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ABSTRACT 
 

Five pre-emergence herbicides alone or in combinations, namely, Galex (2.5 kg 
a.i./ha), metribuzin (1.5 kg a.i./ha), diphenamid + metribuzin (3.0 and 0.25 kg 
a.i./ha), diphenamid (3.0 kg a.i./ha) and Codal (metolachlor + prometryne) (2.0 
kg a.i./ha) were evaluated in field at the Institute for Agricultural Research, 
Samaru, Ahmadu Bello University, Zaria, Nigeria during 2005-06. The objective 
was to determine the effects of these herbicides on root-knot nematodes, 
Meloidogyne spp. and vascular wilt pathogen, Fusarium oxysporum f.sp. 
Iycopersici on tomato.  The results revealed that nematode populations 
increased following application of the herbicides.  This resulted in an increase 
of incidence and severity of vascular wilt pathogen. The increase was, 
however, significant only upto 6 weeks after transplanting but declined 
thereafter.  Three herbicides (Galex, Codal and diphenamid + metribuzin) 
increased the nematode populations and incidence and severity of the vascular 
wilt pathogen more than metribuzin and diphenamid. 
  
KEYWORDS: Lycopersicon esculentum; Meloidogyne; Fusarium; 

herbicides; Nigeria. 
  

INTRODUCTION 
 
Herbicides have been used extensively to control weeds in tomato and other 
crops.  Although these are used mainly to control weeds, yet some 
insecticides have been reported to affect population of plant-parasitic 
nematodes.  For instance, Browdie et al. (3) reported that herbicide mixture of 
acifluorfen and bentazon decreased populations of Heterodera glycines.  
Similarly, Singh and Nandram (18) found that use of herbicides in rice and 
wheat had a significant detrimental effect on nematode populations.  In some 
cases, however, nematode populations have increased following application 
of herbicides. The herbicide vernolate, metributzin and trihralin increased the 
number of soybean cyst nematode (H. glycines) egg production by 37 and 
134 percent in soybean (11).  A combination of herbicide alachlor and 
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nematicide fenamiphos caused a late season resurgence of H. glycines 
population (19).  Indifferent responses of nematodes to herbicides treatment 
have also been reported.  Liphadzi et al. (12), for instance, found no 
differences in the effect of glyphosate and conventional herbicides in maize 
and soybean on nematode densities, soil microbial biomass or substrate 
induced respiration in soil. 
 
In the Savanna regions of Nigeria, tomato is grown extensively in lowland 
(Fadama) areas.  These Fadama areas have been shown to harbor large 
populations of root-knot nematodes (2).  These are also hotbeds of vascular 
wilt diseases, particularly fusarium wilt incited by Fusarium oxysporum f.sp. 
lycopersici (FOL) (4, 7).  Herbicides are also used extensively in these areas 
to control weeds.  Little information is available on the effect of these 
pesticides on other micro-organisms in the soil of Nigeria Savanna. 
 
This study was conducted to determine the relationship between some 
commonly used pre-emergence herbicides in tomato production and root-knot 
nematodes, Meloidogyne spp.  and  fusarium wilt disease.       
 

MATERIALS AND METHODS 
 

Effect of five pre-emergence herbicides on Meloidogyne spp. and fusarium 
wilt of tomato was evaluated under irrigated conditions during 2005/2006 
season in the Department of Crop Protection, Institute for Agricultural 
Research, Ahmadu Bello University, Zaria, Nigeria. The herbicides included 
were; Galex (2.5 kg a.i./ha), metribuzin (1.5 kg a.i./ha), diphenamid + 
metribuzin (3.0+0.25 kg a.i./ha), diphenamid (3.0 kg a.i./ha) and Codal (2.0 kg 
a.i./ha). The land is naturally infested with root-knot nematodes and has been 
under continuous cultivation of tomato and is endemic to FOL. The 
herbicides, were applied on basin plot measuring 2 square meter.  Untreated 
plots served as control.  Each treatment was replicated four times in a RCBD.  
Prior to application of herbicides, soil samples were taken from each plot with 
soil auger to a depth of 25 cm to determine the initial population density of 
root-knot nematodes and inoculums of FOL.  Thereafter 80 g of compound 
fertilizer (NPK 15:15:15) equivalent to 60 kg per hectare was incorporated in 
each plot and drenched with water. The herbicides were then sprayed 24 
hours later.  Three weeks old tomato seedlings (cv. Hunkuyi Local), 
susceptible to both nematode and FOL, raised earlier on heat sterilized sandy 
loam soil were transplanted to plots 24 hours after herbicide application.  Un-
established seedlings were replaced one week after transplanting. Twelve 
plants were transplanted at 30 cm spacing in two rows in each plot.       
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Wilt incidence and severity were recorded at 2, 4, 6, 8, 10 and 12 weeks after 
transplanting (WAT).  Wilt incidence was assessed based on the number of 
plants showing external symptoms expressed as percentage.  Wilt severity 
was graded on a scale of 1-6 (14).  Nematode populations were estimated at 
30, 60, and 90 days after transplanting (DAT).  Nematodes were extracted 
using Cobb’s sieving and decanting method (6).  Nematode counts were 
made from a 10 ml homogenized nematode extract in a counting dish.  Data 
were analyzed statistically and differences among means were compared by 
Duncan multiple range test (DMRT) at 5 percent level of probability.  
 

RESULTS AND DISCUSSION 
 
All herbicide treatments except metribuzin decreased incidence of fusarium 
wilt disease (Table 1) compared to untreated control.  Diphenamid and Codal 
were comparable with minimum incidence of fusarium wilt (4.5% each) but 
did not differ significantly from Galex (5.0%). 
 

Table 1. Effect of pre-emergence herbicides on incidence and severity of fusarium 
wilt on tomato under irrigated conditions. 

 
Herbicide treatments (kg a.i./ha) Fusarium wilt 

incidence (%) 
Severity (%) 

Galex   (2.5) 
Metribuzin  (1.5) 
Diphenamid + metribuzin (3.0 + 0.25) 
Diphenamid (3.0) 
Codal (2.0) 
Control (untreated) 

5.0cd 
6.1abc 
5.7bc 
4.5d 
4.5d 
7.1a 

2.2ab 
1.9b 
2.0b 
2.4a 
2.1b 
2.0b 

Means followed by the same letter in same column are not statistically different 
according to Duncan multiple range test (DMRT). 

 
Treatment with herbicides aggravated the disease severity when compared 
with control except the treatment with metribuzin (Table 1).  This agrees with 
the findings of Heydari et al. (10) where two pre-plant herbicides namely 
pendimethalin and prometyn increased the incidence of Rhizoctonia-induced 
cotton seedling damping off in the field. Aggravation of disease due to 
herbicide might have been due to increase in number and virulence of the 
pathogen as suggested by Fletcher (8), or the suppression of populations of 
disease suppressing bacterial isolates in the rhizosphere (10). The data 
(Table 2) showed that fusarium wilt incidence increased significantly upto six 
weeks after transplanting (6.3%).  
Table 2.  Effect of time of sampling on incidence and severity of Fusarium wilt of 

tomato treated with some herbicides under irrigated conditions. 
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Time of sampling Fusarium wilt Incidence (%) Severity 
2 WAT 2.3b 1.9b 
4 WAT 5.8 1.9b 
6 WAT 6.3a 2.1ab 
8 WAT 6.9a 2.2a 
10 WAT 6.8a 2.2a 
12 WAT 6.9a 2.2a 

Means followed by same letter in same column are not statistically different according to 
Duncan multiple range test (DMRT). WAT= Weeks after transplanting 
 
Thereafter, all increases were statistically the same.  Severity of the disease 
also showed a similar response (Table 2).  However, there was no significant 
response upto 6 WAT, thereafter severity did not increase significantly.  This 
may be attributed to the age of plants at 6 WAT.  Similar observation has 
been made by Chindo et al. (5).  The plants might become too woody form 
meaningful ingress of the vascular pathogen.  According to Pitcher (16) 
symptom expression was higher in young than old plants.  The data (Table 3) 
further show that interaction of herbicides and time of scoring was significant 
for both incidence and severity upto 6 WAT only.  This shows that the wilt 
pathogens had little or no effects, as the plants grew older.  Pitcher (16) and 
Chindo et al. (5) reported symptom expression of vascular wilt to be the 
highest in younger than older plants. 
 
Table 3. Interaction between herbicides and time of scoring Fusarium wilt of tomato in 

the field in Samaru, Nigeria. 
 

Herbicide treatment Period of sampling (weeks after transplanting) 
 2  4  6  8  10  12 
 Fusarium wilt incidence 
Galex * * * NS NS * 
Metribuzin * * * NS NS NS 
Diphenamid + metribuzin * * * NS NS NS 
Diphenamid * * * NS NS NS 
Codal * * * NS NS NS 
Control (untreated) NS * * NS NS NS 
 Fusarium wilt severity 
Galex * * * NS NS * 
Metribuzin * * * NS NS NS 
Diphenamid + metribuzin * * * NS NS NS 
Diphenamid * * * NS NS NS 
Codal * * * NS NS NS 
Control (untreated) * * * NS NS NS 

 
Similarly, herbicide treatment tended to increase nematode populations at the 
first and second sampling periods (30 and 60 DAT) except for metribuzin 
where nematode population was significantly lower than the control at 30 
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DAT (Table 4).  This agrees with the findings of Kraus et al. (11) and Sipes 
and Shmitt (19).  Increases were higher at 30 and 60 DAT.  However, pattern  
 
Table 4. Interaction between some pre-emergence herbicides and time of sampling of 

nematode populations on tomato in Samaru, Nigeria. 
                  

Herbicide treatment (kg a.i./ha) Nematode populations at 
 30 DAT 60 DAT 90 DAT 
Galex (2.5) 6.4a 6.8a 5.7a 
Metribuzin (1.5) 3.6a 5.3b 5.3a 
Diphenamid+metribuzin (3.0+0.25) 6.3a 3.9b 5.5a 
Diphenamid (3.0)  6.0a 6.9a 4.6a 
Codal (2.0) 6.2a 5.0b 4.3ab 
Control Untreated) 5.0ab 5.1b 3.6b 

Means followed by the same letter within the same column are not statistically different 
according to DMRT. DAT = Days after transplanting. 
 
of nematode changes did not follow a definite trend particularly at 60 DAT.  
Populations at end of experiment for all herbicides declined generally at the 
last sampling (90 DAT).  This might be due to decline in food availability for 
the nematodes arising from old age of the roots, reduction in number of 
fibrous roots and decay in roots as reported by Olthof et al. (15) and Chindo 
and Khan (4).  The increase in nematode density due to herbicide application 
impacted positively on the incidence and severity of the wilt disease.  This 
indicates positive correlation between nematodes and fusarium wilt.  This is 
in consonance with the reports of earlier workers (5, 9, 13, 17) who found that 
Meloidogyne spp. increased the severity of both bacteria and Fusarium wilt in 
various crops.  
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