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Efficacy of Auxin-producing Bacillus Strains on Vegetative Traits
and Relative Expression of ARF15 Gene in Two Genotypes
of Chickpea Under Salinity Stress
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Abstract

Soil salinity is one of the most crucial agricultural problems that in addition to having negative effects on
crop production, causes hormonal imbalance and growth reduction in the plant. Plant growth-promoting
rhizobacteria (PGPR) are a range of bacterial strains from different groups that live in plant roots and
rhizospheres and can cause the plants to withstand stress by causing complex alterations in their growth
and development. PGPR alters plant metabolism, signaling, and hormone homeostasis. The present study
aimed to evaluate the effect of two auxin-producing Bacillus strains on vegetative traits and the relative
expression of the ARF15 gene of two genotypes of chickpea (Cicer arietinum) (MCC77 and MCC68)
under salinity stress of 50 and 100 mM sodium chloride in greenhouse conditions. The number of sub-
branches of MCC68 has been significantly increased in the inoculation of strains at the concentrations of
0.5 and 1 in the presence of 50 mM sodium chloride. Moreover, the inoculation of Bacillus
amyloliquefaciens (FZB42) and Bacillus. cereus at a concentration of 0.5 and 1 led to a significant
increase in the fresh weight of MCC77 root. In addition, FZB42 at the concentration of 1 caused a
significant increase (28.20%) in the height of MCC77 plants in the presence of 100 mM sodium chloride.
In the inoculation of Bacillus sp. at the concentration of 0.5 and the presence of 50 mM sodium chloride,
the relative expression of the ARF15 gene of MCC68 genotype showed a 9-fold increase. Both FZB42
and B. cereus strains affected the vegetative traits of MCC68 and MCC77 genotypes, which indicated the
role of PGPR in increasing the supply of enzymatic and non-enzymatic metabolites, and the expression of
plant genes in response to abiotic stresses.
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Table 2. The results of analysis of variance of the inoculation of B. amyloliquefaciens (FZB42) and B. cereus on the growth traits of

MCC77 genotype under salinity conditions

S 03y pNI 05 S0y I SES 05 FOisah, 05 eAcbelis an,db oS s 75 gl
@l ol 50554 als iy, ls wls el cm
RSTR ) cm
ady, S
¥/AVA" «/AOAMS AR A ENS Yo/ /4 AN /e oS FAYET voA Soss
y/ov\ns Aoy N \/AY " 141" Y/eryns 0/0M” RN\ AL 4 g
VYIS /Yy S o/ayy NS egA DS VAL Y/EADS AR <AN\S LAY chale
«yayns y/evy N Y/0ANS /gy ons RS oS FRYUS y /¢S /eans 4y g 5y 95
\/FEANS Y/00MS YV Yns e ns gy ns /g ghs WZUS WATRLE /eons chalex g, 4
ey ns P AVDS AR NS v /gans O/AY /144N JEATNS VYYA NS \/0AS cdalex gy gun
y/AAYNS NIRRT ns, my. ns,/\o s, vy ns g \y s, vy NSy vy g /e ke 4y guix g, 9
10 ) Sl ime Ol ima b g 4T

Voo Ll g jleg /) o losds /p0d 0590 / (s § (Fod] § Sl (koo


https://dor.isc.ac/dor/20.1001.1.25885073.1400.10.1.8.8
http://gebsj.ir/article-1-393-fa.html

[ Downloaded from gebg.ir on 2026-06-01 ]

[ DOR: 20.1001.1.25885073.1400.10.1.8.8 ]

OLan 5 oK o B o P L VW g

A | EEY O30Nacl o100NaCL
Ay mal: OS0NaCl @100 Nadl (B > e .
20
a3 3 . a_ b
2 35| b . b_ b
3 @ c c
a2 B -
] 310 T
a1 q
) s
0 ™
B.cerens B axmlollquefac1 s B. cerens B. axmlollquefac1 s Y o
0 0.5 1
0 05 g, 24 ‘_gJ‘-\l 1 BlE 6 el

) m B amyloliquefaciens OB. cereus Ol o5

BB amyloliquefaciens OB. cerens Dl jsu

15 20 ab b b b 2 b
10
a1s
10
0
5

\_.-bl.ﬂ_g-u,.u

[

=
B
—

oA sle asll sl
Lh

ol ool a2y J g

0.5 chle “J“'l}“"‘

15 = lals
E) 13 B B amvloliquefaciens OB. cereus = JECRY ® - a b O_k-
20
e be be ab - ¢
EN c a5
), C a)d
\ = I 210
503 %, 5
Y
70 " VO s
« 05 \L-bl.ﬂ_gd.i,.w 1 -
© 04 b a b Eeda
3
;\3 03 H) e
02 < b
4 3
W 01 2
%, 3!
0 0.5 1 ‘-\10 5

1
(A) iy 5 055 2 e IS Vsa oo (Vo 00 ) (6558 sk 5 (V @/00) clle # 5l 3B cereus‘FZB42 6&4{}« San S -) IS
B. FZBA2 (law s 6855 (Sn 5 «(B) o3 glaaxli sliw (1 /00 ) Chle 5l IS NVoa Lo (Voo 00 ) (5558 s S S es
oS gl (e v/oe) clale Lol 5 (B) ey 5 o alsn o) 5 055 (D) Shol azyy Jb ((©) o5 slaastls slawi 5 () /00) ke cereus

(P <e/00) Wl (5)ls e sl cdlisie Gy b Sle polie MCCB8 55 (H) lse pll 5 055 dG) (plsm pll Sz 035 «(F)

Fig 1. The effect of triple interaction of the inoculation of FZB42 and B. cereus at the concentrations of 0, 0.5, & 1 under the salinity levels
of 0, 50, & 100 mM sodium chloride on the fresh weight of root (A), Effect of double interaction of the salinity levels of 0, 50, & 100 mM
sodium chloride, and concentrations of 0, 0.5 & 1 on the number of sub-branches (B), and the effect of double interaction of the inoculation
of FZB42 & B. cereus at the concentrations of 0, 0.5, & 1 on the number of sub-branches (C), and the main root length (D), fresh weight of
shoot/root (E), and the main effect of the concentrations of (0, 0.5 & 1) on plant height (F), shoot dry weight (G), and shoot fresh weight (H)
of Mcc68 genotype. Mean values denoted by a different letter indicate significant differences (p <0.05).
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Fig 2. The effect of triple interaction of the inoculation of FZB42 and B. cereus strains at the concentration of 0, 0.5 & 1 and the salinity levels of
0, 50, & 100 mM sodium chloride on plant height (A), Effect of dual interaction of FZB42 and B. cereus strains at the concentration of 0, 0.5 & 1
on the fresh weight of roots (B), and the main effect of B. cereus and FZB42 strains on shoot/root fresh weight (C), root dry weight (D), and the
number of the sub-branches of MCC77 genotype (E). Mean values denoted by different letters indicate significant differences (p <0.05).

MCCT7 555 slaslas m ARFIS i Oly s sl ias

[ DOR: 20.1001.1.25885073.1400.10.1.8.8 ]

Voo osd klpd s ) chle L Bacillus sp. Loedd <al
Ol Jlopme 50 S5 Osb 5 s 05 Ll 5 Ve e
=45 MCC68 OlS & 4 31 ARF15 oL gl (7 ) sl
Yse de 00 (gysd i g 0/0 chale s Bacillus sp. b ool
Os) dals c]a..ﬂ L awlie > MCC77 555 5 ARFLS ol

sy oLEs )lJ@m ol

05 o Oy » Guss ls s Bacillus sp. cal;}n
ARF15

05 ol MCCB8 5 MCC77 olalS 5l bl slasles s
cLle L Bacillus sp. C"“‘l‘ 3 ARF15 Ol ) alse glaniy,
et A AML\L&!)Y}A&\?A VYoo (O LE)}";’ 'I".’.\j‘j’):\ /0
6k ol s el ol | b lLs ol J 28 Ll s s ARF15

(Goss Oy 5 = 05) 5 Sosd Dled o old =il

VFoo Ll g jleg /Y o losls /00 0590 [ (s § (o] § Sl (koo


https://dor.isc.ac/dor/20.1001.1.25885073.1400.10.1.8.8
http://gebsj.ir/article-1-393-fa.html

OLlen 5 Ko s B o P L VW g

[ Downloaded from gebg.ir on 2026-06-01 ]

[ DOR: 20.1001.1.25885073.1400.10.1.8.8 ]

25 o W MCCB8 85 s b gysd 3 /0 ckle L Bacillus sp.

Sos k)3 2 Bacillus sp.~ils 5> MCC77 MCCB8 (slas 535 ARF15 05 0l uilsls 4 52 s - st
Table 3. The results of analysis of variance related to the expression of ARF15 gene in Mcc68 and Mcc77 genotypes inoculated with Bacillus
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Fig 3. Relative expression of ARF15 gene in the samples of Mcc68 genotype inoculated with Bacillus sp. at the concentration of 0.5 in the
presence of 50 mM sodium chloride, as well as the samples of Mcc77 genotype inoculated with Bacillus sp. at the concentration of 1 in the
presence of 100 mM sodium chloride. Mean values denoted by different letters indicate significant differences (p <0.05).
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