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Different Effects of Penconazole on
Enzymatic and Non-enzymatic Antioxidants
of Sesame (Sesamum indicum L.)
Under Salinity

Heydari H, Shaki F, Niknam V* and Ebrahimzadeh Maboud H
Department of Plant Biology, Iran

Abstract

Salinization of soil is recognized as one of the most pressing environmental challenges to resolve for the
next century. The ability to respond to environmental stimuli is among the most fundamental processes
that enable plants to survive. Penconazole (PEN), a triazole group of fungicide, which has both fungicidal
and plant growth regulator properties, protects plants from several types of abiotic stresses. The pur-
pose of this work is to assess the effect of sodium chloride (0, 50, 100, and 200mM) and PEN (15mg/L)
on some biochemical responses of sesame. Results revealed that some growth parameters decreased
under salinity however, compatible solutes, H,0, and Malondialdehyde (MDA) levels, flavonoid content,
and PPO enzyme activity increased. PEN application had a positive effect on growth parameters, proline
and H,0, contents, SOD, CAT and POX enzyme activities, but decreased MDA, carbohydrate, flavonoid and
anthocyanin contents, as well as PPO activity. According to our results, PEN changed physiological and
biochemical parameters, and therefore, due to its low price and availability is suggested for reduction of
the negative effects of salinity in sesame.
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Introduction

Climate change is one of the major challenges of our time and the socio-economic
consequences are alarming. It is predicted that global climate change may alter environmental
parameters such as rainfall distribution which in turn may alter the salinity of soils in many
areas [1]. Salinity is an environmental factor limiting crop production and soil fertility in arid
and semi-arid regions [2,3]. Like most of crops, yield of sesame decreases under salinity [4].
Sesame has been cultivated for its oil and is capable of producing profitable crops in saline
conditions [4]. However, its productivity decreases as the salinity level increases [5]. Under
saline conditions, plants have adopted mechanisms to protect themselves by some strategies
such as the accumulation of compatible solutes, the production of reactive oxygen species,
and accumulation of important secondary metabolites [6]. The accumulation of compatible
solutes such as proline and carbohydrate, which is in cytosole, is considered as a basic
strategy for the protection of plants in response to stress conditions [7,8]. In addition, high
carbohydrate levels caused the maintenance of the protein structures in environmental
stresses [9]. Under stress conditions, a specific level of ROS is required to induce antioxidative
protection in cells [10]. Various antioxidative enzymes are involved in detoxification of ROS
in stress conditions. Plants can also synthesize some low molecular weight components
such as flavonoids and anthocyanins under saline conditions [11]. These compounds are
some non-enzymatic antioxidants which scavenge oxidative free radicals [12]. The ability of
flavonoids to act as antioxidants depends on the reduction potentials of their radicals [13].
Further, anthocyanins are kinds of pigments derived from flavonoids, which accumulate in
tissues under the influence of environmental stimuli [13]. Penconazole (PEN) as a triazolic
group of fungicide, which act as signal transducers and causes various responses in plants
[14]. This compound could cause increase in antioxidant potential, reduction in ROS damage
and induction of growth in roots [10]. These features make PEN an ideal chemical to increase
stress tolerance in plants. To the best of our knowledge, there is a little information available
so far about the effect of PEN on plant species and there was no information in Sesamum
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indicum L. Therefore, the aim of the present study was to investigate
the impact of PEN on some physiological parameters in Sesamum
indicum L. Our results might provide a basis to enhance the growth
and productivity of sesame in salt-affected areas.

Material and Methods
Plant cultivation and treatments

Seeds from sesame (Ultan cultivar) were sown in Tref peat in
a greenhouse. Seedlings were thinned to four per plastic pot. Then
seedlings were treated with different NaCl concentration (0, 50,
100,200mM) in Hoaglﬂnd’s solution [15], with or without fungicide
penconazole (15mg L ) for 21 days. The PEN was sprayed once a
week on plants. Plants were collected after 21 days and the leaves
were sampled and stored at -70 °C for biochemical analysis.

Growth parameters

Plants were evaluated 21 days after the start of treatments in
terms of dry weight (DW). Relative water content (RWC) in leaf
tissues was quantified by method of Wheatherley [16].

Proline content determination

Leaf samples (0.5g) were homogenized in 5ml of sulphosalicylic
acid (3%) for determination of proline content [17]. Then, samples
were setaside toallow separation of the organicand aqueous phases.
The absorbance was read at 520nm using spectrophotometer.
Proline concentration was determined from a standard curve.

Carbohydrate content determination

Carbohydrate content was determined according to the method
of Dubois [18]. Dry leaves (0.1g) were extracted using ethanol:
distilled water (8:2; v/v). Then, sulphuric acid (2.5ml) and phenol
solution (0.5ml) were added to the samples, and the absorbance
was recorded at 485nm.

Malondialdehyde determination

Malondialdehyde (MDA) was determined according to Heath
and Packer [19]. Plant tissues (0.2 g) were homogenized in 2ml
of trichloroacetic acid (TCA). TCA (4ml) containing thiobarbituric
acid (TBA) (0.5%) was added to the supernatant. After that the
absorbance of the mixture was evaluated at 532 and 600nm. The
value for non-specific absorption at 600nm was then subtracted
from that of 532nm.

H,0, Content determination

Leaves (0.5g) were extracted in TCA (1ml). A 0.5ml of the extract
added to 10mM potassium phosphate (0.5ml) and potassium iodide
(KI) (1ml) [20]. The absorbance was read at 390nm.

Enzyme’s activity determination

Leaf tissues (1g) were extracted in Tris-HCl (1M). The Tris-
HCl buffer contained dithiotheritol (5mM), NaCl (0.5mM), and
ethylenediaminetetraacetic acid (EDTA) (5mM). The mixture was
kept at -70 °C and used for determination of protein and enzyme
assays. Proteins were determined according to Bradford [21].

Estimation of Superoxide dismutase activity was performed using
the methods of Giannopolitis and Ries [22]. The reaction mixture
contained riboflavin (75uM), L-methionine (13mM), sodium
phosphate (50mM), EDTA (0.1mM), NBT (75uM), and protein
extract from plants (0.1ml). The mixture was irradiated for 20min
and the final absorbance was read at 560nm against the non-
irradiated blank. Catalase activity was measured in one minute
according to methods of Aebi [23]. The reaction mixture was made
up of potassium phosphate buffer (0.625ml), H,0, (75ul), and
protein extract (10pl). Peroxidase activity determined according to
the methods of Abeles and Biles [24]. The increase in absorbance
was recorded at 530nm for 1min. The enzyme activity was defined
as luM of benzidine oxidized per min per mg protein. Polyphenol
oxidase activity determined according to the methods of Raymond
et al. [25]. The increase in absorbance was recorded at 430nm for
1min. The PPO activity was defined as 1uM of pyrogallol oxidized
per min per mg protein.

Flavonoid content determination

Flavonoid content was determined using the method of
Pourmorad et al. [26]. Leaves (0.1g) were extracted in 80%
methanol (2ml). Extracts (0.5ml) were mixed with methanol (2ml),
aluminum chloride (0.1ml), potassium acetate (0.1ml), and were
kept at room temperature for 30 min. The absorbance was recorded
at415nm.

Anthocyanin content determination

Leaf tissues (0.1g) were homogenized in methanol (10ml)
according to the methods of Wagner [27]. The absorbance of the
solution for the samples was read at 550nm.

Statistical Analysis

The experiment was performed with three replications,
and each data point was the mean of three replicates. Statistical
analysis was calculated with SPSS (version 19). Tests for significant
differences between samples were conducted using analysis of
variance with Duncan’s multiple range tests at the 0.05 level of
confidence.

Result

Growth parameters were followed by measuring FW, DW, plants
height, and RWC (Table 1). Under salinity, FW and DW significantly
decreased in plants with the increasing NaCl concentrations (Table
1). PEN increased FW and DW in salt-stressed and unstressed
plants. However, FW decreased in 200mM NaCl treated plants
after PEN application. Salinity also reduced plant length in 100
and 200mM NaCl treated plants. PEN application increased plant
length in controls and plants under 200mM NaCl treatment.
Further, RWC decreased more than 2-fold in 200mM NaCl treated
plants when compared to controls. However, PEN application
increased RWC in plants treated with 50 and 200mM NacCl. Proline
accumulation decreased in plants subjected to 100mM NaCl
treatment (Figure 1). However proline content increased in 200mM
NaCl treated plants. This increase was more than 2-fold compered
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to controls. PEN treatment to plants decreased proline content
in untreated and 50mM NaCl treated plants while, the amount of
this compound increased in 200mM NaCl treated plants with PEN

application. Carbohydrate concentration increased with increasing
concentrations of NaCl (Figure 1).
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Figure 1: Effects of salinity and exogenous PEN on content of proline and carbohydrate in sesame plants at 21
days after the start of treatments. The groups are -PEN (plants with no penconazole treatment) and +PEN (plants
sprayed with 15mgL! penconazole once a week). Columns indicate mean+SE.

This increase was more than 6-fold in 200mM NaCl treated
plants when compared to controls. PEN application increased
carbohydrate content in unstressed plants. However, PEN reduced
carbohydrate content in 50 and 200mM NaCl treated plants. For
determination of ROS scavenging capacity, H,0, levels of sesame
plants were estimated. H,0, content decreased in plants under
50 and 100mM NaCl treatments while, its content increased in
plants under 200mM NaCl treatment (Figure 2). PEN application
decreased H,0, production in controls and 50mM NaCl treated

plants. However, PEN increased H,0, contents in plants under 100
and 200mM NaCl treatments. Salt stress decreased MDA production
in sesame under 50 and 100mM NaCl treatments, while increased
MDA contentin 200mM NaCl treated plants (Figure 2). This increase
was about 2-fold compered to controls. However, PEN treatment
decreased MDA content in both salt-stressed and unstressed plants,
except in plants under 100mM NaCl treatment. The effect of PEN
was most pronounced in 200mM NaCl treated plants.
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Figure 2: Effects of salinity and exogenous PEN on content of malondialdehyde (MDA) and hydrogen peroxide
(H,0,) in sesame at 21 days after the start of treatments. The groups are -PEN (plants with no penconazole
treatment) and +PEN (plants sprayed with 15mgL! penconazole once a week). Columns indicate mean+SE.

The differences in antioxidant enzymes (SOD, CAT, POX, and
PPO) activities are depicted in Table 2. Salt stress decreased CAT,
SOD and POX activities, while increased PPO activity in NaCl treated
plants. Exogenous application of PEN to salt-stressed plants caused
a higher induction of CAT, SOD, and POX activities when compared
to control plants. However, PEN decreased PPO activity in 200mM
NaCl treated plants. In this study, the higher induction of enzyme
activity was related to PPO in PEN-treated plants under 100mM
NaCl treatment. According to the data obtained from this study,
flavonoid production decreased in 50 and 100mM NaCl treated
plants (Figure 3). However, its content increased in plants under

200mM NaCl treatment. PEN application increased flavonoid
content in unstressed plants while, decreased its content in all
salt-stressed plants. This reduction was most pronounced in
200mM NaCl treated plants. Salt stress also decreased anthocyanin
content in plants under 50 and 100mM NaCl treatments (Figure 3).
PEN application decreased anthocyanin content in untreated and
200mM NaCl treated plants. PCA analysis revealed that, principal
component 1 (F1) described 39.09% and principal component
2 (F2) described 19.99% of the total variation (Figure 4) with a
cumulative percentage of 59.08%. PPO and RWC were grouped
with positive loading on the right upper side of the biplot. Further,
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FW, DW, SOD, POX, CAT, and height were observed on the right
lower side, and MDA, H,0,, flavonoid, anthocyanin, and proline

were grouped on the left lower side of the biplot. Carbohydrate

was the only parameter on the left upper side of the biplot. These
parameters had a positive correlation among themselves with
vectors in the same directions.
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Figure 3: Effects of salinity and exogenous PEN on content of flavonoid and anthocyanin in sesame at 21 days
after the start of treatments. The groups are -PEN (plants with no penconazole treatment) and +PEN (plants
sprayed with 15mgL! penconazole once a week). Columns indicate mean+SE.

2.5
PPO
L5 100 o
100+PENS
05 Carbohydrate 50 SO+PEN RWIC
F
(=1
2 |- ; car
= 05 (200 ™MD | 4* s0D E‘Eiﬁht
o H20 sWEnol  gepen
Pro = POX
200+PEN
1.5 Anthocyanin
L
-2.5
-2.5 -1.5 0.5 0.5 15 5
F1 {39.09 %)

Figure 4: Loading plots of principal components 1 and 2 of the PCA. Results obtained from biochemical data of

sesame plants subjected to salinity and exogenous PEN.

Notes: MDA: malondialdehyde, SOD: superoxide dismutase, PPO: polyphenol oxidase, POX: peroxidase, Pro:

proline, CAT: catalase, FW: fresh weigh, DW: dry weigh.
Discussion

The present study, for the first time, reports the positive effects
of PEN on salt tolerance of sesame. In this experiment, growth
parameters were inhibited under NaCl concentrations. Reduction of
plant growth under salinity have been previously reported by other
researchers [6,10,28]. Exogenous application of PEN prevented, to
some extent, the negative effects of stress, especially in 200mM NacCl
treated plants, and allowed increased plant growth (Table 1). It was
found that PEN had most effect on tolerance at severe salt stress.
Our results are in agreement with other studies which reported

promoting effect of triazoles on cytokinin content, cell division,
and therefore growth enhancement in different plant species [29].
Accumulation of proline under stress conditions in many plant
species has been correlated with stress tolerance [14,30]. Proline
generally accumulates in response to environmental stresses in
cytosol (Kishor et al. 2005). This compound can play a significant
role in maintaining osmotic adjustment [31]. In this study,
proline content was increased dramatically under severe NaCl
concentration with and without PEN application. It was observed
that ABA treatment caused an increase in the level of proline in
water-stressed sunflower plants [32].
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Table 1: Effects of NaCl and penconazole on growth parameters at 21 days after the start of treatments in sesame.

Treatments Parameters
Penconazole NaCl (mM) FW (g) DW (g) Height (cm) RWC (%)

0 3.27+£0.43b 0.29+0.01bc 38.0+1.0b 53.03+0.46b

50 1.46+0.26f 0.32+0.36b 40.5£3.5b 53.72+1.96b

PEN 100 1.95+0.02d 0.20+0.04d 31.0+1.0c 50.00+5.22b
200 1.70+£0.14e 0.12+0.01e 28.5+2.5d 23.52+1.08d

0 3.53+0.08a 0.48+0.02a 33.5%3.5¢ 51.65+0.99b

50 1.77+0.10e 0.31+£0.03b 39.0+3.0b 56.47+1.29a

*PEN 100 2.41+0.19c 0.24+0.01c 32.0+£1.0c 51.53+5.25b
200 1.51+0.11f 0.31+0.17b 38.0+1.0b 37.87+3.98c

In addition, triazolic compounds induced a transient rise in the
ABA levels [9]. Hence, it seems that increased ABA content due to
the triazole treatment might be the main reason for the increased
proline content in PEN-treated sesame plants. Carbohydrate
accumulation has been observed in other plant species in saline
[33,34]. The high carbohydrate
contributed to the prevention of oxidative damage and the

conditions concentrations
maintenance of the structure of proteins in stress conditions. In our
experiment, PEN application reduced the carbohydrate content in
salt-treated sesame plants. Reduction in the level of carbohydrate
in PEN-treated plants indicates the stress amelioration role of PEN
that could be responsible for maintenance of plant growth in stress
conditions. In the present study, MDA (a product of membrane lipid
peroxidation) content increased dramatically under severe salt
concentration. However, this oxidative damage was ameliorated
by application of exogenous PEN. Further, the study related to
H,0, content indicated an increase under severe NaCl treatment.
Exogenous PEN caused an increase in H,0, level. Our results are in
agreement with findings in safflower plants [14] in which applied

PEN had positive effects on plant growth under stress conditions.
Plants respond to stress by increasing antioxidant capacity of
cells to restore the cellular equilibrium [35]. According to our
data, activity of SOD, CAT, and POX as ROS scavengers in sesame
decreased after exposure to saline conditions. Similarly, reduction
in activity of these enzymes was reported in salt-stressed cowpea
[36], tomato [37], liquorice [38], and maize [39] plants. In addition,
PEN application increased SOD, CAT, and POX enzyme activities in
sesame. Our results are in agreement with other findings in different
plant species [10,29,35] in which triazolic compounds had positive
effects on antioxidant enzyme activities under stress conditions.
PEN-induced antioxidant enzyme activities may be a mechanism to
increase salt resistance in sesame plants. It is likely that regulation
of CAT and POX activity can reduce excess accumulation of H,0,,
and therefore, some essential signaling functions could occur in
cells. PPO is also an oxidative enzyme and has a significant role
in oxidation of phenolic compounds. PPO activity remarkably
increased under salt stress in sesame plants (Table 2).

Table 2: Effect of NaCl and penconazole on enzymes activities at 21days after the start of treatments in sesame.

Treatments Antioxidant Enzymes Activity [U mg* (protein)]
Penconazole NaCl (mM) SOD CAT POX PPO
-PEN 0 0.110+0.01b 0.031+0.01a 0.031+0.00a 0.041+0.00d
50 0.040+0.00e 0.011+0.00c 0.010+0.00c 0.131+0.00b
100 0.080+0.01d 0.021+0.00b 0.007+0.00d 0.182+0.00a
200 0.050+0.00e 0.010+0.00c 0.003+0.00e 0.100+0.00c
+PEN 0 0.040+0.00e 0.012+0.00c 0.020+0.00b 0.050+0.00d
50 0.077+0.03d 0.020+0.01b 0.021+0.00b 0.141+0.01b
100 0.095+0.00c 0.019+0.00b 0.011+0.00c 0.190+0.02a
200 0.130+0.01a 0.014+0.01bc 0.008+0.00d 0.011+0.00e

Notes: The groups are -PEN (plants with no penconazole treatment), +PEN (plants sprayed with 15mgL' penconazole

once a week). Data are the means +SE.

SOD: superoxide dismutase, POX: peroxidase, PPO: polyphenol oxidase CAT: catalase
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Increased PPO activity might reduce the phenolic compounds
thereby protecting the content of Indole-3-acetic acid (IAA)
and this can enhance cell wall growth [10]. These results are in
agreement with the results of drought-stressed V. unguiculata
after triazole compound application [40] and indicate that
plant response to salt stress might be PEN dependent. The same
was also observed in induction of non-enzymatic antioxidant
compounds in plants. Flavonoids protect plants against various
stresses and play an important role in the interaction between
the plants and environment [41]. In this study, flavonoid content
increased only under severe salt concentration. Our results are in
agreement with the results on salt-stressed plants of rice [13]. PEN
application in salt-treated sesame plants had a lower induction
of flavonoid when compared to controls. Thus, it can be assumed
that flavonoid reduction in PEN-treated plants in this work
might probably be due to decreasing the phenolic compounds.
In addition, anthocyanin content decreased in some of the salt-
treated plants and PEN application reduced its content especially,
under severe salt treatment. Our results are in agreement with the
study which reported reduction of anthocyanin content in salt-
treated strawberry plants [42]. According to the PCA grouping in
this experiment, it is suggested that PEN could affect MDA, H,0,,
flavonoid, anthocyanin, and proline contents mostly in 200mM
NaCl treated plants [43-46]. Further, PEN effects on FW, DW, height,
SOD, POX, and CAT was most pronounced in unstressed plants. It
sounds that effects of PEN in sesame is most pronounced in higher
NaCl concentrations especially, under 200mM NaCl treatment
[47,48] (Figure 4).

Conclusion

Taken together, our data revealed that PEN helps sesame
plants to cope with saline conditions. This is supported by the
regulation of compatible solutes, as well as the increase of some
antioxidant compounds observed in such conditions. In addition,
the results indicated that PEN reduces the negative effects of salt
stress with evidence of less membrane damage. In summary, due
to the availability, PEN can be considered as a foliar application to
ameliorate salinity effects in sesame.
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