DA% (yiwg2) (29,15 HWLE (559158 9 Cails

s omdgn 9 (Se5909 a8 (GBS 39 (B 1wy S 0 SRl lg Suo b S byl
Swid i byl i Co (Salvia officinalis) (J5as po oUS

* (o ool £ 2 o & g0 (@laes Sol T s ols Mol 1,2
Olnl cgon)l canog | o8l 55ysliS a8l ( Sk pole 09,5
Ol o)l caag )l oSS (555l 008l (BT S5 g g5 ine 09)S T
il cnogl cdnogl oSl ¢ 535l oISl (S pole 09,5 T
ol eang)l i Qomldl (2R e (BT les S ohmgly 09,5
a.hassani@urmia.ac.ir : Jsiwe sdiw 55*

sasSe

s Sy S » Pseudomonas fluorescens (¢St 4 Piriformospora indica )6 b aoSale pib o)y jslate 4
B )8l Oygoa SIS el G Sis iS5 blps cou (Salvia officinalis) (e e olS olhesion 5 (Sjolojud
P b oS ale) g a3 Lol lgySeo b g le Jolt (ol (sljgiSTh 3,5 1l 1S5 a3 5 ol SIS b
el g (=) cud)bs a3 Ver g Ve Fr) o dw > (S 15 g (2950l (y94) oLl 4 P. fluorescens ¢Sl 4 indica
Sgime S Ol i Gl L Sl o Sl sl Sy 2 s)lisine b A puslSlg o 3,18 5 (Sts a5 o (s
SlpsSanl g VB sla 51 ol (g i cpmllisappglle (g cudlil (lie S Jb o Sals Jdo)ls (e 9 Sy O (oo
21 (sSalo (lalS )3 gy 5 ST BT (o T Culld o)l oS o s (sgimo yalie iz 8L (I3 lasTy
sdaliio gSale (gt (lalS )3 sy e g dmllioagglle i (i S Iy g Sl (g (lalS I it 68l g g B L
St g Sl SIS & e Sl 55 S e SlareenslS laySie b S anle &5 3> L5 o (ol (slaaibl ggezmo 53 3,5
23,5 (w0 obS 0Dy 9000 9

SSrre i Jo)lS (ol 05 555 oo Sl 8l sl T g0l o jlg

doddo
ol alynae i (olg ol Lice a5 w3b oo gliss 0,5 4 3laio g dlwsis LS (Salvia officinalis L.) IS ye
ui )‘ 9 b)IJ u.;l.s)fifb W) MB o‘.:f L)"] uwl.wl Al U»JL»‘ LSSB lm_?); P> & uifry).n u.:l}b dl.lbpl_\al Ll 04
156 oS sl lae Jolse j1 Sy T (Raal et al., 2007) 390 ooliusl 2l ool 5 lié cgjlog)s abio
laguly S0 el ol 0y tals pede DIeS (BT 20 (9> (LS 0550 dlse (i 5 gad 5 43y 50 (shoas
Age Cdlil es g SaaliSsy (BBl (55 g srwgd (LS dadije) (A d S (e3axke (Splie 5 (S5olsn 0
Salvia) (o Sy Sidppd gl o,y (Bettaieb et al., 2009) 5,5 o bS] 1 5 Jglbre
bl jials (Sus i5  geb 0 S Ol s ggime g Judg IS ol a8 0y lis  Suis i 4 (sahendica L.
O s g5me 25 @8 Gal3l b 05,8 )58 (Thymus vulgaris) (£l oplal olS 5> (Sajelssed sl yell (32
3 eSeden g 28 by il aadlendle 5 odn olie Sy <l Gial Jdg)lS e 5 S
g iud) Jsloxols 5 JolonenS Sl 5 M6 Jid 51 (plbmunslSle 3] o3litol b & Wloss S5 (e SlaromaslS S
Crans (Sl (539 SBOET & obS Joos Gal38l ¢ LS (slaslow JyuS dag] (139 (o yod 53 oliee Gl g (cs9)
les o bs, il oolizul 3] cla Lo ,3 (Glick, 2014) L5d o HLS 13, Sems coge aLS (sl y0)9m dsi ¢ polic

Ly @) pac Jg ol8uidls — Y€+ sloygr oead VW U VE — ol (SUEL pgle 8,508 cynod3jlga



(;-:M?) =29yl obls ‘_5)91)5 5 Cuils .

O3S il i 53 el 03,5 iy (VU ol s (slodgS Sl odlital las olalS  (St5 Sl Joass 5 ialS
cuill g SISl bl Gl Ggnpn ot et o] il Gl L a3y S e SlapandlS gy Sen &5 ol 0
0,5 o Suid i Llpd 4 LS Caglie il el el b 5 s el sladl b 5l cla ol
Pseudomonas ¢S 4 Piriformospora indica g, b osSale b gass ol 5> 13 (Rajkumar et al., 2017)

W85 )8 oy dy90 (iS5 CoS (S pe ol olrerdon 5 (Sejols s Cluogas  fluorescens

g, 9 3190

B > )5S &gy ol oSl SLELs sl 09,8  lisins aldS 3 SIS Jiulefl S gy Ling o)
(53) 2L3) g 4 53 a5 3 Sm b gSarle Jols otalef] o ygiSTs 25 ool S5 s 3 5 (o SIS b
5 Sl i o (Pseudomonas fluorescens ¢ xS L 2sSale g Piriformospora indica ¢, L osSale o osSale
dopd Ve Jgbl b (Bas e oS 5ol linl ¢ peSale caa 03,8 Jlasl (=l)) byl aopd Voo g Ve ) o dus o
Doyl Ol b abye psis s 505 o  Sgheds 4idd O Slods 3o )d ¥ pades G S 90 b s 9 46 ¥o Sooay
L oodj dlex yody \LWd,5 cudS Sidiley e joy O e & b iod (6yb 0 oeily Blo AelS (g9, 5 000)5 guliiund
@ @B gl Jlail can Kb g9y 3 sl o Sas g (S ale 3 Jee 53 jeel 8 X148 (sl )8 gl
WY 450 P. fluorescens ¢ uSh (sols Joloro 4 00 Sgasdis 5ol ¢ 3Sb L oS ale (gl .0 00l )8 dadidy ) mdaw
e Ve Coled )0 g zudl asle jid o yo 45 Jol Vet oS cdale L5 ool H)8 ,Sd pd el G ke & g Jiite
Lo S ail3g 055 b (oslel (slylos cms o s jo ol 5190035 (65lol (sglune sl ay Loy lAS (s ceslS” 1 o olo S
Slao (St (15 loleg Jlosl 5] g olo ¥ 250 s Jlosl jlog yo 4 a5l (3,5 5 5% 51 ) Brae o ol
Mg olime (Lutts et al., 1995) Se cuis duoyd (Arnon, 1967) g IS (Turner,1981) S, ol i (sgime pubis
Aebi, ) ;YL o 551 culles (Paquin and Lechasseur, 1979) sy l5e (Heath and Packer, 1968) sadl ¢35l
51 odal cawds (glaodls .é,5 )3 (¢ 1So5luil 5,40 (Zhang and Kirkham ,1992) jluwsly JoSLE w5l el 4 (1984
asei] 5 ooy 5 Sle duslie (gl 5 18,5 )5 ulos o 455 390 AF a5eud SAS gyl 58l p 3 3l ool b islel
W3,5 oolatwl (SSls (gldsaly dix

Ol 32 ) @ Soiluil 3)90 Slao S Lol g S 3) g (Sid (25 Jlite Gl (Geliod (ol @l b

s lS cie 5 Sy T o s5im0 S Caghoy 8IS b dogunslS 3 Sm 3,08 31 faid o 35 o sine (b b S
oLlS uised .l i3l G:L\.‘.,...S\UJ Lgl.mp.s)j cald 5 ey ‘.x,,mﬂidadyb (P9 s e &S by gals
~oleg S s (iee g i Slam 3l Cllad g (g (JBg)lS (S Of (i sgme 68 g @B L ord oSl
Padmavathi 5 Swetha _adss 5 (¥ 5 ) Jolis) 1534 45,65 p (255 ale (ya) 1ald Hlow & Cans (530S aumall o
Ol Sy Ol (ggime (Suis (i s yial38l b (Solanum melongena) ylxesl olS 55 48 k53,8 )5 (Y- Y+)
e 5lS 03,5 S Ol s (ggime bis Coge g6 Hg2s P.indica B L o ssSule yalS j5 a5 Jls > il
Jis 4 o 3o 55 5 S sloailaSsy (ialS g cundlyg IS slactiyg slgynm Sl 50 (Suis a5 bl 5D ga Lid)lS
Sas 03 S ale bl )3 JiboylS e s8> 392 il o (3puS S STy S 155 ) (5 glagnT ]
Codlw g 00,5 diy |y juiwgd Co g & bl olS s dams § Slyddg ST Cuslil op)S i s Jdd 4
S5l la Il g g gl i Wl L Sis i (Mandal et al., 2013) wiS' o s 1) alS So5ele sud

Ly @) pac Jg ol8uidls — Y€+ sloygr oead VW U VE — ol (SUEL pgle 8,508 cynod3jlga



¥4 (yiwg2) (29,15 HWLE (559158 9 Cails

b ) 5 55 oy ol Jobo blié @ oge das 5 SASH lasl daiay dainSsn 4 ladtun i
5 095) W3 GRIBI | spllieopglle Wy 9 s i wlid g pdidels Jsbo lid Cp lasl GopeliS]y
byl baas 4y 2B odd osSale lalS a5 sad e L S ale slajles g Sl cuis gals (WA (Ko
SlapuslSe 3,k 3l lalS .(Durdn et al., 2016) siws olié cuwl ialS ams )3 9 (Sid (is bl 3 658 Jols
LP.indica z,BB L oas osSale el olS 13 .0 o gyl |y yiuemST Jld (cladisS ol pt g on 3l SlsuS] 5l
Culli ol 005 agSesle oL 53 5 Bl GliEl SYBIS 5 jlanSy JSUS lal culled (Sts (25 s 2l
(Y)4) oK 9 9ple (Swetha and Padmavathi, 2020) 54 yids oais 2sSale lalS b auslie ;5 lags 3l ol
SSuid i bl ) sl oo glle g3 ol P. fluorescens ¢S boss poSale Jald gl olS j3 a5 055,55
Ui a8 )lg o b osds o ale (lals Sy 5 sadlleoyglle caslil Lials g Jals jlas 5l e LD § buwgte
g 4> el |y (S i cod Johe slis o GgmelinnS]y Glise W15 o0 eusilB)lg Sen cnl gl o 30
O 4 gl 5D Jgeme (Sglio Olyuss 1 S (Chiappero et al., 2019) wis cdaslxe ol 511y Sy Jobo i
Joo Sjaml 008 ol lginy & Adligo (ke Y g Oy Jed Sl 08 J9S9e 039 L LS S ks (5590 b (Sl
ol b lresl olS > &8" s S 4,158 (Y+Y+) Padmavathi 4 Swetha aé>s s .(Rhodes et al., 2002) suS' »
b dunlio 3 plgy (gyuin Hlade Poindica g8 L oad oSale S o g il Lilidl gy cuslil Sis i ol
P. ‘5)..5[; 9 P. indica C)L" L u.g}fdg.Lo PLEN UL.» U9 Oﬂ] @L.s gm0 yd J.A)f odnlin ouis u.g;d\..{l.n ‘_',Ltz»l,s
Gl 3l clld o gy caslsl (ialisl ¢ bg S polie bais ¢ olie polie g Of Gls demp b Wl fluorescens

23,5 LBaye olS p Sis i @l gl haw el Sluus! sl

(S5 P9 508 Sl Bl )lg S0 22,5 9 (Sudd (AT Jillie Ol 51 41 by je Sl dmmlie 1Y Jga

sadlliepdle Sy cuts a Jidg )5 S5 Jdg ks Syl s ggome lio

(BoisesS ndsest) () (BoisesS nesScke) (505 e 2pSeke) () Soss
V/yvf Y-/YAe Y/sha v/vsa A-/Y-a B x el cud o aops Ve
yvaf YA/A y/#va Y/Y-a va/fva X ey cud )l Joyd Ve e
ssL

VvvE ya/ssd Y/vaab Y/vYb v-/-ab aals x elyj cudyls o ps Ve
¥/ove y-/ved y/-Abc Y/5¥b YY/\AD @B x el); cud)ls ao Ve
o/¥Ad v./vvd y/-shc Y/s\b YA/sFa X £ly; Cudyls a3 Ve
sk

v/ove £V/vab v/ovd Y/¥-bc SO/AC 2als xel)5 cudyls ao s Ve

v/ave Y&/vve y/vacd Y/¥-bc #y/-vcd BB xel); cud)l soy ¥
a/\¥b Y¥/vac v/vAcd Y/#-b £y/yvd x el cud )b no > ¥
sk

VV/YAQ Yolsva \/v-cd VAa-c oV/s-e aols x el cad s o) Fe

(oS3 yg03l) A3l oo Moy ein Jloin! g 53 b jlos o 15 sime B! 3929 0aind LS g o 40 b Sl bl )3 cuglite gy

Ly @) pac Jg ol8uidls — Y€+ sloygr oead VW U VE — ol (SUEL pgle 8,508 cynod3jlga



(Fws:) (29,15 QBLS (551, 9 S Yo

w2 boanign Clao 3 BamnlSlg 5o 351,15 9 (Sl (Wi Jlie 15T 4 bgs o (G Silo duny o 1Y Jgun

IS STy JoSLS oo i
(5 0is 55 » coin) (5 0is ¥ »coin) (% 0is 55 2 JoeasSe) o

Vy/vyef y/yvd -Ivvd B x el cud o aoyd Ven
a/\AF V/-5e y/y-cd CSLx ely; cub b aoyy Ve
AR asi v/yvd -/5vd 2ol x el); cud il doyd Ve
YY/-\a Va-a ¥I¥\b 2B x el); cud b a3 Ve
YV/YVb V/¥sb y/yyb xSbx el cudlo o Ye
VWV /vsef y/vacd v/ave aols x el ead b ao ) Ve
w/vac y/Aoa o/voa B x el cud b aop Fe
yva/a-be Vo€ o/yva Shix ely; cud )l soy ¥e
\a/yad V/¥Ybe Y/a-b aols x el cad s ao )y Fe

{08 ygo3l) bl o oy iy oo s )3 Ioloss o sine OMBT 3529 0 (LS (s 52 )3 loeSilis lio ) glite g >

&

AYYV=AVF(FNY (el pole )0 (Jaxe (sba 5 (Salvia sahendica L.)

GLMy) 9 é)?}?})ﬁ JLQ’Q”L*‘ L5>)’ » UMI.W Jw)) oS [VL"U ).u’i; AYAA £ 4u.<wl> 9 ;) cu.’xbl 3 ‘)9;).@(»

NV (FIVY (alS sla yingh dbre . Siid i byl s > (Mentha piperita L) Jals glss o4yl olS
Aebi, H. 1984. Catalase in vitro. Methods in Enzymology, 105: 121-126.
Arnon, A.N. 1967. Method of extraction of chlorophyll in the plants. Agronomy Journal, 23: 112-121.
Bettaieb, I., Zakhama, N., Wannes, W.A., Kchouk, M.E. and Marzouk, B. 2009. Water deficit effects on
Salvia officinalis fatty acids and essential oils composition. Scientia horticulturae, 120(2): 271-275.
Chiappero, J., Cappellari, L.D.R., Alderete, L.G. S., Palermo, T.B. and Banchio, E. 2019. Plant growth
promoting rhizobacteria improve the antioxidant status in Mentha piperita grown under drought
stress leading to an enhancement of plant growth and total phenolic content. Industrial Crops and
Products, 139: 111-123.

Duréan, P., Acufia, J.J., Armada, E., Lopez-Castillo, O.M., Cornejo, P., Moraand, M.L. and Azcdn, R.

2016. Inoculation with selenobacteria and arbuscular mycorrhizal fungi to enhance selenium content
in lettuce plants and improve tolerance against drought stress. Journal of Soil Science and Plant
Nutrition, 16 (1): 201-225.

Glick, B.R. 2014. Bacteria with ACC deaminase can promote plant growth and help to feed the world.
Microbiological Research, 169: 30-39.

Heath, R.L. and Packer, L. 1968. Photoperoxidation in isolated chloro-plasts. I. Kinetics and
stoichiometry of fatty acid peroxidation. Journal of Biochemistry and Biophysics, 125: 180-198.

Lutts, S., Kinet, J. M. and Bouharmont, J. 1995. NaCl-induced senescence in leaves of rice (Oryza sativa
L.) cultivars differing in salinity resistance. Annals of Botany, 78(3): 389-398.

Mohammadi, H., Amirikia, F., Ghorbanpour, M., Fatehi, F. and Hashempour, H. 2019. Salicylic acid
induced changes in physiological traits and essential oil constituents in different ecotypes of Thymus
kotschyanus and Thymus vulgaris under well-watered and water stress conditions. Industrial Crops
and Products, 129: 561-574.

Mandal, S., Evelin, H, Giri, B., Singh, V.P. and Kapoor, R. 2013. Arbuscular mycorrhizal enhances the
production of stevioside and rebaudioside-A in Stevia rebaudiana via nutritional and non -

nutritional mechanisms. Applied Soil Ecology, 72:187-194.

Paquin, R. and Lechasseur, P. 1979. Observations sur une methode de dosage de la proline libre dans les
extraits de plants. Canadian Journal of Botany, 57: 1851-1854.

Raal A., Orav A. and Arak, E. 2007. Composition of the essential oil of Salvia officinalis L. from various
European countries. Natural Product Research, 21: 406-411.

Ly @) pac Jg ol8uidls — Y€+ sloygr oead VW U VE — ol (SUEL pgle 8,508 cynod3jlga


https://www.ncbi.nlm.nih.gov/labs/journals/ann-bot/

AR (yiwg2) (29,15 HWLE (559158 9 Cails

Rajkumar, M., Brunuo, L.B. and Banu, J.R. 2017. Alleviation of environmental stress in plants: the role
of beneficial Pseudomonas spp. Critical Reviews in Environmental Science and Technology, 47(6):
372-407.

Rhodes, D., Nadolska-Orczyk A. and Rich, P.J. 2002. Salinity, osmolytes and compatible solutes In:
Lauchli, A., Luttge, U. (eds). Salinity, Environment, Plant, Molecules. Netherlands: Al-Kluwer
Academic Publishers, pp. 181-204.

Swetha, S. and Padmavathi, T. 2020. Mitigation of drought stress by Piriformospora indica in Solanum
melongena L. cultivars. Proceedings of the National Academy of Sciences, India Section B:
Biological Sciences, 90(3): 585-593.

Turner, N.C. 1981. Techniues and experimental approaches for measurement of plant water status.
International Journal of Plant-Soil Relationships, 58: 339-366.

Zhang, J. and Kirkham, M.B. 1992. Drought-stress-induced changes in activities of superoxide dismutase,
catalase, and peroxidase in wheat species. Plant and Cell Physiology, 35(5): 785-791.

Effect of growth-promoting microorganisms inoculation on some physiological and
biochemical characteristics of sage (Salvia officinalis) under drought stress
condition

Zahra Aslanit, Abbas Hassani?*, Babak Abdollahi Mandoulakani®, Mohsen Barin* and Ramin Maleki®
!Department of Horticultural Science, Faculty of Agriculture, Urmia University, Urmia, Iran
Z*Department of Horticultural Science, Faculty of Agriculture, Urmia University, Urmia, Iran

3Department of Plant Production and Genetics, Faculty of Agriculture, Urmia University, Urmia, Iran

“Department of Soil Science, Faculty of Agriculture, Urmia University, Urmia, Iran
SResearch Department of Chromatography, Iranian Academic Center for Education, Culture and Research
(ACECR), Urmia, Iran
“Corresponding Author: a.hassani@urmia.ac.ir

Abstract

To investigate the effect of inoculation with Piriformospora indica and Pseudomonas fluorescens on
some physiological and biochemical parameters of sage (Salvia officinalis) under drought stress, a pot
experiment was conducted as factorial in a completely randomized design with three replications.
Experimental factors included inoculation with microorganisms at three levels (inoculation with P. indica
and P. fluorescens and control (without inoculation)) and drought stress at three levels (40, 70 and 100%
of field capacity). The results showed that drought stress and application of microorganisms had a
significant effect on the measured parameters. With decreasing soil water content, leaf relative water
content (RWC) and chlorophyll content decreased while proline accumulation, malondialdehyde content,
ion leakage, catalase and arsorbate peroxidase activity increased. Also, RWC, chlorophyll content, activity
of antioxidant enzymes and proline accumulation in plants inoculated with fungi and bacteria were higher
than non-inoculated control plants. In addition, the highest amount of malondialdehyde and ion leakage
was observed in non-inoculated control plants. Overall, the findings of this study showed that inoculation
with growth-promoting microorganisms can reduce the adverse effects of drought and improve the growth
of sage.
Keywords: Antioxidant enzymes, Chlorophyll, Proline, Sage, Water deficit stress.
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