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Effects of some environmental factors on microbial growth and biodegrad-
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ABSTRACT

The effects of some environmental factors on microbial growth and biodegradability of butachlor |N-
(butoxymethyl-2-chloro-2°, 6’-diethyl acetanilide)] and oxyfluotfen [2-chloro-1- (3-ethoxy-4-nitrophenoxy)
4-(trifluoromethyl) benzene] mixture, applied in a water submerged soil were investigated. To determine
the effects of pH and temperature, pesticides were inoculated in fresh soil samples and cultured aerobi-
cally at different pH ranges from 3 to 9. Different incubation temperatures ranging from 15°C to 45°C
were used. Both fresh and pesticide exposed soil samples were used to study soil water content effects at
different soil water content ranges of 60 to 90%. The results showed that at 25°C, bacteria and fungi
were more active at pH7.2 and pHb5 respectively. Bacteria supported high temperature at neutral pH
better than they did at acid pH. The maximum degradability of the chemicals was obtained at pH5 for
fungi and pH7.2 for bacteria. According to statistical analysis using student t-test of the three parameters
studied, only one (water content) did not correlate to the micro-otganisms cell count. Values obtained
were as follow: p=0.476 for bacteria, p= 0.810 for actinomycetes and p= 0.812 for fungi. Correlation
between pH, temperature and soil microbial count were statistically significant (p= 0.002 and p=0.006
for both bacteria and fungi).
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RESUME

Les effets de certains facteurs environnementaux sur la croissance mictobienne et la biodégradabilité, par
les micro-organismes du sol, d'un mélange de pesticide (butachlor [n-(butoxymethyl-2-chloro-2’, 6’-diethyl
acetanilide)] et oxyfluotfen [2-chloro-1-(3-ethoxy-4-nitrophenoxy) 4-(triflucromethyl) benzene]) appliqué
a un sol submergé d’eau ont été étudiés. Les cultures en aérobie dans les boltes de pétri ont été effectuées,
avec les échantillons de sols non incubés pour les études de pH vartiant de 3 4 9 et de température variant
de 15°C 2 45°C et, les échantillons de sols incubés d’une part et non incubées d” autre patt pour les études
en teneur en eau variant de 60 a 90% ont été utilisées. Les résultats ont montrés que : Les bactéries et les
champignons étaient plus actifs a 25°C aussi bien 4 pH acide qu’a pH neutre. Les bactéties supportaient
mieux Pélévation de température 4 pH neutre qua pH acide. La biodégradabilité maximale des produits
utilisés a été enregistrée 3 pH5 pour les champignons et 2 pH7,2 pour les bactéries. Les analyses statisti-
ques utilisant le test de student (MINITAB, 1991) montrent que, des trois paramétres étudiés, seul la
teneur en eau ne corrélait pas directement avec le nombre de colonies de microorganismes dénombrées.
Les valeurs sutvantes ont été obtenues: p= 0.476 pour les bactéries, p= 0.810 pour les actinomycétes, p=
0.812 pour les champignons. Le pH et la température ont donnés les valeurs de corrélation positives
sutvantes: p= 0.002 et p= 0.006 pour les bactéries et les champignons respectivement.
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I.INTRODUCTION

It is well known that for a micro-organism to succeed
in a given environment, the various physicochemical
factors such as temperature, redox potential, and pH
must remain within the tolerable range of that organ-
ism. The presence of xenobiotics in their natural habi-
tat complicate their main role, which is the bio-geo-
chemical cycling of materials. Although several stud-
ies (Bollen, 1961; Tu & Bollen, 1968 Khan ez a4 1975)
indicated that these chemicals had little effect on mi-
crobial activities related to soil fertility, inhibidons were
often observed (Moorman, 1989).

Because of the persistence of these compounds in
soil, their accumulation in micro-otganisms, surface
and ground water; many results in medical problems
reported in human beings (Mc Ewen & Stephenson,
1979), it is of importance to investigate if these pest-
cides have any pronounced influence on soil micro-
organisms. The present physiological diversity of life
could not exist if the dynamic equilibsium were per-
turbed.

However the use of chemicals has become an integral
and economically essential part of modern agricul-
ture, contributing to increased agricultural productiv-
ity; chemicals are being used increasingly in many coun-
tries especially where pests and diseases are the major
factors limiting food production. Our concern in this
work is the concern that, continuous input of pesti-
cide might affect the microflora and so impair the soil
fertility. For this reason a study of environmental pa-
rameters that can affect soil microflora needs to be
done before a close definition of concentration /
dosage that environmentally their application. It is in
this regard that we chose to study the pH, tempera-
tute and soil water content as preliminary indicators
of biodegradability of butachlor-oxyfluotfen mixture
by soil micro-organisms in a water-logged soil.

II MATERIALS AND METHODS

I1.1 Materials

11.1.1 Collection of soil samples
Water-submerged soil samples were collected up to a
depth of 15 - 20 cm in a stream running nearby the
EM.B.S (Faculty of Medecine and Biomedical Sciences,
University of Yaoundé I) and distributed in duplicates
in 250 ml universal bottles. One of the samples was
used for soil water content determination while the
other was used for microbial analyses. A total of two
samples were collected.
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I1.1.2 Pesticides

Pesticides used were a solution of butachlor (1) 50
Yo(w/v) and (2) oxyfluotfen powder (79.8 %W /W).
Butachlor is sold under the name Machete-lambast-
pillarsete (Jalger, 1983) and it is a synthetic berbicide
acting as a protein synthesis inhibitor. Oxyfluorfen is
sold undet the name GOAL or KOOLTAR; it is a
synthetic herbicide acting as a protoporphyftinogen
oxidase inhibitor (Jaiger, 1983).

I1.1.3 Culture media composition

The culture media used were prepared using the fol-
lowing formulations: the medium for total bacterial
counts contained beef extract (3g/1), Nacl (3g/1), pep-
tone (5g/1) and agar (20g /1) with pH 7.2-7.4. it is a
modification of solid beef peptone medium as de-
scribed by Min Hang (1999), with 2g/1 less for both
NaCl and beef extract. A basal salt medium contained
KNO, (1g/D), KHP04 (5g/I); MgS0,. 7H20 (0.5g/1)
FeS0,.7H20(0.01g/1) and agar (20g/1) with pH7.4 have
been used for total actinomycetes count. The medium
for total fungal counts contained chloramphenicol
(0.5g/1), agar (20g/1) and 700ml of potato juice from
300g of diced and boiled potato with pH4.5-5.5; a
modification of potato dextrose agar

II.2 METHODS

I1.2.1 Pesticide solutions

100 ml of 10000 ppm butachlor solution was made
by adding 2 ml of the stock solution (500000 ppm/
ml) to 98ml of distilled watet. For oxyfluorfen, 1.25g
of the chemical was weighed and introduced into a
conical flask of 100 ml, then diluted with acetone to
make a 10000 ppm solution. From this, 1ml was
pipetted into 50ml conical flask to make 50 ml of
200 ppm oxyfluorfen solution using diluted acetone
and distilled water as solvent (50% v/v).

Previous studies (Taziebou, 2000) show that, at the
concentration D1 of pesticide mixture ( 0.01ppm
oxyfluorfen + 0.2 ppm butachlor), the number of
bacteria and fungi that grow on media was higher
than their number in the same media at the concentra-
tion DO (0.00ppm oxyfluorfen + 0.00ppm butachlor).

I1.2.2 Preparation of soil samples

For temperature and pH studies, 5ppm of butachlor
(but.) and 0.3ppm of oxyfluotfen (ox.) were added
to 25¢g of fresh soil sample in a 125ml bottle.
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For water content studies, 50g of fresh soil sample
were each placed in a series of 135 ml bottle and the
desired concentration obtained by adding respectively
3.3ml, 8.3ml 13.3 ml and 18.3 ml of stetilised distilled
water to make four concentrations (60, 70, 80 and
90%) of water content in the soil. Oxyfluorfen and
6ppm of butachlor were added to each soil sample.
This permitted us to achieve the concentration (D1) in
the first solution (60% water content).

The soil samples were shaken vigorously and incubated
in the green house for 4 weeks. At the end of each
week, 5 ml of soil sample were taken and diluted for
quantitative determination of micro-organisms.

I1.2.3 Quantitative determination of micro organ-
isms

Two different diluted soil samples were used in the
preliminary studies (pH and temperature). For tem-
petatute study, two pH (7.0-7.2 ranges and 4.5-5.0
ranges) were used for the study on bacteria and fungi
at four different incubation temperatures (15°C, 25°C,
37°C and 45°C). For the pH study, 5 solutions of pH
values 3, 5, 7.2, 8 and 9 were used for the study on
bacteria and fungi, and emphasis was laid on detec-
tion of actinomycete. This s because actinomycete is a
latge group of bacteria in which many possesses both
fungal and bacterial properties. In the soil they make
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up a significant proportion of the bacterial population,
(about 10% to 33% (Alexander, 1977)). For the watet
content study, the pH and temperature were chosen
according to preliminary studies( Taziebou, 2000). Four
concentrations (60%, 70%, 80% and 90%) of water
content in the soil were made.

Enumeration of microbial populations was done by
standard plate count/ viable count using serial dilutdons
of the sample Madigan e 4/, 1997). The diluted soil
sample, (Iml) was pipeted into a sterile Petti dish and
melted agar medium was added. The suspension was
carefully mixed, and allowed to set. The petti dishes
were inverted subsequently before incubation. Bacteria
and fungal colonies were counted after an interval of 3
to 9 days (Taziebou, 2000). The number of cells (N)
was calculated using the formula: N = n x d x @ where
n is the number of colonies from a diluted sample d
and @ the percentage of dry soil.

III. RESULTS

The results of the effects of pH on soil microbial
growth, presented in fig. 1a, b and c indicate that there
very few of micro-organisms grew at pH3. The high-
est number of micro-organisms was obtained at pH
7.2 and at pH 5 for bacteria and fungi respectively.

—o— DO0:sample without pesticide
—i— D1:sample with pesticide

3 5

7.2
pH

8 9

Fig. la: Eftecrs of pll on soil bacterial growth from a pesticide exposed soil.
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Fig. 1b: Effects of pH on soil actinomycetes
growth from a pesticide exposed soil

The tesults of the investigations on the effects of tem-
perature and pH on microbial growth are presented
in fig. 2a and 2b. It shows that, whatever the tempera-
ture, bacteria were more active at neutral pH (pId 7.2)
compared to fungi that were more active at pH5. At
25°C, bacteria and fungi were mote active at neutral
pH than they do at acid pH.

Niimber ( cell x 10%/a drv saib

Tempe(y

Fig 2a: Effects of temperature and pH on soil
bacteriad growth from a pesticide exposed soil
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Fig. 1c: Effects of pH on soil fungi growth
from a pesticide exposed soil

The study of the effects of soil water content on soil
micro-organisms in pesticide exposed soil, and its cor-
relation with tme of incubation (Fig.3) shows that:
the fungi content was highest in fresh soil sample and
this was found to be decreasing progressively during
the 4 weeks incubation (Fig. 3¢.). In contrast for bac-
teria, there was an increase of the population as long
as the soil was being incubated (Fig3a). The number

501
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Fig. 2b: Effects of temperature and pH on soil
fungi growth from a pesticide exposed soil
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Fig. 3a: Time-dependent effects of soil water content on bacterial growth

of actinomycetes rose to a peak during the second
week and decreased steadily till the last week of incu-
bation. The highest number of micro-organisms was
registered with the lower water content concentration
of the soil, with the resuit for fungi being more dis-
tinct.

Statistical analysis using student test gave the following
results: for water content studies relating to microbial
growth, p= 0.476 for babteria, p= 0.810 for

3

fog of number of actimonycetes count

actinomycetes and p= 0.812 for fungi.

For pH and temperatures studies relating to soil mi-
crobial growth, p=0.002 and p=0.006 for both bacte-
ria and fungi respectively.

1V. DISCUSSION

Results of the effects of pH on soil microbial growth
indicated that, under conditions of high acidity, biode-
gradability of butachlor-oxyfluorfen mixture is lower

-~ water contain: 0.6
— -A — water contain: 0.7
—— water contain: 0.8
- - % - - water contain; 0.9

2 3 4
incubation time (Weeks)

Fig. 3b: Time-dependent effects of soil water content on actinomycetes growth.
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Fig. 3c: Time-dependent effects of soil water content on fungi growth

and slower due to decreased growth of micro-ot-
ganisms. In a soil with a pH close to neutral, biode-
gradability of the mixtute was more due to the in-
creased activities of several groups of micro-organ-
isms. In 1996, Eric Meller ¢ afl, also obsetved that, the
right pH, not too acidic nor too alkaline, between 6
and 9 on the pH scale was suitable for bioremediation
of xenobiotics. Also, Madigan ef e/, (1997) noted that
bioremediation of contaminated soil can be favoured
by adjusting the soil pH to a value between 7 and 8.
Biodegradability of butachlor-oxyfluorfen mixture ef-
fected more of fungi numbers at pHS5. Similar results
have been obtained by Okeke ¢t 4/, in 1996. They
noted that some fungi grow optimally at pH 4 in the
presence of pentachloramphenol.

Result of the effects of temperature and pH on soil
microbial growth showed that biodegradation of the
mixture used was more effective at 25°c under acidity
close to neutral pH. The study of biotransformation
of pentachloramphenol by Lentinula edodes and
Phanerochaete chrysosporium showed that, the highest lev-
els of degradation occurted for both fungi at 25%
(Okeke et al, 1990).

From the results obtained for water content studies, it
can be stated that, rainfall might have a negative influ-
ence on microbial growth afrer a field apnlication of

pesticide. This 1s because the saturation of the soil with
water decreases oxygen level, thus limiting aerobic
microbial activity. As observed by Zeyer ef af, (1990),
biodegradation of atomatics is definitely slower un-
der anaerobic than aerobic conditions.

Temperature and pH are essential parameters for mi-
crobial growth. They have to be well chosen for a
better management of bacteria and fungi cultivation.

V. CONCLUSION

Before the use of pesticide, care should be taken to
maintain the balance between temperature, pH and
soil microbial flora. This will help in the rapid detoxi-
fication of the soil. For a given water content, sensi-
tive species may be eliminated and teplaced by less
sensitive ones.

A study of the effects of environmental iactors in
relation to microbial activities might be done bLefore «
close definition of chemical application rate:

RECOMMENDATION

In view of the hazards of misuse of chemicals 11 our
society and environmeit, we are recommending that
the authorities in charge of laws and policy i vom-

mercialisation of chemicals should endeavour to sci-
entifically screen chemicals before their widespread 1iee
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in the environment.
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