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Abstract

Today, water shortage is considered one of the main environmental challenges for
plants, leading to metabolic and physiological disorders. It has attracted the attention of
researchers in recent years. Salicylic acid (SA) and silicon (Si) are considered two
drought stress modifiers in plants. To evaluate the drought stress on the physiological
and anatomical index of Scrophularia striata for introduction in dry areas during 2020-
2021, the present study was conducted as a factorial experiment based on a completely
randomized design (CRD) with three replications at the University of Ilam. In this
study, drought stress at two levels (50 and 100% of field capacity), SA at two levels (0
and 100 ppm), Si at two levels (0 and 1 g/L) on photosynthesis, gas exchange
parameters, leaf relative moisture content, total protein, and anatomical indices were
investigated. The results of this experiment showed that drought stress decreases
relative leaf water content, total protein, photosynthesis, gas exchange parameters, and
electrolyte leakage. Structurally, it caused a reduction in stomatal width, width of
stomatal guard cells, stomatal density per unit area, and diameter of vascular tissues.
Using SA and Si improved the photosynthesis, gas exchange parameters, relative
moisture content, and total protein. In addition, the foliar application of SA and Si led to
the improvement of the anatomical index caused by drought stress. The study results
showed that drought stress had negative impacts on Scrophularia striata L, and using
salicylic acid and silicon can improve drought stress tolerance in plants.

Introduction
Drought stress is a major constraint on agricultural productivity, with more than 45% of
agricultural land continuously vulnerable to drought. In addition, approximately 38% of
the world's population resides in these regions. Several factors, including species,
region, duration of stress, and plant growth stage affect the physiological responses of
plants to drought stress, as shown by numerous studies (e.g. Kutlu et al., 2009). The
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water deficit condition is a complex and detrimental abiotic stressor that impacts
various metabolic functions such as crop quality and productivity through physiological
and morphological mechanisms (Akman et al., 2020; Bhardwaj and Kapoor, 2021).
Salicylic acid (SA) is a phenolic compound found in plants serving as an endogenous
regulator. It can function as a defense mechanism against both biotic and abiotic stresses
and is involved in various physiological processes such as nutrient absorption,
membrane stability, water relations, stomatal regulation, photosynthesis, and the
inhibition of ethylene biosynthesis (Dianat et al., 2016). Salicylic acid at a concentration
of 0.1 g improved membrane, vascular, and mesophyll structures (Bhardwaj and
Kapoor, 2021). After oxygen, silicon (Si) is the second most prevalent element in soil
(Bhardwaj and Kapoor, 2021). Despite not being classified as an indispensable
micronutrient for plants, numerous studies (e.g. Kafi and Rahimi, 2011) have
demonstrated the advantageous impact of silicon on plant growth and development.
According to a study performed by Seal et al. (2018), the utilization of silicon led to an
elevation of the RuBisCo carboxylase enzyme, which consequently induced a surge in
photosynthetic activity in plants experiencing drought stress. In this regard, the present
study aimed to examine the anatomical and physiological index of Scrophularia striata
when subjected to drought stress, as well as the potential mitigating effects of salicylic
acid and silicon on the adverse impacts of drought stress.

Materials and Methods

In January 2019, seeds from two ecotypes of a flowering plant were procured from the
Ilam and Abdanan regions in the western part of the Zagros mountain range. The
botanical features of the specimens were subsequently verified in accordance with Flora
Iranica. The seeds, obtained with the access code (IUGB02076), have been preserved in
the University of Ilam gene bank. Based on the results of drought stress sources at two
concentrations (100 and 50% of plant capacity), salicylic acid (0 and 100 ppm) and
silicon (0 and 1 g/liter) were applied as foliar spraying in this experiment (Bazi Zlan et
al., 2022). The sampling process was carried out to analyze some physiological
characteristics and anatomical indices. In addition, control samples and treatment
groups were selected for relative humidity traits (Diaz-Perez et al., 2006). lon leakage
(Blum, 1996), soluble protein (Lowry et al., 1951), gas exchange and water relations
(Fischer et al., 1998; Akman et al., 2020), stomatal anatomical traits (Akman et al.,
2020), and leaf anatomical features (Jafarian et al., 2013) were also measured. The
experiment was conducted in a factorial format with three separate replications, and the
results were analyzed with SAS software version 9.4. Graphs were drawn with
GraphPad software version 9, and both programs were used to interpret the data.

Results and Discussion

The findings of the variance analysis indicate that drought stress had a significant
influence at the probability level of 1% on the leaf's relative moisture content, total
protein, ion leakage, gas exchange and water relations, and morphological indicators.
The four interaction effects of ecotype, drought stress, salicylic acid, and silicon
significantly affected the content of ion leakage, gas exchange, and water relations at a
significance level (p < 0.01). However, it did not have a significant effect on the protein
content. The findings indicate that the Abdanan ecotype exhibited the greatest ion
leakage content at 50% agricultural capacity. The llam ecotype demonstrated the lowest
and highest protein content at the control treatment and 50% agricultural capacity with
salicylic acid (ppm 100), respectively.

Additionally, the Ilam ecotype of the control treatment and the Abadanan ecotype of
50% agricultural capacity displayed the lowest and highest sub-stomatal carbon dioxide



concentration, respectively. The study examined the effects of salicylic acid (100 ppm)
and silicon (1 g/L) treatments on various parameters in different ecotypes. The
Abadanan ecotype of the control treatment with silicon (1g/L) and the Ilam ecotype
with 50% agricultural capacity was analyzed for their lowest and highest mesophilic
conductivity. The Ilam ecotype with 50% agricultural capacity and silicon treatment and
the llam ecotype control treatment were evaluated for their lowest and highest
transpiration rates. The Abdanan ecotype of the control treatment with silicon (1 g/L)
and the llam ecotype of 50% crop capacity with salicylic acid (100 ppm) and silicon (1
g/L) treatment was assessed for their lowest and highest efficiency of water
consumption. Additionally, the study investigated the impact of drought stress on the
thickness of epidermal cells, mesophyll cells, xylem diameter, and Phloem. The results
indicated a significant decrease in these indicators in the llam ecotype compared to the
control sample.

Conclusion

Drought stress reduced photosynthesis, gas exchange parameters, morphological
alterations, and ion leakage in flowering plants in this study. Silicone usage raised the
relative moisture content. Treating salicylic acid (ppm 100) and silicon (1g/liter)
simultaneously reduced drought stress damage while increasing photosynthesis and gas
exchange parameters. Furthermore, salicylic acid and silicon, which favorably influence
plant structure, can improve floral morphological indices under drought stress
conditions.

Keywords: Anatomy, Salicylic Acid, Drought Stress, Silicon, Physiological Index,
Scrophularia striata L.
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Figure 1- Foliar spraying of salicylic acid and silicon on photosynthesis rate (A), substomatal carbon dioxide (B),
mesophilic conductance (C), transpiration, (D) water use efficiency (E), relative humidity (F), ion leakage (G) and
total protein (H) in areal shoot of S. striata under drought stress conditions (FC50% and FC100%) Data, are mean of

three replicates = SE. Lowercase letters indicate significant differences at the P<0.05 level
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Table 1- variance ANOVA: Net photosynthetic rate (Py), substomatal CO, concentration (Ci), stomatal conductance
to CO, (gs), RWC (relative water content), El (Electrolyte leakage), Tr (transpiration), WUE (water use efficiency)
SPro (total shoot protein) in aerial shoot of S. striata L. under drought stress conditions
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ns, * and ** show no significant and significant differences at 0.05, 0.01 probability level, respectively
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Figure 2- The size of stoma length (LS), stoma width (WS), stoma guard cell width (WG) on the upper surface of the
leaf in the flowering plant under no stress (A), drought stress (B)
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Figure 3- Microscopic cross-section images of anatomical changes in the leaf of Scrophularia striata L with 40
magnification control conditions (A), stress conditions (B), control conditions + salicylic acid (C), stress conditions +
salicylic acid (D), control conditions + silicon (E) , stress condition + silicone (F), no stress condition + salicylic acid
+ silicone (G), stress condition + salicylic acid + silicone (H)
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Figure 4- Application of salicylic acid on stomatal length (A), stomatal width (B), stomatal guard cell width (C),
stomatal density (D) and stomatal size (E). Data, are mean of three replicates == SE. Lowercase letters indicate

significant differences at the P<0.05 level.
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Figure 5- The effect of salicylic acid and silicon foliar application on the anatomical parameters of upper (A), lower
(B) epidermal cells, fence (C), spongy (D) mesophyll cells, and wood vascular structures (E) and phloem (F) in
flowering plants under drought stress conditions (FC50% and FC100%) Data, are mean of three replicates + SE.
Lowercase letters indicate significant differences at the P<0.05 level
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Table 2- variance ANOVA: stoma length (LS), stoma width (WS), stoma guard cell width (WG), stoma density per

unit area (DS), upper epidermis cell thickness (Uep), lower epidermis cell thickness (Lep), thickness of palisade
parenchyma (Pal), thickness of spongy parenchyma (Spo), diameter of xylem (Xy), diameter of phloem (Ph)
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