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Abstract

El-Shafeey, E. I., Abd-El-Hadi, M. A., Hagag, E. S., Abu El-Naga, G. S. (2019) Utilization of organic and bio fertil-
izers against root-knot nematode (Meloidogyne incognita) infecting faba bean (Vicia faba L.). Bulg. J. Agric. Sci., 
25(3): 506–513

Two experiments were conducted under greenhouse conditions to evaluate susceptibility of fi ve cultivars of faba bean (Vicia faba 
L.) to root-knot nematode (Meloidogyne incognita). Also, the infl uences of Rhizobium leguminosarium (R), arbuscular mycorrhiza 
fungi (AMF), inoculation separately and in combinations, potassium humate and compost tea on the activity of Meloidogyne incog-
nita in faba bean host plants and plant growth parameters were studied. The results indicated that nematode succeeded in developing 
and multiplying on almost all of tested cultivars of faba bean. According to rating scale based on damage index (DI) on nematode, 
Giza 40, Giza 716, Sakha 3 and Sakha 283 cultivars were considered as susceptible hosts to nematode infection, while Misr-1 cultivar 
was classifi ed as a moderately resistant host. The tested organic and bio fertilizer treatments signifi cantly reduced the number of galls/
root system with 50.00-84.64% and reduced the fi nal nematode population in soil (J2) by 77.5-91.3% compared to control 1 (nema-
tode only). The highest reduction was achieved, when the soil was treated with potassium humate at the higher concentration (humate 
2), then AMF treatment, which were not signifi cantly different from the nematicide Vydate 24% SL. Also, all treatments signifi cantly 
increased the dry weights of shoots and number of fl owers, except in case of R (Rhizobium leguminosarium) with nematode or low 
concentration of potassium humate, and enhanced length of plants and leaf content of total mineral including N, P, K, compared with 
control 1. Present fi ndings may promote organic and bio fertilizers and eco-friendly management of M. incognita. 
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Introduction

Faba bean (Vicia faba L.) is a major grain legume widely 
cultivated in many countries for food and feed purposes (Sil-
lero et al., 2010). It is one of the oldest legume crops grown in 
Egypt (Nassib et al., 1991). Egypt now is the largest importer 
country all over the world of faba bean; its annual requirement 
of half million tones accounts for over half of global imports 
(GRDC, 2014).

Root-knot nematode, Meloidogyne spp., is the major 
plant-parasitic nematode attacking many crops. The root-
knot nematode species signifi cantly reduce the yield of le-

guminous crops grown in infested soils (Montasser et al., 
2017). M. incognita, one of the most economically impor-
tant species of root-knot nematodes, adversely affects plant 
growth and yield causing an estimated $100 billion loss per 
year (Mukhtar et al., 2014). Soliman (2002) tested the sus-
ceptibility of fi ve cultivars of broad bean against M. incog-
nita and M. javanica under greenhouse conditions. He found 
that three cultivars (Giza 1, Giza 3 and Giza 716) were resis-
tant to both nematode species, only one (Giza 402) was sus-
ceptible and one cultivar (Giza 463) was highly susceptible 
to both nematodes. Montasser et al. (2017) found that Giza 
3, Giza 40, Misr 3 and Wady 1broad bean cultivars were 
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classifi ed as less susceptible hosts to root-knot nematode M. 
incognita, whereas Misr-1 cultivar was classifi ed as moder-
ately susceptible, but Giza-843 was regarded as a resistant 
host to nematode infection. 

The most effective method of nematode disease control is 
the use of synthetic chemical nematicides. However, health haz-
ards and the adverse effects of these chemicals on the benefi cial 
non-target organisms and on the environment are serious con-
straints. Attention on environmental safety has led to the search 
of alternative strategies including the use of organic and bio-
fertilizers as management strategy that can suppress nematode 
population and increase soil health and plant vigor

Bio-fertilizers, an alternative source of N, P and K fertil-
izers, especially rhizobia and arbuscular mycorrhizal fungi 
(AMF) in legume symbiosis, are a promising technology 
(Abd-Alla et al., 2014). Rhizobium forms an endosymbiotic 
nitrogen-fi xing association with roots of legumes and it can 
also act as a biocontrol agent on root-knot nematodes exhibit-
ing the capacity to colonize plant roots and the nematode galls 
(Siddiqui & Akhtar, 2009; Tabatabaei & Saeedizadeh, 2017).

Arbuscular mycorrhizal fungi (AMF) are ubiquitous soil 
organisms that can form mutualistic associations with the 
roots of the majority of vascular plant species (Linderman, 
1988). Symbiotic associations between plants and AMF 
have benefi cial effects on plants, ensuring proper absorption 
of nutrients, especially phosphorus (Sharma et al., 2007). 
Many researchers have reported the effectiveness of AMF in 
the control of root-knot nematodes. (Udo et al., 2013; Akram 
et al., 2016; Tehabi et al., 2016).

Humate and compost extracts as organic substances 
are among the means available to achieve sustainability in 
agricultural production. They play a vital role because of 
their benefi cial effects on physical, chemical and biological 
characteristics of soil (Afi fi , 2010). Compounds of humic 
acid have been recorded as effective against plant-parasit-
ic nematodes (El-Mougy et al., 2013; Tolba & Mohamed, 
2016). Many studies reported that nematode populations 
were greatly suppressed after compost application (Meyer 
et al., 2011; Abdel-Bary, 2014; Ravindra et al., 2014). Com-
post performed as an amendment for reducing populations of 
Meloidogyne incognita and increasing plant vigor.

The aim of this investigation was to study the effects of 
some organic and bio fertilizer products to control root-knot 
nematode Meloidogyne incognita on faba bean plants.

Materials and Methods

Source of experimental materials
Seeds of faba bean were obtained from Legume Crops 

Research Department, Sakha Agricultural Research Station. 

The bio-fertilizer, Okaden that contains (Rhizobium legumi-
nosarium 1×109 cfu/g), and compost tea were obtained from 
Soil, Water and Environment Research Institute, Unit of Bio-
fertilizers Production, Agricultural Research Station, Sakha, 
Egypt, the bio and chemical properties of compost tea were 
determined (Table 1). Potassium Humate (13%humic acid) 
and the bio-fertilizer mycorrhizeen having three AMF gen-
era (Glomus, Gigaspora and Acaelspora) were obtained from 
Soil, Water and Environment Research Institute, Unit of Bio-
fertilizers Production, Giza, Egypt.

Nematode culture
The inoculum required of M. incognita was obtained 

from stock pure culture maintained and propagated on to-
mato cv. Super strain B in greenhouse at the Department of 
plant Pathology, Sakha Agricultural Research Station.

Susceptibility of faba bean cultivars to Meloidogyne 
incognita infection under greenhouse conditions

Five faba bean cultivars – Giza40, Giza716, Misr1, 
Sakha 3 and Sakha 283 were tested for infection of Meloido-
gyne incognita at the greenhouse of Sakha Agricultural Re-
search Station. In 2015/2016 season, faba bean seeds were 
sown in 30 cm diameter pots fi lled with a mixture of clay and 
sand soil (2:1, v:v). Two weeks after sowing, the plants were 
thinned into two seedlings per pot. Then, each pot was in-
oculated with approximately 5000 eggs and newly hatching 
second stage juveniles of M. incognita per plant. The inocu-
lum was put inside of three holes in the soil, around the base 
of stems, and then the pots were irrigated. Each cultivar was 
represented by four pots. The uninoculated pots served as a 
check. All pots were arranged in the greenhouse in a random-

Table 1. Bio and chemical properties analysis of compost 
used in the experiments
Item Analysis 

value
N (%) 1.9
P (%) 0.59
K (%) 0.75
O.M (%) 20.2
C/N ratio 15.4 : 1
Ash (%) 19.7
pH 7.6
EC (dSm-1) 4.3

Microbial activity (mg CO2/100 g soil/day) 98.7
Total number of fungi per gram of compost (Log 10) 6.8
Total number of bacteria per gram of compost (Log 10) 7.1
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ized block design, and kept at 20±5°C. Sixty days after in-
oculation, the faba bean plants were uprooted, and the roots 
were washed with a gently stream of water. Then, the having 
nematode galls were rated on 1-9 scale of gall index (GI), 
according to Sharma et al. (1994) as follows: 1 = no galls , 2 
= 1 to 5 galls, 3 = 6 to 10 galls, 4 = 11 to 20 galls, 5 = 21 to 
30 galls, 6=31 to 50 galls, 7 = 51 to 70 galls, 8 = 71 to 100 
galls, and 9 = >100 galls per root system. Gall size (GS) and 
percent galls area (GA) are also, rated on a 1-9 scale. For GS: 
1 =no galls, 3 = very small galls (about 10% increase in root 
area at the galled region over non-galled normal root area), 5 
= small galls (about 30% increase), 7 = medium galls (about 
31 to 50% increase), and 9 = big galls (about 51 to 100% in-
crease). For GA: 1 = no galls, 3 = 1 to 10% root area galled, 5 
= 11 to 30 % root area galled,7 = 31 to 50% root area galled, 
and 9 = >50% root area galled (Sharma et al., 1994). A dam-
age index (DI) is calculated by dividing the sum of GI, GS, 
and GA by 3 for each replicate (Sharma et al., 1994). Based 
on DI, the host susceptibility (designation of resistance) of 
each plant variety is determined according to the following 
scheme: plants with DI = 1 is designated as highly resistant; 
DI = 2 to 3, resistant; DI = 4 to 5, moderately resistant; DI = 
6 to 7, susceptible; DI = 8 to 9, highly susceptible (Sharma 
et al., 1994).

Effect of some organic and bio-fertilizers against root-
knot nematode (M. incognita) infecting faba bean plants 
under greenhouse conditions

This experiment was conducted in 2016/2017 season to 
determine the effi ciency of rhizobia (R) at the rate of 2 mg/
pot and arbuscular mycorrhiza fungi (AMF) at the rate of 3 
g/pot as bio fertilizers with recommended doses. Also, potas-
sium humate (13% humic acid) and compost tea were used 
as organic fertilizers against root-knot nematode (M. incog-
nita) infecting faba bean plants.

Experimental treatments
The pots were formulated and planted with seeds of 

Sakha 3 cultivar and inoculated with nematode, as above, af-
ter that treatments each with four replicates were arranged in 
a randomized block design and maintained in the greenhouse 
at 20±5°C. Plants were treated as follows:

– With M. incognita: Rhizobium leguminosarium (R), 
Arbuscular mycorrhiza fungi (AMF), R+AMF, Humate 1 
(0.1 g/pot), Humate 2 (0.2 g/pot), Compost 1 (0.5 ml/pot), 
Compost 2 (1.0 ml/pot),Vydate (Oxamyl) SL. 24% with 
recommended dose at the rate of 0.01 ml/pot and nematode 
alone (control 1). Potassium humate and compost tea treat-
ments were added three times at 15 day intervals.

– Without M. incognita: Rhizobium leguminosarium (R), 

Arbuscular mycorrhiza fungi (AMF), R+AMF and non-in-
fested pots (control 2).

After two months, plants were uprooted and number of 
galls, fi nal nematode population in 250 cm³ of soil, bacterial 
nodulation, mycorrhizal colonization, fresh and dry weights 
of shoots, length of plants, number of fl owers and mineral 
elements (N, P, K) were determined.

Assessment of mycorrhizal colonization
The percent of mycorrhizal colonization in root was 

calculated by the gridine intersect method (Govannetti & 
Mosse, 1980) after staining with ink and vinegas (Vierheilig 
et al., 1988).

                                            Total number
Mycorrhizal             of root segments colonized
colonization (%) = ––––––––––––––––––––––––– × 100
                                             Total number
                                   of root segments studied

Mineral solute analysis
For nitrogen (N), phosphorus (P) and potassium (K) 

analysis, shoot samples were washed by distilled water and 
dried in an oven at 70°C for 48 h, ground, mixed and wet 
digested using hot sulfuric acid with repeated additions of 
30% hydrogen peroxide (H2O2) as described by Wolf (1982) 
and analyzed as follows: nitrogen content was determined by 
micro-Kjeldahl method (Jackson, 1967), phosphorus was de-
termined using hydroquinine method (Snell & Snell, 1967), 
potassium content was determined using fl ame photometer 
(Jackson, 1967).

Statistical analysis
Data collected were statistically analyzed using random-

ized block design. Averages were compared according to 
Duncan’s multiple range test (Duncan, 1955). Analysis was 
performed using the computer program (ASSISTAT).

Results

Susceptibility of faba bean cultivars to Meloidogyne 
incognita under greenhouse conditions

According to rating scale, based on damage index (DI), 
four tested cultivars (Table 2) were susceptible to M. incog-
nita, with Sakha 3 being the most susceptible (6.8). How-
ever, only Misr-1 cultivar (4.8 DI) could be considered as 
moderately resistant.

Effect of treatments on nematode
Data in Table 3 show that all treatments signifi cant-

ly reduced the number of galls on root and fi nal nema-
tode population (J2) in the soil. The nematicide Vydate 
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achieved the highest reduction in galls (88.8%). However, 
AMF+nematode, R+AMF+nematode, Humate 2 induced in-
signifi cant differences from the Vydate concerning number 
of galls achieving 84.62%, 82.63% and 84.62% reduction, 
respectively. Humate 2 treatment achieved the highest reduc-
tion in nematode population then AMF+nematode, compost 
2, R+AMF+nematode and Humate 1. The corresponding 
values of J2 reduction were 91.3%, 90.0%, 84.7%, 82.8% 
and 82.5%, respectively, these treatments induced insignifi -
cant differences from the Vydate concerning number of J2 
(90.6% reduction).

Nodulation of rhizobia
The experiment revealed that number of nodules of 

faba bean plants signifi cantly increased on treatments with 
organic and bio-fertilizers, especially, that inoculated with 
Rhizobium leguminosasum than the uninoculated treatments, 

compared with control 1 and control 2. It is very interesting 
to note that the nodulation of rhizobia was decreased, when 
soil treating with nematicide, which was signifi cantly dif-
ferent from control 1 (Table 3). The highest nodulation was 
recorded in the soil inoculated with R alone.

Mycorrhizal colonization
Data in Table 3 show that the maximum percent of 

mycorrhizal colonization (92.6%) was obtained when the 
infested with nematode soil was treated with AMF then 
R+AMF (78.6%), which are signifi cantly different from 
R+AMF with nematode treating (76.8%). On the other 
hand, AMF treatment achieved the minimum mycorrhizal 
colonization (64.4%). The higher proportion of mycorrhi-
zal colonization was consistent across mycorrhizal struc-
ture such as arbuscules, vesicles and external mycelium 
(Fig. 1).

Table 2. Susceptibility of faba bean cultivars to root-knot nematode Meloidogyne incognita infection
Cultivar Parameter

No. of galls/ root 
system

Gall index
(GI)

Gall size
(GS)

Percent gall area
(GA)

Damage index
(DI)

Host 
Type

Giza40 40.1ab 5.3 6.0 9.0 6.7 S
Giza 716 55.0ab 6.5 5.6 8.0 6.7 S
Misr  1 25.0c 4.6 5.0 5.0 4.8 MR
Sakha 3 60.0a 6.6 5.3 8.6 6.8 S
Sakha  283 32.5bc 4.7 6.0 7.5 6.0 S

MR – moderately resistant, S – susceptible 

Table 3. Effects of organic and bio fertilizers on root-galling, nematode fi nal population of (Meloidogyne incognita), 
mycorrhizal colonization and bacterial nodulation on faba bean (Vicia faba) plants, under greenhouse conditions

No. of bacte-
rial nodules

Mycorrhizal 
colonization 

(%)

J2/250 cm3 of soilGalls/root systemGall index
(GI)

 Treatments
Reduction%No.Reduction%No.

With M. incognita
18.3bc0.079.116.8b82.311.5c4.0R
23.8ab92.6a90.08.0c84.610.0e4.0AMF
22.8ab76.8b82.813.8bc82.711.3e4.0R+AMF
17.0cd0.082.514.0bc50.032.5b5.8Humate 1
19.5bc0.091.37.0c84.610.0e3.0Humate 2
17.5bc0.077.518.0b60.026.0c5.0Compost 1
19.3bc0.084.712.3bc67.321.3d4.5Compost 2
13.0ef0.090.67.5c88.87.3e2.5Vydate 24% SL.
11.8f0.00.080.0a0.065.0a7.0Nematode alone (control 1)

Without M. incognita
27.5a0.000.000.00.00.00.0R
20.0bc64.4c0.000.00.00.00.0AMF
16.8cd78.6b0.000.00.00.00.0R+AMF
14.3de0.00.00.00.00.00.0Plant alone (control 2)

Means values followed by a common letter(s) are not signifi cantly different at the 5% level by DMRT;
R: Rhizobium leguminosarum, AMF: Arbuscular mycorrhizal fungi
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Effect of treatments on plant growth parameters
Data analysis of plant growth parameters indicated that 

all treatments achieved signifi cant increases in fresh weight 
of shoots compared to control 1 (nematode alone), except the 
treatments with R inoculation either with or without nema-
tode and the low concentrations of humate or compost (Table 
4). The greatest increase (26.8 g) was obtained in the treat-
ment of AMF then humate 2 treatment (22.89 g). Also, data 
in Table 4 show that all treatments signifi cantly increased 
dry weight of shoots and number of fl owers, except the treat-
ment with nematode either R or humate 1 compared with 
control 1. The highest increasing in dry weight of shoot was 
achieved, when the soil was treated with compost 2 (4.1 g), 
humate 2 induced the highest number of fl owers (26.5 fl ow-
ers/plant). On the other hand, all treatments signifi cantly 
enhanced plant heights (Table 4).The longest plants were 
achieved when the soil was treated with humate 2 (47.7 cm).

Mineral solute analysis
Fig. 2 demonstrates that all treatments signifi cantly in-

creased the leaf content of total mineral including N, P, K 
(%) compared with control 1. The treatments signifi cantly 
increased N% of the leaf compared with control 1 (2.9) and 
control 2 (3.2). The highest increase in N% of the leaf was 
achieved when the soil was treated with Humate 2 (4.3), 
which is signifi cantly different from R+N (4.1) or compost 2 
(4.1). All treatments increased P% of the leaf compared with 
control 1 (0.8) and control 2 (1.0), except R+N or R+N+M 
treatment but the reduction was not signifi cant. The high-

Fig. 1. (A-D) Light micrographs of arbuscular 
mycorrhizal fungi colonized roots of faba bean plants 
infected with M. incognita: (A) extra radical hyphae, 

(B) intra radical hyphae and arbuscule, 
(C) conidial spore, (D) vesicles

Table 4. Effects of organic and bio fertilizer on some plant parameters on faba bean (Vicia faba) plants infected with 
root-knot nematode M. incognita under greenhouse conditions

Number of fl owers/plantPlant height (cm)Dry weight of shoots (g)Fresh weight of shoots (g)Treatments

With M. incognita
18.0bc43.3cd1.8c14.5eR
22.5ab47.5a3.8a26.8aAMF
16.0d43.3cd2.8b17.5deR+AMF
17.3cd42.6d1.8c18.6cdHumate 1
26.5a47.7d2.8b22.8bHumate 2

18.1bc41.3d2.4b17.1deCompost 1
22.5ab45.3ab4.1a21.1bcCompost 2
24.5a43.8bc2.8b20.1bcVydate 24% SL.
15.6d37.0e1.4c14.0eNematode alone (control 1)

Without M. incognita
23.5a47.3ab3.6b17.1deR
22.8ab46.7ab3.7a22.0bAMF
24.5a45.5ab3.6a20.4bcR+AMF
21.5ab45.25ab2.8b23.1bPlant alone (control 2)

Means values followed by a common letter(s) are not signifi cantly different at the 5% level by DMRT; R: Rhizobium leguminosarum, AMF: Arbuscular 
mycorrhizal fungi
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est increase was 1.40, when the soil was treated with AMF 
or compost 1. Also, Fig. 2 shows that all treatments signifi -
cantly increased K% of the leaf compared to control 1 (1.8) 
and control 2 (3.2), except when the soil was treated with R 
or AMF separately. The highest increase in K% of the leaf 
was achieved when the soil was treated with compost 2 (3.8) 
then R+N treating (3.7).

Discussion

Our results indicate that all the tested cultivars of faba 
been were susceptible to root-knot nematode, M. incognita, 
except Misr-1 cultivar that was classifi ed as moderately sus-
ceptible. Montasser et al. (2017) suggested that the behavior 
of root-knot nematode varied greatly according to the culti-
var type and the nematode species that succeeds in develop-
ing and multiplying on almost all the broad bean cultivars. 

Also, the results show that the treatments either single or 
dual with R and AMF as bio-fertilizers can reduce M. incog-
nita activity on faba bean plants and improve growth param-
eters of plants compared to the uninoculated ones. Similar 
results have been reported in Vicia faba (Abd-Alla et al., 
2014; Tabatabaei & Saeedizadeh, 2017). Rhizobia and AMF 
have been reported to produce toxic metabolites inhibitory 
to many plant pathogens (MacGuidwin et al., 1985; Hemissi 
et al., 2011). There has been induced systemic resistance due 
to improved host nutrition, changes in the root morphology, 
histopathological and bio-chemical changes (Masadeh et al., 
2004). Also, treating with R or AMF leads to improvements 
of plant vigor and growth by a symbiotic N2 fi xation and en-
hances the uptake of phosphorus and other nutrients (Hussy 
& Roncadori, 1982). Inoculation with Rhizobium alone can 
reduce Meloidogyne activity on faba bean plants while the 
nematode reduces the bacterial nodules on the roots of the 
plants, and consequently reduces nitrogen fi xation in plants. 
These results are in agreement with Tabatabaei and Saeed-
izadeh( 2017). On contrary, the nematode increases mycor-
rhizal colonization when the infested soil is treated with 
AMF may be to wounds caused by nematode due to increas-
ing of burrowed AM fungi. 

Results indicated that the co-inoculation with R+AMF in 
faba bean plants had a less effect on nematode activity and 
plant growth compared to the inoculation with nematode only. 
Many authors studied the interaction between R and AMF, the 
underlying mechanisms behind these association are not yet 
well understood (Chalk et al., 2006). On the other hand, the 
treatments of humate and compost were more effective in re-
ducing the nematode (M. incognita) and improved growth of 
plants, especially in the higher concentration. Several studies 
have reported the positive effect of humate and compost tea 
as plant growth stimulant or soil conditioner for enhancing 
natural resistance against plant diseases and pests (Scheuerell 
& Mahaffee, 2006). These material may increase competi-
tion between fungivorous and baderioruos nematode resulting 
from increased availability of food sources after applications 
(Abdel-Barry et al., 2014). In addition, these micronutrients 
play pivotal roles in plant resistance by regulating the levels 
of auxin in plant tissues by activating the auxin oxidase sys-
tem, what leads to increase of total phenol, calcium content 
and activity of catechol oxidase, these materials protect plants 
against pathogen stress (Chowdhury, 2003 ). 

In conclusion, we can say that according to our results, 
usage of Rhizobium. Leguminosarum and AM fungi sepa-
rately or in combinations, as commercial/bio fertilizers prod-
ucts also, potassium humate and compost tea as organic fer-
tilizers can be more effective against Meloidogyne incognita, 
reducing the level of its pathogenic activity. 

F ig. 2. Nitrogen (N), phosphorous (P) and potassium 
(K) percentages in shoot system of faba bean treated 

plants



512 El-Shafeey I. El-Shafeey, Mohamed A. Abd-El-Hadi, Eman S. Hagag, Ghada S. Abu El-Naga

References

Abd-Alla, M. H., El-Enany, A. W. E., Nafady, N. A., Khalaf, D. 
M., & Morsy, F. M. (2014). Synergistic interaction of Rhizobi-
um leguminosarum bv. viciae and arbuscular mycorrhizal fungi 
as a plant growth promoting biofertilizers for faba bean (Vicia 
faba L.) in alkaline soil. Microbiological Research, 169(1), 49-
58.

Abdel-Bary, N. A., Hendy, H. H., Ashoub, A. H., Yassin, M. Y., 
& Abdel-Razek, G. M. (2014). Evaluation of compost and 
compost tea as promising method for Meloidogyne incognita 
management. Egyptian Journal of Agronematology, 13(2), 50-
66.

Afi fi , M. M. I. (2010). Biochemical studies on humic substances 
extracted from organic fertilizers. Ph. D. Thesis, Dept. Micro-
biology, Fac. Agric., Cairo University.

Akram, M., Rizvi, R., Sumbul, A., Ansari, R. A., & Mahmood, 
I. (2016). Potential role of bio-inoculants and organic matter 
for the management of root-knot nematode infesting chickpea. 
Cogent Food & Agriculture, 2(1), 1183457.

Chalk, P. M., Souza, R. D. F., Urquiaga, S., Alves, B. J. R., & 
Boddey, R. M. (2006). The role of arbuscular mycorrhiza in 
legume symbiotic performance. Soil Biology and Biochemistry, 
38(9), 2944-2951.

Chowdhury, A. K. (2003). Control of sclerotium blight of ground-
nut by plant growth substances. Crop Research (Hisar), 25(2), 
355-359.

Duncan, D. B. (1955). Multiple range and multiple F tests. Biomet-
rics, 11(1), 1-42.

El-Mougy, N., Abdel-Kader, L., & Lashin, S. M. (2012). Veg-
etables root rot disease management by an integrated control 
measures under greenhouse and plastic houses conditions in 
Egypt. A review. International Journal of Engineering and In-
novative Technology , 3(5), 40-54.

Giovannetti, M., & Mosse, B. (1980). An evaluation of techniques 
for measuring vesicular arbuscular mycorrhizal infection in 
roots. New Phytologist, 84(3), 489-500.

GRDC (2014). Grains Research and Development Corporation. 
Research-and Development/GRDC-UpdatePapers/2014/07/Fa-
ba-bean-marketing-and-the-Middle-East, https://grdc.com.au/.

Hemissi, I., Mabrouk, Y., Neila, A. B. D. I., Bouraoui, M., Saidi, 
M., & Sifi , B. (2011). Effects of some Rhizobium strains on 
chickpea growth and biological control of Rhizoctonia solani. 
African Journal of Microbiology Research, 5(24), 4080-4090.

Hussey, R. S., & Roncadori, R. W. (1982). Vesicular-Arbuscular 
Mycorrhizae May Limit Nemotode Activity ond Improve Plant 
Growth. Plant Disease, 66, 9-14.

Jakson, M. L. (1967). Soil Chemical Analysis. Prentice-Hall of 
India, New Delhi.

Linderman, R. G. (1988). Mycorrhizal interaction with the rhi-
zosphere microfl ora: the mycorrhizosphere effect. Phytopathol-
ogy, 78, 366-371.

MacGuidwin, A. E., Bird, G. W., & Safi r, G. R. (1985). Infl uence 
of Glomus fasciculatum on Meloidogyne hapla infecting Allium 
cepa. Journal of Nematology, 17(4), 389.

Masadeh, B., Von Alten, H., Grunewaldt-Stoecker, G., & Siko-

ra, R. A. (2004). Biocontrol of root-knot nematodes using the 
arbus cular mycorrhizal fungus Glomus intraradices and the an-
tagonist Trichoderma viride in two tomato cultivars differing 
in their susceptibility as hosts for the nematodes. Zeitschrift für 
Pfl anzenkrankheiten und Pfl anzenschutz/Journal of Plant Dis-
ease Protection, 111(4), 322-333.

Meyer, S. L. F., Orisajo, S. B., Chitwood, D. J., Vinyard, B. T., 
& Millner, P. D. (2011). Poultry litter compost for suppression 
of root-knot nematode on cacao plants. International Journal of 
Nematology, 21(2), 153-162.

Montasser, S. A., Mahmoud, N. A., El-Mesalamy, A. F., & Ab-
del-Mageed, M. A. A. (2017). Evaluation of six leguminous 
crops against the root-knot nematode, Meloidogyne javanica 
infection. Pakistan Journal of Nematology, 35(1), 79-84.

Mukhtar, T., Hussain, M. A., Kayani, M. Z., & Aslam, M. 
N. (2014). Evaluation of resistance to root-knot nematode 
(Meloidogyne incognita) in okra cultivars. Crop Protection, 56, 
25-30.

Nassib, A. M., Khalil, S. A., & Hussein, A. H. A. (1991). Faba 
bean production and consumption in Egypt. In: Present Status 
and Future Prospects of Faba Bean Production and Improve-
ment in the Mediterranean Countries, CIHEAM: Zaragoza, 
Ethiopia, 127-131.

Ravindra, H., Sehgal, M., Pawan, A. S., Archana, B. S., Shruti, 
S. A., & Narasimhamurty, H. B. (2014). Eco-friendly man-
agement of root-knot nematodes using acacia compost and 
bioagents in brinjal. Pakistan Journal of Nematology, 32(1), 
33-38.

Scheuerell, S. J., & Mahaffee, W. F. (2006). Variability associated 
with suppression of gray mold (Botrytis cinerea) on geranium 
by foliar applications of nonaerated and aerated compost teas. 
Plant Disease, 90(9), 1201-1208.

Sharma, J., Ogram, A. V., & Al-Agely, A. (2007). Mycorrhizae: 
implications for environmental remediation and resource con-
servation. Environmental Horticulture Department, Florida Co-
operative Extension Service, Institute of Food and Agricultural 
Sciences, University of Florida.

Sharma, R. D. (1994). Bacillus thuringiensis a biocontrol agent 
of Meloidogyne incognita on barley. Nematologia Brasileria, 
18, 79-84.

Sharma, S. B., Mohiuddin, M., Jain, K. C., & Remanandan, P. 
(1994). Reaction of pigeonpea cultivars and germplasm acces-
sions to the root-knot nematode, Meloidogyne javanica. Jour-
nal of Nematology, 26(4S), 644-652.

Siddiqui, Z. A., & Akhtar, M. S. (2009). Effect of plant growth 
promoting rhizobacteria, nematode parasitic fungi and root-
nodule bacterium on root-knot nematodes Meloidogyne javani-
ca and growth of chickpea. Biocontrol Science and Technology, 
19(5), 511-521.

Sillero, J. C., Villegas-Fernández, A. M., Thomas, J., Rojas-
Molina, M. M., Emeran, A. A., Fernández-Aparicio, M., & 
Rubiales, D. (2010). Faba bean breeding for disease resistance. 
Field Crops Research, 115(3), 297-307.

Snell, F. D., & Snell, C. T. (1967). Colorimetric methods of analy-
sis. D. Van. Nostranad company Inc., 551-552.

Soliman, M. S. I. (2002). Plant-parasitic nematode associated with 
broad bean (Vicia faba) crop in some Egyptian Governorates 



513 Utilization of organic and bio fertilizers against root-knot nematode (Meloidogyne incognita) infecting...

and reaction of some cultivars to root-knot nematode (Meloido-
gyne incognita and Meloidogyne javanica). Egyptian Journal 
of Applied Science, 17, 279-286.

Tabatabaei, F. S., & Saeedizadeh, A. (2017). Rhizobacteria co-
operative effect against Meloidogyne javanica in rhizosphere 
of legume seedlings. Hellenic Plant Protection Journal, 10(1), 
25-34.

Tchabi, A., Hountondji, F.C.C., Ogunsola, B., Lawouin, L., 
Coyne, D., Wiemken, A. & Oehl, F. (2016). The infl uence 
of arbuscular mycorrhizal fungi inoculation on micro-prop-
agated hybrid yam (Dioscorea spp.) growth and root knot 
nematode (Meloidogyne spp.) suppression. International 
Journal of Current Microbiology and Applied Science, 
5(10), 267-281.

Tolba, H. I., & Mohamed, M. M. (2016). Effect of chitinase pro-

ducing bacteria and humate on growth, productivity and root 
Knot nematode control of fl ame seedless grapevines. Nature 
and Science, 14(6), 1-14.

Udo, I. A., Uguru, M. I., & Ogbuji, R. O. (2013). Pathogenicity 
of Meloidogyne incognita race 1 on tomato as infl uenced by 
different arbuscular mycorrhizal fungi and bioformulated Pae-
cilomyces lilacinus in a dysteric cambisol soil. Journal of Plant 
Protection Research, 53(1), 71-78.

Vierheilig, H., Coughlan, A. P., Wyss, U. R. S., & Piché, Y. 
(1998). Ink and vinegar, a simple staining technique for arbus-
cular-mycorrhizal fungi. Applied and Environmental Microbi-
ology, 64(12), 5004-5007.

Wolf, B. (1982). A comprehensive system of leaf analyses and its 
use for diagnosing crop nutrient status. Communications in Soil 
Science and Plant Analysis, 13(12), 1035-1059.

Received: March, 28, 2018; Accepted: March, 20, 2019; Published: June, 30, 2019



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


