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Abstract

Effect of four vasicular arbuscular mycorrhizal (VAM) fungi on
controlling of Fusarium root-rot and wilt diseases incidence in pea,
bean, lentil and lupine crops were studied in vivo and in vitro. I
vivo, all mycorrhizae species i.e., Glomus mosseae , .
macrocarpum, G. oustrale and G. fasciculatus were effective in
reducing the incidence of root-rot disease caused by Fusarium solani
and wilt disease caused by F. oxysporum either at infested or in
natural soils. G. mosseae and G. fasciculatus showed the highest
effects on reducing disease incidence. Phosphorus content was
higher increased in plants inoculated with both G. Sasciculatus and
G. mosseae compared to the other treatments. VA mycorrhizae fungi
inoculation significantly increased the plant dry weight and yield of
different legume crops compared with non- mycorrhizal inoculation
plants. In vitro, antifungal metabolites were extracted Jrom the
culture filtrates of the Glomus sp. grown in semi liquid medium and
Jractionated by  polyacrylamid gel electrophoresis and High
Performance Liquid Chromatography (HPLC, ) .Results exhibited that
,Glomus sp. was able to produce extracellular isozyme bands of
chitinase and cellulase as well as phenols. Whereas, G. mosseae
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displayed superiority in chitinase and cellulase isozyme bands as well
as phenols production. G. fasczculatus and G. macrocarpum had the
positive of cellulase as well as* phenols production. Meanwhile, G.
oustrale had low levels of cellulase isozyme bands. Legume plants
inoculated with G. mosseae and G. fasciculatus resulted in
metabolites production , diseases suppressed and plant development.
Key words: Glomus sp. legume plants , metabolites production,
Fusarium root-rot and wilt diseases ,vasicular arbuscular mycorrhizae
(VAM) fungi.
Introduction

Root- rot and wilt diseases are considered the most important diseases
affecting legume crops productivity in Egypt (Abou- Zeid et al.,
1997 and Haggag, and Saber, 2000). Fusarium solani and F.
oxysporum are the main pathogens of these diseases (Abou- Zeid ef
al., 1997). Fungicide treatments have been the main traditional
method for controlling these diseases. However, public concern about
residues, and the progressive loss of effectiveness due to selection of
fungicide resistant isolates of pathogens, have increased the search for
alternative means less harmful to human health and to the
environment.

VA mycorrhizae fungi are the most common type of mycorrhizal
association and it is formed by nearly all plants of agricultural
importance (Flynn ef al., 1998 and Xianheng et al., 1998). Plant root
colonized by mycorrhizal fungi are known to suffer from infection by
a wide range of soil-borne pathogens (Torres et al., 1996, Sharma et
al., 1992, Sharma and Dohro, 1996 and BQdker ef al., 1998).
Several mechanisms are likely to be involved in the interactions
between VAM fungi and plant soil pathogens .Increase of hydrolyses
activities, mainly by chitinase and B -1,3 glucanase, have been
reported for mycorrhizal fungi (B@dker ef al., 1998 and Pozo ef al.,
1998). Possible role of these enzymes in the regulation of the
symbiosis, as well as in plant protection against root pathogens, has
been reviewed (Pozo et al, 1998 and 1999). Cellulase,
cellobiohydrolase and B-D glucosidase activities had now been
confirmed for some ectomycorrhizae  species including
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Hymenoscyphus ericae, indicating that this- ericoid endophyte
produced a complete cellulase complex ( Burke and Cairney ,1997).
They are believed to have a role in defence against invading
pathogens because of thier potential to~hydrolyse fungal cell wall
polysaccharides (Grenier and Asselin, 1990). Other studies showed
that induced synthesis of isoprenoid and propanoid metabolites in
wheat roots which were inoculated with arbuscular mycorrhizal fungi
(Fester et al., 1999). Moreover, the ability of ectomycorrhizal fungi
to enhance plant uptake of macronutrients especially phosphorus (P),
where its superiority to be a mechanism in reduction of root disease
incidence (BQdker et al, 1998). This enhanced plant development
and growth, which lead to disease escape and protection against soil-
borne pathogens (Caron ef al., 1986, Lisette ef al 1997 and Slezack
et al., 2000). However, root colonization by VAM fungi induce
changes in the microbial community in the rhizosphere around the
roots inoculated with mycorrhizae (KjGller and Rosendahl, 1996
and Kim e? al., 1998).

The present work was carried out to evaluate four species of VA
mycorrhizal fungi in their ability to produce antifungal metabolites
and to protect some legume plants against Fusarium root-rot and wilt
pathogens in vitro and in vivo .

Materials and Methods
Fungal material: ;

Mycorrhizal fungi ie. Glomus mosseae , G. macrocarpum, G.
ousirale and G. fassiculatus were obtained from Plant ‘Pathology
Department, Moshtohor Faculty of Agriculture, Zagazig University.
Inocula of the VA mycorrhizae were grown on onion plants in a clay/
sand soil mixture of greenhouse pot culture, and the spores were
extracted using a modified centrifugation flotation technique
(Jenkines, 1964) and then they were added to vermiculite / peat
(1:1,w/w) mixture medium.

Fusarium solani and F. oxysporum were isolated from diseased
legume plant roots and identified at Plant Pathology Department,
National Research Center, Egypt. Inocula were grown on Potato
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Dextrose liquid medium and adjusted to 2x10* colony forming units
(cfu/ml). ' '
Pot experiments:

Seeds of different legume crops i.e., pea ( Pisum sativum), bean
(Phaseolus vulgaris), lentil (Lens esculenta ) and lupine (Lupinus
termis) were coated with thin layer of vermiculite and peat mixture
containing 400 spores of VA mycorrhizae. Carboxymethyl Cellulase
was added as sticker. Five seeds were sown in each pot containing
clay loam soil supplemented with 10 ml of Fusarium sp. spores
suspension (2x10* cfu/ml) .The plants were inoculated with 5 ml of a
dense Rhizobium culture (2x10° cfu/ ml, obtained from Microbiology
Department, National Research Center, Egypt). The plants were
grown under greenhouse conditions and watered at two days
intervals. Root- rot and wilt diseases caused by either F. solani or F.
oxysporum were recorded during growth periods .

Field experiments: ’

Two field experiments were established in natural clay soil at
Agriculture Faculty of Mostohor during 1999/ 2000 and 2000/2001
seasons. Legume seeds were coated with each of VA mycorrhizae as
previous above and sown in row, each containing 50 seeds. The
treatments were replicated three times in a completely randomized
block design. Root- rot and wilt diseases incidence were recorded
during the plant growth period. The percentage of root colonization
with VA mycorrhizae was calculated using the method given by
Phillips and Hayman (1970). Freshly rinsed roots were cut into 1-3
cm segments, from the root base. Ten root segments of each treatment
were randomly selected for staining and examined.

At 60 days, the percentage of phosphorus content in plant leaves was
determined using a spectrophotometer at 660 nm according to Olsen
and Sommers (1982). Plant dry weight and yield were also
calculated. :
Mycorrhizal metabolites production in vitro:

VA mycorrhizae fungi were grown on the medium (Abdel-latif,
1999 and 2001) modified from Murashing and Ckoog (1962)
medium. This medium contains of nutrient elements as mg/1L,
CaCl.2H,0O (440); MgSos ,7H,0 (370); KH,PO4 (170); Na; EDDA
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(33.6);FeSO4  .THO (278); NH4; NO; (1.65); KNO3 (1.9); Mn
S04.4H,0 (22.3); CuS04.5H,0 (0.025); CaCL;,.6H,0 (0.025); H3BO;
(6.2); KI (0.83); NaMo004.2H,0 (0.25); Glycine (2.0); Thiamine
(0.1); Pyridoxine. HCI (0.5); Nicotinic acid (0.5); Inositol (100);
Sucrose (30.0) and 1% agar in /1L distilled water ; pH of the medium
was adjusted to 5.5 before sterilize in -9 cm -Petri dishes . Plates were
inoculated with equal discs (9 mm. in diam.) of different VA
mycorrhizal fungi from the edges of young cultures were grown on
the same medium. After 15 days of incubation at 35 °C , metabolites
were extracted and analyzed (In Plant Pathology Research Institute ,
Agric. Research Center ) as follows:
Enzymes production: Hydrolys1s enzymes activity and isozymes
patterns were detected using’ activity staining in sodium dodecyl
sulfate polyacrylamid electrophoresis (SDS-PAGE) with 4%
acrylamide in the stacking gel and 12 % acrylamid in separating gel
as follows:
o Chitinase: Chitinase activity was measured according to Kang ef
al. ( 1989) method using N-Acetyl —D- glucosamine as substrate.
¢ Cellulase: Cellulase activity was determined in SDS- PAGE
according to Chernolazov, ef al.( 1989)
Phenol production: Total phenols were extracted by chloroform and
identified using High Performance Liquid Chromatography (HPLC)
according to A.C.A.C.( 1975).
Statistical analysis
Treatments means were compared using the least significant
differences (L.S.D) values at 5%. according to Daniel (1987).

Results
Effect of VA mycorrhizae on root-rot and wilt diseases incidence:
Results presented in Table (1) revealed that F. solani induced
severe rot-rot disease in bean, pea, lentil and lupine especially during

30 days after sowing. The infested soil with F. solani had highly
significant differences in the percentage of root- rot disease incidence

was achieved among untreated and mycorrhizae treatments on pea,
bean , lupine and lentil plants. All tested Glomus spp. displayed an
ability to reduce disease incidence . Whereas, disease incidence was
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completely controlled in lentil and lupine with G. mosseae and G.
Sfasciculatus. At the same time, disease incidence was lower with G.
mosseae and , G. fasciculatus in bean (2.0 and 3.3%) and (2.6 and
3.0%) and pea (4.4 and 7.5%) and (4.6 and 6.6%) in comparing with
untreated control (11.7 and 23.0%) in bean and ( 21.6 and 31.4% ) in
pea after 30 and 90 days of sowing , respectively. Also, G.
macrocarpum and G. oustrale showed capability in reducing disease
incidence.

Data in Table (2) also revealed that F. oxysporum induced severe
wilt disease incidence in lentil , lupine, pea and bean plants especially
during 90 days after sowing . Under artificial infested soil with F.
oxysporum  pathogens, legume plants had significant lower wilt
disease levels when soil amended with mycorhizal compared with un-
inoculated plants . The best treatment were those involving G.
mosseae and G. fasciculatus which showed the almost complete
control of wilt disease incidence in bean plants and minimum disease
incidence in pea and lentil. However, both G. macrocarpum and G.
oustrale significantly reduced wilt disease incidence compared to
control treatment.

Under natural infested soil with pathogenic Fusarium fungi,
application of Glomus spp., significantly reduced root-rot disease
incidence caused by I'. solani in lentil, lupine, bean and pea compared
with untreated plants in both seasons (Table 3). Analysis of data
revealed that root- rot disease incidence was completely controlled in
fentil and lupine where it was in bean (2.6 and 1.6%) and pea (3.3 and
2.3%) in the presence of G. mosseae in both seasons compared with
unireated plants (11.6 and 10.0%) and (18.6 and 14.3%), respectively

. Still, G. fasciculatus and G. macrocarpum were also affect the
reducing disease incidence in different plant crops in both seasons.

Data also observed that, under natural.infested soil with pathogenic
Fusarium fungi, mycorrhizae protected lentil , lupine, pea and bean
plants from wilt disease incidence caused by F. oxysporum in both
seasons (Table 4). No diseasc incidence was recorded in bean plants
and minimum diseased pea and lupine plants when treated with G.
mosseae or G. fasciculatus compared with inoculated treatment in both
seasons. :
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Table (1): Evaluation of four Glomus spp. mycorrhizalfungi on the
percentage of damping off and root-rot disease incidence on legume
plants grown in soil infested with F. solani.

Myconthizae Pea Bean Lemtil Lupine
fumgal sp. . _
Damping  Root- | Damping Root- Damping  Root- Dampmg  Root
—off' * rot -off rot -off rot -off -rot
F. solani 216 314 11.7 23.0 20.6 243 73 9.6
G. mosseae+ 4.4 7.5 2.0 33 0.0 0.0 0.0 0.0
F. solani
G.macrocarpum 6.6 9.5 32 55 1.6 3.6 0.0 0.6
+ F. solani
G. oustrale+ 84 11.2 5.3 7.6 2.6 43 13 1.6
F. solani
G. fasciculatus+ 4.6 6.6 2.6 3.0 0.0 0.0 0.0 0.0
F. solani
L.S.D (5%) 1.6 1.8 2.1 1.9 1.1 1.3 0.6 0.8

*Damping —off disease was recorded after 30 days of planting and
root- rot disease incidence was after 90 days.

However, G. macrocarpum showed the more ability to reduce disease
incidence in both seasons.

Mycorrhizae colonization on plant roots:

The different shapes of vesicles and arbuscules as well as mycelium
within the root cortex is consider an indication that different VA
mycorrhizae had colonized legume plant roots (Fig. 1). In general,
colonization percent was higher in pea, bean, lentil and lupine plants.
The highest vesicles and arbuscules colonization were recorded with G.
mosseae and G. fasciculatus followed by G. macrocarpum in lentil,
bean, lupine and pea plants. Meanwhile, G. fasciculatus reveal the
highest mycellim in all legume plants . Percent of vesicles and
arbuscules as well as mycelium colonization were lower with G.
oustrale in all legume plants.
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Table (3): Evaluation of four Glomus spp. mycorrhizal fungi. on the
percentage of Fusarium root-rot disease incidence on legume plants
grown under natural field conditions.

Mycorrhizae Pea Bean Lentil Lupine
fungal sp.

1999/ 2000/ | 1999/ 2000/ | 1999/ 2000/ | 1999/ 2000/
2000 2001 {2000 2001 | 2000 2001 | 2000 2001

Control 186% 143 |116 100 |75 5.4 9.3 6.5
G. mosseae 33 23 26 1.6 0.0 0.0 0.0 6.0
G.macrocarpum | 6.3 53 4.6 33 33 26 5.5 43

G. oustrale 9.6 8.3 52 4.6 46 . 33 6.6

tn
(8]

G. fasciculatus 3.6 2.6 23 1.3 0.6 0.0 1.3

oot B
Wy O

L.S.ID (5%) 2.6 2.6 18 1.6 14 1.0 13

*Root- rot disease was recorded after 30 days of planting.

Effect of VA mycorrhizae inoculation on dry weight and yield of
legume plants:

The iuﬂuonw of Cn’uu'uu Spp. on Plu.ut dx'_'y' “"‘“ght u-u"“"r| vield of Pea,

bean, lentil and lupine plants was shown in (Table 5). Growth and
yield of all tested plants were increased by VA mycorrhizae
inoculation compared with un-inoculated planis in both seasons. The
maximums plant dry weight and yield were recorded with G. mosseae
and G. fasciculatus in all legume plants. On the other hand, plants of
G. oustrale treatment, had the lowest values for both plant dry weight
and yield of all tested crops.

Effect of VA mycorrhizae on P content in leaves of legume plants:
The influence of different Glomus spp. treatments on P content in pea,
bean, lentil and lupine leaves was shown in Table (6). Data revealed
that, high enhancement in leaf P content in different legume planis
were recorded in all treatments with Glomus spp. The highest P
content was recorded in G. fasciculatus and G. mosseae. Also, G.
macrocarpum and followed by .On the other hand, a slight increase
was recorded in leaf P content at G. ousirale treatment.
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Production'v"of mycorrhizal Metabolites in vitro:
Enzymes production: :

Extracellular enzymes activity of Glomus spp. were carefully through
about in polyaclamid gel electrophoresis activity staining Fig. (2).
Results insinuated that , the different Glonus spp., produced chitinase
and cellulase isozyme bands in vitro. G. mosseae showed the highest
density of chitinase, a total of 3 isozyme bands were detected. The
secretion of chitinase is seeming to similar with G. macrocarpum, G.
Jasciculatus and G. oustrale. Furthermore, G. mosseae showed the
highest secretion of. cellula_sef-(?-isozym_e*bands). A moderate level of
cellulase (3 isozyme bands ) were assembled by G. macrocarpum and
G. fasciculatus, respectively. On the other hand, low'levelsof cellulase
(2 isozyme bands ) was detected at G. oustrale culture.

Phenol production AR ’

Data apparenit from HPLC charts represent the total phenol
concentration produced by Glomus spp. in vitro given in Fig. (3). It
was detected for the maximum at G. mosseae treatment (0.011 pg/mi)
followed by G. fasciculatus (0.09 pg/ml), wherg the lowest values was
found for G. macrocarpum (0.04 pg/ml). Meanwhile, pherols was no
detected in culture inoculated with G. oustrale... .

- - Discussion _

The VA mycorrhizae exploitation in the management of soil plant
diseases is a non chemical method of disease control. Mycorrhizal ungi
can act rather as an-aggravation of plant protection for certain soil
borne diseases or a source of plant improvement (Sharma and Dehro,
1996). Results confirm earlier finding, that the presence of mycorrhizal
fungi reduce root-rot, and wilt diseases incidence of some legume
plants including pea, bean, lentil and lupine either in natural orin
artificial soil with the causal organisms as a result of VA mycorrhizae
colonization root system. R '
These results imply a limited protection of different legume plants
against F. solani or F. oxysporum_-z-.by. Glomus spp. These also indicated
by BOdker ef al(1998) and Slezack “ef al( 2000). The relationship
was beneficial for the crop, when mycorrhizal fungi colonized the root
and protected pea from Aphanomyces euteiches. Furthermore, as
reported also by Torres ef al.(1996) indicated that the population of
Sclerotium “cepivorum in VA mycorrhizae treatment was decreased
during growth periods of onion plants.’ .
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Table (6): Influence of four Glomus sip . mycorrhizal fungi on leaf P
content (mg/plant) of legume plants grown under field conditions.

Mycorrhizae | Pea Bean Lentil Lupine
fungal sp.

" Control 2.31 2.45 1.20 3.24
G. mosseae - 3.73 - 3.91 1.88 4.54 -
G. macrocarpum 3.44 3.62 1.52 4.27
G. oustrale 2.81 324 1.46 3.92
G. Jasciculatus 3.92 4.10 1.92 4.96
L.S.D (5%) 0.35 0.38 0.25 0.40

The interaction between VA mycorrhizal fungi and plant pathogens can
be described in three statements about mechanisms of suppression of
rot disease through morphological, physiological and biochemical
alternations in the host plants (Sharma and Dohreo, 1996).

Also, mechanisms. of disease tolerance of mycorrhizal plants appear to
be distinct from improved nutrition inside the plant mainly P content
(kim et al., 1998). ' ‘

In the present study, fractionation of culture filtrates of Glomus spp.
using  gel electrophoresis indicated that, all the isolates produced
chitinase and cellulase where some of them were found to produce
phenols. Clearly, G. mosseae displayed superiorly compared with other
Glomus spp. in chitinase and cellulase activity as well as phenols
production.. - G. - macrocarpum- and G. fasciculatus produced the
moderate amount of cellulase as well as phenols. Meanwhile, G.
oustrale produced low level of cellulase. Transient activation of
chitinase and P -1,3-glucanase isozyme bands has been reported in G.
mosseae symbiosis, where disease severity was minimized (Pozo ef al.,
1998 and 1999). Chitinase is considered to have a major role as
biocontrol agents through their action on cell wall constituents of the
target fungi (Grenier and Asselin 1990 and Pozo ef al., 1998 and
1999).
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A 1 2 3 4-

Chitinase

cellulase

Fig. (2). Isozyme bands activity of chitinase (A) and cellulase (B) in
the culture filtrates of four Glomus spp of mycorrhizal fungi analyzed
by polyacrylamid gel electrophoresis. 1- Glomus mosseae 2- G.
macrocarpum,  3-G. oustralg ,  4-G. fassiculatus
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Fig. (3): Total phenols in the culture filtrates of four Glomus spp
mycorrhizal fungi analysed by HPLC. 1- Phenol standard 2- Glomus
mosseae ,  3- G. macrocarpum, 4-G. oustrale |, 5-G. fassiculatus
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At the same time, P content of Glomuys treatments was increased over
the control treatment in different legume plants. This is in agreement
with B@dker et al.(1998), who concluded that the roots were heavily
colonized by G. intraradices and symbiosis was clearly established
since P uptake by plants was increased. The reduction of pathogens
and the incidence in nutrient uptake could be the cause of improving in
plant vigor and yield .Clearly, G mosseae was the most effective
followed by G. macrocarpum and G. fasciculatus in metabolites
production , corresponded disease control and improve of plant’
growth. It was  concluded that, VA mycorrhizal fungi root
colonization, led to a significant plant protection from soil borne
diseases and improve the plant growth. Therefore, Glomus spp. had
positive effect on plant development. :
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