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ABSTRAC 

Aspergillus oryzae, Penicillium citrinum and Rhizopus stolonifer isolated from Taif soil, Saudi Arabia could 

survive in a liquid medium containing up to 500 !lglml Zn. Aspergillus oryzae and Penicillium citrinum were 

more tolerant to zinc toxicity than Rhizopus stolonifer. The resistance and accumulation of zinc in the tested fungi 

were discussed according to tolerance index and zinc uptake in the mycellium. 
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INTRODUCTION 

Although there are many studies reporting on the fungal 

flora of Saudi Arabian soil, little attention has been paid to 

the effect of heavy metals toxicity on the growth of fungi 

isolated from Saudi Arabia. Zinc is associated with 

enzymes, particularly metaloenzymes. It is an essential 

element for fungal growth [1,2], but toxic at higher 

concentrations [3]. Excessive amounts of available zinc can 

influence the uptake and metabolism of other elements 

[4,5,6]. 

The resistance of fungi to a variety of heavy metals has 

been investigated [7,8,9,10]. They have been reported to 

grow in soils contaminated with higher levels of metals than 

those tolerated by higher plants [ 11 , 12,13]. 

It is now known that zinc is essential for the activity of 

more than 25 enzymes, nucleic acid metabolism, the storage 

or function of certain hormones, vision, wound healing and 

the synthesis of many industrially and medically significant 

microbial secondary metabolites [14]. 

Details of subsequent research concerning the essential 

and physiological responses of microorganisms to various 

levels of zinc have been reviewed [15,10,17,18,19,20,21, 

22]. 

Because there is no information available on the effect of 

zinc on the growth of A. oryzae, P. citrinum and R. 

stolonifer isolated from Saudi Arabian soil, this study was 

designed to determine the toxicity of the above fungi when 

tested in liquid media containing different concentrations of 

zinc. 

MATERIALS AND METHODS 

Soil samples were collected from an exposed soil 

surface. In each case the soil from Taif, Saudi Arabia was 

scraped (1-5 em depth) into a plastic bag using a stainless 

steel spoon. A total of five pooled samples were collected 

from five different localities in the city. 

On arrival in the laboratory, each sample was passed 

through a 2.0 mm sieve and was digested in concentrated 

analar nitric acid to obtain a measure of the total zinc 
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content. The procedure was as follows: 0.5 g of air dried 

soil from each pooled sample was placed in a 100 ml beaker 

with 15 ml concentrated nitric acid, covered with a 

watch-glass and heated at 90°C for 15 min. after digestion. 

The digest was made up to 50 ml with deionized water 

analyzed using an atomic absorption spectrophotometer 

[23]. Five g . of the pooled mixed soil sample were taken at 

random and suspended in 45 ml of sterile distilled water. 

Six replicates from each sample were prepared for the 

isolation of fungi. 

The soil dilution plate method was used in the present 

study. Each soil suspension was cultured on six replicate 

plates of peptone-dextrose agar containing rose bengal (0.03 

giL) and streptomycin sulphate (0.03 g/L) for the initial 

isolation of fungi. All plates were incubated at room 

temperature (22°C) for one week and examined daily. 

Further inspection of the plates was made two weeks after 

plating to record slow growing fungi. The recovered fungi 

were subcultured to agar slants of peptone-dextrose agar 

(BDH-Chemicals ). 

The isolated fungi were identified according to Raper 

and Fennell [24] for A. oryzae, Ramirez [25] for P. 

citrinum and Smith [26] for R. stolonifer. The pH value, 

total soluble salts and organic matter content were estimated 

in the soil sample according to the methods adopted by 

Black et al. [27]. 

A. oryzae, P. citrinum and R. stolonifer were grown on 

PDA plates, and discs from 5 day-old cultures were 

inoculated into flasks, using a 4 mm diam. sterile cork 

borer. Discs of mycelium were cut from the margin of 

actively growing colonies and transferred to 100 ml conical 

flasks (1 disc/flask) containing malt extract agar medium 

(5.0 g malt extract, 1000 ml distilled water) to which zinc as 

ZnS04_ 7H20 was added to give final concentration of 0, 

150, 250, 350 and 500 J.lg/ml Zn. The pH of the solutions 

was adjusted to 5.0 before they were sterilized by filtration 

through millipore filters (0.45 m pore size). All flasks were 

incubated at room temperature (22°C) in a static condition. 

Harvests were taken at 10, 20, and 30 days. Mycelia were 

tmsferred to pre-weighed filter papers, thoroughly washed 

with deionized water, oven-dried (80°C for 24 h) and 

weighed. Zinc concentrations in the mycelium were 

determined by atomic absorption spectrophotometer after 
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nitric acid digestion. The pH values of the residual media 

were also measured. The results are expressed in terms of 

tolerance index (T.I.) [2.1 03]. 

RESULTS AND DISCUSSION 

The results obtained in Table ( 1) show clearly that the 

organic matter content and total soluble salts of the 

examined soil were generally low, this is in agreement with 

findings of Abdel-Hafez [29] and Hashem [30,31 ]. The pH 

value was in the alkaline side (7.06). 

Table 1: Organic matter content, total soluble salts and pH 

value of examined soil (n = 5, ±standard 

deviation). 

Total Zn content Organic matter Total soluble salts Ph value 

mglg content % 

II ±0.62 0.69 0.89 7,06 

There was a stimulation of growth at 150 and 250 !lg/ml 

Zn for all tested fungi in comparison to the control (Fig. 1 ). 

Among the fungi tested, P. citrinum was found to be most 

resistant to zinc, followed by A. oryzae. R. stolonifer was 

by far the most zinc sensitive of the tested fungi.The 

resistance of the fungi to a variety of heavy metals has been 

investigated [32,33]. There is little available information on 

the resistance of fungi to heavy metals toxicity in Saudi 

Arabia [34,35,36,37]. 

Many studies have been carried out to determine the 

nature of the resistance mechanisms possessed by metal 

tolerant fungi. It is very important to understand the 

mechanisms of microbial tolerance because of the extensive 

use of some metals and metal containing compounds as 

fungicides and disinfectans. 
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Fig. 1 : Tolerance index (T.I.) from mycelium dry weight 

(mg) and Zn concenration (!lg/ml) after 30 days 

growth if the tesed fungi. Values given are means 

of 5 replicates. 

P. citrinum 

..........- A. oryzae 

R. stolonifer 

Hashem [30] reported that A. niger and P. chrysogenum 

could survive in liquid media containing up to 400 !lglml 

Zn. There was a stimulation of growth at 1 00 !lg/ml Zn for 

both tested fungi in comparison to the control. 

Mycelium of P. citrinum took up zinc to a maximum of 

3100 llglg, in the presence of 500 !lglmi Zn after 30 days. 
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while A. oryzae and R. stolonifer took up 2600 and 2200 

1-!g/g at 500 ug/ml Zn, respectively after 30 days (Fig. 2). 

Microorganisms possess mechanisms by which metal can 

be taken up and accumulated from their environment 

[38,39,40,41 ,42]. 
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metal enzymes [14]. Although zinc has long been known as 

an essential element for fungal growth, it is also known that 

it can be toxic at higher concentrations. Excessive amounts 

of available Zn can influence the uptake and metabolism of 

other elements [43]. 

There appear to be two main types of metal uptake by 

microorganisms. The first involves non-specific binding of 

the metal to cell surface, extra cellular matrices, etc., where 

the second involves metabolism-dependent intracellular 

uptake [33]. In the present study there was a stimulation of 

growth of the tested fungi at 150 and 250 1-!g/ml Zn. The 

phenomenon of stimulation by low levels of a metal has 

also been noted for root growth in species of higher 

plants tolerant to the metal [44]. Stimulation is thought to 

arise because the organisms tend to inactivate the metal as a 

part of their tolerant mechanisms. Fungi, however, contain 

much higher concentrations of Cu and Zn than higher 

plants, and have high requirements for these elements 

[45,46,47]. 

The changes in the pH values of filtered medium with 

the growth of the tested fungi after 30 days are given in Fig. 

3. The fall in pH was broadly in proportion to the original 

zinc levels, the highest metal concentration giving the 

maximum reduction of pH. 

4.0 

3.0 

Fig. 2 : Zinc uptake hy the tested after 30 days growth at 0 

different concentrations. Values given are means of 

5 replicates. 
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Zinc appears to he associated with enzymes, particularly 
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Fig. 3 : The change in the pH of the 
-- P. citrinum 

filtered medium after 30 days 
-A. oryzae 

growth of the tested fungi. Values 
_ _ _ R. stolonifer 

are means of 5 replicates. 



A.M. AL-OBAID and A.R. HASHEM 

pH is known to affect Zn toxicity and influence the form 

and chemical mobility. Thus, a low pH increases the 

solubility of Zn in soil [48]. It must be noted that in the 

culture medium, increasing Zn concentrations was 

associated with increasingly unfavourable pH levels for 

growth of the tested fungi. 

In the present study, zinc was removed from the culture 

medium to the greatest extent by P. citrinum, followed by 

A. oryzae and R. stolon!fer It appears that this metal must 

have been transported in high amounts into the cells, 

because at higher external metal concentrations mycelia 

growth was severly inhibited. 

Finally. much remains to be understood about the 

genetical, physiological and biochemical bases of fungal 

esistance to metals. 
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