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ABSTRACT 

A pot experiment was conducted at the nursery of the Environment and Natural Resources Research

Institute (ENRRI) in two seasons to evaluate the effects of VAM fungi Glomus sp and the root-knot

nematode Meloidogyne incognita on Dolichos bean (Lablab niger). Shoots and roots dry weight and

phosphorus content of the plants increased with Glomus sp inoculation and decreased by M. incognita

infestation. Glomus sp significantly reduced the number of galls and hence reduced the infestation effect

of the nematodes. Mycorrhizal infection percentage was not affected by root-knot nematodes attack. The

results indicated the effectiveness of Glomus sp. in reducing nematode infestation. This was more

pronounced in plants harvested after nine weeks from sowing in both seasons. Mycorrhizal inoculation,

without phosphorus application, significantly increased the percentage of mycorrhizal colonization, whereas

application of phosphorus (0.5 g/kg soil) significantly reduced the infection percentage of mycorrhiza,

although the growth of plants was markedly improved. The application of the nematicide Furadan did

not affect mycorrhizal infection. These results concluded that Glomus sp. successfully improved growth

and reduced root knot nematodes infestation; therefore, it could be applied as a biofertilizer for

Dolichos bean, as well as a biocontrol agent against the root-knot nematode.
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Introducation

Lablab niger is traditionally harvested for its mature seeds and serves as a source of dietary

protein and calories in food and feed products throughout the world. It is rich in digestible

carbohydrates, mainly starch, fiber and lipids. it is grown in tropical and subtropical areas (Kakudidi,

2004). L. niger is infested by many diseases such as root-knot diseases caused by root-knot nematodes

which belong to the genus Meloidogyne. The first detailed investigation of the problem in Sudan was

undertaken by Yassin (1974) who referred to 3 species of the root-knot nematodes namely M. javanica,

M. incognita and M. arenaria. He stated that, Meloidogyne caused up to 70 % loss of tomato and

tobacco in central and western Sudan. There is a general trend to control this disease by using

chemical nematicides such as Nemcur and Furadan and biological control techniques were also found

to be promising methods against root-knot nematodes.

Vesicular-Arbuscular Mycorrhizal (VAM) fungi are beneficial soil fungi which form symbiotic

association with roots of many plants (Morton and Benny, 1990). These fungi are characterized by

neither being cultured in the absence of living roots nor isolated on gowth media by standard

microbiological techniques. In VAM associations, the plant partner provides carbohydrates and space to



679Am.-Eurasian J. Sustain. Agric., 3(4): 678-683, 2009

the fungus which provides nutrients, mainly phosphorus. VAM fungi can increase drought and salinity

tolerance, enhance plant growth and protect the roots from some pathogens. The VAM fungi and root-

knot nematodes are members of the microbial population of the root region and they compete with

each other for the same site in the rhizosphere. Therefore, VAM fungi may be used as biocontrol

agents to reduce infestation by root-knot nematodes.

The objectives of this study were to investigate the possibility of improving L. niger growth using

VAM fungi, to study the effect of root-knot nematodes on L. niger in presence or absence of VAM

and to study the effect of nematcides and phosphorus application on VAM fungi association and or

root-knot nematode infestation.

Materials and methods

Seeds and Soils 

Seeds of Lablab niger variety Baladi (a local variety known to be sensitive to root-knot

nematodes) were sterilized in 10% HgCl for 10 minutes and rinsed thoroughly in sterile distilled water.

The soil used in the experiments was silt soil from the river Nile bank with the following

characteristics: Sand 22%; Silt 68%; Clay 10%; pH 7.54; Ec 1.4 (dS/m) and total P 0.006%. Soil

sterilization was carried out at 160  C for two days. Clay pots with 12 cm in diameter were sterilizedo

by 5% Sodium Hypochlorite. 

Root-knot nematodes

Second larval stage of nematodes were isolated from egg plant infected soil following the Berman

plate procedure described by Jepson (1987). Dolichos seeds were inoculated by the nematodes at sowing

and each pot received 250 larvae and the seeds were then immediately covered with soil.

VAM

The VAM fungus Glomus sp was isolated from onion plants infected soil using the wet sieving

and decanting technique (Gerdemann and Nicolson, 1963) and multiplied and maintained in open culture

of Sudan grass grown in sterilized sand soil. Inoculation of seeds with Glomus sp was carried out

according to Bagyaraj et al. (1979) in which 50g/kg soil were placed 5 cm below surface of soil

before sowing. 

Pot experiment

A pot experiment was carried out in two consecutive seasons during the period extending from

April 2006 to July 2007. Four seeds of Dolichos bean were sown in each clay pot filled with

sterilized silt soil (3 kg soil /pot). The Furadan nematicide powder was added at the rate of 0.5 g/kg

2 5soil and phosphorus at the rate of 0.5 g / kg soil in form P O  at sowing, according to the

treatments. Sampling was made after 6 and 9 weeks from sowing in each season.

The treatments were

C Infestation with M. incognita.

C Inoculation with Glomus sp at sowing.

C Application of phosphorus fertilizer.

C Application of chemical nematicide (Furadan).

C Control. 

Each treatment was replicated 3 times. Pots were arranged in a randomized complete block design.

Parameters measured

1. Shoot and root dry weight.

2. Shoot phosphorus content determined by Vandomolybdate method (Willard et al., 1988).

4. Number of galls per plant   

5. Mycorrhizal infection percentage. 
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Data analysis

Data were subjected to analysis of variance and mean separation was done using Duncan’s Multiple

Range Test according to Gomez and Gomez (1984). 

Results and discussion

Effect of treatments on shoot dry weight

In the first season, none of the treatments had a significant effect on shoot dry weight (Table 1).

However, the shoot dry weight decreased when plants were infested with M. incognita. Inoculation of

nematode-infested plants with VAM alone or in combination with other treatments reduced the effect

of nematodes. In the second season, the shoot dry weight of Dolichos plants was significantly improved

by Glomus inoculation in 6 weeks after sowing (Table 3). This result may suggest that inoculation

with VAM increased P solubility and hence improved plant dry weight and as a result reduced the

deleterious effect of nematodes. Similar findings were reported by Heald et al., (1989). The tolerance

of mycorrhizal plants to nematodes was attributed to changes in root physiology which in turn reduced

nematodes development (Cooper and Grandison, 1986).

Table 1: Effects of treatments on Shoot and Root Dry Weight (gm) and average Number of galls (first season)*

Treatment** Shoot dry weight (gm) Root Dry Weight (gm) Number of galls

--------------------------------------- ------------------------------------- -----------------------------------------------

6 weeks 9 weeks 6 weeks 9 weeks 6 weeks 9 weeks

Control 2.8 3.9 1.1 1.3 0.0c 0.0b

p 3.9 9.6 1.3 2.0 0.0c 0.0b

F 3.1 3.7 1.2 2.3 0.0c 0.0b

P+F 2.7 5.2 1.3 1.4 0.0c 0.0b

N 1.3 3.2 0.7 1.5 16.0a 10a

N+P 2. 5 4.1 1.4 1. 8 4.2b 3.8b

N+F 2.2 3.3 1.7 1.9 0.7b 1.3b

N+P+F 1.7 5.1 1.3 1.4 0.8b 1.2b

M 2.2 5.7 1.5 1.2 0.0c 0.0b

M +P 1.9 3.7 0.7 1.4 0.0c 0.0b

M +F 3.9 6.1 1.1 1.7 0.0c 0.0b

M +P+F 3.1 7.3 1.3 2.1 0.0c 0.0b

M +N 2.7 4.7 0.9 1.6 1.2bc 1.4b

M +P+N 3.4 5.0 1.3 1.4 1.5b 1.3b

M +F+N 2.2 7.7 1.2 2.1 1.0b 2.7b

M +P+F+N 1.7 5.7 2.1 2.8 0.8b 1.2b

*M eans followed by the same letter(s) are not significantly different

** P= Phosphorus application F= Furadan application

N= Nematodes infestation M = mycorrhizal infection

Table 2: Effects of treatments on Shoot phosphorus content (%) and M ycorrhizal infection (%) (first season)*

Treatment** Shoot phosphorus content (%) M ycorrhizal infection (%)

Plant age Plant age

---------------------------------------------------------- ----------------------------------------------------------------

6 weeks 9 weeks 6 weeks 9 weeks

Control 0.2 0.2 0.0c 0.0b

p 0.4 0.4 0.0c 0.0b

F 0.4 0.4 0.0c 0.0b

P+F 0.4 0.3 0.0c 0.0b

N 0.2 0.2 0.0c 0.0b

N+P 0.4 0.4 0.0c 0.0b

N+F 0.4 0.4 0.0c 0.0b

N+P+F 0.4 0.2 0.0c 0.0b

M 0.6 0.7 18.5ab 43.6a

M +P 0.3 0.3 21.9ab 16.6b

M +F 0.4 0.4 18.5ab 21.0ab

M +P+F 0.4 0.3 19.5ab 14.8b

M +N 0.5 0.6 10.1abc 15.4b

M +P+N 0.2 0.2 18.5ab 17.6b

M +F+N 0.4 0.3 26.1a 19.9ab

M +P+F+N 0.3 0.3 22.1ab 18.5b

*M eans followed by the same letter(s) are not significantly different

** P= Phosphorus application F= Furadan application

N= Nematodes infestation M = mycorrhizal infection
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Table 3: Effects of treatments on Shoot and Root dry weight (gm) and Number of galls (second season)*

Treatment** Shoot dry weight (gm) Root Dry Weight (gm) Number of galls

-------------------------------------- -------------------------------------------- -----------------------------------------------

6 weeks 9 weeks 6 weeks 9 weeks 6 weeks 9 weeks

Control 1.62c 3.22 0.67 0.55 0.0e 0.0c

p 2.00c 3.18 0.58 0.45 0.0e 0.0c

F 2.90bc 2.93 0.46 0.42 0.0e 0.0c

P+F 2.47 2.36 0.76 0.47 0.0e 0.0c

N 1.38c 2.87 0.61 0.42 22.2a 39.8a

N+P 2.10c 3.82 0.67 0.43 4.2cd 1.3c

N+F 3.72 4.43 1.39 0.28 2.7c 2.7bc

N+P+F 2.27c 1.89 0.69 0.27 3.0cde 2.2bc

M 4.15a 4.36 1.01 0.87 0.0e 0.0c

M +P 2.49bc 1.63 1.00 0.98 0.0e 0.0c

M +F 3.77ab 4.67 1.15 0.55 0.0e 0.0c

M +P+F 2.82bc 3.08 0.83 0.63 0.0e 0.0c

M +N 3.32b 4.18 0.63 0.52 6.0bc 3.5bc

M +P+N 2.65bc 3.02 0.60 0.50 8.7b 11.5b

M +F+N 2.37b 3.88 0.81 0.52 2.8cde 3.8bc

M +P+F+N 2.25c 2.15 0.61 0.42 5.7bcb 6.8bc

*M eans followed by the same letter(s) are not significantly different

** P= Phosphorus application F= Furadan application

N= Nematodes infestation M = mycorrhizal infection

Effects of treatments on root dry weight

Inoculation by Glomus sp improved root dry weight of Dolichos bean plants (Table 1). However,

infestation by M. incognita reduced the dry weights of both mycorrhizal and nonmycorrhizal plants by

36% and 40%, respectively at 6 weeks after sowing. The highest root dry weight was obtained when

both microorganism, furadan and phosphorus were used. This result indicated that Furadan has

successfully reduced nematodes infestation and did not affect the VAM fungus.  Similar results were

reported with other plants by Kassab and Taha (1991). In the second season, root dry weight of

Dolichos plants increased by mycorrhizal inoculation and decreased by nematodes infestation (Table 3).

Increase in root weight of tomato plants due to VAM application and reduction due to nematodes

infestation were previously reported by Mirghani (1994). Application of Phosphorus and/or Furadan has

similarly reduced the negative effect of nematodes.

Effects of treatments on number of galls 

No galls were observed in controls plants. Treatments have significantly affected the gall numbers

on Dolichos bean roots and the number of galls increased with plant age except in plants infested

with M. incognita and received P in both seasons (Tables 1 and 3). The highest number of galls was

recorded on nematodes infested plants, whereas the lowest number of galls was recorded in plants

inoculated by Glomus Sp and treated with Furadan.  The numbers of galls in nematode–infested plants

were less in mycorrhizal plants than in non mycorrhizal plants. There was 92.5% and 86% reduction

in gall number after six and nine weeks, respectively in plants inoculated with mycorrhiza alone in

the first season. In the second season, reduction in gall formation amounted to 72% and 91% after

six and nine weeks, respectively. Application of P significantly reduced the number of galls in

nematodes infested plants. However, it resulted in the lowest reduction % (73 and 62 % after six and

nine weeks, respectively) compared with mycorrhizal infected and Furadan treated plants. Furadan

resulted in the highest reduction % of galls (95 and 87% after six and nine weeks, respectively in

the first season and 87% and 93%, in the second season) in comparison with ach other treatment

alone. Moreover, application of both Furadan and Glomus sp in the first season reduced the number

of galls by 93 and 73% after six and nine weeks, respectively. This reduction in gall formation was

lower than the effect of mycorrhiza and Furadan when applied separately. The reduction in gall number

associated with Glomus sp could be attributed to the competition for host photosynthates, production

of nematicitic compounds (Smith et al., 1986), reduction in nematodes egg and juveniles production

(Smith et al., 1984) and improved phosphorus content (Heald et al., 1989). 

Effects of treatments on shoot phosphorus content

No significant difference was observed between treatments on the phosphorus content of mycorrhizal

and nonmycorrhizal plants in the presence or absence M .incognita in both seasons (Tables 2 and 4).
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However, higher P content was observed in mycorrhizal plants than nonmycorrhizal plants. The least

P content was observed in plants inoculated with M .incognita alone. Application of phosphorus with

Glomus sp reduced the shoot P content. This was attributed to the reduction in the concentration of

carbohydrates in root extract and root exudates (Thomson et al.,1986). 

Effects of treatments on mycorrhizal infection percentage

No mycorrhizal infection was observed in uninoculated control plants while Glomus sp successfully

infected Dolichos bean roots (Tables 2 and 4). The mycorrhiza infection percentage after six weeks

was not significantly affected by the presence or absence of M. incognita. The highest infection

percentage in the first season was observed when Glomus sp was added with nematode and Furadan,

and the lowest infection percentage was observed when Glomus sp was added with M. incognita. In

the second season, the highest infection percentage was observed when Glomus sp was added with

Furadan, and the lowest infection percentage was observed when Glomus sp was added with P. The

infection percentage was higher in plants inoculated by Glomus sp alone than in plants inoculated by

Glomus sp together with M. incognita. Moreover, the infection percentage was highest in plants

inoculated with both microorganisms and received Furadan treatment compared with infection in plants

inoculated by both microorganisms and received phosphorus and Furadan. The reduction in mycorrhizal

infection percentage when Glomus sp was added with M. incognita, could be attributed to the

competition for space between root-knot nematode and VAM fungi, this results is in agreement with

those of Mirghani (1994), and Cooper and Grandison (1986).

Table 4: Effects of treatments on Shoot phosphorus content (%) and M ycorrhizal infection (%) (second season)*

Shoot phosphorus content (%) M ycorrhizal infection (%)

Treatment** Plant age Plant age

---------------------------------------------------- ------------------------------------------------------------------

6 weeks 9 weeks 6 weeks 9 weeks

Control 0.4 0.5 0.0b 0.0b

p 0.6 0.7 0.0b 0.0b

F 0.5 0.5 0.0b 0.0b

P+F 0.7 0.7 0.0b 0.0b

N 0.4 0.4 0.0b 0.0b

N+P 0.7 0.8 0.0b 0.0b

N+F 0.5 0.5 0.0b 0.0b

N+P+F 0.6 0.7 0.0b 0.0b

M 0.9 0.7 19.69a 43.6a

M +P 0.6 0.6 17.8b 15.0b

M +F 0.6 0.7 20.09a 21.0b

M +P+F 0.6 0.6 18.14a 14.8b

M +N 0.6 0.8 19.02a 17.4b

M +P+N 0.6 0.6 14.63a 14.6b

M +F+N 0.6 0.7 18.67a 19.9ab

M +P+F+N 0.5 0.8 14.49a 18.5b

*M eans followed by the same letter(s) are not significantly different

** P= Phosphorus application F= Furadan application

N= Nematodes infestation M = mycorrhizal infection
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