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Abstract

Introduction: A significant number of soil bacteria are capable of nitrogen fixation, phosphate solubilization and auxin
production. Such bacteria can play an effective role in improving plant growth. The purpose of this research was to isolate,
identify and investigate the performance of such bacteria on the growth rate of lentil.

Methods: Thirty bacterial samples were isolated from phyllosphere and rhizosphere of wheat. Nitrogen-free culture
medium was used to identify nitrogen-fixing bacteria, and NBRIP culture medium was used to evaluate the ability of
solubilization of phosphate. The ability of the isolates to produce auxin was investigated by the Salkowski method. Also,
the effect of two superior isolates on the longitudinal growth of stem and root of lentil were investigated.

Results: Out of 14 phyllospheric and 16 rhizospheric isolates, 2 isolates A and B, which were isolated from the rhizosphere
and phyllosphere of wheat, respectively, and had the highest ability for the desired parameters, were identified based on
sequencing a portion of 16S rDNA gene. Isolate A with nitrogen fixation and phosphate solubilization ability was 98%
similar to Bacillus cerens and isolate B with auxin production ability was 99% similar to Arthrobacter globiformis. isolate A by
8% and isolate B by 50% were able to increase the longitudinal growth of lentil stem.

Conclusion: The wheat rhizosphere have bacteria capable of nitrogen fixation, phosphate solubilization, and auxin
production. Applying such strains can play an effective role in improving plant growth and reducing the use of chemical
fertilizers.
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Table 1- Composition of watering liquid in different groups with the frequency of watering once a week
amount of solution (ml)
Agroup Bgroup Cgroup Control group

Watering liquid of the pots

liquid culture of Bacillus cereus 5 2.5 -
liquid culture of Arthrobacter globiformis - 5 2.5 -
Sterile nutrient broth - - - 5
Sterile D.W. 100 100 100 100
Total volume 105 105 105 105
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Table 2- Physical and biochemical characteristics of isolated bacteria

Bacterial shape: Number of isolates Spore formation  Catalase Oxidase Gram reaction
0, 0, 0, 0, 0,
Isolate (%) (%) (%) (%) (%)
. Cocco
Pleomorphic  Coccus Rod bacilli + - + - + - +
Phyllospheric 2 (14) 2(14 5(36) 5(36) 13(93) 1(7) 1(7) 13(93) 12(86) 2(14) 4(29) 10(71)
Rhizospheric 0 (0) 0(0) 10(63) 6(37) 8(50) 8(50) 3(19) 13(81) 14(87) 2(13) 6(37) 10(63)
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Table numbers; number of isolates. numbers in parentheses; percentage of isolates

50 ~
45 -
40 -
35 A
30 +
25 - m Phyllosphere
20 - u Rhizosphere
15 -
10 -

Percentage of isolate

Nitrogen fixation Phosphate IAA production
solubilization

Aol Sl Jgadul ouscS uudgi 9 wlawd jlw Joloro (359 piad 00008 Condd (sbd wlos wusjo - JSCi
Figure 1- Percentage of nitrogen fixing, phosphate solubilizing and indole acetic acid producing isolates
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Figure 2- Left; Primary culture medium containing insoluble phosphate salt. Right ; A clear halo created around the
bacterial growth line due to phosphate solubilization



Yy
Ve-Fy dxiv JF.V HE‘A\ U{-L‘!. ‘YD)‘-AA‘:HYV 29> R . a2
‘Séﬁ)www)‘;“uw

Sl J9Sge (plulid Sz wisg 1595 5 I3 3590 Slaatll (ogat ;s (2Ll (o tien 5145 wlaz g dadlaz (o 5o
ColilB 5l aomen g 09y (g0 BB S laore (o a4y Lol g 0als (glulas paiS Sawgh ) 5l aS Gl wlas aias
a5 VYFY Jsb 3 165 IDNA (5 5| (s JI55 e 52 05552 305 oy 10 CBLE | S lid 3 Jsloxo
Ot aib g0 DPBS059 4y 5 (Bacillus cereus) ywsipw (uslowl 655G aslive 0o )o WA s a5 aslas cpl a5 ols Las
@ &) st el 1) apal Sl Jgal adgs Ul (n yiian 5 092 00l (lulaz pasS jawgld 5l a8 15 o alaa Jlgs
ey 9irsls 5 5lg5, 1 6 8L lie 20,0 A7 i & wlax (pl 45 WS asuine g 390 bl | a5sslS e VWY Jobo
5 vt psbel alin alox Sisld S0 i 4 F 9 ¥ G IS ail oo TSS7 4. (Arthrobacter globiformis)

Qi3 o s Wl edds e 55 NCBI Colus 0 54540 Neighbor joining g, (wluly a5 1) o, 0d00l5 25T 5, T aslie aylas

@ lckQuery 10893

R ? Bacsllles evvens sirni DPBS05SS 168 nibosceal RNA pese, partul sequescs
O Bacllen corets stratn LB 168 ribosoral RNA gene partial wequienice
OBacdke: 5 (m Bactenn) strum AMCOC 1109 165 nbosomal RNA peoe, partial sequence
OBacslies coveus srun TZ1201 168 nbosomal ENA pene. pamsl sequence
OBacdhes 5 (= Bact=na) strem JW15 165 nbosomal RNA pene, partial seqoence
OBacslles coreils drun SN0 165 bl RNA poow, partial serquencs
OBacilles covetss stramn EG-QN 168 nbosomnad RNA geoe. partial sequence
DBaceenum stram 5134 165 nbosomal RNA gene, partul saguence
OBaclles ceveos strun EBTOL 165 nbosomal RNA proe. partial saquence
O Bacsdles thrarmgrenss swas ACCC19244 165 nbosomal RNA pene, parmal sequence
OBaclhs sl strain GUCT 1023 163 ailosorml RNA petie, prertial soglisnce
OBarlion ceveus stran BS14 145 nhoscamal NA gene, partial seqoence
ORacslka crreus stram Col15 168 nbosomal RNA pene. partm] seqience
O Barilies ceveus straun AER3 1511 165 nbosomal RNA gene, partial seqoence

Ic.uu; ' ‘;aum(m aratn Fek-1-16 165 nibosoust RNA e, patal soqience

] et s Bacterns | BS hivws

DPBS059 &y guw (s ol asline a3l 59ked <y -F JSCi
Figure 3- Phylogenetic tree of isolate similar to Bacillus cereus DPBS059
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Figure 4- Phylogenetic tree of isolate similar to Arthrobacter globiformis TSS7
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Table 3- Effect of investigated bacteria on the longitudinal growth rate of lentil stem

A group B group C group Control group
Average stem length 102.7 142.9 147.9 95.1
standard deviation 2.84 2.72 1.71 243
t-test (compared to the control group) 7.93846 50.69956 68.8358 -
Error probability P <0.00001 P<0.00001 P <0.00001 -
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Significant level (a= 0.05) Group A: Bacillus cereus, Group B: Arthrobacter globiformis, Group C: both
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Table 4- Effect of investigated bacteria on the longitudinal growth rate of lentil root

A group B group C group Control group
Average root length 23.7 28.1 28.9 22.9
standard deviation 2.29 2.53 2.36 2.45
t-test (compared to the control group) 0.92503 5.79479 6.84257 -
Error probability P=0.181426 P <0.00001 P <0.00001 -
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Significant level (a= 0.05) Group A: Bacillus cereus, Group B: Arthrobacter globiformis, Group C: both
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Table 5- Results of chemical analysis of soil sample used for lentil cultivation

Test (unit) Result
pH 7.89
EC (ds/m) 1.22
% SP 56

N - NHs* (ppm) 17
N-NOs (ppm) 23

P (ppm) 175
CEC (meg/100g)  18.97
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EC: Electric conductivity of the soil, SP: percentage of water saturation in the soil, CEC: Cation exchange capacity of soil
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