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Abstract

Three antagonists viz: Trichoderma harzianum, Gliocladium virnes
and Bacillus sp. (B.15) isolated from Egyptian soil were used singly or in
mixtures to control the root-knot nematodes M.incognita on tomato
plants. The most effective isolate in controlling root-knot nematode was
the isolate of Bacillus sp. (B. 15), whereas the least effective was the
isolate of Trichoderma harzianum (T.S.).

No synergistic effect was obtained when different combinations
from the antagonists were applied. Applying the antagonist to infested
soil twice was always more effective compared with single treatment.
Using Bacillus sp. twice was more effecttive than chemical treatment.
Adding any of the antagonists separately or in combination resulted in a
reduction in the number of egg-masses, number of eggs per plant and
number of 2nd stage larvae in soil.

Adding any antagonist singly or in mixture increased the fresh
weight of either the root or shoot system.

INTRODUCTION

Root knot nematode is considered as the most threatening and destructive pest
in tomato (Houssny and Oteifa, 1956; Orton, 1973). Several investigators applied
chemical or biological methods using single isolate of biocontrol agents (Adiko 1984;
Abd ElI-Moity et al, 1985; Baker, 1988; Dube, 1989; Jatala, 1982). Few attempts
were made using mixtures of biocontrol agents to control this serious disease (Dube
and Smart, 1987; Shahzad et al., 1990).
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Trichoderma harzianum (T.S.) was recorded as a biocontrol agent to control
root knot nematode (Miller, 1976; Abd El-Moity et al., 1985; Ali and Barakat,
1991; Ali1994). Some investigators used species of Bacillus to protect different
crops against root knot nematode (Hanna et al., 1995; Shahzad et al., 1990; Sayre
and Starr, 1986). '

Gliocladium virnes (G.V) was also used to control Meloidogyne arenaria
(Rodriguez - Kabana et al., 1984).

In this study, three identified Egyptian isolates belonging to the previously
mentioned antagonists were used singly or in mixtures according to their compata-

bility with each other.

The aim of the present work was to study the effect of the different applica-
tions on M.incognita considering the following:

1. Root knot disease incidence in tomato plants.
2. The reduction of 2nd stage larvae (J7) in soil.

3. The fresh weight of treated plants.

MATERIALS AND METHODS
|. Preparation of nematode inoculum :

A culture of M.incognita was maintained on tomato (Lycopersicon esculentum
L.) grown in the green-house. Nematode inoculum was prepared by cutting the in-
fected tomato roots to small pieces shreded in a blender for 40 seconds.

Inoculation procedure

Soon after the four-week old seedlings were transplanted individually in 20
cm diameter clay pots each containing 2.5 kg steam - sterilized soil, (4:3:2) loam,
peat and sand respectively, each pot was inoculated with suspension of egg masses
containing about 3000 eggs by making 3 holes at different depths (2-3 cm) around
the roots and immediately after inoculation the roots were covered with soil.

Source of antagonists

Three different antagonists i.e. Trichoderma harzianum, (T.S.), Gliocladium
virnes (G.V.) and Bacillus sp. (B.15) were used. All these isolates were obtained
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from Egyptian wild isolates based on the method described by Abd-El-Moity et al.
(1982).

Preparation of antagonistic inocula

Trichoderma harzianum (T.S.) and Gliocladium virnes (G.v.) were grown on a
liquid gliotoxin fermentation media (Brian and Hemming, 1945) under complete dark-
ness to stimulate toxin production (Abd El-Moity and Shatla, 1981). After nine
days, inoculum were prepared by blending culture in an electric blender for 3 min-
utes. Spores were adjusted in the suspension to 32 x 107 spores/ml. Bacillus sp.
was grown on nutrient glucose media for 72 h and then the bacterial suspension was
adjusted to have similar concentration.

Previously prepared antagonist suspensions were added at the rate of 20 ml/
pot to the infested soil either as single isolates or in mixture. Biological treatments
were added either once (one week before transplanting) or twice (one application be-
fore planting, and the second twenty one days after planting). Different mixtures
were used : 1- T.harzianum (T.S.) + Bacillus sp. (B. 15) 2-Gloicladium virnes (G.v.)
+ Bacillus sp. (B. 15). :

The effect of the different antagonists was compared with three other treat-
ments i.e. : chemical nematicide (Vydate as Liquid 0.5%), infested soil with nema-
tode only, and soil free from nematodes or antagonists.

All treatments received the same agricultural treatments such as amount of
water, number of seedling/pot and amount of fertilizers.

All pots were arranged in a completely randomized design, and kept under
greenhouse condittions at about 25-28°C.

After ninety days all plants were uprooted. Root and shoot systems were
weighed and number of galls and egg-masses were counted. Number of second stage
larvae (J2) was recorded/ 250 g soil taken from each pot.

All data were subjected to statistical analysis and means were compared us-
ing the least significant difference (L.S.D.) test at P = 0.05.

RESULTS AND DISCUSSION

Effect of different antigonists either as single additions or in mixtures were
evaluted. Data in Table (1) show that the most effective isolate in controlling root-
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knot nematode was the isolate of Bacillus sp. (B 15), whereas the least effective
was the isolate of Trichoderma harzianum (T.S.). Gliocladium virnes (G.v.) occupied
an intermediate position. The variation in efficacy may be due to the differences in
type, quantity and activity of the secondary metabolites produced by the antigonist
and their effect on the permeability of the parasitic nematodes. Bacillus sp. (B 15),
Trichodrma harzianum (T.S.) and Gliocladium virnes (G.V.) were recorded as produc-
ing extracellular B-(1-3)-glucanase and chitinase. These enzymes play an important
role in dissolving the outer shell of nematode eggs and consequently the inner content
becomes subject to the effect of saprophytic organisms in soil (Stirling 1984; Poi-
nar and Hansen, 1986; Starr, 1988, Abd El-Moity et al., 1985; Chet et al., 1979;
Miller, 1976; Ali and Barakat 1991; Rodriquez et al., 1984).

Table 1. Effect of the number of applications of individual antagonists or mixtures on
root-knot disease incidence in tomato plants..

Number | Root galing Egg- masses Eggs (in 1000 s)
of appli- [ No of | Rate of | Noof | Rate of | Noof | Rate of
Treamtent cations | galls/ | redu- EM. | redu- | eggs/ | redu-

plant ction plant ction plant ction

GV.+N 1 83 37.1 58 40.8 9.1 53.1
2 (58) | (56.0 | (40) | (59.2)| (5.4) | (72.2)
B.15+N. 1 60 45.5 28 71.4 2.9 85.1
2 31) | (76.5)| (14) | (85.7) | (1.8) | (90.7)
T.S. +N. 1 88 33.3 49 50 6.2 68
2 (57) | (56.8) | (37) | (62.2) | (5.0) | (74.2)
G.v. +B. 15 + N. 1 75 43.2 36 63.3 4.0 79.4
2 (44) | (66.6) | (31) | (68.4) | (3.9) | (79.9)
T.S + B. 15+N. i 64 51.5 33 66.3 3.8 80.4
2 (36) | (72.7)| (26) | (73.5)| (2.9) | (85.1)
Nematicide 1 42 68.2 18 81.6 2.6 86.6
Control (N.) - 132 - 98 - 19.4 -
(A) LS.D. (0.05)*| - 5.9 = 7.6 < 1.8 2

1 = Antagonist was added before planting.

2 = Antagonist was added before and after planting.
G.V. = Gliocladium vines

B. 15 = Bacillus sp.

T.H. = Trichoderma harzianum

These products could be Key factors in the mode of action of these microor-
ganisms against target nematodes.
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When different combinations of these antagonists were applied to the soail, no
synergistic effect was obtained. These data are contrary to those obtained by Abd
El-Moity (1985) who reported synergistic effect in controlling some soil borne pa-
thogen through mixtures of Trichoderma harzianum (T.S.) isolates. Such contradic-
tory results could be explained by the fact that T.harzianum and Gliocladium virnes
(G.v.) produce, in addition to chitinase, a wide range of antibiotic substances which
may affect the bacterial growth of B.1 5 and consequently reduce its effect (Turner,
1971). Also synergism between different isolates of Trichoderma result from com-
plementation of isolate metabolites. Data in the same table show also that applying
antagonist to infested soil twice was allways more effective compared with only one
treatment. This could be due to the fact that the efficacy of one biocontrol agent is
related to its population and its establishment in soil (Ali, 1994; Enrique Capanillea
et al., 1989.

No doubt that adding the antigonist twice support its population in the soil. In
addition, adding the antigonist after planting will provide the antagonist with a good
chance to affect the 2nd stage larvae (J2) and consequently reduce infection.

The effect of these biological agents with the recommended nematicide was
compared at the rate of 0.05%. The data showed Bacillus sp. (B 15), when applied
twice was more effective than chemical treatment. At the same time, chemical
treatment was superior to the other biological treatments. However, biological
treatments when effective are safer, durable and cheaper.

The data also showed that in addition to the effect of biological treatment in
controlling the disease, a clear reduction in the number of egg-masses and of eggs/
plant was observed. This of course reduces the inoculum density in soil and the ef-
fect of this treatment will aslo extend to the next crop.

The effect of the different biological treatments on the inoculum potential of
nematodes in soil, and number of 2nd stage larvae was also determined. Variation in
the population is due to differences in percentage of egg hatching or the effect of the
antagonist on the larvae itself. Data presented in Table (2) show that the highest
percentage of reduction in population of the 2nd stage juveniles was obtained when
the isolate of Bacillus sp. (B15) was used as a biocontrol agent. About 87% reduc-
tion in nematode population was obtained when compared with the control treatment.
In this regard, no difference between chemical treatment and Bacillus was obtained.
This high reduction in the 2nd stage larvae can be explained in the light of fact that
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the outer layer of nematode eggs consists of chitin (Gabriel, 1968; Bird, 1976).
Since Bacillus sp. (B 15) produce the enzyme chitinase, this might partially or com-
pletely destroy the outer shell of the egg. When the outer shell is destroyed the in-
ner egg contents become exposed to soil saprophytic microoréanisms and conse-
quently reduce the percentage of egg hatching and number of 2nd stage larvae. No
synergistic effects were observed against the number of larvae due to the use of
mixtures of biocontrol agants. On the other hand, repeating the treatment twice was
more effective than single application. This shows an additive effect.

Table 2. Effect of adding different antagonists in mixture or separately on the re-
duction of 2nd stage larvae (J2) in soil.

Treaniterit Nunr}ber' of Number of 2nq % of Reduction
application | (J2) / 250 g.soil
G.V. +N 1 250 30.5
2 (180) (50.0)
B. 15 +N. 1 175 51.4
2 (45) (87.5)
T.S. + N. 1 195 45.8
2 (180) (50.0)
G.wv. +B. 15+ N. 1 160 55.5
2 (135) (62.5)
T.S + B. 15+N. 1 150 58.3
2 (90) (75.0)
Nematicide 1 45 87.5
Control (N.) - 360 -
(A) L.S.D. (0.05)* - 23.8 -

1 = Antagonist was added before planting.

2 = Antagonist was added before and after planting.
G.V. = Gliocladium vines

B. 15 = Bacillus sp.

T.S. = Trichoderma harzianum

Data also show that repeating the application with T.harzianum (T.S.) gave
slight effect. This is because T.harzianum (T.S.) produce a wide range of antibacte-
rial and antifungal substances (Turner, 1971; Abd El-Moity et al., 1982). This wide
range of such materials assist the antigonistic fungus for a repid establishment in
the treated soil, so no clear effect was observed when this treatment v;/as repeated.



BIOLOGICAL CONTROL GF M.INCOGNITA ON TOMATO 57

It is suggested that repeating biclogical treatment for several crop rotations
would lead to the increase of the inoculum level and consequently create what is
called suppressive soil (Stirling, 1991), where nematode population maintains at
low level and will not cause any considerable losses for the grower.

Since the main target for any research work is to increase the yield of the
treated crop, the effect of biological treatment on some agronomical characteristics
were investigated. Data in Table (3) show that adding any of the tested antagonists
individually or in mixtures had led to an increase in the fresh weight of either root

or foliage systems.

Treatments with T.harzianum (T.S.) in single form or in combination with Ba-
cillus sp. were most effective in increasing fresh weight of treated plants. This phe-
nomenon was explained by Abd El-Moity (1981) who explained the mode of action of
T.harzianum (T.S.) on treated onion plants and attributed the increase of fresh
weight to the increased availability of nutrient substances in soil in addition to the
control of other minor-pathogens (Windham et al., 1986) as well as the possibility
of the production of some growth regulators.

Repeated applications, however, showed no or slight effect on the vigour of
treated plants.

In the present work, biclogical treatments show less conspicious effect on
nematode reproduction compared with chemical nematicides. It was reported that bi-
oagents do not act suddenly or drastically (Lamberti and Ciancio, 1991), and some
time is needed to develop and build up an effective population which can also be af-
fected by environmental conditions.
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Table 3. Effect of adding different antagonists in mixture or separately on the fresh

weight of treated plants.

Number Plant weight
e Oz :tfi’g:' Top fresh weight (g) Root fresh weight (g)
G.V.+N 1 18.3 735
2 (17.9) (7.8)
G.V. 1 21 9.5
2 (24.8) (11.0)
B.15 +N 1 19.5 9.8
2 (20.9) (10.2)
B.15 1 26.6 11.9
2 (26.8) (12.9)
T.S. +N. 1 19.1 8.2
2 (19.6) (8.8)
TS, 1 25.1 10.4
2 (25.3) (12.3)
G.V. +B.15 + N. 1 18.9 10.1
2 (19.6) (10.9)
G.V. + B.15 1 24.2 11.6
2 (25.4) (12.8)
T.S. +B.15 + N. 1 20:9 10.7
) (23.6) (12.5)
T.S.+B. 15 1 26.9 13.3
2 (28.8) (14.0)
Nematicide - 227 9.2
Control (N) - 16.6 6.6
L.S.D. (0.05) 39 - 1.3

1 = Antagonist was added before planting.

2 = Antagonist was added before and after planting.
G.V. = Gliocladium vines

B. 15 = Bacillus sp.

T.S. = Trichoderma harzianum
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