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ABSTRACT 
Objective: This study in the Senegal River Basin evaluated the effect of three types of compost, made from 
manure combined with straw, Calotropis procera (Sodom Apple) or Crotalaria juncea (Indian Hemp) , on 
plant-parasitic as well as free-living nematodes and on the growth of tomato plants. 
Methodology and results: This study was performed in a greenhouse where a Mongal tomato was grown 
during 3 months in a soil that had been abandoned due to infestation by nematodes. The treatments were 
composts of straw, Calotropis procera Crotalaria juncea and control without compost. The soils amended 
with compost had significantly higher nematode abundances than the unamended. The compost with 
Crotalaria juncea gave the highest abundance. The soils with compost also had a much lower proportion of 
plant-parasitic nematodes than the control soil and much higher proportion of bacterivorous nematodes. 
The height of the plants was positively correlated with the proportion of bacterivorous nematodes and 
negatively correlated with the proportion of plant-parasitic nematodes. 
Conclusions and application of the results: The influence on the soil nematode community of compost 
materials is associated more with their phenol content than the total organic carbon. The Calotropis procera 
and Crotalaria juncea encourage the growth of the bacterivorous nematode community, which plays an 
important role in maintaining soil fertility, and the growth of omnivorous and predatory nematodes while 
limiting the growth of the plant-parasitic nematode community. The results suggested that the compost with 
Crotalaria juncea seems to be worthwhile pursuing as it maintained the equilibrium between nematode 
feeding guilds while suppressing plant-parasitic nematodes. 
Keywords: Compost, Crotalaria, Calotropis, Straw, Nematode, sandy soil. 
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INTRODUCTION 
Farming in the Senegal River Valley is dominated 
by smallholders where market gardening provides 
a major part of household revenues (David-Benz, 
2002). The yield from these crops is limited by 
many constraints, such as the damage caused by 
plant-parasitic nematodes (Chabrier, 2014). These 
nematodes are proliferating very fast in this region 
of Senegal due to ideal conditions for 
multiplication: sandy soils, high temperatures, and 
traditional crop sequences including vulnerable 
plants (Chaibou & Kâ, 2012; Chabrier, 2014). The 
crops that are most affected are members of the 
Solanaceae (such as tomatoes, chili peppers, and 
bell peppers) and the Cucurbitaceae (such as 
watermelons, zucchini, and melons) where the 
losses caused by nematodes are estimated to be 
over 60% (Haougui et al.,  2013a). Local farmers 
usually resort to chemical treatments, such as 
bromomethane (methyl bromide), ethoprophos 
(ethoprop), or carbofuran (Furadan) to control 
plant-parasitic nematodes. These chemicals 
present a high risk for human health and the 
environment while providing only limited, short-
term control over plant-parasitic nematode 
infestations. Increasingly, alternative ecological 
methods, based on the relationships between 
nematodes and their environment, are being 
investigated, such as applying crop residues, 
manure, or nematicidal plant residues (Oka, 2010; 
Hussain et al., 2011). Some studies have shown 
that organic amendments can control plant-
parasitic nematodes (Tabarant, 2011). Currently, 
several plant species are grown in various ways to 
protect susceptible crops from plant-parasitic 
nematodes. These plants may be intercropped with 
vegetable crops, used as green manure, provide 
crop residues or for soil amendment, or grown in 

rotation (Bertrand et al., 2001; L’Etang, 2012). 
Some plants, such as Crotalaria juncea (Indian 
hemp) are useful not only as a nematicidal green 
manure but also for fixing nitrogen as it is a legume 
(Jourand et al., 2004). Calotropis procera (Sodom 
apple) is a member of the Asclepiadoideae 
(milkweed) subfamily and several studies have 
shown that its leaves affect the activity of plant-
parasitic nematodes (Ahmed et al., 1996; Tariq et 
al., 2018). It has been stated that organic 
amendments become richer in minerals, free of 
pathogens and weed seeds, and more stable if 
they are composted before application (Francou, 
2003) and most of the literature concerns the 
effects of composted material on plant-parasitic 
nematodes (Oka, 2010; Tabarant, 2011). However, 
there have been very few studies of the entire 
population of soil nematodes, both free-living and 
parasitic (Diakhaté et al., 2013) and there have 
been almost no investigation of nematodes in the 
sandy soils of the Senegal River Valley. Although 
plant-parasitic nematodes are the best known, the 
majority of soil nematodes are free-living and 
beneficial for soil health and plant growth (Djigal et 
al., 2012). They mainly feed on bacteria, fungi, 
protozoans, and other nematodes and they play an 
important role in soil biological functioning (Bélair, 
2005; Villenave et al., 2013). These free-living 
nematodes are particularly involved making 
nutrients available in the soil (Ferris, 2010; 
Villenave et al., 2013). Only about 10% of 
nematodes are parasites on plants and animals 
(Diakhaté, 2014).  We evaluated the effect of three 
types of compost, made from manure combined 
with straw, Calotropis procera or Crotalaria juncea, 
on plant-parasitic as well as free-living nematodes 
and on the growth of tomato plants.  

 
MATERIALS AND METHODS 
The soil: The soil used for the experiment was 
collected in 2016 from the agricultural studies farm at 
16°03’N, 16°25’W, in the rural community of Gandon, 
Saint-Louis Department, Senegal. This farm is run by 
the Saint Louis Gaston Berger University. The climate 
is between sub-Canarian and Sahelian with a short 
rainy season (July to September) and a long dry 

season (October to June). The vegetation is typical of 
Sahelian shrub-steppe, comprising Acacia raddiana 
(Vachellia tortilis subsp. raddiana, umbrella thorn 
acacia), Balanites aegyptiaca (desert date or soapberry 
tree), Prosopis juliflora (mesquite), Euphorbia 
balsamifera (balsam spurge or sweet tabaiba), and 
Calotropis procera (Sodom apple). The soil was taken 
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from plots that had been abandoned due to infestation 
by nematodes (215 individuals per 100 g soil) 
comprising 31% bacterivorous, 1% fungivorous, 43% 
omnivorous and predatory, and 25% plant-parasitic 
nematodes. The most recent crop had been chili 

pepper. Several samples were taken from the 0-20 cm 
topsoil layer, combined and sieved to 2 mm. Table 1 
lists the physical and chemical properties of the topsoil 
determined by LAMA/IRD, Centre ISRA/IRD Bel Air, 
Dakar. 

 
Table 1. Soil properties for the 0-20 cm topsoil layer (Mean ± SE) 

pH 6,7 ± 0.2 
CE 61.3 ± 3.5 S/cm  

  
Particle sizes Fraction (%) 

Clay 3.3 ± 0.4 
Silt 3.0 ± 0.6 

Sand 93.5 ± 0.3 
Nutrients Concentration 
N organic 0.16 ± 0.04 g/kg 
C organic 1.83 ± 0.3 g/kg 

P total 34.9 ± 9.0 mg/kg 
P available 4.88 ± 0.7 mg/kg 

Exchangeable bases (%) 
Ca 1.1 ± 0.1 
Mg 0.6 ± 0.1 
Na 0.1 ± 0.1 
K 0.2 ± 0.01 

Cation exchange capacity (meq /100 g) 
CEC 1.4 ± 0.1 

 
The composts: The experiment was carried out using 
3 composts (C1, C2, and C3) obtained by composting 
selected residues with a base compost for 6 months in 
a pit. The base compost was a mixture of animal 
manure, poultry manure, and Leucaena leucocephala 
(river tamarind) residues. 
C1: 40% straw with 60% base compost. 
C2: 40% Calotropis procera (Sodom apple) residues 
with 60% base compost. 
C3: 40% Crotalaria juncea (Indian hemp) residues with 
60% base compost. 
The straw based compost, C1, was considered to be 
the standard type of compost commonly used on local 
farms. The water content was monitored during 
composting and water was added when necessary to 
keep the water content close to 50% dry matter. The 
temperature was checked regularly. 
The experiment: The Mongal tomato variety was used 
and the seedlings were grown in a nursery for 21 days 
before planting. After replanting, the buckets were 
watered with only 400 mL of water every 3 days to 
avoid waterlogging and leaching of the compost.  The 
tomatoes were grown in 10 L buckets, under cover, 

from August to October 2015. The average temperature 
in the greenhouse was 34.4°C and the average relative 
humidity was 68.3 %. The buckets were filled 2/3 full 
with about 15 kg soil. The experimental design was 
completely randomized with 4 treatments. The four 
treatments were control without compost (C0), and 
composts with straw (C1), Calotropis procera (C2), or 
Crotalaria juncea (C3). 380 g of compost was applied to 
each bucket (equivalent to 10 t/ha in the field). Mineral 
NPK 9-23-30 was added at a rate of 8 g per bucket 
(equivalent of 200 kg/ha) before planting and 8 g of 
urea (N 46 %) per bucket (200 kg/ha) was added 20 
days after planting. This was standard farming practice 
in the region. For each treatment, 5 replicates were 
done. 
Composition of the composts: The soluble fraction 
(SOL) of the different materials was determined by hot 
water extraction (100°C) for 30 min, followed by 
extraction with neutral detergent (100°C) for 60 min 
(Linères & Djakovitch, 1993). The hemicellulose (HEM), 
cellulose (CEL), and lignin (LIG) fractions were then 
determined (Van Soest et al., 1991). The results are 
expressed as a percentage of the organic fraction of the 
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compost. The total phenol content was determined by 
extraction in 80% ethanol and titration with Folin-
Ciocalteu reagent (Boizot & Charpentier, 2006); the 
results are expressed as w/w of the dry matter. Total 
organic C was analysed by the methods of Walkley & 
Black (1934) and organic N by the method of Kjeldahl 
(Bremner & Mulvaney, 1982). The composts were 
analysed by LAMA/IRD, Centre ISRA/IRD Bél Air, 
Dakar and LNERV/ISRA, Hann, Dakar. 
Plant growth: At 45 days after replanting, the height of 
the plants was measured, the buckets were emptied 
and the root mass was measured after separation, 
washing and drying in an oven for 80°C for 72 h.  
Total abundance and nematode trophic groups: The 
soil was collected and the nematodes were extracted 

from 250 g of wet soil using a Seinhorst elutriator 
(Seinhorst, 1962). The nematodes were counted at 40X 
magnification using a dissecting microscope before 
being fixed in a formaldehyde-glycerol mixture. 
Representative sub-samples mounted on mass slides 
were used for identification of the trophic groups 
(400X).  
Statistics: XLSAT (version 2016.05.34217) was used 
for the statistical analyses. ANOVA was used to 
evaluate the effects of each treatment. Fisher tests 
were used to determine significance at P < 0.05. A 
correlation matrix was drawn up for the organic carbon 
and nitrogen content, the height and dry root mass of 
the plants, and the abundance and feeding guild 
structure of the nematodes.  

 
RESULTS  
Compost characteristics: Table 2 lists the chemical 
and biochemical characteristics of the composts. The 
composts were similar but C3 had significantly lower 
organic carbon (146.2 g/kg DM) and total phenols (35.5 
mg/kg DM) compared to other composts. While among 
the composts, C1 had the higher organic N (19.5 g/kg 
DM). 
Effect of the composts on plant growth: The root 
biomass was higher with C2, but there were no 
significant differences between composts (Table 3). In 
addition, for the plant height no significant differences 
were found between composts, while soils amended 
with composts showed a tendency of higher height 
compared to the unamended soil.  
Effect of composts on the total nematode 
abundance: All of the soils amended with composts 
(C1, C2 and C3) had a significantly higher abundance 
of nematodes than C0, the control without compost 
(272 ind / 100 g soil) (Figure 1). C3 (Crotalaria juncea) 
had a significantly higher abundance of nematodes 
(1083 ind / 100 g soil) than either C1 (straw, 583 
individuals per 100g of dry soil) or C2 (Calotropis 
procera, 605 individuals per 100g of dry soil). There 
was no significant difference between C1 and C2 
(Figure 1). 
Effect of composts on total abundance and 
nematode trophic groups: Before we started the 
experiment, the soil from the farm had a fairly balanced 
nematode population with 31% bacterivorous 187 
individuals/100 dry soil, 1% fungivorous (5 
individuals/100dry soil), 43% omnivorous and predatory 
(233 individuals/100dry soil), and 25% plant-parasitic 
nematodes (132 individuals/100dry soil). For the control 
treatment C0, the proportion of plant-parasitic 

nematodes increased from 25% (132individuals/100dry 
soil) to 82% (555 individuals/100dry soil). For the other 
treatments, the proportion of bacterivorous nematodes 
was 36 percentage points (pp) (C1), 34 pp (C2), and 13 
pp (C3) higher than for C0 and the proportion of plant-
parasitic nematodes was 33 pp (C1), 51 pp (C2), and 
50 pp (C3) lower than for C0 (Figure 2). For the 
standard compost C1, The population was evenly 
divided between plant-parasitic nematodes (51%) with 
710 individuals/100dry soil and bacterivorous 
nematodes with 474 individuals/100dry soil  (49%) and 
no omnivorous, predatory, or fungivorous nematodes 
were found in that treatment. The abundance of 
fungivorous nematodes was very low in our treatments 
(Figure 2).  
Correlations between compost organic C and N, 
nematode populations, and plant growth: There 
were a number of significant correlations (P < 0.05). 
The proportion of bacterivorous nematodes was 
positively correlated with organic carbon (r = 0.983) and 
organic nitrogen (r = 0.937) (Table 4). The proportion of 
plant-parasitic nematodes was negatively correlated 
with organic carbon (r = -0.965) and organic nitrogen (r 
= -0.914). Adding compost increases the proportion of 
bacterivorous nematodes while reducing the proportion 
of plant-parasitic nematodes – these two feeding 
groups were negatively correlated (r = -0.913). The 
height of the plants was positively correlated with the 
proportion of bacterivorous nematodes (r = 0.806) and 
negatively correlated with the proportion of plant-
parasitic nematodes (r = -0.900). The proportion of 
omnivorous and predatory nematodes was positively 
correlated with the total abundance (r = 0.889). 
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Table 2. Chemical and biochemical characteristics of the composts (Mean ± SE) 
Characteristic C1† C2 C3 

Ash (% DM) 61.6 ± 5.2 a 61.9 ± 3.5 a 69.3 ± 1.8 b 
Organic fraction (% DM) 38.4 ± 5.2 a 38.1 ± 3.5 a 30.7 ± 1.8 b 
Soluble fraction (% OF) 35.5 ± 3.1 a 36.2 ± 8.8 a 36.7 ± 6.3 a 
Hemicellulose (% OF) 23.5 ± 1.0 a 24.9 ± 2.5 a 22.9 ± 1.8 a 

Cellulose (% OF) 21.3 ± 1.4 a 21.0 ± 3.0 a 21.9 ± 2.1 a 
Lignin (% OF) 19.6 ± 0.8 a 17.8 ± 3.6 a 18.4 ± 2.6 a 

Total phenols (mg/kg DM) 67.1 ± 14.6 a 92.9 ± 19.4 a 35.6 ± 19.9 b 
C organic (g/kg DM) 187.1 ± 32.0 a 182.2 ± 11.7 a 146.2 ± 8.8 b 
N organic (g/kg DM) 19.5 ± 1.7 a 15.0 ± 1.6 b 16.3 ± 0.8 b 

†C1: standard manure + straw, C2: manure + Calotropis procera, C3: manure + Crotalaria juncea. 
‡Values on the same line followed by different letters are significantly different (P < 0.05). 
 
Table 3. Plant height and root biomass with the various composts 

Treatment Height (cm) Root biomass (g) 
C0† 45.8 ± 22.8 a‡ 2.2 ± 2.3 a 
C1 71.8 ± 11.9 a 2.1 ± 1.0 a 
C2 78.8 ± 19.8 a 4.6 ± 2.9 a 
C3 62.5 ± 15.7 a 2.6 ± 0.5 a 

†C0: no compost, C1: standard manure + straw, C2: manure + Calotropis procera, C3: manure + Crotalaria juncea. 
‡Values in the same column followed by different letters are significantly different (P < 0.05). 
 
Table 4. Pearson correlation matrix for compost organic C and N, nematode populations, and plant growth 

 
C 

organic 
N 

organic 
Plant 
height 

Root 
biomass 

Total 
abund. 

Bacteri- 
vorous 

Fungi- 
vorous 

Omni. + 
predatory 

Plant 
parasitic 

C organic 1.000         
N organic 0.970† 1.000        

Plant height 0.826 0.675 1.000       
Root biomass 0.419 0.204 0.858 1.000      

Total abundance 0.566 0.675 0.349 0.047 1.000     
Bacterivorous 0.983 0.937 0.806 0.403 0.413 1.000    
Fungivorous 0.329 0.210 0.695 0.820 0.486 0.212 1.000   

Omnivorous+predatory 0.205 0.290 0.188 0.117 0.889 0.023 0.653 1.000  
Plant parasitic -0.965 -0.914 -0.900 -0.571 -0.657 -0.913 -0.563 -0.388 1.000 

. †r values in bold are significant at P < 0.05. 
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Figure 1: Total abundance of nematodes for the various treatments. (C0: no compost, C1: standard manure + straw, 
C2: manure + Calotropis procera, C3: manure + Crotalaria juncea). Abundances with different letters are significantly 
different (P < 0.05). 
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Figure 2: Effect of the composts on the nematode feeding guild structure (C0: no compost, C1: standard manure + 
straw, C2: manure + Calotropis procera, C3: manure + Crotalaria juncea). 
 
DISCUSSION 
Effect of the composition of the composts on the 
nematode populations: The soils with added compost 
(C1, C2, and C3) had significantly higher nematode 
abundances than the control soil without compost (C0). 
This higher abundance is probably related to the 
increased availability of organic matter encouraging 

microbial activity and, consequently, the proliferation of 
bacterivorous nematodes (Neher, 2010). The compost 
with Crotalaria juncea (C3) recorded the highest 
nematode abundance in this study which may be 
explained by the lower phenol content in this compost. 
Similar results were obtained in natural conditions in an 
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agroforestry system in Senegal (Diakhaté et al., 2013). 
The soils cultivated with compost had significantly lower 
proportion of plant-parasitic nematodes than the soil 
cultivated without compost (C0): 33 percentage points 
lower for C1, 51 pp lower for C2, and 50 pp lower for 
C3. Several studies have stated that the influence on 
the soil nematode community of organic materials is 
associated with their chemical composition, and so is its 
efficacy of controlling plant parasitic nematodes (Li et 
al., 2018; Tariq et al., 2018). Other studies have shown 
the effects of phenols on the relationship between 
nematodes and their biological controls (Duponnois et 
al., 2001; Chapuis-Lardy et al., 2015; Oliveira et al., 
2019).  The reduction in plant-parasitic nematodes with 
the addition of compost could also be explained by 
changes in the physical and biological properties of the 
soil making it less favourable for plant-parasitic 
nematode growth (Oka, 2010) confirming that 
ecological control is a valid approach (Cadet et al.,  
2005). Other factors may help to control plant-parasitic 
nematodes. This study analysis of the proportions of 
the various feeding groups showed the importance of 
the interactions between these groups. For all 
treatments with compost, the proportions of 
bacterivorous nematodes were higher and the 
proportions of plant-parasitic nematodes were lower 
than the control. Adding compost stimulates a rapid 
growth of bacterial population (Sall et al., 2003) and, 
consequently, the abundance of bacterivorous 
nematodes which depends on the accessibility of 
bacteria (Villenave et al., 2013). This in turn, improves 
plant growth. This study showed a positive correlation 
between the proportion of bacterivorous nematodes 
and organic carbon content (r = 0.983, P < 0.05), 
between the proportion of bacterivorous nematodes 
and plant height (r = 0.806, P < 0.05) and a similar 
correlation between the organic carbon content and the 
height of the plants (r = 0.826, P < 0.05).  Plant-
parasitic nematodes often affect yields (Tabarant, 2011; 
Djigal et al., 2012) and this was confirmed by the 
negative correlation between the proportion of plant-
parasitic nematodes and the plant height (r = -0.9; P < 
0.05). Our study suggested that the organic carbon 
content is not a useful indicator of the reduction of 
plant-parasitic nematodes, even though there was a 
negative correlation (r = -0.965; P < 0.05) with the 
proportion of plant-parasitic nematodes. The organic 
carbon contents of treatments C1 (compost with straw) 
and C2 (compost with C. procera) were significantly 
higher than that of treatment C3 (compost with C. 
juncea) but C2 had more plant-parasitic nematodes. 

Omnivorous and predatory nematodes were included 
as a group in this study as they are not only at the top 
of the soil food web, but they also have very similar 
functions (Ferris, 2010; Villenave et al., 2013). For the 
soils with composts incorporating Calotropis procera 
(C2) and Crotalaire juncea (C3), the reduction by about 
50 percentage points in the proportion of plant-parasitic 
nematodes, compared to the soil without compost (C0), 
was associated with a large increase in the proportion 
of omnivorous and predatory nematodes. This could 
indicate top-down regulation of the plant-parasitic 
nematodes through predation by the omnivorous and 
predatory nematodes (Djigal et al., 2012; Diakhaté et 
al., 2013). The abundance of omnivores and predators 
is often used as an indicator of a presence of a complex 
food web with several types of interaction (Villenave et 
al.,  2013) and the omnivores and predators at a higher 
trophic level can regulate the equilibrium between the 
nematode feeding guilds (Djigal et al.2012).  Ultimately, 
the compost with Crotalaria juncea (C3) seems to be 
worthwhile pursuing as it maintained the equilibrium 
between nematode feeding guilds while suppressing 
plant-parasitic nematodes.  
Effect of the type of compost on plant growth 
parameters: Although the compost with Calotropis 
procera (C2) result in the highest root biomass, the 
effect of the compost quality on plant growth were not 
significant in this study. This could be a result of 
similarity of the biochemical composition of the three 
composts: the results of the Van Soest fibre analysis 
were not significantly different. Another study found 
better growth with poultry manure than with goat, sheep 
or cattle manure (Haougui et al., 2013b). These 
manures have different biochemical properties. 
However, it noteworthy that there were also no 
significant differences between C0 and the other 
treatments. Similar results were found by Chapuis-
Lardy et al. (2015) when adding Piliostigma reticulatum 
residues to millet (Chapuis-Lardy et al., 2015). These 
authors also found that adding the residues had an 
effect on nematodes but, at the same time, had no 
significant effect on the millet growth parameters. This 
discrepancy could be explained by the phenol and 
lignin compounds that are known to prevent organic N 
mineralization in the early stage of residue 
decomposition (Palm and Sanchez 1991, Sall et al., 
2003). These authors showed that mineral N could be 
available for plant uptake at later stage, however, the 
duration of our experiment (45 days) might have been 
too short to allow this effect to be seen.  
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CONCLUSION 
As part of the search for a valuable approach for 
developing nematicidal composts based on local 
resources, our study has shown that composts based 
on local vegetation such as Calotropis procera and 
particularly Crotalaria juncea encourage the growth of 
the bacterivorous nematode community, which plays an 
important role in maintaining soil fertility, and the growth 

of omnivorous and predatory nematodes while limiting 
the growth of the plant-parasitic nematode community. 
These preliminary results are focused on the whole 
nematode community with a single fixed dose of 
compost. Further study is needed to evaluate the 
effects of different doses of compost on various plant-
parasitic nematode taxa. 
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