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ABSTRACT 

 
A pot experiment was conducted to evaluate the nematicidal activity of six granular nematicides namely 

cadusafos, carbofuran, ethoprophos, fosthiazate, fenamiphos and oxamyl in comparison with six commercial 
bioproducts viz., Biozeid containing (Trichoderma album), Bioarc (Bacillus megaterium), Nemaless(Serratia 
marcescens), Micronema (Pseudomonas sp.and Bacillus sp.), Nemafree (Serratia sp.) and QL-Agri®35 
containing plant extract from (Quillaja saponaria). All materials were applied at their recommended rates 
against root-knot nematode, Meloidogyne incognita, infecting tomato under greenhouse conditions. The results 
indicated that, all traditional nematicides showed higher nematicidal effects than the examined bioproducts. 
Application of cadusafos provided the maximum reduction of nematode infection. It reduced the numbers of the 
galls, J2 in soil, developmental stages within root, eggmasses and finally the nematode population density by 
96.49, 94.57, 90, 98.56 and 99.6% respectively. Biozeid which based on fungi exhibited more nematicidal 
activity than those based on bacteria. QL-Agri®35 gave satisfactory nematicidal activity. Generally, all 
treatments improved tomato growth criteria as measured by fresh weight of shoots and roots as well as lengths 
of both systems compared with check plants. It could be concluded that the application of cadusafos and Biozeid 
as items of integrated control programe might provide an effective control of M. incognita on tomato. 
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Introduction 
 

Root-knot nematodes (Meloidogyne spp.) are among the most economically damaging genera of plant 
parasitic nematodes on horticultural and field crops, causing an estimated US$100 billion loss globally on an 
annual basis (Oka et al., 2000). Meloidogyne incognita ( Kofoid & White) Chitwood, is one of the most harmful 
root -knot nematode species,which infects a wide range of vegetable crops in Egypt (Ibrahim et al., 2000 ). 

Root knot nematodes are among the most difficult crop-pest to be controlled. Several methods are known to 
manage the root knot nematode. They include the use of nematicides, organic amendments, resistance cultivars, 
soil solarization and biological control, which have been used with different levels of successes for the 
protection of tomato plants (Randhawa et al., 2001; Sakhuja and Jain, 2001). Although chemical nematicides are 
effective, easy to apply and show rapid effects, they have begun withdrawn from the market owing to concerns 
about public health and environmental safety (Rich et al., 2004).Also, nematicides have higher cost of 
application, limited availability in many developing countries or their diminished effectiveness following 
repeated applications (Ahmad and Siddiqui, 2009; Schneider et al., 2003). 

Attention on environmental safety has led to the search of alternative strategies including the use of 
rhizosphere microorganisms and plant extracts.Microorganisms that can grow in the rhizosphere  provide the 
front-line defense for roots against  pathogen attack and are ideal for use as biocontrol  agents (Weller, 
1988).Fungi and bacteria are the two major groups of microbs which are abundant in soil and some of them 
have shown great potential as biocontrol agents for nematodes (Siddiqui and Mahmood,1999 ; Khalil et al., 
2012b).Also, manyplant extracts have shown nematicidal activity such as those extracted from neem tree (Ntalli 
et al., 2009), and Quillaja saponaria tree (Giannkuo, 2011). 

Therefore, the present investigation was conducted to evaluate the performance of certain bioproducts 
available in the local market (i.e. Bioarc, Biozeid, Nemaless, Micronema, Nemfree and QL-Agri®35) in 
comparison with six granular synthetic nematicides (i.e. cadusafos, fosthiazate, ethoprop, fenamiphos, 
carbofuran and oxamyl) for the management of Meloidogyne incognita infecting tomato plants under 
greenhouse conditions. Also, the impact of all treatments on tomato plant growth was undertaken. 
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Materials and Methods 
 
Examined nematicides and bioproducts: 

 
All the nematicides used in the present work are listed in Table (1). Six granular nematicides viz., 

cadusafos, carbofuran were purchased from Delta Agrochemicals Company, Egypt; ethoprophos from My Trade 
Company,Egypt; fosthiazate from Syngenta Agro, Egypt); fenamiphos from Agrimatco Co,Egypt ;oxamyl from 
DuPont Chem. Co, Egypt. And six commercial Bioproducts viz., Biozeid and Bioarc were obtained from 
Organic Bio Technology Co; Nemaless, Micronema and Nemafree were supplied from Agriculture Research 
Center, Giza, Egypt. The plant extract QL Agri®35 was obtained from DOTRA Co, Haram, Giza, Egypt. 
 
Pot experiment: 

 
Clay pots (15cm in diameter) were filled with one kg steam sterilized sandy clay soil (1:1 v/v). Three week 

old Seedlings of tomato (Lycopersicon esculentum L. cv. Super Strain B) were transplanted in each pot at one 
seedling / pot. A week later, the plants were inoculated with 1000 freshly hatched second stage juveniles (J2) of 
Meloidogyne incognita propagated originally on susceptible eggplant (Solanum melongena L. cv. Aross). The 
suspended J2 were added in 10ml of water and pipetted into 4 equidistant 3cm-deep holes surrounding the root 
zone of each plant. Immediately after inoculation the holes were covered with soil. 

Cadusafos, ethoprophos and bioproducts were applied to the soil directly after inoculation while other 
nematicides were applied after 3 days of inoculation. All nematicides were applied equivalent to the 
recommended rates based on formulated form (Table, 1) by incorporating the exact amount in the upper 5cm3 of 
soil pot. The tested bioproducts were applied at recommended rates as soil drench by suspending the required 
quantity of each pot in 10ml of water. Untreated inoculated pots served as control. All treatments were  
replicated four times, arranged in a complete randomized block design on a bench in a greenhouse at 30±5°C 
and watered as needed. Forty five days after inoculation, tomato plants were uprooted and washed free of 
adhering soil. The length and the fresh weight of shoot and root were recorded and the % increase was 
calculated:- 

 
Also, the number of second stage juveniles (J 2) per pot soil was determined for each of the plants. The 

roots were stained in boiling fuchsin lactophenol (Goody, 1957) and examined to assess the number of galls per 
root, egg masses per root, developmental stage within the root system and average of eggs number per egg mass 
estimated by (Hussey & Barker, 1973). The reduction of nematode parameters was calculated:- 

 
Nematode reproduction factor (Rf) was calculated according to the formula:-  Rf =  

Pi = nematode initial inoculum, Pf = nematode final population. 
The smaller the reproduction factor the greater the efficacy of the candidate nematicide. 

 
Statistical analysis: 

 
Data were subjected to ANOVA by using Costat program (1988) and significant difference among the 

treatments was portioned by Duncan's(1955) multiple range test at probability levels of P = 0.05. 
 

Results And Discussion 
 
Results listed in Table (2) and Fig (1) indicated that, all treatments had different degree of nematicidal 

activities comparing to untreated check. Generally, traditional nematicides showed higher nematicidal actions 
than commercial bioproducts in relation to reduction of galls / root, number of J2 in soil, number of 
developmental stages within root, number of eggmasses/ root and number of eggs / eggmass. This result is in 
agreement with those obtained previously (El-Sherbiny et al., 2007; Hadad and Al- Hashmi, 2012; Khalil et al., 
2012a). On contrary, Radwan et al. (2012) reported that the usage of the highest rate of Bioarc and Biozeid gave 
greater reduction in nematode infection than oxamyl and carbofuran. 
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Table 1: List of nematicides and bioproducts used in the present study. 
Nematicides Common name  (Trade 

name) Active ingredient 
Rate of application (g 

or ml /pot ) 
Tr

ad
iti

on
al

 n
em

tic
id

es
 

Cadusafos 
(Rugby® 10%G) S,S-di-sec-butyl O-ethyl phosphorodithioate 0.1 g 

Fosthiazate (Nemathorin® 
10%G) 

(RS)-S-sec-butyl O-ethyl 2-oxo-1,3-thiazolidin-
3ylphosphonothioate; (RS) 

-3-[secbutylthio(ethoxy)phosphinoyl]-1,3-thiazolidin-2-one 
0.055g 

Fenamiphos (Nemacur® 
10%G) 

Ethyl 4-methylthio-m-tolyl 
isopropylphosphoramidate 0.1 g 

Ethoprophos (Mocap® 
10%G) O-ethyl S,S-dipropyl phosphorodithioate 0.15g 

Oxamyl 
(Vydate® 10%G) 

N,N-dimethyl-2-methylcarbamoyloxyimino- 
2-(methylthio)acetamide 0.1 g 

Carbofuran (Furadan® 
10%G) 

2,3-Dihydro-2,2-dimethylbenzofuran- 
7-yl methylcarbamate 0.1 g 

B
io

br
od

uc
ts 

Bioarc WP Bacillus megaterium(25x106 cfu/g) 0.2 g 
Biozeid WP Trichoderma album(25x106 spore/g) 0.2 g 
Nemaless Serratia marcescens(1x109 bacterium cell/ml) 0.2 ml 

Micronema Bacillus.sp,pseudomonas. sp 0.2 ml 
Nemafree Serratia. sp 0.2 ml 

QL- Agri®35 Qullija saaponaria 0.2 ml 
 

Among the traditional nematicides examined cadusafos was superior in reducing nematode infection. It 
reduced the number of galls by 96.49% ,number of J2 in soil by 94.57%, number of developmental stages within 
roots by 90%, number of eggmasses by 98.56% and number of eggs / eggmass by 82.8% and finally the 
nematode population density was reduced by 99.6% [Table (2) and Fig(1)]. Previous workers supported that 
cadusafos exhibited the highest nematicidal activity among other nematicides examined (Zaki and Maqbool, 
1995; Aboul-Eid and Youssef, 1993; Abdul-Rehman et al., 2006; Meher et al., 2010; Dubey and Trivedi, 2011). 

It was accepted that carbamate and organophosphate nematicides acted by the inhibition of 
acetylcholinesterase (ACHE) at cholinergic synapses in the nematode nervous system, that inhibition was most 
likely explanation for the observed effect of organosphosphate and carbamate nematicides on the orientation 
behavior of nematodes (Wright, 1981; Opperman and Chang, 1990). These chemicals act by impairing 
nematode neuromuscular activity, thereby, reducing their movement, host invasion, feeding and consequentially 
the rate of development and reproduction (Kheir et al., 1983). Bunt (1987) suggested that these chemicals acted 
against the root-knot nematode by inhibiting egg hatching, their movement and host invasion by juveniles that 
had penetrated the roots. 
 
Table 2: Effect of nematicides and commercial bioproducts on the development and reproduction of the root -knot nematode M. incognita 

infecting tomato cv. Super Strain B. 
Treatments No. of 

galls/ root 
No. of 

larvae in 
soil(J2) 

No. of 
developmental 

stage within root 

No. of 
egg masses 

/root 

No. of 
eggs/ egg 

mass 

Final 
population 

(Pf) 

Reproduction 
factor(Rf) 

Oxamyl 82.50efg 478.5bcd 86.75bc 57.50ef 130.25cd 8112.13 8.11 
Fosthiazate 49.00fgh 331.25cde 45cd 21.50fg 171.25bcd 4079.63 4.08 
Carbofuran 30.75gh 368.75cde 46.00cd 20.00fg 162.50bcd 3684.75 3.68 
Fenamiphos 88.00def 169.75de 89.25bc 63.00def 158.25bcd 10291.75 10.29 
Ethoprophos 39.75fgh 143.75de 45.25cd 25.00fg 143.50bcd 3801.50 3.80 
Cadusafos 6.50h 81.25e 13.00d 2.75g 91.25d 347.94 0.35 

Bioarc 166.25abc 731.25b 86.50bc 88.75cde 129.25cd 12377.44 12.38 
Biozeid 120.00cde 481.25bcd 92.25bc 63.00def 149.50bcd 10055.00 10.06 

QL- Agri® 35 186.25ab 575.00bc 105.00b 135.75bc 192.75bc 26981.56 26.98 
Micronema 217.75a 750.00b 164.75a 166.00ab 202.50bc 34695.75 34.70 
Nemaless 142.75bc 584.25bc 131ab 110.75cd 213.50bc 24471.13 24.47 
Nemafree 136.00bcd 637.50bc 130.75ab 122bc 234.50b 29499.25 29.50 

Untreated(check) 185.25ab 1497.00a 131.50ab 190.50a 530.75a 102926.88 102.93 
Means in each column followed by the same small letter (s) are no significant at P<0.05 according to Duncan's multiple range test. 

 
Results of Table (2) and Fig (1) indicated that the bioproduct based on fungi (Biozeid, which containing 

Trichoderma album) had a relatively more nematicidal activity than those based on bacteria (Table, 1). For 
example the reproduction factor of M. incognita associated with the examined bioproducts were10.06, 12.38, 
24.47, 29.50 and 34.70 for Biozeid, Bioarc, Nemaless, Nemafree and Micronema, respectively. This piece of 
result is in agreement with those obtained previously (Hammad and Zaid, 2007; Khalil et al., 2012a; Radwan et 
al., 2012). 
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Fig. 1: % Reduction in nematode parameters as effected by Nematicids and bioproducts. 
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There were multitude investigation interpreted the actions of Trichoderma species against plant parasitic 

nematodes. Two mechanisms of action are thought to be responsible for the reduction of nematode infection 
following root treatment with Trichoderma spp.: (1) direct parasitism of eggs, juveniles and females by direct 
hyphal penetration through the increase in enzymatic activities (Suárez et al., 2004; Yang et al., 2010) and (2) 
inducing plant defense mechanisms leading to systemic resistance in plants (Sahbani and Hadavi, 2008) 

Bioproducts based on bacteria reduced nematode population mainly by production of substances such as 
antibiotics, siderophores and variety of enzymes (Mahgoop and El-Tayeb, 2010) that may limit the damage 
caused by nematodes. Bacteria may change nematode behavior (Sikora and Hoffmann, 1993), can function as 
competitors of nematodes for colonization sites and nutrients (Khan et al., 2008) and induce of systemic 
resistance (Hasky-Gunther et al., 1998; Cartieaux et al., 2003). 

Results of Table (2) showed that the commercial product QL Agri®35 based on the plant extract from 
Quillaja saponaria reduced significantly the number of J2, number of eggmasses/root and number of eggs/ 
eggmass compared to untreated check. This result is conformity with that obtained by San Martin and 
Magnunacelaya(2005) who found that aqueous extracts from Q. saponaria containing a mixture of saponins and 
polyphenols resulted in a satisfactory nematode control. Giannakou (2011) reported that the use of commercial 
product QL Agri® 35 gave good control of root-knot nematodes and prevent nematode increase in soil. 

The influence of treatments on growth of tomato plants infected by M. incognita is presented in Table (3) 
and Fig (2). All the treatments improved tomato growth criteria as measured by fresh weight of shoots and roots 
as well as length of both systems compared to those of check plants. Previous investigations supported this 
result either with the application of nematicides (Abu El-Amayem et al., 2004; Zaki and Maqbool, 1995; Dubey 
and Trivedi, 2011) or with bioproducts (Mahgoob and El- Tyep, 2010; Khalil et al., 2012 a , b). 

For the traditional nematicides, the increases in plant growth are due to killing action of the nematicidal 
compounds on the majority of penetrated larvae so the plant growth is improved (Kheir et al., 1983). Formation 
of galls on the roots and colonization of root tissue by the nematode deprives plants of nutrients. The damage 
also occurs due to devitalization of root tips, which may stop their growth or cause excessive branching of roots 
(Terefe et al., 2009).The shorter height of seedlings of untreated check might be due to the stunting action of M. 
incognita (Jinfa et al., 2006). 

The plant growth were augmented with all evaluated bioproducts and there are certain reports were 
abolished this action by direct and indirect mechanisms. The direct growth promoting mechanism is depending 
on substances released from microorganisms that facilitate the uptake of nutrients (Glick et al., 1999) and/or 
facilitate the production of phytohormons such as auxins,cytokinins, gibberellins(Vessey, 2003).The indirect 
mechanism includes production of inhibitory substance or by increasing of natural resistance of the host 
(Cartieaux et al., 2003). 

The present investigation showed that the examined traditional nematicides were highly efficient in 
reducing M. incognita infection and increasing plant vigor at their recommended rates.Because these chemical 
nematicides are environmentally hazardous, bioproducts which are bacterial, fungal and plant origin were 
applied as safer and eco- friendly control alternatives. The present pot experiments gave promising results with 
these bioproducts but further investigations are necessary to confirm their effectiveness under field conditions. 
Therefore, application of these materials (i.e. nematicides + bioproducts) within integrated control programe 
could provide effective control of M. incognita on tomato. 

 
Table 3: Effect of tested nematicides and bioproducts on the growth of tomato plants. 

Weight(g) Length(cm) Treatment 
 

Root Shoot Root Shoot  9.67bc 16.45de 20.75abc 43.75bcd Oxamyl 
9.75bc 20.50abc 21.75abc 43.75bcd Fosthiazate 
9.75bc 20.50abc 17.50bc 42.25 cd Carbofuran 
14.00a 27.40a 22.00ab 48.75abc Fenamiphos 

10.25abc 22.50ab 21.50abc 49.00ab Ethoprophos 
13.40ab 26.40a 20.00abc 52.00a Cadusafos 
11.45abc 21.46abc 20.75abc 46.75abcd Bioarc 
13.85ab 27.25a 18.75abc 49.25ab Biozeid 
12.40abc 21.60abc 20.00abc 46.25abcd QL- AGRI 35 
14.00a 22.00ab 19.00abc 48.00abcd Micronema 

11.80abc 21.60abc 22.00ab 47.00abcd Nemaless 
9.75bc 17.60bc 22.50a 45.00bcd Nemafree 
9.30c 14.75e 17.00c 41.25d Untreated(check) 

Means in each column followed by the same small letter (s) are no significant at P<0.05 according to Duncan's multiple range test. 
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Fig. 2: Effect of certain nematicides and bioproducts on percentage of increase in plant growth t of tomato  
            plants infected with M. incognita. 
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