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ABSTRACT

Four concentrations of Thiobacillus novellus Sharkey, were cultured

in Thiobacillus growth Medium containing five concentrations of Orthene. 

Ten-gram soil samples were also treated with the five concentrations of

Orthene. All samples were incubated at room temperature for 1 week, then

assayed for sulfate concentration. Sulfate production served as an indi

cator of biochemical activity of Thiobacillus novellus. Thus, increased

production of sulfate was indicative of a stimulatory effect, while

decreased production indicated an inhibitory effect. Orthene exhibited

the same effect on sulfate production in the soil samples and in the

Thiobacillus novellus cultures. All concentrations of Orthene tested

inhibited sulfate production. Intermediate concentrations of Orthene

were more effective than the higher and lower concentrations in in

hibiting sulfate production.
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Introduction 1.
In 1975 in the United States (alone), 885 million kg. of pesti

cides were produced (Fowler, 1975). For every pesticide put on the

market thousands and in some cases millions of dollars are spent.

Great amounts of research must be done in order that a pesticide does

what it claims it will. A pesticide must be researched to find out

if it accumulates in the food chain, what its toxicity on non-target

species is, what its half-life is and if there are any toxic degrada

tion products (Tucker, 1979). Other parameters must also be studied.

Until recently one area of research that has been relatively ignored

is the effects of pesticides on microorganisms. This lack is perhaps

due to many reasons. For one, the effects of a pesticide on a soil

bacteria are not as drastically obvious as are the effects on larger

organisms. Another reason is that measuring the effects of a pesticide on

soil microorganisms is very difficult. Should tests be done on pure

cultures or in a field situation? Tests done in a feild situation often

do not provide reliable and reproducible results (Wingfield, et al., 1977)

There are many variables in the field situation and many different test

ing techniques. However, if only a lab situation is used it is difficult,

if not impossible, to correlate these findings to what actually happens in

the field.

Most, if not all, soil microorganisms must be hardy to survive (Gray,

Parkinson, 1968). Therefore most or all of these organisms will survive

repeated applications of pesticide (Tucker, 1979). However the long term

effects of increased or decreased end products, such as sulfates or

nitrates, may be significant. It is therefore important to have more



2,extensive research in this area.

In 1973 the Ortho Division of Chevron Chemical Co. put Orthene on the

market, making great claims about its effectiveness and low non-target

toxicity. Orthene is an insecticide and contains 15.6X acephate as its

active ingredient. It is classified as an organophosphate. We chose to

study Orthene for a number of reasons. It is relatively non-toxic to

mammals, therefore safe to work with (Hokko Chemical Co., 1972). It is

gaining widespread use among homeowners, who are more likely to use it

more indiscriminately than commercial applicators (Tucker, 1979). The

active ingredient, acephate, degrades to monitor. Even though both acephate

and monitor are biodegradable, the possible adverse effects of the two

insecticides on the soil microflora need to be examined in view of the

frequents (usually weekly) applications of these pesticides to the soil

(Focht and Joseph, 1974).

We selected the organism Thiobacillus novellus, Sharkey, because it

produced an assayable end product, sulfate, and because it is easy to in

axenic culture as it does not use carbon as an energy source. We wanted

to study the effects of Orthene on sulfate production, either stimula

tion or inhibition. We also wanted to see if it was possible to correlate

field-like conditions and bacterial culture conditions.

We feel that chemical companies need to do more of this type of re

search before a new pesticide is allowed on the market. Although it

many be a costly and time consuming procedure, in the long run it will

prove beneficial.
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Literature Review

Focht and Joseph, 1974, tested acephate and monitor, a degradation

product of acephate, for effects on ammonification, nitrification, and

sulfur oxidation. They also checked for differences in bacterial, fungal

and actinomyctes numbers. They concluded that neither acephate or monitor

had any significant effect on microbial activity. A slight increase in 

sulfate production actually resulted in all soils for both acephate and

monitor. In this study three types of soils were tested. Each soil was

divided into three parts, sieved and placed in polypropylene containers;

with one section as a control, one treated with 20 ppm of acephate and one

treated with 20 ppm of monitor. Subsequent samples were taken over a 

period of 50 days with acephate and monitor being applied twice more dur

ing the 50-day period. Sulfate was extracted with 0.25N acetic acid and 

measured turbidimetrically by precipitation with crystalline BaCl^.

Lewis, et al, 1977, studied the effects of 25 herbicides, separately

and in combination, upon microbial activity in the soil. They found that 

18 of the 25 herbicides significantly increased sulfur oxidation, some

as much as 2.9 fold. The others had no effect on sulfur oxidation. Some

combinations of the herbicides would increase sulfur oxidation while se

parately they had no effect. In this study the herbicides were added to 

the soil in an aqueous solution in amounts comparable to recommended field 

rates. These authors claim that herbicides in amounts comparable to those 

used in agriculture do not affect overall microbial activity. However, 

results of the experiments on sulfur oxidation suggest that herbicides 

might affect certain functional groups of soil microflora whose activites 

can be specifically detected. Such microflora include nitrifying bacteria, 

the sulfur oxidizing bacteria of the genus Thiobacillus and the algae.



Other results indicate that although no herbicide caused a reduction in

sulfur oxidation, many caused an increase. It is not known whether the

increase was due to a direct stimulation of numbers of bacteria or to an

indirect effect which involved a reduction in the microbial competitors

to the Thiobacilli.

A problem encountered in studing pesticide effects on soil micro

organisms is the variance in results for different techniques. Wing

field, Davies and Greaves, 1977, assessed the effects of the herbicide,

Dalapen, using three different methods. The parameters examined were bac

terial numbers and dehydrogenase activity. One method used soil cores,

where the soil was in a similar state to that in the field. The second

method disturbed the soil and distributed the herbicide throughout. In

the last method the soil was air-dried. They found that there were

drastic differences in bacterial numbers and dehydrogenase activity, de

pending on the soil treatment. For the method using the soil core the 

Dalapen had little effect on either parameter. For the method using the

disturbed soil there was a significant decrease in both bacterial numbers

and dehydrogenase activity.

Thiobacillus is a fairly difficult organism to work with. Auto

trophs, such as Thiobacillus, may be grown in media containing no

organic carbon. For Thiobacillus the general energy equation is :

S2O3 —> SO^. Sulfur is incorporated as elementary sulfur, in a reduced 

state, as a sulfide, or in a partially oxidized state, such as thio

sulfate or polythionate. Media can be made selective for different

species by exploiting their different degrees of acid tolerance.

Normally liquid media are used. All these techniques are suspect when

used for counting sulfur oxidizing bacteria. (Gray and Parkinson, 1968).



Hokko Chemical Co., 1972, produced a pamphlet on Orthene. Accord

ing to this source it does not accumulate in the food chain and it has a 

minimum impact on non-target species. 1 It has a half-life of 3 days.

A small portion (10-15%) is degraded by deacylation to monitor, which in

itself is broken down in a number of days. Acephate is relatively non

toxic to mammals and has an oral to rats of 800mg/kg, while monitor

is more toxic with an LD^ of 30mg/kg for rats.

Larson, 1976, found that Orthene is highly stable to hydrolysis and

untraviolet degradation. Subsequent metabolism and penetration indicate

that observed toxicity of Orthene could usually be explained on the basis

of monitor production.



Materials and Methods

Bacteria: We obtained the culture of the soil bacteria Thiobacillus

novellus from Dr. Greg Olson of Montana State University. This species 

of Thiobacillus is characterized by short, gram-negative rods and is 

non-motile. Its optimum growth temperature is 30°C. Optimum growth pH 

is 7.8 - 9.0. It is strictly aerobic and facultatively autotrophic.

The reference strain (co-type) is ATCC 8093 (Bergey, 1974).

Culture Medium:

NaS203‘5H20
(NH4)?S04

5.0 g 
0.4

kh2po4 4.0
CaCl?-2H,0 0.25
MgS04.7H20 0.5
FeS04-7H20 0.01
Water 1000.00 :

We then adjusted the pH to 8.0. The NaS203 is the energy source for the 

bacteria. Since oxidation of elemental sulfur to thiosulfate is the rate

limiting step in sulfur oxidation, the use of thiosulfate in place of 

elemental sulfur is a faster means of assessing sulfur oxidation (Doelle,

1969). This medium is selective for Thiobacillus species because there is

no carbon as an energy source. It is also selective for the species

novellus due to the pH. Contamination was not a problem.

Soil: The soil cores were obtained from the Don Burnham Ranch, north of Helena,

Montana. A particle size fraction test determined that the soil was a

sandy loam.

Pesticide: Orthene is an insecticide made by Chevron Chemical Co. It is

used for ornamentals and is effective against over 100 insects. The active

ingredient is acephate (o,s - dimethyl acetylphosphoramidothioate). The

Orthene was purchased from a local hardware store.
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Methods: We first tested the effect of the pesticide on the bacterial culture

by using various concentratons of the pesticide and the bacteria. Bacterial

dilutions were obtained by making serial dilutions of the original culture.

— ? —3 -4 —sBacterial dilutions tested were 1x10 , 1x10 , 1x10 and 1x10 of the original

culture. For each dilution of the bacteria we tested five concentrations of

Orthene, 1.0 x IO-2 PPT, 2.5 x 10-2 PPT, 5.0 x 10"2 PPT, 7.5 x 10-2 PPT, 1.0 x 10~2 PPT 

Each combination was repeated five times. The dosage recommended by the

manufacturer is 1 tablespoon per gallon of water, which is approximately

equivalent to our lowest concentration.

The use of several different bacterial dilutions gave a better overall

picture of Orthene effect on sulfate production, as we could not make

assumptions on just one concentration. We used the reccommended dosage

of pesticide as our lower limit because we assumed that in most cases it

would be applied more heavily than the recommended amount.

The bacterial cultures were then allowed to incubate for 7 days at

room temperature with intermittent shaking. At the end of 7 days each

tube was assayed for sulfate. We used the technique for sulfate analysis

by Black, 1965.

Materials:

Extracting solution: 39 g NH^Ac / 1 0.25 N acetic acid

Norit A activated charcoal washed with extracting solution to free from SO^. 

Acid seed solution: 6 N HC1 with 20PPM S as K2S0^

BaCl22H20

Whatman #42 filter paper washed with extracting solution 

Reagant grade K2SO^

Procedure:

Shake 10 g of soil with 25 ml of extracting solution in 50 ml



8.
Erlenmeyer flask for 30 minutes. Add 0.25 g of charcoal and 

shake for 3 minutes. Filter. Pipette 10 ml filtrate in 50 ml 

Erlenmeyer flask. Add 1 ml acid seed solution. Add .5 g BaCl^- 

Let stand 1 minute. Swirl until crystals dissolve. Read absorbance

at 420 nm from 2-8 minutes after.

Standard Curve:

Dissolve 0.5434 g in extracting solution. Add extracting

solution until volume is 1 liter. This gives a solution of 20

PPM of S. Dilute this to get 2, 5, 10, 20, 25, 30 and 40 PPM S.

Add 0.25 g charcoal and shake for 3 minutes. Filter. Pipette

10 ml and add 1 ml acid seed solution. Mix and add 0.5 g 

BaCl2. Let stand 1 minute and swirl until crystal dissolves.

Read absorbance at 420 nm 2 - 8 minutes after.

This method of sulfate analysis has less than 2% error.

The soil was incubated for 14 days before treatment, at room tempera

ture, with enough water added every 3 days to keep it moist. At the end of

14 days 10 g samples of the soil were placed in polypropylene containers

and 1 ml of the thiosulfate medium was added to each sample. We then

tested the same concentrations of Orthene, with five replications for each

concentration. Five samples served as controls. We incubated these samples

for 7 days, adding 1 ml of distilled water every 3 days. Sulfate was

assayed for using the same technique as above. We did a separate standard

curve for the soil since the technique calls for a new curve every time

operators or conditions are changed (Black, 1965).

To make sure that Orthene does not significantly absorb at 420 nm

we tested our most concentrated pesticide solution for a concentration of



9.

1.0 x 10_l the absorbance was .05. Absorbance was greatest at 325 nm. We 

did not feel that this was significant enough to interfer with our results.

The standard deviation is found by the following: 

s = £(x-xi)2

V n-1

The standard error is:

s5 = *

The student's t distribution is:

^( = X + ts- P=0.05

The Mann-Whitney statistic was used to compare the mean absorbance values

for each bacterial concentration. The null hypothesis was that each of

the two groups being compared was a sample of the same population. Critical

values of U for a two tailed test at = .05 and the following formulas were

used to determine the validity of this hypothesis:

Uo = nln2 ± nl<nl+ O ~Ta

U1 = + n2(n2+l) -Tb
2

Where Ta is the rank sum for group a and Tb is the rank sum for group

b, UQ and are symbols for the Mann-Whitney U statistic and n^ and n2

are the sample sizes of a and b.

The smaller sum was used as the test statistic. If a sum smaller

than the critical value assigned was obtained, the null hypothesis was

rejected. If a larger sum was obtained, the null hypothesis was accepted.

When the hypothesis was rejected, the absorbance values of the two samples 

were determined to be from different populations. When the null hypothesis

was accepted, the samples were said to be from the same populations.
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RESULTS

The experiment was repeated five times for each bacterial 

dilution-pesticide concentration pair. A sample mean of absor

bance values for each sulfate assay was compared against a stan

dard curve to determine the sulfate concentration in parts per 

million. Change in absorbance, due to change in sulfate produc

tion, was taken as an indication of Orthene effect. Thus, an 

increase in sulfate concentration indicates a stimulatory effect 

due to the presence of Orthene, and a decrease in sulfate concen

tration is reflective of an inhibitory effect (Fig. 1 and 2, Table 1).

A mean value was also determined for absorbance values of 

the soil sulfate analysis. Those values were compared against a 

standard curve calculated on the same day tc determine sulfate 

concentration in parts per million (Fig. 3 fend Table 2).

Table 3 shows the standard deviation, standard error, and 

Student's t distribution of the data taken from the soil samples 

and makes the same comparison for the data taken from the sulfate 

analysis of the Thiobacillus novellus cultures.

Usings = C.05 ore</2= ,C25» the null hypothesis was rejected 

for our data. Therefore, the samples were determined to be from 

different populations.
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TABLE 1

Sulfate production of Thiobacillus novellus in presence of Orthene

Bacterial*
dilution

Pesticide
Cone.

Absorbance Readings Mean Sulfate
PPm

lxlO-2 0 1 .11, 1.05 , 1.055 1.066 630

2.5xl0+2 .50, •54, •54, .545, .60 .545 310

5.0xl0+2 • 45, • 45, .415, .38 .424 225

7.5xl0+2 .58, .62, .52, .62, .54 .576 330

10x10 +2 1.04,
1.052

1.1, 1.035, 1. 04,
1 .053 625

lxlO-3 0 .48, • 49, .46, .49, .44 .472 260

1.0xl0+2 • 37, .45, .46, .435 .429 230

2.5xl0+2 • 42, • 42, .38, .455 .411 220

5.0xl0+2 .40, .45, .38, • 45, .43 .422 225

7.5xl0+2 •49, • 42, •44, .43 .445 240

10x10 +2 .455, • 43, .48, .49 .464 255

lxlO-4 0 • 42, .445, • 45, .39, .42 .425 230

1.0xl0+2 .415, • 42, .41, .415 .415 220

2.5xl0+2 .37, • 41, • 39, .41, .35 .386 200

5.0xl0+2 ■ 44, .38, • 39, .38 .398 210

7.5xl0+2 .38, .39, • 44, .40 .402 215

10x10 +2 • 44, ■41, ■ 41, • 39, .41 .412 220

lxlO-5 0 • 45, .42, .39, .38, .39 .406 215

1.0xl0+2 • 37, • 39, .36, .35 .368 190

2.5xl0+2 •37, • 35, .34, .36, .35 .350 180

5.0xl0+2 • 35, .355, • 37, .36, .38 .363 185

7.5xl0+2 • 37, .35, -37, .38, .38 .370 190

10x10 +2
* Serial dilutions of the

.39,
original

.396, .37
Thiobacillus novellus

.391
culture

205
of unknown

concentration.



TABLE 2

Soil sulfate analysis-The effect of Orthene on sulfate concentration.

Pesticide Cone. 
PPT

Absorbance; Readings Mean Sulfate(ppm)/sample

o • 50, .44, .43, .44, .47 .456 288

1.0xl0+2 .39, .40, .42, .35, -39 • 390 246

2.5xl0+2 •35, -36, .40, .38, .34 . 366 242

5.Oxio+2 .41, .37, .35, .40, .39 .384 239

7.5xl0+2 .42, .40, .38, .35, .36 .382 241

10xl0+2 .42, .39, .43, .44, ,425 .422 267

Standard deviation(s),

for soil analysis data.

TABLE 3

Standard Error (sx), and Student's t distribution

Pesticide Cone. 
PPT

Stan. Dev. (s) Stan Error Student’s t

0 .02 881 .01288 .536-.376

1.0xl0+2 .02550 .01140 .461-.319

2.5xl0+2 .02408 ,01077 .433-.299

5.0xl0+2 .02408 .01077 .451-.317

7.5x10+2 .02897 .01296 ,462-.302

10xl0+2 .01887 .00844 .474-.370
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Standard deviation (s) , standard error (sx), and Student's t 

distribution for culture analysis data.

Bact. Cone. Pest. Cone. Stan. Dev. Stan. Error Student's t
„ PPT

1x10 0 .02926 .01689 1.113-1.019

2.5x10“2 .03571 .01786 .587-.503

5.0x10“2 .03351 .01676 .497-.351

7.5x10“2 .04561 .02040 .649-.503

10x10 “2 .02679 .01198 1.086-1.020

1x10“3 0 .02168 .00970 .499-.445

1.0x10“2 .04049 .02024 .493-.364

2.5x10“2 .03200 .01600 .462-.360

5.0x10“2 .03114 .01393 .461-.383

7.5x10“2 .03109 .01554 .494-.396

10x10 “2 .02689 .01344 .507-.421

lxlO-4 0 .02398 .01072 .455-.395

1.0x10“2 .00408 .00204 .421-.408

2.5x10“2 .02608 .01166 .418-.354

5.0x10"2 .02872 .01436 .443-.352

7.5x10“2 .02630 .01315 .444-.361

10x10 “2 .02950 .01319 .449-.375

lxlO“5 0 .02881 .01288 .486-.326

1.0x10“2 .01709 .00854 .422-.314

2.5x10“2 .01118 .00500 .381-.319

5.0x10“2 .01204 .00538 .396-.340

7.5x10“2 .01314 .00588 .406-.334

10x10 “2 .01652 .00826 .444-.338
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FIGURE 1 The Effect of Orthene on the 
Mean Absorbance Values Determined by

Sulfate Analysis of Thiobacillus novellus 
Cultures at the Indicated Bacterial Dilutions of Pure Culture
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FIGURE 3 Standard Curve for Sulfate Analysis of Soil Samples
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FIGURE 4 The Effect of Orthene on the Mean 
Absorbance Values of Soil Sulfate Analysis

Orthene Concentration X 10^ PPT
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DISCUSSION AND CONCLUSIONS

Our study of the effect of Orthene on the sulfate production of 

Thiobacillus novellus had two major goals. First, we wanted to determine 

the effects of Orthene on the production of sulfate by Thiobacillus novellus 

Secondly, we wanted to determine if it was possible to correlate the results 

of a soil study (in vivo) with the results of a culture study (in vitro).

Comparison of absorbance readings using the Mann-Whitney U statistic 

showed that Orthene had a significant effect on sulfate production that 

was more pronounced at the intermediate concentrations of pesticide than at 

the lower and higher concentrations (Fig. 1 and 4). Further tests must be 

made to determine if higher concentrations exert a stimulatory effect.

The correlation of the results from the soil sulfate assays with

the results from the Thiobacillus novellus cultures is an important

finding of our study. When a correlation of pesticide effect in soil

samples and bacterial cultures can be made, as in this case, cultural

studies can be used to supplement the more expensive and more time con

suming soil studies. Cultural studies are important in determining the

direct effects of a pesticide on a specific bacteria, but the interactions

of other soil microorganisms may modify these effects by enhancing or re

ducing deliterious effects as a result of their biochemical activities.

To determine the effects of a pesticide on a specific bacteria while it is

in its own environment, soil studies must still be performed.

The thiobacilli are agriculturally important in many ways. In addition 

to forming sulfates needed for plant nutrition, they function in the reduc

tion of the incidence or severity of potato scab and the rot of sweet pot

atoes, both of which are caused by acid-sensitive actinomycetes, Streptomyce
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scabies and Streptomyces ipoemoeae. Control of these diseases is associated 

with the sulfuric acid formed by the thibacilli. The thiobacilli function

in the reclamation of alkali land in the same way. The sulfate formed

from the biochemical activity of Thiobacillus leads to a solubiliza

tion of soil minerals and other insoluble materials, increasing the

quantity of soluble phosphate, potassium, calcium, manganese, aluminum 

and magnesium. The thiobacilli can be detrimental in areas of high sulfur

concentration where their acid production causes a pH drop and a decrease

in other bacteria and actinomycetes and an increase in fungi. The in

creased solubility of cations due to sulfate increase may be toxic at

higher concentrations and may prevent the development of vegetation

(Alexander). Thus, it can be seen that the stimulation of the thiobacilli

to high levels of sulfate production can be just as harmful as an inhibition

of sulfate production. The effects of a pesticide can be classified as

beneficial or harmful only when the type of soil is also taken into consider

ation.

We believe that further studies of this type should be made. Pesti

cide effect in soil microbiology is an area in which, we feel, comparatively

little study has been made until just recently, yet it is an area of pro

found significance in which pesticides can have a dramatic impact.
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