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Abstract

Seedlings of the hybrid tomato ‘Roma king’ cultivar (cv.) grown in a steam sterilized soil were inoculated with Root knot
nematode (Meloidogyne incognita) eggs, under screen house temperature 27+2°C. Serially graded inocula of 2, 000, 4,
000, 6, 000, 8 000 and 10, 000 eggs that hatched from the second stage juvenile (J2) of the root-knot nematodes,
Meloidogyne incognita, extracted from infested roots of a hybrid okra (Abelmoschus esculentus) were applied around the
bases of 12 day-old tomato cv. seedlings. At high inoculums levels of 6, 000, 8, 000 and 10, 000 eggs; flowering, number of
leaf, plant height and fruit yield were significantly (p > 0.05) reduced. 100% loss occurred on number of fruit and fruit
weight of tomato plants inoculated with 10, 000 eggs. Stunted stems with darker linings, poor flowering, small and
chlorotic leaves, reduced size and weight of fruits and root galling all increased with the initial nematode population.
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Introduction

Tomato Roma cultivar (cv.) is an egg or pear-shaped tomato
belonging to the genus Lycopersicon; generally available in red
and yellow in colder and warmer regions'. The plant grows up
to 1.2 meters (4 feet) height and its single fruit can weigh about
110 grams®.

Growing of tomato has crossed from one continent to another
and has become one of the world’s most produced vegetable
crops®. In 1987, the world’s productivity of tomatoes has
increased from 15.34 meters tons/ha to 16 metric tons/ha. But,
world register of tomato tonnage has increased from 15.2
million tons in 1976 to 26.1 million tons®. In Nigeria, the annual
production of tomatoes for 1995/1996 was estimated at 555.630
tons and is expected to rise annually due to high number of
population and increased farming activities’.

Southern root-knot nematodes, (Meloidogyne incognita) are
microscopic round worms of the Tylenchid family®. Most are
beneficial members of their ecosystems, but a few are economic
parasites of plants and animals’. Meloidogyne species (M. hapla
and M. chitwoodi) are parasites of many dicotyledonous plants®.
Some crops that may be severely damaged by M. incognita
parasites are tomato, pepper, okra, watermelon, cantaloupe,
onion, pumpkin, squash, sweet potato, sweet corn, carrot,
eggplant, bean and pea’.

Many vegetables, bedding plants, shrubs and trees are
susceptible to plant parasitic nematodes®’. Root-knot nematode
(Meloidogyne incognita) is an important pest in Nigeria as
elsewhere in the tropics '°. In Nigeria, poor yield of tomato has
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been attributed to nematode diseases'"'%. Infection of these

nematode species has been reported as one of the limiting factor
in tomato cultivation which in some cases results in 90-100%
yield loss of the crop'*'*.

This research was undertaken to determine the pathogenicity of
root-knot nematodes (Mloidogyne incognita) on a hybrid tomato
cultivar (cv.) in Sokoto Area

Material and Methods

Pathogenicity Study: The pathogenicity of M. incognita on a
hybrid tomato cultivar (cv.) “Roma king” obtained from the
Local market in Sokoto was carried out in the screen house of
the Botanical garden in the Department of Biological Sciences,
Usmanu Danfodiyo University Sokoto, from May-October,
2009. Eggs of M. incognita were extracted from the nematodes
culture that was maintained on hybrid okra ‘Ladies fingers’
(Abelmoschus esculentus) by the use of chlorox'® method.

The nematode inoculum was prepared using infected okra root
system with heavy egg masses. The roots of infected portions of
the plant were washed very well, removing the debris and the
infected portion of the root cut into small pieces of 2-3cm. The
segments of the root were placed in a container. A solution of
0.5% sodium hypochlorite (NaOCl) was added to cover the
roots and later stirred for 2-3 minutes. The suspension was
poured through the sieves of the jar from top to bottom which
are of 80 mesh, 200 mesh and 500 mesh. Eggs on 500 mesh
sieve were gently washed with slow cold tap water to rinse off
residual NaOCl. Eggs were then collected from 500 mesh sieve
into a glass beaker. Eggs suspension was brought to known
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volume and determined in milliliter and eggs of the active
juveniles were quantified by agitating the egg suspension. 2ml
of the suspension was used and transferred to the counting slide.
A chamber made of 24 cells placed under the light microscope
and the eggs were counted (three counts are made in 4 of the 24
cells) in the counting slide by random selection and number of
eggs were counted in average of the three counts'.

Serially graded inocula that hatch from the second-stage
juveniles (J2s) by number (No.) of nematodes, of approximately
2, 000 4, 000 6,000 8,000 and 10, 0000 eggs per 25cm in
diameter plastic pot were applied in the soil around the bases of
12 day old tomato seedlings in a 6-liter steam sterilized soil.
Tomato seedlings that were not inoculated with the eggs served
as the control. Each level of inoculums was replicated was
replicated four (4) times and the pots were laid out in a
completely randomized designed pattern in the screen house.

Data were taken on plant height, number of leaf, fruit number
and fruit weight. Root gall rating was done after termination of
the experiment 110 days after planting, using a rating scheme of
0-5 scale, where 0 = no galls, 1 = 1-25% root gall, 2 = 26-50%,
3=51-75%, 4=76-100% and 5 = 81-100% root gall, as
described by Hussey R.S.et. al."”.

Extraction of Root-Knot Nematodes: The nematodes were
isolated by Cobb’s sieving and decanting process as described
by '®. Active root-knot nematodes were isolated from small
sample of soil in the polythene bags and finally pass through
sieves, using Cobb’s decantation and sieving technique, where
soil sample taken to laboratory were transferred from the
polythene bags into the buckets and water was added to the
sample. The soil was stirred thoroughly and allowed to settled
for about three minutes. This allows heavy particles to settle at
the bottom of the bucket. The mixture was then poured through
a set of scientific sieve of different mesh sizes serially 60, 80
and 120. The siever was then filled up in another bucket. To
collect the residue, the siever was stand at the edge of a petri
dish and fitting with its undersides upper most and the residue
was collected by utilizing gentle stream of water to wash it into
the Petri dish. This was then taken to dissecting microscope
where it was observed and the nematodes founds were extracted
with acid dropper along with curved nylon tooth brush and
introduced using needles into preserving bottles.

Data Analysis: The data collected was subjected to analysis of
variance ANOVA, using" package. Differences between the
mean were partitioned using Turkey-Kramer’s highest
significant difference at 5% (P=0.05) probability level.

Results and Discussion

It was observed from this study that the hybrid tomato cv.
“Rama king” is susceptible to active root-knot nematodes (M.
incognita) attack. The plant height and leaf number was
progressively reduced with the increasing nematode eggs
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inoculums. Stems appeared stunted with darker linings, leaves
number per plant are fewer, smaller and chlorotic with patches
as seen in figure-1. Plant height was progressively reduced with
the increasing nematode population/inoculums levels as shown
in table-1. From the 4™ week of June, 09 plants inoculated with
2, 000 and 4, 000 eggs per pot were significantly different from
the control treatment. Plants with higher inoculums levels of M.
incognita eggs exhibit swollen root galls.

Similarly, from table-1 the fruit set was very poor and yield of
fruit number and fruit weight per plant was progressively
reduced. 100% loss was observed on tomato plants inoculated
with 8, 000 eggs (that is, on fruit weight per plant) and a 100%
loss on number of fruit and fruit weight of plants inoculated
with 10, 000 eggs. Hence, at this highest inoculums level of 10,
000 eggs and rarely at 8, 000 eggs i.e from 5" week of July to
the 3" week of August 09; it was observed that the survived
plants do not produce fresh fruits, hence, the weight and size of
the fruits was reduced due to nematode attack with significant
retard growth in height, leaves and fruits of the tomato plants (p
> 0.05). The control treatment was observed to be superior to
the 2, 000 eggs per pot treatment in terms of fruit weight per pot
table-1. The higher the level of egg inoculums the lesser the
weight and number of fruits per plant as indicated in table-1.

This indicates that fruit weight fruit number was significantly
reduced as from 4, 000 eggs and from this level a high root
galling was recorded. It could be deduced that, the more or the
higher the level of egg inoculums the higher the number of root
gall in the tomato plant, which was terminated in the 4™ week of
September, 09 table-1.

It could be deduced that the retard growth of the tomato plants
at 10, 000 inoculums has been found to exhibit large galls or
knots figure-2.

It could be seen that, following the extraction of the root-knot
population from the soils sampled out, the most frequent
diagnosed nematode damage occurs below ground with the
plants showing symptoms of nutrient deficiencies along with
stunted stems as observed around afternoon hours with hot
climate temperature ranging up to 29°C. Moreover, inoculations
of the nematode eggs at their second stage juveniles (J2s), i.e
the infective stage, were mostly found in the soils and are
vermiform or worm-shaped with lips and strongly developed
stylets, ranging up to 400 um in length figure- 3

Discussion: The growth of tomato plants with corresponding
decrease in plant height leaves and fruits number has been
reported in this research. These poor growths might be as a
result of the pathogenic effect of these ground worms and their
susceptibility to the tomato cv. plants as influenced by the
climatic conditions of the weather. This report is in line with the
findings of Southey J.F. et.al.*® who reported that tomato cv.
Roma V was susceptible to root-knot nematode population and
M. incognita significantly reduced the growth of tomato cv.
Roma V.
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Table-1
Growth, Yield and Root gall parameters of the hybrid tomato cv. ‘“Roma king” inoculated with Meloidogyne incognita eggs
Mean plant Mean No. of Mean
No. of M. incognita height (cm) ) Mean No. of fruits/plant . . Root gall index
egas May-June leaves/plant Jul-Aug, 2009 fruit weight (2) | =) ¢ 5909
2009 ’ May-Jun, 2009 ’ Aug-Sep, 2009 ’

0 (control) 40.2° 32.5° 14.5° 48.5° 0.0°

2, 000 eggs and J2 17.2° 21.3° 4.0° 10.7° 1.6°
4,000 eggs and J2 14.0° 16.5" 2.1° 3.3° 2.5°

6, 000 eggs and J2 8.5° 8.3° 1.0° 1.6° 2.5¢

8, 000 eggs and J2 4.4° 5.2¢ 1.0° 0.2° 2.8°

10, 000 eggs and J2 4.2° 2.4° 0.0° 0.0° 4.0°

Numbers with same letter in the column show no significant difference. The means were partitioned using Turkey-krammer

Highest Significant difference at 5% probability level.

igure-l
Roma tomato indicating poor fruit set-up, stunted stems and
chlorotic leaves

Figure-2
Severe galling with feeding disposition area of M. incognita
on the tomato root

Figure-3
Representative specie of root knot nematode, M. incognita
extracted from the infested tomato root
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It has also been established in this survey that the tomato ‘Roma
king’ cv. was found to inhabit poor flowering, stunted stems
with dark linings and yellowed leaves with white patches. 100%
loss on leaves per tomato plants inoculated with 8, 000 eggs and
a 100% loss on fruit number and weight of fruits with a rapid
increase in root galling up to 10, 000 inoculums level of M.
incognita (p > 0.05). This report correlates with the findings of
SAS. et. al.”' who estimated a 69% drop in cowpea yield and *'
reported approximately 75% reduction in tomato yield because
of this pathogen Babatola J.O. et.al.* also reported that tomato
plants infected with root-knot nematodes yield conspicuous root
galls.

It was established from this research that, the gradual increase
of nematode eggs at their J2s in the tomato plants yield poor
flowering set-up and the whole plants loosing nutrients with
knots forming on the roots region. This might be because of the
hidden nature, their vermiform and morphological structure of
needle-like stylets of which the nematode parasites use to
protrude the plant root cells. As the density of nematodes
increases, galls per tomato plant also increase. This could also
be seen that the infected tomato plants usually wilt easily, and
are not productive. Sometimes the infection is easy to identify
because of the large swellings easily noted on the root portion of
the tomato cv. plants. This result agreed with the work of
Wilson W.R.et.al.” who reported that the plant parasitic
nematode (Heterodera sacchati) penetrates plant cell with
stylet, by injecting the secretory proteins thereby stimulating
changes within the parasitized cells; which in turn produce large
galls throughout the root system of infected plants Wilson
W.R.et.al.” added that, root-knot nematode females are globose
and sedentary at maturity, ranging from 400 to 1000 pm, but the
male ones are vermiform ranging from 1100 to 2000 pm in
length Stirling G.R.** reported that root knot nematode establish
a feeding site on the plant root and permanently remain at that
location allowing the giant cell to produce large amounts of
proteins which the nematode use to ingest.

It was reported from same study, that the higher the nematode
population the greater the rate of infection. This might be due to
the fact that some plants like tomato are specific, sensitive and
cannot with stand vulnerability against nematode populations in
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soil because, some or most of the tomato plants in the trials
respond to nematode attack. This could also be explained that,
regular initial nematode population of M. incognita in the field
of study had been found to move along shallower temperature
gradients. But, at the initial eggs inoculums, the root knot
nematodes population was observed to feed and multiply on
many tomato plants, although they did not injure the whole
plant body but to some extent. Nematodes penetrating roots in
close proximity result in larger galls and M. hapla produces
gradual increase in galling less than half the size of those
produced by M. incognita on the same plant hosts®.

It was reported from this study that in most of the second stage
infective larvae of the nematode population, it was encountered
during hot temperature (27+2°C) of the climatic condition. This
will be explained by the fact that, hot dry hot weather in
temperature variation may influence or triggers the development
and multiplication of root-not nematodes population®® noticed
that vegetable crops grown in warm climates experience severe
losses from root knot nematodes. They also reported that root-
knot nematode damage results in poor growth, decline in quality
and yield of the crop and reduced resistance to other stresses
leading to total crop loss.

Conclusion

Hybrid tomato plants are highly sensitive to root knot diseases
and root knot nematodes (Meloidogyne incognita) at second
staged juveniles (2Js) are vulnerable, infecting plant roots
leading to the development on the tomato plant roots. The initial
nematode populations (eggs inoculums) drain the plants
nutrients and multiply the infections causing more decreased in
yield. This research should be encouraged in relevant areas of
study so that lay men can have knowledge on identifying these
parasitic worms and produce/consume such healthy vegetable
and other versatile crops that can support nutrient deficiency in
human and other domestic animals.

References

1. Simon J.H. and Sobulo R.A., Methods for higher tomato
yield in Western State of Nigeria, paper presented at
Institute of Agric. Research Conference, Ibadan, Nigeria,
35-42 (1974)

2. South Pacific Foods., Green leaves in South Pacific
Foods Leaflets at South pacific Commission, Community
Health Services 6 leaflet, (1995)

3. FAO., Food and Agriculture Organization of the United
Nation. Produciton Year Book, 326 (1998)

4. Abdullahi, S.M., The Origin and Benefits of Tomatoes as
a Home Garden and Commercial Vegetable, Eletronic
Journal of Environmental, Agricultural and Food
Chemistry, 12 (01), (2009)

5. FCPSAR: Fadama Crop Production Survey and Annual
Region. Agricultural Project Monitoring and Evaluation

International Science Congress Association

10.

11.

12.

13.

14.

15.

16.

17.

18.

Int. Res. J. Biological Sci.

Unit, Kaduna, Nigeria, (1996)

Jepson S.B., Identification of Root-Knot Nematodes
(Meloidogyne Species). CAB International, Wallingford,
UK (1987)

Udo LA., Uguru M.I. and Ogbuji R.O., Pathogenicity of
Meloidogyne incognita Race 1 on Tomato as Influenced
by Different Arbuscular Mycorrhizal Fungi and
Bioformulated Paecilomyces lilacinus in a Dysteric
Cambisol Soil, Journal of Plant Protection Research, 4
(3), (2003)

Lamberti, F. and Taylor, C.E., Root knot Nematodes
(Meloidogyne Species) Eds Academic Press, New York,
987-1023 (1979)

Karssen G., The Plant-Parasitic Nematode Genus
Meloidogyne Goeldi, 1892 (Tylenchida) in Europe, Brill
Academic Publishers, Boston MA, 1230 (2002)

Blake James H. and Nancy D., Root knot Nematodes in
the Vegetable Garden Clemson Extension HGIC 2216.
http://www.hgic.clemson.edu/factsheets/HGIC2216.htm.,
Burpee Seed Company, 231-235 (1999)

Viaene, N.M., Management of Meloidogyne hapla on
lettuce in organic soil with Sudan grass as a cover crop,
Plant Disease 82: 945-952 (1998),
http://www.ces.uga.edu/pubcd/1209-w.html.

Starr J.L., Bridge J. and Cook R., Plant Resistance to
Parasitic Nematodes, CABI Publishing, Cambridge MA,
670-675 (2002)

Stone A.G., Vallad G.E., Coopeaband L.R. and
Goodman R.M., Impact of Animal Organic Amendment
on Disease Incidence in a Three Year Vegetable
Rotation, Soil Science Abstracts, 85 (2000)

Agbenin N.O., Emechebe A.M. and Merly P.S.,
Evaluation of Neem Powder for Fusarium wilt and
Meloidogyne Control on Tomato. Journal of Laboratory
Assessment in Phytopathology, 37 (4), 320-321 (2004)

Olabiyi T.I., Assessment of the Nematoxic Properties of
the Water Extracts of four Plants species on Root knot
nematode infection of Coelosia argentea (L.) Zuma
Plant Pathology Journal 5(2), 167-170 (2004)

Makumbi-kidza N.N., Speijer N.O. and Sikora R.A,,
Effects of Meloidogyne incognita on Growth and
Storage-Root Formation of Cassava (Manihot esculenta).
Journal of Nematology, 32(4), 475-477 (2000)

Hussey R.S. and Barker K.R., A Comparison of Methods
of Collecting Inocula for Meloidogyne spp., including a
New Technique. Plant Disease Reporter, 57: 1025 —
1028 (1973)

Bonetti J.I.S. and Ferraz S., Method of Extraction and
Handling Tropical Crops and Diseases, Brasiliera 3, 12-
14 (1981)



International Research Journal of Biological Sciences

ISSN 2278-3202

Vol. 3(11), 5-9, November (2014)

19.

20.

21.

22.

23.

24.

Taylor A.I. and Sasser J.N., Biological : Identification
and Control of Root knot Nematodes (Meloidogyne
species). North Carolina State University Releigh
Graphics USA, 111 (1978)

Southey J.F., Laboratory Methods for Work with Plant
and Soil Nematodes, Ministry of Agric and Fishery
Food, HMCO London, 202 (1986)

SAS., User’s Guide Statistics Version 6.09 Edu. SAS
Institute Cary NC. USA, 41-43 (1997)

Babatola J.O. and Omotade, M.A., Chemical control of
Nematode Pests of Cowpea, Journal of Crop Protection,
13, 131-132 (1990)

Wilson W.R., Root-eel worm, Technical Report No. 24,
Ministry of Agriculture Northern Nigeria,1-3 (1982)

Stirling G. R., Stanton J.M. and Marshall J. W., The
Importance of Plant-parasitic Nematodes to Australian
and New Zealand Agriculture. Australasian Plant
Pathology, 21, 104 —115 (1992)

International Science Congress Association

25.

26.

27.

28.

Int. Res. J. Biological Sci.

Tariq M., Shahnaz D., Fatima S., Mehdi M. and
Muhammad J.Z., The Effect of Mangroves Amendments
to  Soil on Root rot and Root knot of patato (Solanum
tuberosum) Acta Agrobotanica, (2008)

Eisenback J.D. and Triantaphyllou H.H., Root-knot
Nematodes: Meloidogyne species and races, In : Manual
of Agricultural Nematology, W. R. Nickle. (Ed). Marcel
Dekker, New York, 281-286 (1991)

Olowe T., Cowpea Germplasm Resistant to Meloidogyne
arenaria Race 1, Meloidogyne incognita Race 4 and

Meloidogyne javanica. European Scientific Journal
Research, 85 (2009)

Khalil M.S.H., Allam A.F. and Barakat A.S.,
Nematicidal Activity of Some Biopesticide Agents and
Microorganisms against Root knot Nematode on Tomato
plants under Green house Conditions, Journal of Plant
Protection Research, 2 (3), 102-103 (2012)



