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Table 1- Phenotypic and biochemical characteristics of bacterial isolates from rhizosphere and endophyte of
cotton

Isolat

Test

S. pavanii MR31
B. pumilus MR13
B. pumilus MR12
B. pumilus MR11
B. safensis MR22
B. safensis MR21

Gram -

Oxidase -
Flourescent on KB medium -
Oxidative metabolism +
Fermentative metabolism -
Soft rot on Potato - - -
Starch hydrolysis - - —
Nitrate reduction -
Gelatin hydrolysis -
Lipase - -
Growth on NaCl 3%

Growth on NaCl 5% -
Utilization of:
Glucose
Sucrose
D—mannose
D—galactose
Cellobiose
Arabinose
D-fructose
Trehalose)

Acetate) - -
Malonate —

L—tartrate — -

Urate - - - - - -
Citrate +
D—galactorunate -
L-maleate -
Lactate +
Nicutinate - - - - - -
Meso—inositol -
L—cysteine - - - -

Ganine - - - - — —
Glysine + + + + + +
Caseine + + + + + +

+
N
N
N
N

+
.
N
N
N

+ 1
4o
+ o
+
+

I
+ +
+ +
+ +
+ +
+ +
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el () J3dz) glosdsm 5 (o8 55 Oloo pas 51 36 s 5 (F ) 16S TRNA 05 255 51 (3L s plal
B. pumilus , B. pumilus MR12 (B. pumilus MR13 B. safensis MR22 (B. safensi s MR21 S. pavanii MR31
s (8L 5 g lubis MRLL
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Table 2. Mean comparison of different

representing cotton growth bacteria.

characteristics of three—day cotton seedling in seed treatments

Characteristics

£s §% & £ 2 g 5 5 Tz E3
o= g 8 g2 s g _ = &= 5~ =2 2
=5 £ 8 £3 22 8 g2 <k 2§ 35 @5
Isilates 32 5 3 3 > E 2 3 3 3 3z EE
n o< o & 7] & & 2 a Io'd
Control 03a 93bcd  30.99bcd  0.817d  0.347f 04le 23¢ 13la  0445a 0'2f65
B.pumilusMR11  0282ab  84ef  27.99¢f  0817d  0362f 042de ~ 20lcd  128a  0427a 0'257
B.pumilus MR13  0.285ab 92 cd 3066cd  0.89abc  0.417cde 0512bc ~ 273bc  137a 0472 051_262
P. fluorescens 0.25b 94bc  3133bc  0.882abc 042 cde 0.482 ¢ 144d  135a  0419a 0'(}62
B.pumilus MR12  027ab 97a 3233a  087bc  0.397de 0.56 bc 248¢ - Lbba Odza QU
B. pumilus 0287ab  95ab  3166ab  0.895abc  0.442bc 056bc ~ >25a  133a 0.49a O'tm
P. annanatis 0285ab  86e 2866e  0872bc  0392e¢  0462cde  21¢d 12a 0.46a Oﬁz
Al SS s Lguggffpb\f%us)&gb)k;ﬁajwm%@l:fq.l::;uQL&...a s &:isl.:awlin—\‘ J s aals
Table 2. Continued.
Characteristics - — — — = -
25 &3 fs  E E %3 Es3 25 Bz £
; 223 355 g5 s s 85 25 g3 2% S5
s 5% 3T g *F ¢§F Fr §r ¥ Fr &%
P. annanatis 0.51 cde 0.29a 0.01c 25¢c 1.25a 0.46 a 0.107 c-f 0.57 b-e 0.265 a 0.012 bc
B.safensis MR22 ~ 0485de  0.272a  00lc  35la 13a  0457a 0147bc  0605bc  0247a  002a
B. safensis MR21 0.59 bed 0.275a 001c 2.31 1.35a 043 a 0.102 c—f 0.532 cde 0.252 a 0.01
P. syringae 0482e  0242a 0007c  2.23c 13a  0452a 0077def  0532cde  0272a  00lc
S.pavanii MR31  055cde  0252a 0017ab  221c¢  129a  045a  009cf  0537cde  0262a  00lc
P. fluorescens 0.657 ab 0.272a 0.017 ab 214 cd 1.28a 0485a 0.112b-f 0.595 be 0.272a 001c
P. syringae 0.535cde  0.277a 0.01lc 3.26 ab 13la 0.487a 0.22a 0.705a 0.252 a 0.017 ab

The numbers in each column, which are in at least one common letter, are statistically grouped together.

Aoy S e glas ST Qlf.l...ll,w Sk sla,yles s ojj)ws\?;i‘\?ol:fga.l:»c;&a sl wiaL:A dus e =Y J gl aals|
Table 2— Continued.

Characteristics

- > -
k= 8 C G 2
g S g 3 5 bt 5
_ > g2 c E £ g
Isilates =X £8 32 o = =
= 38 £ 5 8 =
3 ° S g % i
2 o
P. annanatis 0.28 ab 95 ab 31.66 ab 0.877 abc 0.427 cd 0.512 be
B. safensis MR22 0.265 ab 91d 30.33d 0.867 bc 0.46 ab 0.555 b
B. safensis MR21 0.265 ab 95 ab 31.74 ab 0.885 abc 0.41 cde 0.502 be
P. syringae 0.282 ab 82 f 27.33f 0.86 ¢ 0.402 de 0.47 cd
S. pavanii MR31 0.275 ab 95 ab 31.66 ab 0.875 abc 0.412cde 0.49¢
P. fluorescens 0.28 ab 86 e 28.66 ¢ 0.905 ab 0.437 be 0.522 be
P. syringae 0.267 ab 92 cd 30.66 cd 0.915a 0.485a 0.62a

The numbers in each column, which are in at least one common letter, are statistically grouped together.

Loy oS e s STL OB UL (o slasled 53 0355 i 4y 4l Calties Dlio gl K0l aglie =Y ot
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Table 3— Mean comparison of different characteristics of six—day cotton seedling in seed treatments representing

cotton growth bacteria

Characteristics

___— 3§ 8§ f8 fz s g8 £°

[E e o~ o = @ = D = o = L =

Isilates g% 35 25 gf» %'E» gé’ gf»

8 "5 E% g2 g2 L -

Control 2.74f 4.67de  0.937bc 0.014ef 0.948cd 0.282abc 0.004 fg
B..pumilus MR11  6.67 a 6.76 a 1.15ab 0.034 b-f 1.18 a-d 0.256abc  0.012 ab
B. pumilus MR13 595ab 533ae 0.867c 0.033 c-f 1.05 bed 0.228 ¢ 0.011abc
P. fluorescens 267f  4.98 cde 1.12 ab 0.019 ef 114 ad 0.285 abc 0.003g
B. pumilus MR12  57abc 6.25abc  1.17ab  0.042b-d 1.16 a—d 0.233¢ 0.009a-d
B. pumilus 52bc 515b-e 0.92hc 0.025 cf 0.944d 0.245bc  0.009a-d
P. annanatis 3.73ef 521b-e 1bc 0.045 abc 1.04 bed 0.265abc  0.005 efg

The numbers in each column, which are in at least one common letter, are statistically grouped together.

&S e Slas ST OB sl (yd slalas 53 0)a, i 4y 450lS Calibes Slivs Sla 1 S0le awglie =T J gl sl

R
Table 3— Coninued.
Characteristics 2 o g _ s = _ > 2 . . = . - & _ >
$E§SEEE E82 SE8 £S83 gEs BEES
- — + O
Isilates & = 6 g 8 s o m b & >
Control 0.287abc 9% b 15.99b 0.662bcd  0.697bcd 0.695d 46.99cde
B..pumilus MR11 0.27abc 96 b 15.99b 0.61cd 0.777 a 0.772abc 43.99 f
B. pumilus MR13 0.24c 93¢ 155¢ 0.667cd 0.735abc  0.772abc 46.16 e
P. fluorescens 0.29abc 98 ab 16.33ab 0.822abc  0.745abc  0.745a-d  47.66 a—d
B. pumilus MR12 0.262 ¢ 98 ab 16.33ab 0.77a—d 0.787 a 0.787ab 48.66 a
B. pumilus 0.255bc 9% b 15.99b 0.555d 0.727abc  0.725bcd  47.66 a—d
P. annanatis 0.27abc 87d 14.49d 0.884ab 0.732abc 0.74a—d 43.16 f

The numbers in each column, which are in at least one common letter, are statistically grouped together.

&S e slag STL Qlfdgué)&dh)uﬁs)sojjjﬁ%qdzfdl:»c;&a s ‘;,:isl:naw_ﬁn—\‘ J gl dals

NV
Table 3— Coninued.
Characteristics o
2. 2o 2 = 2= S _E L = =
L 5 LG [ShT -~ 29 -~ =19 ~ OS> L >~
_— §2E $2E 3¥ge fige 3ige §ige §age
Isilates w
P. annanatis 4.95bcd 5.55a—¢ 1.04bc 0.019ef 1.06bcd 0.251bc 0.007c—f
B. safensis MR22 4.4cde 4.76de 0.952bc 0.047ab 1.09a-d 0.243bc 0.01a—d
B. safensis MR21 4.85bcd 5.3b—e 0.957bc 0.011f 1.17a-d 0.323a 0.008cde
P. syringae 3.37ef 6.59ab 1.37a 0.059a 1.33a 0.27abc 0.005efg
S. pavanii MR31 5.46abc 4.1e 0.98bc 0.058a 1.19abc 0.305ab 0.013a
P. fluorescens 4.56b-e 4.75de 0.942hc 0.021def 0.963bcd 0.287abc 0.007def
P. syringae 5bcd 5.79a-d 1.05ahc 0.035b-¢ 1.2V/ab 0.252hc 0.007efg

The numbers in each column, which are in at least one common letter, are statistically grouped together.
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Table 3— Coninued.
Characteristics > S o < - =
> E& E& 88 ¢ £2 %%
: £E5 £§ £38 S B G = 5 <38
Isilates = E Qo ED s S SR FED
3 = T 8 o = = < w = o >
19} O O »n o
P. annanatis 0.257bc 100a 16.66a 0.595cd 0.76ab 0.755a—d 48.32ab

B. safensis MR22 0.255bc 98ab 16.33ab 0.775a—d  0.745abc  0.767abc 46.66de
B. safensis MR21 0.33a 96b 15.99b 0.26e 0.657d 0.717cd  47.74abc

P. syringae 0.275abc 96b 15.99b 0.92a 0.785a 0.79a 43.32f
S. pavanii MR31 0.317ab 100a 16.66a 0.844ab 0.687dc  0.732a-d  48.32ab
P. fluorescens 0.295abc 92c 15.33¢c 0.64bcd  0.692bcd 0.696d 43.99f
P. syringae 0.262abc  100a 16.66a 0.732a—d 0.76ab 0.782ab  47.32bcd

The numbers in each column, which are in at least one common letter, are statistically grouped together.
A6STRNA 05 JI5 pwlelp 6 5L claalir Slasin—F Jsd

Table 4. Characteristics of the bacteria isolates based on 16S rRNA gene sequence.

Isolate Accession numbers Closest type strain Similarity
B. pumilus MR11 KY067432.1 B. pumilus AB020208.1 99
B. pumilus MR12 KY067433.1 B. pumilus AB020208.1 98
B. pumilus MR13 KY067435.1 B. pumilus AB020208.1 99
B. safensis MR21 KY067431.1 B. safensis NR-113945.1 99
B. safensis MR22 KY067434.1 B. safensis NR-113945.1 99
S. pavanii MR31 KY067436.1 S. pavanii FJ748683.27 99
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Fig 1. Phylogenetic analysis of S. pavanii MR31 with other identified strains based on 16S rRNA gene
sequences. The tree was constructed using the neighbor—joining method, and bootstrap values (based on 1000
replications) are shown at the nodes to indicate statistical support for each branch. S. pavanii MR31 clustered
closely with its closest type strain from the GenBank database, confirming its taxonomic classification. The tree
was rooted with Escherichia coli as an outgroup to provide evolutionary context.
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Fig 2. Phylogenetic analysis of Bacillus pumilus MR11, B. pumilus MR12, B. pumilus MR13, B. safensis MR21,
and B. safensis MR22 based on 16S rRNA gene sequences. Bootstrap values (1,000 replicates) are shown at the
nodes, indicating the reliability of the branching pattern. The tree was rooted with Paenibacillus barcinonensis to
provide evolutionary context. The analysis confirms the close relationship among B. pumilus and B. safensis
isolates while distinguishing them from other Bacillaceae members.
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Abstract

The phyllosphere is the surface of the aerial parts of plants and a place for microorganisms to live. The
rhizosphere is a region of the root that soil microorganisms have a strong affinity for, and use root secretions
as carbon and energy sources and compete for food and space. In order to investigate the effect of cotton
phytospheric bacteria on the characteristics and growth rate of cotton seedlings, phytospheric bacteria were
isolated as epiphytes and endophytes from cotton plants and seeds in different cotton growing areas and fields
of Golestan province. After growth, single bacterial colonies were purified based on morphological
characteristics such as color, size, edge shape, and appearance of the colonies. In order to determine the effect
of bacteria on seedling growth, seeds were soaked for 10 minutes with a bacterial suspension diluted to 108
CFU and the number of germinated seeds was counted on the third and sixth days. 10 seeds were randomly
selected in each treatment and traits such as germination rate, root and shoot growth length, root and dry
weight, shoot and fresh weight, total fresh and dry weight, root, shoot and total tissue water content were
measured. Based on biochemical and phenotypic tests, amplification and 16SrRNA gene sequencing, the
representatives of the strains were identified. Bacillus pumilus MR11, B. pumilus MR12, B. pumilus MR13,
B. safensis MR21, B. safensis MR22 and Stenotrophomonas pavanii MR31 isolates were isolated and
identified as superior isolates as endophytes and from the rhizosphere. Also, Pseudomonas fluorescens, P.
syringae and Pantoea annatis were isolated and identified as epiphytic species from plants and seeds. Based
on the comparison of the means of the studied traits, six—day—old seedlings treated with Bacillus pumilus
MR11 and B. pumilus MR12 strains had the highest root and shoot lengths and shoot fresh weights.
Considering that B. pumilus MR12 and S. pavanii MR31 strains also had the highest germination percentage
and speed, their use as seed treatments can increase the percentage and speed of seed germination and be
effective in reducing the amount of damage caused by early season diseases and seedling death. Considering
that these strains were also superior in terms of seedling water capacity, it is recommended to investigate their
effect on cotton seed germination under saline conditions in future research. This is the first report of the
isolation of B. safensis, B. pumilus, and S. pavanii bacteria from the rhizosphere as cotton endophytes in Iran.
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