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The heavy metals (Cd, Cr, Pb, Ni and Zn

F usarium oxysporum f. sp. ciceri and F. oxysporum {. sp. lini isolated from sewage irrigate
mhlbilion on radial growth of any microorganism at test concentrations.
with increase in the concentration of heavy metals in the culture media.
whereas Zn was found to be least effective. The effectiveness of the heavy metals against
order : Cd > Ni > Cr > Pb > Zn and Cd > Cr > Ni > Pb > Zn for Fusarium oxysporum
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Several scientists have reported the accumulation
of heavy metals in soils as a result of sewage irrigation
(Ikram and Naheed, 1986; Elliot and Linn, 1987,
Sharpley, 1990). These heavy metals are highly toxic
to the plants and animals. However, toxicity of heavy
metals depends on the physico-chemical properties of
the recipient environment (Babich and Stotzky. 1980,
1983: Wo et al., 1980).

A review on interaction between heavy metalsand
microorganisms have been ignored or bareley men-
tioned (Ashida, 1965 and Ross, 1975). Hence, an
attempt has been made to study the effect of some
heavy metals on growth of pathogens and other micro-

flora.
MATERIALS AND METHODS

Two fields situated at Bhagwanpur village adja-
cent to B.H.U. Campus, Varanasi, one irrigated with
sewage released from Bhagwanpur Sewage Treatment
Plant (hereafter called as treated field), and the other
irrigated with tube well water (hereafter called as
control field) were selected for the present study.

The soil samples of both the fields were collected
in sterilized polythene bags and sewage in sterilized
plastic bottles (non-transparcm) in ice boxes from the
Sewage Treatment Plant at monthly interval. The
samples were brought into laboratory for the study.

Heavy metals analysis of sewage : Heavy metals

were detected by Atomic Absorption Spectrophotom-
cter (AAS) Model IL 751 with Air-Acetylene Flame.
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However, a gradual increase in the inh
Cadmium was found to be most effective against both the pathogens

) inhibited the radial growth of soil microflora, including two soil-bome plant pathogens namely

d field. None of the heavy metals caused complcte
ibition of growth was recorded

the pathogens, recorded at 200 ppm, was inthe following
f. sp. ciceri and F. oxysporum f. sp. lini respectively.

The pre-treatment of the samples were done according
to the method specified in the Standard Methods for the
examination of water and waste water and the concen-
tration of the heavy metals was determined. Samples
which were collected in 400 ml polythene bottles were
acidified with conc. HNO, on the spot lowering the pH
of the samples below 2.0. Heavy metals Cd, Cr, Pb, Ni
and Zn) in the soils were detected by Atomic Absorp-
tion Spectrophotometer.

Effect of heavy metals on growth of some patho-
genic and non-pathogenic soil microflora : Five heavy
metals viz., Cadmium (Cd), Chromium (Cr), Lead
(Pb), Nickel (Ni) and Zinc (Zn) in the form of their salts
i.e.CdCLH,0,CrCl,, Pb(NO,),, NiCl,. 6H,0andZnSO,.
7H,0 were selected and their effects against some
dominant soil microflora viz., Acrophialophora
fusispora, Aspergillus flavus, A. luchuensis, A. niger,
A. terreus, Penicillium citrinum. P. frequentans, P.
rugulosum and Trichoderma harzianum, tWO soil-
borne plant pathogens namely Fusarium oxysporum f.
sp. ciceri and F. oxysporum f. sp. lini, two unidgnnﬁed
pacteria (colourless and yellow colour bacteria) and
two actinomycetes namely Sireptomyces rimosus and
S. rochi (SR)) were evaluated by poisoned food tech-
nique.
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All the Petnt dishes were incubated at 2512, 302
and 33=2 °C for fungi, acunomycetes and bacteria,
respectively and radial growth of the microorganisms

-~

Rater g/,

were measured after 7 days of incubation. The per cent
inhibition of growth of pathogens and other microor-
ganisms was calculated by comparing theresults of the
treated plate with that of control and per cent inhibition
or stimulation of microorganisms was calculated.

RESULTS AND DISCUSSION

Sewage samples were analysed for presence of
some heavy metals like Cd, Cr,Pband Zn in treated and
untreated sewage (Table 1). Zn was found in greater
quantity ascompared others. The maximum quantity of
Zn (1975 pgl* and 1345 pgl?) and Cr (103.8 pgl" and
91.8 ngl) in untreated and treated sewage samples,
respectively was recorded in June whereas the mini-
mum quantity of Zn in untreated and treated sewage
(758 pglt and 502 pgl?, respectively) was recorded in
September. The presence of heavy metals in sewage
was due 10 release of various chemical substances into
the municipal sewage through factory effluent.

Five heavy metals i.e. Cd, Cr, Pb, Ni and Zn were
detected in treated soil and the control soil samples
(Table2). Zinc was found to be present in high concen-
tration as compared to the others. Overall, the concen-
tration of heavy metals detected in treated soil was
more than the control soil. The concentration of Zn in
treated soil and control one was 35.1 pgg' and 29.8
ugg! respectively. The concentration recorded for Cd
was0.42ngg. Several scientists have also reported the
accumulation of heavy metals in soils due 1o sewage
irrigation (Meshef, et al., 1989; Smith and Sharpley
1990).

The results obtained with regards to the effects of
Cd, Cr, Pb, Ni and Zn against the pathogens and test
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Table 3: Effect of heavy metals (Cd and Cr) on per cent growth inhibition of some dominant microflora and the test pathogens

Name of Species

Concentration (ppm) Cd

Concentration (ppm) Cr

20 50 100 200 20 30 100 200
Acrophialophora fusispora 26.58 32.91 40.51 63.29 18.5 22.91 29.96 44.93
Aspergillus flavus 13.89 43.65 65.48 84.13 11.11 16.29 53.73 63.33
A. luchuensis 28.88 54.82 69.63 83.7 18.51 39.25 57.40 64.81
A. niger 16.0 34.0 40.00 62.5 11.11 20.62 40.79 60.37
A. terreus 24.67 50.0 68.67 84.0 12.50 34.37 40.63 53.13
Curvularia lunata 30.56 48.02 57.14 64.29 21.13 40.65 49.59 60.98
Fusarium oxysporum. f. sp. ciceri 14.29 34.28 67.14 §1.82 10.94 19.53 25.56 3938
F. oxysporum f. sp. lini 23.33 49.63 68.52 86.3 13.45 18.6 26.35 42.86
Penicilluum citrinum 33.67 43.88 551 78.57 20.69 31.03 3448 46.55
P. frequentans 23.6 41.57 56.18 67.42 1143 14.29 2571 42.86
P rugulosum 26.96 46.09 66.09 7.39 53 18.18 31.81 7.72
Trichoderma harzianum 3.7 7.41 21.11 49.26 26.0 33.2 42.0 48.4
Colourless bacteria 8.97 13.46 32.69 45.51 18.7 33.53 47.1 54.83
Yellow colour bacteria 23.39 2742 4247 67.74 12.5 22.96 30.74 43.33
Streptomyces rimosus 34.61 53.85 67.31 69.23 18.52 2222 31.48 40.74
S.rochi (S.R)) 28.81 45.76 62.71 72.88 26.08 39.13 45.65 56.52
Cadmium and chromium were added in the culture medium in chloride form
Table 4: Effect of Lead and Nickel on per cent growth inhibition of some dominant microflora and the tet pathogens
Name of pecie Concentration (ppm) Lead Concentration (ppm) Nickel
20 50 100 200 20 30 100 200
Acrophialophora fusispora 11.11 22.22 33.33 41.67 12.35 28.09 43.82 66.29
Aspergillus flavus 8.89 14.44 26.67 35.56 14.86 20.71 42.86 54.29
A. luchuenis 9.58 22.24 31.28 42.13 10.74 23.7 37.78 49.29
A niger 10.05 17.11 24.16 37.74 145 355 54.0 61.0
A. lerreus 9.23 118.46 27.69 46.62 17.5 3125 425 550
Curvularia lunata 6.17 17.28 23.46 284 14.55 30.45 50.0 66.36
Fuarium oxysporum. f. sp. cicert 8.24 11.77 17.65 27.06 7.92 200 3333 4373
F. oxysporumf. sp. lini 12.22 16.67 21.11 32.22 8.14 117.4 20.26 40.0
Penicillium citrinum 15.54 27.46 39.38 49.74 15 13.93 2791 44.19
P. frequentans 9.52 23.8 38.1 47.62 16.67 33.33 48.48 37.58
P.rugulosum 12.72 24.74 36.4 45.74 20.45 34.09 534 &2.5
Trichoderma harzianum - 7.78 16.67 21.11 12.96 26.67 3882 47.04
Colourless bactena 5.56 20.37 29.63 42.59 13.79 27.59 3517 469
Yeliow colour bacteria 14.87 27.03 44.6 54.04 9.68 20.56 25.0 3347
Streptomyces rimosus 8.7 30.44 43.48 56.52 13.55 322 4576 54.24
14.29 33.33 47.62 S6.19 9.52 17.39 34.78 4348

S.rochi (S.R}}

1ead (Pb) was added to the culture medium in nitrate form and Nickel (Ni) in chlonde form

microorganisms are presented in Tables 3-5. A signifi-
cant variation was recorded (p = 0.01/0.05) between
per cent inhibition of microorganisms and concentra-
tion of heavy metals. All the heavy metals inhibited the
radial growth of the pathogens and other test microor-
ganisms. None of the heavy metals caused complete
inhibiuonof any microorganism at any used concentra-

uon, However, a gradual increase in the inhibition of

yrowth wasrecorded with increase inthe concentration
of heavy metals in the culture media. Huisingh and

Huisingh (1974) have menuoned that all the elements
essential or non essential, are potentially toxic depend-
ing on their form, concentration and route of exposure.

Cd was found to be most effectuve heavy metal
against both the pathogens w hereas Zn was least effec-
tive. Cd 15 potent component of a few fungicides to
control varous discases of crops due to toxicity against
several pathogenic fungi. ToxiCity of Cd and effect of
various factors on its toxicity against the microbes have
been extensively studied by Babichand Stotzky (1978).
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Table 5: Effect of Zinc on per cent growth inhibition of some
dominant microflora and the test pathogens

Concentration (ppm) Zn
200 400 800 1200

Name of Species

Acrophialophora fusispora 2212 3628 4933  62.83
Aspergillus flavus 1471 3235 47.06 60.78
A luchuensis 15.56 3148 47.03 5851
A. niger 21.85 39.62 46,67 6057
A. terreus 2329 3068 4090 57.39
Curvularia lunata 11.06 3191 5276  65.11
Fusarium oxysporum. {. sp. 7.14 1428 2380 4142
cicert

I oxysporum {. sp. lini 890 14.11 2889  41.11
Penicillium citrinum 2329 3972 5205 61.64
P. frequentans 19.73  32.89 5000 59.21
P. rugulosum 1579 3263 4947  57.89
Trichoderma harzianum 11.11  29.25 41.11 5333
Colourlless bacteria 19.35 3225 43.87 5742
Yellow colour bacteria 13.30 2338 3750 66.94
Streptomyces rimosus 20.00 3857 5142 60.00
S.rochi (S. 1) 24.07 4074 5185 64.06

Zinc (Zn) was added to the culture medium in the form of sulphate

Cd, Ni, Cr, Pb and Zn exhibited 81.82, 43.75, 39.38,
27.06 and 7.14% inhibition of radial growth of F.
oxysporum f. sp. ciceri respectively at 200 ppm
concentration while 86.3, 42.86, 40, 32.22 and 8.9%
inhibition was observed in case of F. oxysporum f. sp.
lini with Cd, Cr, Ni, Pb and Zinc respectively at the
same concentration. It was observed that the maximum
inhibition in radial growth due to Cd was recorded in
case of A. flavus (84.13%) followed by A. terreus
(84.0%) and A. luchuensis (83.7%) whereas the mini-
mum in case of colourless bacteria (Table 3). Several
studies have shown varying degree of tolerance to fungi
to cadmium (Ashida, 1965). Strains of Fusarium
oxysporum isolated from soil heavily contaminated
with Cd, Cu, Pb and Zn, had greater than normal
tolerance to these heavy metals than isolates from
uncontaminated soil. The strains tolerant to the heavy
metal accumulate these metals in mycelium. The toxic
effect of Cd on fungi may be exerted on several forms
of fungal development on mycelial growth, fruiting
body formation and spore germination. In general
actinomycetes are more tolerant to Cd than the gram
+ve bacteria (Babich and Stotzky, 1983a). Toxicity of
Cd aqd effect of various factors on its toxicity against
the microbes have been extensively studied by Babich
and Stotzky (1978). They reported toxic effectof Cdon
mycelial growth of Amantia muscaria and Rhizopus
roseolus. Cadmium acts as growth inhibitor for some
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bacteria like Bacillus cireus, E.coli and Agrobacterium
tumefaciens and actinomycetes f'_N‘"C‘?’_ dia parafinae).
A luchuensis showed maximum mhxblluon (6-_#.81%}m
radial growth due to Cr whereas minimum inhibition
due to Cr was recorded in case of S. rimo;us (40.74%)
(Table 3). Pb was found to be very effective against S,
rimosus (56.52%), S. rochi (56.19%) and yellow colour
bacterium (54.04% inhibition) (Table 4). Babich and
Stotzky (1983) have also observed the toxic effect of
lead against the growth of A. niger, Saprolegniasp. and
Achlya sp. Thirty, 42.86,40.0,32.22 and 8.9% inhibi-
tion was observed in case of F. oxysporum {. sp. lini
with Cd, Cr, Ni., Pb, and Zn respectively at the same
concentration. The inhibitory effect of Cd, Pb, Ni, and
Zn was reported by Dubey and Dwivedi (1988) and
Bashar (1990) an Macrophomina phaseolina and F.
oxysporum f. sp. ciceri respectively. Zinc and Cr
caused considerable effect tochek the growth of the test
pathogens as well as some dominant microorganisms.
The maximum growth inhibition of F. oxysporum f.sp.
ciceri (41.42%) and F. oxysporum {. sp. lini (41.11%)
was caused due toZn at 1200 ppm. Zn has beenreported
as an essential element for the growth of fungi at low
concentration (Mc Han and Johnson. 1970; Ross, 1973).
Bashar (1990) rgported that Zn and Fe checked the
growth of the pathogen at 1200 ppm. Murugeson
(1990) observed that increasing concentration of Ba,
Cu, Mn and Zn, individually or in combination, inhib-
ited the radial growth and hyphal dry weight of Rhizoc-
tonia bataticola. The chloride forms of Cd, Co, Ni and
Hg have been found to inhibit mycelial growth and
sclerotia formation in Sclerotium rolfsii and Rhizocto-
nia solani (Dwivedi et al., 1986).

The maximum inhibition in radial growth in case
of Ni was recorded for A. rerreus and P, frequentans
at20 ppm concentration: A. ni gerand P. rugulosumat
50 and 100 ppm and C. lunata and Acrophialophora
fusispora at 200 ppm concentrations whereas mini-
mum inhibition was recorded in case of yellow colour
bacteria (Table 4). Inhibitory effect of Ni was found
against Bacillus urevis, Psedomonas sp., actinomyce-
tes and filamentous fungi e.g. Trichoderma viride.
Rhizopus stolonifers, Aspergillus giganteous, A. niger
and Penicillium vermiculatum (Babich and StotzKy,
1986). Toxicity of Cu, Mg and Pb has been reported
against some fungi by few workers (Babick and StotzKy-
1983b; Babich and Stotzky. 1986).

The growth of yellow colour bacteria was sup-
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pressed (66.36%) by Zn followed by Curvularialunata
(65.11%) and S. rochi (64.04%). Effect of Ni, Pb and
7n was found least inhibitory to the radial growth of T.
harzianum. The toxicity may be due to permeability of
fungal cells to metals (Ross and Old. 1973).

The authors are thankful to the Head, Department
of Botany B.H.U., Varanasi for labotratory facilities.
The co-authors are thankful to U.P.C.S.T. Lucknow for
financial assistance.

REFERENCES

Ashida J 1965 Adaptation of fungi to metal toxicants.
Ann Rev Phytopathol 3 153-174.

Babich H & G Stotzky 1974 Air pollution and micro-
bial ecology. CRC Crit Rev Environ Contr 4353-421.

Babich H & G Stotzky 1980 Environmental factors that
influence the toxicity of heavy metals and gaseous
pollutants to microorganisms. CritRevMicrobiol 899-

145.

Babich H & Stotzky 1983 Influence of Chemical
Speciation on the Toxicity of Heavy Metals to the
Microbiota in Aquatic Toxicology. (Nriagu J O ed)
John Wiley and Sons. New York.

Babich H & G Stotzky 1983a Physico Chemical factor
of natural reservoirs affect the transformation and
exchange of heavy metals toxic to microbes. Environ
biogeochem Eco Bull (Stockholm) 35 315-323.

Babich H & G Stotzky 1983b Temperature. pH, sali-
nity, hardness and particulates mediate nickel toxicity
to eubacteria, an actinomycetes and yeast in lake,
stimulated estuarine and scas waters. Aquatic Toxicol

3 195-208.

Babich H & G Stotzky 1986 In “Introduction and
Review of Microbial and Biochemical toxicity Screen-
ing Procedure. (Bitton G and B J Dutta eds).

Bashar A 1990 Ecopathological Studies on Fusarium
oxysporum f. sp. ciceri Causing Wilt Disease of.
Chickpea. Ph D Thesis Banaras Hindu University
Varanasi India.

Dubey R C & R S Dwivedi 1988 Population dynamics
of microfungi in root-region of soyabean with refe-

tad
0

rence to growth stages and environmental factors

(=

Indian bot Soc 67 154-162.

Dubey R C & R S Deivedi 1988 Population dynamics
of micro fungi in root-region of soyabean with refe-
rence to growth stages and environmental factors. J
Indian bot Soc 67 154-162.

Dwivedi R S, R K Singh & R P Shukla 1986 Effect of
heavy metals on pathogenic fungi of barley and rice.
Nat Acad Sci Letrers India 9 299-300.

Elliot H A & J H Linn 1987 Effect of calcium.
magnesium acetate on heavy metal mobility on soils.

97977

J Environ Qualiry 6(3) 222-227.

Huisingh D & J Huisingh 1974 Factors influencing the

A

toxicity of heavy metals in food Ecol Food and

279

Nutrition 3 263-272

Ikram-Haque M S & S Nahed 1986 Uptake of some
metal contaminant by Coriandrum saiivum irrigated
with raw sewage effluents. Biologia 32(1) 1-10.

McHan F & G T Johnson 1970 Zinc and amino acid.
important component of medium promoting growth of
Monascus purpurens. Mycologia 62 1018-1031.

Meshref H, MEIl Arquan & [ Fawzi 1989 Trace element

desert soils irrigated with Nile and waste water. Ari
Soil Res Rehabit 3(4).

Murugesan K 1990 Effect of trace elements on Rhizoc-
tonia bataticola the root pathogen of groundnut. J
Indian bot Soc 69 223-229.

Ross I S 1975 Some effect of heavy metals on fungal
cells. Trans Br mycol Soc 64 175-193.

Ross! S & K MOIlld 1973 Mercuric chloride resistance
of Pyrenophora avenae. Trans Br mycol Soc 62293-
300.

Smith S J & A N Sharpley 1990 Soil nitrogen and
mineralization in the presence of surface and incorpo-
rated crop residues. J Agron 82(1).

Wong P TS, C 1 Mayfield & Y K Chau 1980 Cadrmium
toxicity to phytoplankton and microorganisms. /In
Cadmium in Environment. (Nriagu J O ed) Wiley and
sons., Inc., New York.




{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }

