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poses environmental hazards, besides being costly and 
uneconomical. Hence, it is imperative to search for safer 
and economic alternative management strategy against 
RKNs. Although the controlling options of RKNs are 
limited, the chemical nematicides and soil fumigants are 
being used mostly, which need to replace with alternative 
management strategies. 

Due to the increasing demand of agriculture and 
environmental safety, against the chemical pesticides, 
AMF and PGPRs may provide a more sustainable and 
environmentally safer strategy against the pesticide use 
(Harrier and Watson, 2004; Dong and Zhang, 2006). 
AMF inoculation in nursery can improve the plant growth 
and protect the plants against soil-borne pathogens, 
including nematodes (Smith and Read, 1997; Elsen et al., 
2008). Contributing to increase the nutrient uptake, the 
AMF can act as biocontrol agents by direct or indirect 
mechanisms, compensating the damages caused by the 
nematodes (Azcón-Aguillar and Barea, 1996). In this 
respect, present study was focused on the effect of 
Glomus intraradices on root-knot disease of tomato (L.  
esculentum var. Pant T-3).  
 
 
MATERIALS AND METHODS 
 
Biological materials 
 
The tomato variety Pant-T3 (L. esculentum) was grown under 
glasshouse conditions at an ambient temperature of 23 – 28°C, 
photo period of 16/8 h day/night cycle and relative humidity of 60%. 
Mother culture of AMF, G. intraradices obtained from Rhizosphere 
Biology Lab., Department of Biological Sciences, College of Basic 
Sciences and Humanities, G. B. P. U. A. & T. Pantnagar was kept 
as a glasshouse stock culture on maize plants and applied as 
mycorrhizal inoculums at sowing of the test plants. The mycorrhizal 
inoculums consisted of rhizosphere soil from maize pot cultures 
containing spores, hyphae and heavily colonized root pieces. The 
sedentary root-knot nematode, M. incognita egg masses were 
collected from the infected tomato plant roots and cultured on 
tomato roots. For nematodes culture preparation, egg masses were 
isolated from the infected tomato roots and kept for hatching up to 
48 h in single layered facial tissue paper supported by a wire mesh 
assembled in a Petri dish and freshly hatched second-stage 
juveniles (J2) were collected by using micropipette. 
 
 
Experimental design 
 
Two nurseries were prepared in pure sterilized river bad sand under 
glass house conditions, one with mycorrhiza and other without 
mycorrhizal culture. Mycorrhizal culture (containing spores, hyphae 
and heavily colonized root pieces) inoculates during seeds sowing 
in nursery, a thin layer of mycorrhizal soil from maize rhizosphere 
inoculate in the pure sterilized river bad sand followed by surface 
sterilized tomato seeds. The seeds were surface sterilized by 
immersion in 70% ethanol for 1 - 2 min and 0.2% (v/v) sodium 
hypochlorite for 5 - 10 min respectively, under aseptic conditions. 
For non-mycorrhizal plants, same nursery was prepared without 
mycorrhiza. Hoagland solution was given weekly in both the 
nurseries (Hoagland and Arnon, 1950). After 4 leaves stage, 
randomly six plants from each nursery were uprooted to determine 
mycorrhizal  colonization  by  staining  the  roots  with  trypan blue  

 
 
 
 
(Phillips and Hayman, 1970). After confirmation of mycorrhizal 
colonization, plants were transplanted in ½ kg pots containing 
sterilized mixture of sand and soil in 1:1 ratio (pH and EC, 8.15 and 
65.7 µS, respectively). Ten (10) days after transplanting, 500 
freshly hatched M. incognita second-stage juveniles (J2) were 
inoculated near the rhizosphere of tomato roots. Plant growth 
parameters and nematode development were observed after 10, 20 
and 30 days after inoculations (DAI) of nematode J2. Whole 
experiment was conducted in glass house condition with twenty 
four replications for each treatment, all the pots placed in a 
completely randomized design and the experiment was repeated 
twice. 
 
 
Effect of G. intraradices on plant growth and root galls 
 
Four replications of each treatment was harvested after 10, 20 and 
30 DAI of nematodes J2 and washed thoroughly with tap water. 
After initial air drying, root/shoot length and fresh weight were 
recorded. Than plant samples were kept in paper bags, dried at 
60°C in an electric oven for 48 h and the dry matter of plants was 
determined. At 10, 20 and 30 DAI of nematodes, J2 the another 
four replications of each treatment were harvested, washed 
thoroughly with tap water and the nematode root galls in the 
infected roots were counted in water filled clean glass Petri dishes. 
 
 
Effect of G. intraradices on nematode egg masses, eggs and 
on adult females 
 
Nematode egg masses were assessed by gently washing the roots, 
followed by immersing a 0.5 g root sample in 0.015% Phloxine-B for 
15 min to stain the egg masses (Hooper et al., 2005). Nematodes 
eggs were counted by using sodium hypochlorite (NaOCl). Single 
egg mass from each replication kept in 2 ml vial followed by a single 
drop of NaOCl and four drops of tap water using 1 ml pipette tip, 
vortex this mixture for 30 - 40 s  immediately poured into glass Petri 
dish and the eggs counted under microscope using pipette. Adult 
females were assessed by the acid fuschin staining method (Byrd 
et al., 1983). Root gall index (RGI) and egg mass index (EMG) 
measure by Talyor and Sasser (1978) method with the scale of 0 to 
5. 0 = no galling or egg masses; 1 = 1 to 2 galls or egg masses; 2 = 
3 to 10 galls or egg masses; 3 = 11 to 30 galls or egg masses; 4 = 
31 to 100 galls or egg masses and 5 = more than 100 galls or egg 
masses. 
 
 
Statistical analysis 
 
The data presented are mean values ± SD using completely 
randomize design (CRD). Measurements were performed on four 
replicates for each treatment (n = 4). Plant growth parameters and 
nematode originated data were subjected to one factorial analysis 
of variance (ANOVA) using STPR-3 statistical software. The 
differences between the means were compared using least 
significant differences at p<0.05. Different letters denote significant 
differences among treatments and control. 
 
 
RESULTS 
 
Effect of G. intraradices on plant growth and root 
galls 
 
Significant difference of plant growth of tomato noticed in 
mycorrhizal and nematode infected plants at 20 and 30 
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DISCUSSION 
 
The shoot/root length in tomato var. Pant-T3 was signifi-
cantly lower in nematodes (N) inoculated plants as 

compared to pre-colonized mycorrhizal (M) plants. Similar 
observations were demonstrated in previous experiments 
(Bhagawati et al., 2000; Talavera et al., 2001; Diehiou et 
al., 2003; Shreenivasa et al., 2007; Peregrin et al., 2012; 
Vos et al., 2012a, b; Peregrín et al., 2012). 

Penetration by M. incognita second-stage juveniles on 
tomato var. Pant-T3 roots was significantly lower in 
mycorrhizal roots as compared to nematode infected 
roots. In the nematodes infected roots, the adult females 
reduced a maximum of 46.03% at 30 DAI, which is in 
accordance with previous experiments for this nematode 
on tomato (Vos et al., 2012a, b). The reduction in 
nematodes infection by mycorrhiza might have several 
causes, it may affect motility of the second-stage 
juveniles in the soil (Jones et al., 2004; Lioussanne et al., 
2009). Wuyts et al. (2006) reported negative effects on 
nematode chemotaxis and on motility due to the 
presence of several phenolic compounds. Different soil 
micro-organisms which depend on the AMF might be 
involved in the nematodes reductions (Lioussanne et al., 
2009).  

In conclusion, this study demonstrated that reduction of 
RKN is due to AMF and G. intraradices is a potential 
biocontrol tool for the management of root-knot nematodes.  
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