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Abstract
The effect of Glomus fasciculatum inoculation on the growth and yield of tomato (Solanum lycopersicum L.) in a Meloidogyne 
incognita infested soil was investigated in a pot experiment. G. fasciculatum greatly enhanced the growth and yield of tomato in both 
non-nematode and nematode infested soils. Growth was greatly impeded to the point of no fl owering or fruiting in non-mycorrhizal 
nematode infested soil treatments. While the adverse effect of  nematode to the growth of tomato can be attributed to impaired transport 
of water and nutrients, the enhanced growth in mycorrhizal plants was associated with increased water and nutrient uptake, resulting 
improved growth which must have conferred more vigour on them to reduce the pathogens’ effect. 
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Introduction
Tomato (Solanum lycopersicum L.) is a widely cultivated 
vegetable crop grown for its highly nutritive fruits. In Calabar, 
the soils are heavily infested with nematodes up to fi fty thousand 
individuals per square metre. Tomato appears to be the most 
susceptible crop to these parasites. As a result of nematode attack, 
the crop hardly attains optimum fl owering and fruiting. The most 
prevalent species of nematode in the soil is the root-knot type, M. 
incognita. While yield losses of 35-39.7 percent caused by root-
knot nematode infestation has been reported elsewhere by some 
researchers (Reddy, 1985; Jonathan et al., 2001), there is no report 
of work done concerning the situation in Calabar where this crop 
is hardly allowed to fruit due to nematoded infestation.

Arbuscular mycorrhizal fungi (AMF) have been demonstrated 
to have the potential of reducing the harmful effects of root 
infection by many parasitic nematodes (Jaizme-Vega et al., 2006; 
Shreenivasa et al., 2007; Serfoji et al., 2010). The effectiveness 
of arbuscular mycorrhizal fungus to protect tomato against 
nematode attack has been shown to depend on the time of 
inoculation of the former and subsequent exposure to the latter. 
Earlier mycorrhization of tomato seedlings before exposure to 
nematode infestation at transplanting confers greater resistance 
on the tomato than simultaneous inoculation (Talavera et al., 
2001). For inoculation with AMF to be done before exposure of 
the tomato seedlings to nematodes, the nursery soil must be sterile. 
This poses a problem to resource poor tomato growers who may 
not be able to afford the cost of sterilizing the soil. 

This work was therefore undertaken to investigate the effect of G. 
fasciculatum on the growth and yield of tomato in soil inoculated 
with M. incognita.

Materials and methods
Rhizosphere soil samples were collected from four farming areas 
within the Calabar metropolis. These were pooled together as 
per area. Nematode extraction was done using Cobb’s sieving 
and decanting technique followed by Baerman funnel technique 
(Southey, 1986). Estimation of nematode population was 
determined by calculating the number of nematode forms per 
square metre.

Tomato (S. lycopersicum) var Roma seedlings were raised in 
a sieved top soil which has previously been oven sterilized at 
160°C for 72 hrs. These were allowed to grow for four weeks 
before transplanting.

Top soil (0-20 cm) was collected, sieved (2.0 mm) and oven 
sterilized at 160°C for 72 hours. Analysis of this soil sample using 
Juo (1979) method revealed the following physical and chemical 
properties: 78.7% sand, 9% silt and 12.3% clay, 1.86% organic 
carbon, 0.08 mg kg-1 total nitrogen, 8.50 mg kg-1 extractable 
phosphorus, 0.11 cmol kg-1, 1.40; 0.80 and 1.8 cmol kg-1,calcium, 
magnesium and sodium, respectively.   

Twelve 10-litre planting pots were fi lled with 9 kg of sterile soil 
each. These were watered to fi eld capacity and allowed to drain 
overnight. Six of these pots, designated for nematode infestation, 
were inoculated with 100 mL of nematode suspension containing 
approximately 90 mature and 90 eggs of M. incognita. These 
were stirred into the soil. Inoculation with G. fasciculatum, for 
the AMF designated pots, was done at the time of transplanting 
by placing 20 g of inoculum consisting of 420-600 spores, fungal 
hyphae and colonized maize root fragments in the planting holes 
before putting the seedlings. The experiment was carried out 
in a completely randomized block design with each treatment 
replicated three times. The treatment combinations consisted of: 
(a) G. fasciculatum + M. incognita (Gs+Mi+); (b) G. fasciculatum 
only (Gs+Mi-); (c) M. incognita only (Gs-Mi+); (d) control 
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(Gs-Mi-). The seedlings were allowed to grow for eight weeks 
under adequate watering after transplanting before harvesting. 
At harvest, plants’ heights were taken before determining their 
biomass by oven drying at 70°C to constant dry weight.

Feeder roots were also collected at the time of harvesting. 
These were fi xed in 50% ethanol, cleared and stained for AMF 
colonization (Koske and Gemma, 1989). AMF colonization was 
determined using the modifi ed grid transect method of Giovanetti 
and Mosse (1980).

Dried leaf samples were ground, sieved for N, P, K content analyses. 
These were determined by micro- Kjeldal, vanadomolybdate-
phosphoric acid yellow colour and fl ame photometry methods 
(Jackson, 1973). Nutrient uptake was calculated as the product 
of percentage nutrient concentration and yield (Parmar and 
Sharma, 1996).

Results
Sampling for nematode population density in Calabar metropolis 
and suburb arable soils showed and average density of about 
thirty-fi ve to fi fty thousand (35,000-50,000) individuals per 
square metre. Two weeks after transplanting, tomato seedlings 
in nematode treatments continued to show signs of severe water 
stress even after those in the control pots have recovered from 
the initial transplanting shock. Inoculation with G. fasciculatum 
signifi cantly (P < 0.05) increased the growth and yield of tomato 
especially in the absence of nematode as indicated by plants’ 
height and biomass accumulation (Table 1). With nematode 
infestation growth was however signifi cantly reduced to the point 
of no fruiting at all in the absence of mycorrhiza (Table 1).

Arbuscular mycorrhizal fungus colonization of tomato roots was 
greatly reduced by nematode infestation while the percentage 
AMF colonization of roots was highest in mycorrhizal plants 
(Table 1). 

Nutrient uptake was greatly affected by the nematode infestation 
especially in the absence AMF (Table 2). With AMF inoculation, 
the effect of nematode on nutrient uptake was almost negated. The 
worst affected was phosphorus uptake which was almost twice 
higher in mycorrhizal non-nematode treatment than mycorrhizal+ 
nematode treatment plants.

Discussion
Tomato plants transplanted to nematode infested soil suffered 
serious nematode attack. The initial wilting of inoculated plants 
even after the control ones have recovered from transplanting 
shock must have been due to nematode interference with water 
absorption and conduction to the shoots (Sardanelli and Burst, 
2007). The increased growth of tomato plants by the AMF, G. 
fasciculatum, inoculation in this study supports the fi ndings 

of some earlier workers using other genera of nematodes 
(Shreenivasa et al., 2007; Schreiner and Pinkerton, 2008; Serfoji 
et al., 2010). This enhanced growth in the non-nematode plants by 
the AMF could have resulted from an improved water and nutrient 
uptake by the mycorrhizal roots (Okon et al., 2010). On the other 
hand the improved growth in the nematode infested plants by the 
AMF above that in non-mycorrhizal plants could have resulted 
from competition for space (Azcón-Aguilar and Barea, 1996) 
and metabolites in the roots by the two colonizers which could 
have reduced the population of nematodes feeding from the same 
host plant; alteration of root physiology by the AMF (Shreenivasa 
et al., 2007), nematode stress pressure being countered by the 
enhanced water and nutrient uptake (Wallace, 1974), increased 
rate of photosynthesis (Asmus et al., 2002) all of which must have 
led to improved plant growth and vigour to reduce the pathogen’s 
effect. Besides, a direct effect of the arbuscular mycorrhizal 
fungus against the nematode infestation could have resulted from 
physiological changes in the mycorrhizal roots which could have 
led to resistance being developed through the production of some 
antagonistic substances. Suresh et al. (1985) have implicated 
the reduction in  reproduction of M. javanica in tomatoes with 
increase in lignin and phenols in mycorrhizal roots. 

The reduction in percentage root colonization of nematode 
infested plants by the AMF has also been reported by Shreenivasa 
et al. (2007). This could have resulted from the initial earlier 
faster colonization of roots by nematodes thereby having an edge 
in competition for root space over the AMF colonization which 
possibly could only take place two to four weeks later (Talavera 
et al., 2001). Also there could have been a possibility of the 
nematode feeding on some of the spores before their germination 
and subsequent colonization thereby reducing the AMF inoculum 
potential. Besides, the competition between nematode and AMF 
for carbohydrates could have led  to the reduction in colonization 
by the latter. Schreiner and Pinkerton (2008), have reported a 
reduction in fi ne root starch concentration by ring nematode and 
a subsequent reduction in the frequency of AMF arbuscules.

M. incognita reduced the N, P, K uptake in nematode infected 
plants. These fi ndings are similar to those reported by earlier 
workers (Mojitahedi and Lownsberry, 1975; Sharpe et al., 1988; 

Table 2. Effects of G. fasciculatum on nutrient uptake of tomato grown 
in nematode infested soil
Treatment Nitrogen Phosphorus Potassium
Gs+Mi+ *15.01 ± 0.61b 8.72 ± 0.36b 6.86 ± 0.28c
Gs+Mi- 18.00 ± 6.53ab 17.23 ± 0.62a 10.80 ± 3.93ab
Gs-Mi+ 2.50 ± 0.02d 2.29 ± 0.02d 1.86 ± 0.02d
Gs-Mi- 7.08 ± 0.60c 12.33 ± 1.05c 8.09 ± 0.69b
Gs+ : Mycorrhiza inoculated; Gs- : Mycorrhiza uninoculated; Mi+ : 
Nematode infested; Mi- : Nematode uninfested *Means of three replicates 
± standard error of the mean. Means within column followed by different 
letters are signifi cantly different at P < 0.05

Table 1. Effect of G. fasciculatum on the growth and yield of tomato in a M. incognita infested soil.
Treatment Plant height 

(cm)
AMF colonization 

(%) 
Root-dry weight 

(g/plant) 
 Stem-dry weight 

(g/plant)
 Leaf-dry weight 

(g/plant)
Fruit dry weight 

(g/plant)
Gs+Mi+ *51.17±2.9c 27.63 ± 5.4b 5.66 ± 0.03b 8.1 ± 0.4b 3.59 ± 0.31b 7.53 ± 2.08c
Gs+Mi- 72.17±1.44a 68.67 ± 4.9a 11.96 ± 0.39a 10.2 ± 0.93a 5.79 ± 0.04a 17.45 ±1.49a
Gs-Mi+ 56.47±1.62b  - 3.56 ± 0.05c 1.66 ± 0.04c 1.37± 0.07d -
Gs-Mi- 19.77±1.27d  - 3.72 ± 1.02c 8.22 ± 0.47b 2.69 ± 0.13c 15.9 ± 2.03b
Gs+: Mycorrhiza inoculated; Gs-: Mycorrhiza uninoculated; Mi+: Nematode infested; Mi- : Nematode uninfested. *Means of three replicates ± standard 
error of the mean. Means within column followed by different letters are signifi cantly different at P < 0.05
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Schreiner and Pinkerton, 2008). This reduction in nutrient uptake 
must have resulted from the reduced root growth and reduced 
AMF colonization in mycorrhizal plants. It is a well known fact 
that P transfer between host and fungus occurs in arbuscule-
containing cells (Harrison et al., 2002; Isayenkov et al., 2004). 
The reduction in the proportion of arbuscules containing cells 
in nematode infested plants would have then interfered with P 
transfer between the host and the AMF, thereby suppressing its 
uptake. The reduction in the uptake of other nutrients: nitrogen 
and potassium would have been an indirect effect resulting from 
phosphorus defi ciency.  

The fi ndings from this work have shown that with suitable AMF 
inoculation tomato can be cultivated in Calabar with success in 
high nematode infested soils.
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