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A glasshouse experiment to control RKN (Meloidogyne javanica) on tomato with aqueous
extracts of marigold (7agetes erecta) leaves and flowers, castor beans (Ricinus communis) and
garlic (Allium sativum) was conducted from March to May 2011 in Harare. The plant material
was dried and pulverized and diluted with water at a rate of 25g/100ml. Four-week old
seedlings were planted in twenty micro plots arranged in a randomized complete block design
with five treatments and four replicates. Approximately 5000 J2 nematodes were pipetted onto
each plant. The botanicals were drenched around each plant. Nemacur® and non-amended plots
served as control. Data collection was done fortnightly. Results showed that tomato is
susceptible to RKN infestation and the application of botanicals significantly (P < 0.001)
controls RKN by reducing galling and reproduction. While the botanicals were also effective in
reducing galls, further tests will establish optimum concentrations.
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Introduction

Root knot nematodes (RKN) are responsible for 12.3% yield loss of the
world’s major crops (Sasser, 1998, in Sasena, Sikora and Srivastava), and
global tomato production is affected by the genus Meloidogyne, the most
economically important nematode in tropical and subtropical agriculture
(Sasser, 1989) which reduces yield by 30 — 50% (Sasser and Freckman, 1987;
Jonathan et al., 2001; Saravanpriya and Sivakumar, 2005; Cetintas and Yarba,
2010). RKN cause between 20-33% yield loss (Aalders et al., 2009; Khan,
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2009; Sasser, 1989) approximating $4.9 billion (James, 1981) of the 1.2 billion
tonnes tomato annually produced globally and nematicides cost more than $37
million (Aalders et al., 2009). Pakistani loss estimates range between five and
twenty percent (Magbool, 1988) and Punjab disease incidence is between 75%
and 100% (Shahid et al., 2007 in Khan, 2009). Losses result from the
nematodes either feeding solely or from secondary bacterial infections brought
thereabout. Ninety nine percent of 207 horticultural crops sampled in Ecuador
were infected by RKN (Trudgill, 2001) with 25% to 30% yield loss. About
2000 plants are known hosts (Gowen et al., 2005). Agricultural production can
be salvaged if these parasites are successfully combated. Although synthetic
chemicals have been successfully used, they overburden the environment,
hence the increasing popularity of use of plant extracts. Fifty seven plant
families are nematicidal (Sukul, 1992 in Bharadwaj and Sharma, 2007),
including Alliaceae, Asteraceae and Euphorbiaceae, thus the need to consider
garlic, marigold and castor beans, relatively common sources of nematicides in
these respective families.

Scientists developed synthetic nematicides to control nematodes and these
have been more successful than both biological and physical methods, albeit
with detrimental consequences to the environment. Researchers are developing
alternative management techniques such as use of cropping systems soil
amendments, organic soil amendments, biological control agents and judicious
use of nematicides (Serfoji et al., 2010). Organic farming is receiving
increasing international support and the global product market reached a value
of $US 38.6 billion in 2006 (Kapkavalci et al., 2009). Environmentalists and
consumers are against increased use of agrochemicals like nematicides in crop
production.

Garlic (Allium sativum) leaf extract has been successfully used to increase
Tylenchulus semipenetrans mortality at high concentrations in laboratory
conditions (Ayazpour, Arabzadegan and Hasanzadeh, 2010). Garlic has indirect
effects on nematode populations because it disrupts their mobility, food
absorption and reproduction (Fadzirayi, Masamha and Mukutirwa, 2010).
Garlic oil has been shown to offer significant protection against free-living soil
inhabiting nematodes (Block, 2010). The castor oil (Ricinus communis) plant is
a coarse tropical, perennial, with insecticidal and antimicrobial properties
(Upasani et al., 2003). RKN egg hatching is inhibited and the juveniles killed
by root, leaf and seed extract (Abid, 1996; Mostafa, 2000; Ahmet and Galip,
2007; Mafeo and Mashela, 2010). The female to male ratio is also decreased
and abortions of M. incognita are influenced by R. communis (Hackney and
Dickerson, 1975). French marigold (7agetes patula) and T. minuta are resistant
and fatal to Meloidogyne spp. In most cases, T. patula and T. minuta are used as
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cover crop, in rotation, green manure and source of nematode-antagonistic
extracts (Chitwood, 2002). T. patula grown eight weeks prior to transplanting
tomato is more effective in nematode suppression than root and shoot
amendments. Tangerine gem (7. fenuifolia) used as an intercrop reduces RKN
population and improves tomato growth (Alam and Siddiqui, 1988). Tomato
(Lycopersicon esculentum) is indigenous to the Andes Mountains of tropical
America (Srinivasan, 2010) and is the second best vegetable in economic
importance after potato (Solanum tuberosum). It is highly susceptible to RKN.
Alternative organic nematicides that are ecofriendly but effective in producing
quality tomatoes are being considered. Garlic, marigold and R. communis are
three known sources of biological nematicides whose potency against RKN
were evaluated.

Popular nematicides are hazardous to the environment because they leave
residues, disturb the ecological balance, are toxic to man and are volatile
(Chitwood, 2002). Prolonged and overuse leads to pest resurgence, emergence
of newer pests and development of chemical resistance in RKN, thus the
interest in natural pest management techniques. The public prefer
environmentally safe, inexpensive, less time consuming (Braun and Supkoff,
1994 in Kapkavalci er al., 2009) and agronomically useful nematicides
(Chitwood, 2002).

Materials and methods

The study was conducted in a glasshouse at the Plant Protection Research
Institute, (DRSS), Harare; an area 17°51'50" S and 31°1'47" E, elevated 1503m
above sea level, with an average annual temperature of 17.95°C, receiving
855mm of rain annually. Clay loam soil was used. The soil was sterilized by
oven baking at 200°C for six hours and placed in pots after cooling. Pots were
preferred as they could contain a possible nematode outbreak. Kutsaga
Research Station (Tobacco Research Board) cultured and supplied the M.
Jjavanica race TRB inoculum. Garlic bulbs were bought from a market stall,
whilst the castor beans and marigold leaves and flowers were collected from the
wild. Garlic bulbs, marigold leaves and flowers and castor beans were sun dried
and pulverized and 25g of the ground plant matter was blended in 100ml of
water for twenty minutes (Okeniyi et al., 2010). The mixture was filtered and
the filtrate was collected and used as aqueous extract. One hundred healthy four
week old Rodade tomato seedlings were transplanted into asbestos pots, each
pot having five plants in a thombus pattern with one plant placed at the centre.
The soil was watered to field capacity before transplanting to prevent RKN
washing away before establishing host-plant relationship.
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After transplanting, RKN were drained from a 10ml volumetric pipette.
After counting under a microscope, the volume of suspension containing the
standard 5000 J2 was determined to be approximately 0.6ml. The inoculum was
carefully placed around the plant root system of each plant. Immediately after
inoculation, 40ml of the aqueous extract amendments were applied at each
plant station. The application of treatments was in a randomized complete block
design replicated four times. Nemacur® 400 EC (fenamiphos), a commercially
available nematicide was used in plots for positive control and untreated,
inoculated plots for negative control were also included. The total microplot
size was twenty and the experiment was conducted at variable temperature. The
plants were maintained and harvested every fortnight up to sixty days after
inoculation (DAI) when the experiment was terminated. Roots were carefully
uprooted and collected into plastic pockets to avoid drying, and rinsed gently
with tap water to remove soil debris. The root systems were detached and
rinsed and the number of galls per egg mass (i.e. gall index or root damage)
established via a 0 to 5 rating scale suggested by Taylor and Sasser (1978)
where: 0 =no gall; 1 =1 -2 galls; 2 =3 — 10 galls; 3 = 11 — 30 galls; 4 =31 —
100 galls; and 5 = more than 100.

RKN were then extracted using the maceration method where the roots
were chopped and weighed to 10g and placed in an electrical macerator for 15
seconds. After maceration the mixture was passed through a series of mesh
sieves of sizes 250, 150, and 38um which allow maximum nematode retention.
Residue in larger sieves was backwashed, collected and centrifuged at 4000
rpm for five minutes. A second centrifugation of nematode residue was done in
a sucrose solution at 4000 rpm for two minutes after thorough shaking. This
mixture was then tilted 38° to the horizontal in the 38 um sieve after the sucrose
solution had dissolved thoroughly. Serial samples of the liquid were collected
for observation under a microscope with the aid of laboratory tally counter Soil
of volume 100 cm3 was collected from the pots, placed in a 9 litre bucket, filled
with water and allowed to settle. This mixture was then poured down a series of
sieves of diameters sizes 250pum, 150pum and 38um in descending order, which
captures soil and dirt but allows RKN through the upper two. The residue in the
38um diameter sieve that contains RKN was tilted at a 30° angle and gently
washed back with a stream of water and collected first into a beaker, then a
centrifuge tube. Centrifugation was done at 4000 rpm for 5 minutes, and gentle
discarding of the supernatant fluid leaving about 5ml to avoid nematode loss.
Further addition of residue to sucrose solution preceded a 2 minute
centrifugation at 4000 rpm. The nematodes were counted in a rectangular
counting dish. Sucrose solution was made by adding distilled water to 684g
sucrose granules to give a litre. Genstat version 6.1 (Lawes Agricultural Trust,
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Rothamsted Experimental Station) was used for data analysis. Mean separation
was done using least significant differences at P= 0.05. ANOVA was
performed to determine effects of treatments on dry matter, root galling and
RKN reproduction on tomato seedlings. Microsoft Excel 2007 was used to
present the data.

Results

There was a significant difference (P < 0.001) in the mass attained by the
treatments both 42 and 56 DAI, and both days’ results followed the trend
Nemacur > R. communis > garlic > marigold > unamended control (Figure. 1).
Marigold did not increase in mass in the fourth fortnight, and the controls
differed from the botanicals on both occasions. The increase in dry matter in
plants treated with the botanicals was not significantly different 42 DAI. All the
treatments achieved significantly different masses 56 DAL
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Fig. 1. Effects of treatments on dry mass after 42 and 56 days

On day 14 there was a significant difference (P =0.011) in gall incidence
among the treatments. Nemacur and R. communis were significantly different
from the unamended control. Gall suppression decreased in the order Nemacur
> R. communis > garlic > marigold > unamended treatment. On day 28 there
was a significant difference (P < 0.001) in root galling indices. The unamended
control differed from all the other treatments. Garlic gave results different from
Nemacur and R. communis. Treatment activity decreased in order Nemacur >
R. communis > marigold > garlic > unamended treatment. There was a
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significant difference (P < 0.001) in root galling indices 42 DAI. Garlic’s
activity was different from both controls but not from marigold and R.
communis. The trend of gall inhibition 42 DAI was Nemacur > R. communis >
garlic > marigold > unamended control. Significant differences (P < 0.001)
were noted within the treatments 56 DAI The unamended control and marigold
differed from each other and from the other treatments. Garlic differed from the
unamended control, R. communis and marigold, and Nemacur > R. communis >
garlic > marigold > no treatment was the decreasing order of root knot
inhibition. There was a significant difference (P < 0.001) on day 60. R.
communis and Nemacur were the only insignificantly different treatments.
Treatment effectiveness decreased in the order Nemacur > R. communis >
marigold > garlic > no treatment. Root galling indices after 14, 28, 42, 56 and
60 days are shown in Figure. 2.
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Fig. 2. Root galling indices after 14, 28,42, 56 and 60 days

Effect of treatments on root galling

There was a significant difference (P < 0.001) in the reproduction factor
60 DAL The effectiveness in containing RKN multiplication was Nemacur >
garlic > R. communis > marigold > no treatment. Nemacur and the unamended
control significantly differed from each other and from the botanic extracts.
Marigold and garlic gave results different from each other but not from R.
communis. The results for the RKN reproduction factor after 60 days are shown
in Figure. 3.
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Fig. 3. Effect of treatments on reproduction
Discussion

The results in Figure 1 indicate that Nemacur inhibited RKN invasion and
lessened pest activity that supposedly leads to the deprivation of plant nutrients,
findings suggested by Ploeg and Phillips (2001), and reinforced by Luc et al.
(2005). Nemacur’s active ingredient, fenamiphos is a systemic
organophosphorous chemical that offers contact activity and inhibits the
enzyme cholinesterase (an enzyme important in the transmission of neuro-
signals) and interferes with RKN nervous system (Bayer Environmental
Science, 2003; Makhteshim Agricultural Industries Ltd, 2003). R. communis
gave the highest dry mass and this backs Oduor-Owino (2003) who found it
more toxic than marigold after 50 days. Adomako (2010) asserts that R.
communis extract improves the weight of treated plants. It however had
significantly lower results than the chemical control on both 42 DAI and 56
DAL, possibly because of the stage of development of the seeds, whose ricin
and ricinin composition might vary with time.

Garlic gave insignificantly lower dry mass than R. communis and this
may be attributed to allicin’s less potency. Although Zasada et al. (2002)
reported that allicin is not phytotoxic, these results suggest otherwise or that it
may be innately less toxic than ricin and ricinin. According to Vijayalakshmi et
al. (1999) high concentrations of garlic are phytotoxic and result in wilting of
the crop. Marigold has been used extensively as a biological namaticide the
world over for many years (Pluke et al., 1999), but the results (Fig. 1) suggest

485



that it may not be the most effective agent since the marigold treated plants
gave massed of 151.7 g and 163.3 g compared to R. communis’s 178.5 g and
207.5 g, and garlic’s 158.1 g and 184.9 g on 42 DAI and 56 DAI respectively.
A possible explanation for this could be that the nematoxic substances present
in marigold may have been lost via volatilization during air drying, since fresh
marigold is usually ploughed into nematode infested soils as green manure. The
use as green manure is documented by Hagan (1998). These results thus
question marigold’s reputation. The unamended control gave the expected
results and the tomato plants weighed significantly less than all the other
treatments. These results imply that unamended control plants were readily
attacked by RKN as they exhibited stunted growth, in support of Gowen et al.
(2005) and Guerena (2006).

On day 14, Nemacur was at par with R. communis, and both gave a unit
root galling index. As time progressed, Nemacur was persistently effective and
although it was not significantly different from R. communis, Nemacur
performed most effectively during the duration of the experiment. This
therefore suggests R. communis to be the most effective root gall suppressant of
the three botanicals under observation, results corroborating McSorely (1999)
and Katooli ez al. (2010). Abid (2000) also observed the gall inhibiting property
of aqueous R. communis extracts. R. communis must thus be toxic to RKN and
may be effectively applied in the seedbed and nursery in place of synthetic
chemicals especially in the early days as the potency decreased with time.
Aqueous marigold extract was not significantly different from Nemacur during
the first 28 days and thus marigold can also be used in place of the Nemacur
and related chemicals especially during this period. Although marigold
becomes less suppressing to galls than Nemacur and R. communis between days
42 and day 60, it was a better alterative than no treatment at all, and marigold
lowered galling by 2.1 times 60 DAI. The decrease in RKN activity may be
attributed to marigold’s pungency which may be deterrent to RKN, or to the
nematode antagonistic compounds suggested by Chitwood (2002).

Garlic’s significant loss in effectiveness between 14 DAI and 28 DAI
may attributed to its nemastatic properties (Perry et al., 2009), which either are
diluted with irrigation water or are biodegraded during the period under
observation. Otipa et al. (2003) noted this moderate resistance of garlic to
galling. The unusual trend between garlic and marigold between day 14 and
day 60 is however difficult to explain, making it difficult to choose between the
two since they only significantly differ from each other on day 56 and day 60.
A cost-benefit analysis in this situation may rule out the use of garlic on a large
scale since it is commercially grown and has to be bought, unlike marigold,
which occurs naturally and as a common weed. It must be emphasized that on
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all days up to 60 DAI all treated plants developed significantly less galls than
the unamended control. Nemacur was significantly the most effective treatment
at lowering RKN reproduction as is shown by the least increase in RKN
population in 60 DAI This property makes this organophosphate the farmers’
choice. Of the three plant extracts under study, anomalies from gall suppression
and dry mass increase were observed. Aqueous garlic extract was the most
effective botanical and one likely explanation for this could be that allicin has
RKN growth retarding properties especially towards the J2 larval stage. Gupta
and Sharma (1993) report that allicin is potent to RKN eggs and larvae, and
Fadzirayi et al. (2010) state that garlic disrupts nematode mobility, feeding and
reproduction, the latter being a plausible explanation for the low reproduction
rate.

Although R. communis extract gave rise to a significantly higher RKN
population than garlic, this figure (1.375) is not significantly different from
both garlic (1.267) and marigold (1.503). Whilst R. communis proved more
effective in increasing the dry matter (Fig. 1) and in gall reduction (Fig. 2), it
was not the most effective natural treatment in reducing the RKN population 60
DAI. This somehow refutes assertions by Abid (1996), McSorely (1999),
Mostafa (2000), Ahmed and Galip (2007) and Mafeo and Mashela (2010) that
R. communis seed extract inhibits RKN egg hatch and development and kills J2
larva. Marigold was the least effective of the three botanicals but reduced
galling by 58.3% when compared to the unamended control. These findings
counter Steiner (in Inderjit and Mukerji, 2006) and Kapkavalci (2009) who
report that marigolds do not reduce nematode reproduction. Kreuger et al.
(2007) affirm results obtained from marigold and explain that the alpha-
terthienyls in 7. erecta inhibit RKN juvenile development to maturity.
Marigold may remain the preferred source of botanic nematicides over garlic
because of culture, marigold’s availability and cost.

The insignificant difference of R. communis in reducing galling over
garlic and marigold implies that it can substitute either plant. R. communis
however takes preference to marigold due to the extent to which it suppresses
RKN reproduction. Oduor-Owino (2003) found R. communis to be more
effective than marigold, and Gupta and Sharma (1993) reported garlic’s
larvicidal properties, although this was greater in essential oil form than in
dried and crushed bulbs. This study thus presents the potential of crushed garlic
in reducing nematode populations.

Conclusions

Nemacur is the most effectively reduced RKN reproduction and gave the
highest increase in dry matter. The nematicide suppressed root knot to the
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greatest extent, R. communis was a better gall suppressant and dry mass
promoter than garlic and marigold, garlic most effectively reduced the
reproduction ratio of RKN, and, marigold was least effective, in support of the
alternative hypothesis, marigold, R. communis, and garlic can be effectively
used to control nematodes. These findings are inconclusive.

Recommendations

The experiment could improve to get more reflective results by increasing
the sample size and taking recordings weekly, and by extending its duration to
harvest. Conducting concurrent ovicidal and larvicidal laboratory tests to
evaluate the effectiveness of the these botanicals could give a picture of the
results likely to be encountered, provide a fair basis for comparison, and
identify the most vulnerable stages of life cycle. Factorial laboratory tests
should be conducted to establish optimum extract dilution levels. Nematicidal
properties of more weeds and common plants should be investigated.
Interactions of nematodes with microbes otherwise killed in sterilized soil need
be established. Simultaneous tests should be conducted in the field and in the
greenhouse. Tests should be carried out in artificially inoculated, naturally
infested and sterile sets of soil. The range of plant parts at different stages of
development should also be studied to establish their nematotoxicity.
Comparing aqueous and organic solvent based extracts may increase
understanding of the properties of the botanicals. Residue analysis via
toxicological tests may determine persistence of the plant extracts in the
environment. Soil pH changes must be investigated.

References

Aalders, L.T., Minchin, R., Hill, R.A., Braithwaite, M., Bell, N.L. and Stewart, A. (2009).
Development of a Tomato/Root Knot Nematode Bioassay to Screen Beneficial Microbes
New Zealand Plant Protection 62: 28-33.

Abbas, S., Dawar, S., Tariq, M. and Zaki, M.J. (2009). Nematicidal Activity of Spices Against
Meloidogyne javanica (Treub) Chitwood. Pak. J. Bot., 41(5).

Abid, M. (1996). Studies On the Control of Root-knot Nematodes (Meloidogyne spp.) With
Botanical Toxicants. University of Karachi thesis.
http://eprints.hec.gov.pk/1355/1/1059.html. accessed 20/03/2011

Abolusoro, S.A., Oyedunmade, E.A. and Olabiyi, T.I. (2010). Evaluation of Sweet Orange Peel
Aqueous Extract (Citrus sinensis) as Root —Knot Nematode Suppressant. Agro-Science
Journal of Tropical Agriculture, Food, Environment and Extension Volume 9 Number 3
September 2010.

Adegbite, A.A. and Adesiyan, S.O. (2005). Root Extracts of Plants to Control Root-Knot
Nematode on Edible Soybean World Journal of Agricultural Sciences 1 (1). IDOSI
Publications.

488



Journal of Agricultural Technology 2012, Vol. 8(2): 479-492

Adekunle, O K., Acharya, R. and Singh, B. (2007). Toxicity of pure compounds isolated from
Tagetes minuta oil to Meloidogyne incognita. Australasian Plant Disease Notes, 2007 (2).

Adomako, J. (2010). Management of Root Knot Nematodes (Meloidogyne spp.) on tomato with
Castor Bean (Ricinus communis) Aqueous Extracts. Thesis Research Paper.
http://hdl.handle.net/123456789/1773 accessed 20/03/2011.

Agbenin, N.O., Emechebe, A.M., Marleyl, P.S. and Akpa, A.D. (2005). Evaluation of
Nematicidal Action of Some Botanicals on Meloidogyne incognita In Vivo and In Vitro.
Journal of Agriculture and Rural Development in the Tropics and Subtropics 106, No.1.

Ahmet, H. and Galip, K. (2007). Investigations on the effects of some different plant materials
in control of Root-knot nematodes [Meloidogyne incognita (Kofoid & White)
Chitwood]. Tiirk entomol. Derg., 2007, 31 (2).

Alam, M.M., and Siddiqui, M.A. (1988). Control of Plant Parasitic Nematodes by Tagetes
tenuifolia Revue Nématol. II (3). India.

Ayazpour, K., Arabzadegan, M.S. and Hasanzadeh, H. (2010). Evaluation of the control of
citrus nematode (Tylenchulus semipenetrans) by leaf extracts of many plants and their
effects on plant growth. African Journal of Agricultural Research 5:14.

Bayer Environmental Science, (2003). Nemacur®: Product Reference Guide. New Jersey.
Berry, S.D. and Wiseman, E.J. (2003), The Effect of Green Manure Crops on Plant
Parasitic Nematodes in the South African Sugar Industry. Proc South African Sugar
Technology Association 77.

Bharadwaj, A. and Sharma, S. (2007). Effect of Some Plant Extracts on the Hatch of
Meloidogyne incognita Eggs. International Journal of Botany 3:3.

Block, E. (2010). Garlic and Other Alliums: The Lore And the Science. The Royal Society of
Chemistry. Cambridge.

Bridge, J., Luc, M. and Sikora, R.A. (2005). Plant Parasitic Nematodes in Subtropical and
Tropical Agriculture 2nd ed. CABI Publishing, Oxfordshire.

Cetintas, R. and Yarba, M.M. (2010). Nematicidal Effects of Five Plant Essential Oils on  the
Southern Root-Knot Nematode, Meloidogyne incognita Race 2. Home Journals Journal
of Animal and Veterinary Advances 9:2.

Chen, Z.X., Chen, S.Y. and Dickson, D.W. (2008). eds. Nematology: Advances and
Perspectives. Volume 2. Nematode Management and Utilisation. CABI Publishing.
Tsinghua.

Chitwood, D. (2002). Phytochemical Based Strategies for Nematode Control. The Annual
Review of Phytopathology 40:221-49.

Dufour, R., Earles, R. and Guerena, M. (2003). Alternative Nematode Control. NCAT
Agriculture Specialists, Arkansas.

Fadzirayi, C.T., Masamha, B. and Mukutirwa, 1. (2010). Efficacy of Allium sativum (Garlic) in
Controlling Nematode Parasites in Sheep. International Journal of Research, Veterinary
Medicine 8:3.

Gaginella, T.S. (1975). Actions of ricinoleic acid and structurally related fatty acids on the
gastrointestinal tract. II. Effects on water and electrolyte absorption in vitro. 195:2.
Gowen, S.R., Ruabete, T.K. and Wright, J.G. (2005). Root-knot nematodes. Pest Advisory

Leaflet no. 9. Secretariat of the Pacific Community

Guerana, M. (2006). Nematode: Alternative Controls. A Publication of ATTRA - National
Sustainable Agriculture Information Service.

Gupta, R. and Sharmaj, N.K. (1993). A study of the nematicidal activity of allicin—an active
principle in garlic, Allium sativum L., against root-knot nematode, Meloidogyne
incognita.

489



Gwilt, P., Lear, C., Birt, D., Tempero, M., Grandjean, A., Ruddon, R. and Nagel, D. (1993).
Nematicidal properties of garlic, Allium sativum L. Indian Journal of Nematology 21:1.

Hackney, R.W. and Dickerson, O.J. (1975). Marigold, Castor Bean, and Chrysanthemum as
Controls of Meloidogyne incognita and Pratylenchus alleni. Journal of Nematology 7 :1.

Hagan, A. (1998). Nematode Suppressive Crops. Alabama Cooperative Extension System.
http://www.aces.edu/pubs/docs/A/ANR-0856/ accessed 27/01/2011

Inderjit. and Mukerji K.G. (2006). eds. Allelochemicals: Biological Control of Plant pathogens
and Diseases. SPRINGER. The Netherlands

Igbal, M.F., Kahloon, M.H., Nawaz, M.R. and Javaid, M.I. (2011). Effectiveness Of Some
Botanical Extracts On Wheat Aphids. The Journal of Animal & Plant Sciences 21:1.

Jonathan, E.I., Kumar, S., Devarajan, K. and Rajendran, G. (2001). Fundamentals of Plant
Nematology, Devi Publications, Tiruchirapalli.

Katooli, N., Moghadam, E.M., Taheri, A. and Nasrollahnejad, S. (2010). Management of Root-
Knot Nematode (Meloidogyne incognita) on Cucumber with the Extract and Oil of
Nematicidal Plants. International Journal of Agricultural Research 5:8.

Kapkavalci, G., Tiizel, Y., Dura, O. and Oztekyn, G.B. (2009). Effects of Alternative Control
Methods Against Meloidogyne incognita in Organic Tomato Production. Ekoloji 18:72.

Khan, A.S. (2009). Screening of tomato cultivars against root knot nematodes and their
biological management. Thesis Research Paper, University of Agriculture, Faisalabad,
Pakistan

Konsler, T.R and Gardner, R.G. (1990). Commercial Production of Staked Tomatoes in North
Carolina, Publication AG-405. Agricultural Extension Service North Carolina State
University.

Kriegr, R.I. (2001). Handbook of Pesticide Toxicology: Principles. Academic Press, Orlando.

Krueger, R., Dover, K.E., McSorley, R. and Wang, K-H. (2007). Marigolds (7agetes spp.) for
Nematode Management. University of Florida, IFAS, Florida. ENY-056.

KZNDAEA. (1999), Vegetable Production in Kwazulu-Natal. KwaZulu-Natal Department of
Agriculture and Environmental Affairs, South Africa.

Little, T. (2002). Sustainable tomato production. Pest Management Notes 13.

Maareg, M.F., Tawfik, S.F. and Goher, LM.A. (2007). Effect of some intercropping systems of
garlic and onion with sugarbeet on their yields and associated nematode, Meloidogyne
javanica. Conference Paper. http://www.freewebs.com/sugarbeet ref 1 accessed
20/03/2011.

Mafeo, T.P. and Mashela, P.W. (2010). Allelopathic inhibition of seedling emergence in
dicotyledonous crops by Cucumis bio-nematicide. African Journal of Biotechnology
9:49.

Makhteshim Agricultural Industries Ltd. (2003). Biological Data Sheet: Nemacur/femaniphos.,
Tel Aviv [leaflet].

Makkar, H.P.S. (1999). Quantification of tannins in tree foliage. IAEA Working Document,
TIAEA, Vienna.

Mashela, P.W. and Nthangeni, M.E. (2002). Efficacy of Ricinus communis fruit meal with and
without Bacillus species on suppression of Meloidogyne incognita and growth of
tomato. Phytopathology 150.

Mateeva, M. and Ivanova, M. (2000). Alternative Methods for Control Of Root-Knot
Nematodes, Meloidogyne spp. ISHS Acta Horticulturae 532.

McAvoy, G. (2011). Resistant Cultivars for Florida Tomato and Pepper Production IPM-205
(IN764), U.S. Department of Agriculture, Cooperative Extension Service, University of
Florida.

490



Journal of Agricultural Technology 2012, Vol. 8(2): 479-492

McAvoy, G. and Ozores-Hampton, M. (2011). Unique Challenges for Florida Growers in
Tomato and Pepper Production. IPM-201 (IN733), U.S. Department of Agriculture,
Cooperative Extension Service, University of Florida.

McPartland, J.M. (1997). Cannabis as repellent and pesticide. Journal of the International
Hemp Association 4(2): 87-92.

McSorely, R. (1999). Host Suitability of Potential Cover Crops for Root-knot Nematodes
Journal of Nematology 31:4.

Mostafa, F.A.M. (2000). Integrated Control of Root-Knot Nematodes, Meloidogyne spp.
Infecting Sunflower and Tomato Pakistan Journal of Biological Sciences 4 (1). Asian
Network for Scientific Information.

Natarajan, N., Cork, A., Boomathi, N., Pandi, R., Velavan, S. and Dhakshnamoorthy, G.
(2006). Cold aqueous extracts of African marigold, Tagetes erecta for control tomato
root knot nematode, Meloidogyne incognita. Crop Protection 25:11.

Oduor-Owino, P. (2003). Control of Root-Knot Nematodes in Kenya with Aldicarb and
Selected Antagonistic Plants. Nematologia Mediterranea 31.

Okeniyi, M., Fadeni, O., Orisajo, S., Otunoye, H. And Adekunle, O. (2010). Effect of Botanical
extracts on root-knot nematodes (Meloidogyne incognita) in function and growth of
cacao seedlings. Journal of Applied Biosciences 36.

Olabiyi, T.I. and Oyedunmade, E.E.A. (2007). Marigold (Tagetes erecta L.) as interplant with
cowpea for the control of nematode pests. African Crop Science Conference
Proceedings 8.

Olowe, T. (2010). Variation in Virulence of Meloidogyne Incognita Race 1, 2, 3, and 4 on
Cowpea Genotypes. European Journal of Scientific Research 43:3.

Olsen, M. (2000). Root-knot Nematode. The University of Arizona. College of Agriculture and
Life Sciences.

Otipa, M.J., Kimenju, J.W., Mutitu, E.W. and Karanja, N.K. (2003). Potential rotation crops
and cropping cycles for root-knot (Meloidogyne spp.) nematode control in ~ tomato
African Crop Science Conference Proceedings, Vol. 6.

Pederson, G.A., Windham, G.L. and Windham, M.T. (1993). Interaction of Trichoderma
harzianum, Meloidogyne incognita , and Meloidogyne arenaria on Trifolium repens
Nematropica 23:1.

Perry, R.N., Moens, M. and Starr, J.L. (eds) (2009). Root-knot Nematodes. CAB International,
Oxfordshire.

Ploeg, T.A. and Phillips, M.S. (2001). Damage to melon (Cucumis melo L.) cv. Durango by
Meloidogyne incognita in Southern California. Nematology 3:2.

Pluke, R., Permaul, D. and Leibee, G. (1999). Integrated pest Management and the Use of
Botanicals in Guyana. Inter-American Institute for Cooperation on Agriculture. Guyana

Rodriguez-Kabana, R. and Canullo, G.H. (1992). Cropping systems for the management
ofphytonematodes. Phytoparasitica 20:3.

Rodriguez-Kabana, R., Robertson, D.G., Wells, L., King, P.S. and Weaver, C.F. (1988). Crops
Uncommon to Alabama for the Management of Meloidogyne arenaria in Peanut Journal
of Nematology 21: 4.

Salem, F.M. and Osman, G.Y. (1988). Effectiveness of tagetes natural exudates onMeloidogyne
javanica (Chitwood) nematode. Anzeiger fiir Schiadlingskunde Volume 61, Number 1
accessed 20/01/2011.

Saravanpriya, B. and Sivakumar, M. (2005). Management of Root Knot Nematode
Meloidogyne incognita on Tomato with Botanicals. Natural Product Radiance 4:3.
Sasser, J.N. (1989). Plant Parasitic Nematode: The Farmer Hidden Enemy. North Carolina

State University. USA.

491



Serfoji, P., Rajeshkumar, S. and Selvaraj, T. (2010). Management of root-knot nematode,
Meloidogyne incognita on tomato cv Pusa Ruby. by using vermicompost, AM fungus,
Glomus aggregatum and mycorrhiza helper bacterium, Bacillus coagulans. Journal of
Agricultural Technology 6:1.

Srinivasan, R. (ed) (2010). Safer Tomato Production Techniques. A Field Guide for Soil
Fertility and Pest Management. AVRDC Publication. Taiwan

le Strange, M., Schrader, W.L. and Hartz, T.K. (2000). Fresh-Market Tomato Production in
California. Regents of the University of California

Trudgill, D.L. (2001). Management of Plant Parasitic Nematodes. SCRI Annual Report
1999/2000, Scottish Crop Research Institute, Invergowrie, Dundee.

Upasani, S.M., Kotkar, H.M., Mendki, P.S. and Maheshwari, V.L. (2003). Partial
characterization and insecticidal properties of Ricinus communis L foliage flavonoids.
Society of Chemical Industry.

USDA. (2011). ARS, National Genetic Resources Program. Germplasm Resources Information
Network - (GRIN), Maryland.

Vijayalakshmi, K., Subhashini, B., Koul, S. (1999). Plants in Pest Control: Garlic and onion.
Centre for Indian Knowledge Systems, Chennai, India.

de Waele, D. and Davide R.G. (1998). The Root-Knot Nematodes of Banana. Musa Pest
Factsheet No.3. International Network for the Improvement of Banana and
Plantain.France.

Weber, C. (2005). Field Guide to Non-chemical Pest Management in Tomato Production.
Pesticide Action Network (PAN) Germany

Wightman, E. (1999). Good Tree Nursery Practices; Practical Guidelines for Community
Nurseries. International Centre for Research in Agroforestry, Nairobi.

(Published in March 2012)

492



