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ABSTRACT

Fusarium solani (Mart.) Appel. & Wollenew. and Rhizoctonia
solani Kihn., are reported in this work as broad bean root-rot pathogens,
but R. solani is more virulent than F. solani.

Survival percentage was significantly higher in cv. Giza 2 than cv.
Ribaya-40 (R-40). Both cultivars survived best in sterilized and
unsterilized soils respectively. In absence of root-rot pathogens, survival
produced by  the  vesicular-arbuscular-mycorrhizal Glomus
macrocarpum, (VAM) fungus was increased significantly more than
Benlate and Mancoper. In VAM-fungicide combinations, survivals were
significantly reduced if compared with VAM-fungus alone. In soils
infested with F. solani or R. solani, the best survival was produced by
Benlate alone or its combination with VAM-fungus, respectively.
However, VAM-fungus alone increased survival significantly better than
Mancoper fungicide when they were used against R. solani.

Root-rot disease severity index (DSI) was significantly higher in
sterilized soil than in unsterilized soil and on cv.. R-40 than cv. Giza 2
The DSI reduced significantly by applying fungicides or VAM-fungus as
well as by their combinations. The VAM-fungus alone, was effective as or
better than Benlate against root-rot disease incited by R. solani on both
cultivars and F. solani on cv. R-40, in unsterilized soils. The VAM-fungus,
seems to be less effective against R. solani-infection developed in
sterilized soil, especially on cv. R-40. However, VAM-fungicide
combinations, in most cases, resulted in significant improvement in
disease control if compared with VAM-fungus alone.

The intensity of VAM-colonization to roots of broad bean plants was
higher, in general, on cv. R-40 than cv. Giza 2, especially in unsterilized
soil. However, it was negatively affected by the tested fungicides and
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pathogens with few exceptions. In this respect, R. solani inhibited VAM-
colonization more than F. solani, and Mancoper fungicide than Benlate
fungicide. Root-rot pathogens occurred in unsterilized soil together with
VAM-fungus caused greater increases in VAM-colonization compared
with the later fungus alone. Increasing in VAM-colonization and reduction
in root-rot incited by F. solani seems to be closely related.

Plant height and root length of plants inoculated with VAM-fungus
and grown in soils infested or uninfested with root-rot pathogen, were
significantly higher than those of non-inoculated plants: Fungicides
alone had no effects or exhibited harmful appearance on both plant
height and root length of diseased plants. When fungicides used in
combination with VAM-fungus both growth characters were significantly
improved.

INTRODUCTION

Broad bean (Vicia faba L.) plants are attacked by many soil
pathogenic fungi, including Rhizoctonia solani and Fusarium
solani which caused damping-off and root-rot diseases and greatly
reduced plant growth. These, finally produced great losses in the
resultant seed yield (Aly, 1967 and Sirry el al., 1970).

Yet, it is known that the vesicular-arbuscular-mycorrhizal
(VAM) fungi could enhance growth of shoots and roots of several
crops (Kleinschmidt and Gerdeman, 1972; Khan, 1973; Graham
et al.,, 1976; Kucey and Paul, 1983; Al-Fasi et al., 1990 and
Ahmed et al., 1994). This effect was attributed to the improvement
in nutritional uptake of mycorrhizal plants (Gerdeman, 1964 and
Ross, 1971) and may also cause protective effects of roots in these
plants against soil invaders making more healthy root system which
could absorb additional nutrients causing further growth
enhancement.

Some fungicides like Thiram, Captan, Ridomil, Pyroxychlor
and Carbendazim apparently do little if any damage and had no
adverse effect on mycorrhizal fungi (Nemec, 1980; Menge, 1982
and Vyas and Shroff, 1990). However, some workers reported that,
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VAM-fungi appear to be highly sensitive to Benlate, Thiabendazole,
Topsin, Calixin and Erthirimol (Bailey and Safir, 1978 and
Menge, 1982).

This work was conducted mainly to investigate possible effects
of some fungicides on the protective action of this VAM-fungus
under stress of root-rot pathogens in sterilized or unsterilized soil.
Two broad bean cultivars were included in this work. Relationship
between disease severity and VAM-colonization intensity was also
determined.

MATERIALS AND METHODS

- Isolation of causal organism(s):

The used cultures of root-rot infecting fungi, i.e., Fusarium
solani and Rhizoctonia solani were isolated from rotted roots of
naturally diseased broad bean plants collected from the Farm of
Fac. of Agric., Moshtohor, Zagazig Univ. Purification of the
isolated fungi was carried out using hyphal tip and/or monosporic
culture techniques, then identified according to Parameter and
Whitney (1970) and Nelson et al. (1983).

« Inoculum preparation and pathogenicity test:-

The inocula were prepared by growing each of Fusarium
solani (Mart.) Appel & Wollenew. and Rhizoctonia solani
(Kdhn.) on sterilized sorghum grain medium in glass bottles for 2
weeks at 28°C. A clay loam soil with pH 7.5, unsterilized or
sterilized by autoclaving at 15 Ib./in® for two hours was infested by
the prepared inocula separately at the rate of 5% of soil weight. The
infested soil was potted in plastic pots (@ 20 cm), each containing
1.5 kg infested soil. Pots were watered on alternate days and
incubated under greenhouse conditions for 7 days to maintain equal
distribution of the fungal inoculum. Sterilized, un-inoculated
sorghum grain medium was added to control pots. Surface
sterilized seeds (with 0.1% mercuric chloride solution for 2 min.)
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of Giza 2 and Ribaya-40 (R-40) broad bean cultivars, were planted at
the rate of 6 seeds/pot Four pots, were used for each particular
treatment.

Pathogenicity tests were carried out under greenhouse
conditions in Fac. of Agric., Moshtohor, in a randomized complete
block design experiment.

Root-rot diseased plants were counted after 60 days from
sowing, plants were carefully removed, washed currently with tap
water, then examined for root-rot symptoms. Determination of the
root-rot disease severity index (DSI) was carried out, based on a
scale from O (non-visible damage) to 5 (completely destroyed roots)
according to Salt (1982).
 Effect of seed treatment with fungicides and VA-

Mycorrhiza on plant growth and root-rot diseases of

broad bean:

The tested micro-organisms:-

A highly virulent isolate from each of Fusarium solani and
Rhizoctonia solani to the roots of broad bean plants were isolated
and identified as mentioned before. The vesicular-arbuscular-
mycorrhiza (VAM), i.e. Glomus macrocarpum tested in this study
was kindly provided by Dr. Gendia, H., Hort. Dept., Fac. Agric.,
Moshtohor, Zagazig Univ.,

Cultivars, fungicides and seed treatments:-

Two fungicides namely, Benlate 50 [Methyl I-(butyl
carbamoyl) 2-benzimidazole carbamate] and Mancoper (52.5%
Mancozeb + 17.5% copper oxychloride) were used at the rates of
1.0 and 1.5 g/kg seeds, respectively, for treating healthy seeds of
broad bean cultivars Giza 2 and Ribaya-40 (R-40), both were
supplied from Agricultural Research Center, Ministry of Agric.,
Giza, Egypt.
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Inoculum propagation and soil inoculation:

Inocula of the root-rot pathogens (F. solani and R. solani) were
prepared and soils were infested as described before.

The VAM-fungus (Glomus macrocarpum) was propagated on
onion plants using the propagation technique described by Al-Fassi
et al. (1990). After three months from onion cultivation, the
mycorrhizal roots of onion bulbs together with its adjacent soil were
collected and used for mycorrhizal infestation. The mycorrhizal
inoculum, containing infected onion roots and its rhizospheric soil
rich in G. macrocarpum spores, was added, just before sowing, at
the rate of 10 g/pot (modified from Fares, 1986).

Design, replications and measured items:-

A randomized complete block designs each with four replicates
(pots) were earned out, under greenhouse conditions, to investigate
all possible interactions between soil type (unsterilized or sterilized),
cultivars (Giza 2 and R-40) and 18 treatments which were
combinations of two root-rot pathogens, VAM-fungus and two
fungicides in addition to two controls (untreated). Each pot was
sown with six, healthy, fungicide-treated or untreated seeds.

After 60 days from sowing, percentage of survived plants, root-rot
disease severity index (DSI) as described by Salt (1982), plant
height and root length for each particular treatment were
determined. For each treatment into which the VAM-fungus was
included, the intensity of root colonization with such fungus was
determined using the method described by Phillips and Hayman
(1970). Relationship between VAM-colonization ability to roots
and DSI was also investigated. This work was repeated for two seasons
(1991 and 1992).

Determined percentages were transformed to the arcsin before
carrying out the statistical analysis.

Statistical analysis:
All data obtained were subjected to the proper analysis of
variance (Snedecor and Cochran, 1980).
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RESULTS AND DISCUSSION

The obtained data (Fig. 1) proved that, the isolated fungi
Fusarium solani (Mart.) Appel & Wollenew. and Rhizoctonia
solani (Kdhn.), could infect broad bean plants and cause root-rot
disease. Root-rot was relatively higher in sterilized than unsterilized
soil and on cv. Ribayz-40 (R-40) than cv. Giza 2. R. solani was
more virulent than F. solani. These results are in agreement with
those reported by Sirry et al. (1970) and Salt (1982). They stated
that, R. solani and F. solani were the most important pathogens
causing root-rot disease of bread bean plants.

Data in Table (1) show that, survival plants of cv. Giza 2 was
significantly higher than those of cv. R-40, either in unsterilized or
sterilized soil. However, best survival of both Giza 2 and R-40
cultivars were produced in sterilized soil and unsterilized soil
respectively. Whatever, regardless cultivars survivals was not
affected significantly by soil type.

9% Root-rot disease

Sterilized Soil Unsterilized Soil

Fig. (1): Pathogenicity of isolated fungi Rhizoctonia solani and
Fusarium solani (as root-rot %) 60 days after sowing
broad bean plants in unsterilized and sterilized soils.
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Table (1): Effect of G. macrocarpum (GI) and seed dressing
fungicides and their combination on survivals of two
broad bean cvs. infected with root-rot pathogen in
unsterilized or sterilized soils, 60-days after sowing.

cultivar Soil tvpe Unster::Iized sc;il SteriIined soiL Mean
Treatment |control - * . |Control " -
solani | solani solani | solani
Control 95.8 | 33.3| 52.0|100.0| 29.2 | 20.9 | 55.2
Benlate (B) 95.8 | 100.0| 95.8 | 100.0| 91.7 | 87.5| 95.1
Giza |Mancoper (M) | 958 | 75.0| 50.0 | 95.8| 75.0 | 66.7 | 76.4
2 Gl 91.7 | 58.4 | 58.4|100.0| 50.0 | 62.5| 70.2
G1+B 75.0| 66.7| 75.0| 75.0| 625 | 91.7 | 74.3
Gl+M 75.0| 46.6 | 33.3| 75.0| 66.7 | 54.2 | 58.5
Mean 88.2| 63.3| 60.8| 91.0| 625 | 63.9 | 71.6
Control 91.7| 20.9| 16.7 | 100.0| 20.9 | 16.7 | 445
Benlate (B) 958 | 91.7| 75.0| 83.3| 87.5| 41.7 | 79.2
R- 40 Mancoper (M) 62.5| 33.3| 16.7| 66.7| 20.9| 209 | 36.8
G1 87.5| 50.0 | 62.5|100.0| 41.7 | 50.0 | 65.3
G1+B 66.7 | 54.2| 66.7 | 75.3| 54.2| 75.0| 65.4
G1+M 458 | 66.7| 66.7 | 66.7 | 20.9 | 54.2 | 53.5
Mean 75.0| 52.8| 50.7 | 82.0| 41.0| 43.1| 575

L.S.D. at 5% for:

Soil type Cultivar Treatment
(S) (©) (T SxC SxT CxT SxCxT
N.S. 0.19 0.52 0.27 N.S. N.S. N.S.

As for, merely, treatments, the same data proved that, VAM-
fungus, G. macrocarpum when inoculated alone into clean soil
produced the highest percentage of survival followed by Benlate and
Mancoper, but all them came next after control treatment. Compared
with VAM-fungus alone, survival percentage was greatly reduced
when VAM-fungus was combined with fungicides particularly
Mancoper. In soil infested with F. solani or R. solani, applying
fungicide, VAM-fungus each alone or in combinations, produced
significant increase in survivals compared with any pathogen alone. In
this respect, efficiency of the VAM-fungus, was comparable to that of
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Mancoper when applied against F. solani and better than it when
applied against R. solani. The harmful effect of Mancoper seems to be
decreased as survival was increased when it was combined with VAM-
fungus. In general, regarding pathogens only, Benlate alone or
combined with the VAM-fungus against F. solani and R. solani, in
this respect, produced the highest increase in survivals compared with
these pathogens each alone. These results indicated that, Mancoper
may be more toxic to VAM-fungus than Benlate and against R. solani
than F. solani.

Percentage of survivals was not significantly affected by the
cultivar/treatment interaction. However, it could be noticed that, in
presence of a given root-rot pathogen, Mancoper alone lowered
survival of cv. R-40 greatly compared with cv. Giza 2 When VAM-
Mancoper combined treatment was applied, survival of cv. R-40 only
was greatly improved compared with Mancoper alone.

Data in Table (2) prove that, DSI was significantly higher in
sterilized soil than in unsterilized soil. However, it was not affected
significantly by the interaction between cultivar and soil type (i.e.

sterilized or not).

The DSI caused by a given pathogen was greatly and
significantly reduced by using the VAM-fungus, fungicide seed-
treatments each alone or in combination. In this respect, root-rot
diseases were controlled better by any fungicide than by VAM-
fungus alone. Efficacy of the VAM-fungus against root-rot
infections on both cvs. was significantly improved when it was
combined with Benlate as seed dressing fungicide. In such
combination, DSI was lying in between those obtained by each
partner if used alone. While, in case of VAM-Mancoper
combination it shows no detectable variations compared with
Mancoper alone. This result indicated again that, Mancoper may
be toxic against VAM-fungus more than Benlate.



383 Egypt. J. Appl. Sci., 9(11) 1994

Table (2): Root-rot disease severity index (DSI) as affected
by G. macrocarpum (Gl) alone or combined with
fungicide-seed treatment, in unsterilized or sterilized
soils after 60 days from sowing.

Soil tvoe Unsterilized soil | Sterilized soil

Cultivar Mean
Treatment Control F . R. . |Control F. . R. .
solani | solani solani | solani

Control 10.0|35.0(43.1| 0.0 |52.5|525 | 32.2

Beniate (B) 0.0 |11.6|10.0| 0.0 |10.0|13.3| 7.5
Giza | Mancoper(M) | 0.0 |15.013.3| 0.0 | 83 |11.7| 8.1
2 G1 10.0|25.0|15.0| 0.0 | 225|335 17.7

G1+B 0.0 |20.0|16.6| 0.0 |{16.6|11.7 | 10.8
G1+M 0.0 |16.620.0| 0.0 |10.0| 11.7 | 9.7
Mean 3.3 1205|19.7| 0.0 {20.0|22.4 | 14.3
Control 10.0|43.145.0| 0.0 | 82.5|65.0 | 40.9

Benlate (B) 0.0 |10.3|16.7| 0.0 | 6.7 |13.3| 7.8
R-40 Mancoper(M) | 0.0 |15.0| 5.0 | 0.0 | 3.3 | 10.0 | 15.6
Gl 100( 75 | 75 | 0.0 |25.0|55.0| 17.5

G1+B 10.0|15.0|15.0| 0.0 | 10.0|11.7 | 10.3
G1+M 0.0 | 6.7 |50[00|67|50] 39
Mean 5.0 |16.3|15.7| 0.0 | 22.4|26.7 | 14.3

L.S.D. at 5% for:

Soil type Cultivar Treatment
(S) (®) (T SxC SxT CxT SxCxT
0.98 N.S. 2.60 1.20 3.60 3.69 5.20

This could be supported by data in Table (3) which show that, the first
fungicide caused the highest reduction in intensity of VAM-
colonization. It is interesting to state that, the VAM-fungus was more
effective against F. solani than R solani. The DSI was reduced from
533% to 20.0% and from 51.4% to 27.7% for both pathogens,
respectively. In general, VAM-fungus in uninfested had no
significant effect on root-rot infections occurred naturally in
unsterilized soil Its protective action was exhibited only under
pressure of a given root-rot pathogen (i.e. artificial infection). In
fact natural unsterilized soil may contain different antagonistic
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microorganisms which inhibited the suppressive effect of the VAM-
fungus against root pathogens.

The DSI was significantly affected also by the interaction
between treatment and cultivar. Disease caused by any pathogen
especially F. solani was higher on cv. R-40 than cv. Giza 2.
However, disease due to F. solani was controlled significantly
better on the firs: cultivar than the later one by applying the YAM-
fungus alone or in combination with fungicide seed treatment while
disease R. solani was controlled by the VAM-fungus on cv. Giza 7
better than on cv. R-40. In general, VAM-Mancoper combination
produced the highest significant decreases in DSI caused by both
tested pathogens on cv. R-40 compared with cv. Giza 2.

The same dam stated also that DSI caused by both pathogens
especially F. solani was significantly higher in sterilized soil than in
unsterilized soil. Soil sterilization may favour survival of F. solani and
in the same tune eliminate soil microorganisms having antagonistic
properties against it. This was in harmony with Lef and Chaung
(1990) who observed that, some races of F. oxysporum f. sp. cubense
survived better in sterilized soil than in natural unsterilized soil. Root-
rot diseases caused by F. solani and/or R. solani only were lowered
significantly in sterilized soil by applying Mancoper alone. VAM-
fungus combined with Mancoper or Benlate, in respective, compared
with the same treatments in unsterilized soil. Effectivity of VAM-
fungus in controlling root-rot disease was comparable to Benlate and
significantly better than VAM-Benlate combination when they were
used against R. solani in sterilized soil In general, fungicides alone or
in combination with VAM-fungus lowered DSI in sterilized soil more
than unsterilized soil, while VAM-fungus alone controlled it in
unsterilized soil better than in sterilized soil.

Data in Table (3) indicate that, intensities of VAM-fungus in
absence of root-rot pathogens, were higher, in general, in sterilized soil



385 Egypt. J. Appl. Sci., 9(11) 1994

than in unsterilized soil and in roots of cv. Giza 2 than those of cv. R-
40. The tested pathogens, i.e. F. solani or R. solani (in most cases) and
the seed dressing fungicides i.e. Benlate and Mancoper each alone
decreased VAM-colonization intensity to different extent. However, in
case of cv. R-40 grown in unsterilized soil infested with any pathogen
especially R solani the colonization of root with VAM-fungus showed
marked increase compared with the VAM-fungus when introduced into
uninfested soil (control). In presence of a root-rot pathogen, reduction
in VAM-colonization was successively increased by using fungicides
especially Mancoper for seed treatment. In general, applying Mancoper
fungicide together with VAM-fungus in non-infested or infested soil
with F. solani or R. solani caused the greatest reduction in VAM-
colonization intensity compared with VAM-Benlate combination. In
most cases, reduction in VAM-colonization was higher in sterilized soil
than in unsterilized one.

The same data proved also that the roots of cv. R-40 grown in
unsterilized soil infested with F. solani or R. solani exhibited the
highest intensity of VAM-colonization and this was reflected in highest
reduction in DSI caused by these pathogens. Elevation in VAM-
colonization. regardless cultivar and soil type, seems to be associated
with improvement in disease control particularly that caused by F.
solani. These results indicated that the protective infection of VAM-
fungus. G. macrocarpum, against root-rot infections may be affected
by several factors including host plant (cultivar), pathogen soil
conditions, and may be the interaction; between them. Similar
conclusion was reported also by Perrtin (1985). Benlate was reported
as one of the most effective fungicides against causal organisms of
root-rot disease on broad beans and other crops (Mostafa, 1972 and
Eisa and Barakat, 1978). On the other hand, Benlate could reduce
penetration and development of VAM-fungi in roots of different crops
(Jalali and Domsch, 1975; Bailey and Safir, 1978 and Menge,
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1982). In fact, root exudate of VA-mycorrhizal plants may prevent
root-rot infections directly through inhibition of disease agent or
indirectly changing structure of rhizosphere and stimulating
antagonistic microorganisms in growing area of their roots. Effect of
root exudates may be increased proportionally with increasing in
VAM-colonization. These results and explanation are in harmony with
Baltruschat and Schonbeck (1972) who observed fewer
clamydospores of Thielaviopsis basicola were formed on mycorrhizal
than on non-mycorrhizal roots of tobacco inoculated with the pathogen.
The number of spores were inversely correlated with the amounts of
VA-infection. Mycorrhizal root extracts inhibited chlamydospore
production on cultivars of T. basicola. This was largely attributed to the
amino acid arginine which accumulated in the endomycorrhizae
(Baltruschat et al., 1973). They added also that, VA-Mycorrhizae
formed in tobacco roots can increase their resistance to root-knot
nematodes.

Data in Table (4) show that plant height of cv. Giza 2 was
significantly taller than cv. R-40. However, it was not affected by soil
type or interaction between soil type and cultivar. Plants
grown in soil inoculated only with the VAM-fungus produced the
highest significant increase in plant height compared with
uninoculated control. Benlate alone had no significant effect on the
height of plants infected with F. solani or R. solani, while plant height
of R. solani-infected. plants was decreased significantly compared with
pathogens alone. Applying any of these fungicides together with VAM-
fungus caused significant increases in plant height compared with
fungicide alone. In this respect, plant height in Mancoper-VAM
combination was significantly lower than in Benlate-VAM
combination. These results indicated that, the harmful effect of the
tested fungicides especially Mancoper was greatly decreased and plant
height was significantly increased when it was combined with the VAM-
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fungus.

As for cultivar/treatment interaction, the same data in Table (4)
show that plant height of both tested cultivars, was similarly affected by
most tested treatments with few exceptions. Plant height of cv. Giza 2
was significantly higher than cv. R-40 in the following treatments:
Mancoper alone in uninfested soil, VAM-fungus in soil infested with F.
solani and VAM-Benlate combination in soils non-infested or infested
with F. solani or R. solani.

Regarding soil type/treatment interaction, the same data show that
in sterilized soil, applying VAM-fungus alone in soil infested by F.
solani, VAM-Benlate combination in soil in non-infested soil or
infested by. F. solani, and VAM-Marcoper combination in non-
infested soil produced significant increases in plant height compared ith
the same treatments in unsterilized soil.
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Table (4): Effect of VAM-fungus, G. macrocarpum (Gl)
alone or combined with fungicide-seed treatment on plant
height (cm)of broad bean plans, grown in
unsterilized or sterilized soils, infested with F. solani or R.
solani. after 60 days from sowing.

Soil tvne Unsterilized soil | Sterilized soil

Cultivar Mean
Treatment Control F . R. . |Control F. . R. .
solani | solani solani | solani

Control 154|120 80 |19.6|12.7| 6.5 | 124

Beniate (B) 19.5|13.0(13.2|18.6|11.9| 7.0 | 13.9
Giza | Mancoper(M) | 18.1|10.3| 5.9 [21.5| 6.6 | 9.3 | 12.0

2 Gl 21.5|16.2|23.9|235|23.1|239| 220
G1+B 23.3]17.4120.9|25.4|26.3|26.4| 23.0
G1+M 12.2113.3]11.3|22.3|12.6|11.9| 13.6
Mean 17.813.7113.9|22.0|15.2|14.2 | 16.1
Control 198| 6.3 | 3.3 |285|18.6| 83 | 115

Benlate (B) 175]13.3| 6.2 |19.3|135| 8.0 | 125

R-40 | Mancoper(M) 12.7| 5.0 | 27 |129| 7.6 | 5.0 | 17.7
Gl 2371441198 |24.2|16.4|23.1| 195
G1+B 13.3|14.1|16.9|13.6|16.3|16.2 | 14.6
G1+M 143|154 | 9.7 |12.7]11.7]|11.4| 12.6
Mean 16.0|11.4| 98 |17.2|12.2|12.0| 13.1

L.S.D. at 5% for:

Soil type Cultivar Treatment
(S) (©) (M SXxC SxT CxT SxCxT
N.S. 2.0 3.0 N.S. 3.0 4.1 4.3

In general, cv. Giza 2 grown in sterilized soil either infested or
non-infested with a given root-rot pathogen and inoculated with the
VAM-fungus combined with Benlate, produced the most tallest plants
compared with VAM-fungus alone. However, plant height cv. R-40 in
non-infested sterilized or was decreased significantly by applying
VAM-fungicides combination compared win VAM-fungus alone.
Mancoper alone used for treating seeds of cv. R-40 in soils infested
with a given root-rot pathogen, particularly R. solani caused the greatest
reduction in plant height compared with the pathogen alone. The
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harmful effect of Mancoper on plant growth VAM-colonization and
inhibition of root-rot disease pathogens could be explained depending
on toxic action of heavy metals. Increasing uptake of copper ions
released during Mancoper degradation, especially in presence of a root-
rot pathogens, may lead to inhibition of certain enzymes and vital
interactions carried out in host plant and VAM-fungus as well as root-
rot pathogens, as a result of this effect plant growth, VAM-colonization
and DSI were reduced. These results could be supported by those
obtained by several investigators. Menge
(1982) attributed stunting following fungicides application to
phytotoxicity of these compounds. However, some investigators
eliminated phytotoxicity of Benlate. It was mainly due to a reduced
effectiveness of the VAM-association as a cause of stunting (Jalali
and Domsch, 1975; Boatman et al., 1978; Bailey and Safir, 1978).
As for heavy metal effect, Graham et al. (1985) reported
that, the growth of citrus seedling and colonization by the
myconhizal fungus Glomus intraradics were reduced logarithmically
with increasing in copper (Cu) concentration. They added that leaf P-
content decreased linearly with Cu for mycorxhizal seedlings. The Cu
induced reduction in P uptake of myconhizal plants was more closely
related to the inhibition of hyphal development outside of the roots than
to development of vesicules and arbuscules in the root.

Data in Table (5) show that, root length was not affected
significantly by soil type, cultivar and their interactions. Compared
with F. solani- or R. solani-infected plants, the root length was not
affected significantly by applying Mancoper alone, while Benlate
gave pronounced increase in root length which reached the level of
significancy in case of plants infected with F. solani. However, the
VAM-fungus alone produced the highest root length for both healthy
and diseased plants. Benlate alone enhanced root length of healthy
plants which was significantly higher in unsterilized soil than in
sterilized soil and on cv. R-40 than cv. Giza 2, while Mancoper alone
caused significant decrease in root length of plants grown in
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unsterilized soil infested with R. solani, compared with those grown in
sterilized soil. Healthy plants of cv. Giza 2 treated with Mancoper
alone produced the highest increase in root length compared with the
same treatment on cv. R-40. In general, applying combination resulted
in significant increases in root length of diseased plants compared with
fungicides alone.

Table (5): Effect of VAM-fungus, G. macrocarpum (G1)
alone or combined with fungicide-seed treatment on rco:
length (cm) of broad bean plants, grown in unsterilized
or sterilized soils, infested with F. solani or R. solani
after 60 days from sowing.

Soil tvne Unsterilized soil | Sterilized soil

Cultivar Mean
Treatment Control F , R. . |Control F. i R. i
solani | solani solani | solani

Control 13.4| 8.3 | 10.7| 11.2| 8.2 8.5 | 10.1

. Beniate (B) 19.4| 12.3 | 12.8| 11.1| 7.4 | 7.7 | 11.2
Giza Mancoper(M) | 22.8| 9.0 | 6.3 | 22.0| 4.0 | 10.6| 12.3

2 G1 1s.5(12.3 | 15.1| 14.4/ 143 | 16.7| 154
G1+B 15.9| 19.4 | 1S.9| 15.1| 22.3 | 22.S| 1S.3

G1+M 14.3| 11.2 | 12.8| 21.9| 18.3 | 12.7| 15.2

Mean 17.6 | 12.1 129 | 16.0| 124 13.2 14.0
Control 10.9| 83 | 45| 13.0/100| 8.0 | 9.1

Benlate (B) 29.0/ 10.1 | 6.0 | 16.5/10.8| 8.7 | 133
Mancoper(M) | 11.0/ 7.3 | 1.8| 17.2| 76 | 8.0 | 8.8

R-40 G1 12.6| 13.3 | 13.3| 15.2| 10.3 | 15.3| 13.2
G1+B 17.2| 23.4 | 1S.S| 18.2| 20.8 | 12.8| 18.7

G1+M 15.8| 15.3 | 11.6| 13.5|/ 16.7 | 10.8| 14.1

Mean 16.1| 13.1 | 9.5 | 15.6| 12.7 | 10.6| 12.9

L.S.D. at 5% for:

Soil type Cultivar Treatment
(S) (©C) (M SXxC SxT CxT SxCxT
N.S. 2.0 3.0 N.S. 3.0 4.1 4.3
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