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Investigating the effect of inoculation with plant growth promoting
bacteria on the morphological, biochemical and nutrient absorption

characteristics of Nepeta binaludensis Jamzad
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Abstract. Nepeta binaludensis jamzad, as a medicinal plant, which is at risk of extinction due to irregular harvesting and damage
of its habitat. Four treatments including: 1- inoculation with Azotobacter chooroccum, 2- inoculation with Bacillus cereus and
Pseudomonas putida, 3- inoculation with a mix of three bacteria (A. chooroccum + B. cereus + P. putida) and 4 controls (without
inoculation), in the form of a completely randomized design with 3 replications in two vegetative growth stages (ten and twenty
weeks after sowing). Plant growth-promoting bacteria (PGPB) improved all the evaluated morphological characteristics,
including the length and dry weight of the aerial part, total leaf area and root length compared to the control. Also, the results of
biochemical investigations showed that in 10- and 20-weeks old plants, the application of PGPB could increase the phenolic and
flavonoid compounds and also antioxidant activity. The absorption of some elements such as calcium, potassium, phosphorus,
iron and magnesium also increased as a result of inoculation with PGPB. Since the PGPB improved the growth and also
increased the effective compounds of N. binaludensis plants, they can be introduced as useful bio fertilizers and considered as a
good alternative to chemical fertilizers.

Key words. Drug metabolites, microbium, microorganisms, micronutrients, Nepeta binaludemsis

Received 06.10.2022/ Revised 13.09.2023/ Accepted 25.09.2023/ Published 20.12.2023 VECYNYIY e szl VY-V Y u")"‘” INE-Y/-SIYY :C)Lp]/\f. VeVNVE il o

71V


mailto:ganjeali@um.ac.ir
http://dx.doi.org/10.61186/nbr.10.4.75
https://nbr.khu.ac.ir/article-1-3618-en.html

[ Downloaded from nbr.khu.ac.ir on 2024-07-27 ]

[ DOI: 10.61186/nbr.10.4.75 ]

Nova Biologica Reperta 10(4): 71-86 (2023)

Laxita & Shruti, 2020; ) <ol sals o,lsl 5554555
= (Imran et al., 2020; Raji & Thangavelu, 2021
(il dge b de S, oS cul T 51 (Sl Slidow
Sere Gk 3l ) Jgaze o0les 5 0l gdien, i
ad o Lialpl Slind g el aile Sl jolic owyiws
ole (V+YY) o2 4 (Aloo et al., 2022. Maung)
Bacillus L Cucumis sativus lls mal asocsl
g ol wd> ol o] Cllaie § ogups |, aiu, il Velezensis
Otalejl 5o ols pSatiz Gl 1) olS fiwgid 5 sdie olge
Josnl Oseyseid @ ) ady, LSl sge lixe 00
Sinorhizobium  slas iU lawss ool s dal Sl
3 Acinetobacter radioresistens meliloti
Zapata-) wlesls  <ws Pseudomonas paralactis
5hoeolinwl a5 ol & a>45 L (Sifuentes et al., 2022
JE Ol Wlgee by Syme plgie 4 (Fum) sladyS
Al glewd sloogS 51 LA o yee OISl palS o o>e8
3 oot S5 Ty Bia b gy cal il
5 b8 LS5 el Sleogar p ad, Spme b SL
Lol ol bl gogllin sludigy LS SlanST ool codled
o gy 9 Olgo
oS o) S pme log xSl 3l (o j9taie 4y

5 lro—gm (S350 sla S5y (PGPR)
J5SL 5o 4y (mtalejl o plid ols (5 Qin
AP Jlw o S5 Y L dolas Sl b ol o
ol 53 s il 4l porle ouSils Linins (9 gd
P hels ad, S slag S il 8l bl
-Y . Azotobacter chooroccuml m b -V ;Lo
Bacillus ; Pseudomonas putida els5 z— b
(A. chooroccum + B. lojen z &l -Y . CeEreus
39— (zuils ;9a0) aali -F 5 cereus + P. putida)
(PTCC1247) o5.lsy J slagSL s 5 ), 8w,y

si—sw 3l P.oputida  (KT2440) B. cereus
(ATCC7498) s xS g po—le 0aSils (655—Jgm9,50n
0S—iils (59— Jgms, e 3w 5l AL chooroccum
S 99 5l e g Al e (g B oSS (65,5l
2 &Sk, ST e b g b e po Jlye oS
el o (Celd A Sas ag o, 5 lv a0 YV glos
Loyl L bojdo il 5 laie a0 § has JLsd
9 ey B 0590 Lo L ) (e ol )95 de
by bayd il gl Ol 2 e e 3

OFY)VV-AZ F ool oV - \_\b‘w) pole jo BTy slaasl

doddlo

(Lamiaceae) ;lucliss oolgils as 3lese Nepeta o>
oo =Bl ol jo T asgE £ aS 48 YO 5l i Jels
sodlin slwass asss (Motaghed et al., 2022). ..l
9 3 dlo ai> LS (Nepeta binaludensis Jamzad )
bl 5o adly sgllin slaogS o a5 ol olnl 5,05 Jlod
Ot ELE,I L (bl )0 a3s8 (nl 09l o0 8L (590, (Ll
YV Yl (Sosb oliee b Lys mhaw 3l e YY e oYY
a2 ,0 £V odgame ,o AVlw slos (1 Sls g o Juo YO
(Hashemi moghaddam et al., oS o, o , 5 6l
Oleyd jelate ay w b o sogdlis sluass 2020).
5 ] pilog) (5155 SN Sy, Ses w00,
(Khaladgi et ol o a>g5 5,50 Bg,e ol sl b
5 95w A o Glou ST ST ples e al., 2018).

(AZIMi el a8 )3 1,8 00l 090 o) oo Sbos
Mahalleh et al., 2020; Hashemi moghaddam et al.,
Azimi 45405 sl 2020; Khaladgi et al., 2018).

Slodigy Slaewst T plss (YY) ol 52 5 Mahalleh
S5 ey Jed 5l (A Ol 5 e ]y g0l
- ilosls s dpl Sy e, 9 d!
3 a5l e Gl g g0 Clloy wgdse STy
ol el sols (18 slidil a5 e 0], olS ol cds e
el jslaie a4y ol lapgmg Se 5l (510 0 540 Ll
2 @l Gbcddale i oy g ol See 5 g obS
it ) G 5 SlpienssST 5 g 00l J S slalas
S yShgn, (AL GlapgmgSen o 53 ol 4y 900
(PGRP) plant growth-promoting ) oS i, & e
S yhugp, o Gawsgw slacubls I (rhizobacteria
S lom 055y b (30 Sl (s3le Jolone abox I oL
ClaS 5 o dee 5 Oisr Sl Geized (2L
sle o,y 5o (Aloo et al., 2022) ai)ls,55 5 oleowdgnd
@iv, Job ol glas )l 2olidl o LPGRP cuie i sasie
5 i 6905 5 s CerheS gdie Slge g ol i Sgug
Zapata-Sifuentes et al., ) <ol ool ol S4>g0 be
Y-V o, Kea 4 Chiappero bl <G 50 (2022
8y Sas 2 b aslee o il glias LS a5 asl
5 ST SleS 5 slgime 5 0y i jles PGRP L
3 Oeigmed S8l bl s e Djse a4 oS LS
3O Sy sosS laie 4 PGRP pis 4 (Koo sl yingh

76/v#


http://dx.doi.org/10.61186/nbr.10.4.75
https://nbr.khu.ac.ir/article-1-3618-en.html

[ Downloaded from nbr.khu.ac.ir on 2024-07-27 ]

[ DOI: 10.61186/nbr.10.4.75]

Jafari et al. Effect of PGPB on Nepeta binaludensis

o9l sludigy oLS p ad; S oo glo (5 5SL L30)Sen 5 (5 e

o lac zl sl
ublio.b 9 OZkan U’uj) ‘3...’0 O)LA.C C‘)M‘ g
DL olalS Llsn i Kis yoe 5l o8 YD LT--Y)
5 SrSojlas Saisul sl (he) a4 deys A Joibie i oo
4.9.»3\) VO o o9 4.9..30 )9 90 YO u\.cj.wl.au.......w

Wk S (S 59 5 Sgee Sl

IS i s

4 (Folin Ciocalteu's) ¢S g dod o9, bl p
Silie o)las 31 5y Ko Ve S S Ghomi jlaie
[PCSSNARIETCNRNCETRCHAC VS SRRV
SliS iy Sae Ao v g phaie O idy S B0+ (o>
3 badtiged iz 5 oS 5 o2 b (o> /559 1Y o
Al 31,8 piegidg iSl oSiws Lawgi yiegil YO zge Job
Ol oola_ul d._:j,o.) ujd_) ‘5_.‘9 .]oﬁ_lzn QL_Q.Q )‘ ol ‘5‘))
5 oy Sl SCIE G lire slacdale b o lasbin) sovse
SLIE p,5 Lo amly e baiges JS 18 slacdale
(Khalighi oz ;Lo LS i el o) Ve e o ol
Sigarudi et al., 2012).

udgigghld (parmiw

Dot S (Y0 V) )L 3 Chang oy, 3)llas
> @ Al Joile )3 S o)las o5 oo ¥ eadgiggdld
PLS ojlae ;o 5l i dee <10 151 Gy 9 o sl e ¥
Ly Lo (LALS Jsilie) glysel s 51 o e VO L
(s> 1 539) 2,8 poingd] i Lo +/) aslsl jo 040 5
Lo VA 5 Yoo ) il ey s s <) LY -
il e 0y (uiSTy bglse po> Lles g bglsus yhaie O
iz (3L gled ;o adBo Ve ClldS 5l e g 0l o,
oly> yagls YN0 g Job 5o yogtdyg Sl bawgs (5595
§ ot S Oy 595 aliBee slacdale o lailinl s 0l
O 555 055 (oo 91y o s gl 0553950 (555
qio)fubobf&owbla)f\u e
P VU | W [FE - E S

L DPPH sl 5 5, (i o1 sla sl g, ol 5o

3351038 b 51 Gy 5 QeI T 0lgo (220 53 625,158

T7IVY

(CFU /mL) Y- AX) o) Se <10 <8, L Las 55U
ol 05) ol sludis olS slaydy cnl 5l i
wlelss )l 51 as” (Nepeta binaloudiensis 45493 FUMH
Ol e (Lo e 51 e YYo=V Fe v sgus glas)l) solliy
Stz g i (55 Ol Ly 2dgr o (55l e Ao
ISR P SRR W A B WWITLAIN L V- 1 S V- W
S L e 6y 5lez 5o boydy aalol jo ol colanul ag s
Jless 50) Wud bl Ll 0550 (6,50 7dli aule o) Lo
o ()8 )8 s U1 5L oo aydy el
S oS G sl plals o pad S g cele S cids
SO s o azl S g p,0 el Vi) S el b
Syt 5 CasS 55 3l osle (T 51 g 5 4B (g e s
0 Ol G Sazr SB ge3] el B 51 S
Pl lals () Jauz) al plsl S 50 04250 o136 Lolie
VE 59 il oo, 5 il a0 YO Y sloo L o) SBUI
P laghls cob, Lai> Ly g pgo 5 Jsl plalejl jo sy
P oleld s ,S ah) el cod b s yo A= osguse
Slao o S 0SS jlaiy;) 5 oleo i bu
(S bt sy 4 olsatsu i)l wiile olST (SG3el98)94
chh_mkgrfajlml oKws Msd)b&fcjaww
L Laaiy, ks g mhw « Job g5ae g (Leaf area meter)
L"WBL;‘”")"WL{‘UJ"A“AJ‘S‘W' Ko )| oolazwl
Hebaie 4 ol (5 5o lail Root Edge 1581 5 5l eolaiul
A S j5 sladisges daaty) 5 plpe it SS9 e
b5 8 celn YF Goe 4 ol 5 ile ax 0 Ve gl jo

WD 09 (p)F 20 ) 289) 9315 b e
S g3l @l - Jgua
Table 1. soil test results

K* Na* P* Ca™
7.1 0.79

106.62 | 445.46 | 309.71 | 340.82



http://dx.doi.org/10.61186/nbr.10.4.75
https://nbr.khu.ac.ir/article-1-3618-en.html

[ Downloaded from nbr.khu.ac.ir on 2024-07-27 ]

[ DOI: 10.61186/nbr.10.4.75 ]

Nova Biologica Reperta 10(4): 71-86 (2023)

OF V) VAAS ¥ o)lad Ve ol o iy pole ;5 Csi sloazily

waleoe o id 5o a8 (s e g Vb Jlew 80
30,5 solazwl
Wools 5 lel ki g 43 5225

&l 9 SPSS 19 ,1581s 5 5l oolawl b bssls uilylg 4y 5
o) s 5 oS5 (gatlsaiz opei] 1 oS 4l
toy 4 abgrye sl loges s oolial (P<+/+0) slhs
23,5 oy EXCEI 13800 5

N Ol p owly Syxe gL U ()
Ay glaian Ve dl> po yo oS

35,5 5 AL chooroccum «4s5 b soglly (slwdis zails

ol e P.oputida 4 B. cereus b xSU sleassS olos
A aels b awglie ;0 olS (Su5elsd e Dlae alS o sae
P. <A.chooroccum) b :SU slaaiss belswe o, )15 L3506
Jsb ggeme « olsmplail Jsb o5 50 (B. cereus . putida
ol sl olS L aslie 0 Sy mhaw geeme g brady,
Oy iy (AN 9 BY 5 CV ) (P<0.05) ols ol jlo e
o) Job ggemms (ol TITY) plse plail Jobo 5
oV Ve V) oS mhaw ggezme (o ilo FYVITAL) Lo

Jless 4 45 09 (050 17) (Qlsp e SES ()9 9 (@0 S
cusls 3les AL chooroccum

(A)
i
j=¥
=
g ’E
Y QO
)
=
g
07
= & o&\ 56
vl ® s
NEAE N
©)
1200
8% 900 be
E<E 600
BE 300 I
“E 0
o & “"A g
a8 ¥ x AN
c}“ o %\‘}s
[ C
L

Jsb 18 69 @3 Ol 2 LS5 s (ul 3500 S5
Cdled 5l clin (gl 0l oo yiagil S OVY Z5s
D ysbate 4 (Kulisic et al.,2004) asb oSt sl
(VAN GhlSen s YaNg by, Gllae SlapsT sl colled
o SlysSwl Ly ojlae alisee glacile I s S Ve -
o 5 4slsl DPPH(W/V) 008/0 % gloe iy e \ - -
A oaslyms 2egili OVY zowo Jodo j0 adBo VO 5l ol
48 ol arale 5 Jge)$ awgs DPPH (slxl b e w0
inla;] 8 90 abges wi> TAL (S i IAD T e
Ao, B wlgis a5 glo lae clale ol (SO wiIA2
polie muy 5leslaiwl b (1Cs0) s s 1, ol sla S0,
e ulre 5 dgas cilisee slacalé o> » RSA s
el Cwd 4 ygun )5 Lo alolas
(RSAM)  JIS,sl, aas, byl aoyo=[1- (Al — A2)/A0] X100

tlgp Gidy T 9 pnsd by oS xins
L s ion ool 5 shed doruly (ol yolis i
4 .ob plsl Karla (1998) oy, 4 slazan Yoo olals jo
cble Grovw gl g At olS 5 S sl
Ll oot Cd (Glodly (6,8 (5 g Sl 5l poli

Inductively Coupled Plasma-Optical ((ICP-OES)
L1y abges o polie ol a5 EmMission Spectroscopy)

(B)
600
-ﬁ] a a
5 g 400 a
25
gg 200 b
€, m
& > 3 07 W&
0‘{0 c\'& el W
&® & s
Al \x
v &
o+
(D)
1
= 0.8 a
F_ 06 b
8=
H>\—‘§‘ g; * I I c
ha— .
25°2 | | []
= -
w » < N o
N L
R :‘{?“‘”s
4 %GL:

aby slaie Ve al> e 50 (D) lse s Sis (055 5 (C) I s «(B) laaiy, Jsb g90me (A) s plail Jsb 2 2l 5L cilizee slalos 56— S5
Figure 1. The effect of different bacterial treatment on length of aerial part (A), total length of roots (B), leaf area (C) and shoot dry

weight (D) in 10-weeks old plants.
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Figure 2. The effect of different bacterial treatments on the contain of phenol (A), flavonoids (B) and antioxidant

activity (IC50) (C) in 10-weeks old plants.
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Figure 3. The effect of different bacterial treatments on length of aerial part (A), total root length (B), leaf

area (C) and shoot dry weight (D) in 20-weeks old plants.
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Figure 4. The effect of different bacterial treatments on the phenol (A), flavonoids contain (B) and antioxidant activity
(IC50) (C) in 20-weeks old plants.
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Table 2. Means comparison of different bacterial treatments on some nutrients content of Nepeta binaludensis in 20-

weeks old plants.
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