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Abstract

The aims of this study were to Ability of manufacturing of bioformulation using Trichoderma spp, Seven
isolation of Trichoderma spp are evaluated as antagonist of five soil-borne fungal diseases, in dual
culture, antagonistic activity of T. harzianum (Th3) was showed highest percentage inhibition compare
with the other Trichoderma species, which caused 100, 79.16, 69.23, 63.88 and 58.33 % inhibition
mycelial growth of Fusarium solani , Fusarium oxysporum f. sp. lycopersici, Fusarium oxysporum f. sp.
melonis, Macrophomina phaseolina and Rhizoctonia solani respectively. Among five groats grains used
as substrate for Th3, Corn substance has recorded the maximum colony forming unit (CFU) produce
27 x 108 g or ml followed by Millet, Barley, Wheat and Rice which record 20,66, 16, 10,33 and 8,66
respectively. Prepared nine different Trichoderma formulations and tested for their shelf life up to 150
day the result showed formulation which has higher shelf life and stress protection was ThT and ThS
which record 20.33x108 and 19.66 x108 CFU/ ml respectively and followed by ThG, STCG, CTCG and
LTCG which record 11.33 x108, 4.33 x108, 3.33 x108 and 3 x108 CFU/ ml while minimum CFU was by
ST ,LT, and CT to 1.33 x108 CFU/ ml, 1 x108 CFU/ ml, and 0.66 x108 CFU/ ml respectively.
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Introduction

Soil-borne  diseases cause considerable for humans, and support the plants without

damage and losses major crop worldwide,
Alternatives to the use of chemicals fungicide
for disease control, may lead to toxic residues
and contaminations environmental, which
have severe negative effect to the human,
animals and plants [1, 2]. Many researchers
have shown the potential of Trichoderma
spp. in control Soil-borne plant disease
caused by Macrophomina phaseolina,
Rhizoctonia solani [3] and Fusarium spp [4].

The genus 7Trichoderma spp one of the
important groups found in many ecosystems
and widely studied worldwide as a biocontrol
agent, the antagonistic behavior which are
based on the multiple mechanisms has led to
agricultural applications, Trichoderma
strains have either, indirectly by competing
for nutrients and place, produce promoting
plant growth and many antibiosis, or,
directly mechanisms by mycoparasitism [5, 6]
and [7, 8]. Today more than 60% of the
produced bio-fungicides which wused in
biological control of plant disease based on
formulation of Trichoderma spp they are safe
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adverse reactions [9, 11]. The success of a bio-
formulation in managing plant diseases must
be have highly effective against the target
pathogens also on the ability survive long
time under the conditions that occur in
nature [12].Two types of bio-formulation are
commonly used widely, solid and liquid bio-
formulation, Trichoderma spp. produce two
types of propagules, conidia wich is most
commercial Trichoderma-based formulations
and chlamydospores, which able to tolerance
the hard condition and extended preservation
time [13, 15]. This study aimed to evaluation
effect of some species of Trichoderma spp on
some Soil-borne plant diseases therefore, was
to develop a cost-effective substrates to
produce propagules and manufacture solid
and liquid bio-formulation with evaluation
the shelf life.

Materials and Methods
Trichoderma spp

In this study Seven isolation of Trichoderma
spp., three isolation of T. harzianum (Thl,
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Th2, and Th3), three isolation of 7. viride
(Tv1, Tv2, and Tv3) and T. hamatum (Tha)
,were obtained from the Department of Plant
protection and, College of Agriculture , the
University of Basra, Iraq.

Plant Pathogenic Fungi

The Plant pathogenic fungi F. solani (FS), F.
oxysporum f. sp. lycopersici (FOL), F.
oxysporum f. sp. melonis (FOM), R. solani
RS) and M.phaseolina (MP) were obtained
from the Department of Plant protection and,
College of Agriculture, the University of
Basra, Iraq.

Evaluation of Trichoderma spp Isolates
against Plant Pathogenic Fungi using
Dual Culture Method

The seven different isolates of Trichoderma
spp tested for antagonism against broad
range of soil-borne plant diseases by using
dual culture techniques as developed by
Morton and Stroube, 1955. The mycelial bits
of 5 mm diameter of Trichoderma spp
pathogen were placed opposite to each other
on petri plates containing sterilized PDA
[16]. The plates were run in triplicates with
one control set maintained without
inoculating the Trichoderma spp, the plates
were incubated at 25+20C. For one week. The
growth of pathogen tested against all the
isolates of Trichoderma spp. The data were
recorded regularly on the growth of the
pathogen and Trichoderma spp isolates;
Antagonistic activity was measured as zone
inhibition and growth reductions, the more
activation strains used to prepare the bio
formulations.

Percentage of mycelial growth inhibition was
calculated according to the formula: MGI%
= (dc - dt) x100/dc

Where, de= fungal colony diameter in control
sets, dt= fungal colony diameter in treatment
sets.

Standardization of Suitable Substrate
for the Growth of T. harzianum

Table 1: Preparation of the bio-formulations

Different five groats grains (Corn, Millet,
Wheat, Barley and Rice) were used as
substrate to to produce spores of T.
harzianum (Th3), 50 g at 50% MHC were
placed in 250-mL Erlenmeyer flasks, and
autoclaved at 121.5°C (15 lb/inch2) for 15
min. cooled down to room temperature were
transferred to, 5 discs (bmm) from actively
mycelial tips of 7 days old 7. harzianum
(Th3) cultures were aseptically transferred to
each substrate, The flasks were loosely
sealed with lids and incubated at laboratory
condition (28+2°C) for 12 days, the
experiment were replicated three times,
depended to the CFU to selected best
substrate.

Preparation of the Bioformulation

Nine different 7. harzianum
formulations (3 Wettable,
prepared, (Table 1).

(Th3)

6 liqguid) were

e Wettable formulations prepared by added
sterile distil water to the substance seed
culture medium (100 ml: 4g) and then
screened with 100 mesh sieve, the
suspension mixed with carriers based
which includes Tale, Starch and Gypsum
(1:2), and mixed each formulation with 2 %
carboxyl methyl cellulose (CMC) and 0.2 %
chitosan, after drayed under shade at room
temperature.

e liquid formulation prepared by added
substance seed culture medium to each of
oil Sesame oil, Corn oil and Linseed oil (4g:
100 ml) and then screened with 100 mesh
sieve, and divided in to two groups, one
group mixed with 2 % carboxyl methyl
cellulose (CMC) and 0.7 % glycerol, the
other group let without Ingredients.

The Wettable formulations were kept in
polyethylene  bags and the liqud
formulations kept in glass vials at room
temperature, the population was analysed at
every month depended to the CFU to selected
best formulation.

Wettable formulations

No. Method Preparation of the bioformulation Code
1 Suspension of Th3 + Talc 70g + (1:2) + carboxyl methyl cellulose (CMC) and 0.2 % chitosan. ThT
2 Suspension of Th3 + Starch (1:2) + 1 % carboxyl methyl cellulose (CMC) and 0.2 % chitosan. ThS
3 Suspension of Th3 + Gypsum (1:2) + 1 % carboxyl methyl cellulose (CMC) and 0.2 % chitosan. ThG

Liquid formulation
4 Sesame oil + substance seed culture medium Th3 (4g: 100 ml screened with 100 mesh sieve) + 2 % STCG
CMC and 0.7 % glycerol.
5 Corn oil + substance seed culture medium Th3 (4g: 100 ml screened with 100 mesh sieve) + 2 % CMC CTCG
and 0.7 % glycerol.
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6 Linseed oil + substance seed culture medium Th3 (4g: 100 ml screened with 100 mesh sieve) + 2 % LTCG
CMC and 0.7 % glycerol.

7 Sesame oil + substance seed culture medium Th3 (4g: 100 ml screened with 100 mesh sieve) only. ST

8 Corn oil + substance seed culture medium Th3 (4g: 100 ml screened with 100 mesh sieve) only. CT

9 Linseed oil + substance seed culture medium Th3 (4g: 100 ml screened with 100 mesh sieve) only. LT

Statistical Analyses

All the experiments were performed with 3
replications and analyses of variance and
comparison means were done by the SPSS
Statistics program version 24, Data were
tested by least significant differences (LSD)
(p<0.05).

Results

Inhibition Percentage of Trichoderma
spp against Soil Borne Fungi Diseases

The result showed all seven Trichoderma
species isolates antagonism to all soil-borne
plant diseases (Table 2 and Figure 1) T.
harzianum (Th3) i1solate showed highest
percentage inhibition with significantly
different among the five pathogenic fungi
compare with the other Trichoderma species,
which caused 100, 79.16, 69.23, 63.88 and
58.33 inhibition of mycelial growth of
Fusarium solani , Fusarium oxysporum f. sp.
lycopersici, Fusarium oxysporum f. sp.
melonis, Macrophomina phaseolina and
Rhizoctonia solani respectively.

Table 2: Inhibition percentage of Trichoderma spp against soil borne fungi

% Inhibition over control
Plant pathogenic fungi
Antagonist F. solani F. oxysporum f. sp. lycopersici | F. oxysporum f. sp. melonis | M.phaseolina R.solani
T.h1 59.37a 30.76¢ 41.662 38.88a 27.22a
T.h2 62.52 46.15P 50P 47.22¢ 27.77»
T.h3 100 d 69.23d 79.16¢ 63.884 58.33¢
T.vl 71.87¢ 46.15b 41.252 41.662 27.77a
T.v2 53.12f 42.32 51.66° 41.66abc 38.88p
T.v3 62.5> 43.842 58.334 42.77¢ 38.88p
T.ha 500 61.53¢ 50P 40.553b 27.772

Values are the average of three replicates, in each vertical column followed by same letter do not differ significantly, (p<0.05),

analyzed using least significant difference

L

I Control I

Population of T. harzianum Th3 in
Different Groats Grains Substrates

After 12 days of cultivation T. harzianum the
results are presented in Figure 2. Among
the five groats grains, Corn substrates has
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Figure 1: Efficacy of Trichoderma spp against soil-borne fungal diseases in dual culture method

recorded the maximum colony forming unit
(CFU) produce 27 x 108 g or ml with
significantly different among the others five
substrates which followed by Millet, Barley,
Wheat and Rice which record 20,66, 16, 10,33
and 8,66 respectively.
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Figure 2: Population of T. harzianum Th3 in different groats grains substrates, LSD (p<0.05)

Shelf Life of the Bioformulations

The nine different Trichoderma formulations
tested for their shelf life up to 150 day at
room temperature and according to the
results presented in Figure 3 in this period
the maximum CFU was ThT and ThS which
record 20.33x10% and 19.66 x108 CFU/ ml
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respectively with no significant difference
and followed by ThG, STCG, CTCG and
LTCG which record 11.33 x108, 4.33 x108,
3.33 x108 and 3 x10% CFU/ ml and the result
showed decline of population level in
formulation ST ,LT, and CT to 1.33 x108
CFU/ ml, 1 x108 CFU/ ml, and 0.66 x108 CFU/
ml respectively.
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Figure 3: Shelf life of different formulations of T. harzianum (Th3) at room temperature, (p<0.05)

Discussion

Result of antagonistic effects of Trichoderma
species showed all the seven isolation exerted
an inhibitory activity against to control the
plant diseases, T. harzianum (3) record
highest percentage inhibition, Trichoderma
strains have multiple mechanisms effect as
biocontrol against fungal either directly and
indirectly depended on the changes in gene
expression which include mycoparasitism
involves  nutrient competition, hyper
parasitism and antibiosis [17, 23].
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Among the five groats grains based
substrates tested for supporting the
Population of T. harzianum (3), and after 12
days of cultivation the Corn substrates has
recorded the maximum CFU (27 x 108 g), and
this in agreement with the results of
Panahian, et al [24].While Cavalcante, [25]
remember that Rice, Corn bran and Wheat
bran  suitable substrate to  produce
Trichoderma spp conidia. Biotic factors
especially C and N effect on conidiospore
production in many species of Trichoderma
[26] also structure and porosity of the
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substrate important to make the nutrients
availability and accessibility, by effect on
water distribution and penetrate of the
fungus [25, 27].Result of the formulations
stored at room temperature after 150 day
showed the maximum CFU record in ThT
(20.33x10® and ThS (19.66 x10® CFU/ ml),
and this because nature of the organic and
sources of carbon, many studies worked to
development of the bioformulations for
biocontrol plant disease, Al-Waily and
Mshari [28] prepare bioformulation by use
the starch and gypsum as a carrier material
and reported shelf life up to 180 days at room
temperature, while Reddy, et al [29]. Study
states that it can prepare liquid formulation
with the addition of glycerol which has even
after 12 months of storage; Dinesh R. and
Tewari, A. K. [30].Used different liquid and
wettable formulation which stored for long
time.

References

1. Labuschagne N, Pretorius T, Idris AH (2010) Plant
growth promoting rhizobacteria as biocontrol agents
against soil-borne plant diseases. In Plant growth
and health promoting bacteria (211-230). Springer,
Berlin, Heidelberg.

2. Adnan M, Islam W, Shabbir A, Khan KA, Ghramh
HA, Huang Z, Lu GD (2019) Plant defense against
fungal pathogens by antagonistic fungi with
Trichoderma in focus. Microbial pathogenesis.

3. Khan MR, Haque Z, Rasool F, Salati K, Khan U,
Mohiddin FA, Zuhaib M (2019) Management of root-
rot disease complex of mungbean caused by
Macrophomina phaseolina and Rhizoctonia solani
through soil application of Trichoderma spp. Crop
Protection, 119: 24-29.

4. Bunbury-Blanchette AL, Walker AK (2019)
Trichoderma species show biocontrol potential in
dual culture and greenhouse bioassays against
Fusarium basal rot of onion. Biological control, 130:
127-135.

5. Verma M, Brar SK, Tyagi RD, Surampalli RY,
Valero JR (2007) Antagonistic fungi, Trichoderma
spp.. panoply of biological control. Biochemical
Engineering Journal, 37(1): 1-20.

6. Harman GE, Howell CR, Viterbo A, Chet I, Lorito M
(2004) Trichoderma species-opportunistic, a virulent
plant symbionts. Nature reviews microbiology, 2(1):
43-56.

7. Qi W, Zhao L (2013) Study of the
siderophore-producing Trichoderma asperellum Q1
on cucumber growth promotion under salt stress.
Journal of basic microbiology, 53(4): 355-364.

8. Srivastava RK, Singh RK, Prasad RD (2012)
Relative Antogonistic Effect of Different Isolates of
Trichoderma viridi and Trichoderma harzanium
Against Rhizoctonia solani. National Academy
Science Letters, 35(1): 49-52

©2009-2019, JGPT. All Rights Reserved

Shelf-life of the bioformulation depended on
ability of the carrier materials to reduction of
metabolic activity, the suitable Oxygen
availability and control of moisture [31, 33].
The former provided higher production
yields, greater UV-resistance and had.

Conclusion

Trichoderma species perfect agent to reduced
growth of all the five soil borne pathogens of
F. solani , F. oxysporum f. sp. lycopersici, F.
oxysporum f. sp. melonis , M. phaseolina and
R. solani, Trichoderma sp based
biofungicides as an alternative to chemical
fungicides which are ecological and
environmental hazards, groats grains, Corn
showed to be a suitable substrate for spore
production of T. harzianum, Talc and starch
suitable carrier material to prepare the
bioformulation and which stored for long
time [34, 35].

9. Singh A, Shukla N, Kabadwal B, Tewari A, Kumar
J (2018) Review on Plant-Trichoderma-Pathogen
Interaction. Int. J. Curr. Microbiol App. Sci., 7:
2382-2397

10. Marra R, Lombardi N, d’Errico G, Troisi J, Scala G,
Vinale F, Lorito M (2019) Application of
Trichoderma Strains and Metabolites Enhances
Soybean Productivity and Nutrient Content.
Journal of agricultural and food chemistry, 67(7):
1814-1822.

11. Mukherjee PK, Kenerley CM (2010) Regulation of
morphogenesis and biocontrol properties in
Trichoderma virens by a VELVET protein, Vell.
Appl. Environ. Microbiol., 76(7): 2345-2352.

12. Locatelli GO, dos Santos GF, Botelho PS, Finkler
CLL, Bueno LA (2018) Development of Trichoderma
sp. formulations in encapsulated granules (CG) and
evaluation of conidia shelf-life. Biological control,
117: 21-29.

13. Cumagun CJR (2014) Advances in formulation of
Trichoderma for biocontrol. Biotechnology and
Biology of Trichoderma (527-531). Elsevier.

14. Mishra DS, Prajapati CR, Gupta AK, Sharma SD
(2012) Relative bio-efficacy and shelf-life of mycelial
fragments, conidia and chlamydospores of
Trichoderma harzianum. Vegetos, 25(1): 225-232.

15. Fravel DR  (2005)
implementation of
Phytopathol., 43: 337-359.

16. Singh A, Shahid M, Srivastava M, Mishra RP,
Biswas SK (2011) Effect of temperature, pH and
media for growth and sporulation of Trichoderma
longibrachiatum and self life study in carrier based
formulations. Ann. Pl. Protec. Sci., 19(1): 147-149.

17. Woo SL, Ruocco M, Vinale F, Nigro M, Marra R,
Lombardi N, Lorito M (2014) Trichoderma-based
products and their widespread use in agriculture.
The Open Mycology Journal, 8: 1.

Commercialization  and
biocontrol. Annu. Rev.

12



18.

19.

20.

21.

22.

23.

24.

25.

26.

Ahmed Mshar | Journal of Global Pharma Technology | 2019| Vol. 11| Issue 06 (Suppl.) |08-13

Bastakoti S, Belbase S, Manandhar S, Arjyal C
(2017) Trichoderma species as Biocontrol Agent
against Soil Borne Fungal Pathogens. Nepal
Journal of Biotechnology, 5(1): 39-45.

Ajith PS, Lakshmidevi N (2010) Effect of volatile
and non-volatile compounds from Trichoderma spp.
against  Colletotrichum  capsici incitant  of
anthracnose on bell peppers. Nature and Science,
8(9): 265-269.

Benitez T, Rincon AM, Limén MC, Codon AC (2004)
Biocontrol mechanisms of Trichoderma strains.
International microbiology, 7(4): 249-260.

Ghazanfar MU, Raza M, Raza W, Qamar MI (2018)
Trichoderma as potential biocontrol agent, its
exploitation in agriculture: A review. Plant
Protection, 2: 3.

Zhang X, Harvey PR, Stummer BE, Warren RA,
Zhang G, Guo K, Yang H (2015) Antibiosis functions
during interactions of Trichoderma afroharzianum
and Trichoderma gamsii with plant pathogenic
Rhizoctonia and Pythium. Functional & integrative
genomics, 15(5): 599-610.

Pugliese M, Liu B, Gullino ML, Garibaldi A (2011)
Microbial enrichment of compost with biological
control agents to enhance suppressiveness to four
soil-borne diseases in greenhouse. Journal of Plant
Diseases and Protection, 118(2): 45-50.

Panahian GR, Rahnama K, Jafari M (2012) Mass
production of Trichoderma spp and application.
International Research Journal of Applied and Basic
Sciences, 3(2): 292-298.

Cavalcante RS, Lima HL, Pinto GA, Gava CA,
Rodrigues S (2008) Effect of moisture on
Trichoderma conidia production on corn and wheat
bran by solid state fermentation. Food and
Bioprocess Technology, 1(1): 100-104.

Gao L, Sun MH, Liu XZ, Che YS (2007) Effects of
carbon concentration and carbon to nitrogen ratio on
the growth and sporulation of several biocontrol
fungi. Mycological research, 111(1): 87-92.

©2009-2019, JGPT. All Rights Reserved

217.

28.

29.

30.

31.

32.

33.

34.

35.

Danielson RM, Davey CB (1973) The abundance of
Trichoderma propagules and the distribution of
species in forest soils. Soil Biology and
Biochemistry, 5(5): 485-494.

Dhia Salim Al-Waily, Ahmed Mshari (2014)The
integrated control of complex disease in melon
caused by Fusarium oxysporum f.sp melonis and
Meloidogyne spp. by using biocide from the fungus
Trichoderma viride. Basrah J. Agric. Sci., 27(2): 266-
284.

Reddy DS, Haritha N, Latha MP (2017)
Antagonistic Activity and Shelf Life Study of
Trichoderma harzianum (Rifai). Int. J. Curr.

Microbiol. App. Sci., 6(7): 2611-2615.

Dinesh R, Tewari AK (2016) Shelf life studies of
different formulations based on Trichoderma
harzianum (Th14). Annals of Biological Research, 7
(7):1-5

Sriram S, Roopa KP, Savitha MdJ (2011) Extended
shelf-life of liquid fermentation derived talc
formulations of Trichoderma harzianum with the
addition of glycerol in the production medium. Crop
Protection, 30(10): 1334-1339.

Kolombet LV, Zhigletsova SK, Kosareva NI,
Bystrova EV, Derbyshev VV, Krasnova SP, Schisler
D (2008) Development of an extended shelf-life,
liquid formulation of the biofungicide Trichoderma
asperellum. World Journal of Microbiology and
Biotechnology, 24(1): 123-131.

Agosin E, Cotoras M, Munoz G, San Martin R, Volpe
D (1997) Comparative properties of Trichoderma
harzianum spore produced under solid state and
submerged culture conditions. In Advances in solid
state fermentation (463-473). Springer, Dordrecht.

Rajavel R (2000) Seed borne Colletotrichum capsici
(Syd). Butter and Bisby and its management
(Doctoral dissertation, M. Sc. Thesis, Tamil Nadu
Agricultural University, Coimbatore, India).

Morton DdJ, Stroube WH (1955) Antagonistic and
stimulatory effects of soil microorganisms upon
Sclerotium rolfsii. Phytopathology, 45(8): 417-420.

13



