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Effect of Trichoderma harzianum as biocontrol agent on wheat
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Abstract:

Damping-off disease caused by certain Fusarium spp. and other fungal
species is an important diseases of wheat. Isolations from infected wheat seedling
revealed that presence of Fusarium oxysporum, Fusarium chlamydosprum, Fusa-
rium lateritium, Fusarium proliferatum, Fusarium equiseti, Rhizoctonia solani
and Macrophomina phaseolina. This pathogens were able to infect Giza-168 and
Banyswif-1 wheat cultivars causing damping-off. The antagonistic capability of
the isolated fungi against the pathogens revealed that 11 fungal isolates out of 53
tested isolates showed moderately and highly antagonistic effect against all tested
pathogenic fungi. Two Trichoderma harzianum isolates gave over growth upon
the mycelia growth of the pathogens. Soil treatment with 7 harzianum gave sig-
nificantly reduction in incidence of damping-off on Giza-168 and Banyswif-1

cultivars under greenhouse conditions.
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Introduction

Wheat (7riticum aestivum L. em
Thell.) is the most widely grown
grain crop in the world. At least one-
third of the world's population de-
pends on wheat. The principle wheat
food was used as bread, flour and
pasta. It has numerous diseases prob-
lems, some of which have been eradi-
cated by resistant wheat strains and
new fungicides. There are still man-
agement problems for common dis-
cases like Fusarium rots. Several
species of Fusarium survive in fruit-
ing bodies in the soil. The fungus
causes root rot and damping-off.
(Stephen and klien, 1998). Damping-
off disease caused by F. oxysporum
F. lateritium, F.equiseti, F. chlamy-
dosporum, F. proliferatum, R. solani
and M phaseolina i1s an important
diseases of wheat (Chen et al., 1996;
Hajieghrari, 2009 and Saremi ef al.
2011 ). Fungicides may lead to the
appearance of new resistant strains of
pathogens.  Biological control of
plant disease especially soil borne
plant pathogens by using microorgan-
isms has been considered a more
natural and environmentally accept-
able alternative to the existing chemi-
cal treatment methods (Barker and
Panlitz, 1996 and Eziashi ef al.,
2007). The mycoparasite ability of
Trichoderma species against some
economically important aerial and
soil borne plant pathogens was stud-
ied by several investigators (Papavi-
zas, 1985; Elad er al., 1993, Elad,
2000; Freeman et al, 2004 and
Dubey et al., 2007). Trichoderma
species reduces the incidence of soil
borne plant pathogenic fungi under
natural conditions (Sivan and Chet,
1986 and Calvet ef al., 1990).

Trichoderma harzianum is an
efficient biocontrol agent that is
commercially produced to prevent
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development of several soil patho-
genic fungi. Different mechanisms
have been suggested as being respon-
sible for their biocontrol activity,
which include competition for space
and nutrients, secretion of chitinolytic
enzymes, mycoparasitism and pro-
duction of inhibitory compounds
{(Hassan,1992 and Howell, 2003 ).

The objectives of this investiga-
tion were to reduce wheat damping
off disease caused by certain Fusa-
rium spp., Rhizoctonia solani and
Macrophomina phaseolina .
Materials and Methods

1- Pathogens isolation and
identification

One hundred and two fungaliso-
lates were collected from different
wheat fields located at Assiut, Sohag
and Aswan governorates. Pathogen
isolates were isolated from infected
wheat showing damping off accord-
ing the methods described by Ha-
jieghrari, (2009). Isolated fungi were
purified using single spore and hy-
phal tip techniques and identified on
basis of morphological and culture
characteristic according to Domsch et
al. (2007). Then confirmed by Assiut
University,  Mycological  Center
(AUMC).

2 - Pathogenicity testes:

Twenty isolates were distin-
guished on basis of primary patho-
genic capability tests and used for
pathogenicity tests on Giza-168 and
Banyswif-1 cultivars under green-
house conditions during growing sea-
son 2010 / 2011. Pathogens inocula
were prepared on barley medium as
described by Ahmed er al., (2009).
The sterilized barley grains were in-
oculated with 5 mycelial blocks (0.5-
mm in diameter) 5- days old. The in-
oculated flasks were kept under room
temperature for 3 weeks. The flasks
were shaken with hand everyv alter-
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nate day. The autoclaved pot (25 cm
in diameter) filled with autoclaved
soil and inoculated with fungal inocu-
lums at the rate of 70 g/kg of soil.
Three pots were used as replicates.
Ten seeds of Giza- 168 and/ or Bany-
swif -1 cultivars were surface steril-
ized by dipping in 3% sodium hypo
chlorite solution for 3 min. followed
by washing with sterilized water and
seeded in every pot containing in-
fested and non infested soil. Pre and
post damping-off were recoded after
15 and 30 days respectively.

3- Isolation and ldentification
of the antagonistic:

Isolation of fungal antagonistis
from wheat rhizospher were carried
out by using method described by Al-
Mahareeq (2005). Antagonistic iso-
lates were purified using single spore
and hyphal tip techniques and identi-
fied on basis of morphological and
culture characteristic according to
Domsch et al. (2007).The identifica-
tion was confirmed by Assiut Univer-
sity, Mycological Center (AUMC).

4- Evaluation of antagonistic
activity in dual culture technique
(in vitro) :

The antagonistic capability of
fitty three fungal isolates isolated
from wheat rhizosphere was tested
against the tested pathogenic fungi in
dual culture in vitro. The highly
pathogenic isolates of F. chiamy-
dosporium (Isolate No. III), R. solani
(Isolate No. II) and M phaseolina
(Isolate No. 1) were selected for this
study. Petri dishes (9 cm. in diameter)
each containing 10 ml of PDA me-
dium, were secded with 5-mm equal
disks of the tested fungi obtained
from 4 days old cultures grown on
PDA medium at 25+1°C.

A disc (5 mm in diameter) of F.
chlamydosporium, R. solani and M.
phaseolina were inoculated at equal
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distance of the opposite side of Petri
dish, Plates inoculated with patho-
genic fungi only were used as control
and three replications were used for
each test. The inoculated plates were
incubated at 25x1°C.

Observation on antagonism and/
or mycoparasitism of the tested fungi
were recorded when the growth of the
pathogenic fungi completely covered
the plate surface in control treat-
ments. The following arbitrary scale
index was used to estimate antago-
nism or mycoparasitism of the tested
fungi (Hassan, 1992; Azza and Al-
lam, 2004; AbdulKareem, 2011 ) as
follows : 0 = No antagonism, 1 =
slightly antagonism, 2 = moderately
antagonism , 3 = highly antagonism
and 4 = over growth (mycopara-
sitism).

5- Culture filtrate (nonvola-
tile) and early volatile metabolites
testes:

Culture filtrates of 6 tested fungi
showed over growth upon pathogen
mycelium  were tested by growing
fungi in conical flasks (250 ml) each
contained 100 ml of Czapek's solu-
tion agar liquid medium at 25 +£1°C.
After 14 days incubation period, my-
celia mats was discarded by filtration
through filter papers and culture fil-
trates were sterilized by passing
through sterilized Schieicher and
Schuell filter (0.2 um. , 7 bar max.).
Sterilized culture filtrates were added
to autoclaved Potatoes Dextrose Agar
(PDA) medium to get 10% concentra-
tion (v/v) before dispensing medium
in Petri dishes, when the temperature
of the medium was about 350°C.
PDA medium without addition of cul-
ture filtrates of antagonists was used
as controls. Disks 5-mm. in diameter,
from 5-days old cultures of each
pathogenic fungus were transferred to
the center of dishes and incubated at
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25+1°C. Three replicates were used
for each treatment. After 6 days incu-
bation period, liner growth of tested
pathogens was recorded. Percent
growth inhibition rate was calculated
according to the formula used by
Moubarak and Abdel-Monaim (2011)
as follows:

PlI=[{(C-T)/C] X 100

Where; PI= Percent growth in-
hibition rate

C= Radial growth of the patho-
gen in control plates

T = Radial growth of the patho-
gen in treated plates

6- Biological control of wheat
damping-off by Trichoderma har-
Zdanum
under greenhouse conditions.

The effect of T. harzianum on
incidence of damping-off of wheat
were carried out under greenhouse
condition at the Assiut University
Greenhouse during growing seasons
2010/2011 and 2011/2012. Salty
loam soil with 1% organic maters
was used. Completely randomize de-
signs with three replicates were ac-
complished in greenhouse. Inoculum
of pathogens and T. harzianum were
prepared as above mentioned de-
scribed in pathogenicity test.

Five 1solates from Fusarium and
one isolate of R. solani , one isolate
of M phaseolina, two isolates of
T harziznum were used in this study.

In greenhouse tests, Pots (25-cm
in diameter) were filled with steril-
ized clay loam soil. Trichoderma in-
oculum was added at the same time
of soil infestation with pathogens in-
oculum at rate 70 g /kg. Pots seeded
with 10 seeds of poth Giza-168 and
Banyswif-1 wheat cultivars. Pots irri-
gated and fertilized as recommended,
three pots was used as replicates and
three replicates without treatment was
used as control. Pre and post emer-
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gence damping-off were recorded af-
ter 15 and 30 days, respectively.
7- Statically analysis:

Data was subjected to statistical
analyses of variance was carried out
using the MSTATC computer pro-
gram. Means were compared using
I.S.D tests at P< 0.05 according to
Gomez and Gomez (1984).
Experimental Results

1-Isolation, identification and
isolates sources of the causal
pathogen:

Twenty fungal isolates were iso-
lated from wheat seedling showing
symptoms of damping-off collected
from different localities of Assiut,
Aswan and Sohag governorate. The
isolated fungi were identified on basis
of morphological and culture charac-
teristic according to Domsch er al
(2007). Identification of the isolated
fungi presented in Table (1) revealed
that the fungal isolates were 6 isolates
of F. oxysporum (Schlecht. Exfr.
Emend. Snyder&Hansen), three iso-
lates of F. chlamydosprum (Wol-
lenw.&Reinking). three isolates of F.
lateritium (Nees), one isolate F
proliferatum (Matsushima) Niren-
berg, one isolate of F. equiseti
{(Corda) Sacc, four isolates of
Rhizoctonia solani (Kuhn), and two
isolates of M. phaseolina (Tassi)
Goidanich.

2- Pathogenicity testes:

Isolated fungi were tested for
their pathogenic capability during
growing season 2010/ 2011 on Giza-
168 and Banyswif-1wheat cuitivars.
Data presented in Table (2) indicate
that all the tested fungal isolates
were able to infect wheat plants caus-
ing damping-off with varied degrees.
Data indicated that, generally in both
wheat cultivars R. solani (II) and F.
oxysporum (11 and [V} caused the
highest total infection and signifi-
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cantly incident of discase. While
Rhizoctonia solani (111 ), F. ox-
ysporum (V1), M phaseolina (1 and
II) , F. chlamydosprium (1 and 11), F.
lateritium ( 1l and III) caused the
lowest total infection. The rest of
tested isolates are in between.

Rhizoctonia solani( 11 ), F.
chlamydosprium ( 111), F. oxysporum
isolate ( Il ), F.lateritium (1), F.
proliferatum (1), F. equiseti (1)
and M. phaseolina (1) were selected
for further studies.

3- Preliminary test for an-
tagonistic capability of the fungal
isolates:

Fifty three fungal isolates iso-
lated from rhizosphere of wheat were
tested against the caused pathogens of
wheat damping-off in vifro. The
highly pathogenic fungal isolates was
selected for this study.

Data presented in Table (3) in-
dicated that only 11 fungal isolates
out of 53 tested isolates exhibited
moderately and highly antagonistic
effect against all tested pathogenic
fungi. However, 6 fungal isolates
showed over growth upon tested
pathogenic fungi. The rest of fungal
isolates gave negative or slight an-
tagonistic etfect.

4- Effect of culture filtrate on
radial growth of the tested Patho-
gen fungi in vitro .

Culture filtrate of Trichoderma
harzianum, T. longibrachiatum, T
atroviride and Aspergillus flavus ob-
tained from rhizoshere of wheat were
tested in vitro against Rhizoctonia so-
lani( 11 ), F. chiamydosprium ( 111}, F.
oxysporum ( 11), F.lateritium (1), F.
proliferatum (1), F. equiseti (1)
and M. phaseolina (1), the causal
pathogens of wheat damping-off . In
general Data in Table (4) indicate that
either 7. harzianum, T. longibrachia-
tum, T. atroviride and Aspergillus
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flavus or its filtrate inhibited the
growth of the causal pathogens. Data
also indicate that treatment with cul-
ture filtrate of these antagonistics re-
duce significantly the liner growth of
the tested pathogens compared with
control in vitro.

5- Effect of Trichoderma har-
zianum on incidence of damping-off
on twoe wheat cultivars under
greenhouse  conditions  during
growing seasons 2010/2011 and
2011/2012

The effect of two isolates of T
harzianum on incidence of wheat
damping-off on two wheat cultivars
during two successive growing sea-
sons were carried out under green-
house conditions. The results of this
study are presented in Tables (5-8). I
n general soil treatments with two
T harzianum (1 and II) during both
seasons 2010/2011 and 2011/2012
reduced the total infection £ ox-
ysporum, F. lateritium,
F.chlamydosporum R. soloni and M.
phaseolina compared with the un-
treated soil of wheat cultivar Giza-
168 and Banyswif-1.

A- On Giza-168 wheat cultivar:

Data in Tables (5 and 6) show
that T harzianum (1 and 11 ) signifi-
cantly reduce the total infection of
F.chiamydosporum during two grow-
ing seasons compared with the un-
treated.  Data also indicate that
T harzianum (1 and 11 ) significantly
reduced total infection of F. laterit-
ium, M. phaseolina and F. oxysporum
and gave less effect against other
fungi during growing  season
2011/2012 whereas no significantly
effect against pathogens during grow-
ing season 2010/2011. Data also indi-
cate that 7. harzianum (1 and 11 ) were
not significantly effected on F. equi-
seti and F. proliferatum during two
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growing seasons compared with the
untreated.

B- On Banyswif-1 wheat cultivar:
Data presented in Tables (7 and 8)
indicated that 7. harzianum (1 and
11 ) significantly reduced tota!l infec-
tion of M. phaseolina, F. oxysporum
and F. chlamydosporum during grow-
ing season 2011/2012 compared with
the untreated. Data also indicate that
T harzianum (1 and II ) were not sig-
nificantly effected on F. equiseti and
F. proliferatum during two growing
seasons compared with the untreated.
Discussion

Damping-off disease caused by
certain Fusarium spp. and other
fungal species is an important
discases of wheat. Isolations from
infected wheat seedling revealed that
presence of F. oxvsporum, F. chia-
mydosprum. F. lateritium, F. prolif-
eratum, F. equiseti, R. solani and M
phaseolina . According to the avail-
able literaiure, the pathogens were
isolated from wheat and caused
damping-ff on wheat cultivars ( Fouly
et al. 1996, Moubarak and Abdel-
Monaim, 2011 and Abo-Elnaga,
2012 ). Pathogenicity tests of isolated
fungi was carried out on two wheat
cultivars (Giza-168 and Banyswif -1)
and reviled that all the tested fungal
isolates were able to infect wheat
plants causing damping-off. Data re-
ported herein indicate that R solani,
F. chlamydosprium, F. oxysporum, F.
proliferatum, F. lateritium and F.
equiseti caused the highest total in-
fection and significantly incident of
discase. These results are in harmony
with those reported by Hashem and
Hamada (2002). Fernandez and Chen
(2005). Atef (2008) and Moubarak
and Abdel-Monaim (2011). Isolation
of  antagonistic fungal from
rhizosphere of wheat soil resulted in
53 antagonistis isolates. Testing an-
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tagonistic capability of the isolated
fungi pathogen in bicultural studies
revealed that 11 fungal isolates out of
53 tested isolates showed moderately
and highly antagonistic effect against
all tested pathogenic fungi. However,
6 fungal isolates showed over growth
upon tested pathogenic fungi. Such
results are in agreement with those
reported by Hassan( 1992), Azza and
Allam (2004) and  AbdulKareem
(2011). The selected antagonistis var-
ied in their inhibitory effect on radial
growth of the tested pathogen. T. har-
zianum has been reported as the best
antagonists for damping-off disease
caused by F. oxysporum, F. chlamy-
dosprum, F. lateritium, F. prolifera-
tum, F. equiseti, R. solani and M
phaseolina under laboratory condi-
tion. 7. harzianum completely over
grew on the colony of the pathogens
fungi. The results are agree with
those reported by  El-Nashar ef
al.(2001), Atef (2008), Hajieghrari et
al.(2008), Waheed and Khilare
(2010), Hassan Dar ef a/.(2011), and
Abo-Elnaga (2012). They reported
similar results in their studies on one
or more of the tested microorganisms.
Soil treatment with T. harzianum
demonstrated reduction in incidence
of damping-off in Giza-186 and
Banyswif -1 cultivars under green-
house conditions. These results are in
accordance with those reported by
Atef (2008), Moubarak and Abdel-
Monaim (2011), Haggag and Mo-
hamed (2011), Abo-Elnaga (2012)
and El-Bramawy and FEl-Sarag
(2012). The highest significant values
of I harzianum for suppressing F.
chlamydosporium and F. oxysporium
and M. phaseolina.

Tricoderma specics may be very
useful in biological control against
wheat and toxygenic Fusarium spe-
cies to reduced their inoculums and to
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prevent Fusarium mycotoxin accumu-

lation in plant tissues ( Busko ef al.,

2007 and Abo-Elnaga, 2012).
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Table 1. The fungal isolates and their Sources

No. Isolates _ | Source of isolates

1 Fusarium oxysporum (D Abnoub )

2 Fusarium oxysporum (1I1) Dirout
3 Fusarium oxysporum amy 0 Sahel Sleem |
4 ) Fusarium oxysporum (Iv) Manfalout

5 Fusarium oxysporum V) Manfalout

6 Fusarium oxysporum (V1) Manfalout

7 Fusarium chlamydosprum (I} Assiut

&8 Fusarium chlamydosprum (1) Sahel Sleem

9  Fusarium chlamydosprum  (1II) Aswan

10 ¢ Fusarium lateritium (I Albadari

11 _Fusarium lateritium (1) Sohag

12! Fusarium lateritium (1T} Aswan

13 Fusarium proliferatum (D ~_Alfath

14 Fusarium equiseti (I Sohag i

15 _Rhizoctonia solani (D Dirout !
16 Rhizoctonia solani (10 Dirout n
17 ' Rhizoctonia solani (1I1) Sahel Sleem
18 Rhizoctonia solani (IV) Sohag :
19 Macrophomina phaseolina (1) Elkosya
o 20 Macrophomina phaseolina (1) Aswan
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Table 2. Pathogenic capability of 20 fungal isolates on ''Giza -168'' and
"Banyswif -1'"' wheat cultivars under greenhouse condition.

| Cuitivar | Giza-168 BanXSWlf- i
i Damping-off (%) | Damping-off (%) |
| Pathogen Pre | Post| Total | Pre ; Post | Total |
“Foxsporum () | 133 100 233 | 367 | wouéﬂ
| F.oxysporum _____(II) | 40.0 [ 10.0 | 50.0 | 43.3 [3.30 = 46.6 4
; F_oxysporwm (D) {233 [00.0} 233 | 43.3 [13.3 56.6
Fox}iporum (V) 1267 00.0] 267 | 433 1330 46
 Fooxysporwm (V) 1167 1001 267 [ 233 ‘3_30| 26.6 |
| F. oxysporum (VD) | 16.7 1033 [ 200 | 233 330 26j
F chlamydosprum (1) | 16.7 w033 200 | 233 ’100 'g;;!
f E chlamydosprum (1) | 20.0 | 033 | 233 " 133 1200 333 |
F _chlamydosprum  (1I1) | 433 [06.7 '_i)ﬁi 133 670 '7200
| F. lateritium () 267 06.7] 334 | 200 [ 133 3334'
(F_laterztmm (I) ' 16.7 03.3] 200 | 123 330 16.6
_F lateritum__ (1) | 13.3 1100233 130.0 [0.00] 30.0
LFgrolzﬁzratum (h 267 100 367 . 167 1000 16. 7){
 F.equiseti (D | 233 1067] 30.0 | 20.0 [13.3] 333
"R solani (D [ 233 067! 300 [ 23.3 100*333w
@{iq;am (11)-‘ 53.3 1033‘ 56.6 | 567%3 301 60.0 |
"Rsolani (1) | 233 | 100.0 4' 233 1267 | 000%276 l_j
_Rosolani (V) [ 167 1067 | 234 | 367 [6.70 434
_ M.phaseolina_ (1) [ 100 7033 133 133 1100 233
M phaseolina____(I)_| 0.00 ' 06.7 | 670 | 233 1330 | 26.6 |
“Control | 0.00 1000 0.00 ' 000 | 0.00 | 0.00 |
T
L.SD.at5% | 23.7 1128 254 | 364 | 15 | 37
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Table 3. Antagonistic effect of isolated fungi against growth of Fusarium
chlamydosporum, Rhizoctonia solani and Macrophomina phaseolina

in vitro
No. of isolates Pathogenic fungi Mea:‘
| F. chlamydosporum | R. solani | M. Phaseolina
i-22 0 0 0 0.00
23-28 4 4 4 4.00
29 0 0 1 0.33
30 I 0 1 0.66
31 0 4 0 1.33
32 0 4 0 1.33
33 2 2 3 2.33
34 0 1 0 0.33
35 0 3 0 1.00
36 0 0 4 1.33
31 3 |4 3 3.33
38 0 | 3 0 1.00 |
39 0 |1 1 0.66
40 4 3 2 3.00
41 4 0 2 12,00
42 4 0 4 | 2.66
43 4 3 0 | 2.33
44 4 3 3 | 3.33
45 | 0 3 0 1.00
46 4 3 3 3.33
47 0 0 2 0.66
1 48 4 1 3 2.66
| 49 1 10 1 0.66 |
| 50 4 3 0 233
’1 51 4 0 0 1.33
52 4 4 0 | 266
53 i 2 2 0 1.33 |

Arbitrary antagonism scal:
0 = No antagonism

1 = Slightly antagonism

2 = Moderately antagonism
3 = High antagonism

4 = Over growth



Table 4. Effect of culture filtrate of 6 antagonists on radial growth of the 7 tested pathogenic fungi in vitro

T F. latem’mmT R solani M. phaseolma ] " ngluisen; l F. ox_;':?s})io‘rum' F. chlamj;légéwﬁfi)fi;l}fé;ryr‘_z}};{i
1 rum Z
Al;:ilg;)tl::‘s Lmer 1 Inhi- | Liner | Inhi- | Liner ' Inhi- | Liner | Inhi- I Liner | Inhi- | Liner ‘ Inhi- | Liner | Inhi-
growth | bition | growth ' bition ' growth | bition | growth | bltlonlgrowth bitlonigrowth  bition ' growth | bition
o (mm) | (%) | (mm) | (%) (mm4 (%) | (mm) (%) | (mm) | (%) (mm) (%)  (mm) | (%)
Lharzianuml 320 | 422 | 167 | 67.6 | 522 | 38. 7337 1399 327 1420 | 417 | 238 | 347 | 370 |
T.longibrachiatum 27.0 | 512 | 217 | 551 517 I 39.2 27.0 51 81 237 1579 | 250 | 542 | 250 | 545
— - - - — — et i 4 i ! -
Tharzianum 1 | 117 | 789 | 175 662 11.5 | 865 | 133 | 76.2 13 0 76.9_ 192 | 64.8 150 | 727
S ——— _‘ S ._.__4'.,.__..__. S VY VS — +— —_ —_— U E— -
i Tatroviride | il 517 ] 06.6 | 40.5 21 6 83.7 l 1.60 | 513 083 Sl 0 | 095 503 | 790 | 513 ! 06.7
- 1 [ !

- Tatroviride I1 | 360 | 349 | 367 | 293 | 217 | 745 | 347 381|333 408 | 233 | 573 | 347 | 370
Aspergillus flavus 527 048 | 378 267 662 | 220 | 527 | 060 | 527 | 065 | 503 | 7.90 | 523 #049
,,,,,,,, R S R ———— e — —_— .

Control N 553 000 | 517 0.00 r 850 | 0.00 . 560 | 0.00 | 563 | 0.00 & 547 | 0.00 | 55.0 ‘ OOO‘l
L.S.D at 5% 2.2 41 860 166 830 980 1.6 2.8 2.4 41 460 810 26 4.8

(LE-0T)STOT (T) "ON (##) 12§ M3y [ MISSY
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Table 5. Effect of Trichoderma harzianum on incidence of damping-off on "

Giza-168" wheat cultivar under greenhouse conditions during
__growing season 2010/2011 7 R
f 9 . Damping-off (%) |
, Pathogenic fungi Treatment Pre- Post- Total |
| ] emergence " emergence |‘ a
T harzianm 11 16.67 | 0333 ; 20.00
Fusarium lateritium | Lharzianm1 10.00 0333 | 1333
Control 26.67 03.33 30.00
N B Mean | 1778 | 333 | 2111
T harzianm 11 1000 | 1333 23.33
Rizoctonia solani T harzianm | 10.00 ~00.00 10.00
Control 36.67 06.67 | 43.34
L Mean 18.89 06.67 | 25.56
Tharzianm11 | 16.67 06.67 | 23.34
Macrophomina T harzianm | 06.67 03.33 10.00
; phaseolina  Control 23.33 06.67 = 30.00
Mean 15.56 556 | 2111
T harzianm 11 13.33 10.00 | 2333 |
Fusarium equiseti _ Tharzianm1 | 10.00 13.33 | 2333
‘ Control 1000 | 1667 | 26.67 |
. ~ Mean 11.11 1333 | 2444 |
| T harzianm 1 1 2667 | 0333 | 30.00 |
- Fusarium ox- Tharzianm1 | 00.00 . 10.00 | 10.00
ysporum ~__ Control 3333 06.67  40.00
| Mean | 2000 | 0667 @ 2667 |
Tharzianm11 | 06.67 16.67 | 2334
| Fusarium chlamy- T harzianm 1 20.00 0333 | 2333 |
i dosporum ' Control ~60.00 03.33 | 63.33
| ‘Mean 28.89 07.78 | 36.67 |
| . TharzianmI1 i 03.33 03.33 | 06.66 |
‘ Fusarium prolifera- T harzianm 1 13.33 06.67  20.00
fum ___ Control 3333 | 0333 | 36.66
o | Mean 1667 | 0444 | 2111
L.S.D. 5% for: Fungi (A) 17.20 5.96 1533
Treatment (B) 19.79 6.86 17.65
AXxB 34.03 14.53 31.10
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Table 6. Effect of Trichoderma harzianum on incidence of damping-off on
" Giza-168" wheat cultivar under greenhouse conditions during

_growing season 2011/2012

| 1 Damping- off(%l_ ]
Pathogenic fungi Treatment Pre- Post-  Total |
o _!,ﬁ o emergence | emergence | J
T harzzanm I I 03.33 | 06.67 | l%

Fusarium lateritium L harzzanm L —#—#@00 U —10@— 19. 00
Control 1333 1 1333 | 2767§ﬁ6w
o ""Memm | 05355 | 1000 _ 1555

| Tharzianm11 | 00.00 | 16.67 & 16,67
Rizoctonia solani {L@zzgﬁn ml 0334 1 —23}2'— 2667

 Conrol | 1333 | 1333 2666
1 Mean | 0556 | 1778 7E 23.33
| Tharzianm11| 0333 | 1000 1333
| Macrophomina phaseolina  Lharzianm1 | 00.00 E 13.33 1333
_ Control | 1000 1667 _ 2667
. Mean " 0444 | 1333 1778
: Tharzianm11| 0333 | 1333 | 16.66 |
L - Tharzianm 1 | 0333 | 1667 2000
| Pwsarmmequisetl Aol 1333 | 10.00 N 2§_§3—E
S | Mean 06.66 | 13.33 4_19_99 9.
,  Tharzianm 11! 0000 | O 06 67 0667
,  Tharzianm1 | 00.00 10.00 1() 10.00 |
Fusarium oxysporum Control | 10.00 2000 30.00
- Mean | 0333 | 1222 1556 |
| Tharsianm 1, 00.00_ | 1000 _ 1000,

! . Tharzianm1 | 00.00 | 09.00  09.00
Fusarium chlamydosporum frf(,ontrol 0.0 { 1333 12333 ,

4 Mem 0333 [ 11078 [14.11,
i Tharzianm 11 0000 | 16.67 _!iﬁl
| _Tharzianm1 | 0333 | 1000 1 13.33
| Fusarium proliferatum E_i(;g)ntroi | L 0667 ﬂ_mhl—6?7 “ 23 34 ‘
" "Mean 0333 | 1444 1778

L£.S.D. 3% for: Fungi (A) 717 11.76 10.79

Treatment (B) 8.25 13.54 12.43

AXB 7.76 11.86 12.68
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Table 7. Effect of Trichoderma harzianum on incidence of damping-off on "
Banyswif-1'"" wheat cultivar under greenhouse conditions during

_____ growing season 2010/2011

| ! | Damping-off (%) ____
| Pathogenic fungi | Treatment r Pre |  Post- Total |
. cmergencc Emergence | |
| ' Tharzianm11 | 0667 | 0667 | 13.34 |
‘ Fusarium lateritium { I harzianm 1 ——‘?'—6;@7“‘ ;ﬁi@_}}ﬁ*i@ﬁi
| "~ Control | 5000 _| 0000 | 5000
.l Mean | 2778 | 0667 | 3445 |
| Tharzianm 11 | 1667 | 0667 | 2334 |
. ] .| _Tharzianm I 0667 | 1000 | 16.67 |
ll Rizoctonia solani jﬁontrol 46.67 ﬂlr—:—iﬁgéz——: ﬁ—-ﬁﬂs 0.00
Mean 2334 | 0667 | 30.00
R o T o000 3333
| | Tharzianmi1 | 2333 | 0000 | 2333
! Macrophomina | Tharzianm1 | 2000 | 10.00 1 30.00
phaseolina . Control ! 3333 | 0667 ) 40.00 |
L Mean 2555 | 0556 | 3110
| | Tharzianm 11 1333 | 1333 | 2666 l
| _ . | Tharzianm1 26.67 06.67 | 3334 |
| Fusarium equiseti | Control | 4000 1000 | 50.00 |
- [ Mean | 2667 | 1000 | 3667 |
o  Tharzianmi1 | 2000 | 1333 3333 |
Do , T harzianm 1 13.33 - 1333 1 26.66
| Fusarium oxysporum | Control | 3667 | 1000 | 46.67
o Mean | 2333 [ 1222 | 3555
| Tharzianm11 | 2333 | 1333 | 36.66 |
| Fusarium chlamy- | T harzianm } ;2333 . 0333 12666
| dosporum | Control | 5000 0000 | 5000
. Mean | 3222 | 0555 | 3777
; | Tharzianm 11~ 0333 | 1000 1333
| Fusarium prolifera- | T harzianm I 26.67 : 00.00 @ 26.6ﬂ
| fum . Control | 1333 2000 | 3333
T Mean 1444 1 1000 | 2444
L.S.D. 5% for: Fungi (A) 20.77 R.60 20.15
Treatment (B)  23.90 9.90 23.20
AxB 29.14 14.44 28.83
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Table 8. Effect of Trichoderma harzianum incidence of damping-off on
"Banyswif-1" wheat cultivar wunder greenhouse condition during
___growing season 2011/2012 -
! | Damping-off (%)

E

Pathogenic fungi E Treatment |  Pre- ' Post- i Total
- emergence | emergence
Tharzianm1l | 1000 | 1333 12333,
Fusarium lateritium T harzianm1 ;.  03.33 16.67 20 00
Control | 13.33 13.33 2@@
- Mean = 0889 | 1444 2333
Tharzianm11{ 1000 | 0667 | ' 16. 67 \
Rizoctonia solant Tharzianm1 | 00.00 | 1333 13, 333
| | Control ; 16.67 10. 00 o 26 67
I - | Mean [ 0889 1000 1889
| | Tharzianm 11| 03.33 06.67  10.00 |
| Macrophomina phaseolina L Lharzianm1 | 03.33 —L 06.67 10 OO
| Control | 1667 1333 [30.00]
o 7 Mean j 07.78 | 08.89 IM
| | Tharzianm11| 00.00 | 2000 20 00 |
| Fusarium equiseti 8 Tharzzanm 1| 03 33 1 2667  30.00 |
i i_# Control | _ 10 00 | 2333 | 3333
S Mean | 0444 2333 27 78 |
 Tharzianm11|  03.33 jb 1333 16.66
. Fusarium oxysporum Lharzianm1 . l 03.33 + 06.67_ —+ 120—0
 Conwol | 00.00 3667 3667
] Mean = 0222 | 18.89 2111
 Tharzianm 11 0333 | 2333 _‘26 66 |
T harzignm 1 Ji 00.00 ~  10.00 ' 10. 00
| Fusarium chiamydosporum ™ Control | 20.00 1000 30.0 0 0 |
] _Meam , 0778 | 1444 2222
‘FT harz:an&lt_ 00.00 2333 ___} §3_3_ |
Fusarium proliferatum Z_hézfg;a_r%l | 8333 — 23'33 — 2(6)68J
: ontro ‘ 30.0 0 30.00 |
e Mean | OLI1l1 | 25??“w 26.66 |
L.S.D. 5% for Fungi (A) 8.16 7.64 .49
Treatment (B) 9.39 8.79 9.78
AxB 35.71 15.85 15.20
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