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Abstract 
Insects attack vegetable crop, leading to an overuse of pesticides. Organic 
amendments are recommended to increase soil fertility. The impact of two 
insecticides, on soil macrofauna under rainfed cultivation of tomato (Lyco-
persicon esculentum L.) with or without organic amendments was evaluated. 
The insecticides were Lambda Super (lambda-cyhalothrin) and Dursban 
(chlorpyrifos ethyl) and organic amendments were compost, pig manure and 
cattle manure. An experimental device in split-plot with three replicate was 
installed. Pesticides were applied periodically each week during the experi-
ment. The results have showed that with organic amendments, Lambda super 
increased the earthworm population compared to the control. Indeed, we 
found 42 individuals/m2 with compost; 1 individuals/m2 with pig manure and 
27 individuals/m2 with cattle manure but the control was 0 individuals/m2 in 
the presence of Lambda super without organic amendment. Similarly, Durs-
ban increased the population of earthworms in the presence of organic 
amendment with 11, 37 and 91 individuals/m2 respectively for compost, pig 
manure and cattle manure. Lambda super with compost has led to a total eli-
mination of termites. In the presence of Dursban, a decrease in the number of 
termites was observed when adding cattle manure (11 individuals/ m2) com-
pared to the control containing only Dursban (21 individuals/m2). Better dis-
tribution of macrofauna was obtained with treatment with Dursban and 
compost (E = 0.99 for earthworms and E = 0.96 for termites). All organic 
amendments used in our study stimulated earthworm population, but more in 
the presence of Lambda super or Dursban. 
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1. Introduction 

Tomato (Solanumly copersicum L.) is grown all over the world, and is an im-
portant part of the diet. Tomato is the main vegetable in Burkina Faso [1], and is 
cultivated on 9529.23 ha (2010/2011 season). However this vegetable is very 
vulnerable to pest attacks. Among the tomato’s pest we have Tetranychus urticae 
Koch, Helicoverpa armigera Hübner and Bemisia tabacci. The attack of them 
promotes the use of pesticides by farmers in vegetable production in Burkina 
Faso. Among the formulations, there is the Lambda super 2.5 EC with lambda-
cyhalothrin as the active ingredient and Dursban 4E with chlorpyrifosethyl as 
the active ingredient. These insecticides fight efficiently against plant pests, es-
pecially in vegetable gardens. However, besides the benefit of the use of pesti-
cides for agricultural production, it is crucial to worry about the environment 
pollution and the impacts on human and animal health [2]. Chlorpyrifos ethyl is 
an active substance which remains in the top (0 - 10 cm) soil horizon [3]. Its 
metabolites are more toxic than the parent compound and have negative effects 
on animal health and soil microbial activities [4]. Regarding lambda-cyhalothrin, 
Förster et al. [5] showed that the effects on soil macrofauna depend on the macro-
fauna group and the environmental conditions such as temperature and humidity.  

In Burkina Faso, organic amendments are recommended by the government 
for soil fertility management. Some studies from [6] and [7] showed that organic 
amendments have a positive effect on the maintenance and proliferation of land- 
based flora. Ouédraogo et al. [6] showed that the contribution of organic matter 
provided by crop residues has increased the number of termites. 

However, there is a lack of information on the contribution of organic 
amendments to reduce the effects of pesticides on soil non-target macrofauna. 
The objective of this study is to evaluate the effects of pesticides used in vegeta-
ble production on soil macrofauna in the presence of organic amendment. This 
is in order to find some recommendable organic amendments for farmers to re-
duce the impact of pesticides on soil fertility. We issued the following assump-
tions: 1) organic amendments, in the presence of functional groups and a wide 
variety of microorganisms are able to retain and stimulate the degradation of 
pesticides in soil and reduce their impact on soil macrofauna; 2) the ability to 
reduce the effect of pesticides on soil macrofauna depends on the organic 
amendments used. 

2. Materials and Methods 
2.1. The Study Site  

The study was conducted in the rainy season at Kamboinsé (12˚28'N, 1˚32'W, 
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296 m above sea level) in 2013 in northern Burkina Faso located in the Souda-
nian climatic zone with a mean temperature of 27˚C. The site was chosen to get 
the same type of soil and to work in intense pest invasion area. 

The rainy season is from June to September with an average rainfall of 1000 
mm per year. The study has been conducted for 130 days. The soils of Kam-
boinsé area are mostly ferruginous leached, based on the deep sandy material, 
hydromorphic soils with little humus pseudogley inherited in association with 
lithosols on ironstone [8]. The physical and chemical characteristics of the soil (0 
- 20 cm) are shown in Table 1. 

2.2. Experimental Design 

A split plot design with three replications was laid out. The main treatment was 
the use of insecticides. Lambda super 2.5 EC (25 g/l lambda-cyhalothrin) applied 
at the recommended rate (600 ml/ha); and Dursban 4E (480 g/l of Chlorpyrifo-
sethyl) applied at the recommended rate (1.25 l/ha). The pesticides were applied 
three times during the tomato growth cycle (130 days). The first applied was 21 
days after the experiment set up and 10 days after each application. The plots 
were 3 m × 10 m and 1 m apart.  

The sub treatment was the use of organic amendment that includes a control 
without organic amendment, green waste compost (from a mixture of green 
waste (74%); cattle manure (24%) and Burkina phosphate), pig manure and cat-
tle manure. The organic amendment was applied at the recommended rate of 
20t/ha. The size of sub plots was 12 × 9 m. The blocks were separated by an alley 
of 1, 5 m. 

2.3. Plant Material 

Tomato (Lycopersicon esculentum) was used as plant material for our experi-
ment. The variety used was F1 Mongal, which is rainfed, matures in 130 days 
and has average yields ranging between 40 and 50 tons per hectare. It is tolerant 
to tomato virus (TYLCV), Fusarium sp., Stemphylium sp., nematodes and 
Pseudomonas sp. [9]. This tomato variety is highly recommended, especially for 
rain-fed cultivation and first varietal choice, for most farmers in Burkina Faso. 

2.4. Macrofauna Sampling 

Monolith sampling of soil macrofauna was done according to the standard TSBF 
 
Table 1. Characteristics of the soil (0 - 20 cm) and organic amendments. 

 
Clay Silt Sand Ct Nt C/N Kt Pt pHw 

   g·kg−1 mg·kg−1  

Soil 14.42 24.76 60.82 007.30 00.45 16.22 1088.5 936.1 06.18 

Cattle manure - - - 411.20 24.80 16.54 10250.0 8210.0 07.96 

Compost - - - 210.00 13.20 16.41 6220.0 19787.9 08.32 
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method [10]. Sampling was conducted in May 2013, 8 weeks after crop planting 
according to the standard method TSBF. One soil monolith of 25 cm × 25 cm × 
30 cm depth was randomly excavated in each replicate plot using shovel. Ter-
mites and other group of macrofauna were kept in 75% alcohol and earthworms 
in 75% alcohol + 4% formaldehyde before being transported in sealed vials to 
the laboratory for identification and inventory [11]. Earthworm and termite pa-
rameters, including abundance (numbers of individuals per m2) and taxonomic 
richness were calculated. Taxonomic richness (S) was calculated as the number 
of taxa per monolith [12]. 

2.5. Soil Sampling 

Composite soil samples from five spots at 0 - 20 cm were taken from each plot 
after crop harvest using an auger. Samples were sieved through 2 mm mesh for 
chemical and physical parameters determinations. 

2.6. Data Analysis 

Analysis of variance (ANOVA) was performed using a General Linear Model 
(GLM) implemented in Genstat Discovery Edition 4 statistical software for 
Windows. Differences were significant at p < 0.05 according to Tukey’s tests. 
Species diversity was expressed using Shannon index ( ) ln  H pi pi′ = −∑ , 
where H ′ : Shannon diversity index; pi: the proportion of individuals that are 
taxon relative to all individuals from all taxa collected. Shannon diversity index 
was calculated as: ( )p i ni N= ; where ni is the number of individuals for spe-
cies i and N is the total number (individuals of all species). Evenness (E) was 
calculated as: lnIE H S′=  [12]; where S is the richness of macrofauna com-
munity.  

3. Results 
3.1. Effects of Pesticides on Earthworms in the Presence of  

Organic Amendments 

A total of 267 earthworms belonging to Acanthodrilidae family were collected. It 
was Millsonia inermis and Dichogaster affinis. Dichogaster affinis, a shallow 
species that feeds the soil from the horizon 0 - 10 cm dominated in the experi-
ment (82% of the total density of earthworms). Millsonia inermis (18% of the 
total density of earthworms) live at 30 - 40 cm depth but come to the soil surface 
to feeds on the organic fraction. 

The results showed that without organic amendment, the presence of lambda 
super (lambda-cyhalothrin) led to a total disappearance of earthworms. Under 
the same conditions, the earthworm population remained stable in the presence 
of Dursban (chlorpyrifos ethyl) compare to the control (5 individuals/m2). How- 
ever, the effect of both pesticides was not significant. 

Table 2 shows that the earthworms’ population increased in the presence of 
the organic amendments (compost, pig manure and cattle manure). However, 
only the treatment with cattle manure and Dursban (91 individuals/m2), signifi-
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cantly increased earthworm population compared to other treatments (0 - 42 in-
dividuals/m2). The Evenness (E) shows that treatment with compost + Dursban 
(E = 0.99) had the best earthworms distribution (Table 2). Shannon indices 
show a diversity of earthworms after treatment in the following decreasing or-
der: M1P2 (IS = 0.689), M3P2 (IS = 0.368) and M1P1 (IS = 0.364). Relative to 
the average value of the Shannon index (0.118), only M1P2 (0.689), M3P2 
(0.368) M1P1 (0.364) treatments had a higher than average diversity (Table 2). 
These results showed that the compost increased the diversity of earthworms in 
the soil in the presence of both pesticides. 

3.2. Effects of Pesticides on Termites in the Presence of Organic 
Amendments 

In this study, 939 individuals of termites were collected represented by Odonto-
termes sp. belong to the mushroom family and Trinervitermes sp, from reapers 
family. Dursban and Lamba super increased the density of termites to 21 indi-
viduals/m2 and 16 individuals/m2 respectively compared to the control without 
pesticides (0 individuals/m2) (Table 3). With organic amendment, Dursban and 
Lambda super did not have significant effect on termites. The results have shown 
that cattle manure (11 individuals/m2) and compost (0 individuals/m2) in the 
presence of Lambda super, have decreased the density of termites compared to 
the control (16 individuals/m2). However, pig manure + Lambda super (85 indi-
viduals/m2) have stimulated termites’ population. In the presence Dursban, 
compost (256 individuals/m2) and pig manure (298 individuals/m2) have signif-
icantly stimulated the termites’ population compared to the control without or- 
 
Table 2. Density of earthworms in each treatment of experiment. 

Treatments Species Number/m2 
Total density  

(individual/m2) 
IS E 

M0P0 Dichogaster affinis 05 05a ± 9.23 0.000 0.000 

M0P1 - 00 00a ± 0,00 0.000 0.000 

M0P2 Dichogaster affinis 05 05a ± 9.23 0.000 0.000 

M1P0 Dichogaster affinis 21 21a ± 9.23 0.000 0.000 

M1P1 
Dichogaster affinis 
Millsonia inermis 

37 
05 

42a ± 18.47 0.364 0.520 

M1P2 
Dichogaster affinis 
Millsonia inermis 

05 
06 

11a ± 9.23 0.689 0.990 

M2P0 Dichogaster affinis 05 05 a ± 9.23 0.000 0.000 

M2P1 Dichogaster affinis 11 11a ± 9.23 0.000 0.000 

M2P2 Dichogaster affinis 37 37a ± 18.47 0.000 0.000 

M3P0 Dichogaster affinis 11 11a ± 9.23 0.000 0.000 

M3P1 Dichogaster affinis 27 27a ± 9.23 0.000 0.000 

M3P2 
Dichogaster affinis 
Millsonia inermis 

80 
11 

91b ± 15.30 0.368 0.530 

M0: Control without organic amendment; M1: compost; M2: Pig manure; M3: Cattle manure; P0: Control 
without pesticide P1: Lambda super P2: Dursban In a same column, values affected with the same letter are 
not significantly different at p < 5%. 
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Table 3. Density of termites by pesticides and organic amendment applied. 

Treatments Species Number/m2 
Density of termites 

(individual/m2) 
IS E 

M0P0 - 000 000a 0.000 0.000 

M0P1 Odontotermes sp. 016 016a 0.000 0.000 

M0P2 Trinervitermes sp. 021 021a 0.000 0.000 

M1P0 Trinervitermes sp. 139 139a 0.000 0.000 

M1P1 - 000 000a 0.000 0.000 

M1P2 
Trinervitermes sp. 
Odontotermes sp. 

101 
155 

256a 0.670 0.960 

M2P0 - 000 000a 0.000 0.000 

M2P1 Trinervitermes sp. 085 085 0.000 0.000 

M2P2 
Odontotermes sp. 
Trinervitermes sp. 

213 
085 

298a 0.357 0.515 

M3P0 
Odontotermes sp. 
Trinervitermes sp. 

075 
028 

103a 0.354 0.510 

M3P1 Odontotermes sp. 011 011a 0.000 0.000 

M3P2 Trinervitermes sp. 011 011a 0.000 0.000 

M0: Control without organic amendment M1: compost M2: Pig manure M3: Cattle manure P0: Control 
without pesticide P1: lambda super P2: Dursban In a same column, values affected with the same letter are 
not significantly different at p < 5%. 

 
ganic amendment + Dursban (21 individuals/m2). The best Evenness was ob- 
tained with Dursban + compost treatment (E = 0.96). The highest termites di-
versity was observed with pig manure and Dursban treatment (M2P2, IS = 
0.357) and compost with Dursban (M1P2, IS = 0.670) and cattle manure without 
pesticide (M3P0, IS = 0.354). Relative to the average value of the Shannon index 
(0.128), only M2P2, M1P2 M3P0 had a higher diversity than average (Table 3). 

3.3. Effects of Pesticides on the Density of Various Groups of  
Macrofauna in the Presence of Organic Amendments 

The inventory has raised 501 individuals belonging to groups other than ter-
mites and earthworms. These macrofauna groups were represented in 7 orders 
that are Ants, Coleoptera, Hemiptera, Collembola, Myriapoda, Arachnida and 
Diptera (Table 4).  

Table 4 shows that Lambda super have increased these macrofauna groups 
(27 individuals/m2) but Dursban has decreased (5 individuals/m2) compared to 
the control (16 individuals/m2). 

Compared to their respective control without organic amendment (26.66 for 
Lambda super and 5.33 for Dursban), Lambda super (32 - 75 individuals/m2) 
and Dursban (22 - 52 individuals/m2) have increased the density of the groups in 
the presence of organic amendments. With both pesticides, the trend of the evo-
lution of these groups of macrofauna was: M2 > M3 > M1. 
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Table 4. Effect of pesticides on various groups of macrofauna in the presence of organic 
amendment. 

Treatments Groups Individuals /m2 Total number 

M0P0 
Ants 11 

16ab 
Coleoptera 05 

M1P0 

Coleoptera 
Hemiptera 

Ants 
Collembola 

32 
05 
05 
05 

47ab 

M2P0 
Coleoptera 
Myriapoda 

Ants 

38 
05 
32 

75b 

M3P0 
Ants 

Coleoptera 
Myriapoda 

32 
11 
05 

48ab 

M0P1 
Coleoptera 
Arachnida 

Ants 

11 
05 
11 

27ab 

M1P1 
Coleoptera 
Arachnida 

27 
05 

32ab 

M2P1 

Coleoptera 
Ants 

Arachnida 
Collembola 

27 
32 
11 
05 

75b 

M3P1 
Coleoptera 43 

27 
70b 

Ants 

M0P2 Coleoptera 05 05a 

M1P2 
Ants 

Diptera 
17 
05 

22ab 

M2P2 

Coleoptera 42 

52ab Arachnida 05 

Ants 05 

M3P2 

Arachnida 
Ants 

Coleoptera 
Collembola 

05 
11 
11 
05 

32ab 

M0: Control without organic amendment; M1: compost; M2: Pig manure; M3: Cattle manure P0: Control 
without pesticide; P1: lambda super; P2: Dursban In a same column, values affected with the same letter are 
not significantly different at p < 5%. 

4. Discussion 
4.1. Effects of Pesticides on Earthworms in the Presence of  

Organic Amendments 

Considering the effects of pesticides on earthworms, results showed that Durs-
ban (chlorpyrifos ethyl) and Lambda super (lambda-cyhalotrin) had no signifi-
cant effect on the density of earthworms. The capacity of macrofauna to degrade 
pesticides and decrease their effect has been observed by many authors. Bhatta-
charya and Sahu [13] found that dimethoate at the recommended rate did not 
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have effect on earthworm’s population. Schreck [14] studied the effect of lamb-
da-cyhalothrin, chlorpyrifos ethyl and fungicides on earthworms. The author 
has found very little or no pesticides bioaccumulate in their tissues organisms 
even for individuals exposed to the highest concentrations of pesticides during 
long periods. Thus, earthworms degrade pesticides in their tissues. Gaw et al. 
[15] argued that there is an incorporation and degradation of pp, DDE mole-
cules by earthworms. However pesticide degradation by earthworms has some 
effects on their organisms. According to Bhattacharya and Sahu [13] the chlor-
pyrifos ethyl and dimethoate have negative effects on the growth, reproduction 
and metabolism of earthworms. Interaction between organic amendments and 
pesticides has significantly increased the density of earthworms in our study. 
This could be explained by the presence of easily degradable organic matter due 
to stimulation of organic amendment degradation by pesticides. In fact, accord-
ing to Zida [16] the abundance of earthworms is related to the presence of easily 
degradable organic matter. Under certain conditions, pesticides can stimulate 
the degradation of organic amendment by activating soil microorganisms and 
produce some easily degradable organic matter. Pesticides can be degraded in 
this case by cometabolism [17]. 

4.2. Effects of Pesticides on Termites in the Presence of Organic 
Amendments 

Termites were represented by Odontotermes sp., a mushroom grower cultivating 
their fungi in soils galleries, and Trinervitermes sp., a reaper feeding on litter. 
Pesticides have stimulated the density of termites in the soil. In fact, the mode of 
action and toxicity of pesticides are not only based on the nature of the product 
and the dose used, but also the group of targeted individuals and the stage of 
growth. Parvathi et al. [18] showed that the locomotion function and acetylcho-
linesterase activity of Odontotermes obesus treated with chlorpyrifos ethyl and 
monocrotophos (organophosphates) are not disturbed in the same way. They 
have demonstrated a high sensitivity to chlorpyrifos ethyl by Odontotermes ob-
esus, which contradicts our results. With both pesticides (Dursban and Lambda 
super), cattle manure have decreased the density of termites. This could be ex-
plained by a decrease of the quantity of recalcitrant organic amendment. Pesti-
cides have probably stimulated the degradation of lignin and cellulose contained 
in the cattle manure which led to development of earthworms as stated by Zida 
et al. [16] that earthworms are more competitive than termites in soils contain-
ing easily degradable organic matter. 

The chlorpyrifos ethyl and compost treatment had the best index of diversity 
and evenness of earthworms and termites. This shows that the compost is most 
favorable to the balanced and diversified development of earthworms and ter-
mites. Our results confirm those of Ouédraogo [19] which showed a better index 
of diversity and evenness of soil macrofauna in the presence of compost. Also, 
Tejada et al. [20] showed that chlorpyrifos ethyl was adsorbed by organic matter 
preferentially on the humic acids, which makes them less toxic. This confirms 
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the stimulator role of soil macrofauna by organic amendments showed by Tra- 
oré et al. [21]. 

4.3. Effects of Pesticides on Groups Other than Earthworms and 
Termites in the Presence of Organic Amendments 

Our results showed a decrease of the number of Ants, Coleoptera, Hemiptera, 
Collembola, Myriapoda, Arachnida and Diptera in the presence of chlorpyrifos 
ethyl. These results are similar to those of Endlwerber et al. [22] who reported 
that the chlorpyrifos ethyl causes a decrease in population density of Collembola. 
The authors explained this by the fact that the chlorpyrifos ethyl had not affected 
the predators of this group, thereby resulting in competition and a reduction of 
the population of Collembola. Chlorpyrifosethyl has a half-life time of 0 - 7 days 
[23], short enough to be degraded at the time of the inventory of macrofauna 
which occurred 15 days after the date of the last pesticide treatment. According 
to Robertson et al. [24], the degradation of chlorpyrifos ethyl is very fast in soil 
and is more related to abiotic factors than biological. This result is also explained 
by the presence of highly toxic degradation products for this group of macro-
fauna. Racke et al. [4] reported that chlorpyrifos-ethyl is degraded to 3, 5, 6 pri-
dinol esticirichloro-2-pyde (TCP). The effect of pesticides on these macrofauna 
groups would be due to the pesticide degradation products, which are sometimes 
more toxic than the parent compound [25]. In the same conditions there was an 
increase in the density of these groups in the presence of lambda-cyhalothrin. 
Stimulation of microbial activity by lambda-cyhalothrin could explain our results.  

With both pesticides, the trend of the evolution of other groups of macrofau-
na is: M2 > M3 > M1. This evolutionary trend is the same as the C/N ratio of 
organic amendments. Organic amendments with a C/N ratio are those indicated 
for reducing the effects of pesticides on macrofauna groups other than termites 
and earthworms. This will allow a good availability of nutrients for plants and 
also better performance. Ouédraogo et al. [26] conducted a study on the impact 
of soil macrofauna and soil management on some properties of soil and yields. 
The results revealed that the interaction between the organic amendment with 
high C/N and soil macrofauna significantly increased the yield of grain sorghum 
by 385%. 

5. Conclusions 

The objective of this study was to evaluate the effects of pesticides on soil ma-
crofauna in the presence of organic amendments. The results showed that the 
effect of lambda-cyhalothrin and chlorpyrifos ethyl on soil macrofauna depends 
on the nature of the pesticide and macrofauna group. Both pesticides have 
boosted the density of termites, but only chlorpyrifos ethyl had led to a decline 
in the density of macrofauna groups other than termites and earthworms. From 
our results, we can conclude that organic amendments helped reduce the effects 
of lambda-cyhalothrin on soil termite and other group of macrofauna. The same 
effect was observed with chlorpyrifos ethyl, except termites in the presence of 
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cattle manure.  
The use of organic amendments should always be recommended; however, 

appropriated pesticide should be chosen to avoid their impacts on soil organ-
isms. For ecological agriculture, the use of lambda-cyhalothrin should be en-
couraged because its effects are quickly neutralized by organic amendment. Our 
results mean also that organic amendment and earthworms could be used for 
soil depollution. 
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