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Abstract 
 

Drought is recognized as one of the major abiotic stresses for plant growth and development throughout the world. The 

objective of this study was to assess the effect of different Plant Growth Promoters (PGPs) on Stevia plants and how they 

modulate some secondary metabolites and nutrients profile to cope with drought. A pot experiment was conducted at 

Botanical garden, University of Balochistan, Quetta. The design of experiment was completely randomized design (CRD) 

with three replicates each treatment. Seeds were sown at 1.27 cm depth. After fifteen days of germination, the seedlings were 

subjected to drought stress (50% field capacity). Moreover, after seven days of drought stress foliar supplementation of 

different PGPs i.e., salicylic acid (SA; 250 μM), ascorbic acid (AsA; 250 mM), moringa leaf extract (MLE; 10%), thiourea 

(TU;10 mM) and proline (PRO;1 μM) was applied to plants and after 15 days of foliar supplementation plants were harvested 

i.e., approximately 37 days’ seedlings. Results portrayed that ascorbic acid, salicylic acid and proline significantly enhanced 

soluble sugars and anthocyanins in roots and shoot of drought affected stevia plants. All the PGPs helped stevia plants to 

absorb more potassium, calcium and magnesium under water deficit conditions as compared to control. The accumulation of 

soluble sugars and Anthocyanins protects the cell membrane from reactive oxygen species produced under drought. Further, 

these soluble sugars high up the osmotic potential that induces the inwards movements of water and essential nutrients in shoot 

and root. Hence, foliar treatments of PGPs are suggested so that it may help Stevia plants to mitigate the stress pressure under 

drought. Thus, further studies are needed to unveil the omics and mechanisms involved in drought tolerance of stevia 

seedlings. © 2023 Friends Science Publishers 
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Introduction 
 

Drought is a key limiting factor in reducing the overall 

yield of field crops (Hussain et al. 2019; Ozturk et al. 

2021). The loss of ecological balance and global climatic 

changes have water crisis for overall humanity. Drought 

stress has emerged as a major barrier to the expansion of 

agricultural output (Ahluwalia et al. 2021; Yang et al. 

2021). Drought primarily influenced aquaporins and ion 

transporters of the plasma membrane that shift the 

absorption and transportation of water and nutrient away 

from roots. The efficiency of water and nutrient transport 

across cell layers is a key component of drought tolerance 

mechanisms (Barzana and Carvajal 2020). Drought 

affected plants exhibits buildup of reactive oxygen species 

(ROS) buildup, cell shrinkage, loss of cell turgor, limited 

water uptake, imbalanced nutrient distribution (Hussain et 

al. 2018; Ahanger and Ahmed 2019; Yang et al. 2019). 

Drought stress causes significant changes in plant 

secondary metabolites, which are of great economic value 

to a variety of fields, including the pharmaceutical, 

aromatherapy and food industries. These changes are due 

to the obvious changes in plant growth characteristics 

under water stress conditions (Rezaei-Chiyaneh et al. 

2021). The ability of plant cells to assimilate and absorb 

minerals including nitrogen, phosphorus, silicon, calcium 

and magnesium is negatively impacted under drought 

stress conditions causing diminished growth and 

development of plants (Abdelaal 2015; Batool et al. 

2022). The mineral absorption and transport are reduced 

under water stress owing to a decrease in the nutrient 

diffusion rate; thus, different minerals, such as potassium 

(K+), calcium (Ca2+), and magnesium (Mg2+), play critical 

role in plant physio-biochemical processes (Ali et al. 
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2018; Khan et al. 2020). Similarly, ascorbic acid 

concentrations and sugar content both noticeably decline 

during drought stress (Abdelaal et al. 2021). 

The mechanisms by which plants respond to drought 

stress must be identified to reduce the impacts of drought 

stress on plants (Ilyas et al. 2021). Understanding how 

drought affects plants can help to manage the yield of Stevia 

(Volaire 2018; Marchin et al. 2020). Salicylic acid among 

PGRs is one of the most essential phenolics compound 

produced by plants which has a very positive role in overall 

biochemical and physiological attributes of plants under 

stressed conditions (Hussain et al. 2008; Nazar et al. 2015; 

Khalvandi et al. 2021). Foliar spray of salicylic acid 

improved the enhanced physiological characteristics, 

nutrients and tissue water status through an increase in 

membrane stability index and relative water content, 

decrease in electrolyte leakage of cotton plants to withstand 

drought stress (Mahdi et al. 2020; Iqbal et al. 2022). Foliar 

application of salicylic acid on sesame modulates 

osmoprotectants, antioxidants, mineral nutrients that led to 

overcome the unfavorable effects of drought stress 

(Pourghasemian et al. 2020; Shaukat et al. 2022). The 

ascorbate in sweet pepper was markedly enhanced by foliar 

application of ascorbic acid (Khazaei and Estaji 2020). Foliar 

application of proline had a substantial impact on grain 

production, chlorophyll a, b and total, carotenoids, and 

anthocyanin which enhanced osmotic compounds like 

proline and soluble sugars in chickpea under drought stress 

(Khalesi et al. 2023). Thiourea treatment of maize improved 

enzymatic and non-enzymatic antioxidants responsible for 

antioxidation under salinity (Granaz et al. 2022). The 

moringa leaf extract is enriched in antioxidants, proline, 

amino acids, soluble sugars, thocopherol and glutathione that 

boost the yield and growth of plants (Yuniati et al. 2022). 

The perennial shrub Stevia (Stevia rebaudiana 

Bertoni), belonging to the Asteraceae family, is grown in 

many parts of the world. It is known for its sweetness 

because it contains steviol glycosides, which have 100–300 

times the sweetness of sucrose and has been used as a sugar 

substitute in the food and pharmaceutical sectors as a 

sweetener (Ahmad et al. 2020). Powdered leaves of the 

antidiabetic herbaceous perennial shrub, Stevia are used in 

tea, coffee, juices and other drinks, best for diabetic and 

weight conscious people (Ghaheri et al. 2017). Different 

experiments suggested that use of PGPs is an effective 

strategy helping plants to combat the impacts of 

environmental stresses, but literature references are absent 

about its impact on Stevia under drought stress. PGPs 

increase plant growth and yields while being inexpensive 

and safe to use because they increase stress tolerance by 

triggering metabolic defense systems. Therefore, this study 

was conducted to assess the effect of different PGPs on 

stevia plants and how they modulate some secondary 

metabolites and nutrients profile to enhance drought 

tolerance of stevia plants grown in climatic regimes of 

Quetta, Balochistan, Pakistan. 

Materials and Methods 
 

Experimental site and design 

 

A pot experiment was carried out at Botanical Garden, 

University of Balochistan Quetta to assess the potential 

impact of plant growth promoters, including Salicylic acid 

(SA), Ascorbic acid (AsA), Moringa leaf extract (MLE), 

Thiourea (TU) and Proline (PRO), on the physiological and 

biochemical attributes of Stevia under drought stress. The 

experimental design was Complete Randomized Design 

(CRD) with three replicates. Seeds of Stevia were obtained 

from Directorate of Agronomy, Ayub Agriculture Research 

Institute Faisalabad. Five seeds of Stevia were sown at a 

depth of 1.27 cm in each plastic pots filled with sandy loam 

soil (8 kg) and organic matter (2 kg). After fifteen days of 

germination, half of 42 pots were kept as control and other 

half were subjected to drought (50% field capacity). Foliar 

application of salicylic acid (SA; 250 μM), ascorbic acid 

(AsA; 250 mM), moringa leaf extract (MLE; 10%), thiourea 

(TU;10 mM) and proline (PRO;1 μM) was done after a week 

of drought treatment in comparison to water spray (H2O 

Spray) and no foliar spray (NFS) to both control (CON) and 

drought stressed (DS) plant [Each concentration of used PGP 

was selected using preliminary trails; furthermore, each PGP 

was produced about 2 Liters for foliar supplementation]. The 

samples of root and shoot were collected for each treatment 

after fifteen days of foliar application. The fresh samples 

were washed and preserved at -80°C for anthocyanins and 

soluble sugar analysis. For Potassium, Calcium and 

Magnesium analysis, root and shoot samples were washed 

and dried in an oven at 65°C for 24 h. 

 

Secondary metabolites analysis 

 

Determination of anthocyanins: For the quantification of 

anthocyanins, 0.1 g of root and shoot samples from the plant 

were extracted in 1 to 2 mL of acidified methanol. The 

samples were then immersed in water bath at 50°C for 60 

min and the absorbance was then measured at 535 nm using 

acidified methanol as a blank (Stark and Wray 1989). 
 

Determination of soluble sugars 
 

Plant sample 0.1 g of root and shoot were boiled in 5 mL of 

distilled water for 1 h and 1 mL from the extract was diluted 

with 9 mL of distilled water. Then 0.5 mL from this diluted 

extract was taken and 5 mL of Anthrone Reagent was added 

to it. Then the sample mixture was placed in water at 90°C 

for 20 min. The absorbance was measured at 620 nm. 

Distilled water was used as blank (Yoshida et al. 1976). 

 

Mineral nutrients analysis 

 

Harvested plants were oven dried at 65ºC for 24 h 0.1 g of 

both shoot and root of each treatment was digested in 5 mL 
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nitric acid placing it on hot plate and diluting the samples to 

30 mL using distilled water. Digested samples were then 

used for the nutrient quantification Potassium, Calcium and 

Magnesium content was determined by using Atomic 

Absorption Spectrophotometer (Yoshida et al. 1976). 

 

Statistical analysis 

 

This experiment was conducted following completely 

randomized design with factorial arrangement and 

replicated three times. The data collected for root and shoot 

of all attributes were analyzed with analysis of variance 

(ANOVA) using "STATISTICX 8.1" (Analytical software, 

Tallahassee, FL, USA). The statistical significance was 

tested with LSD (P < 0.05) and the two factors were 

compared pairwise represented as labels or alphabets above 

graph bars. The graphs were generated using MS EXCEL 

where bars represent the mean values, error bars represent 

standard deviation among means. 

 

Results 

 

Determination of secondary metabolites 

 

Data for root soluble sugar showed highly significant (P < 

0.05) variations among treatments and stress (Fig. 1A). The 

concentration of soluble sugar in roots was higher in 

drought conditions for all PGPs as compared to control and 

foliar water spray. The comparison among different PGPs 

showed that 250 µM SA and 250 mM AsA significantly 

produced high soluble sugar contents thus helped Stevia to 

strive under water deficit conditions. TU (10 mM) and 01 

µM PRO showed less significant increase in root soluble 

sugars in Stevia under drought as compared to SA and AsA 

respectively (Fig. 1A). 

Statistically significant differences were found among 

treatment and stress for shoot soluble sugar in Stevia (Fig. 

1B). An increase in shoot soluble sugars was recorded under 

drought as compared to control for all the treatments. 

Among PGPs, 10% MLE significantly boosted the contents 

of soluble sugars in shoots of Stevia under drought. PRO (1 

µM), 250 mM AsA and 250 µM SA slightly enhanced the 

shoot soluble sugars in Stevia under water stress as 

compared to MLE and control (Fig. 1B). 

Significant differences among treatments and stress 

were analyzed for root and shoot anthocyanins in Stevia 

(Fig. 1C and D). Results obtained showed that 10 mM TU 

enhanced the root and shoot anthocyanin of Stevia under 

drought as compared to control as well as other treatments 

of PGPs respectively. Among other PGPs, 250 mM AsA, 01 

µM PRO and 10% MLE slightly increased the root and 

shoot anthocyanins under drought as compared to 250 µM 

SA as well as their controls (Fig. 1C and D). 

 

Determination of mineral nutrients 

 

Significant differences (P < 0.05) among treatments and 

stress were analyzed for root and shoot Potasium in Stevia  

(Fig. 2A and B). Results obtained showed that 10% MLE 

and 10 mM TU enhanced the root and shoot Potassium of 

 
 

Fig. 1: Changes in secondary metabolites. (A) root soluble sugar, (B) shoot soluble sugar, (C) root anthocyanins, (D) shoot anthocyanins of 

Stevia as affected under drought stress and foliar treatments with various PGPs. Different alphabets/letters on bars represents statistically 

significant interactions (P < 0.05) according to LSD test 
*NFS: no foliar spray; H2O: water spray; SA: salicylic acid foliar spray; AsA: ascorbic acid foliar spray; MLE: moringa leaf extract foliar spray; TU: thiourea 
foliar spray; PRO: proline foliar spray; PGPs: plant growth promotors 



 

Ahmadzai et al. / Intl J Agric Biol Vol 30, No. 6, 2023 

 418 

Stevia under drought as compared to control as well as other 

treatments of PGPs respectively. Among other PGPs, 250 

mM AsA, 01 µM PRO and 250 µM SA slightly increased 

the root and shoot Potassium under drought as compared to 

their controls (Fig. 2A and B). 

 Data for root and shoot Calcium showed highly 

significant variations among treatments and stress (Fig. 2C 

and D). The concentration of Calcium in roots and shoot 

was higher in drought conditions for all PGPs as compared 

to control and foliar water spray. The comparison among 

different PGPs showed that 1 µM PRO and 10% MLE 

significantly produced high Calcium contents in Stevia 

under water deficit conditions. SA (250 µM) and 250 mM 

AsA showed less significant increase in root and shoot 

Calcium under drought as compared to their respective 

controls (Fig. 2C and D). 

Statistically significant differences were found among 

treatment and stress for root and shoot Magnesium contents 

in Stevia (Fig. 2E and F). An increase in root and shoot 

Magnesium was recorded under drought as compared to 

control for all the treatments. Among PGPs, 1 µM PRO, 250 

µM SA and 250 mM AsA significantly boosted the contents 

of Magnesium in root and shoots of Stevia under drought as 

compared to 10% MLE and 10 mM TU respectively (Fig. 

2E and F). 

 

Discussion 
 

Climate change is the primary cause of biotic and abiotic 

stresses and has significant impacts on vegetation of a 

region. As a result, agriculture and climate change are 

inextricably intertwined in several. Abiotic factors can affect 

crop chemical profiles and their quantity (Hinojosa-Gómez 

et al. 2020). Drought stress has numerous detrimental 

consequences on production due to aberrant physiological 

processes as loss of turgidity, rate of carbon absorption, 

gaseous exchange and oxidative damage (Hussain et al. 

2018). Enormous loss in agricultural output was caused by 

drought stress during the past few decades but now there is a 

global interest in enhancing yield and plant drought 

resistance (Ilyas et al. 2021). The present study aims to 

investigate the impacts of PGPs supplementation i.e., TU, 

AsA, SA, PRO and MLE on the physiological and nutrient 

attributes of stevia under drought stress (Fig. 3). 

 
 

Fig. 2: Changes in nutrients accumulation. (A) root potassium, (B) shoot potassium, (C) root calcium, (D) shoot calcium, (E) root 

magnesium, (F) shoot magnesium content of Stevia as affected under drought stress and foliar treatments with various PGPs. Different 

alphabets/letters on bars represents statistically significant interactions (P < 0.05) according to LSD test 
*NFS: no foliar spray; H2O: water spray; SA: salicylic acid foliar spray; AsA: ascorbic acid foliar spray; MLE: moringa leaf extract foliar spray; TU: 

thiourea foliar spray; PRO: proline foliar spray; PGPs: plant growth promotors 
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  Different studies have shown that various plant 

species have effective coping strategies to show tolerance in 

stressed conditions, such as drought stress (Ekinci et al. 

2020). In order to protect cellular components and restore the 

osmotic balance, plants accumulate high intracellular levels 

of osmoprotectant compounds as stress severity increases. 

The main building blocks of energetic and biosynthetic 

metabolism, soluble sugars also function as protective 

macromolecules or ROS scavengers as well as suitable 

osmolytes, restoring the osmotic equilibrium (Singh et al. 

2015; Pommerrenig et al. 2018; Nizar et al. 2022). Sperdouli 

and Moustakas (2012) reported a statistically significant 

accumulation of soluble sugars along with proline and 

anthocyanin content under moderate drought stressed 

Arabidopsis plants as compared to control. Correspondingly, 

present study findings also endorse that under drought stress 

and particularly with foliar supplementation of PGPs 

especially as SA highly enhanced the soluble sugar content 

in the both root and shoot of Stevia plants which is one of the 

potential solutions for overcoming osmotic stress caused by 

drought. SA played a significant role in increasing soluble 

sugar content in Stevia under drought thus being more 

effective than other PGPs (Fig 1A and B). 

 An important category of secondary plant metabolites 

known as anthocyanins protects plants against different 

biotic and abiotic challenges i.e., drought and salinity 

(Naing and Kim 2021; Samad et al. 2023). Anthocyanins, a 

flavonoid family increase in plants under drought stress 

(Sanjarimijani et al. 2016). The findings of Lalay et al. 

(2022) reported that potential role of PGRs enhance 

anthocyanin content in plants subjected to drought stress. 

The present results are statistically similar with the above 

findings that drought stress had an adverse effect on the 

anthocyanin content of Stevia roots and shoots. According 

to Cirillo et al. (2021) anthocyanins are basic key regulators 

of drought stress tolerance, as they found substantial 

increase in anthocyanin content in transgenic tobacco plants 

under drought stress compared to control plants, thus 

validating that secondary metabolite particularly 

anthocyanins improves tolerance potential of plants. A 

similar tendency was observed in the current study that 

anthocyanin content of plants under drought stress was 

significantly higher specifically under PGPs treatments. 

Nevertheless, foliar applications of PGPs, notably TU and 

AsA, under both control and drought stress, significantly 

enhanced the anthocyanin content in Stevia (Fig. 1C and D). 

The capacity of plants to absorb nutrients is influenced 

by a variety of variables, including environmental parameters 

like soil moisture as well as plant aspects like root features 

like the rate of nutrient uptake by roots, length of the 

complete root system and area of uptake by roots (Liang et 

al. 2018). Plant active transport decreases as the severity of 

the drought increases, and less nutrients are transferred from 

the roots to the shoots (Li et al. 2021). Potassium is the most 

prevalent cation in plants, accounting for 2% to 10% of the 

dry weight which is not only required for plant physiological 

and biochemical processes but it also plays a role in plants' 

adaptive response to abiotic or biotic stresses such as drought 

(Oosterhuis et al. 2014; Asif et al. 2017; Nizar et al. 2023). 

K+ is essential for plants' adaptive response to drought stress. 

It has been established that greater K+ uptake confers greater 

drought tolerance in many plant species (Osakabe et al. 

2013). The present outcomes of the study suggested that K+ 

content increased under MLE spray treatment in both root 

and shoot of Stevia followed by TU spray under drought 

stress as compared to control. This maximum accumulation 

of K+ and other nutrients is the signifying role of plant 

growth promoters i.e., TU, AsA, SA, MLE and PRO in 

impeding the negative impacts of drought stress in Stevia 

(Fig. 2A and B). In the same manner, Ca2+ is also a key 

signaling molecule in drought tolerance and affects a variety 

of physiological and cellular processes in plants. In plants 

that use a calcium-dependent signaling network, it is crucial 

for signal detection and transduction. (Tuteja and Mahajan 

2007). Ca2+ in root and shoot of Stevia showed highly 

significant variations by accumulating minimum Ca2+ 

 
 

Fig. 3: Comparison of overall secondary metabolites and nutrients parameters in response to various treatments under control and drought 

stress of S. rebaudiana 
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content. The data further revealed that in shoot and root of 

Stevia, MLE and PRO spray proved to ameliorate drought 

stress effectively thus enhancing Ca2+ in shoot and root as the 

effective treatments. Additionally, drought stress affected 

Ca2+ in the shoots and roots of stevia; however, foliar 

application of PGPs, notably MLE and PRO, reduced the 

negative impacts of drought stress and improved Ca2+ in the 

shoot and root (Fig. 2C and D). Likewise, Mg2+ is loaded 

into the xylem after uptake from the soil for long-distance 

transfer to the shoots. The mobility of phloem encompasses 

the constant recycling of Mg2+ between shoots and roots 

(Tang and Luan 2017). High levels of cellular Mg2+ serve as 

the central element of chlorophyll molecules in green tissues 

and serve as cofactors for a variety of enzymes (Sun et al. 

2017). Mg2+ is a highly mobile nutrient due to its 

connections to potassium and nitrogen, which gives it a lot of 

potential in the dry matter that moves from the sink to the 

source (Senbayram et al. 2015). The results of the current 

study showed substantial variations in shoot and root Mg2+ 

accumulation in Stevia, with SA and PRO foliar spray, both 

shoot and root under drought stress had maximum Mg2+ 

content, mitigating the detrimental effects of drought (Fig. 

2E and F). 

 

Conclusion 

 

In this study, foliar application of different PGPs assisted 

the plants in accumulating anthocyanins and soluble 

sugars that increased the osmotic potential of stevia root 

and shoots. This higher osmotic potential increases the 

movement of water along with nutrients into the plants. 

Therefore, higher potassium, calcium and magnesium 

contents were recorded in root and shoot of stevia under 

drought and foliar applications of PGPs. Conclusively, 

this study highly recommends the supplementation of 

PGPs not only to mitigate the negative impacts of drought 

stress but help plants to flourish well by as per stevia’s 

increasing demand to be used as a healthy alternative to 

sugar. 
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