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Introduction

Stevia (Stevia rebaudiana) is one of the medicinal plants of the Asteraceae family that contains natural
compounds, especially stevioside and ribaodioside A, which are estimated to be 150 to 400 times sweeter than
sucrose. Plants are exposed to various environmental stresses during growth and development under natural and
agricultural conditions. Among these, drought is one the most severe environmental stresses affecting plant
productivity. About 80-95% of the fresh biomass of the plant body is comprised of water, which plays a vital
role in various physiological processes including many aspects of plant growth, development, and metabolism.
Stevia is susceptible to various environmental stresses but the major effects are contributed by drought. Today,
the fungal species Stevia rebaudiana is used as a biofertilizer and increases the production of secondary
metabolites of economically valuable plants and also increases the growth and seed production of many plants.
This fungal endophyte produces a significant amount of acid phosphatase for mobility in a wide range of
insoluble or complex forms of phosphate, enabling the host plant to have adequate access to inactive phosphorus
reserves in the soil. However, medicinal plants that are cultivated have often been reported to have lower
abundance of arbuscular mycorrhizal fungi in the rhizosphere, which significantly reduces plant survival.
Considering the coexistence role of mycorrhizal fungi in modulating the effects of drought stress, the aim of this
study was to investigate the morphological, physiological and biochemical traits of stevia in response to the
effects of mycorrhizal inoculation and drought stress.

Materials and Methods

This experiment was conducted to investigate the effect of P. indica endophytic fungus under water stress
conditions on vegetative characteristics, physiological parameters and micronutrients of stevia. A factorial
experiment was employed based a completely randomized design with four replications in the research
greenhouse of Islamic Azad University, Mahabad Branch in 2017. The first factor was drought stress at four
levels (25, 45, 60 and 80% of field capacity) and the second factor was inoculation of seedlings with fungus at
two levels (no inoculation and inoculation with P. indica). Water stress was applied based on a combination of
plant appearance symptoms (no wilting to severe wilting) and soil moisture. Investigated traits included root
colonization, dry weight, leaf number, plant height, stem diameter, chlorophyll a, b, total chlorophyill,
carotenoids, proline, soluble sugars, antioxidant power and micronutrients including copper, iron, zinc and
manganese. To analyze the data variance, SAS 9.1 statistical software was used to analyze the variance of the
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data.
Results and Discussion

The results showed that the evaluated traits in the present study were affected by the main treatments of
fungus and drought stress. Seedlings inoculated with P. indica endophytic fungi had the highest percentage of
root colonization, growth parameters, photosynthetic pigment content, soluble compounds and micronutrients
compared to no inoculation. Drought stress increased soluble sugars, proline content and antioxidant power of
stevia leaves and decreased the other traits by increasing the stress level from 25 to 80%. The highest rate of root
colonization (26.90%), stem diameter (3.21 mm) and carotenoid content (1.71 pg/ml) was observed in the
treatment of plant inoculation with fungi and 25% drought stress. While the highest antioxidant power was found
in the treatment of plant inoculation with fungi and 80% drought stress. According to the results of the present
study, use of P. indica fungus had the most positive effect on the quantitative and qualitative characteristics of
stevia medicinal plant compared to no fungus inoculation.

Conclusion

This study showed the positive effect of P. indica endophyte inoculation on quantitative and qualitative
characteristics of root colonization, dry weight, number of leaves, plant height, stem diameter, chlorophyll a, b,
total chlorophyll, carotenoids, proline, soluble sugars, antioxidant power and The micronutrients of calcium,
iron, zinc and manganese showed stevia, and drought stress reduced the studied traits except for proline content,
soluble sugars and antioxidant power. Inoculation of stevia seedlings with P. indica endophytic fungi at drought
stress levels had the highest rate of root colonization, stem diameter, carotenoid content and antioxidant power
compared to non-fungal inoculation. Therefore, due to the effect of biological compounds of natural origin and
the production of plants with healthier active secondary compounds, the use of P. indica endophytic fungi can be
recommended.
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Olas o (1o
s e ) Mean squares
S.0V ﬁ‘j" 0 ;*“"t}*’j” K5 s N S5 ¢l R
00 ; : .
Colonization Dry weight Leaf number Plant height Stem diameter
P. indicacyésul ¢,
P indica (P) 1 3462.72** 0.36** 4493.33** 35.86* 1.32%*
DrouughtA StLI;MS)S (D) 3 13.51** 0.26** 1278.38** 23.12** 0.74**
PxD 3 13.51** 0.07m 71.16m 11.32m 0.15**
Eu» 16 0.55 0.04 56.86 7.20 0.02
rror
“‘é:/"(;/‘)” - 5.80 2223 1315 9.38 5.80
(1]

Doy B g ) Jlein] mdaw )3 5 gime o6yl me pae iy A

#  #% NS
‘

ns **and ": non-significant, significant at p<0.01 and p<0.05, respectively.

Ui Sl B p1 3 Swlid i ¢ P, indica Coudgail g, 51 il g 41300 —) g dols!
Continued Table 1- ANOVA for the effect of endophytic fangi (P. indica) and drought stress on some characteristics of

stevia
Slazye ke
- Mean squares
Olyess mlio ooljl @y "
’ . . . gloxe slanid
S.0.vV Df a s ls b Jidsls AT 55, oo J Soluile
Chlorophylla  Chlorophyll b Total Chlorophyll ~ Carotenoids ~ Proline Sugars
P. indica cusgul ¢,
L 1 6.62** 1.31** 15.50%* 0.30** 439.55* 4579.89**
P. indica (P)
e o 3 1.79% 1.49%* 6.16%* 0.81%* 525.48%%  14824.43**
Drought stress (D)
PxD 3 0.13m 0.36m 0.46m 0.04* 82.18m 640.021
e 16 0.56 0.25 0.90 0.04 96.19 33.83

Error
s g i

o ey - 16.19 27.80 14.82 18.97 8.44 4.96

CV (%)

Auopd B g ) Jlein] pdaw )3 I re (gl dme pas i 4 T g TS
ns **

and *: non-significant, significant at p<0.01 and p<0.05, respectively.
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Continued Table 1- ANOVA for the effect of endophytic fangi (P. indica) and drought stress on some characteristics of stevia

©lripo il
RAWE I RS Mean squares
S.0.vV Df @‘-\‘“5“;47 [SRY) Fv/Fm jroess &$9) um] e
Antioxidant power Mn Zn Fe Cu
P. indica cusoul £,
. _uﬁs?m = 1 23747.89** 0.001** 14232.57** 374.06** 33973.11** 3.55**
P. indica (P)
e O 3 18185.82** 0.011** 4451.47%* 635.53** 14679.61** 14.21%*
Drought stress (D)
PxD 3 6817.45** 0.006" 1087.16™ 416.35™ 287.66" 0.35"
s
16 98.98 0.006 13.32 20.09 8.92 0.14
Error
S - 8.44 10.17 3.11 7.63 1.47 1222
CV (%)
o305 Y Jleis! pdaws )3 5 dme ()b e pie i pa T oM™

ns **
)

and *: non-significant, significant at p<0.01 and p<0.05, respectively

Lgiw! (29,15 oLS axllhae 5,90 Wlhio 4 (o i x P. indica Codguil g, 55,5 biliie J51-Y Jous
Table 2- The interaction effect of endophytic fungi (P. indica) and water stress on the studied traits of stevia

adlw ,lad P KWW ] PR

ool g0 wtl o5 ity Opeliigl Stem diameter 995, Antioxidant power (uM
Endophitic fungi Water stress Root colonization (%) (mm) Carotenoids (ug.ml™) Fe (ll).g'? FW) r

-P L1 0+0° 2.76 £0.03° 1.34+0.05"% 645+9.1°¢

L2 0x0¢ 2.53 £0.09 b 1.13+0.10% 76.3+10.33°¢

L3 0x0¢ 244+0.02°¢ 1.06 +0.06 © 88.2 +10.86

L4 0+0e 1.65+0.18¢ 044+0.12°¢ 116.53 +2.08°
+P L1 26.90+0.682 3.21+0.06¢ 1.71+0.102 81.23+0.16 ¢

L2 25.6+0.26° 2.79+0.03° 1.43+0.14° 117.3+4.77"

L3 2358+1.02°¢ 2.7+0.03 0.88 +0.07 ¢ 119.15+3.01°

L4 20.01+1.129 2.6 +£0.03°¢ 0.88 +0.7 ¢ 279.46 £ 15.57 2

b obol i 5l oS ynie gy (gl b yuSbo g 5o )3 SE £ 5 Kke polie (Y0 (L4 ¥ L3 &+ L2 A- L) pobaw L ol i3 W ccudoil 2B +P  J58) el poe =P
S0 gyl e gl duoy> B Jlois] a3 Sl (gl g0l 1 edlitl
— P: non-inoculation (control), + P: P. indica, W: Water stress, L: levels (L1: 80, L2: 60, L3: 45 and L4: 25). Values are mean £ SE. In each column,
the means with common letters are not statistically significant at 5% of probability level based on Duncan’s multiple range test.

Lgiw! (29,15 8LS (g imrgid SIS, 9 (Ku59098 590 Wlhio p (ol Wi 9 P.indica Cudguil )6 55,5 51-¥ Jou»
Table 3- The effect of endophytic fangi (P. indica) and water stress treatment on the morphological and photosynthetic
pigments of stevia

Lo . " . .. = . SWiS 3 . . .
Codgnil g, & o &g gli5,l Sy dlasy . 9 b Judg,ls a Judg,l5 5 Judg ls
Endophytic Water Plant Height Leaf number _r);] Chlorophyll b Chlorophyll a Total Chlorophyll
fangi tress (cm) (No..plant?) weight (ug.mi?) (ug.mi?) (ug.mi?)
angl S -p (@) Hg. Hg. Hg.
Main effect
-P 27.12+0.32° 43.66+4.31° 081 f 0.05 412+0.16° 1.57+0.22%® 57+0.36°
+P 29.79+0.142 7142 0'96f0'08 5.18+0.132 2.05+0.182 7.23+0.28°
Main effect
L1 29.91+0.78% 67.66+535% 1.2+0.092 5.09+0.21°2 2.13+0.162 7.22+0.30°
L2 295+0.312% 6341+486° 0.92 1;0.01 483+0.18° 2.08 +0.15° 7+0.32°
L3 2741+048° 5125+548¢ 0.73 f 0.03 447 +0.24° 1.54 +0.20¢ 6.1+0.40°¢
L4 26.99+0.27° 47+431¢ 0.7+0.04¢ 421+017° 15+0.17¢ 5.71+034¢

b bl i jl oS ynio GBgpn gl by Siloo pgiw o j3 SE & Silio polie (VO L4 9F0 L3 S+ L2 e 1) pobaws tL o ol a5 W gl g, 4P (J,5) eidli pas P
5105 o) me gl Mo y> B Jlen] a3 (Sl (glaieldiin g0l 1 edlitl
— P: non-inoculation (control), + P: P. indica, W: Water stress, L: levels (L1: 80, L2: 60, L3: 45 and L4: 25). Values are mean + SE. In each column,
the means with common letters are not statistically significant at 5% of probbiltity level based on duncan’s multiple range test.
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#D 58 Jsls lsime 530 Yl g ilygld Gl lgicee
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g0 yol opl &S ol oad b S giow (e iul381 4 S5 o]
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sleail b quaes (Haghir Ebrahimabadi et al., 2018)
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Table 4- The effect of endophytic fangi (P. indica) and water stress treatment on the studied traits of stevia

] i ) ) Jolxo s ol
Cadgudl g, e ol jols Soluble b I”J
Endophytic fangi Water stress Fv/iFm Sugars ';0 |1n IiW
Main effect
-P 0.76 £0.010 ab 86.61+9.81b 119.65+6.26 b
+P 0.77+0.013a 1475+8.99a 13480+341la
Main effect
L1 0.82 £0.007 a 80.48+11.07¢ 122.454 +10.92¢c
L2 0.77 £0.005 b 95.43+20.30¢ 123.37 £ 7.50c
L3 0.75+0.010 c 125.93+16.25 b 126+ 7b
L4 0.71+0.003 d 166.38 £21.17 a 137.09 +4.61a

S0 gl me gl 1o y> B Jloss] a3 Sl (glaialin g0l 1 edlizl

b el a5 51 oS 2o g (sl LagssSibe cysis y 3 SE % Sk ol (Y0 L4 gF0 13 5+ L2 Ae 1LL) s tL o 25 W eyl )6 :+P (] 55) ol pis P

— P: non-inoculation (control), + P: P. indica, W: Water stress, L: levels (L1: 80, L2: 60, L3: 45 and L4: 25). Values are mean + SE. In each column,

the means with common letters are not statistically significant at 5% of brobability level based on Duncan’s multiple range test.

oS 9 e i &S (IS 4 )5 FVIFM yoolie il
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e IV S5l L (LAY TN (Sad (55 g +JAY (S0ke b
4SS (gyobas w0, FVIFM i3l el P.indica z,B b il

OM 92 9 Joloe LA (uiliu )y 88 (5 gine
sy s ialesl ol slaosls Guibylg 45 5 Juols gl
daw pFVIFM o, SCis i g )8 il ol ol il &S
coel (Sead s Galpal () Jads) s b gme ZY Jleis
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[(Abdollahi et al., 2019)
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[(Valinezhad et al., 2019)
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Table 5- The effect of endophytic fangi (P. indica) and drought stress on nutrient contents of the Stevia leaf

Cudgl g )8 !l o o o2 89 e
Endophytic fangi Water stress Cu (ug/g DW) Fe (ug/g DW) Zn (ug/g DW) Mn (ug/g DW)
Main effect
-P 277+0.36b 165.11+15.26 b 47.57+3.08b 92.68+0.55b
+P 354+031a 240.37 £ 30.46 a 61.80+293a 14148 +0.24a
Main effect
L1 443+032a 252.84 +2855a 65.00+4.32a 134.12+0.81a
L2 352+042b 23431+37.77b 59.82+4.40a 147.45+0.39a
L3 2.80+0.41c 177.66 £ 50.95 ¢ 50.50+3.07 b 106.45 + 0.86 ab
L4 1.87+0.14d 146.14 £ 47.94d 4343+4.13b 80.3+0.41b

5168 s gy ) b ko (g2 o )3 SE & ik polis (Y0 :L4 gF0 L3 Fo L2 A- L) polaw L (ol a5 W cudonil )8 +P  Jy5S) el pae =P
S0 gyl g iglis a0 )3 B Jloss] g 43 S (glatebain g0l 3l ekl b (gylel i
— P: non-inoculation (control), + P: P. indica, W: Water stress, L: levels (L1: 80, L2: 60, L3: 45 and L4: 25). Values are mean £ SE. In
each column, the means with common letters are not statistically significant at 5% of probability level based on Duncan’s multiple range
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