
Root-knot nematodes (Meloidogyne spp.) are among
the most common and important plant parasitic nema-
todes in tropical and subtropical regions of the world
(Luc et al., 2005). Meloidogyne incognita (Kofoid et
White) Chitw. is one of the most harmful root-knot ne-
matode species, and is widespread and economically im-
portant on a range of field and vegetable crops on
lighter soil types in Egypt (Ibrahim et al., 2000). The
use of nematicides is one of the major means for con-
trolling root-knot nematodes (Whitehead, 1998). How-
ever, high cost and a reduced availability of nematicides,
as a result of increasing concern for the environment
and for public health, have augmented interest in alter-
native methods for the management of root-knot nema-
todes (Noling and Becker, 1994). 

Organic soil amendments and biocontrol agents have
been used successfully as effective alternative eco-
friendly methods for controlling root-knot nematodes
(Rodriguez-Kábana et al., 1987; Stirling 1991; D’Adda-
bbo, 1995; Siddiqui and Mahmood, 1999; Akhtar and
Malik, 2000; Barker, 2003). 

Most studies have demonstrated that organic amend-
ments have low efficacies, which make them unaccept-
able as control agents as they need to be applied in large
amounts for effective nematode management (Muller
and Gooch, 1982). However, integrating them with mi-

croorganisms, such as Bacillus thuringiensis Berliner,
could be effective for nematode control (Radwan et al.,
2004). 

Little is known about the combined effectiveness of B.
thuringiensis and organic amendments against root-knot
nematodes (Chen et al., 2000; Radwan et al., 2004).
Therefore, the objective of this study was to evaluate the
efficacy of B. thuringiensis combined with organic
amendment in the management of M. incognita on toma-
to, in a pot experiment under glass-house conditions.

MATERIALS AND METHODS

The root-knot nematode M. incognita was isolated
from infected roots of eggplant (Solanum melongena L.)
obtained from Rosetta, Behera Governorate, Egypt.
Eggs and second-stage juveniles (J2) were extracted
from infected roots by the sodium hypochlorite method
(Hussey and Barker, 1973).

The commercial products used were B. thuringiensis
subsp. kurstaki (Dipel 2X, 6.4% WP) obtained from
Rhone Poulenc Company, the nematicide oxamyl (10%
G) supplied by E. I. du Pont de Nemours & Company
Inc., used for comparison, and Achook® (0.15% E.C), a
neem-based biopesticide, provided by Bahar Agrochem
& Feeds, India. The organic amendments were chicken
litter, collected at the University of Alexandria, Agricul-
tural Experimental Farm, Poultry Division, and grape
marc obtained from Ganaklis Vineyard Company,
Desert Rood, West Alexandria.
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The experiment was conducted in clay pots of 15 cm
diameter filled with 1 kg of steam sterilized sandy clay
loam soil (51% sand, 15% silt and 34% clay; pH 7.8;
organic matter 0.73%). All pots were arranged in a
completely randomized block design on the bench in a
greenhouse that averaged 27-32 °C and each treatment
was replicated three times.

The experiment included the following ten treat-
ments: 1) non-inoculated control; 2) untreated control
inoculated with M. incognita; 3) oxamyl; 4) Dipel 2X
(Bt); 5) grape marc (GM); 6) chicken litter (CL); 7)
Achook® (AC); 8) Bt + GM; 9) Bt + CL; and 10) Bt +
AC (Table I). Treatments 2 to 10 were all inoculated
with M. incognita.

Each organic amendment (GM or CL) was incorpo-
rated into the soil at the rate of 10 g/kg, two weeks before
transplanting one-month-old seedlings of tomato (Lycop-
ersicon esculentum Mill.) cv. Super strain B. Bt, AC and
oxamyl were applied to the soil at the rate of 0.012, 0.5
and 0.01 g/kg, respectively, sequentially after nematode
inoculation. Each plant was inoculated with 5,000 nema-
tode eggs + J2/pot by pouring the nematode suspension
into holes made 2-4 cm below the soil surface around the
base of the plants. After 50 days, plants were removed
from the pots and the roots were washed free of soil. Top
and root length and fresh weight, number of galls/root
system and number of J2/250 g soil were determined for
each of the plants. The second stage juveniles (J2) were
extracted from the soil by the decanting and sieving tech-
nique (Goodey, 1963) and counted.

Interactions within the treatment combinations were
calculated using Limpel’s formula (Richer, 1987)

E = X + Y - XY/100

where: E = expected additive effect of the components
A and B; X = effect due to component A, and Y = effect
due to component B.

The co-toxicity factor was calculated according to
Mansour et al. (1966):

Co-toxicity factor = Observed effect (%) - Expected effect (%)
Expected effect (%)

This factor was used to determine the type of interac-
tion that occurred between Bt and the non-chemical
treatments. A co-toxicity factor of 20 or more is consid-
ered potentiation, a negative factor of 20 or more means
antagonism, and intermediate values between -20 and
+20 indicate an additive effect.

Data were subjected to analysis of variance and
means were compared for significance by LSD at the
probability of 0.05 (Cohort Software Inc., 1985).

RESULTS AND DISCUSSION

Tomato root galling was significantly reduced by all
the different treatments compared to the untreated in-
oculated control (Table I). The greatest reduction was
by Bt + CL followed by Bt + GM and Bt + AC (Table
I). Similarly to root galling, the reduction in the num-
bers of J2 obtained from soil of the different treatments
ranged from 63.0 to 80.5%. The greatest reductions
were by Bt + CL, Bt + GM and Bt + AC (80.5, 79.7 and
79.3%, respectively) (Table I).

The combinations of the organic amendments with Bt
resulted in greater reductions of the M. incognita than
when they were applied alone. The best combination to
reduce root galling (by 86.2%) and J2 (by 80.5%) was
that of Bt + CL, followed by Bt + GM and Bt + AC.
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Table I. Effects of Bacillus thuringiensis and non-chemical materials, alone and in combination, on the num-
bers of galls per plant and second-stage juveniles (J2) per 250 g of soil of Meloidogyne incognita in a pot experi-
ment with tomato plants.*

Treatment Galls/plant
     (Nº)

Decrease in
galls over
control (%)

J2/250 g soil
Decrease in J2

over control
(%)(%)

Non-inoculated control

Untreated inoculated control   133.2 739.0

Oxamyl     28.0 79.0 161.0 78.2

Dipel 2X (Bt) 38.7 70.8 250.0 66.2

Grape marc (GM) 37.0 72.2 273.3 63.0

Chicken litter (CL) 32.7 75.5 165.0 77.7

Achook® (AC) 45.0 66.2 260.0 64.8

Bt + GM 22.0 83.5 150.0 79.7

Bt + CL 18.3 86.2 144.3 80.5

Bt + AC 24.7 81.5 152.7 79.3

L.S.D. P = 0.05   9.72   54.95

Grape marc, chicken litter and Achook® were incorporated into the soil at 10, 10 and 0.5 g/kg, respectively.
Dipel 2X and oxamyl were applied to the soil at 0.012 and 0.01g/kg, respectively.
*Data are means of three replicates.
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Bacillus thuringiensis synthesizes delta endotoxins,
which may inhibit the parasitism of plant parasitic ne-
matodes. The commercial product of the bacterium
(Dipel 2X) suppressed the nematode as it reduced the
numbers of galls on tomato roots and J2 in the soil, con-
firming previous findings. Dipel 2X and SAN 415 B.
thuringiensis strains suppressed populations of M. ja-
vanica (Treub) Chitw. on tomato and of Tylenchulus
semipentrans Cobb on citrus under greenhouse condi-
tions (Osman et al., 1988). A strain of B. thuringiensis
reduced damage by root-knot nematodes and Roty-
lenchulus reniformis Lindford et Oliveira and the com-
mercial products of B. thuringiensis Turex and Dipel 2X
reduced J2 in the soil and galls on the roots of tomatoes
grown in M. incognita infested soil (Zuckerman et al.,
1993; Radwan et al., 2004; Radwan, 2007).

The results obtained with M. incognita on tomato by
amending soil with CL were similar to those of Mian and
Rodríguez-Kábana (1982), Chindo and Khan (1990), Ka-
plan and Noe (1993), Riegel and Noe (2000), D’Addab-
bo et al. (2003) and Lopez-Perez et al. (2005). GM soil
amendment confirmed the suppressive effect on
Meloidogyne spp. previously reported by D’Addabbo

and Sasanelli (1998), Oka and Yermijahu (2002) and
Nico et al. (2004). Moreover, AC was effective against
M. incognita and this is in agreement with Akhtar and
Mahmood (1994), who reported that the addition of
Achook® to the soil significantly reduced populations of
plant parasitic nematodes and root galling on tomato
and increased numbers of free-living nematodes. 

The co-toxicity factors for the treatments of Bt with
GM, CL or AC showed additive interaction effects on
the reduction of tomato root galling. Bt + CL was the
most effective followed by Bt + GM and Bt + AC (Table
II). These results conform with those of Radwan et al.
(2004), who found that the combination of the commer-
cial product of B. thuringiensis (Turex) with poultry ma-
nure or sawdust exhibited an additive effect against M.
incognita on tomato.

The length and weight of plant shoots and roots were
also influenced by the treatments (Table III). The appli-
cation of either Bt or other single treatments, except ox-
amyl, significantly increased length and fresh weight of
the shoots compared to the untreated inoculated control.
A significant increase in tomato root length was also
recorded in pots receiving AC, GM, CL or Bt. Similar re-
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Table II. Types of interaction between B. thuringiensis and non-chemical materials against M. incognita.

% effectiveness for galls
Treatment

Observed Expected
Co-toxicity factor

Type of
interaction

Bt + GM 83.48 91.93 - 9.2 Additive
Bt + CL 86.23 92.88 - 7.2 Additive

Bt + AC 81.48 90.20 - 9.7 Additive

Bt = B. thuringiensis;  GM = Grape marc;  CL = chicken litter; and  AC = Achook®

Table III. Effects of B. thuringiensis and non-chemical materials, alone and in combination, on the
growth of tomato plants infected with M. incognita in a pot experiment.*

Fresh shoot Fresh root
Treatment Length

(cm)
Weight

(g)
Length

(cm)
Weight

(g)

Non-inoculated control 24.0 3.7 11.4 2.9

Untreated inoculated control 18.9 3.2 10.1 1.9

Oxamyl 22.2 3.5 10.2 2.2

Dipel 2X (Bt) 24.1 4.1 12.0 2.3

Grape marc (GM) 26.8 5.2 11.7 2.6

Chicken litter (CL) 25.9 4.9 11.0 2.3

Achook® (AC) 27.6 5.0 12.2 3.3

Bt + GM 30.9 5.6 13.8 4.6

Bt + CL 34.2 6.0 15.0 3.7

Bt + AC 28.6 5.6 13.5 3.1

L.S.D. P = 0.05 4.48 0.73 1.12 0.77

Grape marc, chicken litter and Achook® were incorporated into the soil at 10, 10 and 0.5 g/kg, respectively.
Dipel 2X and oxamyl were applied to the soil at 0.012 and 0.01g/kg, respectively.
*Data are means of three replicates.
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sults on root weight were obtained in pots amended with
AC but not with CL, Bt or GM. All combined treatments
improved tomato growth compared to single treatments,
with greatest growth given by Bt + CL or Bt + GM. 

Application of organic matter to the soil is known to
have beneficial effects on soil nutrients, soil physical
properties, soil biological activity and crop perfor-
mance. The nutrient content of the amendments and
the large quantities of these materials added to the soil
result in increased soil fertility, and hence plant growth.
This helps the plant to tolerate nematode attack (Ro-
dríguez-Kábana et al., 1987; Stirling, 1991). The en-
hancement of plant growth by organic amendments in
the present study could be due to the combination of
the suppressive effect on nematodes with a direct fertil-
izing effect on the plants. 

Biological control agents are often applied to soils in
combination with organic materials that contribute to
enhanced biological activities against the target
pathogen. These materials provide the nutrients needed
for initial growth of the bio-control agents in soil, and
may be used as carriers to facilitate distribution. Break-
down of organic materials may release toxic and nemati-
cidal substances that contribute to nematode control
(Rodríguez-Kábana et al., 1987). The integration of B.
thuringiensis with organic materials produced a greater
reduction of root galling and J2 of M. incognita in the soil
and improved growth of the infected plants more than
the single treatments. These findings confirm results pre-
viously obtained by Radwan et al. (2004). In contrast,
Chen et al. (2000) reported that organic amendments
did not enhance the efficacy of bio-control agents B.
thuringiensis, Paecilomyces marquandii (Masse) S. Hugh-
es and Streptomyces costaricanus Esnard, Potter et Zuck-
erman against M. hapla Chitw. infecting lettuce.

Under the conditions of this experiment, application
of B. thuringiensis, either alone or combined with the
tested organic amendment materials, provided an effec-
tive means for reducing nematode levels and could be
an alternative control option for the management of
root-knot nematodes. Further work will be needed to
determine their effectiveness under field conditions.
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