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ABSTRACT
Sesame charcoal rot disease (Macrophomina phaseolina Tassi (Goid))
was successfully controlled under greenhouse conditions by using several
practices. Treating sesame seeds with Trichoderma harzianum produced
the highest percentages of healthy mature plants (96.7%) followed by
Chaetomium bostrycoides (90.0%), Trichoderma sp 5 (83.3%) and T.
hamatum (80.0%). Moreover, soaking seeds in the filtered extracts of
thyme, rhubarb or garlic or autoclaved extracts of cumin or azedrach
maximized the healthy mature plants (83.3-86.7%). While, soaking
seeds in IBA at 100 ppm or SA at 4 mM produced 100.0% and 96.7%
healthy standing plants, respectively. The probable biochemical defense
mechanisms that induced by these treatments in term of oxidative
enzymes, phenol and sugars content were investigated and discussed.

Applying soil preparations of the VAM (vesicular arbuscular
mycorrhiza) fungi showed no significant effect on the post-emergence
and charcoal rot incidence. The soil preparation containing different
Glomus spp. (G1+G2+G3+G4) produced the highest % healthy standing
plants (86.7%) followed by G1 alone (76.7%), G3+G4 (70.0%), G2+G3
(63.3%), and G4 (63.3%) compared with control (36.7%). In another
experiment, mixture of 4 VAM fungi grown in vitro on autoclaved
barely-sand modified medium was used at different rates. Applying this
mixture at rates of 2g/Kg soil produced the highest significant increase
in healthy standing plants (70.0%) compared with control (30.0%). The
incidence of charcoal rot was decreased significantly only at rates 1 and
2 g/Kg soil (2.5-7.5%) compared with control treatment (22.5%).
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antagonistic microorganisms, plant extracts, resistant inducing
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INTRODUCTION
Macrophomina phaseolina Tassi (Goid), the causal of charcoal and/or

root-rot is the main destructive pathogen on sesame plants especially in Upper
Egypt (Khalifa, 1997 and Abdou et. al.,  2001). The charcoal rot and many other
root pathogens could be controlled by the antagonistic fungi and bacteria, the
vesicular arbuscular mycorrhizal fungi (VAMF) (Perrtin, 1985; Schonbeck, 1987;
Dinakaran and Marimuthu, 1997; Filion et al., 1999; Mohan, 2000) and plant
extracts (Osman (Nagwa) et al., 1996; Raja and Kurucheve, 1999). Employing
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the resistant-inducing agents was also used (Shalaby and Saeed, 2000; Shalaby et
al., 2001 and Abdou et. al., 2001). The present work was conducted to investigate
effects of antagonistic fungi and bacteria, some autoclaved and filtered plant
extracts, and chemicals inducing resistance to control of Macrophomina phaseolina
under lab and greenhouse conditions. Effects of two different preparations of the
vesicular arbuscular mycorrhizal fungi i.e. soil based and axenic cultures on
incidence of charcoal rot disease under greenhouse were also evaluated.

MATERIALS AND METHODS
Effect of treating sesame seeds with some antagonistic microorganisms:

In this study, 7 isolates of Trichoderma sp. and one isolate of Bacillus sp.
No. 3, (isolated from rhizosphere of healthy sesame plants) in addition to
Trichoderma harzianum, T. hamatum, T. viride, Gliocladium penicilloides,
Cheatomium bostrycoides, Bacillus subtilis, and B. megtella (obtained from
Biological Control and Onion and Oil Crops Res. Dept Agric., Res. Center Giza,
Egypt) were used. Ten days PDA culture of each antagonistic fungus grown at 26
C was flooded with sterile-distilled water, scraped with a camel brush then filtered

thorough sterilized filter papers. Spore suspensions were adjusted to approx. 5x108

condia/ml for Trichoderma spp and G. penicilloides and about 106 ascospores/ml
for C. bostrycoides. Surface sterilized sesame seeds (0.5g) was thoroughly mixed
with 2 ml spore suspension plus 1 ml of 1% Arabic gum solution as sticker
(modified from Harman et al., 1980) and shacked slowly for 5 minutes. The tested
antagonistic bacterial isolates was grown for 48 hrs at 26 C on slants of King’s
medium B (KB), then bacterial growth was scraped and the re-suspended in
mixture of 1.0% methyl cellulose and 0.1 M MgSO4 (1:1 by volume). Surface
sterilized sesame seeds (0.5g) were thoroughly mixed with 2 ml of bacterial
suspension for 5 minutes then left to dry for 2 hrs in a laminar flow before planting
(Park et al. 1991). Bacterial population determined per seed was 1x108 cells/seed
according to dilution plate assay described by Callan et al. (1990). The treated and
non-treated seeds were sown in pots (  25 cm) containing soils infested with M.
phaseolina (isolated by Khalifa, 2003 from charcoal rotted sesame plants grown at
Samalot “Menia governorate”) at the rate of 10 sesame seeds (Giza32 cv.)/pot.
Three replicates were used for each particular treatment. As for disease assessment,
% pre-emergence damping off (15 days after sowing), post-emergence damping off
and % healthy survived seedlings (45 d after sowing), charcoal rotted and healthy
standing plants (90 d after sowing) were estimated as percentages of the number of
seeds sown per each pot.
Effect of some filtered and autoclaved watery plant extracts:

Fresh plant parts of garlic (cloves), thyme and marjoram (herbs) and dried
plant parts of clove (flower buds), roselle (sepals), ginger and rhubarb (roots),
anise, fennel and cumin (seeds), eucalyptus and azedrach (leaves) were used in this
study. The clean fresh plant material (50g) were blended in 250 ml sterilized
distilled water. The filtered extracts were obtained by squeezing the homogenates
through cheesecloth, filtered through filter paper Watman No.1, centrifuged at
5000 rpm for 30 min then the supernatant extracts were sterilized using Senter



glass G5. While, the autoclaved extracts were obtained by boiling the homogenates
for one hour, filtered and centrifuged as above described then supernatants were
autoclaved at 121 C for 15 min.  Surface sterilized sesame seeds were soaked for 15
minutes in a tested plant extract plus 1% Arabic gum solution as sticker then left to
air dry for 24 hrs before sowing in M. phaseolina-infested potted soils. Seeds
treated with Arabic gum only were used in control pots. Three pots each planted
with 10 sesame seeds were used for each treatment. The disease incidence as
affected by the tested treatments was measured as described before.
Effect of treating seeds with different resistant inducing agents (RIA):

Surface sterilized sesame seeds were soaked for 2.5 hours in a known
concentration of any tested resistant inducing agents (Table 1). After 24 hours the
air-dried seeds were sown at the rate of 10 seeds/pot in Macrophomina phaseolina
infested potted soils. Three pots were used for each treatment. Seeds soaked in
water served as control. The criteria of disease incidence were estimated as above
mentioned. After 60 days from sowing, samples of treated and untreated healthy
sesame plant-leaves were extracted according Goldschmidt et al. (1968). The leaf
extracts were used for determining activities of peroxidase, catalase and
polyphenol-oxidase enzymes using the procedures suggested by Allam and Hollis
(1972). Maxwell and Bateman (1967) and Matta and Dimond (1963),
respectively. The phenolic and sugar contents were also determined according to
the methods described by Snell and Snell (1953) and Thomas and Dutcher (1924),
respectively.

Table 1: List of the tested systemic resistant inducing agents and their
concentrations.

Tested compound Tested concentrations

Salicylic acid (SA) 2.0, 4.0 and 8.0 mM
Bion 500 WG * 2.0, 4.0 and 8.0 mM
Indole acetic acid (IAA) 100, 200 and 400 ppm
Indole butyric acid (IBA) 100, 200 and 400 ppm
Hydrogen peroxide (H2O2) 1.0, 2.0 and 4%
Potassium chloride (KCl) 1.0, 2.0 and 4%

* [50% Acibenzolar-5 methyl (lysoprosall), chemical name: benzol (1,2,3) thiadiazol-7-carbothioic acid
5-methyl ester (BTH)]

Effect of the soil and axenic culture preparations of the vesicular
arbuscular-mycorrhizal (VAM) fungi:

Two experiments were conducted to evaluate effect of VAM fungi on disease
incidence. In the first experiment, inocula of the VAM fungi Glomus macrocarpum
(G1), G. australe (G2), Glomus spp. (G3), and Multi-VAM commercial product
produced through the pot culture technique (Sylvia and Jarstfer 1994) were used.
The inocula of G1 and G2 were maintained by Khalifa, 1997, while, G3 and
Multi-VAM were kindly obtained from Mycology and Plant Disease Survey Dept.
Plant Pathology Res. Ins. ARC., Giza Egypt. The VAM-pot culture soil containing
the VAM spores and colonized roots were added, singly or in combinations to



potted soil (infested with M. phaseolina) at the rate of 100g/pot (  25 cm) just
before sowing seeds. Three pots were used for each particular treatment.

In the second experiment, cultures of 4 isolates of VAM fungi isolated from
roots of onion, broad bean, maize and Swiss cheese and grown individually in
axenic cultures for 3-4 weeks on a modified sand-barely medium (El-Fiki, et al.,
2001) were kindly provided by Prof. Dr. El-Fiki. The cultures of the 4 VAM
isolates were mixed together at equal ratios (by weight) and added to sterilize soil
(infested with M. phaseolina) at rates of 1, 2, 4 and 8g/Kg soil and 4 pots for each
particular treatment were used. Four pots were used for each particular treatment.
The treated and untreated (control) pots in each experiment were planted each with
10 sesame seeds. Effect of different treatments in each experiment on the disease
incidence was estimated as described above. Root samples of healthy and diseased
plants were taken and preserved for 21 days in FAA solution then examined for
VAM colonization as described by Phillips and Hayman (1970).

RESULTS
Effect of some antagonistic microorganism:

Data in Table (2) reveal that, all tested antagonistic fungi were significantly
effective in suppressing infection with M. phaseolina under greenhouse conditions
compared with the control treatment. In this respect, T. harzianum and C.
bostrycoides were the most effective since they completely suppressed incidence of
pre- (0.0%), recorded the lowest incidence of post-emergence damping off
(0.0-3.3%) and charcoal rot (3.3-6.7%) and produced the highest % healthy plants
(90.0-96.7%). On the contrary, Trichoderma sp 10 was the least effective as it
recorded no significant effect on the incidence of pre-emergence (23.3%),
post-emergence (26.7%), charcoal rot (20.0%) and produced the lowest significant
increase in the healthy plants (30.0%) compared with 30.0, 26.7, 43.3 & 16.7%,
respectively in the control treatment.

Table (2): Effect of some antagonistic microorganisms on the disease incidence
caused by M. phaseolina on sesame plants.

Antagonistic fungi and bacteria

% Disease incidence
At seedling stage At maturity stage

Pre-emergenc
e

Post-emergen
ce Charcoal rot Healthy

plants
B. megtella * 16.7 16.7 23.3 43.3

Bacillus sp 3 ** 13.3 10.0 23.3 53.3
Bacillus subtillus * 10.0 13.3 20.0 56.7

Chaetomium bostrycoides * 0.0 3.3 6.7 90.0
Gliocladium penicilloides  * 16.7 20.0 26.7 36.7

T. hamatum * 6.7 6.7 6.7 80.0
T. viride * 16.7 6.7 6.7 70.0

Trichoderma harzianum * 0.0 0.0 3.3 96.7
Trichoderma sp 10 ** 23.3 26.7 20.0 30.0
Trichoderma sp 2 ** 13.3 13.3 13.3 60.0
Trichoderma sp 3 ** 16.7 23.3 16.7 43.3
Trichoderma sp 5 ** 6.7 0.0 10.0 83.3
Trichoderma sp 6 ** 13.3 6.7 10.0 70.0



Trichoderma sp 8 ** 16.7 20.0 20.0 43.3
Trichoderma sp 9 ** 20.0 6.7 16.7 56.7
Control 30.0 26.7 26.7 16.7
LSD. at 5% 8.17 9.05 7.96 9.53

* Obtained from Biological Control and Onion and Oil Crops Res. Dept Agric., Res. Center Giza, Egypt.
** Isolated from rhizosphere of healthy sesame plants.

Effect of some watery plant extracts and their sterilization method:
Data presented in Table (3) indicate that all disease criteria were

significantly affected by the source of extract but not with sterilization method. It is
indicate also that, the filtered (F) and autoclaved (A) extracts of a known source
have different effects on the disease incidence. For example, the F-extracts of
thyme, garlic and marjoram significantly better than the A-extracts for decreasing
disease incidence and increasing the healthy plants at maturity stage. In fact, the
A-extracts of garlic had no significant effect on disease incidence (% pre- &
post-emergence and % charcoal rot) compared with the control treatment. On the
contrary, the A-extracts in case of cumin, azederach, roselle and clove were
significantly better than the F-extracts whereas, the efficiency of the F- and
A-extracts of roselle and anise, however, were approximately equal. In general, the
best disease control based on % healthy plants at maturity stage was produced by
soaking sesame seeds in filtered extracts of thyme, rhubarb or garlic (83.3-86.7%)
or autoclaved extracts of cumin or azedrach (86.7%). were more effective and
Table (3): Effect of filtered and autoclaved watery plant extracts on the disease

incidence caused by M. phaseolina on sesame plants.

Source of plant
extract

Sterilization method of extracts
Filtered extracts “F” Autoclaved extracts “A”
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Cumin 10.0 13.3 10.0 66.7 0.0 6.7 6.7 86.7
Ginger 13.3 23.3 16.7 46.7 13.3 13.3 16.7 56.7
Marjoram 10.0 6.7 6.7 76.7 13.3 23.3 20.0 43.3
Garlic 3.3 10.0 3.3 83.3 20.0 26.7 20.0 33.3
Rhubarb 6.7 3.3 6.7 83.3 3.3 13.3 3.3 80.0
Eucalyptus 10.0 16.7 23.3 50.0 16.7 10.0 13.3 60.0
Thyme 3.3 3.3 6.7 86.7 16.7 20.0 23.3 40.0
Anise 10.0 6.7 10.0 73.3 6.7 6.7 10.0 76.7
Rosselle 6.7 16.7 20.0 56.7 6.7 6.7 6.7 80.0
Fennel 16.7 20.0 20.0 43.3 13.3 20.0 16.7 50.0
Azedrach 13.3 16.7 13.3 56.7 0.0 6.7 6.7 86.7
Clove 10.0 16.7 16.7 56.7 6.7 6.7 6.7 80.0
Control 23.3 26.7 23.3 26.7 23.3 26.7 23.3 26.7

Mean 10.5 13.9 13.6 62.1 10.8 14.4 13.3 61.6

L.S.D. at 5% for: Pre- Post- Rot Healthy
Sterilization method n.s. n.s. n.s. n.s.

Source of extract 6.92 6.47 5.82 6.61
Interaction 9.79 9.16 8.23 9.35



Effect of different concentrations of some systemic resistance inducing agents:

1- Disease incidence:
Data presented in Table (4-a) show that all tested chemical agents were

significantly effective for suppressing disease incidence particularly post-emergence
and charcoal rot and increasing healthy plants at the mature stage. Among tested
chemical agents, the hydrogen peroxide (H2O2) and Bion only had no significant
effect on controlling the incidence of pre-emergence damping off (23.3%)
compared with the control (26.7%). However, indole butyric acid (IBA) and
salicylic acid (SA) were the most effective in this respect since they recorded the
lowest incidence of pre-emergence (2.2-4.4%), post-emergence (2.2%), charcoal rot
(1.1-4.5%) and highest increase in the mature healthy plants (91.1-92.2%)
compared with the control treatment. The same results prove that, the higher tested
concentration significantly increased % post-emergence and decreased % mature
healthy plants compared with the lower and middle concentrations. In general, the
IBA at the lower concentration (100 ppm) and SA at the middle one (4 mM) were
the best treatments for controlling disease incidence and maximizing the mature
healthy plants (96.7-100.0%). While, the higher concentration of H2O2 (4%) had
no significant effect on % pre-emergence (26.7%), post-emergence (23.3%) and %
healthy plants (36.7%) in comparison with the control treatment.
Table (4-a): Effect of different chemical agents and concentrations* as seed

soaking on the disease incidence caused by M. phaseolina on sesame plants.

Agents % Pre-emergence % Post-emergence % Charcoal rot % Healthy plants
* I II III * I II III * I II III * I II III

H2O2 23.3 20.0 26.7 16.7 13.3 23.3 13.3 16.7 13.3 46.7 50.0 36.7
KCl 16.7 16.7 10.0 20.0 13.3 3.3 20.0 13.3 16.7 43.3 56.7 70.0
IAA 6.7 13.3 16.7 3.3 3.3 10.0 3.3 10.0 13.3 86.7 73.3 60.0
IBA 0.0 3.3 3.3 0.0 0.0 6.7 0.0 6.7 6.7 100.0 90.0 83.3
SA 3.3 0.0 10.0 3.3 3.3 0.0 3.3 0.0 0.0 90.0 96.7 90.0
Bion 23.3 20.0 26.7 13.3 10.0 16.7 10.0 13.3 16.7 53.3 56.7 40.0
Contro
l 26.7 26.7 26.7 23.3 23.3 23.3 23.3 23.3 23.3 26.7 26.7 26.7

Mean 14.3 14.3 17.2 11.4 9.5 11.9 10.5 11.9 12.9 63.8 64.3 58.1

* The tested concentrations of each compound were shown in Table (1).
LSD. at 0.05 for: Pre Post Charcoal Healthy plants

Chemical agents (A): 4.10 4.23 3.95 5.94
Concentrations (C): 2.90 N.S. n.s. 4.20
A x C 8.19 8.45 7.90 11.87

2- Oxidative enzymes activity, phenolics and sugars contents in plant leaf
extracts:

The data in Table (4-b) showed that the different tested chemical agents
caused remarkable increases in the activities of the peroxidase, polyphenol oxidase
and catalase enzymes in leaf extracts of sesame plants compared with the control
treatment. IBA and SA recorded the highest increases in the activities of the
peroxidase and polyphenol oxidase enzymes whereas, KCl recorded the highest
increase in the activity of the catalase enzyme. Increasing conc. of the tested
chemicals caused obvious decrease in the enzymes activities particularly



peroxidase. In general, the IBA treatment recorded the highest activities of the
peroxidase and polyphenol oxidase and catalase enzymes at the lower conc.
(100ppm), middle (200ppm) and higher one (400ppm), respectively. While, the
lower conc. (2mM) of SA recorded the highest activities of the 3 enzymes. At
meddle (2.0%) and higher (4.0%) conc., KCl increased activity of catalase enzyme
more than the corresponding conc. of IBA and SA.

The data in Table (4-c) reveal that, IBA and SA treatments recorded the
highest accumulation of free- (10.0 & 11.2mg), conjugated- (2.1 & 1.5mg) and
total-phenols (12.0 & 12.8mg) compared with 6.2, 0.6 and 6.7mg, respectively in
the control treatment. Both chemical agents induced highest accumulation of the
free- and total-phenols at the lower conc. (100ppm). Also, IBA and SA recorded
the highest amounts of reducing- (2.68 & 2.10mg) and total-sugars (3.02 & 3.0mg)
whereas, KCl recorded the highest amounts of the non-reducing sugars (1.73mg)
compared with the control (Table, 4-d). The higher conc. (400ppm) of IBA and
lower (2mM) and middle (4mM) conc. of SA induced the highest increase of the
reducing and total sugars, respectively. On the contrary, the phenols (Table, 4-c)
and sugars (Table, 4-d) contents seemed to be not affected by all conc. of the
hydrogen peroxide (H2O2) compared with the control treatment.

Table (4-b): Effect of different concentrations of the tested chemical agents on the
activities of peroxidase, polyphenoloxidase and catalase enzymes (as optical
density/minute/g fresh weight) in leaf extracts of sesame plants.

Agents

Enzyme activity at different concentrations
Peroxidase Polyphenoloxidase Catalase

* I II III Mea
n * I II III Mea

n * I II III Mea
n

H2O2 1.50 1.35 1.14 1.33 1.30 1.23 1.29 1.27 2.35 1.95 1.93 2.08
KCl 1.07 1.29 1.22 1.19 1.09 1.29 1.27 1.22 2.44 2.84 2.89 2.72
IAA 1.43 1.53 1.17 1.38 1.39 1.36 1.23 1.33 2.77 2.52 2.60 2.63
IBA 1.87 1.36 1.33 1.52 1.47 1.70 1.32 1.50 2.66 2.60 2.71 2.66
SA 1.97 1.44 1.18 1.53 1.51 1.36 1.26 1.38 2.70 2.60 2.46 2.59
Bion 1.57 1.29 1.02 1.29 1.17 1.24 1.05 1.15 2.66 2.51 2.45 2.54
Contro
l 0.63 0.63 0.63 0.63 0.62 0.62 0.62 0.62 1.83 1.83 1.83 1.83

Mean 1.43 1.27 1.10 1.22 1.26 1.15 2.49 2.41 2.41

* The tested concentrations of each compound were shown in Table (1).

Table (4-c): Effect of different concentrations of the tested chemical agents on the
free-, conjugated- and total-phenols (mg/5g fresh weight) in leaf extracts.

Agents

Determined phenolic compounds and tested concentrations
Free phenols Conjugated phenols Total phenols

* I II III Mea
n * I II III Mea

n * I II III Mea
n

H2O2 6.3 6.2 6.2 6.2 0.2 0.4 0.4 0.3 6.5 6.5 6.6 6.5
KCl 6.6 6.9 6.5 6.7 3.0 3.0 3.7 3.2 9.5 9.9 10.2 9.9
IAA 8.1 7.1 7.0 7.4 1.0 0.1 1.2 0.8 9.1 7.2 8.2 8.2
IBA 10.9 10.0 9.0 10.0 1.4 2.0 2.8 2.1 12.3 12.0 11.8 12.0
SA 13.3 10.7 9.6 11.2 3.7 0.4 0.6 1.5 17.0 11.1 10.2 12.8
Bion 7.0 6.3 6.4 6.6 3.7 2.4 1.3 2.4 10.7 8.6 7.7 9.0
Contro
l 6.2 6.2 6.2 6.2 0.6 0.6 0.6 0.6 6.7 6.7 6.7 6.7



Mean 8.3 7.6 7.3 1.9 1.3 1.5 10.3 8.9 8.8

* The tested concentrations of each compound were shown in Table (1).

Table (4-d): Effect of different concentrations of the tested chemical agents on
sugars content (mg/5g fresh weight) in leaf extracts.

Agents

Determined sugars and tested concentrations
Reducing sugars Non-reducing Total sugars

* I II III Mea
n * I II III Mea

n * I II III Mea
n

H2O2 0.79 0.88 0.83 0.83 0.05 0.06 0.10 0.07 0.84 0.94 0.92 0.90
KCl 1.58 1.64 0.89 1.37 1.73 1.25 2.20 1.73 3.31 2.89 3.09 3.10
IAA 1.02 0.94 1.10 1.02 0.15 1.02 0.03 0.40 1.17 1.96 1.13 1.42
IBA 2.79 2.13 3.13 2.68 0.25 0.35 0.44 0.35 3.03 2.48 3.56 3.02
SA 2.32 2.13 1.86 2.10 0.07 1.55 1.06 0.89 2.39 3.68 2.92 3.00
Bion 1.96 0.79 1.06 1.27 0.77 1.14 0.13 0.68 2.73 1.92 1.20 1.95
Contro
l 0.84 0.84 0.84 0.84 0.10 0.10 0.10 0.10 0.94 0.94 0.94 0.94

Mean 1.61 1.34 1.39 0.45 0.78 0.58 2.06 2.12 1.97 2.05

* The tested concentrations of each compound were shown in Table (1).



Effect of soil inoculation with the vesicular arbuscular-mycorrhizal (VAM)
fungi:

Data in Table (5-a) indicate that the % pre-emergence damping off (at
seedling stage) and healthy plants (at maturity stage) only were significantly
affected by the tested soil based VAM-preparations. The soil preparation containing
G1+G2+G3+Multi-VAM completely suppressed incidence of pre-emergence
(0.0%) and produced the highest % healthy plants (86.7%) compared with 23.3 &
36.7%, respectively in the control treatment. In this regard, the soil preparation
contained G1 (G. macrocarpum) alone decreased % pre-emergence to 3.3% and
increased % healthy plants to 76.7%. Thus, G1 alone was significantly better for
decreasing pre-emergence and increasing healthy plants than the G2, G3 and
Multi-VAM soil preparation each alone or in combination. On the contrary, soil
preparation contained G2, G3, G1+G2, G1+G3 or G1+Multi-VAM had no
significant effect on controlling incidence of pre-emergence (16.7-23.3%)
compared with the control treatment (23.3%). Also, soil preparation contained G2
alone had no significant effect on % healthy plants (43.3%) compared with the
control (36.7%).
Table (5-a): Effect inoculating pathogen-infested soil with different soil

preparations of VAM fungi on the disease incidence caused by M.
phaseolina on sesame plants.

VAM soil preparation

% Disease incidence
At seedling stage At mature plant stage
%

Pre-emerg
ence

%
Post-emerg

ence

%
Charcoal

rot

% Healthy
plants

G. macrocarpum  [G1] 3.3 10.0 10.0 76.7
G. australe      [G2] 23.3 16.7 16.7 43.3
Glomus sp.     [G3] 20.0 13.3 13.3 53.3
Multi VAM 13.3 10.0 13.3 63.3
G1 + G2 20.0 16.7 16.7 46.7
G1 + G3 16.7 16.7 13.3 53.3
G1 + Multi VAM 16.7 13.3 10.0 60.0
G2 + G3 13.3 13.3 10.0 63.3
G2 + Multi VAM 10.0 16.7 13.3 60.0
G3 + Multi VAM 6.7 10.0 13.3 70.0
G1+G2 + G3 + Multi
VAM 0.0 6.7 6.7 86.7

Control 23.3 20.0 20.0 36.7
LSD. At 5% 9.63 n.s. n.s. 8.55

The data in Table (5-b) showed that adding the mixture of the axenic VAM
cultures to the potted soil infested with M. phaseolina at rates of 1, 2, 4 or 8g/Kg
soil significantly decreased incidence of pre-emergence (10.0-17.5%) compared
with the control treatment (25.0%). The pre-emergence was decreased more



significantly at 4 than at 1, 2 or 8g. All tested levels had no significant effect on %
post-emergence damping-off compared with control treatment. As for charcoal rot,
the smaller levels i.e. 1 & 2g per Kg soil produced the highest significant decrease
i.e. 7.5 & 2.5%, respectively. The larger levels (4 & 8g/Kg soil) had no significant
effect in this respect (15.0 & 20.0%) compared with the control (22.5%). Applying
VAM-mixture at rate of 2g/KG produced the highest increase in % healthy plants
(70.0%). The % healthy plants were significantly decreased by increasing the added
level of VAM-mixture up to 4 and 8g/Kg soil. The colonization of VAM fungi was
detected in roots of both non-mycorrhizal (Fig. 1-A & -B) and mycorrhizal sesame
plants (Fig. 1-C) grown in sterilized potted soil infested with the charcoal rot
pathogen (M. phaseolina), respectively. The VAM colonization was more extensive
in the VAM than non-VAM plants.
Table (5-b): Effect of soil inoculation with different levels of axenic cultures of

vesicular arbuscular mycorrhizal [VAM] fungi on the disease incidence
caused by M. phaseolina on sesame plants.

Inoculum levels
(g/Kg soil)

% Disease incidence
At seedling stage At maturity stage

%
Pre-emergenc

e

%
Post-emergen

ce

%
Charcoal

rot

% Healthy
plants

1g 12.5 17.5 7.5 62.5
2g 12.5 15.0 2.5 70.0
4g 10.0 17.5 15.0 57.5
8g 17.5 20.0 20.0 42.5

Control 25.0 22.5 22.5 30.0
LSD. at 5% 7.31 n.s. 7.83 9.01



Fig. (1): Macerated tissues of non-mycorrhizal (B) and mycorrhizal (C) sesame
plant roots grown in potted soil infested with the charcoal rot pathogen
showed M. phaseolina sclerotia and vesicles of VAM fungi (arrows).

DISSCUSSION
Most tested antagonistic fungi and bacteria employed in the present study

particularly Trichoderma harzianum, Cheatomium bostrycoides were significantly
effective in suppressing disease incidence at seedling stage (pre- & post-emergence)
and maturity stage (charcoal rot), consequently increased % healthy plants at the
maturity stage. These results could be attributed to the in vitro antagonistic actions
of the tested antagonistic microorganisms against M. phaseolina (Khalifa, 2003 –
unpublished data). Also, the antagonistic microorganism(s) could suppress the
activity of a plant pathogen through the enzymatic digestion of the pathogen cell
walls (Elad et al. 1983) and/or production of inhibitory volatile substances Sankar
and Sharma (2001). Sankar and Sharma stated that 2 out of 9 isolates of T. viride
evaluated in preliminary tests showed superior performance against M. phaseolina
(the causal of charcoal rot in maize) in the laboratory. However, all the nine
isolates produced inhibitory volatile substances in vitro.

The present results indicated the filtered extracts of some plants controlled
disease incidence better than the autoclaved extracts of the same plants but the
opposite was noticed in some others. The efficiency of the tested plant extracts in
controlling disease incidence might be depending on type of the active toxic
substance(s) they have contained and to what extent they were affected by heating.
The garlic extract, for example, might contain simple volatile toxic substances,
which could be completely destroyed or broken to less toxic compounds by
autoclaving. Reasonably the filtered extract of garlic was better in disease control
than the autoclaved one. The cumin extract, as another example, might contained
less toxic compound substances, which degraded by heat to more toxic compounds,
then the autoclaved extract of cumin was better than the filtered one in disease



control. The equal efficiency of autoclaved and filtered extracts of rhubarb
suggested that, rhubarb might contain thermostable toxic compound(s). These
findings and explanations are in agreement with Bashar (1991), Osman (Nagwa)
et al. (1996), Baiuomy (1997) and Raja and Kurucheve (1999).

The herein results provide that soaking sesame seeds in solutions contained
IBA at 100ppm or SA at 4mM completely suppressed incidence of charcoal rot and
maximizing % healthy standing plants i.e. 100.0% and 96.7%, respectively. The
promising effects of these chemical inducers could be attributed in part to their
fungicidal properties as most tested chemical agents significantly decreased the in
vitro linear growth of phaseolina and sclerotial production (Khalifa, 2003 –
Unpublished data). Salama et al. (1985) reported similar results. Also, the tested
chemical agents might enhance systemic inducing resistance against infection with
the charcoal rot pathogen. Avdiushko et al. (1993) mentioned that many plant
enzymes are involved in defense reaction against plant pathogen. The oxidative
enzymes such as peroxidase and polyphenol oxidase enhance formation of lignin
and other oxidative phenols that contribute to formation of defense barriers for
reinforcing the cell structure. The present results stated that the activities of the
oxidative enzymes (peroxidase, polyphenol oxidase and catalase), the phenols and
sugars contents were obviously higher in leaves of treated plants compared with
control (untreated). These results are in agreement with many investigators
(Shahina Kalim et. al., 1999; Abdou et al., 2001; Shalaby et al., 2001).

Among all tested soil preparations of the vesicular arbuscular mycorrhiza
(VAM) fungi, the preparation contained G1+G2+G3+Multi-VAM led to complete
suppression of pre-emergence caused by M. phaseolina and produced the highest %
healthy plants at maturity stage. The soil preparation contained G2 alone has no
significant effect compared with control treatment. The incidence of
post-emergence (at seedling stage) and charcoal rot incidence (at mature stage) was
not significantly affected by all tested soil preparations of the VAM fungi. Applying
the mixture of the axinic VAM cultures at the lower rates (1 or 2g/Kg soil) gave the
best disease control compared with the higher rates (4 and 8 g/Kg soil). In this
point, El-Fiki et al. (2001) reported that increasing inocula rates of some isolates of
VAM (grown in axenic cultures) resulted in growth retardation of maize plants.
Perrtin (1985) reported that mycorrhizal association could improve or impair the
health of plants. The protective effect had been demonstrated only for soil-borne
diseases. The expression of this natural potential was related to the type of host,
mycorrhizal fungi, pathogen and the soil conditions. The VAM fungi could protect
plants against the invading pathogens by one or more of the following defence
mechanisms. Increasing plant development and growth by improving P uptake
(Gracia and Ocampo, 1987). Eliminating pathogens or reducing their
effectiveness and improving host resistance through plant metabolism (Schnobeck,



1987). Production of phytoalexin (Sundaresan et al., 1993). Interacting directly
with soil borne pathogens, or indirectly by stimulating other natural antagonistic
(Filion et al. (1999). The AM fungus could reduce pathogen population in soil and
therefore posses a good biocontrol potential (Mohan, 2000). In the present results,
the VAMF colonization was detected in roots of both mycorrhizal and
non-mycorrhizal sesame plants either in presence or absence of the charcoal rot
pathogen (M. phaseolina). The sclerotia of M. phaseolina was nearly absent while
VAMF colonization were noticed extensively in roots of sesame plants grown in
presence of M. phaseolina and any VAM preparation (soil based or axenic culture).
The presence of VAMF in roots of the non-mycorrhizal plants was reported also by
El-Fiki et al. (2001) who could isolate and grow a VAMF in axenic culture from
roots of maize plants grown in pathogen free sterilized sandy soil.
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رطفلا نع ببستملا مسمسلا ىف يمحفلا نفعلا ضرم ةحفاكم ىف اهمادختسا نكمي ىتلا قرطلا ضعب
انيلويساف انيموفوركام

دمحم حودمم - **بيدلا فيطللا دبع نمحرلا دبع  *دمحم داج ىحتف -- *ىقفلا ليعامسإ ميهاربإ معنملا دبع
**ةفيلخ حاتفلا دبع

.رصم - ( اهنب عرف ) قيزاقزلا ةعماج - رهتشمب ةعارزلا ةيلك - ىعارزلا تابنلا مسق *
.رصم - ةيعارزلا ثوحبلا زكرم - تاتابنلا ِضارمأ ثوحب دهعم **

فورظ تحت حاجنب مسمسلا ىف ىمحفلا نفعلا ضرم ةمواقم ةيناكمإ ةيلاحلا ةساردلا ترهظأ
جضنلا ةلحرم دنع ةميلسلا تاتابنلا نم ةيوئم ةبسن ىلعأ ىلع لوصحلا نكمأ ثيح ةفلتخم قرطب ةبوصلا
مونايزراه امردوكيرت :ةيلاتلا ىويحلا داضتلا تايرطف دحأب (ةعارزلا لبق) روذبلا ةلماعم قيرط نع
وأ (%83.3) امردوكيرت رطف نم 5 مقر ةلزع ، (%90.0) سديوكيرتسوب مويموتيك ، (96.7%)
.(%80.0) موتاماه امردوكيرت

روذب عقن قيرط نع تابنلا ىف ةيزاهجلا ةمواقملا زيفحت لالخ نم ضرملا ةمواقم اضيأ نكمأ
تاتابنلا نم%86.7-83.3) موثلا وأ دنوارلا ، رتعزلا تاتابنل حيشرتلاب ةمقعملا تاصلختسملا ىف مسمسلا
ضماح لودنإ لولحم اهعقن وأ .(%86.7) مينلا وأ نومكلا تاتابنل فالكوتوألاب ةمقعملا كلت وأ (ةميلسلا
نفعلا ثودح عمق ىلإ (لوميللم 4 زيكرت) كيلسلسلا ضماح وأ (نويلملا ىف ءزج 100 زيكرت) كيرتويبلا
اذه ىفو .ىلاوتلا ىلع %96.7 ، %100.0 ىلإ ةميلسلا ةجضانلا تاتابنلا ةبسن ةدايز عم امامت ىمحفلا
تاميزنإلا ىف ةلثمتم ةيويحوميكلا عافدلا تايلآل تالماعملا كلت زيفحت ةيناكمإ ةشقانمو ةسارد دقف صوصخلا
.تايركسلاو ةيلونيفلا تابكرملا نم ةجسنألا ىوتحمو ةدسكؤملا

تايرطف نم ةفلتخم عاونأ حاقل ىلع ةيوتحملا ةبرتلا  تاريضحت ةفاضإ نأ اضيأ جئاتنلا ترهظأ
رطفب ةثولملا صصألا ةبرت ىلإ  صيصا/100 لدعمب (سمولج سنج)  ةيريجشلا ةيلصيوحلا ازيهروكيملا
ةبسن ضفخ وأ تابنإلا دعب تاردابلا توم ةبسن ليلقت ىف ىونعم ريثأت اهل نكي مل انيلويساف انيموفوركام
ةيحلا تاتابنلا نم ةبسن ىلعأ ىلع لوصحلا نكمأ دق هنأ ريغ ةجضانلا تاتابنلا ىلع ىمحفلا نفعلا روهظ
(%86.7) سمولج سنجلا نم ةعبرألا عاونألا ىلع ىوتحملا ريضحتلا مادختساب جضنلا ةلحرم ىف ةميلسلا
اهتنراقم دنع (%70.0) 4 ، 3 نيعونلا ىلع ىوتحملا مث (%76.7) 1 عونلا ىلع ىوتحملا ريضحتلا هيلي
.(%36.7) لورتنكلا ةلماعمب

ةلوزعملا  ةيريجشلا ةيلصيوحلا ازيهروكيملا تايرطف نم ةعبرألا تالزعلا حاقل طولخم ةفاضإ امأ
نفعلا رطفب ةثولم) ةبرت مجك/مج2 لدعمب ةلدعملا لمرلاو ريعشلا ةئيب ىلع ةامنملاو ةفلتخم تاتابن نم
امك (%30.0) لورتنكلا ةلماعمب ةنراقم %70.0 ىلإ ةميلسلا ةجضانلا تاتابنلا ةبسن نم تعفر دقف (ىمحفلا
ةبسن ىف ىونعم ضفخ ىلإ (ةبرت مجك/مج 2 وأ 1) حاقللا اذه طولخم نم ةضفخنملا تالدعملا مادختسا ىدأ
.(%22.5) لورتنكلاب ةنراقم (%7.5-2.5) ىمحفلا نفعلاب ةباصملا ةجضانلا تاتابنلا


