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Abstract

Introduction

Stevia rebaudiana Bertoni is a herbaceous plant from the family Asteraceae and used as a
valuable sweetener in food industry and as anti-inflammatory, antioxidant, antipyretic, anti-
fungal, and antibacterial agent in medicine and pharmacology. Piriformospora indica is an
endophytic fungus, which is mainly used to improve plant growth and the amount of
secondary metabolites. Selenium (Se) as an micronutrient increases the antioxidant
properties and plant growth and its nano form (SeNPs) is considered as a synthetic
antioxidant. To evaluate the effect of Piriformospora indica inoculation and selenium
nanoparticles foliar application at two concentrations of 5 and 10 mg/l on biological
activities of the methanolic extract of the regenerated S. rebaudiana plants, an experiment
was conducted in 2020 in Plant Physiology Research Laboratory of the Bu-Ali Sina
University of Hamadan in a factorial arrangement based on completely randomized design
with three replications.

Materials and Methods

To investigate the effects of endophytic fungus P. indica and SeNPs application, in vitro
regenerated Stevia plantlets were inoculated with P. indica and foliar sprayed with SeNPs
at two concentrations of 5 and 10 mg/l. Plant samples were harvested at vegetative and
initial flowering stages and used for further analyses. After measuring the growth
parameters, total phenol content and antioxidant activity were evaluated by Folin-Ciocalteu
and DPPH radical scavenging assays, respectively. In addition, antibacterial activity of the
plant methanolic extracts was studied by disc diffusion method.
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Results and Discussion

Inoculation of P. indica and application of SeNPs together resulted in plant growth
improvement and also increase in total phenol content and antioxidant activity of the Stevia
plants especially at vegetative stage. In addition, the studied extracts represented good
antibacterial activity against two gram-positive bacteria, Bacillus thuringiensis and
Staphylococcus aureus, and one gram-negative bacterium, Escherichia coli. The highest
antioxidant and antibacterial activities were observed in the Stevia plants inoculated with
P. indicaand also treated with SeNPs.

Conclusion

Regarded to the results of the present study, P. indica inoculation and SeNPs application
could result to the benefits in Stevia plants. Hence, it can be concluded that the biotic and
non-biotic elicitors of P, indica and SeNPs can improve the antioxidant and antimicrobial
activities of the Stevia plants by increasing the amount of total phenolic compounds.

Keywords: Antibacterial activity, Antioxidant property, Endophyte, Phenolic compounds,
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Figure 1. (a) Stevia seedlings grown in MS media, (b) 2. indica spores on the Steviaroot surface, (c) Steviaplants at

vegetative stage, (d) Stevia plants at initial flowering stage.
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Table 1. Effects of SeNPs application and P. indica colonization on growth parameters of Stevia plants at vegetative

and initial flowering stages.

Treatment Growth Shootlength  Shoot fresh Shoot dry Rootlength Root fresh Root dry
stage (cm) weight (g) weight (g) (cm) weight (g) weight (g)
Control Vegetative =~ 14.73d+0.5 5¢40.50 0.96>+0.15 3.57¢%+0.39 0.962+0.01 0.49840.01
SeNPs (5) 15.66¢140.5 4.758+0.44 0.91°+0.80 3.91¢1+0.76 0.982+0.08  0.53+£0.02
SeNPs (10) 16.66¢+1.52  6.32¢+0.31 0.9540.08 4.53b<+0.68 0.9522+0.08  0.56¢+0.02
P. indica 19.33v+1.52  7.34+0.41 1.42¢+0.39 5.66:°+0.57 1.42240.39 0.75¢40.03
P. indica + SeNPs (5) 20.33+2.08  7.42v+0.64 1.32¢40.50 6.7621£0.92 1.322+0.32 0.81+0.03
P. indica + SeNPs (10) 23.162+1.25  7.524+0.41 1.6¢+0.32 6.93210.96 1.641+0.24 0.872+0.01
Control Initial 50.668+1.15  10.7994+0.45  1.85¢+0.55 12.834£0.76 ~ 1.99¢40.01 0.92¢40.02
SeNPs (5) flowering  55.8/+1.75 1431¢40.59  2.05%+0.19  13.57<0+1.45 1.98¢+0.13 1.034+0.06
SeNPs (10) 55.11+0.76 16.36¢+0.57  2.09%+0.18 15.2b¢4+0.64 1.954+0.50 1.169+0.15
cd
P. indica OOTOUEL3 203304104  2990+020 17019052 25¢£056 1784052
P. indica + SeNPs (5) 72.332+£2.08 21.28%4+0.91 3.01+0.12 18.11240.34  2.74+0.25 1.88v1+0.02
P. indica + SeNPs (10) 75.33241.52  23.13240.90  3.33240.25 17.73241.62  2.264+0.63 2.122+0.16

Significant differences between means, as determined by Duncan test (P< 0.05), are indicated by different letters.
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Figure 2. Selenium content of the Stevia plants treated with selenium nanoparticles (SeNPs) and inoculated with 2.
indica at vegetative (a) and initial flowering (b) stages. Significant differences between means, as determined by
Duncan test (P < 0.05), are indicated by different letters.
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Table 2. Total Phenol content of the Stevialeaves at vegetative and inintial flowering stages

Treatment Total phenol (mg/g)
Growth stage: Vegetative Growth stage: Initial flowering
Control 2.5f40.008 4.87240.01
P. indica 4.34+0.02 1.89¢+0.006
SeNPs (5) 2.6e+0.006 2.9¢+0.006
SeNPs (10) 3.374+0.004 2.24+0.006
P. indica + SeNPs (5) 4.1¢+0.004 2.344+0.002
P. indica +SeNPs (10)  4.87240.01 3.32+0.007
0.18 -+ u Vegetative stage = Initial flowering stage
0.16
4 0.14
50
‘%0.12
& 0.1

~ 0.08
0.06
0.04
0.02

Control P.indica SeNPs (5) SeNPs

P.indica + P.indica + Ascorbic
SeNPs (5) SeNPs acid
(10)

Figure 3. ICso values of the Stevialeaves at vegetative and initial flowering stages and ascorbic acid as standard
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Figure 4. DPPH radical scavenging of the Stevia leaves at vegetative and initial flowering stages

Table 3. Antiradical activity (%) and ICso value (mg/ml) of the Stevialeaves at vegetative and initial flowering stages

and ascorbic acid as standard

Treatment ICs0 (mg/ml) Average of DPPH radical Growth stage
scavenging (%)

Control 0.1612 76.934 Vegetative

P. indica 0.1188 91.14bc

SeNPs (5) 0.1307 86.66¢

SeNPs (10) 0.1148 90.94p

P. indica+ SeNP (5) 0.1195 92.56%

P. indica + SeNP (10) 0.1109 95.17a

Control 0.1443 73.63de Initial flowering

P. indica 0.1285 80.44ad

SeNPs (5) 0.1387 75.67abc

SeNPs (10) 0.1313 79.73ab

P. indica+ SeNPs (5) 0.1221 85.45ab

P. indica +SeNPs (10)  0.1205 86.762

Ascorbic acid 0.125 80.61

Experiment was performed in triplicate and expressed as mean + SD. Values in each row with different superscripts are significantly

different (P < 0.0)

SeNPs lojen Lo o9 S aureus zSU ply j0
s YAY e @ oS50 (10) + P indica
41>}4 LY Jay).o dLbo)LAC osLLx.g W] Cowdo )M‘_“JAAT?/?Q
ST Al jo 4y s (g bn GlannST T e (g,
Mohammadi Gholami L zbs GlUs 0 acils oals
ool 99,50 s pls> axlllas L and Naseri (2016)
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Gl 6 5UL a5, Sre 0 Sadlad glls oS al> oy oLS
powilis S35k o9 Seids Sl ol als e ) o6 lac
Gl s slew 655k slaarsm 5 slos S il il 5o
Cosloads sty (Sste slacslom Fge olo,d ez goals
e o] ol polie si> ,» (Cremonini et al., 2016)
S ol gy S b 6,5l s o0 so S 5o

2L AL ws called oL ;)
olas 2bySh wo cldld oLl 4 baye mls
59 5 Cuo )5 (6 5SL 90 plp 50 Gialesl 050 sladiges
Al y0) B g (o) al>y0) ¥ Jglaz o Gae 05 (550
2ly o baga 5l Jol> ojlac .culoads &Il (205 5kl
See B. thuringiensis 4 E. coli .S. aureus s :Sb a
P. aeroginosa s ySb plp 18 odwl Cands dla jlad g 03¢
Sraglie oaiadlis a5 3g) yieS K00 (6L A 4 Sl
P. aeroginosa s zSL plp o sl diges .l ;)] 5 i
0l lis oL gl al> e g0y o S dled 4eS e
P il plin o bawises biSlas cled lsé
Gy Al e 90 2 40 el OI,346 0S4 Indica
Aby Al e o oel Cewdy dlla Hlad 0 85 b esalive
diged yud 3 p S e Yoo clile o a5 5l 5 st



.. » Piriformospora indica z,8 ~al 3l : kS 5 293 e

Table 4. Antibacterial activity of the Stevialeaves at vegetative stage

Yv-

Treatment Concentration Inhibiti
(mg/1) nhibition zone (mm)
S. aureus B. thuringiensis  E. coli P. aeroginosa
25 20.662b+1.52 17.16°%0.76 182+1 NA
P indica 50 21.332+2.51 21.162+1.75 14.33*+1.04 NA
100 24242 13.16¢+0.76 16.162b+2 7.1°+£1.15
200 24.832+£1.04 14.83°%+0.76 18.662+1.04 13.1624+0.76
25 18.83b+1.6 15.562+£1.06 15.432+1.2  11.332+1.04
SeNPs (5) 50 23.16:£1.25  16.83210.28 13.86b+1.9  5.86°+1.3
100 19.5b+1.5 9.8¢+1.89 12.16¢£0.76  NA
200 24.162+£1.25 12.63v40.32 16.162+0.76  6.5P+2
25 22.832v+0.76  17.5b+1.5 17.63b+1.2 13.832+1.6
SeNPs (10) 50 24.23+1 22.524+1.3 16.26*+1.56  7.5b+1.5
100 20.83b+1.75  14<+1.5 18.16*+1.89 NA
200 25241.78 14.66b<+2 233+2.64 10°+1.5
25 23.3+1.3 20.332+1.44 182041.32 13.332+1.04
P. indica+ SeNPs (5) 50 27.162+0.76 20.72+1.75 17.832b+1.25 6.76¢+1.5
100 18.96¢+1.76 16.33b+1.52 15.66"+1.52 NA
200 26.632+1.5 18.662P1+1.44 18.832+1.89  8.9>+0.5
25 27.12v4+0.65 22.3+0.81 19.83b+2 13.32+0.81
P indica + SeNPs 50 27.9940.98  24.66°+1.4 189421 121641
(10) 100 23.66c1+1.25 14.33¢40.28 15.9¢+1.9 NA
200 28.32£1.25 22.5340.5 282+1.3 9.9+1.8
Table 5. Antibacterial activity of the Stevialeaves at iniitial flowering stage
Treatment Concentration Inhibition zone (mm)
(mg/1) S. aureus B. thuringiensis  E. coli P, aeroginosa
Control 25 15.16b<+1.25 13.52+0.5 12.162£0.28 NA
50 17.332v4+0.76 13.52+0.5 11.582+0.87 NA
100 14.83¢%+1.25 6.66°+1.25 11.52+1.32 NA
200 18.162+1.25  10.54+0.86 13.52+1.32 NA
P. indica 25 19.66v+1.52 15.16*+0.76 162+1 NA
50 19.660+2.51 21.332+1.52 13042.29 NA
100 21.162+1.04 11.5¢4+1.32 14.662>+0.57 5.8v+0.57
200 21.332+1.52 13.16b<4+0.28 16.52+0.5 12.162+1.25
SeNPs (5) 25 17.16+1.89 14.032+1.84 13.62+1.15 9.832+0.76
50 20.662+0.57 153+1.32 11.832p+1.75 5.06+0.89
100 17.5+1.5 5.83v+0.57 10.8v+1.31 NA
200 222+0.5 12.862+1.4 13.162+0.76 5.4P+1.53
SeNPs (10) 25 19.16b<+0.76 16v+1.8 17.162+1.8 12.662+1.52
50 22.52+1.5 19.332+1.3 15a+1 6.83b+1.6
100 18¢+2.17 10.5¢+1.3 11.66°+1.52 NA
200 20.992+1.1 11.83<£1.6 16.162+0.76  6.33Y+0.76
P. indica+ SeNPs 25 18bc+1 15.16v+1.25 15.7b+2 13.4324+0.81
(5 50 26.62+1.99 18.262+0.76 14.16*+0.76  6.23+1.18
100 17.26+1.1 13.16+1.04 14.54+0.86 NA
200 20.43>+1.88 14.36Y+1.3 20241 4.8"4+0.76
P. indica + SeNPs 25 22.66b+1.75 20.6621+0.76 18542 10.832+1.89
(10) 50 245+1.5 21.162+1.25 15.66P<+1.04 10.52+1.32
100 21.5b+1 12.335+0.76 13.5¢+1.3 NA
200 26.962+1.74 22.632+£1.23 22.832+£1.5 6.8+1.18
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Table 6. Antibacterial activity of three antibiotics as positive controls

Inhibition zone (mm)

Gentamicin Penicillin Cephalexin Bacteria

NA NA Na E. coli

25+0.57 NA 0.18+10 S. aureus
25+0.44 NA Na P. aeroginosa
20x0.66 NA 30£0.22 B. thuringiensis
NA: No Active.
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