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,i ri rtl.tiJl .rlJl ,Je "-liX L**rU VltV Bacillussp.
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i-JJt ll i*illr.C-:ill A--'lJjll O* at-)t .:.1-ej r-,;bjl

clls-i:i3 -,rL-ljll .,,1"1 J,! c.rl-ilt cj*: .r,+ 4\lSl crEtrrll
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,ri c.rl-it,:tl d.rrs .aJ.l* .JSl l+rl.t Lli.ll A*iIl .L*J:.s
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Or dJ)j,-c ,I)-.3 " .: .- i i-r9dl i:-ll sY;nll 
-,+,'li .r-l

(Rhizobium leguminosarurn) t-*-,rs+ll . iJl L--.1$$

,rl Ij1 (Le- 735, -726, -719) .yr -ll ,Je L-.-.-{i"ll
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.)-jD (Autoclave) LJ.!l 6Jl 
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.(27 t26,1 6l-i_2!l crl.:) i.:l--aall crY_.!l
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BJl'ji.ll L+)$,Jl crt-iitSll d.lJ.il .it+Jl OjJl i;+i .2 r!5
J-ir> OB"-bJIl Ua er+-i rr+ 1r. LcJSIJ 6r .'t"'Jl J.illJ e6.l-rii.c

.rlo2*27 \lf 1+r
Table 2. Mean dry weights of bacterium, fungUs and

bacterigm + fungUs gfowttr after one week incubation

at 27*20C.

rt-;.ll dFllll Ol i eo c-oj .# . i33 ert^:. .:l-r j,ii \Hi

'1-U" )S-t J ,tr+lL-+ lJi-Jl 4-iLi^ll J'ari-i (!-u,$l)

Opt-.fl +ill ti-e &-+I t-l-l+ll J j 'I.iti^ "l 
VU.s SU-

i-e. 4-i++ll L-iJJ-$l 6-o,5 t-ric i--E+l ,JJrJI CU
e-.its^ll &l- U,,JL-; ' iJ ."gl-.ll #ill ll-iil i^,)*

,# rlJ. i J,#l) erU-$l oJA ir iKl rl ir-tl +$L-)

(Cl--Jl e.r=*rr

,-Je 1 JJ$S+JI ,:r- i-ilii"ll drYjFJlJ$tj L,++J .1 d3.t-+
L5 '-

I Jj-+S,.,, ...J1 J,-liU ,-JI;LI
f r+.-,i , q (Fusarium oxysporum f. sp. Lentis)

.4<+ll,

Table 1. Effect of different antagonistic bacterial

isolates on in vitro growth of F. o. f sp. lentis one

week after confrontation.

^j^ll 
1+*J 1+*l *q-i.4i }r,ji4 *qir..ai }.,j3.

o/o J,"ill JSYI J.ill ;,.-)lJ.till i-"/o JAill -,11S) 
lJr.lasll y J I /asl i-

inhib- o/o dl+ -Jl+ alj,J'

rtron Yo growth mean big mean small Isolate

% diameterlcrn diametetlcm No-

difference weighUg Organisms tested No.

0.1475 ** 0. 1589 j.r + t-r_.*i* I
Bacterium * fungus

Bacterium t+.,;$$

Fungus Jtt
,I.s + tl.,;'$S; 9

0.2416 * *

Bacterium * fuirgUs

Bacterium t+J$1

Fungus i.t
,.Ls + t+J$q

Bacteriurn * fungus
Bacterium l+J$*

Fungus j"
,Irs + I+JSE

Bacterium * fuirgus
Bacterium 1+-,11lS1

Fungus Jtr
Jt" + l.r-.+iS+

Bacterium * fimgus
Bacterium l+J$l

Fungus .,1,t.

,I* + ti$
Bacterium * tiurgus

Bacterium t+J$q

Fungus Jt

0.2123 ** 2T

.5J Ojjl JI"JF"

c,lJo.,-;.I| (') 
elJilt{

Mean Mean

0.0113

0.3066

0.3647 ** 0.0018

0.3067 **

0.0085

0.3664

0.01 1 l

0.0085

0 2527

0.0334

0.0073

0.1488

0 0175

0.0014

0.3243

0.03 3 9

0.0077

0.283 8

0.2500 **

t7

63.6 36.4

52.9 47.1

55.0 45.0

63.2 36.8
64.7 35.3

70.6 29.4

58.0 42.0
66 7 33.3

60.0 40 0
66.7 33.3

5 5.6 44.4

58.4 31.6

63.2 36.8
65.0 35.0
73.7 26.3
75.0 25.0
56.5 43 5
66.7 33.3

69.6 30.4

63.6 36.4

66.7 33 .3

75.0 25.0
62.5 37.5

65.2 34.8

75.0 25.0

62.5 37.5

77.3 22.7
73.9 26.1

70.8 29.2

74.0 26.0

75.0 25.0

65.2 34.8

60.9 39.1

59.1 40.9

63.6 36.4

8.40 91.6

2.2
1.7

2.0
1.9

1.7
1.7

1.9

1.8

2.0
1.8

t.8
1.9
1.9

2.0
1.9

1.6

2.3
2.4
2.3
2.2
2.4
2.4
2.4
2.3
2.4
2.4
2.2
2.3
2.4
2.5

2.4
2.3
2.3
2.2
2.2
2.4

08
0.8
0.9
0.7
0.6

05
0.8

0.6
0.8
0.6
0.8

0.6
0.7
0.7
0.5
0.4
I.0
0.8
0.7
0.8

0.8
0.6 22

23
24

25
26

27
28
29

30

3l
32
33

0.8
2.2

I
2

3

26

27

4
5

6

7
8

9

l0
ll
t2
l3
l4
r5
l6
l7
18

l9
20
2r

(P=0.01)

(P=0.05)

oa a;JFl eE-rY1 
(tl

.1. i \Ji,. .ir;il1 (**)
(l) Figures are mean weighUg in three replication
** Highly significant difference

otiitsl Jri ,;Ailii. cilitiir,,. -.1$U irr,l;s Cltii (+)

5J+ji.oll i\-i3\SJ L+.:\.;ill ts-,r ilf a_..lJJ e\3; r"ri.' :ti$rll

. ",ri'. . , \r ;i tse 3 pDA ,NA 4-$lJiJl g\irii--,.r^ll $-,

LF+ 1,-iJe .j,"jjl 'li l'-aj e--J 4-JrJl A,'_..jll cs3l;

c,;_-..;1 tJ.Jl ;L-S Cr-:ls,# ,o/o78-58

r"rri'i .', s jrJJ o/o70-38 j,PDA 'ilii-u LIJJ %lO-+t

ohl00 J- o-,-*j 't 't -'i;r-!l iJl :a\-ill y fu-l\iJ! ,TSA

.(3 Jrr+)

0.9 34

35
.:lLi

.crl;;,--S. ai)j C #U
* Figures are rnean colonies diameters of tluee replications.

0.0914

0.0583

LSD

LSD

0.9
0.8

06
0.9

05
0.6
0.7
0.6

0.6
0.8
0.9
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,# !-H-ji4jl dry;-lt !3:i li, .t'J+ll ,ht +-,#..r
,jl-i Jl .\+-+,fr-Jt Hll c!--, aLlJl _,,r+ll d.trJ 1+*J

. t4-ol rli .ul

a-,1-,1.: As\lJ ,"' -,b3i :4ff-*r!l i.J;i$l .b3-.y& r'.r.'l (+)

i-l..,iJl .tJJ-i r'r -.'i tJ+ii.Jl i+.,,jS'Jl dJyjFll \r\;ill i_;rill

I *-{,,. 
6t0 x 8 o;*-SJ: ,jt-+ -,,r+Jl eL*Sl gL iSs*}Jt

J:, i) L-iLr.ll kjqJi9 tJr,-ii,All i{-+is+ll cry j,,ll dr &
i.'_.ill csl-s r"r .r- _,,_l\ tll c-rlsJ \r^Jl a.^.,jll CjI J ,(1
4-+-;lir.. drl-ify ,', I'.,f1 1-. ,*l .70100 A-3rj^ll _,,_l+! \Ji^ll
A-,l..ayl i, ..i ur,L-$ t ie J .-+rlt i.r.."J .J d,)-l-^Jl ;.11 I .i
,", ilr,f-l--Jl .u\-iJl e-- i-jJtiJ! ,i+J"Jl ,=.c,L;, u\L .,Jc,

c-rli) crY-nL+ t-l\ ill i.l\,- c.,_,6-!i t-S .g 4l\.-l 4+_.lJ

i--++rJ,rJl Alll # 4-:lJi,ri rrlj \-i"j (Zi s 26 ,21 atlrlt
.ral-iJl alU-,# ti+!3.1+ll alill f tu-,;LL (atU-/cr$ t)

Lr:.'i .,"J1 A-,J$S+JI d,rY jJlg +--ll'..^ll ei)u\--Jl .4 cJSJ+

(95119941 i r.,iil ,J,l\--ji .# (O-+t, ,rryi i,:;,-ii.) q*
.(gol l ees) Li-tt ,

Table 4. Treatments and bacterial isolates used (singly or in
contbinations) in plastic house ( 1994195) and field (1995/96)
expenments.

Isolate/isolates crYiJI /oJ;Jt

,J,--i aJ+--ii"Jl A-+J#Srll crYj"JlJ$lj .3 qbJ+,

c.rti.r.-". d Fj (Fusarium oxyspontm f. sp. lentis)
.iihi.o

Table 3. Effect of different antagonistic bacterial
isolates on growth of Fusarium orysporum sp. lentis
on dtfferent culture media.

l+J 4+J

ejJl j^lll #t+ -,Ftill 
t l. i .L,3l^ d-,ro/o o/o Me?n diameter/crp al-tl * ---,1

Inhibi- Growth JS)l Ji.aYl Isolate r',rii . . Jl

tion o/o % big small No. Medium

t.^u di..Jl C
(e6l l ees)

t-u. i+Jl d
(gs I tee4\

60 0 40.0
66.7 3 3.3

77.8 22.2

78.2 21.8

68.5 3 1.5

57.9 42.1

ll.2 88.8

52.6 47.4
4t.2 58.8

57.9 42.1

72.2 27.8

70.0 30.0

68.5 3 l.s
t6.6 83.4

3 8.9
17 .4

55.6

58.9

68.5

70.0

15.8

61. I
52.6

44.4

41. I
3 t.5
30.0

84.2

]J.UI
Treatrnent

I .l
9.2

.3

.4

.5

.6

.'/

.8

.9
.10
.ll
.12
.13
.t4
.15
.t6

1.5

1.5

1.8

t.6
1.9

1.9

1.8

1.9

1.7

1.9

1.8

2.0

1.9

1.8

1.8

1.9

1.9

t.7
1.9

2.0

1.9

0.6
0.5

0.4

0.4

0.6

0.8

1.6

0.9
1.0

0.8

0.5

0.6

0.6

1.5

ll
1.0

0.8

0.7

0.6

0.6

1.6

1

9

t7
2l
26

27
Control

ra L^i

I
9

t7
2l
26

27
Control

ra\^li

1

9

t7
2t
26

27
Control

-u$

NA

PDA

TSA

Field (1995196) Plastic house (1994195) No.

I
9

17
2t
26
27

g + I
26 + I
27+l

2l+17+g
2l + 9

26 + t7
26+17+l

27+26+21
27+26

( Dextrin) u\^li
( Benlate) u\-,,t (not tested) .' * *$ ,J . 17

ft-Lj dil kJr J-di"ll oEt.'JI ,",1\- :dirll .iS-.;.L ,-.r'i (--+)

i-,,lJJl cJ-L-ll crUo.f- d_,,liJ Genstate csjt -=Yl ,-hIJl

.(LSD) q:J* .iy .-Iri in1l JL,:.,\ a+J.,-ll ,-ir;ill
A-i.-i cr)-t-r^ll crU"-.J* .,H i-jJl,ill d\ij dr.-,+Li

i-Lt--ll Oi , (LSD) .f ,& Li-,-s J-!i (:r1-,-.r.s.l c,\ill Jlt

-L-Ir.-,ill c-sLS rJ--+s ,-" ,1, a 4ijiri Lll.-rs ,",L.i (2 d=1)

H k-lelii g; , \ (a t I eU,,!l ili) i)-t---ll (5s a*Ji,,4

C-*-,rr+ g,-L--:'.ll .f #-r Je r r \l -'l:i) LL 4605 JLiill

t;t--rl jJ ii-,$.: I LIL: PDA ij\ L"\l ;l iYl :NA *

.i:t-ja.o -'j, t-jA \iFJ :Jat-I iTn'ptic So)'Agar :TSA

-rliit -il;rorl-..a J! L'ii il ii !^.rr. -a a;JJ,r^ll tE-,Yt 
**

.crl;r-L ai)i C.J1+* NA= Nutrient Agar. PDA= Potato Dextrose Agar,
TSA= Tryptic So)' Agar; control= Non-antagonistic
bacteria.

{'{c Figures are lneaus of colony diarneter/cm ut three replications.

,F i-+sL2li 6tu3 cr;+-Bi Ct 4i$.ll crtiitsl u. 6.rti)l .2

dJr-+.rJl JLI i-lts.
c.Y -'. Jl i-r:l-:ill i_, t all 4-^,1_;.: 6.i\-! , ",i,!i : ..$i.$ i (i)

rJi ,MYSA ,s-! iilii^ll 1.6.-IUJ.9,.J t;Fji^Jl ai-Jl

i-itl'L Jr+Jl +i ,l)) I ' .:. b,.!i L:U", Blr! {r+i 1+,*o+

c,Y;.-ll d.rl _o_oj ,.', Ii-l ,.', .r- !-$<il\ J.t - J.,rll uLl,Jl 6-
Ull. ..+-.,sl ,qf.J-+ll ,j-+ 4-=\-,* ,r--ll:;;+i:,,Jl L-"is.ll

J J iiJJ \ - o db;---^ Jl J-l..ijl crl9^j ei-rsr 1*+ -,1$l C+3.
,qF-.-..,LVl .r-,ill , i L.r- Jl Aitj^ll C - I Lrrls;l JJI+_I,

-,:.li .u\-Lll i I o1r- # .).o-* Jl j"ill drll^j ,"'Li Ji. ./

l7
2t
26
27

9 + I
26 + I
27+l

2L+17+9
2l + 9

26 + 17
26+17+l
27 + 26 +21

27+26
(Dextrin) .uLl
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4i$Jl q5r-, ,-L-,.,**) i_jUI i "l-,,J1 Alt- 
.iJ dr-,+Li

1 ,r-*i$l *Y_,;,-c. .l rli ..,r1 ul-i3 i-+ts.l ,(Ji=lt3 i$-ti-,)tJt

j1-'! (Baciltus sp. r'^,--+ll ,# .#-:JlJ) ;-,$i^Il ;Jl.-h^Jl

,sJr ,=C\-rl Jr+Sl i.-.-ils^l (-,,e d.,U-,lS) 
-,1-9.\ 

cr).l--S

4i.,\.-,, c.r\-^,1_,1r 6dEi H k*Ic J..-..l^ll Aslxll ,ifii3 ,LJ*J'll

J- iilii. tlJil A-=itS.J Bacillus subtilis 1a-$ r", \i'..r1

! \ :tJe ,Ji*^-L---. , . r r. 'i .#Jl '\-.U^ll +-i {p:-*ll crl-r..."^ll

.(40 ,36 ,35 e32 ,20 ,17 ,lo ,9 ,3)

+riiS J9!

A-jbJl dtti^ll q'-s i-.rrl,,-ll &r--+lj i+el-,-ll &_-lJ
.,*, ..,\l l\ a \ .iill kj.$ Cl 6.trrJl dr)+6.iill (tl_;tS;t)

jjFJl + \-.1-l 'i+ 
-rJ+ii^ll t-rJbns$ il--rl ;.- -J 1-*

. (ut-.lJt) i-J-iJl ri*tl ':..=nS+ j i'

i-ilqJf grl ltlliJf 3l-ri qj t^r.iJl crl ,ii tl ..,;$tJ a*.rJr .{

crY jJl JGri ,# l-JJtill crl .lrJl J$\l i*,1;: AlUi JS.i ^.,

, ltJ! 3-..l PDA r"rrTi ..,0,# kig,lJ,;-,I .9' \;J:Ci.-ll

A-:)\3II j*ll-ill r ic Tecto 60 .i+^lL-+ f* ;l=j3 Benlate

,.)r (i+ -il / Utis irL- i 1.0 J 0.5 c0.25) Lr:.'.. ' Jl

48 \ +r iJ*ii^Jl i-,-riS.rll drY i-ll J^, lrs ,Jr"si cAi AL)-
t

a-:l -# J,-,r-l. # .s[^ill C^ fu-,,\i'" ar]:iiil ..p a.cL

4-.^ii PDA r'rr'ii ..'Jl .i-le ;i.-1.-.ll J--till Ar^r+L+. -rl,^,

r-Lill :ll-.ill H LiJl,Llt+ aH+L-.J1 cLr 
tit Jl rJ,o aU #t

dlJ-^il pill -i'Li -rc4 ,fall J^Il ci.o^.. *,",ri'i.., ,r.,li

l-. ct-pji.ojl A-,-,$$l crY i-.--ll J:\l eJcy rJ*+lJt .t+*.J\
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Abstract
El-Hassan, S., B. Bayaa, W. Erskine and C. Akem. 1997. Antrgonistic Effects of Bacillu$ spp. Against the
Causal Organism of lentil X'usarium wilt (Fusarium oxysporun f.sp. lcntis). Arab J. Pl. Prot. 15(2):65-73.

Thirly five bacterial isolates of Bacillus spp., with antagonistic activity rates ranging from 52 to 77%o againsl
Fu.garium oxysporum f. sp. lentis were identified. Six isolates were tested. singly or in combination, for their in-vivo
antagonistic effect in soil infested with Fusarium orysporum f. sp. lentis under plastic house (pots) and field
conditions (sick plot). Two lentil lines: ILL 4605 (highly susceptible) and ILL 7136 (moderately susceptible) were
used. In-vitro confrontations were made between the antagonists and three rhizobia specific to lentil for possible
interaction. In-vitro test was also conducted to study the effects of commonly used seed dressing flrngicides on the
growth of antagonists. Results indicated that seed germination rate was not affected by coating lentil seeds with the
antagonists. Tltere was a significant genotype by treatment interaction for percent wilted plants taken 127 and 136
days after planting. The antagonists did not affect the growth of three lentil specific rhizobia strains. Moreover,
their growth was not affected by the two comrnonly used seed dressing fungicides (benomyl and thiabendazole).
From the above. their is good potential in the use of selected Bocillus spp. for the control of lentil vascular wilt.
which is an indication of their potential role in the biological and integrated control of lentil wilt.
Key rvords: Biological control. lentil. vascular rvilt. Antagonisim. Lens culinaris.
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