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Abstract 

Sage (Salvia officinalis L.) is cultivated worldwide especially in Mediterranean regions where the leaves of 
this herb are widely used in pharmaceutical and food industries. Brassinolides and paclobutrazol are naturally 
occurring substances which modulate plant growth and development and have been known to improve the 
crops’ tolerance to biotic and abiotic stresses. The effects of spraying 24-epibrassinolide (BRs: 0.0, 2.5, 3.0, 
and 3.5 µM), and paclobutrazol (PBZ: 17, 25, and 34 µM), different moisture conditions (I: normal irrigation 
or non-stress, reduced irrigation or non-stress, reduced irrigation or slight drought, and deficit irrigation or 
mild drought stress), and interaction effects of BRs × I and PBZ × I on the morphological and biochemical 
parameters of the S. officinalis were investigated. Reduction in irrigation level led to reduced plant height, 
the number of branches, shoot fresh and dry weights, root fresh and dry weight while it improved 
anthocyanin and chlorophyll contents. Spraying BRs enhanced plant height, the number of branches, and 
anthocyanin and chlorophyll contents with 3 µmolar concentration proving the best treatment. The 
maximum root fresh and dry weights were associated with combination of the highest irrigation (I3) and 
applying 17 µM PBZ. The maximum chlorophyll a and total contents were obtained under I3×P3 while the 
maximum anthocyanin content was observed in BRs2×I3. 
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________________________________________________________________________________

Introduction 

Sage (Salvia officinalis) is a native plant to 
the Mediterranean region and has been used for a 
long time in traditional medicine for various 
diseases (Ben Khedher et al, 2018). Salvia plants’ 

essential oils exhibit broad-spectrum 
pharmacological activities and are of great interest 
in food industry as potential natural preservative 
products.  

 Brassinosteroids are a new class of 
phytohormones that modulate plant growth, 
development, and responses to biotic and 
abiotic stresses (Peres et al, 2019) and play a 
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crucial role in response to various stresses 
(Krishna, 2003; Bajguz and Hayat, 2009). Swamy 
and Rao (2009) reported that 28-
homobrassinolide enhanced the growth and 
metabolite content in geranium (Pelarginium 
graveolens L.). 

Paclobutrazol is a synthetic plant 
regulator which has been used to mitigate 
environmental stress in some crops. PBZ-
mediated stress protection is often explained in 
terms of hormonal changes (Manivannan et al, 
2008). Many studies have focused on the 
protective effects of PBZ on plants against drought 
stress and on water-related physiological and 
biochemical conditions (Xiu et al, 2018).   PBZ 
application remarkably decreased dry matter and 
leaf area in Ocimum basilicum L. (Keramati et al, 
2016). Limited information is available about 
application of plant growth regulators on S. 
officinalis under irrigation regime. Therefore, the 
objective of this study was to determine the 
response of the effects of PBZ, 24-Epibrassinolide 
application and irrigation regimes on 
morphological and physiological factors of S. 
officinalis. 

 

Materials and Methods 

Plant mater and experimental Design  

Sage seedlings with 6-10 leaves were 
prepared from Isfahan Center for Research on 
Agricultural Science and Natural Resources. The 
study was carried out in the Research Filed of 
Islamic Azad University, Shahrekord Branch, Iran 
with 25°/15 °C (day/night) air temperatures, 65-
70% humidity, and 12/12 hours (light/lightless) for 
six weeks. Pots were filled with lay loam soils, pH 
7.63, containing 0.27% organic carbon, 0.04% total 
N, 6.3 ppm P (available), 247 ppm K (available), 
and salinity level E.C.: 1.81 dS/m. Thereafter, the 
pots of the sage seedlings were transferred from 
the greenhouse to the farm condition at the 
Research Filed of Islamic Azad University, 

Shahrekord Branch (32° 20 N; 50° 51 E; altitude. 
2070 m ASL). The climate of the study area is 
classified as cold, semiarid and semi humid.  
 

Treatments and experimental design 

Experimental treatments were arranged 
as factorial with two factors in a completely 
randomized design with three replications. Each 
replication involved five pots. The foliar 
applications of BRs and PBZ as Factor A were 0.0 
(solvent + water), 2.5, 3.0, and 3.5 µmolar BRs (24-
epibrassinolide), and 17, 25, and 34 µmolar PBZ. 
BRs and PBZ were sprayed at the vegetation stage 
of the plant. They were dissolved in ethanol and 
diluted in distilled water with various 
concentrations. These solutions were then 
sprayed at dew point (approximately 100 mL per 
plant) with a hand sprayer (Ghasemi Pirbalouti et 
al., 2019). Distilled water spray was given to 
control plants. 

Factor B or different moisture conditions 
included I1 (unstressed or control; irrigation at 85-
90% F.C.), I2 (slight drought or irrigation at 65-70% 
F.C.), and I3 (mild drought or irrigation at 30-35% 
F.C.). Irrigation treatments began 30 days 
after transplanting the seedlings to pots in the 
field.  
 

Measurement of growth and morphological 
characteristics 

The growth and morphological 
characteristics of all plants under different 
treatments were investigated, including plant 
height and number of branches. For the 
determination of fresh and dry weight, the 
samples were separated into two parts, including 
roots and aerial parts. The fresh weight of each 
sample was measured immediately, and the dry 
weight was measured after drying in the shade at 
room temperature. 
 

Photosynthetic pigment assay  

Photosynthetic pigment assay of plant 
samples was carried out by the modified method 
of Porra et al. (2002). Fresh leaves were collected 
from the plants and washed with tape water to 
remove the soil particles. Leaf samples (100 mg) 
were crushed with mortar and pestle (ice cold 
condition) with 1 ml of 80% acetone (v/v). 
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Homogenized leaf samples were centrifuged at 
5000 rpm for 10 minutes. After centrifugation, the 
absorbance of extract was measured at 645, and 
663 nm in the UV – Visible spectrophotometer. 
The following equations were used for computing 
the photosynthetic pigments: 
 
Chlorophyll (a) = 12.7 (ab663) – 2.69 (ab645) 
×v/1000 × w 
 
Chlorophyll (b) = 22.9 (ab645) – 4.68 (ab663) 
×v/1000× w 
 
Total chlorophyll (a) and (b) = 20.2 (ab645) + 8.02 
(ab663) × v/1000× w 
 

Determination of anthocyanin content  

Determination of anthocyanin contents 
was carried out using the method of Wagner 
(1979). Plant leaf tissues (0.1 g fresh weight) were 
homogenized with a pestle and mortar in 10 ml of 
methanol (99% methanol, 1% HCL). The solution 
was centrifuged at 6000 g for 10 min. The 
absorbance for each sample was read at 550 nm. 
For calculation of the amount of anthocyanins, the 
extinction coefficient 33,000 mol.cm was used and 
anthocyanin content was expressed as µMg-1 fw. 

Statistical Analysis 

The simple and interaction effects of 
experimental treatments were derived from two-
way analysis of variance (ANOVA) based on the 
GLM procedure of the SAS statistical package 
(SAS/STAT® v.9.2. SAS Institute Inc., Cary, NC). The 
significance of differences among treatment 
means was tested using LSD. The means of 
characteristics were presented as the mean± 
standard deviation of the mean. 
 

Results  

Plant height  

The effects of experimental treatments on 
the morphological characteristics are summarized 
in Tables 1, 2 and 3. Data presented in Tables 1, 2, 
and 3 clearly show that the plants height was 
significantly affected by BRs, PBZ, and Irrigation (I) 
factors as well as their interaction effects. Plant 
height significantly decreased with reduced 
irrigation. Application of 3 µM BRs under severe 
water stress treatment (I3×BRs2) enhanced plant 
height (20/43cm) and the largest plant height 
(21/89 cm) was observed in the foliar spray of 3 
µM BRs under optimum irrigation (I1×BRs2).  
 

Table 1  
The simple effect of 24-epibrassinolide, paclobutrazol, and irrigation regimes on morphological and biochemical characteristics 
of S. officinalis. 
 

 
Different letter in a row for each treatment (24-epibrassinolide, paclobutrazol, and irrigation regimes) are statistically significant 
at 5% level of probability by DMRT method. 
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The Numbers of branches 

In this study, decreased soil moisture 
resulted in the reduced numbers of branches per 
plant (Table 1). The application of three 
concentrations of BRs during irrigation regimes 
increased the number of branches and the highest 
number of branches was obtained from foliar 
spray of 3 µM BRs under optimum irrigation 
(I1×BRs2) (Table 2). Foliar applications of PBZ 
under three irrigation levels enhanced the number 
of branches though it was not significant. 
 

Shoot fresh and dry weight 

The results presented in Table 1 illustrated 
that shoot fresh and dry weights (g plant-1) were 
significantly affected by irrigation factor. Shoot 
fresh and dry weights were reduced by reduction 
of irrigation water rate. In this study, the highest 
fresh and dry weights of plants were obtained 
from full irrigation regime (I1) while the treatment 
(I3) recorded the shortest plants. Foliar 
applications of BRs under different irrigation 
compared to decreased irrigation regimes without 
spraying increased shoot fresh and dry weight but 
not statistically significant (p<0.05) (Table 2). Also, 
other treatments did not have a significant effect 
on fresh and dry weight of plants. 
 

 

Root fresh and dry weights  

Fresh and dry weights of roots were 
significantly affected by irrigation, PBZ, and their 
interaction effects (Table 1). Application of PBZ 
under different irrigation regimes increased the 
fresh and dry weights of roots compared to 
decreased irrigation regimes without spraying and 
the highest values of fresh and dry root weights 
(99.01 g plant−1) were associated with the 
combination of the highest irrigation level and 
applying 17µM PBZ (I1×P1).  
 

Chlorophyll content 

Chlorophyll contents increased 
significantly (p<0.05) by reduction in irrigation 
water rate (Table 1). The highest values of 
chlorophyll a and total chlorophyll were observed 
under application of PBZ (34 µmolar) and severe 
water stress treatment (P3× I3) (Table 3). Also, the 
data in Table 1 indicates positive effects of BRs on 
chlorophyll a, b, and total. 
 

Anthocyanin content 

The results of this study showed water 
deficiency significantly increased anthocyanin 
(P<0.05) (Table 1). Maximum content of 
anthocyanin (7.47 × 10-5 µM g-1 fw) was related to 
spraying 3 µM BRs under the lowest level of 

Table 2 
The interaction effects of 24-epibrassinolide × irrigation regimes on morphological and biochemical characteristics of S. 
officinalis 
 

 
Different letter in a row for each treatment (24-epibrassinolide and irrigation regimes) are statistically significant at 5% level of 
probability by DMRT method 
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irrigation (BRs 2 × I 3) (Tables 1, 2). The interaction 
effects of PBZ and irrigation also showed that 
anthocyanin increased with increasing in 
concentration of PBZ under lower levels of 
irrigation (Table 1, 3). 
 

Discussion 

Plant Height  

Results showed that the plants’ height 
was significantly affected by BRs, PBZ, and 
Irrigation factors and their interaction effects. 
Plant height was significantly decreased with 
reduced irrigation. One of the first signs of water 
shortage is the decrease in turgor which causes a 
decrease in both growth and cell development, 
especially in the stem and leaves (Ghasemi 
Pirbalouti et al., 2017). However, the growth of 
cells is the most important process that is affected 
by water stress and the decrease in the growth of 
cells leads to decrease in the plant height. On the 
other hand, the depressive effect of water stress 
on growth parameters may also be attributed to a 
drop in leaf water content and the results show a 
general decrease in the content of the different 
amino acids as a response to water stress (Reddy 
et al., 2018; Serret et al, 2018) affecting the rate of 
cell division and enlargement.  Application of BRs 
enhanced the growth in terms of plant height and 
dry weight of shoots of Plectranthus forskohlii/ 
coleus (Swamy and Rao, 2011) and Pelargonium 

graveolens (L.) Herit (Swamy and Rao, 2009). 
Supplementation of Brassinolide stimulates stem 
elongation, leaf formation, and adventitious shoot 
formation and increases the stress tolerance in 
sugarcane (Chavan et al, 2018). Stimulation of 
longitudinal growth of young tissues via cell 
elongation and cell division is a major biological 
effect of brassinosteroids. Besides its effects on 
cell elongation and division, brassinosteroids have 
also been shown to stimulate vascular 
differentiation, a developmental process critical 
for stem elongation (Hayat and Ahmad, 2003). In 
later experiments with pakchoi (Brassica 
chinensis), cell elongation of the hypocotyls 
induced by BRs was found to occur with little or no 
change in the mechanical properties of cell walls 
but with an increase in wall relaxation properties 
and a dilution of the osmotic pressure of the cell 
sap (Wang et al., 1993). It was found that 
electrogenic proton secretions in stems were 
stimulated by the application of BRs. These 
findings implied that BR cell elongation is 
dependent on the decrease in pH of the cell wall 
space inducing loosening of the cell wall (Hayat 
and Ahmad, 2003). The results indicated that foliar 
spray of different concentrations of BRs had a 
significant effect (p≤0.01) on plants’ height and as 
shown in Table 1 with increasing concentration of 
BRs, the height did not increase. It is now clear 
that BRs-induced stress responses are strictly 
concentration dependent and the optimal 
concentration for improving the plant adaptability 

Table 3 
 The interaction effects of paclobutrazol × irrigation regimes on morphological and biochemical characteristics of S. officinalis 
 

 
Different letter in a row for each treatment (24-epibrassinolide and irrigation regimes) are statistically significant at 5% level of 
probability by DMRT method. 
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may vary depending on the plant species, 
developmental stages, and environmental 
conditions (J Ahammed et al, 2015). Although BRs 
are known to stimulate elongation of young 
tissues, these plant growth regulators have also 
been previously reported to inhibit branch 
elongation in various plant species such as rice 
(Oryza sativa) and pea (Pisum sativum). These 
reductions in elongation have been attributed to 
enhanced ethylene release and/or enhanced 
cyanide, a byproduct of ethylene biosynthesis 
when ethylene is produced from ACC (Pereira-
Netto et al, 2006). BRs have been demonstrated to 
stimulate ACC and ethylene biosynthesis in 
systems such as the primary roots of maize (Zea 
mays) in which exogenously applied brassinolide 
enhanced ethylene release and ACC oxidase 
activity in a dose-dependent manner (Lim et al. 
2002). Thus, a possible way that BRs might inhibit 
elongation of stem treated with doses of BRs over 
3 µM might be through a stimulation of ethylene 
and/or cyanide biosynthesis, especially if ethylene 
and/or cyanide biosynthesis is BRs dose-
dependent.  
 

The Numbers of branches 

The findings of this study showed that The 
number of branches decreased with reducing 
irrigation. Razmi et al. (2013) stated that different 
irrigation treatments had significant effects on the 
numbers of branches of Glycine max. With 
increasing irrigation round, the number of 
branches per plant decreased from 1.6 per plant in 
I1 and reached 1.35 in I4. Drip irrigation with 100 
per cent PE recorded significantly a higher number 
of branches in tomato (Parameshwarareddy et al., 
2018). Increase in the number of branches in 
savory herbs with application of 28-
Homobrassinolid has been reported by Eskandari 
(2011). Exogenous application of BRs on Jasminum 
sambac L. plant at 3 μM concentration resulted in 
the maximum plant height (66.72 cm) and number 
of branches per plant (62.15) compared to the 
other treatments (Akram et al, 2014). In the study 
by Farazi et al. (2015) applying 10-10 and 10-8 molar 
24- homobrassinolide concentrations in irrigation 
reduction conditions caused significant increase in 
the number of secondary branches in stressed 
plants as compared to the control plants.  

Shoot fresh and dry weight 

The loss of fresh and dry mass in drought 
treated Arabidopsis plants confirms that drought 
stress can result in the inhibition of photosynthetic 
efficiency leading to the reduction of 
photoassimilates production (Kalaji et al, 2018). 
CDK activity reduced under water deficit 
conditions which increased the duration of cell 
division and decreased the number of cell 
divisions per unit time, ultimately reducing the 
growth of leaves and the plant (Aslam et al. 2015). 
However, water deficit stress conditions cause a 
marked suppression in plant photosynthetic 
efficiency. These changes in growth can be 
considered as a morphological adaptation of the 
plant to water and environmental stresses to 
reduce transpiration and to induce a lower 
consumption of water ( Bañon et al., 2006). Deficit 
soil water induces limitation of leaf area 
expansion, temporary leaf wilting or rolling, and 
early leaf senescence which result in reduced 
photosynthesis (Earl and Davis, 2003). Growth 
reduction as a result of water deficit has been 
widely reported (Nelissen et al, 2018; Mahmoud 
et al, 2018; Dambreville et al, 2017). Similarly, 
Said-Al Ahl et al. (2009) in oregano, Jungklang et 
al. (2017) in Curcuma alismatifolia, and 
Houshmand et al. (2012) in chamomile also 
reported that drought stress reduced fresh and 
dry weights and herbage yield of the tested 
species. Generally, severe reductions in plant 
growth manifested by vegetative parameters 
were recorded due to decreased available soil 
water. Cortes et al. (2003) reported that 
exogenous BRs applications to cactus plants did 
not alter cladode weight compared with the 
control. The morphogenetic responses such as 
increased number of leaves, leaf area, fresh 
weight and dry weight of foliage, and the growth 
of productive branches and tillers have been 
observed after treatment with brassinosteroids 
(Kamuro, 1999). Also in the study reported by 
Amiri et al. (2018) foliar applications of BRs and its 
interaction with drought stress did not affect 
(p≤0.05) the weight of Coriandrum sativum. 
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Root fresh and dry weight 

Results indicated that lower supplied 
irrigation resulted in reduced fresh and dry 
weights of the roots. Generally, the fresh and dry 
weights of the roots were significantly reduced 
due to drought stress (Quiroga et al., 2018). The 
root weight increased in a dose dependent 
manner with PBZ, but the highest concentration of 
PBZ reduced the dry weight of roots in maize 
(Kamran et al, 2018). Our results are in agreement 
with an earlier report by Percival and Noviss 
(2008) who indicated that PBZ foliar leaf of plants 
under deficit water stress enhanced root weight. 
It can be explained that rerating the plants with 
PBZ increased the root mass and dry weight as a 
result of increased root growth and root system 
expansion. This may influence the ability of 
treated plants to make contact with water (Davis 
et al, 1988). 
 

Chlorophyll content 

Under drought stress, due to lower leaf 
area, chlorophyll accumulation increases at lower 
leaf level. Chlorophyll concentration per unit leaf 
area was enhanced by PBZ due to a greater 
concentration of chlorophyll in a much smaller leaf 
area and synthesized more cytokinin which in turn 
enhanced chloroplast differentiation and 
chlorophyll biosynthesis and prevented 
chlorophyll degradation (Xia et al., 2018). Triazoles 
may also have a direct effect on the biosynthesis 
of chlorophylls through the effect on biosynthesis 

of isoprenoid (Amoaghaee and Shariat, 2015). 
Also, as Table 1 shows, positive effects of BRs on 
were observed on chlorophyll a, b, and total. Net 
photosynthetic rate and leaf chlorophyll content 
of Vigna radiata L. was enhanced by the HBR 
treatment (Fariduddin et al, 2003). Siddiqui et al 
(2018) reported increased leaf chlorophyll content 
upon treatment with BRs in Brassica juncea L. 
 

Anthocyanin content 

Bucchetti et al (2011) reported on high 
concentrations of anthocyanins under water 
shortage in Merlot grape. Increase in anthocyanin 
in plants treated with BRs under low irrigation 
regimes revealed the activation of the plant’s 
antioxidant system by BRs and reduced oxidative 
damage. Increasing of phenylpropanoid 
compound (anthocyanin) in stress condition and 
treatment with 24-epibrasinolid indicated the 
activation of phenylpropanoid biosynthesis 
pathway in this condition and the role of 
anthocyanin in suppressing free radicals 
(Rezanezhad et al., 2010).  Treatment with BRs (at 
0.4 mg⋅L-1) increased the levels of anthocyanins in 
Vitis vinifera L. (Vergara et al, 2018).  Also, Triazole 
treatment increased the anthocyanin content in 
both Plectranthus aromaticus and Plectranthus 
vettiveroides (Rajalekshmi et al, 2009). Finally, in 
Stevia rebaudiana B. irrigation with PBZ induced a 
significant increase in anthocyanin (Hajihashemi, 
2018). 
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