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ABSTRACT

The efficacy of different Trichoderma species were evaluated in vitro and under field conditions against
five pathogenic of sunflower head-rot fungi (HRF). Bioagents were applied by three application methods during
2015and2016 growing seasons. In vitro, six species of Trichoderma harzinum, T.virid T.hamatum, T.koningii,
T.reesei and T.polysporum were selected for field studies.Both of T. harzianum and T. viride recordid the
highest antagonistic potential against almost of the pathogenic fungi followed by T.reesei. In field experiments,
the tested bioagents were studied in series of experiments using different three application methods, i.e. foliar
spray [F.S.], soil drench[S.D.] and foliar spray with soil drench[F.S.+ S.D.].These bioagents were applied at
three stages i.e. 30, 45 and 60 days after sowing. Head diameter, stem diameter, leaf area, seed number per
head, 1000 seed weight , seed yield per plant, yield per plot and yield per feddan were determined as crop
parameters. Results indicated that the three application methods gave the lowest values of disease incidence
and increased crop parameters compared with untreated plants. The highest antagonistic activity was achieved
with T.harzinum when applied as foliar spray which gave the highest percentage of disease reduction and
increased crop parameters during both seasons, followed by strain of T.viride when applied as soil drench and
T. reesei when applied as (soil drench and foliar spray), respectively.
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Induce systemic resistance.

INTRODUCTION

Sunflower (Helianthus annuus L.) is the third most
important oil seed crop belonging to Asteraceae and is a rich
source of edible oil (40-52%) having anticholesterol
properties due to the presence of polyunsaturated fatty acids
(55-65% linolecic acid and 20-30 % oleic acid) (Joksimovic
et al .,2006). Area under sunflower cultivation in the world
accounts for (20) million hectares. Presently in Egypt,
sunflower is cultivated over an area of 38550 feddan with
aproductivity of 970kg - 1200kg / feddan (Mini. of Agric.and
Land Recl., 2016). More than 30 diseases have been identified
on sunflower (Gulyaetal .,1994), head rot disease as effective
by destructive pathogenic fungi which are often called the
head rot fungi [HRF] on sunflower and among them i.e.
Fusarium Head- rot [FHR], Botrytis Head rot [BHR] and
Rhizopus Head rot [RHR](Rodriguez et al., (2004), were
aworldwide distributed necrotrophic pathogen, attacking
more than 400 plant species including sunflower (Boland and
Hall 1994). The pathogenic of head rot fungus can attack
sunflower plants causing diverse symptoms in leaves, stalks
and flowers and causing significant losses in seed yield,
damage to oil and has a wide host range causing average yield
reductions of 10 to 20%. On the other hand, head rot are
considered a major disease in Europe, Argentina, USA and
Egypt causing average yield reduction reached to 20% (Al-
Taweil et al., 2009), also when it occurs it can cause
significant damage to oilseed crops,where can been cultivated
for many years, caused an increase in the incidence and
severity in production areas (Steadman, 1983).
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Disease control of head rot infection is difficult, since
the pathogens persists in the soil for long periods and at high
inoculum levels (Rodriguez et al., 2004). The diseases can be
controlled by appropriate application of fungicides, while the
most economic method can be controlled these diseases by
use biological control, where increased the effectiveness of
the disease management.

Trichoderma spp. are considered as most efficient
biocontrol agents (Perchepied et al., 2010). Major
mechanisms involved in the biocontrol activity of
Trichoderma spp. are competition for space and nutrients,
production of diffusible and/or volatile antibiotics, hydrolytic
enzymes like chitinase and B- 1.3. glucanase. These
hydrolytic enzymes partially degrade the pathogen cell wall
and lead to its parasitization (Lorito et al., 2010).Also,many
recent findings suggest that plant development and
biochemistry were strongly affected by Trichoderma strains.
Trichoderma colonize were gave penetrate plant head tissues
and initiate a series of morphological and biochemical
changes in the plant, considered to be part of the plant defense
response, which in the end leads to induced systemic
resistance in the entire plant. Trichoderma species have the
ability to interact with head of diverse plant species leading to
induce systemic resistance responses to a wide spectrum of
pathogens and adverse environmental conditions (Shoresh, et
al., 2010). Other ecological success of these strains are their
capability to synthesize antagonistic compounds [proteins,
enzymes and antibiotics] and growth promoting substances
[vitamins, hormones and minerals] enhance their biocontrol
activity (Al-Taweil et al., 2009).
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There are several studies dealing with the use of
biological control agents, mainly Trichoderma spp. to control
head-rot diseases, caused by the genera Botrytis, Rhizopus,
Rhizoctonia, Aspergillus and Fusarium (Elad and Stewart
2007). There are some studies conducted with Trichoderma
bioagents for the control of head-rot fungi [HRF] of
sunflower and promising results have been obtained by many
researchers. (Raoof et al., 2003, Chagas, 2009, and Demant et
al., 2010).. In addition , (Raj et al., 2004) reported that
Trichoderma species, i.e. T. harziamum, T. viride, T.
hamatum and T. koningii used as spray and soil drench,
induced head rot diseases resistance and enhanced promotes
plant growth and fruit yield (Sudisha et al., 2006).

The objective of this study was to evaluate the
effectivness of Trichoderma spp. isoleats with different three
application methods to readuce sunflower head-rot, as well as
the economic importance of Trichoderma spp. in increased
yield guantity under field conditions at two seasons (2015,
2016)

MATERIALS AND METHODS

1-Antagonistic effect of Trichoderma isolates on linear
growth of sunflower head- rot fungi:

All Trichoderma spp. were kindly obtained from the
Dept. of Mycol. Res., Pl. Pathol. Res. Inst,ARC, Giza,
Egypt.,, were subjected under labe. conditions to evaluated
their antagonistic effect on the majority of phytopathogenic
fungi causing head rot of sunflower i.e. B. cinerea, R. solani,
R. oryzae, A. flavus and F. moniliforme were collected from
(onion and garlic) and oil crops diseases Res. Dept. Institute
(ARC), Giza, Egypt. In such experiment, plates were
inculated with 7 days old pure culture discs (5 mm in
diameter) of the pathogenic fungal isolates at the preferal of
the plat surface. The antagonistic organism (5 mm diam. disc)
was inoculated on the opposite side of the plate, then
incubated at 27°C and periodically examined every 24 hrs.
Four replicates were used for each particular treatment. After
the complete growth of the control treatment, reduction in
mycelial growth was estimated according to the method
adopted by Ferreira etal ., (1991) in which:

R=A-B/AX100.
Where: R= Percentage of growth reduction.

A= Average growth diameter of control.

B= Average growth diameter of pathogen.

Degree of antagonistic effect was determined
according to the scale adopted by Bell et al., (1982).
2-Field Experiments:-

-Prepartion of bioagents inculum:-

Trichoderma isolates were grown on broth medium
(Allens et al., 1983) by inoculation of 5 ml of conidial
suspension from sporulating cultures on PDA slants to 250ml
of medium in 500 ml Erlenmeyer flasks, the potato dextrose
broth was employed for multiplication of Trichoderma
isolates. The Trichoderma suspension was adjusted to be
contain 5x10%° cfu/ml by using a mechanical shaker,at 180
rpm at 28C and centrifuged at 18.0000 rpm for 15 min in
sharples on line centrifuge. These conidial suspensions were
used for further experiments.

- Disease assessment:

Suspension concentrates of bioagents 5x10t°
condia/ml was used for different application methods as i.e
foliar spray (F.S.), soil drench(S.D.) and both application
methods(F.S.+ S.D.) to determine the most effective

application method against head Rot fungi (HRF) of
sunflower. On the other hand, the broth liquid of Trichoderma
isolates namely, T.harzianum ,T. viride , T. Hamatum , T.
Koningii , T.Reesei and T. Polysporum were used in doses at
(5ml/L) at three stages, the first dose was given 30 days after
sowing followed by second dose after 45 days followed by
the third dose after 60 days after sowing.Disease assessment
was measured as persentages of standing plant with head rot
symptoms 90 days after planting, and disease incidence was
determined according to
_Number of infected plants

Percentage of infection = %100
Total numberof plants

The experiment was repeated through tow season to
determine the accurate application on head rot sunflower.
- yield components and growth characters:

Afield experiments were conducted during seasons
2015 and 2016 at Etai EL-Baroud Experi Resr stat, the
location chosen was fields naturally infested with head rot
diseases that had been planted of sunflower. Each experiment
was carried out in split plot design and the sunflower
(c.v.sakha 53) were sown in the exprements under field
condition, resulted and area 574 m? were divided to four plots
, Each plot consisted of 7 ridges, 50 within each ridge included
treatments i.e T. harzinum, T. virid. T. hamatum, T. koningii,
T.reesei, T.polysporum and the untreated control plants, each
ridges of treatments divided to three rows, the row was 3m in
length and 50cm width, seeds were sown on the thired week
of May at 20cm spacing within each row and, three
replications were maintained for each treatment. Trichoderma
bioagents were applid at 30,45,60 days after sowing. At the
end of experiment, the following data were recorded during
two seasons 2015/2016 i.e. head diameter [cm],stem diameter
[cm],leaf area [cm?],seed number per head,1000 seed weight
[a], seed yield per plant [g],yield per plot [kg],total yield per
feddan [ton].Leaf area per plant in sqare decimeters of three
samples were measured according to the method described by
(Shaneiter,1978) using the formula

(La=(lxwx0.6683) —2.45)
La: leafarea L :lengh W: wide
-Statistical analysis:

Data obtained from all experiments were subjected to
analysis of variance (ANOVA), the studied tretments means
according to Gomez and Gomez (1984). The treatment mean
was compared using the least significant differences (L.S.D.)
test at 5% level.

RESULTS AND DISCUSSION

This investigation aimed to study the effect of six
bioagents with three application method on the incidence on
the occurrence of sunflower head rot disease. The results were
evaluated in vitro and determined during 2015, 2016 growing
seasons under field conditions.
1-Effect of different isolates of Trichoderma spp. against

the growth of pathogenic fungi:

Data presented in Table (1 and 2) revealed the effect
of six isolates of Trichoderma spp.on sunflower head rot
pathogens in terms of growth diam., for the pathogen and
reduction in colony diameter (%) due to the application.
These data indicate that a significant difference was observed
between each of the tested isolates and the control treatment.
This might be due to the effective agents against wide range
of sunflower athogenic fungi (Hegde 2002). The highest
reduction (%) was recorded with T. harzianum followed by
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T. Viride and T.reesei. On the other hand, the least reduction
in radial growth of test sunflower head rot fungi was recorded
with T.hamatum followed by T. polysporum. This effect
might be due to Trichoderma spp. isolates proved to exhibit
high growth level of indurance to the causal agents of head rot
fungi of sunflower (Chandra et al ., 2009). Althought, T.
harzianum and T. Viride given a large number of antagonism
and the isolates are capable of producing antibiotics in
laboratory cultures. If these, or similar compounds are
involved at least in part or in the biocontrol activity of the
organism. (Adams et al., 2007).

Table 1. Effect of Trichoderma spp. on linear growth of
B.cinearea and R.solani causal organisms of
sunflower head rot disease.

Bioagent B. cinearea R. solani

GD(mm) R% G.D(mm) R%
T. harzianum 40.7 54.7 30.9 65.6
T.viride 40.1 55.3 403 55.2
T. hamatum 50.8 435 60.0 333
T. koningii 50.3 44.0 50.7 436
T. reesei 40.9 54.4 40.1 55.4
T. polysporum 50.7 43.6 50.7 43.6
Control 90.0 00.0 90.0 00.0
Mean 51.9 422 51.8 42.38
L.S.D at 5% 0.83 0.50

[G.D]: Growth Diameter [R]: % Reduction

Table 2. Effect of Trichoderma spp on linear growth of
R.oryzae, A. flavus and F.moniliforum causal
organisms of sunflower head rot disease.

Bioagent R.oryzae Aflavus F.moniliforum
G.D(mM) R% G.D(mm) R% G.D(mm) R%
T.harzianum 306 659 203 773 204 772
T.viride 402 553 304 662 204 772
T. koningii 405 549 30.3 662 30.1 664
T reesei 402 553 201 775 207 769
T.polysporum 409 544 30.1 665 302 664
Control 900 0.0 90.0 0.00 90.0 000
Mean 46.1 486 359 599 346 614
L.S.D at5% 0.33 0.50 0.44

[G.D]: Growth Diameter

2. Field experiments:
Disease incidence:

Three application methods. i.e. foliar spray [F.S.],
foliar spray with soil drench[F.S.+S.D.] and soil drench [S.D.]
of sunflower plants were applied in dose at three stages at
30,45,60 days after sowing were carried under field
conditions during the two seasons 2015 and 2016. Data in
Table (3) show that sunflower head rot incidence in
treatments with Trichoderma isolates led to significant
increase in disease reduction of head rot when used as foliar
spray of sunflower plants in comparison with the other two
application methods. This data might be due to application
with foliar spray which induces systemic resistance as the
main mechanism of the activity to the plant (Azarmi et al.,
2011 and Al- Anietal ., 2011). On the other hand, among all
the different application methods as foliar spray, foliar with
soil drench and soil drench by Trichoderma isolates as
solution spraying were found to be the most effective against
sunflower head rot fungi which recorded the lowest disease
incidence compared with untreated control. This effect might
be due to Trichoderma bioagents which produce different
types of antibiotics (Adames et al., 2007).

[R]: % Reduction

Table 3. Effect of three application methods, with
different bioagents on disease incidence (%) of
head rot sunflower disease, during growing

seasons 2015 and 2016.
2015 season 2016 season
Foliar Foliar
Bioagent Foliar spray+ Soil Foliar spray+ Soil
spray  Soil drench spray Soil drench
drench drench
T.harzianum  1.6a 6.6a 66b 00a 50a 33b
T.viride 5.0b 8.3b 33 33 66b 16a
Thamatum  133e 150e 133f 10.0a 116d 10.0e
T.koningii 10.0d 116d 116e 83a 133e 116f
T.reesei 8.3c 6.6a 10.0d 6.6a 66b 8.3d
T.polysporum 10.0d 100c 83c 83a 10.0c 6.6c
Control 450f 45.0f 4509 433b 433f 43.3g
Mean 133 14.7 140 113 137 121
LS.D.at5% 056 0.55 054 035 0i8 014
The efficacy of Trichoderma bioagents against

sunflower head rot fungi was tested during two growing
seasons field trials, T. harzianum and T. viride were as equal
effect against head rot with maximum disease reduction over
other Trichoderma species isolates. The tested Tricoderma
bioagents showed different little disease incedence ranged
from 1.67 — 15.0% comparing with the untreated plants 43.3-
45%, during 2015 /2016 growing season. The lowest values
of disease incidence was recorded with T. harezianum when
applied as foliar spray. Results in the same Table indicate that,
all the individual bioagent treatment were effective with high
disease reduction compared with the untreated control. This
might be due to Trichoderma bioagents which have several
methods to control the disease such as production of
antifungal compounds and induce of systemic resistance in
the intire plant (Chandra et al., 2009).

Effect of Trichoderma species on the yield quantity of
sunflower under field conditions:

Data presented in (Table 4) reveale that all the
different application methods with Trichoderma bioagents
significantly increased head diameter over control in the two
seasons. Both of T.viride and T.harzianum at foliar spray gave
the highest number of head diameter, which recorded 31 and
30 cm, respectively in the first season. Mean while the
treatments of T.reesei as foliar spray and soil drench recorded
29.3cm. On the other hand, the lowest head diameter number
resulted from the treatments of T.koningii as foliar spray
which gave 22.6 in second season viz. 16 and 19.3 cm for
untreated control during the seasons 2015and2016,
respectively. This increase in the number of head diameter
might be due to either three different application methods or
Trichoderma bioagents isolates which showed important
ecological increase the growth of head sunflower diameter
(Begum et al., 2010).

As shown in (Table 4) the data reveale that the
different three application methods with all Trichoderma
treatments significantly increased the stem diameter over
control in both seasons. The highest number of stem diameter
resulted from the treatment with T.harzianum and T.viride as
foliar spray,which gave 4.51 and 4.11 cm., respectively in the
first season. While the same treatments showed 4.45 and 4.28
cm at the same application method in the second season viz.
2.60 and 2.71 cm for untreated control plants in both seasons.
This increase of stem diameter might be due to that
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Trichoderma bioagents production hydrolytic enzymes like
chitinase and B- 1.3. glucanase. These hydrolytic enzymes led
to an increase in growth stem of sunflower plants (Begum et
al., 2010).

It is obvious from data in (Table 4) also that all
treatments at the three application methods gave the wide
leaves than control in both seasons. The widest leave area
resulted from plants sprayed with T. viride as soil drench
followed by T. harzianum as foliar spray, which gave 972 and

960.6 cm?, respectively in the first season. However in the
second season,the T. harzianum treatment recorded 941.3,
906.6 and 863.6 cm? respectively at three application method
viz. 526.6and 546.3 cm? for the control in the two seasons
respectively. This result showed that treatments with
Trichoderma bioagents as foliage spray on leaves of
sunflower with the different application methods induced
significant protection and led to an increase in growth of the
leaves of sunflower plants (Chander etal., (2010).

Table 4. Effect of Trichoderma species with different application methods on yield of sunflower plants under field

condition, during growing season (2015-2016)

Foliar spray Foliar spay + soildrench Soil drench
HE.DI.  ST.DL. LE. Ar. HE. ST.DL. LE. Ar. HE. DI. ST.DL. LE. Ar.
Bioagents (cm.) (cm.) (cm.2) Dl.(cm.) (cm.) (cm.2) (cm.) (cm.) (cm.2)

2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 2015

2016

T. harzianum 30.0a 29.0a
T, viride

T. hamatum
T. koningii

T. reesei 26.6a 28.6a

45la 4.45a 960.0a 941.3a 27.3a 27.3a 3.50a 3.6la 866.6ab 906.6a 26.6a 27.0ab 3.30b 3.20c 898.6ab 863.6ab
31.0a 27.3ab 4.11b 4.28a 915.6a 899.3ab 27.0a 29.0a 349 352b 903.0a 813.0a 25.6a 28.0a 3.40a 3.30b 972.0a 900.6a
28.3a 27.0ab 3.50c 3.79b 706.0b 775.3b 26.0a 27.6a 3.32b 3.24cd 677.3c 765.6b 29.3a 27.3ab 3.30b 3.20d 763.3bc 678.6bc
26.0a 22.6bc 3.58c 3.00c 649.0b 673.3c 26.0a 27.6a 3.30b 3.20d 731.0bc 717.6b 30.3a 29.0a 3.20c 3.20cd 687.3c 737.6abc
3.62c 3.58b 938.0a 852.3ab 27.6a 29.3a 3.41ab 3.46b 866.6ab 811.0ab 28.0a 26.3ab 3.30b 3.40a 848.6ab 739.0abc

T.polysporum 26.3a 26.6ab 3.50c 3.38b 853.0a 811.0b 27.6a 26.6a 3.17c 3.30c 805.0abc 720.6b 27.3a 27.0ab 3.30ab 3.20cd 833.6ab 822.0ab

contorol 16.0b 19.3c 2.60d 2.71c 526.6c 546.3d 16.0.b 19.3b 2.60d 2.7le 526.6d 546.3c 16.0b 19.3b 2.60d 2.7le 526.6d 546.3c
Mean 2633 2570 3.63 359 792.60 78554 2538 26.71 325 327 7680 7629 2619 2628 325 321 79004 7553
LSDat5% 631 386 012 034 7983 9506 599 445 010 006 11722 816 594 559 005 004 10503 146.9

HE-DI: Head diameter

ST- DI: stem diameter

LE- AR: leaf area

Mean with the same letters within each column are not significant differences at 0.05 level of probability.

Yield components:

Data in (Tables 5) show the relationship between the
tested Trichoderma spp. bioagents and yield components i.e,
seed number per head, 1000 seed weight and seed yield per
plant compared with untreated plants with the different
application method on sunflower plants during the two
seasons 2015/2016. Data also showed significant differences
between treatments, applying T. harzianum with foliar spray
led to the highest number of seed per head in the first season,
as gave 1711 seed per head followed by T.viride with the soil
drench method in the second season, which gave 1636.3 seed
per head compared with untreated control 707.6 and 730.3
seed per head in both season 2015/16. On the other hand,

weight of 1000 seed and seed yield per plant were recorded,
the highest values of both weight character found with the two
bioagents T. harzianum and T.viride followed by T. reseei in
both seasons 2015and 2016. This increase of weight might be
due to increases of plants oxygen uptake capacity with an
associated increase in chlorophy Il production an increase in
the permeability of plant membranes and improving the
uptake of nutrient. Although, data indicated that specific
strains of fungi in the genus Trichoderma colonize and
penetrate plant head tissues and initiate a series of
morphological and biochemical changes in the plant.
(Janisiewicz and Korsten (2002).

Table 5. Effect of Trichoderma species with different application methods on yield of sunflower plants under field

conditions, during growing season (2015-2016)

Foliar spray Foliar spray+ soil drench Soil drench
Bioagents (No.)ofseeds  Weightof Seedyield/ (No.)ofseeds/ Weightof Seedyield/ (No.) of seeds/ Weightof Seed yield/
/head 1000 seed plants head 1000 seed plant head 1000 seed plant
2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 2015 2016
T.harzianum 17110a 15%3a 9052 906a 1396a 1390a 11033b 11223hc 902a 839ab 1043a 1300a 16650a 12046b 77.3b 830ab 134.3a 1213z
T. viride 13700ab 15700a 90l1a 87.0a 1313a 127.0ab 14186a 13086b 77.3ab 87.1ab 1126a 1293a 14583ab16363a 903a 906a 1366a 1320a
T.hamatum 12%6ab 12526ab 768b 77.1a 1106b 1016c 10793b 10030c 803ab 77.1ab 1053a 1096a 10533c 10406b 73930 77.1b 1003c 1030b
T.Koningii  9533bc 10430ab 735b 803a 933b 104.3c 11820ab1107.30c 738b 770ab 1096a 1136a 12456bc11500b 737b 738b 114.0bc 109.3ab
T. reesei 1190.08b 12433ab 87.16a 87.0a 1096b 1023c 14143a 15993a 9052 9053a 1260a 1313a 13933b 12230b 90.1a 83.9ab 124.6ab 1160ab

T Polysporum 149%60sb 11800ab 73.7b
Control 7076c 7303 601c
Mean 124638 12306 7886
LS.Dat5% 39214 4756 818

769a
570b

1060

1050 111.3bc1181.3ab11713bc 77.1ab 741b 1096a 1180a 13160bc11863b 77.2b 805ab 119.3ab 121.0ab
670c 690d 7076c 7303d 60.1c
7944 10964 1078 11552 114890 7845
1679 1567 19202 1748 9.3

571c 670b 690b 7076d 7303c 60l1c
781 10495 11442 12628 11673 7754
927 1731 1976 2162 20448 690

571c 670d 690c
7812 1137 11023
83 1390 1573

Means with the same letters within each column are not significant differences at 0:05 level of probability.

Data in Table (6) indicate that T.harzianum showed
the highest values of yield per plot and total yield per feddan
with the foliar spray method which gave [8.38 k.g- 8.34 k.g]
and [1.952 (ton)- 1.958 (ton)] respectively in both seasons
2015 and 2016 compared with the other treatments.

Meanwhile the lowest values of seed yield per plot was
observed with T.hamatun which gave the lowest values in
yield per plot with the different application methods being
(6.10, 6.58 and 6.18 k.gm) per plot in the second season,
compared with untreated control, being (4.14 k.gm) in the
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same season. On the other hand, the total yield per feddan
gave the same trend with the highest values of yield per
feddan with all Trichoderma isolates compared with
untreated control plants (Dange et al., (2005)). Although, data
in Tables (6) represent the effect of applying bioagents on
yiled component, the applying of Trichoderma bioagents i.e
T.harzianum as foliar spray method followed by T.viride and
T. reesei resulted in the highest weight of seed per plot and
also the highest yield per feddan in both seasons 2015/2016
compared with untreated control plants. This increase of

weight might be due to the major mechanisms involoved in
the biocontrol activity of Trichoderma spp. i.e. competition
for space and nutrients, production of diffusible or volatile
antibiotics and hydrolytic enzymes like chitinase and B- 1,3-
glucanase. These hydrolytic enzymes partially degrade the
pathogen cell wall and lead to its parasitization (Kubicek et
al, 2001).Many recent findings suggest that plant
development and biochemistry are strongly affected by
Trichoderma strains (Lorito etal., 2010).

Table 6. Effect of Trichoderma species with different application methods on total yield, under field conditions during

growing season (2015 and 2016)

Foliar spay Foliar spray +soil drench Soil drench
Bioagents Yield/ Yield (ton)/ Yield/ Yield (ton) Yield/plot Yield(ton)/
plot(kg) feddan plot(kg) Feddan (Kg) feddan

2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 2015 2016
T.harzianum 838a 834a 1952a 1958a 6.46a 7.80a 1502a 187la 8.06a 7.28ab 1943a 1.746ab
T. viride 7.88ab 7.62ab 1.891a 1.828ab 6.76a 7.76a 1622a 1.862a 820a 7.92a 1967a  1.900a
T hamatum 6.64bc 6.10c 1.593ab 1463c 6.32a 658a 1516a 1578a 6.02c 6180 1444c  1.483b
T. koningii 560c 6.26c 1343b 1505c 6.58a 6.82a 15794 1636a 6.84bc 6.56ab 1.641bc 1.573ab
T. reesei 6.58bc 6.14c 1579ab 1473c 756a 7.88a 1.814a 1.891a 7.48ab 6.96ab 1.794ab 1.670ab
T. polysporum 6.30bc 6.68bc 1.511ab 1.602bc 6.58a 7.08a 1597a 1.699a 7.16ab 7.26ab 1.718ab 1.742ab
Control 402d 414d 9646c 9933d 4.02b 414b 964.6b 9933b 4.02d 4.14c 9646d  993.3c
Mean 6.48 646  1.547 1546 632 686 1511 164742 682 661 163780 1587
L.S.D at 5% 1.30 098 3215 2359 107 121 24934 28471 083 094 20002 226.76
Means with the same letters within each column are not significant differences at 0.05 level of probability

Recently, using biological control agents led to the Chagas, H.A.  2009. Control  demofo-cinzento

reduction in the disease components and increased the weight
of yield per plot as well as weight yield per feddan.
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