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Abstract 

Three hundred and fifty four Aspergilli isolates obtained from soils of agricultural fields, forests and river basin of 
north Bengal were evaluated for phosphate solubilizing ability in Pikovskaya 's agar medium. A total of 70 fungal 
isolates showed phosphate solubilizing activity. Further, quantitative evaluation of phosphate solubilization in liquid 
medium supplemented with two phosphate sources (tricalcium phosphate and rock phosphate) was done. Three 
isolates of A.<pergillus niger (FS/L-04, RS/P-05 and FSIL 40) showed high levels of activity. The next best were five 
isolates of A. melleus (RHS/R-12, FS/L-13, RS/P-14, FSIL-17 and FS/L-18). One isolate of A. c/avatus (RHS/P-38) 
showed a minimum phosphate solubilization activity. Nine phosphorus solubilizing Aspergilli isolates were tested 
for their effect on growth and nodulation in soybean plants. A. niger was the most effective in plant growth 
promotion and increase in nodulation under glass house condition. 
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Microorganisms are ubiquitous in nature and fonn vital 
components of all known ecosystems on earth. Soil 
bacteria and fungi play pivotal roles in various 
biogeochemical cycles (BGC) and are responsible for 
the recycling of organic compounds (Molin and Molin 
1997). Soil microorganisms also influence above
ground ecosystems by contributing to plant nutrition 
(George et al 1995) plant health (Smith and Goodman 
1999), soil structure (Wright aod Upadhya 1998) and 
soil fertility (Yao et al 2000). It has been widely 
recognized, particularly in the last two decades, that 
majority of harsh enviromnents are inhabited by 
surprisingly diverse microbial communities. Bacteria, 
actinomycetes, and fungi are three major groups of soil 
inhabiting microorganisms. An estimated 1,500,000 
species of fungi exist in the world (Giller et al 1997). 
Ftmgi are important components of soil microbiota, 
typically constituting more of the soil biomass than 
bacteria, depending on soil depth and nutrient 
conditions (Hawksworth et a! 1995). Microfungi are 
responsible for considerable part of microbial activity in 
the soil (Karaglu and Ulker 2006). About 25,000 
different fungal species have been isolated from 
agricultural soils all over the world and since fungi 
interact with the plant commurdty, it is expected that 
farming and forestry will change the soil fungus flora 

(Carlile et al 2001). The saprobic fungi represent the 
largest proportion of the fungal species in the soil and 
they perform a crucial role in decomposition of plant 
structural polymers such as cellulose, hemicellulose, 
and lignin, thus contributing to the maintenance of the 
global carbon cycle. Thien and Myers (1992) indicated 
that by increasing soil microbial activities, 
bioavailability of P in a bioactive soil was remarkably 
enhanced. The fact that certain soil microbes are 
capable of dissolving relatively insoluble phosphatic 
compounds (Asea et al 1988; Nahas et al 1990; 
Bojinova et a! 1997) has opened the possibility of 
inducing microbial solubilization of phosphates in the 
soil. Among the phosphate solubilizing microorganisms, 
fungi have been reported to possess greater ability to 
solubilize insoluble phosphate than bacteria (Nahas 
1996). Considering the importance of fungi as 
phosphate solubilizers, we screened phosphate 
solubilizing fungi from soils of agricultural fields, 
forests and river basins of north Bengal and e>.:plored 
the possibility of exploiting them for plant growth 
improvement. 

Materials and Methods 
Isolation and identification of microorganisms. Soil 
samples were collected from three districts viz. 
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Darjeeling, Jalpaiguri and Coach Behar of north Bengal. 
Soil samples were collected from forests at Sukna, 
Lohagarh, Cinchona, Mongpong and Gorumara; 
riverine soil from river basin of Balasan, Mahananda, 
Dhorola, Torsa and Raidak; from agricultural land 
(paddy and bamboo); from rhizosphere of tea, rubber 
and mandarin (plantation crops) and Ctyptomeria. 
Fungi from these soil samples were isolated using 
different techniques like soil plate method (Warcup 
1950) and direct soil plating technique (Thomas et al 
1965). Various types of media were used which include 
potato dextrose agar (PDA), PDA- rose Bengal, 
peptone dextrose agar, Elliott's agar , acid media, RM 
media, Czapek's Dox agar, Asthana Hawker's media 
and Pikovskaya's agar (PVK). 

Primary phosphorus solubilizing activity. Screening 
for primary phosphate solublizing activity of the isolates 
was carried out by allowing the fungi to grow in 
selective media, i.e., Pikovskaya's agar (Pikovskaya 
1948) for 7 to 10 d at 25C. The appearance of a 
transparent halo zone around the fungal colony 
indicated the activity of phosphate solubilizing fungus 
(PSF). For further quantification of the phosphorous 
solubilizing activity, 70 fungal isolates obtained on the 
basis of primary screening on PVK agar medium, were 
grown in two sets ofPVK liquid medium (yeast extract, 
0.50 gn, dextrose, 10 g/1, calcium phosphate/rock 
phosphate, 5 g/1, ammonium phosphate, 0.5 g/1, 
potassium chloride, 0.2 g/1, magnesium sulphate, 0.1 g/1, 
manganese sulphate, O.OOOig/1, ferrous sulphate, 0.0001 
gil, pH,·6.5) amended with 0.5% tricalcium phosphate 
(P~997 mg/1) and 0.5 % rock phosphate (P~soo mg/1) 
separately over a period of 10 d. The media were 
inoculated with spore suspension (5 % v/v) prepared 
from 7 d old culture grown on PDA slants and incubated 
at room temp for 4-10 d on a shaking incubator (28C), 
( 100 rpm). The mycelia were harvested later by filtering 
and the change in the pH of the culture filtrate was 
recorded after centrifuging the medium at 5000 x g for 5 
min. Quantitative estimation of phosphate was done 
following ammonium molybdate-ascorbic acid method 
as described by Kundsen and Beegle (1988). Amount of 
phosphate utilized or solubilized by the isolates were 
expressed as mg/1 phosphate utilized by deducting the 
amount of residual total phosphate from the initial 
amount of phosphate source added to the modified PVK 
liquid medium. Initial and final pH was noted in each 
case. 

Extraction of soil and root phosphate. Soil and root 
phosphate were extracted in Mehlich 1 extracting 
solution (0.025 N H,S04, 0.05 N HCI) (Mehlich 1953). 
Soil sample (5 g) was air dried and suspended in 25 ml 
of the extracting solution to which of activated charcoal 
(0.0 I g) was also added, shaken well for 30 min on a 
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rotary shaker and filtered through Whatman No.2 filter 
paper. The filtrate was collected and analyzed for P 
contef1-t. In case 'or plant samples, oven dried plant 
material was crushed with extracting solution. 

Massi multiplication and applicatlon of PSF. PSF 
isolates were grown separately in the PDA for 
sporulation for 4-5 d The harvested spore mass was 
suspehded in sterile distilled water. For mass 
multiplication of the PSF, well decomposed FYM heaps 
were 1used. Spore suspension (100 ml) containing 106 

sporeS/ml was used to inoculate FYM heaps (5 kg). The 
FYMI was first moistened slightly to optimize the PSF 
growth and kept in polythene bags in shade for I 0 d. 
The lnixture was regularly raked every 3 d during the 
total,1of this 10 d incubation period. Soybean (Glycine 
max) cultivar JS-335 obtained from National Research 
Center for Soybean, Indore was selected for trial with 
nine I selected phosphate solubilizers to assess their 
effec~ in glass house on growth, leaf area and number of 
nodules. Surface sterilized soybean seeds were sown in 
pots lmled with the amended PSF. After an interval of 
every 20 d plant ht, leaf area, nodulation and phosphate 
content in the roots as well as soil was measured. For 
eachl treatment, 15 replicate plants were maintained. 
FY~ without any amendments served as appropriate 
controls for all the treatments. 

ReJuits and Discussion 
A t4tal of 354 fungal isolates were obtained from soil 
samples collected from Darjeeling, Jalpaiguri and 
Coach Behar districts of north Bengal. Soil samples 
frorri forest, riverine and agricultural land (rhizosphere 
ofp)antation and agricultural crops) yielded 117,52 and 
1851 fungal isolates, respectively. Fungal isolates were 
scn;ened for phosphate solubilizing activity in PVK 
medium; formation of halo zones around the fungal 
coiJny indicated positive results (Fig. I a-c). A total of 
70 I fungal isolates showed phosphate solubilizing 
actij'ity (Table 1). 

Ta~Ie 1. Phosphate solubilizing Aspergilli isolates 
ob~ained from different soil types of north Bengal, 
India 

I 

soil 
Forest 

Jverine 

I 
Rhizosphere 

Phosphate solubilizing fungi 
Aspergillus niger 
Aspergillus me Ileus 
Aspergillus niger 
Aspergillus nidulans 
Aspergillus mel/eus 
Aspergillus melle us 
Aspergillus niger 
Aspergillus clava/us 
Aspergillus fumigatus 

Isolates 
17 
7 
5 
2 
4 
17 
5 
9 
4 

·~ 
I 
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Figure I. a-c = creening of Aspergilli i olates for phosphate olubilizing activity in Pikovskaya's agar, 
formation of halo zone indicated phosphate solubilizing potentia l of i olates; d-g = growth of soybean plants 
in a green hou e; d = in unamended soil; e = in soil amended with A. niger; f = in soil a mended with A. melle us; 
g = in soil a mended \\ ith A. clavafll 
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Isolate of A.niger (RSIP 14) showed a max 
(852 mg/1) while isolate of A.me/leus (FS/S 262) 
showed min (795 mg/1) of phosphorons solubilization 
when medium was supplemented with tricalcium 
phosphate. When the medium was supplemented with 
rock phosphate, isolate of A.melleus (FSIL 13) showed a 
max (381 mg/1) and isolate of A. niger (FS/S 64) 
showed min (211 mg/1) phosphorous solubilization. 
(Table 2). In a similar study, it was reported that 
Aspergillus and Penicillium isolated from agricultural 
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soil showed a max level of phosphate solubilization . 
activity in vitro when liquid medium was supplemented 
with both tricalcium phosphate and rock phosphate 
separately (Pradhan and Sukla 2005). Acid production 
and drop in the pH of the medium have been reported in 
earlier studies (Alia 1994; Whitelaw 2000). Though the 
avg drop in pH was from 7 to 3.5 in our study, no 
significant relationship could be established in tenns of 
phosphate solubilization and drop in the pH of the liquid 
medium. 

Table 2 Evaluation of phosphphorus solubilization by ~spergilli isolates obtained from forest soi~ riverine 
soil arid. rhizosphere soil of agricultural crops in liquid media amended with tricalcium phosphate (TCP) and 
rock phosphate (RP) I 

Ase,ergillus SE. Isolates TCP (mW!l RP (mWI) Ase.ergillus SE. Isolates TCP (mWJ) RP (mW!l 
Forest soil Rhizosphere soil 
A. niger FSIL04 856 366 A~ niger RHS/R-12 810 385 

FSIL-13 817 381 RHSIP-37 807 345 
FS/L-17 820 j"f!:; 379 RHSIP-51 849 374 
FS/L-18 821 .·~ 376 RHS/P-105 807 349 
FS/L-40 847 370 RHS/P-106 813 344 
FS/C-140 824 ~ 344 RHS/P-107 807 355 
FS/Cl43 821 345 RHS/P-45 842 287 
FS/C-160 824 346 RHS/P-48 841 342 
FS/S-165 830 352 RHSIP-117 837 360 
FS/S-173 802 343 RHS/D-280 806 336 
FS/S-177 843 341 RHS/D-281 807 362 
FS/S-108 808 350 RHS/D-282 817 355 
FS/S-109 802 355 RHS/D-283 816 334 
FS/Sl10 842 367 RHS/D-284 840 375 
FS/S-112 842 354 RHS/D-285 839 370 
FS/S-113 848 360 RHS/D-286 804 336 
FS/S-262 795 360 RHS/D-287 807 340 

A. melleus FS/L-42 830 360 Al melleus RHSIP-82 838 350 
FS/G-226 847 352 RHS/P-198 841 346 
FS/S-64 842 211 RHS/P-200 838 345 
FS/L-41 843 214 RHS/P-201 836 342 
FS/S -63 839 332 RHS/P-202 829 350 
FS/S-24 810 338 A. fumigatus RHS/P-205 842 340 
FS/S-278 829 339 RHS/P-209 827 331 

Riverine soil RHS/B-220 837 344 
A. niger RSIP05 854 370 RHS/P-114 838 335 

RS/P/14 852 360 A. c/avatus RHS/P-38 799 288 
RS/D-288 830 350 RHS/P-114 829 340 
RSff-57 809 352 RHSff-99 832 341 
RSff-58 802 354 RHSff-190 825 350 

A. nidulans RSff-59 830 350 RHSff-191 827 351 
RSIP -60 840 340 RHSIP -50 850 342 

A. melleus RS/R-115 836 338 RHSIP -54 839 350 
RSff-182 810 309 RHS/P-43 812 350 
RSff-183 850 317 RHS/P-47 811 348 
RSIP -61 847 343 

PSF ~Phosphate solubilizing fungi; TCP ~ tricalcium phos~hate ( P ~ 997 mg/1); RP ~ rockphosphate (P=500 mg/1) 
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Table 3. Effect of amendment of soil with 
phosphphorus solubilizing Aspergilli Isolates on 
growth and nodulation of soybean plant 

Soil amended 
with 
A.niger 

A.mel/eus 

A.c/avatus 
Unamended soil 
(Control) 

Isolates 

FSIL04 
RSIP-14 
FSIL40 
RSIP05 
RHS/R-12 
FS/L-13 
FSIL 17 
FS/L-18 
RHS/P-38 

Leaf area 
(cm2) 

41.4 ± 1.42 
38.0±2.96 
36.1±1.52 
24.8 ± 1.41 
28.1 ±1.56 
33.1±0.59 
30.0±0.63 
31.0± 1.99 
25.0±1.64 

Nodules 
/plant 

21±1.42 
26±2.96 
23±4.58 
17±1.04 
16±1.56 
17±0.59 
17±0.62 
19±1.99 
16±1.64 

11.1±0.53 06±0.53 

Values are mean of 15 replicate plants following 80 
days of each treatment; difference between untreated 
control and treated plants significant at P~O.OJ in t-test 

A greater part of soil phosphorous (95-99%) is 
present in the form of insoluble phosphates and carmot 
be utilized by the plants (Vassileva et al 200 I). 
However, many soil fungi and bacteria are known to 
solubilize these inorganic phosphates (Illmer and 
Schinner 1992). In the present study, of the 70 PSF 
isolates, nine were further selected as potential 
phosphate solubilizers on the basis of the earlier data 
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obtained from the quantitative estimation of all the 
isolates in the liquid medium, which included three of 
Aspergillus niger, five of A.me/leus and one isolate of 
A.c/avatus. Finally after two months of treatment of 
soybean with PSF isolates, differences were obsezved in 
leaf areas, number of root nodules counted in uprooted 
plants. Plants treated with A. niger (FSIL-04, RS/P-14, 
FS/L-40) showed a max increase in leaf area in 
comparison to the control plants. However, isolates of 
A. melleus also showed an increase in leaf area (Fig.l d
g). Differences in both leaf area and nodulation in all 
treatments were significantly greater than that in control 
(Table 3). 

Leaf area index of plants are known to be 
affected by the availability of nutrients in soil. Increased 
content of soluble phosphate in soil due to the activity 
of PSF increases the leaf area of these plants (Yinsuo et 
al 2004). Nodulation of legnminous plants is directly 
affected by the availability of the nutrients in the soil 
(Zaidi and Khan 2006). Increased content of soluble 
phosphate in soil due to the activity of PSF accelerates 
the rate of nodulation on these plants. Results of the 
present study also indicated more nodules in plants 
treated with the three isolates of A.niger (Table 3). 
Increased nodulation in the roots of these plants could 
be taken as an indication of the role of PSF in 
improving the plant health status of the soybean plants. 

All the tested PSF isolates increased growth in 
relation to control of which three isolates of A. niger 
were most effective (Fig. 2). 

aBO d 

Figure 2. Effect of amendment of soil with phosphphorus solubilizing Aspergilli isolates on growth of 
soybean plants 
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sa Roots .,:; Soil 

Figu re 3. Phosphate content in roots and so il of the soybean plants after 30 days of amendment with 
phosphpho rus so lub ilizing Aspergilli isolates 

Phosphate level in the roots was found to be 
more in those plants treated with the amendments using 
isolates of A. niger (Fig. 3). In a study carried out to 
determine the role of dual application of vesicular 
arbuscular mycorrhiza and PSF on the growth of tea 
seedlings, it was found that when both were inoculated 
in soil mixed with rock phosphate a significant increase 
in growth in terms of plant ht, leaves and dry wt of 
shoot and root were noted (Bora et al 2003). In another 
study it was reported that A.niger was one of the most 
efficient phosphatase producing f1mgi among many 
PSFs screened for cfticiency lt was also observed tha t 
the reduction of the pi I of the medium was max with 
A.niger isolate which efficiently hydrolyzed different 
compounds (mono- and hcxa-) of organic phosphorous 
(rarafdar et al 2003). 

In conclusion it can be stated that among the 
various PSF isolates obtained from soil, most ef!icient 
phosphorus solubilizcrs are species of Aspergillus. The 
strains with max phosphate solubilizing activities also 
showed good plant growth promoting acti\'ity. Such 
microorganisms could be used in the field as efficient 
biofertilizcrs. 
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Abstract: Four lumdred isolates obtained from soil samples collected from forest, river basin, agricultural fields 
and rhizosphere of plantation crops of North Bengal were screened for phosphate solubilizing activity on 
Pikovskaya's agar medimn. Among the screened isolates, ninety showed phosphate solubilizing activity. 
Out of these, ten isolates belonging to Aspetgilius niger, A. melle us and A. clava hiS were selected for further 
studies. In vitro evaluation of phosphate solubilization by the different isolates using tricalcinm phosphate 
(TCP) and rock phosphate (RP) revealed that the isolates could solubilize TCP better than RP. Selected isolates 
were mass multiplied using fann-yard manure (FYM) and were tested in vivo for their growth promoting activity 
in soybean. While all the isolates promoted growth, A. niger RSP-14 was found to be most effective. While the 
soil P content decreased due to the activity of the PSFs, root phosphate content showed an increase. 
These isolates were further rutalyzed for genetic variability. Genomic DNA from the fungal isolates were 
obtained and purified. UPGMA cluster analysis divided the ten isolates into two groups with the genetic 
similarity ranging from 0.35- 0.61. One group consisted of four isolates of A. niger and five isolates of 
A. me Ileus, while the other group had one isolate of A. clavatus. 

Key words: Phosphate solubilizing fmtgi • Aspergillus niger • A. me ileus • A. clavatus 

INTRODUCTION 

Fungi are important components of soil microbiota, 
lypically constituting more of the soil biomass thmt 
bacteria, depending on soil depth and nutrient conditions 
{I]. A wide range of soil fungi are reported to solubilize 
insoluble phosphorous. Strains of Aspergillus niger and 
Penicillium are the most common fungi capable of 
phosphate solubilization. Many bacterial, ftmgal, yeast 
and actinomycetes species capable of solubilizing 
sparingly soluble phosphorus in pure culture have been 
isola.ted and studied [2-5]. However, shtdies on genetic 
diversity of these important group of phosphate 
solubilizing ftmgi (PSF) are limited Williams, eta/. [6] and 
Welsh and McClelland [7] demonstrated tlte utility of 
single short oligonucleotide primers of arbitrary sequence 
for tl1e amplification of DNA segments distributed 
randomly throughout the genome. Also Welsh and 
McClelland showed that the pattern of amplified 
bonds could be used for genome fingerprinting and 
Williams, et al. [6] showed that the differences 

(polymorphisms) in the pattem of bands m11plified from 
genetically distinct individuals behaved as mendelian 
genetic markers named Rmtdom Amplified Polymorphic 
DNA (RAPDs). Most of tl1e published studies on genetic 
characterization, detection of genetic variations and gene 
mutations were concentrated on tl1e variations in 
chromosomes, isozyme polymorphism and biochemical 
diversity. A single set of arbitrary~sequence 10 mers nmy 
be used for fmgerprinting any species. TI1e many 
advantages of RAPD markers over RFLDs or isozyme 
markers accelerated the adoption ofRAPD teclmology for 
the construction of genetic maps, fingerprinting and 
population genetic studies. Current reviews of the 
applications ofRAPD technology are available. The utility 
of DNA markers as RAPD-DNA in detecting genetic 
variability muong many phytopathogenic fungi have been 
recorded by various autltors [8-10]. 

The present study was undertaken to test selected 
isolates ofPSFs for their in vitro and in vivo activities m1d 
screen the random primers as effective molecular markers 
for genetic variability analysis among the isolates. 
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MATERIALS AND METHODS Mass ~ultiplication ofPSF Isolates and Their Trial for 

Isolation of Microorganisms: Soil samples were collected 
from three districts (Darjeeling, Jalpaiguri and Coach 
Behar) of North Bengal. Source of soil samples includes 
forests (Sukhna, Lohagarh, Cinchona, Mongpong, 
Gorumara), river basin (Balasan, Mahananda, Dhorola, 
Torsa, Raidak) agricultural field (paddy, bamboo); 
rhizosphere of tea, rubber, mandarin (plantation crops) 
and Cryptomeria. Fungi from these soil samples were 
isolated using different techniques like Warcup's soil 
plate method [11]. Different types of media were used 
which included Potato Dextrose Agar (PDA), Potato 
Dextrose Agar-Rose Bengal (PDA- rose Bengal), Peptone 
dextrose agar, Elliott's Agar, Acid media, Richard's agar, 
Czapek's Dox agar, Asthana Hawker's, Pikovskaya's agar 
(for screening phosphate solublizing activity). 

Screening for Phosphorus Solubilizing Activity: 
Screening for primary phosphate solublizing activity of 
the isolates was carried out by allowing the fungi to 
grow in selective media, i.e., Pikovskaya's agar [12] for 
7 to I 0 days at 25°C. The appearance of a transparent halo 
zone around the fungal colony indicated the phosphate 
solublizing activity of the fungus. 

Evaluation ofPhosphate Solubilizing Activity ofSelected 
Isolates: Fungal isolates were grown in two sets of 
Pikovskaya's liquid medium (yeast extract, 0.50 giL, 
dextrose, ammonium phosphate, 0.50 g/L, potassium 
chloride, 0.20 giL, magnesium sulphate, 0.10 giL, 
manganese sulphate, O.OOOlg/L, ferrous sulphate, 
0.0001 giL, pH, 6.5) amended with 0.5% tricalcium 
phosphate and 0.5 % rock phosphate separately over a 
period of 10 days. Fifty ml of the liquid medium was 
inoculated with 5% v/v of the spore suspension prepared 
from 7 day old cultures grown on PDA slants and 
incubated at room temperature for 4-10 days with routine 
shaking at 100 rpm at 28°C in a rotary incubator. The initial 
pH of the medium was recorded. The mycelia were 
harvested after 10 days of incubation by filtering and the 
change in the pH of the culture filtrate was recorded after 
centrifuging the medium at 5000 rpm for 5 min. 
Quantitative estimation of phosphate was done following 
ammonium molybdate ascorbic acid method as described 
[13]. Amount of phosphate utilized or solubilized by the 
isolates were expressed as mgt L phosphate utilized by 
deducting the amount of residual total phosphate from the 
initial amount of phosphate source added to the modified 
Pikovskaya's liquid medium. 
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Impro~emcnt of Plant Health: PSF isolates were grown 
separatdty in the PDA medium for sporulation over a 
period br 4-5 days after which harvested spore mass 
was su~pended in sterile distilled water. For mass 
multiplibation of the PSF, well decomposed FYM heaps 
were us~d. Spore suspension (I 00 ml) containing I 06 
spores t\rnt was used to inoculate 5 kg of FYM heaps. 
The FY~ was first moistened slightly to optimize the 
PSF gr<t._vth and kept in polythene bags in shade for 
10 days .. \the mixture was regularly raked every third day 
during t~ total of this 10 days period. Glycine max was 
selected or trial with ten selected Phosphate solubilizers 
to asses their effect on growth in glass house 
condition~. Surface sterilized soybean seeds were sown 
in pots fil\ed with the amended PSF. After germination and 
a few days of growth the physical parameters of the 
plants wefe monitored and the observations were noted 
after specific intervals. 

Isolation ~f Genomic DNA: Fungi were grown in liquid 
media fa~ 4 days and mycelia were harvested and 
incubated ~vith lysis buffer containing 250 mM Tris-HCJ 
(pH 8.0), 50 mM EDTA (pH8.0). 100 mM NaCI and 2% 
SDS, for \1 hr at 60°C followed by centrifugation at 
12,000 rp~ for 15 min. The aqueous phase was then 
extracted wfth equal volume of water saturated phenol and 
further centrifuged at 12,000 rpm for 10 min, the aqueous 
phase was ~hen extracted with equal volume 9f phenol: 
chlorofonn:\ isoamyl alcohol (25:24:1) at 12000 rpm for 
15 min; tHe aqueous phase was transferred in a fresh 
tube and tllen the DNA was precipitated with chilled 
ethanol (lo'\0%). DNA was pelleted by centrifuging at 
12000 rpm for 15 min and washed in 70 % ethanol by 
centrifugation. The pellets were air dried and suspended 

in TE buffe~~H 8. 

Purification of DNA: Genomic DNA was resuspended 
in I 00 ~tl I X TE buffer and incubated at 37'C for 
30 min with NAse (60 J.lg). After incubation the sample 
was re-ext acted with PCI (Phenol: Chloroform: 
Isoamylalcotiol) solution and RNA free DNA was 
precipitated J,ith chilled ethanol as described earlier. 

PCR Amplification: Four random decamer primers 
[OPB-2, OPB\3, OPB-6 and OPD-5] were used for RAPD 
analysis. Ge~omic DNA was amplified by mixing the 
template ON (50 ng), with the polymerase reaction 
buffer, dNT mix, primers and Taq polymerase, 
Polymerase hain Reaction was performed in a total 
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Fig. 1: Effect of amendment of soil with phosphate solubilizing isolates of A. niger, A. melleus and A. clavatus on growth 
of soybean plants 
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Fig. 2: RAPD amplified products of phosphate solubilizing isolates of A. niger, A. melle us and A. c/avallts using four 
random primers 
Lane M: Low range DNA marker, Lane I: A. niger (FS/L-04 ), Lane 2: A. mger (RS/P-14), Lane 3: A. niger (FS/L-40), 
Lane4: A. niger (FS/S-113), Lane 5: A. me/le~IS (RS/P-05), Lane 6: A. me/leus (RHS/R-12), Lane 7: A. me/leus (FS/L-

13), Lane 8: A. melle us (FSIL-17}, Lane 9: A. melleus (FS/L-18}, Lane I 0: A. clava/ItS (RHS/P-38) 
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volume of 100 ~1, containing 78 ~I deionized water, 10 ~I Tobto !, Evaluotion of phosphoru' 'Oinbili,.tion by f<mg'l iool"" in 

10 X Taq pol buffer, 1 ~~of 1 U Taq polymerase enzyme, I Pikovskaya's liquid medium amended with Tricalcium 

6 Ill 2 mM dNTPs, 1.5 lJ.l of 100 mM random primer and phosphate and Rock Phosphate 
lJ.d of 50 ng template DNA. PCR was programmed with an Organisms Isolate nos. P-solubilized (mg!L) TCP' RP •· 

initial denaturing at 94°C for 5 min. followed by 30 cycles Asperi.illus niger FS/L-04 856 366 

of denaturation at 94°C for 30 s, annealing at 35°C for AsperJillu.r nfger RS/P-14 852 

60 sand extension at 70°C for 90 s and the final extension Aspe~illus niger FS!L-40 847 

360 

370 

at 72°C for 7 min in a Primus 96 Advanced Gradient Asper;1/lus mgcr 

Thermocycler. Aspe,-mus melleus 

FS/S-113 848 360 

RS/P-05 854 370 

RHSIR-12 810 385 Aspe,illus mellcus 

Gel Electrophoresis: PCR product (20 ~I) was mixed with Aspe'1illus me/leus 

loading buffer (8 Jll) containing 0.25% bromophenol blue, Aspergillus mel/eus 

FS!L-13 817 381 

FS!L-17 820 379 

40 % w/v sucrose in water and then loaded in 0.8% Aspe 1 illus mclleus FSJL-18 821 376 

RHS/P-38 799 288 agarose gel with 0.1 % ethidium bromide for examination Aspe illus cfavatus 
with horizontal electrophoresis. -,In-'-i-ti+,~-run-oun_to_f_tt_io_ru_d_tn-n-ph-o-,p-h-,.-,-99-7-.-rJ-m_l ______ _ 

Analysis of the Obtained Data: RAPD profiles were 
scored by visually comparing RAPD amplification profiles 
and scoring the presence or absence of each band in 
each profile. Basically, the formation obtained from 
agarose gel electrophoresis was digitalized to a two • 
discrete • character • matrix (0 and 1 for absence and 
presence of RAPD • markers). UPGMA cluster analysis 
was carried following similarity coefficient matrix of 
reproducible bands using PC software NTSYS. 

RESULTS AND DISCUSSION 

Out of isolated fungi from the soil a total of 
90 fungal isolates showed phosphate solubilizing 
activities as detected in Pikovskaya's agar medium by 
the appearance of halos around the inoculum on the 
medium. Ten isolates which showed maximum phosphate 
solubilizing activities in PVK agar medium were further 
tested for their activities in liquid medium using two 
types of inorganic phosphates, tricalcium and rock 
phosphate. A. niger (isolate RS/P-14) showed maximum 
solubilization of phosphorous (856 mg/1) whereas 
A. clava/us (isolate RHS/P-38) showed minimum of 
(799 mg/1) of phosphorous solubilization when the media 
were supplemented with tricalcium phosphate. When 
the medium was supplemented with rock phosphate, 
A. melleus (isolate RHS/R-12) showed maximum of385 mg 
/L phosphorous solubilization and A. c/avatus (isolate 
RHS/P-38) showed minimum of 288 mg!L phosphorous 
solubilization (Table 1) All the tested isolates increased 
growth in relation to control of which three isolates of 
A. niger were most effective (Figure I). Phosphate level in 
the roots was found to be more in those plants treated 
with the amendments using isolates of A. niger (Table 2). 
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••Initjal amount of rock pltosphate 500 llglml 

r,bJJ Pho,ph'" oontont in wot "'d roil of >Oybo"' plnn" 'fl" 20 d'Y' r of inoculation 

I p "::'"~~~~~---------·-------------·--
Soil 3flended with Root Soil 

A. nii(.'r(FSfL..04) 5.5 1.12 

A. ni~er{RS/P-14) 5.8 0.99 

A. niger (FSIL-40) 5.4 1.62 

A. ni~er(FSIS-113) 3.7 1.44 

A. me(leus (RS/P-05) 4.4 1.54 

A. me(/eus(RHS/R-12) 4.9 1.3 

A. me~!eus (FSJL-13) 2.8 1.4 
I 

A. m1/eus(FSIL-11) 2.9 1.51 

A. melleus(FSIL-18) 5.7 LIS 

A.clal'alUS (RHS/P-38) 2.6 1.72 

Un~ended soil 0.7 1.79 

In i similar study it was reported that isolates of 
Aspkrgillus and Penicillium isolated from agricultural soil 
sho{ved maximum level of phosphate solubilization 
actiVity in vitro when liquid medium was supplemented 
wit~ both tricalcium phosphate and rock phosphate 
separately [14]. DNA samples preparation before 
RAPD-PCR amplification was found crucial for fingerprint. 
Thelyield of DNA was determined spectrophotometrically 
as 24 J.l.g/g of mycelial mat The purity of DNA genome 
saoiptes as indicated by A2oofA280 ratio was 1.8 and 
DN~ quantity was evaluated by 0.8% agarose gel 
electrophoresis. The PCR conditions for RAPD analysis 
weie optimized by investigating each factor individually. 
Th+ included genomic DNA quality and concentration, 
pri er annealing and extension temperature as well as 
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Fig. 3: Dendrogram showing the genetic relationships among 10 Phosphate solubilizing fungal isolates based on RAPD 
analysis [I: A. niger (FS/L-04), 2: A. niger (RS/P-14), 3: A. niger (FS/L-40), 4: A. niger (FS/S-113), 5: A. melle liS 

(RS/P-05), 6: A. me Ileus (RHS/R-12), 7: A. me Ileus (FSIL-13), 8: A. me Ileus (FS/L-17), 9: A. me Ileus (FS/L-18), 
10: A.clavatus (RHS/P-38) 

denaturation time and temperature. It was found that 
quality of genomic DNA extracted as described here was 
a good template for PCR amplification. In the present 
investigation, four random decamer primers - OPD-5, 
OPB-2, OPB-3 and OPB-6 gave sufficient polymorphism 
among the isolates of A. clavatus, A. niger and 
A. melleus. The amplified fragments ranged from 1100 to 
600 bp in size. A total of 127 polymorphic bands were 
obtained with an average of 31.75 bands/ primer 
(Figure 2). The second group consisting of two isolates of 
A. clavatus, two isolates of A. me/leus and two isolates of 
A. niger showed another sub group at 50 percent 
similarity. The selected isolates showed three different 
lineages at sixty one percent similarity level (61 %). During 
the past few years, numerous publications demonstrated 
the utility of RAPD markers for the analysis of the genetic 
diversity among species and within fungi populations and 
plant populations [15-18]. In studies conducted with the 
toxin producing Aspergillus strains, it was found that 
A. jlavus and A. parastticus did not show any relationship 
between RAPD~based band profile and toxin production 
[ 19]. Results of the present study suggest that these 
random RAPD markers can be used for identification of 
phosphate solubilizers. T~e variation obtained in terms of 
their genetic make-up gives an idea of improving the 
marker based selection of this beneficial group of 
organisms. 
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Abstract: Nineteen isolates of Trichoderma viride and Trichoderma harzianum obtained from rhizosphere soil 
of plantation crops, forest soil and agricultural fields of North Bengal region were studied using RAPD and 
ITS-PCR. The genetic relatedness among eleven isolates ofT. viride and eight isolates ofT. harzianum were 
analyzed with six random primers. RAPD profiles showed genetic diversity among the isolates with the 
fonnation of eight clusters. Analysis of dendrogram revealed that similarity coefficient ranged from 0.67 to 0.95. 
ITS-PCR of rDNA region with ITS I and ITS4 primers produced 600bp products in all isolates. This result 
indicated the identification patterns of Trichoderma isolates. 

Key words: Trichoderma viride • Trichoderma harzianum • rDNAmarkers • RAPD 

INTRODUCTION 

Soil microorganisms influence ecosystems by 
contributing to plant nutrition [1], plant health [2], soil 
structure [3] and soil fertility [4]. It has been widely 
recognized, particularly in the last two decades, that 
majority of harsh environments are inhabited by 
surprisingly diverse microbial communities. Bacteria, 
actinomycetes and fungi are three major groups of soil 
inhabiting microorganisms. An estimated 1,500,000 
species of fungi exist in the world [5]. 

Trichoderma, commonly available in soil and root 
ecosystems has gained immense importance since last 
few decades due to its biological control ability 
against several plant pathogens [6]. Antagonistic 
microorganisms, such as Trichoderma, reduce growth, 
survival or infections caused by pathogens by different 
mechanisms like competition, antibiosis, mycoparasitism, 
hypha! interactions and enzyme secretion. In addition, the 
release of biocontrol agents into the environment has 
created a demand for the development of methods to 
monitor their presence or absence in soil. Therefore, 
monitoring population dynamics in soil is of much 
importance. Previous methods employed to identify 
strains of Trichoderma spp. in soil samples have included 
the use of dilution plates on selective media. However, 
this method does not distinguish between indigenous 

strains and artificially introduced ones [7]. The 
Trichoderma isolates were differentiated by mycelial 
growth rate and colony appearance, as well as 
microscopic morphological features, including phial ides 
and phialospores [8]. These can also be distinguished 
by randomly amplified polymorphic DNA (RAPD)
PCR, restriction fragment length polymorphisms in 
mitochondrial DNA and ribosomal DNA and sequence 
analysis of ribosomal DNA [9-13]. Molecular 
characterization of the potential biocontrol agents using 
Random Amplified Ploymorphic DNA (RAPD) and 
Internal Transcribe Spacer~Polymerase Chain Reaction 
(ITS-PCR), helps to determine the diversity and 
identification. In the present study, genetic variability in 
nineteen isolates of Trichoderma spp. from different 
ecosystems were evaluated with six different RAPD 
markers. 

MATERIALS AND METHODS 

Isolation and Identification of Trichoderma: Soil samples 

were collected forests, agricultural field and rhizosphere 
of plantation crops of three districts of North Bengal. The 
location of soil samples were recorded through GIS 
mapping tool (Gannin). Trichoderma species were 
isolated in specific selective medium. TSMC which 
contained (gmllit); MgSO,.?H,0-0.2; K2HP0,-0.9; 

Corresponding Author: B.N. Chakraborty, Department of Botany, lmmuno~Phytopathology Laboratory, 
University ofNorth Bengai.Siliguri-734013, West Bengal India 
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Table 1: TI1e nucleotide sequence used for ITS andRAPD PCR I 
PrinerName Sequence( 5'-3') Mer / TM %GC 

ITS-Primers pairs 

rnrs 1 TCTGTAGGTGAACCTGOGG 
T!ITS4 TCCTCCGCTTATTGATATGC 

RAPD primers 

AA-04 CAGGCCCITC 

OPA-4 AATCGGGCfG 
A-ll AGGGGTCITG 

A-5 AGGGGTCTIG 

OPD6 GGGGTCITGA 

OPAl CAGGCCCTTC 

Kcl-0. I 5; NH,N0,-1.0; glucose-3.0, chloramphenicol-0.25, 
fenaminosulf-0.3, pentachloronitrobenzene-0.2, rose 
Bengal-0.15, captan-0.02 (post autoclaving), agar-20 as 
well as in modified TSM (Smith eta/., 1990): containing 
(gmilit): Ca(N0,),-1.0, KN0,.0.26, MgSO,, 7H,0-0.26, 
KH,P0,-0.12, CaCI, 2H,O-l.O, citricacid-0.05, sucrose-2.0, 
agar-20.0, chlortetracycline-0.05, captan (50% wettable 
powder)-0.04 [14]. The identification of Trichoderma 
isolates were confirmed by National Center of Fungal 
Taxonomy (NCFT), New Delhi. 

Genomic DNA Extraction from Trichoderma Isolates: 
Isolation of fungal genomic DNA was done by growing 
the fungi for 3-4 days. The mycelia were incubated with 
lysis buffer containing 250 mM Tris-HCJ (pH 8.0), 50 mM 
EDTA (pH8.0), 100 mM NaCJ and 2% SDS, for I hr at 60'C 
followed by centrifugation at 12,000 rpm for 15 min. The 
supernatant was then extracted with equal volume of 
water saturated phenol a nd further centrifuged at 
12,000 rpm for 10 min; the aqueous phase was further 
extracted with equal volume of phenol: chloroform: 
isoamyl alcohol (25:24:1) and centrifuge at 12,000 rpm for 
15 min; the aqueous phase was then transferred in a 
fresh tube and the DNA was precipitated with chilled 
ehanol (100%). DNA was pelleted by centrifuging at 
12000 rpm for 15 min and washed in 70% ethanol by 
centrifugation. The pellets were air dried and suspended 
in TE buffer (pH 8.0). 

Qualitative and Quantitative Estimation of DNA: 
The extraction of total genomic DNA from the Trichodrma 
isolates as per the above procedure was followed by 
RNAase treatment. Genomic DNA was re suspended in 
I 00 ~I I X TE buffer and incubated at 37'C for 30 min with 
RNAse (60J.lg). After incubation the sample was re
extracted with PC! (Phenol: Chloroform: lsoamylalcohol 
25:24: I) solution and RNA free DNA was precipitated 
with chilled ethanol as described earlier. The 
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quali!y and quantity of DNA was analyzed both 
spectrophotometrically and in 0.8% agarose gel. The DNA 
from jall isolates produced clear sharp bands, indicating 
goodlquality of DNA. 

Per Amplification of its Region of Trichoderma Isolates: 
All i!olates of Trichoderma were taken up for ITS-PCR 
amplification. Genomic DNA was amplified by mixing the 
template DNA (50 ng), with the polymerase reaction 
buffJr, dNTP mix, primers and Taq polymerase. 
Poly{nerase Chain Reaction was performed in a total 
voluFe of 100 J . .d, containing 78 Jll deionized water, 
10 J!l 10 X Taq pol buffer, I ~tl of I U Taq polymerase 

I 
enzyme, 6 ~I 2 mM dNTPs, 1.5 ~I of I 00 mM reverse 
and I forward primers and I ~tl of 50 ng template DNA. 
PCRJ was programmed with an initial denaturing at 94°C for 
5 min. followed by 30 cycles of denaturation at 94 °C for 
30 s~c, annealing at 59 °C for 30 sec and extension at 
70 °C for 2 min and the final extension at 72 °C for 7 min in 
a Pfimus 96 advanced gradient Thermocycler. PCR 
product (20 ~I) was mixed with loading buffer (8 ~I) 
con~aining 0.25% bromophenol blue, 40% w/v sucrose in 
wat~r and then loaded in 2% Agarose gel with 0.1 % 
ethi~ium bromide for examination with horizontal 
eledtrophoresis. 

RA~D of Trichoderma Isolates: For RAPD, six random 
. I . 

pnmers I.e. OPA-l; OPD-6; OPA-4; A-5; AA-04 and AA-
11 ~vere selected (Table- I). PCR was programmed with an 
initial denaturing at 94°C for4 min. followed by 35cycles 
of benaturation at 94°C for 1 min, annealing at 36°C for 
I rbin and extension at 70°C for 90 s and the final 
extbnsion at 72°C for 7 min in a Primus 96 advanced 
gra:dient Thermocycler. PCR product (20 Jll) was mixed 
with loading buffer (8 Jll) containing 0.25% bromophenol 
biJe, 40 % w/v sucrose in water and then loaded in 2% 
Agb.rose gel with 0.1% ethidium bromide for examination 
byjhorizontal electrophoresis. 
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Scoring and Data Analysis: The image of the gel 
electrophoresis was documented through Bio-Profil 
Bio-ID gel documentation system and analysis 
software. All reproducible polymorphic bands were 
scored and analysed following UPGMA cluster 
analysis protocol and computed In SiUco into similarity 
matrix using NTSYSpc (Numerical Taxonomy System 
Biostastiscs, version 2.11W) [15]. The SIMQUAL 
program was used to calculate the Jaccard's coefficients. 
The RAPD patterns of each isolate was evaluated, 
assigning character state "1" to indicate the presence of 
band in the gel and "0" for its absence in the gel. 
Thus a data matrix was created which was used to 
calculate the Jaccard similarity coefficient for each pair 
wise comparison. Jaccard coefficients were clustered 
to generate dendograrns using the SHAN clustering 
programme, selecting the unweighted pair-group 
methods with arithmetic average (UPGMA) algorithm in 
NTSYSpc. 

RESULTS AND DISCUSSION 

Nineteen isolates were obtained using the 
Trichoderma selective medium from the rhizosphere 
soil, forest soil and agricultural field (Table 2). 
Among them eleven isolates were identified as 
Trichoderma v1'ride and eight isolates as Trichodema 

harzianum. 

Table: 2 Isolates of Trichoderma spp 

Isolates (Code) Accession No Type of soil 

Trichoderma viride (FSIL-20) NCFT2580 A 
Trichoderma viride (FS/C-90) NCFT2581 A 
Trichoderma viride (FS/S-455) NCFT2583 A 
Trichoderma l'irid e (FS/S-458) NCFT2584 A 
Trichoderma viride (RHSff-460) NCFT2585 B 
Trichoderma viride (RHS!f -463) NCFT2586 B 
Trichodenna viride (RHS!f -472) NCFT2588 B 
Tnchoderma vmde (FS/S-473) NCFT2589 A 
Trichodenno viride (FSIS-474) NCFT2590 A 
Tric!Jodem1o viride (FS/S-475) NCFT2591 A 
Trichoderma 1•iride (FS/S-47S) NCFT2594 A 
frichodemta hanianwn (Ag!S476) NCFT2592 c 
Trichoderma harzianum (FS/S-477) NCFT2593 A 

Trichoderma har.:ianum (Ar/S471) NCFT25S7 c 
Trichoderma llar.:immm (Ar/S479) NCFT2595 c 
Tric!Jodemwhar.:ianum (RHS/AC480) NCFT2596 B 
Tric/wden11a harzianum (RHS/AC48l) NCFT2597 B 
Trichodenna har::i01111111 (RHS/AC482) NCFT2598 B 
Triclmdem1almr.:ianum (RHS/AC483) NCFT2599 B 

NCFT-National Center of Fungal Taxonomy 

A-Forest soil; B-Rhizosphere soil; C-Agricultuml soil 
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The ribosomal RNA genes (rDNA) possess 
characteristics that are suitable for the identification of 
fungal isolates at the species level. These rDNA are 
highly stable and exhibit a mosaic of conserved and 
diverse regions within the genome [16]. They also occur 
in multiple copies with up to 200 copies per haploid 
genome [17-18] arranged in tandem repeats with each 
repeat consisting of the ISS small subunit (SSU), the 
5.8S and the 28S large subunit (LSU) genes. Internal 
transcribed spacer (ITS) regions have been used 
successfully to generate specific primers capable of 
differentiating closely related fungal species [19]. In the 
broader context, taxon-selective amplification of ITS 
regions is likely to become a common approach in 
molecular identification strategies, In the present study, 
we focused on the ITS regions of ribosomal genes for the 
construction of primers that can be used to identify 
Trichoderma spp. ITS region of rONA was amplified 
using genus specific ITS-I and ITS4 primers. Amplified 
products of size in the range of 600bp was produced by 
the primers (Fig I). The results are in accordance with 
Mukherjee [20] who studied the identification and genetic 
variability of the Trichoderma isolates. These results are 
also in accordance with several workers who observed the 
amplified rDNA fragment of approximately 500 to600 bp 
by ITS-PCR in Trichoderma [21-24]. The ITS PCR has 
helped to detect polymorphism at ITS region of rDNA 
among the Trichoderma isolates. 

GPS location 

Source Latitude Longitude 

Lohagarh forest N26" 45'13.08" E88"23'28.72 

Cinchona forest N26"47'49.16" E88"21.27.75" 

Sukna forest N26" 45'1 1.75" E88" 23 '28.27" 

Sukna forest N26"48"18.68'' E88"21.14.61" 

Tea Rhizosphere N26"45.11.75" E88" 23- '28.27" 

Tea Rhizosphere N 26" 48'18.68" E88"21.14.61 

Tea Rhizosphere N26"45'11.75" E 88" 23'28.27" 

Sukna forest N 26" 48'18.68'' E88"21'14.61" 

Sukna forest N 26" 48' 18.68" E&8"21'14.61" 

Sukna forest N 26" 48'18.64'" E88" 21'14.61'" 

Sukna forest N 26° 4S'I8.6S E8S0 21"14.61 

Potato field N25°0l'll13" E88°08'19.9S" 

Sukna forest N 26° 48'18.6S Esse 21'14.61 

Rice field N25°0!'13.13" E8S0 08'19.98" 

Brassica field N 25° 01'13.13" E88°08'19.98'" 

Accacia Rhizosphere N26° 42'42.56" E 88.0 21 '.15.47" 

Accacia Rhizosphere N26° 42'42.56" E88.0 21'.15.47" 

Accacia Rhizosphere N26° 42'42.56'' E88.0 21'.15.47" 

Accacia Rl1izosphere N26° 42'42.56" E88.0 2l'.J5.47" 
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with RAPD markers in 19 

Name Total no RAPD bands 

09 9 
2 OPA-4 12 100 1000 0 12 100 
3. A-5 18 100 2000 0 18 100 
4. OPD·6 14 100 1000 0 14 100 
5. AA-04 II 100 1000 0 II 100 
6. 0 

1.00 1.00 
40.90 0.90 1.00 

05.81 0.81 0.90 1.00 

Oo8 "'" 0<6 0.7.} 1.00 

"0 OoO 0.5& 0.66 0.90 1.00 

0.58 0.58 0.66 0.75 1.00 0.90 l.OO 

0.58 0.58 0.66 0.75 1.00 0.90 1.00 1.00 
0.58 0.58 0.66 0.75 1.00 0.90 1.00 1.00 1.00 

10 0.63 0.63 0.72 0.66 0.90 0>0 0.90 0.90 0.90 1.00 

II 0.54 O-" 0.63 Oo8 0.80 0.88 0.80 0.80 0.80 0.88 1.00 
12 028 0.28 0.26 0.25 0.26 0.28 0.26 0.26 0.26 0.285 0.30 1.00 

IJ 0.28 0.28 0.26 0.25 0.26 0.28 0.26 0.26 0.26 0.28 0.30 1.00 1.00 

" 0.28 0.28 0.26 0.25 0.26 0.28 0.26 026 026 0.28 0.30 1.00 1.00 1.00 

" 0.28 0.28 0.26 0.25 0.26 0.28 0.26 0.26 0.26 0.28 1.oa 1.00 1.00 I.OD 

16 "' D.Z6 0.25 D.2J O.li D.26 0.25 0.25 0.25 0.26 0.72 0.72 0.72 0.72 1.00 

17 026 0.26 0.25 0.23 0.25 0.26 0.25 0.25 0.25 0.26 0.72 0.72 0.72 0.72 1.00 1.00 

Fig. 1: PCR amplification ofiTS region of Trichoderma isolates. T. viride 1-I I) and T. harzianum (Lanel2-19) Lane 
M: Low range DNA Marker, Lane 1-NCFT2580, Lane2-NCFT2581, I\arle3-NC:FT:2583, Lane4-NCFT2584, Lane5-
NCFT2585, Lane6-NCFT2586, Lane7-NCFT2588, 1-
NCFT2594, Lanei2-NCFT2592, Lane Lanei5-NCFT2595, Lanei6-NCFT2596, 
Lane 17-NCFT2597, Lanei8-NCFT2598, Lan19-NCFT2599 
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Fig. 2: RAPD analysis of isolates of T.viride (1-11) and T.harzianum (12-19) using BioProfil ID software with 

primers (A-04, AA-11, OPD6 and A-5) I-NCFf2580, 2-NCFT2581, 3-NCFT2583, 4-NCFT2584, 5-NCFT2585, 
6-NCFf2586, 7-NCFf2588,8-NCFT-2589,9-NCFf2590, !O-NCFT2591, ll-NCFf2594, 12-NCFf2592, 13-NCFf2593. 
14-NCFT2587, 15-NCFf2595, 16-NCFf2596, 17-NCFT2597, 18-NCFf2598, 19-NCFT2599). 
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0.27 0.4S 0~63 
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1.0 0 

Fig. 3: Dendrogram showing the genetic relationships among 19 Tri hoderma fungal isolates based on RAPD analysis 

The genetic relatedness among eleven isolates of 
Trichoderma viride and eight isolates of Trichodema 
hurzianum were analyzed by six random primers 
OPA-l, OPD-6, OPA-4, A-5, AA-04 and AA-11 to 
generate reproducible polymorphisms. All amplified 
products with the primers had shown polymorphic and 
distinguishable banding patterns which indicate the 
genetic diversity of Trichoderma isolates. A total 
of 73 reproducible and scorable polymorphic bands 
ranging from approximately I OObp to 2000bp were 
generated with six primers among the nineteen 
Trichoderma isolates (Table 3). RAPD profiles showed 
that primer A-5 scored highest bands which ranged 
between IOObp to 2000bp. Relationships among the 
isolates was evaluated by cluster analysis of the data 
based on the similarity matrix (Table 4). The Dendogram 
was generated by unweighted pair-group methods with 
arithmetic mean (UPGMA) using BIO Profil lD image 
software for each primer (Fig 2) and NTSYSpc software 
(Fig 3). Based on the results obtained all the nineteen 
isolates can be grouped into two main clusters. One 
cluster represents T. viride and other T. harzianum. Again 
the T. viride cluster is also sub grouped into two. First 
subgroup with four isolates and second one is with 
seven isolates of two sub clusters. The cluster of T. 
harzianwn divided into two different cluster contains four 
different isolates. 
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