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Bacteriophage cocktail as a new control application for the improvement of food safety in the
United Arab Emirates

* Dr. Khaled A. El-Tarabily

Abstract
wastewater in the UAE in order to manufacture a
local product that can be wused for the
preservation of refrigerated foods inside the
fridge and to increase the shelf life of foods.
Bacteriophage 1 was isolated from the Arabian
Gulf waters using Escherichia coli as a
propagation host. Bacteriophages 2 and 3 were
isolated from wastewater using Bacillus subtilis
and Salmonella enteritidis as propagation hosts,
respectively. Bacteriophage 1 and 2 were
polyvalent as it killed many Gram positive and
Gram negative bacteria, while bacteriophage
number 3 was found to be monovalent, and only
kill S. enteritidis. This study proved that the
three bacteriophages did not adversely affect
beneficial bacteria (Lactobacillus, Lactococcus
and Leuconostoc). This study showed that
peptone-yeast extract agar medium was the ideal
medium for the propagation of the three
bacteriophages. The use of the three
bacteriophages  significantly  reduced the
population density of S. enteritidis and E. coli in
lettuce, tomatoes, chilled fresh chicken breasts
and chilled ground beef as a new way to save
food compared to the treatments which included

only the addition of bacteria without the addition.

*Department of Biology, College of Science, United Arab Emirates

University, United Arab Emirates
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of the three bacteriophages

For the first time, this study found that a cocktail
of locally isolated bacteriophages can be used to
preserve vegetables, chicken and meat and
increase their shelf life inside the refrigerators
and reduce the contamination and spoilage of
foodstuffs without causing any change in the
nutritional value, taste, smell, or texture of
foodstuffs.

Key Words: Food safety, food quality, food
spoilage, bacteriophages, viruses, bacterial
infections, pathogenic bacteria, food borne
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dee & Lgin b IS (B Rl e ke 20 J8 & e sae Aalagll dpat Byl e LIS Glgingll bl
il 20 e (g Gab JS gsin) Cung (g5 BLET 10

G ll basgial) Ladal) o5 g b JS Adla o cle ) 4sail e sae il (g Lkl diat &
Gl (a2 dgsie 37 days die Aaalall L) g Gkl aea JB 4 aaly delu sad ] ade e
Glagile Cilusg ydl) Clparivne 20 5 ¢Gaaail) 358 Aled ey WAcls 48 sad DN 5wl gl 8 g
iy Apal) dapall oda aladin) o) cehead) dall LyaSll Japss 4ala e @)1 ol cugli A 5 sl
LSl lagile gl lpanione 515 i Tan Seas Lyl lagile Slag il Jio Ja dualdl) il

Al LSl e (sgimg sy eal1 a1 e 2dla e 5390 sl
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o b (oa LSl cilagile cilusg i) 485 .5

G GV e o single plaque (Al Jladll dilaid) el Sl A & Guaail 358 o lgm)
peptone-yeast jaliiue o jille 100 & plaque JS (s o o adee Jajie pladinl LaSll e geias
saa e LS OS e il 5 e cugial ) 5 asandl€D) i ae sl

) 485l Whatman J3a e Jolaal) mulifi o5 L DAl (A 4y5ie dad 37 die el 48 32l o))l (st o
Dsulie el Gladipe DA e A 53 asiip 25 (Whatman International Ltd, Maidstone, UK) 1
4 sie d@l LSl Cilegile cilug il e ssing @A Jolaall Jain x . iagSae 0.22 il b daiadl)
Ko L day

Bacteriophage assay si Phage assay Jglaall o L) cilagila cilug pll) 585 Bpa. 6

& anall @) (10" 5a) ce e Jduluid) Cagadl) Zigh Jaiul Phage assay cilidl cyyl
Gl il Jolaa o cadds < e Julle 0.3 il & L agandKll i acadll peptone—yeast (aliii
LSl Ail) <l ) 5 asnd U iy acadll peptone-yeast (aliiue slal bl o Lyl cilegile
& 438y 30 324 (laminar flow cabinet) il Gaxll Aha 8 leddats 23 5 jille 0.3 sas o g S
xy Aels 48 5ad dysie dapd 37 die DN 3 BLLY) aaes Gaiaad 3 el JS ) S EOB alasi)
385 A dal e Jslaall e gille OO (plague forming unit “pfu”) Glua & ¢Cpuanil) 3538 ¢ lgil
)yl lagile il il

a5 5 6 Apad e SO S guend 8 LS Slagile Glugydll G Alle WS e Jpaall
Al A Aadie 4 5ha Aapa die Adli) delu 24 sadl o el G ac sl peptone-yeast (aliiiw
DI G sany 10" L) clagile Slugydl g Alle 585 G e Jpeanll & a ebaY) 1 LS
) cuanl @lldy dygie Slajr 4 die Jeladll s 2 L Jglaall e julle S (plaque forming unit “pfu”)
A Clagile Gl gl e gsing 52 Jolaall 385 b mlias)

(Plague  la¥) GLbl o Lo clagile clugudl) chabiud agdsdigad) JSal dup .7
morphology)

Ly o LSl clegile lugydll g 385 Jumdl (e jidle 0.2 Zdla) e SO (g 5alall () Lyl
3an e JS LyiSh daug e Lt JS aagial Al 5 asandlS s acadll peptone-yeast palitiue sl
A Al aay i LAghe G 37 N deli 48 5ad elld sy LY cpat & L alle 1 U< 108585

werm Lkl Jals GO da ) sl JISEY)
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(Host Range) (L) cilagile cilug ;ill Blail) cilal) ciucaal) (3Uai 4l .8
slo Aysadl Llall (Nutrient Agar) clbiedl 4y L griw bl Jlo bl Lgadl LSl s ) &
Fille 50 I Lelisy Sl LAY e ginal Jla¥) b G b e dpsSl LAY slas 5, laY)

ial) an3 Ay gia dap2 20 A die Lediia 5 (V/V) 720 abaall Jgpeslall Jslas (he

Al Lansall LS o LaSl clagile @il pll Jaliall Calydal apans Jaf e Widys ca 3l) LSl sl

Staphylococcus  «Staphylococcus aureus (ATCC 29213) <B. subtilis (DSM 1088) )l

.(epidermidis ATCC 12228 D-5

«Proteus vulgars (ATCC 33420) « £. coli O157:H7 (ATCC 43895) ahall ddlu Lol culadg
5 « (Salmonella enteritidis (ATCC 14221) Pseudomonas aeruginosa (ATCC 27853)

Apgaall sLal) it e Wil @i e Jsasll 5 .(Shigella dysenteriae (ATCC 13313)

Sl e doxdid) D00 cilug il 5ab 4t Lead 5 sl Zgall chley) g Cpall (ol i

.Lactobacillus, Lactococcus, Leuconostoc Jic <laSOl (e Ly Jia ddlil)

o JS e Jille 0.2 ddla) DA (e LpiSill agile (g8 S Host Range capadl alaill 4y cuas

peptone— jaliiue Ly ley Llal GULT o leaias & 43585 ki J5 e 100 pfu mi™ e giay

5583l Lo sl YL Y 10" cfu miT e julle 0.2 e (sgind ills asandlS) i el yeast

Jaill Ay Jal e lpand 215 delu 48 sad dysie dayn 37 die LLY) Gaiasd & & sas e JS oDl

B e Canime IS Al ) e Bag) Jae 3 .plaques JSi

L) clagile cilig pudll (A9 ASY) g paall Gandl) .9

B g S el Aoy (Sl agile (ug b JS) Gl sl landly aslsiysall JSEN aaa3 Jal e

BV 5 mmge o LS Jihsll cibipad olasiuly Negative staining ol cpghill 48 Jlasind 5 ¢ (TEM)

sliz dia Gladpe P Go dibsdl Sl Jplae st a8 zping el Jiealis 3as3 5 UL,

e 2 gl 8 s S 0.22 aluall aas sl

& & formvar sale dded) sl s e (pfu mi™! 1010) Glug il (e Glae JS (e 8ykd aag

Gstia b lgmany & 5 Cindl dele sadd sl oS5 B0 adl sl (55 alaainly s ApeS)) Cans

TEM Philips CM10, 35Ul 35 581 eaall alaiuly ciliall Gasd 5 daadle casi . ganill ¢y s (3lke

-l gdslS 80 aie Juxi )l 5 (The Netherland)
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L) cilagile cilug pdll Jas 3eliS Ao @il sl Jlal Ay jusd o Agial) @il (10

¢ oS cilegile gl Jae 30U e (6580 Tangll lal £ Shaasl) Sl juss 55l ds dal o
peptone-yeast (sl §jed aliine L e 5)he ADEN Lailugl sl il L Adhde iy A aladiu)
& tryptic soy agar (jsuy Lgall )I;i i4u 4« nutrient agar ilall Gl 44y 4 cextract agar
O (001 520.1) assoall 25l a Cpiline S ing poanllCl) s Aaloa) (5005 AaLn)

Al 5 LK) Gilegile gyl Joe 50 e Aaliaall Lailugll oda BT aaad Jal e bilugll 038 las)
leln) iy in el 5 LSl cilagile gyl e 585 Glef o Jpnanll R Jadl 2jma ity Jin
Al Ay JS0 Alise il o Aagl Jilat 5L Lplat i) 18 jpmat vie Aabiad) deald

L) cilagile cilug pdl) Jas 3pliS Ao 4l Jalsad) JBT dafa .11

Ay e A OIS AEAR Mgal) Basa Al 5 AankaY) Lais LSl legile g pdl) Aasiu) Jal e
Sl Y sl Lyl Gilegile Gl il dee 30l e dseady 2y (e Adisall £kl Jalsal
Oo dankYl Bia 8 et gAY delsall il dihad) Leedad Wgiil) ey LSl Glagile <l gyl
+Arie) Gl GHAT 5 Deaty wyd

GD 8 damsall 3yl Gy ¢ Lyl cilogile cilug il Jee 35S e 5)laall 4Ll Jalsal) il sl o
peptone— aliiue &y (e Julle 0.6 ) LSl agile (a8 IS e (Llle 0.3) de Adl) adr jlaisly
ALl Jalsall calady olial 380l 4yl dadlaall (3audas g ca ol Sl )iy acaally Bl yeast extract
tlgand 5 Al

et ¢ Glelu ag)l ¢ alels DB ¢ el ¢ saaly Al ¢ 4880 30 saa) LSl Gilegile il gyl aeni L]
Aeled8 s delu 24 cdele 12 ¢ clels can ¢ cile bl

sl d5 3 Gn30 5 s 14 5ol 7 5l s saal dygie Ay 4 die il Gilegile il il 255 .2
g 60

Gl pudll Cppdds o(48dy 30 5 488 15) saal dysie 430 45 die Lokl Slegile cilug il a3
65 xvie LSl Glagile il il cpads ¢ (Aady 30 5 488y 15) sadd Ausie 450 55 2ie Lakil) legila
- (4282 30 5 42da 15) saal dygie dn

(382 105 @82 5) 320l dygia Aay0 100 2ie Lyl cilegile el il plle .4

(ASB12 5 46 60) sadd il clagile gyl e dggall G4 clagdl 865

180 546 120 5456 60 5 4l 30) s2al (UV) demasiial) (358 422 L€l cilagile iy yill apyas .6

) b mmse s LS (486240 54t
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sl U e 5),Saal Al Aadlaal Gl 2y LSl Cilagile gl Jplaa G gille 0.3 dls)
Ayl 0.3 LSl ddla) s Al 5 e sl @iy acadll peptone-yeast extract (aliiie 4y
Gl BB A GLLY) Cadat &5 il agile ugyd JS) saa e gs3 JS propagation host  caus
sl dysie dap0 37 die DU 8 SLLY) pues Gpiasd & AaE 30 sad (laminar flow cabinet) aiall
Olug il 385 ddpra Jal e Jolaall o jille (S (plaque forming unit “pfu”) (s &5 & Ldels 48
i Jole IS Aliuse iy Ko Aagsf it 5O oDlel 5K Jalgal) gsand (gmyat xSl cilegile
E. 5 S. enteritidis J 4glsul) 280N Jo LS cilagile cilugdl) (o M (e Jadd mas il .12
.pgsiall aallly ¢ zladlsaa g cablakl) g i) i coli

08 e 5yl 5 LSl Clegile Gyl e EDG o Jala ey 8 Ay s Apadll ol e Cigl) IS
(oS Manill) AnlSud) 23ESY e PUEY) e E. col/ 5 S. enteritidis Jie 23y alud g A siusall Lyl
senall Gl 5 U lanll jgan 5 (ablebal) Al il pmall o (Guall) Al il pmall b LSl o)
s35n 32 ol e Lins Laa 20091 4500 s3a alasind Jal e clldy saead) cad 5 dajUall dagjiall 25allls
e DY) Gl Ge Ak dadlall 520 33l Gub e LY Sl g ol e JDEY) 5 A8l daakY)
sl ) ol LyeSy aalg

LS cilagile cilugpd AN (a Mo 385 93 Bl pudaad

4Ll nutrient agar 44w Je (£, coli 5 S. enteritidis) LY sl e Wl 5 LSl Ay cu
578 o lgnl oy Agie dapd 37 die ol 3 ol DUl 8 GLLY) gl S e Gbbl s e S
o Al WDIAY taeat 5 e Jaydie alaiinly g5 i 20 plaw b€ Gyl e WA slas & sl
sie il b Jppmladl Jslas Biin b sy 5 %20 385 sball Jspmslad Jslas e 3 1 Gxw plsh
Aogie day 20— A

peptone-yeast extract jaliiie 8n 0 A1 2 o (giad Al 5 daw 5 jld (et aiial 5 jgad &
JUpfu 10" 585 il agile (ugpd IS e il 250 dilia) st aeil day o spdlSI i ae
J cfu 10" 585 (propagation host) (ugé JS 4wy & deiud)l LSl e julle 250 5 il
Agsie A0 37 die Al 4 saal DU 8 clugyall e 5 Wil e ggind Al il cpasd L jille
zis g dadall 8 3)50 2000 xie saals delu sad (g3l Dl Slea aladiul & cGuanill 558 o lgil any
0.22 ool slie jiliy Whg)d by ) aloall s ddiee DU padiad DA e Juldudie JS30 Sl
cagatlly (x 10" pfu mi™) &0 L) Jals Gugsl) 385 Glaa 5 med il say LS ABY fias e
gy KD 038 (e Lo Jae ol aay 5 dan e Sl agile Gesyd OS e S gl 5 Julucal
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Jslae 8 lae Jle 585 cilug pb 205 Ge Jala g [ 15 o 081 (s5ims (S8 ) ranal sy Lo
AR By s Aygie dapn 4 e ADEN 8 el (2)A5 3 L aalg

(E.coli 5S. enteritidis) LiY) slud o Ugiaal) 5 LSl (e Sl Jslae jadand .

de dadaall 5 AL Nutrient Broth 22y o0 8l 2 e (ggiad i1 5 Zaw 808 ju)ld (eed sl 5 jagald &
By e S IS Y pbaadl Jypudiad) 3 A giadd) LyaSll (e jidle 200 dilia) casi iy 20 sad 2 ° 121
kbl el jpmad &5 L Agshe dap 37 xie DUl 3 Ll 3 sadl auaatl) &5 G5 L) Nutrient Broth
Jeducial) Gl dipla ddandsy (x 1010 cfu mi™) el sas e 1Sy JSU -l 485 s 5

48l clgpadll) daak¥) b LS clagile clugudl) e A6 e i ) 5 sladia) A8k g
LY 325 5 Al B3l Jal (e dagybal) agalll g zlaall jgauay (adalalall) 4y pall) cilg puadd) g (i)
il sl Sl Cilegile g b G Ga Jle S50 50 Il s B0 Il & Al Ayl 32 B
Apal) 3 401 8 adadind & 5 deekl) ol e W) sylaall LyaSll 08 e Ayl Lo e Al cadl
5 DY) Gyl e i o)) Basa 5 Al (lada pe A1) Slsall Apadlia 3538 5aly) Jal (e @l 5 3
A sl e gl 5 3lall ikl sals ge uS IS

el Tadal) 3 pful0 miT S san o Gugpd JS LS Gl e D Gl (e Ll a5
LSSl e LD by il Tadh =5 D day syl o LS Wil jumas Ll 5 odlef days aw LS
zladll sy (ableball) dyall ey pmally (Qeall) 48l g pmdll) ekl 8 b 4329 2lis e gl
Al de s iall o allly #5lal)

(& S oppiant ey Slug il (e Lals Al dalSa) dyyyl Al o lem] aay LSl 5855 Al 5 Jlas o5
55 50l 5 ol3ll saga e Blall Jal e dealaV) 8 sylall LSl slae) S5 e gsime JSG 5 DY)
s b sl Ayl byl Ags cuble) calie & 48l jabiall 5 cOlaall b A8 sl Ladlal)
) el il Jee 5 Agipdall 4yl

.S. enteritidis i<yl e Lo ggiat Alalas

E. coll iyl e L ggiat Alalas

SO LSl legile g yuil) (e Jadla aa S, enteritidls LyiSi) e (ggiat Alalas

BN LSl legile by pdl) e il aw £. cOf LSl e (oo dlalas

(50 585 oalSaul it oSyl Caal) puls sl slad) Zila) aa S.enteritils Sl e sgiat Alabas
-3 Alalaall ae d5l8all dpnlidl) S 5l Cua gram per 100 kg)

(50 gram 385 Sl oSl Cashall als gaal) dliad) dila) as £ CON LyiSi) e gsind dlalas
A Al g 43)aall bl B8 s per 100 kg)

oW sl el sl gty Lyl Olames dls
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S (L) Asl lpadl) (e S G 5 elnany LSl i) Lt el 1 52 5 1 oy ilelaall Aty
Je 40 S S cfu 10"mI™ 585 £ coli Sl e sille 40 246y (ahlebll) Al clg pmdll LS
Laminar air flow =l 43S Jals s cagyls cans cfu 1010 mi™ 585 S, enteritidis \4,580) e
Wla 8 WL G5l AplS Jals 238y 30 saal caadl cligall @l 5L adeal) Gaall DA s Le 5l cabinet
Ja 40 ae 4nie s posiall palll o zladll sna e (pa 1000) 381 238 agjhall aalll 5 zladll Hsna Gy
mi™ <5 S. enteritidis Sl e sille 40 WS o cfu 10" mIT! S £ coli Lyssd) e

.Laminar air flow cabinet Jjsll il Jals daize Cag ks cuas cfu 1010

ol DA LA cilegile Cilug il (e ada e Ly dila) ciled ) 54 53 28 Gilebeall dnally
A8 Gy 53 ) cdlebaall 53 8 L Lyal) dila) J8 5 Yol O LSl cilegile syl i Lala
Cilaosyelll (e Lala (e Sille 40 a8y (abalalal) Typail) s pmdl) o SIS (0eall) Adsll Sl pmall e
o 2yl S S zladll jona e sl aha A€ B pfu 1010 mIT S D Lkl el
ems s pu 10" miTh s D Lyl clagile Sl il e Jald g s ille 40 e g sal) pall
D LS Clagile Cilug pil) (5SS 38Lia) (ya saals delu aay LAel Badd a0 Jals dgiaa)) il
S, LS e yulle 40 3uSs S cfu 100 mIT S5 B ocoli ysSd) e il 40 dile) s
.Laminar air flow cabinet Jjll ZuulS Jals daize Cag,la caa cfu 1010 mi™! 35 enteritidis

Glag il Jaleall e 5 dalaall agyaall aalll 5 zlaall joaay ablally (uall Lais 2 ccBlaleall apen b
Gt iy il Ay dal ge DU (8 L1 3 s digie A0 4 Bha A vie ADEN G LpaSd) cilegike
WS o DY) Sl iy oy Sl dael Sl gl sl 5 Sl Gleagile Sl pill 55
Agial) Leada) alud 5 gl e DY) 5 Az peall

Cilasg il ol e gshati A 4 53 o8y dlelae AV Glliall panl AES 6 55 8y Gileladl) 1)
onshondl oSaTl el LSl cilegile

ul s E coli | S. enteritidis 1 Population Densities 4u\Sull 261 aaas Jal (e 5l 3 5550 an
oo Sulle 100 & Ly o3 5 Alalaa IS a pgpiall palll ol zlaall yaa sl plalelall 5f (usl (e ala 100
Omni—mixer (OCI Instruments, Waterbury, CT, & plra LA & Gliwll Gy A . alaall P
aadic 402 dhy juiaad 5. Line hie el Lt 107 g 1077 40U ciligasll Jee & .USA)
(eosin methylene blue (EMB agar) (Product Code: LAB061) i E. coli J3a

S. Uy daadic 4903 Ay jumad Ll & 5 .(Lab M Limited, Lancashire, United Kingdom)
xylose lysine decarboxylase agar (X.L.D. agar) (Product Code: LAB032) . enteritidis

il yladll 3aliadl) 4y saall Claliadll 4dls) < L(Lab M Limited, Lancashire, United Kingdom)
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Jal e bl Jil @llds ggm slime JSV 50 pg ML S5 oy 5 Nystatin 5 Cycloheximide
Caids JS e sille 0.2 @ leiia iy (g5 bl b Adiall 3 ) cua & L LSl e L Jgeanl
Al 350 237 Bha day e GULYI Giand 5 LA 20 saad Caadl LY G5 Sy GLLYI e el
5 Oie Rl S S5 e B Al IS LSS &5y ociuiad OS e Gl Axyl dee L guelall DU 3
Colony Froming Units (CFU) g™' fresh weight sl 385 Cles 55 . gilas) Jilail) o3 &y
Randomized Ui, 4y oMol )5Sl clabeall ppen cilS jlail) apen b rqiliill dlaay) Julasl) 113
Superanova® (Abacus Concepts, Berkeley, CA, gmy\ G.AUJJ\ pladinl a8 .Complete Block
Fisher's  loxiua < laladll G Gysinall 355l sae ol il Jidad 55 dglasy) (olaill aaeal USA)
.Protected LSD Test at £=0.05

e
Gl alsdiuly Aalaa LAl sl Cipal) sl e g sl sl (e LSl cilegile clugl Joe.1
Aty

s s Jie & (B, B2, B3) agisad & 5 LSl Gilegile Sl il (ge Adlide o)l 2D Jie &
S S . 0ol ke @1 a8y Gugyll e Jganll & (1 Js2n) D1 ade Glhly jadl sba (pe Laid
Capall olie (0 Leglie & 288 (1 Jsaa) (2 5 D3) a8 Gyl Ll (1 Jsxs) (propagation host)
el B subtilis Lo ade Jpasll & (B2) Gesll (1 Jss) dallae Lull sl
S hus S, entertidis L 4de Jganl & (93) Lasdl Waw (1 Jsas) (propagation host)
-(1 Jsxs) (propagation host)

Sl Sle (B &) o) (30 AiSre dominge 5BES) Bkl adl slae lie (o sille 0.2 gy 5 Lo
E coli LiSu leids 5 Al 5 (PYCa sl iy ac a4l peptone—yeast extract jalaiie ay e Slal
5 Aaualg ddhial) 308 CulS 5 Ly g Lﬂ;i e AlA dshie e Jsasll &3 (propagation host) Al dau <
(1 JS8) DU 6 dygie Aaps 37 die Gacasill (e Aol 48 aey B0

n AiSe Apmamge 5yhES) Biliall 5 Aallee Ll aaall Cipall oo Cilie e Jille 0.2 iy 5 Laies
(PYCa . epullll cljiny acadll peptone-yeast extract jaliiv. 2y g Ol alll e (D2 a8y (sl
gal Lﬂ;i e WA dshie e Jsaall 23 (propagation host) e bu S B. sublilis |piSy leia & (Al
Levie Ly (2 JS8) DUl 3 2 37 i cpmadl) (pe Aol 48 aas 808 5 daaly Ailaiall 538 il LyaSy
) Ol (e A3 5e Dmiia g 5)lES) Bl g Aallas il auall Copall ol lie (0 il 0.2 g
& Al 5 PYCa asnullsll ey acadl peptone-yeast extract jaliiue dy o i 3Lkl e (93
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LSy gad S;T e A dghie e Jeaall S (propagation host) e LS. enteritidls \yiSy \ia
(3 JR8) DUall 8 dsie a3 37 die uaaill e dele 48 23S 5 daals dakaid) 33a il

dallaa LAY aall cipall sha a5 sal) sl e LS cilagile clugdll ALl 5 J3 .2
Easy Phage 100 aul; 489 2all g Land) 48yl aladialy

e oSy gl Aiphall alaaiuly Slel Blgll il e dBlee il Easy Phage 100 iy alasiu) el
(plaques) 1)} Lgisl Sl culae | LY Lyl daplall e, Jeud Easy Phage 100 diyh culs ol
Ay 5 SLES) S S e JiSsignl) 8 Aeaiina) dasall 355 o) - (1AWN) cheall LyaSll dds e
paal) Aaplall alasiuly dubal) oda oag agds (4 JSE) sl 558 Ale 8 Lyl cilegile g )
(5 J8d) Wyl Slegile il il Jie xie Easy Phage 100 aub 43y padls

ol gl (oa LSl cilagile ciluag i) A85 .3

e Jymandl & Gall Blbal e Lyl Cilagile il il Aty Al dpaill b 5 Cpasil) 558 o lgl aa
S Ggnal Y GLbl e (@1) 1 &) capdll o (single plague) (i Jlad dibie) saaly 3
(single (o Jlas dilaie) saaly AL e Jpmal) & cclld ) d8Lal (6 JS2) E. CON )5S Capadl)
Laf & 5. B. subtilis  5iS0) Caumall e dygiad) Sl 3Lkl e (@2) 2 &) s cwplaque)
Gkl e (D3) 3 i) Gusyll e (Single plague)  (dgayd Jlad ddkie) saals AL e Gl Jgaall
8y3m WSl Cilegile g il e Jpmall ~lai 1850 S enteriticis oS4l Capadll e dysindl laY)
(91, 92, 93) <Vl el 44w

Bacteriophage assay si Phage assay Jslaall b Lusyl) cilegile cilug pdll 585 ddaa .4
extract peptone yeast &4y e 23U L)aSll cilegile Glugydll e JSI B Sl dasia g aaad o
plaque forming unit (gslu ADEN (e gy IS S 35N S Eua PYCa o sandH ity ac )
“pfu” = 10'° per ml

(Plaque morphology) la¥) bl do Ll cilagile cilug pll) Cilpanioal aslsh)sall Ji) .5
daaly Ayl 58 AL Jhel E. ol (S Cipmall Laxitivse o) sl (o Jjmall @1 a8y (gl
Capad) Loxdie dallae Lall sall Capall olie o Jojaall 5 (B2) 2 ) Cagpdl) Wl Lale 0.9 Lol
3 4y el Wl Lale 0.5 (IS Lk 5 daaly 4l 5 L legi bypa 4L Jhel L B. subtilis 5,50
shel L S. enteritidis  5,i)) Cipad) lodins dallee il avall Giyeall ole (e Jsiedly (D3)
cale 1.5 (S oyl 5 daials dyglian 5508 AL
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(Host range) (LSl cilagile il pdll LI Cilkl) Cisaaal) (glal Lu)a .6
Jsyedls (B2) 2 @) sl 5 E. CON (35 Canadl) Lasiiss 5 adl slae (g0 Jjadd) 5 @1 ) gyl
o dall U8 8 50 358 g yelal B. SUbLIlIS o35S Chpmall Laxdis Anllas Ll aall Cipeal) slie (g
.(polyvalent phages) <l saaie Lo sill (o aeil jeday Laa (2 Usan) aball dimge 5 4l Lyl
Laatise dallee Ll aall Gipall slia o Jsiead) 5 (B3) 3 a8 Cuaoill of Lafd il ol Ly
samy Al (e Lk a3l X5 e S, enteritidis Jisy L 6 538 S S S. enteritidis i3 Cauad)
zab al s LS ahall Gaage o Alle elsm (8 LyaSll g8 8 Jas 4 Gus (Monovalent phage) s\l
(2 dsxa) S. enterttidis sy lash adnan JE 3 Y)
WSy Jie dadll) i€l e lula i & 5 ddle dparads cild doxdivall N lag il of Ayl g
.(2 d 3;_;) Lactobacillus, Lactococcus, Leuconostoc Ji S| gaea
LSl cilagile il pdll g A8V (gpgaal) paadl) .7
o sall cyelil Negative staining Ll oo shill 46 alasiuly o (TEM) 38U s 5V el alasiuly
GV Y &) aall b mmse s LS Siphoviridae Bl dlile (s (D1, @2, @3) il D0
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Table 1: Propagation hosts of bacteriophages number 1 (9), 2 (9,) and 3 (9;) and their

source of isolation.

Bacteriophages Propagation host Source of isolation

Bacteriophage # 1 (9,) | Escherichia coli 0157:H7 (ATCC 43895) Sea water

Bacteriophage # 2 (@,) | Bacillus subtilis (DSM 1088) Untreated sewage water

Bacteriophage # 3 (Js) | Salmonella enteritidis (ATCC 14221) Untreated sewage water

Table 2: Host range of bacteriophages number 1 (9;), 2 (9,) and 3 (9;) on different Gram

positive and Gram-negative bacteria.

Bacterial species Bacteriophage @, | Bacteriophage @, | Bacteriophage 93
Bacillus subtilis (DSM 1088) + + (PH) -
Staphylococcus epidermidis | + + -
(ATCC 12228 D-5)
Staphylococcus  aureus (ATCC | + + -
29213)
Escherichia coli O157:H7 (ATCC | + (PH) + -
43895)
Proteus vulgaris (ATCC 33420) + + -
Pseudomonas aeruginosa (ATCC | + + -
27853)
Shigella  dysenteriae ~ (ATCC | + + -
13313)
Salmonella enteritidis (ARTCC | + + + (PH)
14221)
Lactic acid bacteria (Lactobacillus | - - -
sp.)
Lactic acid bacteria (Lactobacillus | - - -
sp.)
Lactic acid bacteria (Lactococcus | - - -
sp.)
Lactic acid bacteria (Leuconostoc | - - -
sp.)
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( +) = host species susceptible to phage lysis; (—) = host species not susceptible to phage

lysis; PH = propagation host.

Table 3: Effect of different complex media on the viability and propagation of the three
bacteriophages. Values are means of four replicates for each treatment and the values
with the same letter within a column are not significantly (P > 0.05) different according to

Fisher's Protected LSD Test. PFU = plaque—forming units.

Supplement (logio (logip PFU | (log;y PFU
Medium PFU mli™ | mI™)  of | mI™") of @
Yof@, |@,
Peptone-yeast extract | + 0.1 M NaCl 0.00 a 0.00 a 0.00 a
agar
Peptone—-yeast extract | + 0.01 M NaCl 4.05 ¢ 391 c 6.21 e
agar

Peptone-yeast extract | + 0.00 M NaCl (W/V) 5.61 e 5.87 e 7.85 9

agar

Peptone-yeast extract |+ 0.00 M NaCl + | 8.63¢9g 8.15 9 9.71 h

agar 0.05% (W/V) Ca(NO3),

Nutrient agar + 0.1 M NaCl 0.00 a 0.00 a 0.00 a

Nutrient agar +0.01 M NaCl 3.16 b 3.59 b 2.05 b

Nutrient agar +0.00 M NaCl (W/V) 4.82 d 4.71 d 291 ¢

Nutrient agar + 0.00 M NaCl + [6.09f 6.65 3.25d
0.05% (W/V) Ca(NO3),

Tryptic soy agar + 0.1 M NaCl 0.00 a 0.00 a 0.00 a

Tryptic soy agar +0.01 M NaCl 3.21 6 3.45 b 341 d

Tryptic soy agar +0.00 M NaCl (W/V) 4.75 d 4.95 d 5.57 f

Tryptic soy agar + 0.00 M NaCl +16.21 F 6.57 f 6.34 e

0.05% (W/V) Ca(NO3),
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Table 4: Effect of physical agents on the viability and propagation of the three
bacteriophages. Values are means of four replicates for each treatment and the values
with the same letter within a column are not significantly (P > (0.05) different according to

Fisher's Protected LSD Test. PFU = plaque—forming units.

Physical Effect (logip PFU mi™") | (log;o PFU mI™") | (log;y PFU mi™)
of &, of &, of O
Untreated control 9.15 b6 8.77 b 6.75 b
Freezing (30 Minutes) 7.45 ¢ 7.61 ¢ 6.55 b
Freezing (1 hours) 7.11 ¢ 7.38 ¢ 541 c
Freezing (2 hours) 6.55 d 6.88 d 5.65 ¢
Freezing (3 hours) 552 e 6.72 d 4.72 d
Freezing (4 hours) 3.18 512 e 345 e
Freezing (5 hours) 2.11 g 2.61 g 2.61 F
Freezing (6 hours) 1.75 A 0.00 a 1.35¢9
Freezing (12 hours) 0.00 a 0.00 a 0.00 a
Freezing (24 hours) 0.00 a 0.00 a 0.00 a
Freezing (48 hours) 0.00 a 0.00 a 0.00 a
4°C for 1 day 9.01 & 8.64 b 6.61 b
4°C for 7 days 8.85 b 8.57 b 6.54 b
4°C for 14 days 531 e 7.45 ¢ 6.21 b
4°C for 30 days 3.22 F 6.56 d 522 ¢
4°C for 45 days 2.25¢g 2.85¢g 4.55 d
4°C for 60 days 1.55 A 1.16 A 2.55F
45°C for 15 minutes 8.75 b 8.55 b 6.33 b
45°C for 30 minutes 8.98 b 7.35¢ 5.18 ¢
55°C for 15 minutes 9.15 b 6.41 d 4.35d
55°C for 30 minutes 8.780 b 2.44 e 3.65 e
65°C for 15 minutes 7.25 ¢ 1.25 h 235 fF
65°C for 30 minutes 7.05 ¢ 1.48 h 1.15 ¢
Boiling 100°C for 5 minutes 0.00 a 0.00 a 0.00 a
Boiling 100°C for 10 minutes 0.00 a 0.00 a 0.00 a
Ultrasonic treatment for 60 seconds | 2.45 g 7.55 ¢ 2.45 F
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Ultrasonic  treatment for 120 1.35 A 5.25 e 1.42 g
seconds

UV irradiation for 30 seconds 8.94 b 2.25 g 6.46 b
UV irradiation for 60 seconds 8.88 b 1.65 A 1.21 g
UV irradiation for 120 seconds 1.03 7/ 0.00 a 0.00 a
UV irradiation for 180 seconds 0.00 a 0.00 a 0.00 a
UV irradiation for 240 seconds 0.00 a 0.00 a 0.00 a

Table 5. Effect of incorporation of mixture of three bacteriophages (@1 + @2 + @3) on the

population densities of S. enteritidis or E. coli (expressed as log;y, CFU g_1 tissue) after
incubation at 4°C for 3 days. Values are means of six replicates and the values with the same

letter within a column are not significantly (P > (.05) different according to Fisher's Protected

LSD Test. CFU = Colony forming units.

reatments Densitie | Densitie | Densities | Densitie | Densities | Densitie | Densities | Densities
s of S.|s of E.|of S.|s of E.|of S.|s of E.|of S.|of E. coli
enteritidi | coli in | enteritidis | coli in | enteritidi | coli in | enferitidi |in ground
s in | lettuce |in tomato |tomato |s in | chicken |s in | beef meat
lettuce chicken | breasts |ground
breasts beef
meat
(1) S. 1562a |6.11a |541a 591a |6.71a |7.54a |6.86a |7.15a
enteritidis
only
(2) E coli |6.17b |5.68b |6.610 6816 |741 b6 |685b6 [6.04b6 [6.575b
only
(3) S. |321c¢c |2.58¢c |3.11c 271 ¢ |261c |281c |235¢c |[2.64c
enteritidis +
mixture  of
three
phages
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(4) E. coli +
mixture of
three

phages

2.18 d

1.18 d

2.35d

2.05d

1.28d |1.74d [1.384d |1.08 d

(5) s.
enferitidis +
oxytetracycli

ne

3.51 ¢

243 ¢

3.25 ¢

2.85¢

2.81 ¢ 2.72 ¢ |2.28 ¢ 2.79 ¢

(6) E. coli +
oxytetracycli

ne

2.35d

1.35d

2.46 d

1.98 d

1.45d |1.81d (1.42d |1.17d

Figure 1: Lysis of Escherichia coli 0157:H7 (ATCC 43895) by bacteriophage

number 1 (1) using the conventional technique. Note the central lytic zone

(plaque) in the middle of the peptone-yeast extract agar amended with

calcium nitrate at the end of the incubation period (48 hours) at 37°C.
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Figure 2: Lysis of Bacillus subtilis (DSM 1088) by bacteriophage number 2 (92)
using the conventional technique. Note the lytic zone (plaque) in the peptone-
yeast extract agar amended with calcium nitrate at the end of the incubation

period (48 hours) at 37°C.

Figure 3: Lysis of Salmonella enteritidis (ATCC 14221) by bacteriophage

number 3 (93) using the conventional technique. Note the central lytic zone
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(plaque) in the middle of the peptone-yeast extract agar amended with

calcium nitrate at the end of the incubation period (48 hours) at 37°C.

Figure 4: Lysis of Escherichia coli by bacteriophage number 2 (92) using the
easy—-phage 100 isolation kit. Note the blue plaques on a red background
(lawn) at the end of the incubation period (48 hours) at 37°C. Every blue

plaque represent one virus particle.
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Figure 5: Easy—phage 100 isolation kit.

Figure 6: Single plaque formation of bacteriophage number 1 (92) active against

Escherichia coli on peptone-yeast extract agar amended with calcium nitrate after

2 days of incubation at 37°C.
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Figure 8: Electron microscopy of bacteriophage number 2 (@2). Magnification
72,000 X. Note the Icosahedral head and the rectangle tail.

Figure 9: Electron microscopy of bacteriophage number 3 (93) active only against

Salmonella enteritidis (ATCC 14221). Magnification 65,000 X. Note the Icosahedral

head and the rectangle tail.
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Figure 10: Effect of incorporation of mixture of three bacteriophages (91 + @2 +

@3) on the population densities of Escherichia coli on eosin methylene blue agar
medium (Levine agar medium) isolated from ground beef with different

treatments. Treatment (2) E. colionly. Treatment (4) E. coli + mixture of the three
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phages. Treatment (6) £. coli + the antibiotic oxytetracycline. Note the reduction

of the E. coli colony forming units in treatments 4 and 6 compared to treatment

Figure 11: Effect of incorporation of mixture of three bacteriophages (91 + @2 + @3) on

the population densities of Sa/monella enteritidis on xylose lysine decarboxylase agar
medium (X.L.D. agar medium) from ground beef with different treatments. Treatment (1)
S. enteritidis only. Treatment (3) S. enferitidis + mixture of the three phages. Treatment
(5) S. enteritidis + the antibiotic oxytetracycline. Note the reduction of the colony

forming units in treatments 3 and 5 compared to treatment 1.
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Endophytic actinobacteria to increase sailinty tolerance in Rhodes grass (Chloris gayana) in

the United Arab Emirates

*DR. Synan F. AbuQamar
Abstract

Nowadays, arable lands in the United Arab
Emirates (UAE) have become uncultivable
due to increased salinity in these lands or in
groundwater used for irrigation. To solve this
problem, farmers use desalination plants for
salty underground water, regardless of its
cost and high maintenance. High salt stress
has negative effects on plant growth,
development and productivity due to
increased concentration of salt ions (i.e.,
NaCl) and the phytohormone ethylene (ET).
The purpose of this study is to find an
innovative solution to increase tolerance of
rhodes grass (Chloris gayana) to saline
groundwater by using actinobacteria that
secrete the enzyme, 1-aminocyclopropane-1-
carboxylic acid (ACC) deaminase, which in
turn reduces ET contents in planta. To
achieve this, three (out of 28) endophytic-
and four (out of 33) rhizospheric
actinobacteria ~ species  simultaneously
produced ACC deaminase and plant growth
regulators (PGRs) such as  auxin,
gibberellins, cytokinins and amines. In
greenhouse experiments,

Department of Biology, College of Science, United
Arab Emirates University, , United Arab Emirates
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treatments of actinobacteria living within the
roots and in the soil significantly (P<0.05)
increased the shoot and root growth of
rhodes grass compared to control treatments
under high salt irrigation water. In addition,
we showed a significant increase in the
endogenous PGRs, but a significant decrease
in ET in actinobacteria-treated plants. This is
the first report in the UAE or GCC to use a
safe, environmentally-friendly and cost-
effective way to increase plant tolerance to
salinity. Improving growth parameters of
rhodes grass using endophytic actinobacteria
opens the doors to increase the production of
animal feed as well as greening the desert
under high salt conditions.

Keywords: ACC deaminase, actinobacteria,
ethylene, irrigation water, plant growth
regulators, salinity.
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@y B Gsapr 5850 5al) ) ALYl daglall dpens sa Cagylall 38 (8 oyl BLAN gl alall ) ()
Dy bl e glals ) (sa5a5 sl (sam 545 (Stress Ethylene) oaslowdll aleall il (seser <om
Cagylall o3a Cat il sai s () LAnslal) (e Ale s e ggind A ol ) 6 cbilal) Ldpee o Lol
. O(Arshad and Frankenberger, 2002)tilill sei G lan S JSas DEY) ) (505
()(Glick, 2014) ©)(Glick et al., 2007)
clilaY)) Biotic Stress dglsall dalsall il cind e aslsadll dlgay) Cagyl it (ies A cblal) o
83555 Calaally dalll) Abiotic Stress dumslod) jall Jalsall 8l ciad (e o (LS Clia ff cilyylagy
Ngal) 3¢l Jad 2S5 asi (pla Laiiy ALE Golee (e AgLasl cligladly SLasl Eighilly 500 5 pally sl
. D(Glick, 2014) Jlall (B} s (e 88 ClaaS Ly o) spusl)
Ghs¥) 5 ol 5 psial Al Jals T Jle o385 oIS 1Y) G sa e bl 5 Ji el 1 o)
asan o -©)(Arshad and Frankenberger, 2002); ®)(Glick et al., 2007), "*)(Glick, 2014; 2015)
o sl Siae 0% 85 sael) 13 leadily GBI st e 8IS Jalye dlling Ll Tan pge (san s B
O)(Abeles et al., 1992); ©)(Arshad and Frankenberger, 2002); Ll Jals 0385 e Tacies gaill Jafia
o5l sai e 8l o dbo Gsepn sed Jine S i Gsaped 385 S Lexie S . O)(Glick, 2014)
s adine 03855 IS 1Y) o0y g1 Adsiad il Ay DL s Alee e g ) (s sial) ) Bal) s
sad Tt o GBY1 Gsan e el S Jangs Bl sall lafieg jlin oyil Lin macad ool sandl) lea!
O(Abeles et al., 1992); ®)(Arshad and Frankenberger, 2002);cblill sas (e JUEY)y )53l
19(Glick, 2010; 2014).
LS (e 288N Al KL Lo Qe Alls penal) el ol Gula I elalall ] 5,890 55
33 Cang Sl g il jal) dely 3l ¥ lae aa{S ollyg culall 21380 8 gils 3l A gnd 3050 Glly il lad g
Ll sae) Aot 3 pyme el GLuY) e aall) Sl e Al e ddailadly el )

.8 (Glick, 2015) (Malusa et al., 2016) ( Floody et al., 2018)
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Cognll Jaly Jleaied ellys A5l d600all Zaslill 458000 dad) S e dysinals dumslsndl s0auY) aladial o)
Lpamal) de )3l 8 Dpaad) clindaill e e ALesl 520 S S Sa dia Jsiad) 8 4S5

s o (13)(Bashan et al., 2014); 11(Malusa et al., 2016) (12) (Floody et al., 2018)
Alal) 32 alasiul e ol Sl Gl COSEe e 2all Jie base 8 Aygall Gluada) S Al
5 ol dihaie Joa A5l dygead (seiae Bal)s (s Seall Ll 30y Adbieslly dmplall 45l pailad Gauads
Mgall iy a8 Aadll) 4383 Lad) S o Cus 4830 jealial) Galaial Lo clbilall 5538 e Load a3
IS GabeY) a5ty 5 cpabaial) Al Aap dse ) Ledpnis Al & sasaall Sl Saiaall 4 pnal)
lagiily g abiae SHil Lol o6 Aadl IS o Tanglonll 5aau) oda olgial @lldg Ayl A3l dykailly
MLucy et al, 2004); ) Jaly WS 5 clphi e sl dall @k J8; by e 5l
®)(Glick, 2015); 9(Kamil et al., 2018) (¥)(Bashan et al., 2014)
Gl Cjsan 520 Giag Lae gpiadl) 5 (gydal) poanl) saisaly) o Load dumglonll 5209 sty

(14)(Lucy et al., 2004) (Gllck 2015) (15) (FIoody et al., 2018)

Plant Growth Promoting Rhizobacteria e desana ) Load  cii dadlil) 2380 dual) S o328 ()
Cufti o lehd 8 Jich aball Wyl o) 5)dle ey )bl diphy il e ge 35 o gelind A
ie Al sl Glisen DA Gob e s piadll (aaL 5 A e galaall el 5 ocgng il
@radll 5 ol pranall i ey o) pdaid ) 5 lised) Glase s claS il Glidpalls GlgY)
(19(Bashan and de-Bashan, 2005); '"/(de-Bashan et al., 2012); ztsy) e Liad 355
T 58 LSy (s M) 5 i) Gsaed bad) LB e JIE iyl S8 sk e S (thk 2015)

CO(Xu et al., 2014) « "®)(Arshad et al., 2007); aslsdl 32 5 ashsl)l aslsmdll dgal) Vs 3

719Glick, 2010; 2014); ()(Saleem et al., 2007);
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O e 506 pylaal)l clyladll 4l jaall Allae cilagiily dages Glaliae SLH A Jiaid dlae sl sl L
®)(alick, 2015); (!N(Malusa et al., 2016); *)(Saeed et al., bilall Lalyl cas il 5 lall L)
a3 Lalall 40l L8kl lisesed) Shal 5ol e anss lall G Gyl e o 2017)

Gy Laglias bl sai 5ol o of adll) 2800 L) S 038 widuinss ()(Malusa et al., 2016)
bl e ol ydlall (R e sy O B Aph e ST Basls Ay alasiu) Gl e Akl
@®) (Glick, 2015) (1) (Malusa et al., 2016) (15) (Kamll et al., 2018)

LS o3 g )l lin LAl e 52l Axdlil A58 ) lESH o2 Anadsy Adgpaall (3ykI ) ALaY,
a5V 138 (e Cagadl LACC deaminase il Shal ok e bl £ 1) e 0% of L aalains sl

3ale A Llisai 5 1-Aminocyclopropane—1—carboxylic acid (ACC) sale Sy o6 Cagu 0)9% il
Y Ose Olats ) 595 e (Honma and Shimomura, 1978)(22) o keto-butyrate 5 Lis)
o> slsmll sl Cigyla st g sSiall 5 (El-Tarabily, 2008)®) (gpimall 5 g3l Gue sanall Jala & Ll
O(Glick et al., 2007); **(Sun et al., 2009); V(Glick, 2014) bl st 3 535 N 535 Les

b Uit 5 Aadll) Lall S 03 (e g sl mn plasil plaky 5 labal) e yaall 5 J8 (e 5
faslie 524 & P)(El-Tarabily, 2008); *(Qin et al.,, 2014) ACC deaminase a5 )il 5 45l
Oo ) oaslomdll Slea) Cagyla iat 88 ey 5 S A 5 bl Gl Gsased bl BRI clblal
) sl SleaY) S a5 iS5 Sl e Rell Gl ge dail clla) Ge Zaglenll dalsall
kel Gl ( Shesll Sl 3andll Bl 32l L liad) Aaglall Baly) Jie daglsall sl dalsall e
©10(Glick et al., 2007 2010); **?)(Ma et al., 2011a; b); *)(Fahad et al., 2015);

. ®(alick, 2015)

S osall dilaia Joa o Al b s Gl cilpladlly LsSll Jie Aadlll 2883 Lal) i) ) dslay

Ut Aadlill G880 L) CBIS) (o g AT g1l i Ll a1y Bl Clisally stall A lal sl §) e
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(28)(Hallmann et al., 1997) 29) (Kobayashl and Palumbo,2000), sl dglal) dawdy) Jals 8

(9(Rosenblueth and Martinez-Romero, 2006); *")(Hardoim e af., 2015);

G3(Rruyens et al., 2015)

050 Apall bl Al oda Jaly 8 5o USy ST jexindy Glaed of Aadli)) A3gal) Apal) LB 38 pobiins
(Endophytic Microorganisms  ixilill Zagall dpal) bl oda Cayats .+ jhuial f 5 (bl 6 L caaas

GD(Hardoim et al., 2015); ®?(Rruyens et al., 2015); or Microbial Endophytes

(33)(White et al., 2018).

cla s Lele (Sa o L o Gall Aalal) AaadY) Al 6 et 0 5 Radll) R8N Al el s
Al Sl 53 o (pe aSHIN Gl 5 A58 Eall CHLEISH o3 g (it A Al elime S adadl aarll lac
Endophytic = allhias lede Gl o} (Se a Al 2ol dawy) Jaly e dadlh Agiee o
*)(Kobayashi and Palumbo, 2000),58 Ll (i SIS 3yne casd i) 5 Microorganisms

(34)(Sturz etal., 2000) (32) (Rruyens et al., 2015) (33) (Whlte et al., 2018)

Gl 53y saslgl) A8 culgd il 8 Al Aball Aad) Jal L (e ) 4all SIS o3 2l
Clilaall Ly 5yd8ll5 5yl WA Jaly b Lal) il oda aalsi L Agpually dndall Gl e 558 g 158,
(29)(Kobayashi and Palumbo,2000);4lsa sl A o Sy LA (A

C1)(Hardoimetal., 2015); **}(White et al., 2018)

waall o3 5 LA 5 QYT 5 e@hsY) 5 gl 5 ¢ odall Tall I Aaiidy) 3 Lall S oda
sisiallOlallahlahall (Llaaldll cpuepll Oandl phadll @A)l (Jalll Jie clilall e
.(35)(Lodewyckx et al., 2002 a); (32)(Rruyens et al., 2015) sl

leie 5 3hsU Lmylall el Al s bl Jaly Gies 3 5 dad) Sl o] wd)l) aadl )
(36)(Stone et al., 2000);(34)(Sturz et al., 2000); 4kl bl e3al e ) das o ki

Lyl sl Gyl e clilall Jals ) dpad) sl od Jsaa kb Jaidsy .CD(Hardoim et al., 2015)
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osaall Sl Aabiadl zoal) ccla) Aajye ol pdal) ccibwaall (Gaagl) S8 cSWl 5 asldl el
) il g A3l GhA) alat gl il a3 oL 2Kl syl 8yl ) (il
S8 Gob oo s Bhaie ) Ayyiall LALAY) Aansl) DA e 5l Z gl 5 HUaeY) Lagias ol S 2L 8 Aleadl)
(*)(Kobayashi and Palumbo,2000), iall Sl dauly cbilall il jaall Allsdl Gl
(9(Rosenblueth and Martinez—Romero, 2006);*?(Rruyens et al., 2015); *)(White et al.,
2018).
e il et 8 ity it ol W) ysS3all Gl Gl e il J3ha ) Al Sl o3a Jo3o 3yae
idia gl danll P JEY) Goh e dibdad) lal) ohal 8L J) Jim, s el 5yay 5yd Jie
(28)(Hallmann etal, 1997) (29) (Kobayashl and Palumbo, 2000); 31(Hard0|m et al. 2015).
Zagiall o bl J20s Rallisay Apnpla Adma Gl illy Zadlill Zal) clEl€) 5558 e @) cluhal
9 (Hallmann et al., 1997); s)lall duhall Glanlly ciyially LysSilly clphill daalil 45l
(29)(Kobayash| and Palumbo, 2000) (33) (Lodewyckx et al., 2002a); 32)(Rruyens et al., 2015)
Sle i o lgan 5,38 Gl @bl e 3ol e adlell dal) Bl oda 58 Load Aiaald) cludy)l) o
@ildaziul! (s .?%(Rosenblueth and Martinez—Romero, 2006);"?(Rruyens et a/.,2015) s sl
gl Aadlan (et o ey ga Ll Ja1s Raabu Gighay (xSl Aall) el CESH s3] Load Znal)
(37)(Lodewyckx et al,2002 (Improvement of Phytoremediation) <ullall alasiuly 450 & Sl
daslally Gliad) Jia ashsmmdll 2lga¥) 5 domall Cigylall a5 Gialyal) am il e glia 32l & IS, b)
(34)(Sturz etal., 2000) G1) (Hard0|m etal., 2015) (38) (Qum et al., 2015)
G A Al L) e eDlie e IS Jeadl Bal) sl Aand) Jal G ) el cilElS) ey
s Y @l 5 Ayl Cland) f Gpall saauY) 8 lealadinl die Gl 5 jedal) dikie Jsa o Al B b
sl G lall e all S Bam o Lo el QS dald) Al Aad) Jaly B G Sl dall el
GAY) Al KD (5 by ) Galal) 8 Juan g Ll 5 3heY) mdand e o Ayl 8 asasal
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LS agay 5 skl g phall Glays B chuall ) ALYl 1 gl e il 5 4310 dgall e

CD(Hardoim et al., 2015); L) #1348 Lall SIS 638 aa3ins ) 5 gAY 4l
G(Rruyens et al., 2015); *)(White et al., 2018).

LSSl ikl Gk e el Aaglall Jant] il 368 (ppund e Jailly cypal ) lglall e S0 Gl
Shal) GBI san e DIEYL as8 ll; ACC deaminase sl Sl asiis il & Laié (s s

(39’40)(Mayak et al, 2004 a and b); (41)(Saravanakumar and Samiyappan, 2006);

“X(Sergeeva et al., 2006); **)(Yildirim et al., 2006); “Y(Nadeem et al., 2007);

ablebll i gl bl o)(Sun et ar, 2009); PY(Ahmad et al., 2013).

<l ,(41)( Saravanakumar and Samiyappan,2006) 2l Jell <l ,(39)(Mayak et al., 2004 a);
Yl el ,)(Yue et al, 2007) kil @l ,*)(Nadeem et al., 2007) 5,

. (3)(Ahmad et al., 2013) Wealdl cils ,(42)(Sergeeva et al., 2006)
Neayl gyl cand ULl sai Gty Anglondl 30and) Jlae b onldl 8 o ) Sl el o
Ao gena auly g jaally Ll Lysill) LpsSosnti€Y) of dpalall Lyl alastidy usd 5550 daslall Cansy sl gpnsdl
o Al LS alasied ey Vagly Lyl ki) dbsd) sl dihie b e ) (Gl siiSY)
il Aaball e el zlings dang g el 8 sl 13gd dpad) Akl Aan) Jab G ) Ly sissy)
Gag S 5 Apgeae LS (e il Lolad) LaSll e clS lelee o ) cluball a2 dle] o ) dslayl
Lala (i il LSSyl dileiall cilulyall b sa0d 5)n Gl da@a) 3 oy (O(Rashid ef al,, 2012)
. ACC deaminase sl Shils (oaslsmdll sleay) gyl cund ililall pai Gpund Jlae (8 s3all Jals

G il A Juadl g ahall Liase Wil e g5 (8 Blasdl) 1KY of Ldde Cagyed) oha
il ally @lanS Y1) Aol sall Glisan zl) o Taa dllall Lhnid @iy Lokl LSl e LDl oo
Jeni sl dagls ) afiha lealil ) A8LaYl 4pal) clabaadly clap¥ls (lind) clane s ciling sl
. W)(Baltz, 2016) Zualall ysSl (po ST el ALE Gobeally sl Cilially Lilall dalally 30,080 3l
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GhleY) Algo 4 e 2B s Ayall 03¢ Al Lyl g Ly iSsfiSY) AN (& ) il g8 18 (1S
S0 Aaglally yally Caliad) 8 Aliadll sasiall Ay jal)
ACC  ~p daiially Lladll iy i€y (e bl aladiid a0 Ay s 40l Auhll oda e (mal) ()8 13gls
Gl e aaly o 8 Adbaal Aglall el Glsen e g5 e ST W) ) 48yl deaminase
e Ll (gpumdlly (gyal saill aly) o AE L) Lie g paally s ey i€ gidly byl
s ) i U e lelee Tl 2 o A5l Zanally 250Y) sa0a ) 5)Sal o2y LAaslall culilall i 30 S pd)y Jal
zl I 4iLayl ACC deaminase apy daiiall Alalall ocah) Cogylal 2aDlall Ui sif€V) (e Jaglds alasin)
83 e dal e Ll Ay dall Jals Toad (fes lly ddbiad) Aol el Clisen (e g5t e S
dagldl Jead e cbilal) 308 301
Aglial) 5 ddaxall (3 kg cilgdY)
Jiliall ¢\l aal aal a5 (Chloris gayana ) Rhodes grass syl s alaiul & :asdiead) a1
Algad) Gl aal aal sasiall Gyl Lyl Algy 8 35S, daaiiiosll
e Gob oo sl ahud) adadll Jae &S L4 ladl) Auadl) (e bl 48, atyg Saalgl) A8l bl (e el
5 530 1.05% 385 (Sslh alasinly oAl 5y lelae 8 356 5 52 %70 L) JsaS e Jslae & 50l

bl il and Aleall 038 5 ysdll Ayl hanll e Basage (5S5 8 da IS g il @llyy oA (36

DT gl A el aeall Sl oLl Cilye 10 53l aoead Jie dglee Joe @l 2ey 55 sUrface sterilization
.Laminar air J=ll 4K Jals s g pls Gad 4883 20 saad sl Canat el amy 5L el e e 1K0)K0
flow cabinet
o) Ane b A Ss dilaie b cpalsal) gl 2l (e Al o3 b aniueall Ayl and o5 shatiiesal) 4u .2
Jala Al caind 5 lehala 5 deiall Gl (e OSWel Bae e Al s @5 Gl Gisding deg)he il il
il Al g s G 43la%h Hons Jaie 3 gl (5 5 25 ol gl 5aad 2 25 Ba das i AU gl
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Al iy s A Crgall Ja Al GulST 8 Al dada @y aagy L) eda Ly oanll e
IS8 elisS canalS ¢ paliay o ALEN Galaal) e S gl L 0% o 5 sl e Al CalS Aeadiional) A5l
ASEOU gl 8 cas Al colaill 8 A5l eda aladiud L Lol
Gisdn s Ja Teds (it ) LSy Qe sminl olsdia ada JAIS (e daBlil LiCeiasy) J3e .3
Ll Jgaall Jue o oSl 8)S3al Ao el ki g ] Bap)¥) ee 3 uag )l Glalin sda asead & (uag)
osiall sl el Jae 5 Jeestll Alee 3ny +sdal) o 5asmsall 450 Wy (ge Galail] Gldg e (ge ST laial)
35 GSpslSl alasiuly (530 5e Lehue & A2 5 5ad %70 ) JsaSl (e Jslae 3 sl ol Gph o
S A gl @llyg HGCh 330 sl Jslae 3 3380 3 sl Lgals 2 @lld 2y 5 g5a] 33 5 5240 1.05%
sl Applal) mhaul) e Basage 5< 8 A
b Aeatinad) Ssall BT ol ANFY @iy abeadl jhiall sl e 10 siall poead daut lee sha) clld aey 25
Jals daine Cagl a5 458 20 5add gdall Caiad Laaey P(Hallmann ef al, 1997) jsiall skl aieil
.Laminar air flow cabinet Jjll d1,\<
coabudl el #las Adlad las) S Sterility Check Zyyd dae & jsiall adaudl sl dlee 7o laaly
Nutrient Broth &y 3 lexas & 5 L) oadaw i Jae 5 Al 5 sdal) o clie (amy 381 20 250l o2 b
. )(Mclnroy and Kloepper, 1995) LyiSll sai (sl 355 ase (e 38kl 4 37 5)a Gays i oL 3 5aal AL
il Potato Dextrose Broth 45y b\l alaw st Jee 2 Al 5 55iall e 5 AT desane gy Liadf
ool el dulee #la (e S 5 lphill e (sf pmg pae pe B Y 5 228 B days e AT 5 5l
Potato iy & cilphd gl sai axe XX 5 Nutrient Broth Ly 8 LyaSh o sai aae aaadle 2ay sdall
. L) Dextrose Broth
IS ahadinly abeddl Sl sld) e de 100 3 sdall aues by Ladan daiaall jsdall gaead 5 Glld ey
daulp Aeadinl dsplall oladilly 3 Omni-mixer (OCI Instruments, Waterbury, CT, USA) _ala

Aaxinly 107 iy 1077 e sl Jee 254000 rpm e g 43 20 s2d @*)(Hallmann ef al. 1997)
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dle) cuaiy (Kister, 1959) Inorganic salt starch agar  aui dal 4dlie Ly jucast & Lpiae hic sle
s slbae 50 pg mL~1 S5 el ¢ Nystatin § Cycloheximide culjladll alcadl) 4y gual) calaliadl)
0.2 lesia wiy (i bl & Adeal) A8l Bl a8 LSy e Ll Jpeanll dal (e cilyhadl) Jidl
Hha Aoy e BLLY) (st & A8y 20 sad Caatl GLLY) @i A GLLY) e ey cadd JS (e il
L Shany) Jalaill g3l Al 5 5% 6 Jass - ualall DU b U 5 334 4 30
iasll Oatmeal agar plates i Glbl e daslil) 45,80 el fen AED Cuad Cpuaail) 558 o lgh) aayg
sadd ol 3 420 s ek s Y)(Williams and Wellington, 1982) jid JSI aha 1 585 ymedll (aliivs
log;p «lus 5 Population Densities saall Jaly gt Al LyiSh i€yl 585 Glua &8 oyl Hsla® Y
.(28)(Hallmann et al., 1997) colony forming units (CFU) g_1 fresh root weight
LS —40°C 5la dan i lebin & 5 20% glycerol Jle (ssins sla canll (8 LSSyl puen s 3
5 (Wellington and Williams 1978) s 54 Jsene s
Dyl (sl of Ahanasdal) Aihata) Guagsl) lisda jeda Alhia Joa (e Aadll) LiSeiisy) g 4
G puag s i et o Gaagl) Chading Taldll b gipl) dikte 8 Lagls (et 1 LS00y
vie idall Jals Ayl caad 5 psiad) Jea ) Al aaeats codke 5)sS0a Aeyhall (i (e gl Zxp V1 yee
Wizy sylaally emsll (ha Galiill @lliy au Chad 45la dan Jie 8 A5 J35 oLl eyl 5300 2 25 b da
bl )saa
s adnall cll o Jille 100 g Aiala) Slsie (8 4955 e JS Go Adad) 45 e bl 0 oy 5 .5
LESiiiSY) b o5 a0 25 Ba days die A8l 3 4 250 e el Slea o dels Caai 3ad
caina e sle wladinly 1070 ing 1072 4Dl il Jae o ) 58 ol a3l il e
GD(Kuster, Inorganic salt starch agar i Caipd il e WSSy Jial dald 4y jpasi &

50 pg mL S5 &y 5 Nystatin  Cycloheximide ilyyhill saliaall 4y gal) cilaliadl) dilia) cacis 1959)

b Al RO L) n 5 LS kY e 1 Jpeand) ol e clyyhdl (il @llyg g sline JSI 1
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A3ds 20 33 aadl GLLYI A5 @ 5 GLLY) o i)y il IS e il 0.2 G letis Sy g BLE
Qatl g3l lld 5 e 6 dae s eomldll DU 8 WL 5 5add 230 B dags e GLLY) uast
. Sbany)
iaserdl Oatmeal agar plates iy (Ll e Aaslill 4,0l cNVje)) apen 485 Codh (puaail) 5538 ¢ lgl 2y
il 3 A0 8 \ghaia 53, PY(Williams and Wellington, 1982) sl S aba 1 385 8ypeall (alidiusey
O Hslai Y Al
aex Lis XX 35 Colony Froming Units  (CFU) g_1 dry weight soil 1< iyl 385 clua &
4 dsene a LS —40°C pla dayn 6 lehia & 5 20% glycerol e (ssias dualay culil 8 LS sy
S (Wellington and Williams 1978) g
e s Jaad o Guagyll (ladia jeda JAN (e g gl (e Algjaall Ly slacy) 8,08 A .6
G Jaad e cibilall 508 33L) A LsSsaSy) dasia) e cylad f ey U i(pgapall 25l) alall 0
OF U e 2 Y S el ol dngle e Aail o) Aalad) L5l layaas sl CulS plsw Akl e e
4 (Mayak et al., 2004 a an b) ala) ;e Laiipell S Joa dubpal) o3 5 dediosall € 55y
5ind A al¥) Cagylh iad el WSS 5 lagal 5 LSyl dphain) Glacal an dage dpaill oda
2)slS) ) (e Aniipall GBSAN Jaai i anSV) oS5 bl o) - (asseall 2)5lS) ) (e daiipe @S5 e
asten yen oy AL 5 lelans a5 (1A (g)al 50 giale] die s Cigan L (s goal
Inorganic salt starch 2y ae leaws 5 Adlide CHSH (agall 2)5K) mladl L) &5 dagall dgjaill 020 4
saal Caatl LYY &5 5 5 gyt Ll 8 dlall did) Al caa L2l i CD(Kiister, 1959) agar
.48 20
230 B Ao v GLEY) ppiand 8 5 453 ) G a8 Agiedl iKYl GLBY Gia s
Lid o cpasill 55 e lgn) aays L Slany) dilaall a3l @lld 5 S 6 dae &y gualall DU AU S sl
psasall 2y e Allal) Sl Ansatall Adeal) ) o CaES sai cibael 5 i ) LiSosaKy) Ll
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L&)d ny e (Control plates) agagall 1)l e ddlall @l AL Aagenall ual) bl 2l e el Lalia
40 (Mayak et al., 2004 a, b) dilall dlexil
205 cpe Adlall RS HIL Aa porall Al Hil) b illae gt ol f o gai cilel ) (89 LS aasy) Ul
e JUlb 5 amasall a)dlS ge Dlladl QBSAT Joad o Ll e ey Lee Lalafin) 28 a8 o s siall
Aaslall il Jeaty dalall L) Colatll b e Dl Lgalasind
Inorganic salt starch agar s (il 1 & aba 0, 1, 5, 20, 40 Jaray agageall 43l ddla) s
P)(Mayak et al. 2004 a) s iy,
LA Ao Gaag ) Glsda jeda JAN3 e g gl (e Adgaall L el 58 (Ll Aiaall Al 7
dah (e lgle Jpmal) &l Wyi€osiSY) apen lidl i 5 4aill s34 3 :ACC deaminase oyl
Zaslia Lot sl A (4 o) Aad) Ll e Agimall LSSyl 5 (3 dad) peagl) Chsda s dadl
o sl e LASaKy) 38 5,8 e SUER) () o) A (g (pmismall yslS) el (e Adlal) S
sl WSSy o 58 AplSe) LS (Se UL 5 3 uad ACC sale Lo (ssind dald il iy
Dworkin and Foster’s salts a4y e L)iSiaoSy) s 5 4)aill oa 8 . ACC deaminase e.,_,}ﬁ B
G dpaill s3a b deadial 50l (S5 5 minimal agar medium ©2)(Dworkin and Foster 1958).
1Y)
KH,PO,, 4.0 g; Na,HPO,, 6.0 g; MgS0,4.7H,0, 0.2 g; FeS0,4.7H,0, 1.0 mg; H3BO3, 10 ug;
MnSOQOy, 10 pg; ZnSOy4, 70 pg; CuSOy4, 50 pg; MoOs, 10 ug; glucose, 2.0 g; gluconic acid,
2.0 g; citric acid, 2.0 g; agar, 20.0 g; distilled water, 1 liter.
Aatiuly deied 2y iy, O)(Shah ef al, 1998) il USI 3.0 MM/ 355 ACC (Sl dila)
Millipore membranes (pore size 0.22 pm, Millipore — LyaaiyY) Jiady Laldll claidill

Corporation, MA, USA).
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6 Jacs - el DU oL 5 500 2 30 Byha das vie GLLY) (st 5 LY 8 LSSyl i s
o ey Caat A LSS Sy sl L 5 Gl 558 o) amy L ilany) Jdadl ag3 Gl 5 ) S
Gob G A 53l Leie 5]y by o g8 iy Lae ACC 5alay Aasendl) dilall A5l e Cai€
.ACC deaminase 3 )l
& 28 ACC saley daserdll dlall Ll & Cimam gab cubael ff Tilhae gaii ol ) 5 @AY LSyl Ul
s LA e L ane UL 5 4505 50l Lgie 53] 5 ACC sale i e gy anal clld 5 laslasid
dan AL Ly o318 5f alias o)l

Dworkin and = &y e < ) oSSyl o3 e ziidl ACC deaminase i) 4peS Julaily

Starch 44y Je LyiSan¥) cia & ACC sale 4agedll Foster’s salts minimal agar medium
10 3ad 26 30 3)ha days vie pylall aiag & 5 4Ll Casein Broth (54)(KUster and Williams, 1964)
Jeady aldll Cladipdl sladiuly Bl e WIAN Juad & cpasill 578 olghl e . Gualall DU 3 AL
&) 5 o keto-butyrate Jias 3ph oo apil oS Qilaill Jee @ 5 0.22 pm o ladll cld 1S 5Sy)
et & A 5 ®)(Honma and Shimomura 1978). diph Laiius ¢lld 5 ACC sale S il < sSs
cbany) il 0 g3l @iy 5 ) Ka 6 Jae @ 5 sl Jaal 2,4-dinitrophenylhydrazine salall alasiu

SV Ao Guan ) Gladia jda GRS (e g a5l (e Adgrall Ly ensY) 5,08 (ol Aiasall Al 8
zlls 5L e ACC deaminase apd daiiall 5 ci¥jall mes 58 JLid) 5 rAdlidal) 450 gall) clisan
) Slae s g sl il ey i€ 1 e ALl sal) Ciligo e
il Starch Casein Broth &4y e (giad Aala) @)l & WiSiaiSy) s dely) G dgpail) oda PlA
oo Bl all Jomd 5 Cppematl) 555 olgi] das . Gualdll DU 3 5 0 30 B das i SU 10 520 daiadl
7500 gdeyw die 5 dads 30 sad 3l Bl Slea alasiuly 4Kl LA
DAY e galiill @lly 5 0.22 pm eall il il 4,80 eyl alasinly Bl ejall mad 2 Gl sy
oo sall iy padaiv) &5 LAkl saill ciligas e gging B g3 Jslaall o bait Jpeanll 5 3y,S0)
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S Ethyl Acetate dilua) ¢lld 3y & . (PH= 3) ) cuns el o) Jalas basa 5 HCI (iadla dila) (3l
ol pmeal) giall 220 5 Glld 2y 5 OO (Tien ef al, 1979) diph Hasiuly Cigyee 8 LS ameal) Sl
L 2 Ethyl Acetate dils) ey Sl e3al) W cad clidyally b€ V1 Juadl @llsg Ethyl Acetate ¢
Al aladiuly cibi gl GlS e (adainy lyg ) n-Butanol 48l 25 7 ) pH

.>)(Tien et al., 1979)

Acetate caeall eially (i sl Sl Jial axding Cogn 3l ) Sl eiad) Cadat dlee i 130 2ay
Casiadll Lo olgiil 2y .2 40 B Ay die (Gl € V) Lo Jial paiiny g sally) Ethyl
5 4%a 2y Methanol & caldll ¢3all af 5 elld aay 5 aiae ¢a JSU Methanol e julls 2 dla) s
aail @iy HPLC (High Performance Liquid Chromatography) s sileg SIl Jaadl Slea (A aaladiiul
s gkt 5 laysad 5 ) 5 CO(Guinn ef all, 1986) diph cies Aslall Clisesel) o3 4S5 de sy
clan ) Sl g3l Gl 5 LySs JS e 2y K 6 dee 3.0 (Wu et all, 2014) dayk
Starch Casein iy juii b GilullS Ly i) dely) it i) claae g lsl djeas Jusd (agoady Ll
x5 O(Redmond and Tseng, 1979) Benzoyl Chloride ssle 4ilia) asi Juaill dlee 2235 L) Broth
dapl e GliY) Glate 1S Lo a1l dlldg HPLC Slea 8 Bl alasin) 5 gis

6 e &5 CNWu et al., 2014) Gk coea Wpski 5 laysas & ) 5 CO(Guinn et al., 1986)

ALl sall g i€y gl it ilee Ca L lany) Qs op3) Gl 5 LaGsad) S G ) S
LY Akl gl ciligas il ae LSSy e il Bl Ale ok oo LiSiiSY) J8 (e daiial
LWu et al., 2014) daph alainl 45,5l HPLC lea b b eiia; Authentic Compounds
ACC deaminase ayx¥ 5jjdall 5 Guagdl Ghsda jgda JaI e Ugimall Lsiacy) 5,8 ,Ladl).9
Al 58 LAl 5 el oda Bt outg ) Ghada @l sds JAN oS Adueall o pall ciligasgd Aadialy
Sy ACC deaminase apy 3yadl 5 el (ladia jsda JAly e Agiaadl Lo oY) e CiYie EDG
Raaf adi s Geagpl) Gladia Sl eda JA0 80 S Almal) o 5308 ey 5 salll Gligased Lad datid) 5358
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5peall Laliiien dagerd) Oatmeal ALl lisdll (aliiee iy b as o LyiSaiy) ol (e g5 S
Ao die LSSy saly Laldl) dalall @lsall Jah 2l 10 3 (49)(Williams and Wellington, 1982)
DAl s Claa o ALY Gl palitee &y Jals LyiSpaSy) guiss 58 elel s .0 30 Sla
L e gl T JS Ja)a sasmall (CFU/MLY) 455840

g5 ) LSSyl Jan) 5 a8 sana 55K Ayl Hladiuly Ladll) LS Sy dilia) cadi Agyaill o34 b
ool Ghsdia o e GBS 1/2 a8 Gk e Al 5 (AT Bye sl Caiaisale] B peddl Jals ) (B e
clels 4 sad san e g5 JS LSyl Jolae o (1 dpad) 3 JB (e 083 G LS Ladaus Ladaall 5 dala)
Crop Genetics International Corporation, USA iS,i (e Gyl 3¢l Lawad o3l A oald Sl A
Sleadl dab Leles e b alasiuly 5 aiil e DA 5. O)(Turner ef al 1993) 4k alasial,
Basage LfSyuiSY) maad Cumy sl daly ) pdiSosaiy) JBa) (Rasie A0 2 (s )k Cagph i
.(31)(Hardoim et al., 2015); lead) aladinly Hshl) Cadatisale) clld aay 23 530l clae at Lled
(32)(Rruyens et al., 2015)
OsSin sl gl s JUL 5 sl Jaly ) LpiSsiSY) Jsia ge aSHD 5 Alladll 5 dleall 28kl s2e
casal by C(Rruyens ef al, 2015) i & e 5 sl Jaby %100 Ay LS aacy)
Jalo LS eiSY) 585 (sSy Cuay daphally lead) lans & . True Microbial Endophytes (¥ i<y sis<y)
0220 5% U9 WS SY) (e Byanin 105 8 553 S
les s 20 Lyl L&D Aol (8 Aabaal Lya€s i€yl Lals Aleadll 5 Gaagyl) (lafia 5d del)) cads ollh aey
& (2 Aa) Sl s Gaw LS fpnll dine 385 dihie 8 g hall 2] e lempend o Adine 2 Ala) Ay
Gel)) G 5 p 25 B dad die AKADU il 8 L o5 (Sl sles JS 8 Al e ahaslS 3 A
el Al 3ad Gpae IS Wb sl () pe (Sl eles IS (8 s da)l
Te 08 Ladas Leaded 5 5 208 Gapmy aapll (hadia jsia Al s il 8 57 6,5 4.3 .21 o
Ge Je 100 3 5aad) maen oada i 5 Ladous daaall jgdall pend 2 lld ey .3 8y Ayl 8 4spd (o LS
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daphll il 4000 rpm - v g dady 20 sad 5 Omni—mixer jals LM alasiuly aded) had) oLl
Dhia sle alazinly 107 iy 1072 D) @l Jee & .P¥)(Hallmann et @l 1997) ddauls dariivall
sl aliadl) Al caaiy  CY(Kister, 1959) Inorganic salt starch agar 4 juisd i aise
Jil @iy ggn slae J 50 Wg mL~1 S5 ey 5 Nystatin 5 Cycloheximide culyyladll saliadl)
O lgia s (g Gl 8 Dbl LA Bl i @ L LpsSaSY) e L Jseasll dal e @il
230 sie BULYI (i 2338 20 52l Caadl GLBYI a5 5 BLLY e aiel 35 <aiss OS e ille 0.2
355 lua &5 LaSasS) g IS 5 el Al ag pasd IS 5 Gl ey 5L Gualal) DU Gl 5 sad]
log;o colony forming units (CFU) g_1 <lua & 5 Population Densities jsiall Jala L)€y gun<y)

I i€ 8 e @y Sa 5 dee @ .(28)(Hallmann et al., 1997) & e s WS fresh root weight
ciban) sl a3l elld o ALl abu) (e g s
Aol Ja 3ol Bl 5 piall WA Slesial o LSy 5558 L) sa dpatll a2 e gl oIS
Apaill yee (e el gl Aled ia aalgig aall g K LSSyl o SE  Aalall el
sl 5 Sgall seadll Ml st & 5 llaly i ansy) e gt ) siall ol Ll 5 il
sl Jah S slaels 5 LKyl o3 salg At @y 5 3 5K

a3 3Rl g uagl) Ghadia i JAI e g gl (e Adgiaal) Aadlil L iSsiasy) ciues (10
oo C¥e EDB 2o L) & AL ol il e ALY gail) cligayd 4adially ACC deaminase
salll Cligased datiall 5 ACC deaminase api¥ 85 aall 5 uagll Ghsdia sda JAIy (e Al haall L€, i<y
e Ve ADUN sda aladiul Ll Ghads s JAb il Ale dpdln 5 Loy casl
dikaie (e A gjaall WSSyl (e cVie apf 230 sl Load 5 olial daim sl dyal) 4y 3 1Sy 530Sy
i b WEGASY) Ge e gVl ol alaiul 5 ACC deaminase gl Lad 8jd) 5 ey i)l

oLl A gall Al
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el ana 5 JSE ¢ oasdgiyd) Al aball dana Jie Lpaldl) doglsns Saall 3l Latie Caypatl
D (Locci, 1989) dayyk 5 (Palleroni,1989) diph s @l 5 4ilaS slly dm sl sansdl) Coylailly 45500
J A il Lisend 5 W) ) LaSsnasy) o3 dl) ok oo ey 5 Lya$assy) cae ash 5
Al DSMZ &)ysiaa 8 elly 5 16 S TRNA analysis
ool ) Clmda pgda JA G g gl e Ageal) dadll) LfGelsey) Wi puaai]l
D Jals e A el DN LSSyl (e g JS g ad Aiadll) cigl) dpad A Lgaladiay
Ll lia) o5 A 5 il e Agiaall ZapY) iKYl e g IS QS 5 Gaag )l Ghada
Olsil) (aliiie Ay 4 oeaa o JS Al sall clisens ACC deaminase apil zl) 4 dalal)
Jals ol 10 s2a P)(Williams and Wellington, 1982) symall (aliiue dagerd) Oatmeal aLL)
230 S Aay die LSSyl say Lalal) Lalasll Gylsal
Alie dal Gl 5 b Gfidyla lgle Jsmnll 5 A1 5 LyiSo QYY) dla) i 4800 gl 425
Cind) 138 g saaall a 5Sal o3 yiied 5 Aasla) Jead e Gugl) @l 8)8 bl Galill 8 Jundl gl e
oball (e Adle S5 JaaT Gl Gladia Jea AS 3 (A e Jundl ool () oSaall gl (of )
Al ) LA g il e Agiaal) AagY) LSSy ddla) L o (1) V) diplall 8 L Asllll ddsal)
DA LAY JAa &5 a8 s 5 5)Sie Aiph Ay () A bl W delis 45 e Asena 5 Ll
@d e ) G sale) a5 Eaa Al ) Jals ) JlaS Guagyll i sda J3ly e Agied)
)(Turner et al,1993); BV(Hardoim et al, 2015); & gsme s WS als Slea Hasial,
G3(Rruyens et al., 2015).
o) amasiill o gjmall LyiSsinisy) Al (A Jati (b 9 DS Aadia g gl o 15 Ayl |
Ll dlee elld an s AL Gla gl Galiiee dhn Jals LyiSo i€y st 358 ol ey :adh 4,31
LSSy S Jian 58 lald e Jpemall (mndl Lo pa Aa¥) LiSsaiSY) (g 58 US e i1 4
L) dal) e ille T JS J200 8agasall (CFU/ML) Gl LAY sae (il 15 Fadiiosal

21

OV saalle e bl alaall Crgandls ciludyall lane dlas



Peat ) deliall 4l (o ahaslS 40 ) iy e gging M) Ladall e Tl 12 i) cuds

LSSy e ssing A Jslaall ypall janal) dila) casi ISV Slea Jaly Clje EOUG daiadll (MOSS
oo luall 45 s e 1€y Slaaill (laal @lldg due all Ayl ae adals (U5 elld

e 5 Slelu 3 324 Cement MiXer aw adeajnS WA Jals 1)iSoaiSy) Jolaa ae dpeliall 450 LIS
el Gl 5 DU 5 30 s Ay vie gl 33 LSS 5 Adine 508 ST Jals sl Aises s3le) 5
uelal) A5 Gl JAls oSy aaky) jlss 5 Ll

ps Baad AKADU i) JAl € @il o deliall Al Cadat &5 5 b€V 8 5 gasd s ye aa
e S Cnan LyiSanSY) 585 i &5 A8l Lyaeaay) e gsiag Gl i o Jsaall plaal
O e JS LSS Y (e Bparions 108 (g5lasy LA Y Alenal) fpe Ll Ayl (g0 aln IS Ly Sy
gl

Laadioadl Lol A5l e alin ISV Ly €Y dlesall e liall 4l b e ol 0.1 3850 Alasial
1080 LS iyl Alanall deliall 4l bada (0 alia 100 Jalay Ly &l 5 (10) o8 dpasl) 8 de))3ll 4
Aol g deasieadl Al e ol

by el a0 ) Bydis LptSsiasy) JWY) Gk 08 A g B 9 BSiae Ak Al A8yl
o AL a5l (alitiine iy Jals LpSosnCY) amat 853 olgil aa 1A B skl Ciiad Sale) o Ay
IS Jiae o8 Tl o Jpaall ) lgiany ae AN Lyi€oiiSY) e g8 IS e S 4 Lls dolee @lld 2ay
LDl Ladal) e gidle 1 JS Jada sagasall (CFU/ML) A0Sl LAY dae Clua 55 dadiiaaall 1S5 530SV
oy B 0 e 10 n LpSSY) 35 0% ams Gl 5 Slgal) Lo

Crop Genetics 4,i (o gala Slea e cadiel Jll a5 O(Tumer ef al. 1993) diph Hasil
At 4 Jeud (@ diyyk) alasinl o) L(8) duadll b e 45,3 (3us sa LS International Corporation, USA
Lls dgadl) i Y sl Jals 3asase OF) LaSissCy) of Cum Aaglall L Jead 3l (e 5558

(1) Al o ol S Sy
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3,4al) 3 ACC deaminase a3 Aaiiall LsSeday) 8 LGN A<iudld) cignll Jals cladal 12
Jaad BelUS Cpaald Sab) Ao g Quagl) Clsdia ldl padl) 5 gdadl goanall gai Bal) Ao gall) ciligasd
& bl aal (e lgle Jgand) 5 0 5 Aol Bl aladinl 5 A sl dpas 3 Aaglall clilal
ehask€ 3 anas o Cuny Loy o 20 Lyl 2000 Gl B Al R cadi (2 ) Cpal) Rnae By Ailaia
Sl eles JS 45 e

Aallall Aaslall 13 A gl Lol aladiiad Cagpla cand Guag )l Gladia s 30l o Lyi€o SV 5508 Ay Jal o
Ll 8 L A gens LyaSo a1 diphall) 8 L€ sk Gl (<) 5 (1) daphll sl &
o) Jals A pane Ly sanCY (o Adyyhll)

Y] Dl Fidl Jee a3 LSO gl Jaly olatll

(Control) Zlall dsslall 53 o)) ol Adlia) (y50 5 Lyis (of (50 k) A Aoy he gyl Glada ity ]
o) Line A0 e deydall 8558 gl Alal) CulSle aladiuly 4hdat ey gl ele aladiulg

A 5% Adladl Asglall 53 (g ele Adlals (S0 5 Lyt (51 (50 ey At B Aoy de uagl) Gladia clils 2
(Control) adasll clisle aladivl Gsn 5 el

052 OS5 sl 5 st Jals Glaed Al LS iV ssa ae lay A3 (B Aeg)de sl Glada il L3
Ao iall 85y sial) Al il alasiuly sl e )l ele aladin) 23 LAY dasld) 53 (gl ¢ Le Ail)

G s osdadl 5 shl dals (ied AN LSSy asas ae Aley A (B Aeg)he puag)ll Glada il 4
gl lle alasid (s 5 e lal) At s Adlall Aaslall 3 (gl Lo ddlialy

Al (5o oS 5 Agnl) (8 L e Al LS siSY) amg ae dgley A (B Ae g e gl Glda il L5
Aoyl 85y il Alail) LSl aladiiuly 43dat an (gl ele aladinl & LAl dasldl 53 gyl ele

ela d8laly (S 5 Ayl 8 Ladd (haas Al LSty dgm ae daley A (G Aoy e peag)ll Glada il .6

Al liSle alasin) Gsn 5 e lall ddad e Aullal) Zaglall 53 (gl
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Aallal olall b paldd) (g eia all 20 s culS 5 o)l b padiesddl bl 3 Asglad) Ao (uld 23 Glld ey
& Ol e s3a 350 s (o) b pasisall slall b daslal) A SIS culS 5 A daal) ciliSle alasiul g0
el lSle aladia) ey deadiud) 3Ll

LS i€y i€ ynmn 3 38 (6, 5, 4,3 oy Alalaall) Ly sigi€Y) Aila) L o Ally O laall (ageady
laleall 3 (o) Aiphll aladinl 5 56 55 ) Alebed) 8 (1) Qi alasin) & .(9) ad) dpad A dspa s Gaw
453 &)

el o))l Cumy Al cdlebedl o a5 RSASU Ae V1 Gl Glia sk de))) s
Al ad s Gl 5 5 (e ele o) Anslall e e le) gpesy IS el ()ll & . Sidly eley IS Jals sy
DY) I s 8 lee B850 e V1 )la @l ele apd e (laual Gl (Container capacity) ¢ Ll
AAD Do ) g & 5 lan Yl sl o3l Gl Alelae JSI ) S0 8 a5 LA b wlal) S5
cmall (ol AEY) ) s 5 et 558 el d .o 25 Bha A die e sad LKA il
gl eradll goaadll Jshy sdall ok (graddl goaadll 5 Heall Glall )l (gradll goanall 5 50all
LA EBlalall
5 @ial) poanall (B (i) laasy GULS sially @bl pally clinss¥) Aol sl clisan Jiai .13
5 el clilpall (SlnS V) L sl Slgos oI 5 guagl) Glada Gl gl
Onedd) 5538 ol ey 5 daull Clalaadll 3 (gl Gladia @lal (guadll 5 gdall g ganall (e (Clised) Siluae
() (Turan et al.,, 2014) 4k s LSED @) Jaly

Ala) AEL el s Slie g A5 Gyb oo AEL sl s @l gl it dlee 1
(HPLC) High Performance jlea e Leiia g Sigma 4,5 e Wil & sl s Authentic Compounds
s lapsat 5 lly CO(Guinn et al., 1986) (e sasind) 4iyhll s lld 5 Liquid Chromatography
Jasit @I(Machackova et al. 1993) diyh 5, cbidiyalls cliws Y1 Jidsil G)(Wu ef al,, 2014) )k
dapla i) 3 laiy - Slasy) Jisill g3 el 5 dlelas JS (e ) e 6 e o Ll g
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Sl a3l elld 5 ALl JS (e ) S 6 Jae & . i) e Jiss Y(Flores and Galston 1982)
- Slasyl
s ACC Bala (At i tuag )l (hpda il guadll 5 @dal) panall (3 ACC 3ale iS5 Julat .14
Cgad) JAN Cpgdd) B8 olgh) a9 Adudl cdlalal) B Geagl) Gladia bl guadll 5 gdal) psanal)
aladiul; ACC 3l Derivatization Jas a3 .(Lizada and Yang 1979) 4ib quus dggiwdiyl
.%%)(Lanneluc-Sanson et al. 1986)cw 5aaisall 4d; )kl cawa &l 5 Phenylisothiocyanate
Authentic Compound 4,La¥) ACC sale e e 43)aall G335k (e ACC 5ale i€ a0a5 dlee
(HPLC)  High Performance Liquid jlea 3 e lging Sigma  iS,5 (e gl A Sl
6 Jee & .09 (Lanneluc-Sanson et al. 1986)  ( sadizall diphall caus @lly 5 Chromatography
syl Qi ag3l el dlelea JS e ) S
Alaaiuly dlelea JS8 8 (@) 5 (1) dibopslSh A b8 & iguagol Ghsda @bl (A dibaslsl Auas (il .15
L lan ) il g3l elld 5 dlalas US (e ) e 6 Jee . (Holden 1965) b sacieall 43yl
ipe kel 35Sl el paen lS €A Cigd) il claill puen b rglidll laal) Julal) 116
G ol Jinda Al gai 33k Aaldl) (il pasady .Randomized Complete Block Design s
£ ACC 5 Jdg)slS 5 aglal) ciligesll Jilaty 3lety Lo Ll ilelae JS0 ) S0 8 o 3 RSO s
Superanova® (Abacus Concepts, Berkeley,  Jlasy) zalill aladinl 5 Alalas JS 8 &) 8 6 Jilas
Fisher's  Loxtiue cdlabeall ¢y Lsinall Gl s2e ol il Jidas 55 4glasy) coylaill asenl CA, USA)
.Protected LSD Test at £=0.05
gl
O WESESY) e liliie legi 28 a2 e & towagl Glada sl JAN (e Aalll) Lsysiisy) o1

Sterility i #las ¢ Bl 25l 5 GSosl 5 L Jeakl aladinls Tndaw Aadeall Gaagyl) sia Jal
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oak J8 5 skl aiall dlee aa @lphi g LS sy a5 adad) sl dllad sl 5l Check
com i sda Jals aslll ysas (A (e 28) Algiaal LyiSiiSy) of 35 AN b )sial
l0g1p slud <l dagully H3al) (55 (b JSI Population Densities duadl L)€ i) 5858 Glua &
3.23 (+ SE 0.82) CFU g_1 fresh root weight.

5 Bpaxinall aan 5 JSE (LESaiSY) sl ahall drua e e S JS5 Adliad) Cfiall b8 lial o
(1 JR2) (S Tl 8 daliaa ol 3 e LpiSsniy) 5,08

LAY (e e Lo s 33 20 Jie 5 1ma)l) Gl sy Alkale e Adl L iSetasy) J3.2
5 S8 ¢ LSyl (sl calall daa g s Aane JS5 Aal CYGall 038 LR 5 L i g )l) Adlate (1
dagilly LSS anCY) S5 Glia o A3 davgl) 8 dalie gl 5hE) e LS anSY) 508 5 b anivall pas
logy 6.45 (+ SE 1.64) (CFU) g~ dry weight soil 5us s

Adle s daad o guagl) Ghada jgda JAN a5 sl sl (e Adgjaall Lisiasy) 8y Al .3
Dsda Al e Alg el LS iyl IS 8508 Ll Sasad) el 5 Auall eha) an s(asaseall 4,5) wlall (0
12 220 o Jpanll L 25 (aspseall 2)0) ) o &lle @3S daad e (3) @) dpad e guag)ll lada
(pssall ay58) wldl e A < aha 40 585 cilaas A 5 Alje 28 ol (o i€y (e Lo

12) wldl o AoV 5850 Lagliall 5 uagyl) Ghada sda JAI (e e Algimall LyiSigiaSy) oda Cudld il
3R A W (2 0S) mld) e Adlell SRl daserall dlall 2agl) e (IS g bl 5 sailly (e
sab Cibel e mlall (e oY) 3G Jast o Ly GLEs) oy ol (LSesisSy) e A 16 23c) ddal
b leahatind 2 ol 6l 5 (2 J98) bl (pe Aallal) S L Ao garal Adeall Al 8 Tills gt o ol Casenia
A Ayl

o At e gl Glading el gl e Agiaall WySssyl Ge 15 23 3)8 Load Aol cad
IS assaseall 351 (e aba 40) (asseall 20y8) wlall (e ddle S5 dass e e 33 Jual (e @llig (4)

(i) 25 o sl
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S e magl Glada i JRIN e g gl (e Algirall LiSielasy) 58 ol dviaal) dapal).4
G leg 12 x5 (5) dpad (e L€yl JS 558 Ll il masall ¢))a) 223 :ACC deaminase  ay3il
5 il e Al Ayl e leg 15 e 5 puagl Gisda s JAl e Algjad) LSy
8 2 e Jpasll Lis 5s Dworkin and Foster’s medium _le saill Je =Ll ddle daglia 250 cadl sl
c sl Ao 3ol 5 el Cllia s e Agire il 7
5 i (i3l Aikia cpa e 7 5 el G gia e e 8) WY ) e Adisal ¢ 1Y) ok
Aglie 5aleS Leha 3] 5 i o L iny Laa ACC 3ale A geall Adeall &l o (ES ga cubac|
e <Nie 4) @AY Ly syl W L(3 J<E) ACC deaminase apil s g aldad ahall 4y 5ha) 3k oo
S G sas cilael () 5 (Db sll Alkaie e 15 sl e W32 8 ) (Leassl) Gladis )sds e 12 Jual
sale S e Ly aaad clld  aaladind &3 28 (3 JS2) ACC 5aley dagedall Aol Al b Gllas e o
shal de 5 Qo AL il o8 o ) OB e sl s JBIL 5 ddie salS Lt 3ainY) 5 ACC
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Table 1: Growth of actinobacterial spp. on DF salts minimal agar amended with ACC
(DF-ACC agar), on 40 grams sodium chloride per litre of medium and the production
of 1-aminocyclopropane—-1-carboxylic acid (ACC) deaminase in DF salts minimal
broth amended with ACC after 5 days of incubation at 30°C by the strongest 3 ACC
deaminase producing endophytic actinobacteria (# 9, 14, and 23) obtained from
Rhodes roots and by the strongest 4 ACC deaminase producing rhizosphere
actinobacteria (# 6, 18, 21 and 26). *( +) = growth, (-) = no growth. **ACC
deaminase activity measured in nanomoles ¢ keto-butyrate mg_1 protein h™!. Values
are means of six independent replicates + standard error, and the values with the
same letter within a column are not significantly (P > 0.05) different according to

Fisher's Protected LSD Test.

Salinity tolearnce (40 | *Growth  on | **ACC deaminase
Isolate number | grams NaCl per litre of | DF-ACC agar | activity
medium)
49 bttt | A 481.01 £ 15.62 a
4 14 bt | A 423.13 £ 10.25 b
43 bttt | At 365.26 + 10.52 ¢
46 RFEFII [ 270.51 £ 9.27 d
418 Fttt+ | et 191.24 + 7.49 e
41 Fhtt | At 147.19 £ 7.42
# 26 Fttt+ | et 261.13 £ 9.12 d

Table 2: /n vitro production of plant growth regulators (PGRs) by the strongest 3 ACC

deaminase producing endophytic actinobacteria (# 9, 14, and 23) obtained from Rhodes

roots and by the strongest 4 ACC deaminase producing rhizosphere actinobacteria (# 6,
18, 21 and 26). Auxins (Indole-3-acetic acid (IAA) and Indole-3-pyruvic acid (IPYA);

gibberellins (Gibberellic acid (GA3); cytokinins (Isopentenyl adenine (IPa), and

Isolpentenyl adenoside (IPA) are measured in ug ml™! and polyamines (Putrescine (Put),

Spermidine (Spd), and Spermine (Spm) are measured in mg I_l. Data are from 6
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replicates. Values with the same letter within a row are not significantly (P > 0.05)

different according to Fisher’s Protected LSD Test.

Production of [# 9 #14 #23 #6 #18 #21 #26
PGRs

Indole-3- 273.89 | 337.2 | 379.1 |1.034d | 127.1 1.65 d 92.57 ¢
acetic acid | b 8 a 2 a 2 ¢

(1A4)

Indole -3- | 107.91 | 140.5 | 90.77 |0.154d | 23.28 | 2.43 d 39.47 ¢
pyruvic acid | b 2a b c

(IPYA)

Gibberellic 64.47 |47.32 |31.70 1.31 e |16.89 1.61 e 11.69 d
acid (GA3) a b c ad

Isopentenyl 39.32 25.04 | 23.04 |033e | 795d | 0.38 e 14.30 ¢
adenine (iPa) a b b

Isopentenyl 21.33 36.33 18.82 |0.41d | 9.67c | 0.33d 50.70 ¢

adenoside b a b

(iPA)
Putrescine 545.46 | 473.7 405.3 [ 0.00 177.2
0.00 7 222.19 d

(Put) a 16 4 c 0e
Spermidine 365.75 | 288.1 227.1 |0.00 f | 75.21 0.00 7 98.12 d
(Spd) a 0b 2c¢ e
Spermine 94.71 53.91 3495 10.00 e | 17.25 0.00 e

23.28 d
(Spm) a b c ad

Table 3: Total populations of the endophytic actinobacteria (isolate # 9: Actinoplanes sp.,
isolate # 14: Streptomyces sp., isolate # 23: Strepfomyces sp.), at different times of
sampling of roots of Rhodes grown under greenhouse conditions. Rhizosphere
actinobacteria (isolate # 6: Strepftomyces sp., and isolate # 18: Strepfomyces sp.) were
included for comparison. Values are means of five replicates + standard errors for each
sampling and the values with the same letter within a column are not significantly (P >
0.05) different according to Fisher's Protected LSD Test.
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Time after | Total population (log;o CFU g~ 1 fresh root weight)

inoculation

(weeks)
Isolate # 6 Isolate # 9 Isolate # 14 Isolate # 18 | Isolate # 23
1.68 £0.13 £{3.45+£0.14 g|5.11 £ 0.08 | 2.21 £ 0.11 ¢|4.30 £ 0.15

2 1.60 + 0.164.50 £0.21 |5.68 £0.04[2.49 + 0.15|4.74+0.12 f
b f bc

3 1.83 + 0.25(5.75 £ 0.15|5.91 £0.082.79 + 0.09|5.35+0.13 €
b e f ab

4 191 + 0.16/6.20 £+ 0.15|6.45+0.13|3.18 + 0.14|6.36 £ 0.12 d
b e e a

5 2.06 £+ 0.23(7.07 £ 0.22|7.03+0.06(2.75 + 0.14|6.80 £ 0.15 ¢
b ad d ab

6 2.07 £ 0.17(7.90 £ 0.23|7.62+0.12|2.56 + 0.19|7.42+£0.07 ¢
b c c bc

7 2.67 £ 0.18(9.42 + 0.28[8.32+0.11(2.63 + 0.27[7.98+£0.12 b
a b b bc

8 3.11 £ 0.20/10.21 + 0.51|8.96 £ 0.10|2.73 + 0.13]9.07 £ 0.31 a
a a a ab

Table 4: Effect of the application of mixture of three actinobacteria introduced as
endophytes (treatment 4) or mixture of four actinobacteria introduced as soil mixture
(treatment 6) in the presence of saline water, or introduced as endophytes (treatment 3) or
as soil mixture (treatment 5) in the absence of saline water compared to the control
without the incorporation of bacteria in the presence of saline water (treatment 2) or
control in the absence of saline water (treatment 1) on the root and shoot growth
characteristics of Rhodes grass grown in an evaporatively cooled greenhouse maintained
at 25°C . Values are means of 8 replicates + standard errors for each treatment. Values
with the same letter within a column are not significantly (P> 0.05) different according to
Fisher’s Protected LSD Test.
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Treatment | Root Shoot Root fresh | Shoot fresh | Root dry Shoot dry

s length length weight (g) | weight (g) | weight weight (g)
(cm) (cm) (9)

(1) 50.61 +|75.87 +160.04 +|83.92 +|34.75 +|46.11 +
1.91 ¢ 2.72 ¢ 1.52 ¢ 2.86 ¢ 3.08 ¢ 1.89 ¢

(2) 24.56 +|44.11 +29.14 +|47.17 +116.79 +|26.15 +
2.56 d 4.35 d 2.84 d 6.33 d 2.37 d 2.21 d

(3) 89.32 *+129.17 +1122.85 +|151.07 +|76.92 +196.99 +
3.31 a 6.25 a 4.78 a 4.40 a 3.28 a 3.11 a

4) 73.56 +1103.40 +185.05 +]115.33 +|53.41 +|82.53 +
2.56 b 3.43 b 2.65 b 5.46 b 2.45 b 3.31 6

(35) 74.65  +|102.84 +|84.35  £|112.03 +|57.37  £]79.02 <
1.41 b 2.63 b 3.71 b 2.18 b 5.32 6 2.80 b

(6) 47.38  +|73.71 +163.77  £|91.75 +|38.61 +142.28 +
0.68 ¢ 2.53 ¢ 295 ¢ 3.94 c 1.39 ¢ 3.29 ¢

Table 5a: Effect of the application of mixture of three actinobacteria introduced as
endophytes (treatment 4) or mixture of four actinobacteria introduced as soil mixture
(treatment 6) n the presence of saline water, or introduced as endophytes (treatment 3) or
as soil mixture (treatment 5) in the absence of saline water compared to the control without
the incorporation of bacteria in the presence of saline water (treatment 2) or control in the
absence of saline water (treatment 1) on the endogenous level of plant growth regulators
(PGRs) namely auxins (Indole-3-acetic acid (IAA) and Indole-3-pyruvic acid (IPYA);
gibberellins (gibberellic acid (GA3); cytokinins (isopentenyl adenine (IPa), and isolpentenyl
adenoside (IPA); polyamines (putrescine (Put), spermidine (Spd), and spermine (Spm) in

the roots of Rhodes grass grown in an evaporatively cooled greenhouse maintained at

25°C . Values are means of 6 replicates + standard errors for each treatment. Values with

the same letter within a row are not significantly (P> 0.05) different according to Fisher’s

-100
Protected LSD Test. Polyamines are presented as mg g dry weight, and auxins,

-100
gibberellins and cytokinins are presented as ug g dry weight.
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Plant Treatment Treatment | Treatment | Treatment Treatment Treatment

growth | (1) 2) (3) (4) (3) (6)

regulat

ors

(IAA) 112.26 + |51.25 + [258.48 +£(173.09 =+ |180.15 =+ [108.32 +
4.02 ¢ 4.98 d 8.05 a 2.98 b 6.56 b 5.94 ¢

(IPYA) |70.30 + |31.98 + |108.67 +|82.58 + |85.08 + 64.15 +
1.80 ¢ 5.37 d 4.60 a 3.40 b 3.95 b 3.46 ¢

(GA3) 73.57 + 140.20 + |126.77 +]87.80 + | 92.78 + | 71.07 +
1.60 ¢ 3.68 d 4.36 a 3.58 b 1.90 6 2.61 c

(IPa) 18.44 + [8.17 + [47.02 +129.46 + |32.74 + [16.55 +
1.24 ¢ 1.15d 4.53 a 2.07 b 1.18 b 3.02 ¢

(IPA) 14.84 + |7.92 + |38.09 +123.25 + |25.53 + [15.36 +
0.31 ¢ 0.64 d 3.37 a 2.97 b 1.96 6 1.27 ¢

(Put) 205.29 + |74.11 + |384.54 +]305.26 + [309.02 + |213.30 +
2.87 ¢ 4.28 d 6.66 a 3.46 b 4.95 b 5.60 ¢

(Spd) 119.28 + |59.81 + |1229.05 +|180.75 + |191.49 + |124.40 +
5.04 ¢ 5.74 d 7.48 a 7.81 b 3.11 b 2.19 ¢

(Spm) 81.01 + 141.02 + [198.10 +(120.83 + |114.55 + |89.99 +
2.44 ¢ 591 d 5.58 a 6.21 b 3.60 6 3.41 ¢

Table 5b: Same as Table 5a but in the shoots of Rhodes grass.

Plant Treatment Treatment | Treatment Treatment Treatment Treatment

growth | (1) (2) (3) (4) (3) (6)

regulat

ors

(IAA) 13430 + |61.89 + |350.78  +£|249.71  + |253.38 + |142.77 <
4.14 c 4.03 d 6.41 a 5.89 b 7.67 b 6.66 ¢
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(IPYA) [78.28  + |42.81 + |129.53  +|103.32 + |101.70 + [85.99 &
2.64 ¢ 4.67 d 6.62 a 3.43 b 5.04 b 4.86 ¢
(GA3) [85.82 + 147.87 £ |188.07 £|130.37 = |122.03 + |81.52 *
3.89 ¢ 4.83 d 7.02 a 3.51 b 8.46 b 2.06 ¢
(IPa) 31.60 + [16.30 £ |64.02 +149.86 + 146.52 +129.25 +
3.13 ¢ 2.15d 3.81 a 4.19 b 2.34 b 3.58 ¢
(IPA) 31.97 % |16.06 £ |59.73 +141.48 + 150.25 + 129.01 +
271 ¢ 1.75 d 4.92 a 1.53 b 3.08 b 3.14 ¢
(Put) 305.10 + |76.52 + [666.26  +|442.77 + [456.19 £ |297.78 +
8.56 ¢ 551 d 15.47 a 10.49 b 11.48 b 6.31 ¢
(Spd) [219.86 + [70.43 =+ [428.59  £|334.29 + (317.67 + |210.38
6.41 ¢ 5.45 d 8.67 a 11.65 b 6.35 b 4.50 ¢
(Spm) [162.40 <+ |81.01 + |370.37 +|249.18 + |261.24 + |158.82 +
5.50 ¢ 3.80 d 10.75 a 9.41 b 7.89 b 527 ¢

Table 6: Effect of the application of mixture of three actinobacteria introduced as
endophytes (treatment 4) or mixture of four actinobacteria introduced as soil mixture
(treatment 6) n the presence of saline water, or introduced as endophytes (treatment 3)
or as soil mixture (treatment 5) in the absence of saline water compared to the control
without the incorporation of bacteria in the presence of saline water (treatment 2) or
control in the absence of saline water (treatment 1) on pigments contents of the shoots
(chlorophyll a and chlorophyll b) (mg g-1 fresh weight) and on the levels of endogenous
1-aminocyclopropane—1-carboxylic acid (ACC) (nmol g-1 fresh weight) in the root and
shoot of Rhodes grass grown in an evaporatively cooled greenhouse maintained at 25°C
. Values are means of 6 replicates + standard errors for each treatment. Values with the
same letter within a column are not significantly (P > (.05) different according to Fisher’s

Protected LSD Test.
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*Treatment | Chlorophyll a | Chlorophyll b ACC Shoots ACC Roots

s

(1) 183.23 + 4.36 | 128.06 + 2.86 ¢ 1.72 £ 0.06 d 1.01 £0.07
c
81.49 =+ 4.47 1 51.59 *4.56 d 8.01 £0.22 a 4.46 +0.18 a

@ )
383.24 + 8.88 | 213.27 + 4.83 a 1.69 +£0.10 ¢ 0.89 £ 0.16 ¢

() )

4) 269.74 +|174.15 £6.18 b 2.34 £0.13 ¢ 1.64 +£0.10 ¢
5.73 b

%) 263.51 + | 181.23 £7.23 b 1.60 +0.12 d 0.97 +£0.09 d
7.10 b

(6) 189.29 + 6.27 | 120.38 £ 0.68 ¢ 3.63+0.19 b 2.43 £0.13 6
c

IR Basl) o uagl) Qladia il jgda JAN e Agirall LSl 35 1(1) 84
30(»:5 3 90 die Ul 5 g 29 INorganic salt starch agar
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aba 40 35 Jaad o Guagsl) Glada @l sta JA1 e Algiaall LGsiasy) G 5,8 §)sa 1(2) JSd
4,4 3alay dagerall § INnorganic salt starch agar A8 gl o agagall bpels e A g
B s g ABUS 5 salll o LGN Gany B BaY .a 30 Sla dagd 20 ab) 5 a2 assall

Coalll o sy giacy) s

56

AN 2l e bl dlaall Gigadly il pall Sleae dlas



Dworkin and iiy o sail) o (uagyl) (hsdia il jeda JAl ¢ Algjrall Wyl sliSy) sy 5,08 550 1(3) JS&
5,48 Jasy .¢°30 3 40 die al) 5 j9e 1y ACC 3alay 4agerall 9 Foster’s salts minimal agar medium
5l o UG gy (g )b pae g AR 5 salll o L SsliY) Gy

WA iy 5 guag ) lpda il jgdad Laadilall LAY gl Agdall qagSung Saally 5y 90 1(4) IS
ool WA JAN (JeaY) agd)) LSl 3ygall 5 . Actinoplanes (uia (s LpiSigiisY) aalgh
30 1000 5y8a Brgally sl Jala LSSeiis¥) JA Ga (pSgaa) g g () aged))

(Scale bar = 50 pm) .(X1000)
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gi! Transmission Electron Microscopy g isly) qigSug Suall 39 :(5) JS&
i (a LdSsiasy) aalgl LAY Jaly g guagsl) Olsda @l ) edad dpapdd)l) DAY
O O Jgsa 2 g pgdall WA JANs (@Y ageddl) LSl 3,5l g Actinoplanes
(Scale bar = 1.5 . (X 6610) 3, 6610 5% 3)5ally Jod) Jala Lieiacy) JAa)
pm)

Opadl) (Ao A1 3y 9ally o) JAN L gldS¥) JUA e Gasgd 900 2 ug ) Gladia il 590 :1(6) JS
las Adlad) daslall g3 il ple aladind JB & oSy Ui ol 099 Alay 4 (B dogy5e (uag ) Qlsdad 2
a9 e Aol L5 B degyie eag ) Glndial g lead) o ) 8 gually 43180 (Control). (2 ad) dlalas)
(4 a8 Adalas) dan tlad) daslal) 53 (@) pla aladiad B B oS3 g jedadl 5 Jedd) JAI Gl A1) Ly paS, siasy)

Ul B g pdall gaanally @padl) goanall gai b 5yl SaL3 LiaY
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programs of civil society organizations and the promotion of intellectual security among

young people

* DR. SALAH SAMY GAD

Abstract

The study examines the relationship
between the roles of civil society
organizations and reinforce of intellectual
security among young people. The study try
to measure the level of civil society
organizations' programs  from the
perspective of youth, and the role of civil
society organizations in enhancing the
intellectual security among youth, The level
of civil society organizations' programs
from the point of view of officials, and the
level of intellectual security among youth.
The study dealt with the study of obstacles,
proposals from the point of view of young
people and officials. The study found that
there is a positive relationship between the
programs of civil society organizations and
reinforce of intellectual security among
young people, and the study reached a
proposed perspective to enhance the role of
civil society organizations in achieving
intellectual security among young people in
civil society organizations.

* Associate Professor at King Faisal University
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Marketing of library services via social networking sites: An analytical study of the
reality of use in public libraries in United Arab Emirates

* Dr .Yaser Nabawy Mahmoud

Abstract
The study seeks to explore the most widely famous
Social Media Sites (SMSs) used in marketing of libraries’
services and resources of public libraries in United Arab
Emirates. The study tackles the concept of Social Media
Sites (SMSs), its important characteristics and
advantages, and how they can be utilized in marketing of
libraries’ services and resources. Within that, the two
researchers adopted descriptive method in their study.
The study also used the
method of search field to study and analyse the aspects of
benefits and show the services and activites that can be
marketed through Social Media Sites (SMSs) in public
libraries in UAE.
The study’s results have indicated the positiveness of
using social media sites in marketing libraries’ services
and collections since such sites are widely and commonly
used in the different public libraries in UAE. At the
forefront of these sites is Facebook, followed by Twitter,
YouTube, LinkedIn and Instagram, respectively. The
current study has shown that the most important services
and activities that can can be marketed and promoted
through social media sites are the following: The
publishing of updates and current events in the library,
providing quick answers to the users’ inquiries, as well as
sharing and participating in the video conferences and
workshops that are organized in the library. Furthermore,
the participants in the study have agreed on the fact that
marketing library services through social media sites is
more effective than using traditional methods due to the
many features and potentials that the former has. The
study comes out with a number of recommendations to
market library services and resources via social media
sites.
Keywords:
Marketing of Library Services, Marketing Strategies,
Social Netwok sites, Public Libraries, United Arab
Emirates.
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The Effectiveness of Infographic Technology Use in the Development of Cognitive Achievement, Visual
Thinking Skills and the Desire to Learn in a Sample of middle School Students from Our Sons Abroad

System.

*Dr. Emad Mohamed Samra
Abstract

The current research aimed at detecting the
impact of the wuse of Infographic
technology in the development of cognitive
achievement, visual thinking skills and the
desire to learn in a sample of students at
the preparatory stage in our sons’ abroad
system. To achieve the objectives of the
research, the researcher designed a set of
educational infographics to know its
impact on cognitive achievement, visual
thinking skills, and the desire to learn. The
experiment was applied on a sample of
seventh-grade students from our sons’
abroad system in Makkah. It was done
using the semi-empirical approach to know
the infographic technology effectiveness
on the research variables. The paper
concluded that, the technology Infographic
have an effective impact with statistical
significance on all three variables
"cognitive achievement, visual thinking,
and the desire to learn”
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Cognitive Diagnostic Assessment of Student's Mastery Level of Mathematics Skills in the
Upper Three Grades of the Primary Stage

* PRO. Rashed hammad Al Dosari

ABSTRACT

The purpose of this research was to assess
students’ mastery level in mathematics in
the upper three grades of primary education,
from the perspective of cognitive diagnostic
assessment; which relies on the scores of
attributes rather than on students' total test
score.  Quasi-experimental methodology
was used in the study. A mathematics test
(34 items) was administered to a random
sample (N= 296) of students in grades
fourth, fifth, and sixth, within ten schools;
randomly selected from the primary schools
in Bahrain. The general mastery level of
students, by sex and grade, was above
average, but did not reach the mastery level
(60%), on both the total score and the six
attributes; except with one attribute, related
to analysis and inference, where the mastery
level was above the minimum. The results
showed that the reliability coefficient of test
scores, and all of the six attributes was
high. In addition, there was a strong
positive correlation between the total test
scores and those of the six attributes. The
results indicated the importance of focusing
on mathematics attributes and their scores,
instead of relying on the total test score;
when judging students' mastery level, and
making decisions about the remediation of
their weakness in math skills, as attributes,
and their success, especially at the national
test level.

Keywords: Primary education, mathematics,
mastery, attribute, reliability

*Professor of Educational Measurement and
Evaluation-Bahrain.
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Building and Implementation of Reading Comprehension Test for Basic Education
Students in Aldahira Reign in Sultanate of Oman

*DR.Saif Naser Saif Azri

Abstract

In this study the researcher aimed to support the
Arabic Language teachers in First Cycle Level by
provide a realty test to assess reading
comprehension skills of their students in grade
four. Two hundred students participated to build
this test were have been selected randomly from 8
schools represents 40 schools from the same
cycle located in Aldahirah Area. A Kuder-
Richardson Formula 20 was used to uncover the
reliability of the test which was .88 and again the
re implementation way was used to discover the
reliability which was .724 as indicated by Person
Correlation. The Difficulty Coefficient of the test
a ranged from .45 to .61. The result of the study
concluded that grade four students in First Cycle
are in moderate level in reading comprehension
skills depending of the mean which, was 0.62. the
study ended with some related recommendation.

Keys words: reading, comprehension skills,

reading test, grade four.

*The Ministry Of Education, Oman
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Cultural Heritage in Mohammed Alwan's Stories

*Dr. Ibrahim Mohammed Abu Taleb

Abstract

The study focuses on the cultural heritage in
Mohammed Alwan's four stories collection
namely, Bread and Silence, The Story begins
Like This, Damisa, and Telephone), by
explaining its patterns, methods of its
functioning, and the implications of that
functioning. The writer used a variety of
cultural legacy represented in animal stories
and their existence, the World of Jinn, the
Myth, the Tale, the Poetry. He dealt with this
in three levels identified by the study which
are: popular poetry, the standard Arabic
poetry, narrative poetry (poetize the
narration). The study focuses on functioning
the narrative story, customs and popular
tradition. Intertextuality was present along
with the Quran stories through rendering its
phrases, its distinctive words through the
action or the character. Alwan has employed
the cultural legacy, enriching its narrative
text, having a lot of implications identified in
this study by the descriptive analysis
approach.

Keywords: cultural heritage, animal world,
Jinn, Myth, tale, poetry, narrative, customs
and traditions, intertexulaty with Nobel
Quran, Mohammed Alwan's Stories

*Associate Prof. of Literature and Modern

Criticism,Arabic Language and Arts Department
College of Human Sciences. King Khalid University.
Saudi Arabia.
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"Text", ""Discourse", ""Context' and "'Sitiuation"'-
Towards a Conceptual and Terminilogical Identification —

*PHD. Abdelkader Sellami
Abstract

The term is considered as the cornerstone in
every science since it facilitates the study,
and eases the exchange of views and ideas
among the nation's scientists and scholars
within the same nation, and among other
nations’ scientists and scholars. With the
term, there exist recording and writing for the
scientific cooperation among the world's
scientists, and so that the new generations
can benefit from the old ones ‘effort.
Therefore, on that there depends terminology
which is considered among the most recent
Applied Linguistics as it deals with the
scientific bases for setting up terms and
unifying them. The following study seeks to
observe the close relationship between the
linguistic meaning of both " text", "
discourse™, "context" and "situation™ and its
terminological significance in the science
where it is put in, because the terms of each
subsequent science has a necessary presence.
After a thing comes into being, it needs to be
named. Thus, the nation’s scholars choose
for it from the language words the term that
suits it on the basis that the relationship
between linguistic meaning which is the
original meaning and the terminological
meaning that is the new semantic meaning
which is not original.

Keywords: the concept — terminology- term-
text - discourse -context-situation.:

* Department of Arabic Literature Faculty of Letters and
Languages Tlemcen University —Algeria
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The Effectiveness of Using E-books on the Academic Achievement of the Students Of the Secondary
Firstin Teaching English Language Subject

*Reemah Rashed Ahmad Al-Ahmari

Abstract

The study title is " The Effectiveness of Using E-books
on the Academic Achievement of the Students Of the
Secondary First in Teaching English Language Subject”

This study aims at measuring the effectiveness of using
E-books on academic achievement of the students of the
Secondary first in teaching English language.The
researcher uses the semi-experimental method . It is
known for designing the Pre-and Post —test of the control
group by studying the impact of the independent variable
( E-books ) on the dependent variable (Academic
Achievement).The researcher selected a random sample
from first year secondary students who are currently in
their second semester of the academic year 1436.H /1437.
H .The sample consists of 42 students , half of the
sample constitutes the experimental group , while the
other half is the control group whose were taught by the
traditional method . The students in the two groups were
exposed to the Pre / Post achievement test .

To answer the questions of the study , the researcher
assumes the following :
1- There are statistical significant differences between the
average scores of the experimental group students and
that of control group when applying the achievement test
where the sake is for the experimental group sample.

2- There are statistical significant differences between the
average scores of the experimental group students when
applying the achievement test where the sake is for the
After- Application.

The results of the study are as follows:

1- There are statistical significant differences at (0.05)

between the average scores of the experimental group
students and that of the control group in the achievement
test for the experimental group.

2- There are statistical significant differences at (0.05)
between the average scores of the experimental group
students in the achievement test where the sake is for the
After- Application.

English Teacher , 81 Secondary School , Ministry of
Education, Jeddah, Saudi Arabia
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Concepts and skills:

Nouns:
Clothes: Other nouns: Personal Items:
Jacket
Pyjamas
Shirt
Head scarf Handbag
A pair of
Socks Suitcase
Belt
Trousers Sunglasses
Colour
Blouse Watch
Uniform
Skirt
Dress
Hat
Verbs:
Help — look for — wear — sell -buy — choose —carry
Adjectives:
Colours: Other adjectives:
White Size
Black Large
grey Medium
pink Lost
red Tidy
blue Beautiful
green Big # small
orange Expensive # cheap
yellow old £ new
Long # short
Pronouns:

Possessive Pronouns:

Possessive Adjectives:

My
your

her

mine.
yours.

hers.
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his
your
our

their

his.
yours.
ours.

theirs.

Language Use:

What is your favorite colour?
Blue / Green

What is it like?
Itis___(adjectives)

What size is it?

It is ( size)
What colour are they?

They are_____ (colour)

How much are they?

They are (Price)
?Whose is this

It is Ali's / mine .

Skills:

Functions/Speaking

Grammar

—Talking about clothes.
—Buying and selling things.
—Asking about lost items.

-Finding the owner of an item.

—Affirmative statements in the present continuous
tense.

—Negative statements in the present continuous
tense.

— Wh - questions (what).

—Possessive pronouns.

Listening / Phonics

Reading / Writing

—Listening to people buying

— Reading descriptions of people clothes.

(Reading for gist).

clothes.
—Writing sentences about pictures (statements and
—short / o0 /. _
questions)
2
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Management of Arabic Language Industries

*DR.Moataz Alsaid
Abstract

The basis of this paper is the fact that language is
no longer only a means of communication; it is
also a source of national income for many
countries. Besides, activity in the economics of
human languages has helped in knowledge
investment in various language industries,
including the fields of lexicography, language
education, information technology...

We believe that Arabic can compete in the
language industry market if it has the proper
administrative guidance. That's why this study
seeks to present a systematic vision about the
management of Arabic language industries. The
study is committed to the analytical approach
based on explanation, criticism and deduction,
basd on management principles.

This study aims to provide a reference
framework for the management of Arabic
language industries by establishing regular rules
for the management of these industries and
control of their administrative processes, from
planning, through organization, coordination and
guidance, to the controling. The study has
reached a number of results, including: serving
a conception of the administrative processes on
the Arabic language industry, presentation of a
conception of the administrative structure of these
industries, and formation of a forward-looking
vision for it.

Finally, the study ends with a number of
recommendations, including: directing the
academic  programs concerned  with the
preparation of the linguistic researcher to the
inter-sciences linking research with the industry
and creating an appropriate administrative
environment for workers in the Arabic language
industry.

Keywords:

Management, Language Industry, Arabic,
Management Process, Planning

*Associate Professor, Cairo University Egypt
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The effect of the waiver of some womens guardian their rights to requirement
efficiency in her husband in Islamic figh and law

*DR.Rehab Mustafa Kamel

Abstract

This research tackles the position of the
satisfaction of one of the guardians of
women with regard of the husband's lack
of competence. The research investigates
the extent to which this satisfaction
affects the rights of the rest of the
gardians regardless of whether they are
equal with him in the degree of
responsibility or not. This study is
comparative between the position of
jurisprudence (Figh) and local law in this
regard.
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