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PREFACE

Cadmium as an environmental pollutant, stimulated res-
earches in biology. Industrial activities viz. cement
or metal smelting plantations, mining, biocides, fertilizers,
sewage disposal and automobile traffic are tlie main sources
of cadmium pollution. The entry of this cadmium into plants,
is currently of concern, since it may eventually affect

human health,.

The present investigation aims at the evaluation of
the effect of some cadmium salts on the prevalence of rhizo-
sphere fungal flora of soybean and corn. Parallel experiments
were also undertaken to find out possible explanations,
for the observed variations in microfloras in terms of sen-
sitivity or tolerance of these microorganisms to cadmium
ion, through the study of some growth criteria of some selected

fungi isolatéd from the rhizospheres under cadmium stress.
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PART 1
INTRUDUCTION

A) HISTRIOCAL REVIEW

Cadmium, as one of the most hazardous environmental
pollutants, gained a world-wide attention-not only by gover-
mment authorities, but also by scientists in different fields
of research, who were asked to provide a clue for the harm-
ful effects of cadmium towards living organisms. An increa-
sing number of publicafions has already proved the accumula-
tion of cadmium in microorganisms, higher plants and animals
as a result of pollution and of increasing cadmium concen-

trations in soils and surface water,

Cadmium passes to the soil from different sources. Its
essentiality to plants or animals has not yet been clearly
established, but its accumulation at high levels is very toxic
( Hewitt, 1953; Page et al., 1972; Miller et al., 1973). The
effects of heavy metals on fungal cells have long been of
interest to mycologists aé§a result of their value as fungici-
des, Several studies has been dedicated to the potentialities
of hHeavy metals as inhibitors for spore germination but rela-
tively less attention has been directed to matters of transport
into fungal cells and effects on metabolism, Many fungi can

adapt to resist heavy metals ( Ashida, 1965; Turner, 1969) and

in recent years resistance to heavy metals has arisen under




high tolerance to cadmium and thus were able to grow on

media containing 10,000 ppm, of the metal. The same authors
reported that cadmium resistant fungi were also resistant to
copper, Accordingly the mechanism of tolerance to both
elements seemed to follow the same routes. Similar observa-
tion was reported by Lillehoj et al.,, (1974) and Marsh et al.,

(1975).

Babich and Stotzky (1977,a) noted wide extremes in
sensitivity to cadmium among fungi. There was no correla-—
tion between the class of fungus and tolerance to cadmium,

Tatsuyama et al,, (1975, c¢) found that Penicillium lilacinum

was strongly resistant to zinc, copper, tin and cadmium whereas

P, purpurogenum showed resistance to cadmium and copper only.

They observed that ED50 of the heavy metals, tested on condidial
germination of P, lilacinum, were different from those on
mycelial growth., Babich and Stotzky ( loc. cit.) reported that
fungal sporulation was mofe sensitive to cadmium than mycelial
growth, since spore formation was inhibited at cadmium levels

that were not inhibitory to mycelial proliferation.

Ernst (1972) observed air-borne zinc and cadmium particles
which decreased the vitality of higher plants and the activity

of microorganisms, in the vicinty of a zinc smelting plants,

Gingell et al., (1976), using a leaf-washing method, sho-

wed that the microflora of zinc, lead and cadmium contaminated




plants around a smelter was low in abundance and species
diversity. They also found that, in artificial media, the
isolates from such plants were more tolerant to heavy metals
than the isolates from uncontaminated plants. The counts

of Cladosporum herbarum, Aspergillus niger, Erysiphe graminis,

Botrytis cinerea and Diplocarpon rosae were low but the pig-

mented yeasts and bacteria seemed to be very sensitive to the

metals,

Byrne et al., (1976) surveyed the concentration of 10
trace elements in about 27 of higher fungi isolated from
several sites. They recorded high levels of mercury in many
species but cadnium accumulated to a surprising extent by
most fungi; its average value being Sppm. The same authors
stated that " as well as these features are of biochemical
interest, the values found and the pattemof accumulation sugg-
est potential uses of fungi in environmental studies'. A cad-
mium resistant yeast strain which might be used to remove cadmium
from industrial waste water containing cadmium was isolated
by Tohoyama and Murayama (1977)., Houba and Remacle (1980)
showed that some bacteria developed in very high concentrations
of cadmium but their physiological characteristics were not

the same as those of the sensitive strains.

Croessmann and Egels (1975), in their studies on 633

single commercial feedstuffs, found that about one third of




the investigated samples were contaminated with cadmium,
They reported that the cadmium contaminations were air-borne.
from industry, burning oil and coal as well as during the

production and manufacturing of feedstuffs themselves,

A metal may be regarded as toxic if it impairs growth
or metabolism of an organism above a certain concentration.
In fact all elements may be toxic when administered at high
concentrations whereas other viz, mercury or copper ( essential
at trace levels) were toxic at relatively low concentrations,
Some metals apparently act at the cell membrane causing changes
in permeability. These include gold, cadmium, copper, mercury,

- lead and uranium ( Passow et al., 1961),

It has not been determined whether all the trace elements
required for normal growth by higher plants are essential to
cryptogams. There is no evidence, however, to suggest that
the basic metabolic processes: of cryptogams are fundamentally
different from those of higher plants or non-lichenized fungi

and algae,

Data is accumulating regarding the effect of heavy metals

on growth and metabolism of microorganisms., Thus Lobyreva (1973)

+
recorded that addition of metal ions (Fe3+, Mg2+, Mn2+,.2n2+,Ni?

2+ 2+ 2+

Ba® , Co , Cd" , Ca2 and Cu2+) to the reaction medium stimulated

lipase and lipolytic action of the yeast Candida utilis 295t.




Lillehoj et al., (1974) reported that the aflatoxin elabora-
tion by Aspergillus flavus was reduced by 25 ug cadmium, 500 ug
copper per g. Marsh et al,, (1975) concluded that four of the
more potent metals ( copper, cadmium, silver, mercury ) in
inhibition of aflatoxin production were also fungicidal at

high concentrations., The ability of each of these four metals
to react with sulfhydryl groups (-SH), was suggested as a cause

of their fungicidal action ( Martin, 1969).

It has been postulated that cadmium caused a direct in=
Ahibition of alkaline as well as acid phosphatase activities
in lower organisms, because of the interaction of cadmium with
intercellular protein ( Uchida et al,, 1973).Pickett and Dean
(1976) showed that strains of Klebgiella aerogenes resisted
such inhibition when treated with 50 ug cd/ml.

Conci and Morozzi (1977) studied the effect of Cd®’ and
cd (CN)i_ ions on growth and eniymic activity of mixed microflora
from activated sludges. They revealed that both ions signifi-
cantly inhibited growth of microorganisms and that the inhibit-
ory effect of Cdz* was significantly greater than that of Cd(CN)i_
at the same mass and molar concentrations. Brown and Smith

(1980) claimed that the generative time of the yeast Cryptococcus

albidus was increased 3-fold when cultures were supplemented with
10 mg /L, Cd2+ and the cell division of that yeast was arrested

at concentration above 50 mg/L.
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The effect of cadmium on nucleic acid metabolism and/or
protein synthesis recieved little or no attention, though a
good deal of vital activities depended entirely on enzymatic
proteins, The capture of cadmium within binding sites of
proteinic nature, in plants and animals is now established by
several investigators. Squibb and Cousins (1974), Sabbioni
and Marafante (1975) suggested that cadmium stimulated the
formation of a denovo cadmium-binding protein in rat liver.
Similarly cadmium-binding proteins were detected in plant tiss-
ues following treatment with the metal (Malone et al., 1978;
Petit, et al., 1978; Bartolf et al., (1980). An earlier study
by Dekock (1956) suggested that the major efdfect of the toxic
metal was manifested in the root where it combined with some
protein chelates. The metal competed for and displaced iron

from active chelating centers; a phenomenon already confirmed

by Malone et al., (1978),

Stoll et al., (1976) found that cadmium significantly in-
hibited RNA synthesis in rat liver nuclei and decreased DNA in
hepatectomized rat. It seems that cadmium directly interacted

with the DNA synthesis,

Imagawa et al., (1981) observed that growth of Bacillus
megaterium was inhibited by > 5uM cadmium chloride but the cells

couldn't grow at 50 uM concentration. They also reported that




that the greater part of cadmium was bound to protein whose
molecular weights were more than 200,000 and the activity of
phosphoglycerate mutase was higher in cadmium-free than cadmium-
fed cells. There may be some relationships among decreased
manganese content of cells, phosphoglycerate mutase activity

and inhibition of cell growth by cadmium chloride,

It is now well established that cadmium is toxic to animals
causing erythrocyte destruction, testicular damage, renal degr-
adation and hypertensive heart disease ( Perry et al., 1961 ;
Schroeder and Balassa, 1961; Schroeder, 1965; Perry, 1968;
Lagerwerff, 1972). A good correlation between cardiovascular
death rates and concentrationiof cadmium in air as an industrial
pollutant was reported by Carroli (1966), It may -induce malig-
nant tumors in rats ( Gunn et al., 1963). Cadmium binds with
low molecular weight protein in liver and kidney (Shaikh and
Lucis, 1970; Nordberg and . Piscator, 1971 ; Nordberg et al.,1972;
Webb, 1972; Winge and Rajagopalan, 1972; Cousins et al., 1973;
Squibb and Cousins, 1973)., The high affinity of cadmium for
the-SH group in a number of zinc-containing enzymes seemed to be
responsible for its toxicity to guinea pigs ( Chueca et al.,

1971),




B MATERIAL AND METHODS

Plant Materials :
During a green house sowing, in 1981, the author stu-
died the effect of cadnium sulphate and cadmium nitrate

on the rhizosphere fungi of a leguminous plant Glycine max

L., ( Soybean, cultivar, 71) and a monocotyledonous plant
Zea mays L. ( dihybrid, 186). Seeds and grains of the
plants were kindly supplied by the Plant Breeding section

T
of ARE Ministry. of F?ﬂmCUL\ e .

Through this investigation, experiments were carried
out using sandy-clay soil with pH 7.1 , 0.4% organic
matter content and 0.34% total soluble salts ( Jackson,

1967).

About 150 Kilogram of air dry sieved soil was placed
in wooden boxes ( 50 x 50 x 50 cm) in which the seeds or
grains were sown. The water content of the soil was adjus-
ted to 40% water holding capacity to permmit good aeration.
The method used for such adjustmentlof the soil water con-
tent was as follows :

One sample of the top four inches of soil was removed at

each of four points in each box using a tubular sampler.
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These soil cores were thorughly mixed and then divied

into four portions and the moisture content was deter-
mined for each portion on an oven dry basis by the

standard procedure. The results were expressed as per-
centage of the maximum water holding capacity which was
determined by the keen and Raczkowski (1921) perforated

box method ( Helgar's pan method) as perfected by Garrett
(1946)., Cadmium, as sulphate and nitrate, was applied

to the soil at 100, 500, 1000, and 2000 ppm qoncentration.
Four replicate of boxes represented one treatment inclu-
ding the cadmium-free controls. Soil samples were collected
from the root zones of plants raised under the various
experimental conditions ( usually at a distance of 4-8cm,
from the root and at a depth of 5-12 in the soil) with ster-
ilized spoons, mixed throughly and kept in sterilized

containers for further use.

Four samples were taken at random from each box.
These were brought together into one composite sample which
was throughly mixed. Finally 10 gm ( calculated on oven
dry basis ) of the mixed composite sample were used for
determining the frequency of occurence of the various

genera and species of fungi by the dilution plate method.,

Mycological Analysis :

——— o e Gt o - ga S . St S s B e

A preliminary trial was carried out to compare the
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dilution plate method and the soil plate method ( Warcup,

1950) for isolation of the fungal genera and species

from the soil,

the most suitable for growing the inocula,

as follows

Potato-dextrose agar ( Riker and

— o . s G S e S g Rt W Bt S e B e Fivn O

Three different media, were used to choose

These were

Riker, 1936)

Agar 20 go
Potato mush 200 g.
Dextrose 20 g,
Distilled water 1000 ml,
Czapek-Dox agar ( Thom and Raper, 1945)

Agar 15.00 g.
sodium nitrate 2,00 g.
Dipotassium hydrogen
phosphate. 1.00 g.
Magnesium sulphate 0.50 g.
Potassium chloride 0.50 g.
Ferrous sulphate 0.01 g.
Sucrose 30.00 g.
Distilled water 1000.0 ml,

i o m s S G W St B S G P Gt S O s S s

Agar 20.0 g
Potassium dihydrogen

phosphate 1.0 g.
Magnesium sulphate 0.5 g.
Peptone 5.0 g,
Dextrose 10.0 g,
Distilled water 1000.0 ml
Rose bengal 1:30,000
Streptomycin or 30 ug/ml,
Aureomycin 2 ug / ml,

The first two media supported vigorous growth of some

fungi as well as bacteria which disturbed the counts and
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types of fungiarising on the plates., Accordingly they
were discarded and the third medium ( Peptone-dextrose

agar with streptomycin) was used.

Soil Plate Method

This was designed by Warcup (1950) in order to reduce
some of the particular disadvantages from which the soil
dilution plate suffered. In thig method, very small samples
( 0,005-0.015 g) of soil were taken with the flattened blade
of a sterilized nichrome inoculating needle, into the bottom
of a sterile Petri-dish ; a little sterile water ( 1 ml)is
added to assist in the dispersion of soils that don®t break
up easily, Melted and cooled agar ( 10-15 ml) was then pour-
ed into the dish and swirled before setting in order to

secure complete dispersion of the soil particles,

Dilution Plate Method : " Johnson et al., 1960

10 g soil sample was suspended in 90 ml, sterile
distillea water and shaken on a mechanical shaker for
about 20 minutes, One ml, of this suspension was ascept-
ically withdrown ( while in motion ) and transferred into
99 ml, sterile distilled water. One ml, portions of
such dilution was smeared on molten agar. The dishes,

containing such media, were gently shaked in a broad swir-

ling motion, to spread the agar medium evenly. All dishes
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were incubated at 27°C for 7 days. The number of colonies
developing on each dish was counted after 48 hours incuba-
tion then after 7 days to record the relative abundance

of the main types of fungi. The average number of colonies
per dish was multiplied by the dilution factor to obtain

the number per gram original soil sample.

At least 5 replicate dishes were used for each sample
The preliminary trials to compare the above mentioned two
methods of count and isolation revealed that intercolony
competition was more severe on the soil plate than on
the dilution plate method. A similar result was reported by
Garrett (1963); Due to this disadvantage, the dilution

plate method was preferred and adopted during this work.

Identification of Fungi :

— - - — T — — G Wt - Gt e P S

The fungal colonies arising on the plates were .exa-
mined and the fungi were identified to genera and species
by microscopic examination. Some fungal colonies which
failed to sporulate on the adopted medium ( peptone dextrose
agar ) or after transference to othef types of media were
classed as Mycelia sterilia, A list of the fungi isolated

during this work is included in the appendix.

The identification of fungal genera and species was

made through the help of the following references:
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1) Ames (1969) for Chaetomium species.,

2) Barnett and Hunter (1972) for the genera of imperfect
fungi,

3) Barron (1968) for the genera of Hyphomycetes.

4) Booth (1977) for Fusarium species.

5) Brown and Smith (1957) for Paecilomyces.species.,

6) Ellis (1971 and 1976) for Dematiaceous Hyphomycetes,
7) Gilman (1957) for soil fungi in general.

8) Raper and Fennell (1965) for Asperigllus species,

9) Raper and Thom (1949) for the species of Penicillium

and P. related genera,

Statistical analysis, for each fungal group, were
carried out according to analysis of variance in Factorial
analysis for two salts ( CdSO4 and Cd(NO3)2 ), five con-
centrations ( 0,100,500,1000 and 2000 ppm) for two types
of plants, To acertain the differences between means
L.S.D. ( Least significant difference ) at 1% and 5%

were used ( Snedecor and Cochran, 1966).

Preparation_of Fungal cultures for Spore Germina-

-’ _—_-_—_——————_———_——_———_————————_——————-————

— g S W " o O s g G T M B S s Bk e S e - ————

Asperigllius terreus, Cladosporium herbarum, Rhizopus

oryzae, Curvularia tetramera, Fusarium oxysporum and Paeci-

lomyces divaricata were used in the study of the effect of
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the two cadmium salts on spore germination, growth and

biochemical changes that may occur,

—— - T T —— —— . ———— G vt w— —

14 plates ( 9 cm diameter ) were used for each fungal

species. Two plates contained a thin layer of Czapek Dox

" medium ( about 10 ml/ plate ) for control ( non treated
medium) and the other 12 plates contained Dox medium supplemen-
ted with 50, 100, 1000 ppm cadmium sulphate or cadmium nitrate.
Each plate was divided into areas of approximately 1 mnz, On each
agar square a drop of spore suspension from 7 days old
culture slant was placed. The spore suspension was carefu-
1lly prepared to give drops containing a moderate density
of spore ( 25-30 spore in the microscope field). The plates
were then incubated at 25-27°C and examined for the percen-
tage germination at intervals which varried according to

fungal species.

Preiiminary trials were made to determine the least
incubation period to allow for 50% germination of the
control spore suspension, Such interval was taken as the
time limit before examining the treated plates to determine
the percent of their germination. Four blocks of the Dox

agar medium were removed, stained with cotton blue in lactic
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acid and 4 microscopic fields per block were examined

for their content of germinated spores as well as germ
tube length ( i.e 16 readings for each treatment). Res-
ults were expressed as percentage of control. Further
examination, after larger periods of incubation was
performed in order to find out whether the lagging germina-

tion was temporary Or permanent.

Fbr each fungus 14 conical flasks ( 250 ml,capactiy)
each containing 50 ml.Dox liquid media were used, Trip-
licate flasks served as controls or experimental where Dox's
liquid media was amended with 50, 100, 500, or 1000 ppm
cadmium sulphate or nitrate, The flasks were inoculated
with a 5mm diameter agar disc from the perifery of 7 days
old culture plates, The flasks were incubated at 25-27°C
for 7 days after which the produced mycelial felts were col-
lected, washed several times with distilled water and
oven-dried at 80°C till constant weight., The dried mats
were then finely powdered, kept in a desiccator for further

analysis.

Extraction of The Mycelium :

50 mg of the dry mycelial samples were extracted

by addition of 10 ml.borate buffer, at pH 8., The mixture
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was left standing overnight before centrifugation. The
residue was dried at 80°C while the filterate was made up
to 50 ml, and kept in a refregerator. Equal volumes of
the fungal extract and 15% trichloroacetic acid were
mixed to ensure precipitation of soluble peptides then
centrifuged to eliminate the interference. of this

nitrogen component during chemical analysis,

The fungal mats as well as their media were analysed

for the nitrogen, phosphorus and polysaccharide content.

All analysis were carried out on unacidified extracts
or media except for the amino nitrogen and inorganic phos-
phorus where soluble peptides must be removed by acidifica-
tion. The insoluble nitrogen and phosphorus components
and polysaccharides were'estimated in the residue after

filteration of the extract.

Polysaccharide Estimation

o —— — " — —— " e s e e e o

20 mg of the dry residue were hydrolysed by 5 ml,
1.5 N sulphuric acid for two hours in a boiling water bath,
After neutralization to phenol red, they were further

mixed with 3 ml. basic lead acetate ( 13.7 gm pey liter )
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and filtered on 3 ml, sodium dihydrogen phosphate ( 119
gm per liter to which was added 1 ml, concentrated sul-
phuric acid; C.f., Said and Naguib, 1964)., Another fil-
teration was necessary, to remove the excess precipitated
lead, before making up the solution to a known volume
ready for analysis. 2 ml cleared neutralized solution
were thoroughly mixed with 2 ml, modified Nelson's solu-
tion ( Naguib, 1964), The mixture was kept in boiling
water bath for 15 minutes berore rapidly cooled in run-
ing tap water. 2 ml arsenomolybdate solution ( Nelson ,
1944) were added and the mixture was shaken till efferevesc-
ence stopped., The coloured solution was diluted to the
appropriate intensity before photometrically measured at

700 nm,

O, " s G S S T s Y, S B e s > W S B

The procedures followed in this investigation, were

majorly quoted from the article presented by Naguib, (1969):

1. Total Insoluble Nitrogen :
About 20 mgm. of the dry residue, after centri-
fugation, were wet digested using 50 % sulphuric acid
followed by little dilute perchloric acid, for completion

of oxidation. This was made up to volume before a known
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aliquot was neutralized and its ammonia content was esti-

mated by Berthelot reaction.

2. Total soluble Nitrogen :

The above mentioned procedure was repeated on

few mls. of the borate buffer extract.,

The values obtained by this procedure denoted
all soluble nitrogen components but nitrate and nitrite
which should be considered in order to obtain the true est-

imate of all the soluble nitrogen components.

3. Free Ammonia :
A known aliquot of the borate extract was neutra-
lized before the direct estimation of its ammonia-content

using Berthelot reaction,

The procedures mentioned by Fawcett and Scott (1960)
and Chaney and Marbach (1962) were followed in this inves-
tigation.1lml. 5% phenol containing 25 mgm. sodium nitropru-
sside, was added to a known volume of the neutral extract
followed by 1 ml of 2% sodium hypochlorite dissolved in
0.63 N sodium hydroxide. The mixture was incubated at 37OC,
for 15 minutes, diluted to a known volume and the optical

density was determined at 630 nm.




-20-

4. TFree Amino Nitrogen :

A protein free sample was made slightly alkaline
to phenolphthalin before addition of 1 ml, 1% borax (Russelly
1944), After shaking, another 1 ml. 0.25% freshly prepared
naphthoquinone-sulphonic acid was added. The mixture was
kept in boiling water bath for 15 minutes then rapidly coo-
led, Acid formaline and thiosulphate solutions were added
and the shaken mixture stood 20'minutes before estimation
of its colour intensity at 470 nm.

5. Peptide Nitrogen :

The procedures of Lowry et al., (1951) were followed.
A sample of the borate extract was mixed with 1 ml.freshly
mixed in ( 1l:1 ratio ) solution of 2% sodium carbonate in 4%
sodium hydroxide and 0.5% copper sulphate in 1% sodium tar-
tarate. The mixture stood 10 minutes before addition of O.1
ml. Folin phenol and made up to volume, The optical density
of the mixture was measured, after 30minutes, at 700 nm.

6. Other soluble Nitrogen :

If we substract the product of peptide, amino and
ammonia nitrogen from the value, obtained experimentaly for
the total soluble nitrogen ( item, 2 ,pl19) we can calculate

the value of the other nitrogen including the amide and acyclic

forms ( purines and pyrimidines).
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7. Protein-soluble Nitrogen :

The known quantity of dry residue, after filter-
ation, was dissolved in a defined volume of 4% sodium hydro-
xide and kept standing overnight, at 25°C pefore centrifu-
gation, A known aliquot of the centrifugate was analysed

for its protein-solbule nitrogen using the folin-phenol

procedure ( item 5 , p20 ).

8. Non-Protein Soluble Nitrogen :
A known volume of the sodium hydroxide centrifug-

ate ( item,7, p 21 ) was digested and its total nitrogen

content was determined, following the procedures already

mentioned ( in item 2,p 19 ). If we substract the

value of protein soluble nitrogen from that obtained by

this prbcedure we calculate the non-protein solubhle nitro-

gen component.

———— —— —— T g ) S T G T S

If we substract the value obtained by the previous
procedure ( item 8, p 21 )from that already determined
for the total insoluble nitrogen (item 1,p 18 ) the value

of the other insoluble nitrogen can easily be calculated.

— ——— A et T G s T Sy T T e W S et i b S

The sulphite-metol method, adopted by Burton and
Riley (1954) was lused in this investigation., All estimat-
tions were carried out on neutral samples, using phenolphtha-

line as indicator,
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1. Inogranic Phosphrus_

A known volume of TCA-acidified extract was
neutralized then 1 ml. 2,5% freshly prepared ammonium
molybdate and 0.5 ml, of 10 N. sulphuric acid were added.

The mixture was shaken and kept standing for 15 minutes
before addition of 2 ml, sulphite-metol reagent, The mixture

was diluted to the appropriate volume and its optical

density was measured at 700 nm, after 20 minutes standing.,

2. Total Soluble Organic Phosphorus_
A known aliquot of the digest for total soluble
nitrogen (item 2,p 19 ) was withdrown for the assay of
its phosphorus content., If we substract the value of inor-

ganic phosphorus from that recorded for this procedure, we

get the value of total.soluble organic phosphorus.

3. Total Insoluble Phosphorus :

—— G —— " ——— T — e > (et T e O G T ey e Bt Bt S

A known volume of digested sodium hydroxide
residue solution (item 8, p 21 Jwas neutralized before

its phosphorus content was assayed.
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Organic Acid Assay

5ml. of the filtered culture media were titrated
against 10"3 N sulphuric acid using a dilute acid

indicator.

The acid indicator ( Ahmed and Ries, 1969) was com-
posed of a mixture ( in 9:1 ratio ) of 0.075 gm bromocresol
green + 0,025 gm bromophenol blue in 150 ml. absolute
alcohol, and 0.25 gm potassium permanganate + 0.5 gm sodium
carbonate in 150 ml.water. In presence. of relatively
low acid concentration the indicator had to be diluted to

half concentration.

Parallel blank titrations were carried out using the

initial liquid culture media.




-25-

PART TI1
EXPERIMENTAL RESULTS

A, EFFECT OF CADMIUM SULPHATE AND CADMIUM NITRATE
ON RHIZOSPHERE FUNGI OF GYLCINE MAX AND ZEA
MAYS PLANTS

This experiment was designed in order to investigate
the influence of cadmium sulphate and cadmium nitrate over
4 dosage range, on the ability of fungi to survive in the
rhizosphere of two main crop plants namely soy bean

( Glycine max L.=A) and corn (Zea mays L.=B).

Soil samples were monthly collected, from the root
zone of the test plants grown under the previously reported
experimental conditions( C.f.p. 9 of this ' dissertation). The
samples were collected at a distance of 4-8cm far from the
roots and at a depth of 5-12 cm in the soil, dependent on the
size of the root system., Samples were collected with ster-
ilized spoons then thoroughly mixed. Three to five samples
were taken, at random, from each box of each treatment,
Accordingly we obtained four composite samples for each
treatment, Ten grams ( calculated on oven dry basis) of
each sample were used to determine the frequency of occurr-
ence of the genera and species of fungi applying the dilu-

tion plate method ( Johnson et al., 1960).




-26-

Table 1 records the frequency of fungi insolated from
rhizosphere and control sample obtained under the various
experimental treatments. Statistical analysis of the results

( Table 2 ) show that

1. Both cadmium salts were toxic ( at the four doses,)to
the total count of rhizosphere fungi of the two plants

(A and B) after the different experimental periods.

2. Cadmium sulphate doses were more inhibitory or deleter-
ious than cadmium nitrate (total count 38182 and 43431

respectively).

3. The nature and type of test plant had a prominent effect
on the total count of its rhizosphere fungi. Soy bean
supported statistically lower total counts in its rhi-
zosphere than corn; the total count being 38767 and

42846 respectively.

4, Increasing the concentration of either cadmium salts
favoured a lower total count of rhizosphere fungi, es-
pecially at 1000 and 2000 ppm, when compared with the
untreated controls. This results is quite obvious

from the following tabulation :

Treat- Lo Doses ppn
trol e . — v
ment. Contro 100 500 1000 2000
cdso,, 13508 11260 11224 7578 8120

Cd(N03)2 13852 12194 11133 10180 9924
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Table 2:
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Average numbers of the total counts of fungi

as affected by the two cadmium salts, different
concentrations, the two plants Glycine max (A)
and Zea mays (B) and the date of isolations.

Source of variance Averages

Salts
Cdso4 1037,24
Cd(nO3)2 1142,22
F test -

Concentrations (ppm)
0 1368.00
100 1172.70
500 1117.85
1000 887.90
2000 902.20
F test %%
LSD 5% 169.83
LSD 17 225,02

Plant
A 1045.50
B 1133.96
F test -

Date of isolation.
22.7.1980 581.95
20.8.1980 997.70
22.9.1980 1248,30
22.10.1980 1334.15
20.11.1980 1286.55
F test ke
LSD 57 169.83
LSD 17 225,02

- Non- significant

* Significant

*% Highly significant.
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Table 3 represents the percentage frequency of occu-
rrence of the rhizospheric fungi( as groups)isolated under
the different experimental conditions, The data in this
table were deduced from table (a-e) of the appendix,
Statistical analysis of these data ( Table 4-8) reveal the

following

a)  Frequency of Occurrence

1. Aspergilli represented the group of fungi of highest
frequency of occurrence under the various experimental con-
ditions, met with in thisinvestigation. Fungi belonging to this
group represents 47 ,2-50,.7% of the total isolations with
an average of 49.0% * 1.8, This group was represented by the
single genus Aspergillus including 11 species comprising

almost half the total number of isolations of the rhizosphere

fungi.

Aspergillus niger, A. terreus, A. ochraceous, A.
flavus and A. ustus were the main dominant species of this
group, under the various experimental conditions., The rest

of the species, were less frequent namely A. Clavatus A.

humicola, A. parasiticus, A. sulphureus, A. sydowi and A.
candidus.

A.niger was the most dominant organism as could

be observed from the highly statistically significant difference
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in its number and percentage isolation compared with all

species of fungi isolated during this investigation,

2, Moniliaceae (excluding the two genera Aspergillus

and Penicilliun) came second in the order frequency of occur-
-rence., This group represented 11.2-27.7% of the total
isolation with an average of 18.7% *+ 8,23, It was represen-
ted by 7 genera comprising 8 species. Ragcilomyces silvatica,
P. divaricata and Cgpﬁalgspg;lgm curtips.were commonly met
with but Trichoderma koningii, Aureobasidium pullularia,
Verticillium candelabrum, Candida albicans and Arthrobotrys
oligospora were rather scarcely spotted on the isolation

plates,

3. Fungi belonging to Phycomycetes came in the third
rank of frequency, representing 10.8-11.3% of the total
isolations with an average of 11.0% + 0.25. Three genera

including six species were isolated. Rhizopus oryzae, the

main fungus in this group appeared almost in all 1isolation

plates. Mucor silvaticus, Cunninghamella echinulata, Mucor

jensenii, M, corticolus, M. variance and M.sp . were of

rare occurrence,

4, TFungi belonging to Dematiaceae represented 3.4-
9.0% of the total population of fungi with an average of
6,5%+ 2.79. This group was represented by 8 genera comp-

rising 10 species.Curvularia tetramera, Humicola brevis
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Table 7 : Average numbers of the group Dematiaceae as affected
by the two cadmium salts, different concentrations

and the two plants Glycine max (A) and Zea mays (B).

Source of variance . .
Date of isolation

Average number 22-10-1980 20-11-1980
Salts
Cdso4 125,25 99.25
Cd(NO3)2 126.90 152,20
F test - -

Concentration (ppm)

0 116,50 110.00
100 ' 80.5 0 145.25

500 170. 00 138.50
1000 86 .00 62.75
2000 177.50 172.25
F test - -

Plant '
A 171.70 206 .20
B 80.50 ) 45.25

F test - %
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and Cladosporium herbarum were the main representatives

of Dematiaceae. Other fungi namely Curvularia geniculata,

Alternaria fasiculata, Botryotrichum pulliliform,

stachybotrys atra, Alternaria geophila, Stemphylium

verruculosum and Helminthosporium nodulosum were of com-

paratively sporadic frequency of occurrence on the isol-

ation plates.

5. Mycelia sterilia represented only 2.1-6.1% of the

total isolations, with an average of 4,07+ 1.99 .

6. Ascomycetes fungi had almost the same frequency
of occurrence like Mycelia sterilia representing 2.1-8.6%
of the total isolations with an average of 5.2%+ 3.25.
Myrothecium verrucaria was the main species of most frequent
occurrence, followed by very seldom occuring two genera

Phona humicola and Chaetomium magnum,

7. The genus Fusarium followed the Ascomycetes
fungi in abundance. Only two species were detected on the
isolation plates. These represented 0 .5-7.0% of the iso-
lated fungi with an average of 3,1%+3.31. Fusarium oxy-
sporum was the main opecies isolated from the different trea-

tments, whereas F. roseum was of statistically lower freq-

uencey of occurrence,
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Table 8 : Average numbers of the group Mycelia sterilia as affected

by the two cadmium salts,

different concentrations

and the two plants Glycine max (A) and Zea mays (B).

Source of variance

Date of isolations
Average number 22-9-1980 20-11-1980
Salts
cdSo4 71.20 76.25
cd(NO3)2 64.90 114,20
F test - *
Concentration(ppm)
0 132.50 140.00
100 74 - 00 72.50
500 61.25 122.50
1000 28.75 52.75
2000 43.75 88.5¢
F test - -
Plant
A 98.40 154.00
B 37.70 36.50
F test - *%
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8. The last and least group of fungi was the genus

Penicillium which represented 1.3-4,0% of the isolated fungi

with an average of 2,7%+1.41, Only 4 species were detected

on the isolation plates. Penicillium janthinillium and

P. coryophillum were more common compared with P. rubrum

and P. puberulum,

b) Effect of cadmium salts
The results presented in table 1-8 and a-e of the

appendix and Fig. 1 revealed the following facts

1. Soil freatment with different doses of cadmium
sulphate or cadmium nitrate reduced the number of isolated
Aspergillus species except for A. niger and A, terreus,
Moniliaceae and Mycelia sterilia, from the rhizospheres of
soy bean and corn compared with the controls., However, flu-
ctuations in number of isolates of Myrothecium verrucaria,

Phoma humicola, Chaetomium magnypm, Fusarium oxysporum and

F. roseun from cadmium-treated plots did not show any signi-
ficant difference in the frequency of their occurrence, The

remaining groups ( Phycomycetes, Dematiaceae, Penicillium

spp., Aspergillus niger and A. terreus) revealed higher nunber
of isolates from the rhizospheres of soy been Or corn plants

raised in cadmium-treated soils.
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2. Aspergillus flavus, Cephalosporium curtips,

Stachybotyrs atra, Penicillium janthinillum, Aspergillus

clavatus, A. candidus and Mycelia sterilia were the main
fungi which were highly sensitive to soil treatment with

different doses of cadmium salts,

These observations might be attributed to one or more

of the following facts:

i) The cultivation of soy bean or corn plants var-
iably influenced growth of microorganism dependent on the

composition of their root exudates,

ii) The lower counts of some organisms might be att-
ributed to sensitivity of such fungi to the toxic effects

of the cadmium ions supplemented to the soil.

iii) Selective action may explain the insensitivity or
tolerance of other fungi to the presence of cadmium; a phenamenon
that has been already reported by many investigators, for

soil microorganisms,

iv) Root exudates may disturb the balance between the
rhizosphere fungi, dependent on variation of seasonal con-
ditions, Accordingly, growth of some fungi may be suppressed

whereas other organisms may flourish.
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B, EFFECT OF CADMIUM SALTS ON SOME GROWTH
CRITERIA OF REPRESENTATIVE FUNGI FROM
THE RHIZOSPHERE OF GLYCLINE MAX AND

ZEA MAYS

The results of the previous experiment clearly establish

that the genus Aspergillus represent the largest number of

rhizospheric fungi around Glycine max or Zea mays, A. niger

was the most dominant and most tolerant to the various doses
of either cadmium salts. Since this organism is rather

dif ficult to manipulate under liquid culture conditions, we
have chosen A, terreus for growth experiments though it comes
second, in resistance to cadmium toxicity after Rhizopus

oryzae ( 70 and 80% tolerance respectively).

Paecilomyces divaricata and Curvularia tetramera showed

moderate tolerance ( 44-45% frequency) whereas Fusarium oxXysp-
orum was more sensitive (32% prevalence ) to the toxic effeets

of cadmium., On the other hand, Cladosporium herbarum was

highly sensitive to cadmium exhibiting only 12% frequency,

These 6 fungi, with various resistance to cadmium poiso-
ning were selected for furtherlaboratory investigations in
order to study the physiological effects of direct cadmium con-
tact with these fungi. Under all conditions, at least, 4

replicate samples were used for each treatment,
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The results of spore germination were recorded with-
in a wide range of germination period in order to reach
around 50% spore germination of control samples whereby a
true picture of the effect of cadmium salts could be more
clear, Accordingly, it seems that spores of Curvularia,
Fusarium and Rhizopus were very active ( germinating within

1.25-5,.50 hours); Cladosporium and Aspergillus spores were

moderately active ( germinating within 12-18 hours) while those

of Paecilomyces were very slow ( germinating after 30 hours).

Table 9 and Fig. 2 show that germination of Rhizopus
oryzae spores ( most tolerant ) seemed almost unaffected by
either cadmium salts till 100 ppm whereas 1000 ppm totaly arr-
ested germination, Fusarium spores ( sensitive ) and Curvularia
spores ( moderately tolerant) behaved similarly though 1000
ppm cadmium nitrate reduced spore germination, for these two
orgénisms to almost 50% of the controls. Both cadmium salts

suppressed germination 6f Cladosporium spores with complete

inhibition at 1000 ppm; cadmium nitrate being less effective

particularly at 50 ppm.

50 ppm cadmium sulphate stimulated spore germination

of Aspergillus and Paecilomyces; a phenomenon that was
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alleviated (Aspergillus) or continued (Paecilomyces), at

100 ppm dose., Further increase in cadmium sulphate con-
centration stopped germination for both organisms. On the
other hand, cadmium nitrate continuously enhanced spore

germination of Paeciolomyces till 1000 ppm dose whereas

spore germination of Aspergillus was hardly affected at 50

ppm but was stimulated at 100 ppm and remarkably declined at

1000 ppm dose.

Preliminary investigations, using Dox liquid medium,

showed that Rhizopus oryzae, Cladosporium herbarum and

Paecilomyces divaricata feebly produced fungal felts even
after 10 days incubation at 2800. These three fungi were
unable to grow in cadmium-containing media whereas the rema-
ining organisms exhibited a very week or even no growth at
1000 ppm cadmium dose, Accordingly it was thought advisable
to lower the cadmium concentration to 500 ppn and use potato
dextrose medium for the growth of the above mentioned brgan—
isms. Unfortunately cadmium arrested the growth of Cladospo-
rium and Paecilomyces even at 50 ppm dose. The incubation
period for the remaining four fungi lasted for 7 days.

Table 10 and Fig. 3 show that dry weight gain by

"Rhizopus oryzae was hardly affected by either cadmium salts

till 100 ppm above which a noticeable drop was observed,more
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prominantly in presence of cadmium sulphate. Dry weight

gain by Aspergillus terreus was drastically inhibited by

the cadmium ions; still sulphate being more effective than
nitrate especially at the’larger doses., Curvularia and
Fusarium behaved similarly though the loss of weight was much

less than in Aspergillus, Table 11 clearly represents these

observations.

Table 12 and Fig. 4 show that 50 and 100 ppm cadmium
salts slightly, if at all, affected the total nitrogen sec-
retion by Rhizopus oryzae whereas 500 ppm slightly enhanced
such process. Similarly both cadmium salts had the same

stimulatory effect on nitrogen secretion by Curvularia tet-

ramera, that was slightly furthered with increasing the cadm-

jum doses. The same applies to Fusarium oxysporum ‘though

cadmium sulphate was more effective than cadmium nitrate.

In presence of cadmium sulphate, Aspergillus terreus

secreted the largest amount of nitrogen till 100 ppn dose
whereas 500 ppm did not allow growth of the fungus. Cadmium
nitrate seemed less effective causing slight increase of
nitrogen secretion when supplied at 100 ppm level that was

remarkably furthered at 500 ppm concentration recording the
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—— Cd (NOj),

o—o Cd SO,

Fig.( 4 )Nitrogen secretion,after 7 days growth, of selected soil fungi ,on either Dox or potato
dexlrose ( Rhizopus ) media, supplemented with various concentrations of cadmium
sulphate or cadmium nitrate ( Mg per 1 g D.wt of Biomass)
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the largest secretion in cadmium nitrate media. Under all
conditions peptide and/or other soluble nitrogen majorly
participated in these respects whereas fluctuations in

amino nitrogen were only apparent in Aspergillus media par-

ticularly when supplemented with cadmium nitrate.

—— St (S s s s 04, S ey s VS e s (i Gt S Ve B s S S v G oy S

Table 13 and Fig. 5 clearly show that the smallest
cadmium dose ( 50 ppm) hardly affected the total nitrogen

content of Rhizopus oryzae; a phenomenon that continued with

further rise of cadmium nitrate concentration but larger doses
of cadmium sulphate suppressed nitrogen accumulation more

prominently at 500 ppm level,

On the other hand, though cadmium sulphate seemed of

little effect on nitrogen content of Aspergillus terreus yet

500 ppm dose completely arrested growth of the fungus, In
the meantime, cadmium nitrate had a stimulatory effect that was
most apparent at 100 ppm concentration but slightly attenuated

with further increase of concentration of the salt.

On the contrary, both salts suppressed nitrogen accu-
mulation by Curvularia tetramera ; a phenomenon that was

highly apparent at the larger than smaller doses of the salts.
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Rhizopus)media, supplemented with various concentrations of cadmium
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Fig. {5 ) Nitrogen components ,after 7 days growth  of selected soil fungi on either Dox or potato dextrose (
sulphate or cadmium nitrate ( Mg per 1g D. wt of Biomass)
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Meanwhile the stimulatory effects of both salts on nitrogen

gain by Fusarium oxysporum continued in presence of the larger

doses of cadmium nitrate but the increased concentrations of

cadmium sulphate were slightly inhibitory.

Apart from these fluctuations, cadmium slightly incre-
ased the ammonia content of the biomass with the concomitant
drop in amino and other soluble and/or nucleoprotein nitrogen,
whereas protein and other insoluble nitrogen were almost una-

- ffected except with larger doses of cadmium nitrate that
favoured larger igéféaéed‘in amino nitrogen of the four fungi

lest Rhizopus accompanied by comparatively lower other insolu-

ble nitrogen.

Table 14 and Fig., 6 show that cadmium salts slightly,
if at all, affected the total phosphorus content of Fusarium
oxXysporum mycelia, regardless of concentration, Rhizopus
oryzae felts, similarly reSponded though cadmlum sulphate, at
its higher concentratlons sllghtly 1ncreased the total »

phosphorus content. On the other hand, the cadmium salts sti-

mulated phosphorus accumulation by Curvularia tetramera felts;

more promlnently at the larger doses. Slmllar ¢ffects were

observed w1th cadmium nitrate- Supplled Asperglllus terreus

mycelia but cadmium sulphate was less effective or even stopped
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Fig. ( ¢) Phosphorus components after 7 days growth , of selected soil fungi ,on either Dox or
potato dextrose ( Rhizopus ) media , supplemented with various concentrations of
cadmium sulphate or cadmium nitrate ( Mg per 1 g D.wt.of Biomass )-
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growth at 500 ppm dose.

Inspite of these fluctuations, cadmium sulphate fav-
oured larger accumulation of soluble organic phosphorus
particularly at 100 ppm level compared with cadmium nitrate
which exerted no effect. Still both salts hardly affected
insoluble phosphorus content of Rhizopus but increased that

of either Curvularia or Aspergillus, particularly at the

larger doses, whereas the severe drop in this component by
the lower doses was alleviated by rise of concentration in

Fusarium media.

Table 15 and Fig., 7 show that cadmium salts 1arge1y
increased total polysaccharide content of both Rhizopus

oryzae and Fusarium oxysporum felts ; nitrate salt being more

effective than sulphate salt though larger doses were less
stimulatory for Fusarium, Conversely both salts inhibited

total polysaccharide accumulation in Curvularia tetramera

mycelium; more prominently with cadmium sulphate administra-

tion., Both salts seemed without effect on Aspergillus terreus

polysaccharide content though the largest doses of cadmium
nitrate suppressed polysaccharide accumulation, whereas that

of cadmium sulphate totally stopped growth.
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Organic Acid Secretion

Table 16 and Fig, 8 show that cadmium salts equally
stimulated organic acid secretion by Rhizopus felts ; a
phenomenon that was furthered with rise of concentration
whereby sulphate was more effective than nitrate. On the
other hand, the stimulatory effects of cadmium sulphate on

organic acid secretion by Aspergillus was far greater than

those of cadmium nitrate though at 500 ppm, cadmium sulphate

arrested growth,

In the meantime, both cadmium salts were most effective
in inducing organic acidssecretion when supplemented, to
Curvularia or Fusarium, at 100 ppm concentration, above or
below which both salts were less effective, if not suppress-
ive. Under both conditions, nitrate was lessstimulatory

but more inhibitory particularly at its largest dose.




_59_

26°0+19°92 98° T+€6° %S 07" 1+68" € 8L T+ZS" 16 n9*7+29°8L  T6°0+L9°9T GG T+8L°GY wniods&xo wntiesng
%0° 1+8€° 0€ 16 T+2L Y 6T 1+89°9¢€ €0° T+0€ " 0€ 6L°T+%0°ES 8T T+6G°LE 8€0+62° 11 TIoWEI3e] BIIBTNAIND
€8°T+12° %S Ly T+0T €Y 9€° T+Y5"6€ - 68°7+12°98  98°T+£0°SS 9%°0+99°€1 sna1193 sn11I812dsy
8% T+L6"EL ¥9°T+29°8Y %0° T+8%°0€ 92 €+0L" L6 LS T+EY 9y T8'0+I€°€T 76 0+%5° 7T sezk10 sndozTuy
005 001 0S 005 001 05
1013u0) sot1oads 1el3ung

23e13TU wntmped wdd

23eydins wuntupe> wudd

*( ssemoTg JOo In‘d 81 a9d 3R )

*?23evi13TIU

mniwped 10 23eyd{ns wWnTWPED JO SUOTIEBIJUIDOUOD sSnoTiea YITA peiuswaiddns ‘BIpd@W 3S0I13X3P
-o3eiod 10 XoQ 19y3ita2 uo TSuny paIoaT3s Jo Yjmoid sdep [ I93FB UOTIIID3S PIIE otuedizo B30l :91 2149Bl"

09°8+L"LST 9€°9+8° 681 84" 9+£° €61 8€°G+6" LT RI*G+SZST  08°G+9°TLT S8 4+0" 7yl mn10dsAX0 WNTIESNI
OT"TT+€°LT€  ¥8°T1+0°08€ 7T TI+€"1€€ Z1°8%8°667  €8°T1+6°0SE  62°OT+L'TOE €6°CT+6°0TY Tiowe13e] PIIEINAIND
9E'6+S°LLZ  8E'TI+#8°9Z€  ¢Y TT+1"[ES - 90°ZI+%°9S¢  SH'TI+1"8EE 9L TT+9° 9%€ §noxie3 SN11319dsY
06°7T+L°18€  €1°ZT1+E°8SE  €€°71+0°7T%  62°TT+2°€S€  16°71+9°¥8€  98°TT+8°0SE gy 8+1°16¢ sezf10 sndozTuy
005 001 05 005 00T 0S
101340) satoads Tedung

93jealTu untwped wdd

33eydins unTmped wdd

*923®B13TU WnIwped 10 23eydins WNTWPEd JO SUOTIBIIUIDOUOD SNOTIBA UY3ITA poauamatddns
asox3xop o3eaod 10 xoQ 12Yy3ra uo ‘r8uny pa31d313s Jo yimoid sdep [ 133Fe JUIJUOD aptieyooesdiod fe30]

*( ssewo1g 3o 1A ‘@ 31 12d 3R )

‘e1pou
16T 919l




(ssewolg jo wm g 6}

SUOIJEIJUSIUOD SNOIIBA Ylim pajuswaiddns

! eipaw

sndozgyg

1ad DWW ) 9jesjiu wnNIWped 10 Ijeydins wniwped 1o

) 9s04}xap ojejod

10 xoQ 19y} 19 uo’ 16Un} y10s Po)29)3s Joyzmosd m?ﬂu L 19}je jusiuod aprieyddeshjod jeiof ( ¢{ ) Big

.
[}
l
|
!
]
|

-60-

<|

¢(EON ) PD

Vata

\

el

[ e

Swelld

}

O\

ym-q 6 19d Bp u-|




-( ssewoig Jo
Mg Bl ed B ) 9jesjiu wniwpes 10 93 eydins WnNiWped jo SuUoI}BI}UddUOD
SNOLBA UM pojuawslddns ' eipsw ( Sndozigyy ) 9sodjxap o3iejod 10 x0o(

JoUjld Uo Ibuny 110S Pa1d99s jo ' ymoub m>mﬁ. L 18}® uol}9139s ploe diuebio jejo) ( g ) b~

o 'd

-61-

C(EQN ) pD o——e

705 pP) o—0

mg 6149d BN




A)
B)
c)
D)

PART LI
DISCUSSION
SUMMARY
REFERENCES
APPENDIX




-62-
PART 111

DISCUSSION

The plant, the soil, and the microflora form a
biological system, the various parts of which are bound to-
gether by intricate .interrelationship. Information in
this system can be achieved by analysing the separate parts
and their relationship and integrating the obtained results.
Although some ways of influencing the compositions of the
rhizosphere microflora are known, yet there is still much
to be studied. On the basis of previous findings, it was
argued that the rhizospheric microflora can exert their
influence by acting on the plant metabolic processes, by mo-
difiying the environmental conditions or by consuming chemical

or biological preparations.

) On the other hand, all the phenomena operating in the
struggle for existance manifest themselves in the extremely
complex microbiological community of the soil., As a result
of such struggle, certain groups and types of microorganisms
eventually establish themselves as dominant forms in the
community and othérs are relegated to the sub-dominant level,
Thus an equilibrium is established which is characteristic of
the soil, and which shifts and fluctuates as the environmen-
tal factors ( temperature, moisture, treatment and cropping

system) changes.
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Cadmium is unique, among chemicals, in nature since
it is always found in association with zinc. However zinc
is an essential element to living organisms whereas cadmium
has no knewn useful biological function. In fact cadmium
is ranked among the most hazardous trace elements in the
environment., The complexing of the metal ion with various
organic molecules plays an important role in its toxicity to

bacteria as well as to other organisms ( Nriagu, 1980),

In the present investigation, the mycoflora in rhizo-
spheres of soybean and corn plants, raised under four dosage
range of cadmium sulphate or cadmium nitrate, were studied

with the aim of elucidating the following points

a) The effect of raising soybean and corn plants on the
soil mycoflora as represented by the rhizosphere population.
b) The influence of cadmium sulphate or cadmium nitrate
on the ability of soil fungi to survive in the rhizosphere

of these two cultivated plants.

Such observations would naturally lead to a better
understanding of the influence of cadmium on the natural ba-
lance between soil microorganisms; the upsetting of which

may be in itself harmful to the plant.
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The results of the present investigation revealed the

following facts

1) The highest total number of fungi, isolated from

I

the rhizdihere of both soybean and corn plants was recorded
for the cadmium-free soils., Such high values may be attribu-
ted to larger amounts of nutrients and/or chemical substances
promoting growth of fungi, by soybean or corn plants roots,

as already suggested by Rovira (1959) and Rouattret al.,
(1963), The lower counts recorded for cadmium-treated soils
might be the result of the toxic or suppressive effectson the
growth of the higher plants ( c.f. Al-Wakil, 198%) which in
turn will reflect itself on the amount and/or quality of root
exudates. In the‘meantime, at the experimental concentrations,
cadmium .is toxic to the microorganisms. These deductions were
further supported by similar observations by earlier workers

( Hewitt, 1953 ; Page et al., 1972; Miller et al., 1973),
Zibilske and Wagner (1982) recorded that soil treatment with
cadmium did not affected the bacterial or fungal counts for
two weeks after which both counts were reduced without affec-

ting fungal intergenus relations,

Since cadmium salts were applied to natural garden
soil ( natural habitat for microorganisms where other elements

viz., lead, copper, zinc or nickel are prevailing) then the
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synergistic effects of such ions might also play a role in

lowering the number of rhizospheric mycoflora.

In this connection it may be mentioned that Kneip
(1978) found that a combination of cadmium and nickel did not
clearly show additive toxicity to an ecosystem consisting
of fish, plankton and benthic organisms. Addition of mer-
cury, copper, zinc, cadmium and lead to lake water showed
that the metals were more toxic in combination with one ano-
ther than when they present alone in higher concentrations
( Gachter, 1976). Moshe et al (1972) observed the synergistic

effects on Chlorella sorokiniana when cadmium, copper, nickel

and chromium were added together, In fact, zinc accentuated
cadmiun toxicity ( Hutchinson and Czyrska, 1975) whereas low
concentrations of lead (0,1 to 1 mg/l.)increased cadmium tox-
icity ( Pietilainen, 1975). Synergism was observed in solut-
ions where concentrations of cadmium were greater than concen-
trations of lead. Cadmium toxicity was found more pronounced
when it was added to lake water than to laboratory medium,
Analysis revealed that lake water contained lead, copper, zinc,
nickel and cadmium, Therefore, its higher toxigity was
probably caused by the synergistic effects of the metals

( Burnison et al., 1973).
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2) Aspergilli represented the group of highest frequ=
ency of occurrence, under the different experimental condi-
tions. It represented almost half the total number of isol-
ations of the rhizosphere fungi., This is in accordance with
the previous findings by Waksman (1917), Jensen (1931), Sabet

(1935 ), Tolba et al., (1966), Naim (1967b), Moubasher and

Moustafa (1970) and Ali (1977).

Aspergillus niger revealed the highest frequency of

occurrence, Numbers and percentages of isolation of this
fungus showed a highly statistically significant difference
from the corresponding values for other species isolatdéd dur-
ing this study. The remaining groups of fungi which appeared
on the isolation plates are recorded, in the following discen-
ding orlder, according to their frequency of occurrence

Moniliaceae ( excluding Aspergillus and Penicillium), Phycom-

ycetes, Dematiaceae, Mycelia sterilia, Ascomycetes, Fusarium

spp. and Penicillium spp.

3) The fungi isolated and identified, during this
study, were almost similar in type and degree of prevalence
to those recorded from similar soils in other warm countries
(Nour, 1956;Moubasher and El-Dohlob (1970); Tolba and Ali,

1972; Fathi et al., (1975); Ali, 1977).
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4) The frequency of the isolated fungal groups be-
haved differently according to time of isolation, and hence
according to the prevailing environmental conditions, plant
type and age. The observed differences may be attributed

to one or more of the following factors

a) Direct effect of temperature on the growth of fungi, the
optimal temperature for one fungus may not be favourable

for others ( Cochrane, 1958 ; Rouatt, et al., 1963),

b) The effect of temperature on quality and quantity of
amnio acids elaborated by plant roots and the effect
of such amino acids on the microbial development within

the root zone (Rovira, 1959),

c) Effect of temperature on plant growth and hence on the
nature and amount of root exudates which, in turn, affect
the microbial population in the root zone (Rouatt et

al., 1963).

5) Cadmium nitrate or cadmium sulphate lowered the
number of certain rhizosphere fungi of corn and soybean whereas
other members revealed higher or similar values to those of

untreated soils. Aspergillus flavus, Cephalosporium curtips,

Stachybotrys atra, Penicillium janthinillum, Aspergillus
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candidus, and Mycelia sterilia ( hyaline) were greatly dec-

reased by soil treatment with cadmium. Tatsuyama et al.,

(1975 ¢) repoted that Penicillium lilacinum was strongly

sensitive to copper, zinc and cadmium while P. purpuroge-

nun was highly resistant to cadmium and copper.

The above mentioned observations might be attributed

to one or more of the following facts

iﬁ

ii.

Cultivation of soybean or corn plants variably influenced
growth of microorganisms dependent on quality and quantity
of their root exudates.

The low frequency of some organisms might be attributed
to their sensitivity towards the toxicity of cadmium ions
supplemented to the soil ( Gingell et al., 1976 Cenci and

Morozzi, 1977; Imagawa et al., 1981).

iii.The dominance or prevalence of other groups of fungi may

be explained on the basis of tolerance and/or resistance
to the deleterious effects of cadmium; a phenomenon alr-
eady reported by several investigators ( Ashida, 1965 ;
Turner, 1969 ; Tatsuyama et al., 1975a,b;Babich and

Stotzky, 1977a).

According to the response to cadmium, Babich and

Stotzky (loc.cit.) grouped the mycelial fungi into three broad
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categories; the first group was capable of growth in pre-
sence of 10 ug/ml, but was inhibited by 100 ug/ml, the second
group grew at 100 ug/ml, but was inhibited by 1000 ug/ml.and

the third group grew at 1000 ug/ml, They included Trichoderma

viride and Rhizopus stolonifer in the third group.

iv., Root exudates are a function of plant age and/or season.
This reflects its effect on the rhizosphere fungi causing
stimulation or suppression of growth of one or several of the

prevailing organisms,

From the above mentioned discussion it appears that
supplementation of soils with cadmium sulphate or cadmium
nitrate induced a significant drop in the total number of fungi
in the rhizosphere of growing soybean and corn plants. Due to
the selective action or selective response to cadmium the number
of some types and groups of fungi was highly attenuated whe-
reas others appreciably increased in number or were totally
indifferent to cadmium, Such disturbance in microfloral str~
ucture of the soil will induce changes in suitability of such

soil to the growth of certain crop plants.

Concerning the effect of cadmium salts on some growth
criteria of the fungi, experimented with, the results revea-

led that the response of spore germination to ccdmium salts
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ig not a function of tolerance of the organism to this metal
ion.This is quite obvious from the fact that 1000 ppm arres-
ted spore germination in the most resistant (Rhizopus ) and

most sensitive ( Cladosporium) fungus but caused 50% inhibi-

tion of Curvularia ( moderately tolerant.) and Fusarium (één;
sitive). Smaller cadmium doses seemed without effect except

on Aspergillus ( highly tolerant ) and Paecilomyces (modera-

tely tolerant ) that were stimulatory ; more prominently with

nitrate accompanying cadmium as its anions.

The results of spore germination further show that
cadmium at 50-100 ppm did not affect. spore germination of

the very active germinating organisms ( Curvularia, Fusarium

and Rhizopus ) whereas spore germination of moderately active
or slow germinating organisms was either stimulated or inhi-
bited, dependent on the sensitivity of the organisms to cad-
mium. Inhibition was apparent in the very sensitive oyganisms

( Cladosporium) while stimulation was observed in the ééﬁsitive

or moderately tolerant organisms. This points to the inter-
action between cadmium and permeability of the spore wall and/
or germ tube as a function of period of contact ( germination

period).

It this connection it may be mentioned that Ross (1982)
noticed that 7.5-10 uM cadmium almost completely suppressed ger-

mination of Candida albicans spores. No mycelial development

occured,
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The results further show that insipte of the fact
that the six selected fungi could, in one way or the other,
tolerate the presence of cadmium in the soil up to 1000 ppm
yet when cultured on Dox or potato dextrose media they could
not appreciabely grow at such high level of cadmium, Still
the largest dose ( 500 ppm) seemed highly deleterious. It

arrested growth of Aspergillus terreus ( highly tolerant ) and

reduced dry weight gain of the other three surviving fungi to
50 % or even less than that of controls; more prominently with
sulphate as the accompanying anion, This might be due to

better utilization of nitrate than sulphate thus rendering the
medium more acidic, with sulphate, thus helping in better per-

meation of cadmium into the fungal cells,

Still Paecilomyces divaricata [ moderately tolerant)

and Cladosporium herbarum ( sensitive jy were unable to grow in

potato dextrose media containing 50 ppm cadmium,

These discussions indicate that the observed tolerance or
sensitivity of these fungi to cadmiuﬁ were not inherent to the
organisms but due to other coherent factors such as nature of
the soil and type of its clay and/or organic matter content
both of which play a great role in chelation and ion exchange

mechanisms for cations particularly those of heavy metals,
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In this connection, it may be mentioned that Weber and
Poselt (1974) reported that cadmium can form stable
complexes with naturally occurring organies whereas Hem (1972)
stated that the amount of cadmium occuring in organic complexes
was generally small and that this element was less tightly
bound than zinc by almost organic ligands. Pittwell(1974)
reported that cadmiﬁm would be complexed by organic carbon
under all pH conditions encountered in normal natural waters,
Levi-Minzi et al., (1976); Pinskii (1981) found cadmium sor-
potion in soils to be correlated with soil organic matter

content ,

Moshe et al (1972) found that cadmium at Img/1l, was
toxic to algae in laboratory exXperiments whereas 6 mg/l, in
oxidation pondé had no effect. This negative effect was att-
ributed to high pH, in the ponds, which caused the metal ions
to precipitate as hydroixides. Babich and Stotzky (1977 b)
concluded that clay minerals protected fungi against cadmium
toxicity. This was ascribed to the cation exchange capacity
of such minerals, This was further confirmed by the obser-
vation that clay which was homoionic for cadmium was extremely
"toxic to the fungi when they were grown on nutrient agar, since
éadmium was then itself exchanged and was toxic to the fungi.
In the meantime Elliott and Denneny(1982) reported that organic

complexation increased or had little precipitable effect on
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cadmium adsorption onto 3 soils from the northeastern US
when compared to unbound cadmium, Still, Gjessing (1981)
showed that cadmium toxicity to salmon and algae was consi-
derably reduced when humus was added to the water.

!3

Furthermore, it seems that in artificial media, Rhizoyus

oryzae was most tolerant to both cadmium salts ( the dry
weight gain being noticeably reduceé,only at 500 ppm ) followed

by Fusarium oxysporum whereas Aspergillus terreus was most

sensitive,

It should be recalled that Babich and Stotzky (1977 a)

classified Rhizopus stolonifer and Trichederma viride as highly

tolerant to cadmium, being able to grow at 1000 ug/ml, of the

ion, Aspergillus niger was classified moderately tolerant as

it was capable of growing at 100 ug/ml. but inhibited at 1000

ug /ml, Naplekova (1982) reported that Alternaria tenuis showed

an increased tdalerance to cadmium while Macaskie and Dean (1982)
showed that no mold could grow in less than 4 days, in cadmium
medium whether these were isolated from pollutea or non polluted
soils. Ross (1982) demonstrated that{S5uM cadmium was strongly

inhibitory to growth of éandida albicans.

It is interesting to note that nitrogen secretion by

Aspergillus terreus, Curvularia tetramera and Fusarium oxys-

porum increased with increased concentration of cadmium, almost
to the same extent regardless <f the accompanying anion except

for Aspergillus where sulphate highly stimulated such process.
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On the other, hand, up to 100 ppm, cadmium slightly, if at
all, affected wherase 1000 ppm largely enhanced nitrogen

secretion by Rhizopus oryzae., This indicates that nitrogen

secretion by these fungi, was not a function of their
tolerance to cadmium but largely controlled by the effects
of cadmium on permeability of the mycelial cells of each
individual fungus. Regardless of the largest dose which was
toxic to the four fﬁngi, the smaller doses seemed to have no
effect on permeability of Rhizopus cells but remarkably in-
creased permeability of the other three fungi, particularly

Aspergillus terreus.

It may be worth noting that Hutchinson and Czyrska (1975)
suggested that cadmium affected the feedback control of per-
mease systems that transported phosphate ( or silicate ) into

the cells of Asterionella formosa. Li (1978) reported that

cadmium interacted with the phospholipid monolayers, implying

that it may have a toxic effect on biological membranes.

Since the main bulk of increased nitrogen secretion was
in the peptide component one may conclude that cadmium impaired
the transforamtion of peptides to true proteins. Still the
large amounts of secreted other soluble nitrogen with supple-
mentation of the largest dose of cadmium indicates that the
toxic doses of the metals alsoinhibited the incorporation of the

absorbed nitrates into amino acids,




-75-

Results of mycelial analysis add further evidence in
support of the suggestlon that the accompanying anion played
ia S1gnf10ant role regardlng the respo;sé of fungi to cadmium,
Cadmium nitrate-treated mycelia of the four fungi showed

higher levels of total nitrogen compared with cadmium sulphate

treatment. In the meantime though Aspergillus terreus seemed

most sensitive to cadmium yet it accumulated the largest percent-
age of nitrogen compared with its control, particularly with

100-ppm_cadmium-administration whereas Curvularia tetramera

showed the least nitrogen content, Mycelial nitrogen of

Rhizopus oryzae seemed indifferent to cadmium, most prominently

!

as cadmium nitrate.

Apparantly cadmium seemed to stimulate nitrogen metabolism

of Fusarium oxysporum, even at 500 ppm cadmium nitrate but

most of the accumulated nitrogen was in the amino and other
soluble forms indicating a slow rate of transformation of amino
acids to peptides. In the meantime, accumulation of these two

components in either Aspergillus or Fusarium might explain the

low toxicity of absorbed cadmium, by both fungi, most probably
through complexing with these components, On the other hand,
thesen81t1v1ty of nitrogen metabolism of Rhizopus to cadmlum
treatment might be attributed to larger amounts of other inso-
luble nitrogen ( cell wall nitrogen) which might oppose and

hinder permeation to cadmium; a phenomenon that was lacking
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in Curvularia where other soluble nitrogen was also lower than
the controls. Both featuresmight allow for accumulation of
enough inorganic cadmium to exert apparent methbolic disor-

ders,

It is worth mentioning that Byrne et al., (1976) noticed
that cadmium accumulated to a surprising extent in several
fungi. Friberg et al., (1974), Hampp et al., (1976) observed
a strong affinity of cadmium for side chain ligands of proteins;
an indication that the element highly interferes with enzymatic
activities, Payer and Runkel (1978) reported that mercury and
cadmium are present as inorganic forms as well as chemically
bound to organic metabolites within algal cells. Shibata(1977),
Rugstad and Norseth (1978) confirmed thae accumulation of
cadmium in liver, kidney and pancreas in the form of thionine-
metal compléx° Similarly metallothionine-like proteins were
reported by Hart and Bertram (1980) as a mechanism of tolerance

of Chlorella pyrenoidosa against large doses of cadmium, Aik-

ing et al (1982) noticed that cadmium content of Klebsiella
aerogenes was proportional to inorganic sulphide content. This
suggested th®t formation of cadmium sulphide as probably the

most important mechanism for detoxification,

It is interesting to note that the stimulated nitrogen

accumulation in Fusarium or inhibited nitrogen metabolism
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in Curvularjia were accompanied by similar initiation and
suppression of polysaccharide synthesis. On the other hand,

cadmium did not affect the polysaccharide content of Aspergillus

terreus but increased that of Rhizopus oryzae though nitrogen

metabolism was enhanced in the former and slightly, if at

all, suppressed in the latter organism ,

These observations indicate that retardation of growth

of Aspergillus or Curvularia by cadmium was not the result

of metabolic disorders but due to dramatic effects of the cation
on cell division and/or RNA, or DNA content of the organisms.
Stimulation of polysaccharide accumulation seemed to be another
mechanism for detoxification of cadmium by Rhizopus and Fusar-
ium. Still nucleoprotein nitrogen decreased with cadmium ad-
ministration to the four fungi, more prominently at the large

doses of the ion,

According to Rosko and Rachlin (1977), the effective con-
centrations of cadmium, copper, mercury and zinc respectively
that caused 50% depression of cell division of Chlorella
vulgaris were 0,06, 0,18, 1,03 and 5.10 mg/L, Under all tested
cation concentrations. Chlorella was able to overcome the
stress and pesume some cell division with lapse of time., Such
reduced cell division was always accompaniéd by increased

chlorophyll-a content i.e, increased carbohydrate synthesis.
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Vorob'eva et al. (1979) reported that low concentrations of
cadmium and zinc stimulated photosynthesis in Chlorella

pyrenoidosa. Anikeeva et al., (1975) and Kogan et al,,

(1975) repé&ed that cadmium had a negative effect on Chlore-
lla culture; the growth rate and viability of cells decreased,
disturbing their division and resulting in increased rate

of speckled cells., Sina and Chin (1978) reported that expo-

sure of the acellular slime mold Physarum polycephalum to

cadmium resulted in distoration of nuclear structure and in-
hibition of RNA synthesis., Nakano et al (1978) reported that
cadmium was neither involved in normal cell metabolism of

Euglena gracilis, under zinc difficiency nor did it replace

zinc which is essential for growth.

It is interesting to note that the increased nitrogen
and polysaciharide accumulation, following cadmium administ-

ration to Fusarium oxysporum was accompahied by a concomitant

lowering of the total phosphorus content; more prominently in
the inorganic and insoluble components, In the meantime, the
amino and other soluble were mainly responsible for the in-
creased nitrogen content. This confirms the possible impair-
menf of protein synthesis as a result of lower nucleoproteins
nitrogen.as ﬁéll as confirmed by low insoluble phosphorus,
The increasing levels of inorganic phosphorus and/or soluble

organic phosphorus in Aspergillus terreus coupled with low
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protein and high amino nitrogen indicates the incapability of
the fungus-under cadmium stress-to incorporate the absorbed
phosphorus into energy rich compounds ( as components of
soluble organic phosphorus) and thus amino acids failed to pol-
ymerise to proteins, inspite of large accumulations of nitrogen

in the mycelia,

On the other hand, cadmium-treated Curvularia tetramera
accumulated the largest amounts of phosphours ( among the four
fungi) mostly in the insoluble form whereas the inorganic
component was less than that of the control level, In the
meantime, nucleoprotein nitrogen seemed unaffected¢. Accordingly
it seems that the lower nitrogen content of this fungus( follo-
wing cadmnium treatment ) was the result of lower carbon supply
( decreased polysaccharide content ) and/or lower retention of
absorbed nitrate nitrogen or its assimilates in the mycelia,

In case of Rhizopus oryzae, most of the increased phosphorus

uptake, accumulated in the soluble organic forms whereas the
insoluble and/or inorganic phosphorus levels were slightly, if
at all, affected. This denotes increased metabolic activity
which reflected itself mostly in polysaccharide accumulation,

with slight decrease of total nitrogen.

It is worth mentioning that Lee et al., (1976) noticed’

that cadmium-treated soybean leaves showed higher respiration
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rate and activities of malate dehydrogenase, acid phosphatase,
ribonuclease and deoxyribonuclease. Zasukhina et al., (1977)
reported that cadmium chloride caused degradation of DNA in
human and rat embryo cells. Ivashchenko (1978) reported in-
creased ATP -ase activity of rat heart mitochondria whereas
‘Matsumoto et al (1977) reported inhibited ATP-ase activity in
pig intestinal smooth muscle, following cadmium administration.
De Filippis et al (1981) attributed the low photosynthetic act-
ivity of zinc-, cadmium-, and mercury-treated Euglena to severe
interaction of these metals with the electron transport chain;

water splitting site, and oxidoreductase being the most sens-

itive steps.

Generally speaking, cadmium initiated organic acid secre-
tion in the media of the four tested fungi. Within the limits
of non toxic concentrations ( 50-100 ppm) cadmium largely acc-

elerated organic acid secretion by sensitive fungi ( Aspergillus

and Curvularia ) compared with the more tolerant organisms

( Rhizopus and Fusarium).

From the above discussion it seems that tolerance or
sensitivity of the fungi to cadmium treatment is the cummulative
result of the effect of this ion on the various metabolic

activities of each individual fungus. Soil structure particularly
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the organic carbon and/or type of clay particles play a sig-

nificant role in such phenomena,
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SUMMARY

This investigation was planned to study the effect of

soil treatment with either cadmium sulphate or cadmium

nitrate on the prevalence of rhizosphere fungal flora of

soybean and corn in RAE, It is also intended to find out

possible explanations for the observed variations in mic-

roflorasin terms of sensitivity or tolerance of these

microorganisms to cadmium ion. The results could be summ-

arized as follows

1.

8161 fungal isolations were identified and were found

to represent 41 species belonging to 27 genera,

Aspergilli represented the group of fungi of highest
frequency of occurrence under the different experimental
conditions. It represented almost one half of the total

number of isolations of the rhizospheric fungi. Asperg-

illus niger revealed the highest frequency of occurrence

and density.

The remaining isolated groups can be arranged in the
following descending order according to their frequent
occurence

Moniliaceae ( excluding Aspergillus and Penicillium),

Phycomycetes, Dematiaceae, Mycelia sterilia, Ascomycetes,

Fusarium spp. and Penicillium spp.
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The total number of fungal genera and species, isolated
from samples collected from treated soils with cadmium
sulphate or cadmium nitrate was found to be lower than
that isolated from samples collected from cadmium-—

free soils. The possible explanations for such varia-

tions were discussed.

The nature and type of the test plant had a prominent
effect on the total count of its rhizosphere fungi.
Soybean supported, under different treatments, statisti-

cally lower total counts in its rhizosphere than corn.

Soil treatment with different doses of cadmium sulphate

or cadmium nitrate resulted in a statistically significant
reduction in the total number of population in the soil.
Yet, such effect was a result of clear reduction in the
numbers of some types and groups of fungi while other
types and groups either behaved indifferently to the
cadmium ion or even revealed an increase . in their numbers
in presence of cadmium, The importance of this
observation in studies of the effect of heavy metals on

microorganisms was discussed.

The observed tolerance or sensitivity of the test fungi
to cadmium were not inherent but due to other coherent

factors such as nature of soil and type of its clay and/or
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organic matter content,.

Nitrogen secretion by the test fungi was not a function
of their tolerance to cadmium but largely controlled
by the effects of cadmium on permedbility of the mycel-

ial cells of each individual=fungus.

Cadmium seemed to stimulate nitrogen metabolism of

Aspergillus and Fusarium, but most of the accumulated

nitrogen was in the amino and other soluble forms. The
accumulation of enough inorganic cadmium in some of
the fungi experimented with exerted apparent metabolic

disorders.

Cadmium inhibited the incorporation of the absorbed phos-
phorus into energy rich compounds which were concomit-

ant by failure of amino acid polymerization to proteins,

Cadmium initiated organic acid secretion in the media of

the four tested fungi.
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