml guaiacol was 
added to the sample. The optical density of the sample was 
read at 470 nm on a spectrophotometer at 0, 30, 60, and 
120 s.

2.7.2 � Catalase

The supernatant was collected in the same manner as was 
prepared for peroxidase. However, instead of adding guai-
acol, 1 ml of hydrogen peroxide was added to the sample. 
The optical density of the sample was read at 240 nm on a 
spectrophotometer at 0, 30, and 60 s.

2.8 � Ion Analysis

Ion analysis was performed using a protocol devised by 
Wolf (1982). One hundred fifty-milligram oven-dried plant 
material was dipped in 2 ml of concentrated sulfuric acid 
overnight. The sample was heated on a hot plate at 100 °C 
for 25–30 min then at 370 °C for 50 min. After cooling the 
sample at room temperature for 20 min, 2 ml hydrogen per-
oxidase was added to the flask. The flask containing aliquot 
was transferred to the hot plate and heated again until the 
material turns from dark slurry to completely colorless. Vol-
ume was maintained up to 50 ml by adding distilled water 
and saved after filtration through the filter paper. Sample 
readings were recorded for Na+, K+, and Ca+2 ions using a 
flame photometer while Cl− ions were determined using a 
chloride analyzer using the same digestion sample used for 
the determination of other ions.

2.9 � Statistical Data Analysis

The experiment was performed in a completely randomized 
design (CRD) with two factors and three replications. 
Graphs were prepared using Origin (v.2021) and statisti-
cal program “R (v 4.0.1)” was used for drawing principal 
component analysis, pairwise t-test, and boxplot comparison 
(R Development Core Team 2020, OriginLab Corporation 
2021). The data was subjected to statistical analysis using 
Costat version 6.2 (Cohorts Software, 2003, Monterey, CA, 
USA) for ANOVA (analysis of variance) and Duncan’s 
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multiple range test (DMRT) for mean values comparison 
(Steel et al. 1997; Kim 2014). Principal component analysis 
(PCA) was applied for evaluating association among differ-
ent attributes of plants belonging to two pea varieties.

3 � Results

3.1 � Morphological Attributes

The data analyzed for the shoot and root lengths revealed 
the significant differences among varieties while the differ-
ences at the treatment level were found to be highly signifi-
cant (Fig. 1a). Maximum reduction was observed in plants 
exposed to salt stress (T3). Shoot length of both pea varie-
ties decreased up to 15.3% while root length decreased up 
to 15.3% and 29.4% in V1 and V2 respectively under T3. 
Besides, root and shoot length was enhanced in plants sup-
plied with 500 ppm of thiamine compared to the control. 
The application of 500 ppm thiamine aided in the maximum 

recovery of the plants exposed to the deteriorating effects 
150-mM salt stress. The foliar application of 250 ppm thi-
amine also showed the significant increase in root length 
both under normal and salt-stressed conditions as shown in 
T1 and T4, respectively. Both shoot length and root length 
showed a considerable increase of 15.9% and 22.5% in V1 
under T5, whereas root length in V2 increased up to 11.7% 
under the same treatment. Generally, V1 responded more 
effectively than V2 for root/shoot length.

The results for shoot and root fresh weight in both varie-
ties were observed to be highly significant when the data 
were subjected to statistical analysis at P ≤ 0.001. The 
reduction in root/shoot fresh and dry weights was more 
pronounced in V2 (Fig. 1b, c). Both the shoot fresh weight 
and root fresh weight in V1 experienced 4.4% and 20.9% 
decrease respectively under T3; however, V2 showed 25% 
decrease in root fresh weight. The effects of thiamine 
(500 ppm) were more promising than 250 ppm thiamine 
and the control. In T5, The ameliorating effects of highest 
dose of thiamine application in V1 were also observed to 

Fig. 1   Morphological attributes of pea varieties, i.e. shoot and root 
lengths (a), shoot and root fresh weights (b), shoot and root dry 
weights (c), number of leaves (d), and leaf area (e) under the effect 
of various treatments of salt and thiamine. Data are means ± SE 
(n = 3). Small alphabets above the bars indicate significant differ-
ences at P ≤ 0.05 (Duncan’s multiple range test). Similar letters 

above the bars in each plot are statistically non-significant. T0= 
0  ppm thiamine + 0  mM salinity, T1= 250  ppm thiamine + 0  mM 
salinity, T2 = 500  ppm thiamine + 0  mM salinity, T3 = 0  ppm thia-
mine + 150  mM salinity, T4 = 250  ppm thiamine + 150  mM salinity, 
T5 = 500 ppm thiamine + 150 mM salinity
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be more supporting than its lower dose in salt-stressed con-
ditions. Maximum root (115.9%) and shoot (77.6%) fresh 
weights were recorded in V2 and V1, respectively, under 
T2. Under salinity, 56.2% increase was recorded in V1. The 
data analyzed for root and shoot dry weights disclosed the 
significant variation among treatments while the difference 
between varieties was also observed to be highly significant 
(Fig. 1b, c). Maximum reduction was observed under salt 
stress for both of these parameters. The highest reduction in 
shoot (16.1%) and root (32.3%) dry weights was recorded 
under T3 in V2. Maximum root and shoot dry weights were 
recorded in T2 where only thiamine was applied; however, 
minimum values of these attributes were seen only in the 
sole treatment of salinity (T3) (Fig. 1c). Application of 
500 ppm thiamine enhanced the shoot dry weight (37.5%) 
and root dry weight (42.1%) in V1 under T2.

The statistical analysis for number of leaves per plant 
revealed a prominent difference among treatments and 
between varieties (Fig.  1d). Application of salinity 
(150 mM) caused a clear reduction in both varieties for this 
parameter. More decrease in number of leaves was observed 
in V2 (22.2%) as compared to V1 (15.9%) under T3. On the 
other hand, 500 ppm thiamine proved to be more positive in 
both varieties under control and salt stress. Minimum num-
ber of leaves per plant was recorded in T3, while V1 showed 
maximum value for this parameter in T2 (Fig. 1d). Both 

pea varieties experienced 17% increase in number of leaves 
under T2. Statistically analyzed data for leaf area showed a 
little variation among all the treatments along with a slight 
varietal difference. Imposition of salinity (T3) showed a 
reduction in leaf area for V2 compared to V1. V2 showed a 
maximum decrease in leaf area (15.3%) as compared to V1 
(7.4%) under T3. However, thiamine application enhanced 
the leaf area in both varieties in both control and salt stress. 
Application of 500 ppm thiamine enhanced the leaf area 
in V1 (36.5%) and V2 (38.8%) under T2. The highest value 
for leaf area was recorded in V1 under T1, while V2 showed 
minimum leaf area in T3 (Fig. 1e).

3.2 � Photosynthetic Pigments

The data regarding chlorophyll a were highly significant 
both for treatments and varieties. Imposition of 150-mM 
salinity (T3) considerably (P ≤ 0.01) minimized the chloro-
phyll a contents in both pea varieties. T3 caused 23.9% and 
25% decrease in chlorophyll a in V1 and V2 respectively 
compared to the control. Chlorophyll a contents in both vari-
eties were enhanced after application of 500 ppm thiamine 
as shown in Fig. 2. The maximum increase (33%) for this 
parameter was observed in V1 under T2, whereas maximum 
reduction (25%) for chlorophyll a was observed in V2 under 
T3 (Fig. 2a).

Fig. 2   Chlorophyll contents of 
pea varieties, i.e. chlorophyll 
a contents (a), chlorophyll b 
contents (b), and carotenoids 
(c) under the effect of various 
treatments of salt and thiamine. 
Data are means ± SE (n = 3). 
Small alphabets above the bars 
indicate significant differences 
at P ≤ 0.05 (Duncan’s multiple 
range test). Similar letters above 
the bars in each plot are sta-
tistically non-significant. T0 = 
0 ppm thiamine + 0 mM salinity, 
T1 = 250 ppm thiamine + 0 mM 
salinity, T2 = 500 ppm 
thiamine + 0 mM salinity, 
T3 = 0 ppm thiamine + 150 mM 
salinity, T4 = 250 ppm 
thiamine + 150 mM salin-
ity, T5 = 500 ppm thia-
mine + 150 mM salinity, FW, 
fresh weight
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The statistical data for chlorophyll b contents showed 
significant results (Fig. 2b). T3 (150 mM NaCl) found to 
be more deleterious for both pea varieties. V1 showed more 
reduction (38%) in chlorophyll b compared to V2 (30%) with 
reference to the control. However, the damaging effects of 
salinity were curtailed in pea plants after supply of 500 ppm 
thiamine foliarly where it improved the chlorophyll b con-
tents up to 38.3% and 31.4% in V2 and V1, respectively. The 
data analyzed for carotenoids divulged the significant differ-
ences between the treatments and varieties (Fig. 2c). Unlike 
chlorophyll a and b contents, V2 showed higher concentra-
tion of carotenoids compared to V1 in all the treatments. 
Imposition of salinity (T3) trivialized the carotenoid contents 
in both pea varieties. Carotenoid contents were reduced to 
29.9% and 34%, respectively, in V1 and V2 under T3 com-
pared to the control. The application of 500 ppm thiamine 
in V2 has been proved to be more positive under T2 and T5. 
Five hundred parts per million of thiamine enhanced the 
carotenoid contents in V1 (35.6%) and V2 (45.8%) compared 
to the control.

3.3 � Phenolics

Phenolic contents in pea plants also showed significant 
effect under salinity and thiamine applications (Fig. 3a). 
Imposition of 150-mM salinity greatly (P ≤ 0.01) reduced 
the phenolic contents in both pea varieties. Both pea varie-
ties showed 16.4% decrease in phenolic contents under T3. 
Thiamine application of 500 ppm impressively (P ≤ 0.001) 
enhanced the phenolic contents both in control and saline 
conditions. V1 and V2 showed a respective increase of 10% 
and 11.9% regarding this parameter in T3. However, maxi-
mum increase of 21.9% was recorded in V2 under T2. The 
highest value for this parameter was recorded in V1 under 
T2, whereas minimum phenolic contents were found in V2 
under T3.

3.4 � Proteins

Protein contents also varied significantly under the effect of 
various treatments (Fig. 3b). Pea plants showed a consider-
able reduction regarding protein contents in both varieties 
when subjected to 150-mM salt stress (T3). V2 showed lesser 
reduction (9.3%) compared to V1 (19.4%) with reference 
to their respective controls under salt stress. Application 

of 500 ppm thiamine prominently increased the protein 
contents under both control and stress conditions and this 
increase was more pronounced in V2 where 500 mM thia-
mine showed 10% increase under T3.

3.5 � Proline and Antioxidants

The statistical analysis for proline contents revealed a 
noticeable variation between varieties and among differ-
ent treatments (Fig. 3c). Salt stress (T3) caused a prominent 
(P ≤ 0.01) increase in proline contents of both pea varieties. 
A prominent increase of 128.9% in V1 and 67.3% in V2 was 
observed under T3 in comparison with control. Exogenous 
application of 500 ppm thiamine also enhanced (P ≤ 0.001) 
the proline contents compared to 250 ppm thiamine and con-
trol as 500 ppm thiamine increased the proline contents in 
both V1 (38.4%) and V2 (54.5%) under T3.

Statistical analysis of the data recorded for catalase and 
peroxidase showed considerable variation among treatments 
along with varietal differences (Fig. 3d, e). Salinity imposi-
tion significantly (P ≤ 0.01) decreased the activities of both 
catalase (CAT) and peroxidase (POD) in pea varieties. V1 
showed 4.5% and 49.5% decrease in CAT and POD activi-
ties respectively under T3 while V2 experienced 5% and 
44% respective decrease. However, thiamine application 
of 500 ppm thiamine prominently enhanced the activity of 
both of these antioxidants both in control and saline condi-
tions. Both pea varieties showed more peroxidase activity 
compared to catalase as V1 experienced 34.1% increase in 
POD activity while in V2, this increase was 64.2%. In case 
of catalase, both varieties showed 10% increase under T5. 
The highest values of CAT and POD were experienced in 
V2 under T2, whereas minimum activity was recorded in V2 
under T3. The same kind of trend was noted for superoxide 
dismutase (SOD) in both pea varieties in this study (Fig. 3f).

The activity of SOD slightly (P ≤ 0.05) increased when 
pea plants experienced 150 mM of salinity. Both V1 and 
V2 experienced 25.2% and 5.6% increase in SOD activity, 
respectively, under T3. On the other hand, 500 ppm thiamine 
proved to be more positive compared to 250 ppm thiamine 
and significantly (P ≤ 0.001) increased the SOD activity 
under both non-saline and saline conditions. Maximum SOD 
activity was recorded in V1 (89.2%) compared to V2 (86.6%) 
under T5. The maximum activity was recorded in V1 under 
T5; however, V1 showed minimum SOD activity under T0 
(Fig. 3f).

3.6 � Soluble Sugars

The data examined for soluble sugars divulged the sig-
nificant variations in varieties and treatments were also 
observed highly significant (Fig. 3g). Pea plants experienced 
a considerable reduction (P ≤ 0.01) for soluble sugars but 

Fig. 3   Phenolics (a), proteins (b), proline (c), catalase (d), peroxi-
dase (e), superoxide dismutase (f), and soluble sugars (g) in pea plant 
varieties under the effect of various treatments of salt and thiamine. 
*, **, ***, and **** show significance at P ≤ 0.05, ≤ 0.01, ≤ 0.001, 
and ≤ 0.0001, respectively. T0 = 0 ppm thiamine + 0 mM salinity, T1 = 
250  ppm thiamine + 0  mM salinity, T2 = 500  ppm thiamine + 0  mM 
salinity, T3 = 0 ppm thiamine + 150 mM salinity, T4 = 250 ppm thia-
mine + 150 mM salinity, T5 = 500 ppm thiamine + 150 mM salinity

◂
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this reduction was more pronounced in V2 where 22.5% 
decrease in this parameter was recorded as compared to 
control. Application of 500  ppm thiamine prominently 
(P ≤ 0.001) enhanced the soluble sugars under both control 
and stress conditions. Thiamine application enhanced the 
soluble sugars both in V1 (15%) and V2 (10.6%) under T5. 
Maximum increase of 23% was recorded in V1 under T2.

3.7 � Mineral Ion Quantification

The data examined for the sodium (Na+) and chloride 
(Cl−) contents were found to be significant among treat-
ments along with considerable difference between varieties 
(Fig. 4a, d). The application of salinity (T3) prominently 
(P ≤ 0.001) enhanced the Na+ and Cl− contents in both pea 
varieties. Salinity imposition enhanced the Na+ contents 
up to 12% in V1 and 22.3% in V2. On the other hand, T3 
increased the Cl− contents in V1 (40.2%) and V2 (65%). Five 
hundred parts per million thiamine application proved to be 
helpful in acclimatizing the contents of Na+ and Cl− in pea 
plants under both control and saline conditions. In V1, Na+ 
and Cl− contents decreased up to 11.4% and 24.6%, respec-
tively, under T2. The highest amounts of Na+ and Cl− con-
tents were recorded in V2 under T3 compared to T0. On the 
other hand, V1 showed minimum contents for both of these 
ions in T2.

The results for calcium (Ca2+) and potassium (K+) con-
tents in both varieties were observed to be highly significant 
(P ≤ 0.01). Salinity imposition (T3) significantly reduced the 
Ca2+ and K+ contents in pea plants. T3 decreased the Ca2+ 
and K+ contents up to 44.4% and 8.9% in V1 whereas in 
V2, this reduction was 56.6% and 14.8%, respectively. The 
repercussions of 500 ppm thiamine were more positive com-
pared to 250 ppm thiamine both under T2 and T5. The Ca2+ 
contents showed an increase of 86% and 60% in V1 and V2, 
respectively. However, in case of K+, only 12% increase was 
observed under T5. The highest value for both Ca2+ and K+ 
contents was observed in V1 under T2, whereas minimum 
value for both of these ions was recorded in V2 under T3 
(Fig. 4b, c).

3.8 � Principal Component Analysis

PCA-biplot of different attributes in two varieties of pea 
plants under salt stress and foliar application of thiamine 
examined the degree of association among the treatments 
and varieties (Fig. 5a, b). The components of PCA, i.e. 
Dim1 and Dim2, jointly elaborated almost 70% of variabil-
ity in data. Dim1 contributed 56.3% of the total variation 
observed in comparison with Dim2, i.e. 13.2%. Clear vari-
ation was observed among all treatments and varieties. The 
distribution of all the components in the dataset indicates 
that salinity significantly influenced both varieties in terms 

Fig. 4   Ionic contents of pea 
plant varieties, i.e. Na+ (a), 
Ca+2 (b), K+ (c), and Cl− under 
the effect of various treat-
ments of salt and thiamine. 
Data are means ± SE (n = 3). 
Small alphabets above the bars 
indicate significant differences 
at P ≤ 0.05 (Duncan’s multiple 
range test). Similar letters above 
the bars in each plot are sta-
tistically non-significant. T0 = 
0 ppm thiamine + 0 mM salinity, 
T1 = 250 ppm thiamine + 0 mM 
salinity, T2 = 500 ppm 
thiamine + 0 mM salinity, 
T3 = 0 ppm thiamine + 150 mM 
salinity, T4 = 250 ppm 
thiamine + 150 mM salin-
ity, T5 = 500 ppm thia-
mine + 150 mM salinity, DW, 
dry weight
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of attributes studied. Also, PCA revealed positive and neg-
ative correlation among considered characters of Pisum 
varieties under salinity. We noted that application of salt 
stress correlated significantly and positively with changes 
in morphology, biochemistry, ionic partitioning, and 
antioxidant defense system. A considerable and positive 
correlation was noted between Na+ and Cl− ions but they 
appeared to be negatively correlated with plant attributes. 

Together they caused a significant reduction which is 
evident from our results (Fig. 5a–c). Similarly, SOD and 
proline were positively correlated with T5 (Fig. 5a). Na+ 
and Cl− were positively correlated with T4. Most of the 
influence of Na+ and Cl− was observed in V2 (Supplemen-
tary Table 2a, b). It obviously demonstrated that different 
variables in control plants did not match significantly with 
the same variables in salt-stressed Pisum plants.

Fig. 5   PCA of Pisum sativum varieties under salt stress and foliar 
application of thiamine. (a) First plot of the PCA is representing rela-
tionship of different treatments on studied attributes. (b) PCA plot is 
showing relationship of studied attributes and varieties. (c) Corrplot 
between different studied parameters against different dimensions in 
PCA. RFWT, root fresh weight; SFWT, shoot fresh weight; RDWT, 

root dry weight; SDWT, shoot dry weight; RL, root length; SL, shoot 
length; NOL, number of leaves per plant; LA, leaf area; Na, sodium; 
K, potassium; Ca, calcium; Cl, chloride; PHEN, phenolics; PROT, 
proteins; CAT, catalase; POX, peroxidase; SS, soluble sugars; SOD, 
superoxide dismutase; PROL, proline
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4 � Discussion

In this study, we validated that exogenous thiamine altered 
the growth, levels of toxic ions, and organic solute accre-
tion in two pea varieties under salt stress (150 mM) and 
enhanced antioxidant metabolism as well for salinity toler-
ance. Herein, using two different varieties of pea, namely 
Sarsabz (V1) and Meteor (V2), as experimental models, 
robust proof for role of foliar application of thiamine in 
mechanism of salinity acclimation inclusive of physio-
biochemical regulations is provided (Fig. 5a, b). Presented 
data evidently establish that application of thiamine played 
a protective function against impacts of salinity and the 
response was more distinct in a dose-dependent fashion 
(500 ppm) against salt stress.

As a common and most obvious response, salt stress 
abridged the plant growth and yield performance by com-
promising different attributes (Camalle et al. 2020; Torun 
2019). It is recorded in this study that the plants exposed to 
150-mM salt stress displayed momentous drop (P ≤ 0.05) 
in plant attributes while thiamine application improved pea 
attributes such as fresh and dry weights, shoot length, and 
root length, leaf area, and photosynthetic pigments in both 
varieties. The comparative difference between V1 and V2 
is indicative of differential tolerance based upon studied 
attributes. The decline in these traits in salt-stressed pea 
varieties and comparative improvement after application 
of thiamine reflects associated physiological, biochemical, 
and molecular regulatory networks controlling growth of 
plants (Fig. 1). The decrease in biomass and length of 
roots and shoots (15.3% and 29.4% in V1 and V2 under T5) 
can also be justified with the decrease in cell turgor due to 
salinity, loss of photosynthetic pigments, and production 
of reactive oxygen species (Bañon et al. 2006; Hasanuzza-
man et al. 2013; Sadak 2019; Dawood et al. 2019). On the 
other hand, as a phyto-regulatory compound, the efficient 
role of thiamine as an ameliorating agent against various 
abiotic stresses is of vital importance for the plants (Collin 
et al. 2008; Sayed & Gadallah 2002; Rady & Mohamed 
2015). In this study, maximum root fresh weight (115.9%) 
and shoot fresh weight (77.6%) were recorded in V2 and 
V1 respectively under T2. Maximum root and shoot dry 
weights were recorded in T2 where only thiamine was 
applied. The corresponding enhancement in growth attrib-
utes due to thiamine is representing its stimulatory role 
in osmoregulation, maintained photosynthetic pigments, 
initiation of division of meristematic cells, and organ 
development (Figs. 1 and 2) (El-Metwally & Sadak 2019; 
Taïbi et al. 2016).

Photosynthesis is known to be the most affected physi-
ological process by salinity in all plants. We recorded a 
variable response of photosynthetic pigments to salinity 

depending on variety under high salt and thiamine concen-
tration (Fig. 2). Maximum reduction (25%) for chlorophyll 
a was observed in V2. The damaging effects of salinity 
were curtailed in pea plants after foliar supply of 500 ppm 
thiamine where it improved the chlorophyll b contents up 
to 38.3% and 31.4% in V2 and V1 respectively. Parallel to 
this was tissue ionic homeostasis that is crucially needed 
for proper physiological functioning of the plant cell. The 
high photosynthetic pigments in thiamine-applied plants 
were also linked with balance ionic concentration in tis-
sues during the course of experiment. A linked response 
of photosynthetic pigments and mineral nutrients in both 
varieties of pea to thiamine highlights connected action-
reaction mechanism between stress and thiamine as a pro-
tectant. Normally, massive Na+ content in tissue extremely 
harms cell metabolism (Ahanger & Agarwal 2017; Sha-
bala & Pottosin 2014), and it is highly essential for plants 
to maintain high K+/Na+ ratio for tolerating salinity (Zörb 
et al. 2015). Salinity imposition enhanced the Na+ contents 
up to 12% in V1 and 22.3% in V2. On the other hand, T3 
increased the Cl− contents in V1 (40.2%) and V2 (65%). 
Salt stress results in the leakage of K+ and Ca+2 ions. T3 
decreased the Ca2+ and K+ contents up to 44.4% and 8.9% 
in V1 whereas in V2, this reduction was 56.6% and 14.8% 
respectively. Thus, under saline conditions, root and shoot 
analysis of pea varieties presented the decreased concen-
tration of K+ (Shabala 2013) and Ca+2 under the salt stress 
while the concentration of these ions increased when the 
plant was exposed to thiamine treatment. The presented 
decline in plant growth of both varieties is in fact a resist-
ance response due to osmotic adjustments and changes in 
metabolism. The changes in osmotic adjustment are evi-
dent with the help of changes observed in ionic homeosta-
sis. We can also attribute such resistance to accumulation/
exclusion of certain ions, i.e. Na+ or Cl− as well as osmotic 
stress tolerance (Hamayun et al. 2010; Munns & Tester 
2008). Here, in salt stress, pea plants with thiamine treat-
ment showed low Na+ and Cl− accretion and augmented 
K+ (Fig.  4) which maintained a proper K+/Na+  ratio 
compared to the salt stress only (Allel et al. 2018; Sun 
et al. 2015). Actually, increased K+ and Ca+ content in 
thiamine-applied salt-stressed pea plants played a posi-
tive role in stabilizing the membrane, osmotic adjustments, 
and ultimately contributed in controlling stomatal con-
ductance and photosynthetic performance for improved 
growth under salinity. Our finding is in line with the report 
of El-Metwally and Sadak (2019) stating depression in 
plant growth due to the disturbed cell-water relationship, 
metabolic activities, and production of toxic compounds 
inside the cell under salt stress (El-Metwally & Sadak 
2019; Akhter et al. 2021a).

Reactive oxygen species (ROS), partially reduced forms 
of oxygen, are used as signaling molecules by plants to 
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regulate abiotic stress responses, defense against pathogens, 
and systemic signaling etc. (Torun 2019; Qasim et al. 2018, 
2021). But, overproduction of ROS is highly destructive for 
biological processes (Noman et al. 2015; Khalid et al. 2019; 
Arshad et al. 2016). As a consequence, plant cells have been 
naturally endowed with effective defense systems, e.g. anti-
oxidants for scavenging and detoxification of ROS. In both 
V1 and V2, the POX, CAT, and SOD activity exhibited 
a clearly different response compared to the control after 
stress application. Both pea varieties showed more perox-
idase activity as compared to catalase as V1 experienced 
34.1% increase in POD activity while in V2, this increase 
was 64.2%. In case of catalase, both varieties showed 10% 
increase under T5. Such variances in POX and CAT activity 
in stressed plants showed the incidence of oxidative stress 
(Shalata et al. 2001; Akhter et al. 2021b; Aqeel et al. 2021). 
Such differential induction of antioxidant enzyme activities 
in both varieties, according to conditions, i.e. saline and con-
trol, indicates obvious differences. This finding is supported 
by the results of Xiong et al. (Xiong et al. 2006). Similarly, 
SOD also plays an important and significant role in regulat-
ing the physiology of the plants under unwanted environ-
mental conditions. Its overproduction as in this study is also 
indicative of plant’s effort to cope with the cellular damage 
(Río et al. 2018). Such differences become highly logical 
and understandable with application of different doses of 
thiamine. Exogenous supply of thiamine not only managed 
activity of these enzymes in plants facing stress but also con-
tributed in accumulation of osmolytes that jointly worked for 
maintaining plant growth and survival. This proposes that 
the mitigation of osmotic and oxidative damage by salinity 
was attained through the combined activity of antioxidant 
enzymes and organic osmolytes along with total soluble sug-
ars and proteins.

We have opinion that application of thiamine during 
seedling development and early growth stages protects the 
plants from damages of ROS and provides additional sup-
port by managing soluble proteins and sugars in cells (Goyer 
2010; Plaut et al. 2013). V2 showed lesser reduction (9.3%) 
as compared to V1 (19.4%) with reference to their respec-
tive controls under salt stress (Figs. 3 and 5). The observed 
decline in soluble sugars and proteins in plants under salt 
stress was comprehensively tackled by thiamine application 
and even these biochemicals increased with doses of thia-
mine. From this, we can infer that thiamine induced tolerance 
against oxidative damages by playing individual and team 
role (Tunc-Ozdemir et al. 2009). Moreover, the increase in 
total soluble proteins and sugars indicates involvement of 
thiamine as functional coenzyme in synthesis of both sugars 
and proteins. Our results display that the accumulation of 
proline in controlled treatment plants was almost negligible 
compared to the stressed ones. The results for proline analy-
sis obtained through current research are in agreement with 

Abbaspour (2012). In this study, proline accumulation after 
thiamine supply ameliorated pea varieties facing NaCl stress. 
Proline accumulation crucially manages the water content in 
plant cells. Besides, being an excellent osmoregulator and 
osmoprotector, proline accrues in large amounts in plant 
cells against salinity (Torun 2019). A prominent increase of 
128.9% in V1 and 67.3% in V2 was observed under T3. Five 
hundred parts per million of thiamine increased the proline 
contents in both V1 (38.4%) and V2 (54.5%). This thiamine-
triggered accumulation of proline is an adaptive response 
and is supported by different studies conducted on various 
crop plants under abiotic stresses (Wasti et al. 2012; Shan 
& Wang 2017; Demiral & Türkan 2005). The production of 
secondary metabolites during stress condition helps the plant 
to tolerate the deleterious effects of the stress. The salt stress 
mainly caused reduction in phenolic compounds (Hussain 
et al. 2012; Rezazadeh et al. 2012), but the effects have been 
ameliorated by the application of thiamine. Thiamine appli-
cation of 500 ppm impressively (P ≤ 0.001) enhanced the 
phenolic contents both in control and saline conditions. The 
disturbed enzymatic and photosynthetic activities may cause 
a reduction in phenolic compounds. The application of thia-
mine as a phytoregulator improved the tolerance capacities of 
plants and thus enhanced the production of these secondary 
metabolites to tolerate the severe impacts of the salt stress. 
Hence, we affirm that the pea variety V1 proved to be more 
tolerant to adverse effects of the salt stress owing to its higher 
photosynthetic pigments and essential ion contents, and its 
enhanced antioxidative defense mechanism compared to V2.

5 � Conclusion

Under salt stress condition, the morpho-physiological 
attributes of both varieties showed a sharp decline but 
these deteriorating effects of the salt found to be amelio-
rated when L3 (500 ppm) of thiamine was applied. The 
application of thiamine helped the plants in their osmoreg-
ulation, ionic compartmentalization, and detoxification 
of ROS. The effect of thiamine as an ameliorating agent 
against salt stress has been established; however, more 
diverse ways of application of thiamine may enhance the 
positive effects which can be confirmed with further stud-
ies. Also, we found that V1 proved to be more tolerant 
against saline stress and was more responsive to thiamine 
compared to V2.
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