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Abstract

The measurements and tests of the samples conducted in the laboratories of the College
of Agriculture included isolating bio-fertilizers and testing the efficiency of isolates
that fix atmospheric nitrogen and solubilize phosphorous compounds. Bacteria were
isolated and identified from the rhizosphere soils of different plants collected from
various agricultural areas. A total of 74 bacterial isolates were obtained based on the
phenotypic characteristics of the developing colonies, as well as biochemical and
microscopic traits. The results of isolation and identification showed that among the 74
bacterial isolates, there were 15 isolates of A. chroococcum, 13 of Az. lipoferum, 13
of B. megaterium, 10 of P. putida, 10 of Actinomycetes, and nitrifying bacteria
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(Nitrosomonas and Nitrobacter) with 7 and 6 isolates respectively. Bacillus isolates
demonstrated the ability to dissolve phosphate compounds with a dissolution diameter
ranging between 6-11 mm. The results of the polymerase chain reaction (qPCR)
examination confirmed the diagnostic results using the quantitative polymerase
interaction technique after extracting DNA from bacterial isolates from the soil. The
first group of 10 isolates of P. putida showed, when the gene (GItA F, GItAR) was
amplified, resulting bundles with a molecular size of 288 base pairs for P. putida
bacteria, confirming the diagnosis using molecular, biological, microscopic, and
phenotypic tests. This match confirms the accuracy of the classification of P. putida
bacteria. The second group of 10 isolates of P. putida showed, when the gene (PR 0
DF, PRp o DR) was amplified, resulting bundles with a molecular size of 478 base
pairs for B. megaterium, confirming its classification. The third group of 10 isolates of
bacteria showed, upon gene amplification (N i f HF, N i f HR), resulting bundles with
a molecular size of 371 base pairs for A. chroococcum bacteria, confirming their
identification. The fourth group of 14 isolates showed, when the gene (16sAZ F and
16sAZ R) was amplified, resulting bundles with a molecular size of 646 base pairs for
Az. lipoferum bacteria, confirming its classification. The fifth group did not show any
type of nitrogen-fixing bacteria or phosphate solubilizers after amplification, based on
the Sr DNA 71 genotype sequence.

Keywords: Bacteria, Bio-fertilizer, S'TDNA, Qpcr, Al gene, Sustainability.

daial)

ol bl Gl e SIS lpians a8 G Buds g Glaada go il il allay

Cieny N daltinal) Gach)3l) Joall 5 Bamll cV3all dsns a Lo Wley A5l agailly sl culiole
dag My cdlels Aidaity gl N aw o aiig Sude cWie e RaSH AnKY GullY) b Lases
2y ligal) 33 e bl g awsse Llety culS A raladll jsda ghlie 8 clig Suall dlac) aleas
2l il LS g Kool Apanal) BLKY 8 Galedil die i Lae yodall Adled (aless) ) Glld aay
il (gyaall Jaaal) & saalgiall b Sl o (23522 €15 66 <5 2 ¢1) 4l Jeag L pe Al
o Aaial) aaally Bshe L Aie 23 e Ay dlie 18 Jie 23 .(125 9 ¢4) Lge damial) )iyl
P. LSt mitl)l caglily QPCR5 PCR (glidl ehal & 31 ddlaylly &80 als e s hlia
23 L (Chlorpyrifos) olussld dusglond) dlaleall 3 dlase Jin 355 e el o @eruginosa

L) uS5is psial) daphaS (alse sae ) DAY o2a Jia (Shrug Aoy hall clbilall glsl Cdlaaly

s el oy P aeruginosa e o dunSll cNSLA 8 &)y 358 29as el 28 PCRLasl
e ol 8 sana Sl Jlaiad I Zaal) cluhall cgatl L (15) %89 c¥iall cualy Leilas 4l

RNA s DNA it e 20aSl calial) dadyy Sty Zoal) @ihhall Gelad e Lgilaiaiy slal)
Glangl€en G 2l ulall s @y dia AlSha dals I LASH ) pasdll e Gliad) @i,
lial) e ks Cpagll blal e CadSll Ciliasill Lpdally Gamg ill A3l LSl glgs) G i)

627



ISSN: 1992-7479 E-I1SSN: 2617-6211 2024 (1 sl 22 saa Lol aghell L) Alae

Biiall s sl sul) JISE) daa3 8 sy U e DNA (and sl 338 13 ¢olia¥) @Y Caaasig
1 Lgaldiaaty LyaSll lsil) e capailly G)laal) Clasiaad) soay (o5 4ll)s il 359 e 2SI
Jusbiiiall 8palil Jelis PCR aladials DNA audcas 35k (e o5 clilaall 0285 (18 5 11 ¢8) (40 S 4y
(145 10) Lilesana o Lohiomis gls) o2a (o Cadlly LS plsd b diuns s apaa
Jarieds L) LS LY Gladiaall G slailly ssdally cLiVly Yl (PCR) 4 aadias 3
gl A5l LS s a5 (165 13 ¢5) Al e LSH Jieg damyll Ayl L) ol s
Jlasiads PCR 2 Jlasiaas LSl glsil saaty lgie casll dal (e Guiad) pantiilly cilau sill duially
dndall LS el e sl Al (215 20) ) deasi Lo 1385 (225 3) 33 Bmm Syl Gl
Gub oo glely JKAY) e adsll 2y (PCR Gyl aaad Gyl (e Claasdll dadally (mg yull
LS (e gt JST Bailall a3al) andg (58S g guilly PCR Jlaaials g oil) (i 0 Y e DNA
O LSl canal (8 Lellaind Sy LS GIS Oslal dangall ) dalldl 5al) LiSo (g0 Loy s Jedeially
&3 L(215 19 ¢7) Judladly plgl) um (e LA Cr Suaailly & i) dulecy POR Jlasiad Gk
e adllly L5l (8 pdeg bl dihie (e Dliwsdll dpdally Goag ill fall LS (0 <¥3e 3o
e cMie 380 5 WS dlgdle (ga3 A @) duhyg @llall e e Lails salely DNA ey
DNA Jlesia) e bl 1Vl aaniy Lgilials leelgl sansy LSl sl 3 e 3l ddaie
Gl gl dasn N Auhall Caags (155 11) ebal) ol sy (adds (8 — PCR ada
dadig o3 e e adSlly Jsis Bae (e B3 ApSill Chiaddl paddiy Jie 3nb oo dalually
aehy3l) Jsiall aaliin liadall i e Blial) po clall dalead 45 2y 8
Jaal) (3ilag Slgal
Ll e (e Agiaall LESH cW¥ie Guin pauddi Glapad cihlas¥ly laasadl (e dule cual
3 (1559) GLbY) Cray dydall Cadlanl) Ly cilausdll Lpddl LSl Jie dilee cupal dortiod)
5aajall aire (6) Pikovskayas Jaus e Ligine dabae gy bl 3 cadlanll ells o Ja | auny
s o5 Lalusg¥) alaill €5 5 oysae ASpa BLLY) CS)ag cua 4 o 47 Blall Al alguag ey
lessill Al 255K i paniondl o Capailly dicalal) 8 Aol 72 534 2428 sl days 3 GLLY)
sl bl 03 e ANV giharine Jon 4a)) A8les alla LeisS DA e Whaas oKal il
addl LSl Jie ddee capal (125 9) dslil) clyanioall 2ac g Al Allgl) Uadl Calasy ()sSial)
e Capailly YEMA Jsiilall dilbasstl) Jacg e (11) GLY) crumg Lpiall Cadlanll Ay Gm g jul
3 aala) Oslll elimy Cibaxivn LS PDIA (e g (Sal ally g siill 2l $y5S0) axiondl)
G (g fill i) laussdll SliShe BSY Baadd) Chaniosall el sl L (4) Ol i sl &
& geli€ dijea (a3l Slant Nutrient Agar Jilall (i) ISY) dacss o \gtiel)y aely 4031 b

628



ISSN: 1992-7479 E-1SSN: 2617-6211 2024 <1 233 22 taa dae 3l aghell JLiY) Alaa
astell s Cyitas ilaYly AH SOl S5e 8 Algjedl LASY Cuaiiiy ¢ ghusgil) SlSpe BN
Cayals eyl gl e Cpaxiosall due ) jall alsall e paiill cilagad cladl 38, Laglsiilly
Loyl cliall iy (165 14 12) DNA (asdy Lgagasll chladl¥ly Ljgaall Slagadl)
e Ao Jsanll & .Agar Sucrose mineral— salt SMSA lall lasg Ao c¥hall il jantived

.Bacteria fixation nitrogen (BNF), Bacteria soluble phosphate (BSP) Ls<dl e 4
ually Geng il Zifial) 20,50 CiYall (0 DNA (aliin) (PCR) dbule Jelis auls: lgemsiits JaSind
Ty — LS Sl Jacey — i) Jgislal) — 5yeall Jaes) consliall Jansgl) aoen SIS cilaiall lieagill
O Bgaall Baall ae 4 ally dndial) Clghadll s DNA (go5ill (malall (aBlasials (Nutrient Agar
e de 100 Jas w3 3 L paSll Zaal) el all aladiod ae DNA - padlanny (1 Jsaall) daiad) 4S54
14000- ads 1 el Bl Slea ) clis b Jo 10 sl ) LASH DA e ggingy Jslas
(oSl 20 4adlal & GT Buffar jilg Sile 180 caal o )l (1o alaill 23 428414 5550 16000
Sl Sile 200 ddlialy 3363 3 IS L5alY) culh (piaal) 530 Phay 35683 10 2al C° 60 4nyy Ciican
Pl gila I asgd Joas o ) 3362 10 52a 70 s s 5 S5 10 o)) Sleas blsy i GB
) Absolut ethanol ;e jids Sile 200 dila) ¢y Elution jas o5 338 & U< il Guianll 5
3 GD Colim I clsn & als) sl Jlasial 8 @ b)) oy aey o lals o5 digal)
el Lol & =ED) (e paliall A28y 2 5ad 14000~ 16000 (53S0all Hhall lgs dogul 8 4S5
e ) & GD asee A Wash Buffer ¢ iy Kl 400 d8la) s aoead gl A GO Jas o
G Bkl s & WL Butter il ol 600 4dlaa) <4l 30 52d 5550 10000 (53l 2kl
Oles @ v sl I GD Ui & aaeatl) Gagail 8 bl (e pald & (Al 30 sadd ay50 10000
100 Carals Jo 1.5 was agal M GD Ui cdalall gy S (3363 3 3340 353 10000 (55551 2kl
PCR b Lellaaias) (iayad ylaiall slll ey jums o duguil 3 E.BUffer ssae calial « i e iy Sila
ce a3 Bpaldl CDlelin Al (ilg Sole 20 anay) delill mie (e 0sSall PCR Jglae yas &
Master ¢ jilg,Sie 55 alall DNA (e il Sile 5 dilals PCR Per Mix tube calil & Jelil
o ils e 2,55 ol el e sils e 5 Cinal & gyaldl) Jelis DNA cilis€e e (ghlall mix
JLS) 2y - s S0 20 s e Jpmall LS IS ool ol a3 Saa 2.5 5 ol e sl
) clig ol 5 5aal Vortex Sleas Llim ol g canlil) le 5 8yald) aji) Jelis gde yuaand
Prime Thermal Cycler DNA g4 (o Thermo cycler PCR (ghall aaadl jlga

.Thermo Lyhall clysall ial) Cagylall 33y e ainay & o) 220 (Amplification) UK

629



ISSN: 1992-7479 E-I1SSN: 2617-6211 2024 (1 sl 22 saa Lol aghell L) Alae

Jeabesiall Bpalel) ol B ariiasall RAPD agiai (b aaiiaall f53ll) gl o) Joudesi 11 g2

.PCR
Isolates Primer Sequence (5" to 3") Size A Product
(bp) anneling

Pseudomonas GItA F GGTGACAATGGCATTCTGC 19 59 288
putida GItAR GTGCTGCGGGTTATTGATGT 20 59 288
Bacillus RpoD F ATTACACGTGCCATTGCAGA 20 58 478
megaterium RpoD R ATTTGCGAAGTGCTTTTGCT 20 58 478
Azotobacter Nif H F GGTTGTGACCCGAAAGCTGA 20 59 371
chroococcum Nif HR GCGTACATGGCCATCATCTC 20 59 371
Azospirillum  16sAZ F GCGGTAATACGAAGGGGGC 19 59 646
Lipoferum 16sAZ R  CTTGTCACCGGCAGTTCCACCAG 23 59 646

Table 1. The sequence of the primer used to amplify the RAPD used in the polymerase chain reaction
(PCR).

Then, pure isolates of bacteria were obtained (Bacteria soluble phosphate (BSP) and Bacteria fixation
nitrogen (BNF). Their diagnosis was completed using a chain reaction (PCR). DNA was extracted from
the nitrogen-fixing and phosphate-soluble bacterial isolates according to the appropriate medium (yeast
medium - liquid mannitol - Albikovskaya - Nutrient Agar medium) and DNA extraction according to
the proven steps included with the kit prepared by the manufacturer.

AEBlal)y gilial)
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degie dsiall 028 () 2ag Gaeadlly plany cury didlaaally daglally dullajlly daladly (Auile)l)
Olaidly umdis Lugly asaysg Ualasg ddaing Alalalng ulg juady ey Cang Lagly Jali) de gt Jaalaas
e Pla lgieh) cpdind del)) dsia oo cpinl Al Ll Glised @l cuiy L (Ghadiay Slaaag
e giie 4,56 i 76 e Jpemnll 4k 25 5 33 0 gl
A1) daaplly AIAg (g Al Aifially ildensdl) laSyal dpdal) dsl) LSS cal) a3 12 Jgan

Autotrophic  Heterotrophic BSP N-fixation  No. Isolates Isolates
0 15 7(4-6 mm) 15 15 A.chroococcum
0 13 13(6-10 mm) 0 13 B.megaterium
0 13 4(3-5 mm) 13 13 Az.Lipoferum
0 10 10(5-9 mm) 3 10 P. putida
0 10 6(4-7 mm) 2 10 Actinomyces
7 0 0 0 7 Nitrosmonas
6 0 0 0 6 Nitrobacter
13 61 40 33 74 Total isolates

Table 2. Number of P-solubilizing, N-fixation-bacterial isolates (Autotrophic and Heterotrophic).

It was found that there were chroococcum.A 15 isolates, megaterium.B 13 isolates, putida.P 10 isolates
and lipoferum. Az 13 isolates and Actinomycetes 10 isolates, and nitrifying bacteria of both types,
Nitrosmonas 7 isolates and Nitrobacter 6 isolates, were present. The highest rate of biodiversity of
isolates was found in the Fallujah Naimiya field, an area of 11 hectares, planted with pepper, with 11
species, while the lowest rate of presence was 2 species in the soil of the Hit Basayer 2 field cultivated.
With palm trees, with an area of 4 hectares. Bacillus bacteria isolates showed the ability to dissolve
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phosphate compounds with a dissolution diameter ranging between 6-11 mm, followed by Psedomonas
bacteria isolates with a dissolution diameter ranging between 5-9 mm.
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Cayialy Al adlsall 14 PCR iy dad i) 20,5l cifpall Lgal) ESH laa) il iy LS
LS Lgall AKSH dod ol culs (OD) dogeal) Z5SH Jare o) o slaeVl dglindl cal
cly 3 aYiell Actenomyces s A. chroococcum Az.ljpoferum g B. megaterium g P .putida
.0 .72950.806 <0 .82 <0 .745 <1.400
LSSl (e dsae iy Galind 83l B ed aali 5L L) ABUS &35 dasla o) bl (e
13) any 85 gl b 5Ll LSl glsily el 6 (91 o ol £l Qalsall moas of () ddlia)
Lol A0 Lo e pl) ey cagind 3 ogya) Gulial) (e e 2l (ulia¥) ey 83l (175
(T) alae 8aly LSl iS5y Laltg geil dslio pahens ) Al 35ng iny 3y cdgdidl) dupume (gl
L) sai ansse Blgty culS ) Jaalaall oda ghalie 8 g Suall slae) aledsl ang 285 (18517
(g Saall Apaell AEUSI 8 (aled) ate ity Lo pad) Adlad (aleds) ) Glld mayy 8 colipel) 330 2ie
iy (il Jusall 8 saslsiall @ilig Sl o (235 21) 4d) deass Lo ae Gl il i) LS
Wil uSiig edal) danlaS Jalse s3e ) liBEAY) s2a S (Sasg deg)hal) clblall plsd DAl
(852 ¢1) gt dandll iyl
 Faasili 600 agal) Johall sic duadidial) Ay Sl Rl Ligaad) ALY 13 Jgan

Az.Lipoferum A.chroococcum B.megaterium  P.putida  Actinomyces  No.

0.806 0.057 0.458 0.860 0.572 Al
0.572 0.820 0.681 0.671 0.140 A2
0.689 0.170 0.726 0.271 0.098 A3
0.707 0.140 0.745 0.781 0.483 A4
0.380 0.095 0.483 0.461 0.729 A5
0.292 0.098 0.306 0.700 0.113 A6
0.385 0.080 0 .446 0.729 0.588 A7
0.770 0.088 0.671 0.588 0.726 A8
0.465 0.113 0.461 0.606 0.770 A9
0.292 0.154 0.350 0.3110 0.605 Al0

Table 3. Bio-Mass of Characterized bacterial isolate at 600 nm.

The results of selecting the biomass of the bacterial isolates diagnosed using the PCR technique showed
14 for the different locations, and similar isolates were selected based on the highest rate of biomass
(OD). The highest biomass value was for B. putida. 745.0, 82.0, 0.806 and 729.
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Figure 1. The electrophoresis of the agarose gel (2%) of the total DNA extracted from bacterial isolates.

The results of the initial investigation of the DNA extracted from the bacterial isolates showed the

appearance of DNA bands as in picture 1, which confirms the accuracy of the extraction method, as 43

bacterial isolates were selected out of 74 bacterial isolates after they were diagnosed phenotypically
through culture and microscopic dishes by means of biochemical tests.
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Figure 1. The electrophoresis of gel agarose (1.5%) using primers of bacterial isolates. The results of
image 2 showed the diagnosis of bacterial isolates isolated from sustainable agricultural soils in Anbar
and Abu Ghraib governorates using polymerase chain reaction (PCR) technology, after extracting DNA
from the bacterial isolates isolated from the soil.
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