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Herbicides, insecticides and fungicides are 
used in agriculture because they exhibit 
some degree of toxicity to specific groups 
of target organisms. However, there is con
tinuing concern that these chemicals may 
also adversely affect vario us non-parasitic 
components of the soil micro flora. A con
sensus o f the previo us reviews is that most 
herbicides and insecticides can kill soil mi
croorganisms or suppress their activities if 
applied at excessive rates (Fletcher 1960, 
Bollen 1961). 

It is also evident that the changes in fun
gal population of soil treated with 
fungiCides may be due to the direct effects 
of chemicals on soil fungi and to the altera
tion of physico-chemical properties of the 
soil by the fungicides (A lexander 1965, 
Wainwright and Pugh 1975). 

The effects of organochlOrine insecticides 
on microbial populations in soil are well 
known (Lal and Saxena 1982). However, 
little w o rk has been repo rted o n other 
groups of insecticides e .g., the carbamate 
group. Previous reports have shown that 
insecticides do not in genera l have much 
effect on soil microorganisms except at 
concentrations greatly exceeding normal 
recommended field rates (Anderson 1978). 

Herbicides are used in large quantities 
relative to other agricultural pesticides. 
Their effects on soil micro flo ra and fauna is 
of considerable concern and importance. 

The majority o f the studies reporting the 
side-effects of pesticides on soil fungi and 
other so il inhibiting microorganisms have 
been carried o ut in temperate regions. 
There are few reports about the side effects 
of pesticides applications on soil microflora 
in the tropics (Gupta and Moolani 1970, 

Ismail and Sukiman 1985). The aim of this 
study was to investigate the effect of re
peated applications of pesticides on 
changes of microorganisms popuJations in 
a tropical soil system. 

Materials and methods 

Experimental Site 
A flat and open plot of land (8 x 3.5 m) situ
ated at the Experimental Plot, Faculty of 
Life Sciences, Universiti Kebangsaan Ma
laysia was chosen as the study site (pH 5.9, 
0.38% organic carbon, 45, 35 and 20% sand, 
silt and clay, respectively). The plot was 
originally covered with grasses and had no 
previous history o f pesticide use. It was di
vided into ten 1 m' sub-plots each bounded 
by a 0.5 m buffer zone. The experimental 
design was a randomized complete block 
with three replications. 

Pesticides 
Pestic ides w ere selected to represent three 
different groups which are widely used by 
farmers in Malaysia . Those used. were as 
fo llows: diuron 80% w / w, 3(3,4 -
dichlorophenyl)-I ,1 d imethylurea; 
piclo ram, 4-a mino-3,5,6-trichloro-2-
pyridine-carboxylic acid; thiram, tetra
methylthiuram disulphide; and 
carbofuran, 2,3- dihydro-2,2-dimethyl
benzofuran-7-yl methyl carbamate. 

The pesticides were applied to the soil at 
the recommended field rate ('single dose') 
and double this rate ('double dose') every 
SO days for ISO days (Table 1 ). Control 
plots were sprayed with an equal volume 
of water. 

Table 1. Field rates of application of the pesticides 

Pesticides 

Carbofuran 
Diuron 
PicJoram 
Thiram 

Rate of application: g L"m" 
(values given in parenthesis show the rate in kg ha-I ) 

Single dose Double dose 

5.0 (50.0) 10.0 (100.0) 
2.0 (20.0) 4.0 (40.0) 
0.48 (4.8) 0.96 (9.60) 
5.0 (50.0) 10.0 (100.0) 

Ten grams of fresh soi l that has previously 
been bulked were transferred to sterile di
lution bottles and sterile distilled water was 
added to bring the volume to 100 mL. A 
series of ten-fold dilutions between 10-' and 
10..5 of the suspension was made with stec
ile distilled water. Each dilution was gently 
agitated throughout the plating procedure 
for 3 min. A preliminary experiment indi
cated. that 10.,) dilution was suitable for the 
study. Therefore, this dilution was subse
quently used throughout the study to enu
merate fungal populations. One mL of this 
suspension were transferred to each of five 
petri dishes. Then, about 15 mL cooled 
molten Potato Dextrose Agar (PDA) were 
added to each dish. The dishes were 
swirled gently and allowed to set. All 
dishes were incubated at 27"C and follow
ing which the colonies were counted after 
three days and subsequently a t regular in
tervals until no new genera were found . 

Results 
Effects o f the four pesticides on fungal 
propagules in treated soil are shown in fig
ure 1. Fungal propagules in untreated soil 
did not change much throughou t the study 
period. Carbofuran applied either at single 
o r do uble dose caused a decrease in the 
number of fungal propagules. However 
subsequent sampling showed some in
crease in fungal numbers until the soils 
were sprayed again at day 50. After spray
ing for the third time (100 days after first 
treatment) the number of propagules 
showed a marked increase. 

Number of fungal propagules in soil de
clined after spraying with thiram. Subse
quently numbers of propagules decreased 
drastically especially after the second and 
third treatments . The numbers of 
propagules encountered in the treated soil 
w ere much lower than those of the control. 
However there was evidence of recovery 
following each application of thiram . 

In contrast, those soils treated with either 
diuron o r picloram showed an increase in 
the number of fungal propagules. The 
number of propagules was much higher 
than the control follOWing application of 
either herbicide, especially pic1oram. 

Carbofuran caused an initial decrease in 
the percentage of propagules but an in
crease after subsequent samplings. On the 
o ther hand, the percentage of propagules 
was much lower in so il treated with 
thiram . The maximum reduction ca used 
by a single dose applications of !hiram was 
78% compared to contro l. while that 
caused by double dose application was 
84%. 

The appl ica tion of single and double 
doses o f diuron and piclo ram resulted in 
inSignificant increases in the number o f 
fungi encountered compared to the con
tro l. Fo r diuron, the maximum increase in 
fungal numbers with a single dose applica-
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Figure 1. Effects of pesticide on fungal numbers in soil: dilution method (expressed as number of propagules per 
gram of fresh soil). 

tion was 62% of control while with double 
dose applications, the percentage increase 
was 40%. Similarly for picloram the maxi
mum increase with single dose and double 
dose application was 76% and 54%, respec
tively, compared to the control. 

Discussion 
The microbial populations and their activi
ties in soils may be influenced by physico
chemical properties of soil and other envi
ronmental factors. The application of agri
cultural pesticides to soil may also affected 
the physico-chemical properties of soil and 
hence influence the distribution of micro
bial populations (Camper et al. 1973, 
Greaves 1979). 

The results obtained in the present study 
showed that thiram had deleterious effects 
on fungal numbers and the number of 
propagules encountered in thiram-treated 
soil. The deleterious effects of thiram may 
be explained by the fact that the fungicide 
is a carbamate com pound containing a 
thiol radical which readily combines with 
non-protein thio ls (-SH) and hydroxyl 
(-OH) groups of enzymes in the fungal cell. 
In soil, this compound readily breaks 
down to produce carbon disulphide and 
thiophosgen which are themselves delete
rious. Hence the fungiCide and its break
down product can cause inhibitory effects 
on fungal growth. 

The toxicity of insecticides is enhanced 

by greater vapour pressure and solubility. 
Carbofuran has lower vapour pressure and 
solubility (Worthing and Walker 1987) 
compared to other insecticides. lhis may 
explain why in the present study it caused 
a temporary decrease in fungal numbers. 
However the subsequent increase in fungal 
numbers several days after application 
co uld be attributed to the available nutri
ents from dead soil insect biomass, the ab
sence of fungal grazers, or the decrease of 
insecticide residue. 

The results of this study clearly showed 
that pic10ram and diuron can caused an in
creased in total numbers of soil fungi after 
single and double dose application. The in
crease in fungal numbers after herbicide 
application has been attributed to the 
added plant biomass in soil. 
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