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ABSTRACT: The biological control efficacy of four mutualistic fungal isolates i.e., Fusarium 
oxysporum 162 (Fo162), Trichoderma viride (TV), T. harzianum (T10) and T. koningii (Tkg) as 
well as four seaweeds , Ulva fascia ta, Gelidium crinale, Jania rubens and Coralline elongate, 
against. root-knot nematode, Meloidogyne javanica on faba bean plants, Vicia faba, was 
determined under greenhouse conditions in Egypt. The biological and physiological changes on 
faba bean plants due to the individual soil application of bio-fungi or seaweeds was evaluated. 
The results revealed that all tested mutualistic fungi and seaweeds significantly reduced the 
number of galls and egg masses of root-knot nematode on treated faba bean plants when 
compared to non-treated plants (control). The highest reduction of galls and egg masses 
number was observed with mutualistic endophytic fungi, Fusarium oxysporum isolate Fo162 
and Trichoderma harzianum isolate T10, respectively. As observed with nematode parameters, 
all tested bio-agent fungi and seaweeds positively improved the growth criteria of treated faba 
bean plants. Significant increases in root volumes, plant highest, roots and shoots fresh and dry 
weights were recorded in treated plants comparing to untreated one (control). 
Remarkable increases in amino acids synthesizing capacity, accumulation of total sugars, 
production of pro/ine and activity of peroxidase and polyphenol oxidase were detected in plants 
treated with the tested biological fungi and seaweeds. In conclusion, using specific isolates of 
mutualistic endophytes as Fusarium oxysporum Fo162 and Trichoderma harzianum isolate T1 O 
represents suitable alternative for the traditional chemical control methods of root-knot 
nematodes on faba bean plants and therefore can be used successfully in the integrated pest 
management strategies to reduce the dependency on hazardous synthetic nematicides. Jn 
addition, the present study revealed that the tested seaweeds can be considered as natural 
resources for providing plants with essential elements that can enhance the tolerance of these 
plants against attack of Meloidogyne species. Moreover, different mode of actions including 
changes at the physiological and biochemical levels were found to be participated in the tri
trophic interactions between faba bean, root knot nematode and the tested mutualistic-fungal 
isolates and seaweeds. These changes were observed through the activation ability of treated 
plants to produce large amounts of amino acids, total sugars, anti oxidant enzymes i.e. 
peroxidase and polyphenol oxidase in addition to pro/ine and NPK. 
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INTRODUCTION 
Many soil organisms of macro and micro 

inhabitants are known as destructive pests 
and pathogens. These hazardous organisms 
attack wide spectrum of economically 
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important plants where they can cause 
massive losses. 

Plant parasitic nematodes in general and 
root-knot nematode in particular are located 
among the most soil borne predominant and 
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destructive pests that attack many important 
crops (Noling, 2005). Among the 24 genera 
of plant parasitic nematodes affecting host 
plants, Meloidogyne is the most 
predominant and widely distributed 
representative genus all over the world. Four 
species belonging to genus Meloidogyne i.e. 
M. incogf.Jita, M. javanica, M. arenaria and 
M. hap/a were found to be able to infect 
selectively more than 2000 host plants 
where they can affect both yields and 
qualities (Taylor and Sasser, 1978; Trudgill, 
1997; Manzanilla-Lopez et al., 2004). 
Remarkable, more than 10 percent of world 
crop production is lost annually as a result of 
parasitic nematode attack (Whitehead, 
1998). The presence of galls on the root 
system of infected host plants is the primary 
symptom associated with root-knot 
nematode infection. These galls affect root 
functions and reduce nutrient and water 
uptake that weakens the plants, causing 
wilting as well as nutrient deficiency 
symptoms (Sasser and Freckman, 1987). 

Recently, more than 116,000 Fadden of 
arable lands in Egypt are cultivated with 
faba bean plants, Vicia faba, which produce 
annually about 223,000 tons (Egyptian 
Agriculture Ministry statistics, 2013). 

Unfortunately, faba bean cultivars in 
general are among the highest preferable 
hosts for the root-knot nematodes especially 
in both tropical and subtropical areas where 
the crops production is severely limited by 
this nematode invasion (Sikora and 
Fernandez, 2005). 

Different control methods including 
pesticides, resistant cultivars and crop 
rotation were used in order to gain 
reasonable protection for the valuable crops 
like faba bean against root-knot nematode. 
However, the use of these management 
techniques has significant limitation. For 
example, chemical control which depends 
on using fumigants or systemic nematicides 
is often restricted due to the high costs 
and/or adverse effects on environment and 
human health. During the last 20 years no 
new safer and effective nematicidal 
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compounds have entered the market in 
addition to withdraw of many effective 
compounds due to their high toxicity. 

Eventually, organic agriculture which 
mainly depends on replacement of 
hazardous chemical fertilizers and 
pesticides with safer alternatives as the 
biological agents and organic components 
has a large expansion nowadays. The world 
organic cultivated area reached up to 30 
million hectare in 2010. More than 2,4million 
hectare were added to the organic area only 
in 2010 where the global organic agriculture 
production was increased from 61,4 billion $ 
in 2006 to 94.2 billion $ (FAO 2012). In 
Egypt the total area of registered organic 
farms reached up to 79986 Fadden in 2011 
{Egyptian Agriculture Ministry statistics, 
2013). 

Fortunately, soils, besides harbouring 
nematodes and plant pathogens, also 
provide many other beneficial organisms. 
Some of these beneficial organisryfs also 
have been shown to colonize plants without 
causing disease and therefore are known as 
mutualistic endophytes {Petrini 1991; Wilson 
1995; Stone et al., 2000). Many species of 
these mutualistic endophytes genera had 
been screened for their activity against 
different genera of plant parasitic nematodes 
on a wide spectrum of crops (Stirling, 1991). 
The majority of fungal endophytes isolated 
from over 500 plants belong to a wide array 
of genera with the most common being: 
Acremonium, Trichoderma, C/adosporium, 
Phoma and Fusarium {Schulz et al., 1998, 
2002 and 2005). 

Recently, different marine macro-algae, 
and seaweeds, were also screened and 
evaluated as promising candidate bio
fertilizers and bio-control agents which can 
apply into the soils to reduce the 
dependency on chemical fertilizers and 
pesticides {Shevananda, 2008; Shah et al., 
2013). However, most of these evaluations 
and determinations were conducted only 
under laboratory conditions in absence of 
the tri-trophic interactions between host 
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plant, pathogen and bio-agent (Possinger 
Angela, 2011 ). 

From the previous preview , the present 
study aims to determine the bio-efficacy of 
four mutualistic fungal isolates, three 
belonging to genus Trichoderma and one 
isol,ate of Fusarium oxysporum, in addition 
to four seaweeds (Viva fasciata, Gelidium 
crinale, Jania rubens and Coralline 
elongata) against root-knot nematode 
infected faba bean plants under greenhouse 
conditions. Furthermore, to evaluate the 
effects of either tested mutualistic fungi or 
seaweeds on some essential growth criteria. 
Also, to investigate the possible mode of 
action which may be involved in the tri
trophic interactions among root-knot 
nematode, faba bean plants and the 
screened bio-control agents through 
measuring some important chemical and 
physiological parameters. 

MATERIALS AND METHODS 
Root knot nematode, Meloidogyne 
javanica extraction: 

The eggs of root-knot nematode, 
Meloidogyne javanica, were extracted from 
2-month-old heavily galled tomato roots 
using a modified extraction technique 
described by Hussey and Barker (1973). 
Roots were rinsed with tap water, cut into 1-
cm pieces, macerated for 20 s at high speed 
in a blender (Molonix, France), and collected 
in a glass bottle. NaOCI was added to a final 
concentration of 1.5% and the bottle was 
manually shaken vigorously for 3 min. To 
remove the NaOCI, this suspension was 
then thoroughly rinsed with tap water over a 
set of sieves with mesh sizes of 250, 100, 
45, and 25 µm. The retained nematode 
eggs on the 25 µm mesh sieve were 
collected in a glass beaker with the aid of 
water. The egg suspension was 
continuously aerated for 7 to 1 O days using 
an aquarium pump to induce the hatching of 
the second-stage juveniles (J2s). To 
separate the active juveniles from non
hatched eggs and dead juveniles, the 
suspension was placed in a modified 
Baermann funnel for 24 h. The nematode 
suspension was adjusted to 1,000 active 
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juveniles per 3 ml and immediately used for 
inoculation purposes. 

Bio-control fungi: 
Four potential bio-control fungal isolates 

i.e. three isolate belonging to genus 
Trichoderma and one isolate of Fusarium 
oxysporum, Fo162, were tested against 
root-knot nematode on faba bean plants. 
The non-pathogenic mutualistic Fusarium 
oxysporum (Fo162), was originally isolated 
from the cortical tissue of surface-sterilized 
tomato roots grown in Kenya by Hallman 
and Sikora (1994) and kindly provided by 
Bonn University, INRES-lnstitute, Germany. 
Pure culture of the other three Trichoderma 
isolates i.e. T. viride (Tv), T. harzianum 
isolate (T10) and T. koningii (Tkg) were 
obtained from Agriculture Research Center, 
Institute of Plant Pathology, Department of 
Vegetable Diseases, Egypt. To obtain fresh 
cultures of fungi, biocontrol agents were 
reared on potato dextrose agar plates (PDA) 
amended with 150 mg r1 of chJcSramphenicol 
and incubated at 25°C in the dark for two 
weeks. Five millimetres diameter discs of 
two weeks old cultures were inoculated into 
autoclaved 500 ml flasks contained 200 g of 
barley grains moisten with 100 ml of distilled 
water. Inoculated barley grains were 
incubated in shadow at room temperature 
with interval shake for three weeks. Three 
weeks after inoculation (when the potential 
bio-agents almost filled the flasks), inocula 
were mixed thoroughly into autoclaved 
sandy clay soil ( 1: 1, v/v) with rate of 5 g per 
kg and five replicates were treated with each 
bio-agent isolate. 

Seaweeds preparing: 
Four marine macro algae (seaweeds) i.e. 

Ulva fasciata, Gelidium crinale, Jania rubens 
and Coralline elongate were collected from 
Mediterranean sea cost at Alexandria 
governorate, Egypt. Collected algae were 
washed gently with tap water to remove 
debris. Identification of obtained algae was 
carried out at Genetic Engineering Institute 
(Sadaat city University, Egypt). Identified 
fresh algae were then air dried in shadow at 
room temperatures before dehydration was 
completed in oven at 60 °C for 12 hours. 
Dried algae were grinding and mixed 



Selim and Soria/ 

thoroughly into autoclaved sandy clay soil 
( 1 : 1, v/v) at the rate of 5 g I kg soil (w: w). 

Greenhouse experiments: 
In vivo bio-assay test was conducted at 

the biological greenhouse of the Faculty of 
Agriculture, Menoufia University, Egypt 
(2015) to determine the bio-efficacy of four 
bio-control fungi as well as four seaweeds 
under greenhouse conditions (23 ± 2 °C, 55 
± 5 % RH) against root-knot nematode 
infected faba bean plants. Four surface
sterilized seeds of faba bean cv "Giza 843" 
were sown in plastic pot (20 cm diameter} 
filled with two kg of autoclaved sandy clay 
soil (1:1, v/v). Prior to sowing, soil in each 
pot was mixed thoroughly with one individual 
bio-control agent inoculum at rate of 5g I kg 
and five· replicates were made for each bio
control agent. Control pots (C+) were filled 
with only non-treated autoclaved sandy clay 
soil where no biological agent inoculum was 
existing. After germination, 6 days after 
sowing, 1000 second stage of nematode 
juveniles suspended in 3ml water were 
inoculated into each pot around plant roots. 

Growth characters 
Eight weeks after nematode inoculation, 

experiment was terminated and faba bean 
plants were gently uprooted, washed with 
tap water, blotted between two tissue 
papers. Root volume, root and shoot fresh 
and dry weights as well as plant height were 
recorded. 

Nematode parameters assay: 
Egg masses were stained prior to 

counting by dipping the nematode infected 
roots in phloxine-B staining solution 
(0.015%) for 20 min as described by Daykin 
and Hussey (1985). Root galling was 
estimated according to Taylor· and Sasser 
(1978). 

Physiological analysis 
The following physiological values in 

treated and non-treated faba bean plants 
with individual potential bio-control agents 
were determined as follow: 
1- Membrane integrity % (permeability): 

The percentage of electrolyte leakage % 
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was determined and calculated according 
to Leopold et al. (1981). This parameter 
was measured in both leaves and roots. 

2- Water Relations: Relative Water 
Content % (RWC): was calculated by the 
equation of Larcher (1995). 

3- Antioxidant Enzymes Activity: 
Peroxidase and poly phenoloxidase 
activities were measured in fresh leaves 
as described by Fehrman and Dimond 
(1967) and Broesh (1954) respectively. 

4- Total sugars: Estimated in the dry 
leaves as described by Dubois et al. 
(1956). 

5- Total concentration of proline: 
Measured in fresh leaves (µg g·1 Dr. Wt.) 
according to Bates et al. ( 1973). 

6- Total amino acid (TAA): Determined in 
dry leaves following the method 
described by Rosen (1957). 

7- Amount of Nitrogen, Phosphor and 
Potassium (NPK) within leaves of faba 
bean as described by Ling (1963) 
,Chapman and Prat (1961) and 
A. O.A. C. ( 1990) respectively. ..~ 

Statistical analysis: 
Data were statistically analyzed 

according to standard analysis of variance 
by a one-way ANOVA with Stat graphics 
(Statistical Graphics, Rockville, MO, USA) 
software. Tukey's test was used to compare 
differences between different treatments if 
the F value was significant. Statistical 
differences referred to in the text were 
significant at (P < 0.05) as given in the 
Figures (Plake and Kemmerer, 1987). 

Results 
The biological control efficacy of eight 

potential bio-control agents against root-knot 
nematode Meloidogyne javanica was 
determined using in vivo screen test under 
greenhouse conditions. The obtained 
results showed that all tested biological 
substances significantly reduced the number 
of galls and egg masses in treated faba 
bean plants when compared to non-treated 
plants, control, (Fig.1 ). The highest 
reduction of nematode infection expressed 
as the lowest galls number was observed 
with faba bean plants treated with 
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mutualistic endophytic, Fusarium oxysporum 
isolate 162. The results revealed also that 
the other three tested Trichoderma isolates 
i.e. Trichoderma viride (TV), T. harzianum 
(T10) and T. koningii (Tkg) inhibited also the 
nematode infection as they decreased the 
number of galls and number of egg masses 
in tr~ated plants when compared to control 
(Fig.1 ). Noteworthy, Trichoderma harzianum 
isolate T1 O was superior to the other tested 
Trichoderma isolates. Among the four tested 
seaweeds, Viva fasciata, Gelidium crinale, 
Jania rubens and Coralline elongate, the 
Viva fasciata (U) and Jania rubens (J) 
reduced the number of galls in faba bean 
roots higher than the other two tested 
marine algae , Coralline elongate (CO) and 
Gelidium crinale (G}, (Fig.1 ). 

The influence of treating faba bean plants 
with tested bio-control fungi and seaweeds 
on growth criteria i.e. root volumes, root 
fresh and dry weights, plant heights as well 
as foliar fresh and dry weights were 
determined. The obtained results indicated 
that, the all tested bio-control agents 
significantly increased roots volume 
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compared to control plants, inoculated with 
nematode only, (Fig.2). The results showed 
also that, the highest root volumes were 
recorded in treated faba bean plants with 
Trichoderma harzianum isolate T1 O and 
Coralline elongate, CO, followed by Viva 
fasciata, U, (Fig.2). 

The positive influence of tested bio
control agents on fresh and dry root weights 
were observed as well in (Fig.3). The results 
illustrated that the highest increase in both 
fresh and dry root weights were observed on 
plants treated with T. harzianum (T10) 
followed by T. viride (TV) and Coralline 
elongate (CO), respectively (Fig.3). 

Similar results were recorded with regard 
to the influence of tested bio-control agents 
on plant heights. The results indicated that 
the treatments of T. harzianum (T10) 
followed by mutualistic Fusarium oxysporum 
(Fo162) followed by Coralline elongate (CO) 
and T. viride (TV) significantly increased 
faba bean plant heights , mo~ than the 
other biological substances as well as more 
than control plants (Fig.4). 
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d •No.oggalls 
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u co G Fo162 TV TlO Tkg C+ 

Seaweeds Mutuallstlc fungi 

Means with different letters are significantly differed based on Tukey test, (P s 0.05). n = 5. 

Figure (1): Effects of Ulva fasciata (U), Coralllne elongate (CO), Jania rubens (J), 
Gelid/um crlna/e (G), Fusarium oxysporum isolate 162 (Fo162), Trichoderma 
vlrlde (TV), T. harzlanum (T10) and r. konlngll (Tkg) on number of galls and 
egg masses per root system comparedon nematode Infested control plants 
(C+). 
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Means with different letters are significantly differed based on Tukey test, (P s 0.05). n = 5. 

Figure (2): Effects of Ulva fasciata (U), Coralline elongate (CO), Jania rubens (J), Gelidium 
crlnale (G), Fusar/um oxysporum isolate 162 (Fo162), Trichoderma viride 
(TV), T. harzianum (T10) and T. konlngii (Tkg) on root volumes of inoculated 
faba bean plants compared to nematode infested control plants (C). ..~ 
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Means with different letters are significantly differed based on Tukey test, (P s 0.05). n = 5. 

Figure (3): Effects of Ulva fasclata (U), Coralline elongate (CO), Jania rubens (J), 
Gelid/um crinale (G), Fusarium oxysporum isolate 162 (Fo162), Trichoderma 
viride (TV), T. harzianum (T10) and T. koningll (Tkg) on fresh and dry root 
weights of inoculated faba bean plants compared to nematode infected 
control plants (C). 
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Means with different letters are significantly differed based on Tukey test, (P s 0.05). n = 5. 

Figure (4): Effects of Ulva fasciata (U), Coralllne elongate (CO), Jania rubens (J), Gelidium 
crinale (G), Fusarium oxysporum isolate 162 (Fo162), Trlchoderma viride (TV), 
T. harzianum (T10) and T. konlngil (Tkg) on plant height compared to 
nematode Infested control plants (C). ·· 

The influence of tested biological 
mutualistic fungi and seaweeds on foliar 
growth was determined and significant 
increase was recorded on foliar fresh and 
dry weight within plants treated with T. 
harzianum,T10, followed by F. oxysporum, 
Fo162 and Coralline elongate, respectively, 
(Fig.5). 

The physiological and biochemical 
analysis of treated plants revealed that 
treating faba bean plants individually with 
either bio-control fungi or seaweeds resulted 
in remarkable changes at the ultra structural 
level. One of the primary injuries which 
could be caused by nematode infection is 
the loss in cell compartmentation due to the 
disruption of membranes ·integrity. The 
obtained results showed that the percentage 
leakage at nematode infected faba bean 
roots and leaves was significantly higher 
than that of treated plants with mutualistic 
bio-control fungi and seaweeds. The lowest 
membrane leakage percentage at roots 
( 40%) and leaves (30%) was observed on 
plants treated with Fo162. Among the four 
tested seaweeds, Ulva fasciata (U) resulted 
in the lowest damage to roots and leaves 
membrane, thus the percentage of 
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membrane leakage was reached up to 49% 
and 35% within roots and leaves of treated 
faba bean plans, respectively (Table 1 ). 

The obtained results from physiological 
and bio-chemical analysis showed also that 
the plants inoculated with nematodes only 
had the lowest relative percent of water 
content {RWC %), compared to the 
untreated plants, negative control, (Table 1 ). 
No significant differences were recorded 
among the treatments of potential bio
control fungi and seaweeds (Table 1). 

Comparing to infected faba bean plants 
with nematode, control plants (C+), all tested 
bio-agents increased significantly the 
percentage of peroxidase and poly 
phenoloxidase activities (Table . 1). 
Moreover, the results illustrated that the 
plants treated with Trichoderma harzianum, 
T1 O, exhibited the highest significant 
increase in peroxidase activity followed in 
intensity by Trichoderma viride (TV), and 
mutualistic endophytic Fusarium oxysporum 
{Fo162), respectively (Table 1 ). Similar 
results were recorded with regard to poly 
phenoloxidase. Thus the highest activity was 
observed in plants treated with Fo162 
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followed by T. viride (Tv) and Jania rubens 
(J}, (Table 1 ). The obtained results showed 
also that all tested biological fungi and 
seaweeds increased the total sugar content 
within treated faba bean plants compared 
with control plants, infected with nematode 
only (C+}, (Table 1). The highest increase 
was recorded with T. harzianum, T10, and J. 
rubens (J), respectively. 

The bio-chemical investigation 
demonstrated that treating faba bean plants 
individually with either bio-fungi or seaweeds 
affected the bio-synthesis of different 
osmolytes i.e. pro line and total amino acids 
comparing to control plants, infested with 
nematode only, (Table 2). The results 
showed also that the amount of macro 
elements i.e. nitrogen, phosphor and 
potassium were also affected by presence of 
the tested bio-agents. 

The results indicated that the proline 
concentration significantly increased due to 
the presence of the nematode. Moreover, 
the highest proline concentrations in faba 
bean leaves (1087 µg/g) was detected with 
plants treated with F. oxysporum isolate 
F0162, followed in intensity (1045 µg/g) by 

Coralline elongate (CO), (Table. 2). Similar 
results were recorded with regard to 
concentration of total amino acids. Thus F. 
oxysporum isolate F0162 and T. harzianum 
(T1 O) resulted in highest accumulation (244 
and 216 µg/g) of total amino acids (TAA) in 
faba bean leaves, respectively (Table 2). 

The results illustrated also that, all tested 
biological agents significantly increased the 
concentrations of NPK comparing to control 
plants (C+), infected with nematode only 
(Table 2).The highest amount of nitrogen 
was recorded in faba bean plants inoculated 
by seaweeds i.e. Coralline elongate (CO), 
Jania rubens (J) and Gelidium crinale (G). 
Moreover, Trichoderma harzianum (T10) 
followed by T. viride (Tv) and Gelidium 
crinale (G) recorded the highest increase in 
phosphor concentration comparing to the 
other treatments. Furthermore, results 
demonstrated that Coralline elongate (CO) 
followed by Fusarium oxysporum isolate 162 
(Fo162) and Trichoderma viride (TV), 
increased potassium concentrations within 
treated plants higher than that in. ·"all other 
treatments (Table 2). 
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Means with different letters are significantly differed based on Tukey test, (P :> 0.05). n = 5. 
Figure (5). Effects of U/va fasclata (U), Cora/llne elongate (CO), Jania rubens (J), 

Gelidium crinale (G), Fusarium oxysporum isolate 162 (Fo162), Trichoderma 
vlrlde (TV), T. harzlanum (T10) and T. koningll (Tkg) on foliar fresh and dry 
weights of inoculated faba bean plants compared to nematode infested 
control plants (C). 
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Table (1): Effects of U/va fasciata (U), Coralline elongate (CO), Jania rubens (J), Gelidium 
crinale (G), Fusarium oxysporum isolate 162 (Fo162), Trichoderma v/ride (TV), 
T. harz/anum (T10) and T. konlngli (Tkg) on leaves and roots membrane 
leakage %, relative water content %, peroxidase, polyphenol oxidase and total 
su ars com ared to control C+ and non-infested lants C- . 

re---::--,,,.-"":-:"'.~ 

Viva fasciata (U) 49g 35f 73.11b 15d 78b 23,758 

Coralline elongate (CO) 54d 52c 71.84b 12c 6,5b 30,63d 

Jania rubens (J) 69c 53c 73.20b 17• 7,58b 37,so• 

Gelidium crinale (G) 71b 55b 71.18b 12c 6,5b 23,758 

Fusarium oxysporum isolate 40h 30g 75.38b 19f as 23,448 

162 (Fo162) 

Trichoderma viride (TV) 51f 438 71.46b 20t 7,5ab 25,00b 

Trichoderma harzianum(f10) 49g 35f 72.77b 259 6, 1b 39,10f 

Trichoderma koningii (fkg) 568 45d 73.36b 15d 6,2b 23,668 

nematode infected control 
858 648 64.168 10b 5,5c 

,{' 

23,448 

plants (C+) 

on-infested control plants(C-) 38h 35f 72.47b 7,58 8,88 28,13c 

Means with different letters are significantly differed based on Tukey test, (P s 0.05). n = 3. 

Table (2): Effects of U/va fasciata (U), Coralllne elongate (CO), Jania rubens (J), Gelid/um 
crinale (G), Fusarlum oxysporum Isolate 162 (Fo162), Trlchoderma virlde (TV), 
T. harzlanum (T10) and T. konlngll (Tkg) on prollne, total amino acids and NPK 
concentrations com ared to control C+ and non-Infested control lants C- . 
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Coralline elongate (CO) 

Jania rubens (J) 

Gelidium crinale (G) 

Fusarium oxysporum isolate 
162 Fo162 

Trichoderma viride (TV) 

Trichoderma harzianum (T10) 

Trichoderma koningii (Tkg) 

nematode infested control 
lants C+ 

non-infested control plants (C-) 

230f 44• 

10458 175b 

21i 66d 

362d 103c 

10878 244"' 

zag• 119c 

942b 2168 

471c 84cd 

434c 72d 

360d 80cd 

~~~i:: ;2rr~~i1~~,:,;.1~m~. 
~en; .. : i;~Phosphor '. 

)'.{%) .. ', ~'.': "r(ppm) ' ]j;~~rl:P~)m 
4,76d 0,81da 13,4f 

8,68 1,54bc 36,68b 

8,088 b 1,25cd 22,43d 

a.a• 1,78b 14,868 

6.~ o,a1d" 26,43c 

5,08d 1,7ab 25,62c 

7,0bc 2,31 8 45,998 

5,32d 0,71 8 9,85h 

2.so• 0,18f 5,681 

7,08bc 0,728 10,55° 

Means with different letters are significantly differed based on Tukey test, (P s 0.05). n = 3. 
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Discussion 
Faba bean is considering one of most 

important crops all over the world in general 
and in Egypt in particular. Unfortunately this 
valuable crop is attacked by wide array of 
specific and non-specific plant pathogens 
and parasites. Among all these hazardous 
organisms, root-knot nematode represents 
the main threat for faba bean cultivation. 
Depending on chemical control rather than 
the other traditional management methods 
i.e. resistant varieties and agriculture 
practices failed alone to stop the draining of 
yield losses which resulted from root-knot 
nematode invasion especially in the tropical 
and sub-tropical regions (Sikora and 
Fernandez. 2005). Therefore, looking for 
effective and safe alternatives to control 
root-knot nematodes on their host plants has 
an increasing importance. 

Recently, it was known that environments 
consistently harbour a variety of macro- and 
micro-scopic organisms with different 
potentials to interact with hazardous 
pathogens and parasites either directly or 
indirectly. Some can form a tight association 
up to the level that they migrate into the 
roots. Many of these invading 
microorganisms have the capability to 
colonize roots of various host plants without 
causing any disease symptoms and 
therefore known as mutualistic endophytic 
organisms (Wilson, 1995). Over the last two 
decades, it has become clear that many 
endophytic fungal and bacterial species can 
have beneficial effects on the development 
and survival of plants (Zurn Felde et al., 
2005; Olivain et al., 2006). 

Certain mutualistic endophytic isolates 
belonging to specific species of 
Trichoderma, Glioc/adium, Fusarium, Mucor, 
Penici/lium, Aspergil/us, Stachybotrys, and 
Verticil/ium genera have the potential for 
application in agricultural systems besides 
the traditional chemical pesticides. Some 
can be beneficial with regard to tolerating 
biotic and abiotic stress caused by drought, 
salinity, minerals deficiency and pathogen 
invasion through modulating an array of 
physiological, biochemical and 
morphological processes (Oelmoller, 2009; 
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Sherameti et al., 2005) resulting in the 
accumulation and translocation of 
assimilates, osmotic adjustment, 
maintenance of cell wall elasticity and the 
increase of the water use efficiency by the 
host plant. Others can support the plant in 
coping with biotic stress conditions. 

Moreover, many of seaweeds (marine 
algae} attracted the interest of scientists as 
natural sources of different bio-active 
compounds. Therefore they are candidate to 
be promising bio-control agents against 
different pathogens and parasites (Michael 
et al., 2005; El-gamal, 2010). Many bioactive 
compounds have been identified in 
seaweeds; antioxidants are often, reducing 
agents such as thiol, ascorbic acid or poly 
phenols (Hu, 2008; Li et al., 2011 ). Of the 
beneficial antioxidant compounds, phenolic 
compounds widely exist in plants and have 
been considered to have high antioxidant 
capacity and free radical scavenging 
capacity (Kahkonen et al., 2001). 

The obtained results from pre8ent study 
revealed that all tested mutualistic fungi and 
seaweeds had negative impact on 
nematode infection as they significantly 
reduced the number of galls and egg 
masses of root-knot nematode on treated 
faba bean plants when compared to non
treated plants (control). The highest 
reduction of galls and egg masses number 
was observed with mutualistic endophytic 
Fusarium oxysporum isolate 162 and 
Trichoderma harzianum isolate T10, 
respectively. As observed with nematode 
parameters, all tested bio-agents fungi and 
seaweeds affected positively the growth 
criteria of treated faba bean plants. For 
example, the results cleared that T. 
harzianum (T10) resulted in the highest 
increase in root volumes of treated plants 
followed by Coralline elongate (CO). Similar 
results were detected with regard to the 
increase in roots and shoots fresh and dry 
weights. 

These results are consistence with, 
Hallmann and Sikora (1994) who isolated 
fungal endophytes from roots of field grown 
tomato in Kenya and reported that many of 
these endophytic isolates showed biocontrol 
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activity toward the root-knot nematode M. 
incognita. They added also, the mutualistic 
endophyte F. oxysporum strain 162 (Fo162) 
was the most promising isolate and 
produced high levels of antagonistic activity 
against M. incognita on tomato. Moreover, 
they reported a reduction in gall formation 
between 50 and 75% within colonized 
tomato plants by the endophyte in 
greenhouse trials. Furthermore, the same 
isolate (Fo162) has been repeatedly shown 
to have strong activity toward Meloidogyne 
species in other investigations (Dababat et 
al., 2008; Dababat and Sikora2007a,b). 

Specific Trichoderma and Fusarium 
strains were found to be effective against 
different plant pathogens and parasites 
(Sikora, 1992 and 1997; Siddiqui and 
Shaukat, 2004; Sikora and Dababat 2007; 
Selim et al., 2014). However, little is known 
about the tri-trophic interactions between the 
plant, the fungal endophyte and the root
knot nematode. Benitez et al., (2004) 
mentioned that some Trichoderma strains 
exert biocontrol activity against different 
plant pathogens either indirectly, by 
competing for nutrients and space, 
modifying the environmental conditions, or 
promoting plant growth and plant defence 
mechanisms and antibiosis, or directly, by 
mechanisms such as mycoparasitism. The 
antagonistic ability of Trichoderma spp. 
against pathogens and parasites has been 
demonstrated also by Chen et al. (2009) and 
Yang et al. (2012) 

Noteworthy, through using split root 
design system, Selim et al., (2014) show 
that T. harzianum isolate (T10) was able to 
trigger the systemic resistance pathways 
within tomato plants against Meloidogyne 
javanica by increasing the ~ccumulation of 
special different antagonistic compounds 
that affect the nematode invasion and egg 
mass production on the responder side of 
treated tomato plants. These findings are in 
agreements with the present results which 
demonstrated that T1 O was superior to the 
other tested Trichoderma isolates in 
controlling root-knot nematodes on faba 
bean plants under Egyptian conditions. 
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Remarkable, seaweeds are used at the 
meanwhile as organic fertilizers and soil 
conditioners in many agriculture systems. 
Moreover, they have been found to increase 
the systemic defense responses through 
providing host plants with essential elements 
and biological active compounds related to 
defense responses (Blunden and Gordon, 
1986; Temple and Bomke, 1998). Recently, 
MacArtain et al. (2007) proved that 
seaweeds generally have high 
concentrations of C, K, Mg, Na, Cu, Fe, I, 
and Zn. The presence of these value 
nutrient elements within seaweeds {marine 
Algae) make them excellent organic 
fertilizers and could explain the positive 
influence of the tested seaweeds on faba 
bean plants to make them more tolerant 
against root-knot nematode infection and 
compensate the damage caused by the 
nematode invasion. 

Additionally, seaweeds algae, as 
biocontrol agents may be in~rease the 
protection of faba bean plants against 
nematodes by increasing RWC, antioxidant 
enzymes i.e. peroxidase and phenoloxidase 
as well as increasing T AA concentrations. 
Highly significant increase in praline 
concentration was also recorded by tested 
seaweeds. .Moreover increases in faba 
bean leaves NPK concentrations which 
reflected highly defence system against 
nematode disease was demonstrated in 
present study as well(Bhattacharyya et. al., 
2013). 

Furthermore, algae organisms are known 
to be a rich source in biological novel 
compounds that can be potentially active 
against phytopathogens (Kulik, 1995) .. 

Moreover, Walter et al., (2005) 
mentioned that use of algal biomass as a 

·slow release fertilizer is involved in 
controlling process of NPK concentrations 
which led to adjustment of aquatic systems. 
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