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INTRODUCTION

Trichoderma viride Pers. is a fi lamentous 
deuteromycete, which is commonly found 
in ag ri cul tur al and orchard soil where it is 
favoured by the presence of huge quan ti ties favoured by the presence of huge quan ti ties 
of plant roots, which it readily colonizes13. 
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ABSTRACT

Trichoderma viride Pers. isolated from soil was grown on two different solid media 
(Potato Dex trose Agar, PDA, and Bean (Phaseolus(Potato Dex trose Agar, PDA, and Bean (Phaseolus(Potato Dex trose Agar, PDA, and Bean ( ) Pod Agar, BPA) impregnated 
sep a rate ly with three nitrogen sources at room temperature (29±2 C). Growth 
rate was determined from the radial growth of the fungus on Petri dishes. There 
was no sig nifi   cant difference between radial growth of T. viride on PDA and BPA 
sup ple ment ed with magnesium sulphate and so di um nitrate (p<0.05%). The fun gus 
did not grow on BPA supplemented with sodium nitrite, where as growth of the 
organism was observed on PDA treated likewise. Growth of the fungus on ammonium-
treated BPA was com pa ra ble to the control, while no growth was noticed on PDA. On 
the whole, the growth of T. viride on BPA compared well with that on PDA (p< 0.05%). 
This is an indication of the possible use of bean pod as a carrier medium for T. viride 
in biocontrol programmes.
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Several genes have been cloned from 
Tri cho der ma species that offer great 
prom is es as transgenes to produce crops that 
are resistant to plant diseases. Trichoderma
species have been used in biological con trol 
of fungi-induced plant diseases6,10,11,12. They 
have been shown to have a broad spec trum 
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of activity against a wide variety of 
patho gens. For instance, T. viride is ac tive 
against Sclerotium rolfsii11. Tri cho der ma
species are promising in biocontrol as they 
are easy to isolate, multiply, for mu late and 
apply. Trichoderma viride also produces 
cel lu lolyt ic enzymes which have various 
ap pli ca tions in the industry.

Although individual strains differ in 
their resistance, T. viride is resistant to 
par tial ster il iza tion of soil by treatments 
with for ma lin or carbon disulphide in pest 
con trol programmes. It has also a high 
re col o niz ing ability2. The work of Grayston 
et al.4 sug gests that plant residues should 
be ca pa ble of supporting carbon sulphur 
ox i da tion by fungi in agricultural soils. 
Beever and Burns3 had earlier re port ed 
the ability of some Trichoderma species 
to pro duce large quantities of sulphate. 
Ni tro gen is a major element in fungal 
nu tri tion; its avail abil i ty in various forms 
might have considerable infl uence on the 
fungus.

In this study, the effects of ex og e nous 
supply of sulphate and different sources of 
ni tro gen on the growth of T. viride on bean 
pod medium (an agricultural waste) were 
investigated.

MATERIALS AND METHODS

Isolation of Trichoderma. Top loamy soil 
samples were collected from an open fal low 
hor ti cul tur al land situated in the premises of 
the University of Benin, Nigeria (trop i cal 
rainforest zone).  Soil samples (about 20 g 
each) were taken from 10 cm depth, sieved 
and air-dried for 3-5 days at 18 C. They 
were kept at 15 C until used. Each soil 
sample was shaken in 90 ml of 0.01% agar 
in ster ile water for 10 min, and left to stand 
for an oth er 20 min. Dilution was made up to 

10–4 and aliquots (0.5 ml) were spread onto 
three Potato Dextrose Agar, PDA (Oxoid, 
En gland) plates amended with Triton X-100 
(2 ml/L) and chloramphenicol (80 mg/L) 
and incubated at room temperature (29±2 
C) for 10 days (modifi ed meth od of Jones 
and Stewart8) under the light. Resulting 
col o nies of Trichoderma species were 
pu ri fied on PDA plates supplemented 
with chloram pheni col (80 mg/L). T. viride 
was iden ti fi ed under the microscope (40x) 
fol low ing the morphological description of 
Samuels et al.14 and Lieckfeldt et al.9. Strain 
iden ti fi  ca tion was also done by com par i son 
with standard T. viride cultures in the 
my col o gy laboratory of the De part ment of 
Botany, University of Benin. Stock cul tures 
were made from two days old pure cul tures 
by inoculating on PDA slants in sterile 
McCartney bottles and incubated at 29±2 C 
for two days. The stock cultures were stored 
at 15 C and reactivated every two days. 
Also, a stock cul ture was fi rst re ac ti vat ed by 
grow ing on PDA for two days before use.

Preparation of bean pod agar (BPA). 
Thir ty grams (30 g) of oven-dried and 
crushed bean (Phaseolus crushed bean (Phaseolus crushed bean ( spp.) pods were 
added to 500 ml of deionised water and 
al lowed to boil for 1 h. Twen ty grams (20 
g) agar powder (Oxoid, England) were then 
added and the mixture vol ume was made up 
to 1000 ml by addition of deionised wa ter. 
The medium was then dis pensed into two 
500 ml con i cal fl asks plugged with non-
ab sor bent cotton wool and autoclaved for 90 
min at 121 C. Potato Dextrose Agar (PDA) 
was prepared according to man u fac tur er’s 
pre scrip tion.

Inoculation of media. A 0.1 g quan ti ty 
of each salt (sodium nitrate, NaNO3; 
so di um nitrite, NaNO2; and magnesium 
sulphate, MgSO4) was weighed while 0.5 
ml of am mo ni um was mea sured into sterile 
plas tic Petri dishes in replicates. Each Petri 
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dish was half-fi lled (up to 13 ml) with the 
me di um to be used. The dish was swirled 
gently to ensure even distribution of the salt. 
This treat ment was used for both media, 
PDA and BPA, and four replicates of each 
treatment were used.

Growth determination. Two days old 
sub cul tures were made from the stock. 
Mycelia discs were cut from the edges of the 
cultures using a 10 mm diameter cork borer 
that had been fl ame-sterilised. Each culture 
plate was inoculated with a disc at the 
predetermined centre of the 85 mm di am e ter 
Petri dish. The control plates con tained the 
media without the test min er als. The plates 
were incubated at room temperature (29±2 
C) and observed every 12 h for colonisation 
of the media by Tri cho der ma, concurrently 
with micro-scopic examination of slide 
prep a ra tions, for sporulation. Radial growth 
was calculated from the difference be tween 
the colony ra di us at two consecutive 
in cu ba tion pe ri ods. Growth rate (mm/h) 
was cal cu lat ed by dividing the colony 
radius after 36 h, by 36. Chi-square test was 
used to test the dif fer ence between growth 
in dif fer ent me dia, using the mean of four 
rep li cates of each treatment.

RESULTS AND DISCUSSION

There were no significant differences 
be tween radial growth of T. viride on PDA 
and BPA supplemented with MgSO4 and 
NaNO3 (Tables 1-2) at 5% probability. No 
growth was ob served on BPA sup ple ment ed 
with NaNO2, whereas the organism grew 
on PDA (Table 3). Radial growth on BPA 
supplemented with ammonia solution was 
comparable to that of control, whereas 
there was no growth on PDA (Table 4). 
The growth rates (mm/h) of T. viride on 
PDA and BPA are shown in Table 5. The 

growth on the two media supplemented with 
sul phate and nitrate were more or less equal 
and similar to that of the control.

Magnesium sulphate and sodium ni trate 
affected growth of T. viride on PDA and 
BPA sim i lar ly. The growth of T. viride on 
treated BPA (Table 1) agrees with the re port 
of Wainwright15, which says that cereal straw 
and acetic acid, the latter be ing an anaerobic 
breakdown product of straw, could also 
support fungal sulphur ox i da tion. Thus plant 
residues should be capable of supplying 
carbon to support fungal me tab o lism, 
suggesting the possibility of using bean 
pod as a carrier medium for T. viride.  The 
ability of this fungus to grow on BPA may 
be attributed to its synthesis of extracellular 
cellulase. Aiello et al.1 have reported the 
ability of Trichoderma spe cies to release 
enzymes into their cul ture me di um.
   Nitrate in both PDA and BPA had a 
re pres sive effect on growth of T. viride 
(Ta ble 2). The only known metabolic route 
for the utilisation of nitrate is by reduction 
fi rst to nitrite and sub se quent ly to am mo nia. 

Table 1. Radial growth of Trichoderma viride on 
PDA and BPA supplemented with MgSO4. 

P                       Radial growth ± SD (mm)

(h)    PDA                 BPA              Control 
                                                        (without MgSO4)

12     9.5 ± 0              9.42 ± 0         9.17 ± 0.7
24     20.33 ± 0.08    20.92 ± 1.7   21.75 ± 1.15
36     34 ± 0               34.5 ± 0         41.0 ± 0
48     42 ± 0               42.0 ± 0.3      42.0 ± 0

P= Incubation period.
SD= Standard deviation of mean of four replicates.
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Table 5. Growth rate (mm/h) of Trichoderma 
viride on PDA and BPA supplemented with 
various minerals.

M                              Growth rate (mm/h)

          SO4            NO3      NO2                     NH4
+                   C 

                                                                          
PDA  0.81       0.63    0.22              No growth   1.04
BPA   0.82       0.67    No growth   0.57             1.00

M= Medium.
C= Control (without minerals).

Table 4. Radial growth of Trichoderma viride on PDA 
and BPA supplemented with ammonia solution.

P                        Radial growth ± SD (mm)

(h)    PDA         BPA                 Control 
                                    (without ammonia)

12     0               15.0 ± 1.6          9.17 ± 0.7
24     0               25.67 ± 2.4        21.75 ± 1.15
36     0               36.25 ± 2.4        41.0 ± 0
48     0               42.0 ± 1.7          42.0 ± 0
60     0               42.0 ± 1.7          42.0 ± 0

P= Incubation period.
SD= Standard deviation of mean of four replicates.

Table 3. Radial growth of Trichoderma viride on 
PDA and BPA supplemented with NaNO2.

P                        Radial growth ± SD (mm)

(h)    PDA                   BPA            Control 
                                                        (without NaNO2)

12     8.083 ± 0.4        0                  9.17 ± 0.7
24     12.75 ± 0.6        0                  21.75 ± 1.15
36     17.17 ± 0.7        0                  41.0 ± 0
48     21.33 ± 0.9        0                  42.0 ± 0
60     25.83 ± 0.9        0                  42.0 ± 0

Table 2. Radial growth of Trichoderma viride on 
PDA and BPA supplemented with NaNO3.

P                        Radial growth ± SD (mm)

(h)    PDA                 BPA              Control 
                                                        (without NaNO3)

12     8.25 ± 0.14      8.75 ± 0.2     9.17 ± 0.7
24     17.25 ± 0.7      18.25 ± 0.7   21.75 ± 1.15
36     27.8 ± 0.9        29.25 ± 0.6   41.0 ± 0
48     38.58 ± 0.9      38.25 ± 1.7   42.0 ± 0
60     42.5 ± 0           42.5 ± 0         42.0 ± 0

In hi bi tion may result from the ac cu mu la tion 
of toxic amounts by ni trite from nitrate, a 
pos si bil i ty due to the ability of some fungi 
to use nitrate as a hydrogen acceptor under 
anaerobic conditions and the resultant 
ac cu mu la tion of nitrite16.

The capacity of a fungus to utilise nitrite 
de pends upon its relative high re sis tance 
to ni trite toxicity. This is re fl ect ed in the 
growth of T. viride on the nitrite-treat ed 
media. There was no no tice able growth 
of the fungus in nitrite-treated BPA (Table 
3). This could be due to the toxicity of 
nitrite on the fungus, probably resulting 
from its inability to synthesize nitrite 
re duc tase. How ev er, the growth of the 
fun gus on PDA was probably possible as a 
result of the pres ence of nitrate in “trace” 
quantities in the medium, for, according to 
Hawker5, a min i mum initial con cen tra tion 
of nitrogen in a medium is es sen tial for 
growth. Growth of T. viride was totally 
in hib it ed by am mo ni um treat ment on PDA 
(Ta ble 4). Jennings7 reported that max i mal 
growth rates are obtained with these three 
nitrogen sources, namely: am mo ni um, 
glutamate and glutamine, and that growth 
in medium sup ple ment ed with them leads 
to the most intense depression of a whole 
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range of ac tiv i ties, including membrane 
trans port linked to utilisation of other 
ni tro gen ‘com pounds.’ This de pres sion 
of activities (termed nitrogen catabolite 
con trol, reg u la tion or re pres sion) must 
be lifted if de novo synthesis of en zymes 
metabolising other nitrogen com pounds is 
to take place. Thus, it is pos si ble that the 
repression re sult ing from the in tro duc tion 
of am mo ni um inhibited the synthesis of 
ox i da tive enzymes which de pressed the 
oxidation of glucose in PDA, hence there 
was no growth. Generally, the growth rates 
of T. viride on PDA and BPA were similar 
(Table 5). 

This study has indicated that growth of 
T. viride on BPA compared well with its 
growth on PDA. Bean pod may therefore 
serve as a carrier medium when applying T. 
viride in biocontrol programmes for which 
it has a wide range of applications.
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