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ABSTRACT

]'he experirnental product of the beaerial endc,+oxirtr Baciltus
tlruringiensis and the granurer nematicides, carbofur:ur, oxamyl and
terbufos rvere eveluated alone and in combinetion against the root*not
nematode, ll{ekud<tg'nt, irx'rgnira infecting tornato plants in a pot trial. In
addition, their effei:ts on toineto growth was also investigated. Results
revealed that the B. thuringie,rurs toxin or nematicide alure reduced the
number of juveniles in soil ard number of to*reto galling and enhan€ed
plant -qro*th. However, the integration of these tr.or*nl, was better in
reducing riematode and improving plant growth than that of their singh
application. B.thuringiensis / nematicide mirlure exhibir,ed an additive
effect against lv4. irctipria. B.tlwrlngtne.si.s / carbofuran was the besr
mirture, enhencing maximum gror+th and n€matode control. It is
suggested that the low nematicidal properties of carkrfuran. can be
increased by usin-e in combination with the bacteria toxin. This mixnrre
has potential lor use in the integrated nemetode menegernent.

INTRODI.}CTION

The root-knot nematode, Meraidagne spp., has be,en recogrized
as one of the serious pests causing remarkable krsses of vegetable
production especially tomaro crop in localities with light sandy soil
(Ibrahim,1985) .
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{'hen'rica; :}emaricides iire siill iire most efibctive measuics fol"controlling
piant parasilic ner:ratcr!r-s Fi*r..c'-cr. 'rheir use in hig*r colrcentrations-

p"osses 0 Se','ffr* pr*blal r:flnarnmaiian toxcity and envir$nx1€,ntal hazards

{Hta. i{;77 " Fukuic, i'+8-i ar:d h{arshali, 1985}. 1n recem years,

considerable atiention ]ias been Cirecied torvard eff*ctive alternative

methods of nematode ccntrol to avoid such hazards. A bacterialtoxin
insecticide, Bacillu:; thurmgiensls is one of the biocontrol agents used

today as an excellent alternative to chemical pesticides . T'his bactenal

toxin seems to be cornpatible and iess sensitive to lolv rmncenffations of
most cartamates and organophosphate pesticides @enz.l97I and Jaques

and Morris,1971) Ferr, articles have suggested using strains of the

microbial pathogen. Ilucillus thttringiensls to control plant parasitic

nenratodes (Osman et a/.,1988; N{ena et aL,1996 and Sharma and

Gomes,1996) and to affect population growth of free-living nematodes

(Meadows et a\.,1990; Leyns et a\.,1995 and Borgonie et a|.,1996).

The potential interactions between the biocide, Bacillus

thuringensis and insecticides against different insects was sfudied by

several investigators ( Salama et al., 1984; Abdallah,l986; and Kelada and

Shaker, 1988), while no work so far has been undertaken to evaluate its

eificienc,v in combination with nematicides for the control of plant

parasitic nematodes. Therefore, the present pot trial was conducted to

explore the possibility of using B. thuringiensis. certarn nematicides (at

low dosage rate) and their mixtures for the management of M. incognita

infecting tomato plants.

II,LA TERIALS AND METH ODS

Nematode inoculate:
Root- knot nematode, Meloidag;ne incognila'was isolated from

infected roots of eggplants (Solanum melongena) Root galls were

homogenized in a blender and passed through 200,400 mesh sieves to

obtain free eggs directly before carrying out the experimerrt.
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tsacterial insecticide tested :

Experimental preparation of the bacteda! tcrrin lnsecriciiie.
Bacillu,s thuringienis Berl., *as used as SAI^J 415 and was obtained &orn
Sandoz company lt is a dry powder containing j200{.i l U.,'mg .

Nematieides lised:
Three different nematicides were tested . ia) A c.arbamate

insecicide-nematicide, carbofuran (Furadan l0o,,o{3), lt.3-dii.rvdro-]"2-
dimethylbenzofurarr-7-yl methyl carbamate. tb) fu oximE sarbamate
nernaticide, oraml'l (vydate IC9loG), Methyt lri,N-dimerhyl-N-
{fmethylcarbamoy]]ox1]-t-thiooxamidare. (c) .tur organophosphate
insecticide/ nemarrcide, terbufos (Counter I0%G), Si-(tertbutvlthio)
methyl O,O-diethyl phosphorodithioare.

Pot experiment:
A pot experiment was carried out using t()rnato. lycopersitttrt

escdailtum cv- ca.,rrleroc*e as host plant for lv{eloidog,ttt, incognita clav
pots (12 cm in diameter) we.e containing I kg of sandl clay loam soil
The pots were then arranged in a c.omplete randomize:d block design
There were eight treatments (each repilcated three trmes') as follo*,s ,l.l
ittcognita alone, M. incognita + B. thuringiensis; hi. intognita I
carbofuran; M.incognita + oxam/,!t4. incognlla + terbufo s.M. incogtilo+ B. thurinpperrsi.r * carbofuran; lv{. incognita + I}. tfurhigien.Elr -1-

oxamyl; and M. inc:ognita + B. thuringiensis + terbufrrs. Each nematicide
or bacterial patho-een was applied to the soil at the rate ,cf 5 Kg/fedian
(0-05 gnlKg soil). Immediately foilowing the additio. of nematode
inocula (5000 eggs/pot), bacteriar insecticide and each nrlmaticide r*-ere
added to soil as side-treatment. 'rhe efficiency of the eight trearments \*.as
judged, eight weeks after treatment, by detennining, the number of bul
juveniles per 250 gm soil, number ofgalls per roor system and recording
the growth indices length as well as fresh weigirt of root and shoot
systems.

Analysis of interactiom datr for mixtures :
Interaction data for mixtures were estimated by using limpel's
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forunala repsrted by Richer (1987) as fciilow':

where.

E=X+Y-XY/100

E = The expected additive elTect of the mix.tur:e.

X = The effect due to component A alone.

Y: The effect due.to component B alone.

The expected effect was compared u'ith the actual elfect obtained

experimentally for mixnrre to determine the additive or synergistic and

antagonistic efect according to the equatien given by lvlansour el al.,
(1966) as follows:

Observed effect (%) - Expected effect (!/o)

Co-toxicitv factor = x l0(j

Expected etrect (96)

This factor was used to classify results into tkee categories. A
positive factor 20 or more is considered potentiation, a negative factor 20

or more means antagonism and intermediate values be'rr+'een -23 6nd +20

indicate only additive effect. All data were subjected 10 analysis of
variance and means \r'ere compared for significance by LSD method at the

probability of 0 05 (Steel and Torrie,1980).

RESULTS AI{D DISCUSSION

The effect of the Bacillus thuringiensis and the tkee nematicides

namely ca$ofuran, oxamyl and terbufos either alone or in combination

on Meloidog,ne incognila infecting tomato plants and their effect on
tomato growth was evaluated in a pot trial and the obtained results are

given in Tables 1,2 and 3.

Effect on number of juveniles and galls:
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Data presented in Table ttr), shorved significant e#bcr {irr all
indiridual troatments in recucing the number afjuveniles in soij ard the
number of gails ptr roct qystern compared with the uintre;rled cirecl:. The
B. thuringter?.rr.r aione suppressed the number of juveni.les in soiland galis
in tomato roots as cornpened with control oya 7?o,\, ar,c, 73 370/o,
i^esper;tivelv. Terbnfos was aprparently the most effecrive among the
testec nmraticides application in reducing the number of.iuveniles in soil
(84 589''0), followed b,v oxamyl l,79.lg/o), and carbofuran (69 240,ir). witlr
respect to the galls, also terbufos gave the highest ef,ectiveness (g4.56s,,i,),
followed by oxamyl (7s 30%) and carbofuran (70.690,/o)rvhen compareci
with control. The biopesticrde B.tlntringensts was ranlied in be1,"*eerr
carbo,{rran and oramyl in suppresing the nemaiode both in soil and in
tomato roots (Tabie l). Abu-Elamayem et a/., (,t9g5) showed that
terbufbs was the most toxic nematicide followed by isazafos, oxamyl.
aldicarb, phenarruphos and carbofuran against M.incagnita juveniles in
aqueous solutions Terbufos proved to be the best inematicide for
contorlling the root-knot nematod e, |t!.incogrila infegtinE; tomato plants
fbllowed by oxamy{, whereas carbcfuran and isaza.los rL.ere the least
effective compounds in both clay loam and sandy clay loam soils
(Raduan. l98s ) Alsc. the apprication of oxamyr and carbofuran on
carrots reduced the number ofjuveriiles in soil and inhibited gall fonr:ation
of the root-knot nematode, M hapta (Berbec and Dorna,r990;.

The B- ilruringien.si.r toxin reduced juveniles and galls
significantly by 72% nd 73.37o/o, respecrivelv.The data indicated that B.
tlruringiensis &'as as effective as carbofuran or oxami4 {Table l) These
results support those reported by osman et al. (l9gg) They showed that
Dipel and sAN 415 ftoth containing B. rhuringiensis Berlirier),each was
used at the rate of 5 kgr'feddan- suppressed population of aar.jm,anica and
T\'lenchulns semipentrans and reduced egg hatchability. sAN4l5was
more effective in this respect than Dipel, and was about as effective as the
standard nematicide,fenamiphos. B. thuringiensis dn. Kurstaki
controlled M.incognita and Radopholus similis on cuazrhit,T pepo(Mena
el a1.,1996 ) Also, lvficrobial toxin af B.thuringensrs strains affect the
o'"'iposition and juvenile emergence from cysts af Heterodera glycines
(Sharma and Gomes, I 996).
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The rssrilts shot'n in Table (l i evidentiy indicated t,hal the addition of
i}. tl'rurlng;renss tcxin to nernaticidal trealments incread the efficienry

Table { t}: Effect of l}e{illus thuingiensrs, certain nema.ticides, rnd

* Each bacterial or nematicidal treatment was applied to'the soil at the

rate of5 kglfeddan

-108-

{!ieir rniriures on lIeloidosyne incosni/s infectine tomato

Treatment

Mean No.

of 2nd

juvenileV

250 gm

soil

Effcctive-
ness of

juveniles

(%)

l\{ean

No. of
gallV

root
system

Effective

-ness on

galls

(%)

M.incognita alone
(Conlrol) 445.33 149 00

M.incrtgpita r
B.tlruringiensis r24.67 72.00 39.67 t).)t

M.incognita +

Crbofuran 137.00 69.24 43.67 70.69

|v4.incogtita +

Oramvl 92.67 79.19 JL.JJ 78.30

Ill.irtcogpita +

Terbufos 68.67 84.58 23.00 84.56

lul.incognita - B.

thtrinpSensis i
Carbofuran

43.00 90.34 t5.67 89.48

|vl"incogVita -r B.

thuringiensis +

Oxamvl

86.00 80.69 26.67 82.10

M.incognito + B.

thuringiensis +

Terbufos

62.67 85.93 22 00 85.23

L.S.Do os 43.20 23 39
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ili'the nematicide ilr iefucing the nr,irnber ofjuveilies irr soil and the nuinlrer oi
r*ot g:uiing This efirxt was proixrunced *id'l carbofuiiuT r*ith tlre percent

*ffectivnress of 90.349ro and 89.489'0, respectively.

l'he nematir:idal properties of carbcfuran, wlrich are less than
tiiose i:f' oxamvl and terbufos, can be increased by using it together with
li.thurrngiensrs. on the other hand, B. thuringiensi.r in conibinaiion with
c,tamy) or terbufos resulted in a greater reduction in nernatode both in soil
and in the roots by 80.6904 and 82.1ff/o ar 85.93% and 85.239i;
respectively, than in the case of bacerium only.

Table {2): Combined efficacy of Bocillus thuringiensi,s mixed with
ceftain nernsticides against Meloidog,ne incognita.

'fable (2) shows the expected and obsen'ed percent effectiveness
of nematode galling, co+oxicity factor and type of the interaction which
resulted fram B.thuringiensisl nematicide mixlures. The results in Table
(2) showed an additive effects as reflected by the reduction of tomato
galling obtained when the B. thuringiersis and the nematicide were

.-r 09-

B. lhuringiensis
nematicide

combination

Percent eftbctiveness for galls

Expected Observed

Co-

toxicit-v

Factor

Type of
Inleracton

B. Ihuringiensis +

Carbofuran
97 19 89 48 -293 Additive

B" tlturingiensis +
Oxamvl

94.22 82 10 -12 86 Additive

B. lhuringiensis +
Terbufos

95 89 8s.23 n12 Additive
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appiied iogether against M.incogpita. F{owever, ll. thunilgiensis *
cartrofuraJi was the most eftbctive binary mixture foilowed b:- d
ilturingtensi.i + tErbufss arrd B. tlrunngiensis + oxamyi in this respect.

lffect on ihe grc*th sf tomato plants:
The effect of l).tlwringiensis, certain neniatieides and tlreir

canbinations on tomato grorr.th indices, including rooi and shoot iength

s5 r',,ell as fresh root and shoot weight were recorded and presented in
'table(3)

Data presented in Table (3) indicated that the application of either
bacteiial or nematicidal treatment alone, except oxamyl treetmenl,
signficantly increased the fresh weight of root and shoot system compared

to that of plani grown in untreated soil. However, the highest effect was

obtained with the baaerial application, while the lowesl effect was in case

of oxain_vl treatment. Terbufos was signrficantly higher increased shooi

IenEh compared to controltreatment followed by the traaerial treaiment.

earbofuran and then oxarnyl. As for the effect of single treatments on the

length of root, significant increases were obsen'ed with the bactrium,

terbufos and oxamyl in descending order, while no significant effect was

recorded in the case o{'carbofuran alone

B.thuringierlr;.r alone or in combination with carbofuran resulteti

in a significant increase in the lenEh, fresh weight of root and shoot of
tomato plants compared with the unireated check. On the other hand, no

significant differences were noticed between the mixlure af B.

tlwringiensis with oxamyl or terbufos and the control in ttre efiFect of root
and shoot weight as well as shoot lenEh. However, these two mixtures

caused significant increases in root lengh of tomato plants 
""*hen

compared with the control (Table 3).

It could be concluded that B. thuringier?s/s toxin proved to be

effbctive against root-knot nematode, M.incognita. Also, it is c.oncluded

that the addition of the bacterial toxiq B- thuringier?sr.r to the nematicide

(at lo*' dosage rate) increased the nematicidal action and rernarkably

increased tomato gowth. Bacteriun/carbofuran combination was the best

mixture in this respect. So, it can be used as a potential mixture in the

integrated nanagement of M. incognita

-1 l0-
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Table (3): Efferr of Bcr:fJlas tkuringiensjs. nem*ticidrrs alsne sna! in
eombination$ on growth of tomsto plants inferted b1, fi{eloidog,ne
incognita.

Data are average of three replicates, each of rwo plants.* Each bacterial or nematicidal treatment was applied to the soilat tlrerate of 5kg /feddan.

-r I l-

Treatment*

Root Shoot

Len_ath

(cm)

Fresh

weight(g)
Leng1h

(cm)

Fresh

Weight(g)

M. incogrtita alone
(control) r170 1.52 25 .30 230
M.incognita * B.
thuringiensis

I 8.30 195 30'70 3.40

M.incognita +
Carbouran

12.20 t73 28.40 2.95

lv{.incognita *
Oxanry'l

14 00 L40 26 65 245

M.incognita +

Terbufos
16.30 1E8 31.50 3.25

M.inc:ognita * B.
thuringiensis
+ Carbofuran

18 00 195 33 00 382

tr4.incogntta + B.
thuringiensis
+ Oxamyl

13.00 1.66 29 55 280

M.incognin + B.
thuringiensis
+ Terbufos

16.80 I6I 27.00 26A

L.S.D oos r.28 4.20 4 4:i 0 51
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CtS.,b..r,rle ur /t
.*t;;:;,;f,:J-'rlirrs

t:1 :iJl3 Eacillus thuringiensis I lj<i ),b.r""^ d$ f
.-#-l ;r:,-L rr3s:*;ill , rl+"LJJYl r .Jl-j3'ii9;lSJl c L!:-Jl aa:-f14lt

j1-: dll.s_r fVleloidagyne incagmfa ;:"+Jt :!i': 113314: r; }n)-

.=:i r-.rLor*+a$rir+rr ..r+**r,' ,$f, :';Tfi*ot-' '

- rtl*}"Il ,:rtr J.i #;.rU-l !-,,r+lt :LJl :-:e3 eti-#l J:o d L,;rii JJ
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6jtS-l l:33i^;:ll .': i3L;'l JS6lJHl dK 6JE!i rfu r 6:;iJl s)*tJtr

+l^tll r:U J j;rU 
,.,,t' l":>;,Jt ;"".i ut-J3"'slJtSll C. lt+S+ll
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