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Introduction
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GENERAL INTRODUCTION

About the host

Groundnut (Arachis hypogaea L) is the major oilseed crop in the rain fed farming system
in the arid and semi-arid tropics. The major groundnut growing states in India are Andhra
Pradesh, Gujarat, Tamil Nadu, Karnataka and Maharastra. Groundnut occupies about 8.2
38% of total oilseeds area and contributes about 41% to the total oilseeds production of
our country. Groundnut is the primary source of edible oil and has a high oil and protein
content and is a valuable source of vitamins E, K and B. It also helps to enrich poor soils
as it leaves behind nitrogen through root nodules and thus contributes to the sustainability
of production systems. It is worthy to note that 70% of global groundnut production is in
the semi-arid tropics.

About aflatoxin

Aflatoxins, the toxins produced by Aspergillus flavus group are known to be hepatotoxic,
carcinogenic, and teratogenic. AfB; is the most potent toxin. (Fig 1). Aflatoxins have
been recognized to be more harmful to malnourished than well-nourished animals and
humans. Aflatoxins were initially isolated and identified as the causative toxins in Turkey
X disease due to which many died in Turkey in England. Aflatoxins are produced by
different species of Aspergillus, particularly flavus and parasiticus. Aflatoxins can
contaminate corn, cereals, sorghum, peanuts, and other oil-seed crops. Thus, food
contamination by this group of mycotoxins has been implicated in both animal and

human aflatoxicoses.



Fig 1: Suucase of Aflswoxin B, and relsssd afiesoing.



Abeut the pathogen

In the genus Aspergillus, Raper and Fenell (1965) listed close to 200 species and great
many varieties.

A flavus is a widely distributed fungus that survives in soil as spores. These germinate to
produce hyphae, which invade the pods directly or, more commonly, through injuries.
The number of spores may vary from low to extremely high in a single season and
probably depend on such factors as nutrient availability and microbial competition. An
important attribute is also the ability of A. flavus to survive under extremely dry
conditions. Thus, it is able to grow at moisture levels only slightly higher than the 12 %

used to store nut-in-shell.

Chemical control

Numerous chemicals have been found to destroy or inactivate mycotoxins in naturally
contaminated agricultural commodities. Types of chemicals tested for the detoxification
of aflatoxins include acids, alkalis, aldehydes, oxidizing agents, and gases like chlorine,
sulfur dioxide, ozone and ammonia. Although they destroy aflatoxins, they may decrease
significantly the nutritive value of the processed material or produce toxic products or

products having undesirable side effects.



Blological control
About biocontrol agents
Trichoderma spp.
The genus Trichoderma was introduced by Persoon about 200 vears ago. The generic
delimitation of Trichoderma was given by Harz (1871) taking into consideration the
microscopic characters. Species of Trichoderma are characterized by rapid growth in
culture with sparse aerial mycelium and production of distinctive, white or green,
conidiogenous pustules.
The species of Trichoderma were investigated as biocontrol agents for over 70 years.
Because of their various antagonistic mechanisms and their ability to sustain a wide range
of environmental conditions and their remarkable resistance to fungicides make them an
ideal choice for biocontrol. They produce extra cellular enzymes, antibiotics and promote
plant growth and induce resistance. They have the potential to proliferate abundantly in
various soils. Because of their many advantages Irichoderma spp. were used in
controlling aflatoxin in groundnut.
Mechanism involved in biocontrol
Mode of disease control by biocontrol agents is probably by two methods.
1. Antibiosis is one of the means of Biocontrol in which antibiotics destroy the
target fungi either by volatile or diffusible antibiotics. 2. Mycoparasitism in which
lytic enzymes destroy the target fungi. Most of the Irichoderma spp. control

disease through mycoparasitism.



SCOPE OF INVESTIGATION

As biocontrol is an integral part of the integrated pest management (IPM) philosophy,
judicious use of Trichoderma against soil borne pathogens can serve as a model for the
introduction and implementation of other biocontrol means into IPM. Combining two or
more types of biocontrol agents can increase biocontrol activity. Proper formulation,
efficient delivery system and alternative methods of 7Trichoderma application play a
crucial role in the success of the biocontrol agents against soil borne fungi. Chemical
pesticides cause health hazards to humans and other non-target organisms while affecting
the environment adversely. It is important to develop safer and environment friendly
management alternatives by exploiting living organisms from their natural habitat. These
organisms provide protection against a wide range of plant pathogenic fungi without any
adverse effects to the ecosystem. Potential agents for biological control of soil borne
plant pathogens can be obtained from the natural habitat such as rhizosphere.
Rhizosphere competent fungi and bacteria with antagonistic activity are capable of
promoting growth by either controlling minor pathogens or producing growth-promoting
factors (Harman et al., 1989). Biological control through rhizosphere fungi/ bacteria is
much safer and non-polluting to the environment compared to the disease management
by chemical pesticides. Some rhizosphere organisms may protect the root system of the
growing plants from attack by plant pathogens throughout the entire growth period
(Ahmed and Baker, 1987, Sivan and Chet, 1989; Harman ef al., 1989). When added as
seed treatments, the biological control agents enter, establish in the rhizosphere, which
leads to the competition and elimination of the pathogens from the rhizosphere

throughout the growth period. Further, Paulitz ef a/., (1990) reported that the combination



of compatible biological control agents produced additional control of soil borne plant
pathogens. Other studies have also demonstrated the improved biocontrol activity when
Trichoderma was combined with other biological control agents (Lynch, 1990).
Afiatoxin in groundnut
The objectives of present investigation are:

1. Isolation and Evaluation of Trichoderma isolates for their antagonism against

Aspergillus flavus. -
2. Characterization of Trichoderma isolates for morphological and molecular traits.
3. Mechanism of antagonism of Trichoderma isolates.

4. Evaluation of selected 7richoderma isolates for their biological control potential

against A. flavus.
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MATERIALS AND METHODS

(GENERAL)

General laboratory techniques followed in the present investigation were as per Booth
(1971).

Glassware

All the glassware used in the research work were of Corning and Borosil.

Chemicals

Chemicals used in the present investigation were from BDH, Merck, Sigma, Qualigens,
New England Biolabs, Gibco, Fermentas and were of either GR or AR grade

Cleaning of the glassware

All the glassware was washed thoroughly with tap water, and soaked in 1% clorax or
chromic acid (5%) for 15-20 min, and finally rinsed with distilled water.

Sterilization

Sterilization of glassware was done at 180 C for 2 h in the hot air oven (Sanyo)

Media were sterilized in the autoclave at 15 Ib p. s. i. And 121 C for 20 min

Distilled water

Sterile distilled water, and glass distilled water is used for all the experiments
Maintanance of Cultures

Cultures were maintained on Silica gel and stored in refrigerator. Sub-culturing was done

at six months interval.



isolates for their Antagonism against
A. flavus.

Chapter 1
Isolation and Evaluation of Trichoderma




INTRODUCTION

Species of Trichoderma, a genus of hypomycetes, are ubiquitous in the environment,
especially in soils. They have been encountered in many human activities, including
commercial applications in production of enzymes and biological control of plant disease.
Contamination of groundnut kernels by aflatoxins, produced by Aspergilius flavus group
of fungi, is a major problem affecting the quality and trade of the product. Among several
management options, biological control can play a significant role in reducing preharvest
aflatoxin contamination in groundnut. Control of plant discases by biological agents is
environmentally safe and compatible with sustainable agriculture. Trichoderma spp. are
well-known biocontrol agents against several plant pathogens (Elad er al, 1982).
Quantitative estimation of 7Trichoderma spp. in soil is often difficult because of the
relatively rapid growth of other soil fungi on conventional agar media. A semi selective
medium was described for the isolation and enumeration of 7richoderma spp. from soil
(Papavizas and Lumsden, 1982). Strains of the biocontrol fungus Trichoderm virens may
be separated into glioviridin and gliotoxin producing groups by culture of conidial
inocula on agar medium containing selective amendments (Howell., 1999)

Product quality is of utmost importance to the peanut industry in the U.S. Since majority
of the peanuts produced are used for human consumption, one of the major quality
concerns of the industry is reducing contamination of peanut with aflatoxin, toxins
produced by A. flavus A. parasiticus (Lynch and Wilson, 1991). Methods were
developed and evaluated for removing or reducing aflatoxin-contaminated peanuts via
belt screening that remdves loose-shelled kemels, immature pods, and foreign material.

(Dowell et al., 1990).



The present study was undertaken to isolate Trichoderma isolates from rhizosphere soil
<amples collected from major groundnut growing areas of four districts (Ananthapur,
Chittoor, Cuddapah, and Kurnool) of Andhra Pradesh, and two districts (Kolar, and Tumkur)
of Karnataka under the National Agricultural Technology Project (NATP) on “Aflatoxin
Contamination in Groundnut: Mapping and Management in Gujarat, Andhra Pradesh, and
Adjoining Areas”.
The objectives of this study were:

1. to Isolate Trichoderma isolates from various groundnut-growing areas of Andhra

Pradesh, and Karnataka,

o

to identify the isolates up to species level using morphological traits, and
3. to evaluate their antagonism against A. flavus with the objective of identifying highly
antagonistic isolates that could be used as a biocontrol agents for preventing

preharvest aflatoxin contamination of groundnut.



REVIEW OF LITERATURE
Quantitative estimation of /richoderma spp. in soil is often difficult because of the
relatively rapid growth ot other soil fungi on conventional agar media. A selective
medium is a very useful tool for isolating 7richoderma from soils as well as for
estimating its survival in soil. The role of antagonists in curtailing the growth and
pathogenic activity of soil-borne pathogens has been well documented (Nelson and
Hoitink ,1983). Elad er al. (1980) were able to isolate a isolate of 7. harzianum capable of
lysing mycelia of Sclerotium rolfsii and Rhizoctonia solani from a soil naturally infested
with those pathogens. Elad er al. (1981b) developed a Trichoderma selective agar
medium (TSM) for the quantitative isolation of Trichoderma spp. from soil. Selectively
was obtained by using chloramphenicol as a bactenal inhibitor and
pentachloronitrobenzene, and rose bengal as selective fungal inhibitors. The glucose
concentration in the TSM, though low, still allowed relatively rapid growth and
sporulation of Trichoderma, enabling convenient and rapid identification of 7richoderma
colonies. Two other effective selective media were developed by (Davet, 1979) and
Papavizas and Lumsden (1982). The selectivity of Kayet,s medium is based on the
presence of allyl alcchol (0.5ml) and vinchlozoline (2.5mg/l). Papavizas and Lumsden
(1982) improved the semi-selective medium for 7richoderma developed by (Papavizas,
1981), which is ineffective with soils containing Mucorales, by adding alkyl aryl
polyether alcohol alone or in combination with sodium propionate. The improved

medium contained the following antimicrobial agents. Both or the modified media
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allowed Trichoderma spp. to develop on the surface of the agar and effectively
suppressed rapidly growing fungi s_uch as Rhizopus.

Trichoderma spp. are antagonistic to a wide range of phytopathogenic fungi and are able
to control economically important diseases in several crop plants Species of the genus
Trichoderma, among them 7. viride, are well known for their production of several lytic
enzymes and/or antibiotics

Smith er al. (1990) developed a system to identify isolates of 7Trichoderma and
Gliocladium with potential for biocontrol of Phytophthera cactorum Mihuta-Grimm and
Rowse, (1986) tested 225 isolates of Trichoderma obtained from organic and mineral
rhizosphere soil in the greenhouse as antagonists for biocontrol of Rhizoctonia solani on
radish.

Bunker and Kusum Mathur (2001) evaluated local isolates of Trichoderma spp. isolated
from ginger rhizosphere in vitro, to assess their mode of antagonism against chilli root rot
pathogen Rhizoctonia solani. Godwin-Egein and Arinzae (2001) investigated the
antagonism between 7. harzianum Rifai and Fusarium oxysporum Schlecht emend. Sny.
And Hans. And the possible mechanisms of antagonism employed by 7. harzianum when
grown on several food wastes.

Elad and Hadar (1981) tested wheat bran culture of 7. harzianum for control of
Rhizoctonia solani in camation in fields treated with methyl bromide. This method is
superior to the broadcast application because it required lower rates of application.
Biswas and Chitreswar sen (2000) studied the antagonistic properties of Trichoderma
isolates T8, T10 and T2 through dual plate method agaiist Sclerotium roifsii, the casual

agent of stem rot of groundnut and they overgrew the pathogen up to 92%, 82% and 79%
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respectively in vitro. On seed coated with Trichoderma Rajan et al. (2002) found that
there was reduction Phyrophthora foot rot disease incidence in pepper when five efficient
Trichoderma isolates tested both in vitro and in vivo were applied in the field over the
years of study. Alvira er al. (2001) isolated eight different isolates (Tj, T1, T2, T3, TS,
T 7, T 12, T 16) of T. harzianum from soils of different betel vine plantations of West
Bengal by dilution plate technique using 7richoderma selective medium. The isolates
were studied for their cultural, morphological characters and antagonistic potential
against four major fungal pathogens of betelvine (Phytophthora parasitica,
Colletotrichum capsici, Sclerotium rolfsii and Rhizoctonia solani). 1solate T 3 had highest
length: breadth ratio of phialospores and that of phialides highest in isolate T 7. Isolates T
1, T2 and T 3 were more antagonistic under in vifro conditions by overgrowing the

pathogens within 5-6 days.
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MATERIALS AND METHODS
Isolation of Trichoderma isolates
Groundnut rhizosphere soil samples collected from various groundnut-growing areas in
Andhra pradesh and Karnataka under a National Agricultural Technology Project
(NATP) on “Aflatoxin Contamination in Groundnut: Mapping and Management in
Gujarat, Andhra Pradesh, and Adjoining Areas are used for isolating Trichoderma
isolates”.
Five hundred ul of each soil sample at 10 and 10 aqueous dilutions was spread on
plates containing Trichoderma specific medium (TSM: glucose 3 g, NH/NO; 1 g,
NayH,PO, 0.9 g, MgSO4 7TH,0 0.2 g, KCI 0.15 g, FeSO4 TH,0 20 mg, ZnSO4 TH,0 20
mg, MnSO, .H:0 20 mg, Rose Bengal 30 ug, agar 10g, and distilled water 1000 ml).
After autoclaving at 121 C for 20 min the medium was cooled to 50 C and added with
streptomycin sulfate 50 mg, chloramphenicol 50 mg, metalaxyl 10 mg, and PCNB
(pentachloronitro benzene) 10 mg). Two plates were maintained for each dilution. The
plates were incubated for 4 days in dark at 28 C and typical Trichoderma colonies (white
or whitish-green o green, conidiophores long and thick, with or without sterile branches,
side branches mostly thick bearing short and plump phialides, phialospores are globose or
ellipsoidal rough or s1100th walled) were isolated (Srilakshmi ef al., 2001).
In vitro antagonistic studies
The biocontrol ability of 212 isolates of Trichoderma spp. was studied against the
pathogen A. flavus, using dual culture technique (Dennis and Webster 1971c). The
mycelial discs (5 mm dia) of Trichoderma spp. and A. flavus from a four-day-old culture

on 2% agar were placed on PDA plates on one side, 1 cm away from the edge of the

13



plate. The disc of the A. flavus was placed on the opposite side 6 cm apart. The plates
were incubated at 24 + 2 C for one week. The plates were observed at regular intervals.
Hyphal interaction

This study was done using the dual culture method (Dennis and Webster 1971¢). Potato
dextrose- agar medium was prepared with cellophane paper disc laid over the medium. A
block of cellophane (10 x 20 cm) was cut from the juncture of the two colonies and
mounted in trypan blue-lacto phenol, and examined under microscope for hyphal

interactions
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RESULTS

Two hundred and twelve Trichoderma isolates were obtained from the groundnut rhizosphere
soil samples collected from four districts of Andhra pradesh (Ananthapur, Chittoor, Cuddapah
and Kurnool) and Karnataka (Kolar and Tumkur) (Table 1).

Of the 386 soil samples analyzed, 156 (40.4%) yielded Trichoderma. Maximum of 64.1%.
Trichoderma isolates were obtained from the soil samples of Anantapur and minimum of
11.1% from the samples of Kolar (Fig 3). Trichoderma population density was maximum in
Chittoor soil samples (Table 2).

All the isolates of Trichoderma were tested for antagonism or mycoparasitism in vifro against
A. flavus (Af 11-4). Mycoparasitic interaction was assessed following Bell's ranking (Bell er
al, 1982) (Fig 2).

From a preliminary screening of the total 212 Trichoderma isolates, 150 antagonistic isolates
were selected. Among the 150 isolates antagonistic to A. flavus (Af 11-4), 38 were just in
contact with A. flavus colony, 48-showed inhibition zone against A. flavus, and 64 parasitized
A. flavus. For further screening 117 isolates that showed.inhibition zone and parasitized A.
flavus were selected and of these only 48 isolates showed clear inhibition zone against Af 11-
4. These were further vvaluated for mechanisms of antagonism involving production of

volatile and non-volatile production of antibiotics.

Among 48 isolates, T. viride (T 16 and T 188) and T. harzianum (T 109) showed clear hyphal

coiling with Af 11-4 mycelia (Fig 4).



Fig.2. I vitro antagonism of Trichoderma viride (1 179y against Aspergillus flavus (Af 11-4)
Lefi: control platerd. flavus) Right A flavus and 1 viride showing mycop arasitism: by
restricted growth of A. flavus
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Fig 3 Major groundnut growing districts of Andhra Pradesh (Kurnool, Cuddapah,
Anantapur and Chittor) and Karnataka (Kolar and Tumkur)
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Fig 4 Hyphal coiling of /richodermaviride (T 188) over A flavus
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Table 1 Population dynamics of 7richoderma isolates in four major groundnut-growing

districts of Andhra Pradesh and two districts of Karataka

State District No of soil | No of soil | Noof Percentage of
samples samples Trnichoderma | soil samples
analyzed yielded isolates yielded

Trichoderma | obtained Trichoderma
isolates

Andhra Ananthapur | 53 34 40 64

Pradesh Chittoor 97 48 54 49

Cuddapah | 23 11 19 47
Kurnool 26 15 20 57
Karnataka Kolar 72 08 35 11
Tumkur 115 40 44 34
Total 386 156 212 04

Table 2 Trichoderma population range in the soil samples collected from six different

groundnut- growing districts of Andhra Pradesh and Karnataka

Dastrict

Anantapur
Chittoor
Cuddapah
Kumool
Kolar

Tumkur

Total soil
samples

58

121

17

51

119

137

Soil samples

_analysed

49

118

38

56

Trichoderma
population (Cfug™)

0-25
0-230
0-37
0-34
0-30

0-83
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DISCUSSION

Quantitative estimation of Trichoderma spp in soil is often difficult because of the
relatively rapid growth of other soil fungi on conventional agar media

We isolated 212 Trichoderma isolates using Trichoderma selective medium (Elad ef al.
1981b) from groundnut rhizosphere soil samples collected from various groundnut-
growing areas in Andhra pradesh and Kamataka under a National Agricultural
Technology Project (NATP) on “Aflatoxin Contamination in Groundnut: Mapping and
Management in Gujarat, Andhra Pradesh, and Adjoining Areas” Selectivity was obtained
by using chloramphenicol as a bacterial inhibitor and pentachloronitrobenzene, and rose
bengal as selective fungal inhibitors The glucose concentration in the TSM, though low,
still allowed relatively rapid growth and sporulation of Trichoderma, enabling convenient
and rapid identification of Trichoderma colonies

Papavizas and Lumsden (1982) improved the semi-selective medium for 7richoderma
developed earlier by Papavizas (1981), which is ineffective with soils containing
Mucorales, by adding alkylaryl polyether alcohol alone or in combination with sodium
propionate. The modified medium allowed Trichoderma spp to develop on the surface of
the agar and effectively suppressed rapidly growing fungi such as Rizopus. Trichoderma
spp. is antagonistic to a wide range of phytopathogenic fungi and is able to control
economically important diseases in several crop plants Species of the genus
Trichoderma, among them T. viride, are well known for their production of several lytic

enzymes and/or antibiotics
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Bunker and Kusum Mathur (2001) evaluated local isolates of Trichoderma spp. obtained
from ginger rhizosphere in vitro, to assess their mode of antagonism against chilli root rot
pathogen, Rhizoctonia solam. Godwin-Egein and Arinzae (2001) investigated the
antagonism between 7. harzianum Rifai and Fusarium oxysporum Schlecht emend. Sny.
and Hans And the possible mechanisms of antagonism employed by 7. harziamum when
grown on several food wastes. Srilakshmi ef al (2001) isolated 212 Trichoderma isolates
from rhizosphere soil of various groundnut-growing areas of Andhra Pradesh and
Karnataka. Using dual culture method the isolates were evaluated for antagonism,
involving volatile and non-volatile antibiotics, and hyphal interaction with Af 11-4 strain.
Twenty-one Trichoderma isolates showed inhibition of Af 11-4 colony by producing
volatile antibiotics compared with the control. Fifteen 7richoderma isolates showed
inhibition of Af 11-4 colony by producing volatile antibiotics compared with the control.
Three isolates showed clear hyphal coiling with Af 11-4 mycelia Buhariwalla e al.
(2004) have evaluated the scope for developing rapid and cost effective diagnostics for
specific Trichoderma species and identifying isolates most likely to be highly
antagonistic to Aspergillus flavus species. Their study investigates the use of sequence
and AFLP analysis for rapid classification of new Trichoderma isolates in future.
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Chapter 11
|Characterization of Trichoderma isolates|
for Morphological and Molecular traits




INTRODUCTION
The genus Trichoderma was introduced by Persoon almost 200 years ago, which
consisted of anamorphic fungi isolated primarily from soil and decomposing organic
matter (Rifai, 1969) Isolates of 7richoderma are ubiquitous and are relatively easy to
isolate and culture In addition, Trichoderma isolates grow quickly on many substrates,
produce metabolites with demonstrable antibiotic activity Rifai (1969) divided
Trichoderma into nine species aggregates on the basis of morphological features
Recently, Bisset (1991) revised the genus and included some Hypocrea anamorphs in the
genus, resulting in the establishment of five new sections Despite the evident economic
importance of these fungi, the taxonomv of Trichoderma is still problematic and
morphology-based studies have not resulted in a satisfactory comprehensive revision of
the genus (Samuels, 1996) Taxonomy of Trichoderma is currently based largely on
morphological characters (Rifai, 1969, Bissett, 1984, 1991a,b,c & 1992), such as conidial
form, size, color and oramentation, branching pattern and frequency of branching, and
the formation of sterile or fertile hyphal elongations from conidiophores However, most
species descriptions are based on examination of a limited number of strains where the
morphological differences are clear but these differences become less clear as more
strains are studied These results suggest that there are not enough morphological and
cultural characters to reliably define species In recent years, molecular biological
techniques have proven 1o be valuable tools in fungal taxonomy, and their application has
led to the reconsideration of several genera (Sheriff er al, 1994) Identification of the

respective isolates at the species level has proved difficult, due to the degree of
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morphological similarities between them As a solution, Rifai (1969) adopted the concept
of aggregate species, and distinguished nine aggregates, some of which comprised two or
more morphologically indistinguishable species However, the DNA-based molecular
markers have been increasingly used for the characterization of pathogen races, as these
are sensitive and precise AFLP (Amplified fragment length polymorphism) analysis is
based on selective amplification of DNA restriction fragments (Vos ef al, 1995) AFLP
technology is quite useful for fingerprinting genomic DNA These fingerprints may be
used as a tool for determining the identity of a specific DNA sample or to assess the
relatedness between samples Fingerprints are also used as a source for genetic markers to
generate linkage maps or to identify molecular markers linked to phenotypic traits and/or
genetic loci

AFLP technology combines both hybridization-based fingerprinting and PCR
(polymerase chain reaction)-based fingerprinting It 1s based on the selective
amplification of a subset of genomic restriction fragments using PCR The advantage of
AFLP over other techniques is that multiple bands are derived from all over the genome
This prevents over interpretation or misinterpretation due to point mutations or single-
locus recombination, which may affect other genotypic characteristics (Vos et al., 1995)
PCR has been successiiil in detecting plant-pathogenic fungi as well as bacteria (Majer e/
al., 1996, Restrepo et al , 1999) The commercia! use of Trichoderma biocontrol agents
must be preceded by precise identification, adequate formulation, and studies about the
mymergistic effects of their mechanisms of biocontrol (Hermosa ef al., 2000)

The AFLP technique has been used in studies on bacteriz (anssen ef al 1997), fungi

*ueller and Wolfenbarger (1999), and plants (Lin ef a/, 1996) In this study, we used
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AFLP with a range of primer pairs and found sufficient variation to draw conclusions
about the genetic relationships among 48 Trichoderma isolates

Moreover, there is evidence that morphologically defined taxa are polyphyletic eg, T.
harznianum, (Muthumeenakshi ef a/, 1994) Kindermann ef a/ (1998) attempted a first
phylogenetic analysis of the whole genus, using sequence analysis of the ITS1 (expand
ITS) region of the IDNA However, the use of phylogenies based on single gene
sequences is now generally discredited, especially as regards the use of ITS1 and/or
ITS2, as some fungi and plants have been shown to contain paralogous copies (Lieckfeldt
et al , 2000)

Silver staining originally was described for ultra sensitive detection of polypeptides
separated by polyacrylamide gel electrophoresis (Merril e al , 1981) and later adapted for
nucleic acid detection (Blum ef al , 1987) Beidler ef al (1982) devised a photochemical
silver staining method for nucleic acid detection with increased sensitivity Since then,
various small adaptations of these original silver staining methods have been proposed to
increase sensitivity, to reduce steps of the procedure, to eliminate toxic staining
components, and to better suit the DNA assay or method of fragment separation (Bassam
et al., 1991), (Sanguinetti ef al., 1994) Creste et al., (2001) compared sensitivity of a
new low cost method of silver staining adapted from (Beidler ef al , 1982) with 2 other
commonly used procedures (Bassam er al, 1991), (Sanguinetti ef al, 1994) and
optimized the conditions for detection of SSRs using denaturing polyacrylamide gels
bound to glass plate The objectives of the present study were to characterize

Trichoderma species using morphological features and molecular techniques and identify

the species
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REVIEW OF LITERATURE

The-genus Trichoderma (Ascomycetes, Hypocreales) contains species that are of great
ecomomic importance because they produce enzymes, antibiotics, or are utilized as
bioooatrol agents Kubicek, (1992) Taxonomy of Trichoderma is currently based largely
on morphological characters (Rifai, 1969, Bissett, 1984, 1991ab,c, 1992), such as
conidial form, size, color and omamentation, branching pattem and frequency of
branching, and the formation of sterile or fertile hyphal elongations from conidiophores

In Trichoderma, isoenzyme analysis (Stasz et al, 1986, Samuels er al, 1994,
Leuchtmann er al , 1995, Kuhls ez al , 1995, Bowen ef al., 1996, Turocz et al, 1996), and
DNA sequencing (Muthumeenakshi ef a/, 1994, Kuhls er a/, 1996, 1997) have been
used to distinguish species specific groups of strains within the species that were defined
either by common morphology or ecology Recently rDNA was used in comprehensive
survey of two of the sections of the genus that were accepted by (Bissett 1984, 1991a),
the rDNA sequence information provided support for merging the two sections

Moreover, the expanded section Longibrachatum included five Hypocrea species and
that the sexual (Hypocrea) and asexual (Trichoderma) strains did not represent separate
lineages but rather represented a single lineage within the ascomycete genus Hypocrea.

Consequently, we refer to Trichoderma sect Longibrachiatum as the Hypocrea
schwemnitizn complex (Samuels e al, 1998) AFLP technology is a DNA fingerprinting
technique that combines both hybridization-based fingerprinting and PCR-based
fingerprinting It is based on the selective amplification of a subset of genomic restriction
fragments using PCR Reader and Baroda (1985) described a general, simple and

inexpensive method for isolation of DNA from filamentous fungi Starting from freeze-
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dried mycelium 01 - 0.15% by weight car: be isolated as high molecular weight DNA
suitable for restriction and ligation in 2 h The preparation can be done in eppendorf tubes
and allows the processing of many samples in parallel They have used the method with
the basidiomycetes, Phanerochaete chrysosporrum, Coprinus cinereus and the
ascomycete Aspergillus mdulans and others have used it with Trichoderma reesei, A.
mger and for the isolation of DNA from tomato plants Vos ef a/ (1995) described a
novel DNA fingerprinting technique called AFLP based on the selective PCR
amplification of restriction fragments from a total digest of genomic DNA Using this
method, sets of restriction fragments may be visualized by PCR without knowledge of
nucleotide sequence The method allows the specific co-amplification of high numbers of
restriction fragments and provides a novel and very powerful DNA fingerprinting
technique of DNAs of any origin or complexity

Nan Ren and Michael Timko (2001) used AFLP analysis to determine the degree of intra-
and inter-specific genetic variation in the genus Nicotiana  Sivaramakrishan et al
(2002) studied genetic variability among 43 isolates of Fusarium oxysporum f sp cicer:,
the chickpea wilt pathogen, using AFLP markers. Abdel-satar et a/ (2003) analysed the
genetic relationships within and between natural populations of five Fusarmum spp. using
AFLP Nucleotide sequence determination of rDNA internal transcribed spacer (ITS) |
revealed three distinct ITS types, 1,2 and 3, possessed by isolates from the respective
groups 1,2, and 3 (Muthumeenakshi ef a/ , 1994) Based on these molecular data, group 2
isolates, which were aggressive colonizers of mushroom compost, could be clearly
distinguished from the isolates belonging te the other twn groups Katrin Kuhis er a/

(1997) studied the variation within ITS-1 and ITS-2 regions of ribosomal DNA of 103
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ssrams to examine relationships within Trichoderma sect. Longibrachiatum and related
seleomorphs, Hypocrea schweinitii and H. jecorina. Grondona ef al (1997) reported that
monoconidial cultures of 15 isolates of Trichoderma harzianum were characterized on
the basis of 82 morphological, physiological, and biochemical features and 99 isoezyme
bands from seven enzyme systems and identified four distinct groups Representative
sequences of the ITS 1 and ITS 2 region in the ribosomal DNA gene cluster were
compared between the groups confirming this distribution The utility of the groupings
generated from the morphological, physiological, and including an additional
environmental isolate in the electrophoretic analysis assessed biochemical data The i
vitro antibiotic activity of the 7. harzianum isolates was assayed against 10 isolates of
five different soil borne fungal plant pathogens Ospina-Giraldo ef al (1998) examined
nucleotide sequences of ITS-1 and ITS-2 and the 5 8 S region of the ribosomal DNA
repeat in 15 lines of Trichoderma spp Six lines representing four biotypes of 7.
harziarnum associated with mushroom compost or the raw materials used in the compost
could be separated into two distinct groups. Ospina-Giraldo ef al (1999) sequenced a
polymerase chain reaction-amplified DNA containing the internal transcribed spacer ITS-
1 and ITS-2 regions of the nuclear ribosomal DNA transcriptional unit for 81 isolates of
Trichoderma spp. associated with mushroom culture Phylogenetic analysis revealed that
the biocontrol isolates were more closely related to an isolate of 7. harzianum biotype 1
than to the aggressive biotypes 2 and 4 Finally, considering the wide range in sequence
listribution of our samples, we propose that the consensus sequence found in this
nvestigation be used as the reference sequence for further studies involving the

dentification and taxonomy of 7. harziamum (Lieckfeldt e al., 1999) based on combined
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molecular data, morphology, physiology and colony characteristics distinguished type 1
and type Il Trichoderma viride as two different species. Hermosa ef al., (2000) reported
that the most common biological control agents (BCAs) of the genus Trichoderma have
been reported to be strains of Trichoderma virens, T. harzianum, and T. viride. Since
Trichoderma BCAs use different mechanisms of biocontrol, it is very important to
explore the synergistic effects expressed by different genotypes for their practical use in

agriculture.
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MATERIALS AND METHODS
Morphological Characterization.
Morphological characterization was done of 212 Trichoderma cultures obtained from
groundnut rhizosphere soil samples from major groundnut growing areas of four districts
(Anantapur, Chittoor, Cuddapah, and Kumool) districts of Andhra Pradesh
and two districts (Kolar and Tumkur) of Karnataka, The morphological characters used
were growth type, growth rate, colony colour, shape of margins, colony diameter,
sporulation and sporulation initiation rate
Species identification:
Microscopic Observation:
Shdes were prepared from the place of contact of pathogen and the antagonist and
observed for interaction under the microscope
Identification of Trichoderma spp
Trichoderma spp were grown on 1 5% malt agar for four days and the slides prepared
from the growing edges Conidia were taken from one-week-old PDA culture
Identification was done with the help of species identification keys (Rifai 1969, Bisset
1984,1991a,b,c, 1992, Samuels (1996) and Nagamani er al, (2002) Fourty eight
antagonistic Trichoderma species were attempted to identify to based on branching of
conudiophores, shape of the phialides, emergence of phialospores and shape of the

phialospores (Table 3)
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Table 3. Fourty eight Trichoderma isolates antagonistic with 4. flavus.

Isolate no. | Trichoderma spp. District
T-2 T. harzianum Chittoor
T-10 T. harzianum Chittoor
T-11 T. harzianum Anantapur
T-20 T. harzianum Chittoor
T-42 T._harzianum Chittoor
T-53 T._harzianum Tumkur
T-58 7. harzianum Chittoor
T-72 T. harzianum Anantapur
T-109 T. harzianum Chittoor
T-129 T. harzianum Tumkur
T-170 T. harzianum Chittoor
T-47 T. fertile Tumkur
T-16 T. viride Chittoor
T-24 T. viride Chittoor
T-50 T. viride Chittoor
T-51 T. viride Tumkur
T-60 T. wiride Tumkur
T-62 7' viride Chittoor
T-179 T. vinide Chittoor
T-188 7. viride Tumkur
T-205 7. viride Kolar
T-6 T longibrachiatum Chittoor
T-34 T. longibrachiatum Tumkur
T-56 7. ongibrachiatum Tumkur
T-102 1. longibrachiatum Chittoor
T-110 T. longibrachiatum Chittoor
T-12 T._koningii Chittoor
T-13 T._koningii Chittoor
T-21 T_komngii Chittoor
T-33 T._koningii Chittoor
T-49 T. koningii Chittoor
T-70 T. koningii Chittoor
T-83 T. koningii Anantapur
T-143 T. koningii Chittoor
T-161 T. koningii Tumkur
T-29 T. pseudokoningii Chittoor
r-37 T. p dokoningii Kolar
T-206 T. pseudokoningii Anantapur
T-73 T. atroviride Tumkur
T-74 T. harzianum Tumkur
T-86 T. inh, t Tumkur
T-1 T._longibrachiatum Chittoor
T-14 T. aureoviride Chittoor
T-142 7. longibrachiatum Chittoor
T-117 T. aureoviride Tumkur
T-46 T. harzianum Chattoor
T-13% T.p dokoningii Anantapur
T-35 T. fasiculatum Chittoor
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Single-spore culture of Trichoderma spp.

The spore suspension of 7richoderma spp was prepared by taking small amount of spore
mass in sterile water, dilutions were made in such a way that final dilution had
approximately 5 to 10 conidia per ml One ml of the above dilution was poured into a
Petriplate and to this, melted but cool 2% agar was added After 10 to 12 h the plates
were observed under the microscope in the laminar flow cabinet for a germinating spore.
After it was located, the single germinating spore was picked up with the help of a sterile
small cork borer (3 mm) attached to the tip of a hollow objective The single spore thus

isolated was inoculated on to a PDA plate

Culture Growth:

Trichoderma was grown on potato dextrose agar medium, (PDA, Himedia, Mumbai,
India) for isolating DNA. Sterile cellophane paper disc was placed over the medium and
Trichoderma culture disc was placed at the center of the plate. The plates were incubated

at 28 C for 5 days and mycelium was scraped to isolate DNA

DNA Extraction:

Genomic DNA was extractdd from each isolate by the CTAB method (Murray and

Thompson, 1980). Mycelial mat (3g) was scooped and ground under hiquid nitrogen
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extracted with 15 ml of extraction buffer (Tris-HCI p" 8 0, 20 mM EDTA, | 4 M NaCl
and 2.5% (w/v) CTAB) The contents were taken in 30 m! centrifuge tubes and incubated
in a water bath for 5 min at 65 C along with 0 03% B Mercaptoethanol The tubes were
incubated in a water bath at 65 C for 30 min samples are mixed for every 5 min Fifteen
ml of chloroform isoamyl alcohol (24 1) was added to each tube, mixed and centrifuged
at 6000 rpm for 10 min Top layer was separated with filler and 0 7 vol of cold
isopropanol was added and incubated at 4 C for 30 min prior to centrifugation at 6000
rpm for 15 min The pellet was transferred to 2 ml eppendorfs and washed with 2 ml of
70% ethanol, after discarding ethanol pellets were air-dried before suspending in 1ml of
TE buffer (50 mM Tris-HCI p* 8 0, 10mM EDTA) and DNA was transferred into fresh
eppendorfs containing 150 pl of 50 mg/m! Rnase The tubes were incubated overnight at
37 C 1.5 ml of phenol.chloroform isoamyl alcohol in 25 24 1 ratio was added and kept
for centrifugation for 5 min at 14,000 rpm After thorough mixing, the top layer was
separated and collected into fresh eppendorfs and 600 pl of ice-cold chloroform isoamyl
alcohol (24.1) was added. The tubes were kept for centrifugation at 14,000 rpm for Smin
and the top layer was separated again and 1/10® vol of sodium acetate (50 ul /500 pl)
and 2 vol. of absolute ethanol were added, mixed gently and centnfuged at 14,000 rpm
for 5min at the room tempcrature

The DNA was washed twice with 250 ul of 70% «thanol The pellet was fan-dried for
Smin and suspended in varying volumes of T E (10mM Tris-HCL, p" 80,0 1mM EDTA)

buffer depending on pellet size The DNA was quantified using two methods
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Estimation and Assessment of DNA

Spectrophotometric method

Quantification of DNA was done using spectrophotometer (UV- 160 A, Shimadzu) by
diluting 0 S ul of DNA with 995 pl of sterile distilled water Concentration of DNA was
calculated using the formula A; x 50/5 ul of DNA taken, where A; is 260 nm and 280 nm
wavelength at which O D values were taken DNA concentration was compared with the
known concentration of Lambda DNA

Agarose Gel Electrophoresis

The DNA was also quantified using agrose gel electroporesis Thirty ml of 0 8% Agarose
gel (024 g Agarose, and 30 ml 1X TBE) was prepared by boiling for 5 min and allowed
to cool when the temperature of agarose solution reaches 45 C Two pl of Ethidium
bromide (2 pg/pl) was added mixed well before the gel was poured into a preset agarose
gel unit with two 26-well combs one below each other and allowed to solidify After
solidifying, the gel was transferred to gel running unit and tank was filled with 05 X
TBE and combs were removed The DNA sample (2 pl) was diluted with 2 pl of orange
dye (10 ml 05 M EDTA, 1 ml 5 M NaCl, 50 m: glycerol, 39 ml distilled water and
sufficient orange dye powder in 100 ml distilled water) and 5 ul of 0 5 X TBE buffer and
loaded into the gel and A uncut DNA (0 5 pl 1 pl, 2 pl and 3 pl) is added to 1% 26" 27"
and 52™ wells at 50 ng/ul, 300 ng/ul, 200 ng/pl, and 400 ng/ul concentration The gel

was run at 80 V for 30 min and visualized under a U V Transilluminator for DNA Gel
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electrophoresis method was preferable than spectrophotometric method since the DNA

visualized by this method was more pure than the other method

AFLP-PCR amplification conditions

AFLP core reagent and starter primer kits were purchased from (Life Technologies
Invitrogen, Gatherburg, and U S A) The analysis was done as per the manufacturer's

protocol with slight modifications

Restriction Digestion of Genomic DNA

Component Starting conc. | Final conc. | Vol. added
per sample
()
EcoRIMsel (Invitrogen) 125 Uil 125U/Ml |1
Restriction enzyme buffer i X 10X 2
Genomic DNA 50ng 250-600 8
ng/ul
Total 11
1 10 pl of cocktail was distribnted in each labeled tube
2 Vortex and briefly centrifuged
3 Digestion was carried out in a final volume of 10 pl at 37 Cfor 2 h
Ligation of Adapters.
Component Initial Volume added Per sample (i)
T4 DNA ligase 10 X buffer » 1U/ul 1

Adapter ligation solution 4
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1. 5 ul of ligation mixture was added to 10 ul of digested DNA

2. Vortex and briefly centrifuged

3. Incubated at 20 C 1 2 C for 2 h in liquid scintillation room

4. After terminating the reaction, the ligation mixture was diluted 10-fold with TE

(10mM Tris-HCI, p" 8 0, 0 ImM EDTA) buffer

Pre amplification Reaction

Component Volume added Per
sample (pl)

Pre-amp mix | 08 00

10 X PCR buffer 01 00

Taq polymerase 0016

Template DNA from restriction/ligation 02 00

Total 1116

Thermal cycling for pre-amplification

94C 30 sec

56C 60 sec

72C 60 sec 30 cycles
4C hold

Digested-ligated DNA fragments were used as templates for the Pre selective
amplification The specific DNA fragments were amplified by FCR using primers that

contained the common sequences of the adapters and 1-2 arbitrary nucleotides as
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selective sequence PCR reactions were perfornied in a PTC-100 Programmable Thermal
Controller (MJ Research, USA)
After terminating the reaction pre-amplified DNA was diluted 50 fold with TE (10 mM

Tris-HCI, p" 8 0, 0 ImM EDTA) buffer.

Selective amplification

Component Volume added per
sample (pul)
EcoRl] 00 50
Msel 00 50
10 X PCR buffer 10 00
Taq polymerase 00 16
Distilled H;0 50 00
Dilute template DNA from pre-selective PCR 3000
Total 10 00
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Thermal cycling for selective amplification

94C S min

65C 30 sec 12 cycles, decrease

72C 1 min annealing temp by
07 each

94 C 5 min 12 cycles

94C 1 min

56 C 30 sec

72C 1 min

94C 5 min 22 cycles

4C hold

The six EcoRl (E-AC, E-AT, E-TG, E-AG, E-TA, and E-TA), and 6 Msel (M-CTG, M-
CAG, M-CTA, M-CTG, M-CAC and M-CTC) primers were used in six combinations for
amplification. Selective amplification was done as per the manufacturer's protocol
(Invitrogen, U.S.A). This second amplification was carried out by programming a touch-
down cycle profile in a PTC-100 Programmable Thermal Controller (MJ Research,
US.A) .The EcoRl prime. was labeled with [y- ** PJATP (3000 Ci/mmol) as per the

protocol of Invitrogen (U.S.A).
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Gel Analysis

PAGE

Cleaning and assembling the glass plate sandwich

The glass plates were cleaned first with distilled water and alcohol The IPC (Precision
Castor) flat was placed on the bench with glass plate facing upward The front glass plate
was placed onto the IPC and spacers with the siliconized or coated surface facing down

The clamps were slided over the IPC assembly The glass plate was nnsed with cold Bind
silane (Amersham, U S A) and IPC was rinsed with repel silane (Amersham, U S A)

Gel Casting

The gel was cast with the glass plate assembly in the horizontal position Two full-length
clamps secure the assembly and allow attachment of the precision caster base to the
bottom of the glass plate sandwich The gel matrix was prepared using 5% acrylamide,
0 25% bisacryl, and 7 5 M urea in 50 mM Tns/50 mM bonc acid/ImM EDTA Sambrook
et al, (1989) The gel solution was degassed for 5-15 min under a strong vacuum (2 26
in /Hg) to insure reproducible gel porosity to remove dissolved oxygen After degassing
450 pl of 10% Ammomum persulphate (APS) (100 mg/ml) and 100 ul of
Tetramethylenediamine (TEMED) was added to 100 ml of gel solution and gel was cast

The gel matrix was injected from the bottom of glass plate sandwich Flat edge of comb
was inserted not more than 5 mm past the short glas- plate After the gel was cast the
assembly was leveled for polymerization

The gel was pre-run in 0 5 x TBE, freshly prepared from a 10 x TBE (100 mM Tns/ 100-

mM boric acid’2 mM EDTA) stock solution Once the solution reaches the top of glass
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plates the comb was placed in such a way that tooth of the comb faces upwards The gel
polymerizes within 30-60 min Polymerized gel was subjected to electrophoresis

Gel Loading

Amplification products were mixed with one volume of formamide dye (10 mM EDTA
p" 8, 98% formamide, 0 025% xylene cyanol FF, and 0 022% orange dye) and denatured
for 4 minutes at 94 C Aliquots (5 ng) of each sample were visualized by electrophoresis
on 5% denaturing (sequencing) PAGE The samples were loaded on the gel using § pl
Finnpippet

The gel was run using a sequencing gel, (Biorad 38 x 50cm) The key electrophoresis
parameters include voltage set at 1,500 V, current at 40 mA, power at 100 W, and
temperature at 60 C 48 well Vinyl sharks tooth Comb (0 4 mm thick) was placed in such
a way that tooth of the comb are immersed into the buffer The gel was run with 0 5 X
TBE buffer and stained by a modification of the silver staining method of (Creste et al
2001)

Gel Electrophoresis Disassembly

When the desired dye front mobility was achieved, power supply was turn off and safety
covers were removed The clamps from IPC assembly were also removed

Gel Drying and Auto radiography

The gel was run for 2-3 h and the gel was removed 2long with glass plate Sequencing
gels were transferred to a fresh sheet of filter paper The gel was made wet slightly by
misting the gel with deionized water The dry filter paper was laid on top of the gel and
firmly pressed The gel sticking to the paper was slowly removed by lifting the filter

paper carefully from one end The sequencing gel was wrapped with plastic wrap and air
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bubbles were removed by running with a paper towel and edges were trimmed to fit the
slab gel dryer (Biorad Gel dryer model 583). The gels were dried at for 30 min. The dry
gels were placed in contact with Kodak X-Omat films labeled with [y- *2 PJATP (3000
Ci/mmol) and incubated at —-80 C overnight in a black cover. To obtain Autoradiograms
the X- ray film was developed with developer and fixer prepared as per manufacturers
protocol (Kodak X-Omat films) and every experiment was repeated a minimum of 2
times to establish the consistency of the bands

Data analysis

Polymorphic AFLP markers were manually scored as binary data with presence as “1”
and absence as “0”. Monomorphic markers were not scored. Polymorphic bands that
were very thin and faint, were excluded from the analysis because these can arise
artifactually from differences in genomic DNA quality and other factors (Lin and Kuo
(1995), Schondelmaier ef al., (1996). The resulting 48 x 250 binary data matrix from 6
primer combinations was used to estimate pair wise genetic similarities among the 48
isolates based on Jaccard’s coefficient. The 48 x 48 similarity matrix was subjected to
sequential agglomerative hierarchical nested (SHAN) clustering using UPGMA
(unweighted pair-group method analysis) in the NTSYS-pc software version 2.0.
Multidimensional scaling (MNS) was used to obtain an independent validation of
UPGMA clustering results. Cluster analysis was performed on the similarity matrix
employing UPGMA algorithm provided in the Numerical Taxonomy Multivariate

Analysis System (NTSYS-pc) Version 2.0 (Exeter Software Co., New York).
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'STS Protocol

PCR amplification:

The sequences of the primers used for amplifying ITS sequences of Trichoderma are the
following

8. no ITS Primers Sequence

1 ITS 1 (5' TCTGTAGGTGAACCTGCGG 3')

2 ITS 2 (5' GCTGCGTTCTTCATCGATGC 3')
3 ITS 3 (5' GCATCGATGAAGAACGCAGC 3"
4 ITS 4 (5 TCCTCCGCTTATTGATATGC 3"

Diluted genomic DNA (10 ng) was amplfied in a total volume of 20 pl PCR reaction
mixtures containing 0 2 uM concentrations of (each) primer, the reaction was done with
four combinations of ITS primers viz | 1&2, 1&4, 2&3 and 3&4 200 uM concentrations
of each deoxynucleoside triphosphate, and 04 U of Taq DNA polymerase (Invitrogen,
USA) in 1 X PCR Buffer (100 mM Tris-HCl, p" 83, 500 mM KCl) PTC-100
Programmable Thermal Controller (MJ Research, USA) These reactions were subjected

to an initial denaturation of 2 min at 94 C, followed by

Thermal cycling programme
94 C 3 min
58C 45 sec
72C 1 min
94 C 29 min
72C 5 min
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The reaction was carried out in a PTC-100 Programmable Thermal Controller (MJ

Research, USA) Aliquots (2 pl) were electrophorised in 1 2% (whv) agarose gels using

TBE (electrophoresis buffer, 40 mM Tris boric acid 2 mM EDTA, P" 8) containing

ethidium bromide (05 pg/ml) and visualized over a Transilluminator (U V Tech Gel

Documentation System, UK) PCR reaction performed with ITS primers 1&4 showed

amplification of DNA hence genomic DNA of all the isolates was amplified with ITS

Primers 1&4

Restriction

The amplified samples were digested with the following restriction enzymes initially for

standardization
S.no l Restriction enzyme ] Source I Recognition Sequence l
1 1 ] Dral ] Amersham } I TTT | AAAS’ ]
E / Haelll New England Biolabs ] 3’GGJCCS }
3 rEcom / Amersham / 3°G | AATTC S’ J
4 ]ﬁn ] Amersham [ 3’CTGCA |G S’ ]
S [ Mspl New England Biolabs | 3' C | CGG 5’
6 Hindlll Amersham 3"A | AGCTT §’
(7 [ Msel New England Biolabs |3 TT | AA S’
8 EcoRV Invitrogen 3’ GAT | ATC S’
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Amnplified genomic DNA was restricted with Haelll and EcoRl

F&mponent Volume added per
sample (ul)

——

Genomic DNA 05

Restriction enzyme 01

Gene amp buffer (Invitrogen) 01

Sterile distilled water 13

[Total 20

Two master mixtures with two restriction enzymes Haelll (2-10 U) and EcoRI (10 U)
were made and the samples were incubated at 37 C overnight with suitable buffers

according to manufacturers protocol

EcoRlI buffer was used for EcoRl enzyme (Amersham) and NEB 2 buffer was used for
Haelll enzyme (New England Biolabs)

Two ul of digest was run on a 6% Non-denaturing PAGE gel The gel was cast in a
similar manner as done in AFLP Here urea was not added in the gel matrix and gel was
run in a sequencing gel, Biorad (38 x 30 cm) The length of the gel unit was smaller when
compared to denaturing gel The voltage was set at 500 V, current at 40 mA, power at 25

W, and temperature at 45 C  The gel was run for 2 h with 0 5 X TBE buffer and stained

by a modification of the silver staining method (Creste et al, 2001)

Silver staining procedure:

An improved method adapted from (Creste et al , 2001) was optimized All the chemicals
used for staining were analylical.gade, either from Amersham or Merck All solutions

were prepared using ultra pure distilled water The gel plates were agitated gently in a
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shaker throughout the staining processes The gel apparatus was disassembled carefully,
and glass plates were separated The glass plate with bound gel was placed onto plastic
tray. One thousand ml of fixing solution (10% ethanol, 1% acetic acid) was applied and
gently shaken The gel was washed with distilled water for 1 min The gel was pretreated
with 1000 ml of 1 5% nitric acid for 3 min, and gently shaken The gel was rinsed with
2000 ml of distilled water for 3-5 min and then impregnated with 1000 ml if 0 1% CTAB
solution for 20 min, and gently shaken
CTAB solution was discarded and 25% liquid ammonia solution was added to the gel
with gentle shaking for 15 min Ammonia solution was discarded and the gel was rinsed
with distilled water The gel was developed by applying, initially 250 ml of developing
solution (30 g Na; CO; and 0 4 ml formaldehyde in 2 L distilled water) and gently shaken
until the solution became dark The solution was replaced with 750 ml of fresh cold
solution, for 4 - 7 min, until the bands appeared with desirable intensity The developing
solution was removed The gel was rinsed with water for 1 min to stop staining and
transferred to fixer solution (30 ml glycerol in 2 L distilled water) for 15 min The gel
was washed in distilled water air dried and scanned
Data analysis
The presence or the absence of each band in the gel was scored as 1 or 0, respectively
The dendrogram construction, principal coordinate analysis and multi dimensional
scaling on the similarity indices between isolates based on the molecular data was carried
out using NT SYS software Reproducible bands or Major bands, which are the thick
bands, were scored Minor polymorphic DNA bands. which are very thin and faint, were

excluded as explained before. Genetic similarities based on Jaccard’s coefficient were
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calculated using SIMQUAL program of the Numerical Taxonomy Multivariate Analysis
Sysiem (NTSYS-pc) Version 2 0 (Exeter Software Co, New York) The resulting 25 x
17 binary data matrix from ITS Primer combinations was used to estimate pair wise
genetic similarities among the 48 isolates based on Jaccard’s coefficient The 25 x 25
similarity matrix was subjected to sequential agglomerative hierarchical nested (SHAN)
clustering using UPGMA (unweighted pair-group method analysis) in the NTSYS-pc

software version 2.0 Multidimensional scaling (MDS) was used to obtain an independent

validation of UPGMA clustering results  Cluster analysis was performed on the

similarity matrix employing UPGMA algorithm provided in the Numerical Taxonomy

Multivariate Analysis System (NTSYS-pc) Version 20 (Exeter Software Co, New

York)
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RESULTS

Forty-eight antagonistic Trichoderma isolates were identified as 7 harziamum (14), T

Sertile (1), T. fasiculatum (1), and T. komngu (9), T. vinde (9), T. atrovnd (1), T

inhamatum (1), T. aureoviride (2), 7. pseudokorungu (4), and 7. longsbracharum (7)
based on the morphological characteristics such as growth type, growth rate, colony
color, shape of margins, sporulation, and sporulation initiation time, using standard
manuals (Rifai, 1969, Bissett, 1984, 1991a,b.c, 1992) (Fig 4) These 1solates were
divided into ten groups (Table 4)
The first group of 7. harziarum (Fig 5) consisted 14 isolates, second group had only 1
isolate of 7. fertile (Fig 6), third group also had only | isolate of 7. fasiculatum, fourth
group had 9 isolates of 7. komingu (Fig 9), fifth group also had 9 isolate of 7. viride (Fig
7), sixth group had only 1 isolate of T. atroviride, seventh group also had only 1 isolate
of T. inhamatum, eighth group had 2 isolates of 7. aureoviride, mnth group had only 4 7

pseudokoning isolates (Fig 10), tenth group had 7 isolates of 7. longibrachiatum (Fig 8)

1) Macroscopic and microscopic characteristics of 7. harziamum are Colonies raised,
smooth-surfaced and dull- green, hyphae septate, branched, smooth-walled, and
colourless, conidiophore branching simple with side branches, arising singly mostly,
phialides terminating conidiophores and also arising singly, Phialides terminating with 2

globose, smooth walled phialospore, measuring 2-3 3 um and the sporulation initiation

time was measured as 24 h
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2) 1. fertile of second group has the following characteristics, Colonies raised, cottony,
smooth-surfaced and grayish-green, hyphae septate, sterile, branched, smooth-walled,
and colourless; Conidiophores branching was arising in compact tufts with side branches
Phialides were arising singly and irregularly from the conidiophores and were short,
plump and pear-shaped with a narrow neck Phialides were terminating with a globose,
smooth walled and pale green phialospore, measuring 93-28 um in size and the
sporulation initiation time was measured as 48 h

3) T. fasiculatum of third group has the following characteristics, Colonies submerged,
and dark green in colour, hyphae hyaline, branched, smooth-walled, and colorless,
Conidiophores branching was irregular and branches arising singly or in groups, upper
part of the conidiophore is sterile, Phialides were arising singly or in groups,
ampulliform, narrow at the apec Phialides were terminating with a ellipsoidal, smooth

walled and pale green phialospore, measuring 2-3 um in size and the sporulation

initiation time was measured as 48 h

4) . koningii group has the following characteristics 1. koningw group has the following

characteristics: Colonies smooth walled, raised and dark green in colour, hyphae septate,
smooth walled and hyaline; Conidiophores branching was arising in tufts forming ring
like zones; Phialides pin shaped and narrow at the base, terminating the conidiophores
and terminal phialide was longer than the other phialides; Phialospores oblong, elliptic,
smooth walled and pale green in colour, produced singly at the tip of phialides, and
measuring 1-4 um in size and the sporulation initiation time was measured as 72 h
5) T viride of fifth group has the following characteristics. Colonies submerged, irregular

and dark bluish green; hyphae septate, smooth walled, hyaline and giving coconut odour
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Conidiophore branching was arising in loose tufts and form continuous ring-like zones
and show profuse branching. Phialides slightly curved, pin-shaped, and narrow at the
base and the neck was long and were arising at apex of the conidiophores, singly or in
groups; Phialospores were globose, rough walled and green coloured, measuring 4-4.5
um in size and the sporulation initiation time was measured as 48 h.

6) T. atroviride group has the following characteristics: Colonies were submerged,
smooth walled and blue green in colour; hyphae septate, smooth walled and hyaline;
Conidiophores branching was profuse,lateral branches arising at right angles and whole
conidiophore structure appears like a pyramid; Phialides lageniform, constricted at the
base and attenuate at apex arising in pairs or in groups, often curved, Phialospores single
celled, sub-globose, smooth walled and dark green in colour, produced at the tip of each
phialide and measuring 2-3 pum in size and the sporulation initiation time was measured
as48 h.

7) 1. inhamatum group has the following characteristics: Colonies submerged, and bluish
green; hyphae septate, smooth walled, hyaline and giving coconut odour. Conidiophore is
narrow, flexuous and branching was arising in loose tufts and form continuous ring-like
zones and show profuse branching. Phialides slightly curved, and narrow at the base and
the neck was long and were arising at apex of the conidiophores, singly or in groups;
Phialospores were globose, smooth walled and green coloured and spores were darkening
in age and measuring 3-4.5 pm in size and the sporulation initiation time was measured

as48 h.
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8) T. aureoviride had the following characteristics: Colonies were raised, smooth walled anc
grass yellowish green in colour, develops needle shaped golden yellow crystals; hyphat
septate, branched and hyaline; Conidiophores branching was profuse, lateral branches arising
at right angles and whole conidiophore structure appears like a conifer; Phialides horn-shaped
slender constricted at the base and attenuate at apex arising in groups of 2-3 or rarely singly
Phialospores smooth walled, obovoid, and dark yellowish green in colour, produced singly a
the tip of each phialide and measuring 2.5-4 pm in size and the sporulation initiation time wat

measured as 72 h.

9) T. pseudokoningii which is a representitive isolate of sixth group has the following
characteristics: Colonies smooth walled, raised and yellowish-green; hyphae septate
branched, hyaline and smooth walled; Conidiophores branching was arising in compact tufts
terminated by phialedes; Phialides long, bottle-shaped with a narrow base and attenuatec
towards the tip; Phialospores globose, smooth-walled and pale green in colour and were
arising at the apex of phialides, measuring 3-5 pm in size and the sporulation initiation time

was measured as 24 h.

10) T. longibrachiatum of tenth group has the following characters: Colonies were
submerged, smooth walled and bright green in colour; hyphae septate, smooth walled and
hyaline; Conidiophores branching was profuse arising in loose tufts and were forming ring
like zones; Phialides pin shaped and narrow at the base, arising singly and directly on the
conidiophores at the upper portion, lower ‘portion of the conidiophore was showing profuse

branching with phialides arising directly on the side branches; Phialospores oblong,
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ellipsoidal , smooth walled and pale green in colour, produced singly at the tip of each
phialide and measuring 3-4 um in size and the sporulation initiation time was measured as 72
h.

To estimate the inter-relationships among the 48 1solates of Trichoderma morphological
parameters such as growth type, growth rate, colony color, shape of margins, sporulation and
sporulation initiation time unweighted pair-group method analysis (UPGMA) was done. The
UPGMA grouping (Fig 11) of the morphology data revealed the hierarchical nature of the
different clusters. Pair-wise similarities between isolates ranged from 0.45 to 1.00.Indeed,
one isolate (T-10) was separated from all others at the 0.28% similarity level 1n the UPGMA
dendrogram. Fourty eight isolates were broadly segregated nto five clusters representing,

Pachybasium, Trichoderma and Longibrachiatum sections of Bisset.

There were five basic groups. Group I comprised of the members of five species of the genus
Trichoderma viz., T. harzianum, T. viride, T. koningii, T. longibrachiatum, and T.
pseudokoningii species, which were distributed in several, sub groups.

Group II consists of six species of the genus Trichoderma viz., T. harzianum, T. viride, and
T. koningii, T. fertile, T. aureoviride, T. longibrachiatum, and T. pseudokoningii. Group III
comprised of the members of five species of the genus Trichoderma viz., T. harzianum, T.
viride, T. koningii, T. aureoviride, T. pseudokoningii and T. atroviride. whilc group IV also
comprised of six species of Trichoderma viz., T. harzianum, T. viride, and T. koningii, T.
Jasiculatum, T. aureoviride, T. longibrachiatum, and T. pseudokoningii. All the species of
four groups belong to Pachybasium, Trichéderma and Longibrachiatum sections of Bissett.
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Group V includes three species of the genus Trichederma viz, T harzianum T vinde, and T

koningu Members of group V belong to Pachybasium and Trichoderma sections of Bissett

51




Fig 5 [richoderma harziamim (1 109) showing
pyramidal appearance of conidiophore branching

186 {richoderma fertile (T 47) showing

t¢ comdrophore apex terminating with 2-3 phiahdes

b 7 Inchodermaviride (1179)
showing typical curved phialides
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Fig. 11. UPGMA Dendrogram using morphology data of 48 Trichoderma isolates
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Tuble 4 Identification of Trichoderma isolates into ten species

Tﬂc/mkmm spp. [ Trichoderma isolites Bisset sections j
T. harziarum T2, TI0,T11,T20,T42, T53, TS8, T72 T
f 109, T 129, T 170, T 46, T74
T femle T47 Pachybasium
T. fastculanlm T35
T. viride T16,T24,T50,T51,T60, T62, T179, T188, T
205,
T. koningii T 12, T 13, T21, T 33, T 49, T 70, T 83, T 143, T | Trichoderma
161
T. atroviride T73
"\ inhamatum T 86
T. aureoviride T 14, T117
T. pseudokoningii | T 29, T 37, T 206,T 134
T. longibrachiatum | T6, T 34, T 56, T 102, T 110,T 1, T 142 Longibrachiatum
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AFLP Results:

Molecular characterization of the 48 Trichoderma isolates was done to compare the
diversity study of Trichoderma isolates done based on morphological characteristics.
AFLP was done, as it is able to simultaneously survey many more points on the genome
than any other molecular assay.

Primary screening of AFLP primers combination

Thirty-six primer combinations were tested on four isolates for selection of primer
combinations producing highest number of polymorphic fragments. The generated
fingerprints were evaluated for overall clearness of the banding pattern and the number of
polymorphic bands present is recorded. Six primer combinations were chosen for further
screening on 48 Trichoderma spp. isolates. £co RI+TC primer combination with any of
the Msel primers resulted in not-scorable fingerprints due to the amplification of too
many and/or faint bands. Finally, six primer combinations were chosen for the diversity
screening: they are EcoRI+AC/Msel+CTG, FEcoRI+AT/Msel+CTA,
EcoRI+TG/Msel+CTA, EcoRl+ AG/Msel+CTG, EcoRl+ TA/Msel+CAC, EcoRl+

TA/Msel+CTC.

Genetic diversity as defined by AFLP fingerprinting

A total of 250 bands were obtained from six primer combinations (Fig 12), of which were
polymorphic, with an average of 20 polymorphic bands per primer combinations. The
number of polymorphic bands per primer varied as follows: EcoRI+AC/Msel+CTG, 64

for EcoRI+AT/Msel+CTA, 40 for EcoRI+TG/Msel+CTA, 48 for EcoRl+
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AG/Msel+CTG, 28 EcoRl+ TA/Msel+CAC, 46 for EcoRI+TA/Msel+CTC. The genetic
similarity coefficients obtained using the Jaccard algorithm were used for generating an
UPGMA dendrogram (Fig 13) Pair-wise similarities between isolates ranged from 0.21
to 0.97. Indeed, one isolate (T 24) was separated from all others at the 21% similarity
level in the UPGMA dendrogram. There were five basic groups. First group consists of
only isolates of 7. harzianum, which belong to the Pachybasium section of Bissett.
Second group consists of isolates of 7. viride and 7. koningii belonging to section
Trichoderma of Bissett. Third group consists isolates of six species of the genus
Trichoderma viz., T. harzianum, T. pseudokoningii, T. longibrachiatum, T. koningii, T.
viride and T. fasiculatum. Some isolates of, T. koningii, T. pseudokoningii, 1. atroviride.,
1. aureoviride and T. inhamatum fall in to fourth group. Isolates of fourth group belong
to Pachybasium, Trichoderma and Longibrachiatum sections of Bissett. Fifth group
consists of T. harzianum, 1. pseudokoningii, T. longibrachiatum, 1. koningii, T. viride,
and T. fertile and T. aureoviride species belonging to Trichoderma and Longibrachiatum
sections of Bissett.

Inter- Relationships among Isolates

Based on MDS analysis of the AFLP dataset it was possible to separate isolates into 5
different groups with thirteen outliers (T 10, T 20, T 134, T 86, T 129, T 117, T 53, T 60,
TI11, T 14, T 12, T 47 and T 50) (Fig 14). Group I consists of isolates of only
Trichoderma section viz., T. atroviride, T. viride, and T. koningii. Group II consists of 7.
koningii, T. pseudokoningii and T. harzianum species of Pachybasium, Trichoderma and

Longibrachiatum sections. Group III consists species of only Longibrachiatum section
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viz., T. longibrachiatum and T. pseudokoningii. Group [V consists of harziamim and

longibrachiatum  species of Trichoderma belonging to Pachybasium and

Longibrachiatum sections. Group V consists of species of Trichoderma viz, T.

harziarum, 1. viride, T. koningii, T. longibrachiatum, and T. pseudokoningu belonging to

all the three sections.
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Fig 12 Autoradiogram showing the AFLP analysis of the 48 Trichoderma 1solates Carried out using the following primer
combinations a) 1.coRI+AC/Afse1+CTG, b) FcoRI+AT/Msel+CTA, c) EcoRI+TG/Msel+CTA, d) EcoRI+ AG/Msel+CTG,
¢y 1 coRl+ TAABel+CAC ) 1 coRI+ TA/Msel+CTC Order of loading of 48 DNA samples 1n the lanes 1s as given in Table 1
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Fig. 13. UPGMA dendrogram obtained from AFLP analysis data of 48
Trichoderma isolates using 6 AFLP Primers.
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Fig. 14. Multidimensional scaling of 48 Trichoderma isolates using
AFLP data.
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ITS Results:

Apart from AFLP marker ITS primers were also used in pairs to compare the diversity
study of Trichoderma isolates. PCR reaction was performed with ITS primers 1&4
showed amplification of DNA without adding extra MgCl, the reaction. ITS primers
were used as they concentrate on smaller part of the genome. ITS primers 1, and 4 were
used to identify fungi where there is prior knowledge about the genome. Twenty-five
Trichoderma isolates only showed amplification producing 17 polymorphic bands (Fig
15). A single product of approximately 350 to 550 bp was obtained from all the PCR
amplifications with ITS 1 and ITS 4 for 25 biocontrol isolates of Trichoderma spp. when
restricted with Haelll and EcoRI restricted enzymes except for T 19, which showed a 650
bp fragment. This may be due to lack of restriction sites in that ITS region or it might be
only amplified product and not the restricted product. Restriction with Haelll produced
only 6 polymorphic bands as only nine restriction sites were there among 25 isolates for
Haelll enzyme. Restriction with EcoRI produced 11 polymorphic bands as only 11
restriction sites were there among 25 isolates. Monomorphic bands were not seen.
Dendrogram clusters correlated with species designations based on morphological
characteristics and geographical collection site.

The genetic similarity coefficients obtained using the Jaccard algorithm were used for
generating an UPGMA dendrogram (Fig 16). Pair-wise similarities between isolates
ranged from O to 1.

All the 25 isolates amplified with ITS primers are broadly divided into two major

clusters, The first major cluster consists of only 7. harzianum isolates belonging to




Pachybasium section. The second major cluster is sub-divided into three sub clusters. The
first sub-cluster consists of T. harziamum, T. viride, T. koningii, T. fertile, T.
longibrachiatum and T. pseudokoningii species which belong to Trichoderma |,
Pachybasium and Longibrachiatum sections of Bissett. Second sub-cluster consists of T
viride, T. koningii, T. harzianum, T. aureoviride, T. longibrachiatum, T. atroviride, and
T. fasiculatum species belonging to Pachybasium, Trichoderma and Longibrachiatum
sections. Third sub-cluster consists of pseudokoningii and aureoviride species of
Trichoderma belonging to Trichoderma and Longibrachiatum sections.

Based on MDS analysis of ITS dataset it was possible to separate the isolates into four
groups with seven outliers (T 73, T 206, T 14, T 58, T 24, T 134 and t 170), (Fig 17).
First group consists of 7. viride and T. longibrachiatum species. Second group consists of
species of Trichoderma viz., T. viride and T. longibrachiatum. Third group consists of
koningii and pseudokoningii species of Trichoderma. Species of all the three groups
belong to the sections Trichoderma and Longibrachiatum. Fourth group consists of T.

koningii species belonging to Trichoderma section.
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Fig 15 Polyacrylamide gel electrophoresis of amplified DNA of 25 Trichoderma
isolates using ITS 1 and ITS 4 Primers restricted with Haelll and EcoR]
restriction enzymes
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Fig. 16. UPGMA dendrogram of 25 Trichoderma isolates based on the similariy index

data with ITS 1 and ITS 2 Primer data on 25 Trichoderma isolates was carried out

under the Materials and methods.
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Fig. 17. Multidimensional scaling of ITS Primer data on the similarity index data from
with ITS 1 and ITS 2 Primer data on 25 Trichoderma isolates was carried out under the
Materials and methods.
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DISCUSSION

Taxonomy of Trichoderma is complex, problematic and ever changing. Rifai, (1969)
considered his system to be preliminary and, a way of grouping morphologically similar
strains. Despite the artificiality of the approach, Rifai’s system was immediately adopted
and is still today the most generally used taxonomy of Trichoderma. Unfortunately, it can
be argued that the users of the system have lost sight of its artificiality. The increasing
number of users of Trichoderma species in biological control and biotechnology
applications, as well as the involvement of Trichoderma as agricultural pests, and in toxin
production, and human disease has emphasized the need for a predictive taxonomy for
the genus.
Bissett’s (1984, 1991a,b, c, 1992) rearrangement of the genus was a response to the need
to recognize biological species in Trichoderma. However, this system that is based on
morphological characters is difficult to use because of the paucity of morphological
characters and thelr seeming plasticity. It should be noted, however, that difficulty in
using the system does not invalidate it, but it leaves the user wishing for corroboration of
determinations. Isoenzymes and nucleic acids especially haven proven to be a source of
additional information. The Hypocrea sciweinitzii complex, with the inclusion of section
Saturnisporum, was shown to be monophyletic (Khuls ef al, 1997) and thus the
morphological basis upon which individual species were defined are taxonomically
predictive. Data from the six morphological characteristics (Srilakshmi ef al., 2001) was
separated into quantitative and qualitative parameters and subjected to UPGMA diversity
analysis. We have selected 48 isolates of Tricl:odenna based on their antagonistic activity
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and identified up to species level. To estimate the inter-relationships among the 48
isolates of Trichoderma morphological parameters such as growth type, growth rate,
colony color, shape of margins, sporulation and sporulation initiation time UPGMA
grouping was done. Forty-eight isolates were broadly segregated into five clusters
representing Longibrachiatum, Pachybasium and Trichoderma sections of Bisset in the
present study. Our results broadly conform with the taxonomic system of Bissett and the
isolates fall under Longibrachiatum, Pachybasium and Trichoderma sections of Bissett.
For a wide range of taxa, including plants, fungi and bacteria, AFLP markers have been
used to uncover cryptic genetic variation of strains, or closely related species, that have
been impossible to resolve with morphological or other molecular systematic characters.
Therefore, AFLP have broad taxonomic applicability and have been used effectively in a
variety of taxa including bacteria and fungi (Majer ef al., 1998). Complex AFLP patterns
were obtained in the present study using six different primer pairs whose taxa had been
uncertain based on morphological criteria. AFLP markers are useful in revealing genetic
variation of Trichoderma isolates. Using six primer combinations with EcoRl (E) + 2 and
Msel (M) + 3 at the 3’ —end of the primers on 48 isolates, a total of 250 bands were
amplified with 250 polymorphic bands and there were no monomorphic bands.

The UPGMA analysis grouped the isolates into five different clusters, which consists of
Trichoderma spp. belonging to the sections Pachybasium, Trichoderma and
Longibrachiatum. AFLP analysis clearly separated the isolates into a sub-group
Pachybasium. Trichoderma section was diversified into four groups among which one
group is solely consisted of isolates of Th'chgderma section while this section dominated

in another group. Similarly in MDS analysis AFLP distinguished the isolates into five
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groups with Trichoderma section distributed in all except in one group. Janssen ef al,
(1996) have showed that the choice of the restriction enzymes and the length and
composition of selective nucleotide will determine the complexity of the final AFLP
fingerprint. The present finding is consistent with the work of Majer ef al. (1996) in the
AFLP analysis of pathogenic isolates of Cladosporium fulvum where they used E +2 and
M +3 nucleotides. Gonzalez ef al. (1998) also used two instead of three selective
nucleotides (E +2 and M +3) in order to generate adequate number of fragments for
AFLP analysis of Colletotrichum lindemuthiamum isolates. Primer with one or two
selective nucleotides are good in simple genomes such as fungi, bacteria and some plants,
although selectivity is still acceptable with primers having three selective nucleotides, but
it is lost with addition of the nucleotide (Vos et al., 1995).
The exact characterization and identification of strains to the species level is the first step
in utilizing the full potential of fungi in specific applications (Leickfeldt ef al., 2001).

Use of the AFLP fingerprinting method resulted in a high degree of discrimination and
identification of Trichoderma spp. isolates and was found to be useful and practical.
However, evaluation of 40 or more morphological traits (Leickfeldt, 2001) presents a
major bottleneck for the rapid identification of useful isolates. The similarity matrices
generated by each of six primer pairs were highly correlated and were combined to
determine the genetic relationships among the Trichoderma species and isolates. A
similarity of 21% was found between 48 isolates of six Trichoderma spp. One isolate (T-
24) was separated from all others at the 21% similarity level in the UPGMA dendrogram.
AFLP results revealed the usefulness of the primer pairs in segregating them into clear
sub-groupings belonging to different sections of 7richoderma as propounded by Bisset
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(1991a&b). AFLP analyses also sub grouped similar isolates of same species into
separate groups validating the morphological identification.
Recently rDNA was used in comprehensive survey of section II and section III of the
genus that were accepted by Bissett, (1984, 1991a), the rDNA sequence information
provided support for merging the two sections. Moreover, the expanded sect.
Longibrachiatum included five Hypocrea species and that the sexual (Hypocrea) and
asexual (Trichoderma) strains did not represent separate lineages but rather represented a
single lineage within the ascomycete genus Hypocrea. Consequently, they refered
Trichoderma sect. Longibrachiatum as the Hypocrea schweinitzii complex (Samuels ef
al., 1998). Only Twenty-one Trichoderma isolates showed amplification producing 17
polymorphic bands (Fig 16) when restricted with Haelll and £coRI enzymes. The DNA
regions amplified by ITS 1&4 clearly divided the isolates into two major groups which
thowed distinct distribution of species. The rDNA ITS data segregates the isolates into
‘achybasium, Trichoderma and Longibrachiatum sections. A close correlation of
molecular characters with morphological identification is seen in this work. Molecular
analysis of rDNA region of the genome is also supportive of the relationship with
geographical origin of isolates. Ospina-Giraldo ef al. (1998) examined nucleotide
sequences of internal transcribed spacers (ITS-1 and ITS-2) and the 5.85 gene of the
ribosomal DNA repeat in 15 lines of Trichoderma spp. In the present study based on
MDS analysis of the ITS dataset 4 different groups are separated. The present results
clearly indicate the polymorphic nature of all 25 antagonistic Trichoderma isolates.
It is widely reported that 7. harzianum- T. inhamatum is the most abundant taxon in
virtually all habitats (Kubicek ef al., 2002). ;lowever, of the isolates investigated in this
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study pre-selected on the basis of antagonism to Aspergillus, we found that the
predominant taxon was . koningii (T 83) followed by 7. longibrachiatum (T 102) and T.
viride (T 179). Abundance of A. flavus antagonistic Trichoderma species in groundnut
fields could provide an effective biocontrol strategy for reducing the 4. flavus population
and consequently the aflatoxin contamination of groundnut kernels. The global
Trichoderma biodiversity initiative has reported the identification of a high proportion of
new species from collections in Asia and Europe (Bisset ef al., 2003). AFLP analysis has
differentiated virtually all isolates tested in the present study in contrast to all previous
used single assays (Lieckfeldt ef al., 2001). One of the main advantages of AFLP analysis
is that it is able to simultaneously survey many more points on the genome than any other
molecular assay. Unfortunately, this very high level of detectable genetic polymorphism
across the genome (250 polymorphic bands in this study from just 6 primer
combinations) generated highly complex diversity patterns.
We have investigated the possibility of using Trichoderma spp. derived from soils in
major groundnut production areas in Southern India, as Biocontrol agent for the control
of toxigenic Aspergillus spp. This endeavor would be significantly enhanced by the
development ‘of rapid and precise diagnostics for Trichoderma species and diversity
groups with high levels of antagonistic behavior against Aspergillus species. To this end
we have shown that candidate AFLP bands can be identified for conversion of simple
PCR based markers, which may differentiate between the five major groups identified in
‘his study. On the other hand species-specific metabolic properties was found associated

with the different Trichoderma spp. but they were also not able to differentiate all

species. (Kubicek et al., 2002).
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Chapter 111
Mechanism of antagonism of
Trichoderma isolates




INTRODUCTION

Biological control of pathogenic fungi in nature may be achieved by modifying the
indigenous microbial community leading to the elimination of the pathogen, probably
through a preferential stimulation of microbes capable of degrading cell walls of
pathogenic fungi. Biological control of plant pathogenic fungi by Trichoderma mainly
takes place either by antagonism or through cell lysis. The antagonistic principle may be
diffusive or sometimes by the production of volatile substances. Antagonistic principle
may vary from species to species or between the strains of the same species.

Enzyme induced lysis of fungal cell walls through extra cellular chitinases has been
implicated as one of the chief mechanisms of biological control by the microorganisms
Mycoparasitic activity is one of the major mechanisms proposed to explain the
antagonistic activtity of Trichoderma spp. against many soil-borne plant pathogenic fungi
(Elad et al., 1982, Ridout et al., 1986, Lynch, 1990).

Chitin, a linear polymer of B-1,3-glucanase, is an abundant polysaccharide in nature after
cellulose, which is a major component of the cell walls of many fungi Peberdy (1990). In
mycoparasitic interactions performed by Trichoderma spp. the production of a very
complex cocktail of cell wall degrading enzymes is an important tool to destroy and feed
on the host cell wall. Within the complex cocktail of enzymes, principal role has been
attributed to chitinases and glucanases. The lytic activity of fungal and bacterial
antagonists is mainly due to the lytic enzymes like B-1,3-glucanase and chitinase. The
enzymes degrade the cell walls of target fungi allowing the mycoparasitic biocontrol
agent to enter the lumen of the hyphae (Chet et al., 1981, Chet, 1987). Most of the fungal

and bacterial biocontrol agents (BC'As) are capable of producing chitinases, which. is an
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inducible enzyme secreted by many microorganisms in cultures containing chitin or its
oligomers as sole carbon source. B-1,3-glucanase is a semi- constitutive enzyme induced
by laminarin, starch, xylose, mannitol and glycerol (Reese and Mendels, 1959).
Chitinolytic enzymes have been receiving attention in recent times in developing
biopesticides, chemical defense proteins in transgenic plants and biocontrol agents. Being
an important biocontrol agent and producer of lytic enzymes, Trichoderma spp. have
become a safe and ecofriendly biological choice in the management of soil borne plant
pathogens. Therefore the ability of an organism to secrete chitinases and B-1,3-
glucanases is a desirable trait for a successful biocontrol agent. The enzyme producing
capability may vary from species to species and even strain to strain within a species. In
view of the diversity of strains among the species of Trichoderma this study was
undertaken to estimate the production of lytic enzymes, and production of volatile and
non-volatile principles by 7. harziamum and T. viride effective against 4. flavus (Af 11-
4)
The objectives of this study were:

1. To estimate the nature of inhibition by Trichoderma isolates, and

biochemical characterization of Trichoderma spp. based on production of

cellulolytic enzymes: chitinase, glucanase, and protease
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REVIEW OF LITERATURE

Chitinases are defined as glucosyl hydrolases cleaving a bond between the Cyand Cq of
two consecutive Glc NAG residues of chitin. The enzymatic degradation of chitin by
many microorganisms takes place in two steps: 1. with a chitinase of endotype and 2. an
N-acetyl glucosaminidase of exotype. However, in the literature both the enzymes are
grouped under the name chitinase. Chitinases are present in a wide range of organisms,
including those, which do contain chitin such as fungi, insects and crustaceans and also in
organisms that do not contain chitin, such as bacteria, viruses.

Dennis and Webster (1971a) suggested that some Trichoderma isolates were found to
produce volatile components inhibitory to the growth of other fungi. These isolates
possessed a characteristic smell, especially members of the 7. viride aggregate. The
susceptibility of the test fungi varied widely. Dennis and Webster (1971b) studied the
production of non-volatile antibiotics among isolates from different species groups of
Trichoderma. The susceptibility of fungi to these antibiotics varied widely, Fomes
annosus was the most susceptible and Fusarium oxysporum, the most resistant of the test
fungi used. Trichoderma spp. are known to produce chitinases, B -1, 3-glucanases,
proteases and volatile and non-volatile antibiotics (Elad et al., 1982). Prasad and
Rangeshwaran (2001) tested nine Trichoderma isolates, which included five 7. viride,
three 7, harzianum and one T, virens isolate in vitro against Sclerotium rolfsii. All the
isolates inhibited the mycelial growth of the pathogen and were superior to fungicides.
They also showed good plant-growth promoting ability and rhizosphere competence. Cell

walls of Sclerotium rolfsii, laminarin and chitin when used as a carbon source in the
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liquid medium were able to induce chitinases and B -1, 3-glucanase activities by T.
harzianum with glucose or cell walls of R. solani in the liquid medium (Elad ef al,, 1980,
1983).

Relationship between the mycolytic enzymes and their significance in fungal cell wall
lysis and degradation has been established by (Elad ef al., 1980, 1983). They found that
more protein was induced on cell walls than by glucose suggesting these enzymes may be
involved in the degradation of cell walls. Serratia narcescens potentially degraded the
cell walls of S. rolfsii and its components chitin and laminarin produced the enzymes.
The enzymes released N-acetyl glucosamine from the cell walls when incubated;
indicating the possible degradation of cell walls (Ordentlich et a/., 1988). Sivan and Chet
(1989a) investigated the effect of two 7. harzianum strains on F. oxysporum f. sp.
vasinfectum and F. oxysporum f. sp. melonis and found that in spite of not showing any
mycoparasitism in vitro they were able to induce lytic enzymes in the liquid culture
containing cell walls of F. oxysporum, R solani and S. rolfsii. An isolate of Trichoderma,
which inhibited the growth of F. oxysporum f sp. radicis-lycopersici, displayed the
ability to produce chitinases. The study of cytochemical aspects of chitin breakdown
during mycoparasitic action by Trichoderma spp. indicated that enzymes play an
important role in the antagonistic process (Cherif and Benhamou, 1990). Fourteen
isolates of Trichoderma were screened to select an effective chitinase producer by Ulhoa
and Peberdy (1991) and reported 7. harzianum to be the best. The chitin concentration
0.5%, temperature 28 C and p" 6.0 were optimal conditions for maximum enzyme

synthesis. Trichoderma spp. produced good amount of enzyme when incubated with
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chitin, laminarin and cell walls of pathogen as sole carbon source (Ordentlich et al.,
1991).

Harman et al. (1993) studied the chitinolytic enzymes of 7. harziamum and purified two
enzymes chitibiosidase (40 kDa and 35 kDa) and endochitinase (41 kDa) which were
effective in inhibiting a range of chitin containing fungi like Fusarium, Botryris, Ustilago
and Uncinula etc. They opined that fungal chitinases were better over plant and bacterial
chitinases. Ability of two chitinolytic enzymes for their antifungal activity against several
fungal species revealed that spore germination and germ tube elongation were inhibited
for all chitin containing fungi except 7. harzianum strain P, which was the source for the
enzymes (Lorito et al., 1993, 1994). Combination of enzymes resulted in enhanced
antifungal activity than their individual enzymes. They further stated that chitinolytic
enzymes were more active than enzymes from other sources and more effective against a
wide range of fungi and suggested the involvement of enzymes in the biocontrol. Redout
et al. (1986) induced chitinase and B-1,3-glucanase activities in 7. harzianum with
glucose or cell walls of R. solami and found that cell walls induced more proteins than by
glucose. T. viride produced more lytic enzymes than 7. harzianum. Haren et al. (1996)
suggested improved amounts of specific proteins by gene manipulation in biocontrol
agents, with developing strains expressing multigene combination like transgenic 7.
harzianum which was transformed to produce increased amounts of specific proteins for
better disease control. They also found that type of chitinase production varies from

pathogen to pathogen. The differential expression of . harziamum chitinases may

influence the overall antagonistic ability of the fungus against a specific host.




Among 35 strains of T. viride and T. harzianum for their antagonistic ability against R
solani, four strains were found to be better. Their chitinase induction was studied with
colloidal chitin. Purified fractions of culture filtrate inhibited R. solani growth in vitro
(Krishnamurthy ef al., 1999). T. harzianum (T-33) and T, hamatum (C-1) were able to
produce extracellular B -1,3 — glaucanases, and cellulases in culture medium amended

with mycelium or fodder yeast and supplemented with avicel cellulose. The addition of
fodder yeast (6%) and mycelium (6%) to the basal medium enhanced the production of B

-1,3-glucanases than lactose. The medium enriched with mycelium produced more

chitinases and cellulases. This enzyme was successfully used for protoplast formation of
Yarrowia lipolylica (Witkowska et al., 1999). Lima et al. (1999) investigated the ability

of chitinase (46 kDa endochitinase-CHIT 46) induced from Trichoderma isolate (Ts)

against cell walls of phytopathogens, S. rolfsii and R. solani in vitro and amount of
enzymes secreted into the medium. A gene encoding for endoglucanase from T.

harzianmum was isolated and transferred to tobacco by Rincon, (2000) with which disease
resistance was improved. Cepeda ef al. (2000) suggested that chitinases may act as
inducers of the defense systems of the plant during pathogen attack. Sreclatha ef al.
(2000) studied the dynamics of appearance of intracellular protease in relation to the
synthesis of crystal 8-endotoxin to identify the native intracellular protease(s) involved in
the proteolytic processing of the crystal -endotoxin of Bacillus thuringiensis subsp.
tenebrionis in vitro. Marco and Felix (2002) characterized a protease produced by a
Trichoderma harzianum isolate, which controls cocoa plant witches’ broom disease. The

purified enzyme substantially affected the cell wall of the phytopathogen Crinipellis

perniciosa.
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MATERIALS AND METHODS

Antifungal Compounds

Production of volatile antibiotics. Volatile antibiotic study was done following the
method of (Dennis and Webster 1971b). Isolates of different species groups of
Trichoderma were grown on 2% malt extract agar in Petridishes and incubated at 28 C
for 48 h. After a given time, the lid of each dish was replaced by a bottom dish containing
2% malt extract agar inoculated with a test fungus. The two dishes were taped together
with adhesive tape. The lids of control plates, which had not been inoculated with a
Trichoderma strain, were also replaced in the same way. Test plates and control plates
were set up in triplicate. The assembly was opened after 72 h and colony diameter of Af
11-4 was measured in each plate.

Production of diffusible antibiotics. Diffusible antibiotic study was done following the
method of (Dennis and Webster 1971a). Petridishes were prepared containing 15 ml of
2% malt extract agar. The antagonist was grown from an inoculum disc over the surface
of a cellophane membrane laid on an agar medium, and the metabolites produced were
allowed to diffuse through the cellophane into the agar. Antibiotic activity was then
assessed by growing A. flavus (Af 11-4) as the test fungus on the medium after removal
of the antagonist. The plates were incubated for two days and compared the colony

diameter and sporulation in plates with control.

Enzymes
A quantitative assay was performed in the preliminary screening of 48 Trichoderma

isolates for enzyme production using agar well method. Based on the production of
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chitinase enzyme, which was indicated bycolourclungeofthemediumuvmisolnes,
were selected for further quantification of enzymes.

Enzyme Assay |

1. Protein assay

Reagents

Alkaline sodium carbonate solution

Sodium carbonate solution was prepared by dissolving 2.50 g of sodium carbonate and
500 mg of NaOH in 100 ml of distilled water and the volume was made up to 125 ml
with distilled water

Copper sulfate solution

Copper sulfate solution was prepared by dissolving 500 mg of copper sulfate and one
gram of sodium potassium tartarate in 100 ml of distilled water.

Copper sulfate reagent

Fifty ml of alkaline sodium carbonate solution was dissolved in one ml of 2% copper
sulfate solution.

Folins reagent
Folins reagent and distilled water were dissolved in 1:1 v/v ratio.
Methodology
Protein present in the crude enzyme was estimated using Lowry's method (Lowry et al.,
1951). Bovine serum albumin (100 mg100 mI") was taken as standard. 0.1,02,03 ml of
BSA was taken and volume was made up to one ml with distilled water. BSA was not
added in blank. Four m! of alkaline reagent was added in each tube and incubated at room

temperature (25 C) for 10 min. 0% ml of Folins reagent (1:1) was added and incubated at
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room temperature for thity min and absorbance was read at 550 nm. Protein
concentration was expressed as pg of protein present in one ml of the sample.
Chitinase Assay

Preliminary screening:

To select efficient chitin degrading isolates, 48 antagonistic isolates of Trichoderma spp.
were grown on synthetic medium where carbon source was substituted by colloida! chitin

and incubated at room temperature. Controls were maintained without any carbon source.

Preparation of medium:

Synthetic Medium g I'' (SM)

Glucose -- 15.000
MgS04 7H,0 -- 00.200
KH,PO4 -~ 00.990
KCl - 00.200
NH,NO; -~ 01.000
Fe*' -~ 00.002
Zn* -~ 00.002
Agar -- 20.000

Chitinases were defined as enzymes cleaving a bond between C and Cs of two
consecutive N-acetyl glucosamine sugars of chitin. Production of lytic enzymes like

chitinases by biocontrol fungi plays an important role in controlling fungal pathogens of

plants.
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Preparation of substrate:

Colloidal chitin.

Colloidal chitin for enzymatic studies was prepared according to the procedure of Berger
and Reynolds (1958). To one gram of chitin 2-3 ml of acetone was added to form a paste,
the 5-10 ml of conc. HCl was added while grinding slowly in a mortar. The temperature
was maintained between 10 and 20 C to arrest hydrolysis. After 15 min, the syrupy liquid
was filtered through glass wool and poured into 5% aqueous ethanol with vigorous
stﬁngtoprecipitateﬂned:iﬁninahigldydispersedstate. The sedimented material was
resuspended in water several times to remove excess acid and alcohol and was
lyophilized. The recovery of colloidal chitin from chitin was approximately 60%.

Enzyme assay

Reagents

Preparation of buffers:

NAG reagent: 8.84 g of NAG (N - acetyl D-glucosaminidase) was dissolved in 40 ml of
water (double distilled) that gives 0.1uM / 0.1M.

Acetate buffer (IM p" 5)

27.2 g of sodium acetate was added in 200 ml of acetic acid.

Borate buffer (IM p%9)

6.1 g of boric acid was taken in 100 ml of potassium hydroxide.

DMAB reagent:

Ten grams of DMAB reagent was dissolved in 100 m! of glacial acetic acid containing

12.5% of 10 N HCI. The reagent could be stored at 2 C for a month without significant
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deterioration. Before use it was diluted with 9 volumes of reagent grade glacial acetic
acid.

Methodology

Chitinase - B (1-4) - Poly N - acetyl D-glucosaminidase assay was carried out following
minor modifications (Reissing et al., 1959).

Sterilized potato dextrose broth flasks were inoculated with 1ml spore suspension of
Trichoderma isolates and incubated in shaker at 30 C and 120 rpm for 7 days. After 7
days the contents were filtered using Buchner funnel with 2 layers of whatman filter
paper under cold conditions (4 C). The filtrate was measured and ammonium sulfate @
(54.1 g/100 ml) was added on a magnetic stirrer under cold conditions. Ammonium
sulfate was added slowly with continuous stirring. The filtrate was centrifuged under cold
conditions at 12000 rpm for 30 min and the pellet was dissolved in ice~cold distilied
water and dialysis was done using dialysis membrane (Fisher Scientific) for 48 h with
change of water at every 4 h interval. The water was tested in the beaker with barium
chloride for presence of any precipitation. Two to three drops of barium chloride (50
mg/50 ml) was added to 10 ml of water in the beaker, dialysis was stopped, as there was
no precipitate in the water. The sample was lyophilized overnight after dialysis to get
cmdeclﬁﬁnasemzyme.OnenﬂofaudecMﬁnmmzyme(lmgofenzymewu
dissolved in 1ml of borate buffer) was added to 2 mg of pure chitin in an eppendorf and
incubated for 24 h at 37 C. The solution was centrifuged at 12000 rpm for 10 min under
cold conditions. Supernatant was taken in a test tube (166 wl) and 33 pl of borate buffer
was added and boiled exactly for 3 min at 100 C and cooled immediately under tap water
one ml of DMAB reagent (diluted 10 times in acetic acid) was added and incubated for
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20 min at 37 C in a shaking water bath, OD values were taken at 580 nm. Blank was
maintained. SpedﬁcwﬁvityofchiﬁnasewuexpfwsedlsumolesofGlcNAcrdused
/mg of protein / h.

200 ! reaction mixture containing 1% chitin. 20 pg of protein (crude enzyme) in 0.1 M
acetate buffer (p" 5.0) is incubated for the desired time in water bath shaker (100 rpm) at
37 C. The reaction is stopped by boiling at 100 C and then centrifuged at 10,000 rpm for
10 min; the supernatant is used for assay.

B- 1,3- Glucanase Assay:

Reagents:

Laminarin 1.0%

Acetate buffer, 0.1M p 5.0

DNS reagent (dinitrosalicylic acid):

DNS reagent was prepared by dissolving a mixture of 2 g of dinitrosalicylic acid, 0.4 g
phenol, 0.1 g sodium sulfate and 40 g Rochelle salt in 100 ml of 0.1% NaOH and diluted
to 20(.) ml.

Methodology

Glucanase was assayed by estimating the glucose released from laminarin (Miller ef al.,
1960). The reaction mixture contained 20 pg of lytic enzyme in 400 pg of 0.1 M acetate
buffer p¥ 5 and 100 pl of 1% laminarin (10 mg / 1mi). Total volume of reaction mixture
was 500 l. The reaction was carried out at 37 C in a shaking water bath for 30 min (100
rpm). After incubation, 3 ml of DNS reagent was added to reaction mixture and boiled
for 5 min in a boiling water bath, followed by cooling in running tap water adjusted to

ambient temperature. Reading of absorbance was finally made in a spectrophotometer
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(Beckman model DV-20) at a wavelength of 640 nm, Specific activity of B-1-3
Glucanase was expressed as (1. moles) of glucose released/mg/ protein/ h. The amount of

Glucanase protein present was determined by running the samples on SDS-PAGE gels

using prestained protein Molecular Weight Marker (118kDA, Fermentas).

Protease Assay

Reagents

Borate buffer (1 M p!9)

6.1 g of boric acid was taken in 100 ml of potassium hydroxide.

Potassium per chlorate (7% KCI0,)

7 ml of KCIO,4 was dissolved in 100 ml distilled water

10N NaOH

400 g of NaOH pellets were dissolved in 1000 ml distilled water.

Methodology
Protease assay was carried out according to the method of Prestige et al., (1971).
Three mg of Azocaesein was taken in 0.1M Tris HCI p" 8 and incubated for 1h at 30 C in
2 total volume of 1ml, The reaction was terminated by adding 2 ml of ice-cold 7%
potassium perchlorate. The protein was allowed to precipitate for 15 min at room
temperature and centrifuged at 4,000 rpm for 10 min. To the superatant 0.3 ml of I0N
NaOH was added and intensity of colour was determined at 440 nm. Specific activity of
B -1-3 glucanase was expressed as um of glucose released/mg/proteinh. The amount of
protease protein present was determined by running the samples on SDS-PAGE using

prestained protein molecular wei;ht marker (118 kDA).
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SDS PAGE Electrophoresis

Materials

1.

Vertical slab gel electrophoresis unit (Biorad)

2. Power supply

3. Acrylamide

4. Bis acrylamide

5. Ammonium persulphate

6. TEMED.

7. Protein marker (Fermentas)
Stock solutions
Acrylamide/Bis mixture
30 % Acrylamide/Bis mixture - 30: 0.8 w/w
Acrylamide - 300g
Bis acrylamide - 008g
Water -~ 100 ml
Resolving gel buffer
Tris - HCI - 01.0M(p"88)
Tris base - 121g
Water - 100ml

The contents were dissolved in about 80 m! water; p was adjusted to 8.8 with 1 N HCI

and made up to 100 ml with distilled water.
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Stacking gel buffer

Tris - HC 01.0M (p" 6.8)
Tris base 121g
Water 100 ml

The contents were dissolved in about 80m! water; p" was adjusted to 6.8 with | N HCI
and made up to 100ml with distilled water.

10% SDS

10 g of SDS was dissolved in distilled water with gentle stirring and volume was made up
to 100 ml.

0.5% (W/V) bromophenol blue (BPB)

500 mg of BPB was dissolved in 100 ml of distilled water.

Sample buffer

Distilled water -4.57ml

1 M Tris HC! buffer, p™ 6.8 --0.63 ml
40% Glycerol —- 250ml
10% SDS —~ 2.00ml
2-mercaptoethanol - 0.10ml
05% BPB - 0.20ml
Electrode buffer, p" 8.3

Tris base -- 06.0 g (0.05 M)
Glycine -- 28.8g(0.384 M)
SDS - 01.0g(0.1%)
Water -~ 1000 m!
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Resolving gel preparation (10%)

Distilled water -- 00.80%
Resolving gel buffer - 11.25%
Acrylamide: Bis mixture -- 10.00 ml
10% SDS - 00.30 ml

10% Ammonium persulfate (APS) -- 300 pl

TEMED -~ 50ul

Stacking gel preparation (4%)

Distilled water -- 7.00 ml
Stacking gel buffer - 1.25ml
Acrylamide: Bis mixture - 1.50mi
10% SDS - 0.10ml
10% Ammonium persulfate (APS) -- 0.20 ml
TEMED -~ 5.00 pul
Gel Staining

Coomassie Brilliant blue Staining

Coomassie Brilliant blue R 250 -- 200 mg

Methanol -- 100 ml
Acetic acid - 14ml
Water - 200 ml

The stain was dissolved and filtered through Whatman NO.1 paper before use.
Destaining solution .

Methanol - 15ml
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Acetic acid -~ 7.0ml

Water - 100ml

Methodology

Preparation of Slab Gel

Preparation of resolving gel

1. Slab gel apparatus was constructed according to the instructions of the manufacturer
(Broviga). The vertical slab gel Unit was assembled in the casting mode using 1.5 or 1.0
mm spacers.

2. The resolving gel solution was taken into the sandwich (leave space for pouring
stacking gel above the resolving gel).

3. Small quantity of water was added on the side of the slab. The water layers were
spread evenly across the entire surface. A very sharp water-gel interface was visible when
the gel was polymerized.

4. Casting stand was tilted to pour off the water layer.

5. The surface of the gel was rinsed once with distilled water.

Preparation of stacking gel.
Comb was inserted into the sandwich (1.0 mm or 1.5 mm thickness) and stacking gel

solution was poured slowly without trapping any air bubbles below the teeth of the comb,

to avoid local distortion in the gel surface at the bottom of the wells resulting in uneven

migration of samples.
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Preparation of Sample

1.

2.

The sample was suspended in an appropriate volume of the sample buffer and kept
for heating in boiling water for 3 min.
The sample was removed and transferred it on ice until ready for use. The denatured

sample was stored at —20 C for future use.

Loading and Electrophoresis

1.

The comb was slowly removed from the gel straight up to avoid disturbing the well

dividers.

. The wells were rinsed with tank buffer once and then filled with tank buffer.

Samples and molecular weight marker proteins were loaded into separate wells.

The lower chamber of the electrophoresis apparatus was filled with tank buffer until
the sandwich was immersed in buffer. The trapped bubbles under the ends of the
sandwich were coaxed with a long Pasteur pipette.

The upper chamber of the electrophoresis apparatus was filled with tank buffer.

Buffer was not poured into the sample wells to prevent disturbance of the sample.

. The unit was connected to the power supply. The cathode was connected to the upper

buffer chamber and voltage was set at 50 V initially and once the sample moves out
of the well voltage is adjusted to 100 V, current at 40 mA, power at 100 W,
When the tracking dye (BPB) reaches nearly the bottom of the gel, the power supply

was tumned off and the power cables were disconnected.
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Staining and Destaining of Gel

Coomasie Brilliant Blue Staining Procedure

1.The sandwich was disassembled and the gel was gently slided into a tray containing the

staining solutions.

2.The tray was shaken gently on a shaker for 30 min.

3.The staining solution was removed.

4. Destaining solution was added and gently shaken on shaker. The destaining solution
was replaced periodically until the bands were clearly visible.

5.The gels were stored in destaining solution.
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RESULTS

Production of volatile antibiotics.

Among 21 isolates of Trichoderma species, six T. harzianum, five T. longibrachiatum,
six T. koningii and three 7. viride isolates showed inhibition of . flaus (Af 114)
colony by producing volatile antibiotics compared to the control. In the control plate Af
11-4 colony diameter was 60 mm where as in other plates Af 11-4 colony diameter was
in the range of 10-45 mm. T. longibrachiatum (T 102) significantly inhibited the colony
growth of Af 11-4 compared to other Trichoderma spp. T. fertile (T 47), T. viride (T 50),
and 7. koningii (T 161) were least effective against Af 11-4 growth (Table S, Fig 18).
Eight isolates belonging to 7. longibrachiatum, T. koningii, and T. viride were effective
in inhibiting A. flavus by producing volatiles.

Production of diffusible antibiotics.

Among 15 Trichoderma isolates four 7. harziamum, three T. koningii, three T.
pseudokoningii and four T. viride isolates showed inhibition of 4. flavus (11-4) colony by
producing diffusible antibiotics compared to the control. 7. pseudokoningii (T 29), T.
harzianum (T 42), T. koningii (T 83) showed significant inhibition compared to other
Irichoderma spp. T. viride (T 62) was the least effective against 4. flavus. (Table 6, Fig

19).
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Fig. 18. Effect of volatile antibiotics produced by 7. longibrachiatum (T 102) over
control. Left: Restricted A. flavus growth, Right: Control (7. longibrachiatum)
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Fig. 19. Effect of diffusible antibiotics produced by 7. koningii (T 83)
over control. Left: Control (4. flavus), Right: Restricted 4. flavus growth
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Fig. 20. Preliminary screening of Trichoderma isolates for production of Chitinase enzyme.
Top: Control (T 35) not producing chitinase enzyme; Lower plates: /richoderma isolates
Producing Chitinase enzyme: left (T 83), right (T 102).
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Chitinase production by Trickoderma spp, in the liquid medium
containing colloidal chitin as sole carbon source

Among 48 antagonistic isolates seven were able to degrade colloidal chitin substituted in
the medium. Chitin degradation and chitinase enzyme production is indicated by colour
change of the medium when compared to control (Fig 20).

Ten different species of Trichoderma viz., T. harzianum, T. fertile, T. fasiculatum,T.
koningii, T. viride, T. atroviride, T. inhamatum, T. aureoviride, T. pseudokoningii and T,
longibrachiatum were grown in liquid medium containing colloidal chitin as sole carbon
source, and all the species produced chitinases. Isolates 7. koningii (T 83) and T.
longibrachiatum (T 102) produced maximum crude protein followed by 7. viride (T 179).
Among the isolates 7. viride (T 179) produced more crude protein than T. viride (T 24).
T. harzianum (T 20) showed minimum crude protein on par with T. pseudokoningii (T
29) among all seven Trichoderma isolates (Table 7).

Specific activity of chitinase produced by different Trichoderma isolates in liquid
medium containing colloidal chitin as a sole carbon source is presented in Table 8.
Maximum chitinase activity was associated with the isolate 7. viride (T 24) more than the
other isolate of T viride (T 179). Isolates T. longibrachiatum and T. koningii also showed
appreciable enzyme activity ou colloidal chitin when supplied as a sole carbon source.
Glucanase activity was restricted to few species amon? the seven isolates tested on
colloidal chitin as a sole carbon source (Table 9). Only 7. komingii and T.

longibrachiatum produced glucanase in the presence of glucose while all others failed to

induce any enzyme activity.
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On the other hand, all the isolates were capable of producing proteases in liquid medium
containing colloidal chitin (Table 10). No enzyme activity was observed in control
without any carbon source in the medium. Isolates 7. pseudokoningii and T. harziamum
showed maximum protease activity compared to others. Isolate T 179 was the poor
producer of protease enzyme.

Trichoderma koningii and T. longibrachiatum were good at producing more crude
protein, chitinases and glucanases in liquid medium with colloidal chitin as sole carbon
source. These two species, on the other hand were poor producers of proteases. T.
harzianum and T. psedokoningii produced maximum proteases and minimum crude
protein with low chitinase activity in liquid medium containing colloidal chitin. No
glucanase activity was observed by these Trichoderma species. T. viride isolate T 24
showed high chitinase activity though the amount of crude protein produced is less than
the other isolate T 179.

The samples, after running on SDS PAGE, molecular weight of enzyme proteins was
compared with 118 kDa PB-galactosidase prestained protein marker. Chitinase and
protease enzyme production could only be quantified, as the bands were thick and clear.
Glucanase production was not quantified as the isolates produced very faim bands.

Molecular wt. of chitinase enzyme was 28 kDa and protease was 72 kDa (Fig 21).
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Fig. 21. SDS-PAGE stained with coomasie brilliant blue dye. M indicates the marker
Lane numbers 1-7 indicates seven different Trichoderma species and lane number
8 indicates control.
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Table 5. Effect of Trichoderma volatile antibiotics on the growth of 4. flavus

(Af 11-4).

[Tsolate no. Trichoderma spp. A. flavus (Af 11-4)

colony diameter
(cm)

T2 T. harzianum 40

'T6 T. longibraciatum | 2.6
T10 T. harzianum 3.8
T13 7. koningii _ 2.0
T21 T. koningii 3.0
T 24 T. viride 2.8
T34 T. longibrachiatum | 3.0
T 47 T. fertile 4.5
T49 T. koningii 33
T 50 T. viride 45
TS3 T. harzianum 40
T 56 T. longibrachiatum | 4.0
T 58 T. harzianum 32
170 T. koningii 3.0
T102 T. longibrachiatum_| 1.0
T110 T. longibrachiatum _| 4.0
T 129 T. harzianum 33
T 143 T. koningii _ 3.0
T161 T koningii 45
T170 T. harzianum 3.2
T179 T. viride 2.8
control 6.0
SE+ 0.4757

* The data is the mean of three replications
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Table 6. Effect of Trichoderma diffusible antibiotics on the growth of A,

flavus (Af 11-4).

Isolate no. Trichoderma spp. | A. flavus colony
diameter (cm)

T1l T. harzianum 1.8

T12 T. koningii 14

T20 T. harzianum 23

T29 T. pseudokoningii | 1.0

T33 T. koningii 25

T37 T. pseudokoningii | 3.0

T 42 T. harziarum 1.0

T 51 T. viride 3.0

T60 T. viride 1.5

T 62 T. viride 5.0

T72 T. harziarum 22

T83 T. koningii 10

T 142 Trichodermasp. | 3.0

T 205 T. viride 2.0

T 206 T. pseudokoningii | 4.0

Control 5.5

SE+ 0.451

' The data is the mean of three replications




Table 7. Amount of protein produced by 7richoderma spp. in liquid

medium containing colloidal chitin as sole carbon source.

Protein produced

Isolate in mg / ml of the
sample

T. harzianum (T 20) 06.0

T. pseudokoningii (T 29) 07.0

T. fertile (T 47) 52.0

T. viride (T 24) 29.0

T. koningii (T 83) 75.0

T. longibrachiatum (T102) | 66.5

T. viride (T 179) 61.0

Table 8. Specific activity of chitinase produced by Trichoderma spp.

in liquid medium containing colloidal chitin as sole carbon source.

Specific  activity
of chitinase /p M

Isolate
of Glc Nac / mg
protein/ h

T. harzianum (T 20) 166.60

T. pseudokoningii (T 29) | 071.40

T. fertile (T 47) 096.15

T. viride (T 24) 551.70

T. koningii (T 83) 346.60

T. longibrachiatum (J102) | 360.00

T. viride (T 179) 327.80
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Table 9: specific activity of Glucanase produced by Trichoderma Spp.

in liquid medium containing colloidal chitin as sole carbon source.

Specific activity of

Isolate glucanase / uM of Glc Nac /
mg protein/ h

T. harzianum (T 20) 0.00

T. pseudokoningii (T 29) 0.00

T. fertile (T 47) 0.00

7. viride (T 24) 0.00

T. koningii (T 83) 0.16

T. longibrachiatum (T102) | 0.15

T. viride (T 179) 0.00

Table 10. Specific activity of protease produced by 7richoderma spp.

in liquid medium containing colloidal chitin as sole carbon source.

Specific activity of
Isolate protease/uM of Glc
Nac / mg protein / h
T. harzianum (T 20) 0.86
T. pseudokoningii (T 29) | 0.87
T. fertile (T 47) c.21
T. viride (T 24) 0.44
T. koningii (T 83) 0.26
T. longibrachiatum (T102) | 0.24
T. viride (T 179) . 0.19
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DISCUSSION
Aflatoxin contamination of groundnut, caused by Aspergillus flavus (Af) group of fungi,
is a major problem in the rain fed agriculture in the semi-arid tropics. Effective biocontrol
of plant pathogens by Trichoderma spp. depends upon the ability of enzymatic
degradation of the pathogen as well as antibiotic production by the antagonist. Dennis
and Webster (1971a,b, c) differentiated the mechanism of biological control among the
isolates of Trichoderma species into three categories, viz., volatile antibiotics, non-
volatile antibiotics and hyphal interaction. In the present study all the three types of
antagonistic/enzymatic behavior was observed among the various species of
Trichoderma. T. longibrachiatum (T 102) and 7. viride (T 24 and T 179) effectively
inhibited A. flavus by producing volatile antibiotics. On the other hand isolates belonging
to T. koningii (T 83), T. viride (T 62), T. harzianum (T 42) and T. pseudokoningii (T 29)
inhibited the pathogen through diffusible antagonistic substances into the medium. The
results suggest that Trichodermna species vary in their ability in producing volatile or
diffusible (non-volatile) antagonistic substances as a means of inhibition of the pathogen.
The results also reveal that isolates of the same species (. viride) produced both volatile
and non-volatile substances whereas 7. harzianum and T. pseudokoningii inhibited the
growth of the pathogen only through non-volatile antibiotics. Pandey and Upadhyay,
(1997) selected 7. viride as the most potential antagonist based on the fungitoxic effect of
its volatile and non-volatile antibiotics against Fusarium udum. Volatile and non-volatile

compounds produced by 7. viride were found to be most fungi toxic followed by

Gliocladium virens.
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Prasad and Rangeshwaran (2001) tested nine Trichoderma isolates, comprising of T,
viride, T. harzianum and T. virens isolates in vitro against Sclerotium rolfsii and reported
the inhibition of the mycelial growth by volatile and non-volatile antibiotics which were
superior to fungicides. Non-volatile antibiotics of T, viride reduced the biomass of
Colletotrichum capsici and inhibited the synthesis of DNA, RNA and proteins
(Raja_thilagam and Kannabiran, 2001). Mycoparasitism involves production of cell wall
degrading enzymes to destroy 4. flavus. Most of the Trichoderma spp. were good lytic
enzyme producers. In order to select a better biocontrol agent against aflatoxin producing
pathogen (4. flavus) six Trichoderma species were tested for their ability to produce lytic
enzymes when provided with direct chitin in the form colloidal chitin. Among the isolates
tested, 7. viride (T24) was a good producer of chitinases followed by T. longibrachiatum
(T 102). Redout ef al. (1986) induced chitinase and f-1,3-glucanase activities in 7.
harzianum with glucose or cell walls of R. solani and found that cell walls induced more
proteins than by glucose. 7. viride produced more lytic enzymes than 7. harziamum.
Krishnamurthy et al. (1990) screened 35 strains of 7. viride and T. harzianum for
antagonism against R solani and reported that four strains were better for chitinase
induction with colloidal chitin. Chitinase production was enhanced when colloidal chitin
was used as a sole source of carbon instead of glucose. A high level of chitinase
production with colloidal chitin was observed in the present study. Ulhoa and Peberdy
(1991) screened 14 isolates of Trichoderma and selected 7. harzianum as an effective
chitinase producer at 0.5% chitin with p' 6.0 and temperature of 28 C. Harman ef al.
(1993) purified the chitinolytic enzymes of T. harzianum, which inhibited a range of

chitin containing fungi like ;'uwium, Botrytis, Ustilago and Uncinula. Lorito et al.
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(1993) stated that chitinolytic enzymes trom /. harziamum were biologically more active
than enzymes from other sources as they were highly effective against a wide range of
fungi.

Glucanases are yet another important group of enzymes that are involved in biological
control. Among the 7richoderma isolates used in biocontrol of toxigenic 4. flavus, only
1 koningii (T 83) and 1. longibrachiatum (T 102) produced glucanase enzyme. These
isolates also produced more crude protein than others. Hadar er al. (1979) reported that
I' harzianum was able to produce P-1,3-glucanase and chitinase when grown on
laminarin and chitin as carbon sources and it effectively controlled the damping-off
disease caused by R solami. Sivan and Chet (1989a) observed that a strain of 7.
harzianum released -1,3-glucanase and chitinase into the medium containing laminarin,
chitin or fungal cell walls of F. oxysporum, R. solani and . rolfsii as sole carbon sources.
In this study protease production was found to be highest in /. pseudokoningii (T 29) and
T. harzianum (T 20). Marco and Felix (2002) characterized a protease produced by a 7.
harzianum isolate, which controlled witches’ broom disease of cocoa. The puritied
enzyme substantially affected the cell wall of the pathogen Crinipellis perniciosa.

1. viride (T 24) showed more chitinase enzyme activity though it did not produce
maximum crude protein. This may be due to presence of maximum amount of chitinase
produced by 1. viride (T 24) among the enzymes present in the crude protein. Lytic
enzymes undoubtedly contribute to the mechanism of biocontrol and in this case,
probably a mixture of enzymes released from Irichoderma isolates acted in consortia as a
cocktail in suppressing the activity of A. flavus. Therefore, the consortia approach to

biological control is hiylly'desinble in overcoming the limitations of environment as

104



well as the intricacies of host pathogen interactions. However, the differential expression
of chitinases of 1. harzianum as suggested by Haran ef al. (1996) may influence the
overall antagonistic or mycoparasitic activity of the fungus against a specific host. The
mode of expression depends on the type of pathogen the biocontrol agent attacks and the
complex interaction that takes place in the rhizosphere.

Transforming Trichoderma by gene manipulation for the production of increased
amounts of specific proteins for better disease control has been suggested as a novel tool
in exploiting the ability of these biocontrol agents producing lytic enzymes. Incorporating
multiple genes may enhance Mycoparasitic ability of biocontrol agents against
phytopathogenic fungi.

Recently, yet another novel approach of transforming the host plant itself by
incorporating fungal genes to achieve better biological control is gaining momentum. The
chitinase genes from 7. harziamum have been transferred into tobacco resulting in
increased hypersensitive response of the plants (Rincon, 2000), which may act as
inducers of the plant defense during pathogen attack. Cepeda ef al. (2000) stated that
fungal chitinases may act as inducers of the detense systems of the plant during pathogen
attack. Fungal chitinases as revealed in the present study would help in understanding the
nature and production of lytic enzymes by Trichoderma spp.

This information on Trichoderma and identification of efficient, indigenous strains would
lead to a better biological control of aflatoxin. This data would also help in the future
work on the improvement of Trichoderma strains for biocontrol using protoplast fusion

technology.
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Chapter 1V
Evaluation of selected Trichoderma
isolates for their biological control
Potential against A. flavus




INTRODUCTION

Contamination of groundnut with aflatoxin is a worldwide problem The cultivated
groundnut (4rachis hypogaea L.) is the most important oilseed crop in the rain fed
farming system in the arid and semi-arid tropics. Groundnut seed is a valusble source of
protein for human and animal nutrition. India and China contribute to nearly 2/3™ of the
world production. Aspergillus flavus is a widely distributed fungus that survives in soil as
spores. These germinate to produce hyphae, which invade the pods directly or, more
commonly, through injuries. The number of spores may vary from low to high in a single
season and probably depend on such factors as nutrient availability and microbial
competition. An important attribute is also the ability of 4. flavus to survive under
extremely dry conditions. Thus, it is able to grow at moisture levels only slightly higher
than the 12% used to store pods (Graham, 1982).

Agricultural products are always at risk of contamination with fungi, some of which are
able to produce toxic metabolites. These compounds are called mycotoxins and the
diseases caused are called mycotoxicoses. Although it has been known for more than 100
years that some kinds of moldy grains, when eaten, may cause iliness. Intensive study of
mycotoxins and mycotoxicoses only dates from the 1960s, following the occurrence of
‘Turkey-x disease' in the United Kingdom the disease that resulted from the presence of
aflatoxin B, in the feed imported from Brazil (Sargeant ef al., 1961). Peanut genotypes
with some resistance to invasion by 4. flavus have been reported (Bartz et al., 1978,
Kushalappa e al., 1979, Zambettakis ef al., 1977,1981). The in vifro screening method

has produced inconsistent results when compared to a natural field situation. A more

complete understanding of the environmental factors controlling activities of the
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aspergilli has allowed development of expcrimental field conditions under which these
fungi thrive and toxin production is favored. Virtually all countries are engaged in

international commerce have enacted or have proposed permissible ievels of mycotoxin
contamination in foods and feeds. Indeed, aflatoxin contamination levels are used in
international trade to fix the price of various commodities. Thus, it becomes imperative
that methods are available to monitor effectively the mycotoxin content of a range of
commodities in both the exporting and importing countries. In addition to groundnut, a
number of commodities are currently known to be contaminated with aflatoxins. These
include oilseeds, cereals, legumes and spice crops. A wide range of livestock has been
found to be affected by aflatoxins to a greater or lesser extent. Among cereal crops, by far
the most important c;mtamination occurs in maize. Groundnuts and maize are ingredients
in the diet of many poor people and also common ingredients in livestock feeds. Health
hazards from ingestion of aflatoxin-contaminated food are much greater in the
developing than in the developed world. Most developing countries lie in tropics, where
temperatures and relative humidity often favor mold growth, and where no or only
limited facilities exist for monitoring groundnut and groundnut products for aflatoxin
contamination. The possible presence of aflatoxins in foods and in feeds has had a
profound effect on the utilization and trade in groundnuts and its products. Developed
countries, which import groundnuts, have set aflatoxin contamination limits for foodstuff
ranging from zero to 10 pg kg and this has resulted in import restrictions on aflatoxin-
contaminated produce. As a result, many developing countries have been unable to export
their groundnuts and groundnut products. For exporting countries to satisfy the
regulations, they have to produce groundnuts with no or extremely low aflatoxin
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contents. This can only be achieved by follawing suitable management practices and by
storing produce under conditions that minimize the growth of aflatoxin producing fungi.
The research, development and monitoring needed to ensure this are dependent upon
having simple, specific and cost-effective methods for the detection and estimation of
aflatoxins in various agricultural commodities,

Many different methods are available for the estimation of aflatoxins. They include
physico-chemical and immuno-analytical methods. Physico-chemical methods are time
consuming, require expensive instrumentation, extensive clean up of the samples using
solvents; they therefore have serious limitations in cost and labor when large numbers of
samples have to be processed. By contrast, immunological methods are simple, rapid,
sensitive and specific. Mehan ef al. (1988) observed an increase in seed infection and
aflatoxin contamination from using a labor-intensive method of inoculating developing
pegs and pods with an aqueous suspension of A. flavus. However, no attempts have been
made to assess the effects of large-scale inoculation techniques on soil population levels
and seed infection by 4. flavus group fungi or aflatoxin contamination. Many different
methods are available currently for the estimation of mycotoxins. Often these methods
are not specific and their sensitivity is generally low compared to that of other methods.
As a result they are used only as a tool for screening general toxicity. Physicochemical
assay methods such as thin layer chromatography, high performance liquid
chromatography, gas chromatography or mass spectrometry are laborious and require
expensive instrumentation and clean-up of the samples. Thus these methods are of
limited use in routine safety and quality control screening for mycotoxins in agricultural

commodities.

108




Control of plant diseases by biological agents is environmentally safe and compatible
with sustainable agriculture. Trichoderma spp. are well known biocontrol agents against
several plant pathogens (Elad ez al. 1982). Srilakshmi ef al, (2001) have isolated several
Trichoderma isolates from groundnut rhizosphere soil and tested their antagonistic
activity against A. flavus. They identified 39 antagonistic isolates of Trichoderma from
their study. In earlier studies (Thakur er al., 2003) several isolates of Trichoderma and
Pseudomonas were characterized for their antagonism against A. flavus and for their
biocontrol potential and used selected Trichoderma spp. both as seed dressing and soil
application to determine their effects on population dynamics of aflatoxigenic population
of A. flavus in the geocarposphere and subsequently on infection of groundnut kernels.
They obtained significant reduction in seed infection due to significant reduction in Af
population in rhizosphere of the groundnut. The present study was taken up to control
aflatoxin contamination in groundnut using Trichoderma spp. as biocontrol agents. The
objectives of this study were:

1. to evaluate the selected Trichoderma spp. under glasshouse and field conditions

for their biocontrol activity against 4. flavus in groundnut, and

2. To estimate aflatoxin content using ELISA.
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REVIEW OF LITERATURE
Aflatoxins are known to be hepatotoxic, carcinogenic, and teratogenic. Aflatoxins have
been recognized to be more harmful to malnourished than well-nourished animals and
humans. Presently 18 different types of aflatoxins have been identified among which
aflatoxins B, Bz, G, and G are produced mostly in groundnut (Healthcote and Hibbert,
1978). The rank order of toxicity, carcinogenicity and mutagenicity is AFB, >AFG, >
AFB; >AFG; indicating that the unsaturated terminal furan of Af B, is critical for
determining the degree of biological activity of this group of mycotoxins (Heathcote and
Hibbert, 1978). Propelled by the discovery of the aflatoxins, much effort has been
directed to the investigation of the association between exposure to naturally occurring
mycotoxins and long-term adverse health effects in human beings and livestock. Among
various mycotoxins, aflatoxins and ochratoxin A have assumed economic importance
(Van Egmond., 1991; Bosch and Peers, 1991). They are l;mnful to human beings,
poultry and livestock. Aflatoxins are potent carcinogens and ochratoxin A is a
nephrotoxin. Sanders ef al. (1985) determined the duration of soil moisture and soil
temperature stress required for extensive preharvest invasion by Aspergillus Slavus and
contamination of peanuts with aflatoxin. Peanuts subjected to defined temperature and
water deficit stress conditions for 30, 40, and 50 days became contaminated, therefore, a
‘hreshold stress period for preharvest aflatoxin contamination of peanuts by 4. Slavus was
more than 20, and possibly less than 30 days before harvest. Wilson and Stansell, (1983)
‘eported no significant aflatoxin contamination by the aflatoxin producing isolate when

rrigation was applied during the last 40 days of the season, in any cultivar. Davidson et
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al. (1983) compared two rumner-type peanut cultivars, “Sunbelt Rumner” and

“Florunner,” under different field conditions for contamination of the seed by A. flavus
and aflatoxin. Sunbelt Runner had no advantage over Florunner in reducing levels of A.

flavus and subsequent aflatoxin. Mayura e/ al. (1984) observed that aflatoxin production
was more on polished rice than on the unpolished rice and this was attributed to the lipid
fraction of the bran layer on unpolished rice. Sanders (1981) had grown in experimental

plots with soil moisture and soil temperature modified during the last third of the growing
period to produce drought, drought with cooled soil, irrigated and irrigated with heated

soil treatments. Drought stress increased the incidence of A. flavus and irrigation
decreased it, except when soil temperatures were modified.

Hill et al. (1983) imposed four soil temperature and moisture treatment regimes on
Florunner peanuts 94 days after planting in experimental plots and reported that irrigation
caused a higher incidence of A. miger than drought which prevented the aflatoxin

contamination of undamaged peanuts. Kloepper and Bowen, (1991) examined roots and

pods of field-grown peanut sampled at the Rs, Rs and R; developmental stages in

comparison to root and pod-frec soil for microbial population to assess the

geocarposphere and rhizosphere effects. These microorganisms are logical candidates for

evaluation as biological control candidates for 4. flavus. Inoculation of root regions of 1

to 2 week old peanut plants with toxigenic and atoxigenic strains of . flavus resulted in
lower levels of aflatoxin B, in the peanut kemnels at maturity, than those in plants
inoculated with the toxigenic strains alone (Chourasia and Sinha, 1994). The results
suggest the potential of atoxigenic strains of A. flavus, in biological control, against pre-
harvest aflatoxin contamination of developing peanuts, subject to practicability of the




approach. Ramakrishna et al. (1996) studied colonization of barley grain by A. flavus and
formation of aflatoxin B, in the presence of Penicillium verrucasum, Fusarium
sporotrichiodes, and Hyphopichia burtonii and observed five main patterns of aflatoxin
B, production relative to pure culture but with no consistent relationship with species, ay,
(kernel water activity), temperature or incubation period. Azaizeh ef al. (1989) tested
seven peanut genotypes in greenhouse and micro plot experiments during two
consecutive years. However, no significant differences were obtained in the degree of
Aspergillus infestation of kernels from genotypes of glasshouse experiments.
Colonization of peanut pegs was inconsistent among genotypes and between years.
Blankenship et al. (1984) determined the threshold geocarposphere temperature range in
drought-stressed peanuts for the consistent occurrence of aflatoxin contamination to be
between 25.7 C and 27 C. Mixon et al. (1984) investigated chemical and soil
amendments for effects on seed colonization by A. flavus group on aflatoxin
contamination of one or more genotypes of peanut. Aflatoxin was not detected in peanuts
harvested from gypsum-treated plots, but it was occasionally found in peanuts harvested
from the non-gypsum treatments resulting in a highly significant treatment x genotype
interaction. Cole ef al. (1985) reported that undamaged peanuts grown under
environmental stress in the form of drought and heat become contaminated with A. flavus
and aflatoxin in the soil prior to harvest. Increasing the mean temperature up to 29.6 C
caused increasing amounts of contamination.

Blankenship e al. (1985) subjected four peanut genotypes, selected as resistant to
invasion by A. flavus in laboratory screening with dehydrated, stored seed to A. flavus
invasion and aflatoxin contamination. Their study was helpful in selecting germplasm for



resistance to A. flavus invasion and assuming resistance to aflatoxin contamination under
field conditions. Kisyombe ef al. (1985) evaluated fourteen peanut genotypes for
resistance to A. parasiticus infection in 1983 and 1984 in rain-shaded field micro plots
where water stress conditions were simulated, and in unshaded micro plots under normal
rainfall conditions. Except for J-11, there was no correlation between genotype rankings
for resistance to dry seed infection and resistance under field conditions. Hag Elamin er
al. (1988) reported that groundnut samples, collected soon after harvest, from different
districts in the irrigated region were free from aflatoxins. None of the three varieties of
groundnuts tested in this work was completely resistant to aflatoxin production. A
temperature of 30 C and 86.3% relative humidity are the optimum conditions for both A.
flavus growth and aflatoxin production in groundnuts.

Mehan er al. (1991) found significant interactions when examined preharvest seed
infection by A. flavus and aflatoxin contamination in selected groundnut genotypes in
different soil types at several locations in India in 1985-1990. Irrespective of soil types,
A. flavus-resistant genotypes showed lower levels of seed infection by A. flavus and other
fungi than did A. flavus susceptible genotypes. The significance of the low preharvest
aflatoxin risk in groundnuts grown on Vertisols is highlighted.

In earlier studies (Anjaiah and Thakur, 2000; Desai et al., 2000; and Thakur et al., 2003)
several isolates of ITrichoderma and Pseudomonas were characterized for their
antagonism against A. flavus and for their biocontrol potential They used selected
Trichoderma spp. both as seed dressing to determine their effects on population dynamics
of aflatoxigenic population of A. flavus in the geocarposphere and subsequently on
infection of groundnut kemets, Kumar ef al., (2002) evaluated the integrated management
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in the levels of A. flavus was observed in the plot where no control measures sed
. were used.

Aflatoxins levels were higher under farmer's storage conditions than under dry

conditions.
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MATERIALS AND METHODS

Methodology

Biomass of Trichoderma isolates

Seven Trichoderma spp. tested for antagonism were assessed for their growth on Czapeks
- dox broth medium at p" 4.5, 5.5, 6.5, and 7.5.

Greenhouse evaluation of Trichoderma isolates for biocontrol activity

againt A. flavus in groundnut.

Greenhouse expefiment was conducted at ICRISAT Patancheru, during 2001 and
2002.The experiment was established in 64 pots containing a pot mixture of red soil,
farmyard manure and sand (2:1:2) in 12;2" pots (Fig 22). The temperature in the
greenhouse was maintained at 30 + 2 C throughout the experiment. Seeds of groundnut
genotype ICGV 88145 were coated with six Trichoderma spp. (10° conidia / ml') using
0.5% carboxymethyl cellulose (CMC) as an adhesive and used as treatments. Groundnut
seeds not coated with Trichoderma served as control. Six seeds were planted in each pot
and two pots were considered as one replication. Four replications were maintained for
each treatment. The experiment was repeated twice.

Biocontrol agents (BCAs)

Six isolates of Trichoderma spp. which were highly antagonistic to a highly toxigenic
strain of A. flavus (Af 11-4) and non pathogenic to groundnut plants (ICGV 88145) were

used as potential BCAs. They are:
T. harziarum, T. fertile, T, koningii, T. viride, T. pseudokoningii and T. longibrachiatum.
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Fig. 22. Biocontrol of 4. flavus contamination in groundnut using
seven different Trichoderma species

Design: 8 RBD

Location: ICRISAT

Greenhouse no. 4

Rep: 4

Pots: 64
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Preparation of Trichoderma Inoculum and seed formulation

Autoclaved pearl millet grains were used as a substrate to multiply Trichoderma isolates
for 10 days at 28 C in dark. The infested millet grains with Trichoderma isolates were
mixed with sterile distilled water, stirred for 4-5 min to detach the spores, and filtered
through double-layered muslin cloth to obtain spore suspension. Two hundred grams of
groundnut seeds were coated with 100 ml of aqueous spore suspension (1x10° spores/ml)
by adding 1 ml of 0.5% carboxy methy! cellulose (CMC) as sticker and 20 g of bentonite
powder as filler for seed dressing.

Preparation of Aspergillus flavus inoculum:

A. flavus inoculum was multiplied on autoclaved pearl millet grain by incubating for 7
days at 28 C in dark. The inoculum was maintained at mycelial stage only to avoid cross
contamination.

Application of A. flavus inoculum.

To ensure infection, 10 g of 4. flavus inoculum/row was applied at the time of flowering
(40 days after seedling emergence), 80 days and 120 days adjacent to plants and covered
with a layer of soil to avoid cross contamination. lrrigation was given after inoculation
with sprinklers.

In case of greenhouse experiment after applying inoculum the pots are covered with a
thin layer of soil, and the pots were given measured irrigation for every 2-3 days after 80

days of sowing just for survival of plants, which enhances A. flavus infection. Drought

was maintained during last 40 days of the experinient giving minimum amount of water.



Soil and pod sampling

Soil and pod samples were sampled at four stages of experiment to monitor the levels of
A. flavus and Trichoderma population. Soil samples were collected in each replication
bulking soil from two pots. Initial sampling was done just before sowing, second one
prior to application of the pathogen inoculum, and the final sampling at harvest in both
experimental plots. Pods from the pots were harvested at 75% maturity level and dried by
inverted windrows method for three days.

Soil sampling

Three random samples (10g/sample) from each plot were collected and mixed thoroughly
to make a composite sample per plot. Two samplings were done, one at sowing and
another at harvesting from geocarposphere.

A. flavus and Trichoderma population count in soil.

Soil samples were sieved to fine powder. Aqueous soil suspension (10 g soil + 90 ml
sterile distilled water) prepared from each composite sample was mixed and serially
diluted in sterile distilled water to 10™ and 10 concentrations. Diluted soil samples were
plated on AFPA (Aspergillus flavus and parasiticus agar) medium (Pitt e/ al., 1983) for
A. flavus population count (0.5 ml). The sample (0.5 ml) was piated on each plate, two
plates maintained for each dilution to get total population present per gram of the soil. To
get Trichoderma population diluted soil sample was plated on TSM (7richoderma
selective medium) to get Trichoderma population. Plating was similarly done
maintaining two plates per dilution.

The plates were incubased for 2-3 days at 28 C in dark. Population density of both A4.

flavus and Trichoderma was expressed as colony forming units (cfu) g' soil.
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Aspergillus flavus seed infection

Groundnut pod samples were collected and sub-sample lots are drawn. The sub-samples
were shelled and 100 undamaged seeds are randomly collected from each sub-sample.
These seeds were used for A. flavus seed infection study by blotter plate method The
seed was soaked in sterile distilled water for 3-5 min and surface sterilized with 1%
Clorax solution for 1 min followed by three washes with sterile distilled water. This seed
was used for plating on Czapeks- dox Agar (CDA) fortified with Rose Bengal (25 mg L-
1) and incubated at 28 C for four days in dark. The plates were observed for A. flavus
seed infection on 5" day.

Aflatoxin analysis

Fifty grams of seeds were soaked in sterile distilled water for 4 h, later dried and
incubated at 25 C ovemight prior to aflatoxin estimation by using Enzyme linked
immunosorbent assay (ELISA), a simple and quick immunoassay protocol for estimation
of aflatoxins (Devi et al., 1999).

Data analysis

Analysis of variance (ANOVA) was done using GENSTAT SOFTWARE package for

individual experiments to find the treatment means.




Field evaluation of Trichoderma isolates for biocontrol activity againt 4.
flavus in groundnut.
Materials and methods

The study was conducted during the 2001 and 2002 growing seasons at ICRISAT,
Patancheru. The experiment was designed as a randomly block design with 8 treatments
and six replications in each planting (Table 11, 12 and Fig 23) Each replication has a plot
with two rows of four meters each. In each row 45 seeds are planted with a gap of 10 cm
between the seeds. Thirty cm gap was left between each row. Remaining methodology

was similar to greenhouse experiment.
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Table 11. Randomization of 8 treatments (BCAs) for the management of A.

flavus infection under field conditions, Rabi 2001-2002.

Tr no

01

02

03

04

06

07

08

Plot size: 2 rows x 4 m long/rep.

Treatment
T-20
T-29
T-47
T-24
T-83
T-102
T-179

Af+No BCA

Repl
104

106

103
108
102
101

107

121

Rep2
207
202
201
206
205
203
204

208

Plot Numbers
Rep3 Rep4
303 401
304 408
305 403
307 406
301 405
308 402
306 404
302 407

RepS
501
507
508

505

&

g

Rep6
602
603

601

608
607

604




Table 12. Randomization of 8 treatments (BCAs)

flavus infection under field conditions, Kharif 2002,

for the management of A,

Plot Numbers

Trno Treatment Repl Rep2 Rep3 Repd RepS Repb
01 T-20 102 201 302 408 506 605
02 T-29 108 204 307 407 505 606
03 T-47 104 203 304 406 SO3 604
04 T-24 106 207 301 404 S08 608
05 T-83 103 206 303 401 S04 601
06 T-102 101 202 305 403 502 607
07 T-179 105 205 306 405 507 602
08 Af+No BCA 107 208 308 402 501 603

Plot size: 2 rows x 4 m long/rep.
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Fig. 23. Biocontrol of 4. flavus contamination in groundnut using seven
different Trichoderma species

Design: 8 RBD

Location: ICRISAT

Field: RCE 4B

Season: Kabi 2001/02

Rep: 6
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Afiatoxin analysis:

Indirect competitive ELISA:

Materials:

ELISA plates: For high binding * NUNC - Maxisorp™ surface” plates were used.
Micropipettes: 1-40 pl, 40-200 pl and 200-1000 pl single channel pipettes, 40-200 ul
multichannel pipettes (Finnpippett) were used.

ELISA Plate Reader (Labsystems Multiskan ® plus).

IPCV-H Polyclonal antibodies.

Mortar and pestle, Muslin cloth, p* meter, incubator, Refrigerator.
Aflatoxin B, (Sigma A6636)

Aflatoxin B, -BSA conjugate (Sigma A6655)

Bovine Serum Albumin (Sigma A6793)

200mg in 100 ml of PBS-Tween (0.2%).

Solutions

Carbonate buffer or coating buffer (p" 9.6)
Na,;COs - 159g
NaHCO; - 293g

Distilled water -~ 1000 ml
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Phosphate buffer saline (PBS), (p" 7.4)

NgHPO,  --0238g
KH2PO4 --0040g
KCL ~0040g
NaCl ~1600g

Distilled water -- 2000 ml.

Phosphate buffered saline Tween (PBS-T)

PBS -- 1000 ml

Tween-20 —-05ml

Antibody buffer

PBS-T --100 ml
Polyvinyl Pyrrolidone (PVP) 40,000 MW -20g

Bovine serum albumin -02g

Substrate buffer

Substrate buffer for alkaline phosphatase system: p-nitrophenyl phosphate (PNPP) was

stored at —20 C. Chemical in tablet form (5,15 or 40 mg tablets are available) was used.

Ten percent diethanol amine (v/v) was prepared in distilled water; p" was adjusted to 9.8

with conc. HCI. This solution can be stored but p'' should be adjusted to 9.8 prior to use.

0.5-mg /ml para nitro phenyl phosphate (PNPP) was prepared in 10% diethanol amine, p"

9.8 (for each 15 mg tal;Iet 30 m! solution was required). PNPP solution was not allowed
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to tum yellow. This may sometimes happen because of alkaline phosphatase (ALP)

contamination from skin.

Methodology

Preparation of groundnut seed extracts:

The seed was blend into powder using a blender. The seed powder was titrated in 70%
methanol (v/v-70 ml absolute methanol in 30 ml distilled water) containing 0.5% KCl
(proportion used in 100 ml for 20 g seed) in a blender, until the seed powder was
thoroughly ground. The extract was transferred to a conical flask and shaken for 30 min
at 300 rpm. The extract was filtered through Whatman No. 41 filter paper and diluted
1:10 in PBS-Tween (1 ml extract and © ml of buffer). To estimate lower levels of AfB,
(<10 pg/Kg), prior to ELISA a simple liquid-liquid cleanup and concentration (5:1)
procedure was adopted. Twenty ml of methanol extract, 10 ml of distilled water and 20
ml chloroform were mixed in a separating funnel and used for clean up. After vigorous
shaking for one minute, the lower chloroform layer was collected and evaporated to near
dry ness in water bath at 60 C. To the residue 4 ml of PBS-Tween containing 7%

methanol was added and used for analysis by ELISA.

AfB|-BSA conjugate was prepared in carbonate coating buffer at 100 ng/ml
concentrations. And 170 pl of the diluted AfB,-BSA is dispensed to each well of ELISA
plate. The plate was incubated in a refrigerator overnight or at 37 C for at least one and

half-hour.
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The plates were washed in three changes of PBS-Tween, allowing 3 min gap between for
each wash (To inhibit non-specific binding of antibodies and thus give false positive
reaction).

0.2% BSA prepared in PBS-Tween was added at 170 ul per each well of ELISA plate
and incubated at 37 C for 1h.

The plates were washed in three changes of PBS-Tween, allowing 3 min between each

wash.

Preparation of Aflatoxin B, standards

Healthy groundnut seed extract was prepared as mentioned above.

Aflatoxin B, standards (using 1:10 healthy groundnut seed extract) were diluted at
concentrations ranging from 100 ng to 10 picogram in 100 pl volume.

Addition of polyclonal antisera raised each polyclonal antiserum this was predetermined
(at ICRISAT) in PBS-Tween against aflatoxin B, -BSA conjugate. A 1:80,000 dilution of
antiserum (for containing 0.2% BSA) was prepared. Fifty pl of antiserum was added to
each dilution of aflatoxin standards (100 pl) and groundnut seed extract (100 pl) intended
for analysis. The plates were incubated for 30 min at room temperature the mixture
containing aflatoxin samples (100 pl) and antiserum (50 pl) to facilitate reaction between
the toxins present in the sample with antibody Entire process was done in ELISA plate
and there was no need to pre incubate the toxin and antibody mixture in separate tubes.
The plate was incubated for 1h at 37 C. The plate was washed in three changes of
PBS-tween allowing for 3min for each wash. Goat anti-rabbit 1gG (1: 1000) was prepared

and labeled with alkaline phosphatase, in PBS-Tween containing 0.2% BSA. 170 pl was



added to each well and incubate for 1h at 37 C. The plate was washed in three changes of
pBS-Tween allowing for 3 min for each wash. Substrate solution (p-nitro phenyl
phosphate prepared in 10% diethanolamine buffer, p" 9.8) was added and incubated for
1h at room temperature.

After satisfactory development of yellow colour in each ELISA plate (colour
development takes place in 40 min to lhour) absorbance is measured at 405 nm in an
ELISA reader.

Using the values obtained for aflatoxin B, standards a curve was drawn with the help of a
computer, taking aflatoxin concentrations on the X-axis and optical density values on the

Y-axis amount of aflatoxin present was calcuiated using the formula below

AfB, (ng/Kg)= AXDxE or AXE
G CXG
A = AfB, concentration in diluted or concentrated sample extract
D = Time dilution with buffer
C = Times concentration after clean up

E = Extraction solvent after clean up

G = Sample weight (g)




RESULTS

Biomass of Trichoderma isolates:

Seven Trichoderma spp. tested for antagonism were assessed for their growth on CDA at
different p" and data is presented in (Table 13, Fig 24)

Among the 7 isolates tested, 7. viride (T 179) produced maximum biomass at all the p"
followed by T. koningii (T 83) and T. longibrachiatum (T 102). Remaining isolates
produced very little biomass and 7. harzianum (T 20) produced the least biomass.
Maximum biomass production was observed at p" 5.5 for all the isolates followed by p"
6.5 and 7.5. The increase in biomass was maximum till seventh day, lesser between
seventh and tenth day and least thereafter. Isolates of 7. viride (T 179) and 1. koningui (T

83) showed better growth even at alkaline p" of 7.5.
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H . .
Table.13. Effect of p on biomass (g L") production of Trichaderma isolates in liquid

Czapek- dox broth medium at different days and p"

i Sno Trichoderma spp. | Isolates

| "

| & by * n e
| 45]55]65 75 a5 5856517545 ssT6s]7s
| 7 harzianum T20 |1.1]03[22]18(08]0S|14[11]08[01[13[04
27 | T pseudokoningii | 1-29 |07 |14]27]15]15(39(32]20]40[30(29(11
T fertile T47 |06 [18]24]20]19] 12704 |18]19]20]36]33
4 |T viride T-24 032022 (1718 [11[18]14[17]10]16]18
T honingi T83 37454038 (33]50(48]40(47(58]58]53
6 | T longibrachiatum | T-102 |30 |37|37[33[13]4836]28{10/3313023
7| T viride 7179 146160 4838]52(77]65|54(44[70]63]60

* The data is the average of three replications
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Fi[g,. 24. Biomass production of Trichoderma spp in liquid Czapek-dox medium at
p'" 5.5 at different intervals of time.

T 20 (7. harzianum)

T 29 (T. pseudokoningii)

T 47 (1. fertile)

T 24 (T. viride)

T 83 (7. koningii)

T 102 (7. longibrachiatum)
T 179 (T. viride)




Management of aflatoxin contamination by A. flavus under greenhouse
conditions during Experiment 1.

Table 14. Effect of Trichoderma spp. on pod weight, seed weight, total number of plants,

shelling % and biomass of groundnut.

S.no |Isolate |Trichoderma spp. |Pod Seed |Total [Shelling [Biomass
wt(g) (wt(g) [Plants |(%) (®)

1 |T20 |T harziamum 46.70 2520 [5.000 [52.9  [097.70
2 [T29 [T pseudokoningii [34.60 [2330 [4750 [58.6 09460
3 |T47 |7 fertile 56.70 [37.20 [5.000 [657 [104.70
4 |T24 |T viride 3570 [28.60 [5.500 (779  |091.90
5 (T8 |T koningii 4860 3290 {4250 [682  [088 80
6 [T 102 |T. longibrachiatum 12320 1560 [4.750 [664  [087.70
7 [T179 |T viride 4420 3060 [5.750 [68.5  [095.00
8: Control 39.40 [25.70 [4250 [654  |068.40
AF+NO BCA

SE 0465 (0338 [0368 [5.16  [00422
GM 4110 2740 [4750 [65.5 09110
Cv 1130 [1230 [7.700 (079  [004.60
LSD 2279 1701 [3.006 [169  [030.14

Note: Design 8 RBD
Location; ICRISAT
Rep: 4

Dilution:; 107
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Different isolates of Trichoderma spp. were used for the management of aflatoxins under
greenhouse conditions and various growth parameters were estimated. Out of the seven
treatments with Trichoderma isolates T 47, T 83T 20 and T 179 increased the pod
weight considerably under 4. flavus inoculated conditions (Table 14) Similarly increase
in seed weight was observed with these isolates. Isolates T 24 showed highest shelling
(%) followed by T 83, T102 and T 129. lnc(rease in biomass was significant with T 47
treatment while T 20, T 29 and T 179 have also enhanced the biomass

From the statistical analysis of the data isolates T 47 produced significantly higher
biomass than others. However, isolates T 83 and T 179 also performed well under

greenhouse conditions.
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Table 15. Population dynamics of biocontrol agents and their effect on 4. flvus under

greenhouse conditions.

[ Population (cfu / g ) of soil

S.no (Isolate |Trichodermaspp. |Afpop (Afpop [Afpop [Tpop [Tpop |Tpop
(40d)  |80d)  |(120d) |(40d) [(80d) l(120)

1 T 20 T. harzianum 06500.0 [03750.0 {3000.00 [0500.0 0750.0 ]09250.0

2 |T29 T. pseudokoningii 06000.0 {14250.0 [6000.00 [1250.0 0500.0 ]08250.0

3 T 47 T. fertile 23000.0 [05000.0 [4000.00 [1250.0 [0750.0 |03250.0

4 |T24 T. viride 17250.0 1050000 [3500.00 {1500.0 [0500.0 [21250.0

5 |T83 T. koningii 22500.0 ]03250.0 {3000.00 {1000.0 [1000.0 [21250.0

6 (T 102 |T. longibrachiatum {16500.0 {11750.0 (8750.00 07500 (05000 {371500

7 |T179 |T. viride 18000.0 {05000.0 450000 [0500.0 [0500.0 102500

8: Control 34520.0 |43000.0 (115000102500 {1000.0 [020000

Af+NO BCA

SE 12039.4 {10658.5 [01592.2 02282 {0297.6 |04419.0

GM 18000.0 {11375.0 [05531.0|0875.0 [0562.0 |09906.0

CV 00066.9 ]00093.7 [00072.8 |0026 1 00529 ]00044.6

LSD 20556.5 [32275.5 (059248 (17206 [1216.6 [16084.0
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Population dynamics of biocontrol agents and their effect on 4 SNavus

Population of the toxigenic 4. flavus was estimated at 40, 80 and 120 days from
groundnut rhizosphere soils (Fig 25) when treated with different biocontrol agent’s viz |

I harziamm (T 20), T. pseudokomingu (T 29), T ferule (T 47), 1 wirde (T 24), I

koningri (T 83),T. longibrachiatum (T 102) and 7. viride (T 179) and the results were
presented in Table 15.

Biocontrol agents were supplied as a seed treatment and sown in pots and subsequently
A. flavus was inoculated after 30 days after germination of groundnut seeds The
biocontrol agents were allowed to establish till the pathogen is mnoculated The
Trichoderma population established successfully Populations of T 24, T 29, T 47 and T
83 enhanced considerably with cfu over 1000 by 40" day The pathogen populations
were drastically reduced in T 29 and T 20 treatments compared to other treatments by
40" day

Isolate T 20 contained A. flavus populations throughout the crop penod In addition
isolates T 47, T 24 and T 179 significantly reduced the pathogen populations by 80" day
Al the treatments except T 102 significantly reduced the 4. flavus population by 120
days

Interestingly population of biocontrol agents, T 24, T 83 and T 102 increased
significantly at 120 days under drought conditions An inverse relationship was observed
with the increasing populations of BCAs and decreasing population of the pathogen
Among the biocontrol agents T 20 and T 24 were highly effective in reducing population

of pathogen as revealed from the statistical analysis of the data
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Fig 25 A typical growth of Aspergillus flavus colony on tspergillus - flavus
parasiticus agar medium at 28 C after 5 days
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Management of aflatoxin contamination by A. flavus under greenhouse

conditions during Experimet 11.

Table 16. Effect of Trichoderma spp. on pod weight, seed weight, total number of plants,

shelling (%) and biomass of groundnut.

S.no Isolate  [Trichoderma spp. |Pod (Seed |[Total  |Shelling{Biomass
wt(g) |wi(g) |plants |(%) (®)

)| T 20 T. harzianum 51.20 |36.20 [5.250 6940 1104 90
2 T29 T. pseudokoningii  140.40 [29.30 [5500 7500 [095.90
3 T 47 T. fertile 60.80 14670 [5.250 78 10 {106 80
4 T 24 7. viride 39.20 [30.40 {5500 7080 [10190
S T 83 T. koningii 4920 |36.80 |5.500 71.30 [094.90
6 T 102 T. longibrachiatum [31.20 [26.90 |5.500 |79.20 1092 80
7 T179 T. viride 51.70 {3690 |6.000 81 60 [096.80
8: Control 42.40 |29.00 |4.000 72.50 (06780
Af+NO BCA

SE 3280 0436 [0.217 [0703 004.61
GM 4580 [3400 {5310 74.40 [095 20
Ccv 07.20 {1280 |4.100 09.40 |004 80
LSD 2182 |18.64 [1370 1311 {03027




Out of the seven treatments with Trichoderma isolates used for the management of
aflatoxins under glasshouse conditions T 47, T 179,T 20 and T 83 mcreased the pod
weight considerably under A. flavus inoculated conditions (Table 16) Similarly increase
in seed weight was observed with these isolates and also with the isolate T 24 Increase in
total number of plants was observed with the isolates T 179, T29, T 24, T 83 and T 102
Isolate T 179 showed highest shelling (%) followed by T102, T 47, and T 29

From the statistical analysis of the data increase in biomass was significant with T 47

treatment while T 20, and T 24 have also enhanced the biomass Isolate T 47 also showed

significant increase in seed weight.




Table 17 Population dynamics of biocontrol agents and therr effect on 4 Slavus under

greenhouse conditions.
Population (cfu / g) of soil

S.no [Isolate |Trichodermaspp.  |Afpop |Afpop Afpop [Tpop [Tpop [Tpop

(40d) |(80d) |(120d) |(40d) (80d) |(120d)
1 T20 T. harzianum 11750 0102500 0 {5250 0 {15000 {12500 [03750 0
2 T 29 T. pseudokoningn 082500111750 07250 0 [1250 01750 0 {04750 0
p_—: T 47 T. fertile 19750 005250 0 |4500 0 {10000]17500 {01250 0
4 T24 I. vinde 14250 004750 0 {3250 0 {1500 0 {20000 [18750 0
5 T83 T. komingu 22250 002500 013500 0 [13750{15000 08250 0
6 T 102 T. longibrachiatum {16000 0109750 0 {8250 0 {1750 02250 0 03000 0
7 T179 T. vinde 16000 0105250 0 {4000 0 {1250 015000 |10500 0
8 Control 23750 0 {17750 0 {8000 0 12000 0 [2500 0 [03250 0
Af+NO BCA
SE 08725 0 {05052 3 |1439 8 {0193 5j00722 }020729
GM 16500 0107438 0 {57500 {1453 0|18120 {06688 0
CV 00052 9100067 910025 0 |0013 3 [0004 0 {00031 0
LSD 18581 911693 3 {6216 0 {1773 314300 [12304 7
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Population dynamics of biocontrol agents and their effect on 4 favus

Population of the toxigenic 4. flavus was estimated at 40, 80 and 120 days from
groundnut rhizosphere soils when treated with different biocontrol agents viz

I. harzianum (T 20), T. pseudokoningu (T 29), T' ferule (T 47), 1" virde (T 24), T
komngii (T 83),T. longibrachiatum (T 102) and 7. viride (T 179) and the results were
presented in Table 17.

The pathogen populations were drastically reduced in all the treatments considerably by
40" day, 8o day and 120" day except the isolate T 102 which showed increase in A.
flavus population by 120" day

In addition, statistical analysis of the data revealed that isolate T 29 showed nearly
significant reduction in A. flavus population by 40" day Isolates T 20, T 83, T 24, T47
and T 179 showed significant reduction in the pathogen populations by 80" day

All the treatments and also the isolate T 29 reduced the 4 flavus population by 120 days
Considerable increase in population of biocontrol agents was seen in all the treatments by
40" day, 80th day and 120" day except the isolates T 47 and T 102 which showed
decrease in Trichoderma population by 120" day An inverse relationship was observed
with the increasing populations of BCAs and decreasing population of the pathogen
Among the biocontrol agents T 47 and T 179 were highly effective in reducing

population of pathogen as revealed from the statistical analysis of the data
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Management of aflatoxin contamination by A. flavus under feld
conditions during rabi 2001/2002.

Table 18 Effect of Trichoderma spp on pod weight, seed weight, total number of plants,

shelling (%) and biomass of groundnut

S.no |Isolate |Trichoderma spp. |Pod |Seed  [Total [Shelling|Biomass
wt(g) [ wt(g) |plants |(%) |()

1 {T20 |T. harzianum 3140 {1814 3070 [5740 09580

2 |T29 [T pseudokomngn 3070|1796 [2130 [5920 [09750

3 [T47 |T. fertile 3640 (1828 [2570 [5020 [10670

4 124 |T vinde 2860 [1615 [3480 [5550 [0908 0

s |T83 |T. komngu 3110 [1866 2820 [6070 [10250

6 [T 102 |T. longibrachiatum 2450 [1454 [2000 [5950 08500

7 [T179 |T. wirde 2120 (1398 2420 J6530 109080

8 Control 2580 1491 (4430 [5620 09550

Af+NO BCA

SE 0215 (1822 0655 [0558 (00767

GM 2870 {1658 |28 60 5800 0956 0

cv 0075 [0110 [2290 (0960 {00080 |

LSD 1026 (6769 [1781 [1020 [01832 |

Design 8 RBD

Location ICRISAT
Field RCE 4B
Season' Rab1 2001/02
Rep 6

Dilution 107
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Different isolates of Trichoderma spp were used for the management of aflatoxins under
field conditions and various growth parameters were estimated Out of the seven
treatments with Trichoderma 1solates T 47, T 20T 83, T 29 and T 24 showed
considerable increase in pod weight when compared to control (Table 18) Increase in
seed weight was observed with all these isolates Sigmficant increase in total number of
plants was observed with the isolates T 47, T 179, T29 and T 102 All the Isolates except
T 47 and T 24 showed increase in shelling (%) over control Increase in biomass was
observed with the isolates T 47, T 83, T 29 and T 20 Isolate T 47 performed well under

field conditions during rabi season

142



Table 19 Population dynamics of biocontrol agents and their effect on A flavus during

rabi season
Population (cfu / g) of soil

S.no |Isolate |Trichoderma spp. |Afpop |Afpop |Afpop |[Tpop |Tpop |Tpop

(40d) |(80d) |(120d) |(40d) |(80d) |(120d)
1 (T20 |T. harzianum 04000 0 [07333 0 {02083 0 (41670 76670 |2083 0
2 [T29 |T. pseudokomngu |051679 05833 0/070000 (58330 15000 |26670
3 (T47 |T fertile 06500 0 {15333 0(07333 0 (40000 41670 |21670
4 |T24 |[Tviride 09000 0 {10833 0{131670{10830 20000 [24170
S (T8 |T. komngu 06500 0 {08500 0 {16500 032500 |51670 2000 0
6 |T102 |T longibrachiatum |095000 091670 03833033330 (58330 (26670
7 |T179 |T. virde 08833 0 [133330131670{76670 [1833 0 [2667 0
8 Control 10833 0 18667 0 (27000 020000 (13330 (09170
Af+NO BCA
SE 018297 115160006592 0[2505 5 {17080 0603 0
GM 075420 |175000 (13354039170 {3688 0 2198 0
9% 00024 3 |00086 600049 4 (0064 0_[0046 3 (0027 3
LSD 08688 0 |39451 019485 0 6049 0 60630 21646
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Population dynamics of biocontrol agents and their effect on 4 flnvus

Population of the toxigenic A. flavus was estimated at 40, 80 and 120 days from
groundnut rhizosphere soils when treated with different biocontrol agents viz |

| harzianum (T 20), T. pseudokoningu (T 29), 1 Jertile (T 47), | wiride (1 24), |

komngu (T 83),T. longibrachiatum (T 102) and 7 viride (T 179) and the results were
presented in Table 19

Biocontrol agents were supplied as a seed treatment and sown in pots and subsequently
A flavus was inoculated after 30 days after germination of groundnut seeds The
biocontrol agents were allowed to establish till the pathogen 1s moculated The
Irichoderma population established successfully The pathogen populations were
drastically reduced in all the treatments by 40® day, 80" day and 120" day Statistical
analysis of the data showed that the isolates T 20, T102, T29, and T 47 showed
significant decrease in A. flavus population when compared to control by 120" day

In addition the biocontrol agent population was more in all the treatments by 40" day,
80" day and 120" day except the 1solate T 24, which showed, decreased population by
40™ day Notably population of biocontrol agents, increased at 120 days under drought
conditions An inverse relationship was observed with the increasing populations of
BCAs and decreasing population of the pathogen Among the biocontrol agents T 47 and

T 102 were highly effective 1 reducing population of pathogen 2s revealed from the

statistical analysis of the data
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Management of aflatoxin contamination by A. flavus under field
conditions during kharif 2002.

Table 20 Effect of Trichuderma spp on pod weight, seed weight, total number of plants,

shelling (%) and biomass of groundnut

Sno [Isolate [Trickoderma spp. [Pod  [Seed [Total [Shelling[Biomass
wt(g) |wt(g) |plants|(%) |(g)

1 |T20 |T. harzianum 2450 [13960 {5000 [5820 7240

2 |T29 |T. pseudokomngu [2330 13400 [4950 [5880 [696 0

3 |T47 |T ferule 2850 (14200 [4500 [4900 [7620

4 |T24 |T vinde 2280 [11510 [4570 [5050 [7350

s |T83 |T. komngu 2630 14480 [4770 [5400 [7060

6 |T 102 |T. longibrachiatum [208 0 [138 10 4980 |6620 5800

7 [T179 |T. viride 1560 10620 [4850 [6730 [7090

8 Control 3780 [17370 (4730 [4780 |8360

Af+NO BCA

SE 0238 00799 [0183 [0504 0897

GM 2500 [13670 [4790 [s650 [7180

CV 0095 00580 [0380 [0890 [0125 |

LSD 0831 |05728 0870 1455 2070
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Effect of Trichoderma spp. on pod weight, seed weight, total number of plants, shelling
(%) and biomass of groundnut.

Seven treatments with of 7richoderma were used for managing aflatoxin under field
conditions. All the Trichoderma isolates increased the pod weight considerably under A

flavus inoculated conditions (Table 20)

Total number of plants increased with the isolates T 20, T 102, T29, T 179 and T 83 All
the isolates showed increase in shelling (%) with all the treatments From the staustical
analysis of the data all the isolates showed significant increase in pod weight Isolates T
24 and T 179 produced significant increase in seed weight However, isolates T 102 and
T 179 produced significantly high shelling percentage Biomass increased significantly
with the isolate T 102. Isolate T 102 performed well under field conditions during kharif

season
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Table 21. Population dynamics of biocontrol agents and therr effect on 4 flavus dunng

kharif season.
Population (cfu / g) of soil
S.no |Isolate |Trickoderma spp.  |Afpop |Afpop |Afpop [Tpop [Tpop |Tpop
(40d) |(80d) |(120d) |(40d) |(80d) |(120d)

1 T20 |7 harzianum 5167 4333 |04333 4000 [9167 [2833
2 T29 |T. pseudokomingii 17000 (5167 07667 (4833 [2833 [3000
3 T47 |T fertile 3833 [2500 |05833 {4500 [3500 {3333
4 |T24 |T viride 4667 18167  |07000 2333 3500 [2667
5 T 83 |T. koningii 4667 14833 09333 {2333  |4833 |3333
6 T102 [T l@lrachiatum 2167  |2667 08167 |3333 6000  [3833
7 T 179 |T. viride 5667  |5000 106667 16333  [2833 {3167
8 Control 7333|8333 {12000 [2000 |1167  |1667
Af+NO BCA

SE 1715 (3209 |03794 (1530 1732|0704
GM 5062 [S125 |07625 |3708  |4229  |2979
[\ 0033  [5989 |00049 [0041 0041 0023
LSD 4430 |0062 |06738 14438 5290 1771
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The pathogen populations were drastically reduced in all the treatments by 40" day, 80*

day and 120™ day (Table 21) Statistical analysis of the data showed that the isolate T 102
showed significant decrease in 4. flavus population when compared with control by 40"
day All the isolates showed significant decrease in 4 flavus population by 80 day
Isolate T 20 showed significant decrease in A. flavus population by 120" day

In addition the biocontrol agent population was more in all the treatments by 40® day,
80" day and 120% day Interestingly population of biocontrol agent, T 20 increased
significantly at 80 days and the isolate T 102 showed increase in biocontrol agent
population at 120 days under drought conditions An inverse relationship was observed
with the increasing populations of BCAs and decreasing population of the pathogen
Among the biocontrol agents T 47, was highly effective n reducing population of

pathogen as revealed from the statistical analysis of the data




Effect of Trichoderma spp. on seed infection and aflatoxin
contamination over control under greenhouse conditions during

Experiment 11 and 1.

Table 22 Effect of Trichoderma spp on seed infection and aflatoxin contamination

groundnut under greenhouse conditions during Experiment 1 and 11

S.no |Isolate |Trichoderma spp. Expl Exp 11
Seed Aflatoxin {Seed Aflatoxin
infection |(ng/Kg) |infection |(ng/Kg)
(%) (%)

1 T 20 T. harzianum 31.50 03 55 60 50 17 50

2 T 29 T. pseudokoningu 10 00 03 32 5250 26 80

3 T 47 T. fertile 23 00 02 62 54 50 00 70

4 T 24 T. viride 13 50 02 80 5100 48 50

S T 83 T. komm 23 00 02 77 45 20 1130

6 T 102 [T longibrachiatum |21 00 02 55 49 00 09 70

7 T179 |T. wviride 19 20 03 77 41 50 21 80

8 Control 45 50 06 65 76 50 34 50

Af+NO BCA

SE 06 18 01 53 03 67 02 34

GM 23.30 03 51 53 80 2130

v 2650 8730|0680  [1090

LSD 22 60 04 49 18 80 44 64
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Effect of Trichoderma population on seed infection and aflatoxin content

Seven Trichoderma isolates were used for studying seed infection and aflatoxin content
under glasshouse conditions during Exp I and Exp Il Dunng expenment 1 all the
treatments showed less seed infection when studied in laboratory (Fig 26) Similarly all
the isolates were producing less aflatoxin compared to control (Table 22) Statistical
analysis of the data revealed that isolates T 29, T 24, T 179, and T 102 showed
significantly less seed infection (%) Isolates T 47 and T 83 also showed considerable
decrease in seed infection (%) Consequently, all the treatments reduced aflatoxin content
in groundnut under greenhouse conditions

Duning experiment II all the isolates showed less seed infection under laboratory
conditions compared to control Similarly all the treatments produced less aflatoxin
except the isolate T 102. Statistical analysis of the data showed that all treatments except
the isolate T 20 showed less seed infection (%) However, all the treatments except the
isolate T 24 effectively reduced aflatoxin production during experiment 11 These 1solates

also reduced aflatoxin production during experiment I (Fig 27)



Fig 26 Groundnut seed showing seed infection by 1 flavns after five
days at 28 C on /richoderma selective mediunt
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Table 23 Effect of Trichoderma spp on seed infection and aflatoxin contamination in

groundnut during Rabi 2001/2002 Kharif 2002

S.no |Isolate |Trichoderma spp. | Rabi Kharif
Seed Aflatoxin | Seed Aflatoxin
infection |(ng/Kg) [infection (ng/Kg)

%) %)

T |T20 |T. harzianum 5400 0560 [132 007 0

2 |T29 |T. pseudokoningu 64 00 07 80 170 005 5

3 |T47 [T fertile 62 00 07 90 113 007 6

4 |T24 |T. viride 6000 0520 128 0090

5 T 83 T. koningii 60 00 04 40 113 005 1

6 [T 102 [T. longibrachiatum |56 00 05 20 148 0112

7 T 179 |T. viride 68 00 06 30 123 006 1

8 Control 74 20 09 33 257 009 S

Af+NO BCA

SE 08 02 02 67 039 012 5

GM 62 50 06 49 148 007 6

CV 12 80 41 20 267 164 0

LSD 0960 [0619 096 008 0

152




During field experiments conducted in rabi 20012002 and kharif 2002 seven
Trichoderma isolates were used for studying seed infection and aflatoxin contamination
During the field experiment (rabi 2001-2002) all the treatments showed reduction in seed
infection (Table 23). Similarly all the isolates affected aflatoxin production compared to
control. Biocontrol agents 7. koningii (T 83), T. longibrachiatum (T 102) and 7. viride (T
24) reduced the aflatoxin content considerably. Consequently, all the treatments reduced
aflatoxin content in groundnut under field conditions

During the field experiment kharif 2002 all the isolates showed less seed infection under
laboratory conditions compared to control. Interestingly even in khanf season all the
treatments controlled aflatoxin producticn except the isolate T 102 Statistical analysis of
the data showed that all treatments except the isolate T 29 showed significant reduction in
seed infection (%). Similarly the biocontrol agents, 7. komngu (T 83) and 7. viride (T
179) also reduced the pathogen populations considerably by the time of harvest

The biocontrol agents T 83 and T 179 effectively reduced the aflatoxin levels during

kharif and rabi season (Fig 27).
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DISCUSSION

Aflatoxin produced by Aspergillus flavus in agricultural commodities is a primary
concern of the agricultural industry and the consumer (Davidson er af 1983) Aflatoxin
contamination levels are used in international trade in fixing the prices of the
commodities. Soil amendments with chemicals were in vogue to control aflatoxin
contamination in groundnut. Aflatoxin was not detected in peanuts harvested from
gypsum-treated plots (Mixon ef al, 1984) Prevention and control of aflatoxin
contamination employing biocontrol agents has attained importance in recent times
Trichoderma spp. are popular among the biocontrol agents against several plant
pathogens including A. flavus. Srilakshmi er al (2001) reported thirty-nine isolates of
ITrichoderma antagonistic to A. flavus isolated from groundnut rhizosphere soil Out of
212 isolates from groundnut rhizosphere soils in this study, in addition to 39 1solates
reported earlier nine more were found to be antagonistic to the toxigenic 4. flavus

Seven Trichoderma isolates used for studying the mechanism of antagomsm were
assessed for their growth on Czapek-dox broth medium at different p'' Among the 7
isolates tested, 7 viride (T 179) produced maximum biomass at all the p" followed by 7.
koningii (T 83) and T. longibrachiatum (T 102). Azaizeh et al (1989) tested seven peanut
genotypes in greenhouse and micro plot experiments during two consecutive years And,
no significant differences were obtained in the degree of Aspergillus infestation of
kemels from genotypes of glasshouse experiments Colonization of peanut pegs was
inconsistent among genotypes and between the years Chourasia and Sinha (1994)

conducted Sfeenhouse.experiments, in which simultaneous inoculation of root regions of

155



1 to 2 week old peanut plants with toxigenic and atoxigenic stramns of Aspergillus flurvus
and reported lower levels of aflatoxin B, in the peanut kemels at matunty, than those n
plants inoculated with the toxigenic strains alone We studied the effect of Irichoderma
spp. on seed infection and aflatoxin contamination under glasshouse conditions Among
seven Trichoderma isolates used for management of aflatoxin under glasshouse
conditions all the treatments except the isolate T 24 effectively reduced aflatoxin
production. All the treatments showed considerable effect in decreasing seed infection %
Trichoderma spp. effectively reduced the seed infection and aflatoxin contamination over
control under field conditions. During kharif season all treatments except the isolate T 29
showed significant reduction in seed infection % The biocontrol agents 7' komngu (T
83) followed by 7. viride (T 179) effectively reduced the aflatoxin levels dunng Khanf
and rabi seasons. The above results are closely related to (Mixon 1980), who tested six
peanut genotypes grown at three locations in laboratory studies for the mfluence of pod
and seed inoculation methods on seed colonization by A. parasiticus and/or incidental
prior contamination in the field or storage by A. flavus or A. parasiticus.

In earlier studies (Anjaiah and Thakur., 2000; Desai et al , 2000, and Thakur ef al , 2003)
several isolates of Trichoderma and Pseudomonas were charactenzed for their
antagonism against A. flavus and for their biocontrol potential They used selected
Trichoderma spp. both as seed dressing to determine their effects on population dynamics
of aflatoxigenic population of A. flavus in the geocarposphere and subsequently on

infection of groundnut kernels Kumar ef al (2002) evaluated the integrated manag

package to reduce preharvest seed infection by Aspergillus flavus n groundnut The

» . Tric: as
beneficial effects of soil treatment with the antagomistic fungus, Trichoderma sp w
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apparent in improved package plot, despite the addition of A. flavus inoculum dunng
flowering stage. The present study was also carried out 1n a similar manner to determuine
the potent antagonistic Trichoderma isolates in the present study also effecuvely
controlled the aflatoxins in groundnut

Trichoderma spp. are known to be plant growth promoting fungy which were effective 1n
promoting the growth and yield in several crops mcluding wheat, cucumber, tomato and
radish (Hyakumachi, 1994). Besides the reduction in aflatoxin contamination and seed
infection, in the present study, the Trichoderma isolates also improved plant growth in
the form of biomass and other agronomic parameters such as pod weight and seed
weight.

Among Trichoderma isolates used for management of aflatoxin under glasshouse
conditions T 47, T 83 and T 179 increased the pod weight and sced weight when
compared to control. Isolate T 24 showed increase in shelling % followed by T 179 and T
83 under glasshouse conditions while T 47 and T 20 showed increase in biomass weight
Similarly, under field conditions all the isolates showed significant increase in pod
weight. Isolates T 24 and T 179 produced significant increase in seed weight However,
isolates T 102 and T 179 produced significantly high shelling percentage Biomass
increased significantly with the isolate T 102 during rabi season Significant increase in
total number of plants was observed with the isolates T 47, T 179, T29 and T 102 during
kharif season.

Windham ef al. (1986) reported increase in the rate of emergence of seedlings, root and

shoot dry weights of tomato and tobacco by 7. harzanum and 1. komngu They

attributed the increase in the growth to a growth-regulating factor Increased growth in
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radish was induced by 7. harziamum when peat and vermicultte were mixed 1 different
ratios and used as a substrate (Paulitz er al, 199¢) They suggested increased plant
growth independent of any detectable root pathogen The biocontrol agents | harzianum
(T 20) and 7. korungu (T 83) along with T fernle (T 47) enhanced plant growth, pod
weight and seed weight 1n the glasshouse and field expenments in the present study This
suggests their growth promotion ability 1n addition to biocontrol potential The results are
in conformity with their above reports on the growth promotion ability of /richoderma
spp

Establishment of the biocontrol agent 1n soil/rtuzosphere 15 one of the important attnbutes
of an effective biocontrol agent Ecologically 1t has been a difficult proposition of an
alleign mucroorganism to colomze and survive in soil and rhizosphere Antagomsts
ncluding Trichoderma applied to seed failed to establish or proliferate in the rhuzosphere
(Kommedhal and windels, 1981, Papavizas, 1982) In the present study all the biocontrol
agents (Trichoderma 1solates) established successfully in the rhizosphere of groundnut to
combate the toxigenic A. flavus Among the biocontrol agents / harziamum (T 20) and 7
komingu (T 83) were conststent 1n reducing the population of A flavus under glasshouse
and field conditions The biocontrol agents were effective even when they are in less
numbers Lewis and Papavizas (1984) stated that the population of 7 viride (T-1-R4) and
T harzianum (WT-6-24) increased dunng first three weeks and decreased slowly tll 18
weeks and stabilized there after at 10° to 10%/g of soil Achira et al (2001) reported that

the biocontrol agents, 7. viride and Pseudomonas aeruginosa prohferated dunng the

active growth phase of groundnut resulting in the decline of root pathogens In the

present study also the Trichoderma spp continued to stay in the rhizosphere of the
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groundnut up to harvest in both rabi and kharif seasons The population of T harziomm
and 7. koningii were consistant upto the end this may be due to their ability to produce
clamydospores which might have helped the biocontrol agents for proliferation and
survival in the rhizosphere for a long time The biocontrol agents 1n general and /

harzianum (T 20) and 7. komngu (T 83) in particular are the most effective colonzers of
the rhizosphere and reduced the aflatoxin contamination levels 1n groundnut

In the present study all the biocontrol agents (Irichoderma isolates) estabhished
successfully in the rhizosphere of groundnut to combate the toxigenic A flavus Among
the biocontrol agents 7. harzianum (T 20) and 7. komingu (T 83) were consistent in
reducing the population of A. flavus under glasshouse and field conditions The
biocontrol agents were effective even w.lien they are in less numbers In the present study
also the Trichoderma spp continued to stay in the rhizosphere of the groundnut up to
harvest in both rabi and kharif seasons The population of 7 harzianum and [ koningu
were consistant up to the end this may be due to their ability to produce clamydospores
which might have helped the biocontrol agents for proliferation and survival in the
rhizosphere for a long time The biocontrol agents in general and 7 harziamim (T 20)
and T. komngu (T 83) in particular are the most effective colonizers of the rhuzosphere

and reduced the aflatoxin contamination levels in groundnut
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Biocontrol potential of various isolates of 7richoderma spp was assessed in this study to
reduce the preharvest aflatoxin contamination in groundnut Two hundred and twelve
Trichoderma isolates were isolated from the groundnut rhizosphere soil collected from
four major groundnut-growing districts of Andhra Pradesh (Ananthapur, Chittoor,
Cuddapah and Kumnoo!) and Kamataka (Kolar and Tumkur) About 40% vhizosphere
soils harboured Trichoderma, with a maximum of 64% 7richaderma isolates from
Anantapur and a minimum of 11% from Kolar. However, Irichoderma population
density was maximum in Chittoor soil samples

Trichoderma isolates were tested for antagonism or mycoparasitism in vifro against a
toxigenic A. flavus (Af 11-4). Afier preliminary screening of 212 Trichoderma isolates,
150 antagonistic isolates were selected which exhibited three types of antagonism wiz.,
contact inhibition (38 isolates), clear inhibition (48 isolates) and mycoparasitism (69
isolates). Isolates (117) that showed inhibition zone and mycoparasitism against 4. flavus
were further screened and 48 isolates were identified using Rifai’s key as well as

Bisset’s key. These isolates belong to ten different species of Irichoderma wiz.. 1.
harzianum, T. fertile, T. fasiculatum, 1. koningii, 1. viride, 1. atroviride, 1. inhamatum 1.
aureoviride, T. pseudokoningii and T. longibrachiatum.

To estimate the inter-relationships among the 48 isolates of Trichoderma, morphological
parameters such as growth type, growth rate, colony color, shape of margins, sporulation

and sporulation initiation time were used. Clustering of 48 isolates was done using

UPGMA based on morphological parameters. Forty-eight isolates were broadly

segregated into five clusters representing Longibrachiatum, - Pachybasium and

ITrichoderma sections of Bisset.



Besides morphological identification, AFLP was done 10 see correlation bets

morphological features and molecular characters Thirty-six primer combinations were
tested on four isolates preliminarily for selection of primer combinations producing
highest number of polymorphic fragments. The generated fingerprints were evaluated for
overall clearness of the banding pattern and the numbers of polymorphic bands were
recorded. Finally, six E and M primer combinations were chosen for the diversity
screening, they are EcoRI+AC/Msel+CTG, FcoRI+ AT/Msel+CTA,
EcoRI+TG/Msel+CTA,  EcoRI+AG/Msel+CTG,  FcoRI+TAMsel HCAC.  FcoR1t
TA/Msel+CTC. A total of 250 bands were obtained from six primer combinations, which
were polymorphic, with an average of 20 polymorphic bands per primer combinations
The genetic similarity coefficients obtained using the Jaccard algonthm was used for
generating an UPGMA dendrogram. The isolates were segregated into five major groups

Consisting of 7richoderma spp. belonging to the sections Pachybasium, Trichoderma and
Longibrachiatum. AFLP analysis clearly separated the isolates into a sub group
Pachybasium. Trichoderma section was diversified into four groups among which one
group is solely consisted of isolates of 7richoderma section while this section dominated
in another group. Similarly in MDS analysis of the dataset also segregated the AFLP
isolates into five groups with Trichoderma section distributed in all except in one group

Ribosomal DNA of Trichoderma isolates was amplified with ITS primers 1&4, which
showed amplification of DNA without adding extra MgCl; to the reaction. Only 25
Trichoderma isolates were amplified producing 17 polymorphic bands. Dendrogram

clusters were correlated with species designations based on morphological charactenistics

and geographical collection site. The genetic similarity coefficients obtained using the
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Jaccard algorithm were used for generating an UPGMA dendrogram Al the Isolates
amplified by ITS primers were broadly divided into two major clusters The first group
consists of only 7. harzianum belonging to Pachybasium section The second Rroup is
subdivided into three sub-groups. The first subgroup was mostly dominated by the
species of 7richoderma belonging to Pachybasium section while the second sub-group is
represented mostly by Trichoderma section. The third sub-group encompasses the specics
belonging to both Trichoderma and Longibrachiatum sections. Based on MDS analysis
the isolates were divided into four groups. These groups consist of Trichoderma spp
mostly belonging to the sections 7richoderma and Longibrachiatum

The antagonistic principles were analyzed from among the 48 isolates in producing
volatile and non-volatile antibiotics. Out of 48 isolates 21 produced volatile antibiotics
and 15 produced non-volatile antibiotics. Among 21 isolates of 7richoderma species six
1. harzianum, five 1. longibrachiatum, six 1. komngu and three 1. viride 1solates showed
inhibition of Af 11-4 colony by producing volatile antibiotics. Among 157richoderma
isolates four 7. harzianum, three 1. koningii, three /. pseudokoningii and four I. viride
isolates showed inhibition of Af 11-4 colony by producing diffusible antibiotics

Enzymes being the main weapon of a biocontrol agent, the ability of Trichoderma
isolates to produce chitinases, glucanases and proteases was been investigated. Ten

different species of Trichoderma viz., 1. harzianum, 1. fertile, 1. fasiculatum, 1. koningu,

1. viride, T. atroviride, T. inhamatum 1. aureoviride, 1. pseudokonngu and 7.

longibrachiatum were grown in liquid medium containing colloidal chitin as sole carbon

source and all the species produced chitinases. 7. Komng! (i 83) and 1. longibrachiatum

(T 102) only induced the enzyme in the presence of glucose. Among all species 1.
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pseudokoningii (T 29) produced more protease. 7. longibrachiarum (1 102) was the
highest producer of chitinases while 7. koningii (T 83) and T pseudokomngi (T 29)
produced more glucanase and protease, respectively.

Based on their ability to produce cellulolytic enzymes and antagonistic behavior, 10
Trichoderma isolates were selected for the nianagement of aflatoxins in greenhouse and
field experiments. In the present study all the biocontrol agents (/richoderma isolates)
established successfully in the rhizosphere of groundnut to combate the toxigenic 4.

flavus. Among the biocontrol agents /. harziamum (T 20) and 1. komngn (T 83) were
consistent in reducing the population of 4. flavus under greenhouse and field conditions

The biocontrol agents were effective even when they were in less numbers 7richoderma
spp. continued to stay in the rhizosphere of the groundnut up to harvest in both rabi and
kharif seasons. The population of 7. harzianum and 1. koningii were consistent up to the
end. This may be due to their ability to produce clamydospores. which might have
helped the biocontrol agents for proliferation and survival in the rhizospherc for a long
time. The biocontrol agents in general and 7. harzianum (T 20) and 7. konmgn (T 83) in
particular are the most effective colonizers of the rhizosphere and reduced the aflatoxin
contamination levels in groundnut.

All the treatments, except the isolate T 24 effectively reduced aflatoxin production. All
the biocontrol agents considerably decreased the seed infection by A flavus. Irichoderma
spp. effectively reduced the seed infection and aflatoxin contamination over control under

field conditions. During the kharif season all tieatments except the isolate 7.

he biocontrol

pseudokoningii (T 29) showed significant reduction in sced infection t




agents 7. koningii (T 83) and T. viride (T 179) effectively reduced the aflatoxin levels
during both kharif and rabi seasons.

Among the biocontrol agents, 7. koningii (T 83) performed well both in greenhouse and
field along with 7. longibrachiatum (T 102) and 7. viride (T 179) Further, T komngu (T
83) an isolate from the soils of Anantapur district has effectively reduced the aflatoxin
production. It is evident that the isolates with maximum ability to produce cellulolytic
enzymes like chitinases have performed well in the greenhouse and field conditions

showing a good correlation. Consequently, these biocontrol agents improved the pod and

seed weights as well as other growth parameters.




Conclusions
¢ Isolation —- 212 isolates were isolated.

* Morphological characterization of 212 isolates and identification of 48
antagonistic Trichoderma isolates.

o Molecular characterization --- AFLP analysis clearly separated the isolates into
sub-groups. ITS primer characterization results were substantiating  with
morphology data.

¢ In vitro antagonistic studies -— Based on antagonistic study 48 isolates were
selected.

¢ Biochemical studies --- Twenty-one 7richoderma isolates produced volatile
antibiotics and 15 isolates produced diffusible antibiotics.

¢ Enzymes

o Protein --- 7. koningii (T 83) produced more protein.

¢ Chitinase - 7. longibrachiatum (T 102) produced more chitinase enzyme

o Glucanase --- 7. koningii (T 83) produced more Glucanase enzyme

* Protease --- T. pseudokoningii (T 87) produced more Protease enzyme

¢ Evaluation

e Greenhouse and Field -— 7. koningii (T 83), 1. longibrachiatum (T 102), T.
viride (T 179) are statistically on par with each oth.r

* Aflatoxin analysis

1 from Nallacheruvu

* ELISA - T koningii (T 83) isolated from Anantapur distnic

mandalam showed less aflatoxin production

166



Literature cited



Abdalla, A. M., Reddy, O. U. K,, El-zik, K. M., Pepper, A.E. 2001). Genetic
diversity and relationships of diploid and tetraploid cottons revealed using AFLP. Theor

Appl Genet 102: 222-229.

Abdel-satar, M. A., Khalil, M. S., Mohmed, I. N., Abd-Elsalam, K. A..and Verreet,
J. A. (2003). Molecular phylogeny of Fusarium specics by AFLP fingerprint. African

Journal of Biotechnology. 2 (3). Pp. 51-55, march 2003.

Achira, C., Satyaprasad, K., and Nagamani, A. (2001), Population dynamics of
Trichoderma viride and Pseudomonas aeruginosa in rhizosphere of groundnut: In
Frontiers of microbial biotechnology & plant pathology Eds. C. Manoharachary, D. K.
Purohit, S. Ram Reddy, M. A. Singaracharya and S. Girisham. Scientific Publishers,
Jodhpur. 247-252.

Ahmed, J. S., and Baker, R. (1987). Rhizospherc competence of benomyl-tolerant
Mutants of Trichoderma spp. Can. J. Microbiol. 34: 694-696.

Anjaiah, V., and Thakur, R. P. (2000). Biological control of aflatoxin contamination
in groundnut:  Potentiz!  antagonists  and  their  characterization.
Hitpidlgrep dcrisar.e giar orglarohivesMBC ACINGN Jiio).

Alvira, D., Souza. Jayanthi, K. R., Mahanty, B., and Dasgupta, B. 2001). Screcning
of Trichoderma harzianum against major fungal pathogens of betelvine. - Indian
Phytopathology 54 (3): 340-345.

. : ., ~arcinOgen
Anon. (1962). Progress in cancer research: Potent liver toxin and carcinog

Produced in groundnuts as a result of infection with the fungus Aspergillus flavus.

167




British Medical Journal. 2 (5298), 172-174.

Azaizeh, H. A, Pettit R. E., Smith O. D., and Taber R. A, (1989). Reaction of Peanut
Genotypes under Drought Stress to Aspergillus flavus and Aspergillus parasiticus
peanut Science. 16: 109-113.

Bartz J. A., Norden A. J., Laprade J. C., and Demuynk T. J. (197%) Sced Tolerance
in Peanuts (Arachis hypogaea L.) to Members of the Aspergillus flavus Group of Fung.
Peanut Science. 5: 53-56.

Bassam B. J., Caetano-Anolles G., and Gresshoff P. M. (1991). Fast and sensitive
silver staining of DNA in Polyacrylamide gels. Analytical Biochem. 196: 80-83. .
Becker, J., Vos, P., Kuiper, M., Salamini, F., and Heun, M. (1995). Combined
mapping of AFLP and RFLP markers in barely. Mol. Gen. Genet. 249: 65-73.

Beidler J. L, Hilliar P. R., and Rill R. L (1982). Ultra sensitive staining of nucleic
acids with silver. Anal Biochem. 126: 374-380. .

Bell, D. K., Well, H. D., and Markham, C. R. (1982). In vitro antagonism ot
Trichoderma spp. against six fungal plant pathogens. Phytopathology. 72: 379-382.
Berger, L. R., and Reynolds, D. M. (1958). The chitinasc system of a strain of
Streptomyces griseus. Biochem.Riophys.Acta. 29: 522-534.

Bissett, J. (1984). A revision of the genus Trichoderma. 1. Sect. Longibrachiatum scct.
Nov. Can J. Bot.62: 924-931.

Bissett, J. (1991a). A revision of the genus Trichoderma. 11. Intrageneric classification
Can J. Bot.69: 2357-2372. +~

Bissett, J. (1991b). A revision of1the genus Trichoderma. 1. Intrageneric classification.

CanJ. Bot.69: 2372-2317. +

168



Bissett, J. (1991c). A revision of the genus Trichoderma. 111 Sect. Pachybasium. Can

J. Bot.69: 2418-2420. «~

Bisset, J. (1992). Trichoderma atroviride. Canadian J. Bot. 70 639-641,

Bissett, J., Szakacs, G., Nolan, C. A., Druzhinina, L., Kulling-Gradinger, M., and
Kubicek, P. C. (2003). New species of Trichoderma from Asia. Canadian Journal of
Botar.y 81: 570-586.

Biswas, K. K., and Chitreswar Sen. (2000). ldentification of Effective Isolates of
Trichoderma harzianum Rifai for Bio-control of Macrophomina phaseolina (Tassi.)

Goid. J. Mycol. P1. Pathol. 30 (3) 408-410.

Blankenship, P. D., Cole, R. J., and Sanders, T. H. (1985). Comparative
Susceptibility of Four Experimental Peanut Lines and the Cultivar Florunner to

Preharvest Aflatoxin Contamination. Peanut Science. 12: 70-72.

Blankenship, P. D., Cole, R. J., Sanders, T. H., and Hill, R. A. (1984). Effect of
geacarposphere temperature on pre-harvest colonization of drought-stressed peanuts by
Aspergillus flavus and subsequent aflatoxin contamination. Mycopathologia. 85: 69-74.
Blount, W. P. (1961). Turkey "X" aiscase. Turkeys (Journal of British Turkey
Federation). 9 (2): 52,55-58,61.

Blum, H., Beier, H., and Gross, HJ. (1987). Improved silver staining of plant

proteins, RNA and DNA in polyacrylamide gels. Electrophoresis8: 93-99, v

169



Bohn. M., Utz H. F., and Melchinger A. E. (1999). Gener;c stmilanties

among winter

wheat cultivars determined on the basis of RFLPs, AFLPs and SSR. and their use tor
predicting progeny variance. Crop Sci. 39: 228-237.

Booth, C. (1971). Methods in Microbiology. Academic Press, New York \ ol 4.795p

Bosch, F. X., and Peers, F. (1991). Aflatoxins: data on human carcinogenic risk In
relevance to human cancer of N-Nitroso compounds. In Tobacco and Mycotoxins,
ed.k. O'Neill, J. Chen. and H. Barstch, Intemational Agency for Research on Cancer
Pp 48-53, Lyon, France.

Bowen, J. K., Franicevic, S.C., Crowhurst, R. N., Templeton, M. D., and Stewart,
A. (1996). Differentiation of a specific Trichoderma biocontrol agent by restnction
fragment length polymorphism (RFLP) analysis. New Zealand J Crop Horticult Sci
24-207-217.

Bruce, A., Austin, W. J., and King, B. (1984). Control Of Growth Of Lentinus
Lepideus By Volatiles From Trichoderma. Trans. Br. Mycol Soc 82 (3), 423428
Buhariwalla, H. K., Srilakshmi, P., Seetha, K., Kanchi, R. S., Chancre, S,
Satyaprasad, K., Waliyar, F., Thakur, R.P, and Crouch, J.H. (2004) AFLP and
SNP Diagnostics of Trichoderma spp Antagomistic towards Aflatoxin Producing
Aspergillus flavus. Journal of Applied Environmental Microbiology Communicated
Bull, A. T., and Chesters, C. G. C. (1966). The biochemistry of lammann and the
nature of laminarinase. Advances in Enzymology 28,325-364

Bunker, R. N., and Kusum Mathur. (2001). Antagonism of Local Biocontrol Agents

31 No |
to Rhizoctonia solani Inciting Dry Root Rot of Chilli. J. Mycol Pi Pathol

170




50-53.

Busby, W. F. J. R., and Wogan, G. N. (1979). Food-bome mycotoxins and alimentary

mycotoxicoses. In food-bome infections and mtoxications, 2™ ed. H Ricmann and
F.L.Bryan, pp. 519-610.Academic Press, New York

Butler, W. H. (1974). Aflatoxins .In Mycotoxins, ed LF.H Purchase Elsevier Scientific
Publishing Co Pp. 1-28, New York.

Capo-chichi, L. J. A., Weaver, D. B., Morton, C. M. 2001) AFLP assessment of

genetic vanability among velvet bean (Mucuna sp.) accessions Theor Appl Genet 103

1180-1188.

Cepeda, C., Dana, M. D. M., Garcia, 1., Cubero, B., and Pintor-Toro, J. A. (2000)
In Biocontrol agents: Modes of action and their interaction with other means of control,
Proceedings of 6" IOBC/WPRS-EFPP. Biocontrol workshop Abs No, 410

Cherif, M., and Benhamou, N. (1990). Cytochemical aspects of chitin breakdown
dunng parasitic action of a Trichoderma sp. on Fusarum oxysporum fsp raducis-

Lecopercisi. Pytopathology 80: 1406-1414.

Chet, 1. (1987). Trichoderma — Application, mode of action, and potential as 4

biocontrol agent of soil borne plant pathogens. In Chet-! (¢d) Innovative Approaches to
plant disease control, New York: Wiley.137-160

Chet, I., and Baker, R. (1981 Isolation and biocontrol potential of Trichoderma

n
hamatum from soil naturally suppressive of Rhizoctonia solant Phytopathology

171



286-290.

Chet, L, Harman, G. E., and Baker, R. (1981) Trchoderma hamatum wts hyphal
interaction with Rhizoctonia solami and Pythium spp Microb Ecol 7 29.3y
Chourasia H. K., and Sinha R. K. (1994) Potential of the Biological control of
Aflatoxin Contamination in Developing Peanut (Arachis hypogaea L) by Atoxigen
Strains of Aspergillus flavus. J. Food Sc1. Technol, 1994, Vol 31, No 5. 362-366

Chu, F. S. (1986). Immunoassays for mycotoxins. In "Modern methods 1n the analysis
and structural elucidation of mycotoxins” pp 207-237 Editedby R J  Cole Academic
Press New York.

Cole, R. J., Sanders, T. H., R. A. Hill. and P. D. Blankenship. (1985) Mecan
geocarposphere temperatures that induce preharvest aflatoxin contammation of peanuts
under drought stress. Mycopathologia. 91 41-46

Creste S., Tulmann-Neto, A., and Figueira A. (2001) Dctcction of single sequence
repeats polymorphisms in denaturing polyacrylamide-sequencing gels by silver staining
Plant Mol. Biol. Reptr. 19: 1-8.

Davet, P. (1979). Technique pour I’ analyze des populations de Tric hoderma ct dc
Gliocladum virens dans le sol. Ann. Phytopathology 11 529-533

Davidson J. I, Jr., Hill R. A., Cole R. J., Mixon A. C,, and Henning R. J. (1983)

Field Performance of Two Peanut Cultivars Relative to Aflatoxin Contamination

Peanut Science. 10: 43-47.

Dennis, C., and Webster, J. (}971a) Antagonistic propertics of species-groups of

Trichoderma — 1. Production of non-volatile antibiotics Transactions of the Bnuish

172



Mycological Society. 57,25-39.

Dennis, C., and Webster, J. (1971b). Antagomstic propertics of species-groups of

Trichoderma - 1. Production of volatile antibiotics Transactions ot the Bntsh
Mycological Society. 57, 41-48.

Dennis, C., and Webster, J. (1971c). Antagomstc properties of species groups ot
Trichoderma - 111 Hyphal interaction. Transactions of the British Mycological Society
57 363-369.

Dierner, U. L., and Davis, N. D. (1969). Aflatoxin formaction by Aspergillus flavis
n L L Goldblatt (Ed) Aflatoxin, Academuc Press, New York, Pp 13-54

Dowell. , F. E., Dorner, J. W., Cole, R. J., and Davidson, J. I (1990) Aflatoxin
Reduction by screening farmer’s stock peanuts Pcanut Science 17 6-8

Elad, Y. (1994). Biological control of grape grey mould by Trichoderma harzianum
Crop Protection. 13 (1) 35-38.

Elad, Y. (1990). Reasons for the delay in development of biological control of foliar
pathogens. Phytoparasitica.18, 99-105.

Elad, Y., Chet, 1., and Katan, J. (1980). Trichoderma haruanum A biocontrol agent
effective against Sclerotium rolfsu and Rhizoctoma solunt Phytopathology 70 119-
121,

Elad, Y., Chet, 1., and Henis, Y. (1982) Degradation of plant pathogenic fung: by

Trichoderma hargianum. Canadian Journal of Microbiology 28, 719-725

Elad, Y., Hadar, Y., Hadar, E., Chet, L, and Henis, Y. (1981) biological control of

675-671
Rhizoctonia solani by Trichoderma harzianum in camation Plant Drsease 65

173




Elad, Y., Zvieli, Y., and Chet, 1. (1986). Biological control of Macrophomina
phaseolina (Tassi) Goid by Trichoderma harziamum. Crop Protection. S (43, 28292,
Elad. Y. L, Chet., and Henis, Y. (1981b). A selective medium for improving
Quantitative isolation of Trichoderma spp. from soil. Phytoparasitica. 9:59-67.

Elad. Y. L., Chet., Boyle, P., and Henis, Y. (1983). Parasitism of Trichoderma spp. On
Rhizoctonia  solani and  Sclerotium  rolfsii-Scanning  electron microscopy  and
fluorescence microscopy. Phytopathology 73: 85-8%.

Folkertsman, R. T., Rouppe Van Der Voort, J. N. A. M., De Groot, K. E.,
Zandvoort, P., Schots, A., Gommers, F., Helder, J., and Bakker, J. (1996). Gene
pool similarities of potato cyst nematode population assessed by AFLP analysis. Mol.
Plant-Microbe Interact. 9: 47-54.

Godwin-Egein., and M. 1., Arinzae, A. E. (2001;. Antagonism between Trichoderma
harzianum Rifai and Fusarium oxysporum Schlecht Emend Sny and Hans. . J Mycol
PL. Pathol. 31. No. 1. 22-30.

Gonzalez, M., Rodriguez, M. E. Z., Jacabo, J. L., Hernandez, F., Acosta, J.,
Martinez, O., Simpson, J. (1998). Characterization of Mexican isolates of
Colletotrichum lindemuthianum by using differential cultivars and molecular markers.
Phytopathology 88: 292-299.

Graham, J. (1982). Aflatoxin in peanuts: Occurrence and control. Queens land Agnc
J.108: 119.

Griffin, G. J., and Garren, K. H. (1974). Population Levels of Aspergillus flavus and

the A. niger Group in Vu‘glma Peanut Field Soils. Phympathology. 64: 322—325.

174



Griffin, G. J., and Garren, K. H. (1976). Colonization of Aerial Peanut Pegs by
Aspergillus flavus and A. niger-Group Fungi Under Field C. onditions. Phytopathology.
66: 1161-1162.

Grondona, 1., Hermosa, M. R., Tejada, M., Gomis, M. D., Mateos, P. F., Bridge, P,
Monte, E., and Garcia-Acha, 1, (1997). Physiological and  biochemical
characterization Trichoderma harzianum a biocontrol agent against soil bome fungal
plant pathogens. Appl. Environ. Microbiol. 63:3189-3198.

Hadar, Y., Chet, L., and Henis, Y. (1979). Biological control of Rhizoctonia solani
damping off with wheat bran culture of T. harzianum. Phytopathology. 69: 64-68.
Hadar, Y., Harman, G. E., and Taylor A. G. (1984). Evaluation of Trichoderma
koningii and T. hamatum from New York soils for biological control of seed rot caused
by Pythium spp. Phytopathology. 74: 106-110.

Hag Elamin, N. H, Abdel-Rahim, A. M., and Khalid, A. E. (198X). Aflatoxin
contamination of groundnuts in Sudan. Mycopathologia. 104:25-31.

Haran, S., Shickler, II. and Chet, 1. (1996a). Molecular mechanisms of lytic enzymes
involved in the biocontrol activity of Trichoderma harzianum. Microbiology. 142:
2321-2331.

Haran, S., Shickler, I1, Oppenheim, A., and Chet, 1. (1996b). Differential expression
of Trichoderma harzianum chitinases during mycoparasitsm. Phytopathology. 86: 980-
98s.

91). Antagonism Of Trichoderma

Harbans Kaur Kehri., and Sudhir Chandra. (19

Viride To Macrophomina Phasedtina And lts Application In The Control Of Dry Root-

Rot of Mung. Indian Phytopathology. 44 (1): 60-63.

175



Harman, G. C., Chet,, and Baker, R. L. (1981), Factors Affecting Trichode rma
hamarum Applied to seeds as a Biocontrol Agent. Phytopathology. 71 569.572
Harman, G. E., Taylor, A. G., and Stasz, T. E. (1939). Combining Effective Strams
OF Trichoderma harzianum and Solid Matrix Pnming 0 Improve Biological Seed
Treatments. Plant Disease. 73: 631-637,

Harman, G.E., Haynes, C.K., Lorito, M., Broadway, M.R., Dipietro, A., Peterbaur,
and Transmo, A. (1993). Chitinolytic enzymes of Trichoderma harzianum
Purification of chitobiosidase and endochitinase. Phytopathology 82 313-31%
Heathcote, J.G., and Hibbert, J. R. (1978). Aflatoxins Chemical and bological
aspects developments in food sciences-1 Elsevici Scientufic Publishing company
Amsterdam, Oxford, New York pp 30-52.

Hermosa, M. R., Grondona, l., Iturriaga E. A., Diaz-Minguez, J. M., Castro, C.,
Monte, E., and Garcia-Acha, 1. (2000). Molccular characterization and ldentification
of Biocontrol Isolates of Trichoderma spp. Apphed and Environmental Microbiology
Pp.1890-1898., _

Hill, R. A., Blankenship, P. D., Cole, R. J., and Sanders, T. H. (1983). Efects of Soil
Moisture and Temperature on Preharvest Invasion of Peanuts by the Aspergillus flavus
Group and Subsequent Aflatoxin Development ~Applhed and Environmental
Microbiology. 45, P. 628-633.

Hohler, D. (1998). Ochratoxin A in food and feed Occurrence, legislation and - modc
of action. Z Emahrungswiss. 37, 2-12.

Howell, C. R. (1999). Selective isblation from soil and separation i viire of Pand Q

. . 30-934
strains of Trichoderma virens with differential media. Mycologia. 91 (6). pp ?

176



IARC. (1993). IARC Monographs on the evaluation of carcinogenic nsks o humans
V. 56. Some naturally occuring substances: Food items and constituents. Heterocyelic
aromatic amines and mycotoxins. Lyon, France

Hyakumachi, M. (1994). Plant growth-promoting fungi from turf grass thizosphere
with potential for disease suppression. Soil Microorganisms No 44. 53-68

Janssen, P., Maquelin, K., Coopman, R., Tjernberg, 1., Bouvet, P., Kersters, k., and
Dijkshoorn, L. (1997). Discrimination of Acmetobacter genomic species by AFLP
fingerprinting. Int. J. Syst. Bacteriol. 47: 1179-1187.

Jeffries, P., and T. W. K. Young. (1994). Inter fungal parasitic relationships CARB

International. P 296, Willing ford. United Kingdom.

Jeuriaux, C. (1996). Chitinases. Methods 1n Enzymology. 8 644-650

Kamlesh Mathur. (1995). Antagonism of Trichoderma viride to Macrophomina
phaseolina causing stem blight of cowpea. J. Biol Control 9 (1), 67-68.
Karp A., and Edwards K. J. (1995). Molecular techmques in the analysis of the cxtent

and distribution of genetic diversity. In: Molecular genetic techniques for plant genetic

resources. Report of an IPGRI werkshop. 9-11 Octobar, Rome, ltaly.

Katiyar, S., Thakur, V., Gupta, R. C., Sarin, S. K., and Das, B.C. (2000) Ps, tumor

. RIY ancer
suppressor gene mutations in hepatocellular carcinoma patients in India Cane

88 1565-73.

Kindermann, J., El-Ayouti, Y., Samuels, G. J., an< Kubicek, C. P. (159%)

Phylogeny of the genus Trichoderma based on sequence analysis of the internal

transcribed spacer I of the r DNA cluster, Fungal Genet. Biol 24 298309

177



Kisyombe C. T, Beute M. K., and Payne G. A. (1985) Field Evaluation of Peanut
Genotypes for Resistance to Infection by Aspergilius parasiticus Peanut Science 12
12-17

Kioepper J. W., and Bowen K. L. (1991) Quantfication of the geocarposphere and
rhizosphere effect of peanut (Arachis hypogaea L ) Plant and Soil 136 103-109
Kommedbal, T., and Windels, C. E. (1981) Introduction to mucrobial antagonists to
specific courts of mfection Seeds, Seedlings, and wounds In Biological control m ¢ rop
production G. C Papavizas, (ed.) Beltwille symp Agnc Res Vol 5. Allanheld, Qsmun
& Co , Totowa, NJ. 361: 227-248

Krishnamurthy, J., Samiyappan, R., Vidyasekaran, P., Nakkeeran, S., Rajeswarei,
E., Raja, J. A. J.,, and Balasubramanian, P. (1999) Efficacy of Trichoderma
chinases agamst Rhizoctonia solani, the rice sheath bhight pathogen J Bioscr 24 207-
213

Kubicek, C. P., Bissett, J., Druzhinina, 1., Kulling-Gradinger, C., and Szakacs, G.
(2002). Genetic and metabolic diversity of Trichoderma a case on South kast Asian
150lates. Fungal Genet. Biol. 38: 310-319

Luhls, K., E. Lieckfeld t., and T. Borner. (1995) PCR-fingerprinting used for
companison of ex type strains of Trichoderma species deposited i different culture
collections. Microbiol. Res. 150: 363-371

Kuhls, K., Lieckfeldt, E., Samuels, G.J., Kovacs, W., Meyer, W., Petrini, 0., Gams,

W., Borner, T., and Kubicek, C.P. (1996) Moleculs, evidence that the asexuil

te Hypocrea
Industrial fungus Trichoderma rese: 1s a clonal denivate of the ascomycete Hypo

Jecorina. Proc. Natl. Acad. Sci. USA 93 7755-7760

178




Kuhls, K., Lieckfeldt, E., Samuels, W., Meyer, W., Kubicek, C.P.. and W., Borner,
T. (1997). Revision of Trichoderma sce Longibrachiarum  meluding  related
teleomorphs based on analysis of nbosomal DNA internal transcribed spacer regiony
Mycologia 89: 442-460.

Kushalappa, A.C., Bartz, J.A., and Norden, A.J. (1979) Susceptiblity of pods of
different peanut genotypes to Aspergullus flavus group tungi Phytopathologs 69 159-
162.

Laemmli, U. K. (1970). Cleavage of Structural Protcins dunng the Assembly of  the
Head of Bacteriophage T4, Nature. 227, 680-685

Lashermes, P., Andrzejewski, S., Berstrand, B., Combes, M. C., Dussert, S.,
Graziosis, G., Trouslot, P., and Anthony, F. (2000) Molecular analysis of
introgressive breeding in coffee (Coffea arabica 1. ) Theor Appl Genet 100 139-146
Leuchtman, A., Samuels, G. J., and Petrini, O. (1996) lsocnzyme subgroups i
Trichoderma sect. Longibrachiatum. Mycologia 88 384-394

Lewis J. A., and Papavizas G. C. (1977). Effect of Plant Residues on Chlamydospore
Germination of Fusarium solani f. sp. Phaseoli and on Fusaruum Root Rot of Bean
Phytopathology. 67: 925-929.

Lewis J. A., and Papavizas G. C. (19%4) A new approach to stimulate population
proliferation of Trichoderma spp. anc other potential biocontrol fungi introduced nto
the natural soil. Phytopathology 74: 1240-1244

Lieckfeldt, E., Kullnig, C, M., Kubicek, C, P., Samuels. G, J and Borner, T. 2001)

Trichoderma aureoviride: phylogenetic position and characterization. Mycol Res. 105

(3):313-322. «~

179



Lieckfeldt, E., Gary J. Samuels., Helgard, L, Nirenberg., and Oriando Petrini
(1999). A Morphological and Molecular Perspective of Trichode mua virde 1< 1t One o

Two Species? . Applied and Envircnmental Microbiology p 2418-242¢

Lima, L. H. C,, Marco, J. L. de., Ulhoa, C. J., Felix, C. R., and de-Marvco, J.
L.(1999). Synthesis of a Trichoderma chitinase, which atfects the 8¢ lerom rolfsn and
Rhizoctonia solani cell walls. Folia Mictobiologica 44 45-4u

Lin and Kuo J. (1995). AFLP: a novel PCR-based assay for plant and bacterial DNA
fingerprinting. Focus. 17: 66-70

Lin, J. J., Kuo, J., Ma, J., Saunders, J., beard, H., Mac Donald, M., kenworthy,
W.,, Ude, G., and Matthews, B. (1996). ldentification of molccular marhers mn soybean
comparing RFLP; RAPD; AFLP DNA mapping techniques Plant Mol Biol 14 156-
169. -
Lorito, M., Harman, G. E., Haynes, C. K., Broadway, M. R., Dipietro, A.,
Peterbaur, C., and Transmo, A. (1993) Chitmolytc cnzymes produced by
Trichoderma harzianum: Antifunagal activity of punfied endochitinase and
chitobiosidase. Phytopathology. 83: 302-307.

Lynch, J. M. (1987). In vitro identification of Trichoderma harzianum as a potential
antagonist of plant pathogens. Current Microbiology 16.49-53

Lynch, R. E., and Wilson D. M. (1991) Enhanced Infection of Pcanut, Arachis
. E.,

hypogaea L., Seeds With Aspergillus flavus Group Fung) Due to External Scanfication
of Peanut Pods by the Lesser Cornstalk Borer, Elasmopalpus lignosellus (Zeller) 1

Peanut Science. 18: 110-116.

180




Mackenzie, D. W. R. (1998). Aspergillus and Aspergiliosis (eds H Vanden Bosche
DWR Mackenzie and G Canwengergh) pp 1-8 Plenum Press. New York

Majer D., Lewis B. G., and Mithen R. (1998). Genetic vanation among ficld 1solates
of Pyrenopeziza brassicae. Plant Pathology. 47: 222§,

Majer, D., Mithen, R., Lewis, B. G., Vos, P., and Oliver R. P. (1996) The use of
AFLP fingerprinting for the detection of genetic vanation n fungt Mycol Res 100,
1107-1111. .~

Marco, J. L. D; and Felix, C. R. (2002). Charactenzations of a protease produced by a
Trichoderma harzianum isolate which controls cocoa plant witches’ broom discase
BMC Biochemistry 3:3

Mayura, K., Basappa, C., and Sreenivasa Murthy, V. (1985). Studics on Somc
Factors Affecting Aflatoxin Production by Aspergullus flavis and A parasiticus Journal
of Food Science And Technology 22: 126-129.

Mehan, V. K., Mayee, C. D., Jayanthi, S., and McDonald, D. (1991). Preharvest seed
Infection by Aspergillus flavus group fungi and subsequent aflatoxin Contamination 1n
telation to soil types. Plant and Soil. 136: 239-248.

Mehan, V. K., Mc Donald, D., and Rajagopalan, K. (1987). Resistance of Peanut
Genotypes to Seed Infection by Aspergiilus flavus 1n Freld Trials 10 Incha Peanut
Science. 14: 17-21.

Mehan, V. K, Nageswara Rao, R. C., Mc Donald, D., and Williams. J. H. (1988)

Management of Drought Stress to Improve Field Screcning of Peanuts for Resistance to

Aspergillus flavus. Phytopathology. 78: 659-663.

181



Merril, C. R, Goldman, D., Sedman, S. A., and Ebert, M. H. (1981) Ultra sensitive
stain for proteins in polyacrylamide gels shows regional vanation m cerebrospinal fluid
proteins. Science. 211: 1437-1438.

Mihuta-Grimm, L, and Rowe, R. C. (1986) Trchoderma sppas Biocontrol Agents
of Rhizoctonia Damping-off of Radish in Organic Sotl and Compansion of Four
Delivery Systems. Phytopathology. 76 306-312

Miller, G. L. (1959). Use of dinitrosalicylic acid reagent for determination of reducing
sugars. Analytical Chemistry. 31: 426-428.

Mitchell, R., and Alexander, M. (1963) Lysis of soil fungs by bactenia Canadian
Journal of Microbiology 15, 689-696.

Mixon A. C., and Rogers K. M. (1973). Peanut Accessions Resistant to Seed Infection
by Aspergillus flavus. Agronomy Journal. 65° 560-562

Mixon A. C., Bell D. K., and Wilson D. M. (1984) Eftect of Chemical and Biological
Agents on the Incidence of Aspergillus flavus and Aflatoxin Contamination of Peanut
Seed. Phytopathology. 74: 1440-1444.

Mixon A. C. (1980). Comparison of Pod and Seed Screening Methods on Aspergillus
spp. Infection of Peanut Genotypes. Peanut Science. 7 1-3

Monreal, J., and Reese, E. T. (1969). The chitinase of Serratia marcescens Canadian

Joumnal of Microbiology. 15, 689-696.

Mukherjee, P. K., Haware, M. P., and Raghu, K. (1997) Induction and cvaluation of
9 Ko Doy y (VAo Ko

benomyl-tolerant mutants of Trichoderma virde for biological control of Botryus grey

mould of chickpea. Indian Phytopath. 50 (4): 485-489

182



Muller, U., and Wolfenbarger, L. (1999) ApLp genotyping and- fingerprinting
Trends Plant. Sci. 14:389-394, -

Murray M. G., and Thompson W. F. (1980) Rapid 1solation of high molecular
weight DNA. Nucleic Acids Res. §8: 4321-4325

Muthumeenakshi, S., Mills P. R., Brown A. E., and Seaby, D. A. (1994
Intraspecific molecular variation among Trichoderma harzianum 1solates colonizing
mushroom compost in the British Islcs. Microbiology 140 769-777

Nagamani, A., Manoharachary, C., Agarwal, D. K., and Chowdhry, C. (2002)
Monographic contribution on Trichoderma Associated Publishing Company. New
Delhi - 110 005. Total pages: 47.

Nan Ren ., and Timko. Michael. P. (2001). AFLP analysis of genctic polymarphism
and evolutionary relationships among cultivated and wild NMiconana species Genome
44:559-571.

Nelson, E. B., Kuter, J. A., and Hoitink, H. A. J. (1983) Lffccts of fungal antagonists
and compost age on suppression of Rhizoctorua damping oft in container media
amended with composted hardwood bark. Phytopathology 73 1457-1462

Ordentlich, A., Elad, Y., and Chet, I. (1988). The rolc of chitinase of Serratia
marcescens in biocontrol of Sclerotum roljsu. Phytopathology 78 84-88

Ordentlich, A., Elad, Y., and Chet, I (1991). Buological control activity of three

Trichoderma isolates against Fusarium wilts of cotton and muskmelon and lack of

correlation with their lytic enzymes. (1991). Joumal of Phytopathology 133 177-186

Ospina-Giraldo, M. D., Royse,.D. J., Thon, M. R., Chen, x., and Romaine, C. P.

(1998). Phylogenetic relationships of Trichoderma harzianum causing mushroom green

183



mold in Europe and North America to other species of Trichoderma from worldwide

sources. Mycologia. 90: 76-81.

Ospina-Giraldo, M. D., Royse., Chen, X., and Romaine, C. P. (1999) Molecular
phylogenetic analyses of biological control strams of Tric houde rma harzianum and other
biotypes of Trichoderma spp. Associated with mushroom green mold Phvtopathology
89:308-313.

Pandey, K, K; and Upadhyay, J. P. (1997). Sclection of potential brocontrol agents
based on production of volatile and non-volatile antibiotics Vegetable Science. 24(2)
144-146.

Papavizas, G. C. (1985). Trichoderma and Ghocladum Biology, ccology. and
potential for biocontrol. Annual Review of Phytopathology. 23 23-54

Papavizas, G. C. (1981). Survival of Trichoderma harzianum in soil and in pea and
bean rhizospheres. Phytopathology.71: 121-125

Papavizas, G. C., and R. D. Lumsden. (1982). Improved medium for 1solation of
Trichoderma spp. from soil. Plant Disease. 66 1019-1020

Peberdy, J. F. (1990). Fungal cell walls. A review. In Biochemstry of ccll walls and
Membranes in fungi. (eds) by P. J. Kuhn, A P.J. Trinci. M J Jung, M. W. Goosey &

L. G. Copping. London: Springer - Verlag. 5-30.

Prasad, R. D; and Rangeshwaran, R. (2001). Biologicai contro of root and collar rot

of chickpea caused by Sclerotium rolfsii. Annals of Plant Protection Sciences. 9(2). 297-
303.

Prestidge, L; Gaze, V and Spizizen, J. (1971). Protcase activitics dunng the course of
t4 »

sporulation in Bacillus subtilis. Journal of Bacteriology, vol. 107, No. 3, p. 8 15-823.

184




Raguchander, T., Samiappan, R., and Arjunan, G. (1993)  Biocontol of
Macrophomina root rot of mungbean. Indian Phytopathology 46 (4) 379.142
Rajathilagam, R and Kannabiran, B. (2001) Antagomistic etfects of Trichoderma
viride against anthracnose fungus Colletotric hum capsici Indian Phyvtopathoiogy  §4
(1): 135-136.

Rajan, P. P., Sarma, Y. R., and Anandaraj, M. (2002) Management of foot ot
disease of black pepper with Trichoderma spp Indian Phytopathology 55 (1) 34-38
Ramakrishna, N, Lacey J., and Smith, J. E. (1996) Aspergillus flavus colonization
and aflatoxin B; formation n barley grain during nteraction with other fungi
Mycopathologia. 136: 53-63.

Reader, U., and Boroda, P. (1985). Rapid preparation of DNA from filamentous fungi

Lett Appl Microbiol. 1,17-20

Reddy, N. P. E., and Chaudhary, K. C. B. (1986) Vanation i Fusarum udum

Indian phytopathology. 38: 172-173.

Reese, E. T., and Mandels, M. (1959) B-1. 3-Glucanasc in fung Canadian Joumal of

Microbiology. 5, 173-185.
Reissig, J. G., Strominger, J. L, and Leloir, L. F. (1959) A modificd colonmetne

method for the estimation of N-Acetyl sugars Journai of Biological Chemistry 217

959-962.

Restrepo, S., Duque, M., Tohme, J., and Verdier, V. (1999) AFLP fingerpnnting an

efficient technique for detecting genetic vanation of Xanthomonas axonopodis pv

N

Manihotis. Microbiology. 145: W7-114

185



Ridout, C. J., Coley-smith, J. R., and Lynch, J. M. (1986) Enzyme activity and

electrophoretic profile of extra cellular protemn induced by cell walls of Rhizox roma

solani. Joumal of General Microbinlogy. 132, 23452352

Rifai, M. A. (1969). A revision of the genus Trichoderma Mveol Pap 116 1-56

Rincon, A., Pintor-Tora, J.A., and Benitez, T. (2000) Heterologous cxpression of
fungal B-1, 3-glucanase n plants. Biocontrol agents modes of action and therr
interaction with other means of control Procecdings of 6® IOBC/WPRS biocontrol
workshop. Abs. No. 4-5.

Rajathilagam, R and Kannabiran, B. (2001) Antagonistc effects of Trichoderma
viride against anthracnose fungus Colletotrichum capsici Indian Phytopathology 54
(1): 135-136.

Sambrook, J., Fritsch E. F., and Maniatis T. (1989) Molccular cloning a laboratory
manual. Cold Spring Harbor Laboratory Press, New York

Samuels, G. J., Petrini, O., and Manguin, S. (1994) Morphological and
macromolecular characterization of Hypocrea schwemtzi and s Trichoderma
anamorph. Mycologia 86: 421-435.

Samuels, G. J. (1996). Trichoderma: a review of biology and systematics of the genus

Mycol. Res. 100: 923-935.

Samuels, G. J., Petrini, O., Kuhls, K., Lieckfeldt, E., and Kubicek, €. P. (1998) The

Hypocrea schweinitzii complex and Trichoderma sect Longibrac huatum  Stud Mycol

In press.

186



Sanders, T. H. (1981). Effect of Drought on Occurrence of Aspergillus flavus i
Maturing Peanuts. J. Am. Qil Chem. Soc. 5§: 966A-970A.

Sanders, T. H., Cole, R. J., Blankenship, P. D., and Hill, R. A (1985) Relation of
Environmental Stress Duration to Aspergillus flavis Invasion and Aflatoxin Production
in Preharvest Peanuts. Peanut Science. 12: 90-93.

Sanguinetti, C. J., Dias Neto, E., and Simpson A. J. G. (1994). Rapid silver staining
and recovery of PCR products separated on polyacrilamide gels. Biotechmques. 17:
915-919.

Sargeant, k., O' Kelly, J., Carnaghan, R. B. A., and Alicroft, R. (1961). Veterinary
Record. 73: 1219-1223.

Schongelmaier, J., Steinruecken, G., and Jung, C. (1996). Intcgration of AFLP
markers into a linkage map of sugar beet (Beta vulgaris L.). Plant Breeding. 115:231.
237.

Semblat, J. P., Wajnberg, E., Dalmasso, A., Abad, P., and Castagnone - Sereno, P.
(1998). High resolution DNA fingerprinting of parthenogenetic root-knot nematodes
using AFLP anaysis. Mol. Biol. 7: 119-125.

Sheriff, C., Whelan, M. J., Arnold, G. M., Lafai, J. F., Brygoo, Y., and Balley, J. A.

(1994). Ribosomal DNA sequence analysis rcveals new specics groupings in the genus

Colletotrichum. Exp. Mycol. 18: 121-138.

Sid Ahmed, A., Perez-Sanchez. C., Egea, C., Candela, M. E. (1999;. Evaluation of

Trichoderma harzianum for controlling root rot caused by Phytophthora capsici in

pepper plants. Plant Pathology. 48 58-65.

187



Sivan, A., and Chet, . (1989a). Degradation of fungal cell walls by Iytic enzymes of
Trichoderma harzianum. J. Gen. Microbiol, 135 675-682.

Sivan, A., and Chet, 1. (1985b). The possible role of competition between T
harzianum and F. oxysporum on rhizosphere colonization Phytopathology 74: 49x.
501.

Sivaramakrishnan, S., Kannan, S., and Singh S. D, (2002). Genetic vanability of
Fusarium wilt pathogen isolates of chickpea (Cicer arietinum L) assessed by molecular
markers. Mycopathologia. 155; 171-178.

Smith, V. L., Wilcox, W. F., and Harman, G. E. (1990). Potential for biological
control of Phytophthora root and crown rots of apple by Trichoderma and Gliocladium
spp. Phytopathology. 80: 880-885.

Sreelatha, T. Reddy; Suresh, N; Venkateswerlu, G. (2000). Ildentification and
purification of the 69-kDa intracellular protease involved in the proteolytic processing
of the crystal 8-endotoxin of Bacillus thuringiensis subsp. tenebrionis.

Stasz, T. E., Nixon, K., Harman, G. E., Weeden, N. F., and Kuter, G. A. (1989).
Evaluation of phenetic species and phylogenetic relationships in the genus Trichoderma
by cladistic analysis of isozyme polymorphism. Mycologia 81: 391-403.

Srilakshmi, P., Thakur, R. P. Satya Prasad, K, and Rao, V. P. (200D)
Identification of Trichoderma specics and their Antagoistic Potential Against

Aspergillus flavus in groundnut. Intemational Arachis Newsletter. 21: 40-43.

Thakur, R. P., Rao, V. P., and Subramanyam, K. (2003). Influence of biocontrol
, o .y . .y

L .
agents on population density of Aspergillus flavus and kemel infection in groundnu

Indian Phytopathology. 56 (4): 408-412.

188




Turoczi, G., Fekete, C., Kerenyi, Z., Nagy, R,, Pomazi, A., and Hornok, L. (1996,

Biological and molecular characterization of potential  biocontrol  strains  of
Trichoderma. J. Basic Microbiol. 36: 63-717.

Ulhao. C. J., and Peberdy, J. F. (199]) Regulation of chitmase synthests
Trichoderma harzianum. J. Gen. Microbiol. 137: 2163-2169.

Van Egmond, H. P. (1991). Worldwide regulations for ochratoxin A In Myeotoxins,
Endemic Nephropathy and Urinary Tract Tumours ed. Castegnard, M., Plestina, R
Dirheimer, G., Chemozansky, J. N. and Bartsch, H. Lyon: Intemational Agency for
Research on Cancer. 331-336.

Vijay Krishna Kumar, K., Desai, S., Rao, V. P., Nur, H. A., Srilakshmi, P., Thakur,
R. P. (2002). Evaluation of an integrated management package to reduce preharvest
seed infection by Aspergillus flavus in groundnut. International Arachis Newsletter. 22:
42-44.

Vos. P., Hogers, R., Bleeker, M., Reijans, M., Lee, T., Hornes, M., Friejters, A, Pot,
J., Peleman, J., Kuiper, M., and Zabeau, M. (1995). AFLP: a new technique for DNA
fingerprinting. Nucleic Acids Res. 23: 4407-4414.

Warburton, M. L., Skovmand, B., and Mujeeb-Kazi, A. (2002). The molecular
genetic characterization of the Bobwhite bread wheat family using AFLPs and the eftect
of the TIBL.IRS translocation. Theor Appl Genet. 104: 868-873.

Weindling, R. (1932). Trickoderma lignorum as a parasitc of other soil fungl

Phytopatholoy 22: 837.

Weindling, R. (1934). Studies of lethal principle effective in the parasitic action of
s R. .

. i . 24
Trichoderma lignorum on Rhizoctonia solani and other fungi. Phytopathology

189



1153.

White, T. J., T. Bruns,, S. Lee., and J. W. Taylor. (1990). Amplification and direct

sequencing of fungal ribosomal RNA genes for phylogenctics. Pages 315-322 In- PCR
Protocols: A Guide to Methods and Applictions. Eds. Innis, MAA, D.H Geltand, 1)
Sninsky, and T. J. White. Academic Press, Inc.., New York.

Wilson D. M., and Stansell J. R. (1983). Effect of Irrigation Regimes on Aflatoxin
Contamination of Peanut Pods. Peanut Science 10: 54-56.

Windham, M., Elad, Y., and Baker, R. (1986). A mcchanism for increased plant
growth induced by Trichoderma spp. Phytopathology 76: 518-512.

Witkowsha, D., Stempniequiez, R., and Maj, A. (1999). Lytic cnzymes of
Trichoderma and its utilization in yeast protoplast formation. Polish Journal of Food
and Nutrition Science. 8: 245-252.

Zabeau, M., and Vos, P. (1993). Sclective restriction fragment amplification: a general
method for DNA fingerprinting. European Patent Application number: 92402629.7,
Publication Number EP 0534858,

Zambettakis, C., Waliyar, F., Bockelee-Morvan, A., and Depins, O. (1981). Results
groundnut varictics to Aspergillus flavus.

of four years of research on resistancc o

Oleagineux 36: 377-385.

190



Publicationsl




Identification of Trichoderma Species and
their Antagonistic Potential Against
Aspergillus flavus in Groundnut

P Srilakshmi', R P Thakur?, K Satya Prasad', and
¥ P Rao? (I Depanment of Botany, Osmania Universit
Hyderabad 500 007, Andhra Pradesh, India, 2 Interrauonal
Crops Research Institute for the Semi-And ‘lropics
(ICRISAT), Patancheru 502 324, Andhra Pradesh Indi2)

Contaminauon of groundnut (Arachis hypogaea) seed
by uflatoxins produced by Aspergillus flayvus 1s a major
problem affecting quahity and trade of groundnut and 1ts
products Among several management options, biological
con rol can play a significant role in reducing pre-harvest




aflatoxin contamination in groundnut Control of plant
discases by biological agents is envi lly safe and
compatible with sustainable agriculwre. Trichoderma spp
are well-known biocontrol agents against several plant
pathogens (Elad et al. 1982).

Rhizosphere soil samples were collected from major
groundnut-growing arcas of four districts (Anantapur,
Chinoor, Cuddapah, and Kurnool) in Andhra Pradesh,
and two districts (Kolar and Tumkur) 1n Karnataka, India
under the National Agricultural Technology Praject
(NATP) on “Aflatoxin cc on in gr
mapping and management in Gujarat, Andhra Pradesh,
and adjoining areas™. Trichoderma spp were isolated
from the soil samples. The 1solates were charactenized
for morphological traits for speciation, and evaluated for
thewr antagonism against Aspergillus flavus 1o denufly
highly antagonistic isolates that could be used as potenuial
biocontrol agents for pre-harvest aflatoxin contamination
of groundnut

Isolation of Trichoderma isolates

Fise hundred pl of each soil sample at 10 and 10+ aqueous
chlutions was spread on petri dishes contaning Tnchoderma
specific medium (TSM: glucose 3 g, ammonium nitrate
| g, sodium dihydrogen phosphate 0.9 g, magnesium
sulfate 0.2 g, potassium chloride 0 15 g, ferrous sulfate
20 mg, zinc sulfate 20 mg, manganese sulfate 20 mg.
rose bengal 30 mg, agar 10 g, and disulled water 1000
ml) After autoclaving at 121°C for 20 min the medium
was cooled 10 50°C. Then 50 mg streptomycin sulfate,
50 mg chloramphenicol, 10 mg metalaxyl, and 10 mg

Tablel. Isolation of Trichoderma isolates from soil samples collected from major groundnut-gr
Andhra Pradesh and Karnataka, India, rainy season 2000.

No. of soil samples

Distnet analyzed
Andhra Pradesh

Anantapur 53
Chittoor 97

Cuddapah 23
Kurnool 26
Karnataka

Kolar n

Tumkur 115
Total 386

No of soil samples
with Trichoderma 1solates

34
48
1
15

40
156

192

PCNB (penta-chioro mitro-benzene) were added Two
plates were mamntained for each diluion The plates
were incubated for 4 days in dark ot 28°C and typical
Tnchoderma colomes were 1solated The colonies were
white or whitish green 1o green, comdiophores long and
thick. with or athout sienle branches, side branches
mostly thick beanng short and plump phiahides,
phialospores globose or elhipsoidal rough or smooth
walled

Of 386 soil samples analyzed, 156 (40 4%V yielded
Tnchoderma, with the maximum (64 1% ) Trichoderma
1solates obtained from soi samples of Anantapur and
the mimmun (11 1%) from the samples of Kolar (Table 1)
A toial of 212 isolates of richoderma spp were obtained
(Table 1)

Evaluation for in vitro antagonism

The dual culture method (Denis and Websier 1971¢)
was used to study the antagomism apainst a highly
aggressive and oxigemic stan of A flavin (Af 11 4)
Of the 212 solates tested, 145 were antagonistic to
Al 11-4 Among these, only 39 1olates showed clear
inhibition zone against Al 11 4 (Fig 1) These 1solates
were examined for species idenuificabon and further
evaluated for antagomism, imvolving production of vola
ule and non volatle anubiotcs, and hyphal interaction
with Af 11 4

Species  adentification.  Thirty nine antagomistic

Trichoderma wolates were idennficd according 1o the
Wdentification hey (Rifar 1969) based on branching of

owing districts of

Soil samples with
Trichoderma (%)

No of Trichoderma
1solates oblained

40 64 1
54 495
19 478

' ‘76
] i
44 348
212 404
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conidiophores, shape of the phialides, emergence of richoderma
phialospores. and shape of phialospores. These isolates .T:::of.:f:.‘f:"m:rm et -
were identified into six species, T. harzianum (11), ” e Lo MY

7. hamatum (1), T. viride (9), T. longibrachianm (5), Trichoderma species Tnchoderna ol rumber
T koningii ©). T. pseudok ingii (3), and unknown T. harzianum
species (1) (Table 2).

TLTIO.TIL T2 T4,
TSLTSE T2 T109.7 129,

T170
Production of volatile antibiotics. This study was done T. hamatum Ta7
following the method of Dennis and Webster (1971h). T wride TI6T TS TS Tod
The plates were incubated at 28°C for 72 h. The assembly TOLT 179 T IR T 208
was opened 1o measure colony diameter of Af 11-4 1
. T longibrach 1 LY ]
cach plate. Twenty-one of the 39 Trichoderma isolates sirachuaim T T M T T102.THO

T komngn TIZTILT2L. TV Ta9,

showed inhibition of Af 11-4 colony by producing volatile TIOTEVT 140 T 161

antibiotics compared with the control. In the control

R . T. psendok 9TV T2
plate, the colony diameter of Af 11-4 was 60 mm paeudetonmgt T39.7T 1.7 200
whereas in other plates it was 10-45 mm. Isolate T 102 Trichodeima sp tunknown) T 142

[solates
i i 1 tralts snd
Figure 1. Dendrogram showing 39 Trichoderma isolates classified into six groups based on morphological tra
inhibition zone against Aspergitlus flavus (Al 11-4).
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Soil and pod sampling. Soil was sampled at
three stages to monitor the levels of A. flavus
population. Initial sampling was done just before
sowing; the second sampling was done prior to
application of the pathogen inaculum (at 509
flowering stage), and the final sampling at
harvest in both experimental plots. Pods from
the improved package plot were harvested at
75% maturity level and dried by inverted
windrows method for three days. On the other
hand, pods in the control plot (farmers’ practice)
were harvested at full maturity and dried by
leaving them in the field.

Seed infection, aflatoxin content, and A. flavus
population in soil. Pods were shelled and seeds
were surface sterilized before plating them on
Czapek Dox agar (CDA) fortified with rose
bengal (25 mg L") and incubated at 25°C for four
days in dark. From each plot, 100 apparently
healthy seeds were selected. Number of seeds
colonized by typical A. flavus was counted and
expressed as percent seed infection. Seed
samples (50 g) were soaked in sterile distilled
water for 4 h, later dried and incubated at 25°C
overnight prior to aflatoxin estimation by using
enzyme-linked immunosorbent assay (ELISA), a
simple and quick. immunoassay protocol for
estimation of aflatoxins (Devi et al. 1999).

Soil samples (200 g from a composite bulk of
1000 g soil from 5 random spots in a field) were
sieved. The fine powder was serially diluted
with sterile distilled water to 10° and 107
concentrations and plated on AFPA (Aspergillus
flavus and parasiticus agar) medium (Pitt et al
1983). The plates were then incubated for 2-3
days at 28°C in dark and typical A. flavus colonies
were counted and population density was
expressed as cfu g soil.

Other diseases. The crop was given supplemental
irrigation to avoid moisture stress throughout
the growing season. In both the plots, other
important diseases were recorded by selecting
ten blocks, each comprising 100 plants fow".
Disease incidence was scored as percentage of
infected plants for stem rot (Sclerotium rolfsii) and

on a 1-9 scale for late leaf spot. Bud necrosis was
scored for the presence (+) or absence (=) of
infected plants.

Results and Discussion

The indicators for the effectiveness of integrated
management of aflatouin contamination were
fungal infection and aflatoain content in the seed
and A. flavus population in the soil. Despute the
similar initial population levels in both the plots,
cumulative gain in the cfu was observed in the
plot where farmers' practice was followed
indicating unremitting growth in A flatus duce to
absence of any control measures On the other
hand, the beneficial eftects of soil treatment with
the antagonistic fungus Trchoderma sp was
apparent in the plot with improved package,
despite the addition of A. flacus inoculum duning
flowering stage, which produced spores at
1.82x 10" m’ row (Fig 1) Trichaderma sp being a
potential antagonist might have prevented the
proliferation of A. flatws i the soil Trichoderma
sp has the ability toinhibit the growth of A. flavns
in vitro by production of non-volatile antibiotics
(Desai et al. 2000)

Seed infection studies revealed predominance
of A. flavus infection in plot with farmers’ practice
(10%) over impm\'ed package (2%) (Table 1)

Table 1. Evaluation of an integrated aflatoxin
management package and farmers’ practice in
groundnut {cv ICGS 11) during the rainy season,
2001 at ICRISAT, Patancheru, India

Integrated Farmers’
l'arameter pac Lq;:
Seed infection by 2

Aspergillus flavus (%)

Pod yield (kg ha') 535 54

Late leaf spot damage! 69(:023) 77(:013)

Stem rot incidence (%) 25(062) 310(2470)
+ *

Bud necrosis incidence’

s, 1-9 disease rating scale where 9 =

1. Mean of 10 rephca
suscephible.
2. + = Disease noticed -
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(T. longibrachiatum) showed the maximum inhibition
compared with other Trichoderma species,

Production of diffusible antibiotics. This study was
done following the method of Den:'s and Webster
(1971a). The plates were incubated for iwo days and the
colony diameter and sporulation of Af 11-4 were compared
with the control. Fifteen of the 39 Trichoderma isolates
showed inhibition of Af 11-4 colony by producing
diffusible antibiotics compared with the control. Colony
diameter of Af 11-4 in the control plate was 55 mm
compared with 10-50 mm in plaies with Trichoderma
isolates. Isolate T 29 (T. pseudokoningii), T 42
(T. harzianum), and T 83 (T. koningii) showed significant
inhibition of Af 11-4 growth.

Hyphal interaction. This study was done following the
dual culture method (Dennis and Webster 1971c). A
block of cellophane (10 mm x 20 mm) was cut from the
juncture of the two colonies and mounted in trypan blue-
lactophenol, and examined under microscope for hyphal
interactions. Isolates T 16 (T. viride), T 109(T. harzianum),
and T 188 (T. viride) showed clear hyphal coiling with
Af 11-4 mycelia.

The data of inhibition zome and morphological
characters were subjected to average linkage cluster
analysis using Euclidian distance as dissimilarity associa-
tion of GENSTAT Suatistical Package (Rothamsted
Experiment  Station, Herpenden, Herts, UK). The
dendrogram prepared from the above classified the 39
Trichoderma isolates into six groups (Fig. 1). Further
studies are in progress to determinc the biological control
potential of these isolates against A. flavus.

Acknowledgment. The authors thank Mr V Papaiah,
Genetic  Resources and  Enhancement  Program,
ICRISAT for his help in cluster analysis and making the
dendrogram.
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Evaluation of an Integrated
Management Package to Reduce
Preharvest Seed Infection by
Aspergillus flavus in Groundnut

K Vijay Krishna Kumar', S Desai’, VP Rao', HA
Nur!, P Srilakshmi’, and RP Thakur' (1. Interna-
tional Crops Research Institute for the Semi-Arid
Tropics (ICRISAT), Patancheru 502 324, Andhra
Pradesh, India; 2. National Research Centre for
Groundnut (NRCG), PB no. 5, Junagadh 362 001,
Gujarat, India)

Aflatoxin contamination in groundnut (Arachis
hypogaen) is one of the major problems that can
occur at preharvest and postharvest stages
affecting the quality of the produce and thus
trade. Aflatoxins are produced by Aspergillus
fiavus and A. parasiticus, which can invade the
pods during crop growth, when the conditions
are congenial for the pathogen (Hill et al. 1983).
An integrated approach through combining
chemical, cultural, and biological management
options could be a viable option for reducing
preharvest contamination of seed in groundnut
production systems. The efforts to subdue
preharvest aflatoxin problem should be based on
the principles of greater ecological sustainability
in the long run keeping in view minimal use of
pesticides. Through a collaborative project, the
International Crops Research Institute for the
Semi-Arid Tropics (ICRISAT) and the Indian
Council of Agricultural Research (ICAR) evaluated
an integrated package at ICRISAT, Patancheru,
Andhra Pradesh, India during the rainy season
in 2001 to demonstrate the effectiveness of
improved package vis-a-vis farmers’ practice.

Methodology

Two treatments, integrated aflatoxin management
package (IAMP) and farmers’ practce were
compared in Alfisol fields at ICRISAT, Patancheru.
Each treatment was conducted on a 0.1-ha plot.
The IAMP comprised: summer plowing Of. the
field; seed treatment with carbendazim (Bavistin
50 WP) at 4 g kg seed; furrow application of
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Trichoderma harzianum at 50 g culture mixed in 50
k.g farmyard manure before sowing {to make a
final population of 1 x 10¢ colony forming units
(cfu) g soil); spray of Nimbucidin (250mlin 50 L
water) for controlling foliar diseases and insevts;
ar}d a second spray of carbendazim (50 g+
Dithane M-45 (250 8)in 50 L of water, if required;
harvesting plants at 75% pod maturity; drying
the harvested plants by inverted windrows
method for 3 days to avoid contact betweer the
pods and wet soil; and removing insect-
damaged and diseased pods. In both practices,
hand weeding was done twice, at 20 and 45 days
after sowing.

The farmers’ practice (as a control) included
summer plowing, harvesting pods at full maturity,
drying pods by leaving them in the field, and
removing damaged pods, but did not include any
chemical and biological treatments.

Application of A. flavus inoculum. To ensure
infection, a highly toxigenic strain of A. flavus (Af
11-4) was multiplied on pearl millet (Pemnisetum
glaucum) seeds, mixed with farmyard manure
and applied in both the practices when the crop
was at 50% flowering stage (the most susceptible
stage of the crop).
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Figure 1. Soil population of Aspergillus ﬂ-mu. (Af 11-4)
at different crop growth stages in plots with IAMP
(integrated  aflatoxin management  practice) and
farmers’ practice during the rainy season, 2001 at
ICRISAT, Patancheru, Indis.



Soil and pod sampling. Soil was sampled at
three stages to monitor the levels of A. flavus
opulation. Initial sampling was done just before
sowing; the second sampling was done prior to
application of the pathogen inoculum (at 50%
flowering stage), and the final sampling at
harvest in both experimental plots. Pods from
the improved package plot were harvested at
75% maturity level and dried by inverted
windrows method for three days. On the other
hand, pods in the control plot (farmers’ practice)
were harvested at full maturity and dried by
Jeaving them in the field.

Seed infection, aflatoxin content, and A. flavus
population in soil. Pods were shelled and seeds
were surface sterilized before plating them on
Czapek Dox agar (CDA) fortified with rose
bengal (25 mg L") and incubated at 25°C for four
days in dark. From each plot, 100 apparently
healthy seeds were selected. Number of seeds
colonized by typical A. flavus was counted and
expressed as percent seed infection. Seed
samples (50 g) were soaked in sterile distilled
water for 4 h, later dried and incubated at 25°C
overnight prior to aflatoxin estimation by using
enzyme-linked immunosorbent assay (ELISA), a
simple and quick immunoassay protocol for
estimation of aflatoxins (Devi et al. 1999).

Soil samples (200 g from a composite bulk of
1000 g soil from 5 random spots in a field) were
sieved. The fine powder was serially diluted
with sterile distilled water to 10° and 10%
concentrations and plated on AFPA (Aspergillus
flavus and parasiticus agar) medium (Pitt et al.
1983). The plates were then incubated for 2-3
days at 28°C in dark and typical A. flavus colonies
were counted and population density was
expressed as cfu g soil.

.Ol‘her diseases, The crop was given supplemental
rrigation to avoid moisture stress throughout
the growing season. In both the plots, other
Important diseases were recorded by selecting
fen blocks, each comprising 100 plants row™.
Disease incidence was scored as percentage of
intected plants for stem rot (Sclerotium rolfsii) and
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on aez~9! scale for late leaf spot. Bud NECTOsis was
Scored for the presence (+) or ab -
infected plants. e B of

Results and Discussion

The indicators for the effectiveness of integrated
management of aflatoxin contamination were
fungal infection and aflatoxin content in the seed
alnd.A. [In.vus population in the soil. Despite the
similar initial population levels in both the plots,
cumulative gain in the cfu was observed in the
plot where farmers’ practice was followed
indicating unremitting growth in A. flavus due to
absence of any control measures. On the other
hand, the beneficial effects of soi! treatment with
the antagonistic fungus Trichoderma sp was
apparent in the plot with improved package,
despite the addition of A. flavus inoculum during,
flowering stage, which produced spores at
1.82 x 10" m* row (Fig. 1). Trichoderma sp being a
potential antagonist might have prevented the
proliferation of A. flavus in the soil. Trichoderma
sp has the ability to inhibit the growth of A. flavus
in vitro by production of non-volatile antibiotics
(Desai et al. 2000).

Seed infection studies revealed predominance
of A. flavus infection in plot with farmers’ practice
(10%) over improved package (2%) (Table 1)

Table 1. Evaluation of an integrated aflatoxin
management package and farmers’ practice in
groundnut (cv 1ICGS 11) during the rainy season,
2001 at ICRISAT, Patancheru, India.

Integrated
package

Farmers’

Parameter practice

Seed infection by 2
Aspergillus flavus (%)

Pod yield (kg ha") 555

Late leaf spot damage' 69 (:0.23)

Stem rot incidence (%) 25(2062)

10

544
7.7 (2015)
310(2470)

N \ R
Bud necrosis incidence’

1. Mean of 10 rephcations, 1-9 disease rating scale where 9 =

susceptible.

2. + = Disease noticed

1AN 22,2002 43




This could be because of inhibition of initjal
rhizosphere soil population build up of A. flavus
by seed treatment with systemic fungicide and
application of biocontrol agent in the improved
package. Although no aflatoxin contamination
was recorded in seed samples in hoth practices,
with 10% seed infection levels in farmers’ practice
it is likely that aflatoxin levels would be higher
under farmers’ storage conditions than under
dry conditions.

The improved package recorded only a marginal
increase in pod yield than farmers’ practice,
reflecting the fact that aflatoxin contamination is
more of a qualitative problem in groundnut than
quantitative. The concomitant effects of the
improved package were evident in scanty incidence
of late leaf spot and stem rot diseases over
farmers’ practice. Further, application of such a
package in the long run would improve soil
health and might result in improved yields as
well.

These results need further confirmation, and
relative economics of the two cultivation practices
could be compared from on-farm evaluation
trials at village level in aflatoxin risk sensitive
areas in the target districts of Andhra Pradesh
and Karnataka during the rainy season in 2002.
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[Abstract]

Trichoderma species offer considerable potential for controlling aflatoxin contamination in
groundnut. However, targeted and rapid identification of useful jsolates is hampered by an array of
practical classification issues. Thus, this study investigates the use of sequence and AFLP analysis for
rapid classification of new Trichoderma isolates. In addition, we have evaluated the scope for
developing rapid and cost effective diagnostics for specific Trichoderma species and for identifying
isolates most likely to be highly antagonistic to Aspergillus flavus species. Unique SNP haplotypes
were identified for many but not all species. Sequence-based classification (anchored to GenBank
sequences of ex-type strains) was significantly more reliable than morphological characterization but
did not provide a comprehensive diagnostic solution. In contrast, AFLP analysis (based on six primer
combinations) was able to distinguish all 48 Trichoderma isolates use in this study. Yet this level of
analysis is still too time consuming and cumbersome for routine diagnostic. Thus, individual AFLP
bands have been identified which distinguish closely related species. We have also identified other
AFLP bands highly correlated to antagenism to A. flavus which represent candidates for the
development of a simple PCR-based diagnostic test for rapid yt and cost effective identification of

Trichoderma isolates for the biocontrol of aflatoxin contamination in groundnut.

(204 words) limit 250
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induce host-defense responses in plants (15, 57), produce cellulolytic and hydrolytic enzymes (23).
antibiotics (18) and degrade organochlorine pesticides (28). Recent investigations have shown that
some Trichoderma species preseat in groundnut-culivaied soils are antagonistic to A. flavas (47).
Moreover, there are several reports of Trichoderma spp. inhibiting growth of A. flavus and preventing
synthesis of aflatoxin B1 (6, 16, 46).

Taxonomic identification of Trichoderma species is still largely based on the characterization of a
large number of morphological descriptors resulting in the division of the genus into five sections:
Trichoderma, Pachybasium, Longibrachiatum, Saturnisporum and Hypocreanum (6, 7, 8, 38).
Unfortunately, identification of Trichoderma at the species level is difficult due to a high level of
morphological similarity amongst certain species (30). In addition, because of their genotype-by-
environment variability morphological markers are ofien not highly reproducible. Moreover, these
conventional methods of identification require a high level of expertise and are time consuming, thus
present a bottleneck to the rapid identification of useful isolates (33). As an aliernative to
conventional classification based on morphological taxonomy, there has been much interest in using
molecular taxonomy based on: isozymes (21), RFLP (34, 37), PCR fingerprinting (34), RAPD (1, 56)
and sequence polymorphism (30, 31). On this basis, molecular genetic taxonomists have identified
four clades: clade A Trichoderma sect. including T. hamatum, T. pubescens, T. koningii and T.
atroviride; clade B containing a large heterogencous mixture representing the Pachybrasium sect.
Mmzmmr,mcmcmmmwmmuwcmn
containing T. aureoviride (24, 30, 31, 33; have been observed. Many groups have suggesied that &
l:ll;lﬁphasic approach based on: metabolic characteristics, morphological observations and nucleotide
sequence.information (TTS1 and 2) are more apt in defining species, although morphological and

physiological data alone may not accuraicly reflect phylogeny (21, 24, 31, 33). However, the
multiphasic approach does not necessarily offer a reduction in time and expertise required for reliable
diagnosis. Accurate and precise classification regains critically important for identifying geographical
and phylogenetic hot spots for antagonistic bebavior.
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assays, and has been extensively used for Population structure analysis of other microorganisms (43).
These advantages have facilitated the compilation of diversity databases indicating standard reference
AFLP banding patterns for harmonizing diagnosis by the community at large (43).

The present study compares AFLP fingerprinting and 28S rDNA (D2) sequence-based diversity
analyses with previously reported morphological classification of 48 Trichoderma isolates. We have
also auempted to identify specific AFLP bands which provide species differentiation or association
with antagonistic behavior.

MATERIALS AND METHODS

Collection and couventional characterization of Trichoderma ‘solates. The Trichoderma isolates used in

this study were collected and identified as described previously (47). In y thizosphere soil samples were
collected from major groundnut growing arcas of four districts in Andhra Pradesh and two districus in

Karnataka, (all districts in Southern India) during the 2000 and 2001 rainy seasons (Tabie 1). A tot! of 212
d. A

Trichoderma isolates were obtained from 386 soil samples and single-spore rep ives were go
subset of 48 isolates showed a clear inhibition zon¢ in dual-culture studies, of which 35 were characierized for
production of volatile and diffusible antibiotic, referred 10 a8 V and D type antagonism, respectively (data not
M).mmmwmummmmmmwtamu
association analyses in the present study.

DNAhohﬂon.ﬂneJSTﬁchodemaiwlmsmminuhndmwlidpwmdex
" ground in liquid nitrogen and lysed

trose medium (PDA) and

incubated at 28°C for 5 days. DNA was ‘ﬁqnhnxtl yceli
warmed CTAB extraction buffer (2. 5% CTAB, 100 mM Tris-HCI, 20 mM EDTA, 14 M

).'nuxmmmmmmm-astwmmmwmm

oroformvisoamy! alcohol (24:1). The aqueous layer was scparated by

with 15 ml of pre-
NaCl, 0.03% f-mercaptocthanol

then mixed with an equal volume of chl
purified with chloroformisoamy! aicohol. Crude DNA

in TE (50mM Tris-HC1 pH 8.0, 10mM EDTA)

centrifugation at 6000 rpm for 10 min., and then further
»
was precipitated with 0.7 (V/v) isopropanol and suspended
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on 0.8% (w/v) agarosc gel ng ethud, '—-‘ThecumnmdnumﬂDNAmm
by comparng intensities with that of known concentrations of lambda DNA

285-rDNA fungal sequence analysis. The Large Sub-Unit (LSU)-D2 region of tDNA was amplified using
pnmel'llllpphed‘fllhﬂlWDZUUhl(WMBmemW) Fungal DNA was
diluted to Ing/ul and 251 of diluted DNA was mixed with 25l of fungal PCR mix supplied by the
manufacturer (compnsing dNTP, reacton buffer and ampliTaq gold DNA polymerase) Samples were
amplified using the following PCR profile inital hold at 95 °C for 10 muns followed by 40 cycles of 93 °C for
30 sec, S3°C for 30 sec, final hold eemperature of 72 °C. PCR products were passed through purification
columns (Invitrogen USA) and venfied by agarose gel electrophoresis (1.5% w/v) Punfied PCR products were

h

used for cycle sequencing with dRhod dye Y. as per the f *s instrections,

using the following PCR profile 25 cycles of 96 °C for 10 sec 50 °C for S sec and 60 °C for 4 min
Unincorporated label and sequence primer was removed using a standard ethanol/sodium acetate precipitation
procedure Sequences were analyzed using an Applied Biosystems geneuc analyzer model ABI 3700 with a

POP 6 gel matnx, filter set E, and DT 3700 pop6 dRhodamine v3 mobihity file
Seq based phylogeneth lysis. Forward and reversc sequence data (285 rDNA D2) from 38

1solates was analyzed using Chromas v2.2 (Technelysium Pry L Australia) software (it was not possible to
obmngoodqndntynqmmfmdnmmmnglommmzmdy) The resultant sequence data
wuecmnpuedmmmeNCBldluhlcuungBLASTh The nucleotide sequences from the most homologous
BLASTn alignments were retrieved from NCBI (Table 2) and used as reference sequences for phylogenetic

analysis It should be noted that the 7' pi bescens in GenBank 15 listed with the incorrect culture number of

DAOM 162.162 whereas the correct accession number is DAOM 166 162. (Pen Com CP Kubscek)

Sequencuanufamnwm:hgmdmmd:nfcwﬁunuchoN\cmpTchmqp using the

Clustal X (1 81) multiple seq ligs Jgonth using the default options for alignment (48) Nucleotde

&mmmwmumm';m(mmm)mwwwmm
implemented by Mega 2.1 software package (32)

performed by the neighbor-joning (NJ) method (42)

203



O 00 N A W A WD

R b [ = [

27

29

mmuwmwmmum(mommmmm.wm
X .
nmmchmﬂchdumﬂnmmmwm(vmuﬁomum) -

uummwmﬂhcnv:w 1 et serformeg
¥ ording 10 the

manufacturer’s instructions (Invitrogen, USA) with some munor modificanons, DNA (40 ng
Fungal was

cluvedwiﬂlmﬁmmymﬂ&oklmuuluﬂfhztu Enzyme activity was wermunased by heat
inactivation (15 mins at 70°C) of cleaved products. Adaptors

ponding 10 EcoRl and Msel restricuon sites
were ligated to the cleaved fragments using T, DNA ligase Pre-selocuve amplification of a 10-fold diluted

ligﬂtedDNAMwmwtmmmwMulmmhfmmmkm94
°Cfor30lec.56‘Cfu'60lec,llidn'C(aw:ecfalnnloqucha.Pm-nMHWUhﬂmMm
were then diluted 1:50 prior to selective amplificauon. The EcoRI selectve pnmers were laboled with [y-2P)-
ATP (3000 Ci/mmol). Initially 36 selective pnmer combinations were pro-screened on four Trichoderma
isolates for protocol optimization and selection of pnmer combinations producing the highest number of
polymorphic fragments. The following six primer combinations were used to screen all 48 isolates (E-AC/M-
CTG, E-AG/ M-CTG, E-AT/ M-CAG, E-TA/ M-CAC, E-TG/M-CTA and E-TA/M-CTC). DNA fragments
generated from selecuve amphifications were scparaied on denatunng 6% polyacrylamide sequencing gels
containing 7.5M urea. Aliquots (3 1) were mixed with loading buffer (95% formamude, 20 mM EDTA, 005%
bromophenol blue, 0.05% xylenc cyanol), denatured for 5 muns at 95 °C and cooled w0 4 “C pnor o gel

electrophoresis. The dned gels were exposed ght at room temp to X-ray films (Kodak X-Omat)

with one intensifying screen sandwiched in a film-cassetic
mrmmmmuwymlyﬁ.nqummpmmmmmmm
or absence (0) of all polymorphic bands. The resulting 48 x 250 binary data matnx from 6 primer combinations

andwuﬁmuwrwingemucnmhnmmsdwduomublndmlmm'woefncieu(m The

48 x 48 similanty matnx was subycted to 36 | aggh hierarchical nested (SAHN) clusienng

using UPGMA (unweighted pair-group method analysis) in the NTSYS-pc software vermon 2.0 (39-)_ Muld-

dinunsiomllcaling(MDS)usmgNTSYS-pcwual:onpphedmﬂnunuhmymmtouaeuhwmeuohm

used to
tehtetomemotherinutwo—dnmmnmdsplmlplmmmgthefmmMDSm The MDS was

obtain an independent validation of UPGMA clustening results  Sinular clustenng analysis using UPGMA was

wpluwummumwummmmmwmwmcm T pubescens - T hamatun and

T. harzianum - T. inhamatum.
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dismuﬂUPGMAclmﬁngmwmwoyed using TFPGA software (36)
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potentially be converted to simple species specific PCR markers, and will theref| be referred w© hereafier as
markers. The frequency of (0,1) and (1,0) occurrences was computed to dentify markers that allowed
differenﬁaﬁonbetweendietwopunohpecmthaummThm-udmlrlyfandmw
and T. hamatum, containing 12 individuals (32 par-wise combtnations) and 20 individuals (99 pair-wise

combinations) respectively. The degree to which a p lar marker differentiated the two species was then
estimated as the ratio D[ {(#(0,1)+#(1,0) ¥Total #pmurs]*100, where #(0,1) denotes the number of pairs in which
the first individual has a score of 0, while #(1,0) denotes the number of pars in which the first individual has a
score of 1.

To identify markers that may be significandy associated with D and V type antagonism, the data an cech
marker were subjected to linear regression analysis using the mode!

yima+Bx+e

where y, is the antagonism value of individual 1, @ 18 wntercept, B 1s the linear regreasion coefficient, x, takes
VlllleIfa’ﬂlep'emoflblndlm‘lOothcr\vllt.&llnndommmnndlofollovlm\ddiuﬂhnkm

with mean 0 and constant variance 0. Due to the binary nature of the independ bl x,, the regressi

coefficient B=jt;-po Where p; and o arc means of antag values ponding t0 the p and the

absence of band respectively for the markers concerned

RESULTS

28S-rDNA phylogenetic analysis. Soquences of 250 nucleoudes in length, specific to the D2

LSUlegionofzss-rDNAﬁmlSSge

100% homology to Trichoderma spp. 1n GenBank (with E values of ¢
gswpsT.pubm:tm-T.hanamT.hardm-T.

notypes was BLASTn analyzed resulung in alignments with 92-

14 15 ¢ '*%,. All 38 sequences

aligned with one of the following specics
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28S-4DNA sequence information was available for ex-type stains this was preferearially uaod for the
analysis, otherwise, strains reported as being typical for the species based on morpbology. physiology
and molecular genetic characterization (24, 30, 31).

Sequences were first aligned in ClustalX (1.81) and then cross-referenced by eye with the
wqumphmmwdmkfmmbmmiuommdhnmmm.uwﬁmum
ends consisting largely of unaligned regions, the sequence length analyzed was of 218 nucleotides and
consisted of no gaps. As some clustering alignment programs are more sensitive to data input order
(26), various input orders were compared. When a sequence derived from any isolate used in this
study was entered first there were no gaps in the alignment and the phylogenetic troes were consistent.
However, this was not the case when the T. harzianum GenBank (AF399236) sequence was entered
first, 80 this input order was not used.

Only 14 single nucleotide polymorphisms (SNPs) were observed in the 28S-rDNA region across
the 38 genotypes tested, most of which were transversions (Figure 1). There was no intraspecific
variation of the 28S rDNA region among isolates of the same Trichoderma species, suggesting a high
level of sequencing accuracy and sequence conscrvation within species in this region of the genome.
Howevu.omainindividquNPsmdmupsofSNP:memmmmmspeciu.
Nevertheless, clear haplotypes were observed for all species apart from T. pubescens - T. hamatum
and T. harzianum - T. inhamatum groups.

The NJ phylogenetic analysis of 28S-rDNA sequence data from 38 isolstes and eight
Trichoderma spp. reference strains identified four distinct clades (Figure 2). UPGMA analysis
generated identical clusters but with higher bootstrap values (figure not shown). Clade | included 20

isolates clustered with T. pubescens DAOM 166.162 (ex-type strain) and T. hamatum DAOM 167057

(ex-neotype strain). All 20 isolates and two reference strains had identical sequences, with their
CIustersepmxedfrmnoﬂmunbowmvﬂueoﬂz%(UPGMAbootmvducowl%).holuu
inﬂlisclukdidnotexhibiunyoflhesmob‘ervedintheothu'tpeciﬂ.CladeZ.includuduT.

mcﬁ,r.mmmzwmmmudwmmmm
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were common to al three species (nucleotide positions 23 and 94) whilst others differentisted 0o or
mdﬂ‘m(ﬁml).mscwehnMmemanMt
koningii (CBS 979:70) and the other with three isolates clustering with T. azoviride (DAOM
l6$779).1'heIkmhgﬁchswkdiﬁmﬁamdbymumhummmmssmn
but there is variation between the isolate and reference strain at nucleotide posiuons 116 and 150.
There are only two SNPs differentiating T. vinde (ATCC 28020) from 7. atrovinde (DAOM 165779)
at nucleotide positions 25 and 116, and, no other isolates n this study possessed those two SNPs. In
contrast, there were no unique SNPs for T. arovinde. Clade 3 comprises the ex-type reference straun
T. longibrachiatum (CBS 816.68) and two isolates, charactenzed by 6 SNPs (of which three are
unique SNPs at nucleotide positions 36, 59 and 60). In addiion, two other SNPs (at nucleotide
positions 113 and 204) were observed in T. harpanum - T. inhamatum, while a further SNP (at
nucleotide position 133) was observed i T. atrovinde The large number of SNPs i1n this clade
separates it from others at a bootstrap value of 98% (Figure 2) Clade 4 includes T. inhamatum CBS
273.78 (ex-type strain) and 7. harzianum CBS 226.95 (ex-neotyp: strain) complex and twelve isolates
which were characterized by three SNPs. Only one SNP (at nucleotde position 112) was observed o
be specific to this clade. This clade was scparated from the others at a bootstrap value 75% (UPGMA
bootstrap value of 94%).

The G + C content of the D2 LSU sequence for each clade was as follows. 78.6% for clade 3 (T.
longibrachiatum), 71.4% for clade 2 (T. korungis, T. amovinde and T. virde), 64.3% for clade 1 (T.
pubescens - T. hamatum) and 57% for clade 4 (T. harpanum - T. inhamatum).

Amdnmu.lyds.,\walof250inlemepolymaphncbmdsm»denuﬁodbymw
primers and no monomorphic bands were observed. The number of polymorphic bands per pamer
varied as follows: 24 for E-AC/M-CTG; 64 for
CAG; 28 for E-TA/M-CTC and 46 for E-TG/M CTA (Figure 3). The. geactic sunulanty coefficients
thm were used for generating an UPGMA dendrogram (Figure 4a).
matrix not shown) ranged from 0.11 t0 0.97. Indeed,
i the UPGMA

E-AG/M-CTG; 40 for E-TA/M-CAC: 48 for E-AT/M-

obtained using the Jaccard algori
Pair-wise similarities between isolates (similarity
one isolate (T-24) was separated from all others at the 21% sumilarity level

mmnamdemnmmwwummmw
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(not shown). Dendrogram clusters were poorly correlated with species designations based on
morphological characteristics and geographical collection site Since 1t was not possible to include

reference strains from each of the Trichoderma species due to quarantne restrictions, difficulties were

meurred in anchoring AFLP analysis to the defined ex-type srains Based on MDS analys of the
AFLP dataset 1t was possible to separate 15olates into  different groups (Figure 45) with three outhers
(T-24, T-73 and T-74). However, these groups are poorly correlated with spocies designations based
mmm“ﬂwmmmlymmwzmmwmm

AFLP marker association analysis and ciade validations. TFPGA analysis of the AFLP dataset
using Nei's genetic distance, with subpopulatons defined on the basis of 28S rDNA phylogeneuc
sequence analysis, confirmed the relationship between clades (Figure 4a compared with Figure S)
However this was not the case when using morphological based species designations This infers that
classification based on AFLP diversity analysis 1s broadly congruent with sequence-based species
designations

Further analysis of the AFLP dataset, regarding the two major clades T pubescens - T hamatum
and T. harganum -T nhamatum suggests that there are two disunct sub-groups within the T
pubescens - T. hamatum clade separated at the 20% similanty level (Figure 6a) Simularly, there
appwswbetwodnsumtclumwnhmthe T harpanum - T inhamatum clade scparsted at the 28%
similanty level (Figure 6b) On this basis we atiempted 1denufying candidate AFLP markers able to
differentiate amongst these sub-grovps (T pubescens - T hamatum and T harganum - T
inhamatum). For the twelve 1solates within the T harpanum T inhamatum clade ( e1ght 1solates in

sub-group 1 and four 1solates 1n sub-group 2) exght markers differentiated the two groups to the extent
of D = 100 % (Table 3) Simlarly, for the 20 1solates within T pubescens - T hamatum clade, (nine

1solates in sub-group 1 mdelevenmwb.gwpzmﬂymemmmffemnmdnwommm

D =100 %.
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markers were significantly (P = 0.05) correlated with the D-type antagonism (Table 4a). The two
(independent) markers M25 and M40 exhibit the tightest association with D-type antagonism. Eight
markers were significantly correlated with V-type antagonism, with markers M21, M155 and M196
being the most tightly associated (Table 4a). Several of these markers are significantly associated with
each other based on Fisher exact probability test suggesting these markers may be genetically linked
on the same chromoeome (Table 4b). These markers associated with antagonism can be considered

for conversion to simple PCR based assays.

DISCUSSION

The exact characterization and identification of strains to the species level is the first step in utilizing
the full potential of fungi in specific applications (34). However, the cument taxonomy of
Trichoderma is based almost exclusively on species isolated from North America and Western
Europe. It has been estimated that there may be more than 200 Trichoderma species (44). Thus, the
taxonomy of Trichoderma is still likely to evolve for some time to come. Meanwhile, the molecular
taxonomic classification by Kullnig-Gradinger and co-workers (31) is widely emerging as the bench-
mark for Trichoderma classification. Thus, in this study we have used sequences from ex-type and
other key strains as references for phylogenetic snalysis with the aim of contributing to the
development of a practical solution for a rapid, accurate and cost effective method of classifying
newly collected isolates of Trichoderma.

Data from the six morphological characteristics (47) was separated into quantitative and qualitative
parameters and subjected to UPGMA diversity analysis. The resultant plot failed to differentiate 19 of
widenﬁalclustmon.Bm‘isolm.whikuﬁnﬂuGchqum

the 48 isolates which fell in
only differentiated at the 99% similarity level. Thus, it is clear that using a sub-set of morphological

209



10
11

characters cannot provide & rapid and accurste diagooutc. Howeves, the evaluaion of 40 or mors
morphological traits (21, 34) preseats a major bottleneck for the ranid identification of useful isolates
(33).

Sequence-based diagnostic analysis has been useful in establishing coarse-scale phylogeny of
Ascomycetes and defining family-level groups (4). In addition, it has been shown that single gene
trees are highly correlated with multiple gene trees at the clade level (31). Thus, the commercially
available kit MicroSeq has proven successful in the identification of isolates used in this study.
Moreover, through using ex-type strain sequences from GenBank as references, it has been possible to
classify the 48 isolates used in this study into four phylogenctic clades. This approach appears to be
considenblynwleteliableﬂuntheunofmorpholo;icdchmm.whichlppemmbemb
misidentification (30, 33). In many cases, SNPs unique 10 a given clade have been validated amongst
multiple isolates in this study (clades I and 4). These are now good candidates for conversion into
multiplexed PCR-based SNP assays for routine rapid and low cost typing. Other potential clade-
specific SNPs identified in this study still require validation amongst a larger selection of isolates
(clades 2 and 3).

It is widely reported that T. harzi - T. inh is the most abundant taxon in virtually all

habitats (33). However, of the isolates investigated in this pnylogentic: study pre-aclected on the basis
of antagonism to Aspergillus, we found that the predominant taxon was 7. pubescens - T. hamatum

(52% of isolates) followed by T. harganwm - T. inh (32%). Abundance of A. flavus

antagonistic Trichoderma species in groundnut fields could provide an effective biocontrol strategy
for reducing the A. flavus population and consequently the aflatoxin contamination of groundnut
kemnels. Further studies would be neede 4 1o understand the interaction between specific Trichoderma
species and A. flavus popul;uons in groundnut fields. The global Trichoderma biodiversity initistive
has reported the identification of & high proportion of new species from collections in Asia and

Europe (9, 31, 33,). However, all the isolates studied bere cluster with an already well-defined

spedﬂ.Simewehaveonlysmdieddw“nmmugoninicisolmﬁmﬂaecoﬂecﬁonofm

iloh(es.(hismlyalggwlhamwbeﬂTﬂchthabiocmﬂdlpﬂmminnA.ﬁavu.ewbefound
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28

inalmdydeﬁnedspedwptedommlytmmn-r.“ and T. pub - T
hamatum,

hthis:mdywehavebeenumblewdiﬂ‘mnmthethmmm-r inhamarum and T pubescens -
T. hamatum clades based on 285-rDNA (D T harpanum and T inhamatum have been consistently
troublesome to differentiate based on sequence based molecular phylogeny, phymological or
morphological characters (14, 24, 33, 45) In contrast, T pubescens - T hamanom has been
differentiated using ITS! and 2 1n other studies. However, AFLP analysis has differentiated virtually
all isolates tested in this study (Figure 3a) in contrast to all previous used single assays (31, 34) One
of the main advantages of AFLP analysis 1s that 1t 1s able to simultancously survey many more points
on the genome than any other molecular assay. Unfortunately, this very high level of detectable
genetic polymorphism across the genome (250 polymorphic bands in this study from just 6 pnmer
combunations) generated highly complex diversity patterns However, AFLP analysis of individual
sequence-based clades generates clear sub-groups within T harpanum - T inhamatum and T
pubescens - T. hamatum (Figure 6a and 6b), expected to relate to the two different species in each
par.

We have investigated the possibility of using Trichoderma spp denived from soils in major groundnut
production areas in Southem India, as BCA for the control of toxigenic Aspergillus spp This
endeavor would be significantly enhanced by the development of rapid and precise diagnostics for
Trichoderma species and diversity groups with tigh levels of antagomisic behavior against
A;per,illuspeciec.'l‘othiscndwchmmownmatcmd»dncAFLPbmdsc-nbidmuﬁedfa

conversion to simple PCR based markers which may differentiate between T harpanum - T.

inhamatum and T. pubescens - T. hame.tum the two major groups 1dentified 1n this study On the other

hand Kubicek et al. found species-specific metabolic properties associsted with the different

Trichoderma spp., but they were also not able to differentiate all species (33) Thus, the current study

mggmmnAFLPmaypmvetobemappmpnmwolforTnchodmnanpecncsdumuca

Similarly a set of markers has also been associated with the two types of antagonistic bebaviour (\

mthype)l.hmughregressnonanalyns.Nq\coﬁhemrkmmuﬁedmmwmmonmme

two antagonistic characteristics assessed.
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TABLE 1. Trichoderma isolates used for molecular anatvas

Isolate code Trichoderma species * Distract Trchoderma specics
T Unknown Chittoor T pubesiena -
T2 T harzsanum Chittow T pubes en
T6 T longebrachiatum C hittoor T Mirosamam
TIi1 T harzianum Anan.apur T puber en
T2 T komngu Chttoor T pubes ens
T3 T kormngu C hurtonr 7 pubes eme
Ti4 Unknown C hitoor T pubescen
TIi6 T wviride C hattosor T A ramtane
T20 T harzianum Chittems Pubes e
™ T horngu ¢ hittoor < puter o
T24 T vinde C hittoor 7 pubes en
T29 T pseudokoning i [QLFITEN T ohar doma
T3 T komngu C hattoxr No data
T34 T longibrac hiatum Tumhur T i tomem
T35 Unknown Chitoeo N data
™7 T pscudokoning Nolar Ne data
TAa2 T haruanum C hitoor T pubes en
Tao Unknown € hatt o N dats
T47 T hamatum Tumhur T asrenvirsie
T4a9 T komngu C hittoor NO data
T50 T wvinide C hattony 7 puter ens
TS1 T virsde Tumhu T pubes ene
TS3 T harzianum Tumku N dat
TS6 I longibrac huasum Tumiur T pubres en
Ts8 1 harunansm C hroor T pubes en
T60 T wiride Tumbkur N data
T62 T viride Chittexn I atron e
T70 T komngu C htttoor T hariiamem

TiI2.re T hargpanum’ Anarcapur T harziamem
Unknown Tumbur N data
11;’: Unknown Tumku: Tateavire ¢
T83 T komngi Anantaput I pubes en
nknown Tumkur 1k menga
I?g : haruanurmr ¢ baittoor T isng rrar huatwmrn
Ti02 7 longibrac hiatum C hattexor T ohar samum
T haruanum < hatoo [ pubes rns
:’:?:) T longibrachiatum Chatzonr T hwir samum
TI17 Unknown TJumkur ! pubescens
TI129 T haruanum Tumkur T wragibruc hectum
TIi34 Unknown Anantapu e data
Ti42 Unknown C hittoor T ohar s
Ti43 T komngu Chittoor T huar-iamumn
Ti61 T konngu Tumkur T harziamum
T harzanum Chsaoor T harzsamum
C;:;g T wiride Chattoor 7 pubescens
Tumkur T pubes e
Tiss ; wnje Kotar I pubescens
0S viride
goﬁ T psewdokoninsi Anantapur _‘_" duis

(o i cmedino 10 mamhbolorical Cs PO B Cy
! Specics designation given to

? Species designation based on sequence analysi



TABLE 2. Trichoderma spp representatives used in the phylogeny study including
collection number and gene sequence accession numbens AT CC, Amencan Type
Culture Collecuon, Manassas, CBS, Centraalbureau vour Schummelcultures, Utrecht,

DAMO, Department of Agniculture (Mycology), Ottawa, Canada

Species Name Collection T Geographical origin (senBank  mccession

and number and haditat number  for 280
rDNA sequence

T pubescens (cx-lype stran) DAOM 166 162 USA Sail Al 199248

T hamatum (ex type stian) DAOM 167057 Canada Soil Al 19w A8

T komingu CBS 979 70 Netherlands Tree Ab

T viride ATCC 28020 USA St AL LITISO

T airoviride DAOM 16577 USA AL

T longibrachiatum (cx type stram)  CBS K16 68® LSA NEET

T inhamatum (ex type strain) CBS 273 7Ke Colombia Sosl Al B2 30

T harzianum (ex ncotype stramn) «BS 22699 Lk AF Y021

* Refcrence strains also used in the MnLroSa“r;mg‘l‘E»r_,x—;; L 00SOC for fungal wdentlication

(httn ffwww annhiedbiosystems come teghsupp sw pps Mbew bl



TABLE 3. AFLP markers that differentiate between the group 1 (9asolates) and group 2 (11

isolates) within clade T.harzianum - T.inhkamatum and similarly group | (¥ isolates) and group

2 (4 isolates) within cladeT pubescens - T.hamarum by 100%

T.harzianum - T.inhamatum n=20 T.pubescens - T hamarum n=12

Marker # pairs D% Marher # pairs D%

a7 2 100.0 74 Go T T woo
48 32 100.0

49 32 100.0

80 32 100.0

85 32 100.0

131 32 100.0

132 32 100.0

134 32 100.0

Fpairs = #0.1)+#(1.0); D=[{#(0.)+#() 03y Total #pain]® v




TABLE 4A. AFLP markers significantly assoc

1ated with antagonism

D-Type Marker 3 ) Duplicate
M199 ;‘}:;r“p ! l‘l‘(;;x gol’::"’ ::’J R2 markers Linked Markers
(=14 Ma 169 Ll 005 ae
I 2 MO
M105 1.78 1.36 0.032 278
Mi152 219 -1.22 0.050 2 Mies
MI6S 293 A 002 a0 Mis
M70 1.87 1.38 0.042 242 )
M40 336 -1.70 0.004¢ 477 M1} M4
M25 4.50 -2.61 0.001* [ M27
M27 3.60 -1.70 0.019 AN M2
Duplicate
V-Type Marker Intercept Slope T-Prob Adj R2 narkers Linked Markers
(n=21) M2l 3.14 1.20 0.026° 204 T T T MY MISA, M
MISS 314 119 0.022* 207 Ml M2, MIS, M9
M196 3.21 113 0.026* 20,0 M2, MIS, MISS
Mi187 3.4 0.80 0.045 160
M35 3.05 0.78 0.048 4% M1 MISS, Mioo
MI190 3.67 0.73 0.051 15,6
M239 3.61 0.7 0.052 149
M112 3.77 0.62 0.045 16.2

Duplicate markers: Markers that have exactly the same 0-! data pattem across olates
Linked Markers as inferred from Fisher Exact Probability Test (Table 4b)
* Markers with most significantiy association with ) and V type antagomiam

TABLE 4B. Association between AFLP markers based on Fishars exact test

Type D (n=14) D )
MI199 M4 MI05S M52 MI6S  MT0 M40 MY M7

M199 *

Md44 0110 *

MI05 0.604 0203 *

MI152 0692 0657 0238 *

MI165 0769 0.500 0.133  0.002 v

M70 0.066 0.095 0095 0594 720 ¢

M40 0.110 0.023 0203 0238 0133 0ws *

M2s 0275 0.110  0.110  0.308 0231 0066 0110 *

M27 039 0275 0275 0.154 0500 0176 0275 0033 _*°

ﬂpﬂ(’r‘dzzll) MI87 M35 MIY M239 MI12  MISS  MIY%

M2l .

Mi187 0222 *

M35 0031 0664 *

MI90 0.624 0455 0.392 .

M239 0.211 0556 0314 0255 .

MI12 0.458 0259 0102 0.430 0414 * .

MIS5  0.001 0202 0.026 0.656 0.237  0.421 )

MI96 0.001 0202 0031 065 0263 0458 ¢ .

Bold italics indic

atc markers significantly associaled to cach other
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FIGURE 2. Phylogenctic tree of 38 isolates inferred by neighbour-poining  nalysis of 2KS.

rDNA sequences. The numbers given over branches indicalte the percentage of 1000 bootstrap

resampled datasets supporting the clades. Clustering is based on the Kimura two-parameicr.



W R

c
(1)

Y
[

FIGURE 4A. UPGMA dendrogram of 48 Trichoderma isolatcs based on AFLP datasct using

Jaccard distance.

T24
138 o
73
1 °
068
) TH ‘}?ﬁn
] T205 o [ oo
872: 29 L
4;“9 ° 1117 113 og T170
161 T1
1ot [-) ST
11 7, °
P T86
J °T6 o ?
°
088
T47 o
o [%
1 Q
] °
136 — - — .
-137 059 000 059

1

FIGURE 4B. Multi-Dimensional Scale (MDS) plot of 48 Trichoderma isolates based on

AFLP datasct.

225




1 1 1 | \
! T T 1 —
0.200 0.150 0.100 0.050 0.000
l: T.homanon / T.tnhamenm
T pudescens / T Aamarum
T.atroviride
T.longibrachiatum

FIGURE 5. UPGMA dendrogram of the AFLP dataset using Nei's genctic distance, with
subpopulations defined on the basis of 285-rDNA phylogencuc sequence analysis.

226




1 —

Tpw 1

L___*{ Tpubdl

Y —

Ty 2l

Tpuh2e

— —— — — - jT.pd_l]
020 038 033 on o9

Coafficrent

FIGURE 6a. UPGMA dendrogram based on AFLP data from isolates belonging to 7

pubescens - T. hamatum

Thars I

Than _I6

L ——Thans 72

Bt 8 WU T

- Thae M

[Famete

lu..,m

Thar ™

Thar 6

—
| IR

Tihar_161

[ Thes 29

FIGURE 6b. UPGMA dendrogram based on AFLP data from isolates belonging to T.

harzanum - T. inhamatum.

227




Allen S.G., Dobrenz A.K. Schonhorst M.H., and Stoner J.E. (1985).

Heritability of NaCl tolerance in germinating alfalfa seed. Agron. J. 77: 99-

101.

Allouis 8., X. Qi, S. Lindup, M.D. Gale & K.M. Devos (2001). Construc
BAC library of pearl millet,

1200-1205.

tion of

Pennisetum glaucum. Theor, Appl. Genet. 102:

Almansa M.S., Palma J.M., Yafiez J., del Rio L.A. and Sevilla F. (1991).
Purification of an iron-contaming superoxide dismutase from a citrus plant.
Citrus limonum R. Free Radic. Res. Commun. 12: 319 328

Almansouri M., Kinet J.-M. and Lutts S. (2001). Effcct of salt and osmotic
stresses on germination in durum wheat (Triticurmn durum Desfl.). Plant and
Soil 231: 243-254.

Alscher R.G. (1989). Biosynthesis and antioxidant function of glutathione in
plants. Physiol. Plant. 77: 457 464,

Alscher R.G., Erturk N. and Heath L.S. (2002). Role of superoxide disrnutases
(SODs) in controlling oxidative stress in plants. J. Exp. Bot. 53:1331-1341.

Alwala S., Andru S., Arro J. and Kimbeng C.A. (2003). Target Region
Amplification  Polvmorphism (TRAP] markers lor sugarcane genotyping
Journal of the American Society of Sugar Cane Technologists 24: 105.

Alwala S., Andru S., Arro J., Veremis J.C. and Kimbeng C.A. (2006). Target
Region Amplification Polvmorphism (TRAP) for assessing genetic diversity in
sugarcane germplasm collections. Crop Sci 46 @ 448-455.

Anand Kumar K. (1989). Prarl millet: Current status and future potential.
Outlook on Agriculture 18: 40-33.

Anand Kumar K., Andrews D.J., Jain R.P. and Singh S.D. (1984). ICMA-1
(i) and ICMB 1 (sic) pearl millet parental lines with Al cytoplasmic-genic
maie-sterility system. Crop Ser, 240 832

Anand Kumar K., Rai K.N., Andrews D.J., Talukdar B.S., Singh S.D., Rao
A.S., Babu P.P. and Reddy B.P. (1995). Registration of ICMP 451 parental
line of pearl millet. Crop Sci. 35: 605,

Andersen J.R. and Lubberstedt T. (2003). Functional markers in plants.

Trends Plant Sci &: 554-500.




	00000001.tif
	00000002.tif
	00000003.tif
	00000004.tif
	00000005.tif
	00000006.tif
	00000007.tif
	00000008.tif
	00000009.tif
	00000010.tif
	00000011.tif
	00000012.tif
	00000013.tif
	00000014.tif
	00000015.tif
	00000016.tif
	00000017.tif
	00000018.tif
	00000019.tif
	00000020.tif
	00000021.tif
	00000022.tif
	00000023.tif
	00000024.tif
	00000025.tif
	00000026.tif
	00000027.tif
	00000028.tif
	00000029.tif
	00000030.tif
	00000031.tif
	00000032.tif
	00000033.tif
	00000034.tif
	00000035.tif
	00000036.tif
	00000037.tif
	00000038.tif
	00000039.tif
	00000040.tif
	00000041.tif
	00000042.tif
	00000043.tif
	00000044.tif
	00000045.tif
	00000046.tif
	00000047.tif
	00000048.tif
	00000049.tif
	00000050.tif
	00000051.tif
	00000052.tif
	00000053.tif
	00000054.tif
	00000055.tif
	00000056.tif
	00000057.tif
	00000058.tif
	00000059.tif
	00000060.tif
	00000061.tif
	00000062.tif
	00000063.tif
	00000064.tif
	00000065.tif
	00000066.tif
	00000067.tif
	00000068.tif
	00000069.tif
	00000070.tif
	00000071.tif
	00000072.tif
	00000073.tif
	00000074.tif
	00000075.tif
	00000076.tif
	00000077.tif
	00000078.tif
	00000079.tif
	00000080.tif
	00000081.tif
	00000082.tif
	00000083.tif
	00000084.tif
	00000085.tif
	00000086.tif
	00000087.tif
	00000088.tif
	00000089.tif
	00000090.tif
	00000091.tif
	00000092.tif
	00000093.tif
	00000094.tif
	00000095.tif
	00000096.tif
	00000097.tif
	00000098.tif
	00000099.tif
	00000100.tif
	00000101.tif
	00000102.tif
	00000103.tif
	00000104.tif
	00000105.tif
	00000106.tif
	00000107.tif
	00000108.tif
	00000109.tif
	00000110.tif
	00000111.tif
	00000112.tif
	00000113.tif
	00000114.tif
	00000115.tif
	00000116.tif
	00000117.tif
	00000118.tif
	00000119.tif
	00000120.tif
	00000121.tif
	00000122.tif
	00000123.tif
	00000124.tif
	00000125.tif
	00000126.tif
	00000127.tif
	00000128.tif
	00000129.tif
	00000130.tif
	00000131.tif
	00000132.tif
	00000133.tif
	00000134.tif
	00000135.tif
	00000136.tif
	00000137.tif
	00000138.tif
	00000139.tif
	00000140.tif
	00000141.tif
	00000142.tif
	00000143.tif
	00000144.tif
	00000145.tif
	00000146.tif
	00000147.tif
	00000148.tif
	00000149.tif
	00000150.tif
	00000151.tif
	00000152.tif
	00000153.tif
	00000154.tif
	00000155.tif
	00000156.tif
	00000157.tif
	00000158.tif
	00000159.tif
	00000160.tif
	00000161.tif
	00000162.tif
	00000163.tif
	00000164.tif
	00000165.tif
	00000166.tif
	00000167.tif
	00000168.tif
	00000169.tif
	00000170.tif
	00000171.tif
	00000172.tif
	00000173.tif
	00000174.tif
	00000175.tif
	00000176.tif
	00000177.tif
	00000178.tif
	00000179.tif
	00000180.tif
	00000181.tif
	00000182.tif
	00000183.tif
	00000184.tif
	00000185.tif
	00000186.tif
	00000187.tif
	00000188.tif
	00000189.tif
	00000190.tif
	00000191.tif
	00000192.tif
	00000193.tif
	00000194.tif
	00000195.tif
	00000196.tif
	00000197.tif
	00000198.tif
	00000199.tif
	00000200.tif
	00000201.tif
	00000202.tif
	00000203.tif
	00000204.tif
	00000205.tif
	00000206.tif
	00000207.tif
	00000208.tif
	00000209.tif
	00000210.tif
	00000211.tif
	00000212.tif
	00000213.tif
	00000214.tif
	00000215.tif
	00000216.tif
	00000217.tif
	00000218.tif
	00000219.tif
	00000220.tif
	00000221.tif
	00000222.tif
	00000223.tif
	00000224.tif
	00000225.tif
	00000226.tif
	00000227.tif
	00000228.tif
	00000229.tif
	00000230.tif
	00000231.tif
	00000232.tif
	00000233.tif
	00000234.tif
	00000235.tif
	00000236.tif
	00000237.tif
	00000238.tif
	00000239.tif
	00000240.tif
	00000241.tif
	00000242.tif
	00000243.tif
	00000244.tif



