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Abstract

Eleven fungal isolates were isolated from naturally infected chickpea roots collected from different locations in New Valley
Governorate (Egypt). The isolated fungi were purified and identified as Rbizoctonia solani (5 isolates), Fusarium solani (4 isolates)
and Sclerotinia sclerotiorum (2 isolates). The isolated fungi proved their pathogenicity on cv. ‘Giza 3. Response of chickpea cvs. ‘Giza
I, ‘Giza 2, ‘Giza 3, ‘Giza 4, ‘Giza 88, ‘Giza 195 ‘Giza 531’ to infection by the tested fungi was significantly varied. ‘Giza 1" was the most
resistant one followed by ‘Giza 531’ while the other tested cvs. were highly susceptible. Seven biocontrol agents, namely Bacillus subtilis,
B. megaterium, B. cereus, Trichoderma viride, T. harzianum, Aspergillus sp., Penicillium sp. isolated from chickpea rhizosphere, were
tested for their antagonistic action against the tested pathogens. B. subtilis isolate BSM1, B. megaterium isolate TVMS, T. viride isolate
TVM2 and T harzianum isolate THM4 were the most antagonistic ones to the tested fungi iz vitro, while the other isolates were
moderate or weak antagonists. The most antagonistic isolates as well as the commercial biocide Rhizo-N were applied as seed treatment
for controlling damping-off, root and/or stem rot diseases caused by the tested fungi under greenhouse conditions. The obtained data
showed that all tested antagonistic isolates were able to cause significant reduction of damping-off; root and/or stem rot diseases in
chickpea plants. 7. viride (isolate TVM2) and B. megaterium (isolate BMMS) proved to be the most effective isolates for controlling
the diseases. Under field condition, the obtained data indicated that all the tested antagonistic isolates significantly reduced damping-
off, root and/or stem rot. T viride (isolate TVM2) and B. megaterium (isolate BMMS) recorded the highest reduction of damping-off,
root and/or stem rot in all sowing dates. Sowing of treated seeds with bioagents in first of November gave the highest protection against
root diseases in chickpea. The reduction in damping-off, root and/or stem rot severity was significantly reflected on the produced seed
yield. In this respect, seeds previously treated with 7 viride (TVM2) produced the highest seed yield in all sowing dates followed by seed
treated with B. megaterium (TVMS). First of November was the best sowing date to reduce these diseases and to increase seed yield/fed.
On the other hand, the antagonistic isolates isolated from chickpea rhizosphere, were most active than the commercial biocide Rhizo-N
in reducing chickpea root diseases and increase of seed yield in greenhouse and field conditions.
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Introduction

Chickpea (Cicer arietinum L.) is the second most im-
portant pulse crop in the world after beans (Phaseolus vul-
garisL.) (Anonymous, 2005). In addition to its importance
asource of human food and animal feed, it also helps in the
management of soil fertility, particularly in dry lands. Soil-
borne fungi, Fusarium eumartii, F. oxysporum {. sp. ciceris,
E solani, Pythium ultimum, Rbizoctonia solani, Scleritium
rolfsii, Sclerotinia sclerotiorum and Verticillium albo-atrum
are reported to be the most pathogenic fungi in chickpea
causing damping -off, root and/or stem rot and wilt dis-
cases (Nene and Reddy, 1987). In Egypt, many authors
reported that chickpea is attacked with many soil borne
fungi, i.e Fusarium spp., Rhizoctonia solani, Sclerotinia scle-
rotiorum, Pythium spp., Macrophomina phaseolina causing
damping -off, root and stem rot diseases (Khalil, 2007;
Rahhal ez 4/., 2000).

Different fungicides and soil fumigants are currently
used to control soil borne plant pathogens. However,
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many of these compounds proved to be quite toxic to the
environment and to the ground water. Methyl bromide is
a good example for a very efficient soil fumigant that has
a great impact on the environment and has been recently
phased out due to the public concern and international
agreements.

The use of antagonistic microorganisms against R. so-
lani, F. solani and S. sclerotiorum have been investigated
as one of the alternative control methods. Both Tricho-
derma spp. and Bacillus spp are wide spread throughout
the world and have been recognized as the most successful
biocontrol agents for soil borne pathogens. Several modes
of action of the efficiency bioagents on reducing plant
diseases have been described, including competition for
nutrients, antibiosis, induced resistance, mycoparasitism,
plant growth promotion and rhizosphere colonization
capability (Bailey ez 4/., 2008; Hassanein ez al., 2006; Sid-
diqui and Akhtar, 2007).

Also, cultural practices, such as planting date proved
to be very effective in reducing fungal attack to plants, but



Abdel-Monaim M.F. / Not Sci Biol, 2011, 3(3):80-88

they are insufficient under high disease pressure, especially
when weather conditions are particularly conductive to
disease development (Khalil, 2007). The use of resistant
cultivars appears to be the most practical and economi-
cally efficient measure for management of root diseases of
chickpea and is also a key component in IDM programs
(Jiménez-Diaz et al., 1998).

The objective of this research was to identify the ben-
efits of integrating several control measures including
choice of sowing date, partially resistant cultivars, and bio-
logical control, which previously were shown to be useful
in the management of damping-off, root rot and/or stem
rot of chickpeas when used individually. Studies were con-
ducted during two consecutive years in naturally infested
field micro-plots in research farm of El- Kharga Agric. Res.
Station, New Valley governorate that have been used in
this work to (i) select resistant chickpea cultivars; (ii) se-
lect bacteria and fungi obtained from the chickpea rhizo-
sphere with antagonistic activity against tested fungi; (iii)
determine the ability of selected bacteria and fungi to sup-
press damping-off, root rot and stem rot diseases caused
by a highly virulent isolates of R. solani, F. solani and §.
sclerotiorum and determine suitable sowing date that give
the best control of root diseases and increase of seed yield.

Materials and methods

Lsolation, purification and identification of fungi causing

root and stem rot diseases of chickpea

Chickpea plants infected with root and stem rot were
collected from different locations in New Valley Gover-
norate, Egypt. Infected roots and stems were washed with
running tap water to remove any soil remains, and then cut
into small pieces before being dipped in sodium hypochlo-
rite solution (2%) for two minutes for surface sterilization.
These plant parts were then passed through changes of
distilled water, dried between sterilized filter paper, then
placed on PDA medium with and without antibiotics.
The plates were incubated at 25°C+1 and scanned daily
for fungal development.

Preliminary microscopic examination of the fungi
isolated showed that they could be classified under three
genera, i.e. Fusarium, Rhizoctonia and Sclerotinia. Fusari-
um isolates were purified by plating single conidial spores
(Booth, 1985) while, Rhizoctonia solani and Sclerotinia
sclerotiorum were purified using the hyphal tip technique
(Dhingra and Sinclair, 1985). Representative isolates were
maintained on PDA slants for further studies. Isolated
fungi were identified according to their morphological
features as described by Booth (1985), Dhingra and Sin-
clair (1985) and Barnett and Hunter (1986).

Pathogenicity tests of the isolated fungi

Conical flasks, each containing 100 g barley grains and
about 100 ml tap water, were autoclaved at 1.5 kg/cm?
pressure for 30 min. They were inoculated with 0.7 cm di-
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ameter fungal discs from the fungal isolates and incubated
at 25°C+1 for two weeks. Soil infestation was performed
by mixing in about 100 g of inoculum with the soil in each
pot (rate of 2%) and pots were then irrigated. Sterilized
uninoculated barley grains were added to the soil at the
same rate and used as control. Seven days after soil infesta-
tion, eight seeds of susceptible cultivar cv. ‘Giza 3’ (Khalil,
2007) were sown in each pot and pots were irrigated di-
rectly. Four replicated pots were used for each treatment.
The percentage of damping —off was recorded one month
after sowing. Three months after planting, chickpea plants
were pulled-off from the soil, washed thoroughly to remove
soil debris. Root and stem rot were assessed according to
disease index: 0= roots or stems without discoloration (no
infection), 1= 1-20%, 2= 21-40%, 3= 41-75%, 4= 76-
100% discoloration root or stem mass and 5= completely
dead plants including pre-or post emergence damping- off
or old plants for each replicate. For each replicate a disease
severity index (DSI) similar to that one described by Liu ez
al. (1995) was calculated as follows:

DSI=3d/(d X n)X100

Whereas:

d is the disease rating of each plant, d max is the maxi-
mum disease rating and n is the total number of plants ex-
amined in each replicate.

Re-isolation was carried out from the diseased plants
to fulfill Koch’s pustules and the developing fungi were
compared with the original isolates.

Evaluation of chickpea cultivars to infection with root

and stem rot pathogens

Response of seven chickpea cultivars namely ‘Giza 1’
‘Giza 2), ‘Giza 3’, ‘Giza 4, ‘Giza 88, ‘Giza 195’, ‘Giza 531’
(obtained from Legume Crop Research Department,
Field Crop Rescarch Institute, Agric. Res. Center, Giza) to
infection with highly pathogenic isolates (R. solani isolate
C1, E solani isolate C6 and S. sclerotiorum isolate C11)
were used in this study. The tested cultivars were grown
in plastic pots containing sterilized soil and infested with
the pathogenic fungal isolates individually. Four repli-
cated pots were used for each treatment and each pot was
planted with 8 seeds. The inocula of the tested fungi were
prepared and applied similarly as was done in the patho-
genicity test.

Data were recorded for damping-off and root/stem
rot after 30 and 90 days of sowing as above mentioned in
pathogenicity tests.

Isolation, purification and identification of antagonistic

organisms

Antagonistic microorganisms were isolated from soil
rhizosphere samples of healthy chickpea plants producing
area at New Valley governorate, Egypt. The used bioagents
were isolated on selected medium according to the meth-
ods recommended by Turner ez /. (1998). The isolated an-
tagonists were purified by using single spores and/or single
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colonies techniques described by Landa ez 4/. (2001). The
fungal isolates were identified as Trichoderma harzianum,
1. viride, Aspergillus sp. and Penicillium sp. on the basis
of their morphological characters (Barnett and Hunter,
1986) and the bacterial isolates were identified as Bacil-
lus spp according to the morphological and biochemical
activities in standard tests (Sneath ez 4/., 1986).

In vitro screening test for antagonistic effect

The tested isolates of antagonistic fungi were grown on
PDA medium at 25°C+1 for 6- days and used as inocula.
Disks from each isolate of antagonistic fungi (7 mm in di-
ameter) were inoculated on PDA medium on one side of
Petri plate and the opposite side was inoculated by patho-
genic fungul inoculums (R. solani, F. solani and/or S. scle-
rotiorum) inocula (Larkin and Fravel, 1998). While in case
of Bacillus spp isolates, each isolate was streaked at one
side on PDA medium in plates and incubated for 24 hrs.
at 25°C+1, then one disc (7 mm in diameter) of any of the
pathogenic isolates was placed on the opposite side (Kaur
et al., 2007). Four replicates were used for each treatment.
The inoculated plates with pathogenic fungi only were
used as control. After 7 days incubation at 25°C+1, lin-
ear growth of pathogenic isolates in all treatments was re-
corded. The decrease of percentage that occurred in linear
growth of the pathogenic fungi was determined at the end
of the experiment using formula suggested by Fokemma
(1973) as follows:

Reduction in linear growth = [(R1- R2)/R1] x100

Where:

R1= the radius of normal growth in control plates;

R2= the radius of inhibited growth.

The highly antagonistic isolates of B. subtilis isolate 1
(BSM1), B. megaterium isolate 5 (BMMS5), T viride iso-
late 2 (TVM2) and T. harzianum isolate 4 (THM4) were
selected and used in further studies.

Preparation of formulated antagonistic fungi and

bacteria

Antagonistic bacterial inoculum used for treatment of
chickpea seeds cv. ‘Giza 3" were produced as described by
Landa ez al. (2001). Inoculum of B. subtilis(BSM1) and B.
megaterium (BSM5) were produced in 100 ml of Potato
Dextrose Broth (PDB) medium (pH 7) in 250 ml conical
flasks, on an orbital shaker at 125 rpm and 28°C for 3 days.
Bacterial cells were harvested by centrifugation (10,000 x
¢for 20 min) and washed twice with sterile 0.1 M MgSO4.
Bacterial concentration in the suspension was adjusted to
proximately 5 x 10% cells per ml by measuring absorbance
at 600 nm (4600) in a spectrophotometer and using stan-
dard curves for each bacterial isolate. Inocula of 7. viride
(TVM2) and T harzianum (THM4) were prepared as
described by Sallam ez a/. (2008) as follows: the tested iso-
lates of Trichoderma spp. were grown in 1000 mL conical
flasks, each containing 250 g vermiculate soil (El-Halal
Company, El-Khatatpa, Egypt). 250 g wheat bran and 250

ml Czapexs medium and autoclaved for 20 min at 121°C.
on two consecutive days. After 25 days of incubation pe-
riod, contents of flasks were transferred to plastic plates
under sterilized conditions, left to air dry then mixed in a
blender to become powder and kept in sterilized polyeth-
ylene bags at room temperature until used colony forming
units in all formulae of Trichoderma spp was adjusted to 3x
107 cfu/g. (Sallam ez al., 2008)

Effects of seed treatment with biocontrol agents on
chickpea damping-of and root and /or stem rot diseases
under greenhouse conditions

In this experiment, cultivar ‘Giza 3’, the highest suscep-
tible cultivar to infection by pathogenic fungal isolates was
used to study the effect of bioagent isolates on damping-
off and root and/or stem rot diseases in chickpea.

Before treatment with biocontrol agents, seeds were
surface disinfested in 2% NaOCl for 3 min, washed three
times in sterilized distilled water, and dried between ster-
ilized filter paper layers. Seeds were treated at the time
with a bacterial bioagents isolates (10 mL of bacterial
biocontrol agent suspension in 0.1 M MgSO, and 0.5%
carboxymethyl cellulose per 100 g of chickpea seeds) and
fungal bioagents isolates (10 g of Trichoderma prepared
inoculum and 10 mL of 0.5% carboxymethyl cellulose per
100 gm chickpea seeds) as well as seeds treated with bio
commercial product Rhizo-N (B. subtilis-produced by El-
Naser of Fertilizers and Biotic Fungicides Co., El-Sadat,
Egypt) used as compression at 4 g/kg seeds.

Chickpea treated seeds with bioagents were sown in
sterilized soil infested with any of the tested fungi as men-
tioned before at 2% (w/w). Untreated chickpea seeds with
biocontrol were sown in infested soil used as a control.
Four replicates were used; each replicate consisted of three
pots (8 seeds/pot). Data were recorded for damping-off,
root and/or stem rot after 30 and 90 days of sowing, re-
spectively.

Integrated control of root and stem rot in chickpea plants

under field conditions

Field experiments were conducted at the Experimental
Farm of El-Kharga Agric. Res. Station, New Valley Gover-
norate, Egypt in 2008-2009 and 2009-2010 growing sea-
sons. The experimental layout was split plot design with
four replications. The field plots (10.5 m?) consisted of 6
rows of 3.5 m long and 0.60 m in between. Chickpea seeds
cv. ‘Giza I’ (resistant cultivar) were treated with fungal and
bacterial bioagents isolates as mentioned before as well as
seeds treated with the bio commercial product Rizo -N
were used as compression and grown in holes at the rate
of 2 seeds/hole with 10 cm apart between holes (35 holes/
row). Untreated seeds were sown as a control treatment.
All treatments were sown in three sowing dates 1 ** Oc-
tober, 1* November, 1 * December in seasons 2008/2009
and 2009/2010. All the agricultural practices were applied
as usual.
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Data were recorded as damping-off, root and/or stem
rot after 30 and 90 days. At the end of experiment, seed
yield was harvested, weighed and calculated as kg/fed.

Statistical analysis
In all experiments the least significant difference (LSD)
at 0.05 confidences was determined according to Gomez

and Gomez (1984).
Results

Lsolation, identification of the causal fungi and

pathogenicity tests

Eleven isolates were obtained from naturally infected
chickpea plants collected from different locations in New
Valley governorate. The isolated fungi were consisting of
isolates belonging to the genera Rhbizoctonia, Fusarium and
Sclerotinia as shown by preliminary microscopic examina-
tion. The isolates were identified as R. solani, F. solani, and
S. sclerotiorum respectively. Data in Tab. 1 show that the
highest percentage of pre-emergence damping-off was re-
corded by R. solani isolate C1 (50 %) followed by R. solani
isolate C3 then F solani isolate C6 and S. sclerotiorum iso-
late C11, being 40.6, 34.4 and 40.6 %, respectively. While
moderate pre-emergence damping-off (18.8-31.3%) oc-
curred by R. solani isolates C2, C4 and C5, E solani iso-
lates C7 and C8 and S. sclerotiorum isolate C10. E. solani
isolate C9 showed weak ability to cause pre-emergence
damping-off (9.4%). On the other hand, R. solani isolates

Tab. 1. Pathogenicity tests of fungal isolates obtained from
naturally diseased chickpea plants (cv. ‘Giza 3’)

% Damping- off

Isolates Pre- Post- % Dead
. , Total plants
emergence® emergence
Rhizoctonia solani
Cl 50.0¢ 219 71.9 25.0
C2 31.3 15.6 46.9 18.3
C3 40.6 219 62.5 174
C4 18.8 94 28.2 9.2
(05 25.0 15.6 40.6 13.6
Mean 33.14 16.88 50.02 16.70
Fusarium solani
Cé6 34.4 219 56.3 31.0
C7 25.0 6.3 31.3 18.4
C8 25.0 9.4 344 163
C9 9.4 3.1 125 9.9
Mean 23.45 10.18 33,63 189
Sclerotinia sclerotiorum
Cl10 25.0 9.4 344 16.3
Cl1 40.6 12,5 53.1 294
Mean 31.3 12.5 43.8 22.85
LSD ac 0.05 2.4 2.0 36 1.6

%, < Assessed 15, 30, 90 days after sawing, respectively; < Dead plants, % due
to infection by root rot and/or stem rot; ¢ Values are means of 4 replicates
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of C1 and C3 and F solani isolate C6 caused the highest
percentage of post emergence damping-off (21.9%) fol-
lowed by R. solani isolate C5 (15.6%). While, the other
isolates caused 3.1-12.5 % post-emergence damping-off.

F. solani isolate C6 caused the highest root rot severity
(31.0%) followed by S. sclerotiorum isolate C11 (29.4%).
Isolates R. solani C4 and F. solani C9 were too weak ones
to cause root rot symptoms (9.2 and 9.9%, respectively).

It could be noted from these results that R. solani iso-
late C1, F solani isolate C6 and S. sclerotiorum C11 were
the highest pathogenic isolates for causing damping-off
and root/stem rot in chickpea plants.

Evaluation of chickpea cultivars to infection with

damping-off, root andy/or stem rot pathogens

Response of chickpea cultivars to R. solani, F. solani
and §. sclerotiorum infection significantly varied (Tab. 2).
Cultivar ‘Giza 1” was resistant to infection by any of the
tested pathogenic fungi followed by cv. ‘Giza 531, com-
pared to the other cultivars. The percentages of damping-
off and root rot caused by R. solani were 18.8, 11.2% and
21.9, 12.6% in both cultivars, respectively. While, F solani
caused 15.6 and 21.9% damping-off and 14.0, 15.4% root
rot in case of cvs. ‘Giza 1’ and ‘Giza 531, respectively. S.
sclerotiorum caused 12.5 and 15.6% damping-off and 14.0,
15.5% stem rot in both tested cultivars, respectively. On
the other hand, the other tested cultivars were highly sus-
ceptible or susceptible towards infection by R. solani, F.
solani and §. sclerotiorum. Cv. ‘Giza 3’ showed the highest
susceptibility to infection by all the tested fungi. Also, the
obtained data showed that R. solani and S. sclerotiorum
were more pathogenic than £ solani.

Selection of antagonistic organisms for ability to inhibit

in vitro growth of pathogenic fungi

Antagonistic effect of 8 bacterial isolates and 9 fungal
isolates isolated from the rhizosphere of chickpea plants
was tested against R. solani, F. solani and S. sclerotiorum in
dual culture under i7 vitro conditions.

A) Antagonistic bacteria

Data in Tab. 3 shows that all antagonistic bacterial iso-
lates were able to inhibit the growth of R. solani, F. solani
and 8. sclerotiorum, with some being stronger than oth-
ers. Isolates B. subtilis BSM1 and B. megaterium BMM5
were found to be the most potent antagonistic bacteria
to all pathogenic fungi. However, the other antagonistic
bacterial isolates were moderate or weak. B. subtilis isolate
BSMI inhibited the growth of R. solani, F. solani and .
sclerotiorum by 40.2, 53.5 and 50.1%, respectively. While,
B. megaterium isolate BMMS inhibited growth of these
fungi by 48.4, 55.7 52.4%, respectively.

B) Antagonistic fungi
Data in Tab. 4 shows that all the tested fungal species,
Trichoderma sp., Aspergillus sp. and Penicillium sp. were
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Tab. 2. Varietal response of seven chickpea cultivars towards the tested fungi, greenhouse experiment

R. solani E solani S. sclerotiorum Mean
) isolate C1 isolate C6 isolate C11
Cultivars
% % % % % % % %
Damping-off* Rootrot® Damping-of Rootrot Damping-off Stemrot Damping-off Dead plants®
‘Giza I’ 18.84 11.2 15.6 14 12.5 14.0 15.63 13.07
‘Giza 2’ 46.9 253 40.6 30.0 50.0 28.0 45.83 27.77
‘Giza 3’ 59.4 29.0 50.0 35.0 56.3 252 55.23 29.73
‘Giza 4’ 50.0 23.8 21.9 19.1 50.0 26.0 40.63 22.97
‘Giza 88’ 625 18.8 25.0 17.3 469 26.3 44.80 20.80
‘Giza 195’ 50.0 22.9 43.8 24.9 50.0 23.1 47.93 23.63
‘Giza 531’ 21.9 12.6 21.9 154 15.6 15.5 19.80 14.50
Mean 4421 20.51 31.26 2224 40.19 22.59 38.55 21.78
Damping-off Dead plants
Cultivars (A) = 3.54 2.37
LSD at 0.05 for:
Fungi (B) = 262 226
Interaction (AxB) = 5.13 442

* Assessed 30 days after sowing and * assessed 90 days after sowing;  Dead plants, % due to infection by root rot and/or stem rot; ¢ Values are means of 4 replicates

Tab. 3. In vitro antagonistic action between the bacterial isolates and the tested fungi

% Inhibition

Bacteria isolates

R. solani E solani S. sclerotiorum Mean
1 Bacillus subtilis (BSM1) 40.2¢ 53.5 50.1 4793
2 B. subtilis (BSM2) 324 229 35.1 30.13
3 B. subrilis (BSM3) 243 28.4 330 2857
4 B. megaterium (BMM4) 332 432 392 3853
5 B. megaterium (BMMS) 48.4 55.7 52.4 52.17
6 B. cereus (BCMO) 8.5 124 10.4 10.43
7 B. cereus (BCM7) 10.3 212 251 18.87
8 B. cereus (BCMS) 28.3 294 33.0 30.23

LSD ac0.05 1.7 1.8 14 -

* Values are means of 4 replicates

Tab. 4. In vitro antagonistic action between the fungal isolates and the tested fungi

Fungi isolates % Inhibition

R. solani E solani S. sclerotiorum Mean
1 Trichoderma viride (TVMI) 40.1* 50.1 55.2 48.47
2 T o (TVM2) 682 75.1 70.4 7123
3 T viride (TVM3) 581 65.0 522 5843
4 1. harzianum (TVM4) 62.4 73.5 66.8 67.57
5 T harzianum (TVMS) 4.7 50.1 54.0 4893
6 Aspergillus sp (AM7) 30.0 35.4 334 3293
7 Aspergillus sp (AMS) 405 49.4 47.1 45.67
8 Penicillinm sp (PM9) 25.4 33.4 35.0 3127
9 Penicillinm sp (PM10) 283 214 30.4 26.70

LSD ac 0.05 2.0 22 1.9 -

* Values are means of 4 replicates

found to be antagonistic to the pathogenic fungi, basedon  THM4 were found to be the most potent antagonistic
the reduction in growth area of pathogens. Trichoderma  fungi to all tested pathogens. Trichoderma viride isolate
spp. were account for more than 50% of the rhizospheric  TVM2 reduced the growth of R. solani, F. solani and .
fungi. T. viride isolate TVM2 and T. harzianum isolate  sclerotiorum with 68.2,75.1 and 70.4%, respectively.
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Also, T. harzianum isolate THM#4 was able to reduce
growth of R. solani, F. solani and S. sclerotiorum with 62.4,
73.5 and 66.8%, respectively.

The highest antagonistic fungal isolates, 7. e. T. viride
(isolate TVM2) and 7. harzianum (isolate THM4) and,
among the bacterial isolates, B. subrilis (isolate BSM1) and
B. megaterium (isolate BMMS5) were selected to study the
role of these isolates in biological control of damping-oft,
root and stem rot diseases in chickpea plants under green-
house and field conditions.

Effects of seed treatment with biocontrol agents on

chickpea damping-of and root and /or stem rot diseases

under greenhouse conditions

Data in Tab. 5 show that all the antagonistic isolates
were able to cause significant reduction to damping-off
and root and/or stem rot diseases. All antagonistic isolates
isolated from chickpea rhizosphere gave high protection
against all the tested pathogens than the commercial bio-
cide product (Rhizo-N). Treatment chickpea seeds with
T. viride isolate TVM1 were the most effective to reduce
damping-off, and root and/or stem rot diseases in case of
soil infested with R. solani, F solani and S. sclerotiorum.
Seed treatment with B. megaterium isolate BMM2 came
next 1. viride. B. subtilis isolate BSM1 gave the lowest pro-
tection against R. solani and F. solani, while T. harzianum
isolate THM4 recorded the lowest protection against in-
fection by S. sclerotiorum.

Integrated control of damping-off, root and/or stem rot

diseases in chickpea plants under field conditions

Data of the previous experiments, 7. e. the iz vitro an-
tagonism and in the greenhouse experiment indicated that
B. subtilis isolate BSM1, B. megaterium isolate BMMS, 1.
viride isolate TVM2 and T. harzianum isolate THM4
were the most effective antagonistic microorganisms
against the root and stem rot pathogens.
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These isolates were used in the integrated disease man-
agement programs to control root and stem rot diseases in
chickpea plants.

Data presented in Tab. 6 clearly show that all tested
biological agents significantly decreased damping-off, root
and stem rot compared to the untreated plants (control)
at all sowing dates. The efficacy of bioagents significantly
affected by sowing dates. In this regard, sowing at 1** No-
vember in both seasons, gave the highest effect in reducing
damping-off, root and/or stem rot. In addition, B. megate-
rium (isolate BMMS5) and T viride (isolate TVM?2) were
the most effective for controlling damping-off and root
and/or stem rot in both seasons. In sowing date of 1* No-
vember, B. megaterium and T. viride reduced damping-off
from 17.95% in control to 3.75 and 6.2% (average of both
seasons), respectively and reduced root and/or stem rot
from 10.45% to 2.7 and 2.55%, respectively.

Seed treated with Rhizo-N recorded the lowest prot-
estant against damping-off, root and stem rot diseases. In
control treatment, sowing dates showed significant effect
on damping-off and root /stem rot diseases in chickpea
plants. The highest average of damping-off on chickpea
plants occurred at sowing date 1* October in both seasons
(21.95%) while sowing at 1 December recorded the low-
est damping-off (15.85%). Also, the same trend was ob-
tained in case of root and stem rot (16.0% in sowing date
at 1* October and 9.4% in sowing date at 1* December).

On the other hand, the reduction in both damping-off
and root and/or stem rot was significantly reflected on the
produced seed yield and the produced seed yield was af-
fected significantly with sowing dates. In this respect, seeds
previously treated with 7. viride produced the highest seed
yield in all sowing dates followed by seeds treated with B.
megaterium. For sowing at 1* November, seeds treated
with 7. viride and/or B. megaterium resulted average seed
yield, being 708.17 and 681.56 kg/fed. (average of both

seasons), respectively compared to the control (517.31

Tab. 5. Effect of treatment chickpea seeds (cv. ‘Giza 3°) with various bioagents on damping —off and root rot diseases caused by the

tested fungi, greenhouse experiment

R. solani E solani S. sclerotiorum
Tested bioagents % % % % % %
Damping-off Root rot Damping-off Root rot Damping-off Stem rot
Bacillus subtilis (BSM1) 226" 14.0 18.6 13.1 17.4 12.0
B. megaterinm (BMMS5) 192 10.3 16.8 104 132 129
Trichoderma viride ~ (TVM2) 16.4 9.0 14.0 9.8 12.8 9.8
T harzianum (THM4) 20.0 12.0 174 10.8 19.4 132
Rhizo-N 242 15.1 20.2 14.7 224 14.0
Control 56.3 335 50.0 322 53.1 254
Mean 2645 15.65 22.83 15.17 23.05 14.55
Damping -off Dead plants®
Tested bioagents (A) = 0.637 0.637
LIDelis on Isolates (B) = 0.581 0.581
Interaction (AxB) = 1.304 1.304

*Values are means of 4 replicates; ® Dead plants, % due to infection by root rot and/or stem rot
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Tab. 6. Effect of treatment chickpea seeds (cv. ‘Giza 3’) with bioagents on damping-off, root and stem rot and seed yield during
2008-2009 and 2009-2010 growing seasons under field conditions at New Valley governorate

% % Total seed yield
Sowing Date Bil;e:;:ts Damping-off Dead plants® (Kg fed")
2008-09 2009-10  Mean 2008-09 2009-10 Mean  2008-09 2009-10 Mean
BSM1 16.4° 152 15.80 7.9 10.1 9.00 535.51 511.41 523.46
BMM5 11.6 11.4 11.50 64 7.3 6.85 584.31 543.20 563.76
. TVM2 10.2 10.4 10.30 5.6 5.9 5.75 593.02 566.73 579.88
Oclt(;bcr THM4 15.2 14.3 14.75 9.9 10.2 10.05 520.20 508.81 514.51
Rhizo-N 174 16.3 16.85 10.5 109 10.70 513.09 500.00 506.55
Control 252 18.7 21.95 145 17.5 16.00 44521 426.80 436.01
Mean 16.00 14.38 15.19 14.79 14.99 14.89 531.89 509.49 520.69
BSM1 8.6 9.1 8.85 45 5.3 490 664.05 65322 658.64
BMM5S 32 43 375 26 2.8 2.70 692.01 671.14 681.56
. TVM2 5.9 62 6.20 25 26 255 714.33 702.00 708.17
Novler;ber THM4 74 7.2 7.30 64 7.3 6.85 660.56 65322 656.89
Rhizo-N 82 9.0 8.60 7.3 83 7.80 621.40 605.87 613.64
Control 19.5 16.4 17.95 9.7 11.2 10.45 525.31 509.30 517.31
Mean 9.38 8.7 8.78 5.5 6.25 5.86 646.28 632.46 639.37
BSM1 143 139 14.10 64 5.4 5.90 454.32 425.10 439.71
BMM5S 14.3 112 12.75 5.4 6.3 5.85 481.23 448.39 464.81
. TVM2 143 12.3 13.30 7.1 7.4 7.25 42337 401.30 412.34
™ THM4 143 12.3 13.30 7.1 74 7.25 423.37 401.30 412.34
December
Rhizo-N 14.3 12.4 13.35 62 7.1 6.65 410.31 394.85 402.58
Control 17.3 16.4 15.85 9.2 9.6 9.40 375.40 359.53 367.49
Mean 14.8 12.75 13.78 69 7.2 7.05 444.87 415.23 430.05
Damping-off Dead plants Total sced yield
Sowing date (A) = 1.272 0.493 6.50
LSD at 0.05 for: Tested Bioagents (B) = 0.799 0.483 23.87
Seasons (C) = ns * *
Interaction (AxBxC) = 2.001 1.024 29.04

* Dead plants, % duc to infection by root rot and/or stem rot; * Values are means of 4 replicates; BSM1= Bacillus subtilis, BMMS = B. megaterium,

TVM2 = Trichoderma viride, THM4 = T. harzianum

kg/fed.). Chickpea sceds treated with Rhizo-N recorded
the lowest seed yield compared the other bioagents. Also,
the obtained data showed that the sowing dates to affected
significantly the seed yield so that in treated seeds or un-
treated seeds. Sowing at 1* December recorded the lowest
seed yield (367.49 kg/fed. in average), while sowing at1*
November recorded the highest seed yield (517.31 kg/fed.
in average). It was found sowing at the late date, in case of
control, recorded the lowest damping-off, root and stem
rot diseases, but scored less the amount of seed yield.

Discussion

During this investigation, eleven fungal isolates were
isolated from chickpea roots collected from different lo-
cations in New Valley governorate. The isolated fungi
were identified as Rbizoctonia solani, Fusarium solani and
Sclerotinia sclerotiorum. In pathogenicity tests, all the iso-
lated fungi were pathogenic to chickpea plants cv. ‘Giza 3’
with different degrees of disease severity. These results are
in agreement with those reported by Kaur ez al. (2007);
Khalil (2007) and Siddiqui and Akhtar (2007).

The obtained data indicated that only ‘Giza 1” was re-
sistant to infection with any of the tested fungi and ‘Giza
531’ was moderately resistant, while the other cultivars
were highly susceptible (Hassanein ez 4/., 1997; Rahhal ez
al., 2000). Khalil (2007) reported that chickpea cv. ‘Giza
I’ proved to be the most resistant against damping —off
and root and/or stem rot caused by F solani, S. sclerotio-
rum. While cvs. ‘Giza 2} ‘Giza 3’ and ‘Giza 4’ were suscep-
tible to all the tested fungi.

In vitro studies indicated that antagonistic fungi and
bacteria inhibited the growth of the tested fungi with dif-
ferent degrees of inhibition. Many investigators reported
that many Trichoderma spp. and Bacillus spp. are able to
inhibit growth of the tested fungi (Prasad ez al., 2002; Sid-
diqui and Akhtar, 2007; Sallam ez 4/., 2008; Zheng and
Sinclair, 2000). Elad (1996) stated that mechanisms of the
antagonism of Trichoderma spp. and Bacillus spp. against
different pathogens may be due to mycoparasitism, com-
petition and antibiosis.

Under greenhouse conditions, all the tested antago-
nistic isolates were able to cause significant reduction of
damping-off, root and/or stem rot diseases in chickpea
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plants. 7. viride (isolate TVM2) and B. megaterium (iso-
late BMMS5) proved to be the most effective isolates for
controlling the diseases.

These antagonistic isolates were selected to treat seeds
of the resistant cultivar ‘Giza 1’ which were sown in three
sowing dates to be an integrated control program to re-
duce infection by damping-off, root and/or stem rot dis-
cases under field conditions. Data summarized that all
tested antagonistic isolates caused significant reduction of
damping-off and root and/or stem rot diseases under field
conditions in all sowing dates

The reduction in disease severity under field condi-
tions was reflected on seed yield. Plants grown from seeds
treated with biocontrol agents produced seed yield great-
er than untreated ones. Seeds previously treated with 7
viride produced the highest seed yield in all sowing dates
followed by seeds treated with B. megaterium. Seed yield
was significantly affected with sowing dates in treated
seeds or untreated seeds, where sowing in first of Novem-
ber gave the highest seed yield compared with the other
sowing dates. These results are relatively similar to those
obtained by Prasad ez a/. (2002) who tested two antago-
nistic fungi, 7. harzianum (PDBCTH-10) and 7. viride
(PDBCTYV) against wilt (Fusarium oxysporum £. sp. ciceri)
and wet root rot (Rhizoctonia solani) diseases of chickpea
in the field. Zheng and Sinclair (2000) showed that there
was a significant positive correlation (r2= 0.78) between
root colonization by B. megaterium strain B153-2-2 or its
mutants and suppression of Rhizoctonia root rot of soy-
bean plants. Landa ¢z a/. (2004) studied the effect of sow-
ing date, host resistance and biological control on spread
of Fusarium wilt in chickpea plants. They found that the
main effects of sowing date, partially resistant genotypes,
and biocontrol agents caused a reduction in the rate of
epidemic development over time, a reduction of disease
intensity, and an increase in chickpea seedling emergence.
Chickpea seed yield was influenced by all three factors
in the study. The increase in chickpea seed yield was the
most consistent effect of the biocontrol agents. However,
the effect was primarily influenced by sowing date, which
also determined disease development. Sallam ez 4/. (2008)
reported that the tested formulations of Trichoderma spp.
proved to be effective for controlling R. solani and F. ox-
ysporum, the causal agents of bean damping-off and wilt
diseases, respectively under greenhouse and artificially in-
fested field conditions and also enhanced green yield com-
pared to infection control.

There are many mechanisms suggested to clarify the
role of antagonistic organisms in suppression of growth
pathogens and thus to control diseases. Their action
could be through antibiosis (Walker ez 4/., 1998), myco-
parasitism (Haran e 4/., 1996). The competition for nu-
trients and/or space (Inbar ez al., 1994). Also, the other
mechanisms involved are induction of resistance in plants
through increased of oxidative enzymes, i.e. polyphenol
oxidase, peroxidase, enhanced lignifications (Jetiyanon ez
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al., 1997), induction of pathogeneses related protein (PR-
1), chitinase and f, 1-3, gluconase in addition to increase
salicylic acid (SA) level in plants (De Meyer ez al., 1998).

The increase of seed yield obtained in this study,
could be attributed to the effect of biocontrol agents as
plant growth promoters (Naseby ez 4/., 2000). Yuming ez
al. (2003) reported that three Bacillus strains, B. subtilis
NEB4 and NEBS5 and B. thuringiensis NEB17 provided
increases in nodule number, nodule weight, shoot weight,
root weight, total biomass, total nitrogen and grain yield
of soybean plants.

In summary, it could be concluded that management of
damping-off, root and/or stem diseases of chickpea could
be based on strategies that integrate several control mea-
sures in the form of selected chickpea resistant cv. ‘Giza
I’ and treated with 7. viride (TVM2) or B. megaterium
(BMMS) and sown in first of November lead to decrease
of damping-off, root and/or stem rot diseases and increase
of seed yield under field conditions. Also, the obtained
bioagents isolated from chickpea rhizosphere proved to be
a commercial biocide product, but this needs further stud-
ies on these isolates before using in the biological control
programs.
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