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Abstract 

Background The rate of germination and other physiological characteristics of seeds that are germinating are 
impacted by deep sowing. Based on the results of earlier studies, conclusions were drawn that deep sowing altered 
the physio‑biochemical and agronomic characteristics of wheat (Triticum aestivum L.).

Results In this study, seeds of wheat were sown at 2 (control) and 6 cm depth and the impact of exogenously 
applied salicylic acid and tocopherol (Vitamin‑E) on its physio‑biochemical and agronomic features was assessed. 
As a result, seeds grown at 2 cm depth witnessed an increase in mean germination time, germination percentage, 
germination rate index, germination energy, and seed vigor index. In contrast, 6 cm deep sowing resulted in nega‑
tively affecting all the aforementioned agronomic characteristics. In addition, deep planting led to a rise in MDA, glu‑
tathione reductase, and antioxidants enzymes including APX, POD, and SOD concentration. Moreover, the concentra‑
tion of chlorophyll a, b, carotenoids, proline, protein, sugar, hydrogen peroxide, and agronomic attributes was boosted 
significantly with exogenously applied salicylic acid and tocopherol under deep sowing stress.

Conclusions The results of the study showed that the depth of seed sowing has an impact on agronomic 
and physio‑biochemical characteristics and that the negative effects of deep sowing stress can be reduced by apply‑
ing salicylic acid and tocopherol to the leaves.
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Introduction
Wheat is the most widely grown staple crop in the world, 
used for human nourishment and dietary products. 
However, traditional cultivation practices and changing 
climate patterns have caused significant concerns for its 
growth and sustainable productivity. After rice, it is the 
second most commonly grown food crop in developed 
countries. Approximately 40% of the world’s population 
relies on it as a primary food source, and about 80 million 
farmers depend on it for their livelihood [1]. In regions 
where precipitation is scarce, growing wheat in a sus-
tainable manner can be a daunting task, primarily due to 
the unavailability of water. Suppose the sowing of wheat 
seeds is postponed because of rainfall, the wheat stands 
may not mature correctly within the expected timeline, 
leading to insufficient crop yields. However, accord-
ing to research, increasing the depth at which the seeds 
are sown can significantly enhance the growth of wheat 
seedlings by increasing the amount of water available in 
the soil of the seed zone. When seeds are sown at greater 
depths, they are exposed to a more extensive range of 
soil moisture, which is necessary for better seed ger-
mination and establishment. Additionally, deeper seed 
sowing can protect the seeds from the adverse effects 
of unfavorable weather conditions, such as drought or 
frost. Furthermore, deeper seed sowing ensures that the 
seeds are firmly anchored in the soil, which helps in the 
efficient absorption of nutrients and water. Therefore, 
increasing the depth of sowing of wheat seeds can be an 
effective technique to overcome the challenges of water 
scarcity and improve crop yields in dry regions [2]. When 
it comes to planting seeds, it is important to take into 
account the depth at which they are sown. While deep 
planting may seem like a good idea to protect seeds from 
environmental stressors such as drought or high tem-
peratures, it can actually have the opposite effect [3–5]. 
A phenolic compound called Salicylic acid (SA) regulates 
plant development and growth as well as how plants react 
to biotic and abiotic stimuli [6–10]. In order to protect 
plants from environmental stressors, salicylic acid (SA) 
regulates crucial physiological processes such as pho-
tosynthesis, nitrogen metabolism, proline metabolism, 
antioxidant defense system, and plant-water interactions 
[6–9, 11, 12]. Alpha-tocopherol is considered the most 
effective in neutralizing reactive oxygen species (ROS) 
and in promoting antioxidant enzymes [13]. The toler-
ance of plants to stress caused by salt, chilling, UV-B, and 
pollution is found to be inversely proportional to their 
tocopherol levels. Alpha-tocopherol, which is a potent 
antioxidant, supports the integrity of cell membranes, 
intracellular signaling, and electron transport in the 
photosystem-II. It also acts as a protectant against photo 
damage [14]. In Faba bean plants, the foliar application of 

alpha-tocopherol improved growth metrics, yield constit-
uents, chlorophyll a, b, and carotenoids content [15]. The 
aim of the current study is to evaluate the agronomic and 
physio-biochemical responses of economically significant 
wheat varieties, namely “Pirsabak 15” and “Shankar,” to 
different concentrations of exogenously applied salicylic 
acid and alpha-tocopherol. The study also seeks to com-
pare the effectiveness of deep sowing stress management 
and identify the most effective and robust method. Fur-
thermore, the study aims to determine which variety of 
wheat is more resilient to deep sowing under exogenously 
applied salicylic acid and tocopherol.

Results
Morphological features
The deep sowing had a negative impact on germination 
parameters. Germination rate was highest at 2 cm and 
lowest at 6.0 cm. As the depth of sowing increased, the 
number of germinated seeds decreased. Similarly, other 
important agronomic parameters such as GP, CVG, GI, 
SVI-I, SVI-II, MGT, GE, and GRI also showed a sig-
nificant decline (Table  1). Moreover, fluctuations were 
observed in number of leaves of the seedlings in the 
8th week of deep sowing. The combined effect of Sali-
cylic acid and alpha-tocopherol alleviated the harm-
ful impacts of deep sowing by enhancing the number of 
leaves, leaf dry weight, leaf fresh weight, leaf length, % 
moisture content, leaf area index, leaf area ratio, shoot 
length, shoot fresh weight, shoot dry weight, root length, 
and root/shoot ratio. Generally, the seed sowed at depth 
of 2 cm produced seedling with highest germination, 
whereas seeds sown at 6 cm depth gave rise to seedlings 
with lower germination rate. Statistically, a significant 
decline (p ≤ 0.05) was noticed in germination parameter 
with increasing sowing depth (Table  1). When it comes 
to maximizing the potential of shoot length, one of the 
most important factor to consider is the depth of seed 
sowing. While measuring shoot height of seedlings it was 
noted that seedlings whose seeds were grown at 2 cm 
had longer shoot height than those seedlings which were 
sown at 6 cm depth. It has been found that increasing 
the depth of sowing caused a significant (p < 0.05) reduc-
tion in seedling shoot height (Table 2). Statistical analysis 
revealed that leaf area ratio showed significant (0 < 0.05) 
changes at varying sowing depths, it showed a marked 
decrease with increasing the sowing depth (Table 3).

Impacts on antioxidant enzymes and physiological 
attributes
Stress caused by deep sowing led to a quick decrease 
in physiological characteristics and an increase in the 
activities of antioxidant enzymes. Compared to the con-
trol group, the levels of leaf photosynthetic pigments, 
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such as chlorophyll a, chlorophyll b, and chlorophyll a/b 
contents, were reduced under the deep sowing condi-
tions (Fig. 1). When subjected to deep sowing stress, the 

combined use of salicylic acid and tocopherol improved 
chlorophyll content. Plant photosynthetic pigments 
were the primary indicator of deep sowing stress due 

Table 1 Impact of salicylic acid and tocopherol foliar spray on (germination index, germination percentage, mean germination time, 
coefficient velocity of germination, germination energy, germination rate index) of wheat (Triticum aestivum) under deep sowing stress

Varieties Treatments Germination 
Percentage (GP)

Germination 
Index (GI)

Mean 
Germination 
Time (MGT)

Coefficient 
Velocity Of 
Germination

Germination 
Energy (GE)

Germination 
Rate Index 
(GRI)

Pirsabak15 Control 97.3 ± 1.00a 827 ± 2.27a 13.9 ± 0.08a 266 ± 19.9a 59.7 ± 1.94a 50.5 ± 0.06a

Deep Sowing 83.3 ± 0.00c 627 ± 6.13c 12.4 ± 0.06b 228 ± 6.41b 50.3 ± 0.75c 44.5 ± 0.82c

Deep Sowing + Salicy‑
clic acid

86.6 ± 0.50c 619 ± 5.41c 12.3 ± 0.01b 213 ± 11.6c 48.5 ± 1.24c 43.5 ± 1.06c

Deep Sowing + alpha‑
Tocopherol

83.3 ± 0.50a 618 ± 10.6c 12.0 ± 0.00b 228 ± 16.9b 53.6 ± 1.87c 43.5 ± 1.66c

Deep Sowing + Salicy‑
clicacid + Tocopherol

90.0 ± 0.00b 675 ± 4.60c 13.0 ± 0.08a 239 ± 14.9b 54.7 ± 1.78c 47.0 ± 1.7b

Shankar Control 96.6 ± 0.50a 721 ± 5.53c 13.6 ± 0.06a 261 ± 8.08a 56.6 ± 0.90b 49.7 ± 0.92a

Deep Sowing 86.6 ± 0.50c 619 ± 3.28c 12.3 ± 0.06b 225 ± 11.0b 53.5 ± 1.31b 41.0 ± 1.32c

Deep Sowing + Salicy‑
clic acid

93.3 ± 0.50b 576 ± 6.5d 12.2 ± 0.07b 218 ± 16.4b 49.4 ± 1.87d 44.1 ± 1.71c

Deep Sowing + alpha‑
Tocopherol

70.0 ± 0.00d 636 ± 1.61c 12.7 ± 0.07b 198 ± 14.7c 47.0 ± 1.75d 42.0 ± 1.55c

Deep Sowing + Salicy‑
clicacid + Tocopherol

94.6 ± 0.50b 646 ± 7.99c 12.9 ± 0.00ab 231 ± 2.00b 54.1 ± 0.33c 45.2 ± 0.23b

Table 2 Impact of salicylic acid and tocopherol foliar spray on (shoot fresh weight, shoot length, shoot dry weight, root length, shoot 
%moisture content, root/shoot ratio, seed vigor index II, seed vigor index I) of Triticum aestivum under deep sowing stress

Varieties Treatments Shoot 
Lenght (cm)

Shoot fresh 
weight (mg)

Shoot dry 
weight (mg)

Root Lenght
(cm)

%Moisture 
Content Of 
Shoot

Root/Shoot 
Ratio

Seed Vigor 
Index I
(SVI I)

Seed Vigor 
Index II
(SVI II)

Pirsabak15 Control 35.6 ± 0.68a 999 ± 0.01a 460 ± 0.10a 13.3 ± 0.29a 410 ± 0.76b 0.56 ± 0.51a 110 ± 1.79a 28.3 ± 0.88a

Deep Sowing 23.4 ± 0.80b 530 ± 0.04c 180 ± 0.07c 8.33 ± 1.64b 170 ± 0.75c 0.33 ± 0.67c 84.0 ± 1.15b 10.0 ± 1.32c

Deep Sow‑
ing + Salicy‑
clic acid

23.3 ± 1.25b 450 ± 0.03d 100 ± 0.08d 8.21 ± 1,29b 250 ± 0.86cd 0.38 ± 0.48c 66.3 ± 0.69cd 9.00 ± 0.35c

Deep Sow‑
ing + alpha 
Tocopherol

23.8 ± 2.21b 350 ± 0.00e 90.0 ± 0.04ab 9.33 ± 0.43bc 170 ± 0.82c 0.59 ± 0.98a 68.0 ± 1.60cd 6.88 ± 0.61d

DeepSow‑
ing + Salicycli‑
cacid + alpha‑
Tocopherol

32.6 ± 0.61de 730 ± 0.02b 390 ± 0.06b 10.1 ± 0.36b 630 ± 0.63a 0.37 ± 0.44c 94.1 ± 3.00ab 15.3 ± 2.69bc

Shankar Control 28.4 ± 1.39b 300 ± 0.02e 171 ± 0.04c 10.9 ± 0.36b 268 ± 1.67c 0.66 ± 0.29a 86.6 ± 0.37b 19.9 ± 1.21b

Deep Sowing 19.1 ± 1.20c 360 ± 0.06e 84.0 ± 0.09e 9.16 ± 1.54bc 132 ± 0.60c 0.32 ± 0.09c 60.4 ± 2.07d 7.21 ± 1.30d

Deep Sow‑
ing + Salicy‑
clic acid

26.1 ± 2.45b 440 ± 0.04d 101 ± 0.12d 10.3 ± 0.84b 158 ± 0.67cd 0.50 ± 0.16ab 60.9 ± 2.11d 9.68 ± 1.33c

Deep Sow‑
ing + alpha 
Tocopherol

27.6 ± 2.00b 410 ± 0.03d 123 ± 0.10cd 9.50 ± 0.00bc 194 ± 0.59c 0.50 ± 0.04ab 84.0 ± 1.48b 6.69 ± 1.11d

DeepSow‑
ing + Salicycli‑
cacid + alpha‑
Tocopherol

20.1 ± 0.46c 510 ± 0.05c 110 ± 0.06d 7.06 ± 0.80c 190 ± 0.24c 0.34 ± 0.17c 72.6 ± 1.03c 9.34 ± 1.30c
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to their sensitivity and fragility. Studies revealed that 
salicylic acid exhibited displayed better results in boost-
ing the levels of chlorophyll content as compared to 
α-tocopherol (Fig.  1). Deep sowing stress elevated the 
level of total soluble sugar; similarly, further increase 
was detected after foliar application of salicylic acid 
(Fig.  2). Besides acting as a source of nutrition it also 
plays a important role as osmo-tolerant by determin-
ing the structure of protein and stabilizing membrane 
structures. Under salicylic acid and alpha-tocopherol 
application a reduction was noted in proline concen-
tration under deep sowing stress regimes. It was found 
that the protein content of the control declined notice-
ably (p<0.005) (Fig.  2). However, plants under stress 
accumulate proteins in a variety of ways. Fig. 3 showed 
that deep sowing stress caused a considerable decrease 
in  H2O2 content. α-tocopherol and salicylic acid adjust 
stress by providing cellular protection. MDA and GR 
levels significantly improved (p<0.005) in all deep sow-
ing stress-treated plants (Fig.  2, 4). Similar trend was 
also noted for GR, which was raised by the combined 
application of alpha tocopherol and salicylic acid. Anti-
oxidant enzymes showed a marked increase by the foliar 
applications of salicylic acid and α-tocopherol. Both the 
wheat varieties grown in deep sowing indicated a sig-
nificant enhancement in the activities of SOD, PPO and 
APX, whereas, POD activity showed a marked decline 

under deep sowing stress regimes (Fig.  4). Moreover, 
the concentration of PPO declined in all the groups 
under deep sowing stress regimes and improved with 
the foliar applications of salicylic acid and α-tocopherol 
(Fig. 4). Fig. 4 revealed a sharp decline in GR activity as 
the deep sowing stress increased. Under deep sowing 
stress conditions, exogenously applied salicylic acid and 
α-tocopherol improved physiological and agronomic 
attributes and activated the natural defense system of 
the plants (Fig. 4).

Correlation, heatmap correlation and principal component 
analysis of different parameters measured for wheat 
germination
Alpha-tocopherol and salicylic acid were applied to deep-
rooted wheat plants in order to quantify the relationship 
between the traits assessed on those plants (Fig. 5A and 
B). The association between 31 assessed qualities across 
the five treatments was presented using the correlation 
matrix. These coefficients computed a linear relation-
ship and are outlier-sensitive. Germination parameters 
including GP, GRI, GI, MGT, GE, and CVG were posi-
tively correlated with growth traits like LDW, LFW, LL, 
SL, RL, LAI, and LAR, whereas biochemical parameters 
like  H2O2, SOD, POD, APX, Chl a, Chl b, CC, and MDA 
were negatively correlated with growth traits. Due to 
the scavenging nature and formation of reactive oxygen 

Table 3 Impact of salicylic acid and tocopherol foliar spray on (no of leaves, leave length, leave fresh weight, leave dry weight, 
%moisture content, leave area ratio and leave area index) of Triticum aestivum under deep sowing stress

Varieties Treatments No. Of 
Leaves
(NOL)

Leave Length
(cm)

Leave Fresh 
Weight
(mg)

Leave Dry 
Weight
(mg)

%Moisture 
Content

Leave Area 
ratio
(cm2)

Leaf area index 
(LAI)

Pirsabak15 Control 46.0 ± 0.00a 26.0 ± 0.44a 90.0 ± 0.01b 30.0 ± 0.06b 30.0 ± 4.77b 75.2 ± 0.37bc 0.90 ± 0.02a

Deep Sowing 34.0 ± 2.82c 17.5 ± 0.40b 80.0 ± 0.06c 29.9 ± 0.04b 20.2 ± 5.55c 42.3 ± 0.60cd 0.42 ± 0.00cd

Deep Sowing + Sali‑
cyclic acid

32.0 ± 2.82c 14.1 ± 0.83c 70.0 ± 0.12d 26.9 ± 1.23c 16.2 ± 5.10d 65.8 ± 0.47c 0.36 ± 0.02d

Deep Sow‑
ing + alphaTocoph‑
erol

38.0 ± 2.82c 16.3 ± 1.54c 60.0 ± 0.04e 20.0 ± 1.98d 20.0 ± 3.36c 10.3 ± 0.09d 0.51 ± 0.05c

DeepSow‑
ing + Salicycli‑
cacid + Tocopherol

34.0 ± 2.82c 17.4 ± 0.51a 160 ± 0.44a 100 ± 0.95a 19.0 ± 5.64c 24.2 ± 0.55d 0.52 ± 0.05c

Shankar Control 43.0 ± 2.82b 25.6 ± 0.44a 90.0 ± 0.21b 38.6 ± 2.01b 17.2 ± 6.09c 98.5 ± 0.76a 0.62 ± 0.03b

Deep Sowing 38.0 ± 2.82c 16.9 ± 1.74c 50.0 ± 0.16f 20.9 ± 1.09cd 8.21 ± 3.98d 53.9 ± 0.53bc 0.37 ± 0.00cd

Deep Sowing + Sali‑
cyclic acid

34.0 ± 2.82c 15.2 ± 1.57c 70.0 ± 0.00d 17.0 ± 1.36d 4.00 ± 3.09e 64.9 ± 1.32c 0.36 ± 0.05d

Deep Sow‑
ing + alpha 
Tocopherol

42.0 ± 0.00b 18.1 ± 2.27b 90.0 ± 0.09b 30.9 ± 0.01b 28.2 ± 4.87b 75.5 ± 2.18bc 0.51 ± 0.08b

DeepSow‑
ing + Salicycli‑
cacid + Tocopherol

38.0 ± 2.82c 17.9 ± 2.12b 110 ± 0.48ab 20.6 ± 0.54d 68.8 ± 4.88a 81.5 ± 1.21b 0.49 ± 0.05c
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species in cells, various metrics as well as enzymatic 
activities in particular elevated under deep sowing stress 
conditions.

A heat-map histogram between the variables of the 
various treatments examined in this study was also dis-
played (Fig.  6A and B). These variables were producing 
results that line up with what the correlation analysis 
showed. Between treatments, two separate clusters were 
produced. The first cluster included the controlled group, 
deep sowing, deep sowing + SA, deep sowing + TP, and 
deep sowing + SA + TP for the var. Pirsabak 15, whereas 
the second cluster was formed for the var. Shankar 
(Fig. 6A and B).

The PCA (principal component analysis) was utilized 
to connect the morpho-physiological traits and antioxi-
dant enzymes under induced deep planting stress. The 
experimental datasets underwent PCA, which contained 
22 morphological and 17 physio-biochemical variables in 
addition to the control and treatment groups (Fig. 7A and 
B). The results demonstrated that the respected treat-
ments were all evenly dispersed over the whole datasets. 

Whether or not salicylic acid and alpha-tocopherol were 
given topically, the distribution of all the dataset’s ele-
ments clearly showed that deep sowing had a significant 
influence on a number of morph-physiological and bio-
chemical properties. All variables were scattered accord-
ing to the PCA plot, which showed that deep planting 
significantly affected these characteristics. The results 
showed that the first two major factors accounted for 
57% of the data set’s overall volatility.

Discussion
Germination percentage were also influenced by changes 
in sowing depth, Likewise the other parameters it 
showed minimum counts under deep sowing at 6 cm 
and were highest at 2 cm depth. Our findings were con-
sistent with the results of [16] on chick pea. The harm-
ful effects of deep sowing depth were described by [17] 
who discovered that the sprouting of seedlings reduced 
as the sowing depth increased in cotton plants. Seeds 
sown deeper in the soil require more power to push their 
shoots above the soil surface. According to the proposal, 

Fig. 1 Effect of salicyclic acid and tocopherol foliar spray on chlorophyll a, b, a/b and carotenoid content under induced abiotic stress of deep 
sowing
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shallow sowing depths should be adopted with similar 
seeds. Supporting evidences were also established by 
[18] in Cinnamomum tamala. Decline in plant agro-
nomic features have been mainly caused by stomatal clo-
sure during osmotic stress regimes [19]. Oxidative stress 
induces root elongation in stress tolerant species. Occa-
sionally, moderate osmotic stress has no obvious harmful 
impact on root growth [20]. With foliar applications, the 
photosynthetic pigments of plant are adjusted by reduc-
ing the rate at which hydrogen peroxide is produced and 
enhancing the level of phenolic compounds, thus ena-
bling the stressed plants to keep their physiological char-
acteristics stable [21]. Deep sowing significantly reduced 
the carotenoid contents at p level < 0.005. On exposure 
to stress conditions accumulation of organic solutes in 
the cytoplasm takes place; including glycine betaine, 
proteins and proline that support stressed plants in the 
osmotic adjustment of organic solutes [22].In addition, a 

similar spike was noticed in proline content under deep 
sowing stress, while the lowest was concentration was 
found in the control group. Likewise, Proline accumu-
lation under exposure to deep sowing stress has been 
observed by a number of researchers [10, 22, 23].There 
was a relatively high level of protein content in all treat-
ments that received foliar applications of salicylic acid 
and tocopherol. The responses of plants to deep sowing 
stress are clearly influenced by protein [24].The upsurge 
in MDA contents under deep sowing stress in wheat was 
parallel to that observed in ornamental grass by [25] 
and rice [26].The improvements in the activities of anti-
oxidants enzymes could be due to deep sowing stress 
and the combined regulatory effect of salicylic acid and 
α-tocopherol. To combat the harmful effect of abiotic 
stress, plants need antioxidant enzymes [27].Together 
with activating antioxidant enzymatic systems, oxidative 
stress prompts the stressed plants to accumulate soluble 
sugars, proline and soluble proteins in the cytoplasm to 
maintain osmoregulation [28, 29].

Fig. 2 Effect of salicylic acid and tocopherol foliar spray on (a) Proline (b) Protein (c) Sugar and (d) MDA content under induced abiotic stress 
of deep sowing
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Conclusions
The studies conducted on seed germination have shown 
that deep sowing negatively affects germination and 
emergence. Maximum seed germination and seed vigor 
index were observed in the seeds sowed at a depth of 2 
cm. On the other hand, the seeds sowed at a depth of 
6 cm showed poor agronomic and physiological traits 
of the emerging wheat seedlings. However, the applica-
tion of salicylic acid and tocopherol led to significant 
improvement in the number of leaves, leaf area ratio, 
and shoot height. Moreover, salicylic acid and tocoph-
erol trigger various antioxidative defence mechanisms 
which significantly reduce the oxidative damage caused 
by ROS, both enzymatically and non-enzymatically. 
Their role in making several varieties of wheat stress-
tolerant has been identified through the activation 
of antioxidant enzymes and accumulation of osmo-
protectants. In a comparative study, salicylic acid was 
found to be more effective than tocopherol in reducing 
oxidative stress in wheat varieties.

Methods
Site description and experimental layout
Pot experiment was set in the net house of the depart-
ment of Botany, University of Peshawar, Province Khy-
ber Pakhtunkhwa, Pakistan; in spring season during the 
year 2021. Randomized block design layout was followed 
with three pot duplicates. The experimental site is located 
at an altitude of 450 m, the area has sub-humid environ-
ment with severe weather (mild winter: 18.35 °C; hot sum-
mer: 40.8 °C). Wheat varieties Pirsabak 15 and Shankar 
were obtained from the NIFA (Nuclear Institute of Food 
and Agriculture). After being surface-sterilized with 95% 
ethanol, seeds were planted in clay pots with a diameter of 
20.0 cm in length, 2.0 cm in thickness, and 18.0 cm upper-
lower diameter. The pots were filled with 3 kg of soil and 
sand with 2:1. The 1st is controlled group; while in the 
others replicates 6 cm deep sowing in the soil mixture. 
After seedling emergence, 150 mg/L of exogenous growth 
mediators (Salicylic Acid and Tocopherol) were applied to 
the plants. Agronomic aspects of vegetative development, 

Fig. 3 Effect of salicylic acid and tocopherol foliar spray on (a) alpha tocopherol (b) Phenol (c) Flavonoid and (d) hydrogen peroxide content 
under induced abiotic stress of deep sowing
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including data on germination, were noted. To evaluate 
physio-biochemical and enzymatic properties, the residual 
plants were stored at 4 °C in the freezer.

Agronomic and germination characteristics
Agronomic and germination indices including germina-
tion rate index (GRI), mean germination time (MGT), 
germination energy (GE), coefficient velocity of germina-
tion (CVG), germination index (GI), leaf area ratio (LAR), 
and leaf area index, were examined using the techniques 
of [30]. While leaf area index (LAI), seed vigor indices 
(SVIs), germination percentage (GP), and % moisture 
content were calculated via following [31].

The number of seeds that germinated on day x is 
denoted by the letter “f.“

The proportion of seeds that germinated on the first 
day day after sowing is denoted by G1, whereas the per-
centage on the second day after sowing is denoted by G2.

(1)MGT =
fx

f

(2)GRI =
G1

1
+

G2

2
+ · · · · · · +

Gx

x

(3)GI = (10× n1)+ (9× n2)+−−−−−+ (1× n10)

Fig. 4 Effect of salicylic acid and tocopherol foliar spray on (a) APOX (b) GR (c) PPO (D) POD and (e) SOD content under induced abiotic stress 
of deep sowing
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Fig. 5  A  Correlation between various germination attributes of  Triticum aestivum  L .  var. Pirsabak 15 under deep sowing stress. Germination 
percentage (GP), Germination Index (GI), Mean Germination Time (MGT), Coffiecient Velocity of Germination (CVG), Germination Energy (GE), 
Germination rate Index (GRI), Number of Leave (NOL), Leave Length (LL), Leave Fresh Weight (LFW), Leaf Dry Weight (LDW), Leave Area Ratio 
(LAR), Leaf Area Index (LAI), Shoot Length (SL), Root Length (RL), Seed vigor Index I (SVI‑I), Malondialdehde content (MDA), Tocopherol content 
(TC), Chlorophyll a content (Chl a) Chlorophyll b content (Chl b), Carotenoid Content (CC), Protein Content (PC), Phenolic Content (PhC), Sugar 
Content (SC), Flavnoid Content (FC), Hydrogen Peroxide (H 2 O 2 ), Peroxidase (POD), Polyphenol oxidase (PPO), Glutathione reductase (GRC), 
Phenolic content (PnC), Ascorbate peroxidase (APX), Superoxidase dismutase (SOD).  B  Correlation between various germination attributes of  
Triticum aestivum  L. var. Shankar under deep sowing stress. Germination percentage (GP), Germination Index (GI), Mean Germination Time (MGT), 
Coffiecient Velocity of Germination (CVG), Germination Energy (GE), Germination rate Index (GRI), Number of Leave (NOL), Leave Length (LL), Leave 
Fresh Weight (LFW), Leaf Dry Weight (LDW), Leave Area Ratio (LAR), Leaf Area Index (LAI), Shoot Length (SL), Root Length (RL), Seed vigor Index I 
(SVI‑I), Malondialdehde content (MDA), Tocopherol content (TC), Chlorophyll a content (Chl a) Chlorophyll b content (Chl b), Carotenoid Content 
(CC), Protein Content (PC), Phenolic Content (PhC), Sugar Content (SC), Flavnoid Content (FC), Hydrogen Peroxide (H 2 O 2 ), Peroxidase (POD), 
Polyphenol oxidase (PPO), Glutathione reductase (GRC), Phenolic content (PnC), Ascorbate peroxidase (APX), Superoxidase dismutase (SOD)
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Fig. 6  A  Heatmap histogram correlation between various germination attributes of  Triticum aestivum L.  var. Pirsabak 15 under deep sowing 
stress. Germination percentage (GP), Germination Index (GI), Mean Germination Time (MGT), Coffiecient Velocity of Germination (CVG), Germination 
Energy (GE), Germination rate Index (GRI), Number of Leave (NOL), Leave Length (LL), Leave Fresh Weight (LFW), Leaf Dry Weight (LDW), Leave 
Area Ratio (LAR), Leaf Area Index (LAI), Shoot Length (SL), Root Length (RL), Seed vigor Index I (SVI‑I), Malondialdehde content (MDA), Tocopherol 
content (TC), Chlorophyll a content (Chl a) Chlorophyll b content (Chl b), Carotenoid Content (CC), Protein Content (PC), Phenolic Content (PhC), 
Sugar Content (SC), Flavnoid Content (FC), Hydrogen Peroxide (H 2 O 2 ), Peroxidase (POD), Polyphenol oxidase (PPO), Glutathione reductase 
(GRC), Phenolic content (PnC), Ascorbate peroxidase (APX), Superoxidase dismutase (SOD).  B  Heatmap histogram correlation between various 
germination attributes of  Triticum aestivum L.  var. Shankar under deep sowing stress. Germination percentage (GP), Germination Index (GI), Mean 
Germination Time (MGT), Coffiecient Velocity of Germination (CVG), Germination Energy (GE), Germination rate Index (GRI), Number of Leave (NOL), 
Leave Length (LL), Leave Fresh Weight (LFW), Leaf Dry Weight (LDW), Leave Area Ratio (LAR), Leaf Area Index (LAI), Shoot Length (SL), Root Length 
(RL), Seed vigor Index I (SVI‑I), Malondialdehde content (MDA), Tocopherol content (TC), Chlorophyll a content (Chl a) Chlorophyll b content (Chl 
b), Carotenoid Content (CC), Protein Content (PC), Phenolic Content (PhC), Sugar Content (SC), Flavnoid Content (FC), Hydrogen Peroxide (H 2 O 
2 ), Peroxidase (POD), Polyphenol oxidase (PPO), Glutathione reductase (GRC), Phenolic content (PnC), Ascorbate peroxidase (APX), Superoxidase 
dismutase (SOD)
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In the above Eqs. 10, 9,-------1 represented the num-
ber of days of germination, respectively, whereas n1, 
n2,…, and n10 represented the No. of seeds that germi-
nated on each day.

 Where “N” represents the daily seed germination rate, 
“T” represents the number of days from planting, and 
“N” represents the daily seed germination rate.

(4)

CVG = N1±N2± . . . .±
NX*N1T1+ . . . .NxT

100

(5)
GE =

X1

X2
+

(X2− X1)

Y2
. . . . . . .+

(Xn− Xn− 1)

Yn

Fig. 7  A  Loading Plot of Principal component analysis (PCA) 
on various germination attributes of  Triticum aestivum L.  var. 
Pirsabak 15 under deep sowing stress. Germination percentage (GP), 
Germination Index (GI), Mean Germination Time (MGT), Coffiecient 
Velocity of Germination (CVG), Germination Energy (GE), Germination 
rate Index (GRI), Number of Leave (NOL), Leave Length (LL), Leave 
Fresh Weight (LFW), Leaf Dry Weight (LDW), Leave Area Ratio (LAR), 
Leaf Area Index (LAI), Shoot Length (SL), Root Length (RL), Seed vigor 
Index I (SVI‑I), Malondialdehde content (MDA), Tocopherol content 
(TC), Chlorophyll a content (Chl a) Chlorophyll b content (Chl b), 
Carotenoid Content (CC), Protein Content (PC), Phenolic Content 
(PhC), Sugar Content (SC), Flavnoid Content (FC), Hydrogen Peroxide 
(H 2 O 2 ), Peroxidase (POD), Polyphenol oxidase (PPO), Glutathione 
reductase (GRC), Phenolic content (PnC), Ascorbate peroxidase 
(APX), Superoxidase dismutase (SOD).  B  Loading Plot of Principal 
component analysis (PCA) on various germination attributes of  
Triticum aestivum L.  var. Shankar deep sowing stress. Germination 
percentage (GP), Germination Index (GI), Mean Germination Time 
(MGT), Coffiecient Velocity of Germination (CVG), Germination 
Energy (GE), Germination rate Index (GRI), Number of Leave (NOL), 
Leave Length (LL), Leave Fresh Weight (LFW), Leaf Dry Weight (LDW), 
Leave Area Ratio (LAR), Leaf Area Index (LAI), Shoot Length (SL), Root 
Length (RL), Seed vigor Index I (SVI‑I), Malondialdehde content (MDA), 
Tocopherol content (TC), Chlorophyll a content (Chl a) Chlorophyll 
b content (Chl b), Carotenoid Content (CC), Protein Content (PC), 
Phenolic Content (PhC), Sugar Content (SC), Flavnoid Content 
(FC), Hydrogen Peroxide (H 2 O 2 ), Peroxidase (POD), Polyphenol 
oxidase (PPO), Glutathione reductase (GRC), Phenolic content (PnC), 
Ascorbate peroxidase (APX), Superoxidase dismutase (SOD)
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The No. of days between sowing and the last (nth) 
counting date is Yn, and the final germination on that 
day is denoted by the number Xn.

Physiological and biochemical attributes
Leaf Photosynthetic Pigment
The methodology of [32] was followed to assess photo-
synthetic pigments including Chlorophyll b and Chlo-
rophyll a. Carotenoid (CAR) contents were quantified 
by using the protocol of [33] by applying the following 
equations:

 Where V is the extract level (in millilitres), W is the 
weight of the fresh leaves, and DA is the optical density at 
the specified wavelength.

Total proline content (TPC) and soluble protein content 
(SPC)
TPC of leaves was quantified using the method 
described by [34]. Meanwhile, the protocol of [35] was 
pursued to quantify the amount of soluble proteins. 
Both contents’ values were calculated using equation 
[14].

(6)SVI− I = seedling length(cm)*seedling germination %age

(7)
SVI− II = Seedling dry weight

(

mg
)

x Seed germination %age

(8)LAI =
Leaf area

Landarea

(9)Leaf area ratio =
leaf area

finalplantdryweight

(10)Root− shoot ratio =
Root dry mass

shootdrymass

(11)
%moisture content =

Wet weight of sample− dry weight of sample

Dryweightofsample

(12)Chl a = {12.7(OD663)− 2.69(OD645)} × V÷ 1000×W

(13)Chl b = {22.9(OD645)− 4.68(OD663)} × V÷ 1000×W

(14)Carotenoid = DA480+ (0.114 × DA663)− (0.638× DA645)

 Where wt is the weight of the leaves, DF is dilution fac-
tor, V is the volume of the buffer lysis, and Cp is the pro-
tein concentration (mg L1) (mg).

Soluble Sugar Content (SSC) and hydrogen peroxide 
content  (H2O2)
The technique employed by [36] was followed to deter-
mine soluble sugar content of the leaves. The methodol-
ogy of [37] was applied to assess  H2O2 activity in a method 

similar to that. The OD of sugar and  H2O2 were measured 
at wavelengths of 420 and 390 nm, respectively.

Phenolic content (PC) and flavonoid content (FC)
The PC of the leaves was measured using the technique 
proposed by [38]. Flavonoid content was quantified by 

following the methodology of [39]. The optical densities 
(ODs) of phenolic and flavonoid content were deter-
mined at 730 nm and 430 nm, respectively.

Malondialdehyde (MDA) and alpha tocopherol content 
assay
The methodology proposed by [40] was used to carry 
out the MDA content. At 530 nm, the OD was meas-
ured. To quantify alpha-tocopherol content in leaf the 
methodology [41] was followed. MDA content were 
estimated using the following formulas:

(15)Protein%(W/W) = Cp× V× DF÷Wt



Page 13 of 14Saeed et al. BMC Plant Biology          (2024) 24:477  

Antioxidant enzymatic assays
The conventional method of [42] was used to measure 
SOD (superoxide dismutase) activity using a spectro-
photometer at 560 nm. The approach of [33] was utilized 
to evaluate glutathione reductase (GR) and peroxidase 
(POD) activity at 420 and 340 nm, respectively. Ascor-
bate peroxidase (APX) activity was carryout via using the 
methodology of [43].

 Where ∆t is the incubation duration, E is the sub-
strate’s absorbance coefficient and ∆A is the change in 
absorbance.

Statistical analysis
In order to calculate mean value and standard error from 
the gathered data, Microsoft Excel 2010, US, was utilized. 
Co-Stat Window version 6.3 was used to conduct an anal-
ysis of variance (ANOVA) to discover significant varia-
tions between treatments. Standard methods were used 
to compute the mean and standard error, and a LSD (least 
significant difference) test was applied at the 0.05 signifi-
cance level and the results were displayed in letters (AE). 
R Studio 8.1 was used to carry out the correlation study.

Abbreviations
GI  Germination Index
GE  Germination Energy
GP  Germination percentage
GR  Germination rate
GRI  Germination rate index
MDA  Malondialdehyde
MPa  Mega Pascal
MGT  Mean germination time
PEG  Polyethylene glycol
RH  Relative humidity
SVI  Seed vigor index
UV  Ultra Violet
OD  Optical density
NM  Nanometer
POD  Peroxidase
GR  Gluthinone reductace
APX  Ascorbate peroxidase
SOD  Superoxide dismutase
SA  Salicylic acid

Acknowledgements
The authors extend their appreciation to the Researchers Supporting Project 
number (RSP2024R176) King Saud University, Riyadh, Saud Arabia.

Authors’ contributions
Conceptualization: [Sami Ullah]; Methodology: [Saleha Saeed; Jehad S. 
Al‑Hawadi; Mohammad K. Okla; Ibrahim A. Alaraidh; Hamada AbdElgawad; 
Mushtaq Ahmad Khan]; Formal analysis and investigation: [Fazal Amin; Shah 
Hassan; Taufiq Nawaz]; Writing ‑ original draft preparation: [Saleha Saeed; Ke 

(16)
MDA(nmol) = D(A532nm− A600nm)/1.56× 105

(17)EA = ∆A× Total Volume÷∆t× ∈ ×i× enzyme sample volume

Liu; Matthew Tom Harrison; Shah Saud]; Writing ‑ review and editing: [Mo Zhu; 
Haitao Liu; Shah Fahad]; Supervision: [Sami Ullah]

Funding
The authors extend their appreciation to the Researchers Supporting Project 
number (RSP2024R176) King Saud University, Riyadh, Saud Arabia.

Availability of data and materials
All data generated or analysed during this study are included in this published 
article.

Declarations

Ethics approval and consent to participate
We all declare that manuscript reporting studies do not involve any human 
participants, human data, or human tissue. So, it is not applicable. Study 
protocol must comply with relevant institutional, national, and international 
guidelines and legislation.
Our experiment follows the with relevant institutional, national, and interna‑
tional guidelines and legislation.

Consent for publication
Not Applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Botany, University of Peshawar, Peshawar 25120, Pakistan. 
2 Faculty of Science, Zarqa University, Zarqa 13110, Jordan. 3 Botany and Micro‑
biology Department, College of Science, King Saud University, P.O. Box 2455, 
Riyadh 11451, Saudi Arabia. 4 Department, College of Science, King Saud 
University, P.O. Box 2455, Riyadh 11451, Saudi Arabia. 5 Integrated Molecular 
Plant Physiology Research, Department of Biology, University of Antwerp, 
Antwerp 2020, Belgium. 6 Tasmanian Institute of Agriculture, University of Tas‑
mania, Burnie, TAS 7250, Australia. 7 College of Life Science, Linyi University, 
Linyi 276000, Shandong, China. 8 Department of Agricultural Extension Educa‑
tion & Communication, The University of Agriculture, Peshawar 25130, Khyber 
Pakhtunkhwa, Pakistan. 9 Department of Biology and Microbiology, South 
Dakota State University, Brookings, SD 57007, USA. 10 College of Life Sciences, 
Henan Normal University, Xinxiang 453007, P.R. China. 11 Henan International 
Joint Laboratory of Agricultural Microbial Ecology and Technology, Henan 
Normal University, Xinxiang 453007, P.R. China. 12 Xinxiang Key Laboratory 
of Plant Stress Biology, Xinxiang 453000, P.R. China. 13 College of Resources 
and Environment, Henan Agricultural University, Zhengzhou 450002, PR China. 
14 Department of Agriculture, University of Swabi, Khyber Pakhtunkhwa 23561, 
Pakistan. 15 Department of Agronomy, Abdul Wali Khan University Mardan, 
Mardan 23200, Khyber Pakhtunkhwa, Pakistan. 

Received: 18 February 2024   Accepted: 21 May 2024

References
 1. Patricia G, Elena B, Francisco MA, Estela G. Worldwide research trends 

on wheat and barley: a bibliometric comparative analysis. Agronomy. 
2019;9(7):352.

 2. Abera D, Tana T, Dessalegn T. Effects of blended NPSB fertilizer rates on 
yield and grain quality of durum wheat (Triticum turgidum L.) varieties 
in Minijar Shenkora District, Central Ethiopia. Ethiop J Agricultural Sci. 
2020;30(3):57–76.

 3. Saini KS, Brar NS, Walia SS, Sachdev PA. Effect of planting techniques, 
plant densities and different depths of sowing on production economics, 
water and sugar productivity of sugarbeet. J Crop Weed. 2020;16:190–6.

 4. Martins VD, Moraes LM, Costa SD, Lage Filho NM, SILVA GB, Domingues 
FN, Faturi C, RÊGO AC, da Silva TC. Effects of sowing depth and inocula‑
tion with Pseudomonas fluorescens on the initial growth of Urochloa 
brizantha (syn Brachiaria brizantha) cv. Marandú. Revista Brasileira de 
Saúde e Produção Animal. 2022;23:20210011022.



Page 14 of 14Saeed et al. BMC Plant Biology          (2024) 24:477 

 5. Younesi H, Chehri K, Sheikholeslami M, Safaee D, Naseri B. Effects of sow‑
ing date and depth on Fusarium wilt development in chick pea cultivars. 
J Plant Pathol. 2020;102(2):343–50.

 6. Sharma A, Sidhu GP, Araniti F, Bali AS, Shahzad B, Tripathi DK, Brestic M, 
Skalicky M, Landi M. The role of salicylic acid in plants exposed to heavy 
metals. Molecules. 2020;25(3):540.

 7. Li A, Sun X, Liu L. Action of salicylic acid on plant growth. Front Plant Sci. 
2022;13:878076.

 8. Mohamed HI, El‑Shazly HH, Badr A. Role of Salicylic Acid in Biotic and 
Abiotic Stress Tolerance in Plants. In Plant Phenolicsin Sustainable 
Agriculture. Lone R, Shuab R, Kamili A, Eds. Singapore: Springer; 2020. p. 
533–554.

 9. Sabagh EL, Islam A, Hossain MS, Iqbal A, Mubeen MA, Waleed M, 
Reginato M, Battaglia M, Ahmed M, Rehman S, Arif A. Phytohormones as 
growth regulators during abiotic stress tolerance in plants. Front Agron. 
2022;4:765068.

 10. Khan S, Hussain W, Shah S, Hussain H, Altyar AE, Ashour ML, et al. Over‑
coming tribal boundaries: the biocultural heritage of foraging and cook‑
ing wild vegetables among four pathan groups in the Gadoon valley, NW 
Pakistan. Biology. 2021;10:537.

 11. Santisree P, Jalli LCL, Bhatnagar‑Mathur P, Sharma KK. Emerging Roles of 
Salicylic Acid and Jasmonates in Plant Abiotic Stress Responses. In Protec‑
tive Chemical Agents in the Amelioration of Plant Abiotic Stress, eds A. 
Roychoudhury and D.K. Tripathi (Wiley);2020. p. 342–373. https:// doi. org/ 
10. 1002/ 97811 19552 154. ch17.

 12. Hussain SJ, Khan NA, Anjum NA, Masood A, Khan MI. Mechanistic elucida‑
tion of salicylic acid and sulphur‑induced defence systems, nitrogen 
metabolism, photosynthetic, and growth potential of mungbean (Vigna 
radiata) under salt stress. J Plant Growth Regul. 2021;40:1000–16.

 13. Niu Y, Zhang Q, Wang J, Li Y, Wang X, Bao Y. Vitamin E synthesis and 
response in plants. Front Plant Sci. 2022;13:994058.

 14. Ali E, Hussain S, Hussain N, Kakar KU, Shah JM, Zaidi SH, Jan M, Zhang 
K, Khan MA, Imtiaz M. Tocopherol as plant protector: an overview of 
Tocopherol biosynthesis enzymes and their role as antioxidant and 
signaling molecules. Acta Physiol Plant. 2022;44(2):20.

 15. Amin F, Al‑Huqail AA, Ullah S, Khan MN, Kaplan A, Ali B, Iqbal M, Elsaid FG, 
Ercisli S, Malik T, Al‑Robai SA. Mitigation effect of alpha‑tocopherol and 
thermo‑priming in Brassica napus L. under induced mercuric chloride 
stress. BMC Plant Biol. 2024;24(1):108.

 16. Nafees M, Ullah S, Ahmed I. Morphological and elemental evaluation of 
biochar through analytical techniques and its combined effect along 
with plant growth promoting rhizobacteria on Vicia faba L. under 
induced drought stress. Microsc Res Tech. 2021;84(12):2947–59.

 17. Shah S, Khan S, Bussmann RW, Ali M, Hussain D, Hussain W. Quantitative 
ethnobotanical study of indigenous knowledge on medicinal plants 
used by the tribal communities of Gokand Valley, District Buner, Khyber 
Pakhtunkhwa, Pakistan. Plants. 2020;9:1001.

 18. Lalay G, Ullah S, Ahmed I. Physiological and biochemical responses of L. 
to drought‑induced stress by the application of biochar and plant growth 
promoting Rhizobacteria. Microsc Res Tech. 2022;85:1267–81.

 19. Ahmad A, Anis M. Meta‑topolin improves in vitro morphogenesis, 
rhizogenesis and biochemical analysis in Pterocarpus marsupium Roxb.: a 
potential drug‑yielding tree. J Plant Growth Regul. 2019;38:1007–16.

 20. Martins M, Sousa B, Lopes J, Soares C, Machado J, Carvalho S, Fidalgo F, 
Teixeira J. Diclofenac shifts the role of root glutamine synthetase and 
glutamate dehydrogenase for maintaining nitrogen assimilation and 
proline production at the expense of shoot carbon reserves in Solanum 
lycopersicum L. Environ Sci Pollut Res. 2020;27:29130–42.

 21. Zhang W, Tian Z, Pan X, Zhao X, Wang F. Oxidative stress and non‑
enzymatic antioxidants in leaves of three edible canna cultivars under 
drought stress. Hortic Environ Biotechnol. 2014;54:1–8.

 22. Mondal R, Kumar A, Chattopadhyay SK. Structural property, molecu‑
lar regulation, and functional diversity of glutamine synthetase 
in higher plants: a data‑mining bioinformatics approach. Plant J. 
2021;108(6):1565–84.

 23. Yuan Y, Sun Z, Kännaste A, Guo M, Zhou G, Niinemets Ü. Isoprenoid and 
aromatic compound emissions in relation to leaf structure, plant growth 
form and species ecology in 45 East‑Asian urban subtropical woody spe‑
cies. Urban Forestry Urban Green. 2020;53:126705.

 24. Jahanban IA, Mahmoodzadeh A, Hassanzadeh A, Heidari R, Jamei R. Anti‑
oxidants and antiradicals in almond hull and shell (Amygdalus communis 
L) as a function of genotype. Food Chem. 2009;115:529–33.

 25. Bonvehi JS, Torrento MS, Lorente EC. Evaluation of polyphenolic and 
flavonoid compounds in honeybee‑collected pollen produced in Spain. J 
Agric Food Chem. 2001;49:1848–53.

 26. Jan AU, Hadi F, Ditta A, Suleman M, Ullah M. Zinc‑induced anti‑oxidative 
defense and osmotic adjustments to enhance drought stress tolerance in 
sunflower (Helianthus annuus L). Environ Exp Bot. 2022;193:104682.

 27. Fairus S, Cheng HM, Sundram K. Antioxidant status following postpran‑
dial challenge of two different doses of tocopherols and tocotrienols. J 
Integr Med. 2020;18(1):68–79.

 28. Flohe L. Superoxide dismutase assays. In: Methods in enzymology, vol. 
105. Amsterdam: Elsevier; 1984. p. 93–104.

 29. Livingstone D, Lips F, Martinez PG, Pipe RK. Antioxidant enzymes in 
the digestive gland of the common mussel Mytilus edulis. Mar Biol. 
1992;112:265–76.

 30. Roozrokh M, Shams K, Vghor M. Effects of seed size and sowing depth on 
seed Vigorof Check Pea. Iran: First National Legume Congress. Mashhad 
Ferdownsi University, Mashhad; 2005.

 31. Nabi G, Mullins CE, Montamayor MB, Akhtar MS. Germination and emer‑
gence of irrigated cotton in Pakistan in relation to sowing depth and 
physical properties of the seedbed. Soil Till Res. 2001;59:33–44.

 32. Singh B, Rawat JM, Vivek P. Influence of sowing depth and orientation on 
germination and seedling emergence of Cinnamomum tamala Nees. J 
Environ Biol. 2017;38:271–6.

 33. Shah W, Ullah S, Ali S, Idrees M, Khan MN, Ali K. Effect of exogenous 
alpha‑tocopherol on physio‑biochemical attributes and agronomic per‑
formance of lentil (Lens culinaris Medik.) Under drought stress. PLoS One. 
2021;16:e0248200.

 34. Wahab A, Abdi G, Saleem MH, Ali B, Ullah S, Shah W. Plants’ physio‑bio‑
chemical and Phyto‑hormonal responses to alleviate the adverse effects 
of drought stress: a comprehensive review. Plants. 2022;11:1620.

 35. Afify AEMM, El‑Beltagi HS, Abd El‑Salam SM, Omran AA. Biochemical 
changes in phenols, flavonoids, tannins, vitamin E, β–carotene and anti‑
oxidant activity during soaking of three white sorghum varieties. Asian 
Pac J Trop Biomed. 2012;2:203–9.

 36. Shah W, Zaman N, Ullah S, Nafees M. Calcium chloride enhances growth 
and physio‑biochemical performance of barley (Hordeum vulgare L.) 
under drought‑induced stress regimes: a future perspective of climate 
change in the region. J Water Clim Chang. 2022;13:3357–78.

 37. Chun SC, Paramasivan M, Chandrasekaran M. Proline accumulation influ‑
enced by osmotic stress in arbuscular mycorrhizal symbiotic plants. Front 
Microbiol. 2018;9:2525.

 38. Ghosh U, Islam MN, Siddiqui MN, Cao X, Khan MAR. Proline, a multifac‑
eted signalling molecule in plant responses to abiotic stress: understand‑
ing the physiological mechanisms. Plant Biol. 2022;24:227–39.

 39. Xu W, Cai SY, Zhang Y, Wang Y, Ahammed GJ, Xia XJ, et al. Melatonin 
enhances thermo tolerance by promoting cellular protein protection in 
tomato plants. J Pineal Res. 2016;61:457–69.

 40. Tian J, Zhao Y, Pan Y, Chen X, Wang Y, Lin J. Exogenous applications of 
spermidine improve drought tolerance in seedlings of the ornamental 
grass Hordeum jubatum in Northeast China. Agronomy. 2022;12:1180.

 41. Li Y, Zhang L, Yu Y, Zeng H, Deng L, Zhu L. Melatonin‑Induced resilience 
strategies against the damaging impacts of drought stress in rice. 
Agronomy. 2022;12:813.

 42. Elansary OH, Mahmoud EA, El‑Ansary DO, Mattar MA. Effects of water 
stress and modern biostimulants on growth and quality characteristics of 
mint. Agronomy. 2019;10:6.

 43. Ullah S, Afzal I, Shumaila S, Shah W. Effect of naphthyl acetic acid foliar 
spray on the physiological mechanism of drought stress tolerance in 
maize (Zea Mays L). Plant Stress. 2021;2:100035.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1002/9781119552154.ch17
https://doi.org/10.1002/9781119552154.ch17

	Salicylic acid and Tocopherol improve wheat (Triticum aestivum L.) Physio-biochemical and agronomic features grown in deep sowing stress: a way forward towards sustainable production
	Abstract 
	Background 
	Results 
	Conclusions 

	Introduction
	Results
	Morphological features
	Impacts on antioxidant enzymes and physiological attributes
	Correlation, heatmap correlation and principal component analysis of different parameters measured for wheat germination

	Discussion
	Conclusions
	Methods
	Site description and experimental layout
	Agronomic and germination characteristics
	Physiological and biochemical attributes
	Leaf Photosynthetic Pigment

	Total proline content (TPC) and soluble protein content (SPC)
	Soluble Sugar Content (SSC) and hydrogen peroxide content (H2O2)
	Phenolic content (PC) and flavonoid content (FC)
	Malondialdehyde (MDA) and alpha tocopherol content assay
	Antioxidant enzymatic assays
	Statistical analysis

	Acknowledgements
	References


