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ABSTRACT--- The root knot nematodes (Meloidogyne spp.) are important group of plant parasitic nematodes which
poses threat to tomato (Solanum lycopersicum L.) production. The study was conducted in shade net house located at
the Agronomy Department, Faculty of Agriculture, University for Development Studies, Nyankpala from September to
December, 2011 to investigate the effect of inoculum densities of root knot nematodes on the growth of tomato cv.
Pectomec and the inoculum level that will cause the highest nematode infestations. The experiment was laid out in a
completely randomized design with four treatments and replicated four times. The inoculum levels were: 0, 500, 1000,
and 2000 freshly hatched second stage juveniles (J,) of root knot nematodes /1kg soil/pot. All pots were inoculated
with root knot nematode J, a week after transplanting of the tomato seedlings. Data were taken on plant girth, plant
height, number of leaves, root galls, nematode eggs population density and root weights (fresh and dry weights). From
the results obtained, it was observed that all the inoculum levels reduced the stem girth, plant height, number of
leaves, and fresh and dry root weights. Increasing the nematode inoculum level resulted in corresponding increased in
number of galls and nematode population build up. The reduction in growth parameters and nematode infestations
were found to be proportional to the inoculum level.
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1. INTRODUCTION

Tomato (Solanum lycopersicum L.) is one of the important vegetable crops grown throughout the world and ranks next
to potato in terms of production area but ranks first as a processing crop (Mohammed, 2013). It is a major horticultural
crop with an estimated global production of over 120 million metric tons (FAO. 2007). It is one of the most widely used
food crops in world vegetable economy (Chapagain and Wiesman, 2004). Total land area for production in Ghana
increased from 28,400ha in 1996 to 37,000ha in 2000 (GIPC, 2001). Vegetables account for 9.6% of total food
expenditure and 4.9% of total expenditure in Ghana, and tomato alone makes up to 38% of the vegetable expenditure
(Wolff, 1999). Tomatoes are major sources of lycopene, a dietary carotenoid found in high concentrations in processed
tomato products according to Di Mascio et al. (1998). Tomato production has been an important source of income for
smallholder farmers for many years. In recent years, domestic tomato production has seen a rise across Ghana but local
production is not able to meet the domestic high demand and this has resulted in tomatoes been often imported, mainly
from Burkina Faso (Horna et al., 2006).This situation is as a result of a number of constraints in tomato production,
among them are root knot nematodes which play prominent role. Root knot nematodes (Meloidogyne spp.) are
economically important pests of a wide range of vegetables throughout the world (Castagnone-sereno, 2006). Hemeng
(1981) reported an average yield loss of 73-100% in the Guinea Savannah zone of Northern Ghana due to root knot
nematodes. Root knot nematodes have a wide host range and are considered the greatest threat to global agriculture
(Ameer-Zareen et al., 2003). The short life cycle of six to eight weeks enables root knot nematode populations to survive
well in the presence of a suitable host and their populations build up to a maximum usually as crops reach maturity
(Shurtleff and Averre, 2000). The potential host range of Meloidogyne species encompasses more than 3000 plant species
(Abad et al., 2003).The most economically important species are M. arenaria, M. incognita, M. javanica and M. hapla.
The nematode infection acts as energy sink absorbing photosynthate required by the plant for growth and fruit
production, hence crop yields are reduced and harvested produce is of poor quality and reduced storage life. Root knot
nematodes damage leads to symptoms similar to those caused by nutrient deficiency, water stress or soil-borne diseases.
Heavily infested plants do not respond to water and fertilizer application because they severely damage the conducting
tissues of the roots. The damage predisposes the crop to other pathogens by leaching of nutrients into the soil which
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favours the growth of bacteria and fungi (Sasser, 1989). Root knot nematode increases the incidence and severity of
Fusarium wilt and bacteria wilt by providing an infection court for the pathogens (Agrios, 1997). According to Kinloch
(1982) the growth of a plant is inversely proportional to the initial population density of Meloidogyne species; hence as
nematode population rises above the economic threshold, control becomes more difficult. It is, therefore, important to
control the potential rise of root knot nematodes so that they remain below levels at which they reduce the yield of crop
plants (Bridge, 1996). Various control strategies have, therefore been employed to manage the root knot nematode. Some
of these have been the use of nematicides, biological control and resistant varieties. Infections of non efficient or efficient
hosts by low densities of Meloidogyne spp. may enhance growth and yield of host and or have no effect, or cause severe
damage to the crop. The objective of this study was therefore to investigate the effect of different inoculum densities of
root knot nematodes on the growth and root galling of tomato cv. Pectomec.

2. MATERIALS AND METHODS

2.1 Experimental Site

The experiment was conducted in shade net house located at the Department of Agronomy, University for
Development Studies, Nyankpala from September to December, 2011. The area is located 16km West of Tamale with
latitude of 9°25°N and longitude 0°58‘W (SARI, 2008). Nyankpala has unimodal rainfall pattern with mean annual
rainfall of 1000 mm distributed from April to September. Mean minimum temperature of 23.4°C and maximum of
34.5°C with minimum relative humility of 46% and maximum of 76.8% (SARI, 2008).

2.2 Soil Sterilization

Soil for pot experiments was sterilized using the steam sterilization method. Top soil was sifted to remove foreign
materials such as plant debris, plastic materials, broken pots and glasses. It was then mixed with river sand at 3:1 ratio
(v/v) and sterilized using a metal tray for 30 minutes at 100°C with fire wood as the source of heat. The sterilized soil
was spread on a large metal sheet after heating and left over night to cool off.

2.3 Raising of Tomato Seedlings

The farmer’s preferred cultivar of tomato seeds cv. ‘Pectomec’ was nursed in steam sterilized top soil in a seed box.
The seedlings were transplanted into one litre size pots filled with 1 kg sterilized topsoil three weeks after germination.

2.4 Filling of Pots and Transplanting of Tomato Seedlings

The sterilized soil (1 kg) was put into a plastic pot of one litre size. After two weeks of seed nursing, hand trowel was
used to transplant the seedlings from the seed box to the pots. Two seedlings were planted in each pot. Each pot was
labelled and watered with equal amount volume of water.

2.5 Extraction and Counting of Root Knot Nematode J2

Cabbage plants infested with root knot nematodes were collected from a farm near Tamale. Extraction of nematode J,
was done using modified method of Hussey and Barker (1973). Root knot nematodes infested roots were washed, dabbed
dry and then cut into pieces with a pair of scissors. 30 g of the chopped roots was placed in a big jam bottle and 0.5%
sodium hypochlorite (NaOCI) solution was added to cover the roots and then covered. The content of the bottle was
agitated vigorously for four minutes. The chopped roots and NaOCI mixture was collected and rinsed with tap water on
200 pm-pore mesh sieve over 500 pm-pore mesh sieve and rinsed with tap water. Water was added to obtain the egg-
water suspension. Root knot nematode J, were counted using a counting tray with the aid of a stereo microscope.
Counting was done three times per entry.

2.6 Inoculation of Tomato Seedlings

The seedlings were inoculated with 0, 500, 1000, and 2000 Meloidogyne spp. J, per pot a week after transplanting.
Three holes were made in a triangular form 2cm from the plant stem and the egg suspension was poured into them using
10 ml micropipette. Four replicates were kept for each of the inoculum levels, including a control without any inoculation
(0 Jy). The pots were arranged in a complete randomized design and kept in the plant house and watered once every two
days.

2.7 Experimental Design

The design for the experiment was completely randomized design with four treatments. Each treatment was replicated
four times and they were as follows: Control (water), 500 Meloidogyne spp. J,, 1000 Meloidogyne spp. J, and 2000
Meloidogyne spp. J».

2.8 Harvesting of tomato plants

The test plants were harvested twelve weeks after inoculation. To ensure easy removal of the plants from the soil, the
soil was watered and kept overnight to soften it. The sides of the plastic pots were pressed to loosen the soil. The soil was
then removed from the roots by gently shaking the plants.
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2.9 Assessment of root galls

The roots of the harvested tomato plants were each washed separately and dabbed dry with tissue paper. Galling was
scored on the scale of 0-10 rating chart by Bridge and Page (1980). Fresh weight of roots of each entry in the screen was
measured, using an electronic balance.

2.10 Extraction of root knot nematode juveniles

Extraction of root knot nematode juveniles was from infested roots of tomato, using modified Baermann tray method
(Whitehead and Hemming, 1965). The roots were chopped with a pair of scissors and 10g of each entry in the study were
placed separately in a plastic sieve lined with a two- ply tissue paper placed in a plastic plate. Tap water was poured
carefully into the plastic plate in which the sieve was resting until the tissue became moist. The set up was left for 48h
and were then poured separately into beakers and left for about 24h for the juveniles to settle at the bottom. The volume
of each suspension was standardized to 50ml. Each suspension was taken with a pipette into a counting tray and counting
done with the aid of a stereo microscope. Each suspension was homogenized by blowing air through with a pipette.
Counting was done three times to obtain the mean number of juveniles.

2.11 Data Collection

Data collection on growth parameters was done at two weeks interval until flowering. Data was collected on the
following parameters; plant height, number of leaves per plant, plant girth, fresh and dry root weights, root gall indices
and number of root knot nematode J, /59 chopped tomato roots at harvest.
2.12 Statistical Analysis

Data collected were analyzed, using the Genstat statistical package (Discovery edition 8.1). Least significant
difference (LSD) at 5% was used for comparing mean differences. All counting data were transformed using square root
transformation of V(x+0.5), where x is the mean count.

3. RESULTS AND DISCUSSION
3.1 Plant Height
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Figure 2: Effect of Inoculum levels of Meloidogyne spp. J2s on plant height of tomato
Plant height was significantly affected by the inoculation of Meloidogyne spp. J,. At 2, 4, 6 and 8 WAT, there were no
significant differences (p>0.05) between treatments. However at 10 and 12 WAT, significant differences (p<0.05) were
observed with plants which were inoculated with 2000 J2s producing the shortest plants followed by 1000, 500 and 0
Meloidogyne spp. J, respectively (Figure 1). The decrease in plant height due to inoculation of Meloidogyne spp. J, at 10
and 12 week after transplanting compared to the other treatments may be attributed to the damage caused by high
population density of the nematode to the plants. The results conform to the findings of Siddique and Alam (1985) who
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reported that plants heavily infested with root knot nematodes exhibited stunted growth and poor yield and in some cases
the plants die even before reaching maturity (Singh and Khurma, 2007). However, Haider et al. (2003) reported that the
inoculum level of 100 J, Meloidogyne incognita /plant caused the significant reduction in growth characters of French
bean and pea.

3.2 Plant Girth

There were significant differences (p<0.05) between the treatments at 6, 8, 10 and 12 WAT. Plants inoculated with
2000 Meloidogyne spp. J, produced the smallest girth followed by 1000, 500 and 0 Meloidogyne spp. J, in that order
(Figure 2). The results confirm the findings of Hussey (1985) reported that an increase in stem diameter was due to the
uptake and transportation of water and nutrients which are dependent on the health of the roots. Eisenback et al. (1991)
also observed that heavily diseased plants do not respond to water because of the severity of damaged caused by
nematodes to the conducting tissues of the plant at the roots resulting in reduction of stem diameter and top growth of the
plant. His view holds true with the present findings where in plant growth was proportionately affected with increase in
the number of galls and final nematode population. The progressive decrease in plant girth and nematode multiplication
with increasing inoculums of root knot nematode on tomato crop was reported by Di Vito and Ekanayake (1983) with
2000 J, being the most pathogenic.
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Figure 2: Effect of Inoculum levels of Meloidogyne spp. J2s on plant girth of tomato
3.3 Number of Leaves

At 4 WAP, there were no significant differences (p>0.05) between treatments. However at 6, 8, 10 and 12 WAT,
plants inoculated with 2000 Meloidogyne spp. J, produced significantly smaller (p<0.05) leaves followed by 1000, 500
and 0 Meloidogyne spp. J, (Figure 3). The reductions in leaves parameters caused at level of 500 J, were quite similar to
those caused at 1000 J, showing that there is no statistical significant difference in these two levels. In a similar study,
Akhtar et al. (2005) reported that increasing the initial inoculum levels of Meloidogyne incognita resulted in a
corresponding decreased in number of leaves and that the inoculum level of 500 J, /kg soil was pathogenic to mung bean.
According to Sikora and Fernandez (2005), the increase in the nematode populations and the subsequent reduction in the
growth and yield of crops are directly influenced by the initial density of the nematodes in the soil.
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Figure 3: Effect of Inoculum levels of Meloidogyne spp. on number of leaves of tomato plant

3.4 Root Weight

The results clearly indicated that there were significant differences (p<0.05) between tomato plants inoculated with J,
Meloidogyne spp. and the control in both fresh and dry root weights (Table 1). Plants inoculated with second stage
juveniles of Meloidogyne spp. produced smaller roots with 2000 J, being the least whilst the control plants produced
longer and heavier roots. Plants under control treatments recorded a significant increase in both fresh and dry root
weights respectively due to less root knot infestation. Plants inoculated with 500, 1000 and the 2000 J, inoculum levels
produced smaller roots which might be due to higher number of galls formed on their roots. This in turn reduces the
uptake of water and transportation of nutrients as reported by Hussey and Boerma (1989). Williamson and Hussey (1996)
also reported that root knot nematodes spend maximum time of their active lives within plant roots feeding on host cells.
The infective stage second stage juvenile (J,) penetrates through the root and migrates to a site near the vascular tissue.

Table 1: The effect of inoculum levels M. ssp. on fresh root and dry root weight of tomato after harvest

Treatments Root weight (g)
Fresh weight Dry weight

Control (water) 23.50 1.33
500 J, Meloidogyne spp. 21.05 1.08
1000 J, Meloidogyne spp. 17.45 0.90
2000 J, Meloidogyne spp. 11.85 0.76
LSD (0.05) 171 0.13
CV (%) 6.00 8.30
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3.5 Influence of Inoculum Densities on Root Galling and Nematodes Population

The plants inoculated with second stage juveniles of Meloidogyne spp. significantly affected both root galls and
nematodes population after harvest. The control treatment recorded the lowest population density of Meloidogyne spp.
while the 2000 J, Meloidogyne spp. inoculum recorded the highest. Significant increase in number of galls was also
observed at all inoculums levels. Maximum galls were produced at a level of 2000 J, followed by 1000, while the galls
were the minimum in plants inoculated with 500 J,. There were however significant differences (p<0.05) between the
treatment means (Table 2). It is evident from the data presented in Table 1 that the rate of nematode multiplication was
reduced with the increase in the inoculum levels of root knot nematodes. This might be due to the destruction of root
system by the parasitism of root knot nematode which led to competition for food and nutrition among the developing
nematodes within the root rhizosphere. The inability of juveniles to identify new infection courts for subsequent
generation might also account for the reduction (Ogunfowora, 1977). The control treatment recorded the lowest count of
root galls which might be due to the low presence of root knot nematodes. The presence of galls on roots is a primary
symptom associated with root knot nematode infection. Root knot nematodes stimulate formation of root galls which
interferes with plant water supply, resulting in stunted and chlorotic growth (Waller et al., 2002). Noling (2009) reported
that under heavy nematode infestation, crop transplants may fail to develop, maintaining a stunted condition causing poor
stand development. From the results obtained, the presence of root galls and root knot nematode J, has a strong negative
correlation with the growth parameters. This means that, as root galling of tomato plant and nematode juveniles
increases, plant height, number of leaves and girth are negatively affected along with fresh and dry root weights reducing
significantly. It was also observed that nematode juveniles have a strong positive correlation with the presence of root
galling. This implies that, as nematode population increases in the rhizosphere of the tomato plant, the presence of root
galling of tomato plant roots also increases. Ploeg (2001) observed that nematodes have the greatest impact on crop
productivity when they attack the roots of seedlings immediately after seed germination.

Table 2: Effect of inoculum levels on root galling index and population densities of Meloidogyne spp. recovered from
the rhizosphere of tomato plant.

Treatments Root galling Untransformed Transformed
(scale: 0 - 10) mean of M. spp. mean of M. spp.

Control (water) 0.25 20 4.53

500 J, Meloidogyne spp. 0.50 873 29.56

1000 J, Meloidogyne spp. 1.50 1322 36.37

2000 J, Meloidogyne spp. 1.50 2381 48.80

LSD (0.05) 0.86 496.90 22.79

CV (%) 59.60 28.10 5.80

* \ x+0.5 where x is mean count, 0= no gall, 10= severely galled and plant usually died.

4. CONCLUSION

From the results obtained, it was observed that all the inoculum levels reduced the plant height, stem girth, number of
leaves, and fresh and dry root weights. Increasing the nematode inoculum level resulted in corresponding increased in
number of galls and nematode population build up. The reductions in growth parameters and nematode infestations were
found to be proportional to the inoculum level. It is therefore concluded that Meloidogyne species is pathogenic to
Solanum lycopersicum cv Pectomec at all inoculum levels and the damage is most severe at 2000 J,/kg soil.
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