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Fusarium verticillioides is one of the most important fungal pathogens in maize
causing both pre- and post-harvest losses and also capable of producing Fumonisins.
In the present study attempts have been made for screening potential T. harzianum
from native rhizosphere and to study its effect on Fusarium ear rot disease, fumonisin
accumulation in different maize cultivars grown in India. Eight isolates of T.
harzianum were isolated and T. harzianum isolate Th-8 exhibited better antifungal
activity than carbendizim. Th-8 was formulated in different solid substrates like wheat
bran, paddy husk, talcum powder and cornstarch. Maize seeds of kanchan
(moderately resistant), pioneer (resistant) and sweet corn (susceptible) were selected
for laboratory and field studies and these seeds were treated with a conidial suspension
of T. harzianum at the rate of 1 6 108 spore/ml and formulation at the rate of
10 g/kg. Treated seeds were subjected to evaluate F. verticillioides incidence, seed
germination, seedling vigour and field emergence, yield, thousand seed weight and
fumonisin production. It was found that the pure culture of T. harzianum was more
effective in reducing the F. verticillioides and fumonisin incidence followed by Talc
formulation than the carbendizim treated and untreated control. Formulations of
T. harzianum were effective at reducing the F. verticillioides and Fumonisin infection
and also increasing the seed germination, vigour index, field emergence, yield, and
thousand seed weight in comparison with the control.

Keywords: Trichoderma harzianum; Fusarium verticillioides; fumonisins; biocontrol

Introduction

During the growing season, maize crop is exposed to a wide array of environmental
elements such as insects, diseases, chemicals, and management practices, which affect its
growth and development. Before an evaluation of the problem can occur and control
measures be implemented, the problem must first be positively identified.

Fusarium verticillioides is one of the most important fungal pathogen in maize. It
causes both pre-and post-harvest losses. During pre-harvest, Fusarium rots are responsible
for the loss of 8.6% of total production globally. Infected seeds usually germinate
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normally and produce healthy seedlings, although F. verticillioides can cause damping-off of
seedlings under certain conditions. In developing countries, the uncertified seed infection
may be 100% as revealed by laboratory testing. In storage conditions, infected seeds are
capable of producing severalmycotoxins such as fumonisin, moniliformin, zearoleanone and
trichothecene which will reduce the grain loss up to 20%. Unlike the other mycotoxins
associated with corn, high Fumonisin concentrations have also been found in seemingly
healthy corn kernels. Examination of such corn reveals that Fusarium verticillioides is present
in these kernels, even though there are no visible symptoms or signs of disease. Fumonisins
were discovered in 1988 and are produced by F. verticillioides, F. proliferatum and several
uncommon Fusaria (Gelderblom et al. 1988; Nelson et al. 1993). Fumonisins have been
found to be very common contaminants of corn-based food and feed inUSA, China, Europe
and South America (Miller 1999). They are toxic and known to cause encephalomalacia in
horses (Prelusky et al. 1994). Exposure to F. verticillioides contaminated maize has been
linked to elevated rates of esophageal cancer (Thiel et al. 1992).

Biological disease control is a promising strategy for managing seed-borne, soil-borne
and/or foliar diseases in a wide range of crops. Effective, biological disease control
depends not only on suitable biocontrol organisms but also on methods and strategies for
introducing and maintaining population levels and their activities. Regardless of the
activity of the biocontrol agents, the methods used to produce, formulate and deliver these
organisms may profoundly influence their efficacy under field conditions.

One of the popular methods of introducing biological control agents is seed treatment.
Applying microorganisms to seed is an attractive proposition because of the combination
of specific effect and limited environmental impact. In the familiar adage, seed treatment
has the potential to deliver agents ‘‘in the right amount, at the right place, and at the right
time’’ (McQuilken et al. 1998).

With increasing public awareness of the potential environmental and health hazards of
both agrochemicals and fertilizers and the advances in biotechnology to improve the
performance of microbial products, application of microorganisms to seeds is likely to
increase in the future. In view of this, we have attempted the use of Trichoderma harzianum
as seed treatment for control of maize ear rot and management of fumonisin accumulation
in maize seed samples.

Materials and methods

Isolation of Trichoderma harzianum isolates

A total of 15 soil samples were collected from different maize fields of Karnataka State,
India during 2003 for the isolation of T. harzianum. These maize fields were established by
local farmers under normal agronomic conditions. Soil samples were collected from the
root surface of growing maize seedlings. Replicate samples from the field were collected
and later combined. Samples were brought to the laboratory for isolation of microbial
agents. The soil samples were air-dried at room temperature (25 + 28C) for 2–3 days then
mixed thoroughly and sieved using 250 m mesh-size.

About 10 g of each soil sample was suspended in 95 ml of sterile water, stirred well and
kept for 20 min. From this stock suspension, 1 ml was taken and serially diluted with sterile
distilled water up to 1072 and 1079 dilutions. From the required dilutions, 400 ml of each of
the dilutions was taken and spread onto 90 mm glass petriplates containing THS medium
which is highly selective for T. harzianum (Williams et al. 2003) and the plates were incubated
at 25 + 18C under alternate cycles of 12/12 hours of NearUltra Violet (NUV) for seven days.

2 S.C. Nayaka et al.
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The plates were observed regularly and the colonies of T. harzianum were identified by
its morphological characters. They were further observed under a light microscope for
confirmation based on the filamentous nature and the width of the hyphae. Individual
colonies that appeared on THSM were picked up and subcultured on THSM slants/plates
for working stock. Glycerol (30%) vials and freeze-dried ampoules were also prepared
with the isolated T. harzianum and stored at 7208C.

A total of eight strains of T. harzianum were isolated from the soil samples and
designated as ABTh1 to ABTh8.

Trichoderma harzianum

The cultures of T. harzianum were prepared from eight-day-old cultures and suspensions
were adjusted to 1 6 108 spore/ml by using a haemocytometer.

Fusarium verticillioides

The toxigenic strain of F. verticillioides (AbFv-12) culture (obtained from the microbial
stock culture collection of the Asian Seed Health Centre at the Department of Applied
Botany and Biotechnology, University of Mysore, India) was prepared from eight-day-
old cultures and suspensions were adjusted to 1 6 108 conidia/ml by using a
haemocytometer.

In vitro antagonistic activity of T. harzianum against F. verticillioides

Micro-well dilution assay (MIC). The 96-well plates were prepared by dispensing into
each well 95 ml of PDB culture media and 5 ml of the F. verticillioides inoculum. One
hundred ml of T. harzinaum initially prepared at a concentration of 108 cfu/ml was added
to the first wells. Then, 100 ml from their serial dilutions was transferred into six
consecutive wells. The last well containing 195 ml of PD broth without any organisms
and 5 ml of the inoculum on each strip was used as negative control. The final volume in
each well was 200 ml. Carbendizim at a concentration of 100 ml was prepared in PD
broth and used as positive control; the plate was covered with a sterile plate sealer. The
contents of each well were mixed on a plate shaker at 300 rpm for 1 minute and then
incubated at appropriate temperatures for 24 h. Microbial growth was determined by
absorbance at 610 nm using the Elx 800 universal microplate reader (Biotek Instrument
Inc., Highland Park, Vermont, USA) and confirmed by plating 5 ml samples from clear
wells on potato dextrose agar medium. The experiment was repeated twice and the MIC
was defined as the lowest concentration of the T. harzianum required to inhibit the
growth of F. verticillioides.

Dual culture method. In this assay 10 mm PDA culture disc of the pathogen was cut
individually from seven-day-old culture. This was placed on one side of the previously
plated sterilized PDA medium approximately 1.5 cm away from the edge of the plate.
Simultaneously, culture disc of the T. harzinaum was placed on to the opposite side. Five
replications were maintained. The plates were incubated at room temperature
(24 + 28C) for seven days. The diameter of the mycelial growth of the pathogen was
measured and the results were expressed in terms of percentage inhibition of mycelium
over control.

Archives of Phytopathology and Plant Protection 3
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 Biocontrol efficacy of T. harzianum against F. verticillioides

Production of T. harzianum inoculum. T. harzianum isolate Th8 that exhibited the highest
virulence against F. verticillioides under laboratory conditions was selected for inoculum
production.

The inoculum of T. harzianum was prepared at the rate of 1 6 108 as detailed earlier.

Mass production of T. harzianum (Th8) in liquid broth. Inoculum of T. harzianum was
produced in potato dextrose broth (pH 6.5). Conidial suspension (100 ml) of T. harzianum
was inoculated into sterile 1000 ml Roux bottles containing 125 ml of PDB. The bottles
were placed horizontally and incubated 25 + 28C under 12/12 h cycles of light and
darkness. After 14 days of incubation under static conditions, the mycelial mat was
harvested by decanting the spent broth. The mycelial mats were blot dried and the spores
per gram of mycelial mat were determined by making a spore suspension in 0.02% tween
20. The spore load was adjusted to 1 6 108 by using a haemocytometer.

Mass production of T. harzianum (Th8) on different solid substrates

Wheat bran and paddy husk were selected based on their local availability, high protein
and starch content and suitability for mass production as solid substrates. These substrates
were collected from local food processing industries in and around Mysore city of
Karnataka State.

Twenty grams of each substrate was placed in a 250 ml flasks containing distilled
water. The contents were mixed thoroughly with the help of a glass rod until all the
substrate particles were evenly moistened and no lumps were present. The flasks were
autoclaved at 1218C and 15 lb pressure for 30 min. The flasks were inoculated with 1 ml of
conidial suspension of T. harzianum containing 1 6 108 spores/ml. The contents were
shaken well to evenly disperse the inoculum. The inoculated flasks were incubated at
25 + 28C under 12/12 h cycles of light and darkness for 14 days. During the incubation,
the contents of the flasks were shaken once every day to prevent aggregation. The initial
weight of the flasks before and after incubation was recorded; the fungus was harvested
after 14 days of incubation when the substrate was completely overgrown with light green
mycelium. At the time of harvest, 1 gram of mycelium was suspended in 9 ml of sterile
distilled water containing 0.02% tween-20 to assess the concentration of the conidia using
haemocytometer.

Formulation of T. harzianum (Th8) for biocontrol efficacy

Two different carrier materials, cornstarch and Talcum powder, were used for preparing
formulations of T. harzianum.

For this, the mycelial mat (100 g) was transferred into a sterile beaker and mashed
thoroughly to obtain a fine paste. The mycelial paste was used to prepare different
formulations.

Cornstarch formulations were prepared by mixing gelatinized cornstarch and mycelial
paste in a 1:1 ratio (w/w) (Perira and Roberts 1991). Gelatinized cornstarch was prepared
by cooking cornstarch in distilled water. The cooked starch was autoclaved for 30 min at
1218C and mixed with ethanol to precipitate starch in the gelatinized form. The gelatinized
starch was spread in steel trays and allowed to completely dry in a fume hood. The
gelatinized cornstarch was blended for 2 min in a blender to obtain a fine powder.

4 S.C. Nayaka et al.
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The gelatinized cornstarch absorbed the culture medium and entrapped the fungal mycelia
in a rubbery material. The formulation thus prepared was spread out on filter paper towels
placed in a laminar air hood and allowed to dry for 4–5 hours, broken into small pieces
and mixed with ungelatinized sterile cornstarch in the ratio 1:2 (formulation: cornstarch).
The formulation was mixed in a blender, spread on a sterile filter paper towel in a fume
hood and allowed to dry overnight. After drying the formulation was again broken into
fine powder in a blender packed in polythene bags and stored at 48C for further analysis.
Samples of 1 g each were drawn after 30, 60, 90, 120 days and 12 months of storage. The
samples were suspended in 9 ml of sterile distilled water containing 0.02% tween 20. Serial
dilutions of the suspension were placed on PDA plates, incubated at 25 + 28C for 5 days
and the number of colony forming units per gram of mycelium incorporated was
determined.

Talcum formulation. Talcum powder formulation was prepared by mixing mycelial paste
and sterile talcum material in the ratio 1:10 (w/w) (Rabindran and Vidyasekaran 1996).
Prior to mixing of mycelial paste with talcum powder, 20 g of carboxymethylcellulose
(adhesive) was added to 1 kg of both carriers and mixed well. The carriers were autoclaved
at 1218C for 30 min on two consecutive trays. Then the mycelial paste was mixed
thoroughly with the carriers under sterile conditions in a laminar hood. Formulations thus
prepared were spread on sterile filter paper towel in a laminar hood and large clumps were
broken. The formulations were allowed to dry for 12–16 h. Completely dry formulations
were crushed in a blender for 1 min, packed in airtight polythene bags and stored at 48C
for further study. Samples of 1 g each were drawn after 30, 60, 90, 120 days and 12 months
of storage. The samples were suspended in 9 ml of sterile distilled water containing 0.02%
tween 20. Serial dilutions of the suspension were placed on PDA plates, incubated at
25 + 28C for 5 days and the number of spores/gram of mycelium incorporated was
determined.

In both the formulations a conidial with a concentration of 1 6 108 conidia/ml
was prepared in a aqueous solution of 0.02% tween 20 for laboratory and field
evaluations.

Source of maize seeds

Maize cultivars of kanchan (moderately resistant), pioneer (resistant) and sweet corn
(susceptible to Fusarium) were selected for laboratory and field studies. These samples
were from All India Co-ordinated Maize Research Centre, Nagenahalli, Srirangapatna of
Mandya District of Karnataka State.

Seed treatment

Maize seeds were treated with conidial suspension of T. harzianum at the rate of
1 6 108 spore/ml by mixing 400 seeds with 5 ml of conidial suspension. A formulation
of T. harzianum (1 6 108 cfu/g) in the form of slurry was used to treat different cultivars
of maize seeds at the rate of 10 g/kg of seeds. Carbendazim (methyl-2-benzimidazole
carbamate), a standard fungicide recommended for maize seed protection in India, was
treated at the rate of 2 g/kg of seeds for comparison. An untreated control was also
maintained. After 24 h of treatment the seeds were air-dried and then were subjected to
evaluate F. verticillioides incidence, seed germination, seedling vigour and field emergence,
yield, thousand seed weight and fumonisin production.

Archives of Phytopathology and Plant Protection 5
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 Screening for incidence of F. verticillioides in maize seeds

Four hundred seeds of sweet corn, pioneer, kanchan were screened to record the
percentage incidence of F. verticillioides by the standard blotter method (ISTA 2003).

Seed germination and Vigour Index test

Maize seeds treated with or without T. harzianum isolates as described earlier were
subjected to a germination test according to the paper towel method (ISTA 2003). The
vigour index was calculated according to the formula used by Abdul-Baki and Anderson
(1973).

Efficacy of T. harzianum (Th8) against F. verticillioides under greenhouse conditions

Seeds of maize cultivars were taken in conical flasks and treated with pure culture of
T. harzianum and its formulations at the rate of 1 6 108 spores/g of seed and incubated
overnight at room temperature. Also seeds treated with the systemic fungicide carbendizim
at the rate of 2.1% active ingredient at 6 g/kg of seed were also included as positive
control. Seeds without T. harzianum served as untreated controls. The above seeds were
sown in four plastic pots containing a mixture of soil and sand at a 2:1 ratio (v/v).
There were five replications per treatment, and five pots per replication. They were
arranged in a randomised complete block design. The emerging seedlings were challenge
inoculated by whorl inoculation method with the spore suspension of F. verticillioides at a
concentration of 1 6 1014 spores/ml prepared as described earlier. In the whorl inocula-
tion method, droplets of F. verticillioides spores are dropped onto the leaf whorl formed by
the emerging seedlings and allowed to flow down to the base. Pots were maintained under
greenhouse conditions (90–95% RH, 22–258C temperature) and observed for disease
development. The seedlings were observed and rated for disease severity when they showed
any one of the typical Fusarial infection like browning of leaves; necrotic lesions,
damping-off and wrinkled leaves. After 15 days of sowing an average symptom expression
was determined for each set of samples maintained individually.

Efficacy of T. harzianum (Th8) as seed treatment under field conditions

Field trials to test the efficacy of seed treatment with pure culture of T. harzianum and its
formulation were conducted at Nagenahalli research station (All India Coordinated Maize
Improvement Programme, Govt. India) at Srirangapatna (Tq), Mandya dist., Karnataka,
The field had received no inoculum of any pathogens tested for three years. Field trials
were conducted in three consecutive years during the crop seasons of 2003–2004, 2004–
2005 and 2005–2006. For the entire field studies cultivars such as sweet corn, pioneer and
kanchan, which are considered as susceptible to F. verticillioides, resistant and moderately
resistant, respectively, were used.

In another set of experiments, pure culture and formulation of the T. harzianum were
also applied as spray treatment at different stages of seed development such as boot leaf
stage, anthesis stage, milky stage and physiologically mature stage at the rate of
19 6 108 spores/g. 1 g of powder formulation was dissolved in 100 ml of distilled water
and each ear head was sprayed completely from the tip of the ear head at all the stages
(Umesha et al. 1998), chemical fungicide carbendizim (0.2%) was also sprayed and
distilled water plants were also maintained and considered as control. For all the

6 S.C. Nayaka et al.
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treatments 20 ear heads were selected from respective lines in four replicates. After
complete physiological maturity, maize ear heads were harvested and dried in sunlight to a
safe moisture level, threshed and packed in polythene bags.

Ear rot disease incidence

The trials were laid out in a randomised replicated block design and there were five
replications in each treatment. Each replicated row was manually seeded with 100–150
seeds per row. These were arranged as a randomised complete block design. Normal
agronomic practices were followed to raise the crop. Spacing was done after 21 days to
maintain a uniform number of plants per row and uniform distance between the plants.
The crop was irrigated once every 15 days. The plants were observed for ear rot/kernel rot
disease development and rated for disease when they showed any one of the typical ear rot/
kernel rots like a powdery or cottony-pink mold growth developing on the infected
kernels. The data were consolidated at 60 days after sowing. Experiments were conducted
twice. The disease was rated on a 0–7 scale following the method of Reid et al. (1996).

Ear rot and kernel rot was determined by counting the total number of cobs and the
total number of infected cobs per plot. From these data, percentage of disease incidence
and disease suppression were calculated. Data on percentages of incidence of ear rot and
kernel rot were analysed by analysis of variance, and the least significant difference test
(Gomez and Gomez 1984) was used for evaluating the significance of differences between
the control and the treatments.

Effect of T. harzianum (Th8) on growth promotion, yield and 1000 seed weight
of maize in field conditions

The field experiment was conducted to determine the effect of T. harzianum suspensions
and powdered formulations on the growth of maize. Treatments were the same as
described above. T. harzianum treated seeds were hand-sown and there were five
replications per treatment. Each replication was a single row of 5 m length, hand seeded
with 100–150 seeds per row. The field was maintained according to the maize growing
conditions (red loamy soil, irrigated once every 15 days and spacing done after 21 days).
No artificial chemicals or fertilizers were used. At 30 days after seeding, plant height was
recorded (Niranjan Raj et al. 2003).

Maize yield. After complete maturity the maize cobs were harvested. The cobs that were
harvested were dried and threshed separately. The grains thus obtained was weighed
separately and the rate of infection control was calculated by calculating the accurate gain
in the maize grain yield in the sprayed plots with different treatments compared to the
unsprayed control plots.

1000 seed weight. Collected samples were also subjected to 1000 seed weight. From the
working samples, eight replicates, each of 100 seeds, were randomly taken and counted
with a seed counter. Each replicate was weighed in grains to the same number of decimal
places. The variance, standard deviation and coefficient of variation were calculated as
follows.

Variance ¼ nðex2Þ � ðex2Þ
nðn� 1Þ

Archives of Phytopathology and Plant Protection 7
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where x ¼ weight of each replicate in grams, n ¼ number of replicates, e ¼ sum of
standard deviation (s) ¼ root variance

Coefficient of variation ¼ S� 100

X

The experiment was repeated for three consecutive years.

Screening of maize cultivars for resistance to Fusarium ear rot and kernel rot,
accumulation of defense enzymes and fumonisin production

Fumonisins production. Seeds of different maize cultivars consisting of two resistant
(pioneer and kanchan), and one susceptible i.e. sweet corn, seed samples were challenge
inoculated with toxigenic F. verticillioides. The seed samples treated with T. harzianum
pure cultures and formulations as described earlier and untreated control and carbendizim
treated seeds were used to assess total fumonisins level by using commercially available
quantitative ELISA assay kits (Neogen Corp., Lansing, MI, USA) were used for
measuring the presence of total fumonisins according to the manufacturer’s instructions.

Results

Isolation and identification of Trichoderma harzianum isolates

Among the 15 soil samples collected from different maize growing regions of Karnataka,
T. harzianum were found only in eight samples.

In vitro antagonistic activity of T. harzianum against F. verticillioides

Micro well dilution assay

The antifungal activity of the isolates of T. harzianum, isolate Th-8 and Th-2 showed
maximum inhibition when compared to carbendizim. The MIC values of Th-8 and Th-2
were 93 and 88, respectively (Figure 1a).

Antagonistic activity by dual culture method

The result of dual culture methods is shown in Figure 1b. The antagonists and F.
verticillioides grew towards each other during the period of incubation. A zone of
inhibition was observed between F. verticillioides and antagonists. Among all the isolates,
Th-8 showed the maximum inhibition zone of 90 mm against F. verticillioides and
restricted the growth of F. verticillioides upon contact inhibition.

The antifungal capability of T. harzianum isolate Th-8 exhibited better antifungal
activity than carbendizim which is an extensively used fungicide for managing Fusarium
diseases in India.

Effect of T. harzianum (Th8) on incidence of F. verticillioides in three different
cultivars of maize

The effect of pure culture and different formulations of T. harzianum on percentage
incidence of F. verticilliodes in treated seeds over control are presented in Table 1. Pure
culture of T. harzianum at the rate of 1 6 108 spores/ml reduced the incidence by 79% in
kanchan, 80.12% in pioneer and 68.7% in sweet corn. Different powder formulations of T.
harzianum, viz., talcum powder formulation (63, 67 and 61%) cornstarch formulation

8 S.C. Nayaka et al.
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Table 1. Effect of various formulations of T. harzianum (Th8) on the incidence of F. verticillioides
in different cultivars of maize under laboratory conditions.

Treatment
Maize cultivars (% incidence)

T. harzianum (1 6 108) Kanchan Pioneer Sweet corn

Pure culture 6.12a 3.73a 14.42a

Talc formulation 10 g/Kg 10.84b 5.42b 16.47b

Corn starch formulation 10 g/Kg 11.81c 6.14c 20.46c

Paddy husk formulation 10 g/Kg 16.24d 8.81d 21.76de

Wheat bran formulation 10 g/Kg 19.31e 9.17e 23.67f

Carbendizim 12.01f 7.37e 17.75e

Control 29.91g 18.77e 46.18g

Values are means from three repeated experiments with four replications and 100 seeds per replication in each
experiment. Means followed by the same letter in a column do not differ significantly according to Duncan’s
multiple range test at P ¼ 0.05.

Figure 1. Antifungal activity of T. harzianum against F. verticillioides by different methods.

Archives of Phytopathology and Plant Protection 9
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(60.7, 60.5 and 55.6%), paddy husk formulation (45, 53 and 58%) and wheat bran
formulation (45, 53 and 58%), at the rate of 10 g/kg seeds reduced the incidence of
F. verticillioides in kanchan, pioneer and sweet corn, respectively. Carbendizim also
reduced the incidence of F. verticillioides by 56, 60 and 61% and was superior to the
biocontrol powder formulations of paddy husk and wheat bran (Table 1).

Effect of seed treatment with T. harzianum (Th8) on seed germination
and vigour index

T. harzianum strain (Th-8) as fresh suspensions or powdered formulations significantly
enhanced germination and VI of maize seed under laboratory conditions compared to
untreated controls. The highest enhancement rate of germination and vigour index was
obtained with a pure culture of T. harzianum as seed treatment in both the application
forms tested.

Pure culture of T. harzianum increased the seed germination and vigour index in all the
cultivars, viz., kanchan 29.5, pioneer 18.2 and sweet corn 35.2% germination, 52.4, 36.0
and 66.4% of VI and talcum powder formulation gave an increase of 21, 12.1 and 23.5%
of germination and 46, 33 and 61% of vigour index, followed by corn starch formulation
18.3, 7.3 and 17.6% of germination and 42, 31.4 and 60.1% of vigour index. Carbendizim
treatment was superior compared to paddy husk and wheat bran and increased the
germination by 18.3, 8.5 and 14.7%; the vigour index was increased by 40.7, 30.4 and 60%
(Tables 2 and 3).

Carbendizim treatment also increased the seed germination (18.3, 8.5 and 14.7%) and
VI (40.7, 50.5 and 60.0) followed by wheat bran, which increases the seed germination and
vigour index by 12.6, 4.8 and 16.1 and 39.4, 26.2 and 58.9% (Tables 2 and 3).

Effect of seed treatment with T. harzianum (Th8) on field emergence of maize cultivars

An increase in field emergence was also observed in all cultivars of maize seeds treated with
pure culture and formulations of T. harzianum when compared with carbendizim treated
and untreated control during all the three years and is presented in Table 4.

Treatment of maize seeds with pure culture of T. harzianum at the rate of 1 6 108 cfu/
ml concentration average increased the field emergence by 18.5, 21.5 and 18.7% in
kanchan, pioneer and sweet corn, respectively. Whereas the talcum powder formulation

Table 2. Effect of T. harzianum (Th8) on seed germination in maize under laboratory conditions.

Treatment
Maize cultivars (% germination)

T. harzianum (1 6 108) Kanchan Pioneer Sweet corn

Pure culture 92a 97a 92a

Talc formulation 10 g/Kg 86ab 92b 84b

Corn starch formulation 10 g/Kg 84b 88bc 80c

Paddy husk formulation 10 g/Kg 83bc 86bc 78cd

Wheat bran formulation 10 g/Kg 80cd 85cd 74de

Carbendizim 84g 89hi 78i

Control 71gh 82i 68j

Values are means from three repeated experiments with four replications and 100 seeds per replication in each
experiment. Means followed by the same letter in a column do not differ significantly according to Duncan’s
multiple range test at P ¼ 0.05.

10 S.C. Nayaka et al.
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treated seeds increased the field emergence by 10, 17.0 and 10.9%, cornstarch formulation
5.7, 6.5 and 7.8%, paddy husk formulation 4.2, 1.3 and 6.2%. Wheat bran formulation
increased the field emergence by 4.2, 5.0 and 4.6% in kanchan, pioneer and sweet corn,
respectively. Carbendizim treatment also increased the field emergence by 5.7, 5.2 and
4.6% in kanchan, pioneer and sweet corn, respectively (Table 4).

Effect of seed treatment with T. harzianum (Th8) on plant height of maize cultivars

T. harzianum tested with a pure culture or formulation as seed treatment showed positive
growth responses under field conditions compared to carbendizim and untreated controls.
Specifically, both pure culture and formulation of T. harzianum as seed treatment þ spray
treatment increased the plant height to a maximum extent. Pure culture of T. harzianum
increased the height by 15% in kanchan, by 9.3% in pioneer and by 17.5% in sweet corn
and treatments significantly enhanced seedling height in all the cultivars tested compared
to formulation, carbendizim and untreated control (Table 5).

Seed treatment þ spray treatment of talcum powder formulation of T. harzianum
increased the plant height of maize cultivars, viz., kanchan, pioneer and sweet corn by

Table 3. Effect of various formulations of T. harzianum (Th8) on vigour index of various cultivars
of maize under laboratory conditions.

Treatments
Maize cultivars I (vigour index)

T. harzianum (1 6 108) Kanchan Pioneer Sweet corn

Pure culture 1948a 2158a 1864a

Talc formulation 10 g/kg 1876b 2110b 1807b

Corn starch formulation 10 g/kg 1823c 2078c 1794c

Paddy husk formulation 10 g/kg 1768d 2041d 1783d

Wheat bran formulation 10 g/kg 1751d 2008e 1781d

Carbendizim 1799i 2065i 1792j

Control 1278i 1586j 1120k

Values are means from three repeated experiments with four replications and 100 seeds per replication in each
experiment. Means followed by the same letter in a column do not differ significantly according to Duncan’s
multiple range test at P ¼ 0.05.

Table 4. Effect of various formulations of T. harzianum (Th8) on emergence of various cultivars of
maize under field conditions.

Treatments
Maize cultivars I (vigour index)

T. harzianum (1 6 108) Kanchan Pioneer Sweet corn

Pure culture 80a 90a 79a

Talc formulation 10 g/kg 80ab 78ab 73b

Corn starch formulation 10 g/kg 75abc 77ab 71b

Paddy husk formulation 10 g/kg 76bcd 75bc 69bc

Wheat bran formulation 10 g/kg 76bcd 75cd 69bcd

Carbendizim 80a 90a 79a

Control 80ab 78ab 73b

Values are means from three repeated experiments with four replications and 100 seeds per replication in each
experiment. Means followed by the same letter in a column do not differ significantly according to Duncan’s
multiple range test at P ¼ 0.05.

Archives of Phytopathology and Plant Protection 11
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12.5%, 5.8% and 13.5%, in the case of T. harzianum followed by cornstarch formulation
of Th (7.5, 2.32 and 8.1%) paddy husk formulation of Th (6.25, 1.16 and 8.1%) and wheat
bran formulation of Th (6.2, 2.3 and 6.7%). Carbendizim also increased the plant height
by 8.75 in kanchan, 2.32 in pioneer and 8.1% in sweet corn and was superior to paddy
husk and wheat bran formulation of T. harzianum (Table 5).

Effect of seed treatment with T. harzianum (Th8) on incidence of ear rot disease

Under experimental plot conditions, significant reduction of ear rot disease was observed
in the test rows raised from seeds treated with both pure culture and formulations
of the T. harzianum when compared with the fungicide treated and untreated control
rows.

The results showed that there was significant reduction in the incidence of ear rot
disease in all the cultivars with seed treatment followed by spray treatment of pure
culture and powder formulation of T. harzianum. Seed treatment followed by spray
treatment of pure culture of T. harzianum reduced the incidence of ear rot disease in all
the cultivars, viz. kanchan (73%) pioneer (69%) and sweet corn (84%), followed by
talcum powder formulation (69, 59.4 and 81.8%), corn starch formulation, (68, 54, 81%)
paddy husk formulation (64, 55 and 81%) and wheat bran formulation (60, 51 and 79%)
(Table 6).

The chemical fungicide carbendizim as seed treatment followed by spray treatment also
reduced the disease incidence in all the cultivars in kanchan by 70%, pioneer 53% and in
sweet corn by 77%, which was more effective than paddy husk and wheat bran
formulations. In all the cases foliar spray with different formulations without seed
treatment also controlled ear rot disease. When the formulations were sprayed on plants
grown from treated seeds, the effectiveness was higher than when spraying was carried out
without any previous seed treatment.

Effect of T. harzianum (Th8) on yield and 1000 seed weight of maize

The untreated control plots yielded an average of 2123 kg/ha. All the treatments increased
maize yield when compared to the carbendizim treated and untreated control (Tables 7
and 8).

Table 5. Effect of T. harzianum (Th8) on plant height of maize.

Treatments
Maize cultivars (height in cm)

T. harzianum (1 6 108) Kanchan Pioneer Sweet corn

Pure culture 88.3a 90.6a 81.2a

Talc formulation 10 g/kg 86.4b 89.4b 79.3b

Corn starch formulation 10 g/kg 85.7b 88.2b 77.6b

Paddy husk formulation 10 g/kg 85.0b 87.1b 76.5c

Wheat bran formulation 10 g/kg 84.1c 87.3c 76.0d

Carbendizim 85.9f 88.0e 76.9j

Control 80.2g 86.2f 74.1j

Values are means from three repeated experiments with four replications and 100 seeds per replication in each
experiment. Means followed by the same letter in a column do not differ significantly according to Duncan’s
multiple range test at P ¼ 0.05.

12 S.C. Nayaka et al.
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Among the different treatments seed þ spray treatment of pure culture of
T. harzianum increased the yield by 18.4%, 13.3% and 30.4% in kanchan, pioneer and
sweet corn, respectively.

T. harzianum powder formulation, seed treatment followed by spray treatment of
talcum formulation, increased the yield in all the cultivars viz., kanchan (14.4%) pioneer
(10%) and sweet corn (26%), cornstarch formulation (11.8, 7.7 and 21.7%), paddy husk
formulation (9.2, 5.5 and 13%) and wheat bran formulation (7.8, 4.1 and 8.6%). The
chemical fungicide carbendizim also increased the maize yield in all the cultivars tested by
10.5, 6.6 and 15.2% respectively, which was more effective than paddy husk and wheat
bran formulation.

Effect of different treatments on 1000 seed weight, which is the indicator of yield
of grains, is given in (Table 8). There was a significant increase in 1000 seed weight
in all the cultivars with the seed treatment followed by spray treatment. T. harzianum
increased 1000 seed weight by 20, 17 and 29% in kanchan, pioneer and sweet corn,
respectively. The chemical fungicide carbendizim increased the 1000 seed weight by
11, 5 and 17.1% in kanchan, pioneer and sweet corn, respectively.

Effect of T. harzianum (Th8) seed treatment on Fumonisins level in maize samples

The results showed that there was significant reduction in the incidence of total fumonisins
level in all the cultivars with seed treatment followed by spray treatment of pure culture

Table 6. Effect of T. harzianum (Th8) treatment on incidence of ear rot disease in three different
cultivars of maize.

Treatments
Maize cultivars (% incidence)

T. harzianum (1 6 108) Kan Pion S. corn

Seed Treatment 6.12a 5.84a 6.03a

Foliar spray 7.98ab 6.32b 6.41b

ST þ FS 4.99abc 3.92b 5.08b

Talc formulation 10 g/kg
Seed Treatment 6.83bcd 6.11b 6.25bc

Foliar spray 8.08bcd 6.46bc 6.73bc

ST þ FS 5.89bcd 5.27bc 5.81bcd

Corn starch formulation 10 g/kg
Seed Treatment 7.32cde 6.49bc 6.47bcde

Foliar spray 8.64cde 6.96bc 6.76bcde

ST þ FS 8.01def 5.93bc 5.98bcde

Paddy husk formulation 10 g/kg
Seed Treatment 8.09def 6.91bc 6.83bcde

Foliar spray 8.96def 7.14bc 6.97bcde

ST þ FS 6.68def 6.16c 6.18bcde

Wheat bran formulation 10 g/kg
Seed Treatment 8.11def 6.91c 6.98cde

Foliar spray 8.78def 7.19c 7.09cde

ST þ FS 7.01f 6.41c 6.53de

Carbendizim 5.59f 6.10c 7.14e

Control 19.4g 13.2d 32.0f

Values are means from three repeated experiments with four replications and 100 seeds per replication in each
experiment. Means followed by the same letter in a column do not differ significantly according to Duncan’s
multiple range test at P ¼ 0.05.

Archives of Phytopathology and Plant Protection 13
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and powder formulation of T. harzianum. Seed treatment followed by spray treatment of
pure culture of T. harzianum reduced the incidence of fumonisins level in all the cultivars
viz., kanchan (66.6%) pioneer (56.4%) and sweet corn (85.8%), followed by talcum
powder formulation (62, 50.6 and 73.4%), corn starch formulation (51.8, 37 and 75.5%),
paddy husk formulation (48.3, 36.3 and 73.6%) and wheat bran formulation (47.7, 36.3
and 73.6%) (Table 9). The chemical fungicide carbendizim as seed treatment followed by
spray treatment also reduced the disease incidence in all the cultivars in kanchan by 53%,
in pioneer by 55% and in sweet corn by 79%, which was more effective than paddy husk
and wheat bran formulations.

In both the treatment foliar spray with different formulations, without seed treatment
also controlled fumonisins level in all the cultivars. When the formulations were sprayed
on plants grown from treated seeds, the effectiveness was higher than when spraying was
carried out without any previous seed treatment.

Discussion

In the present study 15 soil samples collected from different maize growing regions of
Karnataka were screened for the isolation T. harzianum. Eight isolates of T. harzianum
(Th1–Th8) were identified based on the colony morphology. These observations on colony
characters showed no difference from those made earlier by Domsch et al. (1980), Martha
(1992) and Vidyasekaran and Muthamilan (1995). Isolates were used to study the in vitro

Table 7. Effect of T. harzianum (Th8) treatments on yield in three different cultivars of maize.

Treatments
Maize cultivars (% incidence)

T. harzianum (1 6 108) Kan Pion S. corn

Seed Treatment 85.4a 95.0a 55.7a

Foliar spray 77.3a 89.9b 45.3b

ST þ FS 90.8b 104.2c 59.2b

Talc formulation 10 g/kg
Seed Treatment 78.5b 93.1c 51.8b

Foliar spray 74.9c 89.6d 50.0b

ST þ FS 84.2c 99.3d 53.1b

Corn starch formulation 10 g/kg
Seed Treatment 78.1d 91.1e 48.9c

Foliar spray 73.8d 89.2e 45.7c

ST þ FS 82.1e 95.0f 52.0d

Paddy husk formulation 10 g/kg
Seed Treatment 77.1f 89.3f 47.3e

Foliar spray 70.3f 86.9g 45.1e

ST þ FS 80.1f 93.2g 49.2e

Wheat bran formulation 10 g/kg
Seed Treatment 74.6g 85.1h 45.8f

Foliar spray 70.1h 83.0i 42.9f

ST þ FS 78.9i 91.3i 46.7g

Carbendizim 79.2j 93.8j 49.2h

Control 73.0k 87.0k 45.0i

Values are means from three repeated experiments with four replications and 100 seeds per replication in each
experiment. Means followed by the same letter in a column do not differ significantly according to Duncan’s
multiple range test at P ¼ 0.05.

14 S.C. Nayaka et al.
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antagonistic activity and its effect on seed germination in laboratory conditions.
Among the eight isolates, isolate Th8 showed maximum in vitro antagonism against
F. verticillioides and increased the maize seed germination and plant height to a greater
extent compared to other isolates, hence this isolate was used for field studies.

A significant difference between antagonistic natures of microbial agents was noticed;
T. harzianum exhibited mycoparasitism against F. verticillioides as it comes in contact with
the pathogen and gets locked at the region of contact. The results obtained in the present
study showed a different degree of antagonism of the same antagonistic agent against
F. verticillioides; this agrees with the findings of Biswas et al. (1999) and Jagadeesh Kumar
et al. (1995). A highly significant difference between the isolates of T. harzianum and
various pathogen interactions was reported by Elad et al. (1980). In the present study, we
could observe that T. harzianum inhibited spore formation of F. verticillioides when
grown in dual culture. Similar findings were reported by Dubey and Patel (2001); isolates
of T. viride, T. harzianum and Gliocladium virens inhibited the sclerotial formation of
Thanetophorus cucumeris when grown in dual culture. Other workers (Roy 1977; Dubey
1998a, 1998b; Singh et al. 2000; Pratibanda et al. 2002) have reported the effectiveness of
T. viride and T. harzianum in vitro.

Daily measurements of F. verticillioides colony diameter alone and in dual cultures
with the isolate of T. harzianum showed antagonism to F. verticillioides. The isolate of the
Trichoderma sp. suppressed growth of F. verticillioides colonies with time, increasing from

Table 8. Effect of T. harzianum (Th8) on thousand seed weight in three different cultivars of maize.

Treatments
Maize cultivars (% incidence)

T. harzianum (1 6 108) Kan Pion S. corn

Seed Treatment 32.7a 34.9a 26.5a

Foliar spray 30.2b 33.0b 25.3ab

ST þ FS 33.6bc 36.7bc 28.7bc

Talc formulation 10 g/kg
Seed Treatment 31.8bc 33.7bc 25.2cd

Foliar spray 30.0cd 32.9bc 24.3cd

ST þ FS 32.5de 35.5bc 27.3d

Corn starch formulation 10 g/kg
Seed Treatment 30.9de 33.2bcd 25.1d

Foliar spray 29.2fg 32.8bcde 23.9e

ST þ FS 31.1fg 33.5bcde 27.0e

Paddy husk formulation 10 g/kg
Seed Treatment 29.8g 33.0bcde 24.2e

Foliar spray 28.3g 32.8cde 23.3e

ST þ FS 30.4g 33.5cde 25.9e

Wheat bran formulation 10 g/kg
Seed Treatment 28.6gh 31.8de 23.9f

Foliar spray 28.4i 32.5de 22.7g

ST þ FS 29.0j 33.2f 25.5h

Carbendizim 30.4k 32.8g 25.8i

Control 27.9l 32.5h 22.4j

Values are means from three repeated experiments with four replications and 100 seeds per replication in each
experiment. Means followed by the same letter in a column do not differ significantly according to Duncan’s
multiple range test at P ¼ 0.05.
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the 46% suppression observed on day 6 to a maximum of 91% by day 14 (Yates et al.
1999).

In the present work, hyphae of T. harzianum were observed to coil around the
hyphae of the F. verticillioides. At some point hyphae could enter directly or form
mycelial bunches around the entry point, resulting in the shriveled pathogen hyphae
killing the pathogen. More or less similar hyphal interactions were observed by
Dubey (1998a, 1988b), Dubey and Patel (2001), and Ahmed et al. (1999). The
establishment of antagonist in a soil or substrate and its subsequent proliferation may
be an important factor in biological control of pathogens and this establishment of the
antagonistic fungi also depends on the age of the inoculum used (Lewis and Papavizas
1984).

Three different maize cultivars i.e. kanchan, pioneer and sweet corn, which are
moderately resistant, resistant and susceptible to F. verticillioides respectively, were
collected from maize research station and were used for ear rot disease management
studies. Each cultivar had different ranges of F. verticillioides infection. Seeds were treated
with pure culture of conidial suspension of T. harzianum (Th-8) which reduced the
incidence of F. verticillioides and increased the seed germination and vigour index to a
maximum extent compared to talc powder, corn starch, paddy husk and wheat bran
formulations of treatment and carbendizim treatment.

Pure culture and formulation T. harzianum (Th-8) were also used in the field condition
as seed treatment and spray treatment alone and in combination to evaluate seed quality

Table 9. Effect of T. harzianum (Th8) on Fumonisin level in three different cultivars of maize.

Treatments
Maize cultivars (% incidence)

T. harzianum (1 6 108) Kan Pion S. corn

Seed Treatment 92.1a 20.2a 178.34a

Foliar spray 96.8b 23.1b 185.43a

ST þ FS 77.8c 15.10c 124.61ab

Talc formulation 10 g/kg
Seed Treatment 98.7d 21.71d 209.10b

Foliar spray 102.1e 25.4d 217.13b

ST þ FS 86.5f 17.13e 173.47c

Corn starch formulation 10 g/kg
Seed Treatment 122.5g 23.21f 218.56c

Foliar spray 134.1h 26.50g 224.73cd

ST þ FS 109.1i 21.84h 184.46e

Paddy husk formulation 10 g/kg
Seed Treatment 129.7j 23.71h 238.47e

Foliar spray 145.8k 27.0i 263.54e

ST þ FS 120.4k 22.6i 231.31ef

Wheat bran formulation 10 g/kg
Seed Treatment 138.1k 25.25i 254.45f

Foliar spray 147.8l 27.9i 277.21g

ST þ FS 121.7l 22.10i 231.48h

Carbendizim 109.2l 22.40j 186.65i

Control 234.0l 34.80j 878.45j

Values are means from three repeated experiments with four replications and 100 seeds per replication in each
experiment. Means followed by the same letter in a column do not differ significantly according to Duncan’s
multiple range test at P ¼ 0.05.
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parameters such as field emergence, plant height, ear rot disease incidence, grain yield and
level of fumonisins production for three consecutive years.

Our results revealed that T. harzianum significantly improved field emergence, plant
height, grain yield and reduced the level of fumonisins in maize grains and controlled ear
rot disease. Seed treatment followed by spray treatment was more effective than seed and
spray treatment alone. Similar observations were made in laboratory condition with the
same biological agents, which reduced seed-borne infection of F. verticillioides and
increased germination and seedling vigour. There is no single replacement for chemical
fumigants and fungicides that will provide similar efficacy in controlling Fusarial diseases.
The present study reveals F. verticillioides as seed-borne; these pathogens have also been
proved earlier as soil-borne and have the capacity to proliferate and sustain well in the soil
(Martyn and Miller 1996). Based on the results obtained, it can be concluded that seed
treatment with the microbial agents followed by foliar spray at effective concentration is
efficient for enhancing the yield attributing characters. The mode of treatment, apart from
reducing the incidence of diseases (relied on natural incidence) under field conditions, also
improved the seed quality and also there was an enhancement in the seed yield as 1000 seed
weight as assessed along with other yield attributing characters of the crop. Cook and
Baker (1993) applied the same strategy and successfully used T. harzianum as seed
treatment to improve strands of corn, beans and other vegetable crops. Kleifeld and Chet
(1992) proposed that T. harzianum can enhance seed germination and promote plant
growth and flower production. T. harzianum enhanced germination and growth for bean,
radish, tomato, pepper, and cucumber plants following inoculation with the fungus.

A combined application of different formulations to seed and foliage was the most
effective method for control of disease in the field. Possibly both rhizosphere and
phyllosphere populations of T. harzianum helped to control disease.

The formulations of T. harzianum not only controlled ear rot disease, they also
increased the yield when used as seed þ spray treatment more effectively than carbendizim
and reduced the fumonisins level in maize cultivars.

Lower disease incidence and resultant yield increase in seeds treated with microbial
agents might be attributed to rapid multiplication of antagonists in the soil and its
colonization in the roots of seedlings, thereby preventing the establishment of pathogens in
the rhizosphere. The overall performance of T. harzianum in greenhouse and field
conditions were consistent during the study. In all three years of the study, seed treatment
followed by foliar applications showed a considerable reduction in the disease epidemics
and fumonisins production compared to untreated seeds.

The biocontrol agents apart from increasing the defense responses of the plants have
also been shown to increase the seed germination and seedling growth. In the present study
T. harzianum increased the seed germination and seedling vigour over the untreated
control in pioneer, kanchan and sweet corn cultivars, respectively. These results are in line
with some of the other studies carried out earlier. Raju et al. (1999) showed that
germination increased when sorghum seeds were treated with pure culture and talc
formulation of T. harzianum.

Increased growth of plants by timely application of T. harzianum might be due to the
elimination of minor pathogens in the rhizosphere (Harman and Hadar 1983). According
to Windham et al. (1986) the effect on the growth might be the result of production of
growth regulators by Trichoderma spp. Seed treatment and spraying spore suspensions
of T. viride on growing plants of linseed controlled Alternaria linicola. Moderate control of
A. alternata and A. brassicae was also achieved with Echinochoclium nigrum on rapeseed
(Mercer et al. 1991).

Archives of Phytopathology and Plant Protection 17
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Seeds treated with biological agents under field conditions, consisting of four
replications for a three consecutive years, were analysed for fumonisins production; the
amounts of fumonisin were significantly reduced throughout the treatments especially
seeds treated with pure culture T. harzianum as seed þ spray treatment, compared with
other seed treatments and untreated control showed a high accumulation of fumonisin.
These experiments indicated that T. harzianum prevented fumonisin produced by reducing
the accumulation of F. verticillioides in maize.

The present results provide the first evidence for activity of a species T. harzianum as a
suppressor of fumonisin synthesis. These results also support earlier reports that certain
strains of Trichoderma sp. inhibit F. verticillioides growth (Calistru et al. 1997). The
present study has shown that T. harzianum is ecofriendly and much more effective against
F. verticillioides and Fumonisins and can be used as an alternative to fungicides to control
toxigenic moulds.
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