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Table 2. Analysis variance of morphological traits measured in Calendula

a0 SR I s
AL N Ll VST RSP JUST) o B i
o sl Shoot Fresh Root Fresh oL gl Sy olas
Sources of variation Ol i @l df Weight Weight Height  Leaf Number
Drought Stress Sind g 1 976.875* 1942.716** 356.256*  1130.641%**
Bio-fertilizer Sy 095 7 293.105% 235.443% 79.015%  947.587%*
et 995 XGSAS S 219.987° 46.009™  17.622™  425283%
Drought Stressx Bio-fertilizer
Error Ls 48 46.751 37.836 27.869 120.151
CV (%) (1) Ol yds g po 12 10.1 1541 9.32
Table 2. Continued alsl.Y Jguo
2 il L ol U5 olass J5 ks
o 5" Number of lateral  **>J%  Number of Flower
Sources of variation Olpdi glo gf branches Root length flowers diameter
Drought Stress S i1 27.562%%* 26.664ns  370.562*  7.562*
Bio-fertilizer ;39S 7 18.338%* 47.059% 134.955 == 2.758%
) 295 X SAS G5 6.123* 23793ns  50.455°  1.383%
Drought Stressx Bio-fertilizer
Error s 48 2.671 16.478 18.729 0.268
CV (%) (1) &l yuuds <o o 14 14.5 15 8.52

Dl gire e BN SKilons woyo ) 50 mhw o s coe AW Kby o ag e o
* and ** Significant difference at 5 and 1% respectively, and ns indicates no sigificant diffrence

oLiS 50 ouls (g 55 03Il S 39dg8 )90 Silho (B g (w095 )5 9 (S i oolw FILY Jgux

sl dlion

Table 3. Simple effect of drought stress and biofertilizer application on some morphological

traits measured in Calendula

aday Foie el adyy Job
L3P Root Dry Weight Height  Root length
Treatments (gr) (cm) (cm)
(FC%) Sius giss 100 26.83 2 32.09? 42.36*
Drought Stress (FC %) 50 15.81° 27.37° 40.25%
Ps 22.84® 32.372 40.532
Az 16.07 ¢ 30.00 b¢ 37.33%®
M 20.04 b 25.37°¢ 35.91%
Sy 095 Ps+M 27.14 % 31.37%® 34.49%¢
Bio-fertilizer Az +M 25.91 @ 30.87 % 32.12¢
Ps+ Az 16.63 ¢ 30.25 2 35.91%
M+Ps + Az 27.94* 28.37b¢ 34,74
Control 13.99°¢ 26.25% 36.07"

O Jloizl s 1o o e I LSD Oges] llas il o S i By > l)ls e o 0 a5 la Sk

IR RNV

9 15,60k z,6 Azotobactore chroococcum Pseudomonas fluorescens s 4. control ¢ M Az Ps

Means, in each column, followed by similar letter are not significantly different at the 5%

probability level using LSD test

Ps, Az, M are Pseudomonas fluorescens, Azotobactore chroococcum and Mycorrhiza, respectively.
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Gl el oAb BN Sas o Stmsty Laast e
223 g olS Ol Hlade (alse plail Sas (55 e (3
B Siie i amsyy D5 olS oy, lal
32 SiS 4 Joite slag xSl g Y eSan)l slaasy,
Marulanda et al.,) cosl saiiosnlin Sz is Lyl
oy, 7,6 5 ie mdly a8 codl sni i, lS 2009
OBl el oS 0k Syme slasSh g YeSw)
Kohler) ssi oo 9al5 oLS o, sloaslis 1o g ls cxe
5 (B1) ubgegogu 5,i5L L =il |l (et al., 2007
soel (V) JS& ,0 MV e e ely;y cud,l o (B2) jxSbgsj)l
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(B2) yiSLgi3l 9 (B1) uligogogm (6,8 b el Lo ) S5
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Inoculation with Pseudomonas (B1) and
Azotobacter (B2) at 100% field capacity

Fig. 1.
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5 FSLgil cpsmgn, 4 olS ad; Syme slo Sk,
2% Gk 5l aiilie g5 oal 5l alaaised ok s
s (Hadi et al., 2009) oL5 jLis 50 slie jolic oges
(Zahir et al., 2004) o, glaoasS oot =i 5 5 ogs
5 okS ad; Glidl g ead palS » (sute Sl crse
OLE Lo 2 (e 5,10 Jlis 4 1) &Y gazee 3 Slos
SIS psk sl 5 SUgisl iz sl S o5 ol
Turan et al., 2000) atws e oL5 L (5 Lon ala,
5O e Ol Sl sy S e slas xS (Vessey 2003
Slge glgl adgi Geizren (i)l b, slagise)sn Wy
SnSsk 5500 Sl 31y (38 ot Sl Segen G5
Mikolay) g so olS o, (iol38l 5 Sgupe s g 03,5
20 dlwsay LS ul o35l 3,k 51 (et al., 2006
T8 dsde oAby S 5 e ol ek o
oyl 4 o ol 53 T iz lime il el
2 olelyg s Ol @de (Ll 5 055 00 )6 9
D05 sk Sme ol Sy 595 o5 83,500 o5k
DS s 7,6 (Wu et al., 2009) el b ol
aiy, wbos 2l Llae 5 ac) SLLI s Gid qiins
st gyl o Ol Gds Sl amii )0 g 0d o0 S L
g0 7,8 (pl poogdle (Wu et al., 2009) s 5
Slbd mlBl s Sl plie jele Sl Al
Jole a5 205 o ool 2f g el Glaplaas ]
Col bl S oole o, Sles g (2lgp plail g o, iol3dl
sadodalive sob, Slis seqe (Wu et al, 2009)
Slidod ol b Gedod cnl ) 1h)eSee 0015 4ty
3,50 , (Rapparini et al.,, 2008) |,Ken 5 o,bl,
OHSer 5 (Sgminw g (Artemisia annua) 4w, oLS
(Capsicum annuum) Jals ,s (Sensoy et al., 2007)
L olelS 4t 5 )8 m (Sraayen ST 50 o)l cdilhs
Olyear OlalS bawsgi cadadgs (g3gid ol (s
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Table 4. Interaction effects of drought stress and bio-fertilizer on morphological traits measured in Calendula

S lep plaily 39 Spolaw b asll olaw F s J5 olaxy
Drought Stress ) 095 Shoot Dry Leaf Number of Flower Flower
(FC %) bio-fertilize Weight (gr) Number lateral branches  Diameter(cm) Number
Ps 36.32? 59.90° 5.95% 7.12° 18.50*

Az 16.12 ¢de 33.5% 2.77¢de 7.75° 8.75¢%

100 M 21.01 bed 39.75% 4.22b 6.00 f 10.75b
M+Ps 23.41 % 512 6.15% 7.00 ede 17.75%

M+Az 25.71%¢ 54.75% 6.05% 7.25b¢ 16.75%

Ps+ Az 11.90 ¢ 31cd 3.20de 7.00 <de 8.75¢%

M+Ps+ Az 13.63 4 39.20 3.87bcd 8.75% 10.50¢

Control 9.91°¢ 25%4 1.85% 5.62¢g 4.25¢

Ps 8.56 ¢ 3094 2.65¢de 6.50 def 5.75¢

Az 12.92 ¢ 3504 2.65¢de 6.37 <f 7.25¢

50 M 7.25°¢ 20.5¢ 1.45¢ 6.00 f 3.75¢
M+Ps 29.12 % 65.752 7.2% 6.87 ¢k 17.75%

M+Az 10.55°¢ 31.75% 2.4¢cde 6.50 def 5.75%

Ps+ Az 7.03°¢ 26.75¢cd 1.8% 6.00 fe 4254

M+Ps + Az 11.354 32.5¢ 3.40de 6.62 cdef 8.00¢

Control 8.64 © 25.25% 1.9d¢ 6.12 fg 5.00

5,8 (5l stee B il oo F yiia By g ls g o 50 4T alaSile

sl oo wald g 15,650k 7z, Azotobactore chroococcum [Pseudomonas fluorescens s, 4. control ¢ M Az Ps

Means, in each column, followed by similar letter are not significantly different at the 5% probability level
Ps, Az and M are Pseudomonas fluorescens, Azotobactore chroococcum and Mycorrhiza, respectively.

5L o iten STl (F Jgo) ssos (sas F/e+) 0+
Gob o o 7y sl wl, Gl Jolie 0 olS olis
Sl oo 3 655 5 Ty psSole 51 eolitl oo
g 05 Gl corge olS 5lisyse lie polie eal
Fwgld Gliee g 59 @iz g 0dd Sl g olS 9o
Sgd oo ol o 5 olass L._ela.m 5 Sy 0 cadady
GHSLoplg oS Sl o 5 kS n i
Azotobactore s :SL Pseudomonas fluorescens
TN e smeby bulh o 1y 160k 7,8 § chroococcum
Sl (el AIVD) (6l)5 28 )b
oeals 4 e Sas 1S £ Jgus mll 4 axgi b
900,555 9x bshe b oo pals (Sas s Sl
o 45 0 s oo Cewd I 065 (6 laul (Jslu o lgo
Mhse iRl 5 s 5 4l mals 5 Sy sl
s oL siug, oy Coles,o ¢ (Tiaz and Zeiger, 1998)
Pereira and ) oS o log (2als Ol sgeS S o
Fwgid lade 5 odugy ol zels L «Chaves, 1995

S b S ol
IS k8 g IS Sl gy sloosS 5 (Sis bl 5]
Lulyl 5o 558 (Y Jouz) 0 S5 jlpddoan ol 5
p8) G5 sl & e S 5 B 10+ iush
355 3l ¥ Jsaz) cly el ((Sis i Jlasl
S5 Al s s JF oo I e e
3 S 985 o p)l5 pae) wald jled 4 Cod (St
AL opls e (S
R ERVARE
pae) doli jlewd 4y Cand aS 09 VAID il S 25
TNY (elyy byl UV e e o s GloogS 5l eolazl
AL ply oplS izen ol
39 13,656k 7,8 ol jan &y Pseudomonas fluorescens
(302 VYIVO) 70+ 5 (sas VWIVO) /N e+ usb, Lal s
AL elg Sl s s S sl ol
Lyls o1y 66k 7,8 g Azotobactore chroococcum

SRS AN KPR

Lyl,s o Pseudomonas fluorescens

ol

Sl o (0ae VEIVA) el cod b VN e Susb,
pae) dali jlewd 4 Coud lgpaiaes oLS yo J5 slass

g (02 FIVO) /N e+ sueby Iaylyls j0 (g 995 00,8
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ety oS ool il ey azgi (P Jguz) s, V¥
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G2 reS iz (O Jooz) 0B Ed (G 355 008
7S g 15,950k B plys 0,18 Jlos o (Sgr cai e
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bl (Agarwal et al., 2005) o, Ke2 5 15,571 Lawgs
S5SL S lsieay Azosperilium 5,556 5 1S
Lalyd o Sy o S Gliee GRIB s 03, S ye
ay S e slags ySL Yioiml as pusS s Sis i
5 JAA 0l dhavlsa) oty phaew dxwg &b |
Sgndet e sl gloady ) S Ly (Gliels-ACC
1y ool 5l esliel LS 5 ous S slasl 3l ol is
(Arshad et al.,, 2008) was oo (il s oo
(Smaeil pour et al., 2013) |,Ke 5 555 feclowsl gl
(egy w8y Aty [ 7B Lzl ol lis
olS 5y oy 5 yind gliizme g ol S DT o (slgime
gl Qb b avalie o (S22 25 Ll o ) 055
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Ol Gl o 159500 Sl ooliinl (Sid 15 ilizre
59 13,50 3l eolaul pae byl 4y s Sy ol s
5 I 15,5500 5 oy S5 4 k5 lgpaivon oL
Ay i 505 Jesbo 3 e S3lsre 5 5o s
@B sloan; Gk ) i mhe Gl g (e olS
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L logyg e uizen (Auge et al, 2015) o5 5
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W) ogd 00 532,550 plals jo of o ois cgo

(et al., 2007

OF JWis a5 (ol aloyo 355 sl ol ooy olS
565 05 5B pels o (T Sl g whipe pels S oy
5 At 6t e awmlie 3 sl 0w
30 s o a5 jsblea Pseudomonas fluorescens
& s 3G Pseudomonas fluorescens ool jasics
S5 3%t Ll 5 Sl 4 e JF olass il
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5 o2l oS O Ll 5 (ol al, leosiaS oo
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Table S. Analysis variance of physiological and biochemical traits measured in Calendula

e ) O (s sgxo EULE
o e, Y
Sl et o5 sl Electrolyte S T g8 !
Sources of variation Antioxidant Leakage Relative Water ~ Maximum efficiency Spad
capacity Content of photo system I1
A GBS 304446 5367 139.151" 0.00004" 9.150%*
Drought Stress(D)
2308 g 669.676"  571.668" 71.785 0.00282° 6.511%*
Bio-fertilizer(BF)
3¢5 X Ss ud
g 7 472.531 ™ 23.166 ™ 43,365 " 0.00126" 2.629%**
Dx BF
U
48 100.463 22.310 26.925 0.0011 1.150
Error
CV &l ki gy 15.32 14.21 11.32 6.54 5.44

o gime e BB TLans ao )0 ) 50 mhaw jo o Jixe OS] ko o 5 4y e o

* and ** Significant difference at 5 and 1% respectively, and ns indicates no sigificant diffrence

Hedlinon obS 50 ouds (g S 03103l (o2 lroribions 9 S Jelg2 jud Dlio g (w3958 32,15 g (b (S o0l F1.F Jgur
Table 5. Simple effect of drought stress and biofertilizer application on physiological and biochemical traits
measured in Calendula

Sp s Spol o gz T pluagwgid o)l iSTos

by los Electrolyte Relative Water Maximum efficiency of
Treatments Leakage (%) Content (%) photo system IT
(%FC) i iss 100 73.2% 43.72 2 0.7342
Drought Stress (FC %) 50 75° 40.77° 0.7242
s 3 395 Ps 74.24 2 47.13 ¢ 0.7354 2
Bio-fertilizer Az 75.96 2 41.57 ¢ 0.7345 2
M 77.64°* 40.58 ¢ 0.7114 %
Ps+M 51.67° 39.96 ¢ 0.7230
Az +M 74332 41.74 b¢ 0.6810°
Ps + Az 75.46 46.37 % 0.7291 2
M+Ps + Az 75.06 2 38.67°¢ 0.7061 @
Control 74.99 2 41.88 % 0.7324 2

L5 (650 sire BB il o S e By > Sl g o 0 4 ol Sl

Al oo sl g 15,600 7,6 Azotobactore chroococcum Pseudomonas fluorescens s 4y control ¢ M Az Ps

Means, in each column, followed by similar letter are not significantly different at the 5% probability level
Ps, Az and M are Pseudomonas fluorescens, Azotobactore chroococcum and Mycorrhiza, respectively.

S o S oS 5 )5 sue Lyl i o sadosnliv
2 4 S S5 5 Ll 9 oS\ 2o
S ely (S 5 @Blgy0 ol Sy i Jlee!
g ond SlarnST SLaS 5 g GieST S STy sladiss
Parida ) 0gi o LS 50 gilans o ool 4 e
ools oylis wlaé=s (Song et al., 2008<and Das, 2005
b ST T ot o5es Jlub b LS ool
8 e 3 o5 b lagg Sl tao e by 15
OS] oy Glaoly Gials b (g5leSThy s ol

Py segS g (Sas Jlie S 4 by pe b

OV 0] ORI I VY [ A PRCSR RVOW 1 I RGOV
e ply s (ola Lyl g6 slajles
Jbs Pseudomonas fluorescens sySU g 15,650
s k54 Azotobactore chroococcum =SG5S
o Jlesl Lyl o oSt il cud b owals s
Cod BN e gy Iyl yd a4 caed (o5 oud b D)
Lyl Lislel laloss lo il Lilidl S el
s @Ay b osly Ko b gl gre Sglis 5kl
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lade) s RIBL Sl ligegdgn 5 Sl
5 Slje) Calae (olié polie a4 ol pwptws GRlS
GSgs ol plgs 0,15 g cenl 00ss 5 5y e e Lis
Calgiys a5 s3g ;50 b il 31 sl s Yoz
o5 iyl 50 olS uilesysld (slayal )l Ssnge 4 e

.(Khalilzadeh et al., 2017) 55 5 o

Slao p (Gw) 995 9 Sl i bl g1V Jux

Setiond oL 55 00l (6 50l (2 Lornligns 9 S 5o g 3
Table 7. Interaction effects between drought stress and
biofertilizer on physiological and biochemical traits
measured in Calendula

S w3y Sl T

Drought Bio- Antioxidant gl
Stress fertilizer capacity (%) Spad

Ps 86.87 @ 31.82¢¢

Az 79.78 ® 32.858b¢

100 M 51.30°¢ 29.25¢

M-+Ps 56.74 ¢ 32.93bc
M+Az 83.82 @ 33abe

Ps + Az 86.05 @ 33.35%

M+Ps+ Az 89.16 % 32.37b

Control 52.56 ¢ 31.02¢

Ps 89.66 ° 33.200¢

Az 90.86 * 32.92abe

50 M 84.36 32.17bed

M+Ps 90.80 2 32.822be

M+Az 89.53 @ 33.92¢

Ps+ Az 91.02° 33.228¢

M+Ps + Az 89.44 2 31.8554

Control 87.04 32.5%0d

W il s S ie By LIS gt o 50 &S slacaSile
850 g5l pxe

Pseudomonas fluorescens _.s5 4 control 3 M Az Ps

A3l go sl ¢ 15,60l 7,6 Azotobactore chroococcum

Means, in each column, followed by similar letter are not
significantly different at the 5% probability level

Ps, Az and M are Pseudomonas fluorescens, Azotobactore
chroococcum and Mycorrhiza, respectively.

395 5 (Si 5 il s S (Supen a3ls

ALy TnueSle el spls
<y cad b 10 ey kb s chroococcum
2 el sk 7B 0 pn)l8 al Jel> (FYAY)
pls Jlade cadily S el)y aud,l Y0 Ll

Azotobactore

Ao ialdl elyy cod b Ve 4 cond 1) (S0 e
wile g pobie Dl gy Jmd b 13050 (Y Jgo2)

S5l a5 pae SIS BL Sl Bl 5l g 0
OhLer g ool Cwx, .(Pan et al., 2006) oS
&35 7, 31w, L (Rahmat zade et al., 2016)
plail SloSTy w3l cllé o Glomus etunicatum
oSy ol dlad oS B35 il oS alse
ao, 0 VAT saimolis (slaenST 51 3l G lgieay
S (ili255500 sloaiged ;5 w3l cul codlad o il
Ol 5 Slagdl g alnjsSe o walh 4
7,8 il a5 wis S 5 158 «(Baltruschat et al., 2008)
eyl clld 1 Ll e g2 ol L 1Sk
Oial38l 25 a1 ol ) Ceaglie azes o g CilogaST T
0055 JUd L 15,550k 2,18 el oals (5155 (izran ol
o 2lysSsl mozd azipe g ST padgilin
aade Gl 1) (pli polie 35S 5 S @ olS
311, ROS aJgs 15,650k z,6 (Varma et al., 2012)
oaiglsl oz slavanl 55 sl 3l 4 &b
Sun et al., ) aS o Sgumme (o] lewdl glas
SonST 5T cdled il a4 e el cpl a5 (2010
S syl booadle (LS (rizres 05b o0
Wb, 4 6L cnl gl )0 a8 SlalS 4 cos )
oS 93 g 5ol ool (g5t (glylo wos
S e sl Sl o)l Wl las mbs wog (i
OlmST Bl slap 51 codled Gialdl & e 0l
2910 oLS 50 jlanSTy 5lslS 5 SlannSTy Dbyl

Mir Jalili et al., 2017) w55 ) olos

258 sl 54 g I pnssis i lyl5” ST

(S e
9 ysSale oS5 28 Jlad jo I pitcngid o Sloe
,lewS & s Azotobactore chroococcum s :SL
(W4 Azotobactore chroococcum s S o, ,\S
Pseudomonas  fluorescens xSt 55 e
Pseudomonas ;S plg 0,5 e (olesa

G5l oS5 e dieile g6 5 fluorescens
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LT pwgis o5 5 0,Shae iulidl e aolesl
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Abstract
To investigate the effect of plant growth promoting bacteria and mycorrhizal fungi under drought stress

conditions a factorial experiment based on completely randomized design with 4 replications was
conducted in the research greenhouse of Ferdowsi University of Mashhad, Iran in 2019. The first factor
was the use of biofertilizer at 8 levels (including different combinations of Pseudomonas, Azotobacter
and Mycorrhiza fungi) and the second factor was drought stress at two levels (100 and 50% FC). The
results showed that by decreasing soil tillage capacity from 100 to 50% decreased plant height, number
of leaves, number of flowers, flower diameter, shoot weight and root weight, number of lateral branches,
chlorophyll index and relative water content of leaf compared to control treatment. Also, the highest
antioxidant capacity was obtained under both soil moisture conditions in Ps, M + Az and Ps + Az
treatments. On the other hand, using Pseudomonas fluorescens alone or in combination with mycorrhizal
fungi improved the growth traits such as leaf number, flower number, flower diameter, number of lateral
shoots and vegetative index under stress conditions (50% FC). The number of flowers was 18.50 in
Pseudomonas fluorescens treatment under 100% FC which was 77% higher than control treatment (no
use of biofertilizers at 100% field capacity). The highest chlorophyll index was obtained in the
simultaneous application of Mycorrhiza and Azofobactore chroococcum under 50% of field capacity
(33.92). Finally, Application of Pseudomonas fluorescens in soil alone or in combination with
mycorrhiza fungi can improve plant growth under drought stress and increase plant efficiency under
drought stress.

Keywords: Electrolyte leakage, Maximum efficiency of photosystem II, Number of flowers, Percentage
of antioxidant activity, Relative humidity content
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