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Table 2. Mean dry weights of bacterium, fungus and
bacterium + fungus growth after one week incubation
at 27+£2°C.

A O sl Jass gia —3
il giall O ally 4l
Mean Mean sl g 4 Isolate

difference weight/g Organisms tested No.
0.1475 ** 0.1589 kb + LS 1
Bacterium + fungus
0.0113 Bacterium  L_5S
0.3066 Fungus b
0.3647 ** 0.0018 ol + LK 9
Bacterium + fungus
0.0085 Bacterium L_5Sy
0.3664 Fungus ki
0.2416 ** 0.0111 ki + LS 17
Bacterium + fungus
0.0085 Bacterium  L_siSy
0.2527 Fungus _hi
0.2123 ** 0.0334 ohi + L Sy 21
Bacterium + fungus
0.0073 Bacterium L_5$
0.1488 Fungus _hi
0.3067 ** 0.0175 ohd + LS 26
Bacterium + fungus
0.0014 Bacterium L_siSy
0.3243 Fungus ki
0.2500 ** 0.0339 ok + LSy 27
Bacterium + fungus
0.0077 Bacterium L _iS
0.2838 Fungus _hi
0.0914 (P=0.01) LSD
0.0583 (P=0.05) LSD

LS A 8 al el gl e i a Ay el GG
Jaa A gina (59 dll (%)

" Figures are mean weight/g in three replication

** Highly significant difference
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Table 1. Effect of different antagonistic bacterial
isolates on in vitro growth of F. o. f sp. lentis one
week after confrontation.

il Ad | Ao FChaihagie  *Ciai busi
% gl VD udNLEN A
inhib- % nadly aually 4 jali
ition %  growth mean big mean small Isolate
% diameter/cm diameter/cm No.
63.6 36.4 22 0.8 1
52.9 47.1 1.7 0.8 2
55.0 45.0 2.0 0.9 3
63.2 36.8 1.9 0.7 4
64.7 353 1.7 0.6 5
70.6 29.4 1.7 0.5 6
58.0 42.0 1.9 0.8 7
66.7 333 1.8 0.6 8
60.0 40.0 2.0 0.8 9
66.7 333 1.8 0.6 10
55.6 44 4 1.8 0.8 11
584 31.6 1.9 0.6 12
63.2 36.8 1.9 0.7 13
65.0 35.0 2.0 0.7 14
73.7 26.3 1.9 0.5 15
75.0 25.0 1.6 04 16
56.5 43.5 2.3 1.0 17
66.7 333 2.4 0.8 18
69.6 304 2.3 0.7 19
63.6 36.4 2.2 0.8 20
66.7 333 2.4 0.8 21
75.0 25.0 2.4 0.6 22
62.5 37.5 2.4 0.9 23
65.2 34.8 2.3 0.8 24
75.0 25.0 24 0.6 25
62.5 37.5 24 0.9 26
773 22.7 2.2 0.5 27
73.9 26.1 2.3 0.6 28
70.8 29.2 2.4 0.7 29
74.0 26.0 2.5 0.6 30
75.0 25.0 2.4 0.6 31
65.2 34.8 2.3 0.8 32
60.9 39.1 2.3 0.9 33
59.1 40.9 22 0.9 34
63.6 36.4 2.2 0.8 35
8.40 91.6 24 2.2 Ll
)_.Eﬂ\u\)nu_.uJL_H‘u\_-m\.h_m_,h‘éAM‘,}d\?GJ‘}“'
ol Sa A sl

* Figures are mean colonies diameters of three replications.
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Table 4. Treatments and bacterial isolates used (singly or in
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PR Y | L SN [ SEPRP. 1| U TA T, W 5. 5 PPN
Colai _aa (3 —d (Fusarium oxysporum f. sp. lentis)
Table 3. Effect of different antagonistic bacterial
isolates on growth of Fusarium oxysporum sp. lentis
on different culture media.

il gaill ally Sladll Chial Jas gia A
% % Mean diameter/cm Yyl *F o
Inhibi-  Growth sy Joa¥l  Isolate il
tion % % big small No.  Medium
60.0 40.0 1.5 0.6 1 NA
66.7 33.3 1.5 0.5 9
77.8 222 1.8 0.4 17
78.2 21.8 16 04 21
68.5 31.5 1.9 0.6 26
57.9 42.1 1.9 0.8 27
11.2 88.8 1.8 1.6 Control
aald
52.6 47.4 1.9 0.9 1 PDA
412 58.8 1.7 1.0
57.9 42.1 1.9 0.8 17
72.2 27.8 1.8 0.5 21
70.0 30.0 2.0 0.6 26
68.5 31.5 1.9 0.6 27
16.6 834 1.8 1.5 Control
KYYI
38.9 61.1 1.8 1.1 1 TSA
47.4 52.6 1.9 1.0
55.6 44 4 1.9 038 17
58.9 41.1 1.7 0.7 21
68.5 31.5 1.9 0.6 26
70.0 30.0 2.0 0.6 27
15.8 84.2 1.9 1.6 Control
Y Y4

experiments.

Isolate/isolates <Y jall /4] jall
i go Jiall 4 g Adgdall ilalaall
(96/1995) (95/1994) Treatment
Field (1995/96)  Plastic house (1994/95) No.
1 1 .1
9 9 2
17 17 .3
21 21 -4
26 26 .5
27 27 .6
9+1 9+1 7
26 +1 26 +1 .8
27+ 1 27 + 1 -9
21+ 17 +9 21+ 17 +9 -10
21 +9 21 +9 11
26 + 17 26 +17 .12
26+ 17 + 1 26+ 17 + 1 .13
27 +26 + 21 27 + 26 +21 .14
27 + 26 27 + 26 15
( Dextrin) aald (Dextrin) aald .16
( Benlate) aali (not tested) [ ;35 Al .17

Aldai 3y Lo Juanid) il culla : Jhad) Gig b it (~a)
Al 2y D alaall ilaw gie 4 5lial Genstate (Slaasy! il
((LSD) (s sine (38 Ji1 dad Jlantiasls & ginall 35l
dial el adl il gie A Al il ekl
Alaleall o ¢ (LSD) (5 5—ne 38 Jdl Gl uay i) J5ha
Gyl il € o b e s &y gine Ui i culaed (2 a8))
e leleli a1 (451 AL8 ¥ i) SOl adll 6 4 gins
s palall 4 ad ) Jgaall L) TLL 4605 J—sad

$ ol Gy 5w Lkl = PDA 53 aall LAV =NA *
dalas 2 Lo iy g ey =2ald ¢Trvptic Soy Agar =TSA
ol Sl jant e Ul GLail das e b Ay puall Y1
o S D audly
* NA= Nutrient Agar. PDA= Potato Dextrose Agar,
TSA= Tryptic Soy Agar, Control= Non-antagonistic
bacteria.
** TFigures are means of colony diameter/cm in three replications.

b Az 5,08 Gy b Al dBdal) il e Baldy) L2

Sl o dabl<,
iy all Aol B a1 Al 50 a5l iy 2 s b ()
O MYSA it e o & dliad) e slid g 5 e il daud)
e Jedll o dad o) 3 a5 sa dualiat 508 ) Lgmpan
QY el il el S e U aSilly Jelas S (P
OLSa iy ¢5 il b Aol Al 3 piaall 4y ikl
a5 asnan a5 dadll il ai caly Lei 500 s
(bl o Ul Al Ahid) 8 aw ] ladluiel slad
oSl all i Lies 1§ (msaall kil O gai ihae o A
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il aGal) Ly 8 diday sy Ll 4 s .3
Nl Sl e gball YMA Gyl g3 (1)
el 2 Sl Lo i e ¥ e ELS s (5 ikl
Al e i Lall YMA cuting 58 pmall e Liaiaiie
Sia dg dall o dall LSy sai 85 il 4 Sl Y Al

Lol YMA Casfi e (338 1un ngan 1 gai 0

DAL A 0 il @ pedil 1 i) YMB Gugiiana (b (<)

leel il s (27 526 21 a8 ¥ <) 5 e saall <Y 5l
RN RV M { BPY. P DY XN Pl S - S—
Cufi e 4 (Le- 719) (Rhizobium leguminosarum)

il g clag—ia S dofiagin °10%5 538 i Silull YMB
i ey b iaall Lo il (e 33 ke e 5al Gladl o))l
Saluaal) Ly il (s iy ey yiall el Ly 084 (he 53 sk
i oh 35 oD tall N all o el il S s +

(Rhizobium  leguminosarum) i 3l o _Sall L i<
+ 5 adall Lo ,aSll Geball o) dl (LS s (Le-719)
s S (Le-719) Aiadl 2 Sall Ly S Lol o5

el ALY ) cdlal el 8 el 85l il L (Dlalaall
il il cal € Laiy o s &ygina (15 514 8 5 4 2
(17510 <9 ¢6 Al ) cld) cDlal—aall o dla 84 5ine
512 11 7 3 A8 ¥ el edleladll i A giaa g
i) Ay 8 Y el 55 ol UL 7136 Jaadl ga (13
ol e 58 A N Jp ol Jae b o ey el
e Lag 136 5 127 amey LA ol stall & i) 4padl
i e J i (ILL 7136 ) Jsadl 8 colS Cua el 3
A ly 8l A Lalaay i jlie el aall 43S i 5 gine
o dill 23 8 il S LS (652 AL—8Y1 ) ilalal
ILL 4605 (elosall Jsadl 6 L gine Jif (3 43) dlaledd
) o Lo Uygina | 35 (g G ey - 0Ll 4l
lad) sl LS, A Lebaally e sdall Josaall 3 )
O A e g Ay gall A Tall A e saly) ilas gl
(754 el A8 ¥ @ld) cdaladl 8 (ILL 7136) J—3d)
%50-20 a8l a0 L Lelaa i L Dike <5l

(5 Jss)

o—tinal Aty (Gl 5 L ol gl Aal) el J phal dailly 5 piaall ¥ jell Loliaill 3 a8l Al it Slasyl didasll Gadle 5 g
196/1995 awsal Jiall Cig b cua3 ILL 7136 5 ILL 4605 (sl
Table 5. Statistical analyses of the effect of different antagonistic bacterial isolates on plant height, biological and straw yield of

ILL 4605 and ILL 7136 under field conditions 1995/96.

(&) s (S PEA] Losa 136 aas sl Loy 127 2nr Jsadl g [l J o
Straw yield (gram)  Biological yield (gram)  wilt after 127 days ~ Wilt after 127 days  Plant height (cm) O alaall
ILL 7136 ILL 4605 1ILL 7136 ILL 4605 ILL 7136 ILL 4605 ILL 7136 ILL 4605 ILL 7136 ILL 4605 Treatments
Kk n.s. Kk 1.S. o n.s. Kk n.s. Kk * 1
n.s. n.s. n.s. n.s. *ok n.s. *% n.S. *k ok 2
n.s. ns. n.s. n.s. * % *k *k *k I.S. n.s. 3
* n.s. * n.s. * n.s. * n.s. *% * 4
n.s. n.s. n.s. n.s. ok n.s. *ok n.s. ok n.s. 5
n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. * n.s. 6
* n.s. * ns. Kk n.s. *k n.s. n.s. n.s. 7
n.s. n.s. n.s. n.s. o n.s. *k n.s. *k n.s. 8
n.s. n.s. n.s. n.s. *k n.s. *k n.s. n.s. 9
n.s. n.s. n.s. n.s. * n.s. * n.s. n.s. 10
n.s. n.s. n.s. n.s. *% n.s. *k n.s. n.s. n.s. 11
n.s. n.s. n.s. n.s. *% n.s. *k n.s. n.s. 1.S. 12
n.s. n.s. n.s. n.s. *k 1.s. ok n.s. n.s. n.s. 13
n.s. n.s. n.s. n.s. *% n.s. *k n.s. *ok n.s. 14
n.s. n.s. n.s. n.s. *% n.s. *% n.s. *% n.s. 15
n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. (AALS)16
n.s. n.s. ns. LS. n.s. n.s. n.s. ns. % n.s. (22)17
9.21 12.05 35.06 28.55 2.22 (P=0.01) LSD
6.69 8.75 25.46 20.73 1.61 (P=0.05) LSD

Lgina e Gl (ns) ¢ Dsine Gy od) (x) ¢ Tax Lygina G, (x)
(4 Jsaall i) aal i Ol 2 17716 e 5 £15-7 e leilidlgiy 33k Y e 61 Dlalaal
(**) diffferences are highly significant, (*) differences are significant; (n.s.) differences are non significant.
Treatments 1-6 single isolates, 7-15 combination of isolates and 16-17 control treatments. Please refer to table 4.
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Bsdall iy Ly peia) A dlall il el
LSl e 3o alaai ol 5 A ilal o(Jiall y 4Sandll
o\l (Bacillus sp. po—iall —aisi il 5) 3 yidall 3aliadl)
e e sl Jemdll S (s lulS) )y cdlalass
Bl Ol il o Lo Jemsial) il (35 5 ¢ goaal)
e Ailise g1 s & a8 Bacillus subltilis \e—s Crexdiul
sase Jualae a3l Lodiall 4y 55 dguiayall lsdl)
(40 36 35 32 20 <17 <10 9 ¢3)

sy i

P POV RS W 3 S 1 P 5 [RLI T [P 9
Al Ghlidl i el 3 G alli el )5l &y sl
a1 s 3l ghedd | ) sl cleadll (1518))

O+ L jdar 3 el Lo il Gladl 55 g sens
(el Ay il siall LS il

A afa) ol lS) i b Ay kil Classad) 50 Ay .4

N ad) i 8 Ay yhadll clanall il A o il oK A
L nall ae e PDA i e (o lgel il g2 13,084l
300N Sl o ie Tecto 60 amall s aawa jal s Benlate
O—e (Aiy il /ARl 2§ 1.0 50.5 <0.25) deddind)
48 2 ay by aa) Ay S Y Sal) gai 6 pds (of ddaadle
g et o s 820l e A jlie einadll e el
4 PDA cuiiwdl e oy adl) 5 taill 4 gl < g
DA RN WA [ DN N PP N [ VCTVON P PRPOWA
s —aall ,haill S jeda Al eVl caame e Cufina
Lo oo adall Ay i€l ¥ 5wl 56 ade ) bl cpaaly
LSl i) Jal e ae JalSie JSy Lealadinly prany

Abstract

El-Hassan, S.,

B. Bayaa, W. Erskine and C. Akem. 1997. Antagonistic Effects of Bacillus spp. Against the

Causal Organism of lentil Fusarium wilt (Fusarium oxysporum f.sp. lentis). Arab J. Pl. Prot. 15(2):65-73.
Thirty five bacterial isolates of Bacillus spp., with antagonistic activity rates ranging from 52 to 77% against

Fusarium 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 oxysporum 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. /n-vifro test was also conducted to study the effects of commonly used seed dressing fungicides on the
growth of antagonists. Results indicated that seed germination rate was not affected by coating lentil seeds with the
antagonists. There 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 commonly used seed dressing fungicides (benomyl and thiabendazole).
From the above, their is good potential in the use of selected Bacillus 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 words: Biological control, lentil. vascular wilt. Antagonisim. Lens culinaris.
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