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ABSTRACT

The efficacy of five animal manure composts (C1, C2, C3, C4 and CS5) as substrate amendments for control of root-knot nematode
Meloidogyne incognita on tomato was studied. Results showed that plants in substrates amended with 25% of the different composts had
lower number of M. incognita in the roots than those grown in unamended control substrate (perlite). Compared to untreated control, all
treatments decreased significantly (P < 0.05) the galling index with the effect being more pronounced with 25% of compost C4 (40%
cattle manure (CM) + 40% sheep manure (SM) + 20% crop residues) and compost C1 (50% CM + 25% SM +25% poultry manure).
Moreover, improvement of plant growth parameters as a consequence of suppression of M. incognita was observed in the inoculated

plants.
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INTRODUCTION

Soil-borne pests, especially root knot nematodes (Meloido-
gyne incognita), are widespread tomato (Lycopersicon escu-
lentum) pests that can lead to poor economic return by
reducing fruit yield (Hashem and Abo-Elyousr 2010). Con-
trol strategies for nematodes rely to a large extent on the use
of chemical nematicides that can lead to environmental
damage and are often toxic to human as well as other non-
target organisms (Oka and Yermiyahu 2002; Simon ef al.
2003).

This has occasioned a growing effort in the search of
new bioactive and ecofriendly products (Amaral et al.
2003). Currently, biological control is becoming an increa-
singly effective alternative control measure to replace syn-
thetic nematicides application or to be implemented as part
of integrated control programs (Trudgill et al. 2000). Bio-
control applications are now directed more towards the use
of composted organic matter (compost) that is biodegrade-
ble, that does not leave toxic residues in the soil and on
plants and displays effective disease control as a conven-
tional nematicide (Hoitink and Grebus 1994; Zhang et al.
1998; Fuchs 2003).

Previous field experiments have demonstrated that
composts can be effective in controlling some pathogenic
fungi such as Pythium and Phytophthora (Hoitink and Gre-
bus 1994; Zhang et al. 1998; Fuchs 2003; Kerkeni et al.
2007a). The use of composts prepared from various wastes
(chitin, animal manures, etc.) as biocontrol agents against
nematodes have already been reported (Akhtar 1999; Oka
and Yermiyahu 2002; Siddiqui 2004; Rivera and Aballay
2007). However, there is dearth of information about the
potential toxicity of composts against M. incognita and their
effects on tomato growth (Jin et al. 2005; Siddiqui and
Futai 2009).

With regard to this topic, this study was extended to
evaluate the nematicidal activity of five different composts
prepared from various animal manures mixture against M.
incognita multiplication and to assess their impact on
tomato growth.

MATERIALS AND METHODS
Composts

Different composts (C1, C2, C3, C4 and C5) prepared from poul-
try, sheep, cattle and horse manures were prepared at different
proportions in the unit of composting of the Technical Centre of
Organic Agriculture of Chott Mariem (Tunisia). The composition
of each compost is given in Table 1.

Obtaining the eggs

The egg-masses of M. incognita used in this study were manually
picked with forceps from infected tomato roots and then stored in
Dropkin (1958) solution (NaCl 0.3 M) until use.

Experiment

Tomato seeds from the cultivar ‘Rio Grande’ were sterilized
with sodium hypochlorite (1%), thoroughly rinsed with sterile
water and then sown in alveolar flats (104 cells per flat 13 x 8
unit) filled with disinfected peat. One-month-old seedlings were
transplanted into plastic pots (15 cm diameter) containing a mix-
ture of compost/sterilized perlite (25/75) and then inoculated by M.
incognita egg (five egg masses per pot). To assess the effect of
compost on M. incognita reproduction, perlite alone was used as
negative control.

Tomato plants were placed in a growth chamber with a
photoperiod of 16 h light (150 pmol.m™.s™") and 8 h dark (Djebali

Table 1 Composition of the different composts used in this study.

Composts Composition

Cl 50% CM + 25% SM + 25% PM

C2 60% CM + 30% SM + 10% crushed straw

C3 50% CM + 25% SM + 25%HM

C4 40% CM + 40% SM + 20% crop residus

Cs 25% CM +25% SM + 25% PM + 23.5% HM + 1.5% natural
phosphate

CM: cattle manure; SM: sheep manure; PM: poultry manure; HM: horse manure
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Fig. 1 Effect of different treatments on tomato growth parameters (length, shoot fresh and dry weight and root fresh weight). Values with different

superscript are significantly different at P < 0.05.

et al. 2002) and allowed to hatch at 27°C for 18 weeks. Ten rep-
licates were used for each treatment.

Data analysis

Plant height, fresh and dry weight of roots and shoots were mea-
sured. The galling index (GI), which represents the degree of gal-
ling of the sampled roots was determined as 0 = no gall; 1 = from
1 to 20 galls; 3 = appearance of big galls; 4 = dominance of big
galls and 5 = all roots were transformed to galls. Pf/Pi is the ratio
final population/initial population of M. incognita.

The data of different parameters were submitted to one-way
analysis of variance (ANOVA) followed by Duncan’s multiple
range test using SPSS v.11 statistical program and the differences
between means were deemed to be significant at P < 0.05.

RESULTS
Plant growth

The height of plants, fresh and dry weights of the roots and
shoots are displayed in Fig. 1. As can be seen, compost
application resulted in a significant (P < 0.05) increase of
plant growth parameters which appears to be more pro-
nounced in inoculated plants. Among the compost used, C4
(40% CM + 40% SM + 20% crop residues) was the most
efficient in the improvement of plant growth while those
amended with C3 (50% CM+ 25% SM + 25% HM) showed
very weak effects.

Nematode effect
1. Pf/pi ratio

The population of M. incognita was higher in substrates
without compost (Pf/pi = 2.98). Addition of 25% of each of
the five composts to perlite was significantly effective at re-
ducing M. incognita population (Fig. 2).

2. Galling index (GI)

Compared with the control, amended substrates and inocu-
lated with nematodes showed significant (P < 0.05) reduc-
tion in GI (Fig. 3). The lowest values (1 and 1.3) were ob-
served with C1 and C4 treatments while they values were
relatively higher but not significant with the remaining

composts (C2, C3 and C5).
DISCUSSION

Application of different composts caused a significant dec-
line in the population of M. incognita and in galling index
on tomato roots. These results were similar to those previ-
ously reported by Akhtar and Mahmood (1996) and Akhtar
(1999). These authors showed that the application of or-
ganic compost reduced the number of plant-parasitic nema-
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Fig. 2 Effect of different treatments on pf/pi ratio of M. incognita.
Values with different superscript are significantly different at P < 0.05.
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Fig. 3 Effect of different treatments on galling index. Values with
different superscript are significantly different at P < 0.05.
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todes. Reduction of nematode population in response to
compost application was presumably due to the presence of
predatory nematodes (unpublished data). Support to this
assumption is given by Akhtar and Mahmood (1993) and
Akhtar (1995) who reported suppression of symptoms
caused by the root-knot nematode M. incognita by preda-
tory nematodes founded on organic amendments like com-
post. In the same way, Siddiqui (2004) showed that the de-
crease on M. incognita population may be attributed to the
presence of other antagonistic micro-organisms such as bac-
teria and fungi. In this context, we previously reported the
occurrence of many antagonistic bacteria of the genus 4ero-
monas, Serratia and Pseudomonas that inhibit the develop-
ment of many pathogenic fungi and bacteria (Kerkeni et al.
2007b, 2008).

De Jin et al. (2005) and Byrne et al. (2001) showed that
compost contains chitinolytic bacteria producing enzymes,
like chitinase suppress plant parasitic-nematodes in tomato
plants and reduce their population. Additionally, the over
production of chitinase might be responsible of the signi-
ficant reduction on galling index by dissolution of nema-
tode eggs (De Jin ef al. 2005).

Compared with uninoculated plants, the presence of M.
incognita in substrates amended with compost had no
effects on plant growth parameters with the exception of
roots fresh weight which increased significantly. However,
in the inoculated substrates, a significant improvement in
tomato plant growth parameters was observed in treatment
C4 as compared with the other composts. This is presu-
mably due to the decrease in nematode population and gal-
ling index noted in this treatment, while treatment C3 was
found to be the less effective.

To summarize, the present study showed that composts
prepared from various animal manures had negative effects
on M. incognita. They could constitute a promising alter-
native for a biological control of some plant diseases and
reduce the abusive use of synthetic nematicides. However, a
more field comprehensive studies are needed to confirm our
findings.

ACKNOWLEDGEMENTS

Authors thank Dr. Karim Hosni for his contribution in the English
revision of this manuscript.

REFERENCES

Akhtar M (1995) biological control of root-knot nematode Meloidogyne incog-
nita in tomato by the predatory nematode Monochus aquaticus. International
Pest Control 37, 18-19

Akhtar M (1999) Pant growth and nematode dynamics in response to soil
amendments with neem products, urea and compost. Bioresource Technology
69, 181-183

Akhtar M, Mahmood I (1993) Effect of Monochus aquaticus and organic
amendments on Meloidogyne incognita development on chilli. Nematologia
Mediterranea 21, 251-252

Akhtar M, Mahmood I (1996) Control of plant-parasitic nematodes with or-

62

ganic and inorganic amendments in agricultural soil. Applied Soil Ecology 4,
243-247

Amaral DR, Rocha Oliveira FE, Oliveira DF, Campos VP (2003) Purifica-
tion of two substances from bulbs of onion (A/lium cepa L.) with nematicidal
activity against Meloidogyne exigua Goeldi. Nematology 5, 859-864

Hashem M, Abo-Elyousr KA (2010) Management of the root-knot nematode
Meloidogyne incognita on tomato with combinations of different biocontrol
organisms. Crop Protection 30, 285-292

Hoitink HAJ, Grebus ME (1994) Status of biological control of plant diseases
with composts. Compost Science and Utilization 4, 6-12

Byrne ND, Duxbury M, Sharpe N (2001) The determination of chitinase acti-
vity of grapes. Biochemistry and Molecular Biology Education 29, 144-146

Djebali W, Chaibi W, Ghorbel MH (2002) Croissance, activité peroxydasique
et modifications ultrastructurales induites par le cadmium dans la racine de
tomate. Canadian Journal of Botany 80, 942-953

Dropkin H, Martin GC, Johnson RW (1958) Effect of osmotic concentration
on hatching of some plant parasitic nematodes. Nematologica 3, 115-126

Fuchs J (2003) Le compost de qualité au service de la santé des plantes. Alter-
natif Agriculture 61, 7-9

Jin DR, Suh JW, Park RD, Kim YW, Krishnan HB, Kim KY (2005) Effect
of chitin compost and broth on biological control of Meloidogyne incognita
on tomato (Lycopersicon esculentum Mill). Nematology 7, 125-132

Kerkeni A, Daami-Remadi M, Tarchoun N, Ben Khedher M (2007a) /n vitro
and in vivo suppression of Pythium ultimum the causal agent of the cucumber
damping-off by some compost fungi. Asian Journal of Agricultural Research
2, 50-58

Kerkeni A, Daami-Remadi M, Tarchoun N, Ben Khedher M (2007b) /n vitro
assessment of the antifungal activity of several compost extracts obtained
from composted animal manure mixtures. International Journal of Agricul-
tural Research 2, 786-794

Kerkeni A, Daami-Remadi M, Tarchoun N, Ben Khedher M (2008) Effect
of bacterial isolates obtained from animal manure compost extracts on the
development of Fusarium oxysporum f. sp. radicis-lycopersici. Asian Journal
of Plant Pathology 2, 15-23

Mustin M (1987) Le Compost, Gestion de la Matiére Organique, Editions
Frangois Dubusc, Paris, 954 pp

Oka Y, Yermiyahu U (2002) Suppressive effects of composts against the root-
knot nematode Meloidogyne javanica on tomato. Nematology 4, 891-898

Quarles W (2001) Compost tea for organic farming and gardening. /PM Prac-
titioner 23, 8

Rivera L, Aballay E (2007) Nematicide effect of various organic soil amend-
ments on Meloidogyne ethiopica Whitehead, 1968, on potted vine plants.
Chilean Journal of Agricultural Research 68, 290-296

Simon DA, Hidalgo-Diaz L, Kalisz H, Mauchline TH, Hirsch PR, Kerry BR
(2003) Development of a new management strategy for the control of root-
knot nematodes (Meloidogyne spp.) in organic vegetable production. Pest
Management Science 59, 183-189

Siddiqui ZA (2004) Effects of plant growth promoting bacteria and composted
organic fertilizers on the reproduction of Meloidogyne incognita and tomato
growth. Bioresource Technology 95, 223-227

Siddiqui ZA, Futai K (2009) Biocontrol of Meloidogyne incognita on tomato
using antagonistic fungi, plant-growth-promoting rhizobacteria and cattle
manure. Pest Management Science 65, 943-948

Trudgill DL, Bala G, Blok VC, Daudi A, Davies KG, Gowen SR, Fargette M,
Madulu JD, Mateille T, Mwageni W, Netscher C, Phillips MS, Sawadogo
A, Trivino CG, Voyoukallou E (2000) The importance of tropical root-knot
nematodes (Meloidogyne spp.) and factors affecting the utility of Pasteuria
penetrans as a biocontrol agent. Nematology 2, 823-845

Zhang W, Han DY, Dick WA, Davis KR, Hoitink HAJ (1998) Compost and
compost water extract-induced systemic acquired resistance in cucumber and
Arabidopsis. Phytopathology 88, 450-455



