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Neem cake carrier prolongs shelf life of
biocontrol fungus Trichoderma viridae
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Sustainable increase in agricultural productivity to feed the
growing population demands eco-friendly remedies including the
use of biocontrol agents to control diseases in food crops.
Trichoderma spp. is one such agent which provides multiple plant
health benefits, like disease control, plant growth promotion,
development of resistance and stress tolerance. However,
inappropriate concentration and less effective formulations with a
poor shelf life of Trichoderma spp. have hampered its customized
applications at large scale. Here, we studied the influence of
various parameters on growth and mass production of customized
applications of Trichoderma spp., including carrier materials, its
shelf life and evaluation of antifungal activity of 7. viridae. We
observed optimum growth of T. viridae at 40°C, pH 6.0,
maximum sporulation at 45°C and pH 6.0, with cellulose and
carboxymethyl cellulose as a best utilizable carbon source. Neem
cake came out as an excellent carrier as it gave a prolonged shelf
life of 200 days during storage at 28°C with 35.78x10° cfu g of
T. viridae. Antifungal assay against plant pathogenic fungi
revealed complete inhibition of growth and sporulation of fungal
pathogens.
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Trichoderma viridae 1is an effective biocontrol
agent as well as plant growth promoting fungus
(PGPF). It prevents the growth of phytopathogens
by the mechanism of rhizosphere competence,
mycoparasitism'™ through hydrolytic enzymes like
cellulase’,  chitinase®®, glucanalse9 and induced
systemic resistance mechanism in plants'®". It
provides phytohormones, phosphate, mineral and
germination stimulants to crop plants'®.

Use of Trichoderma spp. as BCA offers many
advantages, the fungus can be easily grown on a wide
variety of substrates thus can be easily cultivated for
large scale production. It produces metabolites with
proven antibiotic and mycoparasitic activity against a
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wide variety of plant pathogens, it induces changes in
rhizospheric microflora with stabilization of soil
nutrients, thereby promoting sufficient growth of
roots and root hairs'’. For fruitful application of
T. viridae as biocontrol agent and PGPF under natural
soil conditions, it is necessary to study the influence
of abiotic stress factors like temperature and pH
which affect the growth and sporulation of fungus'®.

Traditionally used synthetic media like glucose,
cellulose, soluble starch, etc. and carrier materials like
the use of pyrax, talc and alginate does not offer cost
effective formulation and suffers from poor shelf life
of formulation'’. Hence, use of cost effective
substrates, such as cellulosic waste material viz. rice
bran, corn bran and wheat bran for cultivation of
Trichoderma spp. and sustainable carriers like neem
cake, charcoal powder, as a carrier material for
formulation are economical, eco-friendly, and also
offers good shelf life during storage and also maintain
the high propagule count during storage. In the
present study, we explored the use of cellulosic waste
as a substrate for cultivation of Trichoderma spp.,
optimized growth conditions, and also evaluated neem
cake, charcoal, etc. as carrier material as well as the
antifungal activity of fungus against common
phytopathogenic fungi.

Materials and Methods

Trichoderma viridae was procured from National
Chemical Laboratory (NCL), Pune. India. It was
immediately sub-cultured on sterile Potato Dextrose
Agar (PDA) slants and stored under refrigeration
conditions until further use. Rhizoctonia solani
and Fusarium oxysporum were procured from
Krishi Vigyan Kendra (ICAR-KVC) Jalgaon,
Mabharashtra, India.

T. viridae was grown in 100 mL Potato Dextrose
Broth (PDB) for 6 days at 28°C, the concentration of
conidia was adjusted with the help of hemocytometer
slide and few drops of tween 80 were added to the
broth to ensure homogeneity in conidia distribution.
A 100 mL of this conidia preparation (10® conidia mL™)
was transferred to one liter of sterile PDB and
incubated at 28°C for 8 days under shaking condition
(100 rpm).

Uniformly grown culture plates were selected
as inoculum for studying the effect of different
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temperatures on the growth of 7. viridae.
Approximately, 50 mm growth of 7. viridae was
aseptically removed from each plate with the help of
cork borer and aseptically separately placed in the
center of PDA plate and incubated at 15, 20, 25, 30,
35, 40 and 45°C and observed for growth. Growth
was measured after every 24 h up to 6 and expressed
in terms of radial growth and dry weight'>. PDA
medium separately prepared with a pH range of 4-8
was individually grown with 50 mm well-grown agar
disc of T. viridae for 6 days at 28°C'°.

Carbon source in the medium affects growth and
survival of any kinds of microbial species. In order to
find out carbon source that suits the growth and
development of 7. viridae, 5 Erlenmeyer flasks each
containing 100 mL PDB were individually added
with 1% of carbon sources, such as cellulose,
carboxymethyl cellulose, glucose, sucrose, and
maltose respectively. Five mL (10° conidia mL™)
inoculum was added in each of these flasks followed
by incubation at 40°C for 6 days and growth in terms
of biomass (dry weight) was measured'’.

Having optimized all parameters at shake flask
level, the process was scaled up to 100 L capacity
fermenter. A 100 L capacity fermenter containing
50 L of sterile PDB was inoculated with 500 mL of
inoculums of 7. viridae and incubated at 40°C under
controlled conditions for days 10 at 100 rpm.
Followed by homogenization of broth in a blender
and mixing of 7. viridae with (1:2 ratio), to this
mixture, carboxy methyl cellulose was added as
sticker solution. This mixture was allowed to dry
under shade leaving 30% moisture. It was aseptically
stored in white propylene bags for 6 months under
laboratory conditions at 28°C"”.

T. viridae was mixed with charcoal powder, talc,
neem cake, gypsum, and soybean oil (1:2 ratio),
carboxymethyl cellulose was added as a sticker. This
mixture was stored at 28°C and viability of 7. viridae
was checked after every 30 days up to 200 days'®.
Total viable count of the fungus was taken as a
measure of survival using the following formula.

Average No. of colonies

CFU = x dilution factor

Weight of sample

In order to confirm the antifungal and biocontrol
potential of T. viridae, the in vitro antifungal assay
was conducted against phytopathogenic fungi namely
R. solani and F. oxysporum using poisoned food
technique'®. For this purpose, 10 days uniformly
grown T. viridae was allowed to filter and the aliquots

(2 mL) of the strain were placed in sterile Petri plate
followed by adding 25 mL of PDA. This was
followed by growing R. solani and F. oxysporum
at center in the form of 5 mm disc at 28°C for
6 days and growth inhibition (reduction) of both
phytopathogenic fungi was recorded.

Results

Effect of temperature on growth of 7. viridae

Temperature is an important factor affecting
growth and activity of all microorganisms. Both
temperatures (low and high) affected growth and
sporulation in 7. viridae, temperature of 5, 20 and
25°C; prevented the growth of fungus, while >30°C
supported the growth; optimum growth occurred at
40°C with scanty sporulation. However, further
increase in temperature to 45°C affected growth and
sporulation (Fig. 1). Singh et al.'® have reported that
media, temperature and pH had a profound effect on
the growth of fungi and they recorded maximum
growth of T. harzianum (1.42 g), T. viride (1.35 g),
T. asperellum (1.27 g), T. longibrachiatum (1.24 g),
T. atroviride (1.7 g) and T. koningii (1.21 g) at 25°C
and found less growth at temperature above 30°C.
Singh et al.'® and Zehra et al."’ have also reported
optimum growth of 7. harzianum between 25-40°C.
Kim er al®® have claimed that tolerance to high
temperature in Trichoderma spp. depends on
media composition and conidial maturation phase.
Trichoderma spp. growing over the wide range of
temperature offers added advantages for its
application in ambient as well as temperate soil.

Effect of pH on growth of 7. viridae
The pH of the medium is another important factor
that affects the growth and activity of the organism.
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Fig. 1 — Effect of temperature on growth of Trichoderma viridae
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Maximum growth of 7. viridae was observed at pH
6.0, while highly acidic and basic pH values affected
growth as well as sporulation in 7. viridae. pH 4.0
supported luxurious growth but it affected sporulation
while at pH 8.0 affected growth and sporulation.
Ali et al*' observed a reduction in colony diameter,
growth rate and sporulation in different isolates of
Trichoderma spp. at pH 8.0 as compared to these
characteristics at pH 4.0. Study of Singh er al.'®
confirmed that Trichoderma spp. grew better in
acidic conditions. The acidic ambient pH has a
major regulatory effect on biomass production in
all Trichoderma spp.”' hence information on the
influence of pH on growth on 7. viridae is
prerequisite for its application in agricultural soil that
differs in pH*. The growth of Trichoderma spp. is
more efficient in acidic than alkaline soils and they
modify the rhizosphere soil by acidifying the soil.
pH of media regulates mineral availability and
affects enzyme activity and thus growth and
metabolism of fungus.

Effect of carbon source on the growth of 7. viridae

Among the different carbon sources used for
cultivation of 7. viridae, optimum (1.25 g) growth
(biomass) was recorded in PDB amended with
cellulose followed by carboxymethyl cellulose (1.20 g),
glucose (1.04 g) while sucrose and maltose-containing
PDB produced lowest (0.5 g) biomass. Utilization of
cellulose can be attributed to cellulase producing
ability of T viridae'**. We report maximum biomass
of T. viridae in cellulose as renewable, abundantly
available, cost-effective and best utilizable carbon
source vis-a-vis sucrose as reported by Rajput e al."”.
Use of cellulose or cellulosic waste as substrate offers
great advantages of being eco-friendly and cost
effective for cheaper production of 7. viridae.

Determination of shelf life of 7. viridae in various carriers

At initial phases, CFU count was high and declined
gradually during storage conditions in all preparations
(Table 1). Neem cake was found as an excellent
carrier for 7. viridae, considerably slow reduction in
CFU count from an initial count of 60x10° cfu g to
35.78x10° cfu g' occurred after prolonged storage
200 days at 28°C. While soybean oil and gypsum gave
43.78x10° cfu g and 32.78x10° cfu g™ after 30 days
storage which was further reduced to 16.79x10° and
10.00x10° cfu g respectively after 60 days storage
indicating their inefficiencies in keeping the strain
viable for a longer duration. Earlier researchers have
found compatibility of Trichoderma spp. with

Table 1—The shelf life of Trichoderma viridae in
different carriers

Carrier CFU 1x10°
30 60 90 120 150 180 200
days days days days days days days
Charcoal 59 45 5935 5323 4634 41.67 3846 34.69
powder
Talc 59.00 59.00 52.56 4523 4039 35.68 30.89
Neem cake 60.00 60.00 52.54 47.23 4236 40.78 35.78
Gypsum  32.78 3278 29.78 23.98 18.75 12.88 10.00
Soybean oil 43.78 43.76 39.78 30.56 25.79 20.35 16.79

sorghum®’ and other carrier materials. Rajput ez al.'’
reported shelf life of 60-75 days on different
substrates. TVC and shelf life of 7. viridae were
dependent upon the compatibility of strain and
nutritional status of substrate and media components™.
We report neem cake as a natural, abundantly
available, cost-effective and renewable carrier that also
gives longer shelf life vis-a-vis present day used
synthetic carriers that posses are shorter shelf life, non-
renewable, unsuitable and costly.

Evaluation of the antifungal potential of 7. viridae

In vitro inhibition of growth of R. solani and
F. oxysporum was observed in plates seeded with
T. viridae. A 100% inhibition of R. solani and
F. oxysporum growth was evident in test culture;
T. viridae completely inhibited the mycelial growth
and sporulation of these fungal pathogens. Antifungal
activity of 7. viridae is attributed to its ability to
produce a variety of extracellular hydrolytic enzymes,
non-volatile compounds, and antifungal antibiotics™>.
Darvin et al® claimed antifungal activity of
T. viridae against fungal pathogens. Saravankumar et al.”’
also reported antagonistic activity of T. harzianum
against Fusarium spp. and observed a 86% reduction
in the occurrence of disease due to the application of
T. harzianum. Zehra et al.”’ and Ali et al*' have
reported antagonistic activity of cellulase and
chitinase producing 7. viridae against F.oxysporum
and Alternaria alternate. Many researchers reported
antifungal activity of T. asperellum under in vitro and
green house conditions and claimed 67-86%
inhibition in growth of fungal pathogens™®. We
report complete (100%) inhibition of growth and
sporulation in R. solani and F. oxysporum.

Conclusion

From the results of our above study, we can
conclude that neem cake to be an effective carrier for
the viability of Trichoderma viridae under natural soil
condition. The growth of fungus under highly acidic
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condition and at a higher temperature (40°C), can be
useful for its applications in acidic soil and temperate
climate. Utilization of cellulose as carbon substrate
and good shelf life in neem can make fungus as a
more sustainable, eco-friendly and cost-effective
biocontrol agent and plant growth promoting fungus.

Conflict of Interest
The authors declare no conflict of interest.

References

1 Devi TP, Kulanthaivel S, Kamil D, Borah JL, Prabhakaran N
& Srinivasa N, Biosynthesis of silver nanoparticles from
Trichoderma species. Indian J Expl Biol, 51 (2013) 543.

2 Sharma P, Sharma M, Raja M & Shanmugam V, Status
of Trichoderma research in India: A review. Indian
Phytopathol, 67 (2014) 1.

3 Rosmana A, Samuels GJ, Ismaiel A, Ibrahim ES, Chaverri P,
Herawati Y & Asman A, Trichoderma asperellum: a
dominant endophyte species in cacao grown in Sulawesi with
potential for controlling vascular streak dieback disease.
Trop Plant Pathol, 40 (2015) 19.

4  Verna CL, Raja M, Pandian RTP, Kumar A & Sharma P,
Opportunistic endophytism of Trichoderma species in rice
Pusa Basmati 1 (PB1). Indian J Expl Biol, 56 (2018) 121.

5 Bhatia L & Johri S, Biovalorization potential of peels of
Ananas cosmosus (L.) Merr. for ethanol production by Pichia
stipitis NCIM 3498 & Pachysolen tannophilus MTCC 1077.
Indian J Exp Biol, 53 (2015) 819.

6  Shaikh SS, Wani SJ, Sayyed RZ, Thakur R & Gulati A,
Production, purification and kinetics of chitinase of
Stenotrophomonas maltophilia isolated from rhizospheric
soil. Indian J Exp Biol, 56 (2018) 274.

7 Pandian RTP, Raja M & Sharma P, Characterization of
Three Different Chitinase Genes from Trichoderma
asperellum Strain Tal3. Proceed Natl Acadof Sci, India
Section B: Biol Sci, (2017) 1.

8  Karthik N, Akanksha K, Binod P & Pandey A, Production,
purification and properties of fungal chitinases-a review.
Indian J Exp Biol, 52 (2014) 1025.

9 Jose D, Jayesh P, Gopinath P, Mohandas A & Singh IS,
Potential application of f-1, 3 glucanase from an
environmental isolate of Pseudomonas aeruginosa MCCB 123
in fungal DNA extraction. Indian J Exp Biol, 52 (2014) 89.

10 Waghunde RR, Shelake RM & Sabalpara AN, Trichoderma:
A significant fungus for agriculture and environment. Afir J
Agric Res, 11 (2016) 1952.

11 Elias LM, Domingues MVP, Moura KED, Harakava R &
Patricio FRA, Selection of Trichoderma isolates for
biological control of Sclerotinia minor and S. sclerotiorum in
lettuce. Summa Phytopathologica, 42 (2016) 216.

12 Jin X & Custis D, Microencapsulating aerial conidia of
Trichoderma harzianum through spray drying at elevated
temperatures. Biol Control, 56 (2011) 202.

13 Nieto-Jacobo MF, Steyaert JM, Salazar-Badillo FB, Nguyen
DV, Rostas M, Braithwaite M, De Souza JT, Jimenez-
Bremont JF, Ohkura M, Stewart A & Mendoza-Mendoza A,
Environmental growth conditions of Trichoderma spp..

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

affects indole acetic acid derivatives, volatile organic
compounds, and plant growth promotion. Front Plant Sci, 8
(2017) 102.

Dhuzniewska J, Reaction of fungi of Trichoderma genus to
selected abiotic factors. Electronic J Polish Agric Univ,
(2003) 1.

Yedida I, Srivastava AK, Kapulinkan Y & Chet I, Effect of
Trichoderma harzianum on microelement concentrations and
increased growth of cucumber plants. Plant Soil, 235 (2001)
235.

Singh A, Shahid M, Shrivastava M, Pandy S, Sharma A &
Kumar V, Optimal physical parameters for growth of
Trichoderma spp. at varying pH, temperature and agitation.
Viral Mycol, 3 (2014) 1.

Rajput AQ, Khanzada MA & Shahzad S. Effect of different
organic substrates and carbon and nitrogen sources on
growth and shelf life of Trichoderma harzianum. J Agr Sci
Technol, 16 (2014) 731.

Kiran B, Lalitha V & Raveesha KA, Screening of
seven medicinal plants for antifungal activity against
seed-borne fungi of maize seeds. Asian J Basic Appl Sci,
2 (2010) 99.

Zehra A, Dubey MK, Meena M & Upadhay RS, Effect of
different environmental conditions on growth and sporulation
of some Trichoderma spp. J Environ Biol, 38 (2017) 197.
Kim JS, Skinner M, Hata T & Parker B, Effect of culture
media on hydrophobicity and thermotolerance of Bb and Ma
conidia with a description of a novel surfactant based
hydrophobicity assay. J Invertebr Pathol, 105 (2010) 322.
Ali HZ, Aboum HM, Dheyab NS, Musa NK & Gasam FH,
effect of pH and ecw on growth and sporulation of
indigenous Trichoderma spp. Int J Phytopathol, 4 (2015) 15.
Kredics L, Antal Z, Manczinger L, Szekers A, Kevei F &
Nagy E, Influence of environmental parameters on
Trichoderma strains with biocontrol potential. Food Technol
Biotechnol, 41 (2003) 37.

Kumar S, Thakur M & Rani A, Trichoderma: Mass
production, formulation, quality control, delivery and its
scope in commercialization in India for the management of
plant diseases. Afi J Agric Res, 9 (2014) 3838.

Rini CR & Sulochana KK, Usefulness of Trichoderma and
Pseudomonas against Rhizobacteria solani and Fusarium
oxysporum infecting tomato. J Trop Agric, 45 (2007) 21.
Ramanuj P & Dipika P, Screening of Trichoderma for
production and formulation. Int J Sci Res Pub, 4 (2014)
2250.

Darvin G, Venkatesh I & Reddy N, Evaluation of
Trichoderma spp.. against Sclerotium rolfsii in vitro.
Int J Appl Biol Pharm, 4 (2013) 268.

Saravanakumar K, Li Y, Yu C, Wang QQ, Wang M, Sun J,
Gao J & Chen J, Effect of Trichoderma harzianum on maize
rhizosphere microbiome and biocontrol of Fusarium Stalk
rot. Sci Rep, 7 (2017) 1771.

WuQ Wu, Sun R, NiMi, YulJ,LiY, YuC,DouK, RenR &
Chen J, Identification of a novel fungus, Trichoderma
asperellum GDFS1009, and comprehensive evaluation of its
biocontrol efficacy. PLoS ONE, 12 (2017) 1

Marques E, Martins I, Correa S & Marques de M, Antifungal
potential of crude extracts of Trichoderma spp. Biota
Neotropica, 18 (2018) €20170418.



