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Species in the genus Trichoderma are important as commercial source of several enzymes and as
biofungicides/growth promoters. The most common biological control agents of the genus are strains
of T. harzianum, T. viride and T. viriens. In this study, sixteen selected isolates of T. harzianum from
different land use types in Embu, Kenya were tested for anatognism against five soil borne
phytopathogenic fungi (Rhizoctonia solani, Pythium sp, Fusarium graminearum, F. oxysporum f. sp
phaseoli and F. oxysporum f. sp Lycopersici) using dual culture assay and through production of non-
volatile inhibitors. Seven isolates were further characterized using RAPD-PCR procedure to determine
genetic variability. All T. harzianum isolates had considerable antagonistic effect on mycelial growth of
the pathogens in dual cultures compared to the controls. Maximum inhibitions occurred in Pythium sp-
055E interactions (73%).The culture filtrates obtained from Czapek’s liquid medium reduced the dry
weight (mg) of the mycelia significantly while those from the potato dextrose broth showed minimum
inhibition growth. Pythium sp was inhibited the most compared to other pathogens. Genetic similarities
generated using Jacquard’s coefficient of similarity ranged from 0.231 between isolates 055E and 011E
to 0.857 between isolates 010E and 015E. The technique of RAPD was efficient in demonstrating the
DNA polymorphism in the isolates of T. harzianum tested showing intraspecific genetic variability.
Since all T. harzianum isolates evaluated were effective in controlling colony growth of the soil borne
pathogens both in dual cultures and in culture filtrates they could be tried as a broad spectrum

biological control agent in the green house and under field conditions.
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INTRODUCTION

Modern agriculture, based on growing one or a few crop
cultivars over large areas, is an ecologically unbalanced
system, which invites disease epidemics. Prevention of
such epidemics has traditionally been achieved through
use of chemical fungicides such as methyl bromide
(Hermosa et al., 2000). Toxicological environmental and
sociological concerns have lead to drastic reduction in the
availability of efficient commercial compounds and also
the use of fungicides may lead to the appearance of new
resistant strains of pathogens (Behzad et al.,, 2008).
Biological control of plant pathogens by microorganisms
has been considered a more natural and environmentally
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acceptable alternative to the existing chemical treatment
methods (Shalini and Kotasthane, 2007; Eziashi et al.,
2007). Trichoderma species have been known since the
1930s to show antifungal activity and there have been ex-
tensive efforts to use them for plant disease control since
then (Hjeljord and Tronsmo, 1998). They have been used
as biological control agents (BCAs) and their isolates
have become commercially available of late (Freeman et
al., 2004).

In one of the earliest studies Weindling (1932)
observed that a strain that he believed to be Trichoderma
lignorum was antagonistic to other fungi. T. harzianum is
one efficient biocontrol agent that is commercially pro-
duced to prevent development of several soil pathogenic
fungi (Shalini et al., 2006). T. harzianum alone or in
combination with other Trichoderma species or chemical
adjuvant, has been used in control of several diseases



such as Rhizoctonia damping-off in radish, corn and soy-
bean (Lifshitz et al., 1985) and grey - mould on tomato
(Migheli et al., 1994). Different mechanisms have been
suggested as being responsible for their bio-control
activity which include mycoparasitism, antibiosis, compe-
tition for nutrients and space and secretion of chitinolytic
enzymes (Harman, 2000).

Since the distinguishing morphological characteristics
of a fungus, the physiological and biochemical technique
applied are frequently too limited to allow its identification,
molecular methods have recently been introduced into
Trichoderma taxonomy.

Random Amplified Polymorphic DNA (RAPD) is an
electrophoretic method used for taxonomy at the species
level to discriminate species (Hadrys et al., 1992). RAPD
is a DNA polymorphism assay based on the amplification
of random DNA segments with single primers of arbitrary
nucleotide sequence (Williams et al., 1990; Welsh and
McClelland, 1990).

Random markers as products of the PCR-RAPD
technique (Williams et al., 1990) have been developed to
differentiate numerous fungi, including Trichoderma
species (Zimand et al., 1994). RAPD analysis has been
used in many applications and various organisms, espe-
cially in the plant sciences (Kapteyn and Simion, 2002).
RAPD fingerprinting was used by Arisan-Atac et al.
(1995) to identify subgroups of Trichoderma capable of
chestnut blight biocontrol; they found that the biocontrol
activity was spread among several distinct groups and
subgroups of Trichoderma. Using RAPD Dubey and
Suresh (2006) analyzed strains of Trichoderma, verifying
that with RAPD it was possible to distinguish among the
isolates of T. harzianum and T. viride into three distinct
groups.

MATERIAL AND METHODS

Isolation and identification of Trichoderma species

Trichoderma sp were isolated using dilution plate technique
(Johnson et al., 1959) and soil washing methods (Gams et al.,
1987) on malt extract agar (MEA) and cornmeal agar (CMA) with
2% dextrose) both with streptomycin 50 mg/L and cyclcosporin 10
mg/L. The colonies were counted and identified and transferred to
Petri dishes containing potato dextrose agar (PDA) and incubated
at 15, 25, 30 and 35°C for further identification to species level.
Genus identification of green fungus was undertaken using the
method of Domsch et al. (1980). Trichoderma isolates were iden-
tified to species level following the taxonomic key of Samuels et al.
(2004). Microscopic examination was carried out by mounting the
culture in lactophenol cotton blue but for size measurements KOH
and water was used as the mounting fluid. A small amount of
material was placed in a drop of 3% KOH on a slide and then
replaced with water. The isolates were preserved in sterile soil and
stored at 4°C.

Isolation of phytopathogenic fungi

Diseased plant tissues were obtained from the University farm at
Kabete campus 10 Km north-west of Nairobi. Rhizoctonia solani

was isolated from Spinach (Spinacea oleracea), Fusarium
oxysporum f. sp Lycopersici from tomato (Lycopersicum
esculetum), F. oxysporum f. sp phaseoli from beans (Phaseolus
vulgaris) and F. graminearum from maize cob (Zea mays).
Diseased plant tissues were washed under running tap water to
remove surface soil, dust and other contaminants. Tissue pieces
were cut out from the leading edge of lesion, and placed in 1%
sodium hypochlorite for five minutes, washed briefly in sterile dis-
tilled water and dried on sterile filter paper. The dried pieces were
cut into smaller pieces, plated onto PDA and incubated at 25°C.
Pythium sp was obtained by baiting using beet root seedlings.

Dual culture tests

Plates of PDA were inoculated with a 5 mm disc from five-day-old
cultures of the phytopathogens 10 mm from the edge of the plate.
After two days a 5 mm disc of the Trichoderma harzianum isolate
was placed 55 mm from the phytopathogens disc. Pythium sp and
the biocontrol strains were inoculated at the same time. Paired
cultures were incubated at room temperature for six days. The
growth of the fungi was recorded by measuring the radial growth of
the pathogens.

The percentage growths of the pathogens were calculated as
follows: % Growth = Radius of the growth in the direction of the test
strain/radius of the growth in the absence of the test strain x100
(Behzad et al, 2008).

Slide culture method

For Rhizoctonia solani and Pythium sp -Trichoderma interaction, a
clean sterile glass slide was placed in 9 cm diameter plates. A small
amount of autoclaved melted PDA was spread over the slide to
make a thin film on the slide. 5 mm discs of one week old growing
colonies cut from the margin of each pathogen and Trichoderma
isolates were placed on the opposite sides of the slide 3 cm apart
on the PDA surface.

A few ml of double distilled water was added to the plate to
prevent drying and incubated 25 + 1°C for a week. At the end of
incubation period, meeting area of Trichoderma - Pathogen hyphae
was stained with lactophenol in cotton blue and observed under a
light microscope for the presence of mycelial penetration and for
cell wall disintegration.

Determination of antifungal properties of T. harzianum culture
filtrates

To harvest non-volatile antibiotics produced by Trichoderma
isolates, the fungus was grown on potato dextrose broth (PDB) and
Czapek’s liquid medium (CLM) as described below.

Isolates cultured in potato dextrose broth

Each T. harzianum isolate was separately inoculated into 100ml
PDB incubated at 20°C and Cultures filtered through 0.22 mm
Millipore filters after 10 days. Two milliliter aliquots of these filtrates
were placed in sterile Petri dishes and 25ml of PDA added. 5mm
wide mycelial discs of the pathogen were placed at the center of the
solidified agar plates and incubated at room temperature for 6 days.
Colony diameters were measured daily and inhibition percentage
obtained using the formula: 1% = [(C2-C1/C2) X100] (Behzad et al,
2008).Where: C1 means growth of the pathogens in the presence
of antagonist and C2 means the growth of control. Each experiment
had three replicates and complete randomized design was adopted.
PDA without the culture filtrates served as the control.



Isolates cultured in Czapek’s liquid medium

To test for non-volatile antibiotics, the method of Kexiang et al.
(2002) was applied. Flasks containing 50 ml of CLM were ino-
culated with a 5 mm disc of T. harzianum isolates and incubated at
25°C in the dark for two weeks. Culture liquids were filtered through
filter paper and sterilized by bacterial filtration (Acrodisc nitrocello-
phane membranes, pore size 0.22 o«m). The filtrates were diluted
with PDB to a concentration of 70%. PDB lacking the filtrate of
Trichoderma served as a control. Two agar discs containing the
pathogen were inoculated in each flask, incubated at 25°C and
mycelia filtered through filter paper after 8 days, dried and weighed.
Each treatment was replicated three times.

Isolation of DNA from filamentous fungi

Mycelia for DNA extraction were cultured in 50 ml of yeast potato
dextrose broth (YPDB) at 20°C with rotary shaking at 120 rpm,
harvested by filtration through a filter paper and washed with
distilled water after two days. The mycelia were freeze - dried and
grounded in the presence of sand and stored at -20°C. One
hundred milligrams of the mycelial powder was transferred into
eppendorf tubes. 500«| of 2xCTAB buffer (equilibrated to 65°C) and
1.0% of B-mercaptoethanol were added and the tubes heated at
65°C for 30 min. 500 oI of chloroform-isoamyl alcohol (24:1) was
added to the tube and vortexed for 30s and centrifuged at 12,000
rpm for 15 minutes. The upper portion of the aqueous phase was
recovered and 1/5 volume of 5% CTAB and mix. Another
chloroform-isoamyl alcohol (24:1) extraction was performed. Equal
volume of CTAB precipitation buffer was mixed with the recovered
supernatant and left to stand on ice for 20 minutes. The mixture
was centrifuged for 15 min at 12,000 rpm and the supernatant
discarded. The pellet was rehydrated with high salt TE buffer (heat
at 65°C for 5 -10 min). DNA was precipitated by the addition of an
equal volume of cold absolute ethanol with incubation at -20°C for
10 min. DNA was collected by centrifugation at 12,000rpm for 10
min, washed with 70% ethanol, dried, and resuspended in 100 pl of
1XTE buffer and stored at -20°C. The quality of the DNA was
checked by use of 0.7% agarose gel and quantified
spectrophotometrically.

RAPD analysis and PCR conditions

Amplification reactions were performed in 0.6 ml micro centrifuge
tubes in a 25 pl reaction volumes containing 5 ng of template DNA,
Taq buffer, 2.5 mM MgCl,, 0.8 mM each dNTP, 1.15 ng/pl Primer
and 1lunit Taqg DNA polymerase. Amplification reactions were
performed in a Perkin-Elmer, Gene amp PCR system 2400 thermal
Cycler programmed for 35 cycles of denaturation at 94°C for 30

seconds, low stringency annealing temperature at 31°C for 1.0
minute and polymerization at 72°C for 1.0 min with a final extension
step at 72°C for 10 minutes. PCR products were separated on 2.5%
agarose/ 1X TBE gels. A 50 bp DNA molecular size marker was
loaded on the first well and used for comparison. The banding
pattern was visualized on Ultraviolet transilluminator and
documented by MultiDoc digital imaging system.

Data analysis

Bands were manually scored 1 for presence and O for absence and
the binary data used for statistical analysis using the software R-
command version 2.1.1. The size of the fragments (molecular
weight in base pairs) was estimated by using 50 bp ladder marker,
which was run along with the amplified products. A genetic

dissimilarity matrix was calculated according to Squared Euclidean
Distance which estimated all pair-wise differences in the ampli-
fication product and Cluster analysis was done by Wards method
using a minimum variance algorithm (Ward, 1963).

Genetic Similarity (GS) was analyzed using the equation: GS =
(Nap)! (Na+Np-Ngp), where Ngp is the number of shared fragments
between isolates a and b, N is the number of scored fragments of

isolate a, and Ny the number of scored fragments of isolate b.
Genetic distance (GD) was then calculated as GD = 1-GS (Yang et
al., 1998). The data for growth inhibition measurement were arcsin
trafnsformed, subjected to analysis using the Statistica version 6
software.

RESULTS

Inhibition of growth of pathogenic fungi by T.
harzianum on culture media

As single cultures Phythium sp grew actively and
colonized the 9mm entire agar surface within two days,
whereas F. Oxysporum took two weeks, and F.
graminearum and Rhizoctonia sp filled the plate in six
days. Confrontation experiments (dual culture assays)
provided evidence that T. harzianum isolates sub-
stantially reduced the growth of the pathogens. Nine out
of the sixteen isolates tested were able to inhibit the
growth of three pathogens each by more than 50%.Three
of the T. harzianum isolates inhibited four pathogens. Iso-
lates 015E and 051E were more superior to others since
they inhibited the growth of the five pathogens tested.
Isolates 030E and O011E were inferior since they only
controlled at least one pathogen. T. harzianum showed
parasitic behavior against Pythium (Figure 1) by coiling
round the host hyphae and degrading it. Pythium sp grew
faster than T. harzianum its growth stopped immediately
upon physical conduct with T. harzianum. The parasitic T.
harzianum over grew the host resulting into complete
degradation of the latter and sporulation of the former
over the entire plate. The isolate 055E gave the lowest
percentage inhibition of 31.76% against T. harzianum
while 015E gave the highest inhibition of 73.33%.

All isolates of T. harzianum tested inhibited the growth
of R. solani with isolate 029E giving the highest percent-
tage inhibition (61.55%) while 063E the lowest (25.88%).
The inhibition process was parasitic (Figure 2), the
parasite penetrating the host cell wall directly without
formation of appressorium-like structures suggesting
mechanical activity.

The host hyphae eventually disintegrated (Figure 3). T.
harzianum isolates grew considerably faster on PDA than
did the Fusarium pathogens in the same conditions of
culture. In dual cultures the isolates had antagonist
activity towards the pathogens since most isolates
allowed a percentage radial growth inhibition above 50%.
However for F. oxysporum f. sp lycopersici a junction was
always formed between it and the isolates. (Figure
4A).The isolates also sporulated on the pathogen colony
(Figure 4B).



Figure 1. Light microscope micrograph
showing Trichoderma harzianum encircling
mycelia of Phythium sp as shown by the
arrows.

Figure 2. Micrograph of light microscope
showing coiling of T. harzianum over R. solani
Arrows point to interaction zones between .T
harzianum and R. solani.

Figure 3. Light microscope micrograph showing
disintegrated hyphae of R solani. The arrows
indicate the disintegrated hyphae.

Inhibition of growth of pathogenic fungi by T.
harzianum through production of non-volatile
compounds

Effect of culture filtrates produced from Potato
dextrose broth

Slight colony inhibition of the pathogens (F. oxysporum f.
sp Lycopersici, F. oxysporum f. spp. phaseoli, Pythium
spp., Fusarium graminearum and Rhizoctonia solani) was
observed when exposed to the culture filtrates of T.
harzianum cultured in PDB (Table 1). There was no
inhibition of radial growth by all tested isolates on
Pythium spp. Isolate 014E inhibited F. oxysporum growth
by 80%. Isolates 057E, 021E, O55E, 015E, 0051E, and
010E had no effect on F. graminearum. The culture
filtrates from isolates 042E, 063E, 030E, 029E, 046E,
044E, 011E, 049E, and 014E inhibited the growth of R.
solani.

Czapek’s liquid medium culture filtrates

The different culture filtrate from the T. harzianum
isolates caused significant (P = 0.05) effect on the dry
weight of the phytopathogens: F. oxysporum f. sp
Lycopersici, F. oxysporum f. sp phaseoli Pythium sp,
Fusarium graminearum and Rhizoctonia solani. The
culture filtrates of the isolates suppressed the growth of
the pathogens and reduced the dry weight (mg) mycelia
(Figure 5). Pythium sp was the most influenced as
compared to the control. However some isolates’ filtrates
seems to have enhanced the accumulation of mycelia
since the percentage weight obtained of the mycelia was
more than 100%.the pathogen Pythium for example was
enhanced by the isolates 042E, 049E, 046E, 045E, 021E
and 051E while the rest (014E, 029E, 010E, 044E, 055E,
011E, 015E, O57E, and 031E) greatly suppressed the
accumulation of the mycelia of Pythium by more than
50%. The filtrate from the isolate 011E was superior to
others since the dry weight of the mycelia of four (F.
oxysporum f. sp Lycopersici, F. oxysporum f. sp phaseoli
Pythium sp and F. graminearum) phytopathogens was
less than 50%. The Fusarium pathogens were always
susceptible to the culture filtrates from all the T.
harzianum isolates.

DNA polymorphism analysis of the T. harzianum
isolates

In the study four random primers namely 203, 230, 220,
0p13 were used which gave bands ranging from 350bp to
2000bp as shown in Table 2. All the primers produced
intense bands with some being faint. A total of 81 bands
were produced. The 7 samples used for DNA poly-
morphism were antagonistic to the phytopathogens used.
In dual cultures the isolates 015E and 051E were superior



Junction between F. oxysporum £
sp Hcopersici( pink colony) axnd 7.
harzianum

Sporulation by 7. harzianum on
Fusarium oxysporum f. sp phaseoli
(white colony) .

Figure 4. Plate confrontation test of T. harzianum against; A. Fusarium oxysporum f.sp lycopersici
and B. Fusarium oxysporum f.sp phaseoli Performed on PDA medium.

Table 1. Effect of different isolates of T. harzianum on radial growth inhibition (%) of phytopathogens by the production of non-volatile compounds from

Potato Dextrose Broth after 6 days of incubation.

Radial growth inhibition (%)

T. harzianum Isolates

F. oxysporum f.sp Lycopersici F.oxysporum f. sp phaseoli  Pythium sp F. graminearum R. solani

042E 12.74
063E 2.27
030E 20.29
029E 3251
046E 31.94
044E 40.08
057E 11.02
045E 19.72
011E 16.80
049E 4.02
021E 15.07
055E 14.50
015E 10.33
051E 11.55
010E 11.57
014E 80.22

9.61 0 66.27 4.31
13.46 0 44.70 17.64
23.71 0 40.39 28.627

1.92 0 85.88 11.76
23.07 0 43.92 31.37
20.51 0 36.47 30.98
17.30 0 0 0
27.56 0 6.66 0
28.20 0 7.05 8.23
10.89 0 5.88 5.88
14.74 0 0 0
26.28 0 0 0
16.66 0 0 0
15.38 0 0 0
17.30 0 0 0
82.05 0 8.62 71.37

to others since they inhibited the growth of five pathogens
by more than 50% and 029E inhibited the growth of four
pathogens. In the culture filtrate activity the isolates 011E
and 055E had a wide range of activity by suppressing the
growth of five pathogens while isolates 0440E and 010E

suppressed the growth of four pathogens each. The DNA
profiles obtained for Trichoderma harzianum isolates
were scored (Figure 6) and a dendrogram or dissimilarity
matrix developed using Squared Euclidean Distance and
Clustering based on Wards method (Figure 7).
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Percentage dry weight (mg) of mycelia of fungal phytopathogens pl: F. oxysporum f .sp

Lycopersici, p2: F. oxysporum f. sp phaseoli p3: Pythium sp, p4: Fusarium graminearum and p5:
Rhizoctonia solani as influenced by non-volatile antibiotics of T harzianum isolates.

Table 2. Synthetic deoxyribonucleotides used as primers for amplification of Trichoderma harzianum DNA.

Primer code Primer sequence 5’- 3’

Total no. of bands

Size range of bands(bp)

203 CACGGCGAGT 7 600-2000

220 TCGATGTCG 7 600-2000
0P13 CAGCACCCAC 7 300-650

230 CGTCGCCCAT 7 350-1800

DISCUSSION

T. harzianum inhibited the growth of the target organisms
through its ability to grow much faster than the
pathogenic fungi thus competing efficiently for space and
nutrients. Starvation is the most common cause of death
for microorganisms, so that competition for limiting
nutrients results in biological control of fungal phyto-
pathogens. A second mechanism of pathogen control

that Trichoderma displayed was mycoparasitism. Micro-
scopic observation of the interaction region between R.
solani and Pythium spp. with T. harzianum showed that
the mycelia of T. harzianum grew on the surface of the
pathogens always coiling round their mycelia and later
penetrating their cell walls directly without formation of
appresorium structures. The pathogen mycelia then disin-
tegrate suggesting enzyme action. Lorito et al. (1998),
Metcalf and Wilson (2001) and Sharon et al. (2001)
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Figure 6. A RAPD profiles obtained with primer203.
Positions 2-9 corresponds to isolates T010, TO15, T011,
021E, 051E, 029E, 055E, and 044E.B RAPD profiles
obtained with primer230. Positions 2-9 corresponds tO
isolates 044E, TO11, TO15, T014, O51E, O55E, T010, and
029E.
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Figure 7. Dendrogram for 7 Trichoderma harzianum isolates
as revealed by RAPD markers.Where : 1:044E, 2:011E,
3:015E, 4: 051E, 5: 055E, 6:010E, 7:029E

In the Dendrogram, all the 7 isolates were distinctly divided
into two major clusters ‘A’ and ‘B’ at 20 units. Isolate 051E
and 029E spanned the extremes of the entire Dendrogram.
Genetic dissimilarity ranged from a lowest of 0.143 (between
T010 and T015) to a highest of 0.857 (between 055E and
051E).Isolate 051E, T011, TO15, and TO10 were assigned to
cluster ‘A’. Genetic dissimilarity among the entries in this
cluster ranged from a lowest of 14.3 percent (between
TO15and TO010) to a highest of 35.7 percent (between
TO10and O051E). The other cluster ‘B’ comprised of three
accessions. In this cluster isolate 044E 055E and 029E were
grouped together. The genetic dissimilarity in this group was
ranging from 33.3 percent between 055E and 029E to a high
of 75 percent between 044E and 029E.

demonstrated possible role of chitinolytic and/or gluca-
nases enzymes in bio-contro | by Trichoderma. These

enzymes function by breaking down the polysaccharides,
chitin, and glucans that are responsible for the rigidity of
fungal cell walls, thereby destroying cell wall integrity
limiting the growth of the pathogen. A mixture of several
enzymes might be necessary for efficient cell wall lysis. T.
harziunum has been reported to apply high chitinase and
B-1,3-glucanase activities (Sivan et al., 1984).

A third mechanism of pathogen control by Trichoderma
was through antibiosis. Culture filtrates of the isolates had
an inhibitory effect on the radial growth of the patho-gens
and myecelial accumulation suggesting action of non-
volatile antibiotics in the filtrates. This agrees with the
findings of Sivan et al. (1984) who noted that culture
filtrates of T. harzianum strongly inhibited the growth of
Pythium aphanidermatum whereas T. hamatum filtrates
caused only minor inhibition of growth. Antibiotic inhibit-
tions have been documented by Claydon et al. (1987),
Dubey and Suresh (2006), Kucuk and Kivanc (2003) and
Lynch (1990). Claydon et al. (1987) reported inhibition
due to antibiotics trichodermin, harzianum A and
harzianolide. Dubey and Suresh (2006) found that non-
volatile substances produced by T. harzianum are inhibit-
tory to F. oxysporum f. sp. ciceris causing chickpea wilt.
Culture filtrate from PDB inhibited Fusarium spp. and R.
solani but not Pythium sp. The difference in activity of the
culture filtrates displayed by PDB and Czapek’s liquid
media on the pathogens indicates the importance of sub-
strate in fungal production of secondary metabolites. The
presence of inhibition zones in dual cultures between F.
oxysporum f. sp Lycopersici and T. harzianum suggested
secretion of diffusible non-volatile inhibitory substance by
the T. harzianum isolates. This has also been documented
by Grodona et al. (1997) and Behzad et al. (2008).

The DNA analysis of T. harzianum isolates from the
same region (Embu) showed existence of intraspecific
variation. Based on RAPD data isolates from the same
land use appeared in different groups due to intraspecific
variation. Isolate 044E and isolate 011E collected from
camphor plantation were clustered in different groups and
were 54.4% dissimilar. This agrees with Moller et al.
(1995) whom detected intraspecific diversity not only
between isolates of Chaunopycnis alba from different
geographic regions or hosts, but also between isolates
from a single location. Goes et al (2002) also found
intraspecific genetic variation among Trichoderma
isolates. In his work the isolate Tm isolated from corn
seed was grouped in the Dendrogram with the isolate
2820 isolated from sugar cane. Although belonging to the
same species, the isolates presented low similarity
(55.5%).

Conclusion

T. harzianum is a good candidate for biological control
due to the different modes of action the fungus employs
in inhibiting the growth of other fungi. Through the tech-
nique of RAPD, it was possible to identify intraspecific



genetic variation between T. harzianum isolates. The
results presented here support the existence of cryptic
species with similar morphology.

ACKNOWLEDGEMENTS

We would like to express our special thanks to the Uni-
versity of Nairobi for laboratory equipment and enabling
environment to conduct research and the Con-servation
and sustainable management of below ground
biodiversity (CSM-BGBD) project. A project executed by
TSBF/CIAT with co-financing from the Global Environ-
ment Facility (GEF) and implementation support from the
United Nations Environment Programme (UNEP) for
financial support of the research.

REFERENCES

Arisan-Atac |, Heidenreich E, Kubicek CP (1995). Randomly amplified
polymorphic DNA fingerprinting identifies subgroups of Trichoderma
viride and other Trichoderma spp. capable of chestnut blight
biocontrol. FEMS. Microbiol. Lett. 126: 249-256.

Behzad H, Mousa T, Mohammad RM, Mahdi D (2008). Biological
potential of some Iranian Trichoderma isolates in the control of
soilborne plant pathogenic fungi. Afr. J. Biotechnol. 7: 967-972.

Claydon N, Allan M, Hanso JR, Avent AG (1987). Antifungal alkyl
pyrones of Trichoderma harzianum. Trans.Br. Mycol. Soc. 88: 503-
513.

Domsch KH, Gams W, Anderson TH (1980). Compendium of soil fungi
Academic Press London 809.

Dubey SC, Suresh M (2006). Randomly Amplified Polymorphic DNA
Markers for Trichoderma species and Antagonism against Fusarium
oxysporum f. sp. ciceris Causing Chickpea Wilt. Indian phytopathol.
(Please provide page number).

Eziashi ElI, Omamor IB, Odigie EE (2007). Antagonism of Trichoderma
viride and effects of extracted water soluble compounds from
Trichoderma species and benlate solution on Ceratocystis paradoxa.
Afr. J. Biotechnol. 6: 388-392.

Freeman S, Minz D, Kolesnik I, Barbul O, Zreibil A, Maymon M, Nitzani
Y, Kirshner B, Rav-David D, Bilu A, Dag A, Shafir S, Elad Y (2004).
Trichoderma biocontrol of Colletotricum acutatum and Botrytis
cinerea, and survival in strawberry Eur. J. Plant Pathol. 110: 361-370.

Gams W, Aa HA, van der Plaats-Niterink AJ, van der Samson RA,
Stalpers JA (1987). CBS course of mycology. Baarn, Netherlands;
Centraalbureau voor Schimmelcultures 3: 136.

Goes LB, Costa ABL, Freire LLC, Oliveria NT (2002). Randomly
amplified polymorphic DNA of Trichoderma isolates and antagonism
against Rhizoctonia solani Brazilian Arch. Biol. Technol. 45: 151-160.

Grondona |, Hermosa MR, Tejada M, Gomis MD, Mateos PF, Bridge P,
Monte E, Garcia-Acha | (1997). Physiological and biochemical
characterization of Trichoderma harzianum, a biological control agent
against soilborne fungal plant pathogens. Appl. Environ. Microbiol.
63: 3189-3198.

Hadrys H, Balick M, Schierwater B (1992).Application of random
amplified polymorphic DNA (RAPD) in molecular ecology. Mol. Ecol.
1: 55-63.

Harman GE (2000). The myths and dogmas of biocontrol: changes in
perceptions derived from research on Trichoderma harzianum stain
T-22. Plant Dis. 84: 377-393.

Hermosa MR, Grondona |, Iturriaga EA, Diaz-Minguez JM, Castro C,
Monte E, Garcia- Acha | (2000). Molecular characterization and
identification of Biocontrol isolates of Trichoderma spp. Appl. Environ.
Microbial. 66: 1890-1898.

Hjeljord LG, Tronsmo A (1998). Trichoderma and Gliocladium in
biocontrol: an overwiew, pp.135-151.In Kubicek, C.P. & Harman,
G.E.(ed), Trichoderma and Gliocladium. Taylor & Francis, Ltd.,
London. United Kingdom.

Johnson LE, Bond CJ, Fribourg H (1959). Methods for studying soil
microflora-plant  disease relationships. Minneapolis:  Burgess
Publishing Company.

Kapteyn J, Simion JE (2002). The use of RAPDs for assessment of
identity, diversity, and quality of Echinacea In Janick J and Whipkey A
(eds) Trends in new crops and new uses. ASHS press Alexandria,
VA.

Kexiang G, Xiaoguang L, Yonghong L, Tianbo Z, Shuliang W (2002).
Potential of Trichoderma harzianum and T. atrotviride to control
Botrysphaeria berengeriana f. sp piricola, the cause of Apple Ring
Rot. J. Phytopathol. 150: 271.

Kucuk C, Kivanc M (2003). Isolation of Trichoderma Spp. and
determination of their antifungal, biochemical and physiological
features Turk. J. Biol. 27: 247-253.

Lifshitz R, Lifshitz S, Baker R (1985). Decrease in incidence of
Rhizoctonia pre-emergence damping-off by the use of integrated and
chemical controls. Plant Dis. 69: 4341-4344.

Lorito M, Woo SL, Garcia Fernandez I, Colucci G, Harman GE, Pintor-
Toro JA, Filippone E, Mucciflora S, Lawrence CB, Zoina A, Tuzun S,
Scala F (1998). Genes from mycoparasitic fungi as a source for
improving plant resistance to fungal pathogens. USA Proc. Natl.
Acad. Sci. 95: 7860-7865.

Lynch JM (1990). Fungi as antagonists In: “New Directions in Biological
Control: Alternative for suppressing Agricultural Pests and Diseases”.
Liss, New York. pp. 243-253.

Metcalf DD, Wilson CC (2001).The process of antagonism of Sclerotium
cepivorum in white rot affected onion roots by Trichoderma koningii.
Plant Pathol. 50: 249-257.

Migheli Q, Herrera-Estrella A, Avataneo M, Gullino ML (1994). Fate of
transformed Trichoderma harzianum on the phylloplane of tomato
plants. Mol. Ecol. 3: 153 -159.

Moller C, Bihler T, Dreyfuss MM (1995). Intraspecific genetic diversity
of Chaunopycnis alba detected by random amplified polymorphic
DNA assay. Mycol. Res. 99: 681-688.

Samuels GJ, Chaverri P, Farr DF, McCray EB (2004) USDA, Beltsville,
USA. Trichoderma online systematic Botany and Mycology
Laboratory ARS, USDA.
http://nt.arsgrin.gov/taxadescriptions/keys/Trichodermalndex.cfm.

Shalini S, Kotasthane AS (2007). Parasitism of Rhizoctonia solani by
strains of Trichoderma spp. EJEAFChe ISSN: 1579-4377.

Shalini S, Narayan KP, Lata, Kotasthane AS (2006). Genetic
relatedness among Trichoderma isolates inhibiting a pathogenic fungi
Rhizoctonia solani. Afr. J. Biotechnol. 6: 580-584.

Sharon E, Bar-Eyai M, Chet I, Hewrra-Estrella A, Kleifeld O, Spiegal Y
(2001). Biological control of the rootknot nematode Meloidogyne
javanica by Trichoderma harzianum. Phytopathol. 91: 687-693.

Sivan A, Elad Y, Chet | (1984). Biological control effects of a new isolate
of Trichoderma harzianum on Pythium aphanidermatum. Phytopathol.
74: 498-501.

Ward JH (1963). Hierarchical grouping to optimize an objective function
doi: 10.2307/2282967. J. Am. Stat. Assoc. 58: 236-244.

Weindling R (1932). Trichoderma lignorum as a parasite of other soil
fungi. Phytopathol. 22: 837-845.

Welsh J, McClelland M (1990).Fingerprinting genomes using PCR with
arbitrary primers. Nucl. Acids Res. 18: 7213-7218.

Williams JGK, Kubelik AR, Livak KJ, Rafalski JA, Tingey SV (1990).
DNA polymorphisms amplified by arbitrary primers are useful as
genetic markers. Nucl. Acids Res. 18: 6531-6535.

Yang Y, Kuo WHJ, Wong TH (1998). Genetic polymorphism of seven
populations of Capsella bursa-pastoris based on RAPD markers. Bot.
Bull. Acad. Sin. 39: 17-21

Zimand G, Valinsky L, Elad Y (1994). Use of the RAPD procedure for
the identification of Trichoderma strains. Mycol. Res. 98: 531-534.



