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1. INTRODUCTION

Soil borne phytopathogenic fungi pose serious threat to yield of many crops.

Oerke (2006) reported that the yield loss caused by pathogens, animals and weeds

altogether are responsible for 20 to 40 per cent in global agricultural productivity.

To mitigate such crop ailments, farmers mostly depend on chemical methods of

disease control such as fungicides and other pesticides. However, such methods

will eventually lead to contamination of water, deterioration of environment and

residual problems in the soil ecosystem. In addition, the unscientific use of

pesticide will also pave way for the development of resistance or insensitivity of

pathogens to these chemicals. Therefore, it is necessary to design and employ

alternative methods for the management of crop diseases.

To date, biological control is an ecoffiendly approach in the effective

management of crop diseases. The fungi belonging to the genus Trichoderma are

one among the most exploited biocontrol agents in the field of agriculture for the

management of crop diseases. The antifungal properties of Trichoderma spp. are

attributed to competition for nutrients (Elad, 2000), production of hydrolytic

enzymes (Benitez et al, 2004) and their ability to produce antibiotics (Vinale et

ai, 2008). Moreover, Trichoderma species are known to promote plant growth

and induce biotic and abiotic stress resistance in plants (Djonovic et al, 2007).

The genus Trichoderma is thus a rich source to explore potential bioagents for

application across adverse climatic zones.

Nowadays, a major problem in rainfed agro ecosystems is predominance of

abiotic stresses like high temperature, salinity, acidity and drought where the

survival of bioinoculants is a problematic issue as the microbes are known to be

affected by these conditions. Also, the variations in results from laboratory to field

are more compounded due to various abiotic stresses that prevail under field

conditions for a microbial inoculant to establish and to show the desired effect.

Although numerous efficient biocontrol strains of Trichoderma spp. have already

been identified, their efficiency under conditions of abiotic stress has not been

adequately elucidated as they show poor inconsistent performance in fields which is

attributed to their low osmotolerance and thermotolerance levels by varying
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environmental conditions. Moreover, the formulations of Trichoderma

spp. available in the market are suitable only for general conditions. Therefore,

such problems can be managed by sound screening programme for efficient stress

tolerant Trichoderma spp. for effective deployment of these strains to draw one or

more beneficial effects that could sustain and survive the fluctuating temperature

and which can tolerate salinity, acidity, pesticide and even drought conditions.

According to Marulanda et al. (2007), inoculation of plants with native

Trichoderma spp. may increase drought tolerance of plants growing in arid or

semiarid areas. Moreover, these microorganisms are known to enhance the

tolerance of plants to salinity (Han and Lee 2005), chilling injury (Barka et al.

2006) and metal toxicity (Dell'Amico et al., 2008). Likewise, these beneficial

microorganisms can colonize the rhizosphere/ endorhizosphere of plants and

promote growth of the plants through various direct and indirect mechanisms.

Hence, the present study addresses this issue and an attempt was made to

isolate strains of Trichoderma spp. from abiotic stressed ecosystems of Kerala and

to study the ability of these strains to withstand adverse environmental conditions

such as high temperature, salinity, drought and acidity along with antagonistic

activity. The study encompasses the following objectives:

•  Collection of soil samples and isolation of native Trichoderma spp. from

different stressed ecosystems

•  In vitro screening of Trichoderma spp. for stress tolerance

• Biochemical characterization of stress tolerant isolates of Trichoderma spp.

•  In vitro evaluation of the stress tolerant strains of Trichoderma spp. for their

antagonistic potential

•  In vivo evaluation of the promising stress tolerant strains for biocontrol

efficacy and growth promotion

•  Identification of promising isolates of Trichoderma spp.
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2. REVIEW OF LITERATURE

Plant diseases caused by soil bome phytopathogenic fungi pose serious threat to

the yield of several crops worldwide. Biological control, the use of specific micro

organisms that interfere with plant pathogens and pests is an ecofriendly approach

to overcome the problems caused by agrochemicals. Trichoderma spp. are one

such bioagent that are present in nearly all agricultural soils and in other

environments such as decaying wood. Major mechanisms involved in the

biocontrol activity of Trichoderma species are competition for nutrients and space

(Elad, 2000), production of hydrolytic enzymes like chitinase, cellulases and p-

1,3- glucanases (Benitez et al., 2004) and production of diffusible and/ or volatile

antibiotics (Vinale et al., 2008). These lytic enzymes partially degrade the

pathogen cell wall leading to its parasitization. This process of mycoparasitism

limits the growth and activity of plant pathogenic fungi.

Like crops getting affected by abiotic stresses, microbes are also known to

be affected by these conditions. High temperature, soil salinity, low pH and metal

toxicity have a significant impact in the performance of agriculturally important

micro organisms such as Trichoderma spp. The selection and adoption of these

organisms in stressed ecosystems therefore require a concerted research and

technology development. In view of this, a study on abiotic stress tolerance of

Trichoderma spp. and its bioefficacy under pot culture conditions were carried

out.

2.1. ELECTRO CHEMICAL PROPERTIES OF STRESSED ECOSYSTEMS

OF KERALA

Electrical conductivity (EC) and soil reaction (pH) of the soil reflects the

type of soil microflora present in that particular ecosystem. A cross section

through the electro-chemical properties of soils of Kerala is given below.



A study by Bastin et al (2014) reported that soil samples collected from
Palakkad district showed a pH ranging from 5.58 to 8.58 and 34.44 per cent of the

samples analyzed were found to be acidic, 37. 78 per cent neutral and 27.78 per
cent of the samples were alkaline. In contrast to this, 72.22 per cent of the soils
collected from Alathur taluk were acidic in reaction. They also reported that, pH

of the soil samples collected from different parts of Alappuzha showed pH raging
from 3.91 to 7.50 with a majority of samples (97.22%) in the acidic range. The

district also falls under non- saline category with an EC ranging from 0.02 to 1.60

dS m"'with a mean value of 0.16 dS m"'. In the same study, soil samples of

Kumarakom were found acidic with a pH range of 5.0- 5.4 with very high values

of EC (32.76 dS m"'). pH of the surface soils collected from Wayanad district

were also estimated and the data showed values ranging from 5.27 to 6.98. It was

observed that 80.56 per cent of the analyzed samples were acidic and 19.44 per

cent were neutral. The electrical conductivity of the soil samples ranged from 0.03

to 0.85 dS m"' with a mean of 0.15 dS m"' rendering them non- saline.

Bastin et al. (2014) also reported that in Thrissur district, 92.19 per cent of

soil samples were categorized as acidic soils with a pH range of 3.5- 7.4. With

regard to electrical conductivity, the whole area was found to be non- saline and
EC value ranged from 0.01 to 0.46 dS m"' with an average of 0.06 dS m"'. In a
similar study by Kavitha and Sujatha (2015) they noticed that, Thrissur soils

showed pH ranging from 2.9 to 7.7 indicating extremely acidic to slightly alkaline

soil reaction.

Pokkali soils of Kerala represent a periodically saline water inundated

land, thus contributing to the major saline soil areas of the state. Due to the

frequent ingression of tidal water from the sea, perennial problems such as
salinity, high acidity and submergence prevail in this soil type. Most of the saline

soils of Kerala are acidic with a pH ranging from 3.0 to 6.8 (Koruth et al., 2014).

Chemical analysis of Vytilla soil during mound preparation and harvest showed a

pH ranging from 3.9 to 4.26 (Mohan and Sreelatha, 2016).
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2.1.1. Isolation and enumeration Trichodermaspp, >•

Attempts have been made by several researchers to study the isolation of

Trichoderma spp. from various sources as well as its enumeration, growth,

morphology and sporulation in different media. Trichoderma species are

heterotrophic fungi that can utilize a wide range of substrates for meeting their

growth requirements.

Papavizas (1981) described significantly more colonies when 1:1000 soil

dilutions were inoculated on Trichoderma medium E (TME) (9.8 X 10^) rather

than on Rose Bengal Agar medium (RBA) (5.6 X 10^). He also observed that,

bacterial contamination was less in TME medium. However, contamination with

Rhizopus sp. and Mucor sp. was a problem which was solved by the addition of

pentachloronitrobenzene (PCNB) to the TME medium. According to Papavizas

(1985), disaccharides like sucrose and monosaccharides like dextrose can satisfy

the carbon and energy requirement of Trichoderma spp.

Elad et al. (1981) also isolated Trichoderma quantitativelyusing

Trichoderma selective medium (TSM), by employing serial dilution technique

from soil. Selectivity of the medium was achieved by the addition of

chloramphenicol as a bacterial growth arrester and PCNB and Rose Bengal as

fungal growth inhibitors.

The variations in growth and morphology of Trichoderma spp. was

studied by Harman et al. (1991) on different selective media such as Com Meal

agar, Oat Meal Agar, Potato Dextrose Agar,Czapek's Dox agar and Special

Nutrient Media.

Likewise, Kucuk and Kivank (2004) also evaluated the difference in

growth of isolates of Trichoderma spp. on different growth media like potato

dextrose agar (PDA,), malt extract agar (MEA), Rose Bengal agar (RBA) and oat
0

flour agar which were incubated at 28 C for 5 days.



Narayanan et al (2006) made morphological observations from

Trichoderma cultures grown at 28°C for about one week on potato dextrose agar
(PDA), com meal dextrose agar (CMA), oat meal agar (OMA), special nutrient
agar (SNA) and Trichoderma selective medium (TSM).

Mustafa et al (2009) studied the growth, morphological characters and

sporulation of Trichoderma isolates in different media such as com meal agar
media, oatmeal agar, potato dextrose agar (PDA), Czapek's Dox agar and special

nutrient media. Out of all this, PDA was found to be the ideal one with highest

mycelial growth (mm/ day), number of spores per 100 ml of culture medium and
biomass yield (mg ml ' of culture medium).

Savitha and Sriram (2015) used serial dilution method for the isolation and

enumeration of Trichoderma and recorded 3 x 10'''to 16 x 10 cfu g of the soil

sample.

A glimpse through the literature showed several reports of Trichoderma

spp. isolated from various stress prone areas. Rahman et al (2011) quantified and
characterized Trichoderma spp. collected from soil by employing serial dilution

technique where one ml 10"^ dilution of kitchen waste extract was pipetted on to

Rose Bengal Agar medium which was incubated for one week at 28°C. The
highest populationof Trichoderma spp. (36.67± 3.66 x 10^ cfu g') was obtained
from compost. According to the study, T. harzianum was found most common in

all the habitats.

Rashmi et al (2017) isolated and identified altogether seven Trichoderma

isolates from peanut growing regions in Manipur, where they observed two

isolates of T. viride and five of T harzianum.

A study by Vithya (2017) revealed a total of ten isolates of Trichoderma

spp. from rhizosphere soil of black pepper among different parts of Thrissur
district, where the highest population of the fungus was noticed in Mupliyam

(96.5 X 10^) followed by Kodakara (74 X 10^).



2.2. PURIFICATION AND PRESERVATION OF Trichoderma spp.

Several workers have conducted studies on preservation of fungal

cultures using different methods. Skim milk method of preservation was

developed by Perkins (1963) for Neurospora spp. Other methods include

preservation in soil, mineral oil or water covered agar slants, cryopreservation
0  0

using liquid nitrogen or at low temperature (-20 C and -80 C) (Catcheside and

Catcheside, 1979; Kolmark, 1979), and lyophilization (Butt et al, 2001).

Nuzum (1989) evaluated the efficacy of vacuum drying method for the

preservation of different fungi. Fungi such as Pythium, Rhizoctonia, and some

basidiomycetes species retained their viability for 18 months under vacuum

drying, whereas, ascomycetes and mitosporic fungi survived as long as two

years. Pounder and Bowman (1999) explored the scope of preservation of

aconidial Neurospora strains through freezing ofmycelia..Kitamoto et al. (2002)

suggested that preservation of fungal cultures is a cumbersome process and it
0

should be done with continuous subculturing and storage at 4 C.

Stocco et al. (2010) confirmed that Trichodema isolates survived up to

24 months of storage with preservation methods such as distilled water, mineral

oil and cellulose filter paper.Pau! et al. (2015) reported that 15 per cent glycerol

was used for long time preservation of fungi and was viable upto 24 months at

4^ for future studies. Iqbal (2017) detailed the preservation techniques of
Trichoderma viride and according to them, fully grown cultures grown on PDA

0

slants can be stored at refrigerated conditions (4 C) for further use. Moreover,

these fungal cultures can also be preserved in distilled water at room

temperature by two ways viz., storage of spore suspension and also by

inoculation of mycelial discs in distilled water. Alsothey preserved Trichoderma

isolates in 10 per cent glycerol solution in one ml eppendorf tubes which were

stored in liquid nitrogen for more than two years. They also observed that, dry

methods or high temperature preservation was found to be best as it is easy,

convenient and economical.
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2.2.1. Characterization of TrichodermazxxXXnve^

Many researchers have conducted several studies on the cultural and
morphological characters of Trichoderma spp. Pioneers in research of
Trichoderma like Rifai (1969) and Bisset (1991) noticed certain cultural

characters which could be used for the purpose of identification of the fugus

viz., tuff of hyphae on the substrate, branched and unbranched hyphae bearing

phialides laterally or terminally, spores and sterile hyphae, indefinite
conidiophores.

Domsch et al (1980) elucidated the micro morphological characters of

Trichoderma spp. and they also observed that the conidiophores of Trichoderma

spp. end in phialides which are borne on lateral branches in some species.
Conidia may be green or hyaline with smooth or rough wall and

chiamydospores are seen in older cultures. Similarly, Bisset (1991) also reported

that phialides of Trichoderma spp. were ampulliform to lageniform which are

often constricted at the base, comparatively swollen at the middle and with a sub

cylindrical neck. They may be arranged on lateral branches of conidiophores or

ending at the terminal position, seen singly or in whorls. Likewise, Lieckfeldt et

al. (1999) also detailed the micro morphological characters of Trichoderma spp.

and they observed that the phialides of T. viride was 9pm long, while those of T.

atroviride and T. koningii were found to be shorter, with a mean length of less

than 8.5pm.

Sutton et al (1998) noticed complete growth of Trichoderma spp. within

five days on potato dextrose agar at 25 C and the colony appeared wooly and

later turned compact. Colour of the fungal colony was white with bluish green

conidia which formed concentric circular pattern.

De Hoog et al (2000) studied about the cultural characters of

Trichoderma spp. and they observed that the colony completes its growth within

five days at 25^C. Colony appeared white in colour and scattered blue- green
conidia were formed in circular pattern.

Park et al (2005) described the cultural characters of different isolates
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ofTrichoderma spp. They noticed that conidia of T. harziamm were uniformly

distributed throughout the plate as aggregated pustules, whereas, conidia of T.

atroviride were more or less restricted to concentric rings.

Kumar et ai (2012) studied about the Trichoderma isolates obtained

from soil samples collected from South Andaman and Andaman and Nicobar

islands. They reported that T. asperellum possesses conidiophores terminating
0

with two or more phialides. The primary branches usually arise from nearly 90

to the main axis. In T. longibrachiatum, conidiophores were much longer,

paired and with secondary branches. Phialides typically arose from these
secondary branches and they were not verticillated.

Sharma and Singh (2014) reported that, T. virens isolates showed

profuse conidia formation without formation of any pustule. Some isolates

produced yellow pigment on PDA. Conidial colour change was observed from

white to varying shades of green. In most isolates conidia were formed by 48 h

and turned green within 72 h. In some isolates conidiophores were characterized

by highly branched and divergent conidiophores with longest branches formed

near the base of the hyphae and nearest towards the main axis.

Shah et al (2012) reported cultural characters of various isolates of

Trichoderma on different culture media. T. harzianum showed a concentric

growth pattern with one to two rings of green conidia. There was a denser conidia
production in the centre than towards the margin whereas, T. viride was granular

in appearance on PDA medium with a uniform distribution of green conidia. T.

pseudokoniftgii appeared white in colour without the formation of conidia. They

also reported the conidial characters of various Trichoderma isolates. T.

harzianum possessed globose to subglobose conidia with dimensions 2.8 x 2.6

pm. The conidia of T. viride measured 3.0 x 2.8 pm with a globose structure.

However, there was no conidia formation in five day old culture of T.

pseudokoningii. Conidia was observed only after the seventh day of inoculation

and they were smaller (2.4 x 2.6 pm) when compared to other species.

Detailed studies on the cultural and morphological characters of
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Trichoderma isolates were carried out by Sekhar et al. (2017). The culture of T.

viride showed dark green to dark- bluish green sporulation with an amber

coloured reverse side. Conidiophores were found to be long, less branched and

with verticillate conidiophores. Phialides appeared paired, lageniform,

converged or divergent. Conidia were round or ellipsoid in shape and intercalary

or terminal chlamydospores were also present.

Dull green to bluish green sporulation with a pale yellow or colourless

reverse side was observed in T. koningii fungal culture. Conidiophores were

broad to narrow and appeared in whorls with frequent branching. Phialides took

a lageniform or ampulliform shape with the terminal phialide more elongated.

Conidia were sub- cylindrical to ellipsoidal in appearance. Intercalary or

terminal chlamydospores were present in some cases. T. reesei culture showed

minute tufts in the colony with pale yellowish colour. The reverse side of the

plates showed pale yellow colour. Conidiophores were verticillate with rare

branching habit. Cylindrical or moderately inflated and divergent phialides were

observed under microscope. Chlamydospores were formed frequently in

terminal or intercalary position. T. harzianum showed dark green areas

intermingled with white mycelium. Dull yellowish colour was observed on the

reverse side of the culture. Conidiophores appeared in whorls with numerous

branching. Phialides were lageniform and convergent. Conidia appeared

subglobose to obovoid shape. The colony of T. aureoviride showed complete

dull green colour with discoloured reverse side. Conidiophores were ovoid and

were arranged in Intercalary or terminal chlamydospores were formed

frequently.

2.3. SCREENING FOR ABIOTIC STRESS TOLERANCE OF Trichodermas\i^.

The biocontrol efficacy of Trichoderma species are known to be altered

when they are exposed to extreme environmental conditions. However, there are

a few recent reports which demonstrate that these fungi can alleviate abiotic

stresses and may confer resistance to drought stress, chilling injury, high
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temperature, acidity, salinity and agrochemicals.

2.3.1. High temperaturetolerance

Widden and Hsu (1987) elaborated the ability of Trichoderma species to

colonize maple and pine litter under different temperature levels where they

noticed that penetration time of the isolates decreased with increase in

temperature. Eastbum and Butler (1991) evaluated the effect of soil temperature

on the growth and development of Trichoderma species. Optimum temperature

required for the growth of T. harzianum isolate 1059 was recorded between

0  0

27 C and 30 C. Moreover, they noticed that there was no substantial growth

0

beyond 37 C and the host root colonization by the antagonist was found

0

maximum at a temperature range between 30 and 33 C.

Amalraj et al. (2010) assessed the thermotolerance of Trichoderma

viride under in vitro conditions and observed a significant reduction in the

0  0

population of the fungus when temperature was raised from 30 C to 45 C

(12x10"^ cfu g"^ and 3.8x10"^ cfu g"^) and was further declined to Ix 10""^ cfu
1  ®g"^ when the temperature was increased to 50 C. Similar observations were also

noticed by Reetha et al. (2014) where they screened T. harzianum for high

temperature tolerance and found that radial growth was recorded highest when

0  0

the cultures were grown at 25- 30 C (0.9065± 0.05) and minimum at 35 C
0

(0.330± 0.043), whereas at 40 C, no growth was recorded.

Poosapati et al. (2014) observed that most of the Trichoderma isolates

except T. asperellum TaDOR673, T. asperellum TaDOR7316 and T. harzianum

TaDOR671 did not show any growth at 35^C and when the temperature was
0

increased to 37 C, germination rates of all isolates with an exception to T.

asperellum TaDOR673 was reduced greatly. In addition, they also noticed that
0

when the cultures were exposed to extreme temperature such as 52 C for 4 h,

only T. asperellum TaDOR673 was able to tolerate this extreme temperature.
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Singh et al. (2014) compared production of mycelial biomass at various

temperature levels. The highest mycelia biomass was produced by T. harzianum
0  0

(1.42 g) when exposed to 25 C, compared to 20 and 35 C where only of 0.97

and 0.82 g biomass was produced respectively. The second highest biomass

production was seen with T. viride (1.35 g), followed by T. asperellum (1.27 g)

and T. longibrachiatum (1.24g). Meanwhile, T. atroviride and T. koningii
0

produced a biomass of 1.23 and 1.21 g respectively at 25 C and T. virens

recorded the lowest biomass production of 1.18 g at the same temperature.

El Badawy et al. (2016) performed thermotolerance studies on different

Trichoderma species isolated from various parts of Qatar. The cultures were

0  0

initially exposed to extreme temperature levels of 70 C and 90 C for 24 h

0

followed by incubation at 25 C. All the isolates v/z., T. viride, T. harzianum and

0

T. longibrachiatum exposed to 70 C grew normally. However, T.

0  0

longibrachiatum showed growth at 25 C even after exposure to 90 C for 24 h.

Different isolates of Trichoderma spp. were screened for

0

thermotolerance at 28, 37, 41 and 50 C by Vithya (2017). She observed that the

isolate CKT from Chelakkara of Thrissur, showed highest mycelia weight of
0

12.6 g at 37 C and the isolate CRT and VKT from Chaukka and Vellanikkara

0

showed lower mycelial weight (0.06 and 0.07 g) at 50 C.

2.3.2. Drought tolerance

Drought stress causes a change in membrane permeability in the plant

cell which results in leakage of solutes (Premchandra et al, 1990; Deshmukh et

al, 1991). Chandra et al (2004) observed that, root colonization by T.

harzianum strain T 22 resulted in increased concentration of antioxidant

enzymes such as peroxidases, chitinases etc. They act as scavengers of reactive

oxygen species (ROS) which is responsible for membrane disorganization and
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thus causing membrane stability under drought stress.

Jackson et al. (1991) subjected different isolates of Trichoderma spp. to

various water potential levels so as to study the drought tolerance. In all cases,

the growth of the isolates in PEG (polyethylene glycol) amended PDA media

was lesser when compared to control plates. They observed that the hyphal

extension rate (mm day"^) in the Petri dishes decreased from 13.2 mm day"^ to

0 mm day'l when the water potential decreased from -0.7 to -14 M Pa. Spore

germination was also decreased when the water potential was decreased and

complete spore germination occurred at -0.7 M Pa for all isolates, whereas at -

14.0 M Pa, there was no spore germination at all.

Bae et al. (2009) reported that T. hamatum increased tolerance of cocoa

plants towards drought stress by increasing root growth thereby delaying the

onset of water deficit in plants.Ability to survive different levels of drought by

Trichoderma spp. has been evaluated by Amalraj et al. (2010) where he

reported that the performance of T. viride was recorded maximum at 10 per cent

polyethylene glycol (PEG) with only 1 per cent inhibition of growth over

control. Meanwhile, at 20 per cent PEG, 94.3 per cent growth was observed,

which decreased gradually to 79.5 and 68 per cent in 25 and 30 per cent PEG

concentration respectively. Sporulation of the fungus was also reduced with

increase in PEG concentration.

Shukla et al. (2012) identified five T. harziamm isolates which

produced higher mycelial biomass at lower moisture regimes. They were also

associated with better colonization of host root leading to higher water

acquisition in the root system. There was also increased production of stress

induced metabolites in better colonized plants. Gusain et al. (2014) observed

enhanced drought tolerance in rice due to T. harziamm T35 colonisation and

they evidenced that T. harziamm promoted activity of antioxidant enzymes.

According to Ahmad et al. (2015) Trichoderma spp. have the potential

to induce host plant tolerance to several biotic and abiotic stresses such as

salinity and drought, through its involvement in root growth promotion and
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maintenance of nutritional uptake. Rawat et al. (2016) compared the growth

response of six isolates of Trichodernta at six moisture levels viz., 5, 10, 20, 40,
70 and 90 per cent. They noticed that there was a general increase in growth of
isolates with increase in moisture levels. Most of the isolates showed maximum

growth at higher moisture levels such as 40 and 70 per cent. However, the
growth of the fungus decreased drastically with lesser moisture levels and only
two isolates viz.. Rani Th- 14 and Rani Th- 25 could survive and grow under a

moisture level of five per cent.

Vithya (2017) subjected ten isolates of Trichoderma species obtained

from different parts of Thrissur to various osmotic stress levels viz., -0.15 M Pa

and -1.03 M Pa to test the drought tolerance. She found that at -0.15 M Pa,

Trichoderma sp. isolated from Chelakkara (CKT) and the isolate obtained from

Panenchery (PCT) showed the lowest mycelial weight of 3.30 g. At 30 per cent

PEG concentration, a mycelial biomass of 11.65 g wasrecorded with the isolate

CKT (Chelakkara).

2.3.3. Aciditytolerance

Upadhyay and Rai (1979) earlier reported that Trichoderma spp. can

grow well in soils with acidic pH and high organic matter and hence it is

desirable to screen and assess the growth and development of Trichoderma spp.

under low pH levels Biomass production of isolates of Trichoderma species {T.

virens, T pseudokoningii, T viride) at different levels of pH was carried out by

Jackson et al. (1991). They reported that mycelial biomass yield of all the

isolates was higher when the fungus was grown at pH levels 4.6 and 6.8.

Meanwhile, lower biomass production was observed in the two extreme pH

values viz., 2.5 and 7.4.

Bailey and Tahtiharju (2003) reported that increase in pH reduces the

availability of carbohydrate source in culture medium of T reesei. Similar

studies have also confirmed that the growth of Trichoderma spp. was better at

acidic rather than in alkaline soils (Benitez et al., 2004; Rousk et a/.,2009).
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Reetha et ai (2014) studied the nature of growth of Trichoderma

harzianum at different pH levels such as 5.0, 6.0, 7.0 and 7. 5. The mycelial

weight of the fungus at pH 7- 7. 5 was found to be at the maximum level (1.46

g) followed by growth at pH 6.0 (1.38 g). Lowest mycelial weight was recorded

in T harzianum grown at pH 5.0 (1.27g).Seven species of Trichoderma isolated

from rhizosphere soils of chickpea were evaluated for acidity tolerance by Singh

et al. (2014). Major difference in mycelia growth was observed by the fungal

cultures when they were grown at various pH levels from 4.0 to 8.0. The ideal

pH range for the growth and development of the fungal isolates was found

between 5.5 and 7.5, which yielded a dry weight of 1.41 g and 1.35 g

respectively.Likewise, Ali et al. (2015) tested the variation in growth of

different isolates of Trichoderma spp. at different levels of pH viz., 4, 6 and 8

and the results showed that pH 6.0 was the ideal condition for the growth and

sporulation of the fungus. Meanwhile, pH 8.0 resulted in significant reduction in

growth and sporulation compared to pH 6.0.

Daryaei et al. (2016) compared conidia production of T. atroviride at

different pH levels viz., 3.5, 4.5, 5.5, 6.5, 7.5 and 8.5 and they recorded

significant conidia production at pH 6.5 compared with lower pH levels like 3.5,

4.5 and 5.5. Conidia production decreased drastically when pH was increased to

8.5 and the number of conidia formed at pH 4.5 and 3.5 were comparable,

whereas, the number of conidia produced at pH 5.5 was significantly less.

Highest number of conidia was formed at pH 6.5 and with further increase of

pH to 7.5 and 8.5, conidia formation was also reduced.

Vithya (2017) also subjected 10 native Trichoderma spp. isolated from

Thrissur to various pH levels to study their acidity tolerance. It was found that

the isolate vKT (Vellanikkara) showed maximum mycelia weight of 3.75 g at

the high acidic condition of pH 3.5.

2,3.4. Salinitytolerance

Increase in salt concentration of agricultural soil is a major issue which
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disturbs the crop health and soil microbial community. Hence, there is a need to

explore such isolates of Trichoderma species, which can thrive under high

saline conditions and still perform as better antagonists.

Ghildiyal and Pandey (2008) isolated T. harzianum, T. koningii and

Tviride from the soil samples procured from higher altitudes of Indian

Himalayan region. These isolates were further subjected to salinity screening at

5 per cent (w/v) salt concentration. They noticed that all the isolates were able

to grow under this salt stressed environment and were considered as saline

tolerant.

Amalraj et al. (2010) observed a general decline in the mycelial growth

of the Trichoderma spp. when salt concentration was increased in PDA media.

Trichoderma viride when inoculated on O.IM NaCl amended medium showed

92.9 per cent mycelial growth, followed by 0.5 M (85.6%), 0.75M (69.4%), 1.25

M (35.2%) and 1.5M (21.1%) when compared to control plate. However, T.

viride inoculated on 2 M NaCl amended medium showed no growth when

compared tocontrol.Rawat et al. (2013) observed a significant difference in the

growth of Trichoderma isolates to various salt concentrations such as 4, 6, 9 and

10 dS m"^. All isolates showed full growth (9 cm) at 4 dS m"^ after an
incubation period of four days and with increase in salt concentration growth of

isolates was found to be reduced.

Similarly, the mycelial growth of Trichoderma spp. under different salt

concentrations was evaluated by Poosapati et al. (2014) and they observed that

two isolates of T. asperellum showed higher growth at 0.5 M NaCl amended

medium with a mean colony diameter of 4.48 cm. However, at 0.75 M salt

concentration 50 per cent of the isolates lost their viability whereas, the isolates

T. asperellum and T. harzianum showed highest colony growth of 3.0 cm and

2.73 cm respectively owing to their osmotolerance. Likewise, certain isolates

were able to grow under high osmotolerance levels and showed only 65 - 70 per

cent reduction in growth.

Kumar et al. (2017) subjected 70 isolates of Trichoderma spp. to various

levels of NaCl concentrations to study their salinity tolerance and theyobserved
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that 92.8 per cent of the isolates were able to survive under 5 per cent NaCI

concentration. With increase in NaCl concentration to 10 per cent, only 45.7 per

cent isolates showed mycelial growth.

2.3.5. Tolerance towards copper fungicides

Attempts have been made by several researchers to study the interaction

between pesticides and those fungi which are antagonistic to various plant

pathogens. However, there have been few reports on the effect of copper

fungicides on naturally occurring strains of Trichoderma spp.Karpagavalli

(1997) assessed the sensitivity of T. harzianum and T. viride towards the

fungicide copper oxychloride @ 500, 1250 and 2500 ppm and they observed

that both the species showed lower inhibition under this condition.

Another study was conducted by Haritha (2003) where she evaluated the

compatibility of copper oxychloride @ 50, 100, 250, 500 and 1000 ppm with

Trichoderma spp. and noticed that at 1000 ppm the growth of fungus was

inhibited by 44.44 per cent. Beevi et al. (2005) confirmed that copper

oxychloride @ 0.20 per cent is compatible with T. harzianum.

The tolerance of T. harzianum, T. pseudokoningii, T. longibrachiatum

and T. viride towards various concentrations of copper fungicides were studied

by Khan and Shahzad (2007). They reported that T. harzianum, T viride, T.

longibrachiatum were able to grow at copper oxychloride concentrations of 1,

10 and 100 ppm. Meanwhile, the growth was diminished when the

concentration was further increased to 1000 and 10,000 ppm. However, a

reduction in growth of T. pseudokoningii was noticed with 1- 100 ppm

concentration of copper oxychloride.

Nallathambi et al. (2009) reported that T.citrinoviride showed zero per cent

inhibition when exposed to copper oxychloride @ 250 pg g"* in PDA medium,

whereas, T. viride r.v-CIAH149 and T. viride SBI48 showed tolerance upto 500

pg g"^of the fungicide.Sarkar et al. (2010) also noticed that contact fungicides
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such as copper oxychloride and copper hydroxide showed compatibility with T.
harziamm. Nonetheless, with the increase in concentration of the fungicide per

cent inhibition of the bioagent also increased.Bhai and Thomas (2010) evaluated

the effect of fungicides on the growth of T. harzianum and they observed that
Bordeaux mixture (1 %) showed higher cent per cent inhibition in the growth of

fungus when compared with copper oxychloride (0.25%).

Similarly, the effect of different fungicides on the growth of T.

harzianum was studied by Pandya (2010). A per cent inhibition of 92.16 was

recorded at 3000 ppm of copper oxychloride, which reflected the lower levels of

tolerance of T. harzianum to copper fungicide. In an experiment conducted by

Islam et al. (2011), T. harzianum and T. viride showed a general decline in the

mycelial growth when the concentration of copper oxychloride 50 WP was

increased from 750 ppm to 1000, 1250, 1500 and 1750 ppm. T. harzianum

attained complete growth when the medium was poisoned with 750 and 1000
^  ppm copper oxychloride which was gradually reduced to 8.6, 3.1 and 2.0 cm

when the concentration of the fungicide was increased to 1250, 1500 and 1750

ppm respectively. In the case of T. viride, the growth was retained at 9 cm even

upto 1250 ppm of copper oxychloride and it was then reduced to 2.3 and 2.1 cm

when the fungicide concentration was increased to 1500 and 1700

ppmrespectively.

Tapwal et al (2012) compared the compatibility per cent of T. viride

with copper oxychloride at concentrations such as 50, 100, 200 and 300 ppm. It

was observed that compatibility per cent reduced from 97.9 to 34.9 per cent

with increase in fungicide concentration. Sonavane and Venkataravanappa

(2017) observed that copper oxychloride at 500, 1000, 1500 and 2000 ppm were

found compatible with T. harziaum and showed no inhibition in growth.

Waskale (2017) also reviewed the effect of copper oxycloride @ 250 ppm and

^  500 ppm to Trichoderma spp. where he observed a decrease in colony area
when the hingicide concentration was increased from 250 ppm to 500ppm.

Karaoglu et al (2018) observed that T. harzianum PBT 23 was found



3^

compatible with copper hydroxide @ 100 pg ml"^.

2.4. BIOCHEMICAL CHARACTERIZATION OF Trichoderma spp.

Many workers have conducted several studies on the enzymes and

biomolecules synthesized by Trichoderma spp. involved in antagonism and

stress tolerance. Enzymes such as cellulase, 1, 3- glucanse and protease are

some of the enzymes involved in the antagonism of Trichoderma spp.

2.4.1. Assay of extracellularenzymes

2.4.1.1. Cellulase activity of Trichoderma spp.

Montenecourt and Eveleigh (1977) observed a stable extracellular

cellulase enzyme produced by T. viride which is capable of degrading the

crystalline cellulose. Similarly, they evaluated the cellulase enzyme production

of T. reesei by filter paper activity and recorded an activity of 4.65 U ml"Ryu

and Mandels (1980) also studied the production of cellulase enzyme by T.

reesei 0M6a strain, where they noticed 5 U ml"^ of enzyme activity when filter

paper was used as the substrate. Likewise, Bailey and Nevalainen (1981)

documented the cellulase enzyme production of T. reesi isolate by filter paper

degrading activity, where they recorded 3.4 U ml"^ and 4.4 U ml'^ enzyme
activities after 75 h and 96 h of incubation.

Domingues et al. (2001) noticed that Trichoderma reesei recorded a

higher production of cellulase enzyme (2.8 FPU ml"^) when glucose (30 g 1"')

and lactose (15 g 1" ̂) were used as substrates. Wen et al. (2005) reported that T.

reesei recorded a cellulase activity of 1.74 U ml"^ when it was grown on
agricultural waste.

Ahamed and Vennette (2008) studied the cellulose enzyme production
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of T. reesei RUT-C30 and recorded an activity of 2.3± 0.6 U ml"^ when it was

grown in cellulose-yeast nitrogen base culturemedia. Gajera and Vakharia

(2012) conducted cellulase enzyme production from T. harzianum, T. viride and

T. virens by following DNS (Dinitrosalicylic acid) method and they recorded

specific activity of cellulase in different isolates of T. harzianum ranging from

2.26 to 2.71 U ml"^ at six days after inoculation.

2.4.1.2. fi- ly3- glucanase activity of Trichodermaspp.

De La Cruz et al. (1995) studied the production of extracellular enzyme

1,3- glucanase in T. harzianum pre- grown in 10 per eent glucose following

an incubation period of 48 h with different carbon sources. When yeast was

used as the substrate, an enzyme activity of 1 U mg"' was recorded and also the

concentration of the enzyme was found to increase with increase in the

incubation time.

El-Katatny et al. (2001) conducted enzymatic studies on T. harzianum

rifai T24, where the specific activity ofp-\, 3 glucanase was found to be 0.096

U mf^ Likewise, Bara et al. (2003) reported ̂ -1, 3 glucanase production in T.
asperellum by employing different carbon sources in the culture media. When

0.5 per cent cellulose was used in the media, the fungus recorded an enzyme

activity of 0.14 ± 0.01 U ml"^. Similarly in T. koningii Monteiro and Ulhoa

(2006) studied the production of >5-1, 3 glucanase enzyme by using different

carbon sources and they observed that when cellulose was used as the carbon

source, the fungus showed an activity of 0.5 U ml"^.

The ability of different strains of T. harzianum for the production of P-

1, 3 glucanase enzyme was evaluated by dos Reis Almeida et al. (2007). They

noticed that T. harzianum ALL44 recorded highest enzyme activity and the

lowest was observed in T. harzianum ALL16 strain.According to Martin et al.

(2007) p- 1,3- glucanase is involved in the mycoparaistism and saprophytic

mode of nutrition of Trichoderma spp., as they are considered as the
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biochemical weapon of the antagonist against pathogens.

Ahamed and Vermette (2008) conducted studies on Thchoderma reesei

RUT- C30 and recorded 3.8 ± 0.9 U ml"^ and 2.0 ± 0.3 activity of p- 1,3-

glucanase when the fungus was grown in cellulose-yeast extract-peptone media
and cellulose-yeast nitrogen base mediarespectively.Marcello et al. (2010)

evaluated the difference in y?-l,3 glucanase enzyme production when the

substrate used was changed. Maximum level of enzyme activity was recorded

when starch (0.020 U mg"^) was used as the substrate and minimum when

eellulose (0.005 U mg'^) was used.

2.4,1.3 Protease activity of Trichoderma spp.

The role of protease in the biocontrol ability of Trichoderma spp. has

been described by Rodriguez-Kabana (1969), where he reported that increased

protease production of T. viride resulted in reduction of enzyme activity of the
pathogen, Sclerotiumrolfsn. Similarly, Elad et al. (1982) also implied the
significance of enzyme protease in the destruction of cell wall thereby limiting

the growth of pathogen. In mycoparasitism of plant pathogens by Trichoderma

spp. the enzyme protease plays a key role in cell wall lysis, as the fungal cell

wall contains chitin and/ or p- glucans fibrils which are embedded in a protein

matrix (Wessels, 1986).

Geremia et al. (1993) reported an alkaline protease enzyme to be

involved in the mycoparasitism exhibited by Tharzianum.DQ Marco et al

(2003) studied the production of hydrolytic enzymes by Trichoderma spp.

where, protease activity was assayed using casein as the substrate for
degradation and they observed that there was significant difference in the

enzyme activity. Maximum protease activity was recorded in T. harzianum

isolate 1051 (2.0 U ml"^) followed by Trichoderma sp. isolate TVC and T.

harzianum 39 (1.70 U mf^ 0.98 U ml"^ respectively) after 72 h of incubation.
They also reported a general increase in the enzyme activity when the
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incubation period was extended from 0 to 72h.

Shakeri and Foster (2007) studied the production of protease enzyme by

T. harzianum by employing different growth supplements followed by three

days of incubation at 25^C. When 1 per cent (w/v) casein was used as the

supplement an activity of 8.4 and 11.3 U ml'^ was recorded by T. harzianum

101645 T. harzianum 206040respectively.Gajera and Vakharia (2012) studied

the antagonism exhibited by Trichoderma spp. on the plant pathogen by the

synthesis of extracellular enzyme, protease. They reported that there was

maximum enzyme production by T. harzianum 2J (5.63 Uml"') followed by T.

viride 60 (5.4 U ml"'). The lowest secretion of protease enzyme was seen in the

isolate T. viride 62 with an activity of 1.20 Um!"'.

Smitha et al. (2014) conducted experiment on the ability of T. viride to

produce hydrolytic enzymes when encountered with plant pathogens. They

recorded variation in the protease activity with increase in days of incubation

and maximum activity was noticed on the seventh day (0.003 U ml"') followed

by ninth and fifth day (0.002 and 0.001 U ml"'). Parmar et al. (2015) observed

general increase in the protease activity in all isolates of Trichoderma spp. with

increase in the incubation period. Maximum protease activity was detected in

Tviride NABII Tv23 (8.34 U ml"') followed by T. koningii MTC 796 (7.54 U

ml"') and the minimum enzyme activity of 2.36 U ml"' was shown by T.virens
NABII TvS 12.

Cherkuppally et al. (2017) noticed a major difference in the secretion of

extracellular enzymes among the various isolates of Trichoderma spp., where

they concluded that very high protease activity was shown by T.harzianum

followed by T. koningii and T. atroviride showing high enzyme activity.

Whereas, the isolates T. viride, T reesei, T. virens and T pseudokoningii

showed low protease activity.
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2.4.2. Biomolecules imparting drought tolerance

2.4.2.l.Screening for ACC Deaminase in Trichoderma spp.

1- aminocyclopropane 1- carboxylate (ACC) act as the precursor for the

synthesis of plant volatile hormone ethylene, which is engaged in plant

physiological activities such as tissue differentiation, leaf and flower abscission,

development of root hair, ripening of fruits and production of volatiles

responsible for aroma in fruits. However, in response to biotic and abiotic

stresses, the plant often significantly increases the endogenous ethylene

production which has adverse effect on plant growth and is thought to be

responsible for senescence in plants (Abeles et aL, 1992; Nayani et al, 1998;

Ali et al, 2012). Interestingly, there are several reports that the plant growth

promoting microbes can cleave the ethylene precursor ACC to ammonia and a-

ketobutyrate consequently, lowering ethylene levels under stressed

environments (Click et al, 1998). This process may occur under any

unfavourable condition such as salt stress (Cheng et al, 2007), flood stress

(Grichko and Click, 2001), drought stress (Mayak et al., 2004) and pathogen

invasion (Wang et al, 2000).

According to Barman et al. (2004) under normal conditions plants will

produce only required levels of ethylene, nevertheless under stressed conditions,

its production may go beyond the required amount which is detrimental to the

plant. Trichoderma spp. is one among the beneficial microbe which can reduce

the unnecessary build up of ethylene by producing the enzyme ACC deaminase

which is capable of cleaving ACC thereby blocking the synthesis of ethylene.

Cravel et al (2007) reported that the growth promotion imparted by T.

atroviride on tomato seedlings is attributed to the production of enzyme ACC

deaminase by the fungus. The enzyme helps in lowering of ethylene levels in

the plant system as it cleaves ACC, the precursor of ethylene thereby reducing

its concentration. He also reported that ACC deaminase enzyme produced by

beneficial soil micro organisms such as Trichoderma spp. is indirectly

3/
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promoting the growth and development of plants.

Likewise, Zhang et al. (2017) conducted a study on Trichoderma

harzianum T- soybean and observed that the isolate has plant growth promotion

ability because of the production of ACC deaminase enzyme.Ali et al. (2014)

conducted studies on drought tolerant and ACC deaminase producing

Pseudomonas spp. on DF (Dworkin and Foster) salt minimal media where they

observed that all the nine drought tolerant isolates were able to grow in the

treatment plates where ACC was used as the nitrogen source. Among the total

nine isolates, one showed excellent growth on DF salt minimal media when

compared to negative control plate without any nitrogen source.

2.4.2.2, Production of cytokinin

Cytokinins are plant growth regulators chemically classified as

substituted aminopurines which enhances celldivision, root elongation, seed

germination, chlorophyll accumulation and delay of senescence (Ross and

Salisbury, 1992). In a study by Harman (2000) revealed that T. harzianum can

induce root growth and plant development. Such growth promotion effect may

be attributed to the production of growth promoting hormones such as cytokinin

(Windham etal., 1986).

Benitez et al. (2004) recorded an increase in root length and branching

when tobacco seeds were inoculated with T. harzianum CECT2413 when

compared with uninoculated control. Inoculation was done with the pathogen,

Rhizoctonia solani along with T. harzianum where there was significant root

production when compared with control.

Ortiz-Castro et al. (2009) observed that at the time of root colonization

by beneficial microflora, secrete certain plant growth regulators such as auxins

or cytokinins. A significant formation of root system in Arabidopsis thaliana

seeds grown in Murashige- Skoog medium inoculated with T. atroviride and

Bacillus megatherium was observed when compared to the uninoculated control

plate.
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Resende et al (2014) made similar observation on inoculation with

different isolates of Trichoderma spp. on Calophyllum brasiliense. The

rhizosphere isolate Trichoderma RC14M and the endophytic isolate
Trichoderma EC09M recorded maximum cotyledon biomass of 0.050 g and the

lowest biomass was recorded in the rhizosphere isolate Trichoderma RC15M

(0.015g) which may be attributed to the production of cytokinin by these
isolates.

2.5. ANTAGONISM EXHIBITED BY Trichoderma spp. TOWARDS PLANT

PATHOGENS

Elad et al (1980) reported the efficacy of various Trichoderma isolates

against pathogens viz., Fusarium oxysporum, Rhizoctonia solani and Sclerotium

rolfsii isolated from naturally infected vanilla plants. Two isolates of T.

harzianum and T. virem recorded 80 to 90 per cent inhibition in the growth of

pathogens.

Bell et al (1982) studied the antagonistic potential of 77 isolates of

Trichoderma spp. against six fungal pathogens viz., Sclerotium rolfsii,

Ceratobasidium cornigerum, Phytophthora parasitica, Pythium

ophanidermatum, P. myriotylum and R. solani wherethey noticed that each

pathogen was anatgonised by one or other isolate of Trichoderma spp.

Antagonistic ability of T. longibrachiatum and T.harzianum was

evaluated against Sclerotium rolfsii by Yaquab and Shahzad (2005). They

noticed that hyphae of Trichoderma spp. coiled around the pathogen causing

lysis and destruction of the pathogen. Other antagonists such as T. polysporum,

T. pseudokoningii also reduced the growth of fungal pathogen.

Biocontrol efficiency of five isolates of Trichoderma spp. collected from

rhizosphere region of groundnut plants were studied against the pathogen,

Macrophomina phaseolina under in vitro conditions by Sreedevi et al (2011).
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They observed maximum inhibition percentage in the growth of the pathogen
(64.4 and 61.1%) with T. harzianum and T. v/n^/erespectively.Gajera et al
(2012) recorded maximum inhibition in growth of the test pathogen M
phaseolina by antagonist T. koningii MTC796 (74.3%) followed by T,
harzianum NBAII Thl(61.4%).

The antagonistic potential of six isolates of Trichoderma spp. viz.,

TCVSI 1, TCVSI 3, TCVSI 5, TCVSI 8 and TCVSI 10 were evaluated against

the pathogen Fusarium monoUforme under in vitro conditions by Gawade et al.
(2012) using liquid culture filtrate of the antagonist. According to them, volatile
and non volatile compounds produced by Trichoderma spp. played a major role

in the antagonism of plant pathogens. Bhale et al. (2013) elucidated the

biocontrol effect of different Trichoderma spp. towards fhiit rot pathogen

Aspergillus niger of Manilkhara zapota and they noticed maximum per cent

inhibition with T koningii (57.70%) followed by T. harzianum (54.40%).

Similar results were observed with T. koningii (67.07%) when grown along with

the pathogen R. solani.

Sundaramoorthy and Balabaskar (2013) studied the antagonism of T.

harzianum against the soil borne pathogen Fusarium oxysporum f. sp.

lycopersici. They reported that per cent inhibition was higher for T. harzianum

ANR 1 isolate (53%) when evaluated against the pathogen and under pot culture

conditions also, this isolate produced the least disease incidence of 15.33 per

cent.Biocontrol of collar rot of chick pea caused by S. rolfsii by using isolates of

Trichoderma spp. was studied by Sab et al. (2014). Among the antagonists used,

T. harzianum 55IIHR showed maximum per cent inhibition (70%) followed by

T. harzianum NBAII (63%).
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2.6. In vivo EVALUATION OF Trichoderma spp. FOR GROWTH
PROMOTION AND BIOCONTROLEFFICACY

Antagonistic potential of Trichoderma spp. vary under in vivo conditions

when compared to controlled laboratory conditions. The disease incidence
caused by the pathogen may be reduced when Trichoderma is used for pot

culture experiments.

2.6.1. Mass multiplication

A perusal through the literature revealed that there are several reports on

the mass production of Trichoderma spp. using different inorganic inert material

and organic substrates which are used as carrier or delivery media during

formulation. Some of the commonly used locally available substrates are agro -

industrial cellulosic wastes like wheat straw, paddy straw, saw dust, paper

waste, vegetable and fruit waste, coffee waste, tea waste, soybean bagasse and

organic manure like farm yard manure, neem cake, vermicultite, and spent

mushroom substrate and cereal bran such as wheat bran, rice bran, grain of

sorghum (Lewis et ah, 1991; Prakash et ah, 1999; Saju et ah, 2002) apart from

inorganic inert materials like talc and lignite (Mandhare and Suryawanshi,

2005).

Thangavelu et al. (2004) conducted studies to find out the best suited

substrate which can be employed for the mass multiplication of T. harzianum

used against Fusarium wilt of banana. Five different organic substrates were

used viz., rice bran, rice chaffy grain, farmyard manure, banana pseudostem and

dried banana leaves. Among them, dried banana leaves were found best

substrate for the growth of T. harzianum. Colonization of the leaves was

completed within few days and better buildup of microbial population (4.6 x

10^^ cfu g"^ of leaf) was recorded.
Similarly, Bhagat and Pan (2006) also compared different substrates

which can be used for the mass multiplication of Trichoderma spp. Rice bran.
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wheat bran and pulse bran showed better sporulation and growth of fungi when

compared to other substrates. Substrate evaluation was done for the mass

multiplication of Trichoderma spp. by Rini and Sulochana (2007). Various

substrates such as cow dung, neem cake, coir pith, sorghum grains, sawdust and

rice bran either alone or in combination with additives such as jaggery and

wheat flour were exploited for the study. They found that pre- boiled sorghum

grains, coirpith + neem cake taken in the ratiol:!, cowdung + neemcake (1:1) +

wheat flour (10%) maintained high populations of T. harzianum and T. viride

within 10 days of inoculation.

Singh et ai (2014) evaluated locally available substrates for the mass

multiplication of Trichoderma spp. against R. solani causing collar rot of

cowpea. Seven days after inoculation, sorghum seeds had retained maximum

population of T. harzianum (22.5 x 10^ cfu g"^) followed by broken pieces of
7  1maize and wheat. Meanwhile, minimum population of 12.7 x 10" cfu g" was

recorded when vermicompost was used as the substrate.

2.6.2. Evaluation of Trichoderma spp. for growth promotion and biocontroi

efficacy

Biological control of soil borne pathogens by adopting Trichoderma is

an ecofriendly and sustainable method of diseases management. In addition, the

fungus is also responsible for the synthesis of plant growth regulators such as

indole acetic acid (lAA) and cytokinin which are responsible for growth

promotion.

Chung and Hoitink (1990) studied the interaction between T. hamatum

and Rhizoctonia solani under pot culture experiment. Enumeration of microbial

population revealed that there was higher population of Trichoderma spp. in the

pot than the pathogen. It may be due to the better colonization character of the

antagonist. Bankole and Adebanjo (1996) reported the antagonistic effect of T.

viride on CoUetotrichum truncatum. They observed that two isolates of T viride

treatments showed a significant increase in seed germination when the seeds
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were dipped in spore suspension of the antagonist followed by drenching with

the same. Moreover, there was reduction in the per cent seedlings infected in the

treatment plants (27.6 % and 45.2%) when compared to control plants (85.5%).

Aly et al. (2007) examined the antagonism of Trichoderma spp. against

M phaseolina of cotton plants under in vivo conditions. Results revealed that,

the isolate Trichoderma 1 could drastically reduce the incidence of pre-

emergence damping off. Variation in the height of cotton plants and the dry

matter production was noticed in plants treated with Trichoderma spp.

compared to that of pathogen inoculatedcontrol. Berber et al. (2009) reported

that T. harzianum controlled the growth of Bipolaris sp., F. oxysporum and R.

solani at different rates during pot culture studies.

Mokhtar and Dehimat (2015) evaluated in vivo biocontrol efficacy of T.

harzianum against Phoma sp. and Gliocladium sp. where the results confirmed

that T. harzianum arrested the growth and sporulation of the pathogens. Raut et

al. (2017) evaluated biocontrol efficacy of Trichoderma spp. against

Phytophthora parasitica in black pepper. The results implied that treatment with

T. asperellum T36 showed the lowest per cent (54%) of Phytophthora infected

pepper seedlings.

Padder and Sharma (2011) conducted studies on the antagonism of

Trichoderma spp. against bean anthracnose pathogen, Colletotrichum

lindemuthianum. They observed that seed treatment with Trichoderma isolates

showed better results than soil drenching. In pot culture experiment, T. viride

showed maximum increase in seed germination and prevention of seed borne

infection followed by T. harzianum. Similar study on application of Trichoderma

spp. for the management of F. solani causing black root rot was carried out by

Beiete et al. (2015). According to them, disease suppression caused by the

antagonist under in vivo condition ranged from 69 to 74 per cent. However, the

maximum control of disease was seen when the plants were treated with isolate

TS025. Meanwhile, the lowest disease suppression was recorded when isolate

TS058 was applied in the pots.
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3. MATERIALS AND METHODS

The present study on "Exploitation of abiotic stress tolerant strains of

Trichoderma spp. for the management of soil borne fungal pathogens" was carried

out in the Department of Plant Pathology, College of Horticulture, Vellanikkara

during the period 2016- 2018. The description of the materials used and methods

followed during the course of the experiment are given below.

3.1 SURVEY AND COLLECTION OF SOIL SAMPLES FROM

DIFFERENT STRESSED ECOSYSTEMS ACROSS KERALA

Intensive sampling surveys were conducted across different abiotic

stressed ecosystems of Kerala. Six locations viz., Wayanad, Palakkad, Thrissur,

Vytilla, Alappuzha and Kumarakom were selected for the survey and the details

regarding the places surveyed are depicted in Table 3.1 (Plate 3.1). Soil samples,

approximately weighing 500 g, were collected from different locations

representing areas of salinity, drought, acidity, fungicide tolerance and high

temperature. Dry litter was removed from the top and random soil samples were

drawn, pooled and sieved to remove coarse stones and root fragments. It was air

dried for 72 h at room temperature and then used for estimation of pH and

electrical conductivity (EC) and enumeration of native Trichoderma spp.

3.1.1. Estimation of pH and electrical conductivity (EC) of the soil samples

pH value is a measure of hydrogen ion activity of the soil water system

and it represents the alkalinity and acidity of the soil sample. It determines the

nutrient availability, microbial activity and physical properties of soil. pH of the

soil samples were estimated as per the protocol of Jackson (1958) where soil and

distilled water
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Table 3.1 Locations of survey for soil sample collection

Si. No. Districts Locations Cropping systems

l.AaIathoor-1 Coconut

2. Aalathoor- 2 Coconut

3. Aalathoor- 3 Coconut

4. Aalathoor- 4 Coconut

S.Pazhambalakode- 1 Rubber

6. Pazhambalakode- 2 Rubber

1. Palakkad
T.Pazhambalakode- 3 Rubber

8. Pazhambalakode-4 Rice

9. Athipotta- 1 Rice

10. Athipotta- 2 Rice

ll.Tarur-1 Rice

12. Tarur-2 Rice

13. Tarur- 3 Rice

14. Tarur- 4 Rice

l.Cherthala- 1 Rice

2. Cherthala-2 Rice

2. Alappuzha 3. Kanjikuzhi-1 Rice

4. Muhamma-l Rice

5. Muhamma- 2 Rice

l.Vytilla- 1 Rice

2. Vytilla-2 Rice

3. Emakulam 3. \Vtilla- 3 Rice

4. Vytilla- 4 Rice

5. Vytilla-5 Rice

l.Kumarakom-1 Rice

2. Kumarakom- 2 Rice

4. Kottayam 3. Kumarakom- 3 Rice

4. Kumarakom- 4 Rice

5. Kumarakom- 5 Rice

1. Bathery- 1 Forest ecosystem

2. Bathery- 2 Forest ecosystem

3. Bathery- 3 Forest ecosystem

4.Muthumala- 1 Forest ecosystem

5. Wayanad
S.Ambukuthi- 1 Forest ecosystem

6. Ambukuthi- 2 Forest ecosystem

y.Tholpetty- 1 Forest ecosystem

8. Tholpetty- 2 Forest ecosystem

9. Tholpetty- 3 Forest ecosystem

10. Tholpetty-4 Forest ecosystem

11. Kurichiyad- 1 Forest ecosystem



35

12. Kalloor- 1 Forest ecosystem

1. Puzhakkal- I Rice

2. Puzhakkal- 2 Rice

3. Puzhakkal- 3 Rice

5. Kanjani- 1 Rice

6. Thrissur
6. Kanjani- 2 Rice

7. Kanjani- 3 Rice

8. Adat- 1 Rice

9. Adat- 2 Rice

10. Adat-3 Rice

11. Alappat- 1 Rice

are taken in the ratio 1:2.5. Air dried soil sample of 10 g each was taken in a 50

ml beaker and 25 ml of distilled water was added to it. The suspension was stirred

intermittently for 30 min by using Orbitek magnetic stirrer at 260 rpm and was

left for settling. A digital pH meter was employed to estimate the pH of the

samples.

Electrical conductivity (EC) represents soluble salts present in the soil.

The electrical conductivity of soil samples were determined by immersing digital

electrical conductivity bridge of Jenway conductivity meter in the supernatant of

the soil suspension which was prepared in the same manner as that for pH.

3.2 ISOLATION AND ENUMERATION OF Trichoderma spp. FROM SOIL

Isolation of Trichoderma spp. was carried out using serial dilution and

pour plate method on a suitable selective media (Parkinson et ah, 1971). Ten gram

of soil was weighed out and was transferred aseptically to a 90 ml sterile water

blank taken in a 250 ml conical flask. Further, the soil suspension in the conical

flasks were agitated vigorously for 15 min using Orbitek shaker at 260 rpm. The

well blended soil suspension was then diluted upto 10 "^dilution. From 10"^ and

10"* dilutions 1 ml suspension was pipetted out into sterile Petri plates and the

respective media were poured into the plates. Different media viz., Trichoderma

selective medium (TSM), Malt extract agar (MEA), Oat meal agar. Potato

dextrose agar (PDA) and Special nutrient agar (SNA) (Appendix- I) were



Plate 3.1 Collection of soil samples from different locations across Kerala
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evaluated to study the efficiency of culture media in the isolation of Trichoderma

spp. The plates were swirled to ensure an even distribution of the suspension in

the media and were incubated at 26± 2^C for six days. The colonies developed

were studied for their cultural and morphological characters.

3.2.1 Purification and preservation of Trichoderma spp.

After the incubation period morphologically distinct colonies appearing on

the plates resembling Trichoderma spp. were purified by hyphal tip method

(Grove et al, 1970). Pure cultures of the fiingi were maintained on PDA slants by

periodic subculturing and were preserved at 4^C under refrigerated conditions for

further studies.

Cultures of various isolates of Trichoderma spp. were also preserved in

glycerol for long term storage. For this, vials with glycerol (15%) were autoclaved

for 20 min and the moisture from glycerol solution was removed by keeping them

in hot air oven at 65^C for 2 h. A five mm mycelial disc of the fungal culture was

inoculated into these vials aseptically and was kept in refrigerator at 4*^0 (Paul et

al., 2015).

3.2.2. Characterization of Trichoderma isolates

Various isolates of Trichoderma spp. were studied for their cultural and

morphological characteristics for the purpose of tentative identification. Two

techniques, visual identification on Petri dishes and micromorphological studies

in slide culture were adopted for this.

3.2.2. a. Cultural characters

The cultural characters exhibited by different Trichoderma species were

studied by visual observation. The isolates were grown aseptically in sterile Petri

plates on PDA medium and were kept for incubation at 26 ± 2®Cand the

distinguishing characters were recorded upto six days at an interval of 24 h.

Variations in colony colour, texture, odour, days to sporulation and pigmentation
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were recorded.

3.2.2. b. Morphological characters

For micromorphological studies, slide culture technique was used by

following the protocol by Riddell (1950). Microscopic observations on shape,

size, arrangement and development of conidiophores and phialides, hyphal width,

and size, shape and colour of conidia were recorded. The characters of isolates

were compared to a taxonomic key suggested by Sekhar et at. (2017) for the

genus Trichoderma for identification. Photomicrographs of the isolates were also

taken using Carl Zeiss AxioLab A1 Image analyzer of College of Agriculture,

Padanakkad.

3.3. In vitro SCREENING OF Trichoderma spp. FOR ABIOTIC STRESS

TOLERANCE

The effect of temperature, drought, pH, fungicides and salinity on the

growth of Trichoderma isolates were studied under in vitro conditions.

3.3.1. In vitro screening of Trichoderma spp. for temperature tolerance

Isolates of Trichoderma species were subjected to different temperature

conditions to study the best suited temperature level for the growth of the fungus

and also to screen for thermo tolerance as per the protocol of Reetha et al. (2014).

A five mm mycelial disc of the fungus was inoculated aseptically to sterile potato

dextrose broth (PDB) prepared in 100 ml conical flask. The inoculated flasks were

incubated at various temperature levels of 25, 30, 35 and 40°C for five days in

Rotek water bath. Mycelial growth formed after incubation period was taken out

and filtered through Whatman No. 1 filter paper to remove the excess broth.

Thereafter, fresh weight of these mycelial mats was recorded.

3.3.2. In vitro screening of Trichoderma spp. for drought tolerance

Drought tolerance of the isolates of Trichoderma spp. was assessed as per
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the protocol of Amalraj et al. (2010). A five mm disc of the fungal isolate was

inoculated into sterile PDB amended with polyethylene glycol (PEG 6000 Da) at

different concentrations viz., 10 per cent(100 g PEG added in 1 1 media that

contributes an osmotic pressure of -0.15 M Pa), 20 per cent (200 g PEG added in

1 1 medium that contributes an osmotic pressure of -0.49 M Pa) and 30 per cent

(300 g PEG added in 1 1 medium that contributes an osmotic pressure of -1.03 M

Pa). The inoculated flasks were kept for incubation at 26 ± 2^C for five days. The

fresh weight of the mycelial mats was recorded afler filtering off the excess broth

as per 3.3.1.

3.3.3. In vitro screening of Trichoderma spp. for acidity tolerance

The effect of acidity on the growth of different isolates of Trichoderma

species were studied following the protocol of Reetha et al. (2014). The reaction

of the medium was adjusted to the desired pH by using 0.1 N HCl and/ or 0.1 N

NaOH according to the requirement. The flasks were autoclaved for 20 min

before inoculation with the isolates. A five mm mycelial disc of the fungal isolate

was aseptically transferred to PDB at different pH levels of 3.5, 4.5 and 5.5. The

inoculated flasks were incubated at 26 ± 2^C for five days and after the

completion of growth, the mycelial mat was removed, filtered and the fresh

weight was recorded.

3.3.4 In vitro screening for salinity tolerance

Tolerance of different isolates of Trichoderma species to salinity

evaluated as per the protocol of Amalraje/ al. (2010). Mycelial disc of five mm

diameter was placed in the centre of NaCl amended potato dextrose agar (PDA)

and the growth was compared with the PDA plate without NaCl which served as

control. Four concentrations viz., 0.5M, IM, 1.5M and 2M were employed for the

experiment. The plates were incubated at 26 ± 2°C for six days. Percentage

reduction of growth in salt amended media was calculated using the formula (C-

T) xlOO /C, where C is the radial growth of the isolate in control plate (cm) and T
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is radial growth in salt amended plate (cm) (Vincent, 1927).

3.3.5. In vitro screening for fungicide tolerance

The tolerance of various isolates of Trichoderma species to different

fungicides were tested by employing the method of poisoned food technique

(Grover and Moore, 1962). For this purpose, different concentrations of copper

fungicides viz., copper oxy chloride and copper hydroxide at 0.2%, 0.25% and

0.3% were used. An appropriate quantity of the fungicide was weighed out and

was added to 100 ml of the sterile molten PDA so as to get the desired

concentration. The medium was thoroughly mixed and about 20 ml of the

medium was poured on to before plating. After solidification, a five mm mycelial

disc of the fungal isolate was kept in the centre of the plate and the plates were

kept for incubation at 26 ± 2^C. A fungicide free inoculated plate was kept as

control for comparison. Observations on radial growth were recorded daily until

the control plates showed full growth. The per cent reduction of mycelial growth

was calculated using the formula given in 3.3.4.

3.4. BIOCHEMICAL CHARACTERIZATION OF STRESS TOLERANT

ISOLATES OF Trichoderma

The isolates of Trichoderma spp. obtained through in vitro evaluation for

stress tolerance were further subjected to biochemical analysis for determination

of cellulase, 1,3- glucanase and protease for determining their antagonistic

potential. Biomolecules involved in imparting drought tolerance like ACC-

deaminase (l-aminocyclopropane-Lcarboxylate deaminase) and cytokinin were

also assessed.

3.4.1. Cellulase assay

Production of cellulase enzyme by Trichoderma spp. was evaluated by the

method suggested by Sadasivam and Manickam (2008). The selected fungal
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isolates were grown in carboxy methyl cellulose (Guevara and Zambrano, 2006)

(CMC) (Appendix II) (1%) medium for five days at 26±2^C. After the incubation

period, 0.5 ml of the enzyme extract was pipetted out into 32 mg of dry Whatman

No. I filter paper discs (substrate) taken in boiling tubes. The mixture was

incubated for 1 h at 50^C. The enzyme- substrate complex was removed from the

water bath and 0.5 ml dinitrosalicylic acid (DNS) reagent was added

immediately. This mixture was heated till boiling in a water bath for 5 min.

Thereafter, one ml of Rochelle salt solution (K-Na- tartarate) (40%) was added to

this while the tubes were still warm. The mixture was cooled to room

temperature and the volume was adjusted to 5 ml with distilled water. The

absorbance was measured at 540 nm assisted by spectrophotometer. A standard

graph was plotted with glucose in the range 50 to 1000 pg ml"'.

3.4.1. a. Calculation of cellulase activity

Glucose stock solution (1000 ppm) was prepared by taking 100 mg

glucose and the volume was made upto 100 ml with distilled water. From this

stoek solution, 100, 300, 500, 600 and 750 ppm solutions were made.

Glueose solution (0.5 ml) and same amount of DNS reagent were added

to boiling tubes and were kept in boiling water bath for 5 min. Procedure was

continued in the same way as in 3.4.1. Absorbance was plotted against

concentration of glucose and thus a standard graph and a regression equation was

established.

AEx Vf
Cellulase activity (U/ml) =

At X Z X Vs X d

AE = Absorbance at 540 nm

Vf = Final volume including DNS

Vs = Volume (mL) enzyme extract used

At = Time of hydrolysis

Z = Extinction coefficient

d = Diameter of cuvette (1 cm for standard cuvette)
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Extinction coefficient (Y) = 0.001X+ 0.069 (X= 0.18 mg- l|aM glucose)

3.4.2. p- 1,3- glucanase assay

p- 1, 3- glucanase activity of Trichoderma spp. was assayed as per the

protocol of Sadasivam and Manickam (2008). For this the isolates were grown in

carboxy methyl cellulose (1%) medium for five days at 26 ± 2^C. One per cent

CMC solution (substrate) (0.45 ml) and 0.05ml of enzyme extract were pipetted

into the tubes and it was incubated at 55^C for 15 min. Immediately after removing

the enzyme- substrate complex, 0.5 ml of dinitrosalicylic acid (DNS) reagent was

added. The tubes were kept in boiling water bath for 5 min. One ml of 40 per cent

Rochelle salt (K-Na tartarate) solution was added to this, while the tubes were still

warm. Further the tubes were cooled to room temperature and the volume was

made upto 5 mi using distilled water. The absorbance was measured at 540 nm

wavelength assisted by spectrophotometer. A standard graph was plotted using

glucose in the concentration range of 50 to lOOOpg ml"'. Calculations of the p- 1,

3- glucanase activity was done following the method followed in 3.4.1.a.

3.4.3. Protease assay

The proteolytic ability of the fungal isolates was assessed by employing

modified procedure of Tsuchida et al. (1986). The activity was determined with

casein as substrate (Appendix II). Casein solution (2%) was prepared by using 0.2

M carbonate buffer (pH 10). Enzyme solution (0.5 ml) and an equal volume of

casein solution were pipetted into the tubes and kept at 55'^C for 10 min. The

reaction was ceased by adding 1 ml of 10 per cent trichloroacetic acid. Thereafter,

this mixture was transferred to eppendorf tubes and centrifuged at 10,000 rpm for

10 min. The supernatant was collected and to this, five ml of 0.44 M Na2C03 and

one ml of two-fold diluted Folin- Ciocalteau reagent were added. Colour

developed was read at 660 nm against the blank prepared. Standard graph was

prepared using tyrosine in the concentration range of 50 to lOOOpg ml'^ One unit
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X

of enzyme activity was defined as the amount of enzyme that released one of
tyrosine per ml per min.

3.4.3. a. Calculation of protease activity

Stock solution of tyrosine (100 ppm) was prepared by taking 10 mg

glucose and making it upto 100 ml with distilled water. From this stock solution,
20, 40, 60 and 80 ppm solutions were made. A standard graph was plotted with

absorbance value on Y axis and concentration of tyrosine on X axis. Protease

enzyme activity (units/ ml) was calculated using the formula,

Tyrosine equivalents released x Vf
Protease activity (U/ ml)

Ve x T X Vc

Vf = Final volume used in assay

Ve = Volume of enzyme extract used in assay

T = Time of assay as per the unit definition

Vc = Volume used in colorimetric determination

3.4.4. Screening for ACC Deaminase production in Trichoderma spp.

The ACC (1-Amino Cyclopropane-l-Carboxylate) deaminase activity of

drought tolerant Trichoderma isolates was screened based on the ability of the

isolates to use ACC as a sole nitrogen source (Ali et ai, 2014). All the isolates

were grown in 100 ml potato dextrose broth for five days at 26 ± 2°C. After
completing full growth, the cells were collected by centrifugation at 10,000 rpm

for 10 min and washed twice with sterile 0.1 M Tris- HCl. After washing, the cells

were resuspended in 1ml of 0.1 M HCl and were spot inoculated on modified DF

(Dworfkin and Foster) salts minimal medium (Appendix iii) (Dworkin and Foster,

1958). The plate with DF media amended with (NH4)2S04 (0.2% w/v) as the

nitrogen source served as positive control. The plate with DF media, devoid of any

nitrogen source served as negative control. Growth of isolates on ACC
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supplemented plates was compared to positive and negative control plates and was

selected based on growth by utilizing ACC as the nitrogen source.

3.4.5. Screening for cytokinin production in Trichoderma spp.

Production of cytokinin by selected isolates of Trichoderma spp. was

evaluated by following the protocol of Cattelan et al (1999). Fungal isolates were

grown in sterile potato dextrose broth (PDB) for eight days at 26 ± 2^C, followed

by centrifugation at 10,000 rpm for 10 min.

Cowpea (var. Bhagyalakshmi) seeds were germinated on moistened filter

paper kept in sterile Petri plates. After germination, hypocotyl and cotyledon were

carefully separated from the seeds and were transferred to Petri plates containing

filter paper moistened with the supernatant from each isolate after centrifugation.

Specifically five seeds with intact cotyledons and hypocotyls were kept in each

Petri plate. The plates were incubated for four days at 26 ± 2^Q to compare the

biomass of the cotyledons, rate of secondary rootlet formation and length of the

root or hypocotyl produced. The treatments were compared with control plates

which consisted of filter paper moistened with sterile medium alone.

3.5. In vitro EVALUATION OF STRESS TOLERANT ISOLATES OF

Trichoderma spp. FOR THEIR ANTAGONISTIC POTENTIAL

The selected Trichoderma spp. with abiotic stress tolerance were tested for

antagonistic property against five major soil borne pathogens viz., Phytophthora

capsici, Pythium aphanidermatum, Scelrotium rolfsii, Fusarium solani and

Rhizoctonia solani under in vitro conditions by employing the dual culture

technique (Dennis and Webster, 1971). A five mm mycelial disc was taken from a

five day old Trichoderma culture and was inoculated aseptically two cm away

from the periphery of the sterile Petri plate containing PDA medium. Similarly, a

five mm mycelial disc of the pathogen culture was inoculated in same PDA plate

3.5 cm away from the Trichoderma mycelial disc. The plates were incubated at

26± 2°C. The fungal pathogen and each isolate of Trichoderma spp. were

inoculated as dual culture after giving due consideration on the rate of growth of
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pathogen and the antagonist. PDA mediated Petri dishes inoculated with 5 mm disc

of pathogen alone served as control.Three replications were maintained and the

growth of the pathogen was compared with the control plate. Measurements on

radial growth were taken at regular intervals after 24 h of inoculation of the

antagonist till the control plates attained full growth.Per cent inhibition of the

growth of pathogen over control was calculated using the formula given in 3.3.4.

The type of interaction between Trichoderma spp. and the test pathogen

was studied by the method proposed by Purkayastha and Bhattacharya (1982).

Types of reactions:

Homogenous (H) : Free intermingling of hyphae

Overgrowth (O) : Pathogen grown over by antagonist

Cessation of growth (C): Cessation of growth at the line of contact

Aversion (A) : Development of clear zone of inhibition

3.6 MOLECULAR CHARACTERIZATION OF STRESS TOLERANT

Trichoderma spp.

Based on the previous studies, four Trichoderma spp. showing high

abiotic stress tolerance viz., salinity, acidity, drought, fungicide and

thermotolerance and better enzyme activity as well as antagonistic property

toward major pathogens were selected for further studies. The molecular

characterization of these isolates was carried out at Rajiv Ganghi Centre for

Biotechnology (RGCB), Thiruvananthapuram by ITS sequencing to identify the

isolates upto species level. Sequence analysis and nucleotide homology of each

isolate were analyzed through the BLASTn programme of National Center for

Biotechnology Information (NCBI) (http://www.ncbi.nlm.nih.gov).

3.6.1 DNA isoiation using NucleoSpin Plant II Kit (Macherey-Nagel)

About 100 mg of the tissue/mycelium is homogenized using liquid

nitrogen and the powdered tissue is transferred to a microcentrifuge tube. Four
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hundred microlitres of buffer PLl is added and vortexed for 1 minute. Ten

microlitres of RNase A solution is added and inverted to mix. The homogenate is

incubated at 65''C for 10 minutes. The lysate is transferred to a Nucleospin filter

and centrifuged at 11000 x g for 2 minutes. The flow through liquid is collected

and the filter is discarded. Four hundred and fifty microlitres of buffer PC is

added and mixed well. The solution is transferred to a Nucleospin Plant II

column, centrifuged for 1 minute and the flow through liquid is discarded. Four

hundred microlitre buffer PWl is added to the column, centrifuged at 11000 x g

for 1 minute and flow though liquid is discarded. Then 700 pi PW2 is added,

centrifuged at 11000 x g and flow through liquid is discarded. Finally 200 pi of

PW2 is added and centrifuged at 11000 x g for 2 minutes to dry the silica

membrane. The column is transferred to a new 1.7 ml tube and 50 pi of buffer PE

is added and incubated at for 5 minutes. The column is then centrifuged at

11000 X g for 1 minute to elute the DNA. The eluted DNA was stored at 4 C.

3.6.2 Agarose Gel Electrophoresis for DNA Quality check

The quality of the DNA isolated was checked using agarose gel

electrophoresis. Ipl of 6X gel-loading buffer (0.25% bromophenol blue, 30%

sucrose in TE buffer pH-8.0) was added to 5pl of DNA. The samples were loaded

to 0.8% agarose gel prepared in 0.5X TBE (Tris-Borate-EDTA) buffer containing

0.5 pg/ml ethidium bromide. Electrophoresis was performed with 0.5X TBE as

electrophoresis buffer at 75 V until bromophenol dye front has migrated to the

bottom of the gel. The gels were visualized in a UV transilluminator (Genei) and

the image was captured under UV light using Gel documentation system (Bio-

Rad).

3.6.3 PGR Analysis

PGR amplification reactions were carried out in a 20 pi reaction volume

which contained IX Phire PGR buffer (contains 1.5 mM MgGh), 0.2mM each

dNTPs (dATP, dGTP, dGTP and dTTP), 1 pi DNA, 0.2 pi Phire Hotstart II DNA
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polymerase enzyme, 0.1 mg/ml BSA and 3% DMSO, 0.5M Betaine, 5pM of

forward and reverse primers.

Primers used

Target Primer Name Direction Sequence (5' -> 3')

ITS

ITS-IF Forward TCCGTAGGTGAACCTGCGG

ITS-4R Reverse TCCTCCGCTTATTGATATGC

The PCR amplification was carried out in a PCR thermal cycler (GeneAmp PGR

System 9700, Applied Biosystems).

PCR amplification profile

ITS

98 -

98 °C -

60 °C -

72 °C -

72 °C -

4°C -

30 sec

5 sec

10 sec

15 sec

60 sec

00

40 cycles

3.6.4 Agarose Gel electrophoresis of PCR products

The PCR products were checked in 1.2% agarose gels prepared in 0.5X

TBE buffer containing 0.5 pg/ml ethidium bromide. 1 pi of 6X loading dye was

mixed with 5 pi of PCR products and was loaded and electrophoresis was

performed at 75V power supply with 0.5X TBE as electrophoresis buffer for

about 1-2 hours, until the bromophenol blue front had migrated to almost the

bottom of the gel. The molecular standard used was 2-log DNA ladder (NEB).

The gels were visualized in a UV transilluminator (Genei) and the image was

captured under UV light using Gel documentation system (Bio-Rad).



47

3.6.5 ExoSAP-IT Treatment

ExoSAP-IT (GE Healthcare) consists of two hydrolytic enzymes,

Exonuclease I and Shrimp Alkaline Phosphatase (SAP), in a specially formulated

buffer for the removal of unwanted primers and dNTPs from a PGR product

mixture with no interference in downstream applications.

Five micro litres of PGR product is mixed with 2 pi of ExoSAP-IT and incubated

at 37°G for 15 minutes followed by enzyme inactivation at 80°G for 15 minutes.

3.6.6 Sequencing using BigDye Terminator v3.1

Sequencing reaction was done in a PGR thermal cycler (GeneAmp PGR

System 9700, Applied Biosystems) using the BigDye Terminator v3.1 Gycle

sequencing Kit (Applied Biosystems , USA) following manufactures protocol.

The PGR mix consisted of the following components:

PGR Product (ExoSAP treated) - 10-20 ng

Primer - 3.2 pM (either Forward or
Reverse)

Sequencing Mix - 0.28 pi

5x Reaction buffer - 1.86 pi

Sterile distilled water - make up to lOpl

The sequencing PGR temperature profile consisted of a U* cycle at 96°C

for 2 minutes followed by 30 cycles at 96°G for 30 sec, 50°G for 40 sec and 60°C

for 4 minutes for all the primers.

3.6.7 Post Sequencing PGR Clean up

1. Make master mix 1 of lOpI milli Q and 2 pi 125mM EDTA per reaction

2. Add 12pl of master mix I to each reaction containing lOpl of reaction
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contents and are properly mixed.

3. Make master mix II of 2 pi of 3M sodium acetate pH 4.6 and 50 pi of

ethanol per reaction.

4. Add 52 pi of master mix II to each reaction.

5. Contents are mixed by inverting.

6. Incubate at room temperature for 30 minutes

7. Spin at 14,000 rpm for 30 minutes

8. Decant the supernatant and add 100 pi of 70% ethanol

9. Spin at 14,000 rpm for 20 minutes.

10. Decant the supernatant and repeat 70% ethanol wash

11. Decant the supernatant and air dry the pellet.

The cleaned up air dried product was sequenced in ABI 3500 DNA

Analyzer (Applied Biosystems).

3.6.8 Sequence Analysis

The sequence quality was checked using Sequence Scanner Software

vl (Applied Biosystems).

3.7. In vivo EVALUATION OF PROMISING STRESS TOLERANT ISOLATES

OF Trichoderma spp. FOR BIOCONTROL EFFICACY AND GROWTH

PROMOTION

The most promising isolates of Trichoderma spp. obtained through abiotic

stress screening, biochemical characterization and dual culture assay were

subjected to a pot culture experiment so as to test the antagonism potential and

growth promotion capability of the selected isolates. A pot culture experiment

with cowpea as the test crop and Rhizoctonia solani as the test pathogen was laid
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out. The isolates were compared with a positive control (Trichoderma viride) and

a negative control (without Trichoderma). The experiment was carried out during

March- June 2018 at College of Horticulture, Vellanikkara. The details of the

experiment are as follows.

Design

Treatments

Replications

Number of plants per replication

Crop

Variety

3.7.1 Preparation of potting mixture

CRD

6

3

3

Cowpea

Bhagyalakshmi

Grow bags of size 60 x 30 x 30 cm the bags were filled with potting

mixture prepared with soil, sand and cow dung in the ratio 1:1:1. The potting

mixture was subjected to chemical sterilization with five per cent formalin

solution (40%). Approximately 11 of formalin solution was used for drenching the

soil in one polybag and they were covered with a polythene sheet for 10 days.

Thereafter, the bags were kept open and given a waiting period of seven days so

as to let the fumes of formalin escape from the grow bags. Afterwards the seeds of

cowpea var. Bhagyalakshmi were sown in the grow bags and raised the crop.

3.7.2 Mass multiplication and application of Trichoderma spp.

Promising isolates of Trichoderma spp. and reference culture of KAU

{Trichoderma viride) were grown in potato dextrose broth separately for 10 days

at 26 ± 2®C. Rice grains (var. Uma), locally available organic substrate were used

for the mass multiplication of each isolate of Trichoderma spp. The grains were

washed thoroughly and half boiled prior to sterilization. Thereafter, 500 g of half

boiled rice grains were filled in 100 ml conical flasks and plugged with non

absorbent cotton and then sterilized at 12lV, 15 psi pressure for 60 min. After

cooling, the mycelial discs of Trichoderma spp. were inoculated into the rice

grains aseptically. These bags were incubated for 14 days at 26 ± 2®C. After
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incubation a green fungal mat formed inside the flask on the grains were used to

inoculate the pots under study (Khandelwal et al., 2012). The plants were

inoculated 30 days after sowing with the mass multiplied Trichoderma spp. in rice

grains @ 20 g per polybag with a spore concentration of 2 x 10^ cfu g ' (Singh et

fl/.,2014).

3.7.3. Mass multiplication of pathogen and it's challenge inoculation

The performance of the isolates of Trichoderma spp. was evaluated

against cowpea collar rot disease which is caused by the pathogen Rhizoctonia

solani. A five mm mycelial disc of the pathogen, Rhizoctonia solani was

inoculated on fi-esh PDA medium under laminar air flow and incubated for 48 h at

26 ± The substrate selected for mass multiplication of R. solani was rice

grains (var. Uma) and the same method of sterilization was followed as depicted

in 3.7.2. Inoculation with fungal disc of the pathogen was done in 100 ml conical

flask which was allowed to grow for 14 days at 26 ± 2^C. As white fungal mat

grew over the substrate after the completion of incubation period, the plants were

challenge inoculated with the mass multiplied R. solani (spore concentration 2

xlO^ cfu g"') @ 20 g, 10 days after inoculation of Trichoderma (Bhagat and Pan,

2006).

3.7.4. Germination percentage

To study germination percentage, cowpea seeds were treated with spore

suspensions of selected Trichoderma isolates and were sown in pathogen

inoculated potting mixture. The pathogen was mass multiplied in the same manner

as explained in 3.7.3. The mass multiplied rice grains were inoculated @ 5 g per

pot prior to sowing. Cowpea seeds (var. Bhagyalakshmi) coated with the selected

isolates of Trichoderma spp. were sown @ 3 seeds per pot. Observations such as

number of seeds germinated, earliness in germination, pre- germination rot and

per cent germination were recorded and compared with a positive control

{Trichoderma viride, KAU isolate) and a negative control (without Trichoderma
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spp.).

Design
Treatments

Replications
Number of plants per replication
Crop
Variety

CRD

6

5

5

Cowpea
Bhagyalakshmi

3.7.5. Biometric observations

Observations on plant height, number of leaves, number of flowers, days

to flowering, number of pods and yield were recorded and compared among the

treatments.

i. 7.5.2.a. Height of the plant

The height of each plant was taken before and after the treatment

application at 30 days after sowing (DAS), 45 DAS and 60 DAS.

3.7.5.2. b. Number ofleaves

Number of leaves was counted before and after the treatment application

at 30, 45 and 60 DAS.

3.7.5.2.C. Days to first flowering

Days to flowering were noted and were recorded for each treatment and

compared among the various treatments.

3.7.5.2.d, Tieldobtained

Weight and number of pods obtained from each treatment were

measured and recorded.

3.7.6. Assessment of disease incidence

After one week of challenge inoculation with the pathogen R. solani.
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collar region of the plants was checked to see symptom appearance and

accordingly per cent disease incidence was calculated by following the formula

given by Wheeler (1969).

Number of plants infected

Per cent disease incidence (PDI) = xlOO

Total number of plants observed

3.8. Statistical analysis

Data was subjected to Analysis of Variance (ANOVA), which was carried

out by employing Web Agri Stat Package (WASP 2.0). Levels of significance,

means and standard error were obtained for various data sets. Appropriate

transformation was done according to the method suggested by Gomez and Gomez

(1984). Multiple comparison between the treatment means where the F test was

significant was done with Duncan's Multiple Range Test (DMRT).
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4 RESULTS

The research on "Exploitation of abiotic stress tolerant strains of Trichoderma

spp. for the management of soil borne fungal pathogens" was conducted to screen

abiotic stress tolerant isolates of Trichoderma spp. under in vitro and also to

evaluate the growth promotion and biocontrol ability of the promising isolates

against soil borne pathogen under in vivo conditions. The results of the

experiment carried out during 2016-2018 are given below.

4.1 SURVEY, COLLECTION AND ESTIMATION OF ELECTROCHEMICAL

PROPERTIES OF SOIL SAMPLES FROM DIFFERENT STRESS PRONE

AREAS OF KERALA

Intensive sampling surveys were conducted across different abiotic

stressed ecosystems of Kerala viz., Wayanad, Palakkad, Thrissur, Vytilla,

Alappuzha and Kumarakom. pH and electrical conductivity of the samples were

estimated under in vitro conditions.

4.1.1. Collection of soil samples

A total of 52 representative soil samples were collected from different

locations of six districts across Kerala. A total of 12, 14 and II samples were

collected from Wayanad, Palakkad and Thrissur respectively and five samples

each from Alappuzha, Emakulam and Kottayam were also procured. The

properties of soil such as soil reaction (pH), electrical conductivity (EC) and soil

texture are depicted in Table 4.1.
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Table 4.1 Details of soil samples collected from different
locations across Kerala

SI. No. Districts Locations
Soil sample

code
Soil texture pH

EC

(dS m *)
l.Alathur- 1 PI Sandy clay loam 6.20 0.01

2. Alathur- 2 P2 Sandy clay loam 5.80 0.01

3. Alathur- 3 P3 Sandy clay loam 6.00 0.01

4. Alathur- 4 P4 Sandy clay loam 5.50 0.02

S.Pazhambalakode- 1 P5 Sandy clay loam 5.40 0.02

6. Pazhambalakode- 2 P6 Sandy clay loam 5.20 0.02

1. Palakkad
T.Pazhambalakode- 3 P7 Sandy clay loam 5.60 0.02

8. Pazhambalakode-4 P8 Sandy clay loam 5.80 0.01

9. Athipotta- 1 P9 Sandy clay loam 5.20 0.02

10. Athipotta- 2 PIG Sandy clay loam 5.30 0.02

11. Tarur-1 PIl Sandy clay loam 5.70 0.02

12. Tarur- 2 P12 Sandy clay loam 6.00 0.02

13. Tarur- 3 P13 Sandy clay loam 5.90 0.02

14. Tarur- 4 P14 Sandy clay loam 5.20 0.02

l.Cherthala- 1 A1 Sandy 3.00 7.61

2. Cherthala-2 A2 Sandy 2.90 5.26

2. Alappuzha 3. Kanjikuzhi-l A3 Sandy 3.30 5.50

4. Muhamma-1 A4 Sandy 2.80 5.50

5. Muhamma- 2 A5 Sandy 3.50 3.00

l.Vytilla- 1 El Clay 4.10 3.73

2. Vytilla- 2 E2 Clay 4.10 2.21

3. Emakulam 3. Vytilla-3 E3 Clay 4.30 3.25

4. Vytilla-4 E4 Clay 4.30 2.09

5. Vytilla- 5 E5 Clay 4.20 2.05

l.Kumarakom-1 K1 Clay loam 4.20 1.37

2. Kumarakom- 2 K2 Clay loam 4.70 1.76

4.
Kottayam 3. Kumarakom- 3 K3 Clay loam 3.90 1.29

4. Kumarakom- 4 K4 Clay loam 4.40 2.35

5. Kumarakom- 5 K5 Clay loam 4.20 1.34

1. Bathery- 1 W1 Sandy loam 5.80 0.19

2. Bathery- 2 W2 Sandy loam 7.10 0.11

3. Bathery- 3 W3 Sandy loam 6.20 0.18

5. Wayanad
4. Muthumala- 1 W4 Sandy loam 6.30 0.05

5. Ambukuthi- 1 W5 Sandy clay 6.50 0.04

6. Ambukuthi- 2 W6 Sandy clay 6.10 0.22

7. Tholpetty- 1 W7 Sandy loam 5.40 0.14

A
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(t

SI. No. Districts Locations
Soil sample

code
Soil texture pH

EC

(dS m"*)
8. Tholpetty- 2 W8 Sandy loam 6.10 0.08

9. Tholpetty- 3 W9 Sandy loam 7.00 0.14

10. Tholpetty-4 WIO Sandy loam 6.10 0.16

11. Kurichiyad- 1 Wll Sandy clay loam 6.00 0.11

12. Kalloor- 1 W12 Sandy clay loam 5.90 0.10

1. Puzhakkal-1 T1 Clay 5.30 0.10

2. Puzhakkal- 2 T2 Clay 5.40 0.09

3. Puzhakkal- 3 T3 Clay 5.20 0.86

4. Kanjani- 1 T4 Clay 5.00 0.09

5. Kanjani- 2 T5 Clay 5.10 0.09

6. Thrissur 6. Kanjani- 3 T6 Clay 4.40 0.26

7. Adat- 1 T7 Clay 4.60 0.25

8. Adat- 2 T8 Clay 4.50 0.48

9. Adat- 3 T9 Clay 4.30 0.55

10. Alappat- 1 TIG Clay 4.90 0.56

11. Alappat-2 Til Clay 4.40 0.56
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4.1.2 Estimation of soil reaction (pH)

Rhizosphere soil samples were collected and pH was estimated under

laboratory conditions. The soil samples collected were serially numbered with

respect to location and designated with a sample code representing the district.

Code PI to P14 represent samples from Palakkad district, A1 to A5 represent

Alappuzha district, El to E5 were assigned for samples collected from

Emakulam, K1 to K5 represent Kottayam district, W1 to W12 represent Wayanad

district and T1 to T11 represent Thrissur district (Table 4.1). Among the 52 soil

samples collected, the lowest pH of 2.8 was recorded from the sample Muhamma-

I collected from Alappuzha district and the highest of 7.10 from Bathery- 2 of

Wayanad district. The data recorded is depicted in Table 4.1.

pH of the 14 soil samples collected from different cropping system of

Palakkad district were estimated. In general, it was observed that the soils were

having sandy to clay loam texture with pH value ranging from 5.20 to 6.20

making them moderately to slightly acidic. The highest pH value of 6.20 was

noticed from Alathur-1 and lowest value of 5.20 from Pazhambalakode- 2 and

Athipotta- 1.

All the five soil samples collected from rice fields of Alappuzha was sandy

in texture and showed a pH value in the range of 2.80- 3.50 making them very

strongly acidic. Lowest pH value of 2.80 was recorded from Muhamma-1 and

highest of 3.50 from Muhamma-2. Soil samples from rice fields of Vytilla Rice

Research Station of Emakulam district revealed a clayey texture with pH values

ranging between 4.10 and 4.30 rendering them strongly acidic. Among the five

samples, Vytilla- 3 and Vytilla- 4 recorded highest pH of 4.30 and Vytilla-1 and

Vytilla-2 recorded the lowest of 4.10.

In addition, five representative soil samples collected from rice fields of

Kumarakom of Kottayam district depicted a clayey loam texture, where the pH of

the soil samples were found to be strongly acidic with a pH value ranging from

3.90 to 4.70. The soil sample, Kumarakom- 2 recorded the highest pH of 4.70 and
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the lowest value of 3.90 was reported from Kumarakom-3. Twelve soil samples

were collected from different locations of Wayanad and pH was recorded. Soil

texture of the samples varied among different locations and it was noticed that

except for Ambukuthi-1, Ambukuthi-2, KalIoor-1 and Kurichiyad- 1 all other

samples were sandy loam in texture. However, Ambukuthi- 1 and 2 were sandy to

clayey in texture, whereas Kalloor-1 and Kurichiyad-1 had sandy clay loam

texture. pH of the samples revealed that the soils were moderately acidic to

neutral with values ranging from 5.40- 7.10. The lowest pH of 5.40 was recorded

in soils collected from Tholpetty and the highest of 7.10 was recorded from

Bathery- 2.

Similarly, 11 representative soil samples were collected from Kole lands

of Thrissur district and pH were estimated under laboratory conditions. The data

revealed clayey texture and showed strongly to moderately acidic reaction with

values ranging from 4.30 to 5.40. Soil sample collected from Adat-3 recorded

lowest pH value of 4.30 and highest value of 5.40 was recorded in Puzhakkal-2.

4.1.3. Estimation of electrical conductivity (EC)

Electrical conductivity (EC) of soil sample collected from different

locations was estimated and it was expressed in dS m"\ The details are also

presented in Table 4.1. In general, the highest EC of 7.61 dS m*' was observed

from Cherthala-1 sample collected from Alappuzha district and the lowest of 0.01
%

dS m"* from Alathur- 1, Alathur- 2, Alathur- 3 and Pazhambalakode-4 of Palakkad

district.

Electrical conductivity of soil samples collected from Palakkad district

showed an EC ranging from 0.009 dSm"' (Alathur- 2) to 0.24 dSm"' (Tarur- 2 and

Tarur-4) which were also considered as non- saline. However, it was observed that

soil samples collected from Alappuzha district recorded high EC value ranging

between 3.00 to 7.61 dSm"' rendering them slightly saline. Moreover, samples
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from Vytilla and Kumarakom also depicted an EC ranging from 2.05- 3.73 dS m"'

and 1.34- 2.35 dS m^ respectively which shows that the soil samples were found

to be slightly saline.

Similarly, soil samples collected from Wayanad district ranged from 0.04

to 0.22 dSm"' with the highest EC value from Ambukuthi- 2 and the lowest value

from Ambukuthi -1 making them non saline. Likewise, 11 soil samples collected

from Kole lands of Thrissur revealed that EC ranged from 0.09 to 0.562 dS m'

'which also makes them non saline. Tlie highest EC value of 0.562 dS m'' and the

lowest value of 0.09 dS m"' were recorded from Puzhakkal- 2 and Kanjani- 1 and

Aiappat-2 of Thrissur district.

4.2. ISOLATION, ENUMERATION AND CHARACTERIZATION OF

Trichoderma spp.

Native Trichoderma species were isolated from soil samples using

different selective media. Five different media, viz., Trichoderma selective

medium (TSM), Malt extract agar (MEA), Oatmeal extract agar (OEA), Special

nutrient agar (SNA) and Potato dextrose agar (PDA) were used for the isolation.

After screening of these five media, TSM and MEA were selected for further

isolation of Trichoderma spp. as these media yielded significantly numerous

colonies of Trichoderma spp. Three dilutions of 10"^, 10"^ and 10*'' were used

initially and it was narrowed down to the latter two due to better formation of

single colonies of Trichoderma spp. in those dilutions. Population of Trichoderma

spp. from different soil samples obtained after serial dilution in MEA and TSM

are presented in Table 4.2.

A total of 24 isolates of Trichoderma spp. were obtained from different

locations selected under the study. Among the six locations, soil samples collected

from Wayanad recorded maximum number of eight isolates followed by

Palakkad, Thrissur, Alappuzha, Vytilla and Kumarakom with 6, 4, 3, 2 and 1

isolate respectively. Here again, based on the number of Trichoderma spp.
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obtained from each district, they were serially numbered and abbreviated based on

the name of the location. Accordingly, PAT 1 to PAT 6 represent number of

isolates of Trichoderma spp. from Palakkad district, ALT 1 to ALT 3 from

Alappuzha, VYT 1 and VYT 2 from Emakulam district, KUT 1 from Kottayam

district, WAT 1 to WAT 8 from Wayanad and THT 1 to THT 4 from Thrissur

district.

From the Table 4.2, it is clear that there was a significant difference in the

population of Trichoderma spp. among the locations. Highest population of the

fungus using both selective media of Wayanad district was obtained from W7

withacfu of 32.52 X 10^and 22.22 x 10'*in TSM and 31.22 x 10^and 17.61x lO"

in MEA medium. Lowest population of 4.18 x 10^ and 2.17 x iC'cfu g"' was

obtained from P 10 of Palakkad district in TSM and MEA respectively.

In Palakkad district, population of Trichoderma spp. ranged from 5.87 to

12.75 X lO^cfti g"' and 1.77 to 6.09 x 10'* cfu g"' in TSM media. While, a

population of 4.18 to 10.18 x lOVfu ml"' and 2.17 to 5.77 x lO'* cfu g"' was

noticed when MEA medium was used. Highest population of Trichoderma spp.

was isolated from P 5 and P 14 and lowest from P 6 and P 10 samples at 10"^ in

TSM media. From lO"'* dilution, maximum number of Trichoderma colonies was

obtained from P 5 and minimum from P 10 using the same medium. When MEA

media was employed for the enumeration of Trichoderma spp., maximum number

of colonies was retrieved from P 5 in both dilutions, nonetheless, minimum

number of colonies was obtained from P 6 and P 10 from 10"^ and lO'"* dilution

respectively. Some of the samples collected from Palakkad district viz., PI to P4,

P8, P9, PI2 and P 13 did not show any colonies of Trichoderma spp. in both

media. Isolates of Trichoderma spp. obtained from the soil samples P5, P6, P7,

PIO, Pll and PI4 were thereby abbreviated as PATl, PAT2, PAT3, PAT4, PATS

and PAT6 respectively and were selected for further studies.
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Table 4.2 Enumeration of Trichoderma spp. from soil samples collected
from different locations

SI.
Districts

Soil
Isolates of

Trichoderma

*Population of
Trichoderma spp. (CPU g ')

No. samples TSM MEA
spp.

X 10^ xlO^ X 10^ X 10'*

PI Nil 0.00(0.00)" 0.00(0.00)® 0.00(0.00)' 0.00(0.00)'

P2 Nil 0.00(0.00)" 0.00(0.00)® 0.00(0.00)' 0.00(0.00)'

P3 Nil 0.00(0.00)" 0.00(0.00)® 0.00(0.00)' 0.00(0.00)'

P4 Nil 0.00(0.00)" 0.00(0.00)® 0.00(0.00)' 0.00(0.00)'

P5 PATl 12.70(1.14)^ 6.09(0.78)' 10.07(1.00)' 5.77(0.76)'

P6 PAT2 5.87(0.84)' 2.57(0.41)' 4.27(0.63)" 2.39(0.38)"
P7 PAT3 6.11(0.85)' 2.97(0.47)" 5.90(0.77)' 3.077(0.49)'

1. P8 Nil 0.00(0.00)" 0.00(0.00)® 0.00(0.00)' 0.00(0.00)'

Paiakkad P9 Nil 0.00(0.00)" 0.00(0.00)® 0.00(0.00)' 0.00(0.00)'

PIO PAT4 5.87(0.84)' 1.77(0.24)^ 4.18(0.62)" 2.17(0.33)"
Pll PATS 10.86(1.07)" 4.39(0.64)' 9.54(0.98)" 4.38(0.64)"
P12 Nil 0.00(0.00)" 0.00(0.00)® 0.00(0.00)' 0.00(0.00)'

P13 Nil 0.00(0.00)" 0.00(0.00)® 0.00(0.00)' 0.00(0.00)'

P14 PAT6 12.75(1.14)' 5.11(0.71)" 10.18(1.01)' 4.24(0.63)"

CD (0.05) 0.012 0.030 0.014 0.034

A1 ALT1,ALT2 16.11(1.21)" 10.00(1.00)" 18.08(1.26)" 14.93(1.17)"

A2 Nil 0.00(0.00)' 0.00(0.00)' 0.00(0.00)'
0.00(0.00)'

Alappuzha A3 Nil 0.00(0.00)' 0.00(0.00)' 0.00(0.00)' 0.00(0.00)'
2. A4 ALT3 27.73(1.46)' 14.20(1.15)' 23.16(1.37)' 15.45(1.19)'

A5 Nil 0.00(0.00)' 0.00(0.00)' 0.00(0.00)' 0.00(0.00)'

CD (0.05) 0.009 0.045 0.014 0.011

VI Nil 0.00(0.00)' 0.00(0.00)' 0.00(0.00)' 0.00(0.00)"

V2 VYT1,VYT2
17.00(1.26)

a 10.56(1.02)' 18.07(1.26)' 10.42(1.02)'

3.
Emakulam V3 Nil 0.00(0.00)' 0.00(0.00)' 0.00(0.00)' 0.00(0.00)'

V4 Nil 0.00(0.00)' 0.00(0.00)' 0.00(0.00)' 0.00(0.00)'

V5 Nil 0.00(0.00)' 0.00(0.00)' 0.00(0.00)' 0.00(0.00)'

CD (0.05) 0.033 0.017 0.02 0.043

K1 Nil 0.00(0.00)' 0.00(0.00)" 0.00(0.00)' 0.00(0.00)"
K2 KUTl 13.91(1.17)' 8.72(0.94)' 12.50(1.10)' 9.00(0.95)'

Kottayam K3 Nil 0.00(0.00)' 0.00(0.00)" 0.00(0.00)' 0.00(0.00)"

k:4 Nil 0.00(0.00)' 0.00(0.00)" 0.00(0.00)' 0.00(0.00)"
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SI.

No.

Districts
Soil

samples

Isolates of

Trichoderma

*Population of
Trichoderma spp. (CFU g"^)

spp. TSM MlIK

X 10^ xlO'* xlO^ xlO^
K5 Nil 0.00(0.00)' 0.00(0.00)" 0.00(0.00)' 0.00(0.00)"

CD (0.05) 0.011 0.002 0.010 0.034

WI WAT 1 4.47(0.65)^' 2.72(0.43)'' 3.43(0.54)' 2.46(0.38)'
W2 Nil 0.00(0.00)' 0.00(0.00)" 0.00(0.00)' 0.00(0.00)"
W3 Nil 0.00(0.00)' 0.00(0.00)" 0.00(0.00)' 0.00(0.00)"
W4 Nil 0.00(0.00)' 0.00(0.00)" 0.00(0.00)' 0.00(0.00)"

W5
WAT2,WAT3,

WAT4
25.27(1.40)' 15.00(1.18)' 23.161.37)' 9.67(0.99)"

5. Wayanad
W6 WAT5 26.33(1.42)^ 18.00(1.26)" 26.07(1.42)" 12.73(1.11)"
W7 WAT6 32.52(1.51)' 22.22(1.35)' 31.22(1.50)' 17.61(1.25)"
W8 Nil 0.00(0.00)' 0.00(0.00)" 0.00(0.00)' 0.00(0.00)"
W9 WAT7 14.82(1.17)^ 8.33(0.92)'' 13.47(1.13)^ 7.49(0.87)"
WIO Nil 0.00(0.00)' 0.00(0.00)" 0.00(0.00)' 0.00(0.00)"
Wll Nil 0.00(0.00)' 0.00(0.00)" 0.00(0.00)' 0.00(0.00)"
W12 WATS 9.17(0.96)' 5.08(0.71)' 9.97(1.00)' 4.08(0.61)"

CD (0.05) 0.021 0.046 0.010 0.034

T1 Nil 0.00(0.00)' 0.00(0.00)" 0.00(0.00)' 0.00(0.00)"
T2 Nil 0.00(0.00)' 0.00(0.00)" 0.00(0.00)' 0.00(0.00)"
T3 THTl 11.98(1.11)" 6.62(0.82)" 12.50(1.10)" 8.40(0.92)"
T4 Nil 0.00(0.00)' 0.00(0.00)" 0.00(0.00)' 0.00(0.00)"
T5 Nil 0.00(0.00)' 0.00(0.00)" 0.00(0.00)' 0.00(0.00)"

6. Thrissur
T6 THT2 16.11(1.21)' 8.66(0.94)' 13.40(1.13)' 10.60(1.03)"
T7 Nil 0.00(0.00)' 0.00(0.00)" 0.00(0.00)' 0.00(0.00)"
T8 THT3 13.52(1.13)" 6.78(0.83)" 9.67(0.98)" 9.11(0.96)"
T9 THT4 16.90(1.23)' 9.72(0.99)' 13.77(1.14)' 10.89(1.04)"
TIO Nil 0.00(0.00)' 0.00(0.00)" 0.00(0.00)' 0.00(0.00)"
Til Nil 0.00(0.00)' 0.00(0.00)" 0.00(0.00)' 0.00(0.00)"
CD (0.05) 0.014 0.033 0.039 0.022

*Mean of three replications
In each column figure followed by same letter do not differ significantly
according to DMRT
Log transformed values are given in parentheses.



63
77

Similarly, population of Trichoderma spp. from Alappuzha soils in TSM

medium ranged from 16.11 to 27.33 x 10^ cfri g"' and 10 to 14.20 x lO'^cfu g"^ at

10'^ and 10'"^ dilutions respectively. Meanwhile, when MEA medium was used,

the number of colonies ranged from 18.08 to 23.16 x 10^ cfu g"' and 14.93 to

15.45 X 10"^ cfu g"' and it was observed that in both the medium, maximum

number of colonies was isolated from A 4 and minimum from A 1 from both

dilutions. Soil samples viz., A 2, A 3 and A 5 showed no colony of Trichoderma

spp. in both media. Two isolates were acquired from the soil sample A1 and they

were named as ALTl and ALT2 and the isolate obtained from the soil sample A4

was abbreviated as ALT3 and these were used for further studies.

Soil sample E 2 from Vytilla of Emakulam district was only noticed with a

population of 17.00 x 10^ and 10.56 x 10*^ cfu g"' in TSM medium. In MEA

medium, a population of 18.07 x 10^ and 10.42 x lO'^cfu g"' were recorded from

the same sample E 2 and none of the samples other than E 2 showed a population

of Trichoderma spp. The isolates of Trichoderma spp. acquired from E 2 soil

sample were named as VYTl and VYT2. In addition, population of Trichoderma

spp. isolated from Kumarakom of Kottayam district recorded values of 13.91 x

10^ and 8.72 x 10** cfu g"' in TSM media. Whereas, the population in MEA

medium was found to be 12.50 x 10^ and 9 x lO'' cfu g"' from the soil sample K 2.

The isolate of Trichoderma spp. obtained from K2 soil sample was named as

KUTl. It was also noticed that all the other soil samples were devoid of

Trichoderma colonies.

From Wayanad, Trichoderma population ranging from 4.47 to 32.52 x 10^

cfu g"' and 2.72 to 22.22 x lO'' cfu g"' at 10'^ and 10"^ dilutions while using TSM

as the selective media. Whereas, when MEA media was used for the isolation,

3.43 - 31.22 X 10^ cfu g"' and 2.46 - 17.61x 10** cfu g'' was acquired from 10'^ and

10"* dilutions respectively. In both the cases, highest population of Trichoderma

spp. was isolated from soil sample W7 followed by W 6 and the lowest population

from Wl. From W2, W 3, W 4, W 8, W 10 and W 11, no Trichoderma colonies

were obtained. Isolates of Trichoderma spp. obtained from Wl, W6, W7, W9 and



64 Ti

WIO were abbreviated as WATl, WATS, WAT6, WAT7 and WATS respectively.

Three morphologically different Trichoderma isolates were obtained from W5

soil sample and they were named as WAT2, WAT3 and WAT4 and all these

isolates were used for further studies.

Likewise, population of Trichoderma spp. from Kale lands of Thrissur

district ranged from 11.98 - 16.90 x lO^cfli g'^ and 6.62 - 9.72 x IC^cfu g ' when

TSM was employed. Maximum number of colonies was noticed in T 9 and T 6 at

both dilutions and minimum in T 3 at 10"^ dilution in the same medium.

Meanwhile, in MEA medium, population ranged from 12.50 - 13.77 x lO^cfu g"'

and 8.40 - 10.89 x 10"^ cfii g*^ Number of colonies isolated from T 9 and T 6 were

on par and they were found to be the maximum, whereas, minimum number of

colonies were noticed in T 8 and T 3 in both the dilutions when MEA was used.

No colony of Trichoderma spp. were noticed from soil samples collected from T

land T 2, T 4 and T 5, T 7, T 10 and Til. Trichoderma isolates obtained from T3,

T6, T8 and T9 were designated as THTl, THT2, THT3 and THT4 respectively

and were used for later studies.

4.2.1. Characterization of Trichoderma spp.

Cultural and morphological characterization of Trichoderma spp. isolated

from different locations was carried out under in vitro conditions. A detailed

description of each isolate is described below and the observations are also

presented in Table 4.3.

4,2.1.1.Trichoderma spp. isolatedfrom Palakkad

a) PAT 1

The isolate PATl from P 5 soil sample (Pazhambalakode-1) of Palakkad

district, was characterized by a white fluffy mycelium in the initial stage which

later turned green after three days due to sporulation. On the fifth day after

inoculation, the plate was completely covered with a green spore mass [Plate



65

4.1(i) I]. More conidial formation was obtained towards the margin of the flingal

colony rather than in the centre. Reverse side of the plate appeared cream or buff

coloured. Hyphae hyaline with septations, conidia round, 2.95 pm size and

appeared at the tip of the subglobose to ovoidal penicillate phialides measuring a

size of 10.42 pm [Plate 4.2 (i) I].

b) PAT 2

PAT 2 isolated from P 6 sample (Pazhambalakode-2) from Palakkad

district was noticed with a white feeble mycelial growth which after third day of

inoculation which turned green colour due to sporulation. Five days after

inoculation, the colour of the conidia became dark green and a concentric pattern

of spores were visible in the media [Plate 4.1(i) 2]. The fungus appeared buff

coloured on the reverse side of the Petri plate. Hyphae hyaline, septate, conidia

round, dark green colour, 2.77pm and arranged at the tip of penicillate phialides

of 15.73pm [Plate 4.2(i) 2].

c) PAT 3

This isolate was obtained from soil sample P 7 location (Pazhambalakode-

3), where the isolate produced fluffy white mycelium initially which after four

days of incubation turned green due to the formation of conidia [Plate 4.1 (i) 3].

Growth was completed after five days of incubation at room temperature. The

reverse side of the plate had buff or cream colour. Hyphae septate, hyaline, round

conidia of 2.64 pm attached to the tip of solitary elongated phialides of 11.61 pm

seen in clusters [Plate 4.2 (i) 3].
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Fig. 4.1 (i) Cultural characters of Trichoderma spp. isolated from different locations

1) PAT 1 2) PAT 2

3) PAT 3 4) PAT 4

4) PAT 5 5) PAT 6



Fig. 4.1 (ii) Cultural characters of Trichoderma spp. isolated from different locations

7)ALT1 8) ALT 2

9) ALT3 10) VYTl

11) VYT2 12) KUT 1



Plate 4.1 (iii) Cultural characters of Trichoderma spp. isolated from different locations

13) WAT 1 14) WAT 2

15) WAT 3 16) WAT 4

X

17) WAT 5 18) WAT 6
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Plate 4.1 (iv) Cultural characters of Trichoderma spp. isolated from different locations

19) WAT 7 20) WAT 8

21) THT 1 22)THT2

23) THT 3 24) THT 4
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Plate 4.2 (i) Photomicrographs of isolates of Trichoderma spp.
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Plate 4.2 (ii) Photomicrographs of isolates of Trichoderma spp.
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d) PAT 4

Soil sample P 10 (Athipotta-2) when subjected to serial dilution acquired

PAT4 isolate which showed a sparse white mycelial growth on the media initially

and later produced light green conidia after fifth day of inoculation at room

temperature [Plate 4.1 (i) 4]. Hyphae hyaline, septate, conidia round, light green,

2.25 pm arranged in clusters at the tip of penicillate phialides of 7.67 pm which

are subglobose to ovoidal in shape [Plate 4.2 (i) 4].

e) PAT 5

Trichoderma isolate PAT 5 obtained from P 11 (Tarur-l) produced cream

coloured sparse mycelial growth and the colony later turned into dark green

colour due to profuse sporulation [Plate 4.1 (i) 5]. The growth was completed

within four days of inoculation where the reverse side of the plate appeared cream

or buff coloured. Hyphae hyaline, septate, conidia dark green, 2.77 pm, arranged

at the tip of ellipsoidal phialides of 6.195 pm [Plate 4.2 (i) 5].

f) PAT 6

PAT6 was obtained from the soil sample P 14 of location, Tarur-4. The

isolate produced a typical white fluffy mycelial growth, which later transformed

into green colour with a coconut odour in the old culture [Plate 4.1(i) 6]. Hyphae

hyaline, septate, phialides narrower at the base, broader in the middle and again

narrowed at the tip with a length of 11.94 pm. Conidia globose to round, 2.82 pm

seen in clusters at the tip of phialides [Plate 4.2 (i) 6].

4.2.1.2. Trichoderma spp. isolatedfrom Alappuzha

a) ALTl

Trichoderma isolate ALT 1 was acquired from the soil sample A 1

(Cherthala-1) location. The growth of this fungus primarily started as a cream

coloured sparse mycelium which after five days of incubation formed undulating
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mycelia with green spore mass, where reverse side of the colony appeared buff or

cream coloured [Plate 4.1 (ii) 7]. Hyphae hyaline, septate, conidia smooth, round

to globose, 2.86 pm attached in clusters to the tip of peniciilate phialides, where

the length of phialide was measured as 8.26 pm [Plate 4.2 (i) 7].

b) ALT2

This isolate was obtained from soil sample A 1 (Cherthala-1) where the

growth of the isolate was noticed as white flufiy mycelium which later turned into

pale green growth due to sporulation [Plate 4.1 (ii) 8]. Conidia were distributed as

a compact mass in the Petri plate and the reverse side of the plate appeared buff

coloured, hyphae hyaline, septate, conidia globose to ovoid, 3.30 pm and attached

to the tip of elongated cylindrical phialides of 13.23 pm [Plate 4.2 (i) 8].

c) ALT 3

The isolate ALT 3 was obtained from A 4 (Muhamma-2) of Alappuzha

district. The fungal colony appeared as sparse white mycelium which later turned

to dark green due to conidia formation [Plate 4.1 (ii) 9]. Reverse side of the

colony appeared buff coloured. Conidia smooth, round, 2.47 pm arranged in

whorls at the tip of the peniciilate phialides of 9.89 pm [Plate 4.2 (ii) 9].

4.2.1.3, Trichoderma spp. isolatedfrom Ernakulam

a) VYT 1

The isolate VYT 1 from E 2 soil sample (Vytilla-2) produced white to

cream sparse mycelium which later turned into dark green colour after five days

of incubation [Plate 4.1 (ii) 10]. Reverse side of the fungal culture appeared cream

coloured. Conidia globose to round 2.13 pm attached to ellipsoidal phialides of

6.221 pm arranged in whorls [Plate 4.2 (ii) 10].
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b) VYT2

Tnchoderma isolate from the soil sample E 2 acquired from Vytilla- 2

location initially appeared as white sparse mycelium and later dark green spores

covered the plate with few spores in the centre[Plate 4.1 (ii) 11]. Conidia smooth,

ovoidal to subglobose, 3.86 pm attached to spindle shaped conidiophores seen in

pairs in apical portion [Plate 4.2 (ii) 11].

4.2.1.4. Trichoderma sp. isolatedfrom Kotiayam

a) KUT 1

The isolate obtained from K 1 (Kumarakom-1) produced white flu^

mycelium initially which later appeared as white and green concentric rings after

five days of incubation [Plate 4.1 (ii) 12]. Conidia ovoid to globose in cluster,

0.98 pm, attached to ellipsoidal to pin shaped conidiophores arranged in whorls,

length of phialides 9.54 pm [Plate 4.2 (ii) 12].

4.2.1.5. Trichoderma spp. isolated from Wayanad

a) WAT 1

The isolate WAT 1 from W 1 sample (Bathery-1) produced a cream

mycelium after five days of incubation which was transformed into dark green

conidia [Plate 4.1 (iii) 13]. Reverse side of the colony appeared cream or buff

coloured. Numerous spores were formed towards the margin rather than at the

centre. Conidia dark green, round to oval, 2.54 pm attached to the tip of ellipsoid,

plump phialides with a length of 14.23 pm [Plate 4.2 (ii) 13].

b) WAT 2

This isolate was procured from W 5 (Ambukuthi-1) showed white fluffy

growth initially which after five days of incubation produced light green coloured

spores [Plate 4.1 (iii) 14]. Reverse side of the culture plate appeared cream colour.

Conidia round to ovoid, 2.95 pm attached to short, plump phialides of size 10.31

pm arranged in whorls [Plate 4.2 (ii) 14].
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c) WAT 3

The isolate WAT 3 was acquired from soil sample W 5 also collected from

Ambukuthi-1. The fungus produced light cream coloured mycelia which turned

into dull green colour after six days of incubation [Plate 4.1 (iii) 15]. Reverse side

of the fungal colony appeared cream or buff coloured. Conidia round to globose,

2.33 pm, attached to ellipsoidal phialides of 11.936 pm seen in pairs [Plate 4.2 (ii)

15].

d) WAT4

WAT4 was obtained also from W 5 (Ambukuthi-1) initially appeared as a

light cream coloured sparse mycelium and after five days of incubation formed

undulating mycelia with green spore mass [Plate 4.1 (iii) 15]. Reverse side of the

colony appeared buff or cream coloured. Hyphae hyaline, septate, conidia smooth,

round to globose, 2.36 pm attached in clusters to the tip of short, plump phialides

of 7.674 pm [Plate 4.2 (ii) 16].

e) WAT 5

The isolate WAT5 acquired from W 6 (Ambukuthi-2) appeared as white

mycelial growth primarily, which after five days of inoculation produced green

colour due to sporulation. Concentric pattern of spores were formed after the

incubation period [Plate 4.1 (iii) 17]. Conidia globose to round, 2.30 pm, attached

to short ellipsoidal phialides of 4.11 pm in clusters [Plate 4.2 (iii) 17].

f) WAT 6

The isolate WAT6 acquired from W 7 (Tholpetty-1), primarily produced a

white mycelium which later turned into green and white colony with conidia

formation. Concentric pattern of spores were observed on completion of growth

[Plate 4.1 (iii) 18]. Reverse side of the culture appeared cream or buff coloured.

Conidia smooth walled, round, 2.36 pm, attached to the tip of small, short

ellipsoidal phialides of 5.46 pm [Plate 4.2 (iii) 18].



74 ^5

g) WAT 7

Another fungal colony WATT isolated from W 9 (Tholpetty-3), produced a

light cream mycelial growth which turned uniform green sporulation with yellow

patches after an incubation of four days [Plate 4.1 (iv) 19]. Hyphae hyaline and

septate, conidia round to ovoid, attached to ellipsoid phialides of 7.74 pm [Plate

4.2 (iii) 19].

h) WAT 8

Trichoderma sp. WATS isolated from W 12 (Kalloor-1) initiated as a white

mycelium and turned into dark green with the production of conidia after five

days of incubation. Uniform sporulation was seen throughout the plate after

completion of growth [Plate 4.1 (iv) 20]. Hyphae hyaline, sepatate, conidia round

to globose, 2.56 pm attached to ellipsoid phialides of 9.14 pm [Plate 4.2 (iii) 20].

4.2.1.6. Trichoderma spp. isolated from Thrissur

a) THT 1

Trichoderma sp., THT 1 isolated from soil sample T 3 (Puzhakkal-3)

started its growth by producing light cream sparse mycelia where the growth was

completed within four days of inoculation with scattered sporulation by forming

light green conidia [Plate 4.1 (iv) 21]. Reverse side of the culture plate appeared

buff or cream colour. Hyphae hyaline, septate, conidia smooth, round to oval, 2.33

pm size, attached to penicillate ellipsoidal phialides of length 8.08 pm [Plate 4.1

(iii) 21].

b) THT2

The isolate THT 2 was acquired from soil sample T 6 (Kanjani-3) which

appeared as a white fluffy mycelia initially and sporulated only after five days of

incubation at room temperature. Green coloured conidia appeared towards the

margin of the fungal culture than in the centre [Plate 4.1 (iv) 22]. Reverse side of

the culture appeared cream or uncoloured. Hyphae hyaline and septate, dark
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green, round conidia, attached to the tip of penicillate phialides of 6.749 pm [Plate

4.2 (hi) 22].

c) THT 3

Theisolate THT 3 from soil sample of T 8 (Adat-2) appeared as white

fluffy mycelial growth on the plate which turned into light green conidia after five

days of incubation period [Plate 4.1 (iv) 23]. Hyphae hyaline, septate, pattern of

conidia formation was developed in concentric circles on the plate. Conidia round

to globose, 2.03 pm attached to solitary elongated phialides of 9.07pm [Plate 4.2

(hi) 23].

d) THT 4

This isolate was obtained from the soil sample T 9 (Adat-3) where the

growth of the fungus initiated as sparse white mycelia which later transformed

into scattered green conidia after the incubation of five days [Plate 4.1 (iv) 24].

Reverse side of the culture appeared cream or uncoloured. Hyphae hyaline and

septate, conidia round to globose, 2.13 pm attached to ellipsoidal to ovoidal

penicillate phialides of 8.41 pm [Plate 4.1 (ih) 24].

4.3/« vitro SCREENING OF Trichoderma spp. FOR ABIOTIC STRESS

TOLERANCE

For studying the abiotic stress tolerance of Trichoderma spp., all the 24

selected isolates from different locations were subjected to varying levels of

temperature, drought, salinity, pH and fungicides.

4.3.1 In vitro screening of Trichoderma spp. for high temperature tolerance

Twenty four isolates of Trichoderma spp. were subjected to various levels

of temperature viz., 25, 30, 35 and 40®C to study the best suited temperature level

for the growth of the fungus and also to screen for thermo tolerance. It was
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observed that in general, that there was a significant difference among the isolates

when grown at a temperature varying from 25- 40*^0 and mycelial weight of the

fungus increased when the temperature was increased from 25 to 30°C and

thereafter it decreased (Table 4.4).

At 25^C , mycelia produced by the isolates ranged from 0.003 to 0.44 g and

it was noticed that the maximum mycelial weight of 0.44g was noticed with the

isolate PAT6 followed by ALTl (0.34 g), whereas minimum of 0.003 g was

recorded with PAT3. When the temperature was increased to 30®C, all the isolates

showed an increase in mycelial biomass production which ranged from 0.02 to

0.78 g. Maximum biomass was produced by the isolate VYTl (0.78 g) followed

by PAT6 (0.53 g), while minimum was recorded with PAT4 (0.02 g) and PAT 5

(0.03 g).

Further at 35*'C, mycelial weight produced by the isolates showed a general

reduction and it ranged from 0.002 to 0.33 g. Maximum mycelial biomass was

produced by the isolate PAT 6 (0.33 g) followed by ALT 1 (0.25 g), while the

minimum of 0.002 g was noticed with the isolates PAT 2 and PAT 3. In general,

the mycelial biomass produced by the isolates at 40°C ranged between 0.001 to

0.03 g. At this temperature, most of the isolates failed to grow except for PAT6,

WAT2 and WAT7 which produced a mycelial biomass of 0.03, 0.03 and O.OI g

respectively. All other isolates except for the former three produced no mycelia

when exposed to 40^C.

The extent of sporulation at different temperature levels was also assessed

and it is presented in Table 4.5. All the isolates except PAT3, PAT4, VYT2 and

WAT2 at 25^C showed high sporulation while these four showed medium

sporulation. It was also noticed that when the temperature was elevated to 30^C,

all isolates except WAT3 and VYT2 showed high sporulation. With the further

increase in temperature to 35^C, PAT6, ALT3 and WAT2 showed moderate

sporulation and rest of the isolates did not sporulate at all. At the highest
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temperature level of 40''C, PAT 6 alone showed moderate sporulation and WAT 2

was noticed with sparse sporulation (Plate 4.3).

It can be inferred that the isolates PAT6 and WAT2 produced the

maximum mycelial biomass of 0.03 g and were able to sporulate at the highest

temperature of 40*^0. Hence, the two isolates were considered as thermotolerant

and were selected for further studies.

4.3.2. In vitro screening of Trichoderma spp. for drought tolerance

All the twenty four isolates were exposed to different osmotic potential

such as -0.15, -0.49 and -1.03 M Pa by amending the media with 10, 20 and 30

per cent polyethylene glycol (PEG). It was observed that there was a significant

difference among the isolates at different concentrations of PEG and in general,

the mycelial weight was decreasing gradually with increase in PEG concentration

(Plate 4.4). The results of the study are presented in Table 4.6.

At 10 per cent PEG concentration, the mycelial biomass formed by the

isolates ranged from 0.43 to 2.61 g and the highest mycelial weight was recorded

with WAT2 (2.61 g) followed by ALT3 (1.61 g), while the minimum biomass

was recorded in the isolate PAT 3 (0.43 g). On increasing the PEG concentration

to 20 per cent, the biomass showed a range from 0.33 to 1.94 g with the highest

biomass produced by WAT2 followed by VYT2 (1.40 g) and the minimum of

0.33 g was produced by PAT3. Further when the concentration of PEG was

increased to 30 percent, the mycelial biomass produced by the isolates showed a

general reduction and it ranged from 0.14 to 2.43 g. The maximum biomass was

produced by VYT 2 (2.43 g) followed by ALT 1 (0.90 g) and the minimum with

WAT 8 (0.14 g) and PAT 3 (0.15 g).
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Table 4.4 Effect of temperature on the growth of Trichoderma spp.

SI No. Trichoderma isolates
*MyceliaI weight (g/ 50 ml)

25®C 30^C 35®C 40"c

1. PATl 0.0 0.19® 0.01' 0.001"
2. PAT2 0.02J 0.123 0.002' 0.003'

3. PAT3 0.003' 0.04" 0.002' O.OOl"
4. PAT4 0.004'^' 0.02''P'^ 0.003' 0.003'

5. PAT5 0.004^' 0.03™'' 0.003' 0.002'"
6. PAT6 0.44' 0.53" 0.33' 0.03'

7. ALT! 0.34'' 0.43" 0.25" 0.003'

8. ALT2 0.08'® 0.12*" 0.01' 0.003'

9. ALT3 0.13' 0.19® 0.07' 0.002'"
10. VYTl 0.05" 0.78' O.OT 0.002'"
11. VYT2 0.09' 0.15'-' 0.06'® O.OOl"
12. KUTl 0.13' 0.17" o.io" 0.003'

13. WATl 0.08'® 0.1 S'J'' 0.06"® 0.003'

14. WAT2 0.13' 0.20® 0.13" 0.03'

15. WAT3 0.0 iJ®' 0.13"" 0.004' 0.003'

16. WAT4 0.08® O.MJ'" 0.07" 0.003'

17. WAT5 0.04' 0.52" 0.03" 0.002'"
18. WAT6 0.28" 0.36' 0.21' 0.002'"
19. WAT7 0.33' 0.47' 0.21' O.Ol"
20. WATS 0.04' 0.14""" 0.003' 0.002'"
21. THTl O.OP" 0.15'J 0.01' 0.003'

22. THT3 0.06" 0.16"' 0.01' 0.002'"
23. THT2 0.05" 0.12*" o.or 0.003'

24. THT4 0.13' 0.21' 0.05® 0.002'"

CD (0.05) 0.010 0.014 0.012 0.001

* Mean of three replications
In each column figures followed by same letter do not differ significantly
according to DMRT
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Table 4.5 Effect of temperature on sporulation of Trichoderma spp.

Si

No.

Trichoderma

isolates

Sporulation of isolates at different
temperature

zs'c BO^C 35"C 40°C
1. PATl +++ +++ - -

2. PAT2 +++ +++ - -

3. PAT3 -H- +-H- - -

4. PAT4 ++ +++ - -

5. PAT5 +-H- +++ - -

6. PAT6 +++ +++ ++ ++

7. ALTl +++ +++ - -

8. ALT2 +++ +-H- - .

9. ALT3 +++ +++ -H- -

10. VYTl +++ +++ - -

11. VYT2 ++ ++ - -

12. KUTl +++ +++ - -

13. WATl -H-+ +++ - -

14. WAT2 -H- +++ ++ +

15. WAT3 +++ -H- - -

16. WAT4 +++ +++ - -

17. WATS +++ -m- - -

18. WAT6 -f-H- 4-H- - -

19. WAT? -f-H- +++ - -

20. WATS -+H-+ +++ - -

21. THTl +++ +-H- - -

22. THT2 -HH- -H-+ - -

23. THT3 +++ +++ - _

24. THT4 +++ -K-+ - -

-  : no sporulation, +: sparse sporulation, ++: medium population, +++: high

sporulation
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Plate 4.3 Growth and sporulation of isolates of Trichoderma spp. at 40"C

■ir

■ '•ill

7k

a) WAT 2 ; b) PAT6; c) PAT 3
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Variation in sporulaticn of Trichoderma spp. at different concentrations of PEG is

depicted in Table 4.7. A general decrease in sporulation was observed when the

concentration of PEG was increased from 10 to 30 per cent. At 10 per cent PEG

concentration, except for the isolates PATS, PAT4, VYT2 and THTl, all others

produced high sporulation, while the isolate WAT 2 was noticed with sparse

sporulation. With the increase of PEG concentration to 20 per cent, all the isolates

showed medium sporulation except for PATS, PAT4, VYTl, VYT2, WAT2,

THTl and THT S which were recorded with sparse sporulation. At the highest

concentration of PEG, (SO %) the isolates PATl, PATS, PAT4, ALT2, VYTl,

VYT2, WATl, WAT2, WATS, THTl, THT2 and THTS exhibited only sparse

sporulation while all others were noticed with medium sporulation.

From the study, it can be concluded that the isolates VYT2 (2.43 g) and

ALT 1 (0.090 g) produced higher mycelial biomass and showed sparse to

moderate sporulation at higher concentration of PEG (SO %) and thus the two

isolates were considered as drought tolerant and were selected for further studies.
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Table 4.6 Effect of drought on the growth of Trichoderma spp.

SI

No.

Trichoderma

isolates

*MyceliaI weight (g/ 50 ml)

10 %PEG 20% PEG 30 % PEG

1. PATl 0.72"' 0.54"" 0.21'®"

2. PAT2 0.47"' 0.37°" 0.27'®

3. PAT3 0.43' 0.33''" 0.15"

4. PAT4 0.51'''' 0.39"°" 0.27'®

5. PATS 0.76" 0.74"" 0.47"

6. PAT6 0.591 0.47'"" 0.27'®

7. ALTl 1.03' 0.77"' 0.90"

8. ALT2 l.OO's 0.83®" 0.63""

9. ALT3 1.61" 0.35"'' 0.29'

10. VYTI 0.90® 0.59"' 0.45"

11. VYT2 0.53"" 1.40" 2.43"

12. KUTl 1.20" 1.02"" 0.26'®

13. WAT7 1.39" 1.25" 0.17®"

14. WAT2 2.61" 1.94" 0.70"

15. WATl 1.05' 0.87'® 0.18®"

16. WAT6 1.34"" 1.12" 0.15"

17. WAT3 0.63" 0.35'"' 0.18®"

18. WAT8 1.25"" 0.68"" 0.14"

19. WAT4 1.03' 0.95"' 0.17®"

20. WATS \ 29^^® 0.61"' 0.21'®"

21. THTl 0.61'-" 0.37 0.29'

22. THT3 0.77" 0.65"" 0.43"

23. THT2 1.39" 0.78®"' 0.59"

24. THT4 0.56"" 0.28" 0.16"

CD value(0.05) 0.120 0.101 0.098

♦Mean of three replications
In each column figures followed by same letter do not differ significantly
according to DMRT
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Table 4.7 Effect of drought on the sporulation of Trichoderma spp.

SI No. Trichoderma isolates

Sporulation of Trichoderma spp. at
different PEG concentrations

10% 20% 30%

1. PATl +++ ++ +

2. PAT2 +++ -H- •f+

3. PAT3 + + +

4. PAT4 + + +

5. PATS +++ -H- ++

6. PAT6 +++ ++ ++

7. ALTl +++ ++ ++

8. ALT2 +++ -H- +

9. ALT3 +++ ++ ++

10. VYTl +++ + +

11. VYT2 ++ + +

12. KUTl +++ ++ -H-

13. WATl +++ -H- +

14. WAT2 + + +

15. WAT3 +++ ++ ++

16. WAT4 +++ ++ ++

17. WATS +++ ++

18. WAT6 +++ -H- ++

19. WAT7 +++ ++ ++

20. WATS -H-+ -H- -H-

21. THTl ++ + +

22. THT2 -H-+ ++ +

23. THT3 +++ + +

24. THT4 +++ ++ ++

no sporulation, +: sparse sporulation, ++: medium sporulation,

sporulation

: high
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Plate 4.4 Effect of drought on growth and sporulation of Trichoderma spp.

a) 10% PEG

b) 20 % PEG

c) 30 % PEG
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4.3.3 In vitro screening of Trichoderma spp. for acidity tolerance

Trichoderma species isolated from different stressed ecosystems were

screened to study their growth at different pH levels such as 3.5, 4.5 and 5.5 to

study their acidity tolerance. A significant difference in the mycelial biomass was

noticed in the isolates and it was observed that as the pH of the culture media

increased, an increase in the mycelial biomass was noticed (Table 4.8) (Plate 4.5).

At pH 3.5, the biomass produced by the fungal isolates ranged from 0.001

to 0.90 g, where the maximum biomass of 0.90 g was produced by ALT3 followed

by ALTI (0.67g) and the minimum biomass of 0.001 g was produced by the

isolates PAT2, PAT3 and PAT4. When the isolates were grown at pH 4.5, the

mycelial biomass ranged from 0.04 to 2.45 g. The maximum was recorded with

the isolate WAT 3 (2.45 g) followed by PAT5 (1.98 g) and the minimum was

observed in PAT3 (0.04 g) and THTl (0.09 g). Mycelial biomass of the

Trichoderma isolates ranged from 0.07 to 2.82 g at pH 5.5 with the maximum

biomass was produced by WAT3 followed by PAT5 (2.48 g) and the minimum

was recorded with THTl (0.07 g).

Sporulation ability of the isolates with respect to different pH conditions

are tabulated in Table 4.9. At pH 3.5, it was observed that the isolates PAT5,

PAT6, ALTI and ALT3 showed high sporulation. Isolates such as PAT2, PAT3,

PAT4, ALT2, VYTl, VYT2, WATl, WAT2 and THTl showed sparse sporulation

and rest of the isolates showed medium sporulation at 3.5 pH. Isolates at pH 4.5

viz., PATS, PAT6, ALTI, ALT3 and KUTl showed high sporulation whereas

PAT3, PAT4, ALT2, VYTl and VYT2 was noticed with sparse sporulation and all

others produced medium sporulation. Similarly, the effect of pH 5.5 on the

sporulation of the fungus was also studied and it was noticed the sporulation

ability of the isolates at pH 5.5 was found similar to those at pH 4.5.
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Table 4,8 Effect of pH on growth of Trichoderma spp.

SI

No.

Trichoderma

isolate

*Mycelial weight (g/ 50 ml)

pH 3.5 pH 4.5 pH 5.5

1. PATl 0.15" 0.56' 0.83"

2. PAT2 o.oor 0.39®" 0.57'

3. PAT3 o.oor 0.04" 0.23"

4. PAT4 o.oor 0.23" 0.47"

5. PATS 0.45" 1.98" 2.48"

6. PAT6 0.43" 0.46'® 0.53'"

7. ALTI 0.67" 1.50" 2.03"

8. ALT2 0.51" 1.43" 1.80°

9. ALT3 0.90" 1.24" 2.20"

10. VYTl 0.25' 0.29"' 0.36'

11. VYT2 0.50" 1.12" 1.23'

12. KUTl 0.18® 0.26" 0.37'

13. WATl 0.08"' 0.51'® 0.12°''

14. WAT2 0.11' 0.31"' 0.55'"

15. WAT3 0.33" 2.45" 2.82"

16. WAT4 0.12'J 0.24ij 0.35'

17. WATS 0.45" 0.59' 0.71'

18. WAT6 0.49" 0.58'' 0.76"'

19. WAT7 0.14"' 0.95" 1.10®

20. WATS 0.12'' 0.47'® O.SO"

21. THTl 0.08' 0.09" 0.07"

22. THT3 0.11'J 0.27"'' 0.35'

23.
THT2 0.11'" 0.1 Oi" 0.25""

24. THT4 0.12" 0.30"' 0.32'"

CD (O.OS) 0.028 0.125 0.085

*Mean of three replications
In each column figures followed by same letter do not differ significantly
according to DMRT
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Table 4.9 Effect of pH on sporulation of Trichoderma spp.

SI No. Trichoderma Isolate

Sporulation at different pH
conditions

3.5 4.5 5.5

1. PATl ++ -H- ++

2. PAT2 + ■f+ ++

3. PAT3 + + +

4. PAT4 + + +

5. PATS -H-+ -HH- +++

6. PAT6 +++ +++ -H-+

7. ALTl +++ +++ +++

8. ALT2 + -H- -H-

9. ALT3 +++ +-H- +++

10. VYTl + + +

11. VYT2 + + +

12. KUTl ++ -H-+ +++

13. WATl + ++ ++

14. WAT2 + ++ ++

15. WAT3 +4- ++ -H-

16. WAT4 ++ -H- -H-

17. WATS ++ -H- +

18. WAT6 ++ -H- ++

19. WAT7 ++ -H- ++

20. WATS ++ ++ ++

21. THTl + + +

22. THT2 ++ -H- +

23. THT3 ++ + +

24. THT4 ++ ++ -H-

no sporulation, +: sparse sporulation, ++: medium sporulation,
sporulation

■: high
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Plate 4.5 Effect of pH on growth and sporulation of Trichoderma spp.

a) pH5.5

b) 4.5

c) pH 3.5
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From the study it was found that the isolates ALT 3 and ALT 1 from

Alappuzha showed the highest mycelial weight of 0.90 g and 0.67 g and were

observed with high sporulation when grown at a low pH of 3.5. Thus, these two

Trichoderma spp. were selected as acid tolerant isolates and were used for further

studies.

4.3.4. In vitro screening for salinity tolerance

Tolerance of all 24 isolates to salinity was studied by exposing them to

different concentrations of NaCl such as 0.5, 1 , 1.5 and 2 M. It was noticed that

in general, there was a decline in the radial growth of the mycelia of the fungi

when the concentration of NaCl was increased from 0.5 to 2 M [Plate 4.6 (i), (ii),

(iii) and (iv)]. Details of the result are tabulated in Table 4.10.

When the isolates were exposed to 0.5 M NaCl concentration, the per cent

inhibition varied between 0 to 94.44 per cent. It was observed that the isolates

PAT2, PAT3, PAT4, ALT2, THT2, THT3 and THT4 were on par with each other

with per cent inhibition ranging from 89.26 to 94.44 while, the minimum per cent

inhibition was noticed with the isolates such as PATl, ALTl, ALT3, WAT3 and

WATS. At 1.0 M salt concentration, the per cent inhibition exhibited by the

isolates also varied from 0 to 94.44 per cent and the maximum inhibition was

observed in isolates PAT3, PAT4, ALT2, THT3 and PAT2 and they were all on

par with each other depicting a per cent inhibition of 87.96 to 94.44 . Minimum

per cent inhibition of zero was noticed with the isolate WAT3 and it was on par

with PATl (1.85 %), WATS (1.85 %) and ALT3 (3.70 %).
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Table 4.10 Effect of salinity on growth of Trichoderma spp.

m

SI No.

Trichoderma

isolate

*Per cent inhibition over control (%)

0.5 M 1 M 1.5 M 2M

1. PATl
0.00

(0.707)'^
1.85

(1.292)'
94.44

(9.718)^
94.44

(9.718)"

2. PAT2
89.26

(9.474)'
87.96

(9.404)^
94.44

(9.718)'
94.44

(9.718)"

3. PAT3
94.44

(9.744)'
94.44

(9.744)'
94.44

(9.718)^
94.44

(9.718)"

4. PAT4
94.44

(9.744)'
94.44

(9.744)'
94.44

(9.718)"
94.44

(9.718)"

5. PATS
40.74

(6.421)'
47.04

(6.893)*"=
94.44

(9.718)"
94.44

(9.718)"

6. PAT6
25.93

(5.139)^^'
25.93

(4.851)"''®
94.44

(9.718)"
94.44

(9.718)"

7. ALTl
0.00

(4.766)''
28.51

(5.386)
90.00

(9.487)'=
94.44

(9.718)"

8. ALT2
91.11

(9.571)'
94.44

(9.744)'
94.44

(9.718)"
94.44

(9.718)"

9. ALT3
0.00

(0.707)''
3.70

(1.607)'
90.74

(9.526)''
94.44

(9.718)"

10. VYTI
23.33

(4.881)'''^
25.37

(5.083)'''^®
94.44

(9.718)"
94.44

(9.718)"

11. WT2
1.85

(1.292y
18.52

(4.314)^^
94.44

(9.718)"
94.44

(9.718)"

12. KUTl
7.41

(2.801)''
13.70

(3.520)''
94.44

(9.718)"
94.44

(9.718)"

13. WATl
1.85

(1.292y
12.41

(3.589)''
94.44

(9.718)"
94.44

(9.718)"

14. WAT2
4.07

(2.064)'
15.74

(4.027)®''
94.44

(9.718)"
94.44

(9.718)"

15. WAT3
0.00

(0.707)''
0.000

(0.707)'
94.44

(9.718)"
94.44

(9.718)"

16. WAT4
20.37

(4.566)'"
34.44

(5.886)'='''
94.44

(9.718)"
94.44

(9.718)"

17. WAT5
28.15

(5.351)''
38.89

(6.276)'=''
94.44

(9.718)"
94.44

(9.718)"

18. WAT6
22.22

(4.766)'^
28.70

(5.398)'''=^
94.44

(9.718)"
94.44

(9.718)"
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SI.

No.

Trichoderma

isolate

*Per cent inhibition over control (%)

0.5 M 1 M 1.5 M 2M

19. WAT7
11.11

(3.405)®
23.52

(4.881)'^®
94.44

(9.718)'
94.44

(9.718)'

20. WATS
0.37

(0.895y^
1.85

(1.292y
94.44

(9.718)'
94.44

(9.718)'

21. THTl
75.93

(8.742)^
29.07

(5.407)^"'
94.44

(9.718)'
94.44

(9.718)'

22. THT2
90.93

(9.562)'
56.85

(7.573)^
94.44

(9.718)'
94.44

(9.718)'

23. THT3
89.63

(9.494)'
94.44

(9.744)'
94.44

(9.718)'
94.44

(9.718)'

24. THT4
94.44

(9.744)'
46.30

(6.838)^'
94.44

(9.718)'
94.44

(9.718)'

CD (0.05) 0.573 1.245 0.023 NS

*Mean of three replications
In each column figures followed by same letter do not differ significantly
according to DMRT.
Vx+0.5 transformed values are given in parentheses.
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Table 4.11 Effect of salinity on sporulation of Trichoderma spp.

SI. Trichoderma

Sporulation of Trichoderma spp. at different
concentrations of NaCl

No. isolate
0.5 M 1.0 M 1.5 M 2M

1. PATl - - - -

2. PAT2 - - - -

3. PAT3 - - - -

4. PAT4 - - - -

5. PAT5 - - - -

6. PAT6 - - - -

7. ALU - - - -

8. ALT2 - - - -

9. ALTS ++ ++ - -

10. VYTl - - -

11. VYT2 - - -

12. KUTl - - - -

13. WATl - - - -

14. WAT2 - - - -

15. WATS - - - -

16. WAT4 - - - -

17. WAT5 - - - -

18. WAT6 - - - -

19. WAT7 - - - -

20. WAT8 - - - -

21. THTl - - - -

22. THT2 - - - -

23. THT3 - - - -

24. THT4 + + + +

no sporulation, +: sparse sporulation,
high sporulation

moderate sporulation,
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Plate 4.6(i) Effect of salinity on the growth and sporulation of Trichoderma spp.
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Plate 4.6(ii) Effect of salinity on the growth and sporulation of Trichoderma spp.
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Plate 4.6(iii) Effect of salinity on the growth and sponilation of Trichoderma spp.
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Plate 4.6(iv) Effect of salinity on the growth and sponilation of Trichoderma spp.
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When the concentration of NaCl was further increased to 1.5 M, the

growth of almost all isolates were reduced drastically, and the percent inhibition

ranged from 90.0 to 94.44 per cent, where the minimum value of 90 per cent was

observed with the isolate ALTl and followed by the isolate ALTS with 90.74 per

cent inhibition. All other isolates showed per cent inhibition of 94.44 when grown

under the same salt concentration. None of the isolates showed any growth when

they were exposed to 2.0 M concentration of NaCl as all showed a per cent

inhibition of 94.44.

Sporulation of the fungus was also affected by the presence of NaCl in the

media, and it was noticed that all isolates except ALTS and THT 4 produced no

spores at all concentrations of NaCl (Table 4.11). The isolate ALTS was noticed

with moderate sporulation at 0.5 and 1.0 M salt concentration and THT 4

expressed sparse sporulation at all concentration of NaCl. Hence after the study, it

was concluded that since ALTl and ALTS showed good growth under 0.50 M,

1.0 M and 1.50 M with ALTS producing spores at first two concentrations of

NaCl, the two isolates were selected as salinity tolerant Trichoderma spp. and

were used for further studies.

4.3.5 In vitro screening of Trichoderma Isolates for fungicide tolerance

All 24 isolates of Trichoderma spp. were screened for fungicide tolerance

against copper fungicides. Two fungicides, viz., copper oxychloride 50 WP

(Fytolan) and copper hydroxide 77 WP (Kocide) at three different concentrations

(0.2 %, 0.25% and 0.3 %) were used for the study.

4.3.5.1. Screeningfor copper hydroxide tolerance

The 24 isolates of Trichoderma spp. were grown at different concentrations

(0.2, 0.25 and O.S%) of copper hydroxide to assess the tolerance of fungus against
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Table 4.12 Effect of copper hydroxide 77 WP on growth of Trichoderma spp.

SI. No.
Trichoderma

isolates

*Per cent inhibition over control

0.2% 0.25% 0.3%

1.
PATl

72.22

(8.489)^'
90.00

(9.487)"
94.44

(9.718)'

2.
PAT2

94.44

(9.718)'
94.44

(9.718)'
94.44

(9.718)'

3.
PAT3

94.44

(9.718)'
94.44

(9.718)'
94.44

(9.718)'

4.
PAT4

94.44

(9.718)'
94.44

(9.718)'
94.44

(9.718)'

5.
PAT5

73.15

(8.551)'^'
94.44

(9.718)'
94.44

(9.718)'

6.
PAT6

62.41

(7.900)'"®
94.44

(9.718)'
94.44

(9.718)'

7.
ALTl

14.82

(3.848)'^
39.82

(6.309)"
68.15

(8.249)''

8.
ALT2

58.70

(7.658)'"®''
74.07

(8.606)^
94.44

(9.718)'

9.
ALT3

^0
00

Q\

53.52

(7.315)®
59.07

(7.686)'

10.
VYTl

67.78

(8.222)''"
94.44

(9.718)'
94.44

(9.718)'

11.
VYT2

67.41

(8.202)""
94.44

(9.718)'
94.44

(9.718)'

12.
KUTl

55.00

(7.416)®"'
73.33

(8.563)^
85.56

(9.249)"

13.
WATl

94.44

(9.718)'
94.44

(9.718)'
94.44

(9.718)'

14.
WAT2

83.33

(9.129)"'
94.44

(9.718)'
94.44

(9.718)'

15.
WAT3

77.59

(8.807)""'
94.44

(9.718)'
94.44

(9.718)'

16.
WAT4

94.44

(9.718)'
94.44

(9.718)'
94.44

(9.718)'

17.
WATS

49.44

(6.988)'j
55.19

(7.428)*"
70.00

(8.360)^

18.
WAT6

59.44

(7.710)'"®"
86.67

(9.309)'
94.44

(9.718)'
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SI. No.
Trichoderma

isolates

*Per cent inhibition over control

0.2% 0.25% 0.3%

19.
WAT7

94.44

(9.718)'
94.44

(9.718)'
94.44

(9.718)'

20.
WAT8

85.93

(9.269)'*'
94.44

(9.718)'
94.44

(9.718)'

21.
THTl

51.30

(7.160)*'*
70.37

(8.388)®
78.52

(8.861)®

22.
THT2

94.44

(9.718)'
94.44

(9.718)'
94.44

(9.718)'

23.
THT3

94.44

(9.718)'
94.44

(9.718)'
94.44

(9.718)'

24. THT4
54.59

(7.374)®*'*
94.44

(9.718)'
94.44

(9.718)'

CD (0.05) 0.578 0.099
0.192

*Mean of three replications
In each column figures followed by same letter do not differ significantly
according to DMRT.
Vx+0.5 transformed values are given in parentheses.
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Table 4.13 Effect of copper hydroxide 77WP on sporulation of

Trichoderma spp.

SI. No.
Trichoderma

isolate

Sporulation of Trichoderma spp.

0.20% 0.25% 0.30%

1. PATl + -
-

2. PAT2 - -
-

3. PAT3 - - -

4. PAT4 - -
-

5. PAT5 + - -

6. PAT6 -H- -
-

7. ALTl +++ +++ +

8. ALT2 ++ + -

9. ALT3 +++ -m- -hf

10. VYTl + - -

11. VYT2 + - -

12. KUTl -HH- ++ -

13. WATl - - -

14. WAT2 ++ -
-

15. WAT3 - - -

16. WAT4 - - -

17. WATS -H-+ ++ -

18. WAT6 -H- -
-

19. WAT7 - -
-

20. WAT8 - -
-

21. THTI + + -

22. THT2 - - -

23. THT3 - - -

24. THT4 + -
-

no sporulation, +: sparse sporulation,
high sporulation

moderate sporulation,
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Plate 4.7 (i)Tolerance of Trichoderma spp. against copper hydroxide 77 WP
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Plate 4.7 (u)ToIerance of Trichoderma spp. against copper hydroxide 77 WP
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Plate 4.7 (iu)Tolerance of Trichodenna spp. against copper hydroxide 77 WP
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Plate 4.7 (iv)To!erance of Trichoderma spp. against copper hydroxide 77 WP
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fungicides (Table 4.12) [Plate 4.7 (i), (ii), (iii) and (iv)]. At 0.2 per cent

concentration of the fungicide, the per cent inhibition exhibited by the isolates

ranged between 14.82 to 94.44 per cent and the isolates ALTl, ALT3 and WATS

showed considerable growth with lower per cent inhibition of 14.82, 42.59 and

49.44 respectively. Likewise, it was noticed that all the isolates viz., PAT2, PAT3,

PAT4, WATl, WAT4, WAT7, THT2, THT3 showed higher inhibition of 94.44

per cent at same concentration of copper hydroxide.

Per cent inhibition recorded in all isolates of Trichoderma spp. at 0.25 per

cent of copper hydroxide ranged between 39.82 and 94.44 with minimum

inhibition noticed with the isolate ALTl (39.82%) followed by ALT3 (53.52%)

and the maximum inhibition of 94.44 per cent was recorded in rest of the isolates.

Similarly, at 0.3 per cent concentration of the fungicide also, the isolates such as

ALTl, ALT3 and WATS showed considerable growth with minimum per cent

inhibition of 68.15, 59.07 and 70.00 respectively and all other isolates except

THTl (78.52%) and KUTl (85.56%) showed minimum growth with 94.44 per

cent inhibition. The isolates showed variation in sporulation of when grown in

fungicide amended medium and the observations are recorded in Table 4.13. At

0.2 per cent concentration, the isolates ALT 1, ALT 3, KUT 1 and WAT 5

showed high sporulation and the isolates PAT 6, ALT 2, WAT 2 and WAT 6

showed medium sporulation, whereas isolates such as PAT 1, PAT 5, VYT 1,

VYT 2, THT 1 and THT 4 showed sparse sporulation and the rest of the isolates

did not sporulate at all. On increasing the concentration to 0.25 per cent,

sporulation of the isolates were also reduced and the isolates KUT 1 and WAT 5

showed medium sporulation and ALT 2 showed sparse sporulation. Nonetheless,

ALT 1 and ALT 3 retained high sporulation at this concentration also. At 0.3 per

cent concentration of the fungicide, ALT 3 and ALT 1 were able to produce

medium and sparse sporulation.

On the basis of the growth of fungus at all three concentrations, the

isolates ALTl and ALT3 were selected as copper hydroxide tolerant isolates

which was used for further studies.
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4.3.5.2. Screening for copper oxychloride tolerance

The Trichoderma spp. obtained from different locations were screened for

tolerance against copper oxychloride at 0.2, 0.25 and 0.3 per cent concentrations

and it was noticed that with increase in fungicide concentration, there was a

reduction in the growth of the fungus (Table 4.14) [Plate 4.8 (i), (ii), (iii) and (iv)].

Isolates showed a per cent inhibition ranging from zero to 94.44 per cent when

grown at 0.2 per cent concentration of fungicide amended medium. Isolates such

as PATl, ALTl, ALT3, WAT2, WATS, THTl and THT2 showed good growth

with zero per cent inhibition, whereas PAT2, PAT4, THT3 and THT4 showed no

growth with 94.44 per cent inhibition.

Similarly at 0.25 per cent concentration of the fungicide, the isolate

showed a per cent inhibition ranging from 34.07 to 94.44 per cent where isolates

such as ALT3, PATl, WAT2 and THT4 with 34.07, 45.93, 53.07 and 55.56 per

cent inhibition respectively. While, minimum growth was recorded in PAT6,

PAT3, PAT2, WATl, WAT3, WAT6, WAT7, WATS and THT3 with 94.44 per

cent inhibition in all isolates. Likewise, at 0.3 per cent concentration the isolates

showed per cent inhibition ranging from 68.89 to 94.44 per cent, with maximum

growth in isolate ALT3 (68.89 %) followed by PATl (74.82 %), WAT2 (86.30

%) and VYTl (89.63 %) and minimum growth with higher per cent inhibition of

94.44 was noticed.

Variation in sporulation was observed among the isolates when they grown

in fungicide amended medium (Table 4.15). At 0.2 per cent concentration of the

fungicide, ALT 1, ALT 2, ALT 3, VYT 1, WAT 2, WAT 6, THT 1, THT 2 and

THT 4 showed high sporulation and WAT 3 showed sparse sporulation whereas,

PAT 2, PAT 4 and THT 4 produced no sporulation at all. Rest of the isolates

showed medium sporulation at the same concentration of the fungicide.
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Table 4.14 Effect of copper oxychloride 50 WP on growth of Trichoderma spp.

t

*Per cent inhibition over control

SI. No.
isolates 0.20% 0.25% 0.30%

1. PATl
0.000

(0.707)j
45.926

(6.776)'

74.815

(8.649)''

2. PAT2
94.444

(9.744)'
94.444

(9.718)'
94.444

(9.718)'

3. PAT3
38.333

(6.215)"^'
81.852

(9.046)^
94.444

(9.718)'

4. PAT4
94.444

(9.744)'
94.444

(9.718)'

94.444

(9.718)'

5. PAT5
27.407

(5.253)®

71.852

(8.476)

94.444

(9.718)'

6. PAT6
10.185

(3.262)^
94.444

(9.718)'
94.444

(9.718)'

7. ALTl
0.000

(0.707)j
62.593

(7.911)^®
94.444

(9.718)'

8. ALT2
28.333

(5.323)^®
67.778

(8.233)'

94.444

(9.718)'

9. ALT3
0.000

(0.707)^
34.074

(5.829y

68.889

(8.300)'

10. VYTl
12.963

(3.636)'^
60.000

(7.746)®
89.630

(9.467)*"

11. VYT2
33.333

(5.817)'^
75.185

(8.670)'
94.444

(9.718)'

12. KUTl
27.778

(5.317)^®
68.889

(8.299)

94.444

(9.718)'

13. WATl
43.519

(6.634)^'=''
94.444

(9.718)'

94.444

(9.718)'

14. WAT2
0.000

(0.707)j
53.704

(7.326)*'
86.296

(9.290)'

15. WAT3
45.000

(6.743)^'
94.444

(9.718)'

94.444

(9.718)'

16. WAT4
48.889

(7.020)^
94.444

(9.718)'

94.444

(9.718)'

17. WATS
0.000

(0.707)j
71.111

(8.430)

94.444

(9.718)'

18. WAT6
37.593

(6.167)^'
94.444

(9.718)'
94.444

(9.718)'
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SI. No.
Trichoderma

isolates

*Per cent inhibition over control

0.20% 0.25% 0.30%

19. WAT7
35.185

(5.965)'
94.444

(9.718)'
94.444

(9.718)'

20. WATS
50.926

(7.167)''
94.444

(9.718)'
94.444

(9.718)'

21. THTl
0.000

(0.707)j
63.704

(7.980)^
94.444

(9.718)'

22. THT2
0.000

(0.707)"
69.259

(8.321)^'
94.444

(9.718)'

23. THT3
94.444

(9.744)'
94.444

(9.718)'
94.444

(9.718)'

24. THT4
4.259

(2.159)'
55.556

(7.453)''
94.444

(9.718)'

CD (0.05) 0.549 0.217 0.061

*Mean of three replications
In each column figures followed by same letter do not differsignificantly
according to DMRT
Vx+0.5 transformed values are given in parentheses.
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Table 4.15 Effect of copper oxychloride 50 WP on sporulation of Trichoderma spp.

SI. No.
Trichoderma

isolate

Sporulation of Trichoderma spp.

0.20% 0.25% 0.30%

1. PATl ++ ++ -

2. PAT2 - - -

3. PAT3 ++ + -

4. PAT4 - - -

5. PATS -H- - -

6. PAT6 ++ - -

7. ALU -H-+ + -

8. ALT2 +++ + -

9. ALT3 +-H- ++ -

10. VYTl +-H- -H- -

11. VYT2 ++ + -

12. KUTl ++ + -

13. WATl +++ - -

14. WAT2 +++ ++ -

15. WAT3 + - -

16. WAT4 -H- - -

17. WATS ++ - -

18. WAT6 +++ - -

19. WAT7 ++ - -

20. WATS ++ - -

21. THTl +++ + -

22. THT2 +++ + -

23. THT3 - - -

24. THT4 +++ + -

no sporulation, +: sparse sporulation, ++: moderate sporulation,
high sporulation



Plate 4.8 (i) Tolerance of Trichoderma spp. against copper oxychloride 50 WP
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Plate 4.8 (ii) Tolerance of Trichoderma spp. against copper oxychloride 50 WP
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Plate 4.8 (iii) Tolerance of Trichoderma spp. against copper oxychloride 50 WP
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Plate 4.8 (iv) Tolerance of Trichoderma spp. against copper oxychloride 50 WP
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While increasing the concentration to 0.25 per cent, PAT 1, ALT 3, VYT 1 and

WAT 2 showed medium and PAT 3, ALT 1, ALT 2, VYT 2, KUT 1, THT 1,

THT 2 and THT 4 showed sparse sporulation whereas, rest of the isolates did

show sporulation. At the highest concentration of copper oxychloride (0.3 %),

none of the isolates showed any sporulation at all.

After the study, it was concluded that the isolate ALT3 and PATl showed

comparatively good growth at the highest concentration of the fungicide which

can therefore be considered as fungicide tolerant isolates and hence, selected for

further studies.

4.4 BIOCHEMICAL CHARACTERIZATION OF STRESS TOLERANT

ISOLATES OF Trichoderma spp.

Out of the 24 isolates of Trichoderma spp., six abiotic stress tolerant

isolates were selected based on the in vitro screening for high temperature,

drought, salinity, acidity and fungicide. Two best performing isolates under each

stress were selected for further studies. Isolates PAT 6 and WAT 2 fi-om

Palakkad and Wayanad respectively were selected as thermotolerant and VYT 2

and ALTl from Emakulam and Alappuzha as drought tolerant isolates. The

isolates from Alappuzha viz., ALT3 and ALTl were selected as acidity and

salinity tolerant isolates. Likewise, PAT I and ALT3 from Palakkad and

Alappuzha were selected as copper oxychloride tolerant isolates and ALT 1 and

ALT 3, as copper hydroxide tolerant isolates.

4.4.1. Assay of extracellular enzymes

The stress tolerant isolates were further subjected to biochemical tests to

study the activity of enzymes such as cellulase, p- 1,3- glucanase and protease,

which are responsible for the mycoparasitism exhibited by Trichoderma spp. The

results of the enzyme activity are presented in the Table 4.16.
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4.4.1.1. Cellulose assay

Six stress tolerant isolates were further used for assessment of cellulase

enzyme activity which was expressed in U ml"'. In general, the isolates showed

cellulase activity ranging from 0.15 to 4.26 U ml"' and it was observed that the

isolate VYT 2 showed highest cellulase activity of 4.26 U ml"' followed by ALT 1

(3.47 U ml"'), whereas minimum cellulase activity was recorded with the isolate

ALT 3 (0.15U ml"').

4.4.1.2. p- lj3- glucanase assay

All the six isolates were subjected to ̂ -1,3-glucanase assay to detect the

enzyme activity. From the study, it was noticed that there was a significant

difference among the isolates showing an enzyme activity ranging from 1.43 to

5.45 U ml"' and the isolate ALT 3 showed highest enzyme activity of 5.45 U ml"'

followed by VYT 2 with 3.29 U ml"'. The least activity was observed with the

isolate WAT 2 with 0.62Umr'.

4.4.1.3. Protease assay

Six abiotic stress tolerant isolates were subjected to assess the protease

enzyme activity under in vitro conditions. The protease activity exhibited by the

isolates ranged between 0.98 to 8.04 U ml"' and the highest enzyme activity was

recorded with the isolate ALT 1 (8.04 U ml"') followed by PAT 1 (7.88 U ml"').

The minimum activity was observed in the isolate WAT 2 with 0.98 U ml"'.

4.4.2. Biomolecules imparting drought tolerance

All the six isolates of Trichodertna spp. were screened for the qualitative

assay of biomolecules involved in imparting drought tolerance like ACC-

deaminase (1-aminocyclopropane-l-carboxylate deaminase) and cytokinin.
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Table 4.16 Enzyme activity of stress tolerant isolates of Trichoderma spp.

SI. No.
Trichoderma

isolates

*Cellulase

(U mr^)
*/?-!,3-glucanase

(U ml ')
*Protease

(U ml ')
I. PATl 0.22' 1.67" 7.88'
2. PAT6 3.30' 1.43' 5.12'

3. ALTl 3.47'^ 2.86' 8.04'

4. ALT3 0.15' 5.45' 4.33"
5. VYT2 4.26^ 3.29' 4.17'

6. WAT2 0.64^ 0.62' 0.98'

CD (0.05) 0.033 0.066 0.144

*Mean of three replications
In each column figures followed by same letter do not differ significantly
according to DMRT

Table 4.17 Production of ACC deaminase by various isolates of Trichoderma

spp.

SI. No. Trichoderma isolates
^Diameter of fungal culture

(cm)
I. PATl 9.00'

2. PAT6 6.90"
3. ALTl 9.00'

4. ALT3 9.00'

5. VYT2 7.33''
6. WAT2 7.00"
7. Positive control 9.00'

8, Negative control 0.50'

CD (0.05) 0.451

*Mean of three replications
In each column figures followed by same letter do not differ
significantly according to DMRT



Plate 4.9 Production of ACC deaminase by various isolates of Trichodenna spp. /

L

■■4

a) ALT 1; b) ALT 3; c) PAT 1; d) PAT 6; e) VYT 2; f) WAT 2

1



102

/3f

4.4.2.1. Screening for ACC deaminase production in Trichoderma spp.

All six stress tolerant isolates were screened for ACC (1-

Aminocyclopropane-l-carboxylate) deaminase production. The isolates were

tested for the ability to use ACC as the sole nitrogen source. A positive control

with ammonium sulphate and a negative without any nitrogen source was used and

the growth of each isolate was compared. Mycelial growth produced by the isolates

was recorded and it ranged from 6.90 to 9.00 cm among the six different isolates

(Table 4.17) (Plate 4.9). It was observed that, isolates PAT 1, ALT 1 and ALT 3

produced mycelial growth of 9 cm, which was same as that of positive control.

There was no growth observed in negative control plate where no nitrogen source

was provided. Thus, it was concluded that isolates PAT 1, ALT 1 and ALT 3 were

better producers of the enzyme ACC- deaminase.

4.4.2.2.Screening for cytokinin production in Trichoderma spp.

Production of cytokinin by six selected isolates was carried out under in

vitro conditions. Observations on root biomass and root length of cowpea

seedlings (var. Uma) inoculated with extracts of Trichoderma isolates were

recorded and presented in Table 4.18 (Plate 4.10). Length of roots formed after

treating with extracts of isolates of Trichoderma spp. ranged from 9.02 to 13.60

cm with maximum root length produced by the isolate PAT 1 (13.60 cm) followed

by PAT 6, WAT 2, ALT 3 and ALT 1 with root length of 10.90 cm, 10.60 cm,

10.28 cm and 10.20 cm when compared to control (8.89 cm). Minimum root

length of 9.02 cm was recorded with the isolate VYT2.
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Table 4.18 Effect of various isolates of Trichodernta spp. on root
length of cowpea depicting cytokinin production

SI. No. Trichodernta isolates *Root length (cm)

1. ALTl 10.20'"
2. ALT3 10.28'"
3. J PATl 13.60'

4. PAT6 10.90'
5. WAT2 10.60'
6. VYT2 9.02"

Control 8.89'^
CD (0.05) 1.513

*Mean of three replications
In each column figures followed by same letter do not differ
significantly according to DMRT

Table 4.19 Effect of Trichodernta spp. on root biomass of cowpea
seedlings indicating cytokinin production

SI. No. Trichodernta isolates *Root biomass (g)

1. ALTl 0.50'

2. ALT3 0.37'"
3. PAT I 0.31"

4. PAT6 0.33"

5. WAT2 0.33"

6. VYT2 0.43'
7. Control 0.30"

CD (0.05) 0.074

*Mean of three replications
In each column figures followed by same letter do not differ
significantly according to DMRT
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Root biomass, an indication of cytokinin production by Trichoderma

isolates was also recorded and tabulated in Table 4.19. There was a significant

difference noticed among the isolates which ranged from 0.31 to 0.5 g of root

biomass. Highest root biomass was produced when the seeds were treated with

ALT 1 (0.50 g) followed by VYT2 (0.43g), ALT 3 (0.37g), PAT 6 (0.33 g) and

WAT 2 (0.33 g) compared to control (0.30 g). Minimum root biomass of 0.31 g

was observed with PAT 1.

4.5. In vitro EVALUATION OF STRESS TOLERANT ISOLATES OF
Trichoderma spp. FOR THEIR ANTAGONISTIC POTENTIAL

After the enzyme study, the isolate WAT 2 was screened out as it showed

lesser activity of enzymes such as cellulase, ̂ -1,3- glucanase and protease. Root

biomass and root length formed after the inoculation with this isolate was also

found to be less which reflected its lower ability to produce cytokinin. Moreover,

colony diameter formed after inoculation in DF medium with ACC as sole

nitrogen source was also found minimum with this isolate. Hence, for dual culture

experiment, five isolates of Trichoderma spp. viz., ALT 1, ALT 3, PAT 1 and

PAT 6 were employed to test the antagonistic potential with five major soil borne

pathogens viz., Phytophthora capsici, Pythium aphanidermatum, Scelrotium

rolfsii, Fusarium solani and Rhizoctonia solani collected from the Department of

Plant Pathology, College of Horticulture, Vellanikkara. Antagonistic ability of the

selected isolates was compared with T. viride, the reference cultureofKAU. The

details of the experiment are given in Table 4.20.

When Trichoderma isolates were tested for their antagonistic ability with

Rhizoctonia solani. a per cent inhibition ranging from 46.30 to 78.52 was noticed

[Plate 4.11 (i)a].
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Table 4.20 In vitro evaluation of various isolates of Trichoderma spp.
against major soil borne fungal pathogens

SI.

No.

Trichoderma

isolates

Per cent inhibition (%)

Rhizoctonia

solani

Sclerotiu

m rolfsii
Fusarium

solani

Pythium
aphanidermatum

Phytophthora
capsici

1. PATl
75.93

(8.71)'
52.22

(7.22)^^
58.89 100.00

(10.00)'
100.00

2. PAT6
78.15

(8.84)'
51.67

(7.19)*^
57.41 79.63

(8.923)'' 100.00

3. VYT2
46.30

(6.80)^
55.00

(7.42)'^
56.30 55.56

(7.453)'^
100.00

4. ALTl
78.15

(8.84)'
57.78

(7.60)'
54.44 100.00

(10.00)'
100.00

5. ALT3
78.52

(8.86)'
50.56

(7.11)^

57.04 78.52

(S.SOl)*" 100.00

6. T. viride
78.52

(8.86)'
49.26

(7.05)'
57.40 100.00

(10.00)'
100.00

CD (0.05) 0.167 0.303 NS 0.099 NS

*Mean of three replications
In each column figures followed by same letter do not differ significantly
according to DMRT.
Vx+O.S transformed values are given in parentheses.



Plate 4. ll(i) In vitro evaluation of various isolates of Trichoderma spp. against major soil borne fungal
pathogens.

a) Rhizoctonia solani

b) Sclerotium rolfsli

}

c) Fusarium solani
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Plate 4. ll(ii) In vitro evaluation of various isolates of Trichoderma spp. against major soil borne fung
pathogens.

d) Pythium aphanidermatum
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The isolates ALT 3, ALT 1, PAT 6 and PAT 1 were on par with each other

representing higher per cent inhibition of pathogen with 78.52, 78.15, 78.15 and

75.93 per cent respectively. These isolates were also on par with control, T. viride,

which also showed 78.52 per cent inhibition of R. solani [Plate 4.11 (ii) e].

However, minimum per cent inhibition of the pathogen (46.30 %) was recorded

with the Trichoderma isolate VYT 2.

Isolates such as ALTl and VYT 2 showed 57.78 and 55 per cent inhibition

of S. rolfsii where both these isolates were found to be on par, followed by PAT 1

and PAT 6 which showed a per cent growth inhibition of 52.22 and 51.67 of S.

rolfsii respectively [Plate 4.11 (i) b and Plate 4.11 (ii) e]. The isolateALT 3 and

control showed a minimum per cent inhibition of 50.56 and 49.26 per cent in the

growth of the pathogen. Though no significant difference was noticed among the

isolates when grown against Fusarium solani in dual culture, the highest per cent

inhibition of 58.89 was noticed with PAT 1, closely followed by 57.41, 57.40 and

57.04 which were recorded with PAT 6, T. viride and ALT3 [Plate 4.11 (i) c and

Plate 4.11 (ii) e]. Minimum per cent inhibition of 54.44 was noticed with ALTL

Cent per cent inhibition of Pythium aphanidermatum was noticed when

grown with Trichoderma isolates PAT 1 and ALT I [Plate 4.11 (ii) d and Plate

4.11 (ii) e]. Minimum per cent inhibition of pathogen was recorded with VYT2

(55.56%) and rest of the isolates showed an inhibition above 70 per cent. It was

noticed that, all five isolates and control showed 100 per cent inhibition in the

growth of pathogen Phytophthora capsici [Plate 4.11 (ii) d and Plate 4.11 (ii) e].

Hence, after the study only four isolates viz., PATl, PAT6, ALTI and ALT3 were

further selected for the pot culture experiment as the isolate VYT2 showed the

least inhibition with R. solani, S. rolfsii, F. solani and P. aphanidermatum under

in vitro.
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4.6 MOLECULAR CHARACTERIZATION OF STRESS TOLERANT

ISOLATES OF Trichoderma spp.

Based on the previous in vitro studies, four Trichoderma spp. showing

high abiotic stress tolerance viz., salinity, acidity, drought, fungicide and

thermotolerance, and better enzyme activity as well as antagonistic property

toward major pathogens were selected for further studies. The isolates selected for

further study were ALT 1 and ALT 3 from Alappuzha and PAT 1 and PAT 6 from

Palakkad district. The molecular characterization of these isolates was carried out

at Rajiv Ganghi Centre for Biotechnology (RGCB), Thiruvananthapuram by ITS

sequencing to identify the isolates upto species level. The PCR profile of

amplified region and gel profile of DNA are given in the Plate 4.12 and Plate 4.13

respectively. The sequences retrieved were blasted in the online BLASTn

programme of NCBI to analyze and to find the nucleotide homology of each of

the isolates. Details of the result of sequence comparison of four isolates of

Trichoderma spp. are given in Table 4.21.

4.6.1. Sequence comparison of ALT 1 isolate

Nucleotide sequences of ITS ofthe isolate ALT 1 (Table 4.22) was

compared with other sequences and the search showed that the isolate showed 99

per cent identity with 94 per cent query coverage to Trichoderma asperellum

strain T77 (Accession GUI76467.1) and the data is depicted in Table 4.19. Yet,

other sequences in NCBI with 94 per cent query coverage and 99 per cent identity

was noticed with Trichoderma asperellum strain T 29 (Accession GU176445.1).

Likewise, the isolate showed 99 per cent identity with 92 per cent query coverage

to Trichoderma asperellum strain T 8 (Accession GUI76439.1). From amongst

the nucleotide database, sequence of the isolate ALT 1 when compared with

nucleotide database retrieved from NCBI also revealed that it showed 95 per cent

query coverage and 99 per cent identity to Trichoderma asperellum strain T 5

(Accession GU176437.1).



Plate 4.12 PCR amplification profile of the isolate CDl

with the universal primers of ITS IF and ITS 4R

i'logDMA llft2'A lltti-ii li»2-C 11820
Laddrr

3 KB

1.5 KB

1KB

500 bp

100 bp

Plate 4.13 Gel profile of isolated DNA

1182-A 1182-B 1182-C 1182-0
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Table 4.21 Genomic sequence of Trichoderma spp.

Trichoderma isolates Sequence

Trichoderma asperellum
isolate ALTl

GAAAAGGACTGTCCTGATCCGAGGTCACTTTCAGAAGTTGGGTGTTTTACGGACGT

GGACGCGCCGCGCTCCCGGTGCGAGTTGTGCAAACTACTGCGCAGGAGAGGCTGCG

GCGAGACCGCCACTGTATTTCGGGGCCGGCACCCGTGTGAGGGGTCCCGATCCCCA

ACGCCGATCCCCCGGAGGGGTTCGAGGGTTGAAATGACGCTCGGACAGGCATGCCC

GCCAGAATACTGGCGGGCGCAATGTGCGTTCAAAGATTCGATGATTCACTGAATTC

TGCAATTCACATTACTTATCGCATTTCGCTGCGTTCTTCATCGATGCCAGAACCAA

GAGATCCGTTGTTGAAAGTTTTGATTCATTTTGAATTTTTGCTCAGAGCTGTAAGA

AATACGTCCGCGAGGGGACTACAGAAAGAGTTTGGTTGGTTCCTCCGGCGGGCGCC

TGGTTCCGGGGCTGCGACGCACCCGGGGCGTGACCCCGCCGAGGCAACAGTTTGGT

AACGTTCACATGGGTGGGAAGCCAATTGCCGGGCCG

Trichoderma asperellum
isolate ALT3

GGCCGGCTTTTCCTCTCTCTGCATGTGCTGTTACCGAACTGTCTGGCTCGGCGG

GGTCCGCCCCGGGTGCGTCGCATCCCCGGAGCCAGGCGCCCGCCGGAGGAACCA

ACCAAACTCTTTCTGTAACCCCTCGCGGACGTATTTCTTACAACTCTGAGCA

AAAATTCAAAATGAATCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCG

ATGAAGAACGCAGCGT^TGCGATAAGTAATGTGAATTGCGCAATTCAGTGAAT

CATCTAATCTTTGAACGCACATTGCGCCCGCCAGGATTCTGGGGGGGATGCC

TGTGCGAGCGTCATTTCACCCCTCAAACCCCTCCGG

Trichoderma asperellum
isolate PAT 1

CAAAAGCACGTCCGTGAATCGAGGTCACAGTTAAGAAAGTTGGGTGTTTTACGGAC

GTGGACGCGCCGCGCTCCCGGTGCGAGTTGTGCAAACTACTGCGCAGGAGAGGCTG

CGGCGAGACCGCCACTGTATTTCGGGGCCGGCACCCGTGTGAGGGGTCCCGATCCC

CAACGCCGATCCCCCGGAGGGGTTCGAGGGTTGAAATGACGCTCGGACAGGCATGC

CCGCCAGAATACTGGCGGGCGCAATGTGCGTTCAAAGATTCGATGATTCACTGAAT

TCTGCAATTCACATTACTTATCGCATTTCGCTGCGTTCTTCATCGATGCCAGAACC

AAGAGATCCGTTGTTGAAAGTTTTGATTCATTTTGAATTTTTGCTCAGAGCTGTAA

GAAATACGTCCGCGAGGGGACTACAGAAAGAGTTTGGTTGGTTCCTCCGGCGGGCG

CCTGGTTCCGGGGATGCGACGCACCCGGGGCGTGACCCCGCCGAGGCAACAGTTTG

GTAACGTCACATGGGGGAGGGGAAGCGAAAGCGGCCA

Trichoderma asperellum
isolate PAT 6

GGGCTTCTCTTGCTGAACCTGCGGAAGGATCATTACCGAGTGCGGGCCTCGCGGCC

CAACCTCCCACCCTTGTCTCTATACACCTGTTGCTTTGGCGGGCCCACCGGGGCCA

CCTGGTCGCCGGGGGACGCACGTCCCCGGGCCCGCGCCCGCCGAAGCGCTCTGTGA

ACCCTGATGAAGATGGGCTGTCTGAGTACTATGAAAATTGTCAAAACTTTCAACAA

TGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGT

GAATTGCAGAATTCCGTGAATCATCGAATCTTTGAACGCACATTGCGCCCCCTGGC

ATTCCGGGGGGCATGCCTGTCCGAGCGTCATTTCTGCCCTCAAGCACGGCTTGTGT

GTTGGGTGTGGTCCCCCCGGGGACCTGCCCGAAAGGCAGCGGCGACGTCCGTCTGG

TCCTCGAGCGTATGGGGCTCTGTCACTCGCTCGGGAAGGACCTGCGGGGGTTGGTC

ACCACCATATTTTACCACGGTTGACCTCGGATCAGGTAGGAGTTACCCGCTGAACT

TAAGCATATCAATAAGACGGAGGAAAGCATATCAGTGAGCGGAGGAACCTCCCCCC

GGGTGATTCACCCTTGTGTATTG
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Table 4.22 Sequence homology of Trichoderma isolate ALT 1 in BLASTn
analysis

SI.

No.
Description

Maximum

score

Query
coverage

(%)

E

value

Identity

(%)
Accession

1.

Trichoderma

asperellum
strain T77

926 94 0.0 99 GUI 76467.1

2.

Trichoderma

asperellum
strain T 29

926 94 0.0 99 GUI 76445.1

3.

Trichoderma

asperellum
strain T 8

926 92 0.0 99 GU176439.1

4.

Trichoderma

asperellum
strain T 5

950 95 0.0 99 GU176437.1

Table 4.23 Sequence homology of Trichoderma isolate ALT 3 in BLASTn

analysis

SI.

No.
Description

Maximum

score

Query
coverage

(%)

E

value

Identity

(%)
Accession

1.
Trichoderma

asperellum
510 93 le-140 94 KF765421.1

2.

Trichoderma

asperellum
MT02

508 94 4e-140 94 MG669099.1

3.

Trichoderma

asperellum
FZ 20

508 94 4e-140 94 KX066063.1

4.

Trichoderma

aspeellum
isolate TRl

52

508 95 4e-140 94 KX533977.1
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Table 4.24 Sequence homology of Trichoderma isolate PAT 1 in

BLASTn analysis

SI.

No.
Description

Maximum

score

Query
coverage

(%)

E

value

Identity

(%)
Accession

1.

Trichoderma

asperellum
isolate

CTCCSJ-A-

GS20565

902 92 0.0 99 MF383124.1

2.

Trichoderma

asperellum
strain IIPRT-as

10

902 92 0.0 99 KX681728.1

3.

Trichoderma

asperellum
strain IIPRT-as

4

902 92 0.0 99 KX681713.1

4.

Trichoderma

asperellum
isolate TGD- I

902 92 0.0 99 KX538809.1

Table 4.25 Sequence homology of Trichoderma isolate PAT 6 in

BLASTn analysis

SI.

No.
Description

Maximum

score

Query
coverage

(%)

E

value

Identity

(%)
Accession

1.

Trichoderma

asperellum
isolate TV 14

508 94 4e-140 94 JNl 04494.1

2.

Trichoderma

asperellum
isolate TV6

508 93 4e-140 94 JN104486.1

3.

Trichoderma

asperellum
isolate TV 8

508 94 4e-140 94 JX422014.1

4.

Trichoderma

asperellum
isolate T 19

507 91 le-139 95 MF661945.1
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4.6.2. Sequence comparison of ALT 3 isolate

Comparison of nucleotide sequence of the isolate ALT 3 (Table 4.23) with

other sequences in NCBI showed 93 per cent query coverage and 94 per cent

identity to T. asperellum (Accession KF765421.1). The result of sequence

analysis is depicted in Table 4.20. Nucleotide sequences of ITS of the isolate

ALT 3 was compared with other sequences and the search showed that the isolate

showed 94 per cent identity and 94, 94 and 95 per cent query coverage to T.

asperellum MT02 (Accession 1VIG669099.1), T. asperellum FZ 20 (Accession

KX066063.1) and T. asperellum isolate TRl 52 (Accession KX533977.1)

respectively.

4.6.3 Sequence comparison of PAT 1 isolate

Sequence of the isolate PAT 1 (Table 4.24) when compared with

nucleotide database retrieved from NCBI revealed that it showed 92 per cent

query coverage and 99 per cent identity to T. asperellum isolate CTCCSJ-A-

GS20565 (Accession MF383124.1). Details of sequence analysis are presented in

Table 4.21. Comparison of nucleotide sequence of the isolate PATl with other

sequences in NCBI with 92 per cent query coverage and 99 per cent identity was

observed with T. asperellum strain IIPRT-as 10 (Accession KX681728.1), T.

asperellum strain IlPRT-as 4 (Accession KX681713.1) and T. asperellum isolate

TGD-1 (Accession KX538809.1).

4.6.4 Sequence comparison of PAT 6 isolate

Sequence of the isolate PAT 6 when compared with nucleotide database

retrieved from NCBI revealed that it showed 94 per cent query coverage and 94

per cent identity to T. asperellum isolate TV 14 (Accession JN 104494.1).

Comparison of nucleotide sequence of the isolate PAT 6 with other sequences in

NCBI with 93 per cent query coverage and 94 per cent identity to T. asperellum
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isolate TV6 (Accession JN 104486.1). Nucleotide sequence of ITS of the isolate

PAT 6 was compared and verified with database retrieved from NCBI showed 94

per cent query coverage and 94 per cent identity to T. asperellum isolate TV 8

(Accession JX422014.1) (Table 4.25) and it also showed homology to T.

asperellum isolate T 19 (Accession MF661945.1) with 91 per cent query coverage

and 95 per cent identity.

After the molecular characterization of the four isolates of Trichoderma

spp., they were identified as T. asperellum isolate ALT 1, T. asperellum isolate

ALT 3, T. asperellum isolate PAT 1 and T. asperellum isolate PAT 6 as they were

showing sequence homology towards these isolates. They were used for the

assessment of growth promotion and biocontrol efficacy against R. solani under in

vivo conditions.

4.7 PHYLOGENETIC ANALYSIS

A neighbor joining phylogenetic tree was constructed upon alignment of

nucleotide sequences of four isolates generated from the study and 16 other

sequences coding for ITS sequence of T. asperellum reported from India and

elsewhere available in the Genbank.The phylogenetic tree consists of two groups

i.e., group 1 and group 2. Group 1 is further divided into two subgroups viz.,

subgroup IA and subgroup IB (Fig. 4.1). Two of the isolates under present study

i.e. ALT 3 and PAT 6 from Alappuzha and Palakkad respectively are clustered

together with the isolates reported from other locations in India. This clustering

is supported by a bootstrap value of 99. However, both ALT 3 and PAT 6 form a

separate cluster within the subgroup and are closely related to each other. It

shows little variation from other isolates in the subgroup viz., T. asperellum

strain JSB 481 (Accession No. KC569358.1, Thrissur) T. asperellum strain KU-

KP/RK/EF-l? (Accession No. MG203930, Thiruvananthapuram) T. asperellum

strain MC 1 (Accession No. K_X712093, Thalassery), T. asperellum isolate

NCIPMCAU-21B (Accession No.KU933478, New Delhi) and T. asperellum



Fig. 4.1 Phylogenetic analysis of T. asperellum isolates
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strain EIDPFTN62400184 (Accession No.MF 164045, Tamil Nadu). In contrast

to this, isolates ALT I and PATl are clustered separately in a different subgroup.

They show a considerable variation from isolates ALT 3 and PAT6 and all the

other isolates from different locations of India.

4.8 In vivo EVALUATION OF THE PROMISING STRESS TOLERANT

STRAINS FOR BIOCONTROL EFFICACY AND GROWTH

PROMOTION

A pot culture experiment was laid out to test the biocontrol efficacy against

Rhizoctonia solani and growth promotion of the promising stress tolerant isolates

of Trichoderma spp. which showed better enzyme activity and antagonistic

ability. Four isolates viz., Trichoderma asperellum (ALTl, ALT3, PATI, PAT6)

were selected for the in vivo experiment against the pathogen (Plate 4.12). These

were compared with a positive control, {Trichoderma viride) the reference culture

of KAU and a negative control, without the application of Trichoderma spp. The

experiment was carried out during March 2018 at College of Horticulture,

Vellanikkara. Observation on germination percentage, disease incidence and

biometric characters were recorded at regular intervals.

4.8,1 Per cent seed germination

During this experiment, the pathogen R. solani was mass multiplied on rice

grains (var. Uma) which was challenge inoculated in the pots used for the study.

Cowpea seeds (var. Bhagyalakshmi) were treated with four selected Trichoderma

isolates and T. viride (positive control) and one treatment was kept as negative

control (without Trichoderma). Cent per cent seed germination was recorded

when T 4 {T. asperellum isolate PAT 6) and T 5 {Trichoderma viride, KAU

isolate) were applied in the pathogen inoculated pots followed by 80 per cent

germination noticed with T2 {T. asperellum isolate ALT 3). Seed germination

percentage of 60 per cent was only recorded with T. asperellum strain ALT I and

T. asperellum isolate PAT 1 which was similar to the control pots (Table 4.26).
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Thus, it can be inferred that T 4 {T. asperellum isolate PAT 6) and T 5 {T. viride,

KAU isolate) were the best performing isolates that resulted in 100 percent

germination of seeds in pathogen inoculated pots.

4.8.2. Biometric observations

Observations on height of the plant, number of leaves, number of flowers,

days to flowering, number of pods and yield were recorded and compared among

the treatments.

4,8,2,a. Plant height

Height of the plants were measured prior to treatment application i.e., 30

days after sowing (DAS) and thereafter, the relative per cent increase in height at

30- 45 DAS and 45- 60 DAS was also recorded and the data is tabulated in Table

4.25. The height of plants at one week after sowing and 30 DAS were found to be

non significant as the Trichoderma isolates were applied only after 30 DAS.

However, there was a significant difference noticed in the relative per cent

increment in height at 30- 45 DAS and 45- 60 DAS (Table 4.27). Maximum

increase in height was observed in T. asperellum isolate PAT 6 (16.49%),

followed by T. asperellum isolate ALT 3 (11.67 %) and T. asperellum isolate

PAT 1 (10.86 %) at 30- 45 DAS, whereas, treatments T. asperellum isolate ALT 1

(8.16 %) and control plants (5.02%) showed a minimum relative per cent increase

in height at the same time interval.
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Table 4.26 Effect of treatments on per cent seed germination

Treatments Trichoderma isolate per cent seed
germination (%)

Ti T. asperellum isolate ALT 1 60

T2 T. asperellum isolate ALT 3 80

T3 T. asperellum isolate PAT 1 60

T4 T. asperellum isolate PAT 6 100

Ts T. viride 100

T6 Control 60

Table 4.27 Effect of treatments on plant height at different intervals

Treatme

nts
Trichoderma isolates

*Plant height
(cm)

*Relative per cent increase in

height

Pretreatment

(30 DAS*)
30- 45 DAS* 45- 60 DAS*

T, T. asperellum isolate ALT 1 154.26
8.16

(2.84)'
12.39

(3.52)''

T2 T. asperellum isolate ALT 3 143.72
11.67

(3.41)^
8.76

(2.93)''

T3 T. asperellum isolate PAT 1 161.00
10.86

(3.26)''
8.78

(2.95)''

T4 T. asperellum isolate PAT 6 141.11
16.49

(4.03)'
14.38

(3.78)'

T5 T. viride 149.50
10.58

(3.10)^"
9.68

(3.09)'

T6 Control 166.33
5.02

(2.19)''
4.64

(2.11)'

CD (0.05) NS 0.550 0.335

*Mean of nine replications
In each column figure followed by same letter do not differ
significantly according to DMRT
Vx+0.5 transformed values are given in parentheses.



/5r
116

At 45 to 60 DAS, T. asperellum isolate PAT 6 and T. asperellum isolate ALT 1

showed maximum relative increase in height of 14.38 and 12.39 per cent

respectively, which was followed by T. viride, T asperellum isolate PAT 1 and T.

asperellum isolate ALT 1 which recorded a per cent increase in height of 9.68,

8.78 and 8.76 per cent respectively. Control plants where no Trichoderma isolates

were inoculated recorded the minimum increase in height of 4.64 per cent at 45-

60 DAS.

4.8.4.2. b. Number of leaves

Number of leaves was measured prior to treatment application i.e., 30 days

after sowing (DAS) and thereafter, the relative per cent increase in number of

leaves at 30- 45 DAS and 45- 60 DAS was also recorded and the data is tabulated

in Table 4.28. It was observed that there was no significant difference between

treatments at 1 WAS and 30 DAS. Nevertheless, there was significant difference

between the number of leaves formed between treatments when observations

were taken at 45 DAS and 60 DAS.

Number of leaves formed at 45 DAS ranged from 17.67 to 24.89 and the

highest number of leaves of 24.89 was noticed in the plants when T. asperellum

isolate PAT 6 was applied in the grow bags followed by T. asperellum isolate

ALT 1 (23.67), T. asperellum isolate ALT 3 (23.44), T. asperellum isolate PAT 1

(23.00) and T. viride (22.33) at 45 DAS. Lowest number of leaves (17.67) was

recorded in T6 (control), where Trichoderma was not inoculated.

Number of leaves produced by the plants treated with the six treatments at

45 to 60 DAS ranged from 25.44 to 34.11 and it was noticed that the maximum

number of leaves was noticed in T. asperellum isolate PAT 6 (34.11) followed by

T. asperellum isolate ALT I (31.89), T. viride (31.11), T. asperellum isolate ALT

3 (30.11) and T. asperellum isolate PAT 1 (29.67). Minimum number of leaves of

25.44 was recorded with T6 (control).
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Table 4.28 Effect of treatments on relative per cent increase in number of
leaves formed at different intervals

SI.

No.
Trichoderma isolate

*No. of leaves
^Relative increase in

number of leaves

Pretreatment

(30 DAS)
30- 45 DAS 45- 60 DAS

1.

Trichoderma

asperellum isolate
ALT 1

9.56 23.67(4.86)"^ 31.89(5.65)"''

2.

Trichoderma

asperellum isolate
ALT 3

9.78 23.44(4.83)"'' 30.11(5.48)''

3.
derma asperellum
isolate PAT 1

10.56 23.00(4.78)"'' 29.67(5.43)"

4.
derma asperellum
isolate PAT 6

11.11 24.89(4.98)" 34.11(5.83)"

5. Trichoderma viride 10.67 22.33(4.72)'' 31.11(5.57)"

6. Control 10.89 17.67(4.19)" 25.44(5.03)"

CD (0.05) NS 1.94 2.30

*Mean of nine replications
In each column figure followed by same letter do not differ
significantly according to DMRT
Vx+0.5 transformed values are given in parentheses.
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4.8.4.2. c. Days to firstflowering

Days taken to first flowering among plants in different treatments were

recorded and there was significant difference noted. Days taken for first flowering

ranged from 38.67 to 41.44. Earliest flowering was observed in T. asperellum

isolate PAT 6 (38.67) and all other treatments were on par with each other.

Maximum number of days to flowering of 41.44 was observed in control (Table

4.29).

4.8.4,2.d. Yield

Pods were formed after two months after planting (MAP) and the yield

obtained after all pickings were compared among the treatments and the data is

tabulated in Table 4.30. Yield from all six treatments varied from 52.39 to 83.39 g

and the maximum yield of 83.39 g was noticed from T. asperellum isolate PAT 6

followed by T. viride (78.70 g), T. asperellum isolate PAT 1 (72.90 g), T.

asperellum isolate ALT 1 (71.97 g) and T. asperellum isolate ALT 3 (63.95 g).

Minimum yield of 52.39 g was obtained from T6 (control) where no isolate of

Trichoderma spp. was applied. After the pot culture experiment, biometric

observations such as relative per cent increase in number of leaves and plant

height, days taken to first flowering and yield were recorded and T. asperellum

isolatePAT 6 was found as the best performing isolate.
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Table 4.29 Effect of treatments on days to flowering

SI. No. Trichoderma isolates *Days to first flowering

1. T. asperellum isolate ALT 1 40.33'

2. T. asperellum isolate ALT 3 40.00'

3. T. asperellum isolate PAT 1 40.00'

4. T. asperellum isolate PAT 6 38.67''

5. T. viride 41.00'

6. Control 41.44'

CD (0.05) 1.241

*Mean of nine replications
In each column figure followed by same letter do not differ
significantly according to DMRT.

Table 4.30 Effect of treatment on yield/ plant

SI.

No.
Trichoderma isolate *Yield/ plant (g)

1.
Trichoderma asperellum
isolate ALT 1

71.97"''

2.
Trichoderma asperellum
isolate ALT 3

63.95'"'

3.
derma asperellum isolate PAT
1

72.90"''

4.
derma asperellum isolate PAT
6

83.39"

5. Trichoderma viride 78.70"

6. Control 52.39"

CD (0.05) 12.88

*Mean of nine replications
In each column figure followed by same letter do not differ
significantly according to DMRT
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4.8.3. Per cent disease incidence

Mass multiplication of four isolates of Trichoderma spp. (ALTl, ALTS,

PATl, PATS) and T. asperellum were carried out in rice seeds (var. Uma) and

they were applied to the respective treatments 30 DAS. Rhizoctonia solani was

also mass multiplied in the same manner and were then inoculated to all plants 10

days after inoculation of Trichoderma spp. Appearance of symptoms were

observed and per cent disease incidence was taken after one week of pathogen

inoculation (Plate A.1"^).Trichoderma asperellum isolate ALT 3 and Trichoderma

asperellum isolate PAT 6 showed the least disease incidence of 11.11 per cent

when the pathogen R. solani was challenge inoculated in the pots (Fig. 4.2 and

Plate 4.12). Trichoderma asperellum isolate ALT 1, Trichoderma asperellum

isolate PAT 1 and the reference culture, Trichoderma viride showed disease

incidence of 22.22 per cent. Cent per cent disease incidence was recorded in

control plants where no isolate of Trichoderma spp. was inoculated. So it can be

concluded that the isolates Trichoderma asperellum isolate ALT 3 and

Trichoderma asperellum isolate PAT 6 were found as the best isolates with lesser

per cent disease incidence.
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Plate 4. 14 In vivo evaiuation of various isolates of Trichoderma spp. for growth promotion and
antagonistic ability

a) Experiment plot

b) Challenge inoculation with R. solani c) Symptom appearence
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Fig. 4.2 Effect of treatments on per cent disease incidence
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5. DISCUSSION

The fungi belonging to the genus Trichoderma are one among the most exploited

biocontrol agents in the field of agriculture for the management of crop diseases.

Trichoderma species are imperfect filamentous fungi with a perfect stage/

teleomorph belonging to Order Hypocreales under Phylum Ascomycota

Subphylum Pezizomycotina. The antagonistic properties of Trichoderma spp. are

attributed to competition for nutrients (Elad, 2000), production of hydrolytic

enzymes (Benitez et ai, 2004) and their ability to produce antibiotics (Vinale et al.^

2008). Moreover, Trichoderma species are known to promote plant growth and

induce biotic and abiotic stress resistance in plants (Djonovic et ai, 2007). The

genus Trichoderma is thus a rich source to explore potential bioagents for

application across adverse climatic zones. However, in certain conditions,

Trichoderma strains show poor inconsistent performance in fields which is

attributed to their low osmotolerance and thermotolerance levels by varying

environmental condition. Moreover, the formulations of Trichoderma spp.

available in the market are only suitable for general conditions. Therefore, there is

a need to identify potential strains of Trichoderma spp. which could sustain and

survive the fluctuating temperature and which can tolerate salinity, acidity,

pesticide and drought. Thus, identification of the isolates of Trichoderma spp., that

are capable to survive such stress conditions and retain their biocontrol potential

will be found very effective against pathogens that can survive such adverse soil

conditions. Hence, this study is proposed to identify different isolates of

Trichoderma spp. in Kerala showing resistance to these abiotic stresses.

5.1 SURVEY, COLLECTION AND ESTIMATION OF ELECTRO CHEMICAL

PROPERTIES OF STRESSED ECOSYSTEMS OF KERALA

Intensive soil sample surveys were conducted across different stressed

ecosystems of Kerala. A total of 52 soil samples were collected from the stress

prone areas of Kerala viz., Palakkad, Alappuzha, Emakulam, Kumarakom,
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Wayanad and Thrissur representing salinity, drought, temperature and acidity.

Thereafter, soil reaction and conductivity of these samples were estimated prior to

microbial enumeration. Soil properties such as pH and electrical conductivity

(EC) influence the type of dominant microflora existing in that soil type (Domsch

etai, 1980; Gal-Hemed era/., 2011; Poosapati e/a/., 2014). This necessitates the

need for estimating pH and EC of the soil so as to determine the optimum

conditions for the growth and multiplication of the organism.

5.1.1. Soil reaction (pH)

pH of all 52 soil samples were estimated using standard procedures. pH of

the soil samples collected from Palakkad district reflected a moderately to slightly

acidic range of 5.20 to 6.20 (Fig 5.1). Likewise, Alappuzha showed a pH in the

range of 2.80- 3.50 making them very strongly acidic. Vytilla and Kumarakom

recorded strongly acidic pH values ranging from 4.10 - 4.30 and 3.90 - 4.70

respectively. Samples collected from Wayanad were noticed with acidic to neutral

pH of 5.40- 7.10, and soil collected from Kole lands of Thrissur were strongly

acidic to moderately acidic with pH values ranging from 4.30 to 5.40. Similar

reports on pH of soils were elucidated by Bastin et al. (2014) where they reported

a pH of 5.58 to 8.58 from Palakkad, 3.91 to 7.50 from Alappuzha with a majority

of soils in the acidic range, 5.0- 5.4 from Kumarakom, 5.27 to 6.98 from Wayanad

and 3.50 to 7.40 from Thrissur. Mohan and Sreelatha (2016) also observed soils

from Vytilla with a pH range of 3.9 to 4.26, which also in line with the present

study. Similar results were reported by Koruth etal. (2014) and Kavitha and

Sujatha (2015).

5.1.2. Electrical conductivity (EC)

Electrical conductivity of soil samples collected from Palakkad,

Alappuzha, Emakulam, Kumarakom, Wayanad and Thrissur was estimated under

laboratory conditions (Fig. 5.2).



w
r

Fi
g.

 5.
1.

 p
H
 o
f
 so

il
 s
a
m
p
l
e
s

K
 4

Q
.
^

^
 ̂
 ̂
 ̂
 

^
 

<0
 <

<^
 <

<® 
<<?

"

So
il

 s
a
m
p
l
e
s



Fi
g.

 5
.2
. 
El
ec
tr
ic
al
 c
on
du
ct
iv
it
y 
o
f
 so

il
 s
a
m
p
l
e
s

S
 5

C
/
2

•
o ^'
4

1
3 U
3

U

0
J
L
.
 ■

 
■

 
■

m
i

^
 ̂
 ̂
 ̂
 

^
 ̂
 ̂
 ̂
 ̂
 ̂
 ̂
 ̂
 

<0
 

<si
»

So
il

 s
a
m
p
l
e
s



124

Electrical conductivity of soil samples collected from Palakkad district

were non- saline with an EC ranging from 0.009 dSm"' to 0.24 dSm'^ while, soil

samples from Alappuzha district recorded high EC value ranging between 3.00 to

7.61 dSm"' rendering them slightly saline. Moreover, samples from Vytilla and

Kumarakom also depicted an EC ranging from 2.05- 3.73 dS m"' and 1.34- 2.35

dS m' respectively which makes them very slightly saline. Soil samples collected

from Wayanad district were observed with an EC ranging from 0.04 dSm"' to 0.22

dSm"' making them non saline. Likewise, soil samples collected from Kole lands

revealed an EC ranging from 0.088 to 0.562 dSm"\ hence considered as non

saline. Similar reports were put forward by Bastin et al. (2014) where they

recorded an EC value ranging from 0.03- 0.85 dS m"' from Palakkad district and a

mean EC value of 0.16 dS m"' recorded from Alappuzha district. They also

recorded an EC value of 0.31 dS m*' from Wayanad soil samples and a mean EC

value of 0.06 from Thrissur district which is also comparable with the present

study.

In the present study, electrical conductivity of the soil samples collected

from Vytilla of Emakulam district reflected saline soil type and this is in

agreement with the findings of Mohan and Sreelatha (2016) where the hike in EC

value was noticed during mound preparation stage of rice crop.

5.2 ISOLATION AND ENUMERATION OF Trichoderma spp.

Native Trichoderma spp. was isolated from the soil samples procured from

different locations by adopting serial dilution plating technique. Selective media

such as Trichoderma Selective Media (TSM), Malt Extract Agar (MEA), Oatmeal

Extract Agar (OEA), Special Nutrient Agar (SNA) and Potato Dextrose Agar

(PDA) were used for the isolation and enumeration (Fig. 5.3). Elad et al. (1981)

employed Trichoderma selective media for the isolation of Trichoderma

spp.Likewise, Mustafa et al. (2009) also observed growth and sporulalion of

Trichoderma spp. on media such as Oatmeal Extract Agar, Potato Dextrose Agar,

no



125

and Special Nutrient Media. Similarly, Narayanan et al. (2006) made cultural and

morphological observation of Trichoderma cultures grown on PDA, OMA, SNA

and TSM.

A total of 24 Trichoderma species were obtained from all six locations

selected under the current study. Number of Trichoderma isolates obtained from

Wayanad, Palakkad, Thrissur, Vytilla, Alappuzha and Kumarakom were 8, 6, 4, 2,

3 and 1 respectively (Fig. 5.4). Among all the locations, Wayanad recorded the

maximum number of eight isolates which may be due to the presence of abundant

soil microflora in the forest soils of this district. This is in consistent with the

results obtained by Kendrick and Burges (1962), Hayes (1965), Macauley and

Thrower (1966), Danielson and Davey (1973), Okoth et al. (2007) and Rahman et

at. (2011) where they confirmed that the propagules of Trichoderma spp. were

found more in forest soils. They reported that Trichoderma spp. are secondary

colonizers of a wide range of forest litter and are found most abundantly in them.

Likewise, Chakraborty et al. (2010) obtained 19 isolates of Trichoderma spp.

which included forest soils of north Bengal region. There are several reports of

Trichoderma species being isolated from stress prone areas where as Rahman et

al. (2011) conducted studies on the isolation of Trichoderma spp. from bio soild

wastes. Likewise, El Kharbotly et al. (2016) obtained Trichoderma spp. from

various parts of Qatar and Vithya (2017) isolated Trichoderma spp. from different

stressed ecosystems of Thrissur district.

In the present study, Trichoderma species were found in almost all

locations indicating the abundance of the population and they could be exploited

as bioagents for the control of many plant pathogens. After enumeration of

microflora, highest population of 32.67 x 10^ cfti g"^ of Trichoderma spp. was

observed in Tholpetty-1 (W7) of Wayanad district during the study. This is in

congruence with the study by Rahman et al. (2011) where he observed a highest

population of 36.67± 3.66 x 10^ CPU g"' during the isolation of the fungi from

biosolid waste. However, they observed the lowest population of 13.23 ± 0.87 x

10^ CPU g"^ which was much higher when compared to the present study.

If!
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Similarly, population of Trichoderma spp. from Alappuzha soils in TSM

medium ranged from 16.11 to 27.33 x lO^cfu g ' and 10 to 14.20 x 10 cfu g at

10'^ and 10"** dilutions respectively. Soil sample E2 from Vytilla of Emakulam

district was only noticed with a population of 17.00 x 10^ and 10.56 x lO'^cfu g

in TSM medium.

Out of all locations, the lowest population of 2.17 x 10'' cfii g' was

recorded from soil sample P 10 from Palakkad district. Similar number of

colonies (1.0 x 10^ cfug"') was recorded by Rai (2017) when Trichoderma spp.

was isolated from soil samples collected from different locations of Uttaranchal

using TSM.

Likewise in the present study, population of Trichoderma spp. from Kole

lands of Thrissur district ranged from 11.98 - 16.90 x lO^cfra g ' and 6.62 - 9.72 x

lO^cfu g'' by employing TSM medium. Similar population of 12.5 x lO^cfli g"'
was obtained during the study conducted by Vithya (2017) from Panenchery area

of Thrissur district.

5.2.1. Cultural and morphological characterization of Trichoderma isolates

Cultural and morphological characterization of Trichoderma spp. isolated

from different locations was carried out in vitro. The results obtained were

compared with existing reports and are discussed below.

Based on the number of Trichoderma spp. obtained from each district,

they were serially numbered and abbreviated according to the name of the

location. Accordingly, PAT 1 to PAT 6 represents number of isolates of

Trichoderma spp. from Palakkad district, ALT 1 to ALT 3 from Alappuzha, VYT

1 and VYT 2 from Emakulam district, KUT 1 alone from Kottayam district, WAT

1 to WAT 8 from Wayanad and THT 1 to THT 4 from Thrissur district.

Isolates of Trichoderma spp. PAT 1, PAT 5, PAT 6, ALT3 and VYTI

showed cream coloured sparse mycelial growth and the colony later turned into



127

dark green colour due to profuse sporulation. The growth was completed within

four days of inoculation at room temperature. The reverse side of the plate

appeared cream or buff coloured. Studies on the cultural and morphological

characters of Trichoderma isolates were carried out by Sekhar et al. (2017) is in

agreement with the above results. They observed that the culture of Trichoderma

viride showed dark green to dark- bluish green sporulation with amber colour on

the reverse side. Conidiophores were found to be long, less branched and with

verticillate conidiophores. Phialides appeared paired, lageniform, converged or

divergent.

Likewise, WAT 7 isolate showed light cream mycelium initially which

turned into uniform green on sporulation with yellow patches after an incubation

of four days al room temperature. Conidia appeared round to ovoid which were

seen attached to ellipsoid phialides (7.74 pm). Sutton et al. (1998) observed

similar colonies of Trichoderma which grows and matures quickly with an

incubation period of five days on potato dextrose agar at 25°C where the colony is

wooly and compact. According to them, the colony colour is initially white and as

the conidia were formed, widely dispersed blue-green or yellow-green patches

became visible in the culture which may form concentric rings in some cases.

Similar colonies of Trichoderma spp. with yellow patches were reported by

Sharma and Singh (2014).

ALTl and WAT 4 showed cream coloured sparse mycelial growth initially

which affer five days of incubation formed undulating mycelia with green spore

mass distributed throughout the media. Size of conidia of ALTl and WAT 4 were

2.86 pm and 2.36 pm and the size of phialides were 8.261 pm and 7.674 pm.

Sekhar et al. (2017) observed similar colonies with dull green to bluish green

sporulation with a pale yellow to colourless on the reverse side which was noticed

in the culture plate of Trichoderma koningii fungal culture. Conidiophores were

broad to narrow and appeared in whorls with frequent branching. Phialides took a

lageniform or ampulliform shape with the terminal phialide more elongated.

/75



128

Likewise, Shah et al (2012) also observed Trichoderma colonies with green

conidia distributed throughout the media.

In ALT 2 isolate, the growth started as white fluffy mycelium and was

later turned into pale green growth because of sporulation. Conidia were

distributed as compact mass and limited aerial mycelium was seen in the Petri

plate. Similar observations were reported by Bisset (1991) and Druzhinina and

Kubicek(2005). Reverse side of the plate had an amber colour. Hyphae were

hyaline and with septation. Conidia globose to ovoid with a size of 3.302 pm and

were attached to the tip of elongated cylindrical phialides (13.23 pm). The above

findings are comparable with the observation of Sekhar et al. (2017), where they

with minute tufts in the colony of T. reesei with pale yellowish colour. They also

observed pale yellow colour on the reverse side of the Petri plate. Conidiophores

were verticillate with rare branching habit. Cylindrical or moderately inflated and

divergent phialides were observed under microscope.

Trichoderma isolate PAT2 started its growth as white feeble mycelia

which turned green due to sporulation. Concentric rings of spores were visible in

the media and the fungus appeared amber coloured on the reverse side of the Petri

plate. Hyphae were hyaline and septate, conidia of 2.77pm round dark green

colour and arranged at the tip of penicillate phialides of length 15.73pm. Savitha

and Sriram (2015) reported similar characteristics in T. asperellum with dark

green sub globose to ovoidal conidia with a size of 3.33 pm with phialides (11.17

pm) arranged in whorls.

In the present study, isolates of Trichoderma spp. viz., PAT3, KUT 1,

WAT 6, THT2, THT3 and THT4 showed a fluffy white mycelium initially which

later turned green due to the formation of conidia in two concentric rings. Sharma

and Singh (2014) observed similar concentric growth pattern in Trichoderma spp.

isolated from different locations of Uttarakhand. They possessed conidia of size

ranging from 1.98 to 2.64 pm and were attached to the tip of elongated phialides

of length ranging from 6.75 to 11.61 pm. Also a similar study was carried out by
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Sekhar et al. (2017) where they noticed Trichoderma harzianum with dark green

areas intermingled with white mycelium. They noticed dull yellowish colour on

the reverse side of the culture and conidiophores appeared in whorls with

numerous branching and the phialides were lagenitorm and convergent. Conidia

appeared subglobose to obovoid shape.

In PAT4 isolate, there was a sparse white mycelial growth initially which

later covered the plate and light yellowish green conidia developed after fifth day

of inoculation. Hyphae were hyaline, septate, conidia light green in colour

arranged in cluster at the tip of penicillate phialides. Conidia had round shape

appearing at the tip of phialides in clusters with a size of 2.25 pm and phialides

(7.67 pm) were subglobose to ovoidal in shape. Similar yellowish green cultures

growing rapidly at 25*'C were also noticed by several workers (Samuels et aL,

2002), Gams and Bissett (2002), Lin and Heitman (2005) and Shanna and Singh

(2014). Sekhar et al. (2017) also observed similar colonies of Trichoderma

aureoviride with complete dull green colour and discoloured reverse side. They

noticed conidiophores arranged in pyramidal structures with more branches and

the phialides were flasks shaped and divergent.

The culture WAT 2 initiated as white fluffy growth which after five days of

incubation produced no or few spores. Reverse side of the culture appeared cream

colour. Conidia appeared round to ovoid with a size of 2.95 pm which were

attached to short, plump phialides (size- 10.31 pm) arranged in whorls. Similar

pattern of growth was observed by Shah et al. (2012) where they noticed white

mycelia with no conidial formation in T. pseudokoningii.

Isolates WAT 8, WAT 5, THTl and VYT2 initiated the growth as white

sparse mycelium and later dark green spores which covered the plate with less

spores in the centre. Dark green spores were distributed evenly throughout the

plate. All these characters are in accordance with those reported by Savitha and

Sriram (2015) where they studied similar morphological characters and according

to them, the characters resembled with T. virens.
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5.3 In vitro SCREENING OF Trichoderma spp. FOR ABIOTIC STRESS

TOLERANCE

The effects of temperature, drought, pH, fungicides and salinity on the

growth of all 24 Trichoderma isolates were studied under in vitro conditions.

Such stress tolerant strains can be utilized for biocontrol of plant diseases under

adverse climatic conditions.

5.3.1 In vitro screening of Trichoderma spp. for high temperature tolerance

All 24 isolates were grown at different levels of temperature such as 25®C,

30°C, 35°C and 40''C to study the optimum temperature required for the growth of

the fungus and to screen the isolates for thermotolerance (Fig. 5.5). At all tested

temperature levels, there was a variation in growth and sporulation of

Trichoderma spp. Generally, it was noticed that there was a reduction in growth

and sporulation of the fungus with increase in temperature. This is in agreement

with the study conducted by Widden and Hsu (1987), where they observed that

the penetration and colonization of litter by Trichoderma spp. decreased with

increase in temperature. Santos and Linardi (2004) reported that the common

incubation temperature for the growth of fungi including Trichoderma spp. was

found to be 30''C.

At 25'^C, mycelia produced by the isolates ranged from 0.003 to 0.44 g and

maximum mycelial weight of 0.44g was noticed with the isolate PAT6 followed

by ALTl (0.34 g), whereas minimum of 0.003 g was recorded with PAT3.

Meanwhile, when the temperature was increased to 30®C, all the isolates showed

an increase in mycelial biomass production which ranged from 0.02 to 0.78 g.

Further at 35^C, mycelial weight produced by the isolates showed a general

reduction and it ranged from 0.002 to 0.33 g where, maximum mycelial biomass

was produced by the isolate PAT 6 (0.33 g) followed by ALT 1 (0.25 g), while the

minimum of 0.002 g was noticed with PAT 2 and PAT 3. Finally, at 40*^0, only

two isolates PAT 6 and WAT 2 showed satisfactory growth and sporulation when

/rr
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compared to other isolates.

This is in congruence with the study conducted by Eastbum and Butler

(1991) where they evaluated the effect of soil temperature on the growth and

development of Trichoderma species. According to them, optimum temperature

required for the growth of T. harzianum isolate 1059 was recorded between ll^C

and 30°C. There was no substantial growth reported beyond 37^C. Host root

coloni2ation by the antagonist was also found maximum at temperature range of

30 - 33'^C. There are several other studies which reveal that majority of the

naturally existing ascomycetes fungi show optimum growth at 30 to 35*^0 which

was also comparable with the present study (Begoude et al, 2007; Moustafa and

Abdel-Azeem, 2008). Amalraj et al. (2010) assessed the thermotolerance of

Trichoderma viride under in vitro conditions and came to similar conclusions that

there is a significant reduction in the population of the fungus when temperature

was raised from 30^C to 45°C and it was further declined when the temperature

was increased to 50®C. The results of the present study is also in line with the

findings of Poosapati et al. (2014), where they could prove that while increasing

temperature to 37^C, germination rates of all isolates with an exception to T.

asperellum TaDOR673 was reduced greatly. In addition, they noticed that when

the cultures were exposed to extreme temperature such as 52^C for 4 h, only T.

asperellum TaDOR673 was able to tolerate this temperature. In another study by

Singhe/ al. (2014), they found that the most suited temperature for growth and

sporulation of T. harzianum was found to be 30 followed by 25®C, and this is

in congruence with the present study. Similarly, Maurya et al. (2017) reported that

the growth of T. viride continues upto 30°C and thereafter it decreases. Singh

(2016) also identified superior thermotolerant strains of T. asperellum Tvbl which

showed growth even at 45^C. This showed that certain isolates of Trichoderma

spp. have the ability to tolerate high temperature. Vithya (2017) reported that

highest mycelial weight of Trichoderma spp. was observed at 37^C.

Kredics et al. (2003) reported that, the bioagent Trichoderma species have

in
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the ability to produce extracellular enzymes which are responsible for the

antagonistic property of the fungus which provides scope for improving the

strains for abiotic stress tolerance. According to Ruijter et al. (2003),

thermotolerance of Trichoderma asperellum TaDOR673 may be attributed to

accumulation of stress protectants such as trehalose, mannose and raffinose under

unfavourable conditions. The part played by trehalose in the survival of fungal

cell structure and proteins have also been well explained by Fillinger et al. (2001)

and Ruijter et al. (2003). Moretti et al. (2012) observed the thermostability of

endo- glucanase and cellulase produced by T. reesi even upto 60^C.

5.3.2 In vitro screening of Trichoderma spp. for drought tolerance

Mechanisms adopted by Trichoderma spp. for drought tolerance is very

less explored, however those used by plant growth promoting rhizobacteria

(PGPR) include nitrogen fixation, production of plant growth regulators (auxins,

gibberellins and cytokinins), iron sequestration by siderophores, solubilization of

phosphate minerals (Glick et al., 1999). Moreover, they are involved in the

catabolism of complex molecules such as 1-aminocyclopropane-l-carboxylate

(ACC) by using enzymes such as ACC deaminase which results in reduction in

ethylene concentration (Mayak et al., 2004; Arshad et al, 2008) which also assist

in drought tolerance imparted by these micro organisms.

Hence, studies were further carried out for the screening of Trichoderma

spp. which are able to tolerate drought condition and all the isolates were exposed

to different osmotic potential such as -0.15 M Pa, -0.49 M Pa and -1.03 M Pa by

amending the media with 10, 20 and 30 percent polyethylene glycol (PEG). It was

observed that, mycelial biomass formed by the fungus reduced when the

concentration of PEG was increased from 10 to 30 per cent (Fig. 5.6). At 10 per

cent PEG concentration, highest mycelial weight was recorded with WAT2 (2.61

g) followed by ALT3 (1.61 g), while the minimum biomass was recorded in the

isolate PAT 3 (0.43 g). When PEG concentration was further increased to 20 per

ISO
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cent, the isolate WAT2 produced the maximum biomass of 1.94 g followed by

VYT2 (1.40 g) and the minimum of 0.33 g was produced by PAT3. Thereafter, at

40 per cent PEG, highest mycelial weight was recorded with the isolates VYT2

and ALT 1 which were considered as drought tolerant.

Parallel results were obtained for a range of soil inhabiting fungi including

Trichoderma spp. by Magan and Whipps (1988). They noticed that optimum

growth of the fungi occurred between -0.1 to -0.7 M Pa on PDA media. Jackson et

al. (1991) also made similar findings regarding the growth of Trichoderma spp. at

various water potential. They observed that as water potential decreases, the

hyphal growth of the fungus decreased and minimum growth of Trichoderma

isolates were noticed under -7 M Pa to -14 M Pa.

In the present study, a gradual reduction in the mycelial weight of the

fungus with increase in PEG concentration was observed. This is in accordance

with the experiment conducted by Eastbum and Butler (1991). They found that

activity of T. hanianum was found to be higher at -0.05 to 0.1 M Pa. Moreover,

colonization of soil by Trichoderma spp. occurred maximum when the osmotic

potential was at -0.05 M Pa and it decreased considerably when the osmotic

potential was increased to -1.50 M Pa.

Several studies demonstrate that bioagents such as Trichoderma species

will impart drought tolerance in plants through colonization of the root surface.

Bae et al. (2009) described that T. hamatum increased tolerance to drought by

increasing root growth thereby increasing water uptake. Recent evidences also

suggest that higher root and shoot growth in tomato plants inoculated with T.

harzianum exhibited higher proline and total soluble protein at normal as well as

drought conditions (Mona et al., 2017). In this study, they also noticed an obvious

increase in flavonoid content, phenol, growth regulators such as indole acetic acid,

indole butyricacid and gibberillic acid were also found higher when the plants

were inoculated with Trichoderma spp. under drought stress. According to them.



I f3
134

these secondary metabolites play an important role in plant stress tolerance when

inoculated with T. harzianum by protecting membranes from reactive oxygen

species (ROS) and enhancing plant growth through accessing more nutrients by

root system.

5.3.3. In vitro screening of Trichoderma spp. for acidity tolerance

An attempt was made to study the tolerance of Trichoderma spp. to

varying levels of pH and select the best suitable isolate which can withstand

acidity. Thus, Trichoderma species isolated from different stressed ecosystems

were screened to study their growth at different pH levels such as 3.5, 4.5 and 5.5.

A significant difference in the mycelial biomass was noticed in the isolates and it

was observed that as the pH of the culture media increased, an increase in the

mycelial biomass was noticed (Fig. 5.7). At pH 3.5, the maximum biomass of 0.90

g was produced by ALT3 followed by ALTl (0.67g) and the minimum biomass of

0.001 g were produced by the isolates PAT2, PAT3 and PAT4. When the isolates

were grown at pH 4.5, the maximum was recorded with the isolate WAT 3 (2.45

g) followed by PAT5 (1.98 g) and the minimum was observed in PAT3 (0.04 g)

and THTl (0.09 g). At pH 5.5, the maximum biomass was produced by WAT3

followed by PAT5 (2.48 g) and the minimum was recorded with THTl (0.07 g).

There was a general increase in the mycelial weight and sporulation of all isolates

when the pH was increased from 3.5 to 5.5.

From the study, it was concluded that the isolates only ALT 1 and ALT 3

from Alappuzha showed the highest mycelial weight when grown at lowest pH of

3.5, whereas most of the other isolates showed good growth at pH 4.5 and 5.5

when compared to pH 3.5. This is in congruence with the study by Jackson et al.

(1991) where they observed the effect of pH on the biomass production of

Trichoderma species {T. virens, T. pseudokoningii, T. viride). They reported that

maximum mycelial biomass was formed when the fungus was grown at pH of 4.6-

6.8 and minimum was observed at two extreme pH values viz., 2.5 and 7.4.
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Similarly, Singh et al. (2014) noticed that none of the Trichoderma isolates

employed for the study showed higher growth at a lower pH levels pH of 4.0.

A perusal through the literature revealed that there are also many other

reports showing tolerance of Trichoderma spp. towards acidity. Przybylowicz and

Donoghue (1988) confirmed that the optimum pH for the growth and

development of Trichoderma spp. is between 4.5 and 5.5 in moist environment.

Likewise, Bonilla (2006) observed the highest rate of development of

Trichoderma colony on PDA medium at pH 5.24 and the lowest rate at pH 11.42.

Romero (2007) also observed that T. harzianum exhibited highest development

rate on PDA medium at pH 5.6, whereas minimum growth rate was observed at

pH 10.8.

There are several studies which could prove the role of extracellular

enzymes like cellulases, xylanases and glucanases involved in the mycoparasitism

of pathogenic fungi by Trichoderma spp. Bailey et al (1993) reported that

production of cellulase enzyme usually occur at lower pH levels. Recently it has

been observed by Li et al. (2013) that synthesis of endoglucanase enzyme by T.

reesei was found to be highest at pH 4.5, whereas exoglucanase and ̂ff-glucanase

production reached their highest values at pH 5 and 5.5, respectively which may

be attributed to the survival and antagonistic ability of Trichoderma spp. at lower

pH levels.

5.3.4. In vitro screening for salinity tolerance

It has been observed by Soliman et al (1994) that at reduced water

potential, microbes make certain changes in their physiological activity such as

accumulation of specific intercellular substances as well as alteration in the

biosynthetic pathways which serve as osmoprotectant. Khan et al (2001) reported

that at increased saline concentrations, sodium (Na) content of Trichoderma

isolates increased, while Ca^"^, Mg^^ and concentrations decreased. Hence, an
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attempt was made to study the ability of Trichoderma spp. which can tolerate

salinity.

In the present study, all 24 isolates were screened for salinity stress under

in vitro conditions at 0.5M, 1 M, 1.5 M and 2 M (Fig. 5.8). When the isolates

were exposed to 0.5 M NaCl concentration, the per cent inhibition varied between

0 to 94.44 per cent and minimum per cent inhibition was noticed with the isolates

such as PATl, ALTl, ALT3, WAT3 and WATS. Minimum per cent inhibition of

zero was noticed at 1 M NaCl concentration with the isolate WATS and it was on

par with PATl (1.85 %), WATS (1.85 %) and ALT3 (3.70 %). It was also found

that Trichoderma isolates ALT 1 and ALT 3 possessed maximum ability to

alleviate this condition as they were able to grow at 1.5 M NaCl concentration

with 90 and 90.741 per cent inhibition respectively, whereas all other isolates

showed 94.44 per cent inhibition of growth when grown under the same salt

concentration. Finally at 2 M concentration, all isolates showed no growth with

94.44 per cent inhibition of growth. Results of the present study were comparable

with the results putforth by Ghildiyal and Pandey (2008), Amalraj et ai (2010)

and Rawat et al. (2013). However, contrary results were obtained by Kumar et al.

(2016) where they observed that 92.Sand 45.7 per cent of Trichoderma isolates

were able to survive 5 and 10 per cent NaCl concentration respectively. Rawat et

ai (2013) also observed a significant difference in the growth of Trichoderma

isolates to various salt concentrations such as 4, 6, 9 and 10 dS m"^ and they

noticed a general reduction in growth of the fungus with increase in EC. All

isolates showed full growth (9 cm) at 4 dS m"' after an incubation period of four

days. However, there was a general reduction in the growth of Trichoderma spp.

when the salt concentration was increased to 6 dS m"' and 9 dS m*^

According to Mittler (2002), at high saline conditions, cellular

accumulation of damaging superoxide radicals and their dismutation product,

hydrogen peroxide (H2O2) may be formed and they can damage membrane lipids,

proteins and nucleic acids. Rawat et al. (2013) reported that Trichoderma treated

plants showed better membrane stability, lower H2O2 content and higher
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superoxide dismutase enzyme activity when compared to control plants which

help in thriving salt stress. Moreover, proline is an osmolyte that help to balance

the cell osmoregulation under salt stress (Rasool et al., 2013) and Kumar et al.

(2016) observed increased proline content in maize plants inoculated with

Trichoderma isolates.

5.3.5 In vitro screening of Trichoderma isolates for fungicide tolerance

Ecofriendly management of plant diseases involving both chemical

pesticides and biocontrol agents have been extensively used nowadays to combat

with the disease causing pathogens. Hence, compatibilityof bioagents especially

Trichoderma species with pesticides is imperative for disease management and

also for improvement of crop yield. Moreover, studies show that addition of

heavy metal containing fungicides alone cause phytotoxicity and also can impair

the health of ecosystem by leaving fungicide residues leading to environmental

pollution. Among the various fungicides recommended for commercial use,

copper fungicides viz., copper hydroxide, copper oxychloride and Bordeaux

mixture play an important role in plant disease management. However, these

fungicides are usually found incompatible with the bioagent Trichoderma spp.

Hence, an attempt was made to isolate and identify strains of Trichoderma spp.

which can tolerate to copper fungicides when used in combination in integrated

disease management.

Thus, all 24 isolates isolates of Trichoderma species have been tested for

fungicide tolerance under in vitro conditions.Two fungicides, viz., copper

oxychloride 50 WP (Fytolan) and copper hydroxide 77 WP (Kocide) at three

different concentrations (0.20 %, 0.25% and 0.30 %) were used for the study. At

0.2 per cent concentration of copper hydroxide 77 WP, the isolates ALTl, ALT3

and WAT5 showed considerable growth with lower per cent inhibition of 14.82,

42.59 and 49.44 respectively (Fig. 5.9). Per cent inhibition recorded in all isolates

of Trichoderma spp. at 0.25 per cent of copper hydroxide ranged between 53.52
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and 94.44 with minimum inhibition shown by the isolate ALTS (53.52 %)

followed by ALTl (39.82 %). Whereas, isolates ALT 1 and ALT 3 retained

satisfactory growth with lower per cent inhibition (68.15% and 59.07%) when

grown in 0.30 per cent copper hydroxide 77 WP. Isolates showed a per cent

inhibition in the ranged from 0 to 94.44 per cent when they were grown in 0.2 per

cent copper oxychloride amended medium (Fig. 5.10). However, isolates such as

PATl, ALTl, ALTS, WAT2, WAT5, THT! and THT2 showed good growth with

zero per cent inhibition, whereas PAT2, PAT4, THT3 and THT4 showed no grow

that the same concentration. Similarly, at 0.25 per cent concentration of the

fungicide, isolates such as ALT3, PATl and WAT2 recorded a per cent inhibition

of 34.07, 45.93 and 53.07 per cent respectively. While, minimum growth was

recorded in PAT6, PAT3, PAT2, WATl, WAT3, WAT6, WAT7, WATS and

THT3 with 94.44 per cent inhibition in all isolates. Isolates PAT 1 and ALT 3

showed comparatively good growth with minimum per cent inhibition of 74.82

and 68.89 when grown under 0.30 per cent copper oxychloride 50 WP. While

exposing the isolates to various concentrations of both fungicides, they showed

lesser per cent inhibition when grown on copper oxychloride. This may be

attributed to the lower copper content of 50 per cent in this fungicide when

compared to copper hydroxide (70 % copper). Moreover, the frequent use of

copper oxychloride by the farmers may have increased the tolerance of the

isolates against this fungicide.

A scanning through the available literature showed tolerance of

Trichoderma spp. to copper fungicides at varying concentrations. Bagwan (2010)

reported that T. harzianum and T. viride were found compatible with 0.20 per cent

copper oxychloride. Several other workers also pointed out the compatibility of

copper fungicides with Trichoderma spp. (Nallathambi et al. (2009), Pandya

(2010), Islam et al. (2011), Khan and Shahzad (2007), Tapwal et al. (2012) and

Waskale (2017).

Anand et al. (2006) reported that an isolate of T. viride has a mechanism
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for accumulation of Cu ions in its own cell wall, thereby, decreasing the

concentration of metal in the medium and hence is considered to be copper

tolerant. There are numerous reports which show that microbes can remove and

concentrate a variety of metals from aqueous solutions. This kind of metal uptake

can be achieved by biosorption and energy dependant metal influx or bio

accumulation (Cervantes and Gutierrez-Corona, 1994; Alguacil and Merino,

1998; Gomes et aL, 1998). Hence, to become metal resistant, microbes take up

mechanisms such as cell membrane metal efflux (Kamizono et al., 1989),

intracellular chelation by metallothionein proteins (Presta and Stillman, 1997) and

glutathione-derived-peptides called phytochelatins (Kneer et aL, 1992) and metal

compartmentalization in vacuoles (Volesky et aL, 1993).

5.4 BIOCHEMICAL CHARACTERIZATION OF STRESS TOLERANT

ISOLATES OF Trichoderma spp.

Out of the 24 isolates of Trichoderma spp. six were selected after abiotic

stress screening for abiotic stress tolerance and were subjected to biochemical

assay to determine the enzyme activity. Two best performing isolates under each

stress were selected for further study. PAT 6 and WAT 2 from Palakkad and

Wayanad respectively were selected as thermotolerant, VYT 2 and ALTl from

Emakulam and Alappuzha as drought tolerant isolates. The isolates from

Alappuzha viz., ALTS and ALT I were selected as acidity and salinity tolerant

isolates. PAT 1 and ALTS from Palakkad and Alappuzha respectively also

showed tolerance against copper oxychloride and the isolates, ALT 1 and ALT 3,

both from Alappuzha against copper hydroxide.

Activity of extra cellular enzymes such as cellulases, P- 1,3 glucanases

and proteases which are involved in the mycoparasitism of pathogens by

Trichoderma spp. were estimated. Presence of biomolecules like ACC deaminase

and cytokinin which imparts stress tolerance was also assessed. During the

present study, isolate VYT 2 showed highest cellulase activity of 4.26 U ml"'

followed by ALT 1 (3.47 U ml*'). Minimum cellulase activity was recorded with
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the isolate ALT 3 (0.15U ml'*) (Fig. 4.11). Similar results were observed by Bailey

and Nevalainen (1981) where they recorded the cellulase enzyme production of T.

reesi VTT-D-79124 by filter paper degrading activity. They noticed 3.4 and 4.4 U

ml*' enzyme activities after 75 h and 96 h of incubation. Likewise, Wen et al.

(2005) reported that T. reesei recorded a cellulase activity of 1.74 U ml"' when it

was grown on agricultural waste.

Results of the present study are also in validation with the data elucidated

by Montenecourt and Eveleigh (1977), Ryu and Mandels (1980), Domingues et al.

(2001), Ahamed and Vermette (2008) and Gajera and Vakharia (2012). All six

isolates were subjected to ̂ -1,3-glucanase assay to detect the enzyme activity.

From the study, the isolate ALT 3 showed highest enzyme activity of 5.445 U ml"'

followed by VYT 2 which recorded a value of 3.29 U ml"'. The least activity was

observed with the isolate WAT 2 (0.62U ml"'). These results are in accordance

with those suggested by Monteiro and Ulhoa (2006), where they studied

production of y5-l,3 glucanase enzyme in T. koningii by using different carbon

sources. They observed that when cellulose was used as the carbon source, the

fungus showed 0.5 U ml"' production of the enzyme. A glance through the

literature also showed similar studies conducted by El-Katatny et at. (2001), Bara

et al. (2003), dos Reis Almeida et al. (2007), Martin et al., (2007), Ahamed and

Vermette (2008), Marcello et al. (2010). On the contrary, Wen et al. (2005)

reported higher glucanase activity of 12.22 U ml*' by T. reesei when grown on

agricultural waste. This may be due to higher substrate concentration in the

agricultural waste.

The six abiotic stress tolerant isolates were also subjected to assess the

protease enzyme activity under in vitro conditions. The highest enzyme activity

was recorded with the isolate ALT 1 (8.04 U ml*') followed by PAT I (7.88 U ml"

'). The minimum activity was observed with the isolate WAT 2 with 0.98 U mfl.

These findings are in congruence with the results of De Marco and Felix(2002),

where they studied the production of hydrolytic enzymes by Trichoderma spp.

/<?/
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They assayed protease activity using casein as the substrate for degradation and

observed that there was a significant difference in the enzyme activity. They

noticed maximum protease activity with T. harzianum isolate 1051 (2.0 U ml')

followed by Trichoderma sp. isolate TVC and T. harzianum 39 (1.70 U ml 0.98

U ml"' respectively) after 72 h of incubation. Gajera and Vakharia (2012), Smitha

et al (2014), Parmar et al. (2015), Shaken and Foster (2017) and Cherkuppally et

al. (2017) also came to similar conclusions after their studies on protease enzyme

activity. However, Elad and Kapat(1999) reported lower protease enzyme activity

by T. harzianum T 39 (0.058 U ml"') and T. harzianum NCIMl 185 (0.054 U ml"')

on the fifth day of growth in liquid culture medium.

ACC (1- aminocyclopropane 1- carboxylate) acts as the precursor for the

synthesis of plant volatile hormone ethylene engaged in plant physiological

activities such as tissue differentiation, leaf and flower abscission, development of

root hair, ripening of fhiits and production of volatiles responsible for aroma in

fruits (Abeles et al, 1992). Under normal conditions, plants will produce only

required levels of ethylene, nevertheless, under stressed conditions, its production

may go beyond the required amount which is detrimental to the plant. The enzyme

ACC deaminase will cleave the ethylene precursor ACC to ammonia and a-

ketobutyrate consequently lowering ethylene levels under stressed environments

(Click et al, 1998). This process may occur under any unfavourable condition

such as salt stress (Cheng et al, 2007), flood stress (Grichko and Click, 2001),

drought stress (Mayak et al, 2004) and even in pathogen invasion (Wang et al,

2000). Though only scanty literature is available about the production of ACC

deaminase enzyme by Trichoderma spp. a study was carried out to assess the

production of this enzyme on qualitative basis by Trichoderma spp.

In the present investigation, all six stress tolerant isolates were screened for

ACC (1-aminocyclopropane-1-carboxylate) deaminase production. The isolates

were tested for the ability to use ACC as the sole nitrogen source. Mycelial growth

observed from isolates PAT 1, ALT 1 and ALT 3 was same as that of positive

control (9 cm), whereas, isolates such as PAT 6, VYT 2 and WAT 2 showed less
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mycelial growth with a diameter of 6.90, 7.33 and 7.00 cm respectively (Fig. 5.12).

There was no growth observed in negative control plate where no nitrogen source

was provided. This proves that out of the six Trichoderma isolates, three isolates

viz., PAT 1, ALT 1 and ALT 3 showed good growth in Dworkin and Foster (DF)

salts minimal medium implying that there is a direct relationship between presence

of ACC deaminase enzyme and stress tolerance. This is in congruence with the

study by Gravel et al. (2007) where they reported that the growth promotion

imparted by T. atroviride on tomato seedlings is attributed to the production of

enzyme ACC deaminase by the fungus. Similarly, Viterbo et al. (2010) reported

that ACC deaminase enzyme is produced by beneficial soil micro organisms such

as Trichoderma spp. which is indirectly promoting the growth and development of

plants.

According to Windham et al. (1986), plant growth promotion by

Trichoderma species may be attributed to the production of growth promoting

hormones such as cytokinin. Hence, a qualitative estimation of cytokinin by the

six selected isolates was estimated under in vitro conditions. Observations on root

biomass and root length of cowpea seeds (var. Uma) inoculated with extracts of

Trichoderma isolates were recorded. The data showed that maximum root length

was produced by PAT 1 followed by PAT 6, ALT 3 and ALT 1 which were all on

par with each other, whereas, minimum root length was recorded with WAT 2 and

uninoculated control (Fig. 5.13). Maximum root biomass was recorded by the

isolate ALT 1 followed by VYT 2 and ALT 3 and minimum was also recorded

with the isolate WAT 2 (Fig. 5.14). Likewise, Benitez et al. (2004) recorded an

increase in root length and branching when tobacco seeds were inoculated with T.

harzianum CECT2413 when compared with uninoculated control. Ortiz-Castro et

al., (2009) also observed that at the time of root colonization by beneficial

microflora certain plant growth regulators such as auxins or cytokinins are

produced. Similar results were obtained by Ross and Salisbury (1992) and

Resende et al. (2014).
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5.5 In vitro EVALUATION OF STRESS TOLERANT ISOLATES OF

Trichoderma spp. FOR THEIR ANTAGONISTIC POTENTIAL

Trichoderma species, one of the most exploited bioagent against plant

pathogens usually have higher metabolic rates, produce antimicrobial compounds,

show better colonization and are mycoparasitizers with spatial and nutrient

competition. Moreover, production of lytic enzymes such as cellulases,

hemicellulases, proteases and )9-I,3-glucanase also contribute their biocontrol

potential. Keeping all this in mind, the stress tolerant Trichoderma isolates with

superior biochemical properties were finally selected and tested against five major

soil borne pathogens viz., Phytophthora capsici, Pythium aphanidermatum,

Scelrotium rolfsii, Fusarium solarti and Rhizoctonia solani so as to evaluate their

biocontrol efficiency against these pathogens under in vitro conditions. Hence,

only five isolates, ALT 1, ALT 3, PAT 1, PAT 6 and VYT 2 were selected and

thereafter employed for dual culture experiment with major soil borne pathogens.

Antagonism towards the pathogens was evaluated for T. asperellum, which was

kept as control (Fig. 5.15). Trichoderma isolates viz.. ALT 1, ALT 3, PAT 1, PAT

6 and T. asperellum tested for their antagonistic ability with Rhizoctonia solani, a

percent inhibition ranging fî om 75.93 to 78.52 per cent was observed. It was

noticed that all the isolates except VYT 2 overgrew the pathogen whereas, this

isolate showed a clear inhibition zone at the junction where both the mycelia met.

The present study is comparable with the findings of Bhale et al. (2013) who

observed that R. solani showed 67.07 per cent inhibition when grown with

Trichoderma koningii. Parallel results were also put forward by Kumar et al.

(2012) where they recorded 55.56 per cent inhibition of the pathogen when grown

against Trichoderma spp. Several other studies are also in line with the

antagonism exhibited by Trichoderma spp. against R. solani. (Lewis and

Lumsden, 2001; dos Reis Almeida et al., 2007).

There are reports showing that Trichoderma spp. uses extracellular

metabolites such as inorganic phosphates, lAA and siderophores for the control of

the pathogen Rhizoctonia solani (Abbas et al, 2017). Mayo et al. (2015) reported

the induction of plant defense related genes and thereby consequent production of



/^f

Fig. 5.15Per cent inhibition of fungal pathogens by isolates Trichoderma
spp.

IPATI

IPAT6

IVYT2

lALTl

IALT3

' T. viride

Test pathogens



144

ergosterol by T. harzianum in the presence of R. solani. Similar findings of

antagonism by Trichoderma spp. with R. solani were recorded by Elad et al.

^  (1980), Chet and Baker(1981), Bell et ai (1982), Baek et al. (1999), Melo and
Faull (2000), Yaquab and Shahzad (2005), Sreedevi et al. (2011), Gajera and

Vakharia (2012), Gawade et al. (2012), Bhale et al. (2013) and Sab et al.{20\4).

In the present study, all five Trichoderma isolates ALTl, ALT 3, PAT 1,

PAT 6, VYT 2 and control showed per cent growth inhibition ranging from 49.26

- 57.78 per cent when grown in dual culture with S. rolfsii. Out of the six

Trichoderma spp., T. asperellum showed minimum per cent inhibition of 49.26

per cent followed by ALT 3 with 50.56% per cent. Out of the five pathogens

tested, S. rolfsii showed maximum tolerance against the bioagent Trichoderma

spp when grown under in vitro conditions. This is in agreement with the studies

conducted by Henis et al. (1984) where they observed a faster growth of S. rolfsii

in the presence of Trichoderma spp. and by 15 days it had covered almost the

entire plate. Similar results were putforth by Hima (2017) where the per cent

inhibition on growth of S. rolfsii by Trichoderma isolates was found to be 55.

However, studies conducted by Biswas and Sen (2000), Barakat et al. (2006) and

Jegathambigai et al. (2010) recorded more than 60 per cent inhibition in the

growth of the pathogen when grown against Trichoderma isolates. This may be

due to the difference in inherent biocontrol efficacy towards S. rolfsii by isolates

of Trichoderma spp. (Elad et ai, 1980; Maityand Sen, 1985). Upadhyay and

Mukhopadhyay (1986) also observed that Trichoderma harzianum coiled around

the aerial mycelium of S.rolfsii. The bioagent also produced haustoria like

structures which entered hyphae of the pathogen and destroyed the protoplasmic

contents. Metcalf and Wilson (2001) reported that hyphae of Trichoderma

koningii penetrated into roots infected by Sclerotium cepivorum resulting in the

destruction of the pathogen hyphae. This process was facilitated by the secretion

of extracellular enzymes such as endo and exo chitinases.

When all six Trichoderma isolates were grown in dual culture with

Fusarium solani, they showed similar inhibition in the growth of the pathogen.

|; Per cent inhibition in the growth of pathogen caused by the isolates PAT 1, PAT
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6, ALT 3, VYT 2, ALT 1 and T. asperellum ranged from 54.44 - 58.89 per cent.

In all isolates, a zone of inhibition was observed when grown against Fusarium

solani. Zhang et al. (1996) came to a similar conclusion where they observed that

T. virens inhibited F. oxysporum f. sp. vasinfectum under in vitro conditions.

Sundaramoorthy and Balabaskar (2013) also came across similar findings and he

observed a per cent inhibition of 53 when Trichoderma harzianum was grown

together with Fusarium oxysporum f. sp. lycopersici. Similar reports on

antagonism of Trichoderma spp. against Fusarium spp. were put forward by many

workers [Cole and Zvenyika (1988), McAllister et al. (1994), Rojo et al. (2007),

Kumar et al. (2016) and Tomar et al. (2017). Moreover, Lorito et al. (1996)]

reported the secretion of antifungal compounds and lytic enzymes produced by

Trichoderma spp. against Fusarium oxysporum. According to Altomare et al.

(1999), Howell (2003) and Kumare/ al. (2016) Trichoderma species has various

mode of action against Fusarium spp. such as production of enzymes like

chitinases and glucanases, production of antibiotics and competition.

In the present study, Pythium aphanidermatum showed cent per cent of

growth inhibition when grown against Trichoderma isolates PAT 1, ALT 1 and T.

asperellum. Minimum per cent growth inhibition of 55.56 per cent of the

pathogen was recorded when it was grown against the isolate VYT 2. The results

were in congruence with the studies by Fajola and Alasoadura (1975), Mukherjee

et al. (1989), Aerts et al. (2002), Muthukumar et al. (2011) and John et al. (2010).

Howell and Stipanovic (1983) described an antibiotic gliovirin responsible for the

antagonistic property of Trichoderma virens against Pythium ultimum and

Phytophthora spp. Biological control of Pythium spp. by T. harzianum and T.

koningii was due to the production of volatile antimicrobial compounds (Lifshitz

etal.y 1986). According to them, zoospore germination, germ tube elongation and

mycelial growth of P. aphanidermatum were arrested when the pathogen was

treated with the culture filtrate of T. harzianum.

In the present study it was noticed that, all five isolates and control showed

100 per cent inhibition in the growth of pathogen Phytophthora capsici. Whereas,

Ahamed et al. (1999) elucidated that T. harzianum showed only 53 % per cent
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inhibition on the growth of P. capsici. Likewise, Etebarian et al. (2000) observed

r. harzianum T39 and T. virens DAR 74290 showed per cent growth inhibition of

49- 71 and 49- 54% of Phytophthora erythroseptica. Howell and Stipanovic

(1983) described the presence of an antibiotic in T. virens which is inhibitor

towards the growth and development of Phytophthora species.In the present

study, all the tested isolates of Trichoderma species showed 100 per cent

inhibition in the growth of pathogen Phytophthora capsici. Smith et al. (1990)

also reported similar results when Trichoderma spp. was grown against

Phytophthora spp. Bae et al. (2011) reported coiling and penetration of

Trichoderma hyphae around Phytophthora capsici and this also resulted in cent

per cent inhibition of pathogen.

Based on the in vitro studies on stress tolerance, biochemical studies and

dual culture technique four isolates viz., ALTl, ALT3, PATl and PAT6 were

subjected to molecular characterization at Rajiv Gandhi Centre for Biotechnology,

Thiruvananthapuram to confirm its identity upto species level prior to the pot

culture experiment. It was observed that the isolate ALT 1, ALT 3, PAT 1 and

PAT 6 showed homology with Trichoderma asperellum.WtncQ, the isolates were

named as Trichoderma asperellum isolate ALT 1, Trichoderma asperellum isolate

ALT 3, Trichoderma asperellum isolate PAT 1 and Trichoderma asperellum

isolate PAT 6 respectively.

5.6 In vivo EVALUATION OF THE PROMISING STRESS TOLERANT

STRAINS FOR BIOCONTROL EFFICACY AND GROWTH

PROMOTION

Results of the in vitro studies conducted for antagonistic properties of the

Trichoderma isolates might always not hold true under field conditions as they

might show a drop in inhibition of pathogen when the study is shifted from in

vitro to field conditions. Hence, a pot culture experiment was laid out to evaluate

the biocontrol efficacy and growth promotion of four selected isolates viz., ALTl,

ALT3, PATl and PAT6 against R. solani using cowpea (var. Bhagyalakshmi) as

the test crop.

StSP



147

In the present study, cent per cent seed germination was recorded when T

4 {T. asperellum isolate PAT 6) and T 5 {T. viride, KAU isolate) were applied in

the pathogen inoculated pots followed by 80 per cent germination in T2 {T.

asperellum isolate ALT 3) (Fig. 5.16). Seed germination percentage of 60 per cent

was recorded with T1 (T. asperellum isolate ALT 1), T 3 {T. asperellum isolate

PAT 1) and T 4 {T. asperellum isolate PAT 6) which were challenge inoculated

pots and this was similar to the control pots. Harman et al. (1980) noticed that T.

hamatum protected pea seeds against pathogens like R. solani more than T.

harzianum. Moreover, the concentration of Trichoderma propagules were higher

in the pots when compared to the pathogens, which was reduced upto 40 per cent.

According to them, T. hamatum exhibited control of the disease nearly equivalent

to chemical fungicides such as Captan and it was also higher than T. harzianum.

Also the activity of T. hamatum retained for a period of time after planting

showed that it can be efficiently used for disease control. Nagar (2017) noticed

that germination per cent of chickpea seeds ranged between 67.73 and 80.09 when

it was treated with Trichoderma isolates.

Various biometric observations such as plant height, number of leaves,

days to first flowering and yield of the cowpea plants were recorded in order to

study the growth promotion by different Trichoderma isolates. It was observed

that, Trichoderma asperellum isolate PAT 6 recorded highest values with respect

to all biometric characters implying that this particular isolate has the maximum

growth promotion ability on host plants (Fig. 5.16, 5.17, 5.18, 5.19 and 5.20). The

results of the experiment are in accordance with Singh et al. (2014), where they

observed that application of T. harzianum resulted in the production of maximum

number of leaves, shoot and root length, shoot and dry weight and total plant dry

weight. Likewise, Hicks et al. (2014) reported that T. harzianum LU149i, T.

rossicum LU1492 and T. atroviride LU132 increased the number of tubers in

potato by 75, 60 and 43 per cent. T. barbatum LU1489 caused an increase in tuber

weight by 265 per cent whereas, T. rossicum LU1492. Also T. harzianum

LU1491, T. barbatum LLfl489 and Trichoderma sp. 792 LU1483 recorded

maximum number of tubers, total tuber weight and average tuber weight
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respectively. Mayo et al. (2015) noted that T. harzianum showed the highest dry

weight of shoot and root when compared to control. Nagar (2017) observed that

L  among different Trichoderma isolates, Trichoderma strain TRSH-S6 achieved

significantly higher shoot length (33 cm), fresh weight (27.07g), number of

nodules (30.33), dry weight (11.30g) and yield (2138.89 kg ha') which was
comparable with TRJ-Sl, TRSH-S5 treatments.

In the pot culture experiment, T. asperellum isolate ALT 3 and T.

asperellum isolate PAT 6 showed the least disease incidence of 11.11 per cent

when the pathogen R. solani was challenge inoculated in the pots. However, T.

asperellum isolate ALT 1, T. asperellum isolate PAT 1 and T. viride (KAU

isolate) showed 22.22 per cent disease incidence. Cent per cent disease incidence

was recorded in the control plants where no isolate of Trichoderma spp. was

inoculated.

According to Barman et al. (2004), one of the most common strategies used

by Trichoderma spp. is mycoparasitism. Detection, attachment, penetration and

-r secretion of fungitoxic enzymes also results in the death of pathogen. Eziashi et

al (2007) reported that Trichoderma showed an affinity towards host cell wall

which results in chemical bonding between functional sites of carbohydrates of

antagonist and pathogen and finally leading to host cell wall penetration.

Lu et al. (2004) also observed that on application of T. atroviride in

cucumber seeds sown in R. solani infested soil, 71 per cent survival was recorded.

Wilson et al (2008) and Rahman et al (2011) also noticed that T. harzianum and

T. virens were effective against R. solani. These findings are in line with the

reports of many workers who studied the effect of T. asperellum, T. harzianum, T

virens and T. hamatum in controlling the growth of R. solani [(Beagle-Ristanio

and Papavizas (1985), Lewis and Larkin (1997) and Aydin and Turhan (2009)].

There are reports of cent per cent inhibition of R. solani by Trichoderma isolates

in tomato plants coupled with plant fresh and dry weight (Montealegre et al,

2010). Asad et al. (2014) also reached to a similar conclusion, where they

observed a reduction in disease incidence to 19.3 per cent when T. asperellum was

inoculated in plants, whereas control plants showed 54.3 per cent disease
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incidence. However, in the present study there was 100 per cent disease incidence

in control plants without Trichoderma inoculation. Durak (2016) observed that T.

harzianum and T. virens were found very effective against R. solani.

Hence, after recalling back the results of the study, a total of 24

Trichoderma spp.were obtained from 52 soil samples collected from six locations

of Kerala where the highest population of Trichoderma spp. was obtained from

Wayanad district and the lowest from Palakkad. Out of the 24 isolates, six abiotic

stress tolerant isolates were selected and these were further subjected to

biochemical tests to study the activity of enzymes such ascellulase, p- 1,3-

glucanase and protease, which are responsible for the mycoparasitism exhibited

by Trichoderma spp. and these were also screened for the qualitative assay of

biomolecules involved in imparting drought tolerance like ACC- deaminase (1-

aminocyclopropane-l-carboxylate deaminase) and cytokinin. Thereafter, five

isolates of Trichoderma spp. were selected and later employed to test the

antagonistic potential with five major soil borne pathogens.

After the dual culture study, only four isolates viz., PATl, PAT6, ALTl

and ALT3 showing better antagonism against the tested pathogens were further

selected for the pot culture experiment two each from Palakkad and Alappuzha

district. Molecular characterization of these four isolates viz., PATl, PAT6, ALTl

and ALT3 isolates revealed that these showed homology with sequence

Trichoderma asperellum. These were then used for the assessment of growth

promotion in cowpea and biocontrol efficacy against R. solani under in vivo

conditions where the results showed that Trichoderma asperellum isolate PAT 6

from Palakkad was found to be the best performing isolate with both plant growth

promotion and antagonistic ability. However, these observations made through in

vitro and in vivo experiments may not always reflect the same under field

conditions. Hence, the study should be complimented with multi-locational field

trials to prove the effectiveness of these isolates under various stressed areas of

Kerala. Thus it can be concluded that this study has enlightened our knowledge on

the prevalence of such stress tolerant isolates of Trichoderma spp. in various
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ecosystems of Kerala which can be exploited and thereby used as efficient

biocontrol agents for the management of the major soil borne pathogens infecting

various crops of Kerala.

%
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6. SUMMARY

Biological control is an ecofriendly approach in the effective management of crop

diseases. The fungi belonging to the genus Trichoderma are one among the most

exploited biocontrol agents in the field of agriculture for the management of crop

diseases. However, in certain conditions Trichoderma strains show poor or

inconsistent performance in fields which may be attributed to their low tolerance

towards abiotic stresses such as high temperature, drought, acidity, salinity and

fungicides. Hence, the present research on "Exploitation of abiotic stress tolerant

strains of Trichoderma spp. for the management of soil borne fungal pathogens"

was conducted in order to identify different abiotic stress tolerant isolates of

Trichoderma spp. and to study its antagonistic ability and plant growth promotion

under in vitro and in vivo conditions.

1. Intensive soil sampling surveys were conducted across different abiotic

stressed ecosystems of Kerala viz., Palakkad, Alappuzha, Vytilla,

Kumarakom, Wayanad and Thrissur for the isolation and enumeration of

native Trichoderma spp.

•  Electrochemical properties of the soil samples were recorded as they

influence the type and amount of soil microflora. Among the 52 soil

samples collected, the lowest pH of 2.9 was recorded from the sample

Cherthala- 2 collected from Alappuzha district and the highest EC value of

7.61 d Sm"' was observed from Cherthala-1 sample collected from

Alappuzha district.

• After enumeration of Trichoderma spp., the highest population of the

fungus was obtained from soil sample Tholpetty- 1 (W 7) from Wayanad

district with a cfu of 32.52 x 10^and 22.22 x lO^'in TSM and 31.22 x 10^

and 17.61x lO'^in MEA media. Lowest population of 4.18 x 10^and 2.17 x

10"* cfu g"^ was obtained from Athipotta- 2 (P 10) of Palakkad district in

TSM and MEA respectively.
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• A total of 24 isolates were obtained from 52 soil samples collected from

different locations, out of which maximum number of eight isolates were

retrieved from Wayanad district.

•  Based on the number of Trichoderma spp. obtained from each district,

they were serially numbered and abbreviated according to the name of the

location. Accordingly, PAT 1 to PAT 6 represents number of isolates of

Trichoderma spp. from Palakkad district, ALT 1 to ALT 3 from

Alappuzha, VTT 1 and VYT 2 from Emakulam district, KUT 1 from

Kottayam district, WAT 1 to WAT 8 from Wayanad and THT 1 to THT 4

from Thrissur district. Cultural and morphological identification of these

isolates were done under in vitro conditions.

2. All the 24 isolates of Trichoderma spp. were subjected to in vitro

screening for abiotic stress tolerance such as high temperature, drought,

acidity, salinity and fungicides.

• The isolates were subjected to different temperature levels of 25^C, 30^0,

35"^C and 40^C and it was observed that PAT6 and WAT2 produced the

maximum mycelial biomass of 0.03 g and were able to sporulate at the

highest temperature of 40°C. Hence, the two isolates were considered as

thermotolerant.

• At higher concentration of PEG (30 %), the isolates VYT2 (2.43 g) and

ALTl (0.090 g) produced higher mycelial biomass and showed sparse to

moderate sporulation in the media and thus the two isolates were

considered as drought tolerant.

• The isolates ALT 3 and ALT 1 from Alappuzha showed the highest

mycelial weight of 0.90 g and 0.67 g which were also observed to produce

high sporulation when grown at a low pH of 3.5. Thus, these two isolates

of Trichoderma spp. were selected as acid tolerant isolates.

•  Isolates ALTl and ALT3 showed good growth under 0.50 M, 1.0 M and

1.50 M concentration of NaCl and ALT3 also produced spores at 0.5 and
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I M concentrations of NaCl also. Thus, the two isolates were selected as

salinity tolerant Trichoderma spp.

• The isolates ALTl and ALT3 were selected as copper hydroxide tolerant

isolates as they showed lower per cent inhibition of 68.15 and 59.07 per

cent at 0.3 per cent concentration of the fungicide.

•  Likewise, ALT3 and PATl showed comparatively good growth at the

highest concentration of the fungicide with lower inhibition per cent of

74.82 and 68.89 per cent respectively, hence considered as copper

oxychloride tolerant isolates.

3. Two best performing isolates under each stress were selected for further

studies and they were further subjected to biochemical tests to study the

activity of enzymes such as cellulase, 1,3- glucanase and protease,

which are responsible for the mycoparasitism exhibited by Trichoderma

spp. The isolates were also screened for qualitative assay of

biomolecules involved in imparting drought tolerance like ACC-

deaminase (1 -aminocyclopropane-1 -carboxylate deaminase) and

cytokinin.

•  The isolate VYT 2 showed highest cellulase activity of 4.26 U ml"'

followed by ALT 1 (3.47 U ml"'), whereas minimum cellulase activity was

recorded with the isolate ALT 3 (0.15U ml"').

• ALT 3 showed highest p- 1,3 glucanase enzyme activity of 5.45 U ml"'

followed by VYT 2 with 3.29 U ml"'. The least activity was observed with

the isolate WAT 2 with 0.62Umr'.

• The highest protease activity was recorded with the isolate ALT 1 (8.04 U

ml"') followed by PAT 1 (7.88 U ml"'). The minimum activity was

observed in the isolate WAT 2 with 0.98 U ml"'.

•  Isolates PAT 1, ALT 1 and ALT 3 produced mycelial growth of 9 cm,

which was same as that of positive control when grown on Dworfkin and

Foster salts minimal medium with ACC as sole nitrogen source.
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• Maximum root length was produced when cowpea seeds were treated with

the isolate PAT 1 (13.60 cm) and highest root biomass was produced when

the seeds were treated with ALT 1 (0.50 g) and thus these were considered

as better cytokinin producers.

4. After the enzyme study, the isolate WAT 2 was screened out as it showed

lesser activity of enzymes and was also found to be poor producer of ACC

deaminase and cytokinin. Hence, five isolates of Trichoderma spp. viz.,

ALT I, ALT 3, PAT 1 and PAT 6 were employed to test the antagonistic

potential with five major soil borne pathogens viz., Phytophthora capsici,

Pythium aphanidermatum, Sclerotium rolfsii, Fusarium solam and

Rhizoctonia solani. The efficacy of these cultures was evaluated in

comparison with reference culture of KAU Trichoderma viride.

•  The isolates ALT 3, ALT I, PAT 6 and PAT 1 were on par with each other

representing higher per cent inhibition of pathogen with 78.52, 78.15,

78.15 and 75.93 per cent respectively against R. solani. These isolates

were also on par with the control, T. viride, which also showed 78.52 per

cent inhibition of R. solani.

•  Isolates such as ALTl and VYT 2 showed 57.78 and 55 per cent inhibition

of S. rolfsii where both these isolates were found to be on par, followed by

PAT 1 and PAT 6 which showed a per cent growth inhibition of 52.22 and

51.67 of S. rolfsii respectively.

•  There was no significant difference noticed among the isolates when

grown against Fusarium solani in dual culture, though the highest per cent

inhibition of 58.89 was noticed with PAT 1.

•  Cent per cent inhibition of Pythium aphanidermatum was noticed when

grown with Trichoderma isolates PAT 1 and ALT 1. Minimum per cent

growth inhibition of pathogen was recorded with VYT2 (55.56%) and rest

of the isolates showed an inhibition above 70 per cent.
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• All five isolates and control showed 100 per cent inhibition in the growth of

pathogen, Phytophthora capsici.

5. Molecular characterization of four Trichoderma isolates was carried out at

Rajiv Ganghi Centre for Biotechnology (RGCB), Thiruvananthapuram by

ITS sequencing to identify the isolates upto species level and the isolates

ALT 1, ALT 3, PAT 1 and PAT 6 showed identity with T. asperellum.

6. A pot culture experiment was later laid out with cowpea as the test crop to

test the biocontrol efficacy against Rhizoctonia solani and growth

promotion of the promising stress tolerant isolates of Trichoderma spp.

Four isolates Trichoderma asperellum (ALTl, ALT3, PATl and PAT 6)

were selected for the in vivo experiment against the pathogen.

•  Trichoderma asperellum isolate PAT 6 and Trichoderma viride showed

cent per cent seed germination even in pathogen inoculated pots.

•  Maximum per cent relative increase in height was observed in T.

asperellum isolate PAT 6 (16.49%), followed by T asperellum isolate

ALT 3 (11.67%).

•  The highest per cent increase in number of leaves of 24.89 was found in

the plants when T. asperellum isolate PAT 6 was applied in the grow bags

followed by T. asperellum isolate ALT 1 (23.67%).

•  Earliness in flowering was observed in Trichoderma asperellum isolate

PAT 6 (38.67 days) and all other treatments except control were on par

with each other.

•  Maximum yield of 83.39 g per plant was obtained from T. asperellum

isolate PAT 6 followed by the reference culture, T. viride (78.70 g/ plant).

•  T. asperellum isolate ALT 3 and T asperellum isolate PAT 6 showed the

least disease incidence of 11.11 per cent when the pathogen R. solani was

challenge inoculated in the pots.
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APPENDIX- I

Composition of media used for serial dilution

1. rr/c/roefer/fifl selective medium (TSM) (Elade/a/., 1981)

Glucose 3.0 g

NH4NO3 l.Og

KG! O.lSg

K2HPO4 :  l.Og

MgS04. 7H2O :0.5g

Rose Bengal : 150 mg

Agar :15g

Distilled water :1000 ml

2. Malt extract agar (MEA)

Malt extract 20 g

Agar :20g

Distilled water 1000 ml

3. Oat meal extract agar (GEA)

Oat meal 60 g

Agar 12.5 g

Distilled water 1000 ml

4. Potato dextrose agar (PDA)

Potato 200 g

Dextrose 20 g

Agar 20g

Distilled water 1000 ml



5. Special nutrient agar (SNA) (Harman et al, 1991)

KH2P04 : 1.0 g

MgS04. 7H2O :0.5g

KCl :0.2g

Glucose :0.2g

Sucrose : l.Og

Agar :20.0g

Distilled water : 1000 ml

APPENDIX II

Composition of media used in enzyme assay

1. Carboxy methyl cellulose medium (CMC)

Sodium nitrate :2.0g

Dipotassium phosphate : l.Og

Magnesium sulphate :0.5g

Potassium chloride :0.5g

Carboxy methyl cellulose :2.0g

Peptone : 0.02 g

Agar : 17.0 g

Distilled water : 1000 ml

2. Casein broth

Glucose :15g

Yeast extract :5g

CaCh :2g

Distilled water ; 1000 mi
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APPENDIX III

Composition of media used for ACC deaminase assay

1. Dworkin and Foster salts minimal medium (Dworkin and Foster, 1958)

Glucose

Gluconic acid

Citric acid

KH2PO4

Na2HP04

MgS04.7H20

2.0 g

2.0 g

2.0 g

4.0 g

:6.0g

: 0.2 g

Micro nutrient solution (10 ml solution)

CaCl2 : 200 mg

FeS04.7H20 : 200 mg

H3BO3 : 15 mg

ZnS04.7H20 : 20 mg

Na2Mo04 :  10 mg

KI :  10 mg

NaBr :  10 mg

MnCh :  10 mg

COCI2 : 5 mg

CuCl2 ; 5 mg

A1C13 : 2mg

NiS04 ; 2mg

Distilled water :  1000 ml

ACC : 3mM
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ABSTRACT

Soil borne phytopathogenic fungi are known to cause severe yield loss

of several crops. To mitigate these crop ailments, farmers mostly rely on

chemical methods of disease control such as fungicides and other pesticides

which are deleterious to the environment. To date, biological control is an

ecofriendly approach for the effective management of crop diseases. The fungi

belonging to the genus Trichoderma are one among the most exploited

biocontrol agents in the field of agriculture. However, the performance of

Trichoderma spp. gets reduced when it is exposed to abiotic stressed conditions

such as drought, high temperature, salinity, acidity and fungicides. Hence, this

study was proposed to identify and exploit stress tolerant isolates of

Trichoderma spp. with antagonistic potential in Kerala.

Intensive soil sampling surveys were conducted across different stressed

ecosystems of Kerala viz., Palakkad, Alappuzha, Vytilla, Kumarakom,

Wayanad and Thrissur for the isolation and enumeration of native Trichoderma

spp. A total of 24 isolates were obtained from 52 soil samples collected from

different locations. Based on the number of Trichoderma spp. obtained from

each district, they were serially numbered and abbreviated according to the

name of the location. Accordingly, PAT I to PAT 6 represents number of

isolates of Trichoderma spp. from Palakkad district, ALT 1 to ALT 3 from

Alappuzha, VYT 1 and VYT 2 from Emakulam district, KUT I from Kottayam

district, WAT 1 to WAT 8 from Wayanad and THT 1 to THT 4 from Thrissur

district. Cultural and morphological identification of these isolates were carried

out under in vitro conditions.

Isolates of Trichoderma spp. were subjected to in vitro screening for

abiotic stress tolerance such as high temperature, drought, acidity, salinity and

also to test their sensitivity towards copper fungicides. The isolates PAT6 and

WAT2 were found as thermotolerant, VYT2 and ALT 1 as drought tolerant,

ALT 3 and ALT I as acid tolerant and saline tolerant and the isolates ALTl,

ALTS and PAT 1 as copper fungicide tolerant. The selected six isolates were
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further subjected to biochemical tests and the study showed that the isolates

VYT 2, ALT 3 and ALT 1 showed highest cellulase, 1, 3 glucanase and

protease activity. Likewise, isolates PAT 1, ALT 1 and ALT 3 were found as

best producers of ACC deaminase and PAT 1 and ALT 1 as the best cytokinin

producer.

The best performing isolates (ALT 1, ALT 3, PAT 1, PAT 6 and

VYT 2) after enzyme study were subjected to dual culture experiment with five

major soil borne pathogens to test their antagonistic potential. The isolates ALT

3, ALT 1, PAT 6 and PAT 1 showed more than 70 per cent inhibition of R.

solani whereas, isolates ALTl and VYT 2 showed only 57.78 and 55 per cent

inhibition of S. rolfsii respectively. However, no significant difference was

noticed among the isolates when grown against F. solani. Cent per cent

inhibition of P. aphanidermatum was noticed with Trichoderma isolates PAT 1

and ALT 1. All five isolates showed 100 per cent inhibition on the growth of

pathogen, P. capsici. Among the five, four isolates viz., ALT 1, ALT 3, PAT 1

and PAT 6 with best antagonistic potential were subjected to molecular

characterization at Rajiv Gandhi Centre for Biotechnology, Thiruvananthapuram

and the isolates showed homology with the nucleotide sequence of Trichoderma

asperellum.

A pot culture experiment was laid with the selected isolates viz., ALT 1,

ALT 3, PAT 1 and PAT 6 to test the growth promotion of cowpea and biocontrol

efficacy against Rhizoctonia solani. It was observed that the isolate PAT 6 coated

seeds showed 100 per cent germination and also recorded better biometric

characters and yield. Moreover, the lowest per cent disease incidence of 11.11 per

cent was only recorded with both the isolates ALT 3 and PAT 6.

Thus, the study has enlightened our knowledge on the existence of

abiotic stress tolerant isolates of T. asperellum which can be employed in future

for the biocontrol of soil borne pathogens in such conditions.


