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Abstract
The roles of plant growth regulators (PGRs) in plants are well documented. However, there is a little information regarding 
their roles in alleviating salt stress in plants, particularly peppermint. This necessitated the evaluation of the efficiency of 
three selected PGRs in counteracting the ill effect of salt stress by conducting a pot experiment on peppermint (Lamiaceae). 
Three uniform size suckers were transplanted in each pot containing proper nutrients. Thirty day old plants were subjected to 
4 levels of salinity, viz. 0, 50, 100 or 150 mM NaCl. Salt stress was given at 30 days after their transplantation (DAT). Plants 
were sprayed twice, i.e., at 60 and 75 DAT with 10−6 M each of gibberellic acid (GA3), salicylic acid (SA) or triacontanol 
(Tria). The sampling was made at 100 DAT and harvesting at 120 DAT. The graded levels of salinity decreased growth, 
photosynthesis, carbonic anhydrase (CA) activity, NPK content, peltate glandular trichome (PGT) density, essential oil 
(EO) and menthol content and herb, EO and menthol yield, but increased catalase (CAT), peroxidase (POX) and superoxide 
dismutase (SOD) activities and proline content linearly. Spray of PGRs particularly SA improved all parameters under both 
salt and salt free conditions. The maximum values for yields of herb, EO and menthol were noted with 0 mM NaCl × SA. 
However, antioxidants, proline content, PGT density and EO content were found to be maximum with 150 mM NaCl × SA.
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Introduction

Mentha piperita L. (peppermint) is an important medicinal 
and aromatic plant (MAP) belonging to the family Lami-
aceae. Its oil and leaves are used in traditional medicines 
and pharmaceutical products as also flavouring agent. Pep-
permint oil due to presence of terpenoids like menthol, men-
thone, menthyl acetate, menthofuran, isomenthone, pulegone 
and limonene has therapeutic, antifungal, anticholinestearic, 
antimicrobial and anti-oxidant activities (Lawrence 2006; 
Santoro et al. 2013; Barros et al. 2015). The previous studies 
revealed that salinity influenced osmotic and ionic imbal-
ance in plants adversely leading to poor growth, yield and 
secondary metabolite products like essential oil and its 

components (Aziz et al. 2008; Khorasaninejad et al. 2010; 
Olfa et al. 2016). Ill effects of salinity may be overcome to 
a great extent by evolution of salt resistant varieties, bal-
anced manuring and judicious fertilizer and PGRs applica-
tion (Ondrasek et al. 2011; Jayakannan et al. 2015). Of these 
factors, PGR application is of quite importance. Gibberel-
lins are natural diterpenes that are significant for their role 
particularly in seed germination, vegetative growth, bolt-
ing and induction of flowering, or fruit development (Sun 
and Gubler 2004). The hormone may induce or increase 
the endogenous levels of SA under abiotic stress conditions 
(Alonso-Ramírez et al. 2009). SA is an endogenous signal-
ling molecule and is involved in stress tolerance of plants by 
regulating physiological and biochemical processes includ-
ing photosynthesis and antioxidant metabolism (Gunes et al. 
2007; Horvath et al. 2007; Nazar et al. 2011; Palma et al. 
2013). It helps in tolerating plant salinity stress by alter-
ing nutrient uptake, membrane functioning, water relations, 
inhibition of ethylene biosynthesis and lipid peroxidation 
(Raskin 1992; Aldesuquy et al. 1998; Rajasekaran and Blake 
1999; Srivastava and Dwivedi 2000). Tria is a saturated 
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primary alcohol and has plant growth promoting properties 
(Ries et al. 1977). Tria regulates of photosynthesis, water 
and mineral nutrient uptake by influencing the enzymes 
which regulate growth and metabolic processes in plants 
(Chen et al. 2002; Naeem et al. 2011). Tria can also up-reg-
ulate crop growth under stressful environments (Muthuche-
lian et al. 1996; Radhakrishnan and Kumari 2008). Keeping 
the importance of such hormones in view, the present study 
was undertaken with the hypothesis whether application 
of the three selected PGRs at crucial stage of growth can 
counteract the negative effect of salinity in peppermint. The 
present investigation may be helpful in making a normal 
crop to the moderate tolerant one.

Materials and methods

Plant material, PGRs and salt treatment

This pot experiment was conducted on peppermint during 
summer season in a net house of the Department of Bot-
any, Aligarh Muslim University, Aligarh (27°52′N latitude, 
78°51′E longitude, 187.45 m altitude). During this exper-
imental period, there were a 12 h photoperiod of natural 
daylight, maximum and minimum temperature of 37.5 and 
15 °C, respectively and relative humidity of 59.5% on aver-
age, with the total rainfall being 125.00 mm. Prior to trans-
plantation, soil samples were randomly collected from each 
pot filled with a homogenous mixture of 4 kg soil and 1 kg 
organic manure (4:1) for their analysis. Physio-chemical 
characteristics of the experimental soil were, texture-sandy 
loam, pH (1:2) 7.6, E.C. (1:2) 0.58 dS m−1, available N, 
P and K 98.5, 78.5 and 148.1 mg kg−1 soil, respectively. 
The soil was maintained at sufficient moisture to ensure 
optimum growth of plants. A recommended basal dose of 
N, P and K (N80 P40 K40) kg ha−1 (Singh et al. 2012), i.e., 
36 mg N + 17.9 mg P2O5 and 17.9 mg K2O kg−1 soil (Gupta 
2004) was applied in the form of urea, single superphos-
phate and muriate of potash, respectively at the time of 
transplanting. Healthy peppermint suckers of uniform size 
and age obtained from the Central Institute of Medicinal 
and Aromatic Plants, Lucknow (India) were transplanted at 
the rate of 3 suckers pot−1. Plants were subjected to four 
graded levels of salt stress (0, 50, 100 or 150 mM NaCl) 
at 30 days after transplanting (DAT). Two sprays of dilute 
solution (10−6 M) each of the three PGR’s (GA3, SA or Tria) 
were applied to the foliage of plants using a hand sprayer 
at the interval of 15d with the first spray giving at 60 DAT. 
The control plants were sprayed with the double distilled 
water (DDW). The experiment was conducted according to 
a factorial randomized design. In all, there were 16 treat-
ments. Each treatment was replicated five times. The stand-
ard cultural practices were adopted for growing the crop. 

The performance of the crop in respect of growth, physio-
biochemical, yield and quality-parameters were studied at 
100 DAT. Harvesting of the crop was done at 120 DAT.

Determination of growth parameters

Shoot and root length of the plants were determined in cm 
and fresh weight of the plants in g. After drying at 80 °C for 
48 h in an oven, dry weights of per plant were obtained in 
g. After counting leaves, leaf area of the upper third fully 
expanded leaf of each plant (cm2) was determined by a leaf 
area meter (ADC Bioscientific, Hoddesdon, Herts, UK).

Determination of physiological and biochemical 
parameters

SPAD chlorophyll

Estimation of leaf chlorophyll was accomplished with the 
help of the SPAD-502 (KMS Inc. Japan).

Leaf gas exchange parameters

Gas exchange parameters were determined using an infrared 
gas. Net photosynthetic rate (PN) and its related attributes 
[stomatal conductance (gs), internal CO2 concentration (Ci) 
and transpiration rate (E)] were evaluated by a portable sys-
tem (LI-COR 6400, LICOR, Lincoln, NE, USA). The con-
ditions as temperature, RH, CO2 concentration, and photon 
flux density in the leaf chamber of the system were at 25 °C, 
85%, 600 µmol mol−1, and 800 µmol m−2 s−1, respectively.

Carbonic anhydrase activity

Leaf carbonic anhydrase (CA) activity in the leaves was 
measured following the method described by Dwivedi and 
Randhawa (1974). Leaves (200 mg) were cut into small 
pieces in 10 mL cysteine hydrochloride solution (0.2 M). 
These leaf samples were blotted and transferred in a test 
tube, followed by the addition of 4 mL phosphate buffer (pH 
6.8), 4 mL NaHCO3 (0.2 M in 0.02 M NaOH), 0.2 mL bro-
mothymol blue (0.002%). This reaction was titrated against 
0.5N HCl using methyl red as an indicator. The activity of 
the enzyme was expressed as mM CO2 kg−1 (FM) s−1.

Catalase, peroxidase, and superoxide dismutase 
activities

Leaf enzyme extract

For the estimation of activities of antioxidant enzyme, leaf 
extract was prepared by homogenizing 2 g ice cold leaves 
in a mixture of 6 mL phosphate buffer of pH 7.0 (50 mM), 
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1 mL ethylenediaminetetraacetic acid (1 mM), 1 mL phe-
nylmethanesulfonylflouride (1 mM), 1 mL Triton X-100 
(0.5% v/v) and 1 mL polyvinyl pyrollidone (2% w/v) in a 
pre-chilled mortar and pestle. The homogenates were centri-
fuged at 12,000×g for 20 min at 4 °C. The supernatant was 
used for determination of enzyme activities.

Catalase activity

The catalase activity was assayed by measuring the initial 
rate of H2O2 disappearance using the method of Aebi (1984). 
Leaf enzyme extract at 0.1 mL was mixed with 3 mL H2O2 
(30 mM accomplished by diluting 0.34 mL 30% H2O2 to 
100 mL with the phosphate buffer of pH 7). The decompo-
sition of H2O2 was followed by decline in optical density 
(OD) at 240 nm. The absorbance was noted with the help of 
a spectrophotometer (Spectronic UV-1700 Shimadzu, Japan) 
at the room temperature (= 20 °C) with the interval of 30 s 
using a blank containing buffer solution instead of H2O2 
along with the enzyme extract. The activity of the enzyme 
was expressed as µM H2O2 (decomposed) kg−1 FM s−1.

Peroxidase activity

The activity of peroxidase was determined by the method of 
Chance and Maehly (1955). The reaction mixture in a total 
volume of 3 mL was prepared by taking 2.10 mL DDW, 
0.32 mL phosphate buffer of pH 6.0 (100 mM), 0.16 mL 
H2O2 (0.5%), 0.32 mL pyrogallol solution (5% w/v) and 
0.1 mL leaf enzyme extract. The absorbance of the reac-
tion mixture was read at the interval of 20 s at 420 nm with 
the help of the spectrophotometer using a blank. The assay-
ing period was approximately 3 min and the time interval 
between two successive readings was 20 s and the tempera-
ture was 20 °C. the blank was prepared using the buffer 
solution instead of the leaf enzyme extract, along with the 
other ingredients of the mixture. The activity of the enzyme 
was expressed as µM pyrogallol (oxidised) kg−1 FM s−1.

Superoxide dismutase activity

The activity of the enzyme was determined by the method of 
Kono (1978). The reaction mixture in a total volume of 3 mL 
was prepared by taking 1.2 mL sodium bicarbonate of pH 
10.2 (50 mM), 0.3 mL NBT (24 µM), 0.2 mL EDTA− Fe++ 
(0.1 mM) and 0.1 mL leaf enzyme extract. Just after the 
addition the enzyme extract, the absorbance was recorded 
for 2 min with the help of the spectrophotometer at 560 nm 
using a blank containing buffer solution instead of the leaf 
enzyme extract along with the above solutions. Using the 
unit of the superoxide dismutase (the amount of the enzyme 
required for causing 50% reduction of NBT at 25 °C) the 

activity of the enzyme was expressed as mM NBT (reduced) 
kg−1 FM s−1.

Proline content in leaves

The proline content was measured in fresh leaves follow-
ing the method of Bates et al. (1973). Leaves at 0.5 g were 
homogenized with the help of a pestle and mortar with 
10 mL 3% sulfosalicylic acid. The homogenate was filtered 
through Whatman No. 2 filter paper and the filtrate was col-
lected into a test tube. The final volume of the filtrate was 
made to 10 mL by adding 3% aqueous sulfosalicylic acid 
(if required). From this extract filtrate, 2 mL were mixed 
with glacial acetic acid and acid ninhydrin each at 2 mL in 
a test tube. This mixture was heated on a boiling water bath 
for 1 h. The reaction was terminated by transferring the test 
tube to ice bath followed by the addition of 4 mL toluene 
with vigorous shaking for 15–20 s. The chromophore con-
taining toluene was aspirated from the aqueous phase and 
was warmed to room temperature. The absorbance of the 
red colour was read at 520 nm against a toulene blank on 
the spectrophotometer. The amount of proline in the sample 
was calculated using a standard curve prepared from pure 
proline ranging from 0.1 to 36 µmol and expressed on fresh 
mass basis of the sample. The proline content is expressed 
as µmol g−1 FM.

Leaf nitrogen, phosphorus and potassium contents

The oven-dried leaf powder at 100 mg was transferred into 
a 50 mL Kjeldahl flask followed by the addition of 2 mL 
analytical reagent grade concentrated sulphuric acid. After 
heating the contents for about 2 h followed by cooling for 
about 15 min at room temperature, 0.5 mL hydrogen per-
oxide (30%) was added drop by drop and the solution was 
heated again till the colour of the solution changed from 
black to light yellow. The heating and cooling procedure 
was repeated until the content of the flask became colour-
less. The peroxide-digested material was transferred from 
the Kjeldahl flask into a 100 mL volumetric flask with three 
washings each with 5 mL DDW. The volume of the flask 
was maintained by DDW. The digested material was used 
for estimation of N, P and K content. Leaf N and P contents 
were estimated according to the method of Lindner (1944) 
and Fiske and Subba Row (1925), respectively. Leaf K con-
tent was analyzed using flame-photometer (Hald 1946).

Determination of secondary metabolites

Peltate glandular trichome diameter and density

Peltate glandular trichome (PGT) diameter and density 
were determined with the help of scanning electron 
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microscope (SEM) of make JEOL, JSM-6510 LV, Japan. 
Leaves were coated with gold prior to scanning. The 
diameter of the PGTs was determined in micrometres 
(µm) using SEM. The calculations were done according 
to Maffei et al. (1986). The PGT diameter was expressed 
as µm and density as mm−2.

Essential oil content and menthol content

Essential oil (EO) content was determined by the hydro 
distillation method of Guenther (1972). Fresh leaves at 
50 g allowed distilling for 3 h distillation and the EO 
content was expressed as % (v/w). The menthol content 
of EO was determined by gas chromatography. Menthol 
was calculated by knowing its peak area given in the chro-
matogram. The menthol content (%) was determined by 
dividing the menthol peak area by the total chromatogram 
and the resulting quotient was multiplied by 100 (Adams 
2007).

The details for the estimation of menthol content by 
GC were as follows: GC, Nucon 5700, New Delhi, India 
was equipped with an AT-1000 stainless steel column, a 
flame ionization detector and an integrator. N was used 
as the carrier gas. The flow rates of N, H and O were 
maintained at 0.5, 0.5, and 5 mL s−1, respectively. The 
temperature of the detector was 250 °C; oven, 160 °C and 
injector, 250 °C. The sample size was 2 µL invariably.

Statistical analyses

The data were statistically analysed using the SPSS 16.0 for 
Windows Software Package and the replicate means were 
separated by Duncan’s multiple range tests.

Results

Growth characters

The data (Table 1) revealed that increasing levels of salin-
ity decreased shoot and root length, leaf number, leaf area, 
shoot and root fresh weight and shoot and root dry weight 
linearly. A decrease of 16.12%, 20.89% and 25.06% in 
fresh weight per plant, for e.g., was noted with 50, 100 and 
150 mM NaCl respectively over the water-sprayed control. 
A reverse relationship was observed between salinity levels 
and parameters namely chlorophyll content, PN, gs, Ci, E, 
CA activity and leaf nutrient such as N, P and K contents 
(Table 2). However, increasing salt levels enhanced CAT, 
POX, SOD and proline content continuously (Table 3). An 
increase of 23.77%, 32.10% and 40.03%, for e.g., in CAT 
activity was observed with 50, 100 and 150 mM NaCl, 
respectively, over the no salt treatment. The graded levels 
of salinity declined EO Yield, menthol content and yield 
and PGT diameter progressively, the lower level of salinity 
(50 mM NaCl) decreased both EO content and PGT density; 
however, 100 mM NaCl improved these parameters to some 

Table 1   Effect of salt stress on growth characters (means of five replicates)

Stress treat-
ments (mM 
NaCl)

Shoot length 
per plant 
(cm)

Root length 
per plant 
(cm)

Leaves per plant Area 
per leaf 
(cm2)

Shoot fresh 
weight per 
plant (g)

Root fresh 
weight per 
plant (g)

Shoot dry 
weight per 
plant (g)

Root dry 
weight per 
plant (g)

0 60.73 56.65 224.20 6.00 72.63 28.81 24.28 4.89
50 50.68 47.66 192.10 5.02 60.92 24.10 19.86 4.63
100 48.05 44.77 175.15 4.74 57.46 25.76 19.02 4.79
150 45.59 42.62 171.20 4.49 54.43 22.08 17.10 4.07
CD at 5% 0.45 0.58 2.17 0.12 0.51 0.49 0.48 0.58

Table 2   Effect of salt stress on physio-biochemical parameters (means of five replicates)

Stress treat-
ments (mM 
NaCl)

Chlorophyll 
content 
(SPAD)

PN (µM 
CO2 
m−2 s−1)

gs (M 
H2O 
m−2 s−1)

E (M 
H2O 
m−2 s−1)

Ci (M 
CO2 
m−2 s−1)

CA activity (M 
CO2 kg−1 s−1)

N content (%) P content (%) K content (%)

0 54.76 6.10 0.107 2.323 3.12 32.00 2.45 0.31 1.93
50 45.69 5.12 0.091 1.953 2.60 26.36 2.18 0.29 1.79
100 42.90 4.88 0.087 1.856 2.46 24.81 2.08 0.28 1.71
150 40.51 4.64 0.083 1.765 2.33 23.52 2.03 0.27 1.65
CD at 5% 0.55 0.007 0.003 0.013 0.005 1.175 0.11 0.02 0.10
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extent over 50 mM NaCl (Table 3). The highest salt level 
(150 mM NaCl) gave slightly higher values even than the 
no salt treatment.

Foliar application of PGRs in order of SA > GA3 > Tria 
was found to be effective in enhancing almost all growth 
parameters (Table  4). The spray of SA improved for 
instance shoot fresh weight per plant by 46.05%, GA3 by 
40.42% and Tria by 33.22% over the water-sprayed con-
trol. However, foliar sprays of PGRs did not vary in their 
effect for root dry weight (Table 4). An almost similar trend 
observed for physio-biochemical parameters in respect of 
the effects of foliar PGR treatments (Tables 5, 6). The spray 
of SA enhanced, for e.g., CAT activity, by 31.46%, GA3 by 
21.80%, and Tria by 30.60% over the water-sprayed control 
(Table 6). Similarly foliar application of PGRs in order of 
SA > GA3 > Tria improved all yield and quality parameters, 
except PGT diameter (Table 6). For e.g., the spray of SA 
increased EO content by 80.00%, EO yield by 154.55%, 
menthol content by 53.84%, menthol yield by 53.84% and 
PGT density by 95.05% over the water-sprayed control 
(Table 6).

Among interactions 0  mM NaCl × SA excelled oth-
ers for all growth parameters studied (Fig. 1). This inter-
action increased for example fresh weight per plant by 
121.15% over the lowest value giving interaction 150 mM 
NaCl × water (Fig. 1). In respect of physio-biochemical 
parameters interaction 0 mM NaCl × SA proved best for 
chlorophyll content, PN, gs, Ci, E, CA activity and leaf nutri-
ent such as N and K contents, while 150 mM NaCl × SA for 
CAT, POX, SOD and proline content (Figs. 2, 3). The inter-
action 0 mM NaCl × SA increased, for e.g., PN by 89.50% 
over the least value giving interaction 150 mM NaCl × water. 
The effect of interaction was not found to be significant on 
CA, SOD and proline and leaf P content (Figs. 2, 3). Of 
interactions, 0 mM NaCl × SA excelled others for EO yield, 
menthol content and yield and PGT diameter (Fig. 3). How-
ever, the perusal of SEM images (Fig. 4) and gas chroma-
togram (Fig. 5) revealed that interaction treatment 150 mM 
NaCl × SA proved to be best for EO content and PGT density 
(Fig. 3). Interaction 0 mM NaCl × SA gave, for e.g., 453.85% 
higher EO yield over the lowest value giving interaction.

Discussion

This study is an attempt to understand the effect of spray of 
PGRs under salt stress on the performance of peppermint 
through the study of various phenomena using growth, bio-
chemical analysis, scanning electron microscopy and gas 
chromatography. In the present study, salt stress treatments 
decrease growth characteristics, photosynthetic parameter, 
leaf nutrients as also yield and quality attributes while 
increased the contents of antioxidant enzymes and proline Ta
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(Figs. 1, 2, 3). The decrease in fresh weight of peppermint 
plants resulted from the application of NaCl particularly 
at 150 mM over the no salt treatment can be attributed to 
reduced shoot and root length, leaf number and area per 
leaf. The reduction in these growth characters may be attrib-
uted to hyperosmotic stress caused by NaCl leading to a 
water potential imbalance between the apoplast and sym-
plast. The resulted low water potential would decrease tur-
gor pressure hence diminished growth (Bohnert et al. 1995; 
Timperio et al. 2008). Moreover the reduction in root length 
may cause comparatively less nutrient and water absorp-
tion in salt treated plants resulting in suboptimal metabo-
lism which may cause poor plant growth including root 
growth as depicted in root fresh weight. The decrease in 
dry weight of shoots may be correlated with the poor fresh 
weight of treated plants. Our findings on growth in respect 
of salt stress broadly corroborate with the findings of Li 
et al. (2014) on peppermint and Gengmao et al. (2014) on 
red sage. The salt stress not only decrease growth characters 
but also photosynthetic parameters (Fig. 2). The decrease in 
PN due to application of salt particularly 150 mM NaCl over 
no salt treatment may be attributed to decreased chlorophyll 
content, gs and E of NaCl treated plants. The suppressed 
photosynthesis by salt treatment is in accordance with the 
result of Khan (2003) on wheat and Babar et al. (2014) on 
fenugreek. Salinity stressed plants especially 150 mM NaCl 
treated ones exhibited a decreasing trend in respect of leaf 
nutrient contents (Fig. 2). This decrease in leaf nutrients 
may be correlated with the reduced root length of treated 

plants on one hand and salinity mediated ionic imbalance on 
the other. The effect of salt on leaf nutrients are in accord-
ance with Yildirim et al. 2008. The salt stress on the other 
hand increased CAT, POD and SOD activities as also proline 
content (Table 3). The increase in antioxidant enzyme activi-
ties and proline content may be the result of the protective 
mechanism. Application of NaCl increases the synthesis of 
harmful reactive oxygen species (ROS) through salt effected 
ionic imbalance in the cell. To overcome the effect of these 
ROS, antioxidant enzymes and proline are synthesized in an 
ample quantity within the cell as a result of stress adaptation 
(Alscher et al. 2002; Sperdouli and Moustakas 2012). These 
results agree with those of Tuna et al. (2008) in maize plants, 
Sairam and Srivastava (2002) in Cassia angustifolia plants, 
Agarwal and Pandey (2004) in wheat. Salt stress especially 
150 mM NaCl increased EO content and PGT density (stud-
ied for the first time in respect of the salinity) but decreased 
herb yield, EO yield as also menthol content and its yield 
(Table 3.). The decrease in these attributes could be because 
of the observed reduction in growth characters, photosyn-
thesis and nutrient contents. The high density of PGTs of 
treated plants would naturally affect the EO content hence 
higher value of the oil content. Most of these findings are 
in agreement of Tabatabaie and Nazari (2007), Aziz et al. 
(2008) and Khorasaninejad et al. (2010).

Exogenously leaf-applied PGRs improved growth, bio-
chemical, yield and quality parameters (Tables 4, 5, 6). The 
alleviation in growth of plants due to PGRs especially SA 
may be traced to the fact that PGRs increase membrane 

Table 4   Effect of plant growth regulators on growth characters (means of five replicates)

PGR spray 
treatments 
(10−6 M)

Shoot length 
per plant 
(cm)

Root length 
per plant 
(cm)

Leaves per plant Area 
per leaf 
(cm2)

Shoot fresh 
weight per 
plant (g)

Root fresh 
weight per 
plant (g)

Shoot dry 
weight per 
plant (g)

Root dry 
weight per 
plant (g)

Water 39.98 37.50 147.15 3.88 47.23 22.23 15.50 4.30
GA3 55.09 51.35 206.00 5.48 66.32 26.14 21.85 4.82
SA 57.20 53.66 214.15 5.68 68.98 27.17 22.98 4.60
Tria 52.78 49.18 195.35 5.21 62.92 25.21 20.83 4.68
CD at 5% 0.45 0.58 2.17 0.12 0.51 0.49 0.48 NS

Table 5   Effect of plant growth regulators on physio-biochemical parameters (means of five replicates)

PGR spray 
treatments 
(10−6 M)

Chlorophyll 
content 
(SPAD)

PN (µM 
CO2 
m−2 s−1)

gS (M 
H2O 
m−2 s−1)

E (M 
H2O 
m−2 s−1)

Ci (M 
CO2 m−2 
s−1)

CA activ-
ity (M CO2 
kg−1 s−1)

N content (%) P content (%) K content (%)

Water 35.24 4.14 0.074 1.560 2.05 20.17 1.82 0.26 1.55
GA3 49.48 5.53 0.098 2.110 2.82 28.81 2.26 0.30 1.83
SA 51.95 5.76 0.102 2.200 2.94 30.29 2.37 0.31 1.88
Tria 47.20 5.31 0.095 2.026 2.69 27.43 2.28 0.29 1.82
CD at 5% 0.55 0.005 0.003 0.013 0.005 1.175 0.11 0.02 0.10
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permeability, cell division and cell enlargement. The favour-
able response of plants to PGRs has also been reported by 
Yildirim et al. (2008), Babar et al. (2014) and Özkan and 
Baydar (2016). The improvement in PN resulted from the 
application of PGRs particularly SA may be ascribed to 
the enhancement in photosynthetic attributing characters 
like chlorophyll content, gs and E of treated plants. These 
findings may be well documented with support of Popova 
et al. (1997), Stevens et al. (2006), Ashraf et al. (2010) and 
Pazoki (2015). The improvement in nutrient contents are of 
PGR-treated plants particularly SA treated plants may be 
attributed to the enhanced membrane permeability on one 
hand and the longer root length on the other hence higher 
values for nutrient contents. These findings on nutrient con-
tent more or less match with those of Gunes et al. (2005) and 
Yildirim et al. (2008). The explanation for the improvement 
in activities of antioxidant enzymes as also proline content 
due to hormones especially SA is not far to seek. The PGRs 
particularly SA is supposed to act as secondary messengers 
for the metabolism responsible for the improved synthesis of 
antioxidant enzymes and osmolytes as well. The enhanced 
activities of the antioxidant enzymes and proline content 
due to PGR application, especially SA has been observed by 
other workers also including Senaratna et al. (2000) and Bor-
sani et al. (2001). Plants treated with PGRs particularly SA 
gave higher value not only for herb yield and PGT density 
but also for EO content and yield as well as menthol content 
and yield (Figs. 4, 5). The improvement in these secondary 
metabolite parameters may be related to the higher values 
for growth and photosynthetic characters and nutrient con-
tents of treated plant. The higher density of PGTs of treated 
plants may result in higher EO content. These results might 
be associated with the gene mediated improved metabolism. 
The role of SA in increasing secondary metabolites of plants 
has been well documented in various literatures (Zheljaz-
kov 2010; Shabrangi and BeigiJazi 2014; Saharkhiz and 
Goudarzi 2014). The beneficial effect of foliar application 
of PGRs especially SA on the performance of peppermint 
under stress conditions (Figs. 1, 2, 3) may be explained on 
the same as discussed above. Our findings broadly corrobo-
rate with the findings of Shakirova et al. (2003), Arzhe et al. 
(2015), Pazoki (2015) and Zohra et al. (2016).

Conclusion

Based on the results of the present study, it could be con-
cluded that peppermint plants were deleteriously affected 
by NaCl stress. The severity of the salt damage increased 
with the elevating concentration of NaCl. However, exog-
enously leaf applied PGRs ameliorated most of the param-
eters studied under stress and stress free conditions. The 
amelioration was more pronounced when plants were free Ta
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Fig. 1   Salt mediated effect of plant growth regulators on growth parameters
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Fig. 2   Salt mediated effect of plant growth regulators on physio-biochemical parameters
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Fig. 3   Salt mediated effect of plant growth regulators on antioxidant enzyme activities, proline content and yield and quality attributes
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from salt stress. Application of SA was comparatively 
more pronounced. As a conclusion, foliar application 
of SA treatment may present new prospects for growing 
peppermint in soils even containing moderate and high 
amounts of NaCl.

Author contribution statement  DK carried out the experi-
mental work, analysed and prepared the manuscript. FM had 
supervised the work and was involved in the design of the 
experiment preparation and presentation of the manuscript.

Fig. 4   Salt mediated effect of plant growth regulators on menthol content (GC graph). a Control and b 150 mM NaCl × 10−6 M salicylic acid

Fig. 5   Salt mediated effect of plant growth regulators on density and diameter of peltate glandular trichomes (SEM image). a Control, b 150 
mM NaCl × 10−6 M salicylic acid
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